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ABSTRACT 

The High Flux Isotope Reactor (HFIR)  a t  the Oak Ridge National Laboratory i s  i n  the midst o f  a massive 
upgrade program t o  enhance experimental f a c i l i t i e s .  
beam tubes, a l l  of uhich u i l l  be replaced or redesigned. 
more guide tubes, u h i l e  the HB-4 beam tube u i l l  soon include a co ld  neutron source. 
uork on some experimental equipcent u h i l e  the reactor i s  s t i l l  operating a t  100 MU requires that the 2-f t -d iam 
carbon steel  ro ta ry  shutter a t  the end of a given beam tube be closed u h i l e  an in te rna l  uater tube (w i th in  the 
beam tube) i s  flooded. 
necessarily be as mtch as 1.89 feet shorter than those present ly in use. 
that change on the downstream dose rates for  a typ ica l  beam tube (HE-31, and establishes useful shielding 
methodologies and beam-tube-dependent source terms that may be used f o r  a l l  four beam tubes. 

Section 2 describes a set of equivalent point  sources that may be used in stand-alone shielding analyses 
fo r  each beam tube. These are reported i n  terms of 61 neutron energy groups and 23 g a m  energy groups. 
These uere based on a ser ies of large global analyses f o r  the e n t i r e  HFIR system using a detai led 3 - D  MCWP 
mcdel. Results using these s imp l i f ied  source terms are compared against ear ly  experimental measurements 
made in HB-2 and W6-3 i n  1968. 

Section 3 describes the de ta i led  3-D MCWP model of the HB-3 beam tube used i n  a l l  the remaining analyses. 

Section 4 describes the neutron dosimetry analysis performed f o r  HB-3 using the above source terms. 
objective uas p a r t i a l l y  t o  val idate the source terms in  HE-3 p r i o r  t o  t h e i r  use in a detai led shielding 
analysis, and p a r t i a l l y  t o  determine if a Monte Carlo code l i k e  MCNP could r e a l l y  be used fo r  good and 
re l i ab le  neutron dosimetry analyses. 
and Fe54(n,p)Mn54 reac t ion  rates (p r imar i l y  f o r  neutrons above 0.1 MeV) uere calculated d i rec t l y  by HCWP 
a t  Key 3, Posit ions 3 and 8 and compared u i t h  experimental measurements. 
rates a t  both locat ions uere a l l  r e l a t i v e l y  small and f e l l  i n  a narrou band betueen 1.17 and 1.25. 

Sections 5 and 6 begin t o  focus on the HE-3 shielding problem u i t h  the uater tube and col l imator sections 
both flooded, the ro ta ry  shutter closed, and the HFIR operating a t  100 MU. (With these sections vo id  and 
the shutter open, the neutron and gama dose rates in the main beam jus t  dounstream of the shutter u w l d  
normally be 5.89ec8 mrm/hr and 8 . 4 6 ~ 7  mrem/hr, respectively.) 

Section 5 focuses on the determination of the dose rates impingent on the ro ta ry  shutter, and explores a 
diverse set o f  ca lcu la t iona l  techniques used t o  determine vhich transport phenomena are inportant and which 
are not. 
61 neutron groups and 23 gama groups, a 23-grwp point  kernel  a m o a c h  ( f o r  ganmas), and some prel iminary 
3-D HCNP analyses. The main conctusion i s  that, uhen flooded, the dose rates due t o  neutrons and secondary 
g m s  impingent on the shutter are both t o t a l l y  neg l ig ib le  uhen conpared t o  the 104.0 Rern/hr due t o  the 
or ig ina l  gama sources. Remarkably, the point  kernel ca lcu la t ions  uere w i th in  1% of the f i n a l  MCNP results. 

Section 6 focuses on ca lcu la t ing  the dose ra te  dounstream o f  the ro ta ry  shutter due t o  the transmission of 
source gamnas through the uater tube, col l imator,  and ro ta ry  shutter uhen the shutter i s  closed and the 1998 
uater tube and co l l imator  sections are both flooded. This p a r t i c u l a r  deep penetrat ion problem u i t h  i t s  canpiex 
streaming paths uas one of the m r e  d i f f i c u l t  shielding analyses performed a t  ORNL i n  recent years, and requ i re  
advanced analyt ic techniques tha t  tuo o r  three months e a r l i e r  uere s inp l y  unavailable. 
t h i s  par t i cu la r  problem required a host of  biasing techniques including: use of  only the most energetic source 
groups (a form o f  source-energy biasing); d i rec t iona l  b ias ing  o f  the source: 
that  was locat ion dependent; 
I-D adjoint analysis. The Last uas, by far, the most important. 
report. 
broad-group ueight uindous fo r  use i n  MCNP4B, and the r o l e  o f  those broad-group ueight windous in  accelerat ing 
the MWP calculat ion. 
s impl i f ied the analysis. 
describes a mmber o f  s inp le  independent checks fo r  reasonableness, including one or tuo s inple t rad i t i ona l  
checks on direct transmission, as u e l l  as a neu technique f o r  est imat ing the dose ra te  due t o  gama rad ia t ion  
from a highly anisotropic Source uhich scatters once or t u i c e  before streaming through clearance gaps near the 
end of the sh ie ld  configuration. The f i n a l  conclusion was tha t  the transmitted conponent of  the dose ra te  on 
the centerline, imnediately dounstream of the ro ta ry  shutter, uas 0.89 mrem/hr under the above condit ims. 

section 7 describes a de ta i led  3-D ac t iva t ion  analysis of  the ro ta ry  shutter, and a subsequent 3-D ganma-only 
shielding analysis based on decay g a m  source t e r n  i n  the r o t a r y  shutter a t  7 days af te r  shutdoun, fo l lou ing  
an i r rad ia t i on  per iod  of 30 years. Uh i le  rtumerous ccqonents may become activated, the main problem u i l l  be 
act ivat ion gamnas coming from those regions o f  the shutter u i t h i n  the f i r s t  feu centimeters o f  the large beam 
hole, the inner surface of which i s  normally i n  inmediate ( a l b e i t  tangent ia l )  contact u i t h  the neutron beam. 
The calculated dose ra te  1.43 cm dounstream of the ro ta ry  shutter,  due t o  ac t iva t ion  of the shutter i t s e l f ,  
uas 43.16 mrem/hr. 
of 50 m r w h r ,  as measured during the Feb 1998 shutdoun- 

The reactor present ly has four horizontal experimental 

To perform maintenance 

U i t h  the neuly proposed designs, the i n te rna l  uater tubes needed f o r  shielding w i l l  

The HB-2 beam tube u i l l  be enlarged to  support 

This report examines the e f fec t  o f  

The 

Ni58(n,p)Co58 react ion ra tes  (p r imar i l y  f o r  neutrons above 1.0 MeV), 

The C/E ra t ios  fo r  bath react ion 

These techniques include the use of 1- and 3 - g r w p  handbook equations, I - D  ANISN analyses using 

Rigorous so lu t ion  o f  

and the extensive use of  3-D broad-group ueight uindous based on a prel iminary 
on-the-f ly direct ional  biasing 

This analysis represents the k r l k  o f  the 
Sects 6.1 through 6.6 describe the use of  a f ine-group ad jo in t  analysis t o  determine optimal 3-0 

These uere supplied to  MCNP46 i n  a n e w  "geometry independent" format that g rea t ly  
Sections 6.7-6.9 describe other aspects o f  the f i n a l  calculat ion uh i le  Sect 6.10 

This i s  in  good t o  excel lent agreement u i t h  the experilnentally measured contact dose ra te  
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1.0 INTRDDUCTION AN0 EXECUTIVE SUMMARY 

1.1 Background 
- - - - - - - - - - - - - * -  

The High Flux Isotope Reactor#l ( H F I R )  a t  the Oak Ridge National Laboratory uas designed i n  the 
ear ly 1960’s and m a n  operation i n  1968. 
reactor has four hor izontal  beam tubes (HE-1, HB-2, HB-3, and HE-4) t o  accomnodate a wide va r ie t y  
of neutron sca t te r ing  experiments. The HE-2 beam tube i s  a rad ia l  beam tube uhich looks s t ra igh t  
a t  the reactor core. The other three are tangent ia l  beam tubes uhose centerl ines are o f fse t  u i t h  
respect t o  the core center l ine so as t o  minimize rad ia t ion  from high-energy neutrons and g a m s .  
The HFIR Upgrade Project, nou in  the planning stage and soon t o  be implemented, encompasses a 
nuober o f  improvements that  u i l l  enable the reactor t o  continue as a uo r ld  class research f a c i l i t y  
vel1 i n t o  the next century. In addition t o  replacing the b e r y l l i u n  ref lector,  each of  the four 
hor izontal  beam tubes u i l l  be upgraded i n  one fashion o r  another. The most notable change u i l l  
be i n  the HB-4 beam tube uhich u i l l  be redesigned and r e t r o f i t t e d  u i t h  a cold neutron swrce#2 
using liquid hydrogen a t  20 deg.K. 
experiments t o  be performed involv ing very Lou-energy neutrons (wel l  belou 10 m i l l i v o l t s )  uhich 
in te rac t  uith matter in  a uave- l ike fashion, u i t h  wavelengths i n  the 5 t o  15 angstrom range. 
The next m s t  dramatic change vi11 involve the rad ia l  HE-2 beam tuben.  
diameter, i t  u i l l  be replaced u i t h  a larger beam tube, having an inside diameter of 7.052 inches, 
which can accOOmDdate up t o  f i v e  neu guide tubes, each leading t o  separate experimental f a c i l i t i e s  
outside the b io log ica l  shield. 
b e r y l l i u n  inser ts  v i11  be placed inside the end of the beam tube closest t o  the core. The smaller 
4-inch-diem NB-1 and HE-3 ( tangent ia l )  beam tubes u i l l  a lso  be replaced u i t h  neu tubes, but t h e i r  
design u i l l  be l e f t  bas ica l l y  unchanged. 

Each of  the hor izontal  beam tubes i n  the ex i s t i ng  HFIR reactor terminate a t  a shutter located 
j us t  upstream o f  the respective monochrometer d r w .  Each ro ta ry  shutter (shield plug) has a 
large-diameter and small-diameter beam hole uhich may be selected fo r  use i n  d i f fe ren t  experiments 
as needed. 
the beam when on- l ine  maintenance uork i s  required on the lnonochrometer drun or other carponents 
domstream of the shutter. By themselves, the 2 - f t - d i m  T y p e  1020 carbon steel  rotary shutters 
do no provide s u f f i c i e n t  shielding f o r  such maintenance work u h i l e  the reactor i s  on-l ine and 
operating. So tha t  on- l ine maintenance work may be performed under such conditions, the ex is t ing  
beam tubes are each f i t t e d  u i t h  an in te rna l  uater tube tha t  may be flooded when on-l ine maintenance 
i s  required. 
such work whi le the reactor i s  operating a t  f u l l  pouer. 

The present beam tube/uater tube design u t i l i z e s  a “tube u i t h i n  a tubeaa concept insofar as, u i t h i n  
each beam tube, there twu ex is t s  a separate inner tube which may be flooded u i t h  uater. Because 
a uater tube! i s  a physical ly separate tube tha t  resides inside each beam tube, the present uater 
tubes can and do extend inuard through most o f  the b io log i ca l  shield, the reactor pool, past the 
pressure vessel nozzles, a l l  the uay t o  the inner surface o f  the pressure vessel, thus maximizing 
the amount of uater avai lable f o r  shielding. Closing the 2 - f t - d i m  T y p e  1020 carbon s tee l  ro ta ry  
shutter domstream o f  a given beam tube a f t e r  f looding the in te rna l  uater tube then provides 
the shielding necessary t o  i so la te  a given beam tube f o r  maintenance work on the monochrometer 
drw (or other canportents1 downstream of the shutter u h i l e  the reactor i s  s t i l l  operating a t  
f u l l  pouer. 
adequate shielding; both are required. Unfortunately, having a physical ly separate uater tube 
inside a bean tube reduces the e f fec t i ve  diameter of  the beam avai lable f o r  experiments. 

As p a r t  of the H F I R  Upgrade Project, the neuly proposed designs fo r  a l l  four beam tubes uould no 
longer use the former “tube u i t h i n  a tube” concept, but s im i la r  func t iona l i t y  uould be provided 
by making a widely separated p a i r  of in te rna l  a t m i n u n  uindous an in tegra l  part of the main body 
of each beam tube, such that the region between the atuninum uindows may be flooded as before. 
[Likeuise, the col l imator section of the beam tube (between the uater tube section and the ro ta ry  
shutter) would also be flooded separately, as before, uhenever the uater tube i s  flooded.1 Because 
of various mechanical design considerations, houever, the f i r s t  alunimsl window closest t o  the core 
wuld nou be Located near the bem tube expansion, domstream o f  the seal flange on the outside 
of  the reactor vessel nozzle, thus reducing (by as much as tw feet)  the amwt of uater that  i s  
avai lable f o r  tenporary shielding in  the “uater tubena po r t i on  o f  each beam tube. In the case 
of HB-3, f o r  exanple, the e f fec t i ve  uater tube w w t d  be 1.89 fee t  shorter than the ex is t ing  
configuration where the inner uater tube had extended a l l  the uay i n  t o  the inner vat1 of the 
pressure vessel. This shortening of  the uater tube region u i l l  ra ise  the neutron and gama loading 
impingent on the ro ta ry  shutter. The e f f e c t  o f  t h i s  on dose rates dounstream o f  the ro ta ry  shutter 
during maintenance operations i s  one of  the key concerns addressed in t h i s  study. 
H F I R  s ta f f ,  the HB-3 beam tube uas s p e c i f i c a l l y  chosen as a p i l o t  case fo r  more intensive ana ly t i c  
study. 
other beam tubes. 

In add i t ion  t o  i t s  many i r rad ia t i on  f a c i l i t i e s ,  the 

This u i l l  a l l o v  a h o l e  neu class o f  neutron scatter ing 

Nou 6.0 inches in  

To enhance the thermal neutron f l u x  in  these guide tubes, two large 

Alternately, each ro ta ry  shutter may a lso  be rotated t o  the closed pos i t ion  t o  shut o f f  

Together, the flooded water tube and closed shutter provide adequate shielding f o r  

Note tha t  nei ther the closed shutter or the f looded uater tube alone would provide 

A t  the request of  

Methodologies developed fo r  the HE-3 analysis may l a t e r  be used i n  shielding analyses f o r  

1 



1.2 Objectives _ - - - - - - - - - - - - - -  
The key object ive o f  th is  study uas t o  conduct a deta i led shielding analysis o f  a t yp i ca l  beam 
tube (HB-3) under these new conditions and t o  determine i f  any addit ional changes t o  the rotary  
shutter design uould be necessitated by the neu uater tube concept. 
bulk o f  t h i s  report.  

A secondary kit prerequ is i te  objective of t h i s  study (addressed in  Sect 2) uas t o  determine a 
set o f  s i m p l i f i e d  neutron and gamna source terms that could be used i n  the sh ie ld ing analysis 
o f  a l l  fwr beam tubes, including HE-4 u i t h  the proposed co ld  source, and the neuly enlarged 
HE-2 rad ia l  beam tube u i th  the b e r y l l i u n  pieces near the ho t  end o f  the beam tube. 
shielding analyses l i k e  those performed here f o r  HE-3 may have t o  be performed f o r  HB-1 and 
HE-4. I f  so, those resu l ts  u i l l  be reported separately a t  a l a t e r  date. 
o f  t h i s  study was t o  develop and demonstrate a re l iab le  methodology, and the necessary source 
terms, tha t  could be used in  those analyses i f  necessary. 

In the case o f  HB-2, the source terms developed here v i11 eventual ly be needed f o r  tu0 d i f fe ren t  
purposes. First ,  the  i n i t i a l  source terms fo r  HB-2 uith the uater tube voided (as i n  normal 
operation) w i l l  be needed f o r  the design of  the HB-2 guide tubes - -  t o  determine the heating 
Fates a t  the h o t  end of the guide tubes, t o  determine the sh ie ld ing requirements f o r  the backstop 
dounstream of  the  guide tubes and a l l  experimental equipnent, and t o  determine scat ter ing densi t ies 
i n  the u a l l s  o f  the guide tubes downstream of the b io log ica l  sh ie ld  and the resu l t ing  rad ia l  
shielding requirements i n  tha t  region. Secondly, the source terms developed here u i l l  have t o  
be used t o  generate an a u x i l i a r y  set o f  s impl i f ied source terms tha t  u i l l  accurately represent 
rad iat ion enter ing the guide tubes (dounstream of  the a c t w i  HB-2 beam tube) uhen the beam tube 
i s  flooded. 
design o f  the new shut ter  mechanism that u i l l  be needed t o  accomnodate the mul t ip le  rectangular 
guide tubes nou planned. 
l a te r  t ime and are  outs ide the scope o f  the present report. 

That study comprises the 

Eventually, 

The primary objective 

This a u x i l i a r y  set of rad iat ion source terms u i l l  be used by external vendors i n  the 

Both of  these addit ional studies u i l l  be reported separately a t  s m  

Section 2 describes a se t  of equivalent po int  sources t h a t  may be used in  fu ture stand-alone sh ie ld ing 
analyses f o r  each of the four horizontal beam tubes (HE-1, HE-2, HE-3, and HB-4). Tables Z.2a and 2.2b 
e x p l i c i t l y  l i s t s  the 61-group neutron sources and 23-group gamna sources t o  be used f o r  each beam tube. 
These uere based on large global analyses of  the en t i re  HFIR system using a de ta i led  3-D MCNP#4 model. 
The tnodel(s) used included the July 1996 conceptual co ld  source design#Z i n  HE-4, as u e l l  as the b e r y l l i u n  
inser ts  ins ide the  neu 7.052-inch-ID HE-2 beam tube#3. 
i n  shielding ca lcu lat ions uhere the regioncs) o f  in terest  may be several meters from the t i p  o f  the beam 
tube(s). Testing show these s i r rp l i f i ed  source terms t o  general ly reproduce the or ig ina l  MCNP r e s u l t s  
t o  u i t h i n  about lo%, one t o  three meters from the t i p  o f  the beam tube(s). 
energy-dependent neutron measurements made by Blosser and ThomasfK 6.5 meters from the t i p  o f  HB-2 and 
HB-3 uere made. 
that  the neu beam tube has a larger diameter than that  uhich existed a t  the t i m e  o f  the measurements. 
Af ter  t h i s  simple adjustment, the average C/E r a t i o  uas 0.89; 
bulk o f  the C/E r a t i o s  uere betueen 0.91 and 1.09. S imi lar  comparisons i n  HE-3 required no such correct ion 
since the HE-3 design had not changed. While the C/E r a t i o s  f o r  thermal neutrons a t  6.5 meters uere a b i t  
high (1.691, the  resu l ts  for  faster  neutrons uere much better, u i t h  the average C/E r a t i o  fo r  the e n t i r e  
energy range being 1.44. Part o f  t h i s  discrepancy i s  bel ieved t o  be due t o  modeling uncertaint ies stemning 
from i n s u f f i c i e n t  docunentation of  the experimental configuration in  1968. (Nevertheless, these source . 
terms are wholly acceptable f o r  most types of shielding uork uhere the uncertainty i n  the calculated sh ie ld  
effectiveness uould normally be much higher than this.) More r igorous ly  contro l led dosimetry measurements 
on the inner surface of the vessel near HB-3 provide a second (more credible) basis f o r  comparison. Eased 
on d i r e c t l y  measured Ni58(n8p)Co58 reaction rates% f o r  neutrons above 1.0 MeV, and Fe54(n,p)Mn54 react ion 
rates% f o r  neutrons above 0.1 MeV, the C/E ra t i os  a t  t h i s  locat ion are r e l a t i v e l y  small and l a y  i n  a narrow 
band between 1.17 and 1.25. 

These equivalent po in t  sources are intended f o r  use 

Comparisons with e a r l i e r  

In the case o f  HB-2, a simple ad hoc adjustment had t o  be made t o  account f o r  the  f a c t  

except f o r  one o r  tuo energy ranges, the 

Section 3 describes the  3-D MCNP model(s) used i n  a l l  (or  most) o f  the analyses described i n  th is  report. 
The approach taken uas t o  use the same (very cotrplete) basic model f o r  a l l  calculations, u i t h  only minor 
variations, as necessary. 
t i p  o f  the beam tube, out past the dounstream surface of  the ro ta ry  shutter. 
shou a n-r o f  d i f f e r e n t  vieus of  the basic model, each h igh l igh t ing  a d i f f e r e n t  aspect o f  the model 
or  shouing i t  from a d i f f e r e n t  perspective. Figs. 3.2 through 3.13 are o f  greatest in terest  f o r  most of 
the sh ie ld ing analyses, whereas Figs 3.14 through 3.18 focus on things important t o  the vessel dosimetry 
analysis. 
were made from the  actual  MCNP model. 
drauings used in  formulating t h i s  model, as vel1 as the fwr recent conceptual drauings used i n  formulating 
t h i s  model. 

I t  included everything u i t h i n  65 cm of  the beam tube centerline, from the 
Figs 3.2 through 3.18 

Sects 3.1 and 3.2 contain descript ive text  per ta in ing t o  each f igure. Note that  these f igures 
Sects 3.3 and 3.4 l i s t  and describe the nine older engineering 

Separate paragraphs describe spec i f i ca l l y  what information uas taken and used from each drauing. 
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Section 4 describes the neutron dosimetry analysis performed for HB-3. 
reasons: 
in the water tube shielding analysis, and (2) to determine if a Monte Carlo method like MCNP could really 
be used for good and reliable nwtron dosimetry analyses. 
is the most detaited geometry model ever developed, representing the dosimeters and other materials in 
the neighborhood with the greatest fidelity ever. Based on the geometry alone, it is clearly a benchmark 
calculation. Moreover, it also gives the best C/E ratios ever obtained by any DORT#7, TORT%, or MCNPa 
model. 
(primarily for neutrons above 0.1 MeV) uere directly calculated by MCNP at Key 3, Positions 3 and 8 using 
120 million neutron histories. Here the pointwise energy-dependent fluxes uere folded directly with the 
pointwise energy-dependent cross sections to obtain the integrated reaction rates at both locations, thus 
circunventing the need to collapse the fluxes or use group-averaged cross sections which might intraduce 
uncertainties of their om. 
experimentally measured reaction rates. 
relatively small and laid in a narrow band between 1.17 and 1.25. Moreover, both the calculated results 
and the measured results shoved the Ni58 and Fe54 reaction rates at Key 3 Position 8 to be 2.29 to 2.37 
times higher than at Position 3, thus increasing our confidence in the model and the source term still 
more. By colrparison, the best prior 3-D TORT analysis#%, gave an average C/E ratio of 0.69 and shoved the 
flux tilt between these tu0 dosimeters to be between 1.95 and 1.99 (rather than 2.29 or 2.37, as actually 
measured). 
sensitivity of the model to many different things. 
analysis, those findings uill not be repeated here, but anyone planning to perform future dosimetry work 
should certainly review this section first. 
details in the neutron dosimetry analysis cannot be overstated. 

This effort was undertaken for two 
( 1 )  to help validate the equivalent point sources for this beam tube before their anticipated use 

The final model used here (MCNP Run HB304M4) 

Ni58(n,p)Co58 reaction rates (Primarily for neutrons above 1.0 MeV), and Fe%(n,p)Mn54 reaction rates 

These integral reaction rates were then compared directly against the 
The C/E ratios for both reaction rates at both Locations were 

Lastly, Sect 4.5 describes the historical evolution of the mcdel, the lessons learned, and the 
Because they are not directly related to the shielding 

The iAportance of accurateiy modeling seemingly small geometric 

Section 5 begins to focus on the HB-3 water tube shielding problem. Uith the uater tube aml collimator 
sections both void and the rotary shutter in the open position, the neutron and gama dose rates in the 
beam, i d i a t e l y  dovnstream of the shutter, uould be 5.89e+8 mrem/hr and 8.44e+7 m r W h r ,  respectively. 
In the ultimate case of interest, the water tube and collimator sections would both be f looded and the 
shutter uould be closed. Sections 6 and 7 describe the calculation of the dose rates downstream of the 
shutter under those conditions. As an intermediate step, Sect 5 focuses on the determination of the 
dose rates inpingent on the rotary shutter (just downstream of the flooded water tube and collimator 
sections), and explores a diverse set of calculational techniques used to determine which transport 
phenanena are important and which are not. These techniques include the use of 1 -  and 3-grwp handbook 
equations, I-D ANISNk9 analyses Using the 61 neutron groups and 23 g a m  groups in the VELW library#lO, 
a 23-group point kernel approach (for g m s ) ,  and sane preliminary 3-D HCNP analyses. 
conclusions m y  be drawn from these studies: 

(1) The main conclusion is that, when flooded, the dose rate(s) due to neutrons and secondary 

Several key 

gamnas are both totally negligible when corrpared to that due to the original gama sources. 

(2) Uith the 1960 water tube design, the dose rate impingent on the shutter under these conditions 
is about 25 Rem/hr, 98.9% of uhich is due to source g m s  above 3 MeV; 
design, the dose rate is about 103 Rem/hr, 98.1% of which is due to source gamMs above 3 MeV. 

calculated several different uays: 
23-group pint kernel method gave 103.0 Rem/hr, a preliminary (highly simplified) MCNP model 
gave 109.3 Rem/hr, and the final MCNP reference run (see Sect 6) gave 104.0 Rem/hr. 
it is safe to conclude that the simple 23-group point kernel method is satisfactory for many 
gamna-only problems that do not involve highly localized streaming effects, and m y  uell be 
the tool of choice in many preliminary design calculations. 

Uith the 1998 water tube 

(3) For the 1998 water tube, the gama dose rate impingent cn the shutter is uell known and was 
a simple 3-group handbook fomula gave 90.2 Rem/hr, the 

From this, 

Other supplemental observations are as follows: 

The use of importance regions and simple geometric splitting as variance reduction techniques in 
MCNP can be prohibitively impractical for deep penetration problems involving conplex geometries, 
Except for its use i n  a couple of highly simptified models, that approach had to be abandoned here. 
A new technique making use of "geometry independent1# broad group ueight windows a w a r s  to be far 
more promising. This approach has since allowed similar problems to run 10,000 times faster than 
they otherwise wwld have run (cf Appendix C.21, and has since made it possible to solve problems 
that three months earlier uauld have been literally impossible (cf Sect 6 ) .  

Uith the water tube and collimator sections flooded, handbook fonnulae indicate that the direct 
neutron dose rate imingent on the shutter may be totatly unimprtant; 
confirm that conclusion. 

The 1-D AYISN calculations can be used to obtain secondary gama productions rates '#per unit v01une~' 
which can then be us& in point kernel codes where one can then account for the actual secondary 
sources based on more realistic volune elements. 

1-0 ANlSN calculations 
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(7) Results of those point kernel calculat ions agree remarkably wel l  u i t h  more elaborate 3-D Monte Carlo 

( 8 )  The nunber of secondary g m s  born i n  the water tube i s  comparable i n  magnitude u i t h  those entering 

resu l ts  (w i th in  1%). 

the water tube but, because the secondary g m s  are born i so t rop i ca l l y  whereas source g a m s  streaming 
down the beam tube and entering the water tube are already very forward-directed, the secondary g a m s  
are conpletely negl ig ib le re la t i ve  t o  the l a t t e r  by the t i m e  they reach the ro ta ry  shutter. The point 
kernel method provides a convenient vehicle f o r  studying the i r  r e l a t i v e  effect iveness, by source type 
and location, and by energy group. 

Section 6 focuses on calculat ing the dose ra te  dounstream of the ro ta ry  shutter due t o  the transmission 
of source g m s  through the water tube, col l imator, and ro ta ry  shutter when the shutter i s  closed and 
the 1998 uater tube and col l imator sections are both flooded. 
involv ing only the or ig ina l  g a m  sources ( c f  Table 2.2b) above 3 MeV. 
the t o t a l  dose ra te  even upstream of the shutter was t o t a l l y  insensi t ive t o  the neutron source and the 
resul t ing secondary g a m s .  Likewise, the o r ig ina l  source g a m s  belou 3 MeV contr ibuted less than 2% 
o f  the t o t a l  dose a t  t h i s  location. 
even less, and can be safely neglected as uell.1 Clear ly t h i s  was one of  the most d i f f i c u l t  shielding 
analyses ever performed a t  ORNL ( i f  not the mcst d i f f i c u l t ) ,  and required advanced ana ly t i c  techniques 
that tuo or three months ea r l i e r  uere simply unavailable. 
t h i s  par t i cu la r  deep penetration problem u i t h  i t s  complex streaming paths, Sect 6 and the supporting 
appendices represent the bulk of t h i s  report. Sects 6.1 through 6.6 describe the use o f  a fine-group 
adjoint  analysis t o  determine optimal 3-D broad-group ueight windous f o r  use i n  MCNP4B#4, and the ro le  
of those broad-group weight uindows in  accelerat ing the MCNP calculat ion. (Apart from the docunentation 
i n  t h i s  report, the al l- important a b i l i t y  t o  supply those 3-D broad group weight windows t o  MCNP4E in  a 
"geometry independent" format v i a  a separate a u x i l i a r y  input f i l e  remains an undocmented feature of the 
code tha t  u i l l  not be pub l ic ly  announced unt i l  i t s  next o f f i c i a l  release i n  the year 2000.) 
and 6.8 then present a general review of the physical rode1 used i n  t h i s  f i n a l  3-D g a m - o n l y  shielding 
analysis, as well  as a detai led discussion of  a l l  other aspects of t h i s  pa r t i cu la r  calculat ion. 
describes the f i n a l  resul ts obtained ( s m r i z e d  belou), while Sect 6.10 describes a n d r  of  simple 
independent checks f o r  reasonableness. This l a s t  section, which i s  div ided i n t o  10 parts, describes 
one or two simple ( t rad i t iona l )  checks on the direct transmission of  garranas through the ro ta ry  shutter 
shield plug, but then goes on t o  develop a uhole new (elementary) technique f o r  est imating the dose 
due t o  g a m  radiat ion from a h igh ly  anisotropic source tha t  has scattered once o r  twice before f i n a l l y  
streaming out of  the shield configuration through the targe 1.75-un-uide clearance gaps betueen the 
b io log ica l  sh ie ld  and the concrete block assenbly holding the ro ta ry  sh ie ld  plug. Surpr is ingly (and 
perhaps fortui tously) ,  these l a t t e r  resu l ts  uere w i th in  11% ( less than h a l f  a standard deviat ion) of 
the more r igorously obtained MCNP resul ts.  
resu l ts  (described belou), but Largely i n  new and extremely powerful b iasing techniques described in  
Sects 6.1 through 6.6, and i n  the descr ipt ion o f  the independent ( s imp l i s t i c )  checks f o r  reasonableness. 
Key resu l ts  from t h i s  3-D MCNP analysis are as follows: 

(1) The dose ra te  on the centerl ine, immediately downstream of the shutter (a t  2479.29 cm) was found t o  be 

This i s  a conplex g a m - o n l y  analysis 
[Based on f indings i n  Sect 5, 

Downstream of the shutter, these Lou-energy g a m s  u i l l  contr ibute 

Because of  that, and the irrportance of 

Sects 6.7 

Sect 6.9 

The uorth of t h i s  report l i e s  p a r t l y  in  the f i n a l  MCNP 

0.8934 mrem/hr + / -  3.4%. A t  1.5 feet from the surface of  the ro ta ry  shutter housing (a t  2=524.51 cm), 
the centerl ine dose ra te  was found t o  be 0.3033 mrem/hr +/- 1.1%, while a t  3.0 fee t  from t h i s  surface 
(a t  Z=570.23 cm) the center l ine dose rate uas found t o  be 0.2088 mrem/hr +/- 0.6%. The dose rate at  the 
closest point was calculated using a point  detector estimate, but v e r i f i e d  using a much more rigorous 
boundary crossing t a l l y  uhich exhibi ted except ional ly good s t a t i s t i c s  in every energy range of interest. 
The dose ra te  at  the closest point  was also v e r i f i e d  using simple ana ly t i c  approximations. 

(2) Streaming ef fects associated with the 1.74625-cm clearance gaps between the b io log i ca l  shield and the 
concrete block assembly holding the shutter caused the dose rates i n  front of those locations t o  be 
tuo orders of  magnitude higher than they otherwise would have been u i thout  any clearance gaps. MCHP 
and a s inple analyt ic method used t o  check those resu l ts  both saw t h i s  ef fect ,  and both y i e l d  essent ia l ly  
the same resul t .  Fortunately, the dose ra tes  obtained by both methods (even w i th  streaming) were t o t a l l y  
neg l ig ib le  ( less than 0.05 mrem/hr). I n  the case of  MCNP, the average dose r a t e  f o r  the gap on the r i gh t  
side of the configuration (0.0477 mrem/hr) uas found t o  be 2.13 times higher than on the l e f t  (0.0217 
mrem/hr) due t o  streaming through the large beam hole i n  the ro ta ry  shutter which i s  rotated 66.75 degrees 
from the beam tube centert ine when the shutter i s  i n  the closed posit ion. In addit ion, the average dose 
ra te  f o r  the clearance gap above the concrete block assembly holding the ro ta ry  shutter (0.0222 mrem/hr) 
uas found t o  be marginally higher that  f o r  the clearance gap on the bottom (0.0150 mrem/hr) due t o  a 
small amount o f  streaming i n  the 5/16-inch clearance gap above the carbon s tee l  sh ie ld  plug inside the 
rotary shutter assembly. While not of any p r o g r a m t i c  s igni f icance because of  t h e i r  low values, these 
small, physical ly j us t i f i ab le ,  asymnetric var iat ions are ind ica t ive  of  the small de ta i l s  that can be 
seen with t h i s  detai led 3-D d e l  when used i n  combination with the 3-D broad-group weight window f i l e  
which was developed fo r  t h i s  analysis using a fine-group 1-D ad jo in t  analysis. 

(3) A useful by-product of t h i s  analysis uas a very de ta i led  boundary source f i l e  f o r  a surface perpendicular 
t o  the centerline, jus t  upstream of the ro ta ry  shutter assembly. 
crossing h is to ry  f i l e  (at  2=401.9645 cm) which contains the coordinates, d i rec t i on  cosines, energies 
and ueights of the 5,688,819 photons crossing t h i s  surface i n  R u n  HB308G5. This par t i cu la r  f i l e ,  
uhich requires 542 ME of  d isk space, can then be used as an in te rna l  boundary source f i l e  in  subsequent 

This binary f i l e  i s  an MCNP boundary 
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fo l lou-up shielding analyses of t h i s  ro ta ry  shutter (or  any s im i la r  shutter design in the future) by 
using the procedures out l ined i n  Sect 6.8.2. 

( 4 )  Rigorow so lu t ion  o f  t h i s  par t i cu la r  problem required a host o f  b iasing techniques including: use of  
only the most energetic source groups (a form o f  source-energy biasing); d i rec t iona l  biasing of the 
source; on-the-f ly d i rec t iona l  b iasing tha t  was loca t ion  dependent; and the extensive use of  3-0 
broad-group ueight uindows based on a prel iminary 1-0 ad jo in t  analysis. 
most iRportant. 

The las t  was, by far, the 
Ui thout it, the r igorous so lu t i on  o f  t h i s  problem uould have been t o t a l l y  impossible. 

Given p r i o r  expectations based on health physics measurements, the calculated center l ine dose ra te  imnediately 
dounstream o f  the shutter (0.89 mrem/hr) uas su rp r i s ing l y  Lou. 
uas v e r i f i e d  using a much more rigorous boundary crossing t a l l y  which exhibi ted exceptional ly good s t a t i s t i c s  
i n  every energy range o f  interest ,  and tha t  the dose r a t e  a t  t h i s  po in t  uas also v e r i f i e d  using simple analyt ic 
approximations, i t  must be accepted a t  face value. I t  should be noted, however, that t h i s  calculated dose ra te  
domstream of the ro ta ry  shutter i s  only tha t  por t ion  o f  the dose r a t e  ladue t o  the transmission of  source g a m s "  
through the uater tube, col l imator, and ro ta ry  shutter when the shutter i s  closed and the 1598 water tube and 
c o l l i m t o r  sections are both flooded. Notably, by intent, i t  did not include contr ibutions from ac t iva t ion  g a m  
in the ro ta ry  shutter o r  any other colrponents i n  the v i c i n i t y .  As l a te r  discovered, and shown i n  Sect 7, the 
actual dose ra te  here (43-50 mrem/hr) i s  almost e n t i r e l y  due t o  such ac t iva t ion  sources. 

Houever, given that t h i s  point  detector estimate 

Section 7 describes a de ta i led  3-D act iva t ion  analysis o f  the ro ta ry  shutter, and a subsequent 3-D gama-only 
shielding analysis based on decay gama source t e r n  i n  the ro ta ry  shutter a t  7 days a f te r  shutdoun, fol lowing 
an i r r a d i a t i o n  per iod o f  30 years. Uh i le  nunerous conponents may become activated t o  one degree or another, 
the main problem u i l l  be ac t iva t ion  g m s  coming from those regions of  the shutter w i th in  the f i r s t  feu 
centimeters of  the Large beam hole, the inner surface o f  which i s  normally in inmediate (a lbe i t  tangential) 
contact u i t h  the n w t r o n  beam. 
never f a r  auay from the external surface of  the sh ie ld  configuration, and the amount of steel  avai lable fo r  
sel f -at tenuat ion i s  minimal. 

This study involved three o r  four key steps: (1) i d e n t i f i c a t i o n  o f  the key radioactive nuclides (Co-60, Fe-59, 
Mn-54, and Mn-56) responsible fo r  the ac t i va t i on  dose, and the twelve nuclear react ion processes by which these 
are created, (2) running a 3-D MCNP neutron-only beam tube analysis t o  determine a l l  twelve o f  the necessary 
react ion rates in each o f  39 I-cm-thick c y l i n d r i c a l  she l l s  around ro ta ry  shutter beam hole under normal 
conditions with the shutter open; (3) performing a de ta i led  ac t i va t i on  analysis for each of  these 39 regions 
so as t o  determine the concentration levels a f t e r  30 years of exposure and a t  various times (0-60 days) a f te r  
a subsequent shutdown; 
model, ro ta t ing  the shutter t o  the closed pos i t i on  w i th  the sources i n  place, and performing the attendant 3-D 
gamm shielding analysis. 

The basic ac t i va t ion  analysis assuned tha t  the Type 1020 carbon s tee l  rotary shutter i n i t i a l l y  contained 
0.45 u t% Hn-55 and 0.015 ut% Co-59 (the same as the H F l R  pressure vessel#6), although several var iat ions uere 
l a te r  considered with i n i t i a l  Co-59 concentrations of 0.000 and 0.001 ut%, as vel1 as 0.005 t o  0.030 ut%, in  
increments of  0.005 ut%. 
i n  the subsequent 3-D shielding analysis. (Note tha t  one or tu0 days a f te r  shutdown, the shor t l i ved  sources 
from the decay o f  Mn-56 are essent ia l ly  gone. U i th  h a l f l i v e s  o f  312.2 days, 44.51 days, and 5.271 years, 
f o r  Mn-54, Fe-59, and Co-60, respectively, the remaining decay g a m  source terms and resu l t ing  dose rates 
change very s lou ly  over the next feu ueeks. 
During the f i r s t  feu ueeks o r  months, fe-59 i s  the next most important, u i t h  the Mn-54 being a d is tan t  third.) 
The key conclusions from t h i s  ac t i va t ion  s t w  and subsequent shielding analysis are as follows: 

(1 )  The calculated dose r a t e  1.43 cm dounstream of the ro ta ry  shutter, due t o  ac t iva t ion  o f  the shutter 

Even when the shutter i s  in  the closed posit ion, these act ivated regions are 

and ( 4 )  put t ing  the resu l t i ng  gama source t e r n  f o r  each region back i n t o  the 3-0 HCNP 

Decay gamma source terms f o r  the base case, seven days a f te r  shutdown, uere used 

O f  the radioact ive sources, Co-60 i s  by f a r  the most important. 

alone, uas 43.16 mrem/hr. 
contact dose ra te  of  50 mrem/hr, as measured#ll during the F e b  1998 shutdown. 

This i s  in good t o  excel lent  agreement u i t h  the experimentally measured 

(2) This dose due t o  ac t iva t ion  uwld be present uhenever the shutter i s  closed, uhether the H F I R  i s  operating 
Because t h i s  inherent ac t i va t i on  o f  the shutter i s  the resu l t  of neutrons streaming doun the beam o r  not. 

tube during years of  normal operation when the uater tube i s  normally void, the in tens i ty  o f  t h i s  act ivat ion 
source and the resu l t ing  dose ra te  (43 mrem/hr) u i l l  be independent of  uater tube design ( ie, i t  u i l l  be 
essent ia l l y  the same uhether one switches t o  the neu 1998 design or continues t o  use the o r ig ina l  1960 desig 

(3)  More importantly, t h i s  dose ra te  due t o  ac t i va t i on  alone (43-50 mrem/hr) i s  f a r  greater than the 0.8934 mrem 
( c f  Sect 6 )  that resu l ts  from d i r e c t  transmission of  rad ia t i on  dom the beam tube and through the shutter wh 
the neu (shorter) 1998 water tube and col l imator sections are both flooded, the shutter i s  closed, and the H 
i s  operating a t  100 MU. 

For these reasons, one i s  forced t o  conclude tha t  the t o t a l  dose ra te  downstream of the shutter, under these 
conditions, u i l l  remain i n  the 43-50 mrem/hr range and u i l l  be independent of water tube design (ie, it u i l l  be 
essent ia l ly  the same uhether one switches t o  the new 1998 design o r  continues t o  use the o r ig ina l  1960 design). 
Indeed, tha t  i s  the main conclusion of  t h i s  e n t i r e  report.  

Other miscellaneous observations re la ted  t o  the ac t i va t i on  study are as fol lous: 
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(4) For most i n i t i a l  cobal t  concentrations of  interest (between 0.005 ut% and 0.030 ut%9, the g a m  sources 
vary a l m s t  l i n e a r l y  u i th  the amount o f  Co-59 i n i t i a l l y  present. 
uere 2.0 times higher ( ie ,  0.030 ut%), the t o t a l  gamna source would be 1.8 t o  1.9 times higher; while 
i f  the amount o f  Co-59 i n i t i a l l y  present were 3.0, times louer ( ie ,  0.005 ut%), the t o t a l  gama source 
would be 2.2 t o  2.4 times lower. For very Lou i n i t i a l  Co-59 concentrations (0.000 ut% and 0.001 ut%), 
the re la t ionsh ip  i s  no longer l inear. 
0.015 ut%, down t o  0.001 ut%), the t o t a l  g a m  source uould only be 4 t o  5 times louer, while i f  the 
i n i t i a l  Co-59 i s  reduced t o  zero, the t o t a l  g a m  source uould be about 5 t o  8 times louer than f o r  the 
case u i t h  0.015 ut% Co-59. 

(5) h i t c h i n g  t o  a neu r o t a r y  shutter design which only has one beam hole and could therefore be turned 
90 degrees when closed ( ra ther  than 66.75 degrees as i n  the present design) w i l l ,  i n  fact, reduce the 
dose r a t e  somewhat, although the extent of that  decrease has not been evaluated. 

I f  the amount o f  Co-59 i n i t i a l l y  present 

I f  the i n i t i a l  a m t  of  Co-59 i s  reduced by a factor  o f  15 (from 
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2.0 SOURCE TERMS FOR BEAM TUBE SHIELDING ANALYSES 

Shielding analyses f o r  the indiv idual  beam tubes w i l l  generally require modeling mater ia ls and 
corrponents located several meters from the core. A t yp ica l  model w i l l ,  f o r  example, include 
the hot t i p  o f  the given beam tube, the en t i re  length of  the beam tube and surrounding media 
(as i s  passes aut of the be ry l l i un  ref lector,  through the uater i n  the vessel, through the wal l  
of the pressure vessel, through the pool, and through the concrete forming the b io log ica l  shield),  
the i n te rna l  uater tube and beam col l imator, and the ro ta ry  shutter (sh ie ld  plug) assembly fu r ther  
dounstream. 
the large global  analysis fo r  the H F I R  core and re f lec to r .  So that shielding analyses may be 
performed separately f o r  each o f  the indiv idual  beam tubes, i t  was necessary t o  have a separate 
set of  source t e r m  uhich accurately characterized the neutron and gama sources entering each 
beam tube. 

As such, i t  uould be t o t a l l y  inprac t ica l  t o  incorporate such analyses d i r e c t l y  i n t o  

It was u l t ima te l y  found that a series of  point  sources (in each beam tube) uas uho l l y  adequate 
f o r  t h i s  purpose. 
u h i l e  t h i s  and subsequent sections docunent t h e i r  va l i d i t y .  
point  sources were determined as follows: 
p e r f o d  for the HFIR core and re f lec to r  u i t h  the ham tubes extending out through the 
b io log i ca l  shield. (2) In each calculat ion, point  detectors uere used t o  obtain h igh l y  
converged estimates of  the neutron and gamma f luxes a t  various points doun a given beam tube. 
These detectors uere located at: 
4 separate po in ts  doun H E - 4 ,  and 7 separate points doun HE-2. 
as a continuous funct ion of energy, the resu l ts  a t  the point  detectors uere t a l l i e d  and 
18binned*8 i n t o  the 61 neutron groups and/or 23 gama groups used in  the VELM shielding l ibrary#lO. 
This uas done i n  recognit ion o f  the fac t  that  future shielding calculat ions may use the DORT 
(2-0) or TORT (3-0)  shielding codes and the VELH 61n/Ug cross section l ibrary.  
given beam tube, and a given neutron o r  gamna energy group, the equivalent po in t  source was 
found by: 
the f l u x  var ies  as F(x,g)=S(g)/~4*pi*Cx-x0)^21. and f ind ing  the source term S(g) tha t  best 
f i t s  the MCNP f luxes a t  the 4 (or 7) points corresponding to  the point  detectors in tha t  beam 
tube. Having done that, increment the ass& source location (x0) by 0.1 cm, and repeat the 
process every 0.1 cm doun the en t i re  length o f  the beam tube. 
be one source loca t ion  CxO(g1l and one source i n tens i t y  IS(x0,g)I that provides the %estn8 f i t  
f o r  the HCNP f luxes in  t h i s  energy group a t  a l l  4 (or 7) points. 

This section describes hou those equivalent point sources uere determined, 
S i n p l y  stated, the equivalent 

(1 )  Several large global 3-D MCNP analyses uere 

4 separate points doun HE-I, 4 separate points doun HB-3, 
U l l i l e  HCNP tracks pa r t i c l es  

(3) For a 

p ick ing  an ass& source locat ion (x0) near the hot t i p  o f  the beam tube, assuning 

Having done that, there w i l l  

2.2 Selection o f  Detector Locations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Table 2.1 and Fig 2.1 shou the location of  the point  detectors used t o  obtain the reference 
f luxes in each beam tube, while Table 2.1 also shous the selection c r i t e r i a  used f o r  these 
points. Ant ic ipa t ing  the need for future beam tube shielding calculat ions u i t h  the (newly 
proposed 1998) water tubes flooded and dry, it was predicated that the equivalent po in t  sources 
t o  be determined here should be able t o  reproduce the k m  (MCNP) f luxes in  the dry water tube. 
Detector locat ions were therefore chosen a t  the s ta r t ,  end, and midpoint of  each uater tube, 
as u e l l  as one equidistant point upstream of the water tube. 
frm an e a r l i e r  ca lcu la t ion  (MCNP R u n  GF209) w r e  also included. These i n c h d d  e a r l i e r  resu l t s  
a t  the s t a r t  o f  the guide tubes (so that  Runs GF209 and GF215 would have a c ~ m s ~ n  po in t  uhere 
the results could be cross checked), as u e l l  as a more d is tan t  point uhere the guide tubes merge 
from the b io log i ca l  shield. 

In the case of  HB-2, resu l t s  

Results i n  HB-1 and HB-4 u i l l  be af fected by the recently proposed changes i n  t h i s  region, 
including the el iminat ion of the through tube (thereby making H B - I  and HB-4 separate tubes), 
as u e l l  as the presence o f  the neuly proposed co ld  source. 
by the recent ly  proposed changes t o  the HE-2 beam tube on the other side o f  the system.] 
Results f o r  118-1 and HE-4 are based on MCNP R u n  GF211 uhich i s  ident ical  t o  co ld  source 
reference ca lcu la t ion  GF130 except that: (1) the o l d  t a l l i e s  have been str ipped out and 
replaced by those f o r  the point detectors described i n  Table 2.1, and ( 2 )  Cel ls 8903, 8904, 
and 8905 (representing the tuo aluninun windows i n  HE-4) have been replaced by a vo id  f o r  
the purposes o f  the present f l ux  determination. 

[These resu l ts  w i l l  be unaffected 

More de ta i l s  o f  GF130 are given belou. 
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Table 2.1. Location i n  the various beam tubes uhere p i n t  detector estimates of the neutron and gama f luxes 
from global HCNP analyses uere t a l l i e d  and binned i n t o  the VELH 61n/23g group structures. The R u n  I D I S  identify 
the respective MCNP calcu lat ional  runs, u h i l e  the Ta l l y  ID'S i d e n t i f y  the reference t a l l i e s  used in  each run. 

A GF211 
B G F Z l l  
C GF211 
D GF211 

U' GFZO9 

U GF215 
V CF215 
U tF215 
Z GF215 

115 
125 
135 
145 
- 
735 

515 
525 
535 
545 

215 
225 
235 
245 

Z' GF209 745 
2 ' '  GF2W 755 

K GF214 115 
L GF214 125 
M GF214 135 
N GF214 145 

E GF211 515 
F GF211 525 
G GF211 535 
H GF21l 5-55 

765 

615 
625 
635 
645 

HE-1 
HE-1 
HE-1 
HE-1 

HE-2 

HE-2 
HE-2 
HE-2 
HE-2 

775 HB-2 
785 HB-2 

215 HE-3 
225 HE-3 
235 HE-3 
245 HE-3 

615 HE-4 
625 HE-4 
635 H E 4  
645 HE-4 

98.1835 
163.4800 
228.7765 
294.0730 

103 -6825 
168.9790 
234.2755 
299.5720 

117.4750 

126.0890 
199.8410 
273.5930 
347.3450 

- 18.62571 
- 51 .2T396 - 83.9222 1 

-116.57046 

- 117.4750 

- 126.0890 
-199.8610 
-273 -5930 
-347.3450 

108.96868 
165.5171 1 
222.06553 
278.61396 

0.0 

0.0 
0.0 
0.0 
0.0 

347.3450 -347.3450 0.0 
635.6350 -635.6350 0.0 

_ _ - - - _  _ _ _ _ - _  

98.1835 120.6879 -37.24705 -117.85379 
163.4800 185.9844 -69.89530 -174.40222 
228.7765 251.2809 -102.54355 -230.95064 
294.0730 316.5774 -135.19180 -287.49907 

_ - - - - -  134.6719 100.55149 -97.45229 - - - - - -  214.3364 140.38374 -166.44377 - - _ _ _ _  294.0009 180.21599 -235.43525 _ _ _ _ _ _  373.6654 220.04824 -304.42673 

< - -  A,E,C,D are equidistant 
e- -  uater tube begins here 
<- -  uater tube midpoint 
<-- uater tube ends here 

<--  arb pt where DORT resu l ts  

<--  U,V,U,Z are equidistant 
c - -  uater tube begins here 
<-- W=(V+Z)/Z 
<-- ind iv idual  guides i t a r t .  here 

were avai lab le 

<-- ind iv idual  guides s t a r t  here 
<--  guides emerge from b i o  sh ie ld  

<--  K,L,H,N are equidistant 
<--  uater tube begins here 
< - -  water tube m i d p o i n t  
<- -  uater tube ends here 

<--  E,F,G,H are equidistant 
<-- water tube begins here 
<--  uater tube midpoint 
<--  uater tube ends here 

~ 

P = distance (cm) from "the (core) rad ia l  plane perpendicular t o  center l ine o f  the beam tubenfi t o  the point  
f o r  example, the distance from center o f  the HE-1/HE-4 t h r u  tube t o  point o f  interest. 

P = distance (cm) from outer spherical t i p  of  HB-1 or HE-3 t o  po in t  o f  in terest  
( X , Y )  = absolute coordinates (cm) fo r  the detector o f  in terest ,  vhere (O,O)=core center l ine 

of interest; 

Note: R u n  GF211 i s  ident ica l  t o  Ref Calc GF130 except tha t  (1) a l l  the 
and replaced v i t h  those shown above, and (2) Cells 8903, 8904, and 8905 
i n  HE-4) have been replaced by a void. Run GF130, which uses a boundary 
i s  s t i l l  the best r e f  ca lc  fo r  the co ld source, even though i t uses the 
This par t icu lar  boundary source (used i n  Runs GF130 and GF211) i s  based 
neutron h is tor ies.  

o l d  t a l l i e s  have been st r ipped out 
(representing the two aluninun windous 
source around the HE-l/HB-G t h r u  tube, 
o r i g i n a l  4-inch-diam HE-2 beam tube. 
on R u n  GF123 which used 12.24 m i l l i o n  

Note: Runs GF214 and GF215 are ident ica l  t o  GFZ09 except that  a l l  the o l d  detector t a l l i e s  have been str ipped 
out and replaced u i t h  those shown above. these are coupled n/g k-ef f  ca lcu lat ions using the 
neu ( larger) 7.052-inch-ID HE-2 u i t h  the tuo Ee pieces ins ide HE-2; EF-3 and EF-4 have been removed; and the 
control rods are i n  t h e i r  normal end of  cycle posit ion. This basic configuration uas f i r s t  madeled i n  R u n  GF202 
in Sept 1997 ( f o r  Dick Rothrock's neutron-only kef f  calc), and l a t e r  retained i n  R u n  GF209 (a coupled n/g k e f f  
calculation) t o  get the o r ig ina l  point sources f o r  the HE-2 backstop analyses. Runs GF209, GF214, and GF215 are 
a l l  based on 2.88 m i l l i o n  histories. 

Like R u n  GF209: 
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Fig. 2.1. Locations of the point detectors used to obtain the reference fluxes in each of 
the four beam tubes. For exact locations, see Table 2.1. 

9 



The best reference calculat ions fo r  the c o l d  source a t  the t i m e  of  t h i s  study, uere reference 
ca lcu lat ions GF123 and GF130 from A p r i l  25-30, 1997. These are based on the conceptual 
design f o r  the 505 cc cold source as frozen in  July 1996. Ui th  only extremely minor exceptions, 
which are bel ieved t o  have essent ia l l y  no neutronic ef fects  of  consequence, t h i s  corresponds 
t o  the f i n a l  design which i s  yet t o  be analyzed. 
modeled i n  GF123 and GF130 may be found i n  the "HFIR  Cold Source Project Reviev#12,13, May 29-30, 
1997". 
Sumnary l eve l  information may also be found i n  the "HFIR Cold Neutron Source Reference Design 
Concept" docunent#2. 

Cold source Run GF123 was a large g lobal  analysis o f  the ent i re  HFIR, including the core, the 
b e r y l l i u n  r e f l e c t o r  (with a l l  the VXF pos i t ions plugged u i t h  bery l l iun  plugs), the EF-3 s lant  
tube ( u i t h  enpty posit ions f o r  the other s lan t  tubes uhich were phys ica l ly  not  present), the 
surrounding uater, the pressure vessel, the pool, and the concrete b io log ica l  shield, with 
a l l  four hor izonta l  beam tubes extending out through the b io log ica l  shield. 
had been removed, and HE-1 and HB-4 uere modeled as separate tubes i n  accordance u i t h  the 
new design. 
o f  the co ld  source and the vacuun vessel, the enlargement of the HB-4 beam tube j u s t  outside 
the b e r y l l i u n  ref lector ,  and a fur ther  enlargement i n  the pool outside the reactor vessel. 
In t h i s  par t i cu la r  d e l ,  HB-2 had no t  ye t  been modified, and corresponded t o  the or ig ina l  
HB-2 design from 1960. Trace amounts of L i - 6  (corresponding t o  equilibriun condit ions) and 
trace amounts o f  He-3 (corresponding t o  the reactor a f t e r  50 cycles o f  operation) had been 
d is t r ibu ted  i n  a graded fashion throughout 3 d iscrete rad ia l  regions i n  the removable beryl l ium 
re f lec to r  and 5 d iscrete rad ia l  regions in  the permanent bery l l iun  ref lector .  
the m a x i m  f l u x  leve ls  (and heating rates)  i n  the co ld source and the res t  o f  the system, t h i s  
coupled n/g k e f f  ca lcu lat ion was performed u i t h  the reactor a t  end-of-cycle - -  meaning that f ue l  
in  each o f  7 ax ia l  regions and 17 r a d i a l  regions (119 regions altogether) had been i r rad iated 
i n  a 3 - D  VENTURE burnup analysis#14,15 so as t o  represent EOC conditions, and the contro l  rods 
were modeled i n  t h e i r  EOC pos i t ions (uide open). 
neutron h is to r ies  was 1.00759 +/- 0.00024. This coupled n/g kef f  ca lcu lat ion (GF123) included 
a l l  prarpt g a m s  from the core, a l l  the delayed f i s s i o n  product g a m s  from the core (by using 
a special U-235 cross section dataset developed especial ly f o r  t h i s  pro ject ) ,  and a l l  secondary 
gainnas from a l l  materials i n  the system. By using a special At-27 cross section, developed 
especia l ly  f o r  t h i s  project, i t  a lso accounted f o r  a l l  o f  the At-28 decay g a m s  resul t ing 
from neutron capture i n  At-27. Moreover, these AL-28 decay g a m s  were tracked through the 
e n t i r e  ca lcu lat ional  model j u s t  as i f  they uere instantaneous secondary g a m s .  

While the co ld  source brightness and loca l  heating rates uere calculated i n  Run GF123, the main 
purpose uas t o  develop a very good boundary source i n  the region around the HE-1 and HB-4 beam 
tubes that  could be used in subsequent parametric analyses. 
12.24 m i l l i o n  neutron h is to r ies  when 2-4 m i l l i o n  would have suf f iced i f  one were only interested 
i n  the imnediate resu l ts  ins ide  the c o l d  source.) In the course o f  t h i s  calculat ion, therefore, 
an imaginary cyl inder was drawn 15 cm from the HB-l/HB-4 centerline. 
p a r t i c l e  tracks crossing t h i s  imaginary surface uere recorded f o r  fu ture use. 
source, uhich requires 592 MB of d isk  space, has been used i n  nunerous parametric calculat ions 
since May 1997. I n  par t icu lar ,  Run GF130 represents such a calculation. It, houever, i s  
regarded as the co ld source @'reference calculat ionhB insofar as i t  uses t h i s  boundary source 
(from R u n  GF123) but i s  otheruise unperturbed such that  the geometry and materials correspond 
exactly t o  R u n  GF123. R u n  GF130 was run as a base reference case sinply t o  v e r i f y  that, within 
small s t a t i s t i c a l  l imi ts ,  i t  completely reproduced the known resul ts  from global analysis i n  Run 
GF123. The advantage of  Run GF130, and a l l  s im i la r  runs using t h i s  boundary source, i s  that  one 
does not need t o  track neutrons and g a m s  outside the 30-cm-diam boundary source region, that  
i t  reproduces the resu l ts  o f  the f u l l  global analysis based on 12.24 m i l l i o n  h is tor ies,  and that  
i t  can run i n  a small f r a c t i o n  of the  t ime required f o r  the large global analysis. 
use of  t h i s  boundary source i s  the best and fastest uay t o  produce h igh ly  accurate resu l ts  doun 
the HB-1  or  HE-4 beam tubes u i t h  the  c o l d  source present. 

Except f o r  the removal o f  the two t h i n  aluninun windows i n  HB-4, R u n  GF211 i s  essent ia l ly  
iden t ica l  u i t h  Run GF130. These two thin aluninun windous i n  HE-4 were removed i n  GF211 
so that we could get the unperturbed f luxes i n  the HE-4 beam tube, upon uhich the equivalent 
point sources could be based. Future sh ie ld ing calculat ions fo r  HE-4 using these point  
sources would, o f  course, include these aluninun windous defining the beginning and end 
of the uater tube, as well  as a more de ta i led  descript ion of  the co l l imator  and ro ta ry  
shutter several meters downstream from the co ld source. 

A good descript ion of  the co ld  source as 

This docunent also describes the f luxes and heating rates i n  and around the co ld source. 

The through tube 

A l l  o f  the necessary modif icat ions t o  HB-4 had been made, including the presence 

So as t o  obtain 

The f i n a l  calculated keff,  a f t e r  12.24 m i l l i o n  

(That i s  why GF123 uas run f o r  

A l l  neutron and gamna 
This boundary 

Moreover, 

2.4 Pedigree of  MCNP Runs GF209, GF214, and GF215 f o r  HE-2 and HE-3 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

In Sept 1997, ue uere asked t o  assess the impact of the new (larger) 7.052-inch-ID HB-2 beam 
tube ( u i t h  the two Be pieces located ins ide  the beam tube near the t i p  of  the tube) on the uorth 
of  the contro l  rods#3. 
removed, and the neu b e r y l l i u n  r e f l e c t o r  design would no longer have provisions f o r  accomnodating 

Because o f  the new larger-diameter beam tube, the EF-3 slant tube would be 
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e i the r  the EF-3 or EF-4 slant tubes. S tar t ing  with the model used in  GF123, the modif icat ions 
described above were made t o  create R u n  GF202, a neutron-only calculat ion t o  determine the ke f f  
of  the system with these modifications. Here the enlarged He-2 beam tube, u i t h  t h i s  n e ~ l  ins ide 
diameter, was modeled as a s t ra igh t  tube with no further modifications beyond the b e r y l l i u n  
re f l ec to r  (i.e., no fur ther enlargements past the be ry l l i un  or the pressure vessel, and no guide 
tubes or shutter mechanism in  the b io log ica l  shield). This uas docwntedfn  as RRD Calculat ion 
C-HFIR-97-25, dated Sept 30, 1997. 
the two bery l l ium pieces inside would have no ef fec t  of  the ke f f  of the system. 
gave a k e f f  o f  1.00758 +/- 0.00054 a f te r  2.88 m i l l i o n  histor ies.  This same model, u i t h  a few 
add i t iona l  po in t  detectors added, uas Later run i n  Nov 1997 as a coupled n/g ke f f  ca lcu la t ion  
t o  obtain neutron and gama f luxes a t  several points down along the centerl ine o f  the HE-2 beam 
tube. This uas denoted as R u n  GF209. I t s  purpose, a t  that t ime, was t o  f a c i l i t a t e  comparisons 
uith several DORT analyses tha t  had been performed f o r  the vessel dosimetry project, and t o  
provide a basis f o r  same s i n p l i f i e d  sources that could be used in further dosimetry uork (and 
p o t e n t i a l l y  f o r  the prel iminary HE-2 backstop analyses that were underway a t  tha t  time). 
GF214 and GF215 i n  the present study are ident ica l  t o  Run GF209 except that a l l  the o l d  detector 
t a l l i e s  have been str ipped out and repiaced with those shoun i n  Table 2.1. Like Run GFZOP: 
these are coupled n/g k - e f f  calculat ions using the new ( larger)  7.052-inch-ID HB-2 with the 
two Be pieces inside HB-2; 
normal end-of-cycle posi t ion.  R u n s  GF209, GF214, and GF215 are a l l  based on 2.88 m i l l i o n  neutron 
h is to r ies .  

Bas ica l l y  i t  shoved that the new ( larger) beam tube w i th  
R u n  GF202 

Runs 

EF-3 and EF-4 have been removed; and the control  rods are i n  t h e i r  

2.5 Recomnended Equivalent Point Sources f o r  Shielding Calculations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
The methodology f o r  determining the equivalent point sources f o r  each neutron and gama energy 
group based on the calculated MCNP f luxes a t  several points dobm a beam tube i s  d e s c r i b d  above. 
The recOmRended equivalent point  sources f o r  each of  the 61 neutron energy groups and 23 gamna 
energy groups (in the VELM bln/23g group structure) i n  each of  the four beam tubes (HB-1,2,3,4) 
are shown i n  Tables 2.2a and 2.2b. 
o f  the given beam tube, the e f fec t i ve  po in t  source fo r  each energy group may be a t  a d i f f e r e n t  
a x i a l  location. 
group back t o  core rad ia l  plane perpendicular t o  the beam tube. 

Uh i le  the point  sources are located along the center l ine 

The var iable “xO@* shows the distance ( i n  cm) from the point source f o r  a given 

2.6 Ver i f i ca t i on  of  Point Sources i n  A l l  Beam Tubes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
The methodology f o r  determining the equivalent point sources f o r  each neutron and gama energy 
group based on the calculated HCNP f luxes a t  several points doun a &am tube i s  described above. 
That methodology i s  embodied i n  a small Fortran u t i l i t y  program ca l led  @WLT-ISO.FOR”. 
provides a comparison of  the resu l t ing  approximate f luxes in  each energy group ( resu l t i ng  from use 
of  the equivalent po in t  sources), and the resul t ing overal l  dose rates, against the o r i g i n a l  f luxes 
and dose rates calculated d i r e c t l y  by MCNP. 
are described a t  some length in  Appendix A.2. 
f luxes are general ly w i th in  10% of the o r ig ina l  MCNP f luxes and se ldm.d i f f e r  by more than 2 FSD’s 
( f rac t i ona l  standard deviations). In those few cases where the fluxes do d i f f e r  by m r e  than t h i s  
amount, it i s  general ly because of  stochastic noise in the fine-group MCNP f luxes - -  ie, i f  the 
f l u x  r a t i o  i s  high in one fine-group, i t  i s  generally low by a s imi la r  o f f se t t i ng  wunt in  the 
adjacent energy group(s). 
Generally the dose rates based on the approximate f l u x  values (using the equivalent po in t  sources) 
are w i th in  5 t o  10% o f  those calculated d i r e c t l y  by MCNP. 
uncer ta in t ies  may be betueen 50% and a fac to r  or 2, the approximate f luxes and dose rates resu l t ing  
from use o f  these equivalent point  source t e r n  are considered uho l ly  adequate. 

I t  also 

These conparisons a t  each point in  each beam tube 
As shown by the f l u x  ra t i os  there, the approximate 

I n  general, the agrement shown here i s  considered t o  be good t o  excellent. 

For shielding calculat ions uhere other 

2.7 Intended Use o f  Point Sources i n  Beam Tubes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Obviously the equivalent point  sources described above are intended fo r  use i n  the shielding 
analyses o f  the in te rna l  water tubes and other shield configurations further dounstream, such 
as the beam tube co l l imator  and/or ro ta ry  shutter. A s  u i t h  a l l  “point sources@@, t h e  calculated 
f luxes w i l l  blow up i f  one gets too close. Thus, they should only be used t o  calculate f luxes 
some distance away. Moreover, as shown i n  the i n i t i a l  ve r i f i ca t i on  (Appendix A.21, they are 
uho l l y  adequate f o r  calculat ing f luxes j us t  upstream o f  the s t a r t  of the water tube and beyond. 
I n  the course of  the HB-3 dosimetry analysis described i n  S e c t  4, i t  has also been demonstrated 
tha t  these source terms are uho l ly  adequate fo r  calculat ing vessel fluences. 
might be the uay these local ized MCNP models fo r  the beam tubes should be constructed. 
f i ne  t o  include the hot t i p  of the beam tube and the surrounding be ry l l i un  in the local  d e l  f o r  
i l l u s t r a t i v e  purposes, that  por t ion  of the aluninun beam tube u i t h i n  a fmt or tu0 of any point  

Less obvious, however, 
While i t  i s  
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Table 2.2a. Equivalent p i n t  sources (n/s) in  each beam tube for each of the 
61 neutron groups in  the VELM 61n/23g l ibrary  structure. Table also shows the 
effective location (XO) of the neutron source i n  each neutron energy group(*). 

IGN Emin(MeV) Emax(MeV) NSRC (HE-1) X o N l  NSRC (HE-2) XON2 NSRC (HB-3) XON3 NSRC (HE-4) XON4 

1 
2 
3 
4 
5 
6 
7 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

29 
30 
31 
32 
33 
34 
35 
36 
37 

39 
40 
41 
42 
43 
44 
45 
46 
47 

49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 

a 

28 

38 

48 

i.2214~+01 i.4918~+01 3.08026~+09 79.2 i .w787~+13 34.5 2.74aoo~+o9 99.9 3.25386~+10 10.0 
1.0000E+01 1.2214E+Ol 3.99(194E+11 39.7 7.93888E+13 50.3 6.92602E+12 31.1 5.13981E+12 51.4 
S.I~~E+OO 1 .OOOOE+OI i.08706~+12 58.3 2 . 4 a w ~ + i 4  37.2 8.64293~+12 68.7 1.11369~+12 50.0 
6.7032E+00 8.1873€+00 3.53515E+12 52.9 5.63371E+14 37.5 3.05242E+13 42.9 4.80519E+12 63.6 
~ .~ IE+OO 6.7032~+00 9.85249~+12 56.0 9.8253~+14 54.3 7.32282~+13 59.5 1.97320~+13 59.2 
4.4933€+00 5.4881E+00 2.62833E+13 64.4 1.55944E+15 53.4 1.36677€+14 62.6 4.06939E+13 73.9 
3.6788E+OO 4.4933E+00 4.48929E+13 45.3 2.01809E+15 56.4 2.0636OE+14 47.9 4.25672E+13 68.7 
3.0119E+OO 3.6788E+00 5.41415E+13 55.1 1.79911E+15 56.4 1.61947E+14 56.9 6.39971E+13 62.3 
2.4660E+00 3.0119€+00 6.93878E+13 48.9 1.84949E+15 56.4 2.41078€+14 65.3 7.37185E+13 71.1 
2.3457E+OO 2.4660E+00 2.69013E+13 46.1 7.8$217E+14 54.6 1.35333E+14 43.5 2.56186€+13 52.9 
2.2313E+00 2.3457€+00 2.%862E+13 44.0 8.22294E+14 61.6 2.00073E+14 33.3 2.86747€+13 48.2 
2.0190€+00 2.2313E+00 7.75874E+13 44.1 1.67723E+15 58.8 3.12945E+14 52.1 7.15232E+13 59.8 
1.6530E+00 2.0190E+00 1.96210E+14 48.7 3.79686E+15 62.2 8.5472OE+14 50.2 2.0188SE+14 52.8 
I.~~XE+OO 1.6530~+00 2 . ~ 4 0 7 ~ + 1 4  50.8 3.11387~+15 68.9 8.07055~+14 59.7 2 . 1 5 ~ 2 ~ + 1 4  54.9 
I.IOSOE+OO i.3534~+00 2 . 4 ~ ) n ~ + i 4  51 .4 2.02508~+15 69.8 ~.WSI~E+I~ 46.8 2.56365~+14 43.5 
9.0718E-01 1.1080E+OO 3.00075E+14 42.6 2.01784E+15 64.9 5.40055E+14 70.1 2.40525E+14 42.6 
7.4274E-01 9.0718E-01 2.17359E+14 60.0 1.70706E+15 72.1 6.65098E+14 44.1 2.12911E+14 49.6 
6.0810E-01 7.4274E-01 2.16209E+14 52.1 1.59906E+15 70.6 5.35177E+14 56.8 2.04653E+14 54.4 
5.2340E-01 6.0810E-01 1.69143E+14 49.6 1.07362E+15 75.6 3.61470E+14 50.3 1.5308%+14 53.7 
4.9787E-01 5.2340E-01 6.25375E+13 39.2 4.24300E+14 64.7 1.49367E+14 52.9 5.15%3E+13 42.5 

3.0197E-01 3.8774E-01 2.83441E+14 45.3 1.80933E+15 64.6 6.29256E+14 49.6 2.5278OE+14 45.3 
2.9849E-01 3.0197E-01 9.72508E+12 43.2 5.38008E+13 77.1 3.65651E+13 42.3 8.16811E+12 45.4 

3.8774~-01 4.9787~-01 2.71588~+14 52.4 1.52963~+15 68.4 5.85513~+14 58.8 2.34828~+14 45.6 

2.9721~-01 2 . 9 ~ 9 ~ - 0 1  4.33179~+12 38.2 2.08255~+13 52.3 7.6a584~+12 53.7 2.68863~+12 16.2 
2.9452~-01 2 . 9 n i ~ - o i  7.91646~+12 52.3 4 . 4 ~ 4 2 ~ + 1 3  80.0 1 . 3 ~ 9 4 ~ + 1 3  63.8 8.2076~+12 21.1 

2.2371~-01 2 . n 2 4 ~ - o i  2.47877~+14 48.7 i . i w i 5 ~ + 1 5  73.8 7.35199~+14 34.2 2 . 0 3 8 ~ ~ + 1 4  42.1 
2.7324E-01 2.9452E-01 9.40518E+13 41.3 4.36229E+14 70.1 2.12840E+14 42.4 6.34254E+13 63.7 

1.8316E-01 2.2371E-01 1.79164E+14 55.0 1.06795E+15 66.1 4.33215E+14 48.9 1.69151E+14 41.2 
1.4996E-01 1.8316E-01 1.&655E+14 35.6 8.76802E+14 67.6 3.63241E+14 42.5 1.26213E+14 51.2 
1.2277E-01 1.4996E-01 2.56507E+14 45.5 9.30940E+14 76.3 4.29193E+14 45.6 1.59338E+14 51.8 
8.6517E-02 1.2277E-01 2.42117E+14 47.7 1.13709E+15 73.2 5.59006E+14 45.7 2.16102E+14 47.3 

5.247SE-02 5.6562E-02 5.36186E+13 50.6 2.45790E+14 69.3 1.29680E+14 56.7 5.45132E+13 29.3 
3.4307E-02 5.2475E-02 2.32623E+14 39.0 1.13406E+15 65.8 4.96958E+14 52.9 1.83967E+14 49.1 
2.8501E-02 3.4307E-02 2.18288E+14 41.4 6.93489E+14 67.0 3.03507E+14 79.8 1.35653€+14 48.6 
2.7000E-02 2.8501E-02 7.80191E+13 36.0 2.74072E+14 63.7 1.21873E+14 67.5 4.6713&+13 23.0 
2.6058E-02 2.7000E-02 4.22279E+13 42.4 1.22345E+14 75.0 5.24714E+13 62.6 2.60682E+13 51.5 

2.3579E-02 2.4788E-02 5.62891E+13 36.6 1.61758E+14 62.9 6.69650E+13 69.0 6.36810E+13 10.0 
1.5034E-02 2.3579E-02 3.6732%+14 50.5 1.62195E+15 61.6 7.42049E+14 54.0 2.97379E+14 43.9 
9.1188E-03 1.5034E-02 4.57210E+14 42.4 1.76510E+15 66.5 9.84217E+14 50.7 3.03564E+14 44.2 

5.6562~-02 8.6517~-02 4.18163~+14 45.1 I.~OB~E+IS 67.0 8.8939~+14 47.4 3.09633~+14 49.6 

z . m a ~ - 0 2  2.6058~-02 s.39204~+13 48.1 1.93557~+14 73.3 i . i 2 t x io~+ i4  46.7 3 . 8 1 9 ~ ~ + 1 3  40.0 

5.5308~-03 9 . i i a a ~ - o 3  3.5%07~+14 57.5 1.74494~+15 71.9 a.76om+i4 52.7 3.16192~+14 44.9 
3.7074~-03 s.5308~-03 3.29352~+14 45.9 i.4a446~+15 70.0 7.55438~+14 53.3 ~ . R S S ~ E + U  47.3 

2 . 2 ~ ~ 0 3  2.612~-03 1.6006i~+i4 44.7 4 . ~ 5 7 4 ~ + 1 4  78.3 2 . 7 ~ 2 2 ~ + 1 4  49.5 a.59309~+13 59.1 
2.0347~-03 2.2487~-03 6.66316~+13 56.6 3 . 3 a x a ~ + i 4  77.8 2.04908~+14 43.0 6.n898~+13 53.9 
i.2341~-03 2.0347~-03 4.33392~+14 52.2 1 .83135~+15 66.1 8 . 8 ~ 4 5 ~ + 1 4  60.5 3.27352~+14 46.5 

4.5400~-04 7.4852~-04 5.17013~+14 44.9 1.75ao4~+15 71.4 8.74122~+14 52.6 3.70asz~+i4 46.4 

i.6702~-04 2 . ~ 3 6 ~ - 0 4  4.8n20~+14 49.7 i . n245~+15  75.9 9.69821~+14 51.1 3 . 6 1 9 ~ ~ + 1 4  49.7 

4.7851~-0s i .o i30~-04 7.57662~+14 51.5 2.82080~+15 76.9 i.45876~+15 55.4 6.46494~+14 49.5 

1 .06~7~-os  2.2603~-05 a . ~ n i ~ + i 4  50.1 2 . 9 1 8 ~ ~ + 1 5  73.9 i.58981~+15 48.2 6 . 5 ~ 0 5 ~ + i 4  58.6 

i . i 253~-06  2.3824~-06 8.60077~+14 54.8 3.25137~+15 79.0 i.52979~+15 65.2 7.22306~+14 61.0 

3.0354E-03 3.7074E-03 1.68435E+14 46.0 6.79285E+14 68.4 3.36538E+14 65.1 1.17327E+14 51.5 
2.6126E-03 3.0354E-03 1.08823E+14 64.4 5.0991ZE+14 68.6 2.54975E+14 55.0 1.00723E+14 40.2 

7.4852E-04 1 Zi41E-03 4.80954E+14 46.9 1.77021E+15 67.6 8.53691E+14 61.2 3.56115E+14 46.6 

2.7536E-04 4.5400E-04 5.07730€+14 49.8 1.84391E+15 67.6 9.50610E+14 53.8 3.81395E+14 50.9 

1.0130E-04 1.6702E-04 5.20223E+14 47.5 1.88854E+15 76.5 9.03837E+14 56.0 4.03643E+14 45.3 

2.2603E-05 4.7851E-05 7.62547E+14 51.6 2.95904E+15 71.9 1.54759E+15 56.5 6.53783E+14 46.9 

5.0435E-06 1.0677E-05 7.81961E+14 54.8 3.12475€+15 73.6 1.55274E+15 54.5 6.71028E+14 48.5 
2.3824E-06 5.0435E-06 8.45061€+14 52.3 2.825746+15 76.1 1.30212€+15 76.1 6.83147E+14 49.9 

4.1399E-07 1.1253E-06 1.32866E+15 54.0 4.56223E+15 80.1 2.25679E+15 57.3 9.92916E+14 64.8 
1.0000E-11 4.1399E-07 5.31877€+16 72.3 1.27996E+17 93.7 6.30365€+16 80.2 4.52747E+16 86.8 

total  source (n/s):  6.92450E+16 2.11 702E+17 9.64595E+16 5.82768E+ 16 
- - - - - - - - - - -  - - - - - - - _ - - -  - - - - _ _ _ _ _ - -  - - - - - - - * - - -  

xD i s  the effect ive location (cm) of the point source along the centerline of the beam tube r e l a t i v e  
to the radial  plane (extending from the core) perpendicular to  the tube centerline, such that i f  x i s  
the location ( ie,  distance from this same plane) uhere the f lux  i s  desired, i t  uould be given by: 
F lux(x, g)=S(xO, g)/ [4*pi *( x-x0)^21. 
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Table 2.2b. 
23 garma groups i n  the VELW 61n/23g l ibrary structure, 
effective Location (XO) of the photon source i n  each gama energy group(*). 

Equivalent point sources (p/s) i n  each beam tube for  each of the 
Table also shows the 

~~ ~- 

IGG Emin(MeV) Emax(MeV) GSRC (HE-1) XOGl GSRC (HB-2) XOG2 GSRC (HB-3) X O M  GSRC (HB-4) XOc4 

1 1 .OOOOE+Ol 1.4000€+01 6.73779E+09 87.2 4.72146E+12 41.1 1.23250E+11 97.6 4.55814€+09 99.9 
2 8.OWOE+00 1.0000€+01 3.0485%+13 90.2 4.75524E+14 87.0 6.19421E+13 99.9 4.71480€+13 99.9 
3 7.5000E+00 8.0000E+00 2.26137E+15 68.0 7.67819E+15 84.9 1.51983E+15 94.4 2.38110E+15 76.1 
4 7.OOOOE+OO 7.5000€+00 1.02398E+14 82.6 8.92992E+14 81.1 1.60183E+14 96.0 1.5%826E+14 89.5 
5 6.0000E+00 7.0000€+00 7.05919E+14 81.0 5.21478€+15 79.5 1 .Z337&+15 93.9 l.M)541E+15 85.8 
6 5.0000E+00 6.0000E+00 7.06655€+14 79.3 7.53651E+15 72.4 6.75453E+14 96.4 9.17647E+14 84.7 
7 L.OOOOE+OO 5.0000E+00 1.80302€+15 72.9 1.57178E+16 75.2 1.98361E+15 93.2 2.64709E+15 78.1 
8 3.0000E+00 4.0000E+OO 1.90084€+15 78.3 3.03766E+16 67.2 2.3492*+15 92.6 2.70895€+15 83.3 
9 2.5000E+00 3.0000E+00 . 1.17847E+?5 79.9 2.56328E+16 67.5 1.62mE+15 96.6 1.57823€+15 86.0 

10 2.0000E+00 2.5000E+00 3.59955E+15 80.3 4.92481E+16 TJ.6 2.66951E+15 99.2 7.78940E+15 80.1 
11 1.5000E+00 2.0000E+00 4.40WE+15 78.4 7.21632E+16 70.2 4.23989€+15 96.9 6.18428E+15 86.1 
12 1.0000E+00 1.5000E+OO 2.27631E+15 87.0 1.19189E+17 61.0 5.27935E+15 93.6 3.46054€+15 .97.9 
13 . 7.0000E-01 l.WOOE+OO 2.07WE+15 88.0 1.05252E+17 64.0 7.31636€+15 86.8 3.374245+15 97.6 
14 6.0000E-01 7.0000E-01 1.16662E+15 86.0 4.06972E+16 68.6 4.039EE+15 83.2 1.6977&+15 94.7 
15 5.1000E-01 6.0000E-01 2.01818E+15 86.0 4.22019E+16 74.2 4.80101E+15 88.8 2.Eu838E+15 92.7 
16 4.0000E-01 5.1000E-01 3.74129€+15 81.6 6.00657E+16 71.0 7.17665E+15 84.7 4.47890E+15 89.1 
17 3.00OOE-01 4.0000E-01 4.76182€+15 83.0 6.18177E+16 73.3 1.03805E+16 81.6 6.62631E+15 82.8 
18 1.5001K-01 3.0000E-01 1.50947€+16 82.5 1.31735E+17 78.1 2.56708€+16 84.5 l-T1459E+16 88.3 
19 1,OOOOE-01 1.5000E-01 1.18909€+16 82.5 8.95231E+16 79.4 1.82855€+16 83.9 1.35354E+16 90.6 
20 7.0000E-02 1.0000E-01 1.11793E+16 82.7 6.39484E+16 83.8 1.67705E+16 82.1 1.23622€+16 88.1 
21 4.5000E-02 7.0000E-02 8.84390E+15 82.9 4.73267E+16 80.7 1.65029€+16 68.1 9.00884E+15 85.9 
22 2.OOOOE-02 4.5000E-02 1.1%89E+15 77.5 8.7029M+fS 69.9 2.84514€+15 61.9 1.10320E+15 77.0 
23 1.0000E-02 2.0000E-02 2.41?'02E+12 91.7 4.95649€+14 69.3 8.72837€+12 10.0 3.54722E+13 93.1 - - - - - - - - - - -  _ - _ - _ - _ _ _ _ _  - -_ - - - - - - - -  - - - _ - _ - - _ _ -  

total  source (p/s): 8.09315E+16 9.85896Et17 1.35399E+17 1.01?35E+17 

(*) x0 i s  the effective location (cm) of the point source along the centerline of the beam tube re la t ive  
to the redial  plane (extending from the core) perpendicular to  the tube centerline, such that i f  x i s  
the location ( ie ,  distance from th is  same plane) where the flux i s  desired, i t  uould be given by: 
Flwc(x,g)=S(xO,g)/14*pi*(x-~0)~21. 
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source should be assigned an importance o f  zero so tha t  as par t i c les  pass from the in ternal  vo id  
i n t o  the body o f  the beam tube i n  t h i s  irrpl0 region, they vanish imnediately. I f  t h i s  uere not 
the case, they uould scat ter  i n  the adjacent materials and contr ibute fur ther  t o  the fluxes and 
dose rates fur ther  dounstream uhen, i n  fact, the e f fec ts  o f  such scattering events near the hot 
end of the beam tube have already been represented i n  the global analyses and incorporated i n  the 
determination of  the equivalent po int  sources. 
uould cause the subsequent ca lcu lat ions t o  e f f e c t i v e l y  count many scattering events tuo or  more 
times. 
in ternal  uater tube (points B, V, L, and F i n  Table 2-11, or  a t  least down t o  or past points A, U, 
K, and E in Table 2.1. Beyond tha t  location, one should use an inportance o f  1.0 o r  greater so 
that  physical tracking u i l l  not be interrupted. 
near the hot end of the beam tube, i t  i s  a lso recamnended that  the MCNP sdef card be modified so 
as t o  a l l o u  strong angular b ias ing of  the source. 
or  no sense t o  sample neutrons (or g a m s )  uhose i n i t i a l  s ta r t ing  d i rect ions lay outside the s o l i d  
angle defined by the inner diameter o f  the beam tube a t  the s t a r t  of the uater tube, and s ta r t ing  
source par t i c les  should be constrained t o  t h i s  l i m i t e d  s o l i d  angle. 
u i l l  a lso have t o  be reduced accordingly.) 
e f f i c iency  of  these beam tube ca lcu lat ions by m r e  than a factor  of a hundred. 

To not use a zero importance zone in  t h i s  region 

As a p rac t ica l  matter, t h i s  zero importance region should extend doun t o  the s t a r t  of the 

I n  addi t ion t o  having t h i s  %era importance region" 

As a p rac t ica l  matter, i t  general ly makes l i t t l e  

(Note tha t  the s ta r t ing  ueights 
This strong angular source biasing u i l l  irrprove the 

2.8 Validation o f  Point Sources in  HB-3 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - -  
Ver i f i ca t ion  requires t h a t  one compare neu resu l ts  against those obtained using other methods 
o r  codes. 
some measured r e a l i t y .  The l a t t e r  i s  aluays more desirable, but i s  not aluays possible. In 
June 1968, during prel iminary Lou power tes t ing  o f  the HFIR, Blosser and Thomast# made a nunber 
of  energy-dependent spectral measurements o f  the neutron beam in tens i ty  approximately 6.5 meters 
from the t ips o f  the HB-2 and HE-3 beam tubes ( c f  Tables 3, 5 and 6 of  Ref 5) .  
feu minor changes i n  the locat ion of the aluninun uindous in  the voided beam tube, and i n  the 
design o f  the co l l imator  (uhich uould no t  e f fect  the uncol l ided flux), the n e w  HB-3 beam tube i s  
v i r t u a l l y  ident ica l  t o  the o r i g i n a l  HB-3 beam tube from 1968, such that  the o r i g i n a l  Blosser and 
Thomas measurements can be used t o  provide an excel lent benchmark against which the approximate 
f luxes based on the neu equivalent point sources may be judged. Moreover, because the HE-3 beam 
tube design inside the pressure vessel has not  changed a t  a l l ,  ear l ie r  dosimetry measurements 
frm 1988 (c f  Ref 6 )  can a lso be used as r igorous benchmarks. Unfortunately, because the new 
HB-2 beam tube ( f o r  uhich the equivalent point sources have been developed) has been enlarged 
and nou has tu0 b e r y l l i u n  pieces located ins ide the hot t i p  of  the beam tube, the e a r l i e r  Blosser 
and Thomas measurements (and/or e a r l i e r  dosimetry measurements) are no longer d i r e c t l y  applicable. 
Nevertheless, wi th  minor adjustments t o  account f o r  the dif ferences i n  beam tube diameter, the 
o r i g i n a l  Blosser and Thomas measurements can s t i l l  be used t o  val idate the equivalent po int  
sources f o r  HE-2 as u e l l .  

The bulk  of t h i s  report focuses on analyses performed fo r  the HB-3 beam tube. Section 3 describes 
the MCNP model f o r  that  beam tube i n  great de ta i l ,  u h i l e  Sect 4 gives addi t ional  information 
re la ted t o  the dosimetry analysis f o r  Key 3, pos i t ions 3 and 8, around the HB-3 beam tube. 
basic model described in  Sect 3 i s  generalized, cocrplete, and very f l ex ib le ,  such tha t  by making 
very feu changes t o  the input f i l e ,  one can (1) look a t  neutron or  g a m  sources, ( 2 )  look a t  the 
flooded or  voided uater tube, (3) suap back and f o r t h  betueen the or ig ina l  1960 uater tube design 
and the neuly proposed 1998 uater tube design, and (4) run the model with the ro ta ry  shutter 
e i ther  closed or open using the large beam hole or the small beam hole. 

HCNP Run HB302 i s  a var iant  tha t  was used t o  model the HB-3 beam tube as i t  existed during the 
Blosser and Thomas experiment. As such: (a) the alunimm uindous inside the beam tube uere 
placed i n  t h e i r  1960 a x i a l  locations, (b) the uater tube uas void, and (c) the small beam hole 
i n  the rotary  shutter uas placed i n  the open pos i t ion  as uas the case f o r  HE-3. [Note that  
Blosser and Thomas used the small aperture i n  the HB-3 ro ta ry  shutter, and the large aperture 
i n  the HE-2 shutter.] 
the t i p  of the HE-3 beam tube wi th  the measured values reported by Blosser and Thomas a t  a po int  
655.6629 cm from the t i p  of  the HB-3 (:.e., a t  a po in t  678.1673 cm from the core rad ia l  plane 
perpendicular t o  the HB-3 beam tube). 
d is tan t  location. 
streaming uncol l ided from the equivalent po in t  sources described above. While the C/E ra t i os  
are a b i t  high f o r  thermal neutrons and f o r  neutrons in  the 1.0-1.9 eV energy range (1.69 and 
1.87, respectively), the resu l ts  for  the fas te r  neutrons are much better, such tha t  the average 
C/E r a t i o  fo r  the e n t i r e  energy range i s  1.44. While such ra t i os  uould c l e a r l y  be too high f o r  
most reactor physics uork, they are genera l ly  acceptable f o r  shielding uork where the uncertainty 
in  the calculated sh ie ld  effect iveness would normally be much higher than t h i s  r e l a t i v e l y  small 
uncertainty due t o  the use o f  these equivalent point sources. Moreover, this degree o f  agreement 
is r e a l l y  considered q u i t e  good, given t h a t  the po in t  o f  in terest  i s  so d is tan t  (6.5 m) from the 
t i p  o f  the beam tube. 

Validation, on the other hand, requires that  one compare the new resu l ts  against 

Except f o r  a 

The 

Table 2.3 shous a conparison o f  calculated neutron f luxes 6.55 meters from 

Calculated resu l ts  are based on a point  detector a t  t h i s  
More than 98% of  the calculated f l u x  i n  each energy group i s  due t o  neutrons 
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Table 2.3. Comparison of  calculated neutron f luxes 6.55 meters from the t i p  of the HB-3 beam tube with the measured values reported by Blosser and T h m s  
in June 1968 (cf .  Tables 3,  5 and 6 in ORNL-TM-2221). Calculated resul ts  here are based on MCNP4B Run HB302 (Tal ly  151, h e r e  t h i s  par t icu lar  po int  
detector was located a t  X=-302.194553 cm, Y=-576.756319 cm, 2=0 cm in  the global H F I R  geometry, which i s  655.6629 cm from the t i p  of the actual HB-3 
beam tube (where Blosser and Thomas made t h e i r  measurements). In the HE302 model geometry, t h i s  corresponds t o  x=O, y=O, z=678.1673 cm, which i s  
678.1673 cm from the rad ia l  plane perpendicular t o  the HB-3 beam tube. This par t i cu la r  ca lcu lat ion (HB302) was based on 1,000,000 neutron h is tor ies.  

0.0 0.40 eV 1.14245E+10 .0008 ==> 11.42Et7 n/s/cm2/MU (1.69) 6.75E+7 <== Avg Measured Th Flux based on Au, Cu, In, Co & Na fo i l s ,  

0.40 eV 1.00 eV 7.27224€+08 .0048 
bare B Cd covered; values ranged from 6.5E+7 t o  7.OE+7 

1.00 eV 1.90 eV 2.39121Et08 .0084 ==> 2.657E+6 n/s/cd/eV/MU (1.87) 1.42Et6 <== Measured f l ux  using In-115 f o i l  with Res a t  1.46 eV 

1.90 eV 4.00 eV 2.54174Et08 .0083 
hal f -width of  resonance appx: 1.386 t o  1.530 eV 

4.00 eV 6.00 eV 1.42901E+08 .0111 ==> 7.145€+5 n/s/cmZ/eV/MU 

6.00 eV 25.0 eV 5.30868E+08 .0055 
25.0 eV 100 eV 4.93134€+08 .0058 

r 
VI 100 eV 170 eV 1.74100€+08 .0098 ==> 2.487€+4 n/s/cmZ/eV/MU 

170 eV 640 eV 4.18765E+08 ,0062 
640 eV 2.4 keV 4.21620€+08 .0063 

2.4 keV 3.8 keV 1.41414€+08 ,0109 ==> 10.10€+2 n/s/cmZ/eV/MW 

3.8 keV 20. keV 5.26767008 ,0056 
20. keV 100 keV 3.74901Et08 -0063 
100 kev 1.0 MeV ?.65511E+08 .0040 
1.0 MeV 2.9 MeV 5.07778€+08 .0052 
2.9 MeV 6.3 MeV 9.54237Et07 .0127 

2.9 MeV 20. MeV 1.07056€+08 .Dl20 ===== > 10.71E+5 n/s/cm2/MU 

6.3 MeV 8.1 MeV 8.36489€+06 .0436 

6.3 MeV 20. MeV 1.1632OE+O7 .0371 ==on=* 1.163Et5 n/s/cm2/MW 

8.1 MeV 20. MeV 3.267lSEt06 .0708 ====I> 3.267€+4 n/s/cm2/MW 

total:  1.72499EtlO .0001 Avg C/E rat io: 

(b) 

(a) 

(1.55) 4.61€+5 (== Measured f l ux  using Au-197 f o i l  w i th  Res a t  4.9 eV 
hal f -width of  resonance appx: 4.7593 t o  5.0527 eV 

(1.49) 1.67E+4 <== Measured ftux using Co-59 f o i l  with Res a t  132 eV 
hal f -width of resonance appx: 127.1 t o  136.9 eV 

(1.40) 7.19E+2 <== Measured f l u x  using Na-23 with Res a t  2850 eV 
half-width of  resonance appx: 2660 t o  3140 eV 

(1.35) 7.93€+5 <== Measured flux, E > 2.9 MeV, based on S32-(nIp)-P32 reaction 

(0.95) 

(1.25) 

1.23E+5 <== Measured flux, E 6.3 MeV, based on Mg26-(n,p)-NaZC reaction 

2.62€+4 <== Ueasured flux, E > 8.1 MeV, based on Al27-(nIa)-Ne24 reaction 

(1.44) +/- 0.28 

Note: (a) and (b) were obtained by s w i n g  over the l e s t  2 or  3 MCNP energy groups. 



In the Spring o f  1998, a concerted e f f o r t  was made t o  ca lcu late dosimeter responses a t  H F I R  key 
3, pos i t ions 3 and 8, around the HE-3 beam tube, just  ins ide the pressure vessel. This e f f o r t  
was undertaken p a r t i a l l y  t o  help val idate the %quivalent po in t  sources" that  had been developed 
for that  beam tube ( p r i o r  t o  t h e i r  anticipated use in  the HB-3 "water tube" sh ie ld ing analysis) 
and p a r t i a l l y  t o  see i f  MCNP could be used f o r  good and r e l i a b l e  neutron dosimetry analysis. 
The 3-D geometric model o f  the HB-3 beam tube used in  the f i n a l  dosimetry reference run (MCNP 
R u n  HB304M4) i s  the same as that  described i n  Sect 3 below, u i t h  the water tube vo id  and the 
rotary  shutter in  the f u l l  open pos i t ion so as t o  simulate normal operations. The importance 
of d i f f e r e n t  aspects of  t h i s  model, especial ly the f i n e  d e t a i l s  in  and around the dosimeters, 
i s  discussed more f u l l y  i n  Sect 4, as are other aspects o f  the analysis uhich uere invoked so 
as t o  make th is  reference ca lcu lat ion as e f f i c i e n t  as possible. 
things such as having a neutron cutoff energy of  27 keV, and increasing the importance (used 
f o r  neutron s p l i t t i n g )  i n  the geometry zones representing the uater and s tee l  around the vessel 
nozzle and i n  the v i c i n i t y  o f  the dosimeters. 
sources than other po ints  of  in terest  down the uater tube, i t  uas a lso necessary t o  sanple a 
wider range o f  angular d i rect ions than might be used in  the water tube analysis, and t o  m v e  the 
location o f  the irrportance cu to f f  plane back a l i t t l e  closer t o  the source locations. 
dosimetry analyses, f o r  example, we sampled a l l  source neutrons whose d i r e c t i o n  cosines wi th  
respect t o  the tube center l ine were between 0.71 and 1.0 (whi le  making the necessary adjustment 
'in the s t a r t i n g  weight), so as t o  allow neutrons from even the most forward equivalent po int  source 
( a t  2=68.7 un) t o  h i t  the beam tube a t  2=75.473 cm, uhich i s  u e l l  (31.654 un) upstream o f  the f i r s t  
dosimeter which i s  located a t  2407.1276 cm. Likewise, the locat ion o f  the irrportance cu to f f  plane, 
normally a t  Z=118.6879 un and used t o  increase e f f i c iency  of  the uater tube sh ie ld ing calculations, 
had t o  be moved back t o  245.473 cm, which i s  31.6546 crn upstream o f  f i r s t  dosimeter. (The normal 
locat ion used i n  the water tube shielding calculat ions uould have precluded any neutrons from ever 
reaching the dosimeter locations.) Lastly, instead o f  locat ing the point  sources along the actual 
center l ine o f  the beam tube, they uere a l l  sh i f ted  1.6986 cm hor izon ta l l y  o f f  the center l ine in  the 
dosimetry analysis, but were otherwise l e f t  unaltered. 
f ac t  that  neutrons r e a l l y  do enter t h i s  tangential beam tube i n  an asymnetric fashion that  cannot be 
represented by isot rop ic  point sources along the centerline. 
interested i n  small spat ia l  variat ions i n  the f l u x  close t o  the core ( l i k e  the dosimeter locations) 
krt i s  t o t a l l y  inconsequential f o r  shielding calculat ions uhere one i s  in terested i n  the f l u x  a t  
great distances down the beam tube. [Moreover, the s i z e  of  the  horizontal s h i f t  needed t o  simulate 
t h i s  asymet r ic  e f fec t  was determined a p r i o r i  using a s t ra ight forward theoret ica l  model uhich 
accounted f o r  spa t ia l  var ia t ions in the fast  neutron scat ter ing density (a t  84,400 points) over 
the hemispherical t i p  of  the beam tube due t o  the natural spa t ia l  gradient o f  the f a s t  flux i n  t h i s  
region of  the b e r y l l i u n  re f lec to r  as determined by 1-D ca lcu lat ions performed by Cheverton i n  1970 
(see f i g  5.1 o f  Ref 1) .  Note that from one side o f  the hemispherical t ip  to  the other, the magnitude 
of  the f a s t  f l u x  i s  known t o  change by a factor o f  4, thus causing the asymnetric a f f e c t  al luded t o  
above.] 
e f f i c ienc ies  described above, i t  was possible t o  run a great many neutron h i s t o r i e s  in  a r e l a t i v e l y  
short amount o f  conputer time. MCNP Run HE304M4, f o r  example, used 120 m i l l i o n  neutron h i s t o r i e s  
and required only  11 hours of  wallclock t i m e  on each of  e ight  nodes on the ORNL SP2 computer running 
in  para l le l .  A d d i t i o n a l  de ta i l s  o f  t h i s  dosimetry analysis may be found i n  Sect 4. 

Basically, these involved minor 

Because the dosimeters are closer t o  the point  

I n  the 

This s h i f t  uas necessary t o  simulate the 

It i s  marginal ly important i f  one i s  

Because consideration was l i m i t e d  t o  only neutrons above 27 keV, and because of  the other 

Table 2.4 shows the calculated and measured neutron react ion rates f o r  the Ni-58 and Fe-54 
dosimeters a t  H F I R  Key 3, posit ions 3 and 8, around the HE-3 beam tube, j u s t  ins ide the pressure 
vessel, wi th  the H F I R  operating a t  100 MU. 
d i r e c t l y  from Table E.12 of  Ref 6 .  While that docunent a lso reports in fe r red  f luxes based on 
ac t iva t ion  analyses and one-group act ivat ion cross sections, as wel l  as in fe r red  f luxes based 
on de ta i led  3-D TORT analyses u i t h  experimentally determined E/C ra t ios,  i t  was judged f a r  
more appropriate t o  make comparisons based on the most fundamental data avai lab le - -  the actual 
measured reaction rates i n  the dosimeters themselves. To t h a t  end, the MCNP f l u x  and reaction 
ra te  t a l l i e s  uere defined such that  the continuous (pointuise) energy-dependent MCNP f luxes a t  
the two dosimeter Locations uere folded on- l ine with the continuous (pointwise) energy-dependent 
Ni58(n,p)Co58 and Fe54(n,p)Mn54 reaction cross sections t o  get the corresponding i n teg ra l  react ion 
rates. Those in tegra l  reaction rates could then be compared d i r e c t l y  wi th  the measured react ion 
rates, as shown i n  Table 2 . 4 .  
r a t i o s  are r e l a t i v e l y  small and lay i n  a narrow band between 1.17 and 1.25. (By comparison, the 
less de ta i led  and f a r  more expensive 1988 TORT analyses#6 y ie lded an average C/E r a t i o  o f  0.69 
a t  these same locations.) Moreover, these C/E r a t i o s  (1.17 t o  1.25) are a lso consistent v i t h  
the C/E r a t i o s  a t  6.55 meters down the beam tube based on ca lcu lated resu l ts  from MCNP R u n  HB302 
as u e l l  as the 1968 measurements o f  Blosser and Thomas i n  t h i s  energy range (see Table 2.3). 
Together, MCNP R u n s  HB302 and 
above are wholly adequate f o r  the HB-3 shielding ca lcu lat ions tha t  were t o  fol low. 

The measured reference react ion rates were taken 

The most s t r i k i n g  aspect o f  these resu l ts  i s  tha t  a l l  o f  the C/E 

HB304M4 c lear ly  show tha t  the equivalent po in t  sources defined 
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Table 2.4. 
Fe-56 dosimeters a t  HfIR Key 3, posi t ions 3 and 8, a r d  the  HB-3 beam tube, just i ns ide  
the pressure vessel. 
react ion ra tes  frm Table E.12 o f  ORNL/TM-106ft4 are a l l  f o r  the HFIR operating a t  100 MU. 

Comparison o f  calculated and measured neutron react ion fates f o r  Ni-58 and 

Calculated reaction rates (based on MCNP Run HBM4M4) and measured 

Ta l l y  35 (Key 3, Pos 8) Ta l l y  25 (Key 3, Pos 3) 
j us t  on the HE4 s ide  o f  HE3 j us t  on the HE2 s ide  of  HE3 

Calculated Measured C/E 
MCNP Value Ref Value r a t i o  

Calculated Measured C/E 
HCNP Value Ref Value r a t i o  

3.838E-16 3.17E-16 1.21 1.676E-16 1.34E-16 1.25 

f sd=3X f sd=4% 

Calculated Measured C I E  
MCNP Value Ref V a l w  r a t i o  

Calculated Measured C/E 
MCNP Value Ref V a l w  r a t i o  

2.839E-16 2.36E-16 1.20 1.202E-16 1.03E-16 1.17 

f s d 4 %  f sd=4% 

(a) Ni56(n,p)Co58 react ions are t y p i c a l l y  used t o  measure neutron f luxes above 1.0 MeV; 
Fe!%(n,p)Mn54 react ions are t y p i c a l l y  used t o  measure neutron fluxes above 0.1 MeV. 

(b) Calculated Ni58(n,p)Co58 reactions based on t a l l y  m u l t i p l i e r  bin 2 f o r  mater ia l  71. 
(c) Calculated Fe54(n,p)Mn!% reactions based on t a l l y  m u l t i p l i e r  bin 3 f o r  mater ia l  72. 
(d) Measured reference v a l w s  show are taken from Table E.12 on pp 208 o f  "Evaluation 

of  H F I R  Pressure-Vessel I n t e g r i t y  Considering Radiation Embrittlement" (ORWL/TH-10444) 
by R.D.Cheverton, J.G.Merkle, and R.K.Nanstad. 
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2.9 Validation of  Point Sources i n  HE-2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
The o r ig ina l  Elosser and Thomas measurementst6 provided an excellent benchmark against uhich 
the equivalent point sources i n  HE-3 (and the resu l t ing  fluxes) could be judged. Moreover, 
experience u i t h  other s imp l i f ied  source t e r m  based on the type of  approach described above 
(but f o r  the o r ig ina l  HB-2 design) has shoun that  such source t e r m  can and have been used 
t o  ca lcu lat ional ly  reproduce the measured 1988 dosimetric dpa values (displacements per atom) 
around the o r ig ina l  HE-2 beam tube near the pressure vessel t o  w i th in  1% (see Ref 16). 
Unfortunately, because the new HE-2 beam tube ( f o r  uhich the equivalent po in t  sources i n  
Tables 2.2a and 2.2b uere developed) has been enlarged and now has tu0 b e r y l l i u n  pieces 
located inside the hot t i p  o f  the beam tube, the e a r l i e r  Blosser and Thomas measurements from 
1968 (and/or ear l ie r  dosimetry measurements) are no longer d i r e c t l y  applicable. Nevertheless, 
u i t h  a simple ad hoc adjustment in  the MCNP fluxes t o  account fo r  the d i f ferences in beam the 
tube diameters, cotrparisons u i t h  the or ig ina l  Blosser and Thcmas measurements can s t i l l  be 
used t o  p a r t i a l l y  val idate the equivalent po int  sources f o r  HE-2 as well. 

MCNP Run HB202 was used f o r  t h i s  purpose. Since calculat ions show tha t  98% o f  the neutrons 
"that reach the d is tant  locat ion where Elosser and Thomas made t h e i r  measurementsa' remained 
uncol l ided a f te r  entering the beam tube, modeling the beam tube u i t h  great f i d e l i t y  uas not a 
major concern, and not nearly as important as using the proper source terms. Thus, Run HE202 
does not pretend t o  model HB-2 u i t h  any f i d e l i t y ,  but was constructed by s inp ly  tak ing the 
ex is t ing geometric model f o r  HB-3 (from Run HE3021 and making the fo l lou ing  changes: (1) The 
point  sources uere changed t o  correspond t o  those f o r  HB-2 i n  Table 2.2a (based on the enlarged 
beam tube); (2) The f15 t a l l y  uas moved out s l i g h t l y  t o  the Blosser-Thomas po in t  o f  in te res t  f o r  
HE-2, and the fm15 card was modified t o  account f o r  the rea l  source i n t e n s i t y  i n  HB-2 ( ie ,  the 
sun o f  the multigroup source t e r m  i n  Table 2.2a); (3) The or ien ta t ion  o f  the r o t a r y  shut ter  
was a l tered so as t o  open the large beam hole in  the shutter, as a c t u a l l y  used ( f o r  HB-2) a t  the 
time Elosser and Thomas made t h e i r  measurements. [Note that they used the  small beam hole i n  
the HB-3 shutter, but the large beam hole in  the HB-2 shutter.] Since the o r i g i n a l  HB-2 beam 
tube was the same diameter as HB-3, and since the f l u x  a t  the Blosser-Thomas po in t  i s  b a s i c a l l y  
the uncoll ided f l u x  anyway, the expedient use o f  t h i s  model (ie, a s l i g h t l y  modified form o f  
Run HE302) i s  uhol ly  j u s t i f i e d  fo r  the purpose of  t h i s  par t icu lar  comparison even though the 
model used in  Run HE202 would have t o  be modified considerably i f  one r e a l l y  uanted t o  perform 
a rigorous shielding analysis o f  HE-2 beam tube, water tube, or  guide tubes. 

Table 2.5 show a comparison of the calculated neutron f luxes 6.45 meters from the t i p  o f  the 
HE-2 beam tube u i t h  the measured values reported by Blosser and Thomas a t  a po in t  645.0584 cm 
from the t i p  of the HE-2 beam tube (i.e., a t  a po int  679.10964 cm from the core centerl ine). 
Calculated results are based on a point  detector a t  t h i s  d is tant  location. 
98% of  the calculated f lux i n  each energy group i s  due t o  neutrons streaming uncol l ided from 
the equivalent point sources described above. Here, houever, i t  must be recognized tha t  the 
or ig ina l  HE-2 beam tube a t  the time of  the Blosser-Thomas measurements had an ins ide diameter o f  
4.0 inches uh i le  the equivalent point sources in  Table 2.2a are based on the new enlarged HE-2 
beam tube design with an inside diameter of 7.052 inches near the core. Thus, before making any 
camparisons of  the MCNP f luxes u i t h  the o l d  Elosser-Thomas measurements, an ad hoc (approximate) 
correction i s  necessary, in  uhich the actual MCNP f luxes are multiplied by the r a t i o  o f  the 
diameters squared t=(4.0/7.052)A21 t o  obtain the diameter-adjusted MCNP fluxes. Having done 
that, the comparisons betueen the neuly calculated values and the o l d  measured values look 
surpr is ing ly  good, u i t h  an average C/E r a t i o  of 0.89. Except f o r  one o r  tu0 energy ranges, the 
bulk of  the C/E ra t i os  are betueen 0.91 and 1.09. The fac t  that the ca lcu lated f luxes above 2.9 
MeV and above 8.1 MeV are both i n  good agreement u i t h  the measured f luxes i n  those ranges u h i l e  
the calculated and measured f luxes above 6.3 MeV are not in  good agreement, simply indicates 
that, u i t h  source terms based on having the Be pieces i n  the enlarged HE-2 beam tube, more o f  
the source neutrons formerly i n  the 6.3-8.1 MeV range have sh i f ted  t o  the  2.9-6.3 MeV range. 
Because o f  differences i n  the former and present beam tube designs, and the ad hoc correct ion 
that  uas necessary t o  p a r t i a l l y  account fo r  these differences, i t  uould be incorrect  t o  view 
these comparisons o f  He-2 f luxes as a rigorous va l ida t ion  of  the 
Nevertheless, they do provide a high degree of  reassurance that these neu source t e r m  are 
a t  Least reasonably correct a d  uhol ly  adequate f o r  any beam tube sh ie ld ing analyses t h a t  
might follow. 

As before, more than 

HB-2 source terms. 
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Table 2.5. 
Thomas in June 1968 (cf .  Tables 3,  5 and 6 i n  ORNL-TM-2221). 
point detector was located at  X=-679.10964 cm, Y = O  cm, 2-0 cm i n  the global H F l R  g e m t r y ,  which i s  645.0584 cm from the t i p  of  the actual HB-2 
beam tube (where Blosser and Thomas made the i r  measurements). 
679.10964 cm from the rad ia l  plane perpendicular t o  the HB-2 beam tube. 

Comparison of calculated neutron fluxes 6.45 meters from the t i p  of the HE-2 beam tube with the measured values reported by Blosser and 
Calculated results here are based on MCNP4B Run HB202 (Tal ly  151, where t h i s  par t icu lar  

I n  the HB202 model geometry, t h i s  corresponds t o  x=O, y=O, ~679.10964 cm, which i s  
This par t icu lar  ca lcu lat ion (HB202) was based on 1,000,000 neutron histories. 

MCNP Fluxes from Run HB202, Tal ly  15 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0.0 0.40 eV 2.43160E+10 .0008 ==> 7.823E+7 n/s/cmZ/MU (1.02) 7.6%+7 <== Avg Measured Th Flux based on Au, Cu, In, Co & Na fo i ls ,  

0.40 eV 1.00 eV 1.56979E+09 -0050 
bare 8 Cd covered; values ranged from 6.5E+7 t o  7.OE+7 

1.00 eV 1.90 eV 5.28714€+08 .0086 ==> 1.89OE+6 n/s/cm2/eV/MU (1.09) 1.74E+6 <== Measured f lux usina In-115 f o i l  with Res a t  1.46 eV 

1.90 eV 4.00 eV 5.56624E+08 .( IO84 
hal f -width of resonance appx: 1.386 t o  1.530 eV 

4.00 eV 6.00 eV 2.99048E+08 .0115 ==> 4.811E+5 n/s/cmZ/eV/MU (0.95) 5.07E+5 e= Measured flux usinn Au-797 f o i l  w i th  Res a t  4.9 eV 

6.00 eV 25.0 eV 1.07714E+09 ,0060 
25.0 eV 100 eV 1.01709Et09 .0061 

hal f -width of  resonance appx: 4.7593 t o  5.0527 eV 

u 100 eV 170 eV 

170 eV 640 eV 
640 eV 2.4 keV 

2.4 keV 3.8 kev 

3.8 keV 20. kev 
20. keV 100 keV 
100 keV 1 .O MeV 
1.0 MeV 2.9 MeV 
2.9 MeV 6.3 MeV 

2.9 MeV 20. MeV 

6.3 MeV 8.1 MeV 

6.3 MeV 20. MeV 

8.1 MeV 20. MeV 

,0102 ==> 1.751E+4 n/s/cmZ/eV/MW (0.91) 

.0067 

.0066 

.0117 ==> 6.432E+2 n/s/cmZ/eV/MU (0.62) 

.0059 

.0065 

.0037 
-0037 
-0057 

1.92E+4 <== Measured f l u x  using Co-59 f o i l  w i th  Res a t  132 eV 
hal f -width of resonance appx: 127.1 t o  136.9 eV 

1.04E+3 <== Measured flux using Ne-23 with Res a t  2850 eV 
hatf-width of resonance appx: 2660 t o  3140 eV 

(b) 
.0052 ===== > 3.912E+6 n/s/cm2/MU (1.05) 3.72E+6 e= Measured flux, E > 2.9 MeV, based on S32-(n,p)-P32 reaction 

.0158 

.0132 =====> 6.284E+5 n/s/cmt/MU (0.50) 

.0241 ===E=> 1.916E+5 n/s/cm2/MU (0.94) 

(c,d) 
1.25E+6 <== Measured flux, E > 6.3 MeV, based on Mg24-(n,p)-Na24 reaction 

2.04E+5 *== Measured flux, E > 8.1 MeV, based on Al27-(n,a)-Na24 reaction 

.------_---.__.--.__--..-----.----..- 
tota l :  3.91677E+10 .0001 Avg C/E ra t i o :  (0.89) +/- 0.21 

(a) The o l d  HB2 beam tube had an inner radius o f  5.08 cm whfte the new (entarged) HB2 bem tube has an inner radius o f  
8.956 cm. So as t o  provide a r w g h  basis f o r  conpering calculated fluxes in the MU beam tube ( t e f t  c o l m )  with 
measured fluxes in  the o l d  beam tube, the ttdiameter adjusted fiuxest@ have a l l  been multiplied by (5.06/8.956)^2. 

(b) and (c) were obteined by s w i n g  over the l a s t  2 or 3 MCNP energy grwps. 
(d) The fact that the calculated and measured f luxes above 8.1 MeV snd above 2.9 NeV are in both good agreement u h i l e  

the calculated and measured fluxes above 6.3 MeV are not, simply Indicates that, with the Be pieces in the enlerged 
HB-2 beam tube, mre of the neutrons formerly in the 6.3-8.1 MeV range have sh i f ted  t o  the 2.9-6.3 MeV range. 





3 - 0  DESCRIPTION OF THE 3-0 MCNP MMEL<S) AND THEIR ORIGIN 

Shielding analyses f o r  the ind iv idua l  beam tubes w i l l  general ly require modeling materials and 
conponents located several meters from the core. 
drauing f o r  the o r i g i n a l  (1960) HB-4 beam tube before the cold source o r  any of the recently 
proposed upgrades. 
w i l l ,  f o r  exenple, include the hot t i p  of the given beam tube, the en t i re  length of  the beam 
tube and surrounding media (as i s  passes out of the be ry l t i un  re f lec to r ,  through the water i n  
the vessel, through the u a l l  of  the pressure vessel, through the pool, and through the concrete 
forming the b io log i ca l  shield), the in te rna l  water tube and beam col l imator, and the rotary shutter 
(sh ie ld  plug) assembly fu r ther  downstream. As such, i t  would be t o t a t l y  impractical t o  incorporate 
such analyses d i r e c t l y  i n t o  the large "global" analysis f o r  the e n t i r e  HFIR core and ref lector.  

f i g  3.1, fo r  exanple, shous the overvieu layout 

HB-3 i s  s imi lar .  A t yp ica l  model used in  the beam tube shielding analysis 

The base ntcdel used i n  the HB-3 shielding analysis i s  shown in  Figs. 3.2 and 3.3. The f i r s t  shous 
the o r ig ina l  1960 water tube when void, as i n  normal operation, with the large aperture of  the 
rotary shutter i n  the open posi t ion,  u h i l e  the second shows the newly designed 1998 uater tube and 
col l imator sections bath flooded, and the shutter in  the closed position. (Many small var iat ions of  
t h i s  base Hlocalml model are described belou and i n  subsequent sections.) Basical ly t h i s  Local model 
of the HB-3 beam tube i n c l d e s  everything u i t h i n  a radius of  65 cm of the beam tube centerline, 
s ta r t i ng  (ax ia l l y )  a t  the core rad ia l  plane perpmdicular t o  the beam tube (t=O) and extending 
700 cm along i t s  center l ine,  wt past the point  where Blosser and Thuaas made the i r  measurements, 
although everything past the downstream surface (2=478.79 cm) of the steel-c lad concrete housing 
assetnbly holding the ro ta ry  shutter i s  considered void, and therefore not shown i n  Figs. 3.2 and 3.3. 
Likeuise, a vacuun boundary condi t ion uas applied on the outer rad ia l  surface of the base model, as 
u e l l  as a t  the two ax ia l  ends. A l l  neutron and gatmm source tems were represented by the equivalent 
point  sources u i t h i n  the beam tube, as l i s t e d  in Tables 2.2a and 2.2b. 

Use of  the point  sources u i t h i n  the beam tube precludes the necessity of  modeling the HFIR core 
i t s e l f .  
been included in  the geometric model f o r  i l l u s t r a t i v e  purposes only. 
por t ion  o f  the aluninun beem tube w i th in  a foo t  or so o f  any point  source should be assigned an 
inportance o f  zero so tha t  as p a r t i c l e s  pass frun the central  void region i n t o  the aluninun body 
of  the beam tube i n  t h i s  i p - 0  region, they vanish iimnediately. (If t h i s  Yere not the case, 
they uould sca t te r  i n  the adjacent mater ia ls and contr ibute fu r ther  t o  the fluxes and dose rates 
downstream when, i n  fac t ,  the e f fec ts  of  such scattering events near the hot end of  the beam 
tube have already been represented in  the global analyses and have already been incorporated in  
the determination o f  the equivalent po in t  sources. 
region uould cause the subsequent calculat ions t o  e f fec t i ve l y  count many scatter ing events two 
or more times. See addit ional  discussion i n  Sects 2.7 and 2.8.) The exact location of t h i s  
18importance cu to f f  planell (below uhich the geanetric de ta i l s  f o r  everything outside the beam 
tube become i r re levant )  depends on the problem being solved. 
analyses, one i s  concerned p r imar i l y  w i th  radiat ion (neutrons or g a m s )  impinging d i rec t l y  
on the uater tube o r  on nearby regions. In the 1998 design, the uater tube begins a t  2=174.27 
cm, and the Himportance cutoff plane" (surface 1007) was located a t  2=118.6379 cm (close to  
the inner surface of the pressure vessel) so that scatter ing events in  end arwnd the vessel 
nozzle uoutd be included i n  the analysis. In the analysis of the 1960 uater tube (mentioned 
only b r i e f l y  i n  Sect 5.5), the hemispherical t i p  o f  the in te rna l  uater tube i s  Located a t  
approximately 2=117 an. Nevertheless, because it nas ins ide the beam tube and the importance 
cu to f f  plane a f fec ts  only those things outside the beam tube, the loca t ion  of the irrportance 
cu to f f  plane was l e f t  unchanged. In both cases, e f f i c iency  demanded tha t  we track only those 
pa r t i c l es  tha t  had a reasonable chance of contr ibut ing t o  the dose ra te  a t  locations much 
further downstream. In the dosimetry analysis mentioned i n  S e c t  2.8 and described more f u l l y  
in  Sect 4 ,  the importance cutoff plane (surface 1007) had t o  be relocated since the dosimeters 
a t  Key 3, posi t ions 3 and 8, are located outside the beam tube but inside the pressure vessel. 
In t h i s  case, the inportance cutof f  plane uas located a t  Z=P5.473 cm, a f u l l  35.85638 cm upstream 
of the f i r s t  dosimeter uhich i s  located a t  2411.32938 an. Likeuise, i n  the name of eff iciency, 
the iso t rop ic  po in t  sources were only sampled over a very narrou range foruard direct ions which 
uere l i k e l y  t o  contr ibute t o  the resu l t  of in te res t  in the pa r t i cu la r  problem being solved. 
In the water tube shielding calculat ions, f o r  example, these sources nere only sanpled over a 
narrou cone of  d i rec t i ons  w i th in  15.13 degrees of the centerl ine, uhere cos(theta) was greater 
than 0.965335056. This uas deemed adequate on the basis that source par t i c les  a t  the most 
forward source loca t ion  (2=99.9 cm), s ta r t i ng  i n  th i s  angular range, uould diverge t o  f i l l  
the en t i re  inrter diameter of  the beam tube (diat1~10.16 cm) before ge t t ing  t o  the importance 
cu to f f  plane a t  2=118.6879 cm, vhich i t s e l f  i s  u e l l  upstream of the s t a r t  of  the 1998 water 
tube a t  21174.27 cm. (Perhaps a smaller angular range would have been su f f i c i en t  and uould 
have yielded an even more e f f i c i e n t  calculat ional  model, but the idea here was also t o  include 
scatter ing events a t  o r  i n  the vessel nozzle, uhich d ic ta ted  the present location and therefore 
t h i s  pa r t i cu la r  angular range.) 
dosimeters are located outside the beam tube but inside the pressure vessel, the importance 
cutoff plane had t o  be moved back as noted above, and the cone of  sampling direct ions had 

Moreover, in t h i s  case, the hot t i p  of  the beam tube and the surrounding be ry l l i un  have 
The r e a l i t y  i s  that the 

To not use a zero inportance zone i n  t h i s  

I n  the water tube shielding 

In the case of the neutron dosimetry problem, uhere the 
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Fig. 3.1. Overview of the original 1960 HB-4 beam tube before the cold source or any of the recently proposed upgrades. 
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Fig. 3.2. Basic MCNP model used in the HB-3 dosimetry analysis, shown with the 1960 
beam tube void and the rotary shutter's largediameter aperhm open. 
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MCNP Plot Window: origin of plot window located at Xd), Y=Q,2k240 cm in real sys- 
s i  of plot window =* 250 x f  2so cm; 
orientation basis vectors: (0.1 ,O) and (0,O. 1 ) are such that: 

+z in model (horz axis in real world) is up in plot 

light gmn = beryllium nfl. 
light blue = water in vessel 

dark green = beryhes collcreee 

orange = carbon steel 
yellow = stainlegs steel 
phk-ahrminum 
light gray = void 

+yinmodel ( h a  lateral in nal world) is to right m plot, pwple=water m pool/tube 

-c 

I, 

Fig. 3.3. Basic MCNP model used in the fmal HB-3 gamma shielding analysis, shown with 
the 1998 water tube and collimator sections both flooded and the shutter closed. 
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t o  be expanded t o  include a l l  s ta r t ing  direct ions wi th d i rec t ion  cosines greater than 0.71 
(i.e., a l l  neutrons s t a r t i n g  w i th in  44.765 degrees of the centerl ine) so that the model uould 
include the vast ma jor i t y  of fast neutrons (above 27 keV) that  stood any chance of impinging 
on the inner wall  of the beam tube w i th in  about a foot  ( i n  t h i s  case, 35.85638 cm) of the 
f i r s t  (most upstream) dosimeter. In both the shielding analyses and the dosimetry analysis, 
the s ta r t ing  weight (wgt) o f  the source par t i c les  uas defined on the sdef card such that 
ugt = [rm(max)-rm(min)I/C(+l)-(-l)l = ( l-cos(theta))/t .  (To ve r i f y  that t h i s  formulation uas 
correct, simple MCNP t e s t  calculat ions were f i r s t  performed i n  a vacuun, using source sampling 
over these l i m i t e d  angular ranges i n  conjunction with the corresponding weights; 
fluxes uere then compared with the simple analyt ic results, and with other HCNP results using 
ful l-range 4*pi sampling and s ta r t ing  weights of 1.0.) 

Figures 3.2 and 3.3 show overviews of the same basic calculat ional  model, configured in  
d i f fe ren t  ways. Moreover, i n  constructing the model f o r  the HB-3 beam tube, an attempt 
uas made t o  make and keep the base MCNP input f i l e  as general as possible. 
t o  the two typ ica l  MCNP input f i l e s  shorn i n  Appendices B.1 and D.4, f o r  exanple: 

(a) Surfaces f o r  describing both the or ig ina l  1960 water tube and the newly proposed 1998 

the resul t ing 

In reference 

water tube design are included the base model. 
describing the one, the material f o r  the other i s  set t o  void, and vice versa. (See 

I n  a par t i cu la r  calculation, i f  one i s  

. Cells 2140, 2141, 4305, and 4380 in  the MCNP input f i l e s )  

(b) Whether the water tube i s  void or flooded i s  control led by the materials used i n  Cells 
Input fo r  both models i s  included, one needs only t o  2145 and 2146 i n  the MCNP input. 

select (womnent) which set i s  t o  be used i n  a given calculation. 

(c) The or ientat ion o f  the rotary shutter (closed, small aperture open, or large aperture 
Cards describing a l l  open) i s  described by Surfaces 3131 and 3132 i n  the MCNP input. 

three orientat ions are i n  the input, and one needs only t o  select (unconment) which set 
i s  t o  be used i n  a given calculation. 

(d) Uhi le not presently the case, a l l  o f  the source de f i n i t i on  cards shorn i n  Appendix A.1 
( fo r  neutrons or gamnas, for one par t i cu la r  beam tube, o r  f o r  a l l  four beam' tubes) may 
be placed d i r e c t l y  i n  the MCNP inwt f i les ,  and the user could select the point sources 
t o  be used fo r  a par t i cu la r  problem simply by changing the one l i n e  %xJefo8 card uhich 
determines which set of d i s t r i bu t i on  f v r t i o n s  t o  use i n  a part icular problem. 

Uhile never used, the base model in  Appendix D.4 has provision fo r  decoupling some regions 
of the problem from the other regions, thereby allowing one t o  run the rotary shutter ( f o r  
exanple) as a boundary Source Problem, uh i l e  only a l t e r i ng  one or two lines in the input 
f i l e .  men running the whole problem, f o r  exanple, one can create an MCNP bwndary source 
jus t  upstream of the ro ta ry  shutter. There are 3 XY planar surfaces and 2 inf in i tesimal ly 
small void c e l l s  a t  t h i s  location, a l l  of which cut across the en t i re  problem geometry. 
The boundary source i s  calculated and stored on the middle surface. In a bootstrapped 
calculation, one can use that boundary source, set the importance of the f i r s t  c e l l  just 
upstream of the boundary source t o  zero ( i n p 0 )  t o  decouple everything downstream from 
everything upstream, run the calculat ion (perhaps with a perturbed shutter design) and t a l l y  
resul ts on the t h i r d  surface (downstream o f  the second void c e l l )  t o  ve r i f y  that the f lux  
there i s  ident ical  t o  that  i n  the or ig ina l  ( larger) problem. Ultimately, that capabil i ty 
was not needed, but i t  i s  in the model, and a good 592 MB boundary source a t  t h i s  location 
i s  avai lable i f  needed i n  the future. 

Optimal inportance-region biasing fo r  the neutron dosimetry problem i s  %uilt inla t o  
both of the MCNP input f i l e s  shown i n  the above appendices, yet f o r  the gam-on ly  
transport problem described in Sect 6, one can eas i l y  override those specifications 
by placing lsuwinp=winp" on the MCNP header card, thus t e l l i n g  the code t o  go out 
and use a special geometry-independent weight w i n d o w  f i l e  that  contains optimal 
space-energy-directional-dependent biasing parameters based on a global phantom (XYZ) 
mesh that i s  completely independent of the geometry specif icat ions needed t o  describe 
the physical layout o f  materials i n  the problem. 
model t o  be used i n  a l l  of the necessary calculations, even though the biasing 
requirements may be qu i te  di f ferent from one problem t o  the next. 
useful feature i s  described more f u l l y  in  Sect 6. 

This allows the same base geometry 

This extremely 

These and other generalizations have been bu i l t  i n to  the base model uhich i s  heavily annotated 
u i th  COmnents describing how t o  make a l l  of the necessary permutations. 
used i n  the various calculat ions required fo r  t h i s  study are described i n  subsequent sections. 

To describe the exact locat ion and size of every surface and c e l l  (and material) used i n  the 
model i s  beyond the scope of t h i s  section. 
u l t imately have t o  be a reproduction o f  a l l  the information contained i n  the input f i l e s  shown 
in  Appendices B.1 and D.4. 
input f i l e  l i s t i ngs  shown i n  those appendices. 

The key permutations 

Moreover, such a conpilat ion of information would 

For such detai ls, the reader i s  therefore referred t o  the typical  
Below, ue sha l l  f i r s t  present a series of 
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pictures (p lo ts  made from the actual MCNP input f i l e s )  t o  i l l us t ra te  various aspects of the 
base model used throughout t h i s  study, and t o  provide the reader with a general orientat ion. 
We shal l  then l i s t  the key engineering drawings from which key dimensions and material 
specif icat ions were taken during the creation of the present base model, along with a b r i e f  
descript ion of the speci f ic  information that was taken from each drawing. 
sections describing individual calculations, any departure from the base case (and/or any key 
features of the d e l  that are especially important t o  the part icular calculat ion) w i l l  be noted. 

In the subsequent 

Figures 3.4-3.8 shou various permutations of the base model. These p i c tu re  p lo ts  were made using 
the MCNP p lo t t i ng  option and the actual input f i l e s  fo r  various runs. Whenever model changes 
are made, p lo ts  such as these are created before the calculational run i s  ever submitted, jus t  
t o  v e r i f y  that  the actual geanetry i s  free of errors and corresponds t o  what was intended. In 
the MCNP model, t = O  cm (corresponding t o  the core radial  plane perpendicular t o  the beam tube 
centerl ine) i s  a t  the bottom of each figure, while the surface a t  2478.79 cm (at  the top of 
each f igure) corresponds t o  the domstream surface of the steel-clad concrete housing holding 
the ro ta ry  shutter. 
experimental measurements of the f lux i n  1968, the model also included a large void region axial ly,  
from 2=478.79 cm t o  2=700 cm. 
these p lo ts  so that the other regions of real  interest w l d  be more p l a i n l y  v is ib le.  
of the p l o t  window corresponds t o  HCNP coordinates X=O, Y-0, 2=240 cm where, in  rea l i t y ,  2 i s  
the horizontal axis of the beam tube, Y l i e s  i n  a horizontal plane and extends t o  the r i g h t  of 
the centerline, and X i s  the ver t i ca l  coordinate perpendicular t o  the page. A scale i s  shoun 
with each f igure  s inply t o  give one a sense of re la t i ve  size ( in  cm). To a i d  i n  interpret ing 
these and other plots, the tex t  l i n e  labeled lnHCNP Plot  Yindowll always shous the locat ion o f  
the p l o t  o r i g i n  in  terms of the actual MCNP coordinates. 

So as t o  include the distant point where Blosser and Thomas made t h e i r  

This geometrically-uninteresting void region was not included i n  
The o r ig in  

The hemisphere defining the o u t e m s t  surface of the hot t i p  of the HB-3 beam tube is, in rea l i t y ,  
centered a t  a point 28.5369 cm from the core radial  plane perpendicular t o  the beam tube. 
In the base MCNP model, however, t h i s  midpoint ( in the voided beam tube) was repositioned a t  
Z=lO.O an from the core radial  plane perpendicular t o  the beam tube in  order t o  accomnodate one 
of the equivalent point sources shown i n  Table 2.2b. Since no external bowdary sources are 
being used, since the central region of the beern tube i s  void, since we are sanpling the point 
sources only over a very narrow cone of forward directions, and since the aluninun wall  o f  the 
beam tube i s  assigned an importance of zero a l l  the way out t o  2=118.6879 an (normally), t h i s  
a c c d t i o n  w i l l  have no effect  on the actual solution; i t  s inply makes the p l o t  look a l i t t l e  
d i f fe ren t  than one would expect based on engineering drawings. 

Figure 3.4, i s  s imi lar  t o  Fig. 3.2 i n  that  the en t i re  beam tube i s  void. In t h i s  case, houever, 
the small beam hole in the rotary shutter i s  open, as was the case when Blosser and Thomas made 
t he i r  f l u x  measurements a t  2=678.1673 cm (not shoun in  th i s  figure). 

Figure 3.5 shows the axial  extent of the or ig inal  1960 water tube inside the HB-3 beam tube. 
Note that much of the the l i gh t  gray area representing the central void i n  Fig. 3.4 has been 
replaced by a dark blw/purple area showing the flooded port ion of the 1960 water tube. 
note that the 1960 water tube s ta r ts  near the imer surface of the pressure vessel and extends 
about one-third of the way up the region now occupied by the the 1998 col l imator. 
model has several approximations: 
actual ly included in  t h i s  part icular (early) model; only the corresponding void or water - f i l l ed  
regions are shown. 
i s  not included because the body of the internal water tube was not included i n  t h i s  (early) model; 
instead, a f l a t  aluninun disk from 2416.7841 t o  2=117.7366 cm was used t o  represent the hemispherical 
t ip  o f  the water tube. In several of the la te r  models, shom below, the actual geometry near 
the t i p  of the 1960 water tube was represented correctly. 
analysis was the correct representation of the 1998 water tube and col l imator. 
tube was generally handled i n  a more approximate fashion, as noted above. Consistent wi th that, 
we elected t o  model the neuly proposed 1998 collimator (between the end of  the 1998 water tube and 
the s ta r t  of the rotary shutter) exactly, and t o  represent the downstream end of the 1960 water 
tube by s inply placing a second aluninun uindou (2=334.7709 t o  335.4756 cm) i n  the normally void 
rectangular col l imator hole, where the 1960 water tube wwld normally terminate i n  the o l d  design. 
In practice, the 3-D MCNP model of the 1960 water tube shom here was never used since other sinpler 
models sufficed. Nevertheless, Fig. 3.5 i s  included here t o  give one a sense o f  perspective f o r  
comparison purposes. 

Figure 3.6 shows the axial  extent of the newly proposed 1998 water tube formed by two aluninun 
disks welded inside the new beam tube, i n  the region downstream of the vessel flange. 
aluninun disk i s  located between 2474.27 and 2=174.95125 cm, while the second i s  Located between 
2=302.1868 and 2=302.5043 cm. To highl ight  the region that might be f i l l e d  with uater during 

Also 

This par t i cu la r  
(1) The aluninun walls of the internal  water tube were not 

( 2 )  The hemispherical t i p  of defining the hot end o f  the internal  water tube 

(3) The primary focus o f  the HB-3 
The 1960 water 

The f i r s t  
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MCNP Plot Window: origin of plot window located at X=O, Y=O, zP240 cm in real system; 
Size of plot window = f 250 x f 250 cm; 
Orientation basis vectors: (O,I,O) and (40.1) are such that: 
+y in model (hoa lateral in real world) is to right in plot, 
+z in model (hon axis in real world) is up in plot 

light gmen = beryllium ~ f l .  
light blue = water in vessel 
purple = water in pool / tube 
dark green = barytes concrete 

orange = carbon steel 
yellow = stainless steel 
pink = aluminum 
Sight gray = void 

i 

A 
M 

-apd 0 2w 

Fig. 3.4. Variation of the basic MCNP model, shown with the HB-3 water tube void and the 
rotary shutter's small-diameter aperture open. 
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Fig. 3.5. Variation of the basic MCNP model, showing the axial extent of the water in the 
original (simplified model of the) 1960 water tube. 
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Fig. 3.6. Variation of the basic MCNP model, showing the axial extent of the water in newly 
proposed 1998 water tube. 
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Fig. 3.7. Variation of the basic MCNP model, showing the 1998 water tube and collimator 
sections both flooded. 
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MCNP Plot Window: Origin of plot window located at X= -0.01, Y=O,Z=lu) cm in real system; 
size of plot window = f 30 x f  30 cm; 
Orientation basis vectors: (0,l ,O) and (0,O.l) me such that 

+z in model (horz axis in real mid) is up in plot 

y L - .  . . .-. I .  * * .  . . . . . I . . . . .  I *. 

light &nen - beryllium mfl. 
light bhte = water in vessel 
plrple= wpo&~inpool/tube 
dark green = barytes collcrete 

orange=casbonsteel 
yellow = stainkss see1 
pink = aluminum 
light gray = void 

+y in model (hen lateral in real world) is to right in pbt, 

a- 

# to 

Fig. 3.8. Close-up view of the HB-3 beam tube (and the 1 9 0  internal water tube), the 
surrounding stainless steel sleeve, the dosimeter holder ring, the coolant collector assembly, 
all located in the vicinity of the pressure vessel's HB-3 nozzle. 
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MCNP Plot Window: Origin of plot window located at X4, Y4.2-175 cm in real system; 
si of plot window = f 12 x f 12 an; 
Orientation basis vectors: (0,1,0) and (0,O.l) m such that 
+y in model (hon lateral in real world) is to right in plot, 
+z in model (hon axis in real world) is up in plot 

light green = beryllimm refl. 
light blue = water in vessel 
purple = water in pool I tube 
dark green = barytes concnte 

orange = carbon steel 
yellow = stainless steel 
pink = aluminum 
light gray = void 

0 

2 -L 0 

II I 

II I 
. .  

Fig. 3.9. Close-up view the 1998 HB-3 beam tube design in the vicinity of the first aluminum 
window defining the start of the 1998 water tube. 
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? MCNP Plot Window: Origin of plot window located at Xd,  YaO, &332 cm in real system; 
Size of plot window =* 75 xk75  an; 
Orientation basis vectors: (0,l ,O) and (0,O.l) are such that: 
+y in model (bo= lateral in NA world) iP to right in plot, 
+z in model (hen axis in real world) is up in plot 

light green = beryllium ~ f l .  
light blue = water in vessel 
purple = wsder in pool /tube 
dark green = barytes conete 
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orange = carbon steel 
yellow = stainless steel 
piak=ahunium 
light gray = void 

Fig. 3.10. Top view of a horizontal slice through the 1998 collimator design and the attendant 
radial and eccentric shields, as well as the pool seals, with the water tube flooded but the 
collimator section dry. 
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MCNP Plot Window: Origin of plot window located at X=O, Y=O,Z=350 cm in real system; 
Size of plot window = f 75 x f 75 an; 
Orientation basis vectors: (0.1 .O) and ( I  .O,O) are such that: 
+y in model (hon lateral in real world) is to right in plot, 
+x in model (vert upward in real world) is up in plot 

light gmen = beryllium refl. 
light blue = water in vessel 
purple = water in pool I tube 
dark green = barytes ancme 

orange = carbon steel 
yellow = stainless steel 
pink = aluminum 
light gray = void 
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Fig. 3.11. Vertical slice through the MCNP model near the middle of the collimator, showing 
the rectangular hole down the center of the collimator, the collimator itself, the surrounding 
beam tube, the radial shield, the eccentric shield, a thin steel liner, and the surrounding 
biological shield. 
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MCNP Plot Window: Origin of plot window located at X4, Y=0,20430 cm in reai system 
size of plot window =f 55 x f 55 cm; 
Orientation bash vectors: (0,l ,O) and (0.0,l) are such that 
+y in model (hon. lateral in real world) is to right in plot, 
+z in model @om axis in d world) is up m plot 

light green =beryllium mfl. 
light blue = water in vessel 
pwple = water in pool I tube 
dark p e n =  barvges collcnze 

orange 3 carbon steel 
yellow - stainkss steel 
pink = aluminum 
light gray = void 

I 
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Fig. 3.12. Top view of a horizontal (YZ) slice through the rotary shutter, including the 
downstream end of the collimator, the steel-line stepped concnte box holding the rotary 
shutter, and surrounding portions of the biological shield. 

35 



MCNP Plot Window: origin of plot window located at X=O, Yd, Z=445 cm in real system; 
Size of plot window = f 75 x f 75 cm; 
Orientation basis vectors: (0.1.0) and (1.0,O) ate such that 
+y in model @on. lateral in real world) is to right in plot, 
+x in model (vert upward in real world) is up in plot 

light green = beryllium refl. 
light blue = water in vessel 
purple = water in pool /tube 
dark green = barytes concrete 

orange 5 carbon steel 
yellow = stainless steel 
pink = aluminum 
light gray = void 
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Fig. 3.13. Axial view of a vertical (XY) slice thr cgh thi 
surrounding materials including the biological sh !d ( t i  

lrary shutter assembly and 
he shutter in the open position). 
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? MCNP Plot Window: Origin of plot window located at X= 4.01, Y-0,2=120 cm in real system; 
size of plot window =* 30 xf30 an; 
Orientation basis vectors: (0,l.O) and (0,O.l) are such that 
+y in model (hon lateral in real world) is to right in plot, 
+z in model (hon axis in real world) is up in plot 

light &reen = beryllium refl. 
light blue = water in vessel 
purple = water in pool I lube 
dark green = barytes concrete 

I 

Y , ” ’ ” . . ” , ” .  
0 

orange = carbon steel 
yellow = stainless steel 
pink.; aluminum 
light gray void 

Fig. 3.14. Close-up view of a horizontal (YZ) slice through the HB-3 beam tube (and the 
1960 internal water tube), the surrounding stainless steel sleeve, the dosimeter holder ring, 
and the coolant collector assembly, as modeled in the dosimetry analysis for key 3, positions 
3 and 8. In this figure, key 3 position 3 is on the right, and key 3 position 8 is on the left. 

37 



MCNP Plot Window: Origin of plot window located at XPO, Yd, zP120 cm in real system; 
size of plot window =* 30 xf 30 Cm; light green = beryllium mfl. 
Orientation basis vectors: (O,O,-l) and (1 ,O,O) am such that: light blue = water in vessel 
+z in model (hon axis in real world) is to left in plot, 
+x in model (vert upward in mal world) is up in plot dark green = barytes concrete 

orange = carbon steel 
yellow = stainlees steel 

l i t  gray = wid 
purple = water in pool / lube pink=alummum 
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1 I 
Fig. 3.15. Close-up view of a vertical QCZ) slice through the HB-3 beam tube (and the 1960 
internal water tube), the surrounding stainless steel sleeve, the dosimeter holder ring, and the 
coolant collector assembly, as modeled in the dosimetry analysis for Key 3, positions 3 and 8. 
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orange = carbon steel 
yellow = stainless steel 

light gray = void 
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Fig. 3.16. Vertical (XY) slice through the coolant collector assembly mounted near the end of 
the stainless steel sleeve surrounding the HB-3 beam tube. 
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MCNP Plot Window: Origin of plot window locatcd at X4, YPO, Z414.14 cm in mal system; 
S i  of plot window = f 20 x f 20 cm; Orientation basis 
vectors: (0,0.974370,0.22495 1 ) and (1 ,O,O) rn such that 
this plot is in plane of dosimeters @on here is really hon), 
+x in model (vert upward in real world) is up in plot 

light p e n  = beryllium refl. 
light blue = water in vessel 
purple = water in pool / tube 
dark green = barytes concrete 

orange = carbon spel 
yellow = stainless steel 
pink = aluminum 
light gray = void 

/ 

1 

-# 8 

Fig. 3.17. Vertical slice through the rem section of the dosimeter holder ring (in the rotated 
plane of the holder ring), showing the Charpy V-notch specimens at Key 3, positions 3 and 8. 
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MCNP Plot Window: origin of plot window located at X=O. Yd, Z-111.20 cm in mal system; 
Size of plot window = f 20 x f 20 an; Orientation basis 
vectors: (0,0.974370,0.22495 I ) and (1 ,O,O) are such that 
plot is offset but parallel to plane of dosimeter holder ring, 
+x in model (vert upward in real world) is up in plot 

light green = beryllium refl. 
light blue = water in vessel 
purple = water in pool I tube 
dark p n  = barytes concnte 

orange = carbon steel 
yellow = stainless steel 
pink = ahuninum 
light gray = void 

. . . . . . .  . . . . . . . .  r 
-10 9 10 # 

Fig. 3.18. Vertical slice just upstream of the dosimeter holder ring (in a plane rotated parallel 
to holder ring), showing the bolts and mounting lugs holding the dosimeter ring together, 
close to the dosimeters of interest 
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c e r t a i n  maintenance operations, much of t he  the l i g h t  gray area representing the cen t ra l  vo id  
i n  Fig. 3.4 has been replaced by a dark blue/purple area showing the f loodable p o r t i o n  o f  t he  
1998 water tube. 
f looded dur ing maintenance operations, such tha t  the water would extend a l l  the way t o  a t h i r d  
aluminum window a t  2=399.48 cm, r i g h t  a t  the end o f  the carbon s tee l  co l l ima to r  (which w i l l  be 
protected from corrosion by a t h i n  b lack oxide coating). 
analyzed i n  d e t a i l  i n  Sect 6 ,  i s  shown in  Fig. 3.7. 

Figure 3.8 shows a close up view of t he  1960 beam tube and other components i n  the v i c i n i t y  
o f  the pressure vessel. 
R=6.0325 cm), fol lowed by a t h i n  f i l m  o f  water out t o  R=6.1515625 cm (representing the a x i a l  
cool ing channel grooves), fol lowed by a t h i n  aluminum outer s h e l l  extending out t o  6.3896875 cm. 
Near the vessel, the beam tube passes through a water f i l l e d  sta in less s tee l  l i n e r ,  outs ide o f  
which i s  located a coolant c o l l e c t o r  assembly (near the end), and a dosimetry specimen holder 
immediately adjacent t o  the vessel. This p a r t i c u l a r  
model, which r e a l l y  represents the general ized base model, was f i r s t  used i n  HCNP Run H6304M4 
t o  ca l cu la te  the Ni58(n,p)Co58 and Fe54(n,p)Hn54 react ion rates i n  the dosimeter wires near the 
middle o f  the rear surface o f  the two sets  o f  Charpy specimens shown here. 
Table 2.4.) To obta in  good comparisons w i th  measured values, i t  was necessary t o  model th ings 
i n  excruc iat ing d e t a i l ,  inc lud ing the  rounded corner on the inner surface o f  the pressure vessel 
and the  presence o f  the o r i g i n a l  1960 water tube which i s  vo id  during normal operations. This 
i n t e r n a l  water tube, which i s  made of aluminum, has an inner radius o f  3.65125 cm, and an outer 
radius o f  4.60375 cm. The midpoint o f  t he  hemispherical t i p  i s  located a t  Z=120.30375 cm from 
the core r a d i a l  plane perpendicular t o  the  tube center l ine.  
a l l  o f  the features shown here became p a r t  of the generalized base model. 
f o r  the 1998 water tube, where the presence of the 1960 water tube would be inappropriate, the 
aluminum i n  the c e l l s  representing the 1960 water tube was simply replaced by void. 

Figure 3.9 shows tha t  po r t i on  o f  the 1998 HB-3 beam tube design in  the v i c i n i t y  o f  the f i r s t  
aluminum window (2=174.27 t o  174.95125 cm) a short distance downstream o f  the vessel nozzle 
i n  Fig. 3.7. The lower po r t i on  shows the voided beam tube (main wall, t h i n  water f i l m ,  and 
t h i n  aluminum sleeve) i n  the water f i l l e d  s ta in less  s tee l  sleeve used t o  penetrate the vessel 
nozzle. 
o f  the s ta in less  s tee l  sleeve) can nou be flooded (as shown here), and thus corresponds t o  
the s t a r t  o f  the new 1998 Wate r  tube" which i s  made o f  aluminum and has an inner  rad ius o f  
7.03453 cm and an outer radius of 7.74573 cm. 
o f  the beam tube can be used t o  simulate the w a t e r - f i l l e d  cool ing c o i l s  near the outer edge 
o f  the beam tube in  the voided case. 
k i n g  flooded (see dark blue/purple reg ion i ns ide  the tube). 

Figure 3.10 shows a top view (YZ  hor i zon ta l  s l i c e )  through the co l l ima to r  and the  attendant 
r a d i a l  and eccentr ic shields, as we l l  as the pool seals, wi th  the water tube f looded but the  
co l l ima to r  section dry. 
sect ion o f  the expanded beam tube leaving the H F I R  pool (dark blue/purple area) and enter ing 
the b i o l o g i c a l  sh ie ld  (green area) which i s  made o f  barytes concrete having a densi ty  o f  
3.09725 g/cc. Note that the concrete has a t h i n  s ta in less s tee l  l i n e r  which extends i n t o  
the pool a short distance, and tha t  the f i r s t  p o r t i o n  o f  t h i s  recess i n t o  the concrete i s  
a l so  flooded. The centra l  c y l i n d r i c a l  p o r t i o n  o f  the co l l imator  i s  made o f  carbon s tee l  so 
as t o  minimize ac t i va t i on  by neutrons. 
shield, and pool seals are made of s ta in less  s tee l .  The cen t ra l  c y l i n d r i c a l  p o r t i o n  o f  the 
co l l ima to r  s t a r t s  a t  2=310.58 cm, extends a x i a l l y  t o  2=399.48 cm, and has an outer radius 
o f  9.21131 cm. Along i t s  axis, there extends a 2.75-inch x 5.5-inch rectangular ho le (see 
Fig. 3.11) which i s  shown here as void, but which may also be flooded dur ing c e r t a i n  maintenance 
operations, and whose bigger dimension i s  i n  the v e r t i c a l  d i r e c t i o n  (out o f  the page i n  Fig. 3.10). 
The small t h i n  region about a t h i r d  o f  the way down the co l l imator  ho le i s  shoun here simply t o  
i l l u s t r a t e  where the 1960 water tube would have ended a x i a l l y  i f  one were modeling i t. I n  the 
analysis o f  the 1998 water tube, t h i s  t h i n  region i s  e i t h e r  vo id  o r  flooded, depending on how 
the r e s t  o f  the rectangular ho le  i s  modeled in  a given ca lcu lat ion.  Near the t o p  o f  Fig. 3.10, 
we see the co l l ima to r  passing through the f i n a l  pool seal and a t h i c k  s tee l  gasketed f lange as 
i t  enters the expanded c a v i t y  i n  the b i o l o g i c a l  sh ie ld  which holds the concrete b lock containing 
the r o t a r y  shutter. 

Figure 3.11 i s  a v e r t i c a l  s l i c e  (XY  plane) near the middle o f  the co l l imator ,  and i s  intended t o  
show the centra l  ho le i n  the cen t ra l  coLlimator, the surrounding beam tube, the r a d i a l  shield, 
the eccentr ic  shield, a t h i n  s tee l  l i n e r ,  and the surrounding b io log i ca l  shield. 

Looking fur ther  downstream, Fig. 3.12 shows the l a s t  p o r t i o n  o f  the co l l ima to r  passing through 
the f i n a l  pool seal and t h i c k  s t e e l  f lange in the expanded c a v i t y  wherein l i e s  the r o t a r y  
shut ter  assembly. 
s i t s  i ns ide  a Large, s ta in less -s tee l - l i ned ,  stepped block o f  barytes concrete. When i n i t i a l l y  
designed, the gaps between the concrete b lock and the b io log i ca l  sh ie ld  were i n t e n t i o n a l l y  q u i t e  
large so as t o  provide f o r  easier alignment o f  the shut ter  assembly w i th  the beam tube a f t e r  the 
b io log i ca l  sh ie ld  was poured. By the smaller end o f  the block, the gap between the s tee l  l i n e r s  

In  r e a l i t y ,  the c e n t r a l  rectangular vo id in  the 1998 co l l ima to r  would also be 

This flooded conf igurat ion,  which was 

The %?am tube" consis ts  o f  a t h i c k  a l m i n u n  wa l l  ( frcm R=5.08 crn t o  

Both o f  these w i l l  be discussed l a t e r .  

(See r e s u l t s  i n  

Subsequent t o  t h i s  dosimetry analysis, 
In sh ie ld ing  analyses 

That po r t i on  o f  the expanded beam tube j u s t  beyond the aluninun window (and the end 

The l i n e s  shown j u s t  i ns ide  t h i s  expanded p o r t i o n  

I n  t h i s  case, the e n t i r e  water tube reg ion i s  shown as 

S ta r t i ng  a t  the bottom of the f igure, one sees the f looded water-tube 

The other s tee l  components ( r a d i a l  shield, eccentr ic  

The Type 1020 carbon s t e e l  shut ter  (having a v e r t i c a l  ax i s  o f  r o t a t i o n )  
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of the block and the biological  shield are nearly an inch vide ( f rom Y=37.30625 cm t o  Y=39.68?5 
cm, uhich equals 2.38125 ern), uh i le  near the bigger end o f  the block, the gap between the steel  
liners o f  the block and the biological  sh ie ld  are almost three-quarters of an inch vide (from 
Y=41.75125 ctn t o  Y43.4975 cm, uhich equals 1.74625 cm). 
t o  the f i n a l  shielding analysis (cf  Sect 6), i t  has since been show, that radiat ion streaming 
through t h i s  stepped gap i s  negl ig ib le hen compared t o  that  uhich ccines through the central 
port ion of the assembly.1 The carbon steel  rotary shutter shield plug i n  the middle of the 
assembly has a diameter of 24.375 inches, and i s  centered a t  2446.405 cm. In Fig. 3.12, i t  
i s  shom i n  the closed position. I t  may, houever, be rotated so as t o  use either the Large 
3.5-inch-dim beam hole (normally the case) or the smaller 0.875-inch-diam beam hole that  uas 
used uhen Elosser and Thanas made t he i r  measurements on HE-3. Upstream and downstream o f  the 
rotary shutter, there i s  a 6-inch-dim break in  the stainless s tee l  concrete l iners so as not 
t o  in te r fe re  wi th the transmission of the beam under normal circuustances. The dounstream 
surface o f  the stainless steel  l i ne r  on the barytes concrete block containing the shutter 
assembly i s  located a t  2478.79 cm. In the base HCNP model, everything past that point i s  
treated 8s a void. 

Figure 3.13 s h w  a ve r t i ca l  s l i c e  (located a t  2-445.0 cm) through the center of the rotary 
shutter assernbly a f te r  the shutter had been rotated t o  the open position. 
the bottom o f  the ro ta ry  shutter shield plug uas a s s d  t o  s i t  f lush against the stainless 
steel liner on the bottom of the cavity, there i s  a smell 0.3125-inch clearance gap d i rec t l y  
above the sh ie ld  plug, and a s imi la r  clearance gap c i rcunferen t ia l l y  around the shield plug. 

M i l e  i n i t i a l l y  of sane concern p r io r  

Note that while 

Because of the coaplicated nature of the conponents a f fec t ing  the dosimetry analysis, t he i r  
depict ion has been saved t o  the last. Note, houever, t ha t  a l l  of the smaller conponeots 
described here are s t i l l  present i n  the base HCNP Rlodel used everwere ,  even though t h e i r  
presence has essent ia l ly  no ef fec t  o f  the f i n a l  shielding analysis. 

Figure 3.16 shous a close up vieu of the 1960 beam tube and other ccnponents i n  the v i c i n i t y  
of the pressure vessel. 
steel  l iner,  outside o f  uhich i s  located a cootant co l lec to r  assab ly  (near the end), and a 
dosinreter specimen holder imnediately adjacent t o  the vessel. 
later. 
used i n  MCNP Run NE304M4 t o  calculate the Ni58(n,p)Co58 and Fe54(n,p)Mn% reaction rates i n  the 
dosimeter wires near the middle of the rear surface o f  the two sets of Charpy specimens shown here. 
(See resu l ts  i n  Table 2.4.) 
t o  rnodel things in  excruciating detai l ,  including the r d e d  corner on the inner surface of the 
pressure vessel and the presence of the or ig ina l  1960 uater tube (see ear l ie r  description) which 
i s  void during normal operations. 
presence of the 1960 uater tube uould be inappropriate, the a lminun in  the ce l l s  representing 
the 1960 uater tube uas simply replaced by void. 

Figure 3.14 shws a horizontal (YZ) s l i c e  through the beam tube i n  the v i c i n i t y  of the pressure 
vessel. For another perspective, Fig. 3.15 shows a ve r t i ca l  (XZ) s l i c e  through the beam tube a t  
t h i s  same location, uh i l e  Fig. 3.16 shous an end vieu ( ve r t i ca l  XY s l ice) of coolant col lector 
mounted near the end o f  the stainless steel  sleeve s u r r d i n g  the beam tube. 
conpwrent i s  located just upstream of the dosimeters (see Fig. 3.14)' i t  yes i n c l d e d  in the 
model out of concern that i t s  presence might have sane inpact on the neutrons t rave l l ing  frm 
the beam tube touards the dosimeters, especial ly the one a t  Key 3, posi t ion 3. Likeuise, an 
e l l i p t i c a l l y  shaped cone uas needed t o  rnodel a chamfer regian ( rea l l y  a 1.0625-inch r o d )  near 
the intersect ion of the inner u a l l  of the pressure vessel and the large bean tube hole leading 
wt through the vessel nozzle (cf  Fig. 3.14). 
but t o  adequately d e l  neutron re f lec t ion  and attenuation in  the v i c i n i t y  of the dosimeters. 
I n  part icular,  t h i s  uas needed t o  accurately calculate a response f ran  the dosimeter a t  Key 3, 
posi t ion 3, on the H8-2 side of the HE-3 beam tube (just t o  the right of the beam tube i n  
Fig. 3.141. In rea l i t y ,  the small (0.4184 gram SS302L) dosimeter u i r e  i s  located near the center 
of the back surface of the Charpy V-notch specimens (shown as dark orange rectangular blocks) in  
the dosimeter holder assembly. Engineering drauing M-10070-OE-510-E (Rev 2) shous th i s  part icular 
dosimeter u i r e  as being w i th in  0.375 inches of the rounded steel  corner of the pressure vessel 
adjacent t o  the nozzle. I f  t h i s  rounded corner uere not modeled and "came out straight" fonning a 
sharp corner, the small dosimeter u i re  uould be p a r t i a l l y  shielded by the steel corner rather than 
by the uater that  should be present i n  t h i s  region. 
t h i s  par t i cu la r  dosimeter have the i r  f i r s t  c o l l i s i o n  in  the nearby port ion of the beam tube just 
domstream o f  the dosimeter holder r ing  and then backscatter through th i s  region t o  the dosimeter 
Location, the presence of the proper material there ac tua l l y  does make a small but discernible 
difference. Moreover, because the aluninun u a l l  of the (voided) 1960 uater tube uas also a major 
scattering region, contr ibuting t o  the fast  neutron f l u x  i n  the region of t h i s  part icular dosimeter, 
i t  also had t o  be included in the dosimetry analysis. 

Near the vessel, the beam tube passes through a water- f i l led stainless 

Both of these u i l l  be discussed 
This par t i cu la r  model, uhich rea l l y  represents the generalized base model, uas f i r s t  

To obtain good canperisom u i t h  measured values, i t  uas necessary 

In the shielding amlyses f o r  the 1998 uater tube, uhere the 

Because t h i s  

This uas needed, not t o  be aesthetical ly pleasing, 

Given that many of the neutrons reaching 
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Figure 3.17 i s  a v e r t i c a l  s l i c e  i n  the plane of the dosimeter holder ring, near the rear surface. 
I t  shous the beam tube (aluninun ua l l ,  t h in  water f i l m ,  and t h i n  alunimm jacket), the surrounding 
water, the stainless steel  sleeve around the beam tube, the central hub of the dosimeter holder, 
and a broad approximate representation of the stainless steel  dosimeter holder i t s e l f ,  including 
the two (dark orange) rectangular regions representing the Charpy V-notch specimens a t  Key 3, 
positions 3 and 8. I n  the plane of the f igure (paral le l  t o  the back side of the holder ring), 
the s lo t  f o r  the Charpy V-notch specimens e x t d  rad ia l l y  10.10045 cm t o  15.55955 cm from the 
centerl ine o f  the holder r i ng  (both c r i t i c a l  dimensions), and extends 1.50622 cm above and belou 
the midplane of the system. 
v-notch specimens uhich uoutd lay horizontal ly i n  t h i s  figure. A t  the center of each, there i s  
a small V-notch. These are aligned to  form a single ver t i ca l  notch on the rear surface. The 
small 0.1 gram SS302L dosimeter u i re  (not exp l i c i t l y  modeled here) l i e s  in  th i s  notch. A point 
detector i s  used in  the MCNP model t o  obtain the fast  f l ux  and energy-integrated dosimeter 
responses a t  these locations (Key 3, positions 3 and 8). The actual design of the dosimeter 
holder (see engineering drawing E-42047) i s  somewhat more conplicated. It consists of two 
or three pieces. 
betueen uhich a nunber of dosimeter specimen packages may be located. 
side, the dosimeters are exposed t o  the reactor vessel uhich i s  nominally only 0.375 inches 
away. 
covers only the front (upstream) side of the dosimeter specimens, and resembles a s p l i t  frisbee, 
cut i n  ha l f  as i f  one uere s l i c i ng  a pizza in to  tu0 large pieces. 
port ion of the central  hub) are placed around a groove i n  the sleeve surrounding the beam tube, 
one from the top and the other from the bottom, and bolted together t o  form a complete assembly. 
The bolts, together u i t h  the mounting lugs on the top and bottom pieces, measure about 0.75-inch 
x 0.96-inch x 1.92-inch (high), as shown in  Figs. 3.14 and 3.18. Because one i s  located 
d i rec t l y  in f ron t  o f  the dosimeter a t  Key 3 posit ion 3 and the other i s  located very close 
the dosimeter a t  Key 3 posi t ion 8, both uere included in  the 3-D MCNP model. Moreover, 
the one a t  pos i t ion  3 (on the r igh t  o f  the beam tube in  Fig. 3.14) did have a small but 
ca l cu la t ima l l y  observable ef fect  on that dosimeter response. 
observed a t  pos i t ion  8 (on the l e f t  o f  the beam tube) due t o  i t s  about of the way" location 
re la t i ve  t o  the beam tube and the dosimeter. 

Each of the tuo regions shown here contain three carbon steel Charpy 

The main bcdy resembles a daisy, u i t h  the petals being the body of the holder 
On the back (domstream) 

The cover p la te  ( including the central hub uhich m t s  on the stainless steel sleeve) 

These pieces (each u i t h  a 

No signi f icant ef fect  was 

Dug E-42027, Rev. D, Sheet 1 (Apr 11, 1995): 

This drauing corresponds t o  the l e f t  side of Fig. 3.1 shown above. 
Location of the H F I R  core, the pressure vessel, and a l l  four of the Itas builto1 horizontal beam 
tubes (HB-1,2,3,4). It i s  most useful insofar as i t  spec i f i ca l l y  states the distance from the 
outside of vessel nozzle boss t o  the core radial plane perpendicular t o  each beam tube. Those 
distances are as fol lous: 52.0 inches (132.08 cm) fo r  HB-1; 54.5 inches (138.43 cm) for HB-2; 
54.0 inches (137.16 cm) fo r  HE-3; 52.0 inches (132.08 cm) fo r  HE-4. Some of the drauings 
available f o r  the neuly revised beam tubes a t  the s ta r t  of t h i s  study uere someuhat generic 
uhi le others uere under development and not yet c q l e t e .  A preliminary drawing fo r  the neu 
HE-1 beam tube, without most of the key dimensions, was avai lable (see below), but drauings fo r  
the n e w  HE-3 beam tube were not available, and i t  was simply said that i t  would be Itessential ly 
the samell as that  f o r  HE-1. Likeuise the drawing fo r  the new HE-2 beam tube was only p a r t i a l l y  
c q l e t e  and did not yet shou the second (downstream) aluninun uindow forming the terminal end 
of the bui l t - in uater tube. Nevertheless, many of the dimensions could be scaled o f f  these 
generic drauings, u i t h  the external surface of the vessel nozzle boss (see E-42027) serving as 
a cannon reference point  since i t  uas not going t o  change. Dug E-42027 Sheet 1 i s  also useful 
insofar as i t  spec i f i ca l l y  labels the location and or ientat ion of a l l  four beam tube centerlines 
and the tips o f  the HE-2 and HE-3 beam tubes. It also shows the location of the hot t i p  of 
the internal  water tube f o r  the "as bu i l to1  HE-4 beam tube, uh i l e  the location of the 1960 water 
tube i n  HE-3 may be eas i l y  scaled off the drawing. 
coolant col lector assembly mounted on the stainless steel sleeve surrounding each beam tube, 
and references Dug E-49400 fo r  further detai ls. 

I t  shows the re la t i ve  

I t  also shows a crude insert sketch of the 

Dug E-42029, Rev. D, Sheet 2 (Apr 11, 1995): 

This drawing corresponds t o  the r igh t  side of Fig. 3.1 shorn above. It shows the loas bu i l t "  
collimator i n  the 1960 beam tube, and the rotary shutter. Conponents such as the removable 
radial sh ie ld  assembly, the eccentric shield, and the pool seals, a l l  i n  the v i c i n i t y  of the 
collimator and referenced above i n  the description o f  the MCNP model, are c lear ly  labeled i n  
th is  drauing. Uh i le  i n  t h i s  study, the 1960 collimator design has been largely ignored and 
replaced by the 1998 design (see belou), many o f  the de ta i l s  regarding the rotary shutter and 
the s tee l - l ined  concrete housing containing the rotary shutter shield plug uere taken from t h i s  
drawing. Indeed, the dimensions of the void gaps along the sides of t h i s  housing were scaled 
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o f f  t h i s  drawing. Once the location of the cavi ty containing the shutter asseably i s  f i r m l y  
located (see Dug 1546-01-M-5022, Rev 11, Sheet 2 of Dug E-42027 my be used t o  f i x  the locat ion 
of the second aluninun uindow in  the 1960 water tube inside HB-3. 
E-42027 d i r e c t l y  f o r  HB-3 since th i s  drawing i s  rea l l y  for  HE-6.) 
specif ies the biological  shield as being made of barytes concrete. 

(Note that ye cannot w e  
Lastly, t h i s  drauing also 

Dug 1546-01-M-5022, Rev 1 (Ap r  4, 1961) and Rev 2 (Sep 18, 1961): 

This overview of the en t i re  biological  shield c lear ly shous the locations of the cav i t ies  i n  
the sh ie ld  uhich are provided fo r  the steel- l ined stepped concrete housings holding the rotary 
shutter assemblies f o r  each of the four beam tubes. Moreover, i n  the case of HB-3, the outermost 
extent of t h i s  cav i ty  (corresponding t o  the dounstream surface of the steel  l i ne r  on the concrete 
housing holding the rotary shutter) i s  shorn as being located 188.5 inches (478.79 cm) from the 
core rad ia l  plane perpendicular t o  the beam tube. 
the pool seal flange (roughly the midpoint of the th ick flange in the MCNP d e l ,  j us t  downstream 
of the col l imator and upstream of the rotary shutter assenbly) i s  located 32.5 inches upstream of 
the previously mentioned surface. 
the locat ion o f  the s e c d  (dounstream) alunitwn uindov i n  the 1960 water tube. 

It also shows that the a%ealing surfacea8 of 

Together with the infortnation on Sheet 2 of E-42027, t h i s  f ixes 

Dug M-10070-OE-510-E, Rev 2 (Sept  30, 1987): 

This drawing i s  s im i la r  t o  Dug E-42027, Sheet 1, krt shows a few addit ional de ta i l s  related t o  
the placement of the dosimeter holder around each beam tube, including HB-3. fn part icular,  i t  
specif ies that  the dosimeter holder is located such that the dosimeter f l u x  wire i n  the back 
(downstream) side of the Charpy V-notch specimens i s  to  be located 0.375 inches auay from the 
inner surface of the pressure vessel, as i n  the MCNP model. 
of the vessel u a l l  Leading t o  the large hole through the nozzle w i l l  be “roundeda8 with a curvature 
of 1.0625 inches. The location o f  the hot t ip  of the 1960 uater tube was also determined from t h i s  
drawing. 
nozzle. I n  the M N P  model, t h i s  flange and the vessel nozzle were both ccrnbined i n t o  one geometry 
zone. Mot retated t o  th i s  study, th i s  drawing also show the Location of the vetchrents between the 
vessel nozzles end the pressure vessel i t s e l f ,  as u e l l  as the locat ion o f  Key 3, posit ions 3 and 8 
uhich uere c r i t i c a l l y  important in the d o s i m r y  study. 

It also shous that the inner corner 

The drauing also shous the thick beam tube flange ( j o in t )  on the outside of the vessel 

Dug. E-49961, Rev C (Apr 25, 1988): 

This i s  the H F I R  dosimeter specimen ident i f icat ion chart. 
the calculat ional model, krt i s  does shou (schematically) the re la t i ve  locations of the various 
dosimeter I D  nuobers i n  the dosimeter holder r ings around each of the four beam tubes, as well 
as a t  several other key locations. 

I t  was of no real  use in  def in ing 

Dug E-49953, Rev A (Oct 12, 1965): 

This drauing shous the pressure vessel survei Llarcce specimen mount assenbly (i .e., the dosimeter 
holder assembly) f o r  HB-1 ,  3, and 4, previously described loosely as a daisy petal arrangement 
u i t h  a s p l i t  f r isbee- l ike f ron t  cover plate. 
V-notch specimens i n  each specimen holder. 
i t  i s  qu i te  clear that  the V-notches holding the dosimeter f lux  wire are located 12.85 cm from 
the centerl ine of the assembly. I t  also shows the s p l i t  central hub clanp assembly and the 
mounting harduare, as u e l l  as the stubs and bo l ts  mounted on the front face of the s p l i t  
cover p la te  (see Figs. 3.14 and 3.18) that are used t o  hold the cover p ta te  together and i n  
place. 
Of par t i cu la r  importance t o  the dosimetry study uas the fact that  the plane of the dosimeter 
holder r i n g  is inc l ined 77.0 degrees re la t i ve  t o  the HB-3 centerline. Because the dosimeter 
f lux  wires are located 12.85 an rad ia l l y  wt from the centerl ine o f  t h i s  holder ring, a 
difference of  even one degree can s ign i f i can t ly  change the amvnt of uater between the 
dosimeter(s) and the vessel, and can change the calculated dosimeter responsecs) by as much 
as 10%. 
with respect t o  those beam tube centerlines, uh i le  that  fo r  HE-2 i s  perpedicular t o  the beam 
tube centerline. 

I t  also shows the or ientat ion of the three Charpy 
8y scaling th is  large krt re la t i ve l y  siaple drawing, 

Dimensions fo r  t h i s  canponent and the mounting harduare were taken from t h i s  drawing. 

Interestingly, the dosimeter holder r ings fo r  HB-1 and HB-6 are inclined 73.5 degrees 

Dug E-49945, Rev C (Apr 25, 1988): 

This drawing shous addit ional de ta i l s  of the 2.73-inch x 1.75-inch survei l lance specimen asswlblies 
containing the Charpy V-notch specimens and the 1.18-inch long x 16 gauge (0.06S-inch-diam) dosimeter 
flu wire l a i d  inside the aligned V-notches on the back (dounstream) side of the specimen assenblies. 
(The actual f l u x  wire a t  Key 3 posi t ion 3 only ueighed 0.4184 grams, uh i l e  that  a t  pos i t ion  8 ueighed 
0.417’2 grams.) These assemblies are then placed in  the dosimeter holder r i ng  described above. While 
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Dug E-49945 shows the dosimeter f l u x  v i res as being SS304L, the actual v i res  removed and analyzed i n  
counting experiments i n  Dec 1987 and reported i n  Table E.12 of Ref 6 (and surmarized in  Table 2.4 
above) uere made of SS302L. Also see page 15 
of Ref 18, uhich i s  a 1966 docunent describing the '"FIR Pressure Vessel and Structural  Components 
Surveillance Program."I I n  the MCNP d e l ,  the Charpy specimens uere modeled as carbon steel (uhich 
they are), uh i le  reaction rates i n  the dosimeter f l ux  u i re  uere calculated by fo ld ing  the 
energy-dependent f lux  (at  a point detector Located there) u i t h  the appropriate energy-dependent 
reaction cross sections. A point detector uas used i n  place of a volune detector because of the 
small volune of the f lux  u i re  and the detector's extreme sens i t i v i t y  t o  spat ia l  posit ion. 
length of the 2.73-inch long Charpy specimens, f o r  example, both the calculated and measured reaction 
rates may change by as much as a factor of tuo. Placing the point detector a t  exact ly the center of 
the dosimeter flux uire, as opposed t o  averaging over the volune of the Charpy specimens, uas deemed 
c r i t i c a l  if one rea l l y  uanted the d e l  t o  accurately calculate the measured rea l i t y .  

[See personal comrrPlication from C. A. Balduid17. 

Over the 

Dug. M-11511-OH-001-E, Rev 1 (NOV 4, 1992) 

The purpose of t h i s  drauing i s  s imi lar  t o  Dug E-49945 insofar as i t  shows the construction of 
some special 2.1-inch x 1.16-inch multi-function dosimetry specimen assemblies t o  be placed 
i n  the dosimetry holder r i ng  around di f ferent beam tubes. These dosimeters, houever, do not 
correspond t o  the types of dosimeters favd a t  Key 3, posit ions 3 and 8. As a resul t ,  t h i s  
drauing (M-11511-OH-001-E) was not used a t  a l l  i n  the developnent of t h i s  par t i cu la r  MCNP 
dosimetry model. Moreover, Dug. E-49945 (described above) does describe the pa r t i cu la r  
dosimeters found a t  Key 3, posit ions 3 and 8, and i s  the drawing that was ac tua l l y  used i n  
th i s  model development. 

Dug. E-49400 

This drauing shous detai ls of the coolant col lector assembly located near the end o f  the stainless 
steel sleeve around the beam tube, a short distance inside the vessel, as show in  Figs. 3.14, 3.15, 
and 3.16. Moreover, the s impl i f ied model used here uas actual ly based on the small insert  sketch 
shwn on Sheet 1 of Dug E-42027, as well  as larger top vieus shown there and on Dug M-10070-OE-51O-E, 
Rev 2. Given that t h i s  s imp l i f ied  model did not have any apparent a f fec t  on the calculated dosimeter 
responses (despite i n i t i a l  concerns t o  the contrary), a more detai led model uas not considered just i f ied.  

3.4 Newer Engineering Drauings Used i n  Formulating This Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
This last  section l i s t s  and b r i e f l y  describes the neuer engineering drawings (and unreleased 
concept sketches) used t o  describe the newly proposed 1998 beam tube designs f o r  a l l  four beam 
tubes. While frequently incorrplete, not fu l l y  dimensioned, and occasionally even lacking 
reference drauing nunbers, these drauings represent the best avai lable source o f  information 
a t  the t i m e  t h i s  study uas cmissioned. Information, as available, i s  l i s t e d  here f o r  a l l  
four neuly designed beam tubes, u i t h  extended supplementary discussion only f o r  HB-3 (which 
was the primary focus of t h i s  shielding study, but fo r  which speci f ic  detai led drawings uere 
not available). 

HE-2 Concept Dug E-SK-PCH-970801-1, Rev. 1 (Aug 11, 1997): 

This drauing shous the neuly enlarged beam tube s ta r t ing  in  the permanent beryl l ium re f lec to r  and 
extending out through the pressure vessel, the pool, and the biological  shield, t o  the cavi ty 
which u i l l  house the (yet t o  be designed) neu shutter mechanism. 
neutron guide tubes t o  be placed inside t h i s  port ion o f  the neu HE-2 beam tube since the focus 
uas pr imari ly on the &am tube i t s e l f .  
be placed inside the hot end o f  the beam tube, the flange area uhere the beam tube passes through 
the pressure vessel, and the flange area uhere the beam tube enters the cav i ty  i n  the biological  
shield uhich u i l l  house the new shutter mechanism. While no ax ia l  dimensions or  locations are 
given, radial  dimensions f o r  each section of the expanded beam tube are c lea r l y  shoun. 
diameter of the beam tube i n  the be ry l l i un  re f lec to r  i s  7.052 inches, uh i l e  the outer diameter 
there i s  8.5 inches (including the t h i n  aluninun uater jacket). Just outside the be ry l l i un  
ref lector, the beam tube expands t o  an inside diameter of 9.110 inches, u i t h  an outside diameter 
of 11.0 inches (including the t h i n  aluninun uater jacket). These dimensions are maintained 
through t o  the outside surface of the flange on the outside of the pressure vessel nozzle, uhere 
a 0.3-inch-thick aluninun uindou (Located approximately 199.841 cm from the core centerl ine) 
marks the beginning of the water tube por t ion  of the beam tube uhich there expands t o  an inside 
diameter of 12.0 inches (outside diameter of 12.5 inches). A second aluninun uindou defining the 
end of the water tube port ion of the beam tube i s  not shoun a t  a l l .  The most useful feature of t h i s  
drauing i s  the heavily dimensioned sketch showing the two bery l l iun  pieces (ca l led  uings) inserted 
on the inside of the hot t i p  o f  the beam tube. 

No mention i s  made of the f i v e  

The drauing focuses on: the tuo be ry l l i un  inserts t o  

The inner 

These s ta r t  a t  the inner surface o f  the beam tube 
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and extend down t o  a location 21.354 inches from the centerl ine of the core. 

HE-4 Concept Dug dated Jan 30, 1948 (no drawing nunber shown): 

This drawing shows the newly designed beam tube s ta r t ing  in  the permanent bery l l iun  re f l ec to r  and 
extending out through the pressure vessel, the pool, and the biological  shield, t o  the cav i t y  
which w i l l  house the rotary shutter assembly. Except fo r  depict ing the cold sOurce vacuun vessel 
inside the beam tube, no further mention i s  made of the cold source which w i l l  be located near the 
hot t i p  of the beam tube. Uhile no axial  dimensions or locations are given, rad ia l  dimensions f o r  
each ax ia l  section of the beem tube are c lear ly  shown. The irmer diameter o f  the beam tube i n  the 
b e r y l l i m  re f lec to r  i s  4.8E inches, while the outer diameter there i s  6.0 inches ( including the 
t h i n  a tminun uater jacket). Just outside the bery l l iun  ref lector,  the beam tube expands t o  an 
inside diameter o f  5.73 inches, u i t h  an outside diameter o f  7.0 inches ( including the t h i n  aluninun 
water jacket). These dimensions are maintained through t o  the outside surface of the f lange on 
the outside o f  the pressure vessel nozzle, where two 0.125-inch-thick atminun w indows  ( located 
approximately 214.3364 cm and 218.1452 cm frm the core rad ia l  plane perpendicular t o  the beam 
tube) mark the beginning of the water tube port ion of the beam tube which expands jus t  downstream 
o f  the flange t o  i n  inside diameter of 11-75 inches (outside diameter of 12.5 inches). A t h i r d  
0.125-inch-thick aluninun w i n d o w  defining the end of the water tube port ion of the beam tube i s  
located approximately 3TJ.6654 cm frm the core radial  plane perpendicular t o  the beam tube. This 
locat ion i s  just a short distance upstream of the cav i ty  in  the biological  sh ie ld  which w i l l  house 
the ro ta ry  shutter assecobly. Unlike HE-1 and HE-3, no col l imator section i s  shown f o r  HB-4. 

HB-1 (and HE-3) concept Dug dated Jan 30, 1998 (no drawing nmber shown): 

Although t h i s  large (E-size) concept drawing has no drawing nunber shown, i t  was obtained from 
Pete Hanbaugh on Jan 30, 1998 a t  the s t a r t  of t h i s  study, and was created by him from a computer 
f i l e  ca l led  e:\ham\ustn\allbeaml197.dgn (Jan 29, 1998, 12:55:09 pn). I t  s p x i f i c a l l y  show the 
newly proposed design fo r  the HE-1 beam tube, but says c lea r l y  ( in  2-inch le t te rs )  that  HB-3 i n  
the same, although i t  i s  believed that the length of the water tube section of the beam tube may 
be 2.0295 inches (5.155 cm) shorter fo r  HE-3 than fo r  HB-1 based on reasons described below. m i l e  
no ax ia l  dimensions or locations are given, radial  dimensions f o r  each axial  section of the beam 
tube are c lear ly  shown. 
inches ( the same as the or ig inal  1960 design), uh i l e  the outer diameter there i s  5.0 inches 
(including the t h i n  aluninun water jacket). 
through t o  the outside surface of the flange on the outside of the pressure vessel nozzle, where a 
0.2682-inch-thick aluninun w i n d o w  s ta r t ing  37.11 on domstream o f  the outer surface of the vessel 
nozzle/flange interface marks the beginning of the water tube port ion of the beam tube which then 
expands (just downstream of the flange) t o  an inside diameter of 5.539 inches (outside diameter 
o f  6.099 inches). A second 0.125-inch-thick aluninun w i n d o w  def in ing the end of the water tube 
por t ion  o f  the beam tube i s  located just upstream of the col l imator in the biological  sh ie ld  
(i .e., t h i s  window i s  located approximately 89.9257 cm upstream o f  the s ta r t  o f  the cav i ty  in  the 
b io log ica l  shield uhich contains the ro ta ry  shutter a s s d l y ) .  
w i n d o w s  def in ing the beginning and end of the uater tube segment of the beam tubecs) u i l l  be discussed 
later. Further dounstreatn, the primary focus o f  th is  drawing i s  the n e w  conceptual design o f  the 
col l imator, the radial  and eccentric shields around it, and the pool seal upstream and dounstream o f  
the col l imator i t s e l f .  In t h i s  case, unl ike the o l d  1960 design, the carbon steel  col l imator resides 
inside the las t  segment of the aluninun beam tube which has an inside diameter of 7.753 inches and an 
outside diameter of 8.253 inches. 
eas i l y  scaled from th i s  large drawing. 
descr ipt ive text  associated u i t h  Figs. 3.10 and 3.11) was based on t h i s  port ion o f  t h i s  drawing. 

The inner diameter of the beam tube in the bery l l iun  re f lec to r  i s  4.0 

These dimensions remain constant a l l  the way 

The exact locations o f  the a l u n i m  

While no other dimensions i n  t h i s  region are shown, they may be 
Vi r tua l l y  everything i n  th i s  port ion of the HCNP d e l  (see 

HE-1 Concept Dug. H-11537-OH-001-E (Feb 13, 1998): 

This drawing, which is completely void of any dimensions except two or three key ax ia l  locations 
not shown on the Jan 30 drawing, shows essent ia l ly  the same HE-1 configuration as the Jan 30 
drawing above. 
t o  the downstream surface of the extended co l la r  on the flange holding the beam tube on the vessel 
nozzle i s  59.458 inches, and that the distance from t h i s  downstream surface of the extended co l l a r  
back t o  the core radial  plane perpendicular t o  the beam tube i s  61.975 inches. 
was notably missing from the Jan 30 conceptual drawing. U i th  t h i s  information, one can go back 
and scale the Jan 30 drawing t o  Locate the two aluninun windous defining the beginning and end 
of the 1998 water tube in  HB-1. Taking t h i s  approach, and l e t t i n g  2 denote the distance from the 
any po in t  of interest  back t o  the core rad ia l  plane perpendicular t o  the beam tube, the f i r s t  
0.68125-cm-thick aluninun w i n d o w  i n  HB-1 appears t o  be located between 2=169.19 and 169.87125 cm, 
while the amount of water (possible) between t h i s  and the second aluninm window appears t o  be 
132.391 cm. 

Using the information on the Feb 13 conceptual drawing fo r  HB-1 t o  scale the drawings a& 
determine the location and extent of the water tube section of the beam tube was per fec t l y  

It does show, however, that  the distance from the hot t i p  of the HB-1 beam tube 

This information 
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legitimate i n  the case of.the HB-1 beam tube depicted in  these drawings. 

Unfortunately, the same approach could not be used f o r  the HE-3 beam tube since the few key axial  
dimensions shown on the Feb 13 conceptual drawing fo r  HB-1 do not apply t o  HE-3. 
HE-3: the beam tube i s  several cm shorter, i t s  centerl ine i s  o f fse t  a d i f fe ren t  distance from 
the core centerline, and the distance from the vessel nozzle back t o  the core radial  plane 
perpendicular t o  the beam tube i s  d i f fe ren t  (see Dug. E-42027). When i t  was said that HE-3 uas 
the same as (or s imi lar  to)  HB-1, the intent uas that  the f i r s t  aluninun w i n d o w  end other harduare 
near the extended co l l a r  on the flange mounted t o  the vessel nozzle was the same as that used i n  
HE-1, and that the second aluninun window by the col l imator (and indeed the en t i re  collimator 
design) was the same as that f o r  HE-1.1 Thus, t o  determine the locat ion of the two aluninun 
windows defining the beginning and end o f  the uater tube in the HB-3 design, an alternate approach 
had t o  be taken. This involved: (1) locating the f i r s t  window r e l a t i v e  t o  a well established 
datun plane such as the vessel nozzle/flange interface which i s  known from Dug E-42027 t o  be 
located a t  2=137.16 cm, and (2) locating the second aluninun window re la t i ve  t o  another well 
established datun plane such as the s ta r t  of the cav i ty  i n  the b io log ica l  shield containing the 
rotary shield plug as shown on Dug 1546-01-H-5022. From t h i s  exercise, i t  can be deduced that 
the f i r s t  0.68125-cm-thick aluninun uindow in  HE-3 i s  Located between 2=174.27 and 174.95125 crn, 
that the second 0.3175-cm-thick aluninun window in  HB-3 i s  located between 2=302.1868 and 302.5043 
cm from the core rad ia l  plane perpendicular t o  the beam tube, such that the (occasionally) 
water - f i l l ed  port ion of the beam tube would be 127.23555 cm long, o r  about 5.155 cm shorter than 
that i n  the HE-1 beam tube. 
MCNP d e l  f o r  HB-3 were developed from the conceptual engineering drawings that uere available 
a t  the time of t h i s  study. 

In the case of 

It was through t h i s  process that the specif icat ions used i n  the base 
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4.0 DOSIMETRY ANALYSIS 

In the Spring o f  1998, a concerted e f f o r t  uas made t o  calculate dosimeter responses a t  H F I R  Key 3 ,  
posit ions 3 and 8, around the HB-3 beam tube, jus t  inside the pressure vessel. This e f f o r t  uas 
undertaken p a r t i a l l y  t o  help val idate the %quivalent point sources" that had been developed fo r  
that beam tube (pr ior  t o  the i r  ant ic ipated use in the HB-3 #Water tube" shielding analysis), and 
p a r t i a l l y  t o  see i f  MCNP could be used fo r  good and re l i ab le  neutron dosimetry analyses. 

Since most of the modeling approximations and the f i n a l  resul ts have already been presented 
i n  Sects 2.8, 3.2,  and 3.3,  the approach taken here u i l l  be t o  present a b r i e f  revieu of that 
information, expand on the theoret ical  basis fo r  l a t e r a l l y  o f fse t t ing  the equivalent point 
sources from centerl ine i n  f i n a l  analysis, and then (an t i -c l imat ica l l y )  presenting a b r ie f  
revieu o f  the h i s to r i ca l  evolut ion of the model t o  i t s  f i n a l  state, the lessons learned along 
the way, and some discussion of the s e n s i t i v i t y  of the model t o  various parameters. 
h is to r ica l  rwieu i s  considered useful insofar as i t  provides some supplementary guidance fo r  
dosimetry analyses of other beam tubes in  the future. 

Run H B 3 W  i s  the most detai led geanetry model ever developed, representing the dosimeters and 
other materials i n  the neighborhood u i t h  the greatest f i d e l i t y  ever. 
i t  i s  c lear ly  a benchmark calculation. 
centerl ine as prescribed by an eas i l y  defendable theoretical model, i t  also gives the best C/E 
ra t ios  ever obtained by any DORT, TORT, o r  MCNP model. 

The complete HCNP input f i l e  f o r  the f i n a l  dosimetry analysis (Run HB304M4) i s  l i s ted  in  
Appendix 6.1 fo r  future reference. I t  i s  heavi ly annotated u i t h  explanatory torments on 
v i r t u a l l y  every one of i t s  1280 l ines. Together u i t h  the overview presented here and i n  
other sections of t h i s  report, the f i n a l  model i s  considered thoroughly documented. 

This b r i e f  

Eased on the geometry alone, 
Moreover, u i t h  the point sources sh i f ted  a l i t t l e  o f f  the 

The f u l l  3-D geometric model o f  the HE-3 beam tube used in  the f i n a l  dosimetry analysis 
(WCNP R u n  HB304M4) i s  s h m  in  Fig. 3.2. Supplementary vieus of various coaponents are 
shoun in  F i g s .  3.8 thrwgh 3.18, and discussed a t  length in Sects 3.1 and 3.2. Those 
shoun in  Figs. 3.14 through 3.18 and discussed in  Sect 3.2 are of par t i cu la r  interest  
in the dosimetry analysis. Engineering drauings upan uhich these models Yere based are 
discussed i n  Sects 3.3 and 3.4. Those of par t i cu la r  interest  t o  the dosimetry analysis 
are: Dug. E-42027, Rev. D, Sheet 1; Dug. M-10070-OE-510-E, Rev 2; Dug. E-49953, Rev A; 
Dug. E-49945, Rev C; and Dug. E-49400. These are each discussed a t  length in  S e c t  3.3. 
To sumnarize br ie f l y :  
p a r t i a l l y  scatter or absorb neutrons that vwld otheruise t ravel  uncollided from the beam 
tube t o  the dosimeter locations. (That concern was la te r  shown t o  be largely unfounded.) 
The dosimeter holder r i ng  and i t s  exact descr ipt ion uere found t o  be important; 
includes the discrete representation of the Charpy specimens, the cover plate, the central 
hub, and the mounting hardvare that holds i t  together. 
detectors located a t  the center of the backside (dounstream side) of the Charpy specinens 
was f o d  t o  be llextremelyli inportant because of strong spat ia l  gradients in  the fast  
f lux  i n  t h i s  region. Likewise, the presence o f  the or ig ina l  (dry) 1960 uater tube, uhich 
uas present fo r  years p r i o r  t o  and during the 1987 dosimeter lneasurereents, uas inportant 
because of Local scattering from the main beam. 
modeling the 1.0625-inch-radius rounded corner on the inner u a l l  of the vessel near the 
HB-3 nozzle (as opposed t o  a sharp steel  corner) had a 4 4 %  ef fec t  on the dosimeter 
response a t  Key 3 ,  posi t ion 3 ,  uhich is located only 0.375 inches auay. 

The coolant co l lec to r  uas included because o f  concerns that it might 

that 

The exact pLacement of the point 

Even the addit ional uater afforded by 

The or ig ina l  f l u x  u i r e  dosimeters a t  Key 3 ,  posit ions 3 and 8 (uhich uere removed fo r  act ivat ion 
analysis i n  1987) uere made of SS302L, and ueighed 0.4184 grams and 0.4172 grams, respectively. 
From these act ivat ion measurements, experimenters d i r e c t l y  determined and reported the saturation 
ac t i v i t i es  and reaction rates corresponding t o  Ni58(n,p)Co58 and Fe54(n,p)UnS4 reactions i n  the 
SS302L f l u x  uires <see Table E.12 in  Ref 6). From these tu0 respective reaction rates, they could 
also infer, indirect ly, the f l u x  above 1.0 MeV and above 0.1 MeV a t  the dosimeter locations. 

To be assured of calculat ing a l l  possible reactions even in  the v i c i n i t y  of t h i s  louer energy 
threshold, a l l  neutrons uere tracked unt i l  t he i r  energy f e l l  belou 27 keV. I n  the MCNP source 
def in i t ion,  the source probab i l i t y  d i s t r i bu t i on  uas therefore set t o  zero belou 27 keV i n  the 
dosimetry analysis, and the source normalization values used on the corresponding ilfm" t a l l y  
mu l t ip l ie r  cards uere set equal t o  that  por t ion  o f  the t o t a l  neutron source (n/s) in the beam 
tube above 27 keV (i.e-, not the t o t a l  source integrated over a l l  energies). By excluding 
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Lou-energy neutrons and thermal neutrons, t h i s  neutron energy cutoff a t  27 keV made i t  feasible 
t o  track the huge nunbers of fast neutrons that uere needed t o  generate good s t a t i s t i c s  a t  the 
dosimeter locations. Typical ly 40 m i l l i o n  h istor ies uere used in the i n i t i a l  scoping analyses, 
while 120 m i l l i o n  h is to r ies  uere used in  the f i n a l  analysis. 
approximately 11 CPU hours on each of eight nodes on the ORNL SPZ corrputer. 

I n  the f i n a l  d e l  (Run HE304M4), the point detector representing the dosimeter wire a t  Key 3 
pos i t ion  3 (on the HE-2 side o f  the HE-3 beam tube), was located a t  X=O (vert ical ly) ,  Y=12.52066 
cm (horizontal ly),  and 2=117.11062 cm (axial ly) ,  uhi le the point detector representing the 
dosimeter wire a t  Key 3 posit ion 8 (on the HB-4 side o f  the HB-3 beam tube) uas located a t  X=O, 
Y= -12.52060 cm, 2=111.32938 cm. 
locat ion nuch further upstream than the s ta r t  of the 1998 uater tube analyzed in the shielding 
analysis, the Ilinportance cutof f  planet1 (Surf 1007) described a t  the beginning o f  Sect 3 had t o  
be moved back t o  2=75.473 cm. 
uould have precluded any neutrons from ever reaching the dosimeter locations.) This alloued us 
t o  physical ly track a l l  neutrons impingent on the inner u a l l  o f  the beam tube dounstream of that  
point Ci.e-, a l l  those s t r i k i ng  the inner u a l l  of the beam tube u i t h i n  a foot  or so (14.117 
inches) of the most upstream dosimeter1 uhile, in  the name of efficiency, k i l l i n g  a l l  other 
neutrons entering the side u a l l  of the beam tube further upstream uhere they uould not be l i k e l y  
t o  contr ibute t o  the detector response. 

For the purpose of estimating fluxes a t  distant locations down the beam tubecs), the point 
sources i n  Table 2.2 are indeed meant t o  be treated as isotropic over a 4*pi sphere about the 
point(s) o f  or ig in.  Nevertheless, in  a large Monte Carlo calculation, i f  one sampled the 
sources over the en t i re  4*pi sphere, i t  uould be exceedingly d i f f i c u l t  or impossible t o  generate 
any meaningful s t a t i s t i c s  a t  distant locations. 
tube shielding analysis, f o r  example, i t  uould be much more pragmatic t o  sample the isotropic 
point sources only over a narrou cone of direct ions that have some reasonable l i ke l ihood of 
contr ibut ing t o  the f lux  i n  the region of interest. 
over a narrou cone of direct ions a l l  the time, ue nust reduce the start ing weight of those 
neutrons by the f rac t ion  of the time ue uould normally have picked direct ions i n  that cone i f  ue 
uere rea l l y  sampling over the en t i re  4*pi sphere - -  i.e., the start ing ueights must be reduced 
by the f rac t ion  of the 4*pi sphere corresponding t o  the so l i d  angle subtended by t h i s  narrou 
cone of directions. In the uater tube shielding 
analysis, f o r  example, ue only sample over a very narrou cone of direct ions u i t h i n  15.13 degrees 
o f  the centerl ine where the direct ion cosines u i t h  respect t o  the centerline are between 
0.965335056 and 1.0. Accordingly, the s ta r t ing  ueights on the MCNP %def" card must then be 
set t o  0.017332472 [= (1.0 - mu(min))/21. I n  the case o f  the neutron dosimetry problem, the 
dosimeters are located outside the beam tube but inside the pressure vessel. 
i s  someuhat closer t o  the point sources, the cone of sampling directions had t o  be expanded . 
so as t o  include the vast majori ty o f  fast  neutrons (above 27 keV) that stood any chance of 
impinging on the inner u a l l  of the beam tube u i t h i n  about a foot or SO o f  the f i r s t  (most 
upstream) dosimeter. 
over a sameuhat uider cone of direct ions u i t h i n  36.87 degrees of the centerline, uhere the 
d i rec t ion  cosines u i t h  respect to  the centerl ine uere betueen 0.8 and 1.0. 
v i r t u a l l y  a l l  of the fast  neutrons s t r i k i ng  the inner u a l l  of the beam tube u i t h i n  a about 
a foot o r  so of the f i r s t  (most upstream) dosimeter. Accordingly, the s ta r t ing  ueights 
on the MCNP %deftb card uere set t o  0.1 C= (1.0-0.8)/21. In the f i n a l  reference calculat ion 
(Run HE304M4). t o  v e r i f y  that t h i s  uas adequate, ue sampled the isotropic point sources over 
an even s l i g h t l y  uider cone of direct ions u i t h i n  44.765 degrees of the centerline, uhere the 
d i rec t ion  cosines u i t h  respect t o  the centerl ine uere between 0.71 and 1.0. 
v i r t u a l l y  a l l  of the fast  neutrons s t r i k i ng  the inner u a l l  of the beam tube u i t h i n  14.117 
inches (35.85638 cm) of the f i r s t  (most upstream) dosimeter, as ue l l  as others fur ther 
upstream that uould ( i n  the name of eff iciency) be k i l l e d  by the importance cutof f  plane. 

In se t t ing  the location of the importance cutof f  plane re la t i ve  t o  the dosimeters (see above), one 
must be mindful of those tube-wall impact points that are l i k e l y  t o  contribute t o  the dosimeter 
response: (a) I f  the importance cutof f  plane i s  located too close t o  the dosimeters, important 
neutron h is to r ies  may be excluded and the solut ion uould be erroneous o r  poor. 
f a r  back from the dosimeters, a large amount of time w i l l  be spent tracking enomus nunbers of 
neutrons uhich are not l i k e l y  t o  cont r i k r te  t o  the dosimeter response, and one may have t o  s e t t l e  
fo r  many feuer h is to r ies  than would be required for  a good solution. To the extent that CPU t i m e  
i s  usually l i m i t e d ,  ef f ic iency i s  as essential fo r  accuracy as having a good basic d e l .  Having 
f i xed  the ax ia l  location of the irqxrtance cutoff plane, and knouing the inner radius of the beam 
tube (5.08 cm), the angular range over uhich t o  sample the source must be determined by considering 
the location of the most foruard (downstream) point source that i s  l i k e l y  t o  make any s ign i f i can t  
contr ibut ion t o  the resul t  of interest. I n  Table 2.2a, fo r  exanple, the most forward source 
in  HB-3 that i s  l i k e l y  t o  make any signi f icant contr ibution t o  these fast f lux  dosimeters is that  
for VELM group 16 (0.907 to 1.108 MeV) uhich i s  Located a t  2=70.1 cm. The angle subtended by the 
5.08-cm-radius hole i n  the importance plane a t  Z=T5.4?3 cm, as seen from th i s  most forward source 
point  a t  2=70.1 cm, is 43.394 degrees. I t  i s  therefore incunbent on the user t o  sample the source 
over a cone of s im i la r  (or s l i g h t l y  greater) angular extent. I t  uas for that reason that, i n  the 
f i n a l  analysis, the isotropic source uas sampled over a cone (of 44.765 degrees) uhose d i rec t ion  

This f i n a l  analysis required 

Since these are located inside the pressure vessel, a t  an ax ia l  

(The normal location used in the uater tube shielding calculat ions 

I f  one i s  pr imari ly interested in the uater 

O f  course, i f  ue sanple the source only 

This i s  necessary t o  maintain a f a i r  game. 

Since t h i s  region 

In the i n i t i a l  scoping analyses, ue sampled the isotropic point  sources 

This included 

This included 

(b) I f  located too 
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cosines were between 0.71 an 1.0. Accordingly, in the f i n a l  analysis, the s ta r t ing  ueights on the 
HCNP 88sdef88 card Yere set t o  0.145 C= (1.0-0.71)/21. 

Note that the source normalization values used on the lgfml8 t a l l y  N l t i p l i e r  cards must be 
consistent wi th the overat1 source strength, the energy range being sampled, the angular 
range being sampled, and the start ing weights of the neutrons. 
preceding paragraphs maintains the necessary consistency i n  a straight-forward fashion. 

Most of the ea r l y  scoping analyses uere performed i n  a s t r i c t l y  analog fashion, meaning that 
every c e l l  i n  the MCNP model uas assigned an inportance of 1.0. 
provide be t te r  sampling of the fast neutron co l l i s ions  i n  the regions around the dosimeters, 
however, tha t  approach was la te r  changed. M i l e  the spat ia l  meterial canfiguration uas l e f t  
unaltered, a few ex is t ing  ce l l s  were subdivided so that the gecmtry could be defined more 
e f f i c i e n t l y  and so that everything in the annular region from R=6.3896875 cm t o  R=21.45 un, 
between Zfi.8375 cm and Z443.9443 cm, could be assigned an importance o f  two (imp:n=2). 
Figs. 3.14 and 3.15, f o r  exaAple th i s  region extends rad ia l l y  from the outer surface of the t h i n  
alunimm jacket around the beam tube t o  the outer rad ia l  surface o f  the vessel nozzle a t  R=21.45 
cm, and a x i a l l y  fran the t i p  of the stainless steel  sleeve around the beam tube t o  the outer 
(dounstream) edge o f  the vessel nozzle a t  2443.9443 cm. 
includes: (a) the dosimeters arid those ce l l s  canprising the dosimeter holder ring; (b) the 

about 20 cm o f  the dosimeters; (d) that port ion of the stainless steel  sleeve surrounding the 
beam tube near the vessel nozzle; (e) the uater outside the beam tube but inside the stainless 
steel sleeve surrounding i t  (near the vessel nozzle); ( f)  the en t i re  vessel nozzle and flange; 
and (g) those port ions o f  the pressure vessel between the nozzle and the dosimeter holder ring. 
This same scheme was used in the f i n a l  dosimetry analysis ( R m  tf6304H4). 

In the ear ly  MCNP scoping analyses, the calculated fluxes above 1.0 MeV and above 0.1 MeV were 
t a l l i e d  and conpared v i t h  previously reported f luxes a t  the respective dosimeter locations as 
given i n  Table E.23 of  Ref 6. 
calculated values from a 1988 3-D TORT analysis, t o  which an 8aexperiRlental correctiona8 had been 
applied. 
values, uhich i s  never a t e r r i b l y  re l iab le  thing t o  do since they could be o f f  as much as ye are. 
Further invest igat ion showed that the actual measured reaction rates i n  the or ig inal  dosimeter 
f l ux  wires were given (unaltered1 i n  Table E.12 of Ref 6. These included the Ni58(n,p)Co58 
reactions (above 1.0 Mev) and the Fe54<n,p)MnS4 reactions tabow 0.1 MeV). Since comparisons 
against direct ly measured data are aluays preferable t o  anything else, and since MCNP could 
be used t o  conpute these resui ts direct ly,  the MCNP point detector t a l l i e s  uere subsequently 
modified so tha t  the pointuise energy-dependent fluxes uould be folded d i rec t l y  u i t h  the MCNP 
pointwise energy-dependent cross sections for these reactions, t o  obtain the integral reaction 
rates necessary fo r  d i rec t  colnparisons with the experimental data. When t h i s  was done, i t  
uas found tha t  the MCNP dosimeter responses were actual ly in  mtch better agreement u i t h  the 
experimental data than previously thought. 

Lastly, in the f inal reference dosimetry analysis ( R u n  H630W1, instead of locating the point  
sources along the actual centerl ine of the beam tube as specif ied i n  Table 2.2a, the en t i re  
l i n e  of point  sources was shi f ted l a te ra l l y  <ie, hor izontal ly)  t o  a para l le l  l i n e  1.6986 cm 
o f f  the beam tube centerline, but were otheruise l e f t  unaltered. 
t o  s inu la te  the fac t  that  neutrons rea l l y  do enter t h i s  tangential beam tube in an asymnetric 
fashion that cannot be represented by isotropic point sources along the centerline. While t h i s  
physical r e a l i t y  i s  t o t a l l y  inconsequential f o r  shielding calculat ions where one i s  interested 
i n  the f l u x  a t  great distances doun the beam tube, i t  i s  marginally important i f  one i s  interested 
in  small spa t i a l  variat ions i n  the f lux  closer t o  the core (such as a t  the dosimeter locations). 
Moreover, the s ize of the lateral  s h i f t  needed t o  sirmlate th i s  asymnetric ef fect  can be (and uas) 
determined a p r i o r i  using the straightforuard theoretical model described below. 
does not v i o l a t e  any of the assunptions upon which the point sources were o r ig ina l l y  based, but 
i s  s inply a supplemental enhancement of the raodel. 

The scheme outl ined i n  the 

To induce s p l i t t i n g  arid thereby 

In 

Referring t o  Fig. 3.14, t h i s  region 

. coolant co l lec to r  assembly; (c) the uater outside the stainless steel  sleeve that i s  u i t h i n  

Unfortunately, those "previously reported fluxesaa uere r e a l l y  

In essence, we had been camparing our MCNP f luxes against somebody else's canputed 

These resul ts are described below. 

This s h i f t  was necessary 

Note that i t  

In the present geanetry system described i n  Sect 3, the hemispherical t i p  of the HB-3 beam tube 
is centered a b w t  X=O, Y=O, 2~28.5369 cm. It has an imer radius o f  5.08 cm, and the outer 
radius (including the water f i l m  and outer aluninun liner) i s  6.3897 cm. The tube i t s e l f  
resides in  a water - f i l l ed  cavi ty of the bery l l iun  re f lec to r  which has a th in  aluninun l i n e r  
between the water and the beryll.iun. 

Most ( v i r t u a l l y  a l l )  of the fast neutrons streaming any distance doun the beam tube, have the i r  
las t  c o l l i s i o n  (p r i o r  t o  beam tube entry) i n  the be ry l l i un  near the hot t i p  of the beam tube. 
Ass-, f o r  the sake o f  argument, that most of these co l l i s ions  occur 1 cm inside the b e r y l l i m ,  
i.e., over a hemispherical surface of 7.76 cm radius, centered a t  X=O, Y=O, 2=28.5369. (Since 
actual "average depth" i n to  the bery l l iun  i s  not t e r r i b l y  inportant t o  the following argunents, 

The radius o f  the aluninm/berylLiun interface i s  6.76 cm. 

51 



and since 1.0 seem reasonable, l e t  us proceed u i t h  a hemisphere of 7.76 cm radius.) 
a re la t i ve ly  uniform d i s t r i bu t i on  o f  many points on the hemisphere. This may be generated as 
follous. Imagine the hemisphere divided in to  many r ings (200), u i t h  the smallest r i n g  near the 
centerline having one surface element in  each quadrant, the next having two in  each quadrant, 
the next having 3 in  each quadrant, etc., so that one eventually has 80400 (=2*200*201) surface 
elements, u i t h  the spacing of the r ings being chosen such that a l l  80400 surface elements have 
an equal area. Let [x( i ) ,y( i ) ,z( i ) l  designate the midpoint f o r  each of the equal-sized surface 
elements on the hemisphere. 

I f  the fast  f l ux  uere constant i n  t h i s  en t i re  region, the fast  neutron scatter ing density 
associated u i t h  each surface element would be equal. That i s  not the case, houever, since the 
15.52-cm-diam hemisphere s i t s  i n  the HFIR re f lec to r  where the fas t  and mm-thermal fluxes have 
a steep gradient. Fig. 5.1 on page 15 of Ref 1 show the thermal and non-thermal f l u x  i n  the 
H F I R  ref lector as a function of rad ia l  distance (R) from the core centerl ine. Moreover, t h i s  
non-thermal f lux  (n/s/cm2) i n  the re f lec to r  region i s  described very well  by the fol lowing 
pouer taus: 

i f  R .le. 33 cm, f l ux  = (9.48470e+20)/(RA4.0464) n/s/cm2 
i f  R .gt. 33 cm, f l ux  = (4.13906e+24)/(Ra6.4434) n/s/cm2 

I n  the present geometry system described in  Sect 3, the midpoint o f  the H F I R  core s i t s  a t  X=O, 
Y=26.67 cm, Z=O, u i t h  i t s  ve r t i ca l  centerl ine a t  Y=26.67, Z=O. Knowing this,  one can corrpute 
the distance from the centerl ine of the core t o  the midpoint [x( i ) ,y( i ) ,z( i ) l  o f  each surface 
element of the hemisphere, and the resul t ing fast  (mm-thermal) f l u x  a t  each location. From 
one side of the hemisphere t o  the other, the f l ux  i s  seen t o  vary by more than a factor o f  
four. Assuning that the n*r of neutrons entering the beam tube from each surface element i s  
proportional to  the fas t  neutron scattering density near each surface element, uhich i n  tu rn  i s  
proportional t o  the fas t  f l u x  near each surface element, i t  i s  clear that  points on one side of 
the hemisphere u i l l  contribute t o  the beam tube f lux  more heavi ly than points on the other side 
of the hemisphere. 

Unfortunately, i f  one i s  constrained t o  using isotropic point sources along the centerl ine of the 
beam tube ( in  MCIIP, DORT, or most other codes), t h i s  very real  physical e f fec t  cannot be represented. 

I f  one i s  interested only i n  representing the overal l  f l u x  a t  great distances doun the beam tube 
(near experimentat f a c i l i t i e s ,  for  example) th i s  asymnetrical e f fec t  becomes so s l i g h t  that i t  
real ly doesn't matter. That i s  why, fo r  example, the point sources in  Table 2.2 uere able t o  
reproduce the Blosser and Thomas measurements u i t h  an acceptable degree o f  accuracy. Likewise, 
i f  one i s  performing shielding analyses where the sh ie ld  material i t s e l f  provides even a modest 
amount of scattering ( l i k e  the water in  the flooded water tube), t h i s  asymnetrical ef fect  w i l l  be 
uashed out corrpletely. In that case, the only thing that matters i s  the t o t a l  current inpingent 
on the shield, and the point sources in  Table 2.2 f a i t h f u l l y  reproduce that parameter. 
the other hand, one i s  interested i n  accurately calculat ing dosimeter responses on opposing sides 
of the beam tube a t  re la t i ve  ltclose-in'- locations inside the vessel ( l i k e  Key 3, posit ions 3 and 
8), one better have a model that accurately reproduces (or a t  least approximates) the re la t i ve  
outuard-directed current on the inner surface of the beam tube i n  the v i c i n i t y  of each dasimeter. 

Fortunately, the well-founded yet s impl ist ic hemispherical model described above provides a frameuork 
which allous one t o  make a reasonable estimate of the "relat ive" outuard-directed current on the inner 
surface of the beam tube i n  the v i c i n i t y  of each dosimeter. 

Most neutrons contr ibuting t o  a dosimeter response tend t o  enter the wal l  of the beam tube jus t  
s l i gh t l y  upstream of the dosimeter's ax ia l  position. Those contr ibut ing t o  Key 3 posi t ion 3 (on 
the HB-2 side of the HB-3 beam tube) uould l i k e l y  enter the HB-3 beam tube u a l l  around x3=0.0 
(vert ical  midplane), y3=5.08 ( locat ion of tube ual l ) ,  z3=107.0 cm (10 cm upstream o f  dosimeter), 
uhi le those contr ibuting t o  Key 3 posi t ion 8 (on the H E 4  side of the HE-3 beam tube) wuld 
l i ke l y  enter the HE-3 beam tube wall  around x8=0.0 (ver t i ca l  midplane), y8= -5.08 cm (location 
of tube ua l l ) ,  z8=101.5 cm (10 cm upstream o f  dosimeter). 

If D designates the distance from each of the 80400 source points on the hemisphere Cx(i),y(i),z(i)l 
t o  a given andosimeter impact point" C(x3,y3,z3) or (x8,yB,z8)1 and the fas t  neutron scattering 
source S(x,y,z) on each surface element i s  proportional t o  the fas t  f l u x  there (as shown above), 
then the direct ional f lux  a t  each dosimeter inpact point due t o  each of the (j=1 t o  80400) source 
points, F 3 ( j )  or F8(j), may be u r i t t e n  as F(j)=S(j)/C4*pi*D(j)*D(j)l. Moreover, the outuard-directed 
current ( i n  the +y d i rec t ion  i n  the case of the dosimeter a t  pos i t ion  3, and i n  the - y  direct ion 
i n  the case of the dosimeter a t  posi t ion 8), can be obtained by fo ld ing  the direct ional  f l ux  CF( j ) l  
u i t h  the dot product of the unit d i rec t ion  vector Cd(j)l times the appropriate outward-directed 
normal vector (+y or - y ) ,  and sunning over only those t e r n  where the dot product i s  positive. 
[Because the source hemisphere has a bigger radius than the beam tube, there u i l l  be sane terms 
a t  each Location uhere the dot product i s  negative. I n  rea l i t y ,  those neutrons would never 
reach the dosimeter (tube wall)  impact points, and even i f  they did, we are only interested 
i n  the gross outuard-directed current, not the net outward-directed current. That i s  uhy the 
surmation i s  taken over only those direct ions uhere the dot product i s  positive.] 

Now consider 

This i s  c lea r l y  an asymnetrical effect. 

I f ,  on 

This vi11 
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y i e l d  a quanti ty proportional t o  the gross outward-directed current (J3 or  J8) impingent on the 
inner surface of the beam tube u a l l  in the v i c i n i t y  o f  the two dosimeters. 

In rea l i t y ,  a l l  one rea l l y  needs t o  know i s  the %-elativeso outward-directed current impingent on 
the inner u a l l  of the beam tube in  the v i c i n i t y  o f  the t w o  dosimeters as defined by the rat io: 

RCR ( re la t i ve  current ra t io )  = J8/J3 

which i s  convenient since many of the assunptions made thus fa r  then cancel out and disappear 
completely. For these part icular dosimeter locations a r d  the HB-3 beam tube, the re la t i ve  
current r a t i o  (RCR) was found t o  be 2.6628. 

For the NCNP dosimetry analysis t o  calculate the dosimeter responses as accurately as possible, 
a l l  knom physical ef fects w s t  be modeled as accurately as possible. Isotropic point  sources 
along the centerl ine of a beam tcbe cannot model t h i s  effect. 
point scurtes are sh i f ted  l a te ra l l y  a short distance t o  a l i n e  para l le l  t o  the centerline, t h i s  
asymnetric effect can be preserved without any signi f icant perturbation o f  the t o t a l  scalar 
fluxes down the centert ine o f  the beam tube, upon which these source terms uere based. 

Inspection o f  Table 2.2a, f o r  example, shws that most of the s ign i f i can t  fas t  neutron sources 
above 0.1 MeV or iginate in  a f a i r l y  narrow band of  ax ia l  locations and may ( t o  f i r s t  order) 
be approximated as or ig inat ing a t  X=O, Y=O, 240 cm (using the present coordinate system). 
Nou consider one single group of mutrons (representing a l l  source neutrons above 0.1 MeV) 
or ig inat ing instead, just a short distance auay, a t  an of f -center l ine Location designated as 
x=O, y=yO, Z=t0=50 cm where X=O i s  the ve r t i ca l  midplane and y0 i s  the distance by uhich the 
source my be of fset  fran the centerl ine in  the horizontal plane (ie, towards the side of the 
H3-3 tube closest t o  HB-2). I f  D i s  the distance from t h i s  new source point  t o  ei ther of the 
two dosimeter (tube wall)  impact points, then a s inple analyt ic expression, F=S/<4*pi%*D), 
may be u r i t t e n  f o r  the f l u x  a t  each of the impect points, and the d i rec t i on  cosines with respect 
t o  the outward normal(s) can apptied t o  obtain the outward-directed current (j3 or  j8) inpingent 
on the inner surface of the beam tube wal l  i n  the v i c i n i t y  o f  the two dosimeters. 
one can again wr i te an expression f o r  the lgrelative" outuard-directed current inpingent on the 
inner wall of the beam tube i n  the v i c i n i t y  o f  the two dosimeters as defined by the rat io:  

r c r  ( re la t i ve  current ra t i o )  = j8/j3 

Houever, i f  the same isotropic 

From this, 

where again, many of the s inp l i f y i ng  assuagtions cancel out and disappear completely. 
In t h i s  case, however, the expression f o r  r c r  may be wr i t ten  d i r e c t l y  as: 

r c r = ( ( r O + y O ) / ( ~ - y 0 ) ) * ( ( ( ~ ~ - ~ 0 ) ~ 2 + ~ r 0 - ~ ~ ~ 2 ~ / ~ ~ z 8 - z 0 ~ " 2 + ( r O + ~ ~ ~ Z ~ ) ~ l . 5 )  

where r0=5.08 i s  the inner radius o f  the beam tube, y0 i s  the yet-to-be-determined offset, and 
a l l  the other variables have f i xed  values as defined above. A t  t h i s  point, a l l  that  ramins is 
t o  solve the equetion rcr=RCR=2.6628 f o r  the unknown offset  (y0) which vi11 preserve the ra t i o  
of the wtuard-directed currents impingent on the two sides of the inner wal l  o f  the beam tube 
i n  the v i c i n i t y  of the respective dosimeters. 
search algorithm or  any other search method. 

Wbseqwntly, in the f i n a l  dosimetry analysis fo r  the HB-3 beam tube (MCNP Run HB304M4), a l l  
of the equivalent point  sources shoun in Table 2.2a Yere sh i f ted  la te ra l l y ,  from the beam tube 
centerl ine t o  a l i n e  pa ra l l e l  t o  the centerline, by t h i s  amount. 

I t  i s  inportant t o  note that  m use whatsoever was made of any measured data in the determination 
of t h i s  prescribed offset. 
that, while approximate, can be eas i l y  defended and applied i n  other s imi la r  si tuations. 

The small three page Fortran program (FADIST7,FOR) used t o  inplement the logic described above 
i s  included as Appendix 6.2. I t  i s  by no means a production program, but a l l  o f  the necessary 
coding end elements of logic may be found there. 

This may be accomplished using a simple binary 
in  t h i s  case, y0 uas found t o  be 1.6986 cm. 

Rather, i t  i s  based on a well-fomded yet very s inple analyt ic appraach 

4.4 Final Results and Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Table 4.1 shous the calculated and measured Ni58(n,p)Co58 reaction rates (due primarily t o  neutrons 
above 1.0 Wev), as well as the calculated and measured Fe54(n,p)Mn54 reaction rates (due primarily 
t o  neutrons above 0.1 MeV) fo r  the dosimeter f l u x  wires a t  H F I R  Key 3, posit ions 3 and 8 arowd the 
HB-3 beam tube, just inside the pressure vessel, with the H F I R  operating a t  100 MU. 
reference reaction rates were taken d i r e c t l y  from Table E.12 of Ref 6. 
reports h8experimentally correct& ( inferred) fluxes based on f luxes from a detai led 3-0 TORT 
calculat ion nu l t i p l i ed  by experimentally determined E/C rat ios, i t  was judged f a r  more appropriate 
t o  make the present MCNP corrgerisons against the most fundamental measured data avai lable - -  the 
o r ig ina l l y  measured reaction rates in the dosimeters themselves. To that end, the MCNP f lux  and 

The measured 
Uhi le that docunent also 
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reaction ra te  t a l l i e s  were defined such that the pointvise-continuous energy-dependent MCNP f luxes a t  
the two dosimeter locations uere folded on-l ine u i t h  the MCNP pointuise-continuous energy-dependent 
Ni58(n,p)Co58 and Fe54(n,p)Mn54 reaction cross sections t o  obtain the corresponding integral  reaction 
rates. Those integral  reaction rates uere then carpered d i rec t l y  u i t h  the measured reaction rates, 
as shown i n  Table 4.1. 

Insofar as the 120 m i l l i o n  neutron h is to r ies  used i n  the f i n a l  MCNP analysis allowed the 
f rac t iona l  standard deviations a t  the dosimeter locations t o  be reduced t o  the 3-4% range, 
cer ta in  key conclusions may be drawn with confidence. 

The most s t r i k i ng  aspect of these resul ts i s  that a l l  of the C/E ra t ios  are re la t i ve ly  small 
and lay  in  a narrou band between 1.17 and 1.25. 
and measured resul ts i s  the " f lux  tilt1' betueen dosimeters a t  Key 3, positions 3 and 8. The 
measured Ni58(n,p)Co58 reaction rates a t  these tu0 posit ions show the f l ux  above 1 MeV t o  be 
2.37 times higher a t  posi t ion 8 than a t  posi t ion 3, while the Fe54(n,p)Mn54 reaction rates 
show the f l u x  above 0.1 MeV t o  be 2.29 times higher a t  posi t ion 8 than a t  posit ion 3. The 
calculated values given by MCNP show s imi la r  flux t i l t s  o f  2.29 and 2.36, respectively, thus 
increasing our confidence i n  the MCNP model and the sirrple theoretical model used a p r i o r i  t o  
determine the necessary la te ra l  offset of the point sources. 

By way of conperison, the geometrically less detai led but fa r  more expensive 1988 TORT analyses 
yielded an overal l  4*experimentally corrected" average C/E r a t i o  of 0.69 and d id  not represent 
the f l u x  t i l t  as well. 
of Ref 6 shou a f l ux  t i l t  of 1.95 (=1.78/0.913) above 1 MeV, and a f lux  t i l t  of 1.99 (=3.84/1.93) 
above 0.1 MeV. 
tube took 4 weeks t o  i n i t i a l l y  set up, u i t h  an additional 4 weeks t o  perfect and conplete the 
dosimetry analysis described above, while the less geometrically detai led 3-D TORT analysis took 
something i n  excess of 6 man months. (Actual ly 6 man-years uas spent over an 18 month period 
analyzing a t o t a l  of 4 beam tubes.) 
a t  one or  tu0 key locations, i t  would appear that MCNP would be the code of choice. 
because determinist ic codes l i k e  TORT produce a uealth o f  resul ts ( f l ux  contours, etc) a t  many 
points, there remains a v i t a l  need fo r  both types of analyses.] 

Lastly, i t  should be noted that the MCNP C/E ra t ios  (1.17 t o  1.25) are also consistent u i t h  
the'C/E ra t i os  previously obtained 6.55 meters doun the beam tube based on ccsrparisons of the 
calculated f luxes from MCNP Run HE302 and the 1968 measurements of Blosser and Thomasfi i n  
t h i s  energy range (see Table 2.3). 
equivalent point sources defined above are wholly adequate fo r  the HB-3 shielding calculat ions 
that uere t o  follow. 

Another interesting feature of the calculated 

Moreover, the experimentally corrected TORT fluxes given in  Table E.23 

[Interestingly, i t  should be noted that the MCNP d e l  for  the en t i re  HB-3 beam 

For neutron dosimetry uhere one i s  only interested i n  resul ts 
Nevertheless, 

Together, MCNP R u n s  HE302 and HB304M4 clear ly show that the 

4.5 His tor ica l  Evolution of the Model t o  I t s  Final State, Lessons Learned, and Sens i t i v i t ies  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
The f i n a l  MCNP dosimetry analysis (MCNP Run HB304M4) uas certainly a success, but i t  was not the 
f i r s t  and only run i n  the 304 series. Pr io r  t o  the i n i t i a l  dosimetry analysis, everything shown 
i n  Fig. 3.2 was present except the dosimeters, the dosimeter holder ring, the coolant col lector,  
and the detai led model of the 1960 uater tube. 
during the course o f  the dosimetry analysis. While the geometric f i d e l i t y  of the model inproved 
i n  a monotonic fashion u i t h  time, the C/E ra t ios  d id  not always improve i n  a monotonic fashion! 
Houever, once a component or feature uas deemed inportant enough t o  include in the model, i t  was 
forever present uhether i t  improved the C/E ra t ios  or not. ULtimately, the model that  evolved 
became the base model fo r  a l l  of the other calculations i n  t h i s  report. 

Table 4.2 shows a b r i e f  s m r y  of how the d e l  evolved, the sens i t i v i t y  of some key resul ts t o  
various modeling approximations, and the Lessons learned along the way. Additional information 
on each calculat ion mentioned i s  avai lable upon request. While anti-climactic, i t  i s  hoped that 
t h i s  abbreviated record w i l l  serve as a useful guide t o  other dosimetry analyses that might be 
performed fo r  other beam tubes i n  the future. 

Models of these ccmponents uere added and ref ined 

Lessons learned include the fol louing: 

(1) Whenever possible, aluays conpare calculated dosimeter responses (i.e-, reaction rates) 
against d i r e c t l y  measured dosimeter reaction rates. 
calculated fluxes against Etinferredla fluxes based on other calculat ional tools, even i f  
some "experimental correction' has been applied. Such ccrrgarisons can often be misleading. 

(2) For neutron dosimetry, use of the point sources described i n  Table 2.2a appears t o  be f u l l y  
adequate for calculat ing dosimeter responses t o  wi th in 50-60%. 

Do not Waste t i m e  t ry ing t o  compare 

Offsett ing the l i n e  of 
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Table 4.1. 
Fe-54 dosimeters at HFIR Key 3, positions 3 and 8, a r d  the HB-3 beam tube, just inside 
the pressure vessel. 
reaction rates from Table E.12 of ORML/TM-10444 are all for the HFIR operating at 100 MU. 

Colrparison of calculated and measured neutron reaction rates fo r  Mi-58 and 

Calculated reaction rates (based on MCNP Run HB304M4) and measured 

Tally 35 (Key 3, Pos 8) Tally 25 (Key 3, POS 3) 
just on the HW side of HB3 just on the HB2 side of HB3 

Calculated Measured C/E Calculated Measured C/E 
MCNP Value Ref Value ratio MCNP Value Ref Value ratio 

3.838E-16 3.m-16 1-21 1.674E-16 1.34E-16 1.25 

f sd=3% f sd=4% 

Calculated Measured C/E 
MCNP Value Ref Value ratio 

2.839E-16 2.36E-16 1.20 

Calculated Measured C/E 
MCNP Value Ref Value ratio 

1.202E-16 1.03E-16 1.17 

f sd=3% f sd=4% 

(a) Ni58(n,p)Co58 reactions are typically used to measure neutron fluxes above 1.0 MeV; 
Fe%(n,p)Mn54 reactions are typicdly used to measure neutron fluxes above 0.1 MeV. 

(b) Calculated Ni58(n,p)Co58 reactions based on tally multiplier bin 2 fo r  material 71. 
(c) Calculated Fe54(n,p)Mn54 reactions based on tally multiplier bin 3 for material 72. 
(d) Measured reference Values shoun are taken from Table E.12 on PI, 208 of aaEvaluation 

of HFIR Pressure-Vesse t Integri ty Considering Radiation Embr i tt lement" (ORNL/TM- 10444) 
by R.D.Cheverton, J.G.Merkle, and R.K.Nanstad. 
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Table 4.2. Evolut ion o f  the dosimetry model which subsequently became the  base MCNP model. 

MCNP 
R u n  ID nps Model Changes and/or Comnents on Results 

C/E r a t i o s  a t  Key 3 
Pos. 8 Pos. 3 

>1.0 >0.1 >1.0 >0.1 
MeV MeV MeV MeV 

- - - - - - - - -  - - - - - _ - - -  

HB304A 2M 

HB304B 2M 

HB304C 2M 

HB304C2 40M 

HE3040 W 

HB304D2 40M 

HB304E 2M 

HB304E2 4dn 

HB304F2 40M 

No comnent; contained e r ro r  ( s t a r t i n g  wts wrong) 

S a n p l e d  i so t rop i c  source d i s t  fran m(=0.8 t o  1.0; 
used volune-averaged f l u x  detectors in  water; 
dosimeters & holder not  e x p l i c i t l y  modeled 

Permanently w i t c h e d  t o  using po in t  detectors; 
point detectors located a t  center o f  Charpycs); 
model dosimeter holder as s o l i d  SS304 r i n g  

Same as C (above), but wi th  m r e  h i s t o r i e s  

Point  detectors moved r a d i a l l y  outuard 1.9 cm, 
j u s t  t o  determine s e n s i t i v i t y  

Same as D (above), but wi th  more h i s to r i es ;  
- -> Note tha t  moving the pt  detectors r a d i a l l y  out 
- -> by t h i s  1.9 cm caused the  f lux t o  drop by 25%. 
--> This s e n s i t i v i t y  i s  consistent w i th  measurements. 

No comnent; not c lea r  uhat model d i f ferences uere 

Same as E (above), but w i th  more h i s t o r i e s  

Star ted wi th  C2, and added model o f  coolant c o l l e c t o r  , 

t o  see i f  i t  blocked s m  neutrons going t o  dosimeters; 
- -> E f f e c t  o f  adding t h i s  uas t o t a l l y  n e g l i g i b l e  

1.71-2.48 2.18-3.56 

1.89-2.59 2.54-4.00 

1.96-1.85 1.66-2.37 

1.45-1.90 1.90-3.13 

1.25-1.31 1.29-3.05 

0.97-1.42 1.57-2.43 

1.77-2.60 2.55-4.05 

Mote: A l l  C/E r a t i o s  above were based on canparing the ca l cu la ted  MCNP f l uxes  w i th  p rev ios l y  
reported f luxes from Table E.23 o f  ORNL/TM-10444. 
laexperimentally adjusted” ca lcu lated values from 1988 3-0 TORT analyses - -  i.e., we were 
essent ia l ly  corrparing against sometmdy else’s computed values, uhich i s  not  a t e r r i b l y  r e l i a b l e  
th ing t o  do s ince they could be o f f  as much as we are. 
the MCNP ca lcu lated react ion rates f o r  the Ni58(n,p)Co58 react ions (above 1.0 MeV) and the 
Fe54(n,p)Mn54 reactions (above 0.1 MeV) against the d i r e c t l y  measured reac t i on  ra tes  reported 
i n  Table E.12 o f  ORNL/TM-10444. 

Those 18previously repor ted fluxes1o were 

Beginning w i t h  R u n  HB304F3, we compare 

Thus, the fo l l ou ing  C/E r a t i o s  a re  much more r e l i a b l e .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
HB304F3 2M 

HB304F4 40M 

HB304F5 40M 

HB304F6 40M 

(continued 1 

Same as F2, but detector t a l l i e s  a l t e red  t o  
include the react ion rates shown above. 

1.17-1.19 1.22-1 -18 

Same as F2, but detector t a l l i e s  a l t e red  t o  0.92-0.92 1.34-1.28 
include the react ion rates shown above. 
- ->  When MCNP resu l t s  are canpared against direct ly 
- ->  measured values, we see tha t  MCNP i s  r e a l l y  
- -> doing MUCH be t te r  than prev ious ly  thought! 

Star ted u i t h  F4, but moved pt detectors doun 0.75 cm 
frcm midpoint o f  Charpy V-notch t o  bottom edge t o  see 
the s e n s i t i v i t y  i n  v e r t i c a l  d i r e c t i o n  

No comnent; 
what the model d i f ferences uere 

s ta r ted  u i t h  F4, but not c lea r  

0.98-0.99 2.00-2.00 

1.00-1.02 1.22-1.16 
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Table 4.2 (cont) 

Started with F4, but added e l l i p t i c a l l y  shaped cone 
to  model the Urounded corner" on inner surface o f  
pressure vessel next t o  nozzel entrance (concern was 
that t h i s  could a f fec t  resul ts a t  Key 3, posi t ion 3) 
- -> Replacing sharp steel  corner with water lowered 
--> fast  f l u x  a t  Pos 3 by 4-5X ,  and a t  Pos 8 by 3-4% 

No c m t  

HB304G 4W 

HB304H2 4OM 

HB304H3 40M 

HE3041 40M 

HB304J 4OM 

H6304L 4OH 

HB304H 4On 

H B 3 W  6oH 

HB304N 40M 

No comerit 

Started with HB304G, but made fol lowing changes: 0.95-0.94 1.72-1.69 
1) InclW e x p l i c i t  model of (dry) 1960 water tube; 
2 )  Made Charpycs) carbon steel  rather than stainless; 
3) Modeled bo l t s  & mounting lugs on dosimeter holder; 
4) Inproved model of dosimeter holder based on E-49953 

No conment; not c lear what model differences were 

No camnent; not clear what model differences uere 

Never run; improvements here carr ied forward t o  HB304K; 
Started u i t h  HWWH and made fol lowing improvements: 
1) Maintained same material configuration, but added c e l l s  

and redefiend boundaries so dosimeter holder, sleeve, 
the vessel nozzel, part  of vessel around dosimeters, 
and water near dosimeters. wwld  have ireportance o f  2.0; 

2) Redefined e l l i p t i c a l  cone forming rOunded corner ( the 
previous model i n  H W G  had cut o f f  too much steel 
and substituted too much water). 

Never run; used only fw checking d e l  graphically; 
e l l i p t i c a l  cone fo r  rounded comer improved further. 

Emkxfied a l l  the improvements noted above for HWWH, 
HB3041, and HB304J 

Never existed 

Started with HB3WK, but a r b i t r a r i l y  sh i f ted  the l i n e  
of point sources (previously along tube centerl ine) 
0.54 cm closer t o  the tube u a l l  on HB-2 side o f  HB-3 t o  
see sensi t iv i ty;  

Started with H6304K, tUt a r b i t r a r i l y  sh i f ted  the l i n e  
of point sources 1.05 cm closer t o  the tube wall; 
also improved model o f  dosimeter holder r i ng  so cover 
p la te  would be d i s t i n c t l y  separate from the Charpy(s); 
- -> Subsequent resul ts from M3 (below) suggest the 
- -> primary cause f o r  inproved resul ts was the irrproved 
--> model o f  the dosimeter holder cover plate. 

Started with I42 (above), but a r b i t r a r i l y  sh i f ted  the 
l i ne  of point  sources 1.5 cm o f f  the centerline; kept 
inproved cover p la te  model 

FINAL REFEREYCE RUN; Started with M3 (above), but: 
1) Shi f ted the Line of point  sources 1.6986 cm o f f  the 

centerl ine based on a %ot id  theoretical model" 
eintxdied i n  the FADIST7.FOR program; 

2) Changed the MCNP sdef card so as t o  allow sanpling 
of the isotropic source d i s t r i bu t i on  over a l i t t l e  
wider angular range (rm=0.71 t o  1.0, rather than 
0.8 t o  1.0) and reset source s ta r t ing  ueights 
accordingly. To preserve good s t a t i s t i c s  u i t h  these 
two changes required more h is to r ies  (120M). 

exploring a possible physical e f fec t  

Experimental run t o  test  neu idea; subsequently discarded. 

1.01-1.00 1.56-1.47 

1.34-1.36 

1 .l7-1 .16 

-61-1.54 

-38-1 29 

1.20-1 -19 1.37-1 -23 

1.21-1.20 1.25-1.17 
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point sources l a t e r a l l y  a small distance f rom the centerline, as prescribed by a simple 
yet easi ly defendable theoretical model, allows one t o  routinely calculate dosimeter 
responses t o  u i t h i n  17-25%. This l a te ra l  s h i f t  i s  necessary only fo r  tangential beam tubes 
where the neutrons are known t o  enter the beam tube i n  an asymnetric fashion that cannot be 
represented by isotropic point sources along the centerl ine of the beam tube. Use of the 
supplemental theoretical d e l  described above i s  defendable and acceptable, and works uel l .  

(3) Neutron dosimetry i s  extremely pos i t ion  dependent and extremely sensitive t o  seemingly 

While t h i s  i s  possible u i t h  Monte Carlo methods, i t  i s  doubtful that 2- or 

small changes i n  the geometry. 
i s  physical ly real, and requires that  the geanetry be accurately represented u i t h  great 
precision. 
3-D determinist ic codes requir ing a discrete spat ia l  mesh and an u l t ra - f ine  angular 
quadrature u i l l  be able t o  provide the necessary precision in  the near future. 
that ea r l i e r  determinist ic calculat ions had C/E ra t ios  as close as 0.69 i n  the absence 
o f  conponents or de ta i l s  nw knoun t o  be irrportant i s  considered fortuitous. 
because of the wealth of addit ional information provided by such analyses ( f l ux  contours, 
etc), there remains a continued need f o r  both determinist ic and Monte Carlo resul ts i n  
the future. 

( S e e  sens i t i v i t y  discussion below.) This sens i t i v i t y  

The fact  

Nevertheless, 

( 4 )  For neutron dosimetry, the use of point  sources u i t h i n  the beam tube i s  su f f i c ien t  t o  
accurately describe the dosimeter responses since v i r t u a l l y  a l l  o f  the fast  neutrons 
reaching the dosimeters do stream doun through the beam tube. For garmna dosimetry i n  the 
H F I R  core, however, t h i s  may not be t o t a l l y  adequate since many of the prarrpt f i ss ion  g a m s  
(and delayed f i ss ion  product g a m s )  reaching the dosimeters stream re la t i ve ly  uncollided 
through the be ry l l i un  and uater ref lectors.  
by the use o f  other biasing techniques (such as mult ip le inportawe zones, or the use of 
adjoint-generated geometry-independent nutt igroup weight uindous) may be required. This 
i s  not considered t o  be a major problem in  l i g h t  o f  the newer advances described la te r  i n  
t h i s  report. While physical ly less impartant (according t o  studies by J. V. Pace e t  a l l ,  
energetic secondary g a m s  from thermal neutron <n,g) reactions in various structural  
c v t s ,  including the aluninun beam tube, w l d  also have to be included in some fashion. 
Tracking neutrons a l l  the way doun t o  the thermal energy range a t  distant locations near the 
dosimeters could be a formidable problem fo r  Monte Carlo methods. Decoupling and recombining 
resul ts from the beam tube streaming analysis with those from the global re f lec to r  analysis 
vould present a lesser but s t i l l  serious obstacle. Thus, for gama dosimetry analyses, one 
may s t i l l  be be t te r  served by determinist ic 3-D methods. 

In such cases, a fu l l -core model enhanced 

That remains to  be seen. 

Regarding sens i t i v i t ies :  

(1) Exact placement of the dosimeter i n  the model i s  c r i t i c a l  i f  one needs results t o  be accurate 
t o  u i t h i n  20 or 25%. Moving the dosimeter location 1.9 cm (0.75 inches) rad ia l l y  can cause 
the calculated fas t  f l u x  t o  change by 25%. This e f fec t  has been seen both calculat ional ly 
and experimentally. 
broken i n t o  segments and act ivat ion analyses applied t o  each of rml t ip le  segments, i t  i s  
estimated that the fas t  f lux  can change by nearly a factor o f  two over the short 2-inch length 
of a Charpy specimen. In the other direct ion, calculations have shoun that the fast  flux can 
change by as l i t t l e  as 5% t o  as much as 50% over a ver t i ca l  distance of 0.75 cm, depending 
on the configuration of other materials af fect ing the f l ux  gradient around a given dosimeter. 
Because the fast  f luxes a t  Key 3 pos i t ion  3 (on the HE-2 side of the HB-3 beam tube) are 2.29 
t o  2.37 times louer than those a t  pos i t ion  8, and because the f lux  gradients there are s m u h a t  
more severe, the resul ts a t  posi t ion 3 are na tura l l y  more sensit ive to  small changes in  the model. 

I n  other experimental measurements where the Charpy specimens have been 

(2) Contrary t o  i n i t i a l  expectations, modeling the coolant col lector (near the end of the stainless 
steel  sleeve around the beam tube) did not seem t o  have any perceivable inpact o f  the dosimeter 
response. 
f i r s t  enter the inne r  u a l l  of the beam tube s l i g h t l y  further dounstream. 

(3)  Because the dosimeter f lux  wires are only 0.375 inches auay from the pressure vessel, very small 
de ta i l s  such as modeling (or f a i l i n g  t o  model) the 1.0625-inch-radius r d e d  corner on the inner 
surface of the vessel adjacent t o  the nozzle may af fec t  the calculated fast f l u x  by as much as 34%. 
(Since the fsd's associated u i t h  that  par t i cu la r  sens i t i v i t y  study were also on the order o f  3-5%, 
i t  may not be possible t o  drau t h i s  conclusion u i t h  a high degree of certainty, but the trend 
appears t o  be real  insofar as the calculated fas t  f l ux  dropped by 3-5% uhen the sharp steel corner 
uas replaced by uater associated u i t h  the rounded corner.) 

This would suggest that most of the fas t  neutrons affect ing the dosimeter response 

(4) Detai led modeling on the dosimeter holder r i ng  appears t o  be very important. Sinply modeling 
the stainless steel  cover p la te  of the holder as d i s t i nc t  from the carbon steel Charpy specimens 
appears t o  have changed the calculated fast  f luxes by 15-18%. Moreover, ear l ie r  calculat ions 
shoved that including the e x p l i c i t  model of the (dry) 1960 uater tube, e x p l i c i t l y  modeling 
the Charpy(s), and nodeling the bo l t s  and mounting lugs on the dosimeter holder, co l lec t i ve ly  
changed the calculated fast  f luxes a t  posi t ion 8 by 5%, but changed the calculated fas t  f luxes 
a t  posi t ion 3 by as much as 35%. [Because o f  the location of the dosimeter at Key 3, posi t ion 3 
(on the HB-2 side of the HE-3 beam tube), the or ientat ion of the dosimeter holder r i ng  i t s e l f  
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re la t i ve  t o  the been, tube, the location of the dosimeter re la t i ve  t o  the nearby bo l ts  and mounting 
lugs on the dosimeter holder, and the result ing flux gradients in  t h i s  region, the resul ts a t  
pos i t ion  3 general ly seem t o  be w h  more sensitive t o  small geametric changes than the resul ts 
a t  pos i t i on  8. This sens i t i v i t y  i s  also due t o  the fact  that both the calculated and measured 
fas t  f luxes a t  pos i t i on  3 (c f  Table 4 . 1 )  are approximately 2.29 t o  2.37 times louer than those 
a t  pos i t ion  8. The smaller the fluxes, the more sensit ive they w i l l  be t o  small changes in  the 
local geometry.1 Moreover, even the angle of inc l ina t ion  of the dosimeter holder re la t i ve  t o  
the beam tube has a ca lcu la t iona l l y  discernible ef fect  on the calculated fluxes. A t  one time, 
i t  was thought ( incorrect ly)  that  the dosimeter holder r i ng  was incl ined a t  an angle of 76 degrees 
re la t i ve  t o  the beam tube. I t  uas la te r  learned that i t  i s  actual ly incl ined a t  77.0 degrees 
(c f  Dug. E-499!53, Rev A). This seemingly small change produced small but s t a t i s t i c a l l y  observable 
changes i n  the calculated fast  f lux. This sens i t i v i t y  stems from the fact  that the dosimeter f l u x  
wires are located 12.85 cm ( rad ia l l y )  frm the center of the dosimeter holder ring. 
of inclination i s  changed from 76 to  77' degrees, the dosimeter a t  position 8 i s  rotated back 
0.22 cm closer t o  the vessel and i s  s l i g h t l y  less exposed t o  neutrons coming d i rec t l y  from the 
upstream por t ion  o f  the nearby beam tube, while the dosimeter a t  posi t ion 3 gets rotated 0.22 cm 
fur ther out from the vessel and faces the upstream port ion of the beam tube a l i t t l e  more direct ly.  
The e f fec t  i s  small but observable. 
holder were modeled a t  a l l  i n  the 1988 TORT dosimetry analysis!) Paranthetically, i t  should also 
be noted for fu tu re  reference that the dosimeter holder r ings around the HE-1 and HB-4 beam tubes 
are inc l ined  73.5 degrees re la t i ve  t o  the beam tube centerline. 

As the angle 

(Ironical ly, neither the Charpy specimens or the dosimeter 
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5.0 TREATMENT OF NEUTRONS AND SECONDARY GAMWAS I N  THE WATER-TUBE SHIELDING ANALYSIS 

To gain a sense of the magnitude of the shielding problem a t  hand, assune fo r  a moment tha t  the 
HB-3 uater tube i s  void and the rotary shutter i s  i n  the open position. Taking the iso t rop ic  point 
sources i n  Tables 2.2a and 2.2b, applying the intended 1/C4*pi*(R-R0)"21 approximation t o  compute 
the (uncollided) multigroup neutron and g a m  f luxes a t  d i f f e r e n t  points doun the beam tube, and 
folding them with the 1977 ANSI Standard flux-to-dose-rate conversion factors#19, one can then 
estimate that the result ing neutron and g a m  dose rates a t  2478.79 cm (i.e., a t  the beam tube 
centerl ine near the dounstream surface of the steel  l i n e r  of the concrete housing containing the 
rotary shutter) uould be 5.89e+8 mrem/hr and 8.44e+7 mrem/hr, respectively, uhereas a t  Z=399.&3 cm 
(on the dounstream surface of the collimator, just upstream of the rotary shutter) they uould be 
8.95e+8 mrem/hr and 1.33e+8 mredhr, respectively. Obviously, these values do not account f o r  any 
attenuation in  the t h i n  atminun windous, nor do they account f o r  any addit ional contr ibut ion due 
t o  secondary g a m s  produced in any o f  the c m t s  along the way. 
one an "order of magnitudela feel  for  the amcunt of attenuation that wt ult imately be provided by 
the (flooded) uater tube and (closed) shutter i f  these dose rates are t o  be reduced t o  acceptable 
levels such that maintenance uork could be performed dounstream o f  the shutter under these conditions. 

Nevertheless, they do give 

Uhile MCUPW can handle cmrbined neutron/garona boundary sources under sane conditions <i.e., uhen a 
preliminary MCNP calculat ion has produced a boudary crossing source f i l e  t o  be used in  a subsequent 
bootstrapped MCNP calculation), that i s  not normally the case. I f  sources are supplied v i a  the MCNP 
%defu card as shoun in  Appendix A.1, one may e i ther  run: (a) the coupled nwtron/gamna problem u i t h  
the neutron-only source, or (b) the gamua-only prnblem u i t h  the gamna-only source. 
be discussed a t  length i n  Sect 6 ,  while the former i s  discussed in t h i s  section. 

This section focuses on the 1998 water-tube shielding problem; i n  part icular, i t  focuses on the 
determination of the neutron and secondary gamna dose rates just dounstream of the col l imator 
(i.e., on the fluxes and dose rates impingent on the rotary shutter) uhen both the uater tube and 
col l imator sections are flooded. A b r ie f  explanation i s  given (and expanded upon in  Appendix C.1) 
as t o  why the use of the HCNP code uas abandoned in  t h i s  phase o f  the study. 
insights are then provided on the neutron shielding problem, which suggest that the neutron dose 
rate a t  the location of interest i s  completely negl igible. 
1-D ANISNW calculat ions in  slab geometry. Other resul ts from those calculat ions were then used 
t o  obtain conservative estimates of the secondary ganma production rate, which uere then used in 
a QAD-like procedure t o  show that t he i r  contr ibut ion t o  the overal l  dose rate a t  the point  o f  
interest  uas also negligible. 
model. The min conclusion i s  that the neutron dose ra te  upstream of the rotary shutter, and the 
secondary gama dose rate upstream of the ro ta ry  shutter, are both coapletely negl igible, even fo r  
the shorter 1598 uater tube design. That being the case, the only part  of the shielding analysis 
of any real  concern i s  the transmission and overai l  attenuation o f  the or ig ina l  gatlma sources dom 
through the flooded portions of the uater tube and col l imator sections, and the i r  subsequent 
attenuation in  the rotary shutter. While seemingly t r i v i a l ,  
t h i s  gamma shielding problem uas, in  fact, one of the more d i f f i c u l t  shielding problems ever solved 
a t  ORNL. 
rotary shutter uas found t o  be negl ig ib le re la t i ve  t o  the normal dose ra te  present there due t o  
act ivat ion o f  the shutter i t se l f .  The ac t iva t ion  analysis and subsequent dose ra te  ca lcu la t ion  
are discussed i n  Sect 7. Uith these extensive and rigorous analyses serving as benchmarks, the 
ult imate conclusion i s  that, i n  the future, f a i r l y  s imp l is t i c  analyt ic tools such as the point-kernel 
technique enbodied i n  PAD#20 may be used ( i n  combination u i t h  the equivalent point sources described 
here i n  Sect 2) for  most day-to-day dose ra te  assesSments involving changes t o  the uater tube(s) o r  
the rotary shutter(s1. 

The l a t t e r  w i l l  

Sane simple engineering 

This uas then confirmed by S M R ~  simple 

This uas subsequently confirmed by use of a very s imp l i s t i c  MCNP 

These topics are discussed i n  Sect 6. 

In the end, houever, even that conponent o f  the dose ra te  on the dounstream side o f  the 

Calculations i n  th i s  section, and i n  the balance of Sect 5, focus on the 1998 water-tube shielding 
problem. 
rates jus t  downstream of the collimator (i.e., on the f luxes and dose rates irrpingent on the ro ta ry  
shutter) uhen both the uater tube and col l imator sections are flooded as shown i n  Fig. 3.3. 

The HB305 series of runs (HB305A through HB305P) represented the f i r s t  serious attempt t o  solve 
the overal l  problem direct ly,  us ing the MCNP code#&. Uhile these i n i t i a l  attempts f a i l e d  and uere 
ul t imately abandoned in  favor of simpler methods uhich shoued the neutron and secondary g a m  
colrponents o f  the dose rate to  be inconsequential, the lessons learned frcm these i n i t i a l  attempts 
are uorth mentioning, a t  least br ief ly.  

The basic geometry model used here f o r  the flooded HB-3 beam tube i s  shoun i n  Fig. 3.3 and described 
in Sects 3 and 6. 
case, the uater tube and collimator sections are both flooded, as i s  the small (normally void) region 
betwen the tuo. The Type 1020 carbcn steel  ro ta ry  shutter was i n  the closed posi t ion as shorn i n  
Fig. 3.3. 

In part icular,  they focus on the determination of the neutron and secondary gamma dose 

I t  uses the 1998 uater tube design rather than 1960 w t e r  tube design. In t h i s  

Lastly, a l l  of the f ine geometric de ta i l s  associated with dosimetry analysis described i n  
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Sect 4 (except the  1960 water tube) were reta ined in  the model. These pa r t i cu la r  runs were coupled 
neutron/gamna ca l cu la t i ons  u i t h  a neutron-only source, inc lud ing neutrons over the e n t i r e  energy 
range (0-20 MeV) such t h a t  the neutron energy c u t o f f  card prev ious ly  used in the dosimetry analysis 
was removed and the  source normalization value on the llfmll t a l l y  m u l t i p l i e r  cards (9.64595e16 n/s) 
equaled the  sun o f  a l l  t he  HB-3 po in t  sources shown i n  Table 2.2a. 
r e a l i s t i c  as possible, t h e  po in t  sources were placed along the  center l ine of the beam tube. 
increase the e f f i c i ency  of the water tube sh ie ld ing  analysis u h i l e  s t i l l  inc lud ing a l l  neutrons tha t  
had any c r e d i b l e  chance o f  con t r i bu t i ng  t o  the f l u x  in  the water tube, the Itimportance c u t o f f  planean 
described i n  Sect 2 uas located a t  2=118.6879 cm, mare than 55.58 cm upstream o f  the s t a r t  o f  the 
1998 water tube. 
w i t h i n  15.13 degrees o f  t he  beam tube centerl ine, uhich required tha t  the s t a r t i n g  ueight o f  the 
neutrons be reduced t o  0.017332472 a t  the source. A d d i t i o n a l  d e t a i l s  are provided in  Appendix C . l .  

Note tha t  without any s o r t  o f  a x i a l  b ias ing o r  geometric s p l i t t i n g ,  there i s  simply no chance o f  
so lv ing t h i s  problem. I f  a l l  geometry c e l l s  have a neutron i npo r tame o f  1.0, the weight o f  the 
neutrons a f t e r  they penetrate 10, 15, o r  a t  most 20 un i n t o  the  water w i l l  be so low that  they w i l I  
a l l  be k i l l e d  by Russian Roulette, and one w i l l  get  no h i s t o r i e s  in  a x i a l  regions beyond that  po int .  
As an a l t e r n a t i v e  t o  ccmplex user-supplied space-energy-dependent weight windows, the user may 
subdivide the mater ia l  c e l l s  i n t o  many smaller Itimportance c e l l s B 8  and specify the r e l a t i v e  neutron 
importance t o  be used f o r  each c e l l .  
weight o f  p a r t i c l e s  in  adjacent importance c e l l s ,  and therefore the frequency w i th  which geometric 
s p l i t t i n g  and Russian Roulet te  are applied. 
is ,  the Lower u i l l  be t h e  average neutron weight i n  a c e l l  and the "lower weight l i m i t B r  beyond which 
Russian Roulet te  w i l l  be played. 
as they move a x i a l l y  through the water tube w i l l  be subjected t o  Russian Roulette less often, so 
tha t  a l a rge r  nunber o f  louer weight p a r t i c l e s  u i l l  then be allowed t o  penetrate deeper i n t o  the 
sh ie ld  and prov ide b e t t e r  s t a t i s t i c s  a t  these more d i s t a n t  locations, instead o f  a l l  being k i l l e d  
a t  or near the s t a r t  o f  t he  shield. 

The f i r s t  few runs i n  t h i s  ser ies (HB305A t o  HB305D) attempted t o  make the best possible use o f  
geometric inportance zones t o  a f f e c t  an e f f i c i e n t  s o l u t i o n  o f  t he  problem. 
source-energy b ias ing  t o  a f f e c t  an e f f i c i e n t  s o l u t i o n  t o  the problem. From these runs, i t  was 
learned t h a t  "in a very r e a l  p r a c t i c a l  sensell, the e f f e c t i v e  use o f  geometric importance zones 
t o  force neutron s p l i t t i n g  and reduce unce r ta in t i es  in  "large, geometrically-complex problemsat 
i s  t o t a l l y  i n feas ib le ,  even though i t  o f t e n  works very n i c e l y  i n  geometrical ly simpler problems 
involv ing t h i c k  shields. 

The d i f f i c u l t y  s tem p a r t l y  from the need t o  have a very large n d x r  of importance zones, and 
p a r t l y  (mostly) from the  way i n  uhich the data m s t  be supplied. 
attenuates by 10 o r  11 orders o f  magnitude, a large n d x r  o f  inportance c e l l s  (40-50) w i l l  be 
required a x i a l l y ,  between the  upstream s ide  o f  t he  water tube and the dounstream side o f  the 
w a t e r - f i l l e d  co l l imator .  Note tha t  the spec i f i ed  81inportance8a (inp:n=2, inp:n=6, etc) should 
not  change by more than a fac to r  o f  2 o r  3 (and never by more than a fac to r  o f  3 o r  4 )  from one 
importance c e l l  t o  the next  i n  a l l  three s p a t i a l  directions. 
a semi -e f f i c i en t  so lu t ion,  20 t o  30 importance c e l l s  may a l so  be required i n  the rad ia l  d i rect ion,  
thus r e s u l t i n g  in  a l a rge  n d x r  o f  importance c e l l s  i n  any event. The major d i f f i c u l t y ,  however, 
ccnnes from the way i n  which the neutron (and/or photon) importance i s  t o  be specified. 
the large, r e l a t i v e l y  simple, mater ia l  c e l l s  o r i g i n a l l y  used t o  speci fy  the problem geometry must 
now be subdivided i n t o  l i t e r a l l y  dozens o r  hundreds o f  l i t t l e  small ce l ls ;  a separate a a c e l l  
d e f i n i t i o n  card" must then be prepared t o  describe each one o f  these l i t t l e  small c e l l s  i n  t e r m  
o f  a l l  the n e w  surfaces t h a t  w i l l  be required; and, the neutron (and/or) photon importance must 
be spec i f i ed  manually on each c e l l  card. In the case o f  a large, homogeneous sh ie ld  having only 
one or two mater ia l  regions, t h i s  i s  not a problem and the input speci f icat ions can be e a s i l y  
automated. 
j u s t  t o  describe the  ma te r ia l  conf igurat ion (such as the HE-3 beam tube as shoun i n  Fig. 3.3), the 
problem becanes ~tenormouslya8 mare complicated, time-consuning, and e r ro r  prone since the (dozens 
o r  hundreds) o f  3 -D  surfaces needed t o  de f i ne  the (hundreds o r  thousands) of new ilrportance c e l l s  
are intermingled w i th  t h e  dozens of surfaces already needed t o  describe the (dozens o r  hundreds) 
o f  mater ia l  c e l l s  i n  the  o r i g i n a l  problem. Thus, t he  input f i l e  f o r  an otheruise modestly simple 
problem can become corrplicated and e x t r a o r d i n a r i l y  voluninous very quickly. Furthermore, parametric 
ca lcu lat ions i nvo l v ing  the  re loca t i on  of e i t h e r  the source o r  t he  detectors o f  i n te res t  would inpact 
the r e l a t i v e  neutron importance d i s t r i bu t i on ,  such tha t  most o r  a l l  o f  the c e l l  cards would have 
t o  be regenerated each time, w i th  the new inportance values spec i f i ed  f o r  each c e l l .  
other d i f f i c u l t i e s  invo lved w i th  t h i s  approach, and some e a r l y  re la ted  e f f o r t s  t o  circunvent these 
d i f f i c u l t i e s ,  a re  described i n  Appendix C.1. The approach was subsequently abandoned as being t O O  
i r rpract ica l  f o r  deep penetrat ion problems invo lv ing  complex geometries. 

This conclusion was reached jus t  p r i o r  t o  the Radiat ion P ro tec t i on  and Shielding Conference 
held i n  Nashvi l le, TN i n  l a t e  Apr i l  1998. There, a paper uas presented by John Hendricks and 
Tom Evans#21 (members o f  t h e  MCNP code developnent group a t  Los Alamos) showing how they were 
using an undocunented feature o f  MCNP4B c a l l e d  the "AVATAR patch" tha t  allowed the user t o  
supply llgeometry-independent (multigroup) weight windowse8 t o  t h e  code v i a  an external f i l e  t ha t  
could be generated o f f - l i n e  by hand o r  through the  use o f  m l t i d imens iona l  determin is t ic  codes 

To be as conservative yet as 
To 

Consistent wi th  that, the i s o t r o p i c  po in t  sources were only sampled over d i rec t i ons  

This r e l a t i v e  neutron importance contro ls  the r e l a t i v e  average 

The h igher  the spec i f i ed  r e l a t i v e  neutron importance 

Thus, f a s t  neutrons t h a t  a re  being attenuated and loosing ueight 

Run H6305D a lso  used 

For problems i n  which the f l u x  

For an e f f i c i e n t  solut ion, o r  even 

Simply put: 

In the case o f  a conplex s h i e l d  uhich may already requi re many a x i a l  and r a d i a l  c e l l s  

Some of the 
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i n  adjoint mode. A key advantage of t h i s  approach i s  that  space- and energy-dependent ueight 
uindous required fo r  successful biasing could be specif ied in  terms of an independent phantom 
(XYZ)  mesh that did not have t o  be e x p l i c i t l y  incorporated i n t o  the MCNP problem geometry - -  
i.e., the geolnetry specif icat ions rWUired t o  specify the material configuration i n  a problem 
no longer had t o  be extensively augmented by hundreds or thousands of addi t ional  ( a r t i f i c i a l )  
geometry zones t o  accunnodate the w i g h t  uindou specif icat ions needed f o r  biasing. This uas 
imnediately seen as a major breakthrough since i t  would a l l ou  fo r  the so lu t ion  o f  problems 
that would have, i n  a pract ical  sense, rernaimd unsolvable ui thout t h i s  capabil i ty. 

In the tu0 or three ueeks imnediately af ter  the conference, nunerous unsuccessful attempts uere 
made t o  take advantage o f  t h i s  neu Yet undocumented capab i l i t y  ( c f  Runs HB305E through HB3059). 
Uhile the format of the needed ueight ufndou f i l e  uas knoun from diagnosing the HCNP Fortran, 
the meaning of one or  tu0 variables uas not properly understood, and R u n s  HB305E through HB3059 
uere considered fai lures. By mid-May, t h i s  approach uas tenporar i ly  abandoned in favor of the 
more elementary approach described here i n  Sects 5.2 through 5.6, uhich s h o d  that the neutron 
and gamna dose rates a t  the point of interest  (dounstream of the flooded col l imator and/or just  
upstream of the rotary shutter) t o  be t o t a l l y  inconsequential. 

Nevertheless, the need fo r  a sagemetry independent ueight uindou approacha8 uas so compelling 
that uork on i t  continued on weekends throughout the month May. By that  time, ue had received 

of each variable i n  the f i l e .  TO study the amoach, a h igh ly  sinpl i f ied academic problem was 
defined involving a narrow collimated beam of neutrons impingent on the bottom of a large 
homogeneous cy l indr ica l  tank of water, u i t h  the object being t o  calculate the p a r t i c l e  
distr ibut ions ax ia l l y  along the centerl ine u i t h  su f f i c ien t  accuracy that the t o t a l  atneutron 
plus secondary gamaaa dose ra te  a t  the upper surface could be calculated uithin a feu percent 
by volunetr ic or boundary crossing estimators that r e l y  on the presence o f  rea l  par t i c les  a t  
t h i s  location (rather than by point detectors uhich r e l y  instead on pseudoparticles and uhich 
may or may not be t e r r i b l y  rel iable).  This problem uas ul t imately solved very successfully 
u i t h  a 10,000-fold increase in  calculat ional ef f ic iency resulting frm the use o f  a 3-D 
space-energy-direction-dependent ueight uindou f i l e  based on a sinple 1-D ANISN solut ion in  
adjoint d e .  
documentation i n  Appendices C.3, C.4 and C.5. 

By the time the a*geOmetry-independent ueight uindou" approach uas properly understood and 
inpletnented, however, the elementary approach described in Sects 5.2 through 5.6 ( f o r  the 
real  HB-3 flDoded beam tube problem) had already show the neutron and secondary gama dose 
rates t o  be t o t a l l y  insigni f icant.  For that reason, and the lack o f  time, a f i n a l  rigorous 
solut ion o f  the flooded HB-3 problem (u i th  a neutron-only source) using MCNP and an appropriate 
weight uindou f i l e  uas never a t t e q t e d  again, although ue nou have every reason t o  believe, 
in retrospect, that  such an approach could and would be h igh ly  successful. 

By la te  June 1998, houever, i t  had also been demonstrated that an HCNP so lu t ion  f o r  the 
flooded HB-3 problem u i t h  the gamna-only source uas also intractable using the standard 
tools available i n  MCNP. By taking the adjoint  ueight-uindou approach already developed 
fo r  neutrons and applying i t  t o  the gama problem, however, i t  uas possible t o  construct 
a 3-D space-energy-direction-dependent ueight uindou f i l e  that  could be (and was) used u i t h  
MCYP4B t o  obtain an extremely good and highly re l iab le  solut ion f o r  the real  gama-only 
flooded HE-3 problem. 
distr ibut ions and real  boundary crossing estimates ( that  confirmed our p i n t  detector 
estimates) not only through the flooded sections of the beam tube and col l imator, but a l l  
the uay through the carbon steel rotary shutter assetably! 
length i n  Sect 6. 

. from Tm Evans, a descript ion of the necessary ueight-uindou f i l e  format and a b r i e f  descript ion 

The approach used i s  described a t  some length i n  Appendix C.2, u i t h  supporting 

Moreover, use of t h i s  approach a l l&  us t o  obtain re l i ab le  pa r t i c l e  

This analysis i s  described a t  

5.2 Some Engineering Insights on Neutron and G a m a  Dose Rates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ui th the standard MCYP options having been show t o  be inadequate in any rea l  p rac t ica l  sense 
for deep penetration problems involving canpiex geometries, and u i t h  the a8geanetry-independent 
ueight uicdou" approach not yet working as of mid-May, simpler a l te rna t ive  methods uere being 
sought. Moreover, t h i s  unfortunate confluence of circunstances ac tua l l y  ca l led  f o r  rea l  thought! 
The remainder of Sect 5 describes sane of the beneficial insights gained from t h i s  rare practice. 

The tu0 key things of i n i t i a l  interest  in  the uater tube shielding analysis are the neutron and 
gamna loads (fluxes, currents, dose rates) inpingent on the ro ta ry  shutter sh ie ld  plug. The 
present shutter provides adequate shielding uhen the uater tube section and the section reserved 
for the col l imator are both flooded. (Mote that a col l imator had been designed fo r  HB-3 in 1960, 
but never installed.) 
the V J ! B  uater tube and flooded col l imator s e c t i m a a  e f fec t i ve l y  being 1.89 feet  (57.6 cm) less 
than the to ta l  amount o f  uater i n  the or ig ina l  1960 design, w i l l  the neutron or  g a m  loads 
impingent on the ro ta ry  shutter increase t o  the point uhere i t  mUst be redesigned? 

The question uas then this: U i th  the t o t a l  amount o f  uater shielding i n  
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This s inp le  question gives r i s e  t o  a nunber o f  other (more fundamental) questions: 

a1 : 
A 1  : 

Q2: 
A2 : 

Q3 : 
A3 : 

a4 : 
A4 : 

05: 
A5 : 

Uhat types of r a d i a t i o n  w s t  be considered? 
Neutrons coming doun the beam tube, secondary g a m s  born i n  the w a t e r - f i l l e d  beam tube, 
and the o r i g i n a l  t1primary88 g a m s  coming down the beam tube. 

Nomenclature: The term "primary g a m l l  as used here i s  r e a l l y  a misnomer s ince those coming 
down the beam tube arid represented here by the equivalent po int  sources i n  Table 2.2b may 
be f i s s i o n  g a m s  tha t  have experienced a t  least  one c o l l i s i o n  i n  the b e r y l l i u n  re f l ec to r ,  
o r  they may be secondary g a m s  produced by (n,g) reactions in  the b e r y l l i u n  re f l ec to r ,  i n  
the aluninun a t  the hot  t i p  of t h e  beam tube, o r  i n  other components (or o ther  regions o f  
these components), close t o  the  ho t  t i p  o f  t he  beam tube. f o r  the purpose o f  t h i s  study, 
however, a l l  g a m s  represented by the  equivalent po in t  sources in Table 2.2b u i l l  be 
re fe r red  t o  as I1primary" g a m s ,  whereas a l l  other g a m s  (subsequently produced by the 
neutron sources in Table 2.2a) u i l l  be re fe r red  t o  as secondary gamnas. 

How do neutrons get  t o  the r o t a r y  shut ter? 
F i r s t ,  by going through the uater  tube uhere they are heavi ly attenuated. (Those uandering 
outside i n t o  the concrete would be attenuated even more.) A f te r  that, they w s t  go through 
the co l l ima to r  section. Some u i l l  go up through the u a t e r - f i l l e d  ho le in the  co l l imator ,  
whi le  sane o f  the (feu) moderately energetic ones s t i l l  present a t  the entrance o f  the 
co l l ima to r  may a c t u a l l y  stream through the s tee l  body o f  the co l l imator  i t s e l f  due t o  the 
r e l a t i v e l y  Lou neutron cross sec t i on  i n  the iron near a feu key antiresonances ( a t  15 kev 
and 25 keV, f o r  exwrple). 

How do primary g a m s  get t o  the r o t a r y  shutter? 
They tend t o  stream r e l a t i v e l y  f r e e l y  through the lou-density mater ia ls  in  the  system -- in  
t h i s  case, s t r a i g h t  doun the center l ine,  through the uater tube and the u a t e r - f i l l e d  ho le in  
the s tee l  co l l imator .  
o f  t he  co l l ima to r  f u r t h e r  downstream, are heav i l y  attenuated. The path o f  least  resistance 
i s  the water ho le  up the middle. 

Hw and uhere are secondary g a m s  produced? 
Energetic (6-8 MeV) secondary g a m ~ s  are produced by (n,g) reactions in the aluninun 
windous a t  t he  beginning and end o f  the water tube, u i t h  the former being f a r  more 
important, and t o  a lesser extent  by (n,g) reactions in  the aluninun body o f  the water 
tube. A very  substant ia l  n u h e r  o f  2.2 MeV secondary g a m s  are a lso created by (n,g) 
reactions u i th  the hydrogen i n  the  uater, espec ia l l y  a t  the s t a r t  o f  the uater  tube uhere 
the neutron f l u x  is very high. There are a l so  (n,g) reactions i n  the  s t e e l  col l imator, 
but the neutron f l u x  there i s  so low (having been attenuated by 10 t o  11 orders o f  
magnitude) t h a t  any secondary g a m s  produced there are essen t ia l l y  n e g l i g i b l e  cotrpared 
t o  the other  g a m s  tha t  a re  l i k e l y  t o  be present i n  t h i s  region. 

Are these secondary g a m s  very important? 
Yes and no; i t  depends uhere you are. Near the hot end of the uater tube, the impingent 
neutron f l u x  i s  so intense, t ha t  enormous nunbers o f  2.2 MeV secondary g a m s  are produced 
i n  the water, not  t o  mention those produced i n  the f i r s t  aluninun uindou. Here, the number 
o f  secondary g a m s  per unit v o l w  (p/cc) i s  f a r  greater than the nunber o f  primary garnnas 
streaming doun the beam tube. 
u i t h  the secondary ganrnas i s  greater  than t h a t  associated u i t h  the primary g a m s  streaming 
down the beam tube. 
studied a n a l y t i c a l l y  and i s  discussed a t  some length ( fu r the r  belou). 
basic question, houever, i s  "noo" - -  these secondary g m s  are not t e r r i b l y  irrportant doun 
near the r o t a r y  shutter, and they can be ignored f o r  a l l  p rac t i ca l  purposes. 
i s  t r u e  t h a t  they are created i n  enoTmous nunbers near the hot  end o f  t he  water tube, the 
saving grace i s  t ha t  they a re  born i s o t r o p i c a l l y  over the 4*pi sphere and the  r e s u l t i n g  
secondary gama f l u x  i s  s u b s t a n t i a t l y  reduced as they go from t h e i r  point o f  o r i g i n  (near 
2=174 cm) t o  the r o t a r y  shu t te r  (near 2=400 cm). The primary g a m s  streaming dovn the beam 
tube are a l so  intense, very energetic, and c e r t a i n l y  not negl ig ib le .  More importantly, they 
a re  already f a i r l y  wel l  co l l imated by the t ime they get t o  the hot end o f  t h e  uater tube. 
Unl ike the secondaries uhich are born there i so t rop i ca l l y ,  the primary g a m s  streaming 
through t h i s  reg ion are a l l  ( p r e t t y  much) t r a v e l l i n g  in  a narrou cone o f  d i rec t i ons  pointed 
s t r a i g h t  doun the water tube towards the  co l l ima to r  and the ro ta ry  shutter. 
gets t o  the r o t a r y  shutter, the pr imary g a m s  are t o t a l l y  dominant over the r e l a t i v e l y  few 
secondary g a m s  tha t  manage t o  get  there. 
belou. 

Those en te r ing  the  concrete fu r the r  upstream, o r  the s t e e l  sections 

Moreover, even the g a m  energy densi ty  (MeV/cc) associated 

For tha t  reason, the r e l a t i v e  importance of the secondary g a m s  was 
The ansuer t o  the 

While i t  

By the t i m e  one 

Simple analyses demonstrating t h i s  are presented 

Other questions tha t  c m  t o  m i n d  are: 

Uhat form o f  r a d i a t i o n  i s  dominant a t  t h e  upstream surface o f  the ro ta ry  shutter: neutrons, 
secondary g a m s ,  o r  primary gamnas? Uhat are t h e i r  r e l a t i v e  magnitudes? Given tha t  the 1998 
uater tube i s  nou 1.89 f ee t  shor ter  than the  1960 uater  tube, hou does t h i s  change things? 
could i t  be tha t  th ings tha t  were n e g l i g i b l e  before are nou dominant? Or,  could i t  be tha t  
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things tha t  uere neg l ig ib le  before have gone up substantially, krt are s t i l l  negl ig ib le re la t i ve  
t o  other things? O r d e r  of magnitude approximations can by used t o  provide tentat ive ansuers 
t o  some of these questions, uh i l e  simple yet conservative 1-D ANISN calculations can be used 
t o  provide the necessary confirmation i n  a more rigorous fashion. In other cases, 1-D ANISN 
calculat ions are needed t o  obtain s i q l e  yet r e a l i s t i c  source terms that can then be used in 
combination u i t h  point kernel techniques t o  quickly and easi ly assess the re la t i ve  importance 
of some parameters. 
which transport phenomena were inportant and uhich uere not. 
avai lable uere used t o  closely examine those transport phenomena that were c lear ly important 
( l i k e  the transmission and attenuation of primary ganmas through the system). 

TO begin uith the most elementary assessment possible, consider the unshielded neutron and 
game dose rates on the downstream surface of the col l imator a t  2=399.48 cm, just upstream o f  
the ro ta ry  shutter. Taking the isotropic point sources i n  Tables 2.2a and 2.2b, applying the 
intended 1/[4*pi*(R-R0)*21 approximation t o  campute the (uncollided) multigroup neutron and 
gama f luxes a t  d i f f e ren t  points down the beam tube, and folding them u i t h  the 1977 ANSI Standard 
f lux-to-dose-rate conversion factorsM9, one can then estimate that the result ing neutron and 
g a m  dose rates a t  t h i s  location <2=399.48 an) are 8 . 9 5 ~ 8  mrem/hr and 1.33e8 mrem/hr, 
respectively. More precisely: 
(97.5% of which cane from games i n  the 6-8 HeV range); the dose rate due t o  gasraas between 
2 and 6 MeV i s  3.498E+7 mrem/hr; 
Because the 1/(4*pi*R"2) term has already been applied, the ef fect  o f  natural divergence from 
the o r ig ina l  point  sources has alreacty been inciuded i n  these neutron and gamna dose rates. 
ALL tha t  remains fo r  the shielded case i s  t o  apply some sinple attenuation factors, l i k e  those 
show in Table 5.1. 

The approach here was t o  use a combination o f  these tools t o  f i r s t  determine 
Later, the most advanced 3-D tools 

the dose ra te  due t o  g a m s  above 6 Hev i s  1.900-7 mrem/hr 

and the dose ra te  due t o  garnnas belou 2 MeV i s  7.919e+7 mrem/hr. 

Now consider hou neutrons get from the upstream side of the water (a t  2=17&.95 cm) inside the 
uater tube, t o  the upstream side o f  the col l imator a t  2=310.58 cm, and then how they get from 
that Location t o  the downstream side o f  the col l imator a t  2=399.48 cm. 
they must t rave l  a distance of 135.6 cm through uater. To be conservative, Let's assune that 
they're a l l  fas t  neutrons since fast  neutrons experience less attenuation than thermal neutrons. 
In the second Leg of the journey, they may t rave l  through the water- f i l led rectangular hole in  
the co lL im to r ,  o r  through the steel body of the collimator. 
coLLimator, most neutrons are certainly w e l l  thermalized a f te r  t rave l l ing  a l l  the uay through 
the uater tube. 
(2.76 cm) through t h i s  88.9 cm o f  uater. 
uant t o  assune that they're s t i l l  a l l  fas t  neutrons and use the fast  neutron relaxation length 
(10 cm) across th i s  88.9 an of  uater. (3) Lastly, fast  o r  resonance range neutrons may also find 
Less resistance t rave l l i ng  through the steel body of the collimator than thermal neutrons would 
find t rave l l i ng  through the uater, so l e t  us also consider that poss ib i l i t y  by using a relaxation 
length of 6 an over the 88.9-cm-long steel  body o f  the collimator. 
factors t o  the unshielded neutron dose ra te  inpingent of the rotary shutter, we see that the 
shielded dose ra te  there may be in the range of: 

Dose(n)= ( 8 . 9 5 ~ 8  mrem/hr) * exp(-135.63/10.0) * exp(-88.9/2.76) = 1.026e-14 mrem/hr 

In the f i r s t  case, 

(1) By the t ime  they reach the 

Thus, i t  i s  probably most r e a l i s t i c  t o  use the thermal neutron relaxation Length 
(21 To be conservative, houever, one might al ternately 

Applying these attenuation 

(1) 

o r  = ( 8 . 9 5 ~ 4  mrem/hr) * exp(-135.63/10.0> exp(-88.9/10.0) = 1.587e-1 mrem/hr (2) 

or = ( 8 . 9 5 ~ 8  mrem/hr) * exp(-135.63/10.0) * exp(-88.9/6.0) = 3.675e-7 mrem/hr (3) 

Thus, even in  the uorst case (2). t h i s  quick analysis suggests that the d i rec t  neutron dose rate 
impingent on the rotary shutter is probably negl ig ib le uhen the 1998 water tube and col l imator 
sections are both flooded. 

Nou consider hou the primary g a m s  (from the equivalent point sources in the beam tube) get 
from the upstream side of the water (a t  2=174.95 cm) inside the uater tube, t o  the upstream 
side o f  the col l imator a t  2=310.58 an, and from there t o  the downstream side of the col l imator 
a t  2=399.48 cm. In the f i r s t  case, they must again t ravel  a distance o f  135.6 cm through 
uater. In the second leg of the journey, the path of least resistance i s  obviously through 
the wa te r - f i l l ed  rectangular hole through the center of the steel collimator, a distance o f  
88.9 cm. 
It i s  inportant t o  note, houever, that gaamas of  d i f fe ren t  energies attenuate a t  d i f fe ren t  
rates, as crudely shoun in  Table 5.1. Taking the unshielded primary gama dose rates impingent 
on the ro ta ry  shutter corresponding t o  each o f  the three energy ranges noted above, and using 
the appropriate energy-dependent relaxation lengths show in  Table 5.1, the shielded (primary) 
gama dose ra te  there i s  given by: 

Dose(g) = ( 1 . 9 0 0 ~ 7  mrem/hr)*exp(-224.53/40.0) 
+ ( 3 . 4 9 8 ~ 7  mrem/hr)*exp(-224.53/30.0) 
+ (7.919-7 mrem/hr)*exp(-224.53/20.3) 

Thus, frm beginning t o  end, these saunas must pass through 224.53 cm of uater. 
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Table 5 . 1 .  Relaxation lengths f o r  d i f f e r e n t  p a r t i c l e s  in  water and i ron.  

Mater ia l  Relaxation Lengths (cm) f o r  D i f f e r e n t  P a r t i c l e s  _ _ _ _ _ _ _ _  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fast Thermal 2 MeV 4 MeV 8 MeV 
Neutrons Neutrons G a m s  G a m s  G a m s  

Water 10.0 (a) 2.76 (c )  20.3(d) 30.0 (a) 40.0 (a) 

Steel 6.0 (a) - - - - - - -  - - - - - - -  3.7 (b) 4.4 (b) 

(a) Taken from Table 10.4 i n  Sect 10.74 o f  Ref 22. 
(b) Taken from same table, but not needed in  t h i s  ca lcu lat ion.  
(c) Taken from Table 3.1 in  Sect 3.40 o f  Ref 22. 
(d) Taken from Exarrple 10.2 in  Sect 10.113 o f  Ref 22. 
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= (69335 + 19652 + 1245) mrem/hr = 90232 mrem/hr = 90.23 R W h r  ( f o r  1998 uater tube) 

uhich corrpletely overshadous the d i rec t  neutron dose rate. 
enlightening t o  ccnpare t h i s  extremely sirrple estimate u i t h  m r e  rigorous HCNP estimates c i t ed  
later i n  th i s  report. 
of the HE-3 uater tube and col l imator uhere, f o r  exanple, a l l  o f  the barytes concrete surrounding 
the beam tube uas replaced by uater and the collimator uas modeled as a monoli thic piece o f  carbon 
steel u i t h  a water - f i l l ed  rectangular hole up the middle, and everything past the col l imator uas 
treated as an external void. 
analysis of the gam-on ly  problem so that photon importance regions c w l d  be eas i l y  speci f ied 
and used for geometric sp l i t t i ng .  
uas not su f f i c ien t ly  accurate t o  y ie ld  re l iab le  %ocadary crossing## estimates of the space- and 
energy-dependent photon flux dounstream of the collimator, a point  detector estimate a t  that  
Location (based on aapseudo-particleflm contributions f ran each source po in t  and each c o l l i s i o n  s i t e )  
d id  y ie ld  a f a i r l y  well  converged dose rate of 109.31 Rem/hr a t  t h i s  location. 
f ina l  reference benchmark solut ion provided by MCUP R u n  H E 3 0 8 6 5  showed the primary g a m  dose rate 
a t  t h i s  location t o  be 103.99 RWhr ,  +/-  0.5%. This par t i cu la r  calculat ion, described a t  length 
i n  Sect 6, used the ful l -b lown 3-D model of the HB-3 beam tube shoun in  F ig  3.3, including the 
pressure vessel, the pool, the concrete biological  shield, the beam tube i t s e l f ,  the 1998 uater 
tube, the collimator u i t h  the attendant rad ia l  and eccentric shields, and the ro ta ry  shutter 
a s s d l y  dounstrearn of the co l l im to r .  
lageometry-independent ueight uindous" based on a fine-group ad jo in t  analysis. In t h i s  3 - D  MCNP 
analysis, we uere able t o  obtain a highly re l iab le  space-energy-direction-dependent boundary 
source downstream of the col l imator (just upstream of the ro ta ry  shutter), and the rea l -par t i c le  
boundary crossing estimates of the photon f lux and dose rates upstream (and downstream) o f  the 
rotary shutter uere in  excellent agreement u i t h  the point detector estimates a t  these same 
locations. m i l e  the u l t r a  simple 3-group gama shielding calculat ion above c w l d  be (and has 
been) expanded t o  include 23-group energy-dependent mass attenuation coef f i c ien ts  whose resul ts 
agree even better u i t h  the rigorous 3-D MCNP results, i t  was most g ra t i f y i ng  t o  see that even the 
sinplest textbook approaches can, uhen properly awl ied ,  y i e l d  surpr is ing ly  accurate results! 

Parenthetically, i t  i s  also interesting t o  take the same simple 3-group g a m  shielding calculat ion 
and apply i t  t o  the or ig ina l  1960 uater tube. In th i s  case, the water inside the water tube actual ly 
starts a t  2=117.74 cm, such that the t o t a l  amDunt of uater betueen the s t a r t  of the 1960 uater tube 
and the dounstream surface of the col l imator i s  nou 281.76 cm instead o f  226.53 cm. Applying the same 
f o r w l a  as before, one can credibly estimate that the shielded (primary) gam dose ra te  downstream 
of the collimator uould then be on the order of: 

Dose(g) = (1.900e7 mrem/hr)*exp(-281.74/40.0) 
+ (3.498e+7 m r m /  h r )*exp( - 281 .74/30.0 ) 
+ (7.919e7 mremfhr)*exp(-281.74/20.3) 

Moreover, i t  i s  interest ing and 

MCNP R u n  H W T C  (c f  Appendix C . 6 )  u t i l i z e d  a h igh ly  s i n p l i f i e d  3-0 model 

This highly s inp l i f i ed  model uas employed i n  a prel iminary MCNP 

Uhi le t h i s  preliminary model using simple geometric s p l i t t i n g  

Likewise, the 

This uas a very rigorous analysis enploying 3 - D  broad-group 

= (16588 + 2919 + 76) mrem/hr = 19581 mrem/hr = 19.58 Rem/hr f o r  the 1960 water tube. 

I n  th i s  case, MCNP R u n  H B 3 0 7 D .  which uses the same highly s i r rp l i f ied  3-0 model as HB307C but 
incorporates the longer 1960 uater tube, s h o d  the shielded (primary) g a m  dose ra te  downstream 
of  the collimator t o  be 26.77 Rem/hr. Thus both methods suggest that  the primary g a m  dose rate 
inpingent on the rotary shutter dounstream of the collimator u i l l  be betueen 4.1 and 4.6 times 
higher for  the shorter 1998 uater tube than f o r  the Longer (o r ig ina l )  1960 uater tube. 

of '*key significance" i s  the fact  that the f i r s t  tu0 simple calculat ions i l l u s t r a t e d  above suggest 
very strongly that the d i rec t  neutron dose ra te  impingent on the ro ta ry  shutter (uhen the 1998 
uater tube and col l imator sections are both flooded) i s  t o t a l l y  neg l ig ib le  - -  both in  the absolute 
sense, and re la t i ve  t o  the primary g a m  dose rate a t  t h i s  same location. Because the neutron 
calculat ion was s t i l l  very approximate, however, multigroup 1-D A N I S N  calculat ions t o  confirm t h i s  
tentat ive conclusion were s t i l l  deemed appropriate. 
so fa r  about the e f fec t  o f  secondary gamMs produced i n  the beam tube. The 1-D ANiSN calculat ions 
described below also address that issue, or a t  least provide the source t e n s  that can be used 
in  a point kernel analysis t o  quant i tat ively resolve the question o f  t h e i r  re la t i ve  inportance. 

Moreover, nothing quant i tat ive has been said 

5.3 Use of ANISN t o  Confirm that the Direct Neutron Dose Rate i s  Negl ig ib le . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Table 5.2 b r i e f l y  describes an AI l ISN I-D slab model o f  the H E - 3  uater tube and col l imator that  
uas used t o  get a fur ther feel for  uhich transport phencnnena uere important and uhich were not. 
For reasons explained below, one must be very careful t o  "pick and choose" uhat things t o  believe 
and that things not t o  believe. Proper inferences can be made about some things, uh i l e  other 
results can be t e r r i b l y  misleading because o f  the 1-D nature of the model. 
us say a feu words about the model i t s e l f  and hou i t  uas used before h igh l igh t ing  i t s  ueaknesses. 

First ,  however, l e t  
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Table 5.2. 
impartant and what was not. 

ANISN 1-D s lab  model of the HB-3 water tube and co l l imator  that  uas used t o  get a rough f e e l  f o r  what I 
Includes prov is ions fo r  modeling e i t h e r  the 1960 o r  the (defaul t )  1998 water tube desis 

Mater i a1 - - - - - - - - - - - -  
1 

2 

3 

4 

5 
6 
7 
8 
9 

10 
11 
12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

1 

3 

112 

3 

8 
8 
8 
8 
8 
8 
8 
8 

190 

3 

16 

50 

3 

128 

3 

15 

125 

3 

115.0 116.7841 

116.7841 117.7366 

117.7366 174.27 

174.27 174 -951 25 

174.95125 179.05 
179.05 183.15 
183.15 187.25 
187.25 191 -35 
191.35 195.45 
195.45 199.55 
199.55 203.65 
203.65 207.75 

207.75 302.1868 

302.1868 302.5043 

302.5043 310.58 

310.58 334.7709 

334.Tl09 335.4756 

335.4756 399.48 

399.48 401.9445 

401.9445 415.44875 

415.44875 477.36125 

477.36125 478.79 

Aluays Void 

Usual ly  Void 

Usual ly  Void 

Aluninun 

Water 
Uater 
Uater 
Water 
Uater 
Water 
Water 
Water 

Water 

Aluminun 

Uater 

Water, SS, 
o r  C - S t l  

At, Water, 
SS, o r  C - S t l  

Water, SS, 
o r  C - s t l  

Aluays Void 

Aluays Void 

C - s t l  

Aluays Void 

For 1960 uater tube, put boundary source on r i g h t  o f  mesh 1 

For 1960 uater tube, f i r s t  aluninun uindou uould go here 

For 1960 uater tube, put water here; 
For 1998 uater tube, put vo id  here, w i th  bndry src on r i g h t  o f  mesh 1 

Represents f i r s t  aluninmn uindou i n  1998 water tube; 
Uater i n  1998 water tube s t a r t s  a t  174.95125 

1s t  4.1-cm-thk water region used t o  find secondary g a m  production r 
2nd 4.1-cm-thk uater region used t o  find secondary g a m  production r 
3 r d  4.1-cm-thk water region used t o  find secondary g a m  production r 
4 th  4.1-cm-thk water region used t o  f i n d  secondary gama production r 
5 th  4.1-cm-thk uater region used t o  find secondary g a m  production r 
6 t h  4.1-cm-thk uater region used t o  find secondary g a m  production r 
7th 4.1-cm-thk uater region used t o  find secondary g a m  production r 
8 th  4.1-cm-thk uater region used t o  find secondary g a m  production r 

Balance o f  uater i n  1998 uater tube; 1998 water tube ends a t  302.186E 

Represents second aluminum uindou in  1998 uater tube 

Region betueen end o f  1998 water tube and s t a r t  o f  col l imator; 
1998 co l l ima to r  design s t a r t s  a t  310.58 

Aluays uater  i f  looking a t  1960 design; 
Use Water, SS or C-s t l  f o r  a l t e rna te  1-D models o f  1998 col l imator  

Would be aluninun (2nd uindou) only i f  looking a t  1960 design; 
Use Uater, SS o r  C-s t i  f o r  a l ternate I - D  models o f  1998 co l l imator  

Use Water, SS o r  C -s t l  f o r  a l ternate 1-D models o f  1998 col l imator; 
1988 co l l ima to r  design ends a t  399.48 

Thin reg ion betueen end o f  co l l imator  and end o f  flange; 
Neutron & g a m  dose rates tabulated f o r  1st  mesh i n  Zone 19 (mesh #f 

Void betueen end o f  f lange and the C - s t l  ro ta ry  shutter sh ie ld  plug 

Represents C-st l  ro ta ry  shut ter  s h i e l d  p lug 

Last part of c a v i t y  containing the r o t a r y  shut ter  a s s d l y ;  
Monochronometer (not modeled here) s t a r t s  a t  478.49 

Pre-mixed mater ia ls  ava i l ab le  i n  the HB-3 uater  tube 61n/23g cross section l i b r a r y  
(xsects.dort-ready.bin.hfir.hb3.uatertube.Olmay98) inc lude the fo l lou ing:  

Mixture 1 = ANISN/DORT Mater ia l  1 = Water a t  1.00 g/cc 
Mixture 2 = ANISN/DORT Mater ia l  
Mixture 3 = ANISN/DORT Mater ia l  9 = Void (He a l.Oe-20 atoms/barn*crn) 
Mixture 4 = ANISN/DORT Mater ia l  13 = SS304 (7.92 g/cc; 
Mixture 5 = ANISN/DORT Mater ia l  17 = Carbon Steel  (7.8212 g/cc, 99 ut% Fe, 1 ut% C) 
Mixture 6 = ANISN/DORT Mater ia l  21 = Barytes Concrete a t  3.09725 g/cc 
Mixture 7 = ANISN/DORT Mater ia l  25 = Regular Concrete 
Mixture 8 = ANISN/DORT Mater ia l  29 = response funct ions 

5 = Aluninun 6061 (2.7 g/cc) 

see page 50 o f  ORNL/TM-11989) 
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Table 5.2 describes the d e l  geometry as c lea r l y  as possible. Basical ly i t  i s  a 1 - D  i n f i n i t e  s lab 
model along the center l ine of the HB-3 beam tube. I t  includes the 1998 water tube, the water - f i l l ed  
collimator, and the ro ta ry  shield plug. It also includes the aluninun windows defining the beginning 
and end of  the water tube. 
reasons described be lw,  corrperisons of resu l ts  between the 1998 and 1960 models uould be misleading 
and should be avoided. 
4.1-cm-thick slabs used t o  estimate the secondary gama production rate near the hot end of the 
water tube. Lastly, zones 16-18 can be a l te red  t o  approximte the collimator section as a l l  uater, 
a l l  s ta inless steel ,  or a l l  carbon steel.  

Appendix C.7 L is ts  the actual ANISN input f o r  t h i s  part icular d e l ,  as u e l l  as a small Fortran 
program fo r  reading the ANISN flux f i l e  and calculat ing the nwt ron  and gama dose rates jus t  
dounstream o f  the col l imator. 
Group-0anded ANiSN#9 calculat ion involving 8 1-0 i n f i n i t e  slab model representing materials along 
the center l ine o f  the HB-3 beam tube. One o f  the a t t rac t i ve  features o f  the model i s  that the 
nuclear cross section data used fo r  a l l  materials i s  based on the coupled VELM 61n/23g shielding 
library#lO using 61 neutron groups and 23 geama gr-. Moreover, the source terms impingent on 
the upstream side of the f i r s t  aluninun windou <at  X474.27 an) are also specif ied i n  t h i s  same 
6 ln /Ug group structure. 
being zero in a l l  but the most forward direction (direction 33). 
source terms in  that d i rec t ion  have been properly normalized (based on the quadrature w i g h t  f o r  
that d i rect ion,  and the associated d i rec t ion  cosine) t o  reproduce the inpingent currents (n/s/& 
and p/s/cm2) based on the location of t h i s  f i r s t  aluninun uindou and the locations and magnitudes 
of the various 61n/Ug source terms shown in  Tables 2.2a and 2.2b. 
are speci f ied i n  the 18** array. 
are presently set  up t o  include the 61-group neutron source iffpingent on the new 1598 water tube 
(at  X=174.27 a), as u e l l  as the 23-grwp gamaa source impingent on the new 1998 water tube (a t  
X=l74.27 cml. That can, houever, be eas i l y  altered. By placing Ii18"* 20132 ell a t  the end of 
the ex is t ing  18** array (the source speci f icat ion array), one can zero-out a l l  of the neutron 
sources t o  run the gama-only case. 
gaamas, thus a l l w i n g  one t o  p a r t i a l l y  assess the i r  re la t i ve  importance.] 
rlgC* a2014 f O W  a t  the end of the ex is t ing  18** array, one can easi ly zero-out a l l  of the primary 
gama sources u h i l e  keeping a l l  the neutron sources.. [The result ing (coupled n/g) calculat ion w i l l  
allow one t o  estimate how many secondary garrnas are being generated i n  each energy group, and see 
where they are being generated (spatial ly).  -These secondary garmas can then be treated as source 
t e r n  in  a QAD-like point  kemeL analysis t o  r e a l i s t i c a l l y  determine the i r  re la t i ve  ioportance i n  
the rea l  (3-D) NB-3 water tube shielding problem.3 
fo r  zones 16, 17, and 18 i n  the GB-ANISN 9po array (the material-by-zone array), the col l imator 
section may be modeled as a l l  water, a l l  s ta inless steel,  or a l l  carbon steel. 

The f i r s t  three cases used both the neutron and gamna sources impingent on the 1998 water tube 
a t  X=174.27 an. Case 1 nmdeled the col l imator section as a l l  water, Case 2 modeled i t  as a l l  
stainless steel, and Case 3 modeled i t  as a l l  carbon steel. Individual ly, none w r e  t e r r i b l y  
rea l i s t i c ,  but the objective here uas t o  bracket r e a l i t y  and see which material offered the 
path o f  least: resistance in terms of conservatively estimating the direct neutron dose ra te  
jus t  dounstream o f  the collimator. 
neutron cross section data used here f a i t h f u l l y  represents the unusually Lou cross sections 
(known as uindows) that  ex is t  i n  the energy-dependent i r on  cross section. 
occur i n  very select rtarrou energy bands (as a r d  15 keV or 25 keV in iron), and are caused 
by anti-resonance quantun e f fec ts  i n  the nuclws. 
see a very L o u  cross section and can therefore t rave l  n w h  further i n  the i ron than neutrons 
a t  nearby energies that  are heavi ly attenuated.] While the intent was pa r t l y  t o  see which 
material of fered the path o f  least resistance, the m r e  general hope was t o  ve r i f y  that, even 
u i t h  a very conservative 1-0 model involv ing a neutron source of i n f i n i t e  extent tie, the actual 
neutron source in tens i ty  (n/s/cnr2) applied uniformly across the I - D  source plane], the direct  
neutron dose ra te  downstream o f  the cott imator uould be negligibte re la t i ve  to: (1) the primary 
plus secondary gama dose rate in  th i s  model and, m r e  inportantly, re la t i ve  t o  ( 2 )  just  the 
primary gamna dose ra te  downstream of the col l imator resul t ing from a simple but more r e a l i s t i c  
d e l  of the rea l  ( f i n i t e )  g a m  source i n  uater as exemplified by the simple hand calculat ion 
shorn a b v e  o r  the tuo 3-0 HCNP calculat ions c i t ed  there. 
downstream o f  the col l imator, based on these 1-D i n f i n i t e  slab ANISN calculations, are as follows: 

Provisions are also present fo r  modeling the 1960 water tube but, f o r  

(Thus ue ' l l  only discuss the former.) O f  greater interest  are the eight 

As noted there, t h i s  part icular f i l e  i s  set up f o r  a "foruard modeta 

I n  t h i s  case, an S-32 quadrature w a s  used, u i t h  the inpingent source 
Moreover, the inpingent nutt igroup 

In the ANISN input f i l e ,  these 
The internal  boundary sources i n  the 18** array (cf Appendix C.7) 

CEtimiMting the neutrons w i l l  also eliminate the secondary 
Likeuise, by placing 

Lastly, by sinpky rearranging the given data 

Wnl ike the 1- or 2-group data in  Table 5.1, the 61-group 

These typ ica l l y  

Neutrons in  these narrow energy ranges only 

N e u t r o n  and gama dose rates jus t  

Neutron Dose Ganma Dose 
Rate (mrem/hr) Rate (rarem/hr) 

Case 1, col l imator = a l l  water ( in zones 16-18): 4.62667e-2 4.048344 <*I 

Case 2, col l imator = a l l  SS304 ( i n  zones 16-18): 7.58715e-2 (*) 

Case 3, col l imator = a l l  C - S t l  ( i n  zones 16-18): 1.45603e+O 1.13501e-1 (*I 

5.05770e-1 

69 



Before discussing the neutron dose rates a t  a l l ,  i t  should be noted that (1) none of the three 
g a m  dose rates shown here are credible (that is: none o f  them represent real i ty,  f o r  the 
reasons described belou), and (2) the conservatively high neutron dose rates shown here should 
therefore be conpared against the much more rea l i s t i c  primary g a m  dose rates described i n  
Sect 5.2 (90-110 Rem/hr). 

First ,  i t  i s  interest ing t o  note that i f  the collimator uere a monolithic block o f  carbon steel  
(u i t h  no hole), the d i rec t  neutron dose rate dounstream of the col l imator uould be about 31 
times higher than i f  i t  uere a l l  uater. Undoubtedly th i s  i s  due t o  the nwl t ip le  narrow uindous 
i n  the energy-dependent i r on  cross section data uhich cannot be represented by 1- or 2-group 
cross section data but which are u e l l  represented i n  the 61n/23g VELH cross section Library. 

Secondly, i t  i s  interest ing t o  note that i f  the collimator uere a monolithic block of stainless 
steel, the d i rec t  neutron dose rate downstream of the col l imator uould be substantial ly less 
than i t  uwld be i f  i t  uere a l l  carbon steel. This i s  because cross sections fo r  the other 
nuclides present i n  the stainless steel uould tend t o  %over overao the uindous in  the i ron  
cross section, although the i r  ef fect  i s  s t i l l  signif icant. [In the actual col l imator design, 
i t  is T)CW knoun that carbon steel uould be used (rather than stainless steel) fo r  the central 
cy l indr ica l  section having the rectangular hole up the middle. 
i s  imnediately adjacent t o  the neutron beam during normal (dry) operation, and the carbon steel  
(uhich i s  99 ut% i ron  and 1 ut% carbon) u i l l  become fa r  less activated than the stainless steel. 
Moreover, the very nuclides uhich tend t o  make the stainless a better shield material, also cause 
act ivat ion problems which can become a nuisance during maintenance operations. Thus the central 
section u i l l  be made of carbon steel while stainless u i l l  be reserved f o r  use i n  the surrounding 
rad ia l  and eccentric shields uhich are further removed from the d i rec t  neutron beam and Less 
l i k e l y  t o  become as activated.] 

Last ly and I'most importantly", regardless of which material i s  used t o  represent the col l imator, 
the d i rec t  neutron dose rate dounstream of the collimator (based on t h i s  extremely conservative 
model corresponding t o  an i n f i n i t e  planar source o f  neutrons) i s  neg l ig ib le  i n  the absolute 
sense, and conpletely negl ig ib le re la t i ve  t o  the 90-110 R W h r  that uould be present there 
due t o  the primary g a m  sources entering the uater tube, based on the very r e a l i s t i c  estimates 
fo r  the l a t t e r  as given i n  Sect 5.2. 
secondary g a m s ,  the neutrons can be ignored cotrpletely. This issue i s  discussed in  Sect 5.4. 

f ina l l y ,  the 1 - D  gamna dose rates shoun above should probably have been purged frcm the table, 
but the i r  intent ional  presence merits some discussion. Given that the col l imator i s  not rea l l y  . 
a monolithic block of stainless steel or carbon steel, as necessarily represented i n  the 1-D 
model, and that i t  does have a ua ter - f i l l ed  hole up the middle that  gamnes can eas i l y  stream 
through, the gama dose rates shoun here fo r  Cases 2 and 3 are obviously unrea l i s t i c  and should 
not be used f o r  anything. Less obvious are the serious deficiencies associated u i t h  Case 1 
uhich cause the g a m  dose rate there t o  be unrea l i s t i ca l l y  high. 
model also inclwjes a g a m  (photon) source of i n f i n i t e  extent l ie,  the actual gamna source 
in tens i ty  (p/s/cm2) a t  2474.27 cm i s  applied uniformly across the i n f i n i t e  1-D source planel. 
For an op t i ca l l y  th ick  shield such as steel or lead (Pb), t h i s  may not be a bad approximation 
a t  d istant locations. 
houever, i t  i s  not a very good approximation i n  th is  par t i cu la r  case. 
the water i s  re la t i ve l y  transparent t o  high energy photons, the detector i n  mesh 574 (near 
2=400 cm) can s t i l l  see and feel  the ef fects of not only those source g a m s  a t  Z=174.27 cm 
that uwld normally enter the 14-crn-dim uater tube, but i t  can also see and feel  the ef fects 
of many other g a m s  impingent a t  many other nearby locations on the i n f i n i t e  I - D  source plane. 
As a result,  the 1-D calculat ion grossly overestimates the gama dose rate a t  the location o f  
interest. 
physical s i tua t ion  in  a rea l i s t i c  fashion, even i f  one uere t o  go t o  a spherical model. Using 
a small spherical source volme a t  the center of  a sphere uould overestimate the natural 
divergence o f  the source and underestimate the f lux  and dose ra te  a t  the desired location, 
while use of a larger (hollou) sphere with an internal ly impingent gamna source uould, because 
of the larger source surface, cause the same d i f f i c u l t y  as the i n f i n i t e  planar source, a lbe i t  
t o  a lesser and someuhat a rb i t ra ry  extent. In the case of a 2-D RZ DORT model, uhich would 
super f i c ia l l y  appear t o  be a much better model, the solut ion a t  the point of interest  uould, 
unfortunately, be plagued by ray effects as described i n  Appendix C.2.7. Moreover, i t  i s  a 
classic case where the more famous codes are not necessarily the best codes fo r  a par t i cu la r  
application. Because they can a l l  better represent a small f i n i t e  g a m  source in  uater, the 
the simple hand calculat ion i l l us t ra ted  above, point kernel calculations, and 3-0 Monte Carlo 
models, are a l l  more applicable t o  th i s  part icular application. That i s  why, f o r  example, 
af ter  the secondary g a m  sources were obtained from the 1 - D  ANISN model (see belou), ue 
then took those g a m  sources and put them in  a point kernel model t o  assess the i r  re la t i ve  
importance downstream o f  the collimator. 

One las t  note of caution i s  also i n  order. 
f a i r l y  f l e x i b l e  insofar as i t  has provisions f o r  modeling e i ther  the 1998 uater tube (beginning 
a t  2=174.27 cm) or the 1960 uater tube (beginning a t  Z=116.7841 cm). 
above, and for the purposes described i n  Sects 5.4 and 5.5, t h i s  model i s  en t i re ly  appropriate. 

That i s  because t h i s  component 

Thus, unless they create a "whole lo t@# o f  inportant 

As u i t h  the neutrons, t h i s  

Because the water i s  re la t i ve ly  transparent t o  high energy g a m s ,  
That is t o  say: because 

Moreover, there i s  no uay t o  " f i x  up" a 1-D calculat ion t o  simulate t h i s  par t i cu la r  

The I - D  model described i n  Table 5.2 appears t o  be 

For the purposes described 
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Use of t h i s  1-0 model i n  scoping calculat ions t o  conpare the effectiveness of the 195% water 
tube as a primary gama shield t o  the effectiveness of the 1960 water tube as a primary gamna 
shield, houever, vould not be appropriate and could be misleading f o r  the reasons described 
above - -  namely that no 1-0 model, whether in  slab or spherical geometry, can accurately model 
a l l  of the necessary characterist ics of the gama source inpingent on the end o f  the small-diameter 
uater tube. 
re la t i ve  transparency of the uater t o  high energy gamAas, the calculated f luxes and dose rates 
i n  both cases uould be su f f i c i en t l y  distorted that even the re la t i ve  change i n  the dose ra te  a t  
the point of interest uould not be representative of real i ty.  For such parametric camparisons, 
one i s  better advised t o  use the sinple types of hand calculat ions i l l u s t r a t e d  above, point  kernel 
calculations, or simple 3-0 Monte Carlo mcdels, a l l  of uhich are more applicable t o  t h i s  par t i cu la r  
problem. 

Because of the modeling compramises that u w l d  be necessary in  e i ther  case, and the 

5.4 Determination of Secondary Gama Source Terms Using ANISN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Based on the ra t i o  of neutron and ganma beam intensi t ies inpingent on the f i r s t  aluninun uindoid 
of the 1998 uater tube a t  2=174.27, 1.0 neutrons enter the water tube f o r  every 1.4 gamnas that 
enter the uater tube. 
gams ,  the vast majori ty would appear t o  be in  the 0.6 t o  1.0 MeV energy range (c f  Table 2.2b) .  
I f  every neutron entering the water uere ul t imately thermalized and absorbed by the hydrogen 
i n  the uater, thereby producing one 2.2 MeV capture gama fo r  every neutron, i t  i s  not a t  a l l  
inconceivable that the gama energy f lux  associated u i t h  secondary g a m s  a t  the hot end of 
the uater tube uould exceed the inpingent gama energy f lux. [ I - D  calculat ions described belou 
have confirmed that, a f te r  one accounts fo r  neutrons that are re f lec ted  back out of the system, 
and considers secondary g~mnas produced during the slowing down process as u e l l  as those ul t imately 
produced by thermal neutron capture, there are actual ly about 1.065 secondary prms prcduced f o r  
every neutron that Uenters and stays i n  the systemU.3 
the inpingent neutrons, instead o f  being absorbed by the w t e r  uhere they uould produce 2.2 MeV 
gamMs, are actual ly absorbed i n  the f i r s t  aluninun window where they u i l l  produce more energetic 
secondary gamnas i n  the 6-8 MeV range. Given that the secondary ganmas are l i k e l y  t o  t rave l  much 
further in the uater than the i r  parent neutrons, the ef fect  of secondary Q ~ ~ R B S  must d e f i n i t e l y  
be considered! 

To prevent undue concern from developing prematurely, houever, tuo inportant fac ts  (demonstrated 
belou) should probably be mentioned a t  t h i s  time: 

Vhi le the inpingent (primary) g m s  do include a nunber of  6-8 MeV 

In addition, one mst consider that  some of 

Because the secondary g m s  are born isotropical ly near the hot end o f  the uater tube (a 
considerable distance fram the location of interest on the downstream side o f  the col l imator), 
uh i le  the primary gamaas impingent on the uater tube are already p r e t t y  w e l l  col l imated and 
t rave l l ing  d i rec t l y  towards the location o f  interest, the l a t t e r  are u l t imate ly  f a r  more 
inportant. 

By the t i m e  one gets fur ther doun the uater tube and the u a t e r - f i l l e d  col l imator section, 
most of the lower energy gamms belov 2 or 3 MeV uhich had been impingent on the uater tube 
or born as secondaries near the hot end of the uater tube have been p re t t y  u e l l  attenuated, 
uh i le  the 6-8 MeV g a m s  impingent on the uater tube have experienced f a r  less attenuation. 
Thus, despite the i r  fw r  n-rs, the primary gatmas inpingent on the uater tube! in  t h i s  
energy range (6-8 MeV) are the ones that ul t imately determine the ganma dose ra te  impingent 
on the rotary shutter dounstreas of the ua te r - f i l l ed  collimator. 

The balance of Sects 5.4 and 5.5 describe the calculations necessary t o  support these claims. 

To begin assessing the e f fec t  of secondary gamnas on the dose ra te  doms t rem o f  the col l imator, 
consider Case 1 (above) uhere, u i t h  a coupled neutron-gama swrce  impingent on the f i r s t  
a lun inm uindou of the beam tube (at  2474.27 an), the 61n/23g 1-D ANISN slab calculat ion shoued 
the gama dose rate a t  D399.48 un t o  be 4.04834e6 mrem/hr. 
source specification) array uas al tered so as t o  %era outu a l t  of the inpingent neutron sources, 
thereby precluding the production of any secondary gatmas. Surprisingly, the calculated gama 
dose rate a t  2=399.48 cm uas then found t o  be 3.96216e+6 mrem/hr, uhich i s  only 2.1% lower! 

To investigate further and ver i f y  that energetic secondary gamms were indeed being generated 
in the vast nunhers expected ( i n  Case l ) ,  another perturbation uas run. In Case 5, the 18** 
(multigroup source specif icat ion) array uas altered so as t o  lazero out8' a l l  of the inpingent 
ganmia sources uhi le maintaining a l l  o f  the inpingent neutron sources. 
d i rec t  neutron dose rate a t  2=399.48 cm uas again fwnd t o  be 4.626di'e-2 rnrem/hr (as expected) 
and, consistent u i t h  the 2.1% change noted above, the secondary g a m  dose ra te  a t  2=399.48 cm 
was found t o  be 8.61865e+4 mrem/hr. The main purpose of t h i s  calculat ion, however, uas t o  
determine the g a m  production rates (by energy group) i n  the f i r s t  a d  second aluninun uindous 
of the uater tube, a d  i n  a l l  the uater in  between, especially in the f i r s t  e ight  4.1-cm-thick 
regions (zones 5-12) near the hot end of the uater tube. Table 5.3 shows the nudxr of secondary 
g a m s  (p/s) produced i n  each gama energy group in  zones 4 through 14 of t h i s  par t i cu la r  1-D 

In  Case 4, the l e *  ( rm l t i g rwp  

As with Case 1, the 
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slab model (Case 5) uhere the 61-group neutron source impingent on the f i r s t  aluninun uindou 
(zone 4) has the same in tens i ty  (n/s/cm2) and energy d i s t r i b u t i o n  as the 61-group neutron source 
impingent on the f i r s t  aluninun uindou of the 1998 uater tube a t  Z=174.27 cm. Results shoun 
here uere obtained by fo ld ing  the "volune integrated" 61-group neutron f luxes i n  each zone (as 
given by the ANISN balance tables f o r  each zone) u i t h  the appropriate elements o f  the 84 grp x 
E 4  grp macroscopic scat ter ing cross sec t ion  matr ix  f o r  water ( in  zones 5-13), and/or f o r  
aluninun ( i n  zones 4 and 14). I n  the f i r s t  aluninun uindou (zone 4 )  there are a s i g n i f i c a n t  
number of  secondary g a m s  being generated i n  the 2-10 MeV energy range, u h i l e  a t  the second 
aluninun uindow, the neutron f l u x  had been so attenuated tha t  the secondary gama source there 
was c l e a r l y  ins ign i f i can t .  In the case o f  the uater, the huge spike between 2.0 and 2.5 MeV 
i s  q u i t e  apparent. This i s  due t o  thermal neutron capture i n  the hydrogen, uhich prduces  a 
well-knoun 2.2 MeV g a m .  This secondary g a m  production r a t e  a t  2.2 MeV appears t o  decrease 
by about an order o f  magnitude every 8.2 cm (or  so), u i t h  the vast ma jor i t y  c l e a r l y  being 
generated i n  the f i r s t  10-20 cm o f  the water. 
(p/s) shown i n  t h i s  tab le have already been integrated over the volune of  each zone, uhere f o r  
the purpose o f  ca lcu la t ing  volunes i n  an i n f i n i t e  1-D s lab  ca lcu lat ion,  the code uses a unit 
area (1 cm x 1 cm) times the thickness o f  each zone, and the inpingent source i s  automatical ly 
a s s 4  t o  be per unit area. 
point kernel PAD-like code (QADD3) as noted belou i n  Sect 5.5. Before that, houever, the other 
data avai lab le from t h i s  1 - D  s lab  c a l c u l a t i o n  uas used t o  v e r i f y  the reasonableness o f  the 
secondary g m  production rate, as noted a t  the bottom o f  Table 5.3. Here i n  Case 5, the 
impingent neutron source a t  the l e f t  o f  zone 4 uas 7.51812ell  n/s/cm2, when integrated over 
a l l  energy groups. 
o f  neutrons re f lec ted  back t o  the l e f t  ( ie ,  back out o f  the system) uas 5.21766et11 n/s/cm2, 
uhen integrated over a l l  energy. 
t h i s  means that  the t o t a l  nunber of neutrons tha t  remained resident i n  the system (and uere 
u l t imate ly  captured) i s  given by the d i f fe rence (impingent-reftected), or  2.30046etll n/s/cm2. 
Table 5.3 a lso shows the t o t a l  n&r o f  secondary g a m s  produced i n  each zone, from uhich ue 
see the t o t a l  nunber of  secondary g a m s  produced i n  the e n t i r e  system i s  2.44948~11 p/s (per 
u n i t  source area). 
neutron i s  1.065 (=2 .44948e+l1 /2 .30046e+l l ) .  
feu secondary g a m s  produced whi le  the fas te r  neutrons uere slouing dom. Nevertheless, t h i s  
value o f  1.065 secondary ganrnas per res ident  neutron i s  eminently reasonable and should d ispel  
any fears that  the code o r  data might not be producing as many g a m s  as i t  should be. 
key th ing t o  note, houever, i s  tha t  the r u l e  should r e a l l y  say that  "about one secondary g a m  
i s  produced per 'resident '  neutron" (as opposed t o  "per inpingent neutron") since many can be 
ref lected back out o f  the system. 

Note tha t  the secondary g a m  production rates 

The source t e r m  shoun here i n  Table 5.3 uere l a t e r  used in  a 

. 
F r o m  the system balance table, however, i t  i s  knoun that  the t o t a l  nunber 

Given t h a t  the leakage out the r i g h t  i s  t o t a l l y  negl ig ib le ,  

Thus the nunber o f  secondary g a m s  produced i n  the system per "resident11 
This i s  s l i g h t l y  greater than one because o f  a 

The 

5.5 Primary and Secondary G a m  Dose Rates Eased on a PAD-like Procedure 

The I - D  ANISN runs (Cases 4 and 5 i n  Sect 5.4) show c l e a r l y  that  the c q e n t  o f  the t o t a l  gama 
dose ra te  dounstream of  the co l l imator  due t o  secondary g a m  production i s  neg l ig ib le  r e l a t i v e  
t o  that caused by the ue l l -co l l imated  high-energy primary gamnas streaming dom the beam tube and 
impinging on the water tube - -  provided the secondary g a m  production ra te  was cor rec t ly  accounted 
for .  Having shoun i n  Sect 5.4 t h a t  the  a8nunber o f  secondary g a m s  produced per resident neutron" 
uas eminently reasonable, a l l  doubt should be removed. I n i t i a l l y ,  houever, there remained a des i re  
t o  understand uhy t h e i r  con t r ibu t ion  t o  the  t o t a l  g a m  dose ra te  downstream o f  the co l l imator  was 
 SO^^ Lou, given p r i o r  speculat ion t o  the contrary. To a i d  i n  That understanding, a.OAD-like po int  
kernel sh ie ld ing program was u r i t t e n  uhich would u t i l i z e  the  mult igroup secondary g a m  source t e r m  
in  Table 5.3, calcu late the t o t a l  g a m  dose r a t e  dounstream o f  the co l l imator  based on a m r e  
r e a l i s t i c  f i n i t e  geometry, and l i s t  the actual  and r e l a t i v e  cont r ibu t ion  from secondary g a m s  along 
each segment of  the beam tube, as ve l1  as the cont r ibu t ion  from the o r i g i n a l  (impingent) primary 
g a m s ,  along u i t h  the r e l a t i v e  c o n t r i b u t i o n  from each energy group. Because o f  i t s  s imp l ic i t y ,  i t  
could be used t o  eas i l y  make parametric comparisons o f  the dose rates downstream of e i t h e r  the 1960 
or  1998 water tubes, u h i l e  i t s  mul t igroup c a p a b i l i t y  uould a l l o u  us t o  determine uhich g a m  groups 
uere o f  greatest u l t imate importance - -  knowledge tha t  could be p o t e n t i a l l y  usefu l  in source energy 
biasing of  m r e  rigorous MCNP g a m - o n l y  calculat ions. Lastly, because of  i t s  multigroup capab i l i t y  
and i t s  a b i l i t y  t o  include secondary g a m s ,  i t  should be much more accurate tha t  the 3-group 
formula described above, while a t  the  same time prov id ing a r e a l i t y  check f o r  the s t i l l -more-r igorous 
g a m - o n l y  MCNP calculat ions (Runs HE307C and HB307D) mentioned e a r l i e r  and described i n  Appendix C.6. 

This useful PAD-like po int  kernel code ( o r i g i n a l l y  c a l l e d  PADD, but recent ly  upgraded t o  PADD3) 
i s  l i s t e d  i n  i t s  e n t i r e t y  in  Appendix C.8. Some of the key features are described belou: 

1) The code uses a s ing le  w a t e r - f i l l e d  reg ion t o  s i rmla te  the flooded uater tube and the flooded 
hole up the middle of the co l l imator .  I f  simulat ing the 1998 uater tube, t h i s  region extends 
frcm 2=174.27 cm t o  Z=400.0 cm; 
2416.7841 cm t o  Z=400.0 cm. I n  both cases ue uant t o  ca lcu late the t o t a l  g a m  dose r a t e  a t  
a po int  (X=O,Y=O,Z=400) located immediately downstream o f  the flooded co l l imator  section, jus t  

i f  s imulat ing the 1960 uater tube, this region extends frm 
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Table 5.3. Nunber o f  secondary g a m s  roduced in each g a m  energy group in zones 4 through 14 o f  the 1-D s lab  model given tha t  the 61-group neutron source 
ingingent on the f i r s t  a tm inun  window Rere (zone 4) has the same i n t e n s i t i e s  (n/s/c&) as the 61-group neutron source impingent on the f i r s t  aluminum uindou 
of the 1998 water tube at  2=174.27 cm. Results shown here were obtained by fo ld ing  the llvolune integrated” 61-group neutron f luxes in  each zone (as given by 
the ANISN balance tables f o r  each zone) w i th  the 84 grp x 84 g rp  macroscopic scat ter ing cross section ma t r i x  ( f o r  H20 in zones 5-13, and AL in zones 4 and 14). 

GrP 

62 
63 
64 
65 
66 
67 
68 
69 
70 
71 

2 2  
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 

SUn 

Emin 
(MeV) 

10.0 
8.0 
7.5 
7.0 
6.0 
5.0 
4.0 
3.0 
2.5 
2.0 
1.5 
1 .o 

0.70 
0.60 
0.51 
0.40 
0.30 
0.15 
0.10 
0.070 
0.045 
0.020 
0.010 

0.010 

Emax 
(MeV) 

14.0 
10.0 
8.0 
7.5 
7.0 
6.0 
5.0 
4.0 
3.0 
2.5 
2.0 
1.5 
1 .o 

0.70 
0.60 
0.51 
0.40 
0.30 
0.15 
0.10 
0.070 
0.045 
0.020 

14.00 

Zme 4 Zone 5 
Aluminum Water 

1 cmx 1 cm I c m x  1 cm 
x 0.68123 cm x 4.1 cm 

1.65693E+05 O.OOOOOE+OO 
1.03877Et08 8.88559E+03 
4.82814E+09 9.59494Et01 
2.38268Et08 3.91 174E+05 
1.18343E+09 3.04019Et06 
1.57892Et09 4.22477Et03 
5.1P572EtO9 1.61 134Et04 
4.68252E+09 
2.84097Et09 
1.6796OEt09 
lf14845E+09 
9.92435E+08 
7. t0282E+08 
6.83261 Et07 
4. W984E+07 
1.75864E+08 
1.30021E+08 
6.87302EtO7 
1.55946Et07 
2.82638E+06 
1.72677Et07 
3.60053E+09 
3.08735E+07 

2.954 19E+ 10 
- _ _ _ _ - - _ _ _ _  

6.702 71 E t  06 
2.55717E+05 
1 .3833E+ 1 1 
2.06225E+04 
3.16644Et07 
3.7081 6Et07 

4.01537Et03 
3.61894E+06 
3.18702E+03 
1.41722Et05 
1.35356E+04 

0.00000E+00 

0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 

1.38420Et11 
- _ _ - - - - - - - -  

Zone 6 Zone 7 Zone 8 
Uater Uater Water 

1 c m x  1 cm 1 c m x  1 cm 1 c m x  1 cm 
x 4.1 cm x 4.1 cm x 4.1 cm 

6.37610Et03 4.55434Et03 3.22882E+03 
6.89209E+01 4.92781E+01 3.49680E+01 
2.76269E+05 1.94118E+05 1.35468Et05 
2.11984Et06 1.46872E+06 1.01054E+06 

O.OOOOOE+OO O.OOOOOE+OO 0.00000E+00 

2.79421Et03 
1.00417~t04 
2.91323Et06 
1.40053Et05 
5.16l24E+10 
1.47981E+04 
1.18137E+07 
1.38360E+07 

1.83745Et03 
6.15986E+03 
1.26436Et06 
7.91 040E+04 
1.64938E+10 
1.05700E+04 
3.77533E+06 
4.42251E+06 

1.19857E+03 
3.73237E+03 
6.39792E+05 
4.76683Et04 
5.42936Et09 
7.49358Et03 
1.24275Et06 
1.45641E+06 

O.WOOOE+OO 0.00000E+00 0.00000E+00 
2.83340Et03 1.98907E+03 1.38687E+03 
2.50670E+06 1.72378Et06 1.17681Et06 
2.28955Et03 1.63726Et03 1.16199E+03 
1 ,00f39E+O5 7.12619E+04 5.00562E+04 
9.72390E+03 6.95354E+03 4.93501E+03 
0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 O.OOOOOE+OO 0.00000E+00 
0.00000E+00 O,00000E+00 0.00000f t o0  
0.OOOOOE+00 0.00000E+00 0.00000Et00 _ _ _ _ _ _ - _ - _ _  - - > - - - - . - - -  - - - - - - - - - - -  
5.16462E+10 1.65069E+10 5.43514E+09 

Zone 9 
Uater 

1 cm x 1 cm 
x 4.1 cm 

0.00000E+00 
2.27301E+03 
2.46371E+01 
9.39502E+04 
6.91105E+05 
7.76536E+02 
2.24836E+03 
3.70233Et05 
3.02080Et04 
1.94765E+09 
5.27525E+03 
4.4580?E+05 
5.22848EtO5 

9.61004E+02 
7.98498Et05 
8.18824E+02 

0.00000E+00 

3.4932 1 Et04 
3.47757Et03 

Zone 10 Zone 11 Zone 12 Zone 13 
Uater Uater Uater Water 

1 c m x  1 cm 1 c m x  1 cm 1 c m x  1 cm 1 cmx  1 cm 
x 4.1 cm x 4.1 cm x 4.1 cm x 94.4368 cm 

0.00000E+00 O.OOOOOE+OO 0.00000E+00 O.OOOOOE+OO 
1.59042E+03 1.10705E+O3 7.67212E+02 1.68139Et03 
1.72517E+01 1.20170E+01 8.33348Et00 1.82933E+01 
6.481 12Et04 4.45103E+04 3.04543Et04 6.44523E+04 
4.70301Et05 3.18745E+05 2.15317E+05 4.40025Et05 
5.00467E+02 3.21267E+02 2.05635Et02 3.62459E+02 
1.35232E+03 8.14333E+02 4.91786E+02 7.73206E+02 

Zone 14 
Aluminum 

1 cm x 1 cm 
x 0.317505 cm 

1.68222E-02 
5.99439E-01 

2.31 858Et05 
I .97580E+04 
7.72685Et08 
3.69105E+03 
1.76865E+05 
2.07670Et05 
0.00000E+OO 
6.62406E+02 
5.39134E+05 
5.73463E+02 
2.42419€+04 
2.43551E+03 

1.51024E+05 
1.31609E+04 
3.36978E+08 
2.56923E+03 
7.71333E+04 
9.07 1 06E t 04 

4.54572E+02 
3.62578E+05 
3.99523Et02 
1.67440E+04 
1.69677Et03 

0.00000E+00 

1.80289Et01 
1.12970E+00 
5.30501E+00 
7.76747€+00 
2.19504E+01 

2.04432Et05 2.49267E+01 
1.86359Et04 1.49176E+01 
1.74253Et08 1.68884Et01 
3.90208E+03 8.748f5E+00 
3.98865Et04 1.65612E+01 
4.72743Et04 1.01142E+01 
0.00000E+00 3.10489E-01 
6.56607E+02 2.30460E - 01 
4.86456E+05 6.9291 7E-01 
6.08684Et02 5.21942E-01 
2.47550Et04 6.53672E-01 
2.58502Et03 6.43597E-02 

1.40324E-02 
6.78809E-02 
1.40403E+01 
1.19169E-01 

1.63670Et02 
- _ _ - _ - _ - - - -  

animpg = 7.51812E+ll = nunber o f  neutrons (per cm2) impingent on system 
an re f l  = 5.21766W11 = nunber o f  neutrons (per cm2) r e f l e c t e d  back out t o  the l e f t ,  almost inmediately 
snresi = 2.30046E+11 = number of neutrons (per cm2) resident in  system, neglecting the very few tha t  leak out f a r  r i g h t  side 
secgam = 2.44948Et11 = nunber of  secondary g a m s  produced (per cm2) i n  system; 
secgpn = 1.06478E+00 = n h r  of secondary gamnas produced in  system per resident neutron; 

obtained by s w i n g  above data 
where secgpn=secgam/anresi 



upstream of the ro ta ry  shutter shield plug (not modeled). 

2 )  The code considers tu0 kinds of point sources, those corresponding t o  the or ig inal  (primary) 
g a m  sources i n  the voided beam tube t o  the l e f t  o f  the uater region described above, and 
secwdary g a m  sources located throughout the uater region. 

a) The o r ig ina l  (primary) g a m  sources: ( i loc=- l )  

These are the o r ig ina l  23-group gama point sources l i s ted  in Table 2.2b. 
refers t o  these co l lec t i ve ly  as %ource location -1" ( i loc=  -11, the point of o r i g in  f o r  
gamnas in  each energy group remains as s h m  i n  Table 2.2b. 
in tens i t ies  remain invariant uhether one i s  analyzing the 1998 water tube or the 1960 
uater tube. 

While the code 

These locations and source 

b) The secondary gamna sources: (i loc=O,1,2,3,4,5,6,7,8) 

1. In the case of the 1998 water tube: 

These correspond t o  the 23-group secondary gamna sources (p/s) shoun in  Table 5.3. 
Source locat ion 0 (iloc=O) i n  PADD corresponds t o  the f i r s t  aluninun uindou, known 
as Zone 4 in  Table 5.3, uh i le  source locations i l oc= l  t o  8 i n  the point kernel code 
correspond t o  the %idpointsSa of Zones 5 through 12 i n  Table 5.3, uh i le  the f a r  less 
intense sources i n  Zones 13 and 14 in Table 5.3 are presently ignored. 
the point  sources i n  the f i r s t  aluninm uindow are located a t  X=O, Y=O, Z=174.61 un 
(as i n  the rea l  1998 uater tube), uhi le the point  sources i n  the f i r s t  4.1-cm-thick 
uater region are Located a t  X=O, Y=O, 2=177.0 an, and those in  the remaining seven 
4.1-cm-thick increments of uater are located a t  2=181.1 cm, Z=185.2 cm, etc. 

Since the source terms i n  Table 5.3 are "per unit area" perpendicular t o  the impingent 
neutron source i n  the 1-D slab calculation, the point kernel code mult ip l ies them by 
the area of the water tube perpendicular t o  the inpingent neutron source ( i n  t h i s  case: 
pi*r*r, uhere r=7.03453 cm i s  the imer radius of the 1998 uater tube). 
factor i s  used when analyzing the 1960 uater tube. In both cases, t h i s  i s  in ten t iona l l y  
very conservative. Moreover, i n  both cases, the value o f  9-la should probably be 5.08 cm, 
the inner radius of the beam tube i t se l f ,  since the e f fec t i ve  area of the neutron beam 
producing the secondary g a m s  i s  l i k e l y  t o  be no bigger than the inside area of the 
beam tube, regardless o f  the diameter of the uater tube dounstream. Nevertheless, t h i s  
was deemed a small concession t o  conservatism. 

That is: 

This same 

2. In the case of the 1960 uater tube, the secondary garmna sources (p/s) are basical ly the 
same as described above, with the following tu0 exceptions: 

a. The source locations (X,Y,Z) are a l l  sh i f ted  t o  the l e f t  by an amount, 
dZ=(174.27-116.7841) un, so as to  be a t  the corresponding locations i n  
the 1960 uater tube model. 

b. The secondary g a m  sources are also mult ip l ied by the r a t i o  of the inpingent neutron 
f l u x  fo r  the 1960 uater tube to  impingent neutron f l u x  fo r  the 1998 uater tube. This 
i s  because the multigroup secondary g a m  source terms in  Table 5.3 were based on a 
1-D calculat ion in  uhich the impingent neutron f l u x  (7.51812e11 n/s/cm2) uas essent ia l ly  
iden t ica l  t o  that inpingent on the f i r s t  aluninvn uindou in  the 1998 water tube a t  
Z=174.27 cm (7.55818E+11 n/s/cm2), uh i le  in  the 1960 uater tube case, the f i r s t  aluninun 
uindow i s  located a t  2=116.7841 cm uhere the inpingent neutron f l u x  generating the 
secondary g a m s  i s  s igni f icant ly higher (4.48493~12 n / s / d ) .  

. 

3) In the 1/(4*pi*RA2) geometric d i l u t i on  term, the distance used i s  simply the real  distance between 
each source point and the detector location a t  (X=O,Y=O,Z=400 cm), uh i l e  i n  the exponential attenuation 
term, the distance used depends on the a m t  of uater betueen the source point and the detector point. 
For the secondary gamna point sources located i n  the water, these tu0 distances are the same, but fo r  
the or ig ina l  (primary) g a m  point sources, these two distances are di f ferent.  

4 )  The energy-dependent mass attenuation coeff icients (cm2/g) used here f o r  the hydrogen and oxygen 
comprising the uater (a t  1.0 g/cc) correspond t o  the ~W.Jbble 28-group mass attenuation coeff ic ients 
for  H and 0,' found i n  asc i i  format i n  the FORT10 dataset in  the PAD-CGGP code package#20 d is t r ibu ted  
by the Radiation Shielding Information Center i n  Oak Ridge. The actual values of these coeff ic ients 
a t  the or ig ina l  28 g a m  energies used i n  PAD are l i s t e d  in  Appendix C.8. 
coeff icients from that or ig inal  28-group structure t o  the present VELH 23-group g a m  structure#lO 
was accomplished using the group-to-group mapping i l l us t ra ted  i n  Appendix C.8. 
atloved us t o  calculate the m l t i g roup  fluxes a t  the point of interest  (X=O,Y=O,Z=400 cm) i n  the 
same group structure as the source t e r m  used throughout the rest  of t h i s  report, and then apply 
the vELH 23-gam-group f lux-to-dose-rate conversion factors based on the 1977 ANSI Standard#19. 
These 23-group f lux-to-dose-rate conversion factors are also l i s t e d  in  Appendix C.8. 

Conversion of those 

This remapping 
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5) Dose ra te  "build up factors", t rad i t i ona l l y  used in  many point kernel shielding analyses, uere 
not used i n  the QADD3 program because the i r  use here uauld have been inappropriate. Typical ly 
they are used when one has a large spat ia l l y  d istr ibuted shield around a volune o f  radioactive 
m t e r i a l ,  and one needs t o  account fo r  the dose rate coming not jus t  from ganrnas along a precise, 
very nar rw,  l i ne  of sight f ran  the source, but also from co l l i s ions  that occur in the neighboring 
shield material sure distance t o  ei ther side of a direct  l i n e  from the source, but nevertheless 
somewhat close t o  the surface of the shieid. In Monte Carlo parlance, these uwld be ca l led  
"last f l i g h t "  contributions or next t o  las t  f l i g h t  contributions. U i th  most point  kernel methods, 
one takes the d i rec t  l i n e  of s ight  attenuated fluxes or dose rates and then n u l t i p l i e s  the resul ts 
by a correction factor or "build up factor" vhich has been determined i n  advance (ei ther empir ical ly 
by experiment, or by extensive higher-order analyt ic calculations) t o  obtain the correct 1%djusted*4 
resul t  fo r  many typical  (simple) s i tuat ions involving such shields. Indeed, i f  one had a large pool 
of uater in  place of the biological  shield and/or the steel col l imator and rad ia l  and eccentric 
shields, such an approach uould be qui te justified. 
u a t e r - f i l l e d  rectangular hole i n  the collimator, hovevet, that  i s  not the case. D i rec t l y  in  
front of the small 2,E-inch x 5.5-inch ua te r - f i l l ed  hole, the gama dose ra te  i s  indeed very high 
because of gamnas streaming through the uater. I f  one goes more than 2 or  3 inches o f f  t o  the side 
of the centerline, however, the g- f l u x  i s  heavily shielded a d  d ras t i ca l l y  louer. Moreover, i n  
t h i s  case, one does not have simi lar  contributions fram a vast array of nearby points in  simi lar  
(water- l ike) materials, and t o  apply a bui ld-up correction factor based on that  assapt ion  wuld be 
c lear ly  inappropriate i n  t h i s  par t i cu la r  situation. 

For gamnas streaming through the small 

6) After calculat ing the to ta l  cunr lat ive garrrne dose rate a t  the point  of interest  f o r  e i ther  the 
1960 or  1998 uater t h ,  the to ta l  contr ibution fran each source region (iloc=-1,0,1,2,3,4,5,6,7,8) 
i s  printed along u i t h  the cunulative to ta l .  In addition, the f rac t ion  of the t o t a l  gama dose rate 
contributed from each source energy group at each source location i s  also tabulated, sorted, and 
printed i n  decreasing order so that one can easi ly discern the re la t i ve  importance by energy group 
and source location. 

This handy l i t t l e  program has provided a uealth of helpful information and useful insights. 

Table 5.4 shows the QADD3 point kernel estimates of the to ta l  gama dose ra te  dounstream of the flooded 
col l imator section based on both the 1998 uater tube design and the or ig ina l  1960 uater tube design. 
These dose rates uould ex is t  jus t  upstream o f  the rotary shutter uhen the uater tube and col l imator 
sections are both flooded and the HFIR i s  operating a t  100 MU. 
port ion o f  the to ta l  dose rate a t  2=400 em due t o  (1) the or ig ina l  primary gamnes which come from the 
hot end of  the HB-3 beam tube and inpinge d i rec t l y  the uater tube, ( 2 )  the secondary g a m s  generated 
by neutrons in  the f i r s t  aluninun uindou, and (3) secondary gamnas generated by neutrons i n  each of the 
f i r s t  eight 4.1-cm increments of the uater tube. Note that uh i l e  the secondary gamma source terms i n  
Table 5.3 uere dropping o f f  by about an order of magnitude every 8.2 cm i n  the water, the dose ra te  due 
t o  these secondary gamnas i n  each increment of uater i s  dropping o f f  somuhat less rap id ly  since each 
successive increment experiences less and less attenuation. Nevertheless, i t  i s  c lear that  even these 
contr ibutions are negl ig ib le and decreasing. 
that the photon energy density due t o  secondary g a m s  a t  the hot end of the water tube was comparable 
t o  that coming from the primary (impingent) garrmas, i t  i s  nou equally clear from Table 5.4 that the 
reason these nunerous energetic secondary g m s  born near the hot end of the beam tube do not contribute 
s ign i f i can t ly  to  the dose rate a t  the point of interest (2400 an) i s  precisely because they are born 
iso t rap ica l l y  and the i r  areal density ( f lux )  a t  t h i s  distant location i s  great ly diminished re la t i ve  
t o  the or ig ina l  primary ganms which uere also born isotropical ly but uere f a i r l y  wel l  collimated by 
the t ime  they entered the water tube. Moreover, i t  i s  also clear from Table 5.4 that  the dose ra te  
contr ibutions from secondary garmas born in the uater tube are ac tua l l y  mch  more neg l ig ib le  than 
previously indicated by the 1-D slab analyses corresponding t o  Cases 4 and 5 in  Sect 5.6. Based on 
t h i s  finding, and the previous findings regarding the d i rec t  neutron dose rates impingent on the rotary 
shutter, there i s  simply no further need o f  any detai led 3-0 HCNP uater tube shielding analyses f o r  
ei ther neutrons or secondary g m s .  Detailed rigorous analyses are s t i l l  required, houever, fo r  the 
garmna-only problem involving the or ig inal  primary g m s  streaming down the beam tube and impinging on 
the uater tube since these do contribute s ign i f i can t ly  t o  the dose ra te  impingent on the rotary shutter. 

I n  each case, Table 5.4 also shous the 

Moreover, uh i le  it was clear from the previous section 

Before concluding t h i s  discussion, houever, a t  least one or two other points are i n  order. 

First ,  i t  i s  informative t o  review (one l as t  t ime) what i s  known about the t o t a l  g m  dose rate 
impingent on the rotary shutter based on the three analyt ic techniques mentioned i n  t h i s  section: 
the elementary 3-group formula, the point kernel results presented here, and the semi-rigorous 
(although s t i l l  not perfect) MCNP resul ts mentioned above and in  A w i x  C.6. 
the resul ts obtained f o r  the to ta l  gamna dose rate a t  2 4 0 0  cm by these three indepeodent techniques. 
Note, f o r  example, that a l l  three techniques are i n  excellent agreement. 
23-grwp point kernel technique yields resul ts that are u i t h i n  1% of the most h igh ly  advanced 
state-of-the-art f i n a l  MCNP reference run (H8308G5) described in  Sect 6. 
i s  that the sinple 3-group fornula presented i n  Sect 5.2 i s  u i t h i n  IS-16% o f  the f i n a l  reference 
solution. 

Table 5.5 surmarires 

Moreover, the simple 

Even more surprising 
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Table 5.4. QADD3 po in t  kernel r e s u l t s  showing the t o t a l  g a m  dose r a t e  downstream o f  the 
flooded co l l imator  sect ion ( f o r  the 1998 and 1960 HB-3 water tubes), and estimates o f  the 
r e l a t i v e  dose rates there due t o  the o r i g i n a l  primary (impingent) g a m s ,  secondary g a m s  
i n  the f i r s t  aluninun window, and secondary g a m s  i n  the f i r s t  32.8 cm o f  water, i n  e ight  
4.1-cm increments. 
the water tube and co l l imator  sect ions a re  both flooded and the H F I R  i s  operating a t  100 MU. 

These dose ra tes  would e x i s t  j u s t  upstream o f  t he  r o t a r y  shut ter  uhen 

For 1998 water tube For 1960 water tube _ _ _ - _ _ _ - - _ _ - - _ _ _ _ _ _  - - - - - - - - - - - - - - - - - - -  
Dose r a t e  due t o  src  loc 
Dose r a t e  due t o  src  loc 
Dose r a t e  due t o  src  loc 
Dose r a t e  due t o  src  loc 
Dose r a t e  due t o  src loc 
Dose r a t e  due t o  src  loc 
Dose r a t e  due t o  src  loc 
Dose r a t e  due t o  src  loc 
Dose r a t e  due t o  src Loc 
Dose r a t e  due t o  src  loc 

-1 (primary g a m s  i n  HB3) = 
0 ( f i r s t  aluninun window) = 
1 (1st 4.1-cm water seg) = 
2 (2nd 4.1-cm water seg) = 
3 (3rd 4.1-cm water seg) = 
4 (4 th 4.1-cm water seg) = 
5 (5 th 4.1-cm water seg) = 
6 (6th 4.1-cm water seg) = 
7 (7 th 4.1-cm water seg) = 
8 (8th 4.1-cm water seg) = 

Total g a m  dose r a t e  a t  2=400 cm - - 

1.02952E+05 mrem/hr 
6.59302E+01 mrem/hr 
1 .i3852E+01 mrem/hr 
7.92927E+OO mrem/hr 
3.10514E+OO mrem/hr 
1.25670E+00 mrem/hr 
5.56537E-01 mrem/hr 
2.73695E-01 mrem/hr 
1.48445E-01 mrem/hr 
8.72652E-02 mrem/hr 

1.03048€+05 mrem/hr 
- - - - - - - - - - - - - - - - - - -  

2.38587E+04 mrem/hr 
5.75822E+01 mrem/hr 
6.69047E+00 mrem/hr 
3.03324€+00 mrem/hr 
l.l831?E+OO mrem/hr 
4.78499E-01 mrem/hr 
2 - 12606E-01 mrem/h r 
1.05289E-01 mrem/hr 
5.76366E-02 mrem/hr 
3.42147E-02 mrem/hr 

2.39281E+04 mrem/hr 
- - _ _ - - - _ - - - - - - _ _ _ - -  
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Table 5.5. 
by the 3-group formula (which d id  not include secondary g a m s ,  the 
23-grwp point kernel method that did include secondary gamnas, and 
the preliminary MCNP runs (HB307C and HB307D) which did not include 
secondary gamnas. 

Ganma dose rates impingent on the rotary shutter as given 

%Group formula: 90.23 Rem/hr 19.58 Rm/hr 

Point Kernel Method (PADD3): 103.05 Rem/hr 23.93 Rem/hr 

Preliminary MCNP Runs: 109.31 R W h r  26.77 Rem/hr 

Final MCNP Ref R u n  (HB308G5): 103.99 Rem/hr Rem/hr 
described i n  Sect 6 
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Table 5.6.  
kernel code f o r  the "Top 25" contributors, i n  terms of  source locat ion and source energy group, 
ranked i n  order of importance, f o r  the 1998 and 1960 HB-3 water tube sh ie ld ing problem. 

Cunulat ive f rac t iona l  g a m  dose rates a t  2=400 cm as given by the QADD3 po in t  

For the 1998 uater  tube: 

Rank= 1 
Rank= 2 
Rank= 3 
Rank= 4 
Rank= 5 
Rank= 6 
Rank= 7 
Rank= 8 
Rank= 9 
Rank= 10 
Rank= 1 1  
Rank= 12 
Rank= 13 
Rank= 14 
Rank= 15 
Rank= 16 
Rank= 17 
Rank= 18 
Rank= 19 
Rank= 20 
Rank= 21 
Rank= 22 
Rank= 23 
Rank= 24 
Rank= 25 

Lot=- 1 
Loc=-l 
Loc=-l 
Loc=-1 
L0c=- 1 
Loc=- 1 
Loc=- 1 
Lot=- 1 
Loc=-l 
Lot=- 1 
Lot= 0 
Lot=- 1 
Loc= 1 
Loc=- 1 
Loc= 0 
Loc= 2 
Loc= 0 
Loc= 0 
Loc= 3 
Loc= 0 
Loc= 0 
Lot= 0 
Loc=- 1 
Loc= 4 
Lot= 5 

Grp= 
Grp= 
Grp= 
Grp= 
Grp= 
Grp= 
Grp= 
Grp= 
Grp= 
Grp= 
Grp= 
Grp= 
G r p  
Grp= 
Grp= 
Grp= 
Grp= 
G r p =  
Grp= 

Grp= 
Grp= 
G rp= 
Grp= 
G r p =  

G W =  

3 
5 
7 
6 
4 
8 
2 

10 
9 

11 
3 

12 
10 

1 
5 

10 
7 
6 

10 
8 
4 
2 

13 
10 
10 

For the 1960 water tube: 

Rank= 1 
Rank= 2 
Rank= 3 
Rank= 4 
Rank= 5 
Rank= 6 
Rank= 7 
Rank= 8 
Rank= 9 
Rank= 10 
Rank= 1 1  
Rank= 12 
Rank= 13 
Rank= 14 
Rank= 15 
Rank= 16 
Rank= 17 
Rank= 18 
Rank= 19 
Rank= 20 
Rank= 21 
Rank= 22 
Rank= 23 
Rank= 24 
Rank= 25 

Loc=- 1 
Loc=- 1 
Loc=- 1 
Loc=- 1 
Lot=- 1 
Lot=- 1 
Loc=-l 
Lot=- 1 
Lac=- 1 
Loc= 0 
Loc=- 1 
LoC= 0 
Lot= 1 
Loc= 0 
Loc=-1 
Lot= 0 
Lot= 2 
Loc= 0 
Loc= 0 
Loc= 0 
Loc= 3 
Lot=- 1 
Lot= 4 
Lot= 5 
Lot= 0 

G r p =  3 
Grp= 5 
G r p =  7 
G r p  6 
G r p =  4 
Grp= 2 
Grp= 8 
Grp= 10 
G r p =  9 
Grp= 3 
Grp= 11 
G r p =  5 
G r p =  10 
G r p =  7 
Grp= 1 
Grp= 6 
Grp= 10 
G r p =  4 
G r p  2 
G r p  8 
Grp= 10 
Grp= 12 
G r p :  10 
Grp= 10 
Grp= 9 

Cunulative f ract ional  g a m  dose r a t e  a t  2=400 cm: 
Cunulative f ract ional  g a m  dose r a t e  a t  2400 cm: 
Cunulative f ract ional  g a m  dose r a t e  a t  2400 cm: 
Cunulative f rac t iona l  g a m  dose r a t e  a t  2=400 cm: 
Cumulative f rac t iona l  g a m  dose r a t e  a t  2=400 cm: 
Cunulative f rac t iona l  gamna dose r a t e  a t  2400 cm: 
Cunulative f rac t iona l  ganm dose r a t e  a t  2=400 cm: 
Cunulative f ract ional  g a m  dose r a t e  a t  2=400 cm: 
Cumulative f ract ional  g a m  dose r a t e  a t  2400 cm: 
Cunulative f rac t iona l  gama dose r a t e  a t  2 4 0 0  cm: 
Cunulative f rac t iona l  gamna dose r a t e  a t  2400 cm: 
Cunulative f ract ional  gamna dose r a t e  a t  2 4 0 0  cm: 
Cunulative f ract ional  g a m  dose r a t e  a t  2=400 cm: 
Cunulative f rac t iona l  gamna dose r a t e  a t  2 4 0 0  cm: 
Cunulative f rac t iona l  ganma dose ra te  a t  2 4 0 0  cm: 
Cunulative f rac t iona l  gamna dose r a t e  a t  2=400 cm: 
Cunulative f rac t iona l  g a m  dose r a t e  a t  2 4 0 0  cm: 
Cunulative f rac t iona l  g a m  dose r a t e  a t  2 4 0 0  cm: 
Cunulative f ract ional  gamna dose r a t e  a t  2 4 0 0  cm: 
Cunulative f rac t iona l  gamna dose r a t e  a t  2400 cm: 
Cunulative f rac t iona l  gamM dose r a t e  a t  2 4 0 0  cm: 
Cunulative f rac t iona l  gamna dose r a t e  a t  2=400 cm: 
Curulat ive f rac t iona l  g a m  dose r a t e  a t  2400 cm: 
Cunulative f rac t iona l  ganma dose r a t e  a t  2 4 0 0  cm: 
Cunulative f ract ional  g a m  dose ra te  a t  2 4 0 0  cm: 

Cunulative f rac t iona l  gama dose r a t e  a t  2=400 cm: 
Cunulative f rac t iona l  g a m  dose r a t e  a t  2=400 cm: 
Cunulative f rac t iona l  gamna dose r a t e  a t  2=400 cm: 
Cunulative f rac t iona l  g a m  dose ra te  a t  2 4 0 0  cm: 
Cunulative f rac t iona l  g a m  dose ra te  a t  2=400 cm: 
Cunulative f rac t iona l  g a m  dose r a t e  a t  2 4 0 0  cm: 
Cunulative f rac t iona l  gamna dose r a t e  a t  2400 cm: 
Cunulative f ract ional  g a m  dose r a t e  a t  2=400 cm: 
Cunulative f ract ional  g a m  dose r a t e  a t  2 4 0 0  an: 
Cunulative f rac t iona l  g a m  dose r a t e  a t  2400 cm: 
Cunulative f rac t iona l  ganm dose r a t e  a t  2400 cm: 
Cunulative f ract ional  gamna dose ra te  a t  2 4 0 0  cm: 
Cunulative f ract ional  gamna dose ra te  a t  2 4 0 0  cm: 
Cunulative f rac t iona l  g a m  dose r a t e  a t  2=400 cm: 
Cunulative f rac t iona l  gamna dose r a t e  a t  2=400 cm: 
Cunulative f ract ional  gama dose r a t e  a t  2=400 cm: 
Cunulative f rac t iona l  gamna dose r a t e  a t  2=400 cm: 
C w l a t i v e  f rac t iona l  gamna dose r a t e  a t  2 4 0 0  cm: 
Cunulative f rac t iona l  gamna dose ra te  a t  2 4 0 0  cm: 
Cunulative f rac t iona l  gamna dose ra te  a t  2=400 cm: 
Cunulative f rac t iona l  g a m  dose r a t e  a t  2=400 cm: 
Curulat ive f rac t iona l  ganm dose r a t e  a t  2=400 cm: 
Cunulative f rac t iona l  g a m  dose r a t e  a t  2 4 0 0  cm: 
Curulat ive f rac t iona l  gama dose r a t e  a t  2 4 0 0  cm: 
Cunulative f rac t iona l  gama dose ra te  a t  2=400 cm: 

0.411054100 
0.704645200 
0.799076600 
0.866660500 
0.908384900 
0.949603500 
0.980754100 
0.991010100 
0.997165000 
0.998673200 
0.999051500 
0.999284000 
0.999452400 
0.999595700 
0.5'99677500 
0.5'99754300 
0 .999826600 
0.999871900 
0.999901800 
0.999926000 
0 -999943800 
0.999958400 
0.999970500 
0. %XN82500 
0.999987800 

0.438447900 
0.75 1604700 
0.822877600 
0.882121800 
0.926626900 
0.964102400 
0.989245400 
0.993766800 
0.996480200 
0.998000300 
0 -998380500 
0.998709400 
0.998987900 
0.9991 93700 
0.999396000 
0.999545300 
0.999671 200 
0.999742700 
0.999808800 
0 .W864300 
0 -999913000 
0.995949800 
0 .-69200 
0.999977700 
0 -999983500 
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Lastly, i t  i s  po ten t ia l l y  he lp fu l  t o  future MCNP analyses t o  review some addit ional PAD03 point kernel 
resul ts not shom i n  Table 5.4. 
rates a t  2=400 cm, as given by the PADD3 point kernel code fo r  the "Top 2Saa contributors - -  i.e., the 
contr ibutions from each source locat ion and each source energy group as ranked i n  order of importance, 
f o r  the 1998 and 1960 HB-3 uater tube shielding problems. Valuable insights on how to  run future MCNP 
gamna-only calculat ions more e f f i c i e n t l y  can be gained from studying t h i s  type o f  information. 

Having looked a t  "the rankings" in  Table 5.6 and being content that one can safely ignore the 
contr ibutions from a l l  s e c d r y  ganmas born in  source locations 0-8, i t  may actual ly be more 
useful t o  remove "the rankings*# and r e t a l l y  the cunulative f ract ional  t o ta l  gama dose rates 
by energy group, f i r s t  f o r  source region -1 (the or ig ina l  "primary" gamnas streaming down the 
beam tube), and then a l l  other secondary gaffma source regions. 
i s  not exactly the same as Table 5.6, but i t  i s  wry similar. 

For the 1960 water tube, one w i d  see that: 

Table 5.6, f o r  example, shous the c w l a t i v e  f ract ional  gamna dose 

This part icular sorted l i s t  

Group 1- 7 sources (of the primary gamaas) contr ibute 96.6301; o f  the f i n a l  gama dose 
Group 1- 8 sources (of the primary gamaas) contr ibute 98.965% of the f i n a l  gatma dose 
Group 1 - 1 1  sources (of the primary garmvls) contr ibute 99.706% of the f i n a l  garsna dose 
Group 1-12 sources (of the primary ganrnas) contr ibute 99.710X of the f i n a l  g m  dose 

and that a l l  other sources can be neglected f o r  a l l  p rac t ica l  purposes i n  a 3-D HCYP analysis. 
Moreover, in the MCNP analysis. even if does consider only the primary gama sources in groups 
1-12, there s t i i l  may be some concern about under swp l ing  the energetic ganraas in  group 1 
since the source strength there i s  so much less than the source strength i n  the other groups. 
(c f  Table 2.21s). 
data shous that group 1 gamnas, uh i l e  energetic, only contr ibute about 0.020% of the to ta l  gama 
dose rate a t  the desired locat ion 12400 an) j us t  damstream of  the ua te r - f i l l ed  col l imator. 

Likewise, f o r  the shorter 1998 water tube, one would see that: 

Group 1- 8 sources (of the primary g a m s )  contr ibute 08.090% of the f i n a l  gama dose 
Group 1-11 sources (of the primary gamass) contr ibute 99.882% of the f i n a l  gamm dose 
G r o u p  1-12 sources (of the primary gafmJas) contr ibute 99.9053 of the f i n a l  gamna dose 

and that a l l  other sources can be neglected f o r  a l l  pract ical  purposes in  a 3-D MCNP analysis. 
In th i s  case, examination o f  the resul ts in Table 5.6 shons that group 1 gammas, uh i le  energetic, 
only contr ibute about 0.014% o f  the t o t a l  gama dose rate a t  the desired location (2=400 an) 
just dounstream of the wa te r - f i l l ed  col l imator. 
( in terms o f  mrem/hr) does in  fact go up because of the shorter water tube, t he i r  re la t i ve  
f ract ional  contr ibution i s  s l i g h t i y  less because contr ibutions from other energy groups and 
source locations have gone up more.] 

Uhat does t h i s  mean in  t e r m  of how one might optimize the gama-only MCNP analysis? 
means that one can safely ignore a l l  secondary gama sources. 
13-23 of the primary gamna source (Table 2.2b) could be safely ignored as ue l l .  
that one might also want t o  consider ignoring the primary gaamas in  groups 8-12 as ue l l .  
this: 
the nunber of h is to r ies  that  must be run. 
1-8 would, uwld require running 44yB* h r  of  h is to r ies  i n  groups 9-12 uhere, i n  the absence of 
any source energy biasing, x and y uould be proportional t o  the nuaber o f  source g a m s  (p/s) in  
these respective energy ranges. 
represent 7.9842lle15 p/s, uh i l e  the point sources in  VELM groups 1-12 represent 2.160073e16 p/s. 
Therefore, i f  one includes groups 9-12 (wi th no source energy biasing), the calculat ion u i l l  take 
3 times longer and would change the calculated to ta l  gama dose rate only by a minuscule amount. 
From Table 5.6, ue see that the expected change i n  the to ta l  gama dose rate a t  t=bOO cm would 
only a m t  t o  1.815% in  the case of the 1598 water tube, or 0.765% i n  the case o f  the 1960 water 
tube. Moreover, the CPU time w l d  be nuch be t te r  spent running additionat histor ies fo r  sources 
in  groups 1-8. 

To take t h i s  example one step further, assme one decided t o  include jus t  the source t e r n  in  
gatma groups 1-8, instead o f  a l l  the source terms in  groups 1-23, uhat k ind o f  calculat ional 
savings could be realized, and a t  uhat cost in  terms of precision? Again assuning no source 
energy biasing, and that one needed "x" number o f  h is to r ies  in groups 1-8 t o  get adequate 
dose rate s ta t i s t i cs  i n  both cases, the amount o f  running t i m e  required uould be roughly 
proportional t o  the number o f  source g a m ~ s  i n  both calculations: 

Sources i n  VELM groups 1-23 = 1.35399e17 p/s 

Sources i n  VELM groups 1- 8 = 7.986211e+15 p/s 

Thus, by running only VELM source groups 1-8 (uhich accwnt f o r  98-994 of the to ta l  gamna dose 

Results in  Table 5.6 should a l lev ia te  that anxiety, since examination of that 

Cln t h i s  case, uh i le  the i r  actual contr ibution 

F i rs t ,  i t  
Secondly, i t  means that even grwps 

Consider 
Third, i t  means 

In a straight analog Monte Carlo s imla t ion ,  the running t i m e  i s  roughly proportional t o  
To run "xb4 mmber of h is to r ies  fo r  sources in  groups 

Frau Table 2.2b, ue see that the point sources in  VELM groups 1-8 

==> Ratio = 16.96 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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rate j us t  downstream of the flooded collimator, the calculat ion should run about 17 times faster 
than i f  one t r i e d  t o  include the sources frcm a l l  23 gamM groups. 
the two calculat ions may take on the order of 1 or 2 C W  days on each of 8 nodes on the ORNL SP2 
conputer, the choice i s  clear since the longer more-inclusive calculat ion would be qu i te  prohibi t ive.  
Moreover, t h i s  i s  a good example of where and hou an understanding of the physics, gleaned from 
re la t i ve l y  simple methods, can serve as a valuable guide t o  more rigorous analyses that would 
otherwise be doomed t o  fa i lure.  ( In practice, the use of broad-group Iageometry independent weight 
windowsaa based on fine-group adjoint analyses, i n  conjunction with the 3-0 HCNP model, as described 
i n  Sect 6 and used i n  the f i n a l  analysis, i s  far  more pouerful than the s imp l is t i c  approach out l ined 
here. In the absence of the state-of-the-art techniques described i n  Sect 6, however, the s imp l is t i c  
considerations outlined here s t i l l  serve as valuable guidance.) 

Given that even the shorter o f  

I n  absolute terms, and re la t i ve  t o  the to ta l  dose ra te  jus t  upstream of the rotary shutter (wi th 
the HFIR operating a t  100 MU and the HE-3 water tube and collimator sections both flooded), the 
d i rec t  neutron dose rate at that location i s  t o t a l l y  negligible. This i s  based on elementary 
hand calculations, and was confirmed by conservative 1-D slab calculations using the VELM cross 
section l i b ra ry  wi th 61 neutron energy groups and 23 gamna groups. 

Likeuise, the dose rate a t  t h i s  location due to  secondary g a m s  produced by the neutrons a t  the 
hot end of the water tube under these conditions i s  also t o t a l l y  negl ig ib le when conpared t o  the 
dose ra te  a t  the shutter due t o  primary g a m s  streaming down the beam tube and impinging on the 
water tube. 
section l i b ra ry  with 61 neutron energy group and 23 g a m  group. Further investigations wi th 
a 23-group point  kernel code have confirmed that t h i s  i s  the case kcause o f  the isotropic nature 
o f  the secondary g a m  source terms and the re la t i ve l y  distant location where they are produced. 
Moreover, separate o f f l i n e  4A checks on the intensi t ies of the secondary gamnas produced by the 
ANlSN analysis (and used in  both calculations) have shown the secondary gamna production rates t o  
be eminently reasonable. 

Since the direct.neutron dose rate just upstream of the rotary shutter and the re la t i ve  g a m  
dose ra te  there due t o  secondary g a m s  produced i n  the system are both t o t a l l y  neg l ig ib le  when 
cocrpared t o  the g a m  dose rate a t  the shutter due t o  primary g a m s  streaming down the beam 
tube and impinging on the water tube, there i s  no further need of any detai led 3-D MCNP analyses 
t o  fur ther assess those effects. Nevertheless, i t  should be noted that three d i f fe ren t  and 
independent (a lbe i t  approximate) calculat ional techniques have shoun that the to ta l  gama dose 
rate impingent on the rotary shutter u i l l  be on the order o f  100 R W h r  uhen the 1998 water 
tube and col l imator sections are both flooded and the HFIR i s  operating a t  100 MU. Given tha t  
t h i s  i s  about four times higher than the 25 Rem/hr calculated there with the 1960 water tube 
and col l imator sections both flooded, detai led state-of-the-art 3-D MCNP calculat ions fo r  the 
the g a m - o n l y  source are warranted and just i f ied.  
more rigorous determination of the bwndary source jus t  upstream of the shutter ( f o r  use i n  
case the shutter must be redesigned), but must go further and accurately calculate the f i n a l  
resu l t ing  dose ra te  downstream of the rotary shutter t o  determine i f  i t  must be redesigned t o  
meet current dose l im i ts .  This analysis i s  described i n  Sect 6. 

This was also based on a conservative 1-D slab calculat ion using the VELM cross 

Moreover, th is  analysis nust include a 
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6.0 TREATMENT OF PRIMARY GAMMAS I N  THE UATER-TUBE SHIELDING ANALYSIS 

The t o t a l  dose rate dounstream of the flooded uater tube, the flooded collimator, and the ro ta ry  
shutter asserrbly, depends on three things: (1) the direct  neutron dose rate, (2) the dose ra te  due 
t o  secondary gamnas produced by these neutrons, and (3) the dose rate due t o  primary gamnas that 
penetrate the shielding. [Here the term "primary gemRBs81 i s  used t o  refer t o  those coming from 
the equivalent point sources i n  the hot end of the HE-3 beam tube l i s ted  in Table 2.2b even though, 
i n  rea l i t y ,  many of these are i n  fact high-energy secondary g m s  produced by (n,g) reactions i n  the 
aluninun a t  the t i p  of the beam tube and other materials near the t i p  of the tangential beam tube.] 
As  shoun in  Sect 5, houever, the direct  neutron dose rate, and the dose rate due t o  secondary g m s ,  
are both t o t a l l y  negl ig ib le dounstream of the flooded water tube and col l imator sections, even though 
the t o t a l  gama dose rate impingent on the rotary shutter i s  approximately 100-110 Rem/hr fo r  the 
1998 uater tube design, o r  about four times higher than i t  i s  u i t h  the or ig ina l  1960 design using 
the longer uater tube. Moreover, the high gamna dose rate a t  t h i s  location has been consistently 
calculated by three independent analyt ic techniques: 
23-group po in t  kernel analysis, and a preliminary WCNP analysis based on a highly s imp l i f ied  model 
in  uhich geometric s p l i t t i n g  based on the extensive use of photon importance zones permitted a very 
credible solut ion t o  be obtained dounstream of the flooded col l imator section (c f  Appendix C.6). 
Unfortunately, the use of the MCNP biasing technique applied in  Appendix C.6 could not be extended 
i n t o  and through the region corresponding t o  the geometrically complex rotary shutter assembly, 
and the boundary source impingent on the rotary shutter lacked the resolut ion necessary f o r  a .  
detai led streaming analysis i n  and around the rotary shutter. Nevertheless, i t  uas clear that  
such an analysis uas beyond the capabi l i ty  of the elementary methods and uould require the use 
of a 3-D transport model uhich could adequately represent the large and small holes in the ro ta ry  
shutter i t s e l f ,  as well as the small clearance gaps around the cy l indr ica l  shutter, and the large 
1- and 2-cm clearance gaps between the shutter housing assembly and the biological  shield. 

Fortunately, by the t i m e  the gam-on ly  water-tube shielding problem uas t o  be addressed, a neu 
and mrch more powerful analytic biasing technique had been perfected fo r  use u i t h  MCNP4B. This 
technique al lous use of broad-group ugeometry-independent ueight uindovs" based on the adjoint  
analysis o f  a s imi lar  but simpli f ied geometry model. These w i g h t  uindous can then be used in  
conjunction wi th the fu l l  3-0 MCWP model o f  the real  system in a l l  i t s  glorious de ta i l .  
benef i ts o f  t h i s  approach are described more f u l l y  i n  Appendix C.6.6, uh i le  the power of t h i s  
approach in  a sinple academic problem uas f i c s t  deRKKIstrated Appendix C.2. 
the r igorous solut ion of the gam-on ly  water-tube shielding problem using MCNP uould have been 
impossible. Moreover, t h i s  uas the f i r s t  demonstration o f  the method i n  a very d i f f i c u l t  yet 
very rea l  application. 
shutter assembly exactly as described in  Sect 3 and shown in  Fig. 3.3, u i t h  no approximations. 
Moreover, Fig.3.3 w?s created fram the actual MCNP inpot f i l e  used i n  t h i s  analysis. 
model includes: the hot end of the beam tube inside the vessel, a l l  of the small geometry regions 
required f o r  the dosimetry analysis (cf  Figs. 3.14 to 3-18>, the en t i re  (flooded) uater tube 
including the surrounding pool and portions of the biological  shield, the (flooded) col l imator 
section including the radial  and eccentric shields and the surrwnding concrete (shown ui thout uater 
in  Figs. 3.10 and 3.111, and the fu l l  3-D mtxiel of the rotary shutter assembly including a l l  the 
small i n te rna l  void regions and the surrounding concrete (c f  Figs. 3.12 and 3.13). The i n i t i a l  
p lan was t o  use th i s  detai led MCNP model in  combination u i t h  broad-grwp Hgeometry-iKiependent 
ueight uindous*a based on adjoint analyses t o  generate a much better internal (MCNP) boundary 
source just dounstrearn of the collimator (a t  Z=b01.9645 cm) that could then be used in  a fol lou-up 
bootstrapped calculat ion i n  which even more h is to r ies  could be used i n  the analysis o f  the ro ta ry  
shutter a s s d l y .  Indeed, just such a boundary source uas wr i t ten  and saved. I t  included the 
coordinates, d i rect ion cosines, energies, and pa r t i c l e  weights fo r  over 5.6 m i l l i o n  high-energy 
par t i c les  crossing th i s  a r t i f i c i a l  internal  barndary at Z=401.9645 cm. 
required over 542 MB of disk space, and uas subsequently archived t o  tape fo r  future reference.) 
The necl method involving the use of broad-grwp amgeometry-independent weight windowsy1 worked so 
ue l l ,  however, that no follou-up bootstrapped analysis was ever needed. That is:  Because the 
base model used t o  generate th i s  boundary Source already c a n t a i d  the rotary shutter, the concrete 
assembly, the streaming paths, and the biological  shield, as w e l l  as a l l  the point detectors and 
boundary crossing estimators that we had planned t o  use in the f i n a l  analysis, and because the 
s t a t i s t i c s  obtained from th i s  i n i t i a l  calculat ion uere so good, and because the (real  pa r t i c l e )  
boundary crossing t a l l i e s  dounstream of the rotary shutter provided a laposit ive confirmation*g of 
the point  detector estimates dounstream of the rotary shutter assembly, there uas no fur ther need 
o f  any fu r ther  fol lou-up analysis. 

Host of the key elements needed to  understand the approach taken here are described elseuhere 
i n  t h i s  report. 
are discussed i n  Sect 5.1, Appendix C.1, and Appendix C.6.6. Those unfamiliar u i t h  biasing 
techniques might also want to  revieu Appendices C.Z.1 and C.2.2. 
o f  Appendix 12.2 describe the use of broad-group Jageometry-independent weight windous*a in  
conjunction u i t h  MCNP4B as applied t o  a s inple problem. Lastly, the format of the broad-group 
"geometry-independent ueight uindou f i l e n  i s  described i n  Appendix C.3. 
necessary f i l e  format specifications w i l l  be formally published by Los Alamos (c f  Ref 23) i n  
the next release of the code (MCNP4C) i n  the year 2000. While i t  auaits the next formal release 

an elementary 3-group analyt ic formula, a 

The 

Uithout t h i s  approach, 

The approach taken was t o  model the en t i re  HB-3 beam tube and ro ta ry  

This base 

(This boundary source f i l e  

Why th i s  approach uas taken" and "obstacles presented by other approaches" 

Appendix C.2.3 and the balance 

This technique and the 
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of the code, i t  has a l r e a w  undergone extensive internal  test ing a t  Los Alamos and i s  presently 
available as an undocmented feature o f  the MCNP4B code as released in the spring o f  1997. 

The remainder of Sect 6 b r i e f l y  describes the 1-D ANISN model used in  the adjoint analysis, 
and how that resul t ing broad-group data was used to  create a 3-D weight-uindow f i l e  f o r  use 
i n  MCNP4B. 
by an extensive presentation and discussion o f  the resul ts obtained. 

A feu supplementary detai ls regarding the MCNP analysis are then given, folloued 

6.1 Discussion of the 1-D ANISN Model Used in  the Adjoint Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Tabte 6.1 b r i e f l y  describes the ANISN 1-D buckled slab model (of the flooded 1998 HB-3 water tube, 
flooded col l imator, and rotary shutter) that uas used i n  the adjoint  analysis of the gam-on ly  
shielding problem t o  generate broad-group weight window information that could then be used i n  
subsequent 3-D HCNP analyses. I t  i s  very s imi lar  t o  (and indeed based upon) the 1-D model 
previously described in  S e c t  5.3, u i t h  minor changes fo r  t h i s  par t i cu la r  application. 

Table 6.1 describes the d e l  geometry as c lear ly  as possible. Basical ly i t  i s  a 1-D i n f i n i t e  slab 
model along the centerl ine of the HB-3 beam tube, including the 1998 water tube, the water- f i l led 
collimator, and the ro ta ry  shield plug. 
and end of the water tube. Appendix D.1 l i s t s ,  among other things, the actual ANISN input fo r  t h i s  
part icular model. 
contains an embedded Fortran program which i s  carpi led and executed a f t e r  the adjoint ANISN calculat ion 
has been run. The purpose of that program i s  t o  generate properly normalized 1-D broad-group ueight 
windou information that i s  l a te r  used i n  the 3-D weight window f i l e  generator (UU308G) which i s  also 
discussed below. 

This adjoint  ANISN catculation#9 i s  an &-group calculat ion using the 61n/23g VELM cross section 
library#lO. Moreover, premixed cross sections fo r  the various materials l i s t e d  i n  Table 6.1 were 
created and cast i n  an "adjoint formato8 by the G I P  code#24 p r i o r  t o  running th i s  group-banded I - D  
adjoint ANISN calculation. Unlike the academic problem i n  Appendix C.2 uhere the stated objective 
o f  the f i n a l  MCNP analysis was t o  calculate the to ta l  %eutron plus secondary gamna" dose rate 
dounstream of the shield, the d i rec t  neutron dose ra te  downstream of the sh ie ld  ( in  th i s  case) has 
already been dismissed as being t o t a l l y  negligible, and the f i n a l  object ive was simply t o  optimize 
the calculat ion of the 'Total  g a m  dose rate" downstream of the shield. 
i n  t h i s  adjoint calculat ion corresponds t o  the 23-group-gam flux-to-dose-rate conversion factors 
[(mrem/hr)/(p/s/cm2)3 i n  the VELM 61n/23g Library structure, based on the 1977 ANSI StandarM19. 
Those adjoint  source terms corresponding t o  the 67 neutron groups uere set  t o  zero in th is  adjoint 
analysis. This volunetr ic adjoint  source (described by the lP* array i n  the ANISN input) was placed 
i n  mesh interval  719, between X=478.31375 and X=478.79 cm i n  the 1-0 model, the l a t t e r  corresponding 
to  the downstream surface of the steel-clad concrete assembly holding the rotary shutter i n  the f i n a l  
3-D model. 
near the center of a f i n i t e  system due t o  a narrowly collimated impingent photon beam rather than 
the response over an " i n f i n i t e  plane" due t o  an " i n f i n i t e  plane source", t h i s  1-D ANISN calculat ion 
was run as a buckled slab whose ass& dimensions in  the two transverse direct ions (dx=dy=27.2 
cm) uere based on the diameter of the beam and the concept of re f l ec to r  savings, normally applied 
to  uater ref lected cores i n  reactor physics calculations. While i t  i s  recognized that the l a t te r  
i s  not d i rec t l y  applicable i n  th i s  part icular case, i t  i s  fa r  better and more r e a l i s t i c  than the 
alternative. 
used fo r  the rotary shutter shield plug i n  t h i s  adjoint analysis. 
i s  T y p e  1020 carbon steel  with a density of approximately 7.8212 g/cc. 
be recognized that the objective of t h i s  adjoint calculat ion i s  not t o  calculate the actual 
transmission through the steel, but t o  develop a biasing funct ion that would be appropriate fo r  
later use i n  MCNP. 
the solution. 
correct solution; 
i t  can aiso d i s to r t  the solution. Overbiasing can resul t  i f  the material appears "too black" i n  
the adjoint calculat ion used t o  generate the ueight uindou information.) I n  the real  system, the 
rotary shutter shield plug has a large 3.5-inch-diam beam hole and a small 0.875-inch-diam beam 
hole, both of uhich are incl ined at an obtuse angle t o  the beam center l ine when the shutter i s  i n  
the closed position. These holes provide streaming paths by which a t  least some radiat ion can get 
a "free r ide" through part  o f  the shield plug. 
the side of the shield plug, near the top of the shield plug, and betueen the concrete shutter 
assembly block and the biological  shield, also provide streaming paths that could conceivably make 
the dose r a t e  downstream of the shield bigger than one would expect of i t  were a monolithic block 
of steel u i t h  no streaming paths. So as not t o  obtain an adjoint  calculat ion that would overbias 
the f i na l  solution, the density of the steel used i n  the 1-0 ad jo in t  analysis was a r t i f i c i a l l y  
reduced t o  3.6760 g/cc by using a density factor of 0.47 fo r  those mesh intervals, as specified 
in  the ANISN 2l** input array (density factors by mesh interval) .  
collimator sections both flooded, i t  was knoun (cf  Sect 5.5) that  the g a m  dose ra te  inpingent 

It also includes the aluninun windows defining the beginning 

Moreover, the GETWING3.SCR scr ip t  f i l e  shown there (and discussed belou) also 

Thus, the %ource term" 

Next, because one i s  ul t imately and pr imar i l y  concerned with the fluxes and dose rates 

Lastly, i t  should be noted that Isless than fu l l  density steel" was intent ional ly 
In rea l i t y ,  the shield plug 

Here, however, i t  m s t  

In that quest, one has considerable Latitude, as long as one does not overbias 
(Underbiasing may resul t  in  less than opt imal  e f f i c iency  but always permits a 

overbiasing can ei ther increase or (sometimes) decrease the efficiency, but 

In addition, clearance gaps circunferent ia l ly  around 

W i t h  the 1960 uater tube and 
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Table 6.1. ANISN 1-D buckled slab model (of the flooded 1998 HB-3 uater tube, flooded collimator, and rotary shutte 
used in  the adjoint analysis of the gamna-only shielding problem t o  generate broad-group ueight uindow i n fo rmt ion  t 
could then be used in  subsequent 3-D MCNP analyses. 

1 

2 

3 

4 

5 
6 
7 
8 
9 

10 
11 
12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

1 

3 

112 

3 

8 
8 
8 
8 
8 
8 
8 
8 

190 

3 

16 

so 
3 

1 28 

. 3  

1s 

125 

3 

115.0 116.7841 

116.7841 117.?366 

117.7.366 174.27 

174.27 174.95 125 

176.95125 179.05 
179.05 183.15 
183.15 187.25 
187.25 191 -35 
191 -35 195.45 
195.45 199.55 
199.55 203.65 
203.65 207.75 

207.75 302.1868 

302.1868 302.5043 

302.5043 310.58 

310.58 334.7709 

334.7709 335.4756 

335.4756 399.48 

399.48 401 -9445 

401.9445 415.44875 

415.44875 477.36125 

477.36125 478.79 

Void 

Void 

Void 

Aluninun 

Uater 
Uater 
Uater 
Uater 
Water 
Uater 
Uater 
Water 

Uater 

A l m i n u m  

Water 

Uater 

Uater 

Uater 

Void 

Void 

C-st 1 

Void 

Void f o r  1998 water water tube model 

Void fo r  1998 uater uater tube model 

Void fo r  1998 uater uater tube model 
l e f t  over frm e a r l i e r  m r e  general model t o  attomodate 1960 model) 

Represents f i r s t  aluainun uindou i n  1998 uater tube; 
Uater in  1998 water tube s ta r t s  a t  174.95125 

1st 4.1-cm-thk uater region 
2nd 4.1-cm-thk uater region 
3rd 4.1-cm-thk uater region 
4th 4.1-cm-thk water region 
5th 4.1-cia-thk uater region 
6th 4.1-cm-thk uater region 
7th 6.1-cm-thk uater region 
8th 4.1-cm-thk uater region 

Balance of uater in 1998 uater tube; 1998 water tube ends at  302.18 

Represents second aluninun windou in 1998 water tube 

Region betueen end o f  1998 uater tube and s ta r t  of collimator; 
1998 col l imator design s ta r t s  a t  310.58 

Uater used fo r  central  (flooded) section of 1998 cotlimetor 

Uater used for central  ( f loded) section o f  1998 collimator 

Water used f o r  central  (flooded) section of 1998 collimator 

Thin region betueen end of col l imator and end o f  flange 

Void betueen end of f lange and the C-st l  rotary shutter shield plug 

Represents C-s t l  ro ta ry  shutter shield plug; i n  the adjoint analys 
laless than fu l l  density steela1 was intent ionaI ly used here (see tex 

l a s t  part  of cav i ty  containing the rotary shutter assembly; 
Monochronometer (not modeled here) s ta r ts  a t  478.49; 
Volunetric “adjoint source” placed in las t  mesh interval  
(mesh 719) between X=478.31375 and X=478.79 cm. 

( large nmber of mesh sinply 

Pre-mixed materials avai lable i n  the HB-3 water tube 6 ln /Ug  %djointU cross section l i b ra ry  
(adjoint . xsects . dort - ready. b i n. h f i r . hb3. wat e r t  ube. 14maY98) i nc lude the f o 1 1 oui ng : 

Mixture 1 = ANISN/DORT Material 1 = Uater a t  1.00 g/cc 
Mixture 2 = ANISN/DORT Material 
Mixture 3 = ANISN/DURT Material 
Mixture 4 = ANISN/DORT Material 13 = SS306 (7.92 g/cc; 
Mixture 5 = ANlSN/DORT Material 17 = Carbon Steel (7.8212 g/cc, 99 ut% Fe, 1 ut% C) 
Mixture 6 = ANISN/DURT Material 21 = Barytes Concrete a t  3.09725 g/cc 
Mixture 7 = AWISN/DORT Material 25 = Regular Concrete 
Mixture 8 = ANISN/WRT Material 29 = response functions 

5 = ALuninun 6061 (2.7 g/cc) 
9 = Void (He 3 1.h-20 atoms/barn*cm) 

see page 50 of ORNL/TM-11989) 
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on the ro ta ry  shut ter  was about 26 Rem/hr and that  most o f  t h i s  was due t o  8 MeV g a m s .  Ue had 
a l so  been t o l d  tha t  t he  dose r a t e  downstream of the ro ta ry  shut ter  was about 100 mrem/hr. ( In 
retrospect, i t  was l a t e r  discovered tha t  the l a t t e r  i s  m r e  l i k e  50 mrem/hr, as noted in  Sect 7 ,  
and t h a t  v i r t u a l l y  a l l  o f  t h i s  i s  due t o  ac t i va t i on  sources w i t h i n  the shut ter  i t s e l f  as opposed t o  
transmission through the shutter.) Thus, u h i l e  not t o t a l l y  appropriate i n  the end, these tu0 values 
(26 Rem/hr and 100 mrem/hr) provided a semi-credible basis f o r  determining the  reduced densi ty  o f  
the s tee l  t o  be used i n  the ad jo in t  ca l cu la t i on  so that  ue uould a t  least be assured o f  obta in ing 
a photon importance funct ion tha t  would no t  overbias the f i n a l  MCNP solut ion. 
spec ia l  b ias ing i n  t h i s  region ( i e ,  constant weight uindous in  t h i s  region) uculd be appropriate 
i f  there uere no attenuation, but t h a t  much stronger spa t ia l  b ias ing would be required f o r  an 
e f f i c i e n t  s o l u t i o n  i f  one had s o l i d  s tee l  u i t h  no streaming paths. Using the reduced densi ty  
ind icated above, whi le  perhaps no t  grounded i n  the best set o f  facts, a t  least  provided a happy 
medim tha t  uould permit a more e f f i c i e n t  so lu t i on  u i thou t  overbiasing the r e s u l t .  While the 
densi ty  used may no t  have been optimal, i t  was both usefu l  and safe f o r  the purpose a t  hand.] 

The I-D fine-mesh a d j o i n t  ca l cu la t i on  described above i s  an &-group ca l cu la t i on  i nvo l v ing  61 
neutron groups and 23 g a m  groups. 
the ad jo in t  g m  source can create a d j o i n t  neutrons. 
g a m  f luxes u i l l  both appear i n  the  b ina ry  f l u x  f i l e  created by ANISN. 
a standard "forward mode solut ionta, however, i t  i s  inpor tant  t o  note here that: (a) the f i r s t  o f  
t he  84 records contains the ad jo in t  g a m  f luxes f o r  the so f tes t  gama group, u h i l e  (b) record 23 
contains the a d j o i n t  g a m  f l u x  f o r  the hardest gama group, (c) record 24 contains the a d j o i n t  . 
neutron flux f o r  t he  slowest neutron group, and (d) record 84 contains the a d j o i n t  f l uxes  f o r  
t he  fastest  neutron group. 
one uould normally expect and ob ta in  i n  a normal 11foruard81 ca lcu lat ion.  
the ad jo in t  ANISN ca lcu lat ion,  the GETUING3.SCR s c r i p t  in  Appendix D.1 then c a l l s  the embedded 
GETUING3.F For t ran program (a lso shown) which fur ther  processes the data, as described belou. 

Note tha t  having no 

Just as a rea l  neutron source can create secondary g a m s ,  
Thus, ad jo in t  neutron f l uxes  and a d j o i n t  

Un l i ke  the  flux f i l e  i n  

This p i n t  i s  emphasized here since i t  i s  q u i t e  the  reverse o f  uhat 
A f t e r  f i r s t  running 

6.2 Obtaining Proper ly  Normalized 1 - D  Broad-Group Weight Windws from the  Ad jo in t  Information . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Un l i ke  i t  counterpart i n  the simple academic problem ( c f  Appendices C.2 and C.4), t h e  GETUING3.SCR 
s c r i p t  f i l e  i n  Appendix D.1 does no t  11directly48 produce the 3-0 broad-group weight uindou f i l e  l a t e r  
used by MCNP4B. That task i s  nw l e f t  t o  a separate stand-alone fo l lou-up program described belou 
i n  Sect 6.4. 
rmch the same r o l e  as i t s  counterpart, and produces (1-D)  broad-group weight uindou data t h a t  i s  
then used i n  the 3-D ueight  uindow generator. 
f i r s t  c a l l s  subroutine GETADJ uhich reads the adjo in t  scalar f l u x  f i l e  as noted above, as ve l1  as 
the mesh information contained i n  the ANISN printed output f i l e ,  and s p a t i a l l y  averages the broad-group 
a d j o i n t  f l uxes  ( f o r  s i x  broad neutron groups and four broad gama groups) over a se r ies  o f  someuhat 
u ider  (5-cm-thick) importance zones from X474.27 cm t o  X479.27 cm. These r e s u l t s  are l is ted belou 
i n  Table 6.2a. 
primary gatnnas sources i n  the beam tube i n  VELM groups 1 t o  8 (E > 3 MeV) are responsible f o r  98-99% 
of the  t o t a l  gama dose r a t e  impingent on the  ro ta ry  shutter, and that  the other  primary gama sources 
i n  Table 2.2b could u l t i m a t e l y  be ignored i n  the f i n a l  MCNP analysis, i t  was decided tha t  these 
p a r t i c u l a r  f ine-group ad jo in t  f l uxes  should be binned together i n t o  one broad g a m  group by themselves. 
The f i n e  groups comprising the other broad g a m  groups and each o f  the the broad neutron groups a re  
ind icated on i n  Table 6.2a. 
i n  the other energy groups, on l y  the gama source terms i n  the other energy groups.) 

The next step i s  t o  determine the average broad-group ueights f o r  neutrons and g a m  i n  each o f  the 
5-cm-thick importance zones. 
broad-group ad jo in t  f l u x  i n  each zone. 
everything#25. 
A f te r  s e t t i n g  the r e a l  neutron sources t o  zero in tha t  routine, and s e t t i n g  the  r e a l  g a m  sources 
t o  a n e g l i g i b l y  small value (such as 1.0) f o r  a l l  but the f i r s t  e ight  VELM g a m  g r o w  above 3 MeV, 

Nevertheless, the GETWING3.F program embedded w i t h i n  GETUING3.SCR s c r i p t  does serve 

Within the GETWING3.F program, subroutine SRCJST 

Knowing a p r i o r i  ( from the po in t  kernel studies described i n  S e c t  5.5) t ha t  the 

(Note tha t  i n  the f i n a l  MCNP analysis ue "do notB8 ignore the g a m  f l uxes  

This "average weight" i s  proport ional t o  the inverse o f  the corresponding 
The t r i c k y  par t ,  houever, i s  knouing hou t o  proper ly  normalize 

This i s  c l e a r l y  shown in  subroutine SRCJST of the GETUING3.F program i n  Appendix D.1. 

b a s i c a l l y  proceeds as fo l lous:  

Look a t  the broad-group a d j o i n t  f luxes back at  t he  locat ion where the ( r e a l )  source p a r t i c l e s  
would normally impinge on the  sh ie ld ,  as u e l l  as the equivalent broad-group source terms. 

Determine the "source-averaged a d j o i n t  flux" (avgadj) a t  t ha t  locat ion by tak ing  the i n teg ra l  
over a l l  broad groups o f  " the r e a l  broad-group sources there, times the broad group ad jo in t  
f luxes there", and d i v i d i n g  tha t  i n t e g r a l  by the sun of a l l  the rea l  broad-group sources a t  
t ha t  location. [In t h i s  specia l  case where a l l  the sources are e i the r  zero or n e g l i g i b l y  small 
except those i n  the most energetic g a m  broad group, the "source averaged a d j o i n t  f l u x 8 #  (avgadj) 
w i l l  essen t ia l l y  be i d e n t i c a l  t o  the o r i g i n a l  ad jo in t  f l u x  i n  the m s t  energetic g a m  broad group. 
Had the source been d i f f e r e n t ,  t h a t  uould not be the case.] 

The average (su rv i va l )  weight assigned t o  each broad group a t  that  l oca t i on  equals t h i s  
%ource-averaged ad jo in t  f l u x "  divided by the p a r t i c u l a r  broad-group a d j o i n t  f l u x  a t  t ha t  
location. [In t h i s  specia l  case, the average (surv iva l )  ueight assigned t o  the most energetic 
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gamna group in  t h i s  source region u i l l  be 1.0; 
be the case.] 
other importance mesh equals th i s  same %ource-averaged adjoint f luxaa (avgadj) divided by 
the local  broad-group adjoint f lux  i n  the given i n p o r t w e  mesh. The uipz-r ueight uindou 
l i m i t  (uthigh) fo r  each broad group i n  each importance mesh i s  then t yp i ca l l y  taken t o  be 
ten times the average survival weight, uhi le the lower ueight uindou l i m i t  (wtlow) f o r  
each broad group i n  each importance mesh i s  then typ ica l l y  taken t o  be one tenth the average 
survival  weight. Table 6.2b shows the resul t ing lower weight l i m i t  f o r  each of the neutron 
and gamma broad groups in each importance mesh along the axis. 
t o  control  sp l i t t i ng ,  and lWloLI" i s  used fo r  invoking Russian Roulette. As per the 
slgeometry-independent ueight uindoual f i l e  specif icat ions in Appendix C.3, only the lower 
weight uindou l i m i t s  are actual ly specif ied i n  t h i s  aux i l ia ry  f i l e .  (That's why ue tabulate 
only that  data, and lihy there i s  no mention of %thighH i n  the CETYING3.F program.) Within the 
regular MQlP input, on the iWinss and %wpt1 cards, USURVN i s  the r a t i o  of the average (survival)  
weight t o  Wt1oula, uh i le  UUPN i s  the r a t i o  of the upper ueight window l i m i t  t o  ~ * w t l ~ u ~ ~ . l  

Focusing on the ueight uindov data in  Table 6.2b fo r  the four broad gama groups, tu0 things 
should be noted: (a) Back uhere the (real)  g a m  source impinges on the uater tube (around 
X=174.27 cm), the values of %tloull f o r  these four broad groups are vast ly d i f fe ren t  by orders 
o f  magnitude but become auch closer as one approaches the dovnstream side o f  the ro ta ry  shutter 
(around X479.27 cm). 
(whether included in  the source or present by v i r t ue  o f  slouing down) simply don't contr ibute 
s ign i f i can t l y  t o  the f i n a l  solut ion and, in the name o f  efficiency, may as vel1 be k i l l e d  o f f  by 
Russian Roulette while lover energy garmras present (by v i r tue  of slouing down) near the dounstream 
side of the ro ta ry  shutter may indeed contr ibute t o  the f i n a l  solut ion end should not be k i l l e d  as 
readi ly. 
from one broad g a m  group t o  the next. 
14, 18, or even 26 orders of magnitude across the system, values o f  sWlw41 for  the highest energy 
broad group above 3 MeV only diminishes by 11 orders of magnitude. 
approximate these sorts of variat ions frem one broad group t o  the next, across the en t i re  system, 
u i t h  any semi-reasonable degree o f  f i de l i t y ,  and as tang as the data i s  properly normalized re la t i ve  
t o  the s ta r t i ng  ueights o f  the part icles, the improvement t o  the overal l  calculat ional  e f f i c iency  can 
be imnense. 
small i n t r i c a t e  variat ions doun to  the t i n ies t  detai l ;  representing only the gross behavior in  
each energy range i s  usuatly su f f i c ien t  to  real ize huge gains in calculat ional eff iciency, with 
essent ia l ly  no loss of accuracy. 

It i s  inportant t o  note, however, that o m  i s  not yet done a t  t h i s  point. To work, the 
s ta r t i ng  w i g h t  o f  the part ic les must Lse c a q x t i b l e  u i t h  the ueight uindous jus t  defined, 
or one could eas i l y  have a s i tuat ion where a l l  the source part ic les s p l i t  l i k e  crazy or  
are imnediately k i l l e d  without going anyuhere. To accomplish th is,  source-energy biasing 
i s  required. Fortunately, the adjoint technique provides an analyt ic tw l  fo r  def in ing 
the optimal source-energy biasing algorithm conpatible u i t h  the ueight uindous just 
established. Continue as follous: 

had the source been dif ferent, that  uould not 
Likewise, the average (survival) weight assigned t o  each broad group in  every 

[ I n  MCNP, %thighn i s  used 

This i s  re f lec t i ve  of the fac t  that Lou energy g a m s  back near the source 

(b) The var iat ion of t h i s  data along the centerl ine o f  the system i s  markedly d i f f e ren t  
Uhile llutlou+n fo r  sune broad gamaa groups may change by 

As long as one can even 

In developing a weight uindou f i l e  f o r  use in MCNP, i t  i s  NOT necessary t o  rep l i ca te  

The o p t i m l l y  biased energy d is t r ibu t ion  fo r  the source (on a broad-group basis) i s  obtained by 
taking the (real)  broad-group source intensi ty and div iding i t  by the average (survival)  weight 
f o r  the corresponding broad-group a t  the source location. The r a t i o  of the biased source energy 
d i s t r i bu t i on  t o  the or ig inal  source energy d is t r ibu t ion  (based on the broad group values in  both 
cases) can then be applied t o  the fine-group source terms t o  obtain the biased source energy 
distribution on a f i ne  group basis. By sylply ing MCNP u i t h  the or ig ina l  fine-group source energy 
d i s t r i bu t i on  as well  as the biased fine-group source energy d is t r ibu t ion  (on the MCNP %b" card), 
i t  u i l l  then adjust the start ing ueights automatically. Moreover, fo l louing t h i s  procedure u i l l  
assure that the s ta r t ing  ueights used by MCNP are f u l l y  compatible u i t h  the ueight uindous supplied 
in  the "geometry-independent ueight windor' f i l e  created by the UW308G.F program below. For the 
convenience o f  the user, the GETUING3.SCR sc r ip t  w i l l  also print out the or ig ina l  fine-group 
source energy d i s t r i bu t i on  as well as the biased source energy d is t r ibu t ion  that the user should 
supply manually i n  the MCNP input f i l e .  
d i s t r i bu t i ons  on both a broad-group and fine-group basis. 
in which the only non-zero source of any substance l i e s  in  a single broad gama group, the biased 
and unbiased source energy d i s t r i k r t i ons  are essential ly identical, and i n  the f i n a l  HCNP analysis 
ue actua l l y  ignore a l l  gama sources below 3 MeV. 
Appendix C.2.5, these distr ibut ions could and uould be qui te di f ferent. ]  

Table 6 .2~  show the or ig ina l  and biased source energy 
(Again, because of t h i s  special case 

I n  a more general case such as that shoun i n  

Other Factors Affect ing Proper Normalization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

There are s t i l l  tu0 other things affect ing proper normalization that have yet t o  be discussed. 
Both are consequences of how the physics i s  sinulated i n  the MCNP model. 
the UTLGU data supplied i n  the ueight uindou f i l e  i s  normalized, uh i le  the other does not. 

The f i r s t  a f fec ts  how 
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Table 6.2a. SpatiatLy-averaged broad-group neutron and gama adjo in t  f luxes f o r  t he  HE-3 gama-on ly  problem as s m r i z e d  by GETUING3.SCR. I n  t h i s  1-D 
ad jo in t  analysis, the ad jo in t  source between X=478.31 and X=478.79 cm corresponded t o  the  VELM 23-group (ANSI  Std) Cam-Flux-to-Dose-Rate conversion 
factors,  wi th  0.0 f o r  a l l  the Neutron-Flux-to-Dose-Rate conversion factors.  Because i t  was an a d j o i n t  ca lcu lat ion,  t he  a d j o i n t  neutron f l u x  i s  nonzero. 

xmin xmax 

174.27 179.27 
179.27 184.27 
184.27 189.27 
189.27 194.27 
194.27 199.27 
199.27 204.27 
204.27 209.27 
209.27 214.27 
214.27 219.27 
219.27 224.27 
224.27 229.27 
229.27 234.27 
234.27 239.27 
239.27 244.27 
244.27 249.27 
249.27 254.27 
254.27 259.27 
259.27 264.27 
264.27 269.27 
269.27 274.27 
274.27 279.27 
279.27 284.27 
284.27 289.27 
289.27 294.27 
294.27 299.27 
299.27 304.27 
304.27 309.27 
309.27 314.27 
314.27 319.27 
319.27 324.27 
324.27 329.27 
329.27 334.27 
334.27 339.27 
339.27 344.27 
344.27 349.27 
349.27 354.27 
354.27 359.27 
359.27 364.27 
364.27 369.27 

(continued) 

Neutron and Gama Adjo in t  Fluxes: 
r m K X - Y Y  = MCNP neutron g rp  nunbecs, 
vnXX-YY = VELM neutron grp nunbers, 

Emax: 4.13990E-07 1.06770E-05 1.23410E-03 1.22770E-01 1.10800E+00 1.49180E+01 3.00000E-01 1.00OOOE+00 3.00000E+00 1.400OOE+01 
imp m o l - 0 1  ~ 0 2 - 0 5  ~ 0 6 -  13 m14-31 ~ 3 2 - 4 6  ~ 4 7 - 6 1  mg07- 11 ~ 1 2 - 1 5  ~ 1 6 - 2 3  
mesh vn61-61 vn57-60 vn49- 56 vn31-48 vn16-30 vg 18- 23 V913-17 ~ 9 0 9 - 1 2  vg01-08 vn01-15 

where a d j o i n t  i s  based on j u s t  the gama dose rate a t  X= 478.790 cm, aml buckl ing DY=DZ= 27.20 cm 
wXX-YY = MCNP g a m  g rp  nunbers 
vgXX-YY = VELH g a m  g rp  nunbers 

mg01-06 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

2.35650E-16 
5.69204E- 17 
4.84531E-17 
7.09434E- 17 
1.08713E-16 
9.68190E-16 
2.65373E-16 
4.15818E-16 
6.48660E-16 
1.01202E-15 
1.57904E-15 
2.46381E-15 
3.84477E-15 
6.00035E-15 
9.59255E-15 
1.52840E-14 
2.38593E-14 
3.725 15E- 14 
5.81685E- 14 
9.08553E- 14 
1.42047E-13 
2.22895E - 13 
3.55149E-13 
6.02832E - 13 
1.27251E-12 
3.42460E- 12 
2.81050E-12 
3 . 4 2 4 6 4 ~  12 
5 . 2 7 0 7 6 ~  12 
8.12798E-12 
1.28606E-11 
2.02912E-11 
3.19247E- 11 
5.05251E-11 
7.93691E-11 
1.24728E-10 
1 -961 1 9E - 1 0 
3.08591E-10 
4.86075E-10 

6.21847E-16 
2.40488E- 16 
1.95200E-16 
2.83000E-16 
4.33271E- 16 
6.70252E-16 
1.05753E-15 
1.65706E-15 
2.58496E-15 
4.03299E-15 
6.29264E-15 
9.81853E-15 
1.53218E-14 
2.391 21 E - 14 
3.82273E- 14 
6.09086E - 14 
9.50828E- 14 
1.48453E-13 
2.31813E-13 
3.62089E- 13 
5 -661 84E - 13 
8.88981 E - 13 
1.42018E-12 
2.43568E-12 
5.26560E- 12 
1.25881E-11 
1.14282E-11 
1.37014E-11 
2.10130E-11 
3.239445 11 
5.12554E-11 
8.08705E- 11 
1.27237E-10 
2.01372E-10 
3.16337E-10 
4.97130E-10 
7.81 693E - 1 0 
1.23003E-09 
1.93767E-09 

9.02720E-16 
5.20679E-16 
3.98844E-16 
5.65534E-16 
8.63948E-16 
1.33622E-15 
2.10826E-15 
3.30348E-15 
5.15333E-15 
8.04012E-15 
1.25450E-14 
1.95743E-14 
3.05459E-14 
4.76720E- 14 
7.62111E-14 
1.21431E-13 
1.89564E-13 
2.95970E-13 
4.62 1 74E - 13 
7.2 l968E - 13 
1.12929E-12 

1.55231E-15 
1.21907E - 15 
9.25554E-16 
1.27247E-15 
1.93696E-15 
2.99475E- 15 
4.72491E-15 
7.40360E-15 
1.15495E-14 
1.80193E-14 
2.81158E-14 
4.38701E-14 
6.84602E-14 
1.06844E-13 
1.70809E-13 
2.72159E- 13 
4.24868E-13 
6.63365E - 13 
1.03592E - 12 
1.61845E-12 
2.53298E-12 

9.25418E-16 
9.65215E-16 
8.04382E-16 
1.05431E-15 
1.58700E- 15 
2.45008E-15 
3.86493E-15 
6.05604E- 15 
9.44738E-15 
1.47399E-14 
2.29991E-14 
3.58869E-14 
5.60030E - 14 
8.74040E- 14 
1.39733E-13 
2.22648E- 13 
3.47586E - 13 
5 . 4 2 7 3 4 ~  13 
8.47707E - 13 
1.32535E-12 
2.07998E- 12 

1.77572E-12 3.99255E- 

5.00797E- 12 1.17150E- 
1.10811E-11 2.57569E- 
2.28373E- 1 1 4.72095E - 
2.31414E-11 5.18679E- 
2.75499E- 11 6.24322E- 
4.193 1 1 E - 1 1 9.4 1 142E - 

2.a5437~-12 6.48201~- 

6.45971E-11 
1.02200E-10 
1.61255E-10 
2.5371 5E- 10 
4.01554E- 10 
6.30821 E - 10 
9.91381E- 10 
1.55893E-09 
2.45326E-09 
3.86548E-09 

2 3.31084E-12 
2 5.52885E-12 
1 1.03640E-11 
1 2.12862E-11 
1 3.49214E-11 
1 4.15505E-11 
1 5.19609E-11 
1 7.73163E-11 

1.44823E-10 
2.29106E- 10 
3.61496E- 10 
5.68784E-10 
9.00241E-10 
1.41429E-09 
2.22276E-09 
3.49547E-09 
5.50142E-09 
8.67136E-09 

1.18585E-10 
1.87517E-10 
2.95875E - 10 
4.65561E-10 
7.36920E- 10 
1.15781E-09 
1.81987E-09 
2.86250E-09 
4.50764E-09 
7.1 1806E - 09 

8.37683E-15 
1.22326E-14 
1.73533E-14 
2.44704E-14 
3.38971E-14 
4.70673E- 14 
6.63619E-14 
9.31497E - 14 
1.30418E-13 
1.82798E-13 
2.565 17E- 13 
3.604246-13 
5.07180E- 13 
7.14890E - 13 
1.02828E- 12 
1.47951E-12 
2.09988E-12 
2.98981E-12 
4.27364E- 12 
6.14039E- 12 
8.88738E-12 

2.01141E-29 
4.11412E-29 
8.44863E - 29 
1.73120E-28 
3.40735E-28 
6.75960E-28 
1.37924E-27 
2.78277E-27 
5.57668E- 27 
1.11767E-26 
2.24004E-26 
4.48903E-26 
8.99651E-26 
1.80304E-25 
3.75699E-25 
7.76323E-25 
1.55583E-24 
3.11 825E -24 
6.24966E -24 
1.25255E-23 
2.51064E -23 

1.05289E-21 
1.85484E-21 
3.31200E-21 
5.91323E-21 
1.02296E - 20 
1.77912E-20 
3.16790E-20 
5.59071E-20 
9.81228E-20 
1.72247E-19 
3.02402E-19 
5.30928E-19 
9.32310E-19 
1.63738E-18 
2.96638E - 18 

9.39229E- 18 
1.65065E-17 
2.90145E - 17 
5.10099E- 17 
8.97052E-17 

5.34544~-ia 

1.30036E-11 5.03287E-23 1.57798E-16 
1.933 14E - 1 1 1.00888E -22 2.7762 1 E - 16 
2.92985E- 1 1 2.02300E-22 4.88603E- 16 
4.47225E- 1 1 4.05949E-22 8.60193E- 16 
6.64607E-11 8.19893E-22 1.51503E-15 
9.15409E-11 1.66510E-21 2.69941E-15 
1.331 50E- 10 3.46065E -21 4.90016E- 15 
2.00323E- 10 7.04108E-21 8.75047E- 15 

1.26399E-16 
1.94049E-16 
3.01108E-16 
4.67211E-16 
7.08220E-16 
1.07698E-15 
1.66833E-15 
2.56748E-15 
3.93484E-15 
6.03207E-15 
9.24917E-15 
2.17589E 1.41844E-14 - 14 

3.33865E-14 
5.24331E - 14 
8.21065E-14 
1.26082E-13 
1.93668E-13 
2.97568E-13 
4.57337E - 13 
7.031 39E - 13 

5.20915E-13 
7.04533E-13 
9.60188E-13 
1.30886E-12 
1.75598E-12 
2.36028E-12 
3.21632E-12 
4.36406E-12 
5.90537E- 12 
7.99505E - 12 
1.08293E-11 
1.46745E-11 
1.98952E-11 
2.69867E - 1 1 
3.721 79E- 11 
5.12732E- 11 
6.96574E- 11 
9.46851 E -  11 
1.28773E-10 
1.75225E- 10 
2 . 3 8 5 7 4 ~  10 

1.08142E-12 3.25012E-10 
1.66365E - 12 4.42993E- 10 
2.56031E - 12 6.04166E- 10 
3.94153E-12 8.24444E-10 
6.06427E-12 1 .12613~09  
9.41507E-12 1.5499OE-09 
1.484 18E- 11 2.15328E-09 
2.31296E- 11 2.96949E-09 

3.03008E-10 
4.77809E-10 
7.64593E-10 
1.24327E-09 
2.074996- 09 
3.50625E-09 
6.05280E-09 
1.06788E-08 
1.92564E-08 
3.54931E-08 

1.38522E-20 1.51982E-14 3.52751E-11 4.03141E-09 
2.83033E-20 2.72210E- 14 5.50607E- 11 5.56586E-09 
5.73732E-20 4 . 8 5 2 0 5 ~  14 8.57240E- 11 7.67718E-09 
1.16007E-19 8.62691E-14 1.33122E-10 1.05673E-08 
2.36237E-19 1.54471E-13 2.07987E-10 1.46187E-08 
4.75518E-19 2.74093E-13 3.22701E-10 2.01242E-08 
9.57103E-19 4.86680E-13 5.01024E-10 2.77232E-08 
1.92660E-18 8.64921E-13 7.78542E-10 3.82227E-08 
3.87851E-18 1.53867E-12 1.21088E-09 5.27427E-08 
7.80814E-18 2.74015E-12 1 .88509E-09 7.28377E-08 



Table 6.2a (cont) 

xmi n 

369.27 
374.27 
379.27 
384.27 
389.27 
394.27 
399.27 
404.27 
409.27 
414.27 
419.27 
424.27 
429.27 
434.27 
439.27 
444.27 
449.27 
454.27 
459.27 
464.27 
469.27 
474.27 

00 
4 

XmeX 

374.27 
379.27 
384.27 
389.27 
394.27 
399.27 
404.27 
409.27 
414.27 
419.27 
424.27 
429.27 
434.27 
439.27 
444.27 
449.27 
454.27 
459.27 
464.27 
469.27 
474.27 
479.27 

Emax: 4.1399OE-07 
imp m o l - 0 1  
mesh vn61-61 

40 7.67666E-10 
4 1 1.22328E - 09 
42 2.01917E-09 
43 3.80438E - 09 
44 1.02908E-08 
45 4.60290E-08 
46 9.56304E-08 
47 9.56304E-08 
48 9.56304E-08 
49 1.15808E - 07 
50 2.28653E-07 
51 4.83229E-07 
52 1.03120E-06 
53 2.21926E-06 
54 4.82965E-06 
55 1.06725E-05 
56 2.40654E-05 
57 5.59040E-05 
58 1.41367E-04 
59 3.63145E-04 
60 8.65588E-04 
61 1.18659E-03 

1.06770E-05 
~ 0 2 - 0 5  
vn57-60 

3.06126E-09 
4.88509E-09 
8.11048E-09 
1.55932E-08 
4.39600E - 08 
1 .93485E- 07 
3.69069E-07 
3.69069E - 07 
3.69069E - 07 
4.78 1 t6E - 07 
1.00193E-06 
2.146tPE-06 
4.61849E-06 
9.96427E-06 
2.15193E-05 
4.6381 7E-05 
9.92791E-05 
2.09295E - 04 
4.4479%-04 
8.7531OE -04 
1.42958E-03 
1.28117E-03 

1.23410E-03 
m 0 6 -  13 
vn49-56 

6.11192E-09 
9.78594E-09 
1 .64685E - 08 
3.31 132E - 08 
1.00524E-07 
4.12197E-07 
1.0383%-07 
7.03839E - 0 7 
7.0383% - 07 
8.9465%-07 
1.77995E-06 
3.5574OE-06 
7.01657E-06 
1.36464E-05 
2.61 094E - 05 
4.89735E - 05 
8.961B4E- 05 
1 .58834E - 04 
2.76553E-04 
4.43904E-04 
6.00341E-04 
4.76627E-04 

1.22770E-01 
m14-31 
v d 1 - 4 8  

1.37291E-08 
2.21037E-08 
3.801 96E - 08 
8.15331E-08 
2.63044E-07 
8.85248E-07 
1.13858E-06 
1.13858E-06 
1.13858E-06 
1.13889E-06 
1.46559E-06 
2.32088E-06 
3.93045E-06 
6.78278E-06 
1.17250E-05 
2.01490E-05 
3.42200E-05 
5.70075E - 05 
9.42893E-05 
1.46383E-04 
1.98961E-04 
1.78834E-04 

1.10800E+00 
m32-46 
vn l6-  30 

1.13477E-08 
1.87301E-08 
3.46788E - 08 
8.33189E-08 
2.53143E-07 
5.74321E-07 
5.5463% -07 
5.54639E - 07 
5.5463%-07 
5.02553E-07 
4.93139E-07 
6.54792E- 07 
1.01014E-06 
1.65793E-06 
2.78613E - 06 
4.72667E - 06 
8.05773E-06 
1.37856E-05 
2.43660E-05 
4.28320E-05 
7.201 26E - 05 
9.36265E-05 

1.49180E+01 

vn01-15 

6.691 29E-08 
1.29183E-07 
2.55764E-07 
5.18732E-07 
1.06559E-06 
2.16166E- 06 
3.00003E-06 
3.00003E- 06 
3 - 0U003E - 06 
3.69216E-06 

mn47-61 

6.63029E-06 
l.21352E-05 
2.23522E-05 
4.14075E-05 
7.71635E-05 
1.44761E-04 
2.73672E- 04 
5.21806E-04 
1.04078E - 03 
2.07061E-03 
3.94212E-03 
5. T3700E - 03 

3.00000E-01 

vg 1 8- 23 

1.57216E-17 
3.16611E-17 
6.37757E- 17 
1.28523E-16 
2.592 18E- 16 
5.23990E- 16 
7.29484E-16 
7.29484E- 16 
7.29484E- 16 
1.66481E-15 
1.27505E-14 
1.00138E- 13 
7.8652 1 E - 13 
6.17893E-12 
4 . 8 5 6 0 1 ~  11 
3.81928E-10 
3.00832E - 09 
2.37762E - 08 
2.17886E-07 
1.9188SE-06 
1.81768E-05 
2.34383E - 03 

mgO1-06 
1.00000E+00 

-07- I 1  
vg13-17 

4.88634E-12 
8.72712E-12 
1.56156E-11 
2.80070E- 1 1 
5.03808E - 1 1 
9.09568E - 1 1 
1.20461E-10 
1.20461E-10 
1.20461E-10 
1.90480E-10 
6.47794E - 10 
2.26554E-09 
7.98888E-09 
2.84439E-08 
1.02424E-07 
3.73814E-07 
1 .3868SE - 06 
5,25397E -06 
2.23155E-05 
9.66602E - 05 
4.45318E -04 
5.03039E-03 

3.00000E+OO 
~ 1 2 - 1 5  
vgO9- 12 

2.95798E-09 
4.58473E -09 
7.16443E -09 
1.121396-08 
1.75834E-08 
2.76075E-08 
3.42633E-08 
3.42633E-08 
3.42633E - 08 
4.67160E-08 
1.09903E-07 
2.63588E -07 
6.34347E-07 
1.53344E-06 
3.72857E-06 
9.13782E-06 
2.26430E - 05 
5.70239E-05 
1.55938E-04 
4.41887E -04 
1.35781E-03 
1.02074E-02 

1.40000E+01 
m16-23 
vg0l-08 

1 -00678E - 07 
1 .39286E - 07 
1.92873E-07 
2.67324€-07 
3.70833E - 07 
5.14582E - 07 
6.02957E-07 
6.02957E -07 
6.02957E -07 
7.81894E-07 
1.61650E-06 
3.40294E-06 
7.19496E-06 
1.53037E-05 
3.28177E-05 
7.11771E-05 
1.56875E-04 
3.53958E-04 
8.70934E - 04 
2.26274E-03 
6.53636E-03 
4.68343E - 02 



Table 6.2b. 
weight-window groups and four broad g a m  weight-window groups(*)] i n  the g a m - o n l y  shietding analysis of the flooded HB-3 system, as ca lcu lated by 
GETWING3.SCR based on the associated I - D  ad jo in t  analysis and the source-weight renormalization procedures in  GETWING3.SCR. In the f i n a l  g e m - o n l y  
shielding analysis, MCNP4B on ly  uses the four-group weight-window data fo r  the g a m s ,  although s i m i l a r  data f o r  one dunriy neutron group m s t  a lso be 
supplied t o  s a t i s f y  f i l e  forinat requirements. For the 3-0 broad-group weight-window lower l i m i t s  used i n  f i n a l  MCNP4B analysis, see discussion i n  text .  

Space- and  energy-dependent weight window lower l i m i t s  (WTLMJ) along the cen te r l i ne  o f  the flooded HB-3 system [ f o r  the s i x  broad neutron 

UTLW f o r  the 6 broad neutron groups and 4 broad gama groups based on 1-D ad jo in t  & Tang’s source-weight renormalization procedure. 
Use these vaiues f o r  the gama-only MCNP4B transport analysis using a gama-only source (w i th  WTH1=100*WTLOW & WTSURV=WTAVG=lO*WTLOW) 
For a coupted n/g calc, or a neutron-only calc, values would be d i f f e ren t .  

rnnXX-YY = HCNP neutron grp nunbers, 
vnXX-YY = VELM neutron grp nunbers, 

m g X X - Y Y  = MCNP gama grp numbers 
vgXX-YY = VELM gama grp numbers 

xmin xmax 

174.27 179.27 
179.27 184.27 
184.27 189.27 
189.27 194.27 
194.27 199.27 
199.27 204.27 

co 204.27 209.27 
209.27 214.27 
214.27 219.27 
219.27 224.27 
224.27 229.27 
229.27 234.27 
234.27 239.27 
239.27 244.27 
244.27 249.27 
249.27 254.27 
254.27 259.27 
259.27 264.27 
264.27 269.27 
269.27 274.27 
274.27 279.27 
279.27 284.27 
284.27 289.27 
289.27 294.27 
294.27 299.27 
299.27 304.27 
304.27 309.27 
309.27 314.27 
314.27 319.27 
319.27 324.27 
324.27 329.27 
329.27 334.27 
334.27 339.27 
339.27 344.27 

Emax: 4.13990E-07 1.06770E-05 1.23410E-03 1.22770E-01 1.10800E+00 1.49180E+01 3.00000E-01 1.00000E+00 3.00000E+00 1.40000E+01 
m o l - 0 1  1~1n02-05 ~ 1 0 6 -  13 ~ 1 1 4 - 3 1  m52-46 1 ~ 4 7 - 6 1  mg01-06 ~ 0 7 -  11 ~ 1 2 - I 5  ~ 1 6 - 2 3  imp 

mesh 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
37 
32 
33 
34 

8.955 27E - 0 1 
5.73346E -01 
3.66721 E - 01 
2.33705E-01 
1.46675E-01 
8.64113E-02 
4.09360E-02 
1.52110E-02 
1.85346E-02 
1.52108E-02 
9 .a831 OE -03 
6.40891 E - 03 
4.05048E-03 
2.56719E-03 
1.63170E-03 
1.03100E-03 

vn57-60 

8.37689E+01 
2.16608E+02 
2.66862E+02 
1.84069E+02 
1.20228E+02 
7.77193E+01 
4.92578E+01 
3.14361E+01 
2.01518E+01 
1.29164E+01 
8.27816E+OO 
5.30543E+00 
3.39982E+00 
2.17845E+00 
1.36268E+00 
8.55240E-01 
5.47854E-01 
3.50894E-01 
2.24713E-01 
1.43864E-01 
9.20046E - 02 
5.85969E-02 
3.66794E - 02 
2.13869E-02 
9.89279E - 03 
4.1381 7E - 03 
4.55815E-03 
3.80190E-03 
2.47901 E - 03 
1.60804E-03 
1.01631E-03 
6.44135E-04 
4.09405E - 04 
2.58682E-04 

vn49-56 

5.77050E+01 
1.00045E+02 
1.30606E+02 
9.21 103E+01 
6.02947E+01 
3.89844E+01 
2.47083E+01 
1.57687E+01 
1.01083E+01 
6.47895E+00 
4.15237E+00 
2.66122E+00 
1.70535E+00 
1.09271E+00 
6.83516E-01 
4.28982E-01 
2.74797E-01 
1.76003E-01 
1.12710E-O? 
7.21521E-02 
4.61275E-02 
2.93354E -02 
1 .82497E - 02 
1.04017E-02 
4.70094E - 03 
2.28099E-03 
2.25101 E -  03 
1.89081E-03 
1.24231E-03 
8.06406E - 04 
5.09700E-04 
3.23038E-04 
2.05315E-04 
1.29725E-04 

vn31-48 

5.6281 5€+01 
4.09375E+Ol 
2.68935E+OI 
1.73943E+01 
7.10249E+01 
7.03597E+00 
4.51030E+00 
2.89087E+OO 
1.85275E+00 
1.18740E+00 
7.60902E-01 
4.87546E - 01 
3.04970E-01 
1.91401E-01 
1.22606E-01 
7.85262E-02 
5.0285lE -02 
3.21861E-02 
2.05653E - 02 
1.30472E - 02 
8.03632E-03 
4.44657E-03 
2.02243E - 03 
1.10341E-03 
1.00431E-03 
8.34369E-04 
5.53493E - 04 
3.59690E - 04 
2.27369E -04 
1.44100E-04 
9.15840E-05 
5.78639E - 05 

vn16-30 

5.62897E+OI 
5.39688E+01 
6.47597E+01 
4.94084E+O? 
3.28238E+01 
2.1261 1 E+01 
1.34780E+01 
8.601 58E+00 
5.51385E+00 
3.53405E+00 
2.26494€+00 
1.45155E+00 
9.30155E-01 
5.95985E- 01 
3.72792E-01 
2.33963E-01 
1.49866E-01 
9.59798E-02 
6.14499E-02 
3.93040E-02 
2.50442E-02 
1.57336E-02 
9.42 1 76E - 03 
5.02621 E - 03 
2.44719E - 03 
I .49168E-03 
1.25369E-03 
1.00251E-03 
6.73745E-04 
4.39276E - 04 
2.77796E - 04 
1.76059E-04 
1.11890E-04 
7.06881 E - 05 

vn01-15 

6.21852€+00 
4.25841E+O0 
3.00183E+00 
2.12876E+00 
1.53675E+00 
1.10675E+00 
7.84961E-01 
5.59223E-01 
3.99420E-01 
2.84968E - 01 
2.03072E-01 
1.44528E-01 
1.02708E-01 
7.28664E-02 
5.06587E-02 
3.52085E-02 
2.48069E-02 
1.74230E-02 
1.21890E-02 
8.48342E-03 
5.861 29E -03 
4.00594E-03 
2.69465E-03 
1.77796E-03 
1.16477E-03 
7.83794E - 04 
5.69051E-04 
3.91225E-04 
2.60038E - 04 
1.71915E-04 
1.09021E-04 
6.81 297E - 05 
4.18988E-05 
2.5 1045E-05 

~ 9 1 3 - 1 7  

2.80841€+07 
1.57281E+07 
8.8093 1E+06 
5.09222E+06 
2.92793E+06 
1.64435E+06 
9.31751E+05 
5.30881€+05 
3.02423€+05 
1.72259E+05 
9.81140E+04 
5.58736E+04 
3.18139E+04 
1.75607E+04 
9.74503E+03 
5.54619E+03 
3.15582E+03 
1.79536E+03 
1.02120E+03 
5.80696Et02 
3.30116E+02 
1.87635E+02 
1.06613E+02 
6.05579E+01 
3.43832E+01 
1.92974E+01 
1.06306E+01 
5.95299E+00 
3.42747E+00 
1.91365E+00 

4.94748~+07 

l.O?360E+00 
6.03825E-01 
3.37225E-01 

~ 9 0 9 - 1 2  

4.121 19E+02 
2.68445E+02 
1.72999Et02 
1.11495E+02 
7.35527E+01 
4.83681E+01 
3.12237E+Ol 
2.02890E+01 
1.32385E+01 
8.635 75E+00 
5.63202E+00 
3.67244E+00 
2.39404~+00 
1.56026E+00 
9.93484E-01 
6.34438E-01 
4.13157E-01 
2.689T3E-01 
1.75057E-01 
1.13902E-01 
7.40842E -02 
4.81 694 E - 02 
3.131 16E-02 
2.03458E-02 
1.32161E-02 
8.58990E-03 
5.53278E-03 
3.50977E - 03 
2.25216E-03 
1 .47672E - 03 
9.46073E- 04 
6.07665E-04 
3.91307E-04 
2.50455E-04 

vgo1-08 

1.00000E-01 
7.39376E-02 
5.42514E-02 
3.97PPlE - 02 
2.96652E- 02 
2.20700E-02 
1.61960E-02 
1.19365E-02 
8.82103E-03 
6.51547E -03 
4.81025E-03 
3.54979E-03 
2.61830E-03 
1.93027E-03 
1.39963E-03 
1.01596E-03 
7.47824E-04 
5.50155E-04 
4.04522E-04 
2.97283E-04 
2.18345E-04 
1.60276E - 04 
1.1759OE-04 
8.62205E-05 
6.31838E-05 
4.62569E-05 
3.360976-05 
2.41917E-05 
1.75423E-05 
1.29214E-05 
9.35911E-06 
6.78524E-06 
4.92951E-06 
3.56334E-06 

(continued) 



Teble 6.2b (cont )  

EMx: 4.13990E-07 1.06770E-05 1.23410E-03 1.22770E-01 l,10800E+00 1.49180Et01 3.00000E-01 1.00000E+00 3.00000E+00 1.40000E+01 
i m p  m o l - 0 1  m02-05 ~ 0 6 -  13 mt14-31 rm32-46 ~ 4 7 - 6 1  ~ 0 1 - 0 6  ~ 0 7 -  11 ~ 1 2 - 1 5  ~ 1 6 - 2 3  

xmin xmax mesh vn61-61 vn57-60 vn49-56 vn31-48 vn16-30 vnOl - 15 vg18-23 ~ 9 1 3 - 1 7  vgO9- 12 vgo1-08 

344.27 349.27 35 6.56319E-04 1.64671E-04 8.25773E-05 3.68324E-05 4.49915E-05 1.48568E-05 l.O%47E+OS 1.90050E-01 1.61423E-04 2.58850E-06 
349.27 354.27 36 4.17641E-04 1.04784E-04 5.25444E-05 2.34356E-05 2.86237E-05 8.60619E-06 5.44262E+04 1.07034E-01 1.03970E-04 1.878WE-06 
354.27 359.27 37 2.65612E-04 6.66393E-05 3.34148E-05 1.49026E-05 1,81979E-05 4.87803E-06 2.70380Et04 6.02269E-02 6.69091E-05 1.36284E-06 
359.27 364.27 38 1.68804E-04 4.23497E-05 2.12336E-05 9.46874E-06 1.15563E-05 2.70515E-06 1.34308E+04 3.38549E-02 4.30195E-05 9.87653E-07 
364.27 369.27 39 1.07168E-04 2.68836E-05 1.34761E-05 6.00731E-06 7.31822E-06 1.46765E-06 6.67144Et03 1.90104E-02 2.76335E-05 7.15173E-07 
369.27 374.27 40 6.78570E-05 1.70164E-05 8.52294E-06 3.79425E-06 4.59049E-06 7.78497E-07 3.31338Et03 1.06606E-02 1.7?303E-05 5.17407E-07 
374.27 379.27 41 4.25834E-05 1.06634E-05 5.32310E-06 2.35669E-06 2.78116E-06 4.03238E-07 1.64528Et03 5.96892E-03 1.13620E-05 3.73990E-07 
379.27 384.27 42 2.57985E-05 6.42274E-06 3.16309E-06 1.37012E-06 1.50211E-06 2.03670E-07 8.16?93E+02 3.33585E-03 7.27085E-06 2.70083E-07 
384.27 389.27 43 1.36925E-05 3.34066E-06 1.57313E-06 6.38900E-07 6.25206E-07 1.0042lE-07 4.05308Et02 1.85995E-03 4.64528E-06 1.94862E-07 
389.27 
394.27 
399.27 
404.27 
409.27 
414.27 
419.27 
424.27 

439.27 
444.27 
449.27 
454.27 
459.27 
464.27 
469.27 
474.27 

394.27 
399.27 
404.27 
409.27 
414.27 
419.27 
424.27 
429.27 

03 429.27 434.27 
\o 434.27 439.27 

444.27 
449.27 
454.27 
459.27 
464.27 
469.27 
474.27 
479.27 

44 5.06197E-06 
45 1.13171E-06 
46 5.44717E-07 
47 5.44717E-07 
48 5.44717E-07 
49 4.49809E-07 
SO 2.27819E-07 
51 1.07799E-07 
52 5.05152E-08 
53 2.34724E-08 
54 1.07858E -08 
55 4.88090E - 09 
56 2.16278E-09 
57 9.31802E-10 
58 3.68484E-10 
59 1.43446E-10 
60 6.01805E-11 
61 4.39002E - 11 

1,18498E-06 
2.69227E-07 
1.41143E-07 
1.41143E-07 
1.41143E-07 
1.08952E-07 
5.1991 3E -08 
2.42649E - 08 
1.12789E-08 
5.22783E - 09 
2,42068E-09 
1.12310E-09 
5.24697E-10 
2.48891E- 10 
1.17113E-10 
5.9512OE - 11 
3.64384E-11 
4.06593E-11 

5.18197E-07 
1.26375E-07 
7.401 05E - 08 
7.401 05E -08 
7.401 05E -08 
5.82265E - 08 
2.92656E - 08 
1.46431E -08 
7.42407E -09 
3.81724E-09 
1.99513E-09 
1 .06367E - 09 
5.81259E - 10 
3.27962E-10 
1.88360E- 10 
l.17349E-10 
8.67699E-11 
1.09292E - 10 

1.98033E-07 
5.88439~08 
4.575 14E - 08 
4.575 14E - 08 
4.57515E - 08 
4.5TJ89E -08 
3.55431E-08 
2.24447E - 08 
1.32533E-08 
7.67996E - 09 
4.44276E -09 
2.58531E-09 
1.52225E-09 
9.13765E-10 
5.52465E - 10 
3.55859E- 10 
2.61818E- 10 
2.91283E-I0 

2.05779E-07 
9.0701 1 E -08 
9.39196E-08 
9.39196E-08 
9.39196E-08 
1.03654E-07 
1,05632E-07 
7.95543E-08 
5.15686E-08 
3.14197E-08 
1 ,86968E - 08 
1.10208E-08 
6.46479E -09 
3.77868E-09 
2.13787E-09 
1.21618E-09 
7.23367E - 10 
5 . 5 6 3 7 5 ~  10 

4.88852E-08 
2.40979E-08 
1.73636E-08 
1 .73636E - 08 
1 . TJ636E - 08 
1.41087E-08 
7.85660E - 09 
4.29261E - 09 
2.33048E-09 
1.25802E-09 
6.75079E - 10 
3.59845E-10 
1.90343E-10 
9.98292E-11 
5.00507E- 11 
2.51 576E - 1 1 
1.32141E-11 
9.07992E-12 

2.00957E+02 
9.94132EtOl 
7.14087Et01 
7.14087E+01 
7.14087E+01 
3.12897Et01 
4.08546Et00 
5.201 97E - 01 
6.62302E-02 
8.43051E-03 
1.07272E-03 
1.36395E-04 
1.73158E-05 
2.19091E-06 
2.39077E-07 
2 .71472E - OB 
2.86582E -09 
2.22250E-11 

1 .03395E - 03 
5.72706E-04 
4.32436E - 04 
4.32436E-04 
4.32436E-04 
2. n474E - 04 
8.04137E-05 
2.29930E-05 
6.52050E-06 
1.83138E-06 
5.08585E-07 
1.39351E-07 
3.75611E-08 
9.91469E-09 
2.33432E - 09 
5.38914E- 10 
1.16976E-10 
1.03554E-11 

2.96253E-06 
1 .88686E - 06 
1.52033E-06 
1.52033E-06 
1.52033E-06 
1.11507E-06 
4.73976E-07 
1.97625E-07 
8.21182E-08 
3.39704E - 08 
I .39709E - 08 
5.70065E-09 
2.30056E-09 
9.13503E-10 
3.34053E - 10 
1.17884E- 10 
3.83643E- 11 
5.10332E-12 

1.40471E-07 
1.01231E-07 
8.63934E-08 
8.63933E-08 
8.63934E - 08 
6.66222E-08 
3.22248E-08 
1 .53078E -08 
7.24000E-09 
3.40385E-09 
1.58730E-09 
7.31857E - 10 
3.32057E - 10 
1.47169E-10 
5.981 11 E -  11 
2 . 3 0 2 1 5 ~  11 
7.96949E- 12 
1.11225E-12 



Table 6 . 2 ~ .  Or ig ina l  MCNP4B source i n tens i t i es ( * )  and the new recomnended (biased) source i n t e n s i t i e s  tha t  are consistent wi th  the recomnended 
weight windows f o r  the HB-3 g a m - o n l y  problem (when 1998 water tube and co l l ima to r  sections are both flooded) as determined by GETUING3.SCR. 

Emax: 4.13990E-07 1.06770E-05 1.23410E-03 1.22770E-01 1.10800E+00 1.49180E+01 3.00000E-01 1.00000E+00 3.00000E+00 1.40000E+01 
mol -01 rmo2-05 tntl06- 13 m14-31 ~ 3 2 - 4 6  mn47-61 m o l - 0 6  mg07- 11 mg12-15 ~ 1 6 - 2 3  
vn61-61 vn57-60 vn49-56 vn31-48 vn16-30 vn01-15 ~918-23  ~ ~ 1 3 - 1 7  vg09- 12 VgOl-08 

SO: 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0 .OOOOOE+00 0.00000E+00 4.52970E-05 5.00745E-05 5.28339E-05 9.80429E+10 

SB: 0.00000E+00 O.OOOOOE+OO O.OOOOOE+OO 0.00000E+00 0.00000E+00 0.00000E+00 1.74905E-21 1.01212E-13 1.28201E-08 9.80429E+10 

R :  1.OOOOOE+00 1.00000E+00 1.00000E+00 1.00000E+00 1.00000E+00 1.00000E+00 3.86130E-17 2.02123E-09 2.42649E-04 1.00000E+OO 

m X X - Y Y  = MCNP neutron grp nunbers, 
vnXK-YY = VELM neutron grp nunbers, 

SO = The o r ig ina l  HCNP source i n t e n s i t i e s  (surmed i n t o  broad energy groups) 
SB = The recomnended (biased) MCNP source i n tens i t i es  (sunned i n to 'b road  groups), consistent wi th  the above weight windows 
R = The r a t i o  o f  these two (SB/SO), used t o  determine the ca l cu la te  the f ine-group biased sources t o  the used i n  MCNP 

mgXX-YY = HCNP g a m  g rp  nunbers 
vgXX-YY = VELM g a m  g r p  nwbers  

Unbiased fine-group g a m  sources in  MCNP order (grp ~ = L O W  E, g rp  23=high E): 

1.00000E+00 1.00000E+00 I.OOOOOE+OD l.OOOOOE+OO 1.00000E+00 
1.00000E+00 1.00000E+00 1.00000E+00 1.00000E+00 1.00000E+00 
1.00000E+00 1.00000E+00 1.00000E+00 1.0000OE+00 1.00000E+00 
2.34929E+15 1.98361E+15 6.75453E+14 1.23378E+15 1.60183E+14 
1.51983E+15 6.19421E+13 1.23250E+11 

Biased fine-group gama sources in MCNP order (grp l=low E, g rp  23=high E):  
Use these values f o r  the gama-only mcnp transport analysis i nvo l v ing  a gama-only source. 
(For a coupled n/g celc, or a neutron-only calc, values would be d i f f e r e n t )  

3.8613OE-17 3.86130E-17 3.86130E-17 3.86130E-17 3.86130E-17 
3.86130E- 17 2.02123E-09 2.02123E-09 2.02123E-09 2.02123E-09 
2.02123E-09 2 A2649E -04 2.42649E-04 2.42649E-04 2.42649E-04 
2.34929E+15 1.98361E+IS 6.75453€+14 1.23378E+15 1.60183E+14 
1.51983E+15 6.19421E+13 1.23250E+11 

I n  addition: 

O n  your WP:N card, make sure you have WTHI= 1OO*WTLO and UTSURV= 10*WTLO 
On your WP:P card, make sure you have W T H I =  100*WTLO and WTSURV= 10*WTLO 

(*) I n  t h i s  pa r t i cu la r  case, t h i s  p a r t i c u l a r  tab le i s  po int less since the biased source given by GETWING3.X.R i s  u l t ima te l y  i den t i ca l  t o  
the o r i g i n a l  unbiased source speci f ied in  GETWINC3.SCR. 
Appendix C.2 where that was not  the case. 
actual gama sources for  a l l  23 gama groups d i r e c t l y  from Table 2.2b. (These t o t a l  1.35399E+17 p/s.) I n  Sect 5.5, however, the po in t  
kernel method showed the contr ibut ion t o  the dose ra te  downstream o f  the flooded co l l imator  ladue t o  gamas i n  VELM source groups 9 t o  23 
(E < 3.0 MeV)" t o  be completely n e g l i g i b l e  (Less than 2%) a t  t ha t  location. I t  would therefore be even m r e  neg l i g ib le  at  po ints  i n  and 
beyond the shutter. In GETWING3.F (embedded w i th in  GETUING3.SCR) we assign these groups 
a durmy source strength o f  1.0 p/s as shown above, as opposed t o  t h e i r  much larger  rea l  values shown i n  Table 2.2b. [Likewise in  MCNP4B, 
we assign them a value of zero. This allows us t o  completely avoid sampling from those groups tha t  are known a p r i o r i  not t o  contr ibute 
t o  the dose ra te  of in terest  in  any meanigful fashion. Note tha t  the r e a l  sources above 3 MeV t o t a l  7.984211E+15 p/s, and that  value was 
therefore necessarily used on a l l  the MCNP llfmll m u l t i p l i e r  cards.] 
VELM groups 1 t o  8. But, since they are (by design) a l l  i n  the same broad gam-weight-window group, and the sources i n  a l l  other broad 
gam' Tight-window groups are completely negl ig ib le ,  the r a t i o  of the bias& and unbiased sources as ca lcu lated by GETWING3.F turns out 
+- Innfin i n  *hi= n a r t i c u l a r  case. I f  other gama groups had non-negl e sources, t h i s  would not be the case. 

I t  i s  shown here, however, so as t o  be completely analogous t o  Table C 2 . l ~  i n  
Explanation as t o  why t h i s  tab le i s  po int less i n  t h i s  case: Generally one would enter the 

I t  was then decided t o  ignore these completely. 

Thus, the only source o f  any s ign i f icance known by CElWING3.F i s  in  



... 

Much has already been said about the various MCNP models used f o r  the 1998 water tube shielding 
analyses using a neutron Source. For reasons that are explained in  Sects 3.0 and 4.2 and c i ted  
again i n  Sects 5.1, C.1.2, and C.6.3, i t  should be noted that: 

It... Eff ic iency demanded that ye track only those par t i c les  that  had a reasonable chance of 
(inpinging d i rec t l y  on the uater tu&, or regions irmnediately upstream o f  the uater tube and) 
contr ibuting t o  the dose rate a t  locations rmch further downstream. 

la... Consistent uith that, the isotropic point sources uere only sanpled over direct ions u i t h i n  
15.13 degrees o f  the beam tube centerline, which required that the s ta r t i ng  ueight of the 
part ic les [as specif ied on the MCNP Ysdef" card) be reduced t o  0.017332472 a t  the source. 

While those s t a t m t s  uere made i n  reference t o  the neutron sources, the same applies t o  the 
gamm sources i n  the gama-only uater tube shielding analysis described belou. Moreover, i f  the 
s ta r t ing  weights of the par t i c les  (as specified on the MCNP "sdefSa card) are going t o  be reduced 
from 1.0 t o  0.017332472 a t  the source, then dl the other weights associated u i t h  w i g h t  uindou 
biasing must be reduced by a s imi la r  factor. Specif ical ly, the values o f  UTLW shoun i n  Table 
6.2b (and Table 6.3, belouf wt be reduced by a s imi la r  factor. 
uindow generator described below and l i s t e d  i n  Appendix D.2, t h i s  i s  acconplished by set t ing 
the parameter WTCONEoa equal t o  the same W G T "  specif ied on the MCNP %def" card (0.017332472). 

As already nated above and demonstrated i n  Sect 5.5, the g a m  source terns belou 3 MeV have 
a (coupletely) negl ig ib le effect on the dose rate downstream of the flooded col l imator, and 
thus an even more negl ig ib le ef fect  on the dose ra te  dounstreem o f  the ro ta ry  shutter. One 
uay t o  a c c m t  f o r  t he i r  presence, if one Yere incl ined t o  uaste (cpu) time doing so, uould 
be t o  include the source terms from a l l  23 VELM gamna groups in  both the MCNP analysis and 
in Subrwtine SRCJST of the GETUING3.F program described above. I f  tha t  uere done, the 
biased and unbiased fine-group source-energy d i s t r i h t i m  produced by that rout ine and 
shown in Table 6 .2~  would c lear ly  be dif ferent, with the biased source-energy d i s t r i bu t i on  
being optimized fo r  that par t i cu la r  problem. Moreover, even the values o f  UTLW shown in  
Table 6.2b (and Table 6.3 belou) uould be di f ferent i n  ant ic ipat ion o f  the fac t  that  MCNP 
u i l l  use the biased and unbiased source-energy d i s t r i h r t i ons  t o  ( in te rna l l y )  adjust the 
s ta r t ing  ueights o f  the par t i c les  i n  each energy group. Subroutine SRCJST i n  the GETUING3.F 
program i s  designed t o  be f u l l y  consistent u i t h  the known internal  adjustments rnade by the 
MCNP code (based on the biased and unbiased distr ibutions), so that the user need not (and 
should not) make any further adjustments t o  the WLOU data (except, of course. t o  m l t i p l y  
by UTCONE i f  necessary). 
should be equal t o  the t o t a l  photon source s d  w e r  a l l  23 garma groups (1.35399E+17 p/s). 
As optimized as t h i s  procedure my be, i t  vould s t i l l  s t a r t  [and then promptly k i l l )  many 
photons i n  the lower energy gama groups that are not going t o  contr ibute t o  the ul t imate 
solution. The approach taken here (based on our 'la p r i o r i "  knoutedge o f  the problem) i s  even 
more e f f i c i en t  and might, in a sense, be considered the ul t imate i n  source-energy biasing. 
This approach completely ignores a l l  Source games below 3 MeV i n  the MCNP source de f i n i t i on  
and assigns them a canpletely neg l ig ib le  value in Subroutine SRCJST of the GETWING3.F program 
described above. In th i s  case, the value used on the HCNP **fml* t a l l y  mu l t i p l i e r  cards should 
be equal t o  the to ta l  photon source surmed over jus t  the f i r s t  eight VELM g m  groups above 
3 MeV (7.984211E+15 p/s). 
Subroutine SRCJST i n  the GETYING3.F program or t o  MCNP (since the sources belou 3 MeV are set 
t o  zero or not represented a t  a l l ) ,  the weight U i e  data produced by GETYING3 u i l l  remain 
f u l l y  consistent u i t h  that needed by MCNP, so that the user again need not (and should not) 
make any further adjustments t o  the WTLW data (except, of course, t o  m l t i p l y  by UTCONE i f  
necessary). 
case), but sh i f ted  the broad group boundaries (say by po t t ing  E L M  g a m  groups 7 and 8 in to  a 
d i f fe ren t  broad (weight uindou) group, the UTLW curves produced by GETWING3.F and the biased 
source-energy d is t r ibu t ion  produced by GETUING3.F for use in  MCNP would both be dif ferent,  but 
the data produced by GETWING3 uould remain ful ly consistent u i t h  tha t  needed by HCNP, so that 
the user again need not (and should not) make any further adjustments t o  the UTLOU data (except, 
of course, t o  mult ip ly by WTCONE if necessary). In that case, the value used on the HCNP lafmlt 
t a l l y  nu t t i p t i e r  cards should again be equal t o  the to ta l  photon source sum& over jus t  the 
f i r s t  eight VELH gamna groups above 3 MeV (7.984211E+15 p/s). 

In the mRW 3-D weight 

In t h i s  case, the value used on the MCNP llfmu t a l l y  mu l t i p i i e r  cards 

Because the other louer-energy gaimna sources are not knoun t o  either 

Moreover, if one uere to  keep only the ganma sources above 3 MeV (as i n  t h i s  

6.4 Obtaining 3-D Broad-Group Weight Windous fo r  Use i n  MCNP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Just as a sunset can be painted many uays by d i f fe ren t  a r t i s ts ,  approximate but e f f i c i e n t  ueight uindou 
f i l e s  m y  also be created in many di f ferent uays as long as certain fundamental guidelines l i k e  those set 
fo r th  above are observed. 
fine-quadrature, determinist ic adjoint  solut ion as sorneday might be possible u i t h  TORTW or THREEDANT#26. 
A ueight uindou f i l e  based on such an adjoint  solut ion would c lea r l y  be optimal. 
such an adjoint solution, one could simply " fo ld  inat the source terms t o  get the desired ansuer imnediately. 
Moreover, i f  one had the capabi l i ty  of performing such a rigorous adjoint  calculat ion, one could certainly 

In the l i m i t ,  of course, one uould aluays l i k e  t o  have a fine-mesh, fine-group, 

( B u t  then, i f  one had 
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perform the  same ca lcu la t i on  i n  the foruard mode and bypass the need f o r  the ad jo in t  altogether.) 
unfor tunate f a c t  i s  tha t  p rac t i ca l  considerations pe r ta in ing  t o  the use o f  these de te rm in i s t i c  techniques, 
a t  present, uould requi re modeling cmpromises f a r  m r e  l i m i t i n g  than those inposed by MCNP. 
l i s t  of d i f f i c u l t i e s  t h a t  m igh t /uw ld  be encountered i n  the  use of these codes on t h i s  p a r t i c u l a r  problem 
uould include: (a) the i n a b i l i t y  t o  represent the HE-3 beam tube u i t h  i t s  ho r i zon ta l  center l ine u h i l e  
simultaneously representing the r o t a r y  shu t te r  u i th  i t s  v e r t i c a l  centerl ine; (b) the impossibly large 
nurrber o f  mesh required t o  represent the  f i n e  d e t a i l s  o f  the geometry, inc lud ing a l l  the streaming paths 
tha t  may be important; (d) not having enough quadrature d i rec t i ons  t o  
adequately represent g a m  streaming through the  uater  tube; etc, etc.1 S t i l l ,  u h i l e  a f i n a l  so lu t i on  
t o  the  HB-3 uater tube sh ie ld ing problem i s  beyond the capab i l i t i es  o f  these codes a t  t h i s  time, there 
i s  l i t t l e  doubt t h a t  a be t te r  ( t r u l y  3-D, a l b e i t  s t i l l  approximate) ad jo in t  s o l u t i o n  adequate f o r  b ias ing 
purposes could have been obtained us ing t h a t  approach i f  one had the time and resources t o  devote t o  tha t  
pursu i t .  Fortunately, the development o f  an adequate weight uindou biasing scheme i n  t h i s  p a r t i c u l a r  case 
does no t  requi re  t h a t  degree of r i go r .  
the physics in  t h i s  case are described under i tem (3) in  Sect 6.2 above. Moreover, I IAs long as one can 
even approximate these so r t s  of v a r i a t i o n s  ( i n  the ueight  uindous) from one broad group t o  the next, 
across the e n t i r e  system, u i t h  any semi-reasonable degree o f  f i d e l i t y ,  and as long as the data i s  proper ly  
normalized r e l a t i v e  t o  the s t a r t i n g  ueights  of t he  p a r t i c l e s  ..., i t  i s  NOT necessary ( f o r  the f i n a l  MCNP 
ueight  windows) t o  r e p l i c a t e  a l l  t he  small  i n t r i c a t e  va r ia t i ons  ( i n  photon i n p r t a n c e )  doun t o  the t i n i e s t  
de ta i l ;  
gains i n  ca l cu la t i ona l  e f f ic iency,  u i t h  e s s e n t i a l l y  no loss o f  accuracy." 
argued tha t  the approach out l ined belou i s  unique o r  optimal, BUT: 
key ueight windou proper t ies needed t o  s imulate the  physics, especial ly along the cen te r l i ne  o f  the system; 
(b) i t  does provide a semi - rea l i s t i c  and e f f i c i e n t  approximation f o r  the ueight uindous a t  less important 
locat ions fu r the r  removed from the center l ine;  (c) i t  has been found t o  provide a tremendous boost t o  the  
ca l cu la t i ona l  e f f i c i ency ,  without which no s o l u t i o n  uould have been possible; 
w i th  a l l  detectors a re  q u i t e  good; 
f l uxes  and dose ra tes  even downstream o f  t h e  r o t a r y  shu t te r  did provide a "pos i t i ve  confirmation" o f  t he  
po in t  detector responses i n  t h i s  same area. By any measure, the approach taken here i s  c e r t a i n l y  acceptable 
i f  not  optimal. With tha t  understanding, l e t  us begin. 

The 

[A p a r t i a l  

(c )  problems u i t h  r a y  ef fects ;  

The key features o f  any set of ueight uindous needed t o  simulate 

representing only the gross behavior i n  each energy range i s  usually s u f f i c i e n t  t o  r e a l i z e  huge 
In tha t  sense, i t  cannot be 

(a) i t  does accurately preserve the 

(d) the s t a t i s t i c s  associated 
and (e) s t a t i s t i c a l l y  acceptable boundary crossing estimates o f  the 

Table 6.3 show the space- and energy-dependent weight window lower l im i ts  (WTLOU) f o r  the four broad 
gama weight-uindou groups along t h e  c e n t e r l i n e  of t h e  system i n  the g a m - o n l y  sh ie ld ing  analysis o f  
the flooded HB-3 system, as ca lcu lated by GETUING3.SCR based on the associated 1-D a d j o i n t  analysis 
and the  source-weight renormalization procedures described i n  Sect 6.2. 
i n  Table 6.2b. In t h i s  case, however, Table 6.3 a lso  shows the " ra t io"  o f  those values o f  tawtlouta from 
one 5-cm-thick importance mesh t o  the  next. The most s t r i k i n g  feature i s  the constancy of those r a t i o s  
from mesh-to-mesh f o r  any given broad group, f o r  any given material.  
r e f l e c t i v e  o f  the exponential a t tenuat ion c h a r a c t e r i s t i c  o f  any given broad group in  any given material.  
(From 2=174.27 cm t o  about 2=399.27 cm, t h e  key ma te r ia l  i s  water, 
2=474.27 cm, the key mater ia l  i s  t he  " l ess  than f u l l  densi ty  steel" used t o  represent the ro ta ry  shut ter  
s h i e l d  p lug  in  the ad jo in t  analysis.) For l a t e r  reference, l e t  48 rw81  denote the r a t i o  o f  those values o f  
u t l o u  from one 5-cm-thick importance mesh t o  the next " in  the uater", and l e t  81rs81 denote the r a t i o  o f  
those values of u t l o u  from one 5-cm-thick importance mesh t o  the next " i n  the steel".  Typical average 
values o f  these ra t i os ,  o f  course, d i f f e r  from one broad ueight-uindou group t o  the next. In the case 
o f  the uater, for example, tbru8t may be as h igh  as 0.73 i n  the 3-14 MeV energy range, o r  as Lou as 0.50 
i n  the energy range belou 0.3 MeV. Table 6.4 sumnarizes some typ i ca l  average values f o r  llrull and a8rs1B 
f o r  each o f  four  broad energy groups. 
ca l cu la t i on  f o r  a p a r t i c u l a r  response func t i on  i n  a given configuration. 
data, they are no t  i nva r ian t  and cou ld  e a s i l y  be d i f f e r e n t  from one app l i ca t i on  t o  the next. 
shoun here, however, are good f o r  t h i s  p a r t i c u l a r  application.] To begin const ruct ing a broad-group 
ueight-windou f i l e  f o r  l a t e r  use i n  MCNP, one wwld s t a r t  by iden t i f y i ng  the group-specif ic value o f  
u t l o u  (u0) t ha t  should be used f o r  each broad group, i n  the source zone, i n  the actual  MCNP analysis. 
Speci f ica l ly ,  t he  values o f  a4utlou14 shoun f o r  each broad group i n  (Table 6.2b and) Table 6.3 must be 
r m l t i p l i e d  by uhatever s t a r t i n g  ueight  (wgt) i s  spec i f i ed  on the MCNP slsdef" card. Recall, f o r  example, 
t ha t  t o  inprove the  e f f i c i e n c y  o f  t he  Monte Carlo ca lcu lat ion,  i t  only made sense ( i n  these uater-tube 
sh ie ld ing  ca lcu lat ions)  t o  sarrple the i s o t r o p i c  source d i s t r i b u t i o n s  over a very narrou cone o f  s t a r t i n g  
d i r e c t i o n s  w i t h i n  15.13 degrees o f  the c e n t e r l i n e  uhose d i r e c t i o n  cosines uere betueen 0.965335056 and 1.0; 
t o  keep the MCNP ca lcu la t i on  proper ly  sca led (without having t o  make adjustments f o r  t h i s  p a r t i c u l a r  e f f e c t  
on a l l  the l l fm l l  t a l l y  m u l t i p l i e r  cards), t he  user-supplied s t a r t i n g  ueight o f  t he  photons (ugt) on the MCNP 
%defb1 card uas reduced (from i t s  d e f a u l t  va lue o f  1.0) t o  

This same data uas a l so  shown 

This, o f  course, i s  simply 

u h i l e  from about 2=419.27 cm t o  about 

[Note tha t  these are "derived quant i t ies"  based on an ad jo in t  
Thus, u n l i k e  basic cross sect ion 

The values 

ugt  = utcone = 0.017332472 = (1.0-0.965335056)/2. 

Thus, i f  the user-supplied s t a r t i n g  ue igh ts  a re  reduced by t h i s  factor, then, t o  remain compatible, 
a l l  o f  the ueight-windou information in  l l a l l l l  o f  the broad w i g h t  uindou groups nust be reduced by 
t h i s  same factor .  
reduced by t h i s  same factor ,  inc lud ing t h e  broad group values of 41utlou1a in the f i r s t  importance 
mesh [u t l ow( l s t ) l ,  from 2=174.27 t o  2479.27 cm, where the inc ident  photon beam f i r s t  impinges on 
the uater i n  the water tube. 
mesh, then f o r  each broad group, one has: 

Speci f ica l ly ,  a l l  t he  values o f  llutloula shown i n  Tables 6.2b and 6.3 must be 

I f  @'YO" denotes the corrected value o f  u t l o u  i n  t h i s  f i r s t  irrrportance 
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Table 6.3. 
system [for the gama groups(*) i n  the g a m - o n l y  problem], as well as the r a t i o  of those values frun 
one importance mesh to the next (calculated by GETUING3.F based on the associated 1 - D  adjoint analysis). 

Space- and energy-dependent ueight window lower l imits (UTLOU) along the centerl ine of the 

Below 0.3 MeV 0.3 to 1.0 MeV 1.0 t o  3.0 MeV 3.0-14.0 MeV 

mi n 

174.27 
179.27 
184.27 
189.27 
194.27 
199.27 
204.27 
209.27 
214.27 
219.27 
224.27 
229.27 
234.27 
239.27 
244.27 
249.27 
254.27 
259.27 
264.27 
269.27 
274.27 
279.27 
284.27 
289.27 
294.27 
299.27 
304.27 
309.27 
314.27 
319.27 
324.27 
329.27 
334.27 
339.27 
344.27 
349.27 
354.27 
359.27 
344.27 
369.27 
374.27 
379 - 27 
384.27 
389.27 
394.27 
399.27 
404.27 
409.27 
414.27 
419.27 
424.27 
429.27 
434.27 
439.27 
444.27 
449.27 
454.27 
459.27 
464.27 
469.27 
474.27 

zmax 

179.27 
184.27 
189.27 
194.27 
199.27 
204.27 
209.27 
214.27 
219.27 
224.27 
229.27 
234.27 
239.27 
244.27 
249.27 
254.27 
259.27 
244.27 
269.27 
276 - 27 
279.27 
284.27 

294.27 
299.27 
304.27 
309.27 
314.27 
319.27 
324.27 
329.27 
334.27 
339.27 
344.27 
349.27 
354.27 
359.27 
364.27 
369.27 
374.27 
379.27 
384.27 
389.27 
394.27 
399.27 
404.27 
409.27 
414.27 
419.27 
424.27 
429.27 
434.27 
439.27 
446.27 
449.27 
454.27 
459.27 
466.27 
469.27 
474.27 
479.27 

289.27 

imp 
mesh 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

29 
30 
31 
32 
33 
34 
3s 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
67 

49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 

28 

4a 

mgOl-O6(*) 
vg18-23 Ratio 

2.58980E+15 .OOOO 
1.26616E+15 .4889 
6 . 1 6 s a ~ + i i  ~ 8 7 0  
3 .) 00899E+14 -4880 
1.52880E+l4 .5081 
7.70630E+13 .5041 
3.77681E+13 .4901 
1.87193E+13 .4956 
9.%095E+12 .4990 
4.6M)71E+12 .4990 
2.32548E+ 1 2 .4990 
1.16062E+12 -4990 
5.79019E+11 -4990 
2.88909E+11 .4990 
1.38652E+11 -4799 
6.71 003E+10 .4839 
X U ~ I ~ E + I O  .ow0 
1.67Q54E+10 .4989 
8.335086+09 .4989 
4.15882E+W -4990 
2.07483E+W -4989 
1.03502E+W .4988 
5.1633tE+08 .4989 

1.28320E+08 -4983 
6.35345E+07 .4%1 
3.12862E+Of .4924 
1.50525E+07 -4812 
7.39823E+06 -4915 
3.760S3E+06 - 5083 
1.84048E+06 -4894 
9,07940€+05 .6933 
4.4903&+05 .4946 
2.20506€+05 -4911 
l.O9547~+05 .4968 
5.44262€+04 .4968 
2.70380€+04 -4968 
1.34308€+04 -4967 
6.67164E+Q3 .4%7 
3.31338€+03 .4967 
1.64528E+03 .4966 
8.16793E+02 .4964 
4.05308E+02 -4962 
2.00957E+02 .4958 
9.94132E+01 .4947 
7.14087~+01 .71 83 
7.14087~+01 i.oooo 
7.14087€+01 1.0000 
3.12897€+01 .4382 
4.08546E+00 .1306 
5.20197E-01 .1273 
6.62302E-02 .l273 
8.43051E-03 .1273 
1.07272E-03 -1272 
1.36395E-04 -1271 
1.73158E-05 .1270 
2.19091E-06 -1265 
2.39077E-07 ,1091 
2.71472E-08 -1136 
2.86582E-09 -1056 
2.22250E-11 -0078 

_ r - - _ - - - _ _ - - - - - - _ _  

2.57497~+oa -4987 

mg07-11(*) f1~12-15(*)  mg16- 23 (*) 
vg13-17 Ratio vgO9-12 Ratio vgO1-08 Ratio 

- _ _ _ _ _ _ _ - L - - _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ - - L _ _ _ - - -  _ _ _ _ - - - _ _ _ _ _ _ _ _ _ _ _  
4.94748E+07 .OOOO 4.12119E+02 .OOOO 1.OOOOOE-01 .OOOO 
2.80841E+07 .5676 2.68445E+02 .6524 7.39376E-02 -7394 
1.57281E+07 .S@O 1.72-+02 -6445 5.42514E-02 .7337 
8.80931E+06 .5601 1 .ll495E+02 .6445 3.97991E-02 -7336 
5.09222E+06 -5780 7.35527E+01 -6597 2.96652E-02 -7454 
2.92793E+06 -5750 4.83681E+01 .6576 2.207OOE-02 -7440 
1.66635E+06 .5616 3.12237E+Ol .6455 1 -61960E-02 -7338 
9.31751E+05 -5666 2.02890E+O1 -6498 1.19365E-02 -7370 
5.30881E+05 .5698 1.32385E+01 .6525 8.82103E-03 -7390 
3.02623E+05 -5697 8.63575E+00 -6523 6.51547E-03 -7386 
1.72259E+05 .56% 5.63202E+00 -6522 4.81025E-03 -7383 
9.81140€+04 .56% 3.67244€+00 -6521 3.54979E-03 .7380 
5.5873&+04 .56% 2.39406E+00 .6519 2.61830E-03 -7376 
3.1813%+04 .5694 1.56026E+OO -6517 1.93027E-03 .73R 
1.75607E+04 .5520 9.93484E-01 .6367 1.39963E-03 .7251 
9.74503E+03 -5549 6.3443s-01 -6386 1.01596E-03 -7259 
5.54619E+03 .5691 4.13157E-01 -6512 7.47824E-04 .?361 
3.15582€+03 .5690 2.689?3€-01 .6510 5.50155E-04 -7357 
1.7%3&+03 .5689 1 .E05fE-01 -6508 4.045UE-04 .?353 
1.0212oE+03 .5688 1.13902E-01 -6507 2.97283E-04 .7349 
5.8U69&+02 .5686 7.40842E-02 .6504 2.18345E-04 . T u 5  
3.3011&+02 -5685 4.81694E-02 -6502 1.60276E-04 . 7 u O  
1.87635E42 .5684 3.13116E-02 .6500 1.17590E-04 .?337 
1.06613E+02 .5682 2.03458E-02 .6498 8.62205E-05 -7332 
6.05579E+OI .5#0 1.32161E-02 -6496 6.31838E-05 .7328 
3.43832E+Ol -5678 8.58990E-03 .6500 4.62569E-05 .?321 
1.92974E+01 -5612 5.53278E-03 .6441 3.36097E-05 -7266 
1.06306E+01 .5509 3.50977E-03 .6344 2.41917E-05 .7198 
5.95299E+OO -5600 2.25216E-03 .6417 1.75423E-05 -7251 
3.42747E+OO -5758 1.47672E-03 -6557 1.29214E-05 -7366 
1.91365E+00 -5583 9.46073E-04 .6407 9.35911E-06 -7263 
1.07360E+00 -5610 6.07665E-04 .6423 6.78524E-06 -7250 
6.03825E-01 -5624 3.91307E-04 .6440 4.92951E-06 -7265 
3.37225E-01 -5585 2.50455E-04 .6400 3.56-E-06 -7229 
1.90050E-01 -5636 1.61423E-04 -6145 2.58850E-06 .7264 
1.07034E-01 -5632 1.0397OE-04 .6441 1.87899E-06 .7259 
6.02269E-02 -5627 6.69G91E-05 -6435 1.36284E-06 -7253 
3.38569E-02 -5621 4.30195E-05 -6430 9.87653E-07 .7247 
1.90104E-02 -5615 2.76335E-05 .6423 7.151BE-07 -7241 
1.06606E-02 -5608 1.Z303E-05 .&16 5.17407E-07 -7235 

3.33585E-03 -5589 7.27085E-06 ,6399 2.70083E-07 .R22 
1.85995E-03 .5576 4.64528E-06 -6389 1.91862E-07 -7215 

5.72706E-04 -5539 1 . m - 0 6  -6369 1.01231E-07 .R06 

5 . 9 ~ 9 2 ~ - 0 3  -5599 i . i3620~-05 .Moa ~ . E W O E - O ~  .7228 

1.033%~-03 -5559 2.%253~-06 -6378 i . 4 ~ 7 1 ~ - 0 7  .no9 

~ . 3 2 4 3 6 ~ - 0 4  . m i  i.52033~-06 .a057 8.63934~-08 -8534 
4.32636~-04 i.oooo i.s2033~-06 I.OOOO a.63933~-08 i.oooo 

2 . 7 ~ 7 4 ~ - 0 4  .6320 1.11507~-06 .n34 6 . f i m ~ - o a  .nil 
8.04137~-05 .2940 4 . 7 3 9 ~ 4 7  .425i 3.22248~-08 -4837 

4.32436E-04 1.0000 1.52033E-06 1.0000 8.63934E-08 1.0000 

2.29930E-05 -2859 1.9766E-07 -4169 1.53078E-08 .450 
6.5205OE-06 -2836 8.2118%-08 -4155 7.240OM-09 .4730 
1.83138E-06 -2809 3.39704E-08 -4137 3.40385E-09 .4701 

1.39351E-07 .2740 5.70065E-09 -4080 7.31857E-10 .4611 
3.75611E-08 -2695 2.30051%-09 -4036 3.32057E-10 .4537 
9.9146%-09 .2640 9.13503E-10 .3971 1.4716%-10 -4432 
2.33432E-09 .2354 3.34053E-10 .3657 5.98111E-11 .4064 
5.38914E-10 .2309 1.17884E-10 .3529 2.30215E-11 .3849 
1.16976E-10 -2171 3.83643E-11 -3254 7.96949E-12 .3462 
1.03554E-11 . O B 5  5.10332E-12 -1330 1.11225E-12 -1396 

s.08585~-07 -2777 1.39709~-08 ~ 1 1 3  1.58730~-09 . a 3  

(*) vgXX-YY are the VELM gama group nunbers comprising t h i s  broad gamna group, and mgXX-YY are the 
corresponding MCNP source groups (on s i  & sp cards); RATIO i s  the r a t i o  o f  utlow i n  mesh (i+l) t o  
u t lou  i n  mesh (i); ratio=1.0000 around z=409.27 cm since there are two void regions back to back. 
Assunes that UTlOV=UTAVG/IO, and UTHI=lO*UTAVG. Also note that these wights apply i f  and only i f  
the user-assigned start ing ueights in MCNP were 1.0 and one let the code handle adjustments for 
source-energy biasing. Houever, i f  we also do directional source biasing and (as i n  the uater-tube 
shielding problem) set the start ing ueights to 0.017'332472 ( for  exanple), then the above ueights 
must be mult ipl ied by th is  same factor before being used i n  such an MCNP calculation. 
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u0 = utcone * ut lou( lst ,  i n  Table 6.3) 

The f i n a l  values o f  u0 f o r  each broad ueight-uindou group are shoun i n  Table 6.4, along u i t h  the 
corresponding mesh-to-mesh reduction factors in  water and steel  ( r w  and r s )  f o r  t h i s  part icular 
case where each importance mesh i s  5 cm thick. By s ta r t ing  wi th lJuOal and mul t ip ly ing  by the 
appropriate value of rlrull mult ip le times (ie, once fo r  each importance mesh up t o  the end of the 
uater i n  the water - f i l l ed  collimator), and then m l t i p l y i n g  by the appropriate value of I1t -s ta  

mult ip le times ( ie, once fo r  each importance mesh through the rotary shutter sh ie ld  plug), one 
can simply and easi ly reconstruct the values o f  ltutloull that  should be used along the centerl ine 
fo r  each of the broad group ueight uindous i n  the f i n a l  MCNP analysis. 
simple factors (ru and rs), and the fact that ue ignore the small void betueen the end o f  the 
collimator and the s t a r t  of the rotary shutter, w i l l  introduce some minor approximations, but 
these are liveryni minor uhen contrasted u i th  the %everat orders of magnitudeI1 dif ference betueen 
d i f fe ren t  broad groups or the 11 t o  26 orders of magnitude change seen in any given broad group 
across the en t i re  system.1 
given in  S e c t  6.6, along u i t h  a b r i e f  physical interpretat ion of hou t h i s  data i s  used i n  MCNP t o  
improve the ef f ic iency of the f i n a l  calculation. 
described above ( in  connection u i t h  the adjoint analysis o r  the ueight uindow determination) exist  
i n  the actual MCNP model. 
(7.8212 g/cc), void regions are treated as void regions, and the en t i re  geometric model (including 
a l l  m t e r i a l s )  are treated in  painstaking de ta i l  as described in  Sect  3 and shoun in  Fig. 3.3, etc. 
I t  i s  only in  the determination of the ueight uindow parameters that  one i s  f ree t o  take some Liberty. 

[Note that  use of these 

Plots of t h i s  broad group data as a function o f  ax ia l  posi t ion are 

Also note that  none of the s inp l i f y i ng  assunptions 

The steel used there i n  the ro ta ry  shutter sh ie ld  plug i s  r8rea111 steel 

Having the broad-group ueight-window parameters along the centerl ine i s  nice, but t o  real ize the 
ef f ic iencies that are necessary t o  solve the real problem ( in any acceptable amount of t ime)  u i l l  
require a f u l l e r  descript ion that includes a l l  spatial points i n  the real  3-0 MCNP model. 
noted previously, the real  MCNP model extends from REO t o  R45.0 cm, and from Z=O t o  2=700 cm, 
u i t h  everything past 2478.79 cm ( jus t  dounstream of the shutter assembly) being treated as an 
internal  void i n  which point detectors could be located i f  necessary. Thus, the 3-D phantom mesh 
used t o  describe the importance regions associated ui  th the llgeometry-independent ueight uindousnl 
must f u l l y  enclose th i s  en t i re  region. 
and goes from: 

X= -67.5 cm t o  X= +67.5 cm (ver t i ca l l y )  i n  27 increments o f  5.0 cm each, 
Y= -67.5 cm t o  Y= +67.5 cm (horizontal ly) in  27 increments of 5.0 an each, 
Z= -5.73 cm t o  X= +704.27 cm (axial ly)  in  142 increments of 5.0 an each. 

For those mesh that are on the centerl ine or uhose centroids are w i th in  10.61 cm of the centerl ine 
(ie: IX=13,14,15; JY=13,14,15), the scheme described above i s  excel lent and uell-defined. For those 
mesh that are further removed from the centerline, one must be a l i t t l e  more creative, uh i le  s t i l l  
applying sound judgement based on an understanding of the underlying physics. 

Just as the imprtance increases (and the values of llutlowtl decrease) by a factor of llrw*a as one moves 
from the impingent source region (Z=1?4.27 an), down through the water tube, touards the shutter, the 
irrportance u i l l  physical ly decrease (and the values of l'utloull should increase) as one moves rad ia l l y  
outuard further and further from the centerline. (In Appendix C.2.5 where there was nothing but a 
homogeneous tank of uater, a l l  mesh that were equidistant from the detector a t  the top of the tank 
were assigned the same ueight uindou parameters. This made sense f o r  that  par t i cu la r  problem. Here, 
however, photons that are some distance from the centerl ine of the water tube and scatter touards the 
ult imate detector (a t  R=O, Z=478.79 cm) uould eventually encounter the b io log ica l  shield (and/or steel  
shields around the col l imator) arid be heavily attenuated before ever reaching the rotary shutter; ie, 
those photons that are some distance from the centerline of the uater tube ( in  t h i s  case) uould be 
re la t i ve ly  unimportant. Thus, the scheme previously used i n  Appendix C.2.5 would not make sense i n  
th i s  part icular application.) I n  th i s  case, since the i np r tance  must decrease as one moves rad ia l l y  
out from the centerline, and arutlouat must increase as one moves out from the centerline, i t  i s  simply 
ass& that the value of llutloull should be divided by the value of tlrutl every time one moves out 
another 5 cm further f rom the centerline, a t  least as long as one remains in  the pool water surrounding 
the f i r s t  long port ion of the water tube (174.27 cm < 2 i 274.27 cm). 
the W308G program i s  i l l us t ra ted  i n  Table 6.5. 

As 

I n  th is  case, the irrportance mesh measures 27 x 27 x 142 

The formaLism actual ly used i n  

As the water tube begins to  pass through the concrete biological  shield, the same logic applies. 
Those photons further removed from the centerline are less inportant and the corresponding values 
assigned t o  llutlowtl should increase as one moves further outward rad ia l l y ,  except that i n  t h i s  
case, the value of alutlowtl should be divided by the value of llrclt every time one moves out another 
5 cm further f ran the centerline, in to  the concrete. Unfortmately, the value of larcIr (the 
mesh-to-mesh u t lou  reduction factor f o r  the concrete) has not yet  been defined and, since there 
were no concrete zones i n  the 1-0 adjoint model, there i s  no analogously rigorous uay t o  define 
what i t  should be. To introduce a th ick concrete zone i n t o  the 1-D model uould perturb the problem 
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Table 6.4. 
by MCNP4B i n  the gama-only sh ie ld ing analysis o f  the flooded 1998 water tube, col l imator, and ro ta ry  shut ter  assembly. 
These parameters are based on the  1-D ad jo in t  analysis a d  norrnal4zation procedures described i n  Sects 6.1 and 6.2, 
and sumnarited in  Table 6 . 3 ,  as we l l  as the other MCNP normalization notes given i n  i tem 1 of  Sect 6.3. 

Key parameters used by the WU308G program t o  generate the 3-0 broad group weight window f i l e  f i n a l b y  used 

1 

Energy range f o r  broad gama group weight window: 

Corresponding VELM gama groups i n  ww broad group: 

S ta r t i ng  weight of gamnas in  each broad group 
i n  MCNP ( a f t e r  ad just ing "wgttl on the %defsf 
card fo r  d i rec t i ona l  source biasing) 

wtlow in  source region (no), where 
wO=(value in  Table 6.3)*WTCQNE 
wO=(value in  Table 6.3)*(0.017332472) 
as noted i n  item 1 o f  Sect 6.3 

Ratio o f  %ttloult from one 5-cm-thick 
importance m s h  t o  the next i n  water 
(based on Tabte 6.3) 

Ratio o f  %tlowhl from one 5-cm-thick 
importance mesh t o  the next i n  the 
ha l f -dens i t y  s tee l  (based on Table 6 .3 )  

Ratio of "wtlowt4 from one 5-cm-thick 
inportance mesh t o  the next in  barytes 
concrete, where rc=sqrt(rs*sqrt(rs*rw) 1 
(approximation; see Appendix 0.3) 

18-23 

rw=0.50 

rs=0.13 

rc=O. 18 

0.3-1.0 MeV 

13-17 

rw=0.57 

rs=O. 28 

rc=0.33 

1.0-3.0 MeV 

9- 12 

w0-7.14304 

rw=O .65 

rs=0.40 

rcr0.45 

3.0-14.0 MeV 

1-8 

wgt=0.017332472 

rw=O. 73 

rs=0.46 

rc=0.51 



Table 6.5. 
f o r  the gama-only MCNP4B analysis of the 1998 water tube problem. Here: r=sqrt(x*x+y*y); x i s  v e r t i c a l  pos i t ion,  y i s  hor izonta l  pos i t ion,  z i s  ax ia l  pos i t ion.  

Spatial d e f i n i t i o n  of the 3-D lower weight w indow l i m i t s ,  and the l oca t i on  o f  the magnet points, as a funct ion o f  importance mesh locat ion (x,y,z) 

~ 

z < 174.27 cm 

A X I A L L Y  UPSTREAM OF THE 
START OF THE WATER TUBE 

ut-w0 

xd=O, yd=O, zd=1000.0 cm 

(xd,xy,zd) i s  a d is tant  
po int  along centerline; 
biasing almost pa ra l l e l  
t o  the center l ine 

10.61 cm < r 

r a d i a l l y  outside central 
region; i n  pool water, 
or the vessel nozzel, or  
the water inside vessel; 
mostly water i n  vessel; 
t rea t  nozzel as water 
fo r  biasing purposes 

m=l+ i nt ( ( r-  I O .  61 )/5.0) 

w t=uO/ ( rw**rn) 

xd=O, yd=O, zd=200.0 cm 

(xd,xy,zd) biased towards 
a po int  on the centerline, 
just  upstream of the s ta r t  
of the water tube 

________________.___------ .  

174.27 z < 274.27 

A X I A L L Y  I N  FJRST PART OF 
WATER TUBE SECT, UPSTREAM 
OF CONCRETE B I O  SHIELD; 
SURROUNDED BY POOL WATER 

r < 10.61 cm 

r a d i a l l y  ins ide o r  near 
flooded water tube 

n= 1 + i nt ( ( z- 1 74.27) /5.0 1 

wt=uO*(ru**n) 

xd=O, yd=O, zd=1000.0 cm 

(xd,xy,zd) i s  a d i s tan t  
po int  along centerl ine; 
b ias ing almost p a r a l l e l  
t o  the cen te r l i ne  

10.61 cm < r 

rad ja l  l y  outside centra l  
region, in  pool water 

n= 1 + i nt ( ( z- 174.27U5.0) 
m=l+i nt( (r- 10.61 )/5.0) 

wt=wO*(rw**(n-m)) 

xd=O, yd=O, zd=320.0 crn 

(xd,xy,zd) biased towards 
a pornt on the cen te r l i ne  
near s t a r t  o f  co l  I imator 

-___------__________-_--_. -__-------_----__--_----_. 

____-_______.____________.  

274.27 < z < 309.27 

A X I A L L Y  I N  LAST PART OF 
UATER TUBE, JUST BEFORE 
COLLIMATOR; SURROUNDED 
BY CONCRETE B I O  SHIELD 

r < 10.61 cm 

r a d i a l l y  ins ide o r  near 
flooded water tube 

n= 1 + i n t ( ( z - 1 74.27) / 5.0 ) 

wt=wO*(rw**n) 

xd=O, yd=O, zd=330.0 cm 

(xd,xy,zd) biased towards 
a po in t  on the cen te r l i ne  
a short distance ins ide 
the co l l imator  , 
10.61 cm < r 

r a d i a l l y  outside centrat 
region, i n  concrete 

n=l+ i nt ( ( z- 1 7 4 . 2 7 ~ 5  .O) 
m=I+int((r-10.61)/5.0) 

ut=wO*(rw**n)/(rc**m) 

xd=O, yd=O, zd=z 

(xd,xy,zd) biased 
r a d i a l l y  s t ra igh t  in, 
towards cen te r l i ne  

.___-__--____-_---_---___-. .__--__--_----_----^------. 

__________--__--___-.----.  

309.27 < z < 404.27 

AXIALLY IN REGION 
ALIGNED W I T H  THE 
COLLIMATOR SECTION 

:=================I================== 

r < 10.61 cm 

r a d i a l l y  inside o r  near 
flooded rectangular ho le 

n=l+int((z-174.27)/5.0) 

ut=wO*(rw**n) 

xd=O, yd=O, zd.405.0 cm 

(xd,xy,zd) biased towards 
point on centerl ine, j u s t  
beyond co l  I imator e x i t  

_____-________.__------------------- 
10.61 cm < r < 23.00 cm 

r a d i a l l y  outside centra l  
region, in  stee l  sh ie lds 

n=l+int((z-174.27)/5.0) 
m=l + i nt ( ( r - I O .  61 )/5.0) 

wt=wO*(ru**n)/( rs**m) 

xd=O, yd.0, zd=z 

(xd!xy,zd) biased 
r a d i a l l y  s t ra igh t  in, 
towards water along 
the center l ine  

23.00 cm < r 

fu r the r  out rad ia l  Ly, 
i n  the concrete 

n=l+ i nt ( ( z- 174.27~5.0) 
m=l+int((r-10.61)/5.0) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

wt=wO*((rw**n)/(rs**4))/(rc**(rn-4)) 

xd=x, yd=y, zd=1000.0 

(xd,xy,zd) biased towards 
a very d i s tan t  point, 
s t r a i g h t  ahead a x i a l l y  

404.27 i z < 479.27 

A X I A L L Y  I N  ROTARY SHUTTER 
ASSEMBLY, OR THE CONCRETE 
SHIELD AROUND ASSEMBLY 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

r < 30.0 cm 

r a d i a l l y  ins ide or near 
carbon s tee l  sh ie ld  plug 

n r= l+ in t  ( (404.27-2.5- 174.27)/5 .O) 
wr=wO*(rw**nr)/2.0 
wr=ref u t  upstream o f  sh ie id  p(ug 

n2=1+ i n t (  (2-404 .27)/S.O) 
ut=wr*(rs**n2) 

f o r  (yd,zd), see sketch; 
xd=O i f  -12.5 < x < 12.5, 
xd=x otherwise 

30.0 cm < r < 50.0 cm 

r a d i a l l y  in  surrounding 
concrete assenbly (mostly) 

nr=l+int((404.27-2.5-174.27)/5.0) 
wr=wO*( ru**nr)/2.0 
wr=ref u t  upstream o f  sh ie ld  plug 

n2=l+ in t  ( (z-404.27)/5 .O) 
wt=wr*(rc**nZ) 

f o r  (yd,zd), see sketch; 
xd=O i f  -12.5 < x < 12.5, 
xd=x otherwise 

__________-.________-------------. 

__________-______---.------------- 
50.0 cm < r 

r a d i a l l y  f a r  out, in  
concrete b i o  sh ie ld  

nr=l+int((404.27-2.5-174.27)/5.0) 
wr=wO*(  rw**nr)/2.0 
wr=ref u t  upstream of sh ie ld  plug 
n2=l+i nt ( (2-404.27)/5.0) 
n2=l+int((r-50.0)/5.0) 
w t = w r * (  rc**(n2-m2)) 

f o r  (yd,zd), see sketch; 
Kd=O i f  -12.5 < X c 12.5, 
Kd=x otherwise 



too severely, and t o  introduce only a th in  concrete region i n t o  the I - D  madel uould not a l l ou  one 
t o  determine the needed asymptotic Value. 
uould have been nice t o  have. ALL  i s  not lost ,  hwever. One can s t i l l  r e l y  i n  engineering 
judgement. 
( rs)  f o r  the half-density steel (3.6760 g/cc) used in  the adjoint  analysis. 
the barytes concrete has a density of 3.09725 g/cc, i t  i s  qu i te  l i k e l y  that  the correct value 
for 11rc41 u i l l  be mch closer t o  that for  llrs”. U i th  that  i n  mind ,  a very s i r i p l i s t i c  formula uas 
proposed and used t o  estimate the C o r r e c t  value of llrcos f o r  each of the four broad weight-uindou 
energy groups. Qu i te  sinply, It is: 

Indeed, t h i s  i s  uhere a 2-D or  3-D adjoint  solut ion 

Obviously the correct value u i l l  Lie somuhere & t m  that f o r  uater (ru) and that 
Moreover, given that 

r c  = sqrt(rs*sqrt(rs*ru)) = (rsA0.75)*(rwA0.25) 

Values of 9V fo r  each of the four broad gamna groups o f  interest  are shoun in Table 6.4. 
t h i s  may seem f a i r l y  arbi t rary (and i t  is), i t  must be remembered that v i r t u a l l y  a l l  of the important 
high-energy gamMs stream up through the uater tube and very very feu ever get through the concrete. 
Thus, one does not need t o  knou th i s  part icular parameter very accurately. 
approximate value i s  needed i f  one i s  going t o  use weight uindous t o  k i l l  o f f  the Lou importance 
gamnes that enter the concrete, scatter about, and have the potent ia l  f o r  great ly slowing doun the 
calculat ion t o  the point  uhere one c w l d  no longer run as many h is to r ies  as necessary t o  fu l ly  resolve 
the contr ibutions o f  other high-importance gaRnras. U i th  respect t o  the form and accuracy o f  t h i s  
part icular approximation, i t  i s  actual ly not as a rb i t ra ry  nor as approximate as one might f i r s t  
expect. 
concrete (rc)  i s  provided i n  Appendix D.3. 
the actual value i n  the high-energy range (3-10 MeV) may ac tua l l y  be accurate t o  w i th in  about 2%, 
uh i le  the value in  the Lou-energy range (belou 0.3 MeV> may actual ly be accurate t o  u i t h i n  about 
5%. Moreover. both are quite acceptable f o r  the intended purpose of se t t ing  ueight uindou louer 
l im i t s  and playing Russian Roulette i n  the concrete regions f a r  f ran  the centerl ine uhich ul t imately 
do not contr ibute much t o  the f i n a l  solut ion anyuay. 
c r i t i c a l  port ion of the problem, i t  uould have been included in  the 1-0 (or a 2 - 0 )  adjoint  analysis.] 
For MW, the approximation given above i s  d e 4  wholly adequate f o r  the present purpose. 

Thus, as one moves rad ia l l y  outward from the uater tube i n t o  the surrounding concrete shield, the 
values o f  uWloula are divided by the value of V c H  every t i m e  one moves out another 5 cm further 
from the centerline, in to  the concrete. just as s h m  in  Table 6.5. 

Further d m  the centerline, one begins t o  enter the u a t e r - f i t l e d  rectangular hole doun through 
the middle of the collimator. 
o f  the centerl ine (ie: IX=13,14,15; JY=13,14,15>, the weight uindous used are the same as those 
d i rec t l y  along the centerline, as described above. 
importance mesh are located i n  the steel  cmpr is ing  the central  collimator, the rad ia l  shield, 
and/or the eccentric shield. 23 cm), the values o f  zJwtloul* are div ided by 
the value of 9 s ”  every t i m e  one moves out another 5 cm fu r ther  from the centerline. 
the surrounding concrete, the values o f  “utlou” are divided by the value of 9cS1  every time one 
moves out another 5 cm further from the centerline, i n t o  the concrete. 

I n  the las t  ax ia l  region of any real interest, one begins t o  enter the region occupied by the 
rotary shutter sh ie ld  plug, the surrounding concrete assembly, and the surrounding biological  
shield. The approach taken i s  the same as in  ea r l i e r  regions, except the central region of 
highest importance has been expanded t o  include those inportance mesh uhose centroids are u i t h i n  
30.0 cm of the centerline. This expansion o f  the high inportance region, uh i l e  i t  may lead t o  
some loss of eff iciency, was deemed prudent i n  order t o  a c c m t  f o r  the possibly more divergent 
nature of the radiat ion i n  th i s  area caused by the void region jus t  upstream of the shutter and 
the mult ip le streaming paths around and through the shutter. 
regions, the ueight uindDus used are the same as those d i r e c t l y  along the centerline, as 
described above. (Note, as shoun i n  Table 6.5, that  a small adjustment in the axially-dependent 
ueights downstream of 2404.27 cm i s  made t o  account f o r  the small void region betueen the end of 
the ua te r - f i l l ed  col l imator and the s ta r t  of the ro ta ry  shutter.) Moving rad ia l l y  outuard from 
R=30 cm, through the concrete block holding the shutter, and then through the concrete biological  
shield, the values of 4%tlouaS are divided by the value o f  “rc** every time one moves out another 
5 cm further from the centerline, in to  the concrete. This increase i n  %tlou4m as a function of 
radius i s  again a re f lec t ion  o f  the gradually louer importance associated with par t i c les  i n  t h i s  
region. 

In the void beyond the dounstrem edge o f  the s tee l - l ined  concrete assembly holding the ro ta ry  
shutter (ie, beyond 2-478.27 cm), the 3-D broad-group weight uindou generator code (MOBC.F,  
shown i n  Appendix D.2) simply assigns each importance mesh the same ueight uindou parameters 
used i n  the las t  axial  importance mesh along the center l ine of the system. 
and Russian Roulette can occur not only a t  c o l l i s i o n  s i t e s  (of which there are m i n  a void), 
but also a t  importance mesh boundaries (uhich do exist),  holding a l l  ueight uindou parameters 
constant beyond t h i s  point u i l l  prevent any needless s p l i t t i n g  that  m i g h t  otheruise occur i n  
th i s  f i n a l  void region. 
centerl ine are the louest i n  the system, one can also be assured that none of the par t i c les  
emerging from the downstream surface of the shield u i l l  be k i l l e d  by Russian Roulette as might 

While 

Nevertheless, sane 

A Lou-order j us t i f i ca t i on  for the assuned mesh-to-mesh weight reduction factor in barytes 
The quant i tat ive argunents presented there suggest that  

. 

[ H a d  the concrete &en located i n  a much more 

For those importance mesh uhose centroids are u i t h i n  10.61 cm 

Moving r a d i a l l y  outward frcm there, some 

In th i s  region <R 
Once in 

For these central iffportance 

Since s p l i t t i n g  

Moreover, since the values o f  llutloull i n  the l a s t  mesh along the 
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occur i f  some other  (h igher)  value of 8autLow1q were used i n  t h i s  region. 

Following the p resc r ip t i ons  described above and i l l u s t r a t e d  i n  Table 6.5, the 3-0 broad-group 
weight window generator code (W08G.F) shown i n  A w i x  D.2 u i l l  prepare arid w r i t e  the 
necessary ueight window f i l e  f o r  MCNP4B i n  accordance wi th  the format given i n  Appendix C.3. 
The %tLowt8 data f o r  each broad group, i n  each o f  the 27 x 27 x 142 importance mesh in terva ls ,  
i s  u r i t t e n  i n  a s c i i  format w i t h i n  t h i s  weight-window f i l e ,  and i s ,  when used i n  conbination 
wi th  the handful o f  parameters on the MCNP tlwun" and cards, f u l l y  s u f f i c i e n t  t o  describe 
the ueight uindows, throughout the e n t i r e  problem. In addi t ion t o  tha t  data, however, MCNP4B 
a lso al lows the weight-window f i l e  t o  conta in  addi t ional  supplemental data tha t  uould normally 
correspond t o  the d i r e c t i o n a l  a d j o i n t  currents  <aJx,aJy,aJz) in each irrportance mesh and each 
broad energy group. This supplemental data can be used f o r  %n the f l y  d i r e c t i o n a l  biasing" a t  
each c o l l i s i o n  s i t e ,  or whenever a p a r t i c l e  crosses an importance mesh boundary. Section 6.5 
describes how s i m i l a r l y  use fu l  in format ion i s  generated by W308G.F and supplied t o  MCNP4B in  
place o f  t h i s  mre r i go rous  data t o  achieve the same e f fec t .  

6.5 Magnet Points  and On-The-Fly D i rec t i ona l  Biasing _--_-______-_------_____________________------------- 
Some d i rec t i ons  a r e  mare important than others ... ... and the most important d i r e c t i o n  from a given po in t  u s w l t y  depends on where you are. 

Fortunately, i f  one has the  d i r e c t i o n a l  ad jo in t  currents (aJx,aJy,aJz) from a rigorous 3-D ad jo in t  
analysis such as TORT#8 o r  THREEDANT#26, information about "the most important d i rect ionR4 a t  each 
spa t ia l  locat ion ( f o r  each broad group) i s  r e a d i l y  avai lable, and MCNP46#4 i s  smart enough t o  take 
advantage of t h i s  in format ion and use i t  i n t e l l i g e n t l y  - -  i f  i t  i s  supplied as a u x i l i a r y  data in  
the ueight-window input f i l e .  Moreover, a p l o t  o f  small arrous showing a f i e l d  o f  unit vectors 
al igned w i th  the d i r e c t i o n a l  ad jo in t  current  would show the path o f  a d j o i n t  p a r t i c l e s  f lowing away 
from the ad jo in t  source. Conversely, if one reverses the d i r e c t i o n  o f  the arrows a t  each location, 
they would paint i n  lo the mast important d i rec t i on "  ( ie ,  the d i r e c t i o n  which, i f  taken by real  
par t ic les,  would be the most l i k e l y  t o  con t r i bu te  t o  the response o f  in terest ) .  
ad jo in t  currents (aJx,aJy,aJz) by s p a t i a l  mesh and energy group, which may be entered as a u x i l i a r y  
data i n  the weight-window input f i l e  ( c f  Appendix C.3). are used i n  p rec i se l y  tha t  fashion. 
the opt ional  a d j o i n t  d i r e c t i o n a l  currents  are supplied, i t  appears tha t  t h e i r  so le  purpose i s  t o  
determine the unit vector  corresponding t o  the ad jo in t  current in each mesh, in each broad energy 
group (see l i n e s  125 t o  140, o f  MCNP4B subroutine W A L ) .  
d i r e c t i o n  cosines o f  a p a r t i c l e  a f t e r  a c o l l i s i o n  are folded u i t h  the d i r e c t i o n  cosines forming the 
ad jo in t  current vector  f o r  t h a t  s p a t i a l  mesh and energy range. The r e s u l t i n g  dot  product i s  then 
applied i n  an exponential transform t o  s i g n i f i c a n t l y  increase the assigned weight o f  the p a r t i c l e  
i f  i t  i s  t r a v e l l i n g  in  a d i r e c t i o n  o f  h igh importance or t o  s i g n i f i c a n t l y  decrease i t s  assigned 
weight i f  i t  i s  t r a v e l i n g  i n  the opposite d i rect ion,  wi th  a graded adjustment being made f o r  
intermediate d i rec t i ons .  [This capab i l i t y ,  as w e l l  as being able t o  use a u*geometry-independent 
ueight-window f i l e a 8  a t  a l l ,  has ex i s ted  as an undocunented feature o f  MCNP4B since the time o f  
i t s  release, and i s  p a r t  o f  uhat i s  known as the "AVATAR patch". 
Variance and Time-of-Analysis Reduction" p r o g r m t i c  e f f o r t  underuay a t  Los Alamos#27 i n  uhich 
MCNP geometries could be automat ica l ly  parsed i n t o  a crude XYZ mesh on uhich a 3-D THREEDANT 
ad jo in t  analysis cou ld  be performed, and the r e s u l t i n g  ueight-windou f i l e  (based on the adjo in t  
so lu t ion)  would then be passed back t o  MCNP uhich would then use tha t  information t o  accelerate 
the Monte Carlo s o l u t i o n  o f  the o r i g i n a l  problem u i t h  a l l  of the f i n e  geometric modeling d e t a i l s  
s t i l l  in  tact .  Tentat ive ly ,  the features described and used here u i l l  be announced i n  the next 
release o f  MCNP (HCNP4C) in  the year 2000, and the res t  o f  the highly-automated AVATAR system 
u i l l  then be made ava i l ab le  ( f o r  a fee) a t  t ha t  time.] 

Also fortunate i s  t he  f a c t  t h a t  one does not  need t o  have access t o  the l a t e s t  3-0 d iscrete-ord inate 
codes in  order t o  f i g u r e  ou t  uhich d i r e c t i o n s  are the most important i n  most cases. 
the academic water tank problem i n  Appendix C.2, f o r  example, i t  was c lea r  tha t  u i t h i n  each importance 
mesh, the most important d i r e c t i o n  was the one tha t  pointed from tha t  (x,y,z) l oca t i on  t o  the detector 
a t  the top o f  the water tank. Thus, in l i e u  o f  3-0 d i rec t i ona l  ad jo in t  currents (aJx,aJy,aJz) f o r  
each broad group a t  each mesh location, i t  uas s u f f i c i e n t  t o  subs t i t u te  a ser ies o f  unit vectors 
(ux,uy,uz) tha t  pointed i n  the  d i r e c t i o n  ad jo in t  p a r t i c l e s  would f low - -  ie, from the  detector a t  the 
top o f  the tank, back touard the cen t ro id  o f  each importance mesh. 
"geometry-independent ueight-uindowI8 f i l e  w i th  t h i s  d i rec t i ona l  information, the uater tank problem 
was made t o  run over 10,000 times fas te r  than would have been possible without t ha t  information. 

I n  the present case, the s i t u a t i o n  i s  much the same, except tha t  most inpor tant  d i r e c t i o n  a t  
any given loca t i on  depends upon uhere you are. 
reactor pool outs ide the water tu& might be biased toward one Ifmagnet po int "  whereas photons 
scat ter ing i n  the  w a t e r - f i l l e d  co l l ima to r  o r  i n  the concrete block surrounding the ro ta ry  
shutter should be biased towards other "magnet points". D i f f e ren t  regions o f  the problem may 
have d i f f e r e n t  magnet po ints ,  and the  magnet po in t  f o r  a given reg ion may indeed l i e  outside 
that  region in  some cases. In a l l  cases, the unit vectors (Ux,Uy,Uz) tha t  should be used i n  
place of the d i r e c t i o n a l  a d j o i n t  currents  (aJx,aJy,aJz) should po in t  8tfrombs the magnet point, 

The 3-D d i rec t i ona l  

I f  

A t  each c o l l i s i o n  s i t e ,  t he  outgoing 

AVATAR stands f o r  the t *AutoMt ic  

In the case o f  

Moreover, by using a broad-group 

Photons scat ter ing i n  the  uater tube or in  the 
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back tttouardsnl the center o f  the importance mesh in  question. 

Let us s t a r t  u i t h  the water i n  the uater tube and/or the water in  the reactor pool outside 
the vessel (c f  f ig .  3.3). Photons scatter ing anywhere i n  th i s  region are only going t o  
contr ibute t o  the f i n a l  solut ion if they make i t  through the hole i n  the biological  shield 
through which the water tube passes. 
should be biased I lstraight ahead" touards some arb i t ra ry  magnet point Way down" the beam 
tube, say (X=O,Y=O,Z=lOOO). 
magnet point  for  photons scatter ing anywhere i n  the reactor pool since the %traight ahead" 
direct ion, or  anything close t o  i t  l i k e  the magnet point a t  (X=0,Y=O,Z=lOOO), uould 
p re fe ren t ia l l y  bias many o f  them s t ra igh t  i n t o  the concrete biological shield h e r e  they 
uould have very l i t t l e  l ikel ihood of con t r i k t t ing  t o  the f i na l  solution. Instead, those 
photons scattering i n  the reactor pool water outside the water tube should be biased 
towards a p i n t  along the center l ine that i s  a t  or jus t  s l i gh t l y  upstream o f  uhere the 
uater tube f i r s t  penetrates the b io log ica l  shield (around 2=275 an), since these are the 
only ones that  stand any rea l  chance of contr ibuting t o  the f i n a l  solution. 
case, a much more reasonable Wagnet point8# might be around (X=O,Y=O,Z=275 cm). 
other hand, scattering events deep i n  the pool w t e r  fa r  from the centerl ine are fa r  less 
nunerous and fa r  less inportant tha t  those that occur just a short distance in to  the pool 
water (10, 15, 20, o r  25 an r a d i a l l y  beyond the water tube). For those, especially the 
ones that  occur bet- 2=250 and 2=275 cm, biasing towards th i s  part icular magnet p i n t  
uould improve the representation o f  g m  leakage in to  the inner cy l indr ica l  u a l l  of the 
biological  shield (which i s  not pa r t i cu la r l y  inportant), but i t  would da l i t t l e  t o  i qxove  
the representation of gammas that scatter i n  more important direct ions that are suneuhat 
more pa ra l l e l  t o  the tube centerline. As a comprmise, and in  deference t o  the importance 
of those par t i cu la r  scattering events, the Itmagnet point" f o r  importance mesh in the pa01 
water outside the uater tube uas moved s l i g h t l y  further down the beam tube t o  a point 
(X=O,Y=0,2=320 cm) just beyond the s t a r t  of the collimator. Appropriate magnet points f o r  
other regions of the problem are l isted i n  Table 6.5, u i t h  a l i m i t e d  amount o f  discussion 
i n  the tex t  that  follows. 

Before continuing, the term "biased touardstl should f i r s t  be c ta r i f i ed  since i t  u i l l  be used 
repeatedly in  the fo l lou ing  discussions. 
event, the outgoing d i rec t ion  i s  f i xed  by the appropriate scattering tau and the associated 
scattering probab i l i t y  d is t r ibu t ion .  
affected by any 'on-the-fly d i rec t iona l  biasing" applied by these routines in UCNP. 
outgoing d i rec t ion  selected subsequent t o  a part icular event u i l l  be the same uhether t h i s  
technique i s  invoked or not. 
par t i c le "  subsequent t o  a scatter ing event, based on the direct ion i t  happens t o  be going. 
Those t rave l l i ng  in  an important d i rec t i on  u i l l  be assigned a bigger ueight (and therefore 
represent more real  photons avai lable for  future tracking) while those t rave l l ing  in  unimportant 
direct ions (auay from the magnet po in t )  u i l l  be assigned a smaller ueight (and therefore represent 
fever photons that the code w i l l  have t o  waste time tracking i n  the future). 
i s  not changing o r  a l te r ing  scatter ing taus, the angle of scatter, or  the direct ions i n  which 
par t i c les  emerge from a co l l i s ion ;  
however, i t  i s  choosing more u ise ly  those t o  which i t  u i l l  devote more calculat ional resources 
following i n  the future as tracking continues. 

Having c l a r i f i e d  that finepoint, consider photons a l i t t l e  further downstream, uhere the water 
tube penetrates the biological  sh ie ld  (2=274.27 t o  2=309.27 cm). For iaportance mesh close t o  
the centerl ine, any scattered rad ia t ion  should obviously be biased touard points further down the 
centerline, ;.e., towards the entrance o f  the water- f i l led hole through the collimator. For 
these mesh, the chosen Ilmagnet pointaa (X=O,Y=O,Z=330 cm) was Located s t i l l  further daunstream, 
just a l i t t t e  deeper inside the col l imator (axial ly) .  But uhat about inportance mesh further out 
radial ly,  say 5, 10, 15 o r  20 cm inside the concrete biological shield? I f  scattering events in 
the concrete uere biased toward the magnet point  a t  (X=O,Y=O,2=330 cm), those gamnas uould have 
t o  pass through a large amount of barytes concrete t o  get to  that par t i cu la r  location. A feu may 
indeed get there that uay, but m s t  uould not. O f  those that do scatter in the concrete, especial ly 
those that are f a i r l y  close t o  the water tube, the ones that are most Likely t o  contr ibute t o  the 
resul t  o f  interest  ( in and beyond the ro ta ry  shutter) are the ones that scatter back touards the 
uater tube and then scatter again doun the uater tube, touards the col l imator and rotary shutter - -  ie, f o r  those that scatter i n  the b io log ica l  shield (especially those that are only a short 
distance beyond the uater tube), the "path of least resistance" i s  back touards the water tube. 
Thus, f o r  those inportame mesh i n  the concrete biological shield a t  scine general point (x,y,z), 
the most appropriate %ragnet paint** m i g h t  wel l  be a axial ly- f loat ing one Located a t  (X=O,Y=O,Z=z). 
Uhile a better f loa t ing  magnet point  might well be a t  some other f toat ing location further 
downstream (Z=r+dr, uhere one could debate *ldz'O, the choice of an ax ia l l y - f loa t ing  magnet 
point a t  (X=O,Y=O,Z=z) i s  c lea r l y  be t te r  ( f o r  irnportance mesh in  the concrete) than the one a t  
(X=O,Y=O,Z=320 cm) which would bias these g m s  towards and through a large amount of concrete 
where many would l i k e l y  be k i l l e d  and the i r  overal l  contribution uould be negligible. 

In the next axial  region, i n  and edjacent t o  the collimator, the a r g w n t s  are nuch the same. 
Those i n  the water along the centerl ine, or i n  regions u i th in  10 or 11 cm o f  the centerline, 

Thus, those that are already inside the water tube 

On the other hand, th i s  would not be a par t i cu la r ly  g o d  

Thus, in  t h i s  
On the 

Uhen a photon o r  any par t i c le  undergoes a scattering 

The outgoing direct ion selected, as such, i s  not d i r e c t l y  
The 

What w i l l  change, i s  the ueight assigned t o  a given llmPaerical 

Thus, the code 

by assigning those i n  some directions more ueight than others, 
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should be biased touards a po int  on the cen te r l i ne  j u s t  downstream o f  the co l l ima to r  e x i t .  
Those i n  the 12 or 13 cm of s tee l  ( i n  the co l l ima to r  i t s e l f ,  o r  the r a d i a l  shield, o r  the 
eccentr ic  sh ie ld)  should be biased back along the path o f  least  resistance towards the  
cen te r l i ne  using an a x i a l l y - f l o a t i n g  magnet po in t  a t  (X=O,Y=O,Z=z) f o r  the same reasons 
described above. Lastly, one M S t  consider the concrete r a d i a l l y  beyond the  s tee l  sh ie lds.  
There w i l l  be r e l a t i v e l y  feu g a m s  i n  t h i s  region (because o f  the s tee l  shields), so the  
d i rec t i ons  i n t o  uhich they are biased are almost i r re levan t .  Nevertheless, the concrete i s  
f a r  less dense than the steel,  and just a short distance ahead ( a x i a l l y )  i s  the l a rge  c a v i t y  
i n  which s i t s  the ro ta ry  shutter assembly. Knouing tha t  a x i a l  leakage i n t o  t h i s  c a v i t y  a t  
more d i s t a n t  r a d i a l  locations may contr ibute t o  streaming a r o w d  the edges o f  t he  concrete 
b lock holding the ro ta ry  shutter, a "straight-ahead f l o a t i n g  magnet po int "  was used. Thus, 
f o r  importance mesh located a t  some a r b i t r a r y  p o s i t i o n  (x,y,z), the corresponding magnet 
point uas taken t o  be a t  (X=x,Y=y,Z=1000 cm). These magnet po in ts  are a l l  c l e a r l y  de f i ned  
in Table 6.5 

Lastly, the magnet po ints  for  the regions i n  and around the  r o t a r y  shut ter  s h i e l d  p lug  a r e  
t o o  conplex t o  describe i n  Table 6.5 and are instead i l l u s t r a t e d  i n  Fig. 6.1. 
should be reca l l ed  the rotary  shut ter  s h i e l d  p lug i s  made on Type 1020 carbon s tee l ,  and 
tha t  i n  the r e a l  MCNP model, i t  has a densi ty  o f  7=8212 g/cc (not the ha l f -dens i t y  s t e e l  
i n t e n t i o n a l l y  used i n  the adjo in t  analysis.1 Radiat ion streaming uncol l ided through the  
s t e e l  (which i s  ac tua l l y  responsible f o r  m s t  o f  t he  downstream dose) u i l l  not  be a f fec ted  
by the choice o f  magnet po ints  i n  the s tee l ,  u h i l e  a l l  sca t te r i ng  events i n  the l a s t  
(downstream) h a l f  of the sh ie ld  p lug w i l l  always be biased touards the point (s)  o f  i n t e r e s t  
shoun along the  center l ine of the system. P r i o r  t o  the canplet ion o f  t h i s  analysis, however, 
there was some concern about scattered r a d i a t i o n  streaming (a) through the  rather  
l a rge  1- and 2-cm clearance gaps betueen the b i o l o g i c a l  sh ie ld  and the concrete assembly 
ho ld ing the ro ta ry  shutter, (b) in  the clearance gaps c i r c u n f e r e n t i a l l y  around the  r o t a r y  
shut ter  Lie, betueen the s tee l  shutter and the inner  s t e e l  l i n e r  o f  the concrete b lock 
assembly ho ld ing the shutter, and (c) through the large-diameter beam ho le  i n  the r o t a r y  
shutter. So as not t o  overlook contr ibut ions from scat tered rad ia t i on  streaming through 
these regions, every possible e f f o r t  was made t o  b ias  as much rad ia t i on  as reasonably 
c red ib le  i n t o  and through these p a r t i c u l a r  regions. 
the top, middle, and bottom sections of the r o t a r y  shutter, the concrete block assembly, 
and por t ions o f  the surrounding b io log i ca l  shield, i n t o  a n u h e r  of d i f f e r e n t  s p a t i a l  
regions, each w i th  t h e i r  own magnet po in ts  as shown i n  Fig. 6.1 and i d e n t i f i e d  e x p l i c i t l y  
in the l og i c  o f  Subroutine GETYT in the m O 8 G . F  weight-windou generator program l i s ted  i n  
Appendix D.2. [In the f i n a l  analysis, the dose r a t e  near the clearance gap on one s ide  o f  
the assenbly was indeed found t o  t u i c e  as b i g  as the corresponding dose r a t e  on the  other 
side, but both were neg l i g ib le  r e l a t i v e  t o  tha t  along the centerl ine, which i t s e l f  was 
completely negl igible.]  

CAgain, i t  

This was accomplished by d i v i d i n g  

Sketch A in  Fig. 6.1 shous the v e r t i c a l  mid-section o f  the ro ta ry  shut ter  assembly, between 
X= -12.5 cm and X= +12.5 cm. This sect ion contains the large- and small-diam beam holes 
through the shutter. 
the 2.3813-cm-wide clearance gaps along the sides o f  the concrete assembly block between 
2=414 cm and 2=446 cm, as well  as the 1.7463-cm-wide clearance gaps along the sides o f  the 
concrete assembly betueen 2=446.4 cm and 2478.79 cm, but there was a lso some concern about 
scattered rad ia t i on  streaming diagonal l y  through the large-diameter beam ho le  when the  shu t te r  
uas i n  the closed posit ion. 
t he  u a t e r - f i l l e d  hole in the co l l imator  and leaving the cen t ra l  ho le i n  a d i r e c t i o n  40 degrees 
removed from the center l ine ( t o  the upper r i g h t  i n  Fig. 6.1) uould be t r a v e l l i n g  near l y  
tangent t o  the clearance gap betueen the  ro ta ry  shut ter  sh ie ld  plug and the  surrounding 
concrete assembly block, and pass through very l i t t l e  concrete (perhaps as l i t t l e  as 13 cm) 
before sca t te r i ng  in  a region near the one end o f  the large-diameter beam hole i n  the  shut ter .  
some o f  tha t  scattered rad ia t i on  could conceivably stream out through the clearance gaps along 
s ide  the concrete block assembly, whi le  anything sca t te r i ng  in a d i r e c t i o n  p a r a l l e l  t o  the  
Large-diameter beam hole could then get Ita f ree  r i de "  through most o f  the s h i e l d  p lug  where upon 
ex i t i ng ,  i t  might scatter back touards the cen te r l i ne  (almost tangent t o  t h e  c i r cumfe ren t ia l  
clearance gap), o r  scatter i n  a more foruard d i r e c t i o n  out  through the 1.7463-crn-wide clearance 
gap along s ide  the concrete block assembly on tha t  s ide o f  the beam hole. CAS i t  tu rns  out, 
the dose r a t e  a t  both of these f i n a l  dest inat ions i s  negl ig ib le ,  however, the dose r a t e  by the 
Clearance gap on t h i s  one side o f  the block (near the e x i t  o f  the beam hole) i s  indeed about a 
factor  o f  two bigger than the dose r a t e  by the clearance gap on the other s ide  o f  t he  block.] 
In any event, considerations such as these led  t o  the r o t a r y  shut ter  assembly being divided 
i n t o  m u l t i p l e  regions u i t h  mu l t i p le  magnet po ints  as i l l u s t r a t e d  i n  Fig. 6.1. Also note t h a t  
whi le  the arrous in  Fig. 6.1 are intended t o  shou the poss ib le  paths o f  least  res is tance along 
which scattered rad ia t i on  might p r e f e r e n t i a l l y  travel, the d i r e c t i o n a l  unit vectors (Ux,Uy,Uz) 
supplied f o r  each importame mesh in  the weight-window f i l e  [ in place o f  t he  d i r e c t i o n a l  
ad jo in t  currents (aJx,aJy,aJz)l would ac tua l l y  po in t  i n  the opposite d i r e c t i o n  t ie ,  8sfrom" the 
respective magnet po ints  "towards88 the center o f  each importance mesh i n  the corresponding region1 
It should a lso be noted that the magnet po ints  i n  Sketch olAmB were a l l  located a t  t h e  v e r t i c a l  

Not only was there concern about scattered rad ia t i on  streaming through 

The fear was tha t  some of the scattered r a d i a t i o n  coming through 
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midplane (X=O) i n  the plane of the figure, while those i n  Sketch B uere assuned t o  be f loa t ing  
in  the ver t i ca l  ( X I  d i rec t ion  so as t o  correspond t o  same ve r t i ca l  ( X )  location as the centroid 
o f  the given inportance mesh interval .  In both cases, the horizontal ( Y )  and axial  ( 2 )  locations 
of the magnet points uere as shoun i n  Fig. 6.1. 
Subroutine GETWT of the VU308G.F 3-0 ueight uindou generator program l i s ted  in  Appendix D.2. 

This concludes the discussion of the 3-D broad-group ueight uindou generator program (WU308G.F) 
which then ur i tes  the ( large) asc i i  weight-window f i l e  in  accordance u i t h  the format described 
i n  Appendix C.3 so that i t  could then be used d i rec t l y  in  MCNP4B Run HB308G fo r  the f i na l  
gam-on ly  shielding analysis o f  the HB-3 &am tube and ro ta ry  shutter u i t h  the uater tube and 
collimator sections both flooded and the shutter i n  the closed pos i t ion  as shown i n  F i g .  3.3. 

More precise information may be found in  

Obviously the purpose of the 3-D broad-group ueight uindous i n  the f i n a l  MCNP analysis i s  t o  
speed up the calculat ion by placing far less emphasis on things that are winportant so that 
the t i m e  saved can be used t o  run even more histor ies uh i l e  +asizing those things that are 
inportant, thereby resu l t ing  i n  good and re l iab le  ansuers ( fo r  those things that uere prejudged 
to  be inportant) u i t h  reasonable overal l  running times. For large complicated problems such as 
this, the 3-D broad-group weight uindous make the dif ference betueen gett ing good and re l iab le  
answers af ter  a period o f  t i m e  versus gett ing none a t  a l l .  
speaking, what gets short-changed, and what doesn't? 
and the f i na l  results, i t  might be good t o  duel1 on these questions momentarily. 

Figure 6.2 shows the average (survival)  ueight f o r  each of the four broad g a m  ueight-uindou 
groups along the center l ine o f  the system as calculated by the 3-D broad-group weight window 
generator program (W308G) described above. 
values fo r  the louer ueight uindou cutof f  (utlou), below uhich Russian Roulette i s  played. 
However, i n  UU3ogG and in  MCNP R u n  H6308G, i t  i s  ass& that the average (survival) ueight 
within a given ueight uindou i s  given by utavg=lO*utLou, and that the weight uindow upper 
l i m i t  (uthigh) above which s p l i t t i n g  u i l l  occur i s  given by uthigh=lOO*utlou.] Except fo r  
the fac t  that t h i s  p l o t  shous 11u4avg" instead of olwtlow'l and that both values have already 
been mult ip l ied by WTCONE (=0.017332472) as indicated i n  S e c t  6.3, the p lo ts  here are 
otherwise v i r t u a l l y  ident ical  t o  the data shorn i n  Table 6.3. Several things should be noted: 

1) Throughout most of the sh ie ld  configuration, the curves d i f f e r  by several/many orders of 

But  how do they uork? Physically 
Before describing the f i n a l  MCNP model 

CActwlly, that  program only generates and stores 

magnitude, although they do tend t o  converge near the end of the shield on the fa r  r ight. 

2 )  I f  and when the average (survival)  weight shown here i s  very high, the inportance of the 
corresponding p a r t i c l e  i s  very Lou. Thus, Lou energy par t i c les  back near the source (on 
the l e f t )  are very unirrportant, while closer t o  the detector (on the r i gh t )  the importance 
of even Lou energy par t i c les  increases dramatically, both i n  absolute terms and i n  re la t ion  
t o  other groups (although higher energy groups are s t i l l  more important). 

3) The importance of g a m s  i n  di f ferent energy groups changes by many orders of magnitude 
across the length of the shield, and a t  d i f fe ren t  rates fo r  d i f fe ren t  energy groups - -  an 
important physical e f fec t  that  cannot be modeled e f f i c i e n t l y  (or a t  a l l )  i f  one simply 
had ueight uindous fo r  one broad group or (uorse yet) tried t o  "get byB1 u i t h  energy- 
independent geometric s p l i t t i n g  instead. With enough histor ies,  those MCNP calculations 
uould s t i l l  y i e ld  v a l i d  energy-dependent fluxes, but i t  uould take an extraordinari ly 
large ncmber of h is to r ies  and an extraordinary amount of CPU time, t o  the point of being 
prohibi t ive fo r  a l l  p rac t ica l  purposes. In th is  case, the importance of the high-energy 
photons above 3 MeV changes by 11 orders of magnitude across the shield uh i le  the importance 
of Lou-energy photons below 0.3 Mev changes by 26 orders of magnitude across the shield. 

Figure 6.3 i s  very s imi la r  except that i s  shous the lower weight uindou cutof f  l i m i t  (utlow) 
for each broad weight-window group along the centerl ine o f  the system. 
the same as i n  Fig. 6.2, j us t  an order of magnitude lover since utavg=lO*utlou.) To begin 
visual izing how th i s  af fects the ef f ic iency of the calculat ion (and what gets ignored), ass- 
for  the mOment that there are no upper l im i t s  t o  the broad group weight windous, o r  that they 
are so high that they never come i n t o  play and par t i c le  s p l i t t i n g  never occurs. lJou imagine 
a high-energy source g a m  i n  the 3-14 MeV energy range (the only kind ue model) s ta r t ing  o f f  
w1 the l e f t  u i t h  a s ta r t i ng  ueight of 0.017332472 (because ue're s ta r t ing  a l l  part ic les i n  the 
very narrou cone o f  d i rect ions previously described). A s  i t  t rave ls  to  the r ight, through the 
system, i t  may slcu down t o  the next lower energy range (1-3 MeV) or either of the other tuo. 
I f  i t  uere t o  slow doun t o  the 1-3 MeV range %eforeaa ge t t ing  past 2=245 cm, i t s  ueight (even 
if i t  uere not diminished a t  a l l )  uould s t i l l  be belou the lover weight uindou cutof f  fo r  
the 1-3 MeV broad group. Thus, i f  i t  sloued doun "too soontt, i t  uould not automatically keep 
on going; moreover, i f  i t  sloued doun t o  t h i s  energy range before gett ing past 2=245 cm, i t  
wwld be subjected t o  Russian Roulette which i t  may or may not survive. 
Lower weight uindou cutof f  curve f o r  the second broad group defines an '*autcmatit acceptance 

(Here the data i s  

In that sense, the 
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point" (Z=245 cm i n  t h i s  case), beyond uhich previously uncollided part ic les slouing doun i n t o  
t h i s  energy range u i l l  automatically be accepted and tracked further, but before uhich they u i l l  
be subjected t o  Russian Roulette and possibly/prabably k i l led .  Likewise, a previously uncollided 
source pa r t i c l e  slowing doun i n t o  the t h i r d  broad g r w p  (0.3-1.0 MeV) u i l l  not be autanatical ly 
accepted or  tracked any further unless i t  did so somewhere downstream of t=335 cm; 
down t o  that energy range (0.3-1.0 MeV) anywhere upstream of that location, i t  would be subjected 
t o  Russian Roulette uhere i t  uould possibly/probabiy be k i l led .  
slouing-doun event occurs, the m r e  l i k e l y  i t  i s  that  the pa r t i c l e  u i l l  be k i l led  since i t s  
survival  i s  dependent on the r a t i o  o f  the p a r t i c l e  ueight t o  the local value o f  ltutloual f o r  the 
group in to  which i t  would be slowing down.) 
par t i c les  slowing doun below 0.3 MeV u i l l  not be automatically accepted and tracked further 
unless the slowing doun event occurred somewhere downstream of 2 4 1 5  cm. 
i t  s ta r ts  t o  become clear that  a l o t  of the ef f ic iency canes from the fact  that  the code simply 
k i l l s  o f f  and refuses t o  track a l o t  of low-energy pa r t i c l e  histor ies that are generated too fa r  
back i n  the shield t o  be o f  any ul t imate importance. 
o f  caution: I f  one has an MCNP ca lcu la t ion  that has been optimally biased t o  e f f i c i e n t l y  calculate 
same part icular parameter o f  great in te res t  such as the to ta l  gama dose rate downstream of the 
ro ta ry  shutter, then one cannot c a w  i n  "af ter  the fact" and a r b i t r a r i l y  insert  other detectors 
elsewhere i n  the problem that may be sensi t ive t o  par t i c les  in  sane other energy range, and 
necessarily expect t o  get good or  correct results. I f  th i s  neu detector i s  pr imari ly sensit ive 
t o  the same type of p a r t i c l e  (ie, the same physical type of part ic le,  in  the same energy range) 
that  the problem uas p rev iws ly  optimized for, the resu l t  my indeed be correct and highly accurate. 
However, i f  the detector i s  p r imar i l y  sensi t ive t o  part ic les i n  scme other energy range that uere 
systematically and pre feren t ia l l y  k i l l e d  o f f  in the name of optimizing the ea r l i e r  calculat ion 
fo r  uhich the ueight uindous uere designed, then the result returned by th i s  neu detector could 
not only be poorly converged, i t  c w l d  be p l a i n  urong arid almost no nuRber of addit ional h istor ies 
uould help. A classic example of t h i s  would be i f  s m m  uere t o  take a calculat ion that had 
been optimized f o r  fas t  neutron shielding and la te r  reran the same calculat ion a f te r  insert ing 
a mu detector t o  measure the thermal neutron heating rate in some region o f  the problem uhere 
the thermal neutrons had been %ptimized outn. Another example uould the incremental v o l w t r i c  
multigroup g a m  f l u x  t a l l i e s  (every 5 cm) along the HB-3 uater tube and w t e r - f i l l e d  section of 
the collimator. In the prel iminary HCNP analyses described i n  Appendix C.6, the to ta l  gatma flux 
along most of the uater tube uas known ui th a f a i r  degree of accuracy, but the high-energy gamna 
fluxes that uou4d ul t imately contr ibute most t o  the dose rates further dounstream were knoun u i t h  
less and less precision as one progressed down the uater tube and ua te r - f i l l ed  collimator. 
case, most of the g a m  f lux i n  the f i r s t  and middle sections o f  the uater tube came from a l o t  
o f  Lou-energy gama noise that u l t imate ly  would not contr ibute mch t o  the final dose rate further 
downstream. In the f i n a l  reference analysis ( R u n  RB308G, using the broad grot$, ueight uindows 
developed here), the reverse i s  almost true. The high-energy gamna f l ux  throughout the uater tube, 
and doun near the end of  the uater tube and u a t e r - f i l l e d  col l imator (and even throughout the rotary 
shutter) i s  k m  u i t h  excel lent precision, but the sstotalla gama f lux  in  the f i r s t  and middle 
sections of the uater tube (most of uhich i s  the Lou energy ganm noise that doesn't contribute 
much t o  the final dose rate further downstream) i s  i r on i ca l l y  knom u i t h  less precision than before, 
precisely because these unimportant Lou-energy gammas have been systematically and preferent ia l ly  
k i l l e d  o f f  i n  the name of eff iciency as one goes back closer t o  the source. 
broad-group weight-uindou technique i s  very pouerful, i t  m s t  be used u i t h  a great deal o f  caution. 

Uhi le Fig. 6.3 begins to  i l l u s t r a t e  hou unimportant pa r t i c l e  histor ies are eliminated in  order to 
improve the ef f ic iency of the calculat ion, i t  does not t e l l  the uhole story. The e f fec t  of weight 
uindows i n  a reat calculat ion i s  ac tua l l y  someuhat more pronounced. 
defined i n  terms o f  three parameters: utavg, utlou, and wthigh, where %thighB1 i s  the upper l i m i t  
on the weight uindou. ( In t h i s  case: utavg=lO*utlow, arid uthigh=lOO*utlou.) Everyone understands 
hou the upper l i m i t  i s  used t o  control  s p l i t t i n g  and improve calculat ional s ta t i s t i cs .  [Particles 
t ravel ing through the shield eventually reach a point  where the i r  oun ueight i s  greater than the 
specif ied upper weight l i m i t  i n  a given region, and the pa r t i c l e  i s  s p l i t  i n to  tuo or more pieces 
whose weights are close t o  the specif ied average (survival) weight f o r  the neu region; as those 
par t i c les  t ravel  fur ther i n t o  the shield, they enter subsequent regions uhere the specif ied upper 
ueight l i m i t  i s  s t i l l  louer, and those pa r t i c l es  s p l i t  again; etc, etc. Thus, even in  the presence 
o f  strong absorption or leakage, t h i s  constant s p l i t t i n g  a t  louer a d  lower ueight levels as one 
progresses through the shield u i l l  tend t o  maintain the 9wdxr11 of increasingly lwer ueight 
*vwrm-ical part icles" reaching the detector so that the response (based on the integral  over the 
nunber o f  such par t i c les  times the i r  respective weights) u i l l  s t i l l  be based on a large %umbersi 
of Lou ueight part ic les,  and s t i l l  exh ib i t  good stat ist ics. ]  Less coanmoly understood and often 
overlooked, i s  the v i t a l  ro le  the upper ueight l i m i t  also serves ( ind i rec t l y )  i n  helping t o  eliminate 
"even o r e l l  of the unimportant p a r t i c l e  histor ies.  
bands (utlou, utavg, and uthigh) f o r  a l l  four broad ueight-uindou groups as a function of distence 
down the centerline. In t h i s  case, the weight uindou band fo r  the high-energy g a m s  between 
3 end 14 MeV has been %haded inbt f o r  easier viewing. 
s t a r t  on the l e f t  ( t rave l l i ng  t o  the r igh t ) ,  u i t h  a s ta r t ing  ueight of 0.017332172. After travel ing 
no more than about 40 m i n  the uater, they u i l l  enter a spat ia l  region uhere the upper w i g h t  l i m i t  
i s  Less than the i r  s ta r t ing  weight, and even those that had remained uncollided u i l l  be s p l i t  i n t o  
several pieces, each u i t h  a lover ueight that  i s  closer t o  the average ueight f o r  the neu region. 
AS they continue t rave l l ing  fur ther t o  the right, the same thing u i l l  happen again and again. The 

i f  i t  slowed 

(The closer t o  the source the 

Lastly, previously uncollided high-energy source 

Based on these exanples, 

This does give raise one very important note 

I n  th i s  

Thus, uh i le  the 

Weight 1suindoust8 are aluays 

Consider Fig. 6.4 uhich shous the ueight uindou 

As before, high-energy source part ic les 
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point i s  that  the or ig inal  3-14 MeV source neutrons travel ing t o  the r ight, even i f  they remain 
uncollided, can never have a weight greater than 
these 3-14 MeV photons uhose ueight equals %tthigha1 experiences a co l l i s i on  and slous doun t o  the 
next broad group (1-3 MeV). Even i f  i t  los t  no ueight i n  the col l is ion,  i t  vi11 not be automatically 
accepted and tracked i n  th i s  louer energy group unless the co l l i s i on  occurred someuhere doun past 
2=335 cm; 
the p a r t i c l e  weight u i l l  be less than "utlou" f o r  the new energy group and the code u i l l  p lay Russian 
Roulette whereupon the par t i c le  u i l l  pssibly/probably be k i l led .  
of the upper ueight uindou l i m i t  has pushed the itautomatic acceptance point" foruard considerably, 
frm Z=245 cm in  the previous example (u i t h  no upper weight l i m i t )  t o  Z=335 cm in  the present (more 
r e a l i s t i c )  case. This, of course u i l l  make the calculat ion even "more e f f i c i en t "  than previously 
thought since a l o t  o f  part ic les that slowed doun frm the f i r s t  broad group t o  the second broad group 
i n  the ea r l i e r  example and uere automatically accepted fo r  further tracking ( i f  the slouing down event 
occurred downstream of 2=245 an i n  the ea r l i e r  example), w i l l  no longer be l~automatical ly accepted" 
i n  t h i s  second example; some u i l l ,  of course survive Russian Roulette and be tracked, but the 
vast major i ty between 2=245 cm and 2=335 cm u i l l  nou be k i l l e d  i n  Russian Roulette. Moreover, in 
the case of previously uncollided photons slouing down from the 3-14 MeV group t o  the 0.3-1.0 MeV 
energy group, the very existence of the upper ueight uindou l i m i t  (uthigh=lOO*utlou) has pushed the 
laautomatic acceptance point" forward from Z=335 cm i n  the ear l ie r  example (cf  Fig. 6.3) t o  arowxl 
2445 cm in  the present example ( c f  Fig. 6.41, even though the i n i t i a l  s ta r t ing  ueight and the %tloua4 
end aWavgs8 specif icat ions uere l e f t  unchanged. 
v8autoMt ic  acceptance point" f o r  transit ions from the second group (1-3 MeV) t o  the t h i r d  group 
(0.3-1.0 MeV) i s  now a t  2 4 2 0  cm, and hou the r8automatic acceptance pointaa fo r  t ransi t ions from the 
t h i r d  group (0.3-1.0 MeV> t o  the fourth group (below 0.3 MeV> i s  now a t  2=468 cm.1 The present 
ueight windows, actual ly used i n  W308G and MCNP R u n  HB308G, and used here fo r  i l l u s t r a t i v e  purposes, 
are defined such that utlow=utavg/lO and uthigh=lO*utavg. 
t h i s  type o f  weight uindou i s  generally suitable fo r  many types of shielding analyses. 
a narrower ueight window such as might be defined by utlou=utavg/3 and uthigh=l.67*wtavg (uhich 
correspond t o  the defaults i n  the MCNP manual), uould push the 8Eautomatic acceptance pointso* even 
further downstream. While that uould indeed make fo r  a more e f f i c i en t  solution, i t  i s  not necessarily 
one that should be recomnended. A t  some point, legit imate concerns ar ise over uhether one i s  throwing 
auay too nuch in the name of efficiency. Note  that nothing i s  ever rea l l y  mathrown auay"; Russian 
Roulette i s  played and surviving par t i c le  ueights are always adjusted so as t o  maintain a f a i r  game. 
Nevertheless, some s ta t i s t i cs  in  less important energy ranges and/or spat ia l  regions o f  the problem 
may eventual ly become compromised more than one might like.] Unfortunately, there i s  no single weight 
uindow s ize  that can be recomnended fo r  a l l  problems. 
u i t h  the physical effects these parameters can have, so that one i s  ever mindful of what i s  being 
Vhroun auay", cqromised, o r  short-changed i n  the name of eff iciency. 
pa r t i c l es  aluays survive Russian Roulette u i l l  mi t igate some of the concerns described above t o  some 
degree. 
using the set o f  ueight uiridows described above strongly suggests that  the values used here uere uhol ly 
adequate f o r  t h i s  part icular application. 

fo r  the shaded region. Nou assune one of 

i f  t h i s  slowing doun event occurred p r io r  t o  gett ing that fa r  ( ie,  upstream of Z=335 Em), 

The point here i s  that  the presence 

[The dashed l ines i n  Fig. 6.4 also show hou the 

J. S. Tang#25 and others have found that 
Having 

The best that one can do i s  t o  become fami l ia r  

Moreover, the fac t  that  some 

Close examination of the results obtained from the f i na l  reference run (MCNP4B Run HB308G) 

6.7 General Review of the 3-D MCNP Model Used i n  the Final Gam-Only Shielding Analysis (Run HB308G) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

The f i n a l  g a m - o n l y  shielding analysis ( R u n  HB308G) fo r  the HE-3 beam tube and ro ta ry  shutter 
used the newly proposed 1998 version of the beam tube in  uhich the uater tube uas defined by 
aluninun uindous welded inside the expanded port ion of the beam tube i t s e l f  (unl ike the o r ig ina l  
1960 design uhich had a physically separate uater tube that uas s l i d  inside the beam tube). The 
analysis uas performed u i t h  the 1998 uater tube and collimator sections both flooded, and the 
ro ta ry  shutter i n  the closed position. The t o t a l  amount of uater i n  the neu uater tube and 
col l imator sections uas approximately 1.89 feet less than in  the or ig ina l  1960 design. The 
f i n a l  g a m - o n l y  shielding analysis described here did not include neutrons, secondary g a m s ,  
or ac t i va t ion  g m s ,  since the fluxes and dose rates due to  neutrons upstream of the ro ta ry  
shutter, and the fluxes and dose rates due t o  secondary g a m s  upstream of the ro ta ry  shutter, 
had already been found (cf Sect 5.6) t o  be completely negl ig ib le re la t i ve  to  those caused by 
high-energy g a m s  coming from the hot end of the beam tube, streaming through the uater in  the 
uater tube and flooded collimator sections, and subsequently impinging on the ro ta ry  shutter. 
Calculated and measured dose rates downstream of the rotary shutter due t o  act ivat ion of the 
shutter i t s e l f  are discussed i n  Sect. 7. 

The f i n a l  gana-only shielding analysis ( R u n  HB308G) uses the most comprehensive geometric model 
ever developed. 
assembly exactly as described i n  Sect 3 and shown i n  Fig. 3.3, with no approximations. 
Fig. 3.3 was created from the actual MCNP input f i l e  used i n  t h i s  analysis. 
includes everything u i th in  65 crn ( rad ia l l y )  of the beam tube centerline, s ta r t ing  a t  the rad ia l  
plane perpendicular t o  the beam tube (uhich i s  defined as Z = O ) ,  and extending ax ia l l y  outuard along 
the beam tube centerl ine t o  the outermost dounstream surface of the steel clad concrete assembly 
holding the rotary shutter. This outermst downstream surface i s  located at 2=478.79 cm. A n  

The approach taken was t o  model the ent i re HB-3 beam tube and rotary shutter 
Moreover, 

Basically, the model 
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LOCATION I N  WATER TUBE, COLLIMATOR, OR SHUTTER 

Fig. 6.2. Values of WTAVG for each of the four broad gamma weight-window groups 
along the centerline of the flooded HB-3 beam tube and shutter. Plot assumes that 
wtavg= 1 O*wtlow. 
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LOCATION I N  WATER TUBE, COLLIMATOR, OR SHUTTER 

Fig. 6.3. Values of WTLOW for each of the four broad gamma weight-window groups 
along the centerline of the flooded HB-3 beam tube and shutter. Plot shows "where in 
the shield" a high energy source photon slowing down to lower energy groups would no 
longer be subjected to Russian Roulette (due to "wtlow" cutoff), if there were no upper 
weight-window limits. 
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W T L O W  
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L O C A T I O N  I N  WATER TUBE, COLLIMATOR, OR SHUTTER 

Fig. 6.4. Values of WTLOW, WTAVG, and WTHIGH for each of the four broad gamma 
weight-window groups along the centerline of the flooded HB-3 beam tube and shutter. 
Plot shows "where in the shield" a high energy source photon slowing down to lower 
energy groups would no longer be subjected to Russian Roulette (due to "wtlow" cutoff), 
for the real case where the weight window is fully defined and wthigh=lOO*wtlow. 
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add i t i ona l  v o i d  reg ion extending from there, out t o  2=700 em, i s  also included in  the model so as 
t o  a c c d t e  p o i n t  detectors sanetimes located in  t h i s  region. 
are the p rev ious l y  described equivalent po in t  sources located ins ide the beam tube, the external  
surfaces a t  P O ,  2=700 cm, and R=65 cm may a l l  be t rea ted  as external voids ( ie, black boundaries). 
To be more specific, t h i s  d e l  includes: 

a) the h o t  end o f  t he  beam tube ins ide the vessel, 

b) a l l  o f  t he  small  geometry regions required f o r  the dosimetry analysis ( c f  Figs. 3.14 t o  3.18), 

c) the e n t i r e  (flooded) uater tube inc lud ing the surrounding pool and por t ions o f  the b i o l o g i c a l  shield, 

d) the (f looded) co l l ima to r  section inc lud ing the r a d i a l  and eccentr ic sh ie lds and surrounding concrete 
(shoun uidhout uater  i n  Figs. 3.10 and 3.11), and 

Because the s w r c e  terms used 

e) the f u l l  3-D model of the ro ta ry  shutter assembly inc lud ing a l l  the small i n te rna l  v o i d  regions 
and the  surrounding concrete ( c f  Figs. 3.12 and 3.13). 

These f i g u r e s  show d i f f e r e n t  views of d i f f e r e n t  sections o f  the ove ra l l  configuration, and each f i g u r e  
i s  described a t  some length i n  Sect 3. 
discussion o f  t he  mater ia ls  and key dimensions f o r  each major conponent. 
used i n  f o m l a t i n g  t h i s  model include: 

Dug E-42027, Rev. 0, Sheet 1 (Apr 11, 1995) 
Dug E-42027, Rev. 0, Sheet 2 (Apr 11, 1995) 
Dug 1546-01-M-5022. Rev 1 (Apr 4, 1961) and Rev 2 (Sep 18, 1961) 
Dug M-10070-OE-510-E, Rev 2 (Sept 30, 1987) 
Dug E-49961, Rev C (Apr 25, 1988) 
Dug E-49953, Rev A (Oct 12, 1965) 
Dug E-49945, Rev C (Apr  25, 1988) 
Dwg ~-11511-OH-OOl-E, Rev 1 (Nov 4, 1992) 
Dug E-49400 

whi le  neuer engineering drauings used i n  formulating t h i s  model include: 

HB-2 Concept Dug E-SK-PCH-970801-1, Rev. 1 (Aug 11, 1997) 
HB-4 Concept Dug dated Jan 30, 1998 (no drauing nunber shown) 
HB-1 (and HB-3) Concept Dug dated Jan 30, 1998 (no drauing mmber shoun) 
HB-1  Concept Dug. M-11537-OH-001-E (Feb 13, 1998). 

In Sects 3.3 and 3 .4 .  separate paragraphs about each of these drauings t e l l  s p e c i f i c a l l y  what use fu l  
in format ion uas gleaned from each drawing and hou r a r e  (but occasional) c o n f l i c t s  uere resolved. 
[While t h e  newer drawings on HE-2 and HE-4 did not r e l a t e  t o  the HB-3 analysis, they do prov ide 
valuable in format ion per ta in ing t o  the neu designs f o r  these beam tubes. A t  the time o f  t h i s  study, 
separate neu drauings s p e c i f i c a l l y  f o r  HE-3 were not  ye t  available, but most o f  the in format ion on 
the HE-1 drawings uas sa id  t o  be d i r e c t l y  appl icable t o  HB-3. 
c o n f l i c t s  have t o  be resolved, and these are c l e a r l y  documented in  Sect 3.1 

As one might surmise, the f i n a l  3-D model i s  q u i t e  detai led. 
l is ted in  Appendix 0.4 f o r  fu ture reference. 
t he  header records having been added a f te r  the ca l cu la t i on  had been run. 
1735 a re  needed just t o  describe the various c e l l s  and surfaces used t o  d e l  the ma te r ia l  regions associated 
u i t h  t h e  geometry (even i n  sp i te  of the f a c t  t ha t  use o f  the togeometry-independent weight-uindow" f i l e  allowed 
us t o  keep the number of c e l l s  doun t o  the bare m i n i m  needed t o  describe j u s t  the bas ic  geometry). 

To describe the exact locat ion and s i ze  o f  every surface and c e l l  (and mater ia l )  used i n  the  model i s  
beyond the  scope o f  t h i s  section. 
be a reproduction o f  a l l  the information contained i n  the  input f i l e  already l i s t e d  i n  Appendix D.4. For 
such d e t a i l s ,  t he  reader i s  therefore refer red t o  t h a t  appendix. As i s  standard pract ice,  t he  input f i l e  
shoun the re  (and used i n  the actual analysis) i s  heav i l y  annotated w i th  explanatory comnents on v i r t u a l l y  
every one o f  t he  2560 l ines. It i s  deemed t o  be Yse1f-docunenting1". 

Before d iscuss ing other (more ana ly t i c )  aspects o f  t h i s  pa r t i cu la r  calculat ion, the fo l l ow ing  l i s t  o f  a 
feu key dimensions, and the assuoptions used in the water tube sh ie ld ing analysis, i s  provided f o r  quick 
and easy reference: 

a) Point  sources a re  located i n  the vo id p o r t i o n  o f  the HB-3 beam tube, as l is ted i n  Table 2.2b. 

The tex t  associated u i t h  each f i g u r e  usual ly  includes some 
Older engineering drauings 

Only i n  one o r  two instances did 

The actual  MCNP input f i l e  f o r  Run HB308G i s  
I t  i s  2560 l i n e s  long, u i t h  some o f  the l a s t  f e u  cOmnents i n  

O f  these 2560 l ines,  approximately 

Moreover, such a compilat ion o f  information would u l t i m a t e l y  have t o  

For reasons noted in Sect 5.5, Only those g a m  sources i n  VELM groups 1 t o  8 (above 3 MeV) 
uere used i n  t h i s  analysis. 

b) The f i r s t  0.68125-cm-thick aluninun uindou de f i n ing  the  s t a r t  of the water tube i s  located betueen 
2=174.27 cm and 2=174.95125 cm. 
uater tube i s  Located between 2402.1868 crn and 2=302.5043 cm. 

The second 0.3175-cm-thick aluninun uindou de f i n ing  the end o f  the 
The region between these windous i s  
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flooded wi th  water a t  1.0 g/cc. 
wa te r - f i l l ed  cooling co i l s  along the inner surface) i s  14.06906 cm. 

The region between the second aluninun w i d  

The inner diameter of the water tube i n  t h i s  region ( including the 

c) The carbon steel  col l imator starts a t  2=310.58 cm. 
and the s t a r t  of the collimator i s  flooded with water a t  1.0 g/cc. 

d) The carbon steel  col l imator starts a t  2=310.58 cm and extends a x i a l l y  t o  D399.48 cm. The diameter 
I t  i s  surrounded rad ia l l y  by a t h i n  aluninun 

The barytes concrete b io  shield begins 22.9315 cm from the beam tube centerline. 

o f  the carbon steel  col l imator i t s e l f  i s  18.42262 cm. 
tube, a stainless steel rad ia l  shield, a stainless steel  eccentric shield, and a t h i n  stainless steel  
b i o  sh ie ld  l iner.  

e) The carbon steel col l imator has a 2.75-inch (horizontal) x 5.5-inch (vert ical) ,  wa te r - f i l l ed  
rectangular hole running ax ia l l y  along the centerline, the en t i re  length of the col l imator. 

f )  Downstream o f  the col l imator i s  a large rectangular cav i ty  in  the biological  shield which contains a 
stainless-steel- l ined, stepped. concrete block which contains the rotary shutter sh ie ld  plug. 
concrete block assembly begins a t  2414.02 cm and extends out t o  1-178.79 cm. The space between the 
end o f  the col l imator and the s ta r t  o f  the concrete block assenbly (and the rotary shutter) i s  void. 

This 

9) Between the end of  the collimator and the concrete block assenrbly i s  a large void space, measuring 
about 14.54 cm (ax ia l l y )  x 79.375 cm x 79.375 cm. 
hor izon ta l l y  by the biological  shield. Around the sides o f  the internal  concrete block assembly 
[between i t  and the biologicat shield) i s  a 2.38125-m-thick clearance gap through uhich radiat ion 
may stream. 
i t  and the biological  shield i s  1.74625 cm thick. 
extends a x i a l l y  t o  the surface o f  the block a t  2478.79 cm where i t  w i l l  be d i r e c t l y  exposed t o  
personnel during certain maintenance operations. 

This void space i s  surrounded v e r t i c a l l y  and 

The block i s  stepped and la te r  expands. A f te r  the expansion, the clearance gap between 
This las t  clearance gap (on a l l  four sides) 

h) The ro ta ry  shutter shield plug i s  made of Type 1020 low ac t iva t ion  carbon steel, has a diameter 
of 61.9125 cm (24.375 inches), and i s  centered a t  X=O,Y=0,2=646.105 cm. 
t o  be 7.8212 g/cc i n  th i s  HCNP analysis. 
assenbly which has a stainless-steel- l ined central hole h o s e  inner diameter measures 63.50 CUI so 
that the c i rcunferent ia l  clearance gap between the rotary shutter shield plug and the steel  l i ne r  
i s  0.7937s-cm-wide. 

I t s  density was assuned 
It s i t s  inside the previously described concrete block 

i) The ro ta ry  shutter shield plug has a large 3.5-inch-diameter beam hole and a smaller 0.875-inch-diameter 
beam hole which are oriented as show i n  Figs 3.3 and 3.12 when the shutter i s  i n  the closed position 
as &led here. 

j) The central  beam hole in the concrete block asswably leading t o  and from the ro ta ry  shutter sh ie ld  
plug measures 6.5 inches in  diameter. Dose rates dounstream o f  t h i s  Last hole w i l l  ce r ta in ly  be 
needed since th i s  area (and the rotary shutter i t s e l f )  can be directlyexposed t o  workers during 
cer ta in  maintenance operations. 

Besides the physical descript ion o f  the problem, there are a nurl>er o f  other aspects of the calculat ion 
that should be discussed a t  least b r ie f l y .  

6.8.1 Use of the Ueight Uindou F i l e  and Inportance Specifications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
The biggest dif ference between th i s  MCNP calculat ion and most of the others i n  t h i s  report i s  the use 
o f  broad-group weight windows as supplied t o  HCNP4B i n  the form of a large, auxi l iary, ascii-based, 
3-D, broad-group, lageometry-independent weight-uindouaa f i l e  created by the UU308c.F program l i s t e d  
i n  Appendix D.2. The merits of adjoint-based broad-group ueight uindous ( i n  t e r m  of accelerating 
the variance reduction) have already been described in the preceding subsections, while the urgent 
and desperate need for the a b i l i t y  t o  specify such weight windows in a *lgeometry-independent" 
fashion ( tha t  does not require hundreds or thousands o f  changes t o  the c e l l  specif icat ions) has been 
discussed a t  length i n  Appendices C.1 and C.2.2, and elsewhere throughout th i s  report. Uithout the 
a b i l i t y  t o  specify 3-0 broad group weight w i n d o w  in  a algemetry-independentlfi fashion, the solut ion 
of deep penetration shielding problems involving geometrically complex configurations would e i ther  be 
inpossible, o r  next t o  inpossible fo r  a l l  pract ical  purposes. Yet, the use o f  the Ugeometry-independent 
weight uindou" f i l e  remains, for now, an undocunented feature of the MCNP4B code. (Note that i t  was not 
avai lable a t  a l l  i n  ear l ie r  versions.) To use the large ascii-based weight w i n d o w  f i l e  described above, 
jus t  tw things are required i n  the MCWP46 input: 

1) On the very f i r s t  record, one mt have a parameter of the form: uwip'f i lename'. In t h i s  case, 
the weight-uindow f i l a  produced by W308G uas sinply ca l led  '*uwinpfi1, so the f i r s t  header record 
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looked Like: 

message: outp=hb308.0 runtpe=hb308.r ussa=hb308.s uwinp-uuinp 

2) Doun in the HCNP parameter specif icat ion cards, the f i f t h  parameter on the mluunan and 8Luupaa cards 
must be negative. 
data i n  the aux i l ia ry  ueight uindou f i l e .  

uup:n 100 10 50 0 -1 
uwp:p 100 10 50 0 -1 

Only i f  the f i f t h  parameter i s  negative, u i l l  MCNP4B actual ty read and use the 
In t h i s  case, those cards uere as follows: 

The f i r s t  parameter says t o  make uthigh=lOO*utlou; the second parameter says t o  make utavg=lO*utlou 
(uhere 8Wlowan fo r  each broad group and each 3-D  inportance mesh i s  now taken from the ueight uindou 
f i le) ;  
more heavily than 1:50; 
every co l l i s i on  site, as vel1 as every time a par t i c l e  crosses an importance mesh boundary; and the 
f i f t h  parameter ( -1) i s  sirrply a data f lag  t r igger ing the use o f  the aux i l i a ry  81geometry-independent 
ueight-windou8t f i l e .  

the t h i r d  parameter says that no pa r t i c l e  shal l  ever be spl i t  more than 50:l or rouletted 
the fourth parameter (0) says t o  apply the ueight uindou information a t  

Use o f  the Ilgeometry-independent weight-uindou" f i l e  gives one the freedom t o  specify the geometry i n  
the simplest possible terms. Spatial 
unl ike in  the past, no addit ional ce l l s  are needed in  the MCNP input t o  speci fy d i f f e ren t  importapce 
regions. 
D.4. U i t h w t  th i s  neu capabil i ty, many thousands of ce l l s  would have been required ( l i t e r a l l y ) .  A feu 
additional comments regarding the present ce l l s  are uarranted a t  t h i s  point: 

For each c e l l  that i s  specified, an importance value (irrp:n=0,1,2,3,4 or imp:p=O,1,2,3,4) i s  s t i l l  
required. Because o f  the frequent need t o  run neutron-only problems, one recomnended scheme i s  to  
aluays specify an I1imp:n=B1 value on each c e l l  card, but not the b8imp:p=om value. 
calculat ion or a g a m - o n l y  calculat ion i s  needed, go t o  WCNP p r i n t  table 60", s t r i p  o f f  a l i s t  
of ce l l s  i n  the order read by HCNP, and then go back and include a separate a:inp:p=il card u i th  the 
va lws  fo r  a l l  the ce l l s  given co l lec t i ve ly  i n  one place. 
I n  th is  case, the 8aimp:p=10 data Looks l ike: 

are nou needed only t o  speci fy d i f f e ren t  material regions; 

Thus, the present model can be f u l l y  specif ied u i t h  as feu as 88 cel ls,  as shown in Appendix 

Uhen a coupled n/g 

This makes the data much easier t o  manage. 

imp:p S obtained from MCNP output table when I ran a fake MCNP run u i t h  neutrons; 
$ here irrp:p=inp:n in a l l  88 cells; note that the non-zero values w i l l  be 
S ignored as soon as the uuinp f i l e  i s  read, but i t  must be entered anyuay 
1 0 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 2  
2 2 2 2 1 1 1 1 1 1 1 2 2 1 2 2 2 2 2 2  
2 2 2 2 2 2 2 2 1 1 1 1 1 1 1 1 1 1 1 1  
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
1 1 1 1 1 1 1 0  

While R u n  HB308G i s  a g m - o n l y  calculat ion (as specif ied by the HCNP p" parameter card), 
the presence of the Ilimp:n=ll data does not hurt  a thing. [Note that the 'luuinp" f i l e  MUST also 
include dumry ueight uindou information for one dmny broad group of neutrons, even though th is  
data i s  never used i n  a g a m - o n l y  catcutation.1 

In th is  part icular input f i l e  for  Run HB308G, the inp:n=2 and inp:p=2 values ( i n  some ce l l s  around 
the dosimeters) represent o ld  lategacyll information l e f t  over from the dosimetry analysis. 
irrelevant here. 
sense that they vi11 nou be ignored completely since the MCNPGB code u i l l ,  i f  the %winp(l i s  specified, 
use the 3-D broad-group ueight uindou information fo r  each (phantom) XYZ importance mesh i n  that f i l e  
i n  place of irrportance data specif ied i n  the MCNP input. 
of any significance are those i n  uhich the user specif ies an irrgortance of zero. 
s t i l l  be honored and treated as i n f i n i t e l y  black absorbers such that p a r t i c l e  tracking u i l l  stop 
imnediately whenever a pa r t i c l e  enters one of these cel ls. 
non-reentrant boundaries. 
beam tube ua l l  belou the importance cutoff plane (Surf 1007), located a t  2=118.6879 cm. 
that capacity i s  described belou and elseuhere throughout t h i s  report. 

They are 
I n  fact, a l l  non-zero values specif ied fo r  various c e l l s  are nou irrelevant i n  the 

The only MCNP c e l l s  u i t h  importance values 

This i s  frequently used t o  f l ag  external 
In t h i s  part icular problem, i t  i s  also used f o r  a port ion o f  the aluminum 

Those ce l l s  u i l l  

I t s  use in 

6.8.2 Creating, Saving, and Using and Internal Boundary Source Dounstream of the Collimator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I n i t i a l l y  i t  uas thought that one would be fortunate i f  t h i s  a l l - i nc lus i ve  model, including the 
ent i re HB-3 beam tube and the colrplete rotary shutter assenbly, could s inp l y  be used t o  generate 
a good internal boundary source located just  dounstream of the uater tube and flooded collimator 
sections, but upstream of the rotary shutter. Such a boundary source, s im i la r  t o  (but much more 
detailed and complete than) that described i n  Appendix C.6.5, uould have t o  include an enormus 
n h r  of high-energy g a m s  i f  the corresponding space-energy-direction-dependent d is t r ibu t ion  
were going t o  have su f f i c ien t  resolut ion t o  then describe the transport o f  g a m  radiat ion through 
the rotary shutter assembly, uhich uould be necessary i n  order t o  obtain accurate dose rates a t  
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various locations of interest dounstrearn of that assenbly. Moreover, i t  was ant ic ipated that 
t h i s  boundary source, once saved, could then be used i n  a fol lau-up (%ootstrapped") analysis o f  
the ro ta ry  shutter assembly using the same geametry as in th i s  prablenr, but u i t h  fa r  more photon 
histor ies.  Such an internal boundary source would also be g o d  t o  have in  case the shutter i t s e l f  
had t o  be redesigned a t  some future time (a d i s t i nc t  poss ib i l i t y  that would be p a r t i a l l y  dependent 
on the outcme of the present analyses). 
and the qua l i t y  of the resul ts so re l i ab le  (and the dose rates so lowl, that  a separate follow-up 
analysis o f  the rotary shutter using t h i s  boundary source was never required. 
and rel iable,  binary-formatted, MCNP part icle-crossing boundary source was saved a t  2401.9645 cm, 
and could be used in the future i f  the shutter i s  ever redesigned and has t o  be reanalyzed. This 
internal  boundary source f i l e  includes the coordinates, d i rect ion cosines, energies, and pa r t i c l e  
weights f o r  over 5.6 m i l l i o n  high-energy part ic les crossing th i s  a r t i f i c i a l  internal  boundary a t  
2-41.9645 cm. Since i t  required over 542 HB of disk space, i t  was subsequently archived t o  tape 
f o r  future reference. 

To obtain t h i s  internal boundary source and f a c i l i t a t e  i t s  use in  the future, tuo or three minor 
modifications t o  the problem geometry were introduced i n  R u n  HB308G. 
was %l iced in  halfi1 a t  t h i s  ax ia l  location by three new ( a r t i f i c i a l )  plane surfaces: 

Surface tuber 4196 (pz) a t  2401.9565, 
Surface nunber 4197 (pz) a t  2401.9645, 
Surface mnlber 4198 (pz) a t  2=401.9745, 

Surface nunber 4195 (pz), an ex is t ing  surface a t  2401.9445, corresponds t o  the downstream side 
of the flange around pool seal (8). 

Cell 9981, between Surfs 6195 and 6196; 
Cel l  9982, betueen Surfs 4196 and 4197; 
Cel l  9963, between Surfs 4197 and 4198. 

I n  R u n  HB3086, the binary-fonwtted MCNP part icle-crossing internal  boundary source f i l e  would be 
uritten fo r  those photons crossing the middle surface (41971, uh i le  a detai ted printed l i s t i n g  of 
F1 t a l l y  resul ts for surface 4198 would also be prepared and saved. 
energy- and direction-dependent gamaa leakage corresponding t o  each of the 23 VELM energy groups, 
and each o f  the angular-dependent i8direction binsH shorn f o r  the prel iminary model i n  Appendix C . 6 ,  
f o r  the area d i rec t l y  i n  front of the water- f i l led rectangular hole i n  the col l imator (Segment 51, 
and each of the four other larger areas comprising the remainder of Surface 4198. 

In the event that the shutter i s  ever redesigned, minor changes could eas i l y  be made t o  i t s  representation 
in  the present model. 
f i l e  with the following three changes: 

1 )  Comnent out the %defii source specif icat ion cards mu f o d  in  R u n  HB308G. 
equivalent point sources i n  the beam tube and would no longer be needed. 

2) The boundary source f i l e  generated here in Ron HB308C would be applied a t  Surface 4197 by simply 
changing the Wssait paramter card t o  a Iirssaai parameter card. 

3) On the specif icat ion card fo r  Ce l l  9981, set imp:n=O and i m p : F O .  
treated as an i n f i n i t e l y  black absorber, so that par t i c les  ref lected back i n to  t h i s  region would be 
k i l l e d  imnediately and tracked no further. This w i l t  e f fec t i ve ly  Wecouplei8 the ro ta ry  shutter 
analysis from a l l  the exist ing beam tube geanetry which may then be Left i n  place, unchanged. 

Ultimately, the present analysis proved so successful, 

Nevertheless, a good 

Basically, the configuration 

Located 0.01 cm upstream of boundary source 
corresponding t o  the boundary source locat ion 
located 0.01 cm dounstream o f  boundary source 

and nou used for  F 1  t a l l i e s  

Three neu Woi@ ce l l s  uere then introduced: 

These F 1  t a l l i e s  show the 

To run such a follow-up analysis, one could then use t h i s  s l ight ly-modif ied input 

These correspond t o  the 

This w i l l  cause Cel l  9981 t o  be 

Such a fol lou-up analysis uould also produce an f l  gamta-leakage t a l l y  ed i t  on surface 4198, which may 
then be conpered t o  the one produced i n  Run HB308G for  qua l i t y  assurance purposes. 
ident i ca 1. 

The tu0 should be 

6.8.3 Source Term Included, and Values Used on the ilfW1 Mul t ip l ie r  Cards . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
As shom in  Sect 5.5 for  the 1998 water tube, over 99% of the to ta l  gamna dose ra te  jus t  upstream 
of the rotary shutter i s  due t o  the or ig ina l  gama point sources above 3 MeV, correspanding t o  E L M  
gama energy groups 1 t o  8. Further dounstream, the percentage of the t o t a l  gamna dose rate due 
t o  these high-energy gamma sources vi11 be even more predominant. 
gama sources (shown i n  Table 2.2b) above 3 MeV are the only ones included in  t h i s  analysis. 
on that, the value entered on a l l  the "fm" t a l l y  mu l t ip l ie r  cards should correspond t o  just the 
to ta l  g a m a  source above 3 Mev (7.984211@15 p/s> rather than the to ta l  gaimna source surmed over a l l  
energies (1.35399E+17 p/sl. Because of the way the broad gama group weight windous were designed, 
with one broad weight uindow spanning a l l  eight E L M  gama source groups above 3 MeV, there i s  no 
need ( in t h i s  case) to  enter a biased source-energy d is t r ibu t ion  (see discussion of Table 6 . 2 ~  i n  
Sect 6 .2 ) .  [Had the w i g h t  windous been designed u i t h  d i f fe ren t  energy boundaries, one would have 

For that reason, those par t i cu la r  
Based 
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needed t o  specify the or ig ina l  (unbiased) source-energy d i s t r i bu t i on  as well as a biased source-energy 
d is t r ibu t ion  based on the resul ts of the GETUING3.F program uhich properly renormalizes the biased 
source-energy d is t r ibu t ion  i n  a fashion consistent u i t h  both the adjoint-based ueight uindous and the 
use of that data in  the MCNP program.] 

6.8.4 Source Direct ion Biasing and Start ing Weights . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I t  uould be t o t a l l y  unproductive and uasteful t o  s ta r t  par t i c les  in  direct ions that stood no chance 
entering the uater tube d i rec t l y  or a f te r  one or two shal lou angle scattering events. 
isotropic source t e r m  given i n  Table 2.2b are only sampled over a narrou cone of s ta r t ing  direct ions 
u i t h i n  15.13 degrees of the beam tube centert ine (whose d i rec t ion  cosines are betueen 0.965335056 
and 1.0). 
fa r  easier t o  s inply reset the s ta r t ing  weights i n  a fashion consistent u i t h  the f ract ional  so l i d  
angle over uhich part ic les w i l l  r ea l l y  be sarrpled. For an isotropic source uhich i s  only sampled 
between d i rec t ion  cosines mu(max) and mu(min), the corresponding s ta r t ing  ueight based on th i s  
f ract ional  so l i d  angle i s  given by ugt=Crm~max)-mu~min)l/[cos(0 deg)-cos(180 degll, or i n  th i s  
case: ugt = 0.017332472 = (1.0-0.965335056)/2. Note that the broad group weight windous in the 
ueight-uindou f i l e  must be (and have been) determined i n  a fashion consistent u i t h  the s ta r t ing  
ueights of the par t i c les  i n  the MCNP analysis. 
uater tube uould ei ther s ta r t  % p l i t t i n g  l i k e  crazy" o r  be k i l l e d  upon impact, neither of uhich 
i s  t e r r i b l y  useful. I n  t h i s  case, had the ueight uindous s t i l l  been based on a s ta r t ing  ueight of 
1.0, most ( v i r t u a l l y  a l l )  g a m s  uould be k i l l e d  by Russian Roulette upon entering the uater tube, 
and very l i t t l e  response (u i t h  correspondingly p"r s ta t i s t i cs )  uould have been seen dounstream of 
that Location. On the other hand, when properly normalized, everything uorks amazingly well.] 

Thus, the 

Rather than adjust a l l  the llfm" t a l l y  mu l t i p l i e rs  each t i m e  t h i s  cone i s  altered, i t  uas 

[Otheruise, source par t i c les  inpingent on the 

' 

6.8.5 The Inportance Cutoff Plane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
The inportance cutof f  plane defines an ax ia l  location (2=118.6879 cm in th i s  case) belou uhich any photons 
s t r i k i ng  the aluninun u a l l  of the beam tube uwld be imnediately k i l l e d  and tracked no further. Photons 
travel ing uncollided through the central void of the 10.16-cm-ID &am tu& uould remain unaffected, as 
uould photons s t r i k i ng  the aluninun u a l l  o f  the beam tube a t  ax ia l  locations dounstream of the importance 
cutof f  plane. 
close t o  the inner u a l l  of the vessel and a fu l l  55.58 cm upstream of the s ta r t  of the uater tube, 
shallow-angle scattering events in  the tube u a l l  anywhere close t o  the uater tube (and co l l i s ions  i n  the 
vessel nozzle) u i l l  a l l  be properly accounted f o r  i n  the present gam-on ly  shielding analysis. 

The concept of an importance cutof f  plane and the ro le  served by i t  uere already described b r i e f l y  in  
Sects 2.7 and 3.0. 
I t  i s  also mentioned b r i e f l y  in Sect 5.1 and Appendices C.1.2 and C.6.3. 
stems back t o  the "intended use of the equivalent point sources i n  the beam tubes". 
i s  noted that: 

Y4hile i t  i s  f i n e  t o  include the hot t i p  of the beam tube and the surrouding be ry l l i un  
i n  the model f o r  i l l u s t r a t i v e  purposes, that port ion of the aluninun beam tube u i t h i n  a 
foot or tu0 of any point source should be assigned an inportance of zero so that as 
part ic les pass from the internal void i n t o  the body of the beam tube in  t h i s  irrg=O region, 
they vanish i d i a t e l y .  I f  t h i s  uere not the case, radiat ion frcm the equivalent point 
sources inside the beam tube uouid scatter in  the adjacent materials and contr ibute 
further t o  the f luxes and dose rates far ther dounstream when, in  fact, the ef fects of such 
scattering events near the hot end of the beam tube have already been represented i n  the 
global analyses and incorporated i n  the determination of the equivalent point sources. 
To not use a zero importance zone i n  t h i s  region ww ld  cause the subsequent calculations 
t o  e f fec t i ve ly  count many scattering events tu0 or  more times.8B 

Because the irrportance cu to f f  plane defined by surface 1007 i s  located a t  2=118.6879.cm, 

The necessity of moving i t  f o r  the dosimetry analyses i s  described i n  Sect 4.2. 
The or ig ina l  need fo r  i t  

In Sect 2.7, i t  

Sampling the source only over a narrou range of d i rect ions u i t h i n  15.13 degrees of the centerl ine 
p a r t i a l l y  a l leviates that  concern, but not ent i re ly.  
of only 5.08 cm, some source part ic les could s t i l l  inpact the beam tube u a l l  u i t h i n  18.79 cm o f  
t he i r  point of origin. Thus, the need f o r  the importance cutof f  plane s t i l l  remains. But "hou and 
uhy" was a direct ional  cone of 15.13 degrees chosen i n  the f i r s t  place? 
the t i m e  the dosimetry analyses uere being performed, and la te r  retained i n  the beam tube shielding 
analyses. [Moreover, i t  could and perhaps should be narroued down considerably m r e  i n  future 
shielding analyses.1 A t  the t i m e  i t  uas o r ig ina l l y  set ( i n  the dosimetry analyses), we looked 
a t  the locations of the most axially-advanced neutron sources in  the beam tube <cf Table 2.2a) and 
asked What angular range u w l d  be necessary t o  envelope everything w i th in  a feu centimeters of 
the dosimeters ( i n  a l l  direct ions) as seen from the most axially-advanced neutron source i n  the 
beam  tube?^^. I t  
great ly inproved the ef f ic iency and worked qu i te  ue l l .  
shielding analyses, the or ig ina l  objective uas (and s t i l l  i s )  t o  include everything that stands 
a semi-reasonable chance of Vraking i t  througha1 the vessel nozzle. For the most axially-advanced 

Given that the beam tube has an inner radius 

I t  uas o r ig ina l l y  set during 

The ansuer uas I 'a l l  source par t i c les  u i t h i n  15.13 degrees of the centerline." 
When i t  came time t o  begin the ear ly 

112 



... point sources, the or ig ina l  cone of 15.13 degrees could have been narrowed down a bit, but not much. 
Unfortunately, the same cone o f  angular direct ions must be used fo r  a l l  point sources in  the d e l .  
In deference t o  the most axially-advanced point  sources, ye did not rea l l y  uant t o  narrow i t  down 
any further. Yet, because the equivalent point  sources are distr ibuted up and down the beam tube 
centerline, and because the beam tube i s  t h i n  and the vessel water outside the beam tube i s  re la t i ve ly  
transparent t o  g a m s  passing through the beam tube, it was recognized that m y  of the source g m s  
i n  t h i s  15.13 degree cone u w l d  s inply f l y  o f f  through the vessel water and s t r i ke  the vessel, thus 
burning up valuable computer t i m e  but never contr ibut ing t o  the f i na l  solut ion downstream of the 
col l imator or rotary shield plug. 
nozzle could do that. fn recognit ion of that, plus the need t o  not "doubly account" f o r  scattering 
events in  the beam tube wall close t o  the core, plus the s t i l l  present desire t o  use a source cone 
of 15.13 degrees fo r  a t  least sane source points (and therefore fo r  a l l  source points), the idea 
of an Uimportance cutof f  plane" was invented. 
direct ions (even for the most axially-advanced paint sources), yet part ic les that have no chance 
of making i t  through the vessel nozzle are k i l l e d  on the i r  f i r s t  f l ight before any real  computer 
time i s  wasted. 

Only those that passed through the beam tube near the vessel 

I t  s t i l l  al lous one t o  sanple over a l l  necessary 

6.8.6 L i s t  of the Flux, Leakage, and Dose Rate Ta l l ies  i n  R u n  H6308G . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
The f i n a l  gamna-only shielding analysis corresponding t o  R u n  HB308G (with the 1998 HB-3 water tube and 
col l imator sections both flooded, the ro ta ry  shutter closed, and the H F I R  operating a t  100 MU) included 
the fol lowing MCNP output t a l l i es :  

Tal ly 15: 
Tal ly 25: 

T a l l y  35: 
Tal ly 45: 

Tal ly 55: 
Tal ly 65: 

Tal ly 75: 
Tal ly 85: 

Tal ly 184: 

Tal ly 194: 

Tal ly 201: 

Tal ly 211: 

Tal ly 221: 

Tal ly 231: 

Tal ly 212: 

Tal ly 232: 

G a m  f luxes (p/s/cm2) midway between the col l imator and the shutter 
G a m  dose rate (mrem/hr) midway between the col l imator and the shutter 

Garma f luxes (p /s /cd)  0.S cm past the concrete block containing the shutter 
~amna dose rate (mrem/hr) 0.5 cm past the concrete block containing the shutter 

Gamna fluxes (p/s/cm2) 1.5 feet past the concrete block containing the shutter 
G a m a  dose rate (mrem/hr) 1.5 feet  past the concrete block containing the shutter 

Gamna fluxes ( p / s / d )  3.0 feet past the concrete block containing the shutter 
Gamna dose rate (mrem/hr) 3.0 feet past the concrete block containing the shutter 

Approximate g a m  dose ra te  (mrem/hr) ax ia l l y ,  through the water tube, 

Approximate g a m  dose ra te  (mrem/hr) axial ly, through the collimator hole, 

in each of 30 equal volune segments, with dz4.24119 cm 

i n  each of 20 equal volune segsrents, with d~4.64500 cm 

Pr imary  gama leakage (p/s) a t  upstream entrance of the collimator hole; 
~ ( z - )  and L(z+) only; given fo r  each of 5 spat ia l  regions 

Primary gama leakage (p/s) 2.4945 cm downstream of the collimator hole exit ;  
~ ( z - )  and L(z+) only; given fo r  each of 5 spat ia l  regions; see segment 5 

Primary g a m  leakage (p/s) 2.4945 cm downstream of the collimator hole exit ;  
given fo r  many angular bins, in  each of 5 spat ia l  regions; see segment 5 

Primary g a m  leakage (p/s) on downstream surface of the concrete block holding 
the shutter; LCz-) and L(z+) only; given f o r  each of 10 spat ia l  regions 

Primary gama dose rate fmrem/hr) 2.4945 cm downstream of the col l imator hole exit ;  
given fo r  each of 5 spat ia l  regions; see segment 5 

Pr imary  g a m  dose ra te  (rnrem/hr) on dounstream surface of the concrete block 
holding the shutter; given f o r  each o f  10 spat ia l  regions; see segment 10 

The key resul ts of progrmnatic interest  are described in  Sect 6.9, while a few of the m r e  detai led 
t a l l y  resul ts are discussed separately i n  Appendix D.5. 

Tal l ies 184 and 194 were included so that one could monitor how u e l l  the code was tracking photons 
through the flooded water tube and flooded c o l l i m t o r .  
then a l l  other results farther downstream would be meaningless. 

Despite po ten t ia l l y  good s ta t i s t i cs .  for  any of the above point  detectors t o  be a t  a l l  Htrustuorthy", 
Segment 5 of Tal ly 184 
groups. 
shutter t o  be very trustworthy, one or  more o f  segments 5-10 i n  Tal ly U 1  uwld have t o  be a t  least f a i r l y  
well converged also. 

I f  s ta t i s t i cs  here were not good t o  excellent, 

and Segment 5 of Ta l l y  194 uould have t o  be u e l l  converged in  a l l  the higher-energy 
Likewise, f o r  those point  detectors downstream o f  the concrete block a s s d l y  holding the rotary 

I f  these conditions are not met, then the point detector values may not be trustworthy, 
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even though they may appear t o  have good s t a t i s t i c s .  

Only i f  T a l l y  212 ( t h e  boundary crossing estimate of the primary g a m  dose r a t e  dounstream o f  t he  co l l ima to r  
hole) has good s t a t i s t i c s ,  i s  i t  possible t o  have a h igh degree o f  confidence i n  the p o i n t  de tec to r  estimates. 
I f  the  boundary crossing estimate i n  T a l l y  212 i s  wel l  converged, then the po in t  detector represented by T a l l y  
25 w i l l  be even more accurate; 
detector  est imate g iven by T a l l y  25 may or may not be any good (even i f  i t s  s t a t i s t i c s  appear t o  be good). 

Only i f  Segment 10 o f  T a l l y  232 ( the boundary crossing estimate o f  the primary g a m  dose r a t e  downstream o f  
the cen t ra l  6 .5- inch-d im d i sk  d i r e c t l y  in  f r o n t  of the shut ter )  has good s t a t i s t i c s ,  i s  i t  poss ib le  t o  have 
a h igh  degree o f  confidence i n  the point  detector estimates. 
then the  point detector  estimates corresponding t o  T a l l i e s  45, 65 and 85 w i l l  be very accurate; 
po r t i ons  o f  T a l l y  232 are not  wel l  converged, the po in t  detector estimates corresponding t o  T a l l i e s  45, 65 
and 85 may o r  may n o t  be any good (even i f  t h e i r  s t a t i s t i c s  appear t o  be good). 

i f  the boundary crossing estimate in T a l l y  212 i s  not we l l  converged, the  point 

I f  T a l l y  232 is wel l  converged in  segments 5-10, 
i f  these 

6.8.7 Comnents i n  the  Header Records of Run HB308G Shown i n  Appendix D.4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
R u n  HB308G was the l a s t  i n  a series o f  attenpts t o  analyze the g a m - o n l y  sh ie ld ing problem. 
i t  was f a n t a s t i c a l l y  successful. But, i t  was not  the f i r s t  i n  the  series. As a complex c a l c u l a t i o n a l  
model evolves (usua l l y  r e s u l t i n g  i n  a series o f  calculat ions), notes.describing a l l  changes ( i nc lud ing  
successes and f a i l u r e s )  are maintained i n  the header record f i l e  f o r  f u tu re  reference. A f t e r  t he  f i n a l  
successful cocrpletion o f  the series, c m n t s  per ta in ing t o  the l a s t  successful run a re  updated one l a s t  
time, but a l l  previous cOmnents are retained f o r  f u tu re  reference. 
most readers would be encouraged t o  sk ip  d i r e c t l y  t o  the l a s t  set of comnents pe r ta in ing  s p e c i f i c a l l y  t o  
Run HB308G. Most key th ings o f  i n te res t  are sumnarized here i n  Sect 6. 

The final g a m - o n l y  sh ie ld ing  analysis (Run HB308G) was in f a c t  a mltipart ca lcu la t i on  tha t  was run i n  
stages, sometimes several days o r  weeks apart. 
t o  d i s k  so t h a t  i f  the computer should f a i l  f o r  any reason, the ca l cu la t i on  could be res ta r ted  from the  
l a s t  dtnp f i l e .  A r e s t a r t  f i l e  uas also created a t  the end o f  each ca l cu la t i ona l  step. 
the subsequent cont inuat ion runs consist of only 3 or 4 l ines,  g i v ing  the name o f  the most recent r e s t a r t  
f i l e  and the  n u h e r  o f  h i s t o r i e s  (NPS) t o  uhich the ca l cu la t i on  i s  t o  be extended. 

HB308G1 i n i t i a l l y  ran  240,000 h i s t o r i e s  between 06/21/98 16:21:40 and 06/21/98 21:50:35. These experienced 
a t o t a l  o f  58,312,798 c o l l i s i o n s  (each o f  which contr ibute marginal ly t o  the p o i n t  de tec to r  t a l l i e s ) .  
More importantly, 374,828 rea l  p a r t i c l e  tracks were recorded crossing surface 4197, just downstream 
o f  the f looded co l l imator  and upstream o f  the r o t a r y  shutter. Information regarding the  coordinates, 
direction cosines, energy, and weight o f  each p a r t i c l e  crossing t h i s  surface was saved as p a r t  o f  
t he  i n t e r n a l  boundary source f i l e  being generated and saved i n  b inary format f o r  poss ib le  f u t u r e  
use. 
wa l l - c lock  hours on each o f  8 nodes on the ORNL SP2 conputer. 
given the  complex nature o f  the problem and the f a c t  good and meaningful r e s u l t s  were being obtained. 

I n  the  end, 

Thus, i n  browsing through Appendix 0 .4 ,  

Per iod i ca l l y  during each step, a V e s t a r t  f i l e "  was dunped 

Input f i l e s  f o r  

I nd i ca t i ons  were tha t  every 1,000,000 source p a r t i c l e  h i s t o r i e s  would take approximately 22.84 
This was considered q u i t e  encouraging 

HB308G2 extended NPS up t o  1,000,000 h i s t o r i e s  and f i n i shed  w i th  dunp 126 a t  06/23/98 02:08:24. 
These experienced a t o t a l  o f  212,701,257 c o l l i s i o n s  (used i n  po in t  detector estimates) and, 
more importantly, ac tua l l y  allowed 1,411,263 r e a l  p a r t i c l e  tracks t o  cross surface 4197. 

HB308W extended NPS up t o  2,000,000 h i s t o r i e s  and finished w i th  dunp 251 a t  06/24/98 06:19:21. 
These experienced a t o t a l  o f  415,638,456 c o l l i s i o n s  (used i n  po in t  detector estimates) and, 
more importantly, ac tua l l y  allowed 2,769,376 r e a l  p a r t i c l e  tracks t o  cross surface 4197. 
Cunulat ive r e s u l t s  up t o  t h i s  po int  Mere considered more than adequate, and the c a l c u l a t i o n  
uas ter rporar i ly  ha l ted  f o r  two weeks. For the sake o f  generating a s t i l l  b e t t e r  boundary 
source f o r  f u t u r e  reference, houever, addi t ional  cont inuat ion runs were submitted i n  July. 

HE30864 extended NPS up t o  3,000,000 h i s t o r i e s  and f i n i s h e d  w i th  dunp 376 a t  07/08/98 11:24:20. 
These experienced a t o t a l  o f  635,895,583 c o l l i s i o n s  (used i n  po in t  detector estimates) and, 
more importantly, ac tua l l y  allowed 4,244,571 r e a l  p a r t i c l e  tracks t o  cross surface 4197. 

HB308G5 extended NPS up t o  4,000,000 h i s t o r i e s  and f i n i shed  u i t h  dump 501 a t  07/09/98 06:29:49.  
These experienced a t o t a l  o f  855,219,125 c o l l i s i o n s  (used in  po in t  detector estimates) and, 
more importantly, ac tua l l y  al loued 5,688,819 r e a l  p a r t i c l e  tracks t o  cross surface 4197. 
The ob jec t i ve  here was t o  d r i v e  the key fsd's ( f r a c t i o n a l  standard deviat ions) f o r  both the  
p o i n t  detectors  and the boundary crossing t a l l i e s  doun t o  the 3-4% range before terminat ing 
the  ca lcu lat ions.  Moreover, the f i n a l  i n te rna l  boundary source f i l e  named aaHB308G.S1' nou 
contained de ta i l ed  information f o r  5,688,819 r e a l  p a r t i c l e  tracks, p r i m a r i l y  i n  the  h igh  
energy range, and had grown t o  occupy about 542 MB o f  d i sk  space. For tha t  reason, the  
c a l c u l a t i o n  was f i n a l l y  ha l ted and the i n te rna l  boundary source was archived t o  tape f o r  
f u t u r e  reference. 
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6.9 Results from the f i n a l  gamna-only shielding analysis (HCNP4B R u n  HB30865) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
The key resu l ts  of programmatic interest are sunnarized in Fig. 6.5. Everything else i n  the 
remainder of Sect 6 and Appendix D.5 may be regarded a t  supplemental supporting information. 

f igure 6.5 shous that the dose rate imnediately domstream o f  the ro ta ry  shutter a t  2=479.29 cm i s  
0.8934 mremlhr +/- 3.4%. 
h e r e  the 1998 HE-3 uater tube and collimator sections are both flooded, the rotary shutter i s  
closed, and the H F I R  i s  operating a t  100 MU. 
due t o  gaiunas i n i t i a l l y  streaming doun the beam tube and iopinging on the flooded water tube. 
does not include the dose rate due t o  act ivat ion gamnas in  the shutter i t s e l f  or any surrounding 
materials. [The dose ra te  due t o  activation of the shutter i s  actual ly much higher, and i s  
discussed separately i n  Sect 7.1 
1.5 feet  f run  the downstream surface of the steel- l ined concrete block assernbly holding the shutter 
i s  only 0.3033 mremlhr +/- 1.1%, vh i le  the dose rate 3.0 feet  from t h i s  surface i s  only 0.2088 mrem/hr 
+/- 0.6%. 
be associated u i t h  these calcukated vatws, p r i o r  expectations not withstanding. 
shous that the dose ra te  i n  the void betueen the flaoded col l imator and the rotary shield plug 
(at  22407.464 an) i s  s ign i f i can t ly  higher, a t  103.99 Rem/hr +/- 0.5%. Note that t h i s  value i s  
about four times higher than that uhich uould exist  a t  t h i s  locat ion u i t h  the o l d  1960 uater tube 
and col l imator sections both flooded (cf Sect 5.5 and/or Appendix C.6). 

This i s  based on point detector Ta l l y  45, and i s  f o r  the standard case 

Note, houever, that  t h i s  i s  the calculated dose ra te  
It 

Fig. 6.5 also shows that the dose ra te  along the centerline, 

Based on the supporting information described below, a high degree of confidence should 
Fig. 6.5 also 

Detai led fluxes and dose rates, by energy group, for detectors a t  the four locations shorn i n  
Fig. 6.5 are given i n  Table 6.6. 
rotary shutter, the fluxes and dose rates i n  each energy bin are amazingly and uniformly u e l l  
converged t o  w i th in  about 3 o r  4% f o r  most groups, and even more t i g h t l y  converged fo r  the 
more i q r tan t .h igh -energy  groups, u i t h  the aggregate to ta l  dose rates being converged u i t h i n  
3.4%, 1.1%, and 0.6% as one moves further dounstream. l fhe  llcuriously poora1 low-energy fsd's 
fo r  the one detector upstream of  the rotary shutter are explained in Sect  6.9.2.3; in a biased 
calculat ion such as this, they are t o t a l l y  irrelevant and are t o  be expected.1 

The extremely good convergence of the point detector responses dounstream of the shutter across 
the en t i re  energy spectrun (and the a b i l i t y  t o  confirm those responses u i t h  s t a t i s t i c a l l y  meaningful 
results from other types of detectors) i s  a direct  and inportant consquence of the 3 -D  broad-group 
weight-uindou biasing technique used in  th i s  analysis, uherein these ueight uindous were based on 
a fine-group 1 - D  adjoint  analysis, described ear l ie r  i n  Sect 6. Ui th  simple gewnetric sp l i t t i ng ,  
i t  i s  doubtful that any useful solut ion could have been obtained dounstream o f  the ro ta ry  shutter. 
Moreover, u i t h  no biasing of any kind, experience has shoun that the s t a t i s t i c s  u w l d  have deteriorated 
severely by the t i m e  the photons had penetrated 30 or 40 cm i n t o  the water tube, and that feu i f  any 
uould have been tracked past t h i s  point. [Moreover, in a neutron shielding problem u i t h  no biasing, 
v i r t u a l l y  no neutrons uwld ever be tracked more than 10, 15, or 20 cm in to  the uater; a l l  uould be 
k i l l e d  by Russian Roulette.1 
calculated above and supplied t o  HCNP48 using the s t i l l  undocunented aageometry-independent weight 
uindoull f i l e  (c f  Appendix C.3) must be regarded as having been fan tas t ica l l y  successful. 

Note that fo r  the three detector locations downstream o f  the 

In l i g h t  of this, the use of the 3 -D  broad-group ueight uindous as 

Point detector 25 shoued that the peak dose rate along the center l ine in  the void betueen the 
col l imator and the rotary shutter uas 103.991 Rem/hr +/- 0.5%. Boundary crossing estimates of 
the dose ra te  just downstream of the ua te r - f i l l ed  collimator (c f  Sect 6.9.2) confirm tha t  result,  
as do volunetr ic track length estimates of the dose rate i n  the las t  4.445-cm increment of uater 
in  the u a r e r - f i l l e d  col l imator (cf  Sect 6 .9 .3 ) .  Independent methixis [including: (1) a s inple 
3-grOup hand calculation, (2) a 23-group point kernel calculation, and (3) a preliminary MCNP 
analysis that  did not use weight-uindou biasing] a l l  indicate the general reasonableness of t h i s  
resul t  as ue l l .  A s m r y  of those comparisons i s  given in Sect 6.9.4. 

6.9.1.2 Confirmation of Dose Rate Downstream of Shutter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Point detector 45 shoved the peak dose rate just  downstream of the shutter along the center l ine t o  
be 0.8934 mrem/hr +/- 3.4%. Later i n  Sect 6.9.5, results of real  boundary crossing estimates fo r  the 
gama f luxes and dose rates downstream of the en t i re  shield configuration u i l l  be used t o  shou that 
the point  detector responses described above are not only u e l l  converged, but physical ly meaningful 
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HERE AT 2-4ai.9645 CM 

Fig. 6.5. Centerline dose rates upstream and downstream of the rotary shutter in HB-3 
when the 1998 water tube and collimator sections are both flooded, the shutter is closed, 
and the HFIR is operating at 100 MW. 
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Table 6.6. G a m a  fluxes and dose ra tes  a t  key a x i a l  locations along the HB-3 centerl ine, with the 1998 
water tube and coll imator sections both flooded, the shutter closed, and H F I R  at  100 MU. Results based 
on the g a m  sources streaming down beam tube; does not include contributions from any act ivat ion sources. 

Emin Emax 
(MeV) (MeV) 

0.010 - 0.020 
0.020 - 0.045 
0.045 - 0.070 
0.070 - 0.10 
0.10 - 0.15 
0.15 - 0.30 
0.30 - 0.40 
0.40 - 0.51 
0.51 - 0.60 
0.60 - 0.70 
0.70 - 1.0 
1.0 - 1.5 
1.5 - 2.0 
2.0 - 2.5 
2.5 - 3.0 
3.0 - 4.0  
4.0 - 5.0 
5.0 - 6.0 
6.0 - 7.0 
7.0 - 7.5 
7.5 - 8.0 
8.0 - 10.0 
10.0 - 14.0 

Total: 

Ta l ly  15 

p / s / d  f sd 

1.63689E+04 -1070 
8.24280E+04 -0784 
7.54374E+04 .O&O 
8.24296E+O4 -1374 
1.69743E+05 .2269 
7.68251E+05 .lo67 
2.12749E+05 .0601 
1.77907E+05 .0392 
3.76940E+05 -0276 
6.79724€+04 -0687 
1.63007E+05 .0806 
1.94608E+05 -0269 
1.81662E+05 .0264 
1.90650E+05 .0236 
2.28072E+05 -0225 
l.l4987E+06 -0103 
1.90375€+06 .0077 
1.56224E+06 -0106 
3.33878E+06 .0060 
1.02485E+06 -0136 
5.16310€+06 -0031 
3.39638E+05 .0265 
9.89672E+02 -1267 

1.74714E+07 .0102 

_ _ _ _ _ _ _ _ _ - _ _ _ - _ _ - _  

c - _ _ _ _ _ - - - - - - - - - - .  

3.10908E-02 .3279 
8.9525%-02 .1573 
2.88657E-01 .lo86 
1.37137E+OO .OM7 
6.89966E+00 -0516 
2.61180E+01 ,0457 
1.29217E+01 -0460 
1.19315E+Ol -0447 
1.41605E+01 -0460 
6.23365E+00 .0607 
1.49145E+01 .0449 
1.81373E+01 -0450 
1.35185E+01 .0432 
1 .082%E+01 -0434 
9.098%E+00 .0414 
1.60157~+01 -0402 
1.54745€+01 -0388 
1.65054E+01 -0421 
2.03711E+01 .0334 
7.65129E+OO .0559 
2.30835E+01 -0191 
1.82227E+OO .1408 
3.32275E-03 .I273 - - - - - - - - - - - - - - - - - -  
2.4547lE+02 .0392 

T a l l y  55 

p/s/cm2 fsd 
- - - - - - - - - - - - - - - - - -  

4.17939E-03 -1012 
2.06201E-02 .0563 
5.53463E-02 -0505 
1.2616OE-01 -0452 
3.87411E-01 -0408 

7.88284E-01 .0397 
7.26765E-01 -0392 
6.52241E-01 -0400 
4.66485E-01 .0397 

1.38887E+OO -0397 

1.18527E+OO -0389 
1.57304€+00 .0390 
1.26556E+00 -0376 
1 -09671 E+OO .0369 
9.61987E-01 .0360 
1.95479E+00 -0290 
2 -95 183E+00 .0163 
3.29578E+00 -0174 
9.29078E+00 -0113 
3.27672E+00 -0283 
1 - 76437E+Ol -0071 
1.08948€+00 .0444 
2.64000E-03 -1266 

5.02027E+Ol -0154 
L - - - - ^ - - - - - - - - - - - -  

Ta l ly  75 

p/s/cm2 f sd 
- - - - - - - - - - - - - - - - - -  

1.49223E-03 .0%6 
7.7081 4E -03 .0525 
1.96471E-02 -0468 
4.41100E-02 .0433 
1.29379E-01 .Ob01 
4.68471E-01 -0402 
2.70250E-01 -0413 
2.54700E-01 -0622 
2.2n04E-01 -0457 
1.67804E-01 .0411 
4.29510E-01 .Ob03 
5.9877lE-01 -0411 
4.99514E-01 -0407 
4.37278E-01 -0472 
3.77692E-01 .0443 
8.76913E-01 .OD4 
l.M791E+OO -0107 
1.95841E+00 .0106 
6.5973OE+00 .OM1 
1.79465E+00 ,0165 
1.39046E+01 . O W  
7.98230E-01 ,0242 
2.14293E-03 -1262 

3.15937E+Ol -0094 
- - - - - - - - - - - - - - - - - -  

Emin Emax 
(MeV) (MeV) 

0.010 - 0.020 
0.020 - 0.045 
0.045 - 0.070 
0.070 - 0.10 
0.10 - 0.15 
0.15 - 0.30 
0.30 - 0.40 
0.40 - 0.51 
0.51 - 0.60 
0.60 - 0.70 
0.70 - 1.0 
1.0 - 1.5 
1.5 - 2.0 
2.0 - 2.5 
2.5 - 3.0 
3.0 - 4 .0  
4.0 - 5.0 
5.0 - 6.0 
6.0 - 7.0 
7.0 - 7.5 
7.5 - 8.0 
8.0 - 10.0 
10.0 - 14.0 

Total: 

3 -0671 1E+01 -1147 
4.76112€+01 . O B 4  
2.07196€+01 .OM0 
2.19625E+01 .1374 
5.56198E+01 -2269 
4.35414€+02 .I067 
1.86355E+02 -0601 
1.93065E+02 .0392 
4.82371€+02 -0276 
9.79958E+01 -0687 
2.86290E+02 .0806 
4.50634E+02 -0269 
5.31724E+02 .02& 
6.61290E+02 -0236 
9.03074€+02 .0225 
5.31480E+03 .0103 
1.03061E+04 .0077 
9.671&+03 .0106 
2.31261E+04 .0060 
7.66413E+03 .0136 
4.05138E+04 .0031 
2.97917€+03 -0265 
1.09062E+01 .1267 

1.03991E+05 -0052 
- - - - - - - - - -_ - - - - - - -  

T a l l y  45 

mrem/hr f sd 

2.92534E-05 .U16 
5.171 1 OE-05 .1573 
7.92824E-05 -1086 
3.65387E-04 .0707 
2.26081E-03 -0516 
1.48026E-02 -0457 
1.13186E-02 -0660 
1.29480E-02 -0667 
1.81272E-02 -0460 

2.6194CE-02 -0449 
4.19987E-02 .0450 
3.95687E-02 .0432 
3.75633E-02 -0434 
3.60283E-02 .0414 
7.40261E-02 . 0402 
8.37726E-02 .0388 
8.98017E-02 -0421 
1.41100E-01 .0334 
5.72187E-02 .0559 
1.81132E-01 .0191 
1.59842E-02 .I408 
3.66167E-05 -1273 

8.93389E-01 -0339 

- - - - * - _ _ _ - _ _ _ _ _ _ - _  

8.98706~-03 -0607 

- - - - - - - _ _ _ _ - _ _ _ _ _ _  

T a l l y  65 

mren/hr f sd 

4.68351E-06 .I275 
1.191WE-05 .0563 
1.52069E-05 .0505 
3.36140E-05 .0452 
1.26943E-04 .0408 
7.87158E-04 -0397 
6.90490E-04 -0397 
7.8868SE-04 ,0392 
8.34672E-04 -0400 
6.72532E-04 -0397 
2.08168E-03 -0389 
3.64252E-03 -0390 
3.704% - 03 -0376 
3.79711E-03 -0369 
3.80908E-03 -0360 
9.03524E-03 .0290 
1.59800E-02 -0163 
2.04038~-02 .0174 
6.43526E-02 -0113 
2.45043E-02 -0283 
1.38447E-01 .0071 
9.55647E-03 .0444 
2.9092s-OS .1266 

3.03309E-01 .0108 

-__ - - - - - - -_ - - -_ - - -  

- - - - _ _ - _ _ _ _ _ _ _ _ - _ _  

Ta l ly  85 

mrem/hr fsd 
* - - - - - - - - - - - - - - - - -  

1.60612E-06 .1132 
4.45UOE-06 .0525 
5.39626E - 06 .Ob68 
1.17527E-05 .0433 
4.23936E-05 .0401 
2.65511E-04 .0402 
2.36723E-04 .MI3 
2.76400E-04 -0422 
2.90831E-04 ,0457 
2.41923E-04 .0411 
7.54348E-04 .0403 
1.38651E-03 .Ob11 
1.46208E-03 -0407 
1.51674E-03 -0472 
1.49551E-03 -0443 
4.05318E-03 -0294 
9.35420E-03 -0107 
1.21243E-02 -0106 
4.56962E-02 -0061 
1.34209E-02 -0165 
1.09106E-01 -0044 
7.00175E-03 .0242 
2.36151E-05 -1262 

2.08773E-01 .0061 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _  

T a l l i e s  15 & 25 = Gama fluxes & dose rates a t  2=407.464 cm, midway betueen coll imator and rotary shutter 
Ta l l i es  35 & 45 = G a m a  fluxes & dose ra tes  a t  2=479.290 cm, 0.5 cm past conc block assy holding shutter 
Ta l l i es  55 & 65 = G a m a  f luxes & dose rates a t  2=524.510 cm, 1.5 fee t  past conc block assy holding shutter 
Ta l l i es  75 8 85 = Garma fluxes & dose rates a t  2=570.230 cm, 3.0 fee t  past c o w  block assy holding shutter 
Note: Because o f  the broad-group weight window biasing scheme used, low energy fluxes and dose rates below 
0.3 or 1.0 MeV are actual ly  k n o w  with greater cer ta in ty  a t  and beyond 2=479.29 cm than a t  2=407.464 cm. 
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and correct .  
6 .5 - i nch -d im h o l e  dounstream of the shut ter  provides "pos i t i ve  confirmationnt o f  t he  po in t  detector  
response described above. The importance and s ign i f icance o f  t ha t  confirmation ( in  terms o f  the 
physics used in  t h e  ca l cu la t i ona l  madel) i s  also discussed a t  soite length i n  Sect 6.9.5. Lastly, 
independent Lou-order hand ca lcu lat ions described in Sect 6.10 have also been used t o  conf i rm the 
general reasonableness t h i s  r e s u l t  based on simple d i r e c t - l i n e  at tenuat ion through the s tee l .  

I n  t h a t  context, the boundary crossing estimate of the area-averaged dose r a t e  f o r  the 

6.9.2 Boundary Crossing Data Just Dounstream o f  Coll imator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
6.9.2.1 Binary P a r t i c l e  H is to ry  F i l e  Avai lable for  Future Use . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
As w i th  the  p re l im ina ry  MCNP analyses i n  Appendix C.6, a de ta i l ed  descr ip t ion o f  t he  boundary f l u x  
just dounstream o f  t he  f looded co l l imator  has been prepared and saved f o r  fu ture reference. 
case, houever, the i n t e r n a l  boundary f l u x  f i l e  (ac tua l l y  a boundary crossing h i s t o r y  f i l e  o r  ttwssatb 
f i l e )  a t  2401.9645 cm has been saved uhich contains the coordinates, d i r e c t i o n  cosines, energies 
and weights o f  t he  5,688,819 photons crossing t h i s  surface i n  Run HB308G5. This p a r t i c u l a r  b ina ry  
f i l e ,  uh ich requi res 542 MB o f  d i sk  space, can then be used as an i n te rna l  boundary source f i l e  i n  
subsequent f o l l o u - u p  sh ie ld ing  analyses of t h i s  r o t a r y  shut ter  (or  any s im i la r  shut ter  design i n  
the fu tu re )  by us ing the procedures out l ined in  Sect 6.8.2 above. 

I n  t h i s  

6.9.2.2 Boundary Crossing Estimate o f  Dose Rate Confirms Point Detector . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Supplemental data i n  Appendix D.5 describe the r e s u l t s  o f  %egmented area" boundary crossing t a l l i e s  
f o r  a s i m i l a r  p a r a l l e l  surface (Sur f  4198) a t  2401.9745 cm, which i s  located 2.4945 cm dounstream o f  
t he  co l l ima to r  e x i t .  
130-cm-diam d i s k  comprising t h i s  planar surface has been divided i n t o  f i v e  segments ( c f  Fig. D5.1), 
one o f  uh ich corresponds t o  the 2.75-inch x 5.5-inch u a t e r - f i l l e d  rectangular hole i n  the co l l ima to r  
imnediately upstream of this a x i a l  location. Table D5.1 gives the integrated gama leakage r a t e  
( in the  forward hemisphere) across each o f  the f i v e  segments comprising the larger surface, whi le  
Table D5.2 gives the  area-averaged dose r a t e  f o r  each o f  the f i v e  segments. 
r e s u l t s  f o r  the small  2.75-inch x 5.5-inch area d i r e c t l y  dounstream o f  the hole in  the co l l ima to r  are 
o f  any r e a l  i n te res t .  
i s  110.861 Rem/hr +/- 2.7%. This r e s u l t  i s  s i g n i f i c a n t  f o r  three reasons: (1) i t  i s  very we l l  converged 
in  the  most important high-energy g a m  groups; 
" rea l  pa r t i c l es " ,  thus i nd i ca t i ng  by v i r t u e  o f  i t s  t i g h t  convergence that  the region i s  indeed being 
adequately sarrpled i n  the most important high-energy g a m  groups; and (3) i t  i s  in  excel lent  agreement 
w i th  the  e a r l i e r  p o i n t  detector  estimate o f  103.991 Rem/hr +/-0.52% i n  the same vo id  region, a t  
2=407.464 cm, miduay betueen the co l l imator  and the ro ta ry  shutter. 

Surface crossing T a l l i e s  211 and 212 are %egmentedii i n  the sense t h a t  the 

O f  the l a t t e r ,  on l y  the  

Results fo r  t h i s  area (segment 5) shou tha t  the g a m  dose r a t e  a t  t h i s  l oca t i on  

( 2 )  bowdary crossing t a l l i e s  such as t h i s  only count 

6.9.2.3 B r i e f  Discussion o f  Supplemental Tabulated Data Avai lab le i n  Appendix D.5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

As i n  Appendix C.6, a d e t a i l e d  printed L i s t i n g  o f  g a m  leakage through the dounstream e x i t  o f  t he  
2.75-inch x 5.5-inch flooded ho le  in  the col l imator, i n  each o f  23 energy b ins and 7 d i r e c t i o n a l  
bins, uas a l so  t a l l i e d  and saved in  R u n  HB308C5. Because that  information uas not  o f  any imnediate 
p r o g r m t i c  i n te res t ,  and because some o f  i t  requires fu r the r  explanation, that t a l l y  data has been 
relegated t o  Appendix D.5. 

Just as the  f luxes and dose ra tes  f o r  the po in t  detector i n  the v o i d  betueen the co l l ima to r  and the 
r o t a r y  shu t te r  exh ib i t ed  '8curiously poornt fsd's below 0.3 MeV (see T a l l i e s  15 and 25 in  Table 6.6), 
t he  boundary cross ing estimates o f  the Lou-energy g a m  leakage dounstream of the co l l ima to r  e x i t  
( c f  Table D5.3) a l s o  exh ib i t ed  %uriously poor" s t a t i s t i c s  belou 3 MeV, poorer s t a t i s t i c s  below 1 MeV, 
and no s t a t i s t i c s  below 0.3 MeV. In t h i s  p a r t i c u l a r  calculat ion, t h i s  curious behavior i s  noth ing t o  
become alarmed about. Moreover, in a biased ca l cu la t i on  such as Run HB308G, t h i s  i s  i n t e n t i o n a l l y  t he  
case by design (not by accident), and i t  i s  a d i r e c t  r e s u l t  o f  t he  broad-group ueight uindous used t o  
improve the  e f f i c i e n c y  o f  the ca lcu lat ion.  Why the po in t  detector appears t o  have done b e t t e r  i n  the 
unimportant low-energy range than the boundary crossing detector can also be e a s i l y  explained, although 
ne i the r  se t  o f  r e s u l t s  " in  the  Lou energy range, a t  t h i s  p a r t i c u l a r  a x i a l  locationi8 should be taken too 
seriously. To explain: 

Assune (as i n  t h i s  MCNP ca lcu la t i on  and the preceding 1-D ad jo in t  analysis) that  the primary t h i n g  
o f  i n t e r e s t  i s  t he  g a m  dose r a t e  downstream of the r o t a r y  shutter. Close t o  the dounstream e x i t  o f  
the r o t a r y  shutter, l l a l l l l  g a m s  are tracked because I8theret1 a l l  g a m s  are inportant and can e a s i l y  
con t r i bu te  d i r e c t l y  t o  the Local dose r a t e  a t  t h i s  "primary po in t  o f  interest". As one m v e s  back 
through t h e  s h i e l d  (from the downstream side o f  the shutter, t o  the  upstream side o f  the shut ter ,  
through the water i n  the  co l l imator ,  and through the uater i n  the flooded uater tube), g a m s  of a l l  
energies become somewhat less important (because they are less l i k e l y  t o  contr ibute t o  the  dose r a t e  
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of interest  domstream o f  the shutter), but the Lou-energy gamnas become less and less important f a r  
more rap id ly  because they are the most readi ly attenuated and are the least l i k e l y  to  contr ibute t o  
the dose ra te  o f  in te res t  downstream of the shutter. Thus, as one moves back further in the shield 
(from the dounstream side of the shutter touards the source), i t  makes less and less sense to  spend 
valuable computer time tracking uninportant Lou-energy g a m s  that stand l i t t l e  chance of contr ibuting 
t o  the dose ra te  o f  in te res t  downstream of the shutter - -  especially when the corrputer time could be 
better spent tracking the more important high-energy gamnas that do have a better chance of making a 
real  contr ibut ion there. 
Roulette t o  more and more often t o  preferent ia l ly  k i l l  o f f  the Lou-importance low-energy g a m s  (while 
of course increasing the ueight of the feu survivors t o  maintain a f a i r  game). 
quant i tat ive fashion and understand hou the ueight uindou parameters used (utlou, utavg, and uthigh) 
w i l l  determine '%hat i s  k i l l e d  uherett, see the rather enlightening discussion i n  Sect 6.6 associated 
u i t h  Figs. 6.3 and 6.4. (Additional cotmerits are also provided i n  Appendix D.5.) The key point i s  
th is:  
rotary shutter, and that the broad-group ueight-window biasing scheme has been optimized fo r  that 
purpose, most o f  the very low energy gamnas %elow 0.3 MeV, in the region upstream o f  the shutter" 
are simply not uorth tracking end are k i l l e d  by Russian Roulette, even though higher-energy g a m s  
a t  t h i s  same location may be worth tracking and u i l l  l i k e l y  survive Russian Roulette o r  even be 
a%utmtical ly accepted f o r  further tracking" without being subjected t o  Russian Roulette a t  a l l .  

Real pa r t i c l e  counters ( inchd ing  voluaetric track length counters and boundary crossing t a l l i e s  
such as that used a t  the dounstream ex i t  of the col l imator) are, therefore, keenly sensit ive t o  
special local  e f fec ts  caused by the use of weight windows (see addit ional caveats and cautions i n  
Appendix D.5). I f  uninportant Lou-energy part icles i n  a part icular por t ion  o f  the problem are 
in ten t iona l l y  not being tracked or  are m s t l y  being k i l led  by Russian Roulette under the enlightened 
direct ion o f  the broad-group weight-uindou biasing scheme being used, then these types of detectors 
in  these par t i cu la r  regions may u e l l  see nothing a t  a l l  in  those energy ranges. 
are also affected by the same considerations, their response i n  a given energy range a t  a given 
spat ia l  locat ion u i l l  be less "black and uhite" since they can atso sense kapseudoparticleska of 
a l l  energies cuning from co l l i s ions  a t  distant s i tes &ere par t i c les  in  th i s  energy range are, 
i n  fact, being tracked and may be undergoing col l isions. That i s  uhy the point  detectors used i n  
Tal l ies 15 and 25 just upstream of the rotary shutter are registering resul ts belou 0.3 MeV while 
the nearby boundary crossing t a l l i e s  just  downstream of the col l imator e x i t  may be sensing nothing 
i n  t h i s  same energy range (belou 0.3 MeV) as s h m  in  Table 05.3. 

For pur is ts  uho uould l i k e  t o  see a more complete descript ion of the gannra Leakage downstream o f  
the col l imator e x i t  over the en t i re  energy range, a conposite table l i k e  that  shoun in Table D5.4 
may be constructed which shows the more t i g h t l y  converged high-energy resul ts above 3 Mew from 
Rm HB308G. i n  combination u i t h  the m r e  t i g h t l y  converged Lou-energy resul ts belou 3 MeV frcin 
Run H8307C (c f  Appendix C.6) uhich d id  not use wight windows and therefore did not incur th i s  
a r t i f i c i a l  loss o f  low-energy part icles. 

Because o f  the necessity fo r  lengthy explanations such as this,  some resul ts not o f  any d i rec t  
p r o g r a m t i c  in te res t  have been banished t o  Appendix 0.5. 

Thus, as one moves further back towards the source, the cede uses Russian 

To see th i s  in  a more 

Given that the *'quantity of primary interest" i s  the t o t a l  garma dose ra te  dounstream o f  the 

W i l e  point detectors 

6.9.3 Axial Var iat ion o f  Dose Rates i n  Uater, Based on Segmented V o l w  Tal l ies 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - - - - - - - - - - - -  

Tal l ies 186 and 194 are tavolune detectorsaa that use the real  pa r t i c l e  track length in  a given region t o  
calculate the average f l u x  or other dependent quantity i n  the given region. 
volune detector used t o  calcutate the approximate gama dose ra te  i n  each of 30 -1 (6.2412-cm-thick) 
regions, a x i a l l y  doun the water tube from 2=174.%13 cm t o  2=302.1868 cm, uh i l e  Tal ly 194 i s  a segmmted 
volune detector used t o  calculate the approximate gamm dose rate i n  each of 20 equal (4.445-cm-thick) 
regions, through the ua te r - f i l l ed  rectangular hole in the collimator, from 2=310.58 cm t o  2=399.68 an. 
Results f o r  both are shoun in  Table 6.7. 

Ta l l y  184 i s  a segmented 

As shown in  Table 6.7, the average g a m  dose rate in  the las t  4.445-cm segment of water i n  the 
water - f i l l ed  col l imator ( f r o m  Z=395.035 t o  Z=399.480 cm) uas 120.735 Rem/hr +/- 2.7%. As with 
the bowdary crossing estimate a t  the collimator exi t ,  t h i s  volunetr ic track length estimate of 
the g a m  dose ra te  i n  t h i s  region i s  s igni f icant f o r  three reasons: (1) i t  i s  very wel l  converged; 
(2) volunetr ic t rack length estimates such as th i s  only count "real part iclestt,  thus indicating by 
v i r tue  of i t s  t i g h t  convergence that the region i s  indeed being adequately sampled in the most 
importent high-energy g a m  groups; and (3)  i t  i s  i n  excellent agreement u i t h  (or a t  least very 
consistent u i t h )  the ea r l i e r  point detector estimate of 103.991 Rem/hr +/-0.52X at  2=407.464 cm, 
i n  the void midway between the collimator and the rotary shutter. To make the comparison fa i r ,  of 
course, the laaverageat value of 120.735 Rem/hr %ithinu t h i s  las t  4.445 cm increment o f  water uould 
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Table 6.7. 
and the f looded rectangular ho le  i n  the c o l l i m a t o r  w i t h  the  H F l R  operat ing a t  100 MU. 
are segmented volume detectors,  they i n d i c a t e  the  presence o f  r e a l  p a r t i c l e s  t rack ing  through the region. 
t ha t  the fsd 's  a re  smal l  and almost constant ( r a t h e r  than growing, o r  being 10 o r  20 t imes b igger)  i s  extremety good, 
and ind icates t h a t  there i s  now exce l l en t  popu la t i on  c o n t r o l  over the most important photons, and t h a t  the weight 
windows are about as good as they can be. This i s  necessary i f  the s o l u t i o n  f u r t h e r  downstream i s  t o  be c red ib le .  
For d e t a i l e d  energy and angular d i s t r i b u t i o n  o f  gamnas, 2.4945 cm downstream o f  c o l l i m a t o r  e x i t ,  see Appendix D . 5 .  

Approximate(**) gama dose ra tes  and f r a c t i o n a l  standard dev iat ions,  up through the 1998 HB3 water tube 

The f a c t  
Because T a l l i e s  184 and 194 

Zrnin Zrnax 
(cm) (cm) _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

174.9513 179.1924 
179.1924 183.4336 
183.4336 187.6748 
187.6748 191.9160 
191.9160 196.1572 
196.1572 200.3984 
200.3984 204.6395 
204.6395 208 .a807 
208.8807 213.1219 
213.1219 217.3631 
217.3631 221.6043 
221.6043 225.8455 
225.8455 230.0867 
230.0867 234.3278 
234.3278 238.5690 
238.5690 242.8102 
242.81 02 247.05 14 
247.0514 251.2926 
251.2926 255.5338 
255.5338 259.7750 
259.7750 264.0161 
264.0161 268.2573 
268.2573 272.4985 
272.4985 276.7397 
276.7397 280.9809 
280.9809 285.2221 
285.2221 289.4633 
289.4633 293.7044 
293.7044 297.9456 
297.9456 302.1868 

Above Below 
su r f  s u r f  _ _ - - - _ _ - _ _ _ -  
5100 -5101 
5101 -5102 
5102 -5103 
5103 -5104 
5104 -5105 
5105 -5106 
5106 -5107 
5107 -5108 
5108 -5109 
5109 -5110 
5110 -5111 
5111 -5112 
5112 -5113 
5113 -5114 
5114 -5115 
5115 -5116 
5116 -5117 
5117 -5118 
5118 -5119 
5119 -5120 
5120 -5121 
5121 -5122 
5122 -5123 
5123 -5124 
5124 -5125 
5125 -5126 
5126 -5127 
5127 -5128 
5128 -5129 
5129 -5130 

T a l l y  184 
mrem/hr f s d  

4.79653€+08 .0079 
4.20084E+08 .0116 
3.53748E+08 .0072 
3.01415E+08 .0111 
2.47087E+08 . O l  1 1 
2.06311E+08 .0139 
1.71 11 7E+08 .0160 
1.40542E+08 .0072 
1.18525E+08 .0132 
1.01732E+08 .0198 
8.48348E+07 .0174 
7.25931E+07 .0240 
5.88593E+07 .0126 
4.97336E+07 .0143 

- - - - - _ - - - - - - - - - - - -  

4.22599E+07 .OM2 
3.54105E+07 .0117 
3.01512E+07 .0117 
2.57778E+07 .0120 
2.20608Et07 .0126 
1.86652E+07 .0126 
1.58087E+07 .0127 
1.34985E+07 .0128 
1.16335E+O7 .0143 
9.995 17E+06 . 0 145 

7.24780E+06 .0143 
6.22696Et06 .0149 
5.32575E+06 .015 1 
4.62638E+06 . 0 163 
4.04428€+06 .0241 

8.60419E+06 .0225 

Z m i n  
(cm) 

310.5800 
315.0250 
3 1 9.4 70 0 
323.9150 
328.3600 
332.8050 
337.2500 
341.6950 
346.1400 
350.5850 

_ - - - - - - - -  

355.0300 
359.4750 
363.9200 
368.3650 
372.8100 
377.2550 
381 .7000 
386.1450 
390.5900 
395.0350 

Zrnax 
(cm) --.------ 

315.0250 
319.4700 
323.9150 
328.3600 
332.8050 
337.2500 
341.6950 
346.1400 
350.5850 
355.0300 
359.4750 
363.9200 
368.3650 ~ ~ - . - ~ .  
372.81 00 
377.2550 
381 .700O 
386.1450 
390.5900 
395.0350 
399.4800 

Above 
s u r f  

5140 
5141 
5142 
5143 
5144 
5145 

- - - _ _ -  
Be l ow 
su r f  _ _ _ _ - _  

-5141 
-5142 
-5143 
-5144 
-5145 
-5146 * 

5146 -5147 
5147 -5148 
5148 -5149 
5149 -5150 
5150 -5151 
5151 -5152 
5152 -5153 
5153 -5154 
5154 -5155 
5155 -5156 
5156 -5157 
5157 -5158 
5158 -5159 
5159 -5160 

T a l l y  194 
mrem/h r 

2.46532E+06 
2.15109E+06 
1.86015Et06 
1.48316E+06 
1.25324E+06 
1.06383E+06 

_ _ _ _ - - - _ _ - _ _  f sd 

.0177 

.0259 
-0364 
.0177 
.0184 
.0192 

8.98548E+05 .0199 
7.67443E+05 .0205 
6.55737E+05 .0211 
5.52912E+05 .0210 
4.70904E+05 .0216 
4.04357€+05 .0222 
3.46170Et05 .0228 
2.98821€+05 .0234 
2.56774Et05 .0239 
2.21575E+05 .0243 
1.90829Et05 .0250 
1.63317E+05 ,0255 
1.40187Et05 .0260 
1.20735E+05 .0266 

a) I n  T a l l y  184, each segment o f  Ce l l  2145 was 4.2412 cm t h i c k  and had a volume o f  493.55788 cc. 
b) In  T a l l y  194, each segment o f  Ce t l  4300 was 4.4450 cm t h i c k  and had a volume o f  433.74510 cc. * This p a r t i c u l a r  value has been adjusted manually t o  account f o r  the f a c t  t ha t  C e l l  4305 (which i s  

a l so  water, but i s  embedded i n  C e l l  4300) d imin ished the volume o f  t h i s  t a l l y  segment by 68.7649 cc. 
** These are labeled 8tapproximatef8 because, with the broad-group weight window b i a s i n g  scheme used, the 

low energy gamnas below 1.0 o r  3.0 MeV a r e  known with less and less c e r t a i n t y  as one goes back c lose r  
t o  the source, where the low energy gamnas a re  u l t i m a t e l y  ignored completely. 



have t o  be reduced by about 8% ( t o  about 111.8 Rem/hr) t o  account f o r  attenuation over the las t  ha l f  
o f  t h i s  4.445-an-thick segmnt of uater. Having done that, the canparison looks very good indeed. 

Before proceeding, i t  should be noted that the gama dose rates i n  Table 6.7 are labeled laapproxiaMtell. 
They are labeled %pproximatels because, as explained in  Sect 6.9.2.3 and ea r l i e r  i n  Sect 6.6, many of 
the lower-energy g a m s  produced by slowing dom i n  the upstream regions back closer t o  the source are 
intent ional ly being k i l l e d  by Russian Roulette and not being tracked. [In t h i s  context, nothing i s  ever 
rea l l y  "thrown away", and the weights of those surviving Russian Roulette are, of course, being adjusted 
t o  maintain a f a i r  gam. As one goes back closer t o  the source, however, the odds o f  surviving Russian 
Roulette become so diminishingly smll (c f  Figs 6.3 and 6.4), that  f o r  a l l  pract ical  purposes, m e  are 
ever r e a l l y  tracked, and the i r  contr ibutions t o  the dose rate as measured by the v o l w t r i c  track length 
estimators are { fo r  a l l  pract ical  plrpbses) t o t a l l y  missing.3 The second reason that these gama dose 
rates are Labeled aaapproximatesl, especial ly back near the source, i s  that  in  R u n  HB308G. a l l  of the gama 
p i n t  sources below 3 MeV uere t o t a l l y  ignored and not even included in  the calculat ion. This uas and 
i s  fu l l y  j us t i f i ab le  on the grounds that ( f o r  t h i s  part icular configuration) they uould be responsible 
for  less than t"x of the to ta l  gamna dose ra te  inpingent on the rotary shutter (as shoun i n  Sect 5.5). 
Jus t i f iab le  as i t  may be, it s t i l l  means that calculated dose rates in  the uater tube and flooded 
col l imator sections m s t  be regarded as 8tapproximateu, with the approximation becoming better and 
better as one moves from the swrce  touards the ro ta ry  shutter. 

If th is  data i s  approximate, uhy did ue bother t o  tabulate and report i t ?  
i t  i s  a prime diagnostic too l  and a key indicator o f  how good (or hou poor) the resu l ts  fur ther 
downstream may be. 

I t  i s  re la t i ve l y  easy t o  accurately calculate the dose rate dounstream of the flooded water tube 
and the flooded collimator sections ( v i z  the simple calculat ions i n  Sect 5.5 and Appendix C.6). 
It i s  qu i te  another matter, houever, t o  perform a good 3-0 analysis o f  the ro ta ry  shutter assembly 
where uult idimemional streaming may be inportant and must be assessed. 
determinist ic analyses must be abandoned, and even 3-D determinist ic methods are extremely l im i ted  
i n  the i r  a b i l i t y  t o  deal with such problems. 
To be meaningful, such a calculat ion nust f i r s t  be able t o  transport an extremely large n h r  of 
high-energy part ic les t o  a location jus t  upstream of the rotary shutter so that the d i s t r i bu t i on  
there can be well-characterized and sampled i n  a l l  directions, especial ly a t  the higher energies. 
Where do those high-energy gnrmas come from? They come frcnn the source ... and, t o  be useful, they 
must be transported uithout any loss of i n t e g r i t y  or s t a t i s t i c a l  degradation from the source region 
t o  the region of interest ( i n  t h i s  case, jus t  upstream of the ro ta ry  shutter). 
rea l l y  be assured that t h i s  i s  r e a l l y  being done? We monitor .the progress every inch of the uay. 

The fact  that results i n  Table 6.7 made no attenpt t o  account f o r  low-energy g a m s  from the source, 
and only a s t a t i s t i c a l l y  poor attempt t o  account f o r  gasmas that have slowed down t o  l w  energies, 
i s  irrelevant; that was not the intended purpose. The gama dose rate, based on the 19?7 ANSI Std 
Flux-to-Dose-Rate conversion factors#19, i s  heavi ly weighted t o  account fo r  the presence of high-energy 
g-s. AS such, i t  uas a good (and probably the s ingle most useful) barometer o f  s t a t i s t i c a l  
variat ions associated u i t h  the high-energy gamna fluxes. 
heavi ly sampled i n  a l l  direct ions of inportance ( ie,  i f  ore had a large nunber of h is to r ies  i n  the 
high-energy range that uere concentrated in  the n a r r w  cone of d i rect ions that stood a reasonable 
chance o f  making a contr ibution fa r  dwnstream), and i f  the uncertaint ies (fsd's) associated u i t h  
the high-energy gamm fluxes near the swrce  uere Lou, and i f  the broad-group ueight uindou approach 
was successful in maintaining Lou fsd's for  these high-energy gammas along the e n t i r e  length of 
the uater tube and the water - f i l l ed  col l imator (as characterized by t h i s  barometer), then and only 
then could one be assured of having a good and fu l l  representation of the high-energy gamna fluxes 
dounstream of the collimator, as uould be necessary fo r  a meaningful shielding analysis of the rotary 
shutter fur ther dounstream. Note, f o r  exanple, that  in  the case of a neutron analysis with no special 
biasing, the neutrons tend t o  " f i zz le  out" in the f i r s t  I O ,  15 or 20 cm of water i n  the uater tube, 
u i t h  only 2 out o f  250,000 neutron h is to r ies  even making i t  that far. In the case of a g a m  analysis 
u i t h  no special biasing, most gamna h is to r ies  never make i t  through 30 or 40 cm of uater before being 
k i l l e d  by Russian Roulette. Even i n  the prel iminary ganaua-only analyses (c f  Appedix C . 6 ) ,  uhere 
extensive use uas made of geometric s p l i t t i n g  t o  preserve the gatma population down the length o f  
the water tube and collimator, the unirrportant Lou-energy gama noise was preserved a t  a high level, 
and sane high-energy gawnas d id  manage t o  get through a l l  the uay t o  the end of  the ua te r - f i l l ed  
collimator, but the s ta t i s t i cs  associated u i t h  those a l l - inpor tan t  high-energy gamms had experienced 
severe degradation, and simply t a l l y i n g  the t o t a l  gama f lux  as a function of ax ia l  Location uas a 
uoeful ly inadequate indicator that masked over the degradation that had actual ly occurred i n  the high 
energy range. ( In that case, a su f f i c ien t  nuaber of par t i c les  had traversed the u a t e r - f i l l e d  collimator 
that the dose rate a t  the dounstream end (and the s t a t i s t i c s  associated u i t h  i t )  uere deemed acceptable, 

The ansuer i s  simple: 

Simple tools and 2-D 

Ultimately, one mrst turn t o  3-0 Monte Carlo analyses. 

And how can one 

I f  the high-energy gamna sources were 
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but the nunber o f  h i s t o r i e s  there, p a r t i c u l a r l y  i n  the higher energies, uas not  deemed adequate f o r  
going fo rua rd  from the re  u i t h  a sh ie ld ing  analysis o f  the shut ter  based on tha t  data. Look, f o r  example, 
a t  the gamna leakage terms f o r  Segment 5 in  Table C6.8; 
fsd's are a l ready i n  the 7-10% range, they increase t o  19% i n  the most important 7-7.5 MeV energy range, 
and go up t o  34.5% i n  the 8-10 MeV range. 
I f  a t  a l l  possible, these are not  the kinds o f  uncer ta in t ies tha t  one would l i k e  t o  have a t  the 
o f  a sh ie ld ing  ca lcu lat ion.  Moreover, f o r  other reasons explained i n  Appendix C.6.5, there uas no 
good veh ic le  f o r  moving foruard from tha t  po in t  wi th  a fo l low-up bootstrapped sh ie ld ing c a l c u l a t i o n  
o f  the r o t a r y  shu t te r  even if one had wanted to.) Having some 
s o r t  o f  barometer f o r  measuring uncer ta in t ies associated u i t h  the high-energy gamnas as they t raverse 
the uater tube and w a t e r - f i l l e d  co l l ima to r  i s  an invaluable diagnostic t o o l  t ha t  can be used t o  
v e r i f y  t h a t  t h e  high-energy populat ion i s  we l l  con t ro l l ed  ( ie :  not  dying out, and not overbiased) 
as i t  migrates through the system from the source t o  the u l t imate detector o f  interest. 
dose r a t e  as i t  i s  ca lcu lated here, even though i t  does not  aluays account f o r  a l l  the Lou-energy 
gamnas t h a t  might be present, i s  s t i l l  a very good and convenient t o o l  f o r  t ha t  purpose. 
the very small  and f a i r l y  constant fsd's shoun i n  Table 6.7 are judged t o  be absolutely excel lent  
(a  truly amazing and remarkable t r i b u t e  t o  the 3-0 broad-group ueight-window biasing scheme used 
here). 
the high-energy g a m  leakage terms dounstrearn o f  t he  col l imator, provides the best possible defense 
against poor sampling o f  high-energy p a r t i c l e s  j u s t  upstream o f  t he  r o t a r y  shut ter  sh ie ld  conf igurat ion.  

beginning a t  around 4 ,  5, o r  6 Mev uhere the 

Uncer ta in t ies i n  the angular d i s t r i bu t i on (s )  uere even larger. 

The point o f  these anecdotes i s  th is :  

The g a m  

Moreover, 

The a v a i l a b i l i t y  and inspect ion o f  t h i s  type o f  data, coupled u i t h  a carefu l  inspect ion o f  

6.9.4 Sumrary o f  Independent Checks on the Dose Rate Just Upstream of the Shutter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Table 6.8 surmarizes various estimates o f  the ca lcu lated g a m  dose r a t e  along the centerl ine, i n  o r  
near the v o i d  space betueen the co l l ima to r  and the r o t a r y  shutter, when the  195'8 HB-3 uater tube and 
co l l ima to r  sect ions a re  both flooded and the H F I R  i s  operating a t  100 MU. A l l  are h igh l y  consistent. 

The f i r s t  th ree  a re  based on the present weight-uindou-biased calculat ion, MCNP4B Run HB308G, but have 
used d i f f e r e n t  algori thms f o r  ca l cu la t i ng  the dose r a t e  a t  s l i g h t l y  d i f f e r e n t  locations. 
using a v o l u n e t r i c  t r a c k  length detector in  the l a s t  4.445 cm o f  uater ins ide the w a t e r - f i l l e d  co l l imator ,  
and using a boundary crossing t a l l y  t o  ca lcu late the average dose ra te  over a 2.75-inch x 5.5-inch area 
d i r e c t l y  dounstream o f  the flooded h o l e  in  the co l l imator ,  a re  meaningful and virtuous insofar  as they 
only count r e a l  p a r t i c l e s  tha t  have been successful ly transported t o  t h i s  region and are p resen t l y  being 
tracked. 
f o r  t he  high-energy gamnas are good, can one v e r i f y  t h a t  a large s tat is t ica l ly -meaningfu l  populat ion o f  
r e a l  %uner ica l  p a r t i c l e s "  a c t u a l l y  e x i s t s  in  a given energy range a t  a given location. Only then can 
t h i s  populat ion o f  n*nunerical pa r t i c l esan  f a i t h f u l l y  represent the rea l  distribution o f  photons in a l l  
elements o f  phase space (physical location, energy, and d i rec t i on ) ,  and on ly  then can adequate sampling 
i n  the l o c a l  reg ion be guaranteed. 
t a l l i e s  i n  t h e  region. Point detector t a l l i e s  may indeed s t i l l  be correct  without t h i s  independent 
confirmation, but one can never be sure u i thou t  it. Given tha t  rea l  p a r t i c l e  detectors ( vo lune t r i c  
t rack  length detectors  o r  boundary crossing t a l l i e s )  y i e l d  dose rates t h a t  are reasonably c lose t o  the 
po in t  detector  est imates and e x h i b i t  the v i r tuous cha rac te r i s t i cs  described above (and tha t  i s  a very 
important B 1 i f n n ) ,  then the  po in t  detector t a l l i e s  u i l l  l i k e l y  be much more accurate since they can a l so  
sample small  unco l l i ded  contr ibut ions from d i s t a n t  sources and as vel1 as m i l l i o n s  of d i s t a n t  c o l l i s i o n  
s i t e s  (855.3 m i l l i o n  c o l l i s i o n  s i t e s  i n  t h i s  p a r t i c u l a r  calculat ion). 

The r o l e  o f  v o l u n e t r i c  t rack length detectors and boundary crossing t a l l i e s  as diagnostic t o o l s  and 
%onfidence bui lders8# cannot be overstated, but t h e i r  irrportance goes f a r  beyond that. Had they not  
ind icated t h e  presence o f  a large t h r i v i n g  populat ion o f  photons i n  the high-energy range tha t  uere 
s t i l l  being a c t i v e l y  tracked i n  t h i s  region and uhich could be adequately sampled i n  a l l  elements 
o f  phase space, then i t  would have been impossible t o  go forward from t h i s  point u i t h  any s o r t  of 
Monte Car lo  sh ie ld ing  analysis o f  the r o t a r y  shut ter  s h i e l d  assembly, point detector responses no t  
uithstanding. Point  detectors responses are based on t rack ing lainvisiblels pseudoparticles from 
each source point and each c o l l i s i o n  s i t e ,  t o  the p o i n t  detector s i t e  o f  in terest .  
1/(4*pi*RA2) term i s  appl ied i n  each case, as i s  the appropriate exponential attenuation f a c t o r  
along the e n t i r e  o p t i c a l  ( l i n e  o f  s igh t )  path frcm each source o r  c o l l i s i o n  s i t e  t o  the detector  
s i t e .  Houever, t he  a1pseudoparticles41 remain i n v i s i b l e  t o  everything e lse i n  the calculat ion. They 
a re  not  recorded by vo lune t r i c  t rack  length detectors o r  by boundary crossing t a l l i e s ;  they do no t  
cause c o l l i s i o n s  or react ion rates o f  any type t o  occur anyuhere i n  the problem; t h e i r  t racks are 
i nv i s ib le ,  and they cannot be tracked beyond the p o i n t  detector t o  uhich they are going. 
p r a c t i c a l  purposes, i n  the r e a l  world they don't ex is t .  The f a c t  that  a point detector upstream 
of the r o t a r y  shut ter  can see these pseudoparticles and can ca lcu late a response based upon them 
does not  necessar i ly  mean t h a t  the r e a l  shut ter  u i l l  ever see any rea l  par t ic les.  
the r e a l  shu t te r  u i l l  ever see i n  the sh ie ld ing analys is  are r e a l  p a r t i c l e s  that  l e f t  r e a l  p a r t i c l e  
t racks as recorded by the r e a l  ( vo lune t r i c  o r  boundary crossing) t a l l i e s .  Thus, i f  one plans t o  
continue fo rua rd  from t h i s  point u i t h  a rea l  sh ie ld ing  analysis o f  the r o t a r y  shutter, i t  i s  n o t  
on l y  reassuring but Baimperative18 tha t  one use these t a l l i e s  t o  v e r i f y  the existence o f  a large 
nunber o f  r e a l  p a r t i c l e  t racks (especia l ly  high-energy ones) i n  the region upstream o f  t he  shutter. 

The f i r s t  tuo, 

Only by look ing a t  these detector r e s u l t s  as a funct ion o f  energy and making sure t h a t  the fsd 's  

Moreover, on ly  then can one have f u l l  confidence i n  any p o i n t  detector 

The appropriate 

For a l l  

The on ly  p a r t i c l e s  
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Table 6.8. Various estimates of the g a m  dose r a t e  (Rem/hr) betueen the end of the 
w a t e r - f i l l e d  co l l imator  and the ro ta ry  shutter. 

Results from HCNP4B R u n  HB308G: 

Descr ip t ion of Detector and Exact Location . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Volume detector  i n  l a s t  4.4450 cm o f  water 
(2=395.0350 t o  2=399.4800 cm) inside the 
u a t e r - f i l l e d  co l l imator  (c f  Table 6.7) 120.735 Rem/hr +/- 2.66% 

Boudary crossing t a l l y  f o r  the rectangular 
2.75-inch x 5.5-inch cent ra l  por t ion  of  a 
plane, 0.24945 cm downstream o f  cotl imetor 
ex i t ;  piane located a t  Zt401.9745 cm 
(Ta l l y  212, Segment 5; c f  Table D5.2); 110.861 R&hr +/- 2.70% 

Point detector  located on the centerline, 
a t  2=407.464 cm, i n  vo id space between 
the co l l imator  and the ro ta ry  shutter 
(Ta l l y  15; c f  Table 6.6)  103.991 Rem/hr +/- 0.52% 

Results from e a r l i e r  independent calculations: 

3-group hand c a l c u l a t i o n  described 
in Sect 5.2; based on attenuation 
through 224.53 cm o f  water 

23-group po in t  kernel  ca lcu la t ion  
described i n  Sect 5.5 

Point detector  located on centert ine 
a t  2407.464 cm (downstream o f  coL l imtor ,  
shut ter  not modeled); based on preliminary, 
h igh ly  s i m p l i f i e d  d e l  i n  MCNP R u n  HB307C; 
only used simple geometric s p l i t t i n g  (see 
Tal ly  25, i n  Table C6.5, Appendix C.6) 

90.232 Rem/hr - - - - - - - - -  

103.048 Rem/hr - - - - - - - - -  

109.310 Rm/hr +/- 1.14% 
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Point detectors can be good ind icators  (and f requent ly  the best i nd i ca to rs )  o f  f luxes and dose rates 
a t  locations that  might otheruise the d i f f i c u l t  t o  ca lcu late f o r  va r ious  other reasons, "but tha t ' s  
about a l l  they're good fo r "  general ly. To be f a i r ,  i f  one had access t o  p o i n t  detector  in format ion 
from enough locations, and uas both c rea t i ve  and ambitious enough t o  create a space-energy-direction- 
dependent source d i s t r i b u t i o n  manually from tha t  information (a f i n e  and noble but underappreciated 
t rad i t ion) ,  the ca lcu lat ional  bene f i t s  could a lso be tremendous. That approach has a l s o  been used 
q u i t e  successful ly i n  other HFIR-related applications, but uas not  chosen as the  optimal course o f  
act ion i n  t h i s  pa r t i cu la r  problem. 

Lastly, Table 6.8 a lso shows three other estimates o f  the ca lcu lated dose r a t e  a t  t h i s  location, 
based on three cotrpletely independent ca l cu la t i ona l  techniques prev ious ly  described in  Sect 5 
and/or Appendix C.6. These include a 3 - g r w p  hand ca l cu la t i on  based o f  t he  at tenuat ion o f  the 
o r i g i n a l  po in t  sources through 224.53 cm o f  uater, a 23-group po in t  kernel  c a l c u l a t i o n  t h a t  came 
u i t h i n  1% of the best ( rectmmndd)  p o i n t  detector estimate above, and an e a r l i e r  value from a 
h igh ly -s imp l i f i ed  pre l iminary MCNP model (described i n  Appendix C.6) uhich on ly  used simple 
energy-independent geometric s p l i t t i n g .  Results o f  a l l  three methods a re  i n  good agreement 
u i t h  each other, and u i t h  the  r e s u l t s  o f  the present calculat ion. The l a t t e r  i s  espec ia l l y  
important because i t  erases any doubt regarding the various normal izat ion parameters needed 
i n  t h i s  ca lcu lat ion and/or i n  the generation o f  the 3-D broad-group ueight  uindous used i n  
t h i s  calculat ion. 

6.9.5 Boundary Crossing Data Downstream o f  E n t i r e  Shield Configuration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Figure 6.6 shous a sketch o f  the end o f  the e n t i r e  sh ie ld  conf igurat ion a t  2=478.79 cm, as would be 
seen i f  one uere standing outs ide the system (where the monochrometer drun uould normal ly  be located), 
looking back towards the s t e e l - l i n e d  concrete block assembly ho ld ing t h e  r o t a r y  shut ter .  The small 
nunbers, 1 through 10, i nd i ca te  the surface segment n&rs corresponding t o  T a l l i e s  231 and 232, the 
resu l t s  of uhich a r e , s m m r i z e d  belou i n  Tables 6.9 and 6.10. Segment 10 ( in  the center) corresponds 
t o  the 6.5-inch-diameter ho le coming out  from the r o t a r y  shutter and through the  concrete b lock assembly 
holding shutter, while segment 9 i s  the remainder o f  t he  83.5025 cm x 83.5025 cm face o f  the s t e e l - l i n e d  
concrete block assenbly ho ld ing the r o t a r y  shutter. 
betueen the concrete block a s s d l y  and the b io log i ca l  shield, whi le  segments 1 t o  4 represent por t ions 
o f  the s tee l -c lad b io log i ca l  sh ie ld  beyond that ,  out t o  a radius o f  65 cm. 
i n te res t  (based on Ta l l y  232) are s m r i z e d  d i r e c t l y  on Fig. 6.6. 

Segments 5 t o  8 a r e  the 1.74625-cm clearance gaps 

Most o f  t he  key r e s u l t s  of 

In addi t ion t o  the llarea-averaged" dose rates f o r  each o f  the 10 segments comprising t h i s  planar surface 
a t  Z=478.79 cm, Table 6.9 a l so  shous the in tegrated g a m  leakage (p/s) across each segment. From th is ,  
i t  i s  q u i t e  clear that  most o f  the g a m  leakage i s  indeed coming from Segments 9 and 10, u i th  almost 
h a l f  o f  t ha t  coming from Segment 10, the 6.5-inch-diam hole d i r e c t l y  downstream o f  t he  r o t a r y  shutter. 
Because the leakage through each of t h e  other 8 segments i s  r e l a t i v e l y  Lou, t h e i r  s t a t i s t i c s  are marginal. 
For boundary crossing t a l l i e s  such as these, f rac t i ona l  standard dev iat ions o f  0.10 a re  genera l ly  
considered q u i t e  good and acceptable. With fsd 's  betueen 23% and 39% (mostly around 25x1, the ca lcu lated 
dose rates are l i k e l y  t o  be accurate t o  u i t h i n  about a fac to r  o f  tuo s ince the actual  unce r ta in t i es  vary 
in a non-l inear fashion u i t h  the fsd's. Nevertheless, t h i s  i s  considered u h o l l y  s u f f i c i e n t  f o r  the 
present purpose. Even a f t e r  making allouances f o r  t h i s  higher uncertainty, one can say u i t h  reasonable 
confidence that the dose ra tes  i n  and around the clearance gaps are u e l l  be lou those a t  t he  center l ine,  
and one can say u i t h  absolute confidence t h a t  they are d e f i n i t e l y  n o t  orders o f  magnitude above the dose 
r a t e  a t  the centerline. Moreover, asymnetric va r ia t i ons  in the external  dose ra tes  and g a m  leakage 
rates shoun i n  Fig. 6.6 and discussed i n  Sect 6.9.5.3 are wholly cons is tent  u i th  expectat ions and c l e a r l y  
ind icate tha t  t h i s  model ( u i t h  the b ias ing scheme used) i s  sens i t i ve  t o  i n t e r n a l  streaming e f f e c t s  ( i n  
and around the ro ta ry  shut ter )  t o  the point  that ,  i f  these e f f e c t s  uere s i g n i f i c a n t ,  t h e i r  presence uould 
be c l e a r l y  and read i l y  i d e n t i f i a b l e  in the t a l l y  output uith f a r  greater  prec is ion.  As i t  is, i n t e r n a l  
streaming e f fec ts  are already c l e a r l y  and r e a d i l y  i d e n t i f i a b l e  beyond any shadow o f  s t a t i s t i c a l  doubt, 
but the magnitude o f  the.associated dose ra tes  are u e l l  belou the threshold o f  concern. 

Lastly, Table 6.10 focuses on the tuo key areas o f  primary in terest ,  Segments 9 and 10. 
these areas, Table 6.10 l i s t s  the in tegrated g a m  leakage rates (p/s) by energy group, and the 
area-averaged g a m  dose ra tes  (mrem/hr) by energy group. O f  p a r t i c u l a r  i n t e r e s t  here i s  the f a c t  t h a t  
the lgaverage" dose r a t e  across the 6.5-inch-diam hole i s  0.4596 mrem/hr +/- 3.7%. Just as the t o t a l  
leakage r a t e  and t o t a l  g a m  dose r a t e  fo r  each segment are both u e l l  converged ( t o  uithin 3.7% for 
segment 10, and t o  u i t h i n  5.5 o r  6.0% f o r  segment 91, so also are the  con t r i bu t i ons  frm a l l  the key 
energy groups. [Unlike the region upstream o f  the shut ter  where "key energy groups" meant anything 
above 5 o r  6 MeV ( t y p i c a l l y  rad ia t i on  i n  the 7-10 MeV range), the expression here means "anything 
tha t  contr ibutes s i g n i f i c a n t l y  t o  the dose r a t e  a t  t h i s  location" s ince  the re  i s  no more sh ie ld ing  
t o  go through and any r a d i a t i o n  tha t  gets here i s  automatical ly f o lded  w i t h  the  1977 ANSI S t d  
f lux-to-dose-rate conversion factors  t o  ca l cu la te  the t o t a l  dose rate. Thus, i n  t h i s  case, i f  m s t  
of the dose c m s  from the intermediate energy groups (0.7 t o  6 MeV f o r  t he  main face, o r  1 t o  8 MeV 
fo r  the central hole), then these are by d e f i n i t i o n  the "key energy groupsa1 f o r  these locations.1 

For each o f  
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AVG 
0.02 

ORIENTATION: STANDING OUTSIDE NUMBERS 1 TO 10 INDICATE 
SYSTEM, LOOKING BACK TOWARDS T A L L Y  232 SEGMENT NUMBER 
THE ROTARY SHUTTER FOR PARTICULAR AREA / 

AVG DOSE OVER GAP IS 
7 0.0222 MREM/HR * 34% 

g AVG DOSE OVER MAIN AREA 
0,0135 MREM/HR f 6,0% 

x (UP) 

W A V G  DOSE OVER 
65- INCH-OIAM DISK 

MAX DOSE RATE 
0.4596 MREM/HR 

A T  CENTER IS 
? 3.7% BASED ON 0,8934 MREM/HR 

SURF TALLY 232 
2 3,3% BASED ON 
PT D E T  T A L L Y  45 

AVG DOSE OVER GAP IS r ~ ~ 1 5 0  MREMA-IR t 2 4 %  

GAP IS 
f 37% 

THESE CALCULATED DOSE RATES 

FROM ACTIVATED GAMMA SOURCES 
(WHICH ARE FAR MORE IMPORTANT) 

DO NOT INCLUOE CONTRIBUTIONS 4 

Fig. 6.6. ExternaI dose rates averaged over different portions of the downstream surface of the entire shield configuration 
(at 2=478.79 cm), including the central 6.5-inch-diam hole downstream of the shutter, the main face of the concrete block 
assembly holding the rotary shutter, and each of the four 1.74625-cm-wide clearance gaps between the biological shield 
and the concrete block assembly, when the 1998 water tube and collimator sections are both flooded, the shutter is closed, 
and the HFTR is operating at 100 MW. 



Table 6.9. I n teg ra ted  gama leakage ra tes  (p/s)  and  area-averaged g a m  dose ra tes  (mrem/hr) f o r  var ious po r t i ons  
o f  a plane surface imnediately downstream of the e n t i r e  s h i e l d  con f igu ra t i on  ( i e ,  a t  2.478.79 cm, corresponding t o  
the downstream sur face o f  the s t a i n l e s s  s t e e l  l i n e r  on the concrete b lock assembly ho ld ing the r o t a r y  shu t te r ) .  
The locat ions o f  the var ious area segments are i l l u s t r a t e d  i n  Fig.  6.6, where segment 10 i s  the 6.5-inch-diam ho le  
in  the middle, d i r e c t l y  downstream of the shu t te r ,  and segment 9 corresponds t o  the remainder o f  t he  c e n t r a l  block. 
These values were ca l cu la ted  by T a l l i e s  231 and 232 i n  Run HB308G. More d e t a i l e d  r e s u l t s  may be found i n  Appendix D.5 

Segment 
Number Desc r ip t i on  ---.--- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Por t i on  o f  concrete b i o l o g i c a l  sh e l d  on ( e f t  .......... 
Por t i on  of  concrete b i o l o g i c a l  s h i e l d  on r i g h t  ......... 
Por t i on  o f  concrete b i o l o g i c a l  s h i e l d  on top ........... 
Por t i on  o f  concrete b i o l o g i c a l  s h i e l d  on bottom . . . . . . . . 
Gap on Lef t ,  between b i o  s h i e l d  and c e n t r a l  b lock .... 
Gap on r i g h t ,  between b i o  s h i e l d  and c e n t r a l  b lock .... 
Gap on top, between b i o  s h i e l d  and c e n t r a l  b lock .... 
Gap on bottom, between b i o  s h i e l d  and cen t ra l  b lock .... 
Face o f  concrete block ho ld ing  shu t te r  (exc lud ing 10) .. 
6.5-inch-diam ho le  leading d i r e c t l y  t o  r o t a r y  shu t te r  .. 

1438.21 cm2 

1438.21 cm2 

1414.34 cm2 

1414.34 cm2 

151.915 cm2 

151.915 em2 

145.816 cm2 

145.816 cm2 

6758.58 cm2 

214.084 cm2 

In teg ra ted  
Gama Leakage 

photons/sec f sd 

3.17051e+3 .2392 

9.01193e+3 .3904 

3.68030e+3 .2432 

2.90242e+3 .2266 

1.00144e+3 .2389 

2.06711e+3 -3601 

9.61594e+2 .2933 

6.95966e+2 .2372 

2.70641e+4 .OS46 

2.57918e+4 .0365 

_ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _  

Average Gama 
Dose Rate 

mrem/h r f sd 

8.50096e-3 .2559 

2.63248e-2 .4254 

...------_____--_ 

1.02264e-2 .2589 

7.81712e-3 .2387 

2.17049e-2 .2638 

4.77339e-2 .3710 

2.22012e-2 .3380 

1.49776e-2 .2425 

1.35404e-2 .OS97 

4.59621e-1 .0374 

Note that :  

(1) These estimates are based on r e a l  boundary cross ing t a l l i e s .  That i s  s i g n i f i c a n t ,  because v o l t m e t r i c  t rack  
length t a l l i e s  and boundary cross ing t a l l i e s  on l y  sense r e a l  pa r t i c l es ;  when one can get good s t a t i s t i c s ,  
these types o f  t a l l i e s  a re  considered much more r e l i a b l e  than p o i n t  detectors  which sense pseudopart ic les.  

(2)  A large f r a c t i o n  o f  the t o t a l  gama leakage (p/s) comes through the smal l  6.5-inch-diem ho le  i n  the middle 
(segment 70). as wel l  as through the main face (segment 9 ) .  Both w e l l  converged. That i s  very  important.  

(3) While the dose r a t e  d i r e c t l y  i n  f r o n t  o f  the cen t ra l  h o l e  (segment 10) i s  dominent, average dose ra tes  f o r  the 
other  areas appear low because o f  t he  l a rge  areas over which they were averaged. To assess r e l a t i v e  con t r i bu t i ons  
from these regions, look a t  the i n teg ra ted  leakage terms o r  p o i n t  detector  responses f u r t h e r  from the surface. 

(4) The mtaveragemm dose r a t e  over the  c e n t r a l  6.5-inch-diam ho le  (segment I O )  i s  o n l y  1.944 times lower than the lapeakam 
value a t  the cen te r t i ne  g iven by p o i n t  de tec to r  T a l l y  45. 
i s  I tpos i t ive conf i rmat ion" t h a t  t he  p o i n t  detector  values a re  t rustworthy.  

(5)  See other notes i n  main tex t .  

The f a c t  t ha t  the two are i n  such exce l l en t  agreement 



The fact that  the t o t a l  dose rates are so u e l l  converged and tha t  the corresponding dose rates i n  each 
of the key energy groups are so uniformly u e l l  converged, i s  a t r i b u t e  t o  the 3-D broad-group ueight 
windou biasing scheme used, and mans that one can indeed have a great deal of confidence i n  these 
part icular results. 

6.9.5.1 Boundary Crossing Estimate of Dose Rate C o n f i r m s  Point Detector ______-___----------------------------------------*------.-------------- 
AS indicated on Fig. 6.6, the i1averagea4 dose rate across the central  6.5-inch-diam hole domstream of the 
shutter i s  0.45% mrem/hr +/- 3.7%. Results fo r  t h i s  region (Segment 10 o f  Ta l l y  232 i n  Table 6.10) also 
shou that the constituent dose rates i n  each o f  the key energy groups are s im i la r l y  and uniformly u e l l  
converged, thus j us t i f y i ng  a high level  of confidence in  t h i s  par t i cu la r  result.  The fact  that i t  has 
excellent s t a t i s t i c s  and i s  based on a bwndary crossing t a l l y  uhich only senses the presence of real  
particles, warrants an added degree of confidence in  t h i s  result. 
the steel shutter i s  l i k e l y  t o  be very forward-directed and concentrated along the centerline, t h i s  value 
of 0.4596 mrem/hr, averaged across the en t i re  6.5-inch-dim disk, i s  h igh ly  consistent u i t h  point detector 
Tal ly 45 which registered a "peak" dose rate of 0.8966 mrem/hr +/- 3.4% along the centerline. 

Given tha t  radiat ion passing through 

6.9.5.2 Significance of This Confirmation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Point detector estimates of fluxes or dose rates, by themselves, may or  may not uarrant a high degree 
of confidence. I f ,  due t o  tracking d i f f i c u l t i e s  o r  insu f f i c ien t  biasing, co l l i s ions  i n  nearby material 
regions closest t o  the point detector are! not adequately sanpled, the point  detector response may or may 
not be valid, even i f  i t  appears t o  be vel1 conwrged; i n  tha t  case, there i s  often no uay t o  t e l l  f o r  
sure (although other edits, such as l 'col l is ions by cell", may provide some l i m i t e d  reassurance). 
only uay t o  be sure that those local regions closest t o  the detector are being adequately sanpled i n  a l l  
the key energy ranges, i s  t o  use a volunetr ic track length counter i n  that region, or a boundary crossing 
t a l l y  betueen the point detector and the region of interest. 
measure the presence of rea l  p a r t i c l e  trecks i n  the region. 
tracks in  the region of interest  or the energy ranges of interest ,  then the point  detector t a l l y  may or 
may not be yielding a correct resul t .  [Indeed, it may s t i l l  be correct, but there's no uay t o  prove it; 
alternately, i t  could be urong.1 On the other hand, i f  the volunetr ic t rack length detector or the 
boundary crossing t a l l y  does shou that the population in t h i s  region o f  space-energy phase space i s  
being adequately represented by a s t a t i s t i c a l l y  large and meaningful nmhr o f  real  par t i c le  tracks, then 
m can be assured that t h i s  element of phase space i s  being adequately sampled. 
the p i n t  detector response i s  l i k e l y  t o  be more accurate (and be t te r  converged) that  the volunetric 
track length counter or the boundary crossing t a l l y  since i t  can also sense m i l l i ons  of extremely small 
contributions from every c o l l i s i o n  anyuhere in the system as wel l  as uncol l ided contributions from every 
source point. 

Thus, the significance of the boundary crossing estimate of the dose ra te  averaged across the 6.5-inch-diam 
hole i s  not so much that i t  uas aacloseai t o  the point detector estimate (although ue uere certainly pleased 
that t h i s  uas the case). but that the boundary crossing estimate o f  the t o t a l  dose rate uas wll-converged 
and that a l l  the constituent dose rates uere vel1 converged i n  a uniform fashion fo r  each of the key energy 
groups of interest, thus guaranteeing that the fluxes and co l l i s i ons  in  the material regions close t o  the 
point detector uere adequately sanpled. That being the case, t h i s  point  detector estimate of the peak dose 
rate along the centerl ine (0.8934 mrem/hr +/-3.3%) i s  beyond reproach, and a high degree of confidence in 
that resul t  i s  c lear ly  warranted. 

The 

These tuo types o f  detectors u i l l  only 
I f  they shou an absence of real  pa r t i c l e  

In that happy event, 

Uhile probably of less interest  frm a programnatic vieupoint, t h i s  section i s  included in abbreviated 
form t o  (1) highl ight  the power of the methodology nou being used and (2) t o  provide as mrch reassurance 
as possible that i f  inportant streaming ef fects uere present, they uould have been c lear ly  and readi ly 
iden t i f iab le  i n  the t a l l y  outputs with far  greater precision than i s  presently the case. 
internal streaming ef fects are already c lear ly  and readi ly i den t i f i ab le  beyond any shadou of s ta t i s t i ca t  
doubt, but the magnitudes of the associated dose rates are u e l l  belov the threshold of concern. Because 
of that, fol lou-up calculat ions to  better calculate the local dose rates d i r e c t l y  i n  front of the clearance 
gaps have never been undertaken, although that could eas i l y  be done by using the exist ing boundary source 
f i l e  upstream of the shutter, the exist ing ueight-uindow f i l e ,  and the ex is t ing  MCNP model a f te r  the 
addit ion o f  appropriate point detectors a t  these locations. The key point  t o  be demonstrated here . is  that 
the present model i s  sophisticated and pouerful enough that even weak streaming ef fects l i k e  those found 
here uere detectable and d i d  not go unnoticed. 
further attention. 

As i t  is, 

H a d  they been more pronounced, they uould have received 

127 



Table 6.10. Integrated gama leakage rates (p/s) and area-averaged g a m  dose rates (mrem/hr) by energy 
group, a t  2=478.29 cm, imnediately downstream o f  the 6.5-inch-diam hole and the remainder o f  the square 
(83.5 cm x 83.5 cm) face o f  the concrete block assembly holding the r o t a r y  shut ter  (see segments 10 and 
9, respectively, i n  Fig. 6.6). These values were calculated by Ta l l ies  231 and 232 i n  Run HB308G, with 
the 1998 HB-3 water tube and co l l imator  sections flooded, the shutter closed, and the H F I R  a t  100 MU. 

Emin  Emax 
(MeV) (MeV) 

0.010 - 0.020 
0.020 - 0.045 
0.045 - 0.070 

. 0.070 - 0.10 
0.10 - 0.15 
0.15 - 0.30 
0.30 - 0.40 
0.40 - 0.51 
0.51 - 0.60 
0.60 - 0.70 
0.70 - 1.0 
1.0 - 1.5 
1.5 - 2.0 
2.0 - 2.5 
2.5 - 3.0 
3.0 - 4.0 
4.0 - 5.0 
5.0 - 6.0 
6.0 - 7.0 
7.0 - 7.5 
7.5 - 8.0 
8.0 - 10.0 
10.0 - 14.0 

Total: 

mrem/hr f sd 

9.63548e-6 .2006 
4.37461e-5 -0794 
5.65988e-5 -0583 
2.50063e-4 -0436 
1.59958e-3 -0405 
1.03948e-2 -0368 
8.11035e-3 -0366 
9.31381e-3 .0366 
1.23883e-2 -0369 
6.26229e-3 -0358 
1.83411e-2 -0355 
2.84631e-2 -0353 
2.60992e-2 -0350 
2 -47421 e-2 -0347 
2.37765e-2 .0343 
4.60422e-2 .0334 
4.67043e-2 -0332 
4.74763e-2 -0360 
6.01868e-2 -0444 
2.46268e-2 -0626 
5.88834e-2 -0603 
5.85047e-3 -2340 
o.oooooe+o .oooo 
4.59621e- 1 -0374 
_ _ _ _ _ - - _ _ _ _ - _ - - - _  

photons/sec fsd  

2.33257-0 .1428 
1.47449-1 .0794 
3.76023e+1 .OS49 
1.42192-2 .0431 
6.59894-2 .0384 
2-50157-3 -0372 
1.32099-3 .0370 
1.24438-3 -0370 
1 -36578-3 -0374 
6.64158-2 -0362 
1.68859e+3 -0357 
2.16100e+3 .0354 
1.67111*3 -0349 
1.38697-3 .0346 
1.19483-3 -0342 
2.0281 2e+3 .0332 
1.79384-3 -0331 
1.61421-3 .0360 
1.84814-3 .0444 
7.02803-2 .0627 
1 .60594~3 .0603 
1 .42562e+2 .2340 
o.oooooe+o .oooo 
2.57918-4 .OM5 
- - - - _ _ _ _ _ _ _ _ _ _ _ _ _  

mrem/hr f sd 

8.22639e-7 -3894 
9.82171e-7 -0851 
1.44273e-6 -0753 
6.74252e-6 .0583 
4.71959e-5 .0551 
3.78841e-4 .0507 
3.59998e-4 -0515 
4.38628e-4 .0536 
4.90946e-4 .0586 
3.46807e-4 .0509 
1.00310e-3 .0502 
1.52432e-3 .0495 
1.37897e-3 -0509 
1.30285e-3 -0721 
1.09610e-3 -0447 
1.84037e-3 -0464 
1.32412e-3 -0540 
1.01366e-3 -0938 
5.33744e-4 -1100 
1.18871e-4 .1812 
3.17169e-4 .7272 
1.47016e-5 .3629 
o.oooooe+o .oooo 
1.35404e-2 -0597 
- -_ - - - -_ - - - - -_ - - -  

photons/sec f s d  

2.80732e+O .2651 
9.49487-0 -0880 
2.79090~1 .0783 
1.04838-2 .0597 
5 .48003~2 .0529 
2.46285~3 -0510 
1.55019-3 .0520 
1.53628-3 -0538 
1.45508-3 .0590 
9.75231-2 .0502 
2.51209~3 -0512 
3.31417e3 -0517 
2.61635-3 -0534 
2.21142-3 -0779 
1 -67637-3 .0455 
2.49730~3 .0470 
1.58123-3 .0547 
1.07907*3 .0941 
5.13961-2 .1100 
1 .06657~2 -1807 
2.71564ec2 -7262 
1.12521e+l -3630 
o.oooooe+o .oooo 
2.70641e+4 -0546 
- _ - _ - _ _ - - - - - - - - - -  

Note tha t  while these estimates are based on rea l  boundary crossing t a l l i e s ,  they are well  converged due 
t o  the broad-group weight window b ias ing  scheme used i n  t h i s  analysis. More importantly, note tha t  the 
the "average" dose r a t e  over the cent ra l  6.5-inch-diam hole (segment 10) i s  on ly  1.944 times lower than 
the 'Ipeakll value a t  the center l ine given by po in t  detector T a l l y  45. The fac t  tha t  the two are in  such 
excel lent agreement i s  "pos i t i ve  confirmation18 that the point detector values are trustuorthy. 
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6.9.5.3.1 Clear Right-to-Left Variations Indicative of Streaming i n  the Shutter Beam Hole . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Uhen the shutter i s  in the closed posit ion, the centerl ine of &e large 3.5-inch-dim beam hole through 
the shutter i s  rotated 66.75 degrees auay frm the centerl ine of the beam tube. 
view o f  the shutter shoun i n  Fig. 6.la, t h i s  u i l l  f a c i l i t a t e  radiat ion streaming from r i g h t - t o - l e f t  i n  
plane o f  tha t  f igure, uhich means from le f t - t o - r i gh t  uhen viewed from the outside as shorn i n  Fig. 6.6.  
Thus, one would expect that  the dose rates and leakage rates fo r  the clearance gap and b io log ica l  shield 
on the r i g h t  side o f  Fig. 6.6 (cf  Segments 6 and 21 would be someuhat larger than f o r  the corresponding 
regions on the l e f t  (cf  Segments 5 and 11. 
c lea r l y  shou that  ef fect .  
50 times less than those along the centerline, and even though the fsd's in  these segments are therefore 
r e l a t i v e l y  large (on the order of 25-30%), Table 6.11a c lear ly  shous that the dose rates and leakage 
rates f o r  the clearance gap on the r i g h t  are a h t  2.13 times bigger than those on the l e f t ,  uh i l e  the 
dose rates end leakage rates for that por t ion  of the biological  shield on the right are about 2.97 times 
bigger than those on the l e f t .  Given that these ra t ios  are rmch bigger than anything one might expect 
dw t o  random variat ions based on these fsd's, and given that a l l  four ra t ios  tabulated in  Table 6.11a are 
p re t t y  consistent u i t h  each other arid uhol ly consistent u i t h  uhat one uould expect based on the geometric 
configuration, i t  i s  safe t o  conclcde that preferent ia l  d i rect ional  streaming u i t h i n  the shutter shield 
plug does ex is t  and i s  being accounted f o r  u i t h i n  the model. Moreover, i t  i s  comforting t o  know that the 
present model (u i t h  t h i s  ueight-window biasing scheme) i s  sophisticated and pouerful enough that these 
ef fects are c lea r l y  and readi ly iden t i f iab le  even though the external manisfistations of internal  streaming 
are wel l  belou the threshold of concern in t h i s  part icular case. It means, for  example, that  a l l  the key 
phenomena are already being adequately sampled and therefore, had the geanetric configuration permitted 
subs tan t ia l l y  more streaming, the e f fec ts  wuld have bewr even m r e  c lear ly  and read i l y  i den t i f i ab le  (viz, 
calculated external dose rates would have been much Larger, and the associated uncertaint ies uwld have 
been much smaller). 

As indicated in  the top 

I n  fact, that  i s  the case, and the calculat ional  resul ts 
Even though the f luxes and dose rates f o r  these regions are 10, 20, or even 

6.9.5.3.2 Sl igh t  Top-to-Bottom Variations Indicative of Streaming i n  the Gap Above the Shutter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Likeuise, t o  a lesser but s t i l l  observable extent, there i s  a s imi lar  asymnetric var ia t ion  i n  the 
external dose rates and leakage rates in  the ver t i ca l  d i rect ion caused by the posi t ion o f  the ro ta ry  
shutter sh ie ld  plug inside the cavity. Fig. 3.13 shows the MCNP model of the c a r h  steel  ro ta ry  
sh ie ld  plug s i t t i n g  atop the stainless steel  l i ne r  inside the concrete block housing assembly. 
a 5/16-inch clearance gap was assuned circunferent ia l ly  around the carbon steel shield plug, and a 
s imi la r  5/16-inch clearance gap was assuned atop the carbon steel shield plug, no such clearance gap 
uas assuned on the bottom since the carbon steel shield plug uas ass& t o  be s i t t i n g  f lush  against 
the bottom l iner .  
MCNP calculat ion, the e f fec t  of that clearance gap near the top, uh i le  small, i s  s t i l l  ca lcu la t iona l l y  
observable. Table 6.11b shous, fo r  exanple, that the dose rates and leakage rates fo r  the clearance 
gap on the top are about 1.43 times bigger than those on the bottom, uh i le  the dose rates arid leakage 
rates f o r  that  por t ion  of the biological  shield on the top are about 1.29 times bigger than those 
on the bottom. Uhi le these ra t ios  are arguably not much bigger than the associated fsd's shown in 
Table 6.9, i t  i s  s igni f icant that a l l  four ra t ios  tabulated i n  Table 6.11b are very consistent u i t h  
each other and uhol ly consistent uith uhat one uould expect based on the geometric configuration. 
Based on this,  i t  would be reasonable t o  conclude that there i s  some internal streaming i n  the 
clearance gap above the carbon steel shield plug, and that t h i s  i s  being accounted fo r  u i t h i n  the 
model. Again, i t  i s  comforting t o  know that the present model i s  capable of detecting such ef fects 
even though the external manifestations of internal streaming, i n  th i s  part icular case, are u e l l  
below the threshold of concern. Moreover, i t  indicates again, that a l l  the key phenomena are indeed 
being sampled and therefore, had the geometric configuration permitted substantial ly more streaming, 
the e f fec ts  would have been even m r e  c lear ly  and readi ly identi f iable. 

While 

While no attempt was reade t o  bias the gamma f l u x  up or dmn ve r t i ca l l y  in  t h i s  

The fol lowing calculat ions are not complex or elegant. 
s im i la r  in nature t o  what uas l i k e l y  used i n  the or ig ina l  1960 design analysis. 
they appear t o  give resul ts that are i n  very g o d  agreement u i t h  those from MCNP Run HB308G. 

They are basical ly handbook calculat ions 
Nevertheless, 

This i s  a check on the transmission through the carbon steel port ion of the rotary shutter as shorn i n  
Fig. 6.7. The s ta r t ing  point  w i l l  be the known or assuned dose ra te  upstream of the ro ta ry  shutter. 
I t  i s  assuned that the dose rate here i s  110 Rem/hr, and that most of the dose comes from gaiunas in  
the 7.5 t o  8.0 MeV energy range. This i s  a safe and very reasonable assunption that needs no fur ther 
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Table 6. l la. Asymnetric r i g h t - t o - l e f t  va r ia t i ons  i n  external  dose rates and 
leakage rates. Because these asymnetric var ia t ions:  (1) are q u i t e  large l i e ,  
f a r  i n  excess o f  any uncertaint ies], (2) are so consistent u i t h  each other, 
and (3)  are fu l l y  consistent with the (slanted) o r i e n t a t i o n  o f  the large beam 
hole through the shutter, these resu l t s  a re  c l e a r l y  i n d i c a t i v e  of i n te rna l  
streaming through the beam hole i n  the shutter, and c l e a r l y  demonstrate the 
modelfs s e n s i t i v i t y  t o  such rmltidimensionat e f f e c t s  even when the e f f e c t s  are 
q u i t e  small. Had they been m r e  important, the f s d f s  uould have been smaller. 

Dose Rate Ra t io  
(mrem/ h r ) 

Segment 6: (R)  Clear. Gap ......... 0.0477339 
Segment 5: ( L )  Clear. Gap ......... 0.0217049 
Ratio - - - - - - - - ->  

Segment 2: (R) B i o  Shield ......... 0.0263248 
Segment 1: ( L )  Bio Shield ......... 0.008501 0 

2.20 ................................. 

> 3.10 - - - - - - - - -  Rat io  ................................. 

Leakage Rat io  
(P/S) 

2067.11 
1001.44 

2.06 - - - - - - -  > 

9011.93 
31 70.5 1 

> 2.84 - - - - - - - 

Table 6.11b. 
leakage rates. 
than those i n  Table 6.11a, and only  s l i g h t l y  bigger than the associated fsd‘s. 
Nevertheless, because these asymnetric var ia t ions:  (1) a re  a l l  so consistent 
wi th  each other, and (2) are a l l  consistent u i t h  the model having a 5/16-inch 
clearance gap above the carbon s tee l  shut ter  but not  having any such clearance 
gap on the  bottom, these resu l t s  are i n d i c a t i v e  of i n t e r n a l  streaming over t h e  
top, and demonstrate the model’s s e n s i t i v i t y  t o  such e f f e c t s  even when the e f f e c t s  
are q u i t e  small. Had they been more important, the fsd’s would have been smatter. 

Asymnetric top-to-bottom va r ia t i ons  i n  external  dose rates and 
I t  i s  t rue that  these asymnetric va r ia t i ons  are less pronounced 

Dose Rate Ra t io  Leakage Ra t io  
(mrem/hr 1 (p/s) 

Segment 7: ( T )  Clear. Gap ......... 0.0222012 961 -594 
Segment 8: (6 )  Clear. Gap ......... 0.0149776 695.966 
Ratio - - - - - - - - - >  1 -48 - - - - - - -> 1.38 ................................. 

Segment 3: ( T )  B io  Shield ......... 0.01 02264 3680.30 
Segment 4:  (6 )  Bio Shield ......... 0.0078171 2902.42 

> 1.27 - - - - - - - - - >  1 -31 _ _ _ _ _ _ _  Ratio ................................. 
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verif icat ion. 
dose rate just upstream o f  the shutter. 
point kernel analysis, a highly-s inpl i f ied preliminary MCNP analysis that  did not use weight windows 
or any unconventional methods, and three d i f fe ren t  types o f  t a l l i e s  in  t h i s  f i n a l  reference analysis 
(HCNP4B Run H8308G). Having said that, the hand calculat ion f o r  the dose ra te  downstream of the shutter 
i s  very straightforward: 

Section 6.9.4 s m r i z e s  the independent checks tha t  have already been performed on the 
These included: a s inp le  3-group hand calculation, a 23-group 

1 )  The Type 1020 carbon steel rotary shutter has a radius o f  30.95625 cm. 

2) The large beam hole has a radius of 4.445 cm. 

3) Accounting fo r  the fac t  that the hole i s  a t  an angle of 66-75 degrees re la t i ve  t o  the system 
centerline when the shutter i s  closed, the amount of  steel  the g m s  coming s t ra igh t  through 
the system along the centerl ine would have t o  pass through i s  52.24 cm. 

4) Upstream of the shutter, the dose rate (with system flooded, etc)  i s  about 110 Rem/hr. 

5) Most of the harder gama f lux  impingent on the shutter i s  between 7.5-8.0 MeV. 

6) The mass attenuation coeff icient (u) for 8 MeV g m s  i n  s tee l  i s  0.0298 cm2/g. This value 

7) Mult iplying by the density (7.82 g/cc) and the thickness (52.26 cm), one obtains: 

was taken from page 138 of the 1970 edition of the Radiological Health Handbook (Ref 28). 

u*rho* t =12.17 (dimension I ess 1 - 
Since th i s  i s  a smalt-diameter Ilhighly collimated1a beam of photons, a %uildup factorU of 
1.0 i s  probably the most reasonable th ing t o  use. 

I f  one had a larger ladistr ibuted 
might be 6.28 (see page 147 o f  Ref 28). 

Depending on which buildup factor i s  used, one obtains: 

Dose2 = Dose1 * exp(-u*rho*t) * (Buildup Factor) 

and u*rho*t=12.17, a m r e  reasonable buildup factor 

= (110.0e3) * exp(-12.17) * (1.0) = 0.57 mrem/hr (no buildup factor)  

= (11O.Oe3) * exp(-12.17) * (6.78)= 3.87 mrem/hr (with buildup factor)  

By way of comparison, the best MCNP estimate of the peak dose ra te  0.5 cm downstream of 
the rotary shutter along the system centerl ine (cf  Tatty 45) was 0.8934 mrem/hr +/- 3.4%. 
By any measure, t h i s  must be considered f a i r l y  reasonable! 

Thinking i n  t e r n  of  %earn attenuation1' i s  indeed a useful concept f o r  estimating f luxes and dose 
rates along the centerline. 
rates a t  points o f f  the centerline. 
very foruard peaked, the use of an isotropic source with the standard exp(-u*rho*t)/(4*pi*RA2) 
approach i s  not d i r e c t l y  applicable either, and must be modified. 
a t  an off-center location, ue nust f i r s t  define several new concepts, and then r e v i s i t  the centerl ine 
problem described above and reevaluate the resul t  with a d i f fe ren t ,  s l i g h t l y  more general, approach. 

Unfortunately, i t  i s  not very he lp fu l  hen t r y ing  t o  estimates dose 
Likeuise, because the f l u x  a t  the e x i t  of the col l imator i s  

Before calculat ing the dose rate 

6.10.2 Equivalent Point Source . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

For calculations of the dose rate a t  other locations not on the centerl ine, i t  i s  conceptually easier 
to  have some simple but useful expression fo r  the source in  terms of the known dose rate. 
because of the strong direct ional  dependence of the source emanating from the u a t e r - f i l l e d  hole i n  the 
collimator, a direct ional  dependence must be included as well. 
al ternative methodology, we w i l l  f i r s t  assune the source i s  isotropic, but i n  the f i n a l  analysis, the 
llconstantaa used t o  represent the actual source intensi ty (NO, p/s) vi11 depend on the d i rec t ion  of 
interest. 

Unlike the simple s t ra igh t  ahead analysis above, where the dose ra te  could s inp ly  be multiplied by a set 
attenuation factor, calculations involving one or more scatter ing events require one t o  th ink i n  t e r n  
of co l l i s i on  densities. Instead of working with dose rates, i t  i s  conceptually easier t o  th ink i n  t e r n  
of fluxes, currents, pa r t i c l e  densities, and scattering densities, etc. Before that can happen, one must 
have sane sinple but useful expression f o r  the source i n  t e r m  o f  the known dose rate. In t h i s  case, we 
define the i n i t i a l  source (NOO) i n  t e r n  of the i n i t i a l  dose ra te  (DO), the i n i t i a l  f l u x  (FO), the area 
of the source (ASO), and a f lux-to-dose-rate conversion fac to r  (FTD) that  we rea l l y  don't need t o  know 
since i t  w i l l  u l t imately cancel out i n  the f i n a l  shielding calculat ion f o r  the f i n a l  dose rate. To be a 

Moreover, 

In the s imp l is t i c  der ivat ion o f  t h i s  
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Fig. 6.7. Top view of the rotary shutter showing the amount of steel along the centerline, 
as used in the simple analytic determination of the dose rate downstream of the shutter. 
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l i t t l e  more precise, l e t  NFH be the mnber o f  par t i c les  emitted from a source over the I8foruard hemispherea4 
(such as the Mnrber of photons emitted over the foruard hemisphere a t  the end of the col l imator hole), 
and l e t  NO0 be the corresponding nunber o f  par t i c les  (p/s) emitted over the en t i re  4*pi sphere i f  the 
equivalent po in t  source were isotropic (or a t  least symnetric), such that NOC=Z*NFH. I n  t h i s  example, 
AS0 uwld be the area of the 2.75-inch x 5.5-inch hole i n  the collimator (97.58 &I. Having defined 
these quanti t ies, we now have: 

DO = FO * FTD = (NFH/ASO) * FTD = ((NOO/Z)/ASO) * FTO = NO0 * FTD / (2*ASO), 

NO0 = DO * (PASO/FTD)  

This l as t  expression i s  a useful s inple expression fo r  lflanr8 equivalent point source i n  11photons/secB4. 

Unfortunately, i t  cannot be used d i r e c t l y  i n  any real  shielding analysis because i t  does not yet 
account f o r  the strong direct ional  var iat ions i n  source intensity. 
should/must be used as the equivalent point  source (NO) i n  e l l  shielding calculations i s  defined by: 

o r  more useful ly: 

uhere DO and AS0 are knom and FTD u i l l  eventually cancel out. 

Instead, the quanti ty that  

NO = NO0 * AFIR  = DO * AFIR * (2*ASO/FTD) 

uhere AFIR  i s  the Ilangular f l u x  in tens i ty  ra t io*#  f o r  the direct ion of interest  (described belou). 

NO0 i s  a useful  expression i f  the rad ia t ion  coming from the collimator uere isotropic. 
i s  not. 
substant ia l ly  less. 
d i rect ions tha t  are 30 t o  50 degrees auay from the beam tube centerline (as measured from the col l imator 
ex i t ) .  Table D5.4 l i s t s  the to ta l  g a m  leakage from the collimator e x i t  in the foruard hemisphere 
(0-90 degrees) as L(0-901, uh i le  the corresponding to ta l  leakage through a cone spanning the range 30 to  
60 degrees o f f  centerl ine i s  l i s ted  there as L(30-60). 
angular f l u x  per steradian in the range o f  interest  i s  ( t o  f i r s t  order): 

A f  lux(30-60) = (L(30-60)/utxlr) / (2*pi*Ccos(30)-cos(60)1 1, 

such that 

Aflux(30-60) = L(30-60) * 4.000 / (Ppi)  

Likewise, since the t o t a l  leakage i s  so foruard peaked and the leakage-weighted %bar'4 i s  essent ia l ly  1.0, 
the ohaverage" angular f l u x  per steradian i n  the foruard hemisphere is: 

A f  lux(0-90) 

so that  the "angular f l u x  intensi ty ra t io "  (AFIR)  needed t o  account fo r  t h i s  ef fect  i s  given by: 

A F I R  = (Local angular f lux, 30-60 degrees) / (Average angular f lux) = 4.000 * L(30-60) / L(0-90) . 
By sumring the Leakage rates i n  Table D5.4 over various energy ranges, ue see that: 

fo r  E > 1.000 MeV, L(30-60)=3.4447&+7 p/s, L(0-90)=1.64717e+9 p/s, uhich yields AFiR=0.083653 
for E z -510 MeV, L(30-60)=6.40698et7 p/s ,  L(0-90)=1.72771e+9 p/s, uhich yields AFIR.0.168335 
f o r  E > -010 MeV, L(30-60)=1.18504e+8 p/s,  L(0-90)=1.89858e+9 p/s, uhich yields AFIR=0.249668 

While the l a s t  value may be the most conservative, i t  would also be very unreal ist ic, since most of 
the dose dounstream of the shield coines from photons that uere above 1 MeV at the time they l e f t  the 
col l imator. Indeed, most o f  that dose coines from those that uere between 4 and 8 MeV a t  that  time, 
uhich would y i e l d  a s t i l l  smaller value o f  AFIR. 
shoun here would be a conservative compromise that's more representative of real i ty.  

In the elementary of f -center l ine shielding calculat ions that follow, the abwe source (WOO) m s t  
therefore be mul t ip l ied  by the appropriate "angular f l ux  intensi ty r a t i d '  (AFIR)  t o  account fo r  
the angular d i s t r i bu t i on  a t  the ex i t  o f  the collimator. 

A F I R  = 4.000 L(30-60) / L(0-90)  = 4.000 * (3.445e+7) / (1.647e9) = 0.08365 

w i l l  be taken as a constant i n  sukequent scattering/streaming calculations in uhich the i n i t i a l  
scattering events of interest  occur i n  regions downstream of the collimator that are 35-50 degrees 
o f f  the centerl ine. 

To estimate the "direct  dose" dounstream o f  the en t i re  rotary shutter shield assembly, e i ther a t  
the center l ine or a t  other locations across the external face, houever, one u i l l  need t o  use a 

Unfortunately i t  
The greatest g a m  intensi ty i s  s t ra igh t  ahead, while the g a m  intensi ty in  other direct ions i s  

Most i n i t i a l  scatter ing points o f  interest in  the fol louing w r k  are located along 

Uith these leakage values, the corresponding 

where ubar=Ccos(30)+cos(60)1/2 = 0.68301270 

. 

= L(0-90) / (2*pi* tcos(O)-cos(9O)1~ = L(0-90) / (2*pi) 

Thus, using the f i r s t  #*angular f l ux  intensi ty ra t io "  

I n  th i s  case, 
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value o f  A F I R  t h a t  i s  more appropriate t o  the pa r t i cu la r  angular d i r e c t i o n  cha rac te r i s t i c  o f  t ha t  
po int .  Table 05.4 gives the g a m  leakage ra te  from the ho le  in  the co l l imator ,  by energy group, 
f o r  each o f  seven d i r e c t i o n a l  bins. 
and changes markedly from one d i rec t i ona l  range t o  the next. 
i t  i s  espec ia l l y  important t o  take note of the va r ia t i ons  above 1 MeV. For E > 1 MeV, the t o t a l  
leakage r a t e  from the hole i n  the co l l imator  (over the e n t i r e  forward hemisphere, 0-90 degrees) i s  
L(0-90)=1.64717e+9 p/s, and the average leakage per s teradian i s  L(0-90)/[2*pi*(cos(0)-cos(90)]. 
Likewise, the average leakage per steradian in  each o f  the other  d i r e c t i o n a l  bins can be cMnputed 
as L(xx-yy)/C2*pi*cos~xx)-cos(yy)l, and the average angular flux per s teradian (above 1 MeV) can, 
t o  f i r s t  order, be obtained by d i v id ing  that  quant i ty  by 68ubara1, the average cosine f o r  the angular 
range. 

A F I R  = ( ( L ( x x - y y ) / u b a r ~ x x , y y ~ ~ / ~ c o s ~ x x ~ - c o s ~ ~ ~ ~ ~ / L ~ O - 9 0 ~ ~  where ubar(xx,yy)=0.5*(cos(xx)+cos(yy)). 

It i s  important t o  recognize t h a t  t h i s  i s  very  forward peaked 
For the  s i m p l i s t i c  analyses tha t  f o l l o u ,  

The (approximate) laangular f l u x  i n tens i t y  r a t i o "  (AFIR)  i s  then def ined as before: 

For E > 1 MeV, 
For E > 1 MeV, 
For E > 1 MeV, 
For E > 1 MeV, 
For E > 1 MeV, 
For E > 1 MeV, 
For E > 1 MeV, 
For E > 1 MeV, 

theta = 0-90 deg, 
theta = 0- 2 deg, 
theta = 2- 5 deg, 
theta = 5-10 deg, 
theta = 10-20 deg, 
theta = 20-30 deg, 
theta = 30-60 deg, 
theta = 60-90 deg, 

L( 0-90) 1 .64717~9  
L( 0- 2) = 1 .18009~9,  and A F I R  = 1.17643e3 
L( 2- 5 )  = 1.43669-8, and A F I R  = 2.73501el 
L( 5-10) = 1.15578~8, and A F I R  = 6.22122e+O 
L(10-20) = 1.20065ec8, and A F I R  = 1.67906e+O 
L(Z0-30) = 5.28592~7, and A F I R  = 4.82489e-1 
L(30-60) = 3.44478~7,  and A F I R  = 8.36534e-2 
L(60-90) = 4.63110-5, and A F I R  = 2.24924e-3 

Note tha t  the angular f l u x  i n t e n s i t y  r a t i o  ( A F I R )  var ies by almost s i x  orders o f  magnitude over 
the forward hemisphere. 
sca t te r i ng  regions o f  in terest ,  a value of 1176.4 would be m r e  appropriate f o r  est imat ing the  
external  dose r a t e  along the centerl ine. Moreover, i f  one were t r y i n g  t o  estimate the aldirectla 
component o f  t h e  dose r a t e  on the external surface of the s h i e l d  con f igu ra t i on  (2478.79 cm), 
a t  the midplane, d i r e c t l y  i n  f ront  of one of the clearance gaps (a point tha t  i s  30 deg o f f  the 
centerl ine, as measured from the co l l imator  ex i t ) ,  a value somewhere between 0.48248 and 0.08365 
w w l d  be appropriate. I n  t h i s  case, we ' l l  use the nuner ica l  average, 0.2831, u i t h  the caveat tha t  
the actual  dose r a t e  due t o  t h i s  ccqmnent o f  the flux may a c t u a l l y  be up t o  a f a c t o r  o f  2 higher. 
In a l l  cases, the equivalent po in t  source t o  be used i n  the simple ana ly t i c  sh ie ld ing  ca l cu la t i ons  
i s  given by: 

NO = DO * A F I R  (2*ASO/FTD) 

where DO i s  the  dose ra te  a t  the e x i t  of the co l l imator  (110.0e+3 mrem/hr), AS0 i s  the  area o f  the 
2.75-inch x 5.5-inch rectangular ho le i n  the co l l imator  (97.58 c d ) ,  FTD i s  a f lux- to-dose-rate 
fac to r  t h a t  w i l l  u l t ima te l y  cancel out p r i o r  t o  ca l cu la t i on  the  f i n a l  dose rate, and A F l R  i s  t he  
angular f l u x  i n t e n s i t y  r a t i o  as described above. 

While a value of 0.08365 may indeed be appropriate f o r  some of the i n i t i a l  

With the above as prologue, the uncol l ided f l u x  and d i r e c t  dose r a t e  a t  the po in t  o f  i n te res t  
(X=O,Y=0,2=478.79 cm) may be calculated as f o r  any other p o i n t  source i n  an at tenuat ing media: 

f = NO * exp(-u*rho*t) / (4*pi*dA2) 

D f * FTD = FTD * I NO 1 * exp(-u*rho*t) / (4*pi*dA2) 

= FTD * [ DO * A F l R  * (2*ASO/FTD) 1 * exp(-u*rho*t) / (4*pi*dA2) 

= DO * A F I R  * exp(-u*rho*t) * (2*ASO) / (4*pi*dA2) 

where d i s  the distance (79.31 cm) from the e x i t  o f  the co l l ima to r  (X=O,Y=O,2=399.48 cm) t o  
the p o i n t  o f  i n te res t  (X=O,Y=O,Z=Z=478.79 cm). 

i s  the area o f  the rectangular hole in  the co l l ima to r  (97.58 cmZ), 

i s  the t o t a l  a m n t  of s tee l  (52.24 cm) the g a m s  m s t  pass through uhen t ravers ing 
the  ro ta ry  shutter sh ie ld  plug along the cen te r l i ne  as shoun i n  Fig. 6.7, 

rho i s  the mass density (7.82 g/cc) of the s tee l  canpr is ing the carbon s tee l  s h i e l d  p lug  

u i s  the mass attenuation coe f f i c i en t  (0.0298 cm2/g) f o r  8 MeV g a m s  i n  s t e e l  

A F I R  i s  the appropriate laangular f l u x  i n t e n s i t y  r a t i o "  (1176.4) f o r  the given d i r e c t i o n  
(along the centerl ine, i n  t h i s  case) as described a t  the end o f  Sect 6.10.3, and 

AS0 

t 

DO i s  the dose r a t e  a t  the e x i t  of the w a t e r - f i l l e d  co l l ima to r  (11O.Oec3 mrem/hr) 
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Insert ing a l l  the above values then yields a dose rate of 1.65 mrem/hr a t  the external surface, along 
the centerline. 
dose rate uas sinply folded with the exponential attenuation factor, exp(-12.17). In that case, the 
simple anatytic "beam fornula" gave 0.57 mrm/hr when no buildup factor was used, and 3.87 mrem/hr 
when a buildup factor uas used. A l l  three simple analyt ic values are, o f  course, crude estimates. 
[By uay of comparison, the best HCNP estirnate of the peak dose ra te  0.5 cm domstream of the rotary 
shutter along the system centerl ine (c f  Tal ly 65) was 0,8934 mrem/hr +/- 3.4X.I 
present formulation, unl ike that  i n  Sect 6.10.1, i s  that: 
the source strength as a function of d i rect ion (v ia the A F I R  parameter), (2) i t  does have a 4*pi*dA'2 
divergence term in  the denominator which (physically) i s  necessary and more descr ipt ive of rea l i t y ,  
and (3) i t  can be used t o  evaluate the direct  ( m o l l i d e d )  component o f  the dose ra te  a t  other points 
along the external surface (such as a t  the midplane, d i rec t l y  in f r on t  o f  the clearance gaps, or 
anywhere else). 

Final ly, while the above formulation uas derived in  an elementary fashion t o  take advantage of the 
l i m i t e d  data available in  t h i s  case, i t s  physical interpretat ion i s  d i r e c t l y  analogous t o  what one 
would nonnelly derive i n  a more mathematical world. 
attenuated angular f l u x  a t  the point of interest over only those d i rec t ions  l y ing  in that port ion of 
the unit sphere fAS0/(4*pi*dA2)3 corresponding to  the f i n i t e  source as seen from the point  of interest, 
t o  obtain the scalar f l u x  (a t  the point o f  interest),  which i s  then folded with the f lux-to-dose-rate 
conversion factor t o  obtain the dose rate in  a very t rad i t iona l  fashion. [The extra factor of 2 seen 
mult iplying AS0 in our expression fo r  the f i n a l  dose rate has nothing t o  do with t h i s  so l i d  angle, 
but i s  a legacy term that needs t o  remain because of the way in which the equivalent point  source 
was inferred frun the dose rate at the collimator exi t .  Note that  the dose ra te  a t  the col l imator 
e x i t  depends pr imari ly (almost exclusively) on fluxes in  the foruard hemisphere only. 
equivalent point source strength over a f i c t i t i o u s  4*pi sphere, the s imp l i s t i c  der ivat ion a s s d  that 
the fluxes in  both hemispheres were symnetric, and, f o r  consistency, the corresponding dose rate used 
t o  obtain the equivalent point source had t o  be mutt ip l ied by t h i s  factor o f  2. 
factor of 2 m y  be v i e d  as a d i rec t  consequence of the way i n  which the angular f l u x  in tens i ty  r a t i o  
(AFIR) has been defined. 
the average angular f l ux  i n  the foruard hemisphere. 
f lux  i n  a given d i rec t ion  t o  the average angular f lux  over the 4*pi sphere (where the f luxes in the 
backward hemisphere are e f fec t i ve ly  zero by conparison t o  those in  the forward hemisphere), the values 
of A F I R  would have been a factor of 2 higher, and the need f o r  t h i s  ex t ra  factor of 2 i n  our expression 
fo r  the f i n a l  dose ra te  would have disappeared corrpletely.1 

This i s  i n  good agreement with the simple %em analysist4 i n  Sect 6.10.1 where the 

The advantage of the 
(1) i t  can account fo r  the var ia t ion  i n  

Basically, i t  corresponds t o  integrat ing the 

To obtain the 

Alternately, t h i s  

Here i t  i s  defined as the r a t i o  of the angular f l u x  in  a given d i rec t ion  t o  
Had i t  been defined as the r a t i o  of the angular 

6.10.5 Direct External Dose a t  the Midplane, in  F r o n t  of a Ta l l  Thin Clearance Gap . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Consider the g a m  dose rate a t  the midplane, d i rec t l y  downstream of the t a l l  thin clearance gap 
shown on the l e f t  in Fig. 6.8 (or on the r i gh t  in  Fig, 6.6). 
ways radiat ion could reach that point: (1 )  the d i rec t  uncollided dose caning fran the emerging 
source a t  the e x i t  of the collimator; (2) radiat ion that basical ly scatters j us t  once, close t o  
uhere the concrete block a s s d l y  is stepped ( jus t  upstream o f  the clearance gap), and (3) radiat ion 
that leaves the cottimator white t rave l l ing  t o  the r ight ,  passes through a minimal amount of concrete, 
scatters once i n  the concrete near the close end of the rotary shutter 's large beam hole, streams down 
the beam hole, and then scatters i n  the concrete around the clearance gap before streaming out through 
the void. 
in Sect 6.10.7, and the t h i r d  w i l l  be l e f t  as an exercise fo r  the reader. 

One can cer ta in ly  v isual ize mult ip le 

The f i r s t  component w i l l  be described i n  th i s  section, u h i l e  the second w i l l  be described 

The l i m i t e d  objective i n  t h i s  section i s  determine the uncollided carponent of the dose ra te  a t  t h i s  
point due t o  radiat ion coming d i rec t l y  frun the emerging source a t  the e x i t  of the collimator. Only 
if th is  "direct dose" i s  found t o  be rea l l y  negl igible, w i l l  i t  l a te r  be possible t o  say uhether or 
not the! configuration exhibi ts any streaming effects and whether MCNP i s  able t o  accurately account 
for  those effects. 

The approach taken here i s  essent ia l ly  the same as that taken i n  Sect 6.10.4, except that  the 
angular f lux intensi ty r a t i o  (AFIR) used here i s  now much less (0.2831), as indicated a t  the 
end of Sect 6.10.3, because the d i rec t  l i ne  f ran  the col l imator e x i t  (X=O,Y=O,2=399.48) t o  the 
point of interest (X=O,Y=-42.62438,2=478.79) i s  nou about 30 degrees away from the centerline. 
AS indicated in  Fig. 6.8, t h i s  l i ne  o f  sight f rom the col l imator e x i t  t o  the point  o f  interest  
now passes through a to ta l  of 21.4 cm of concrete and 45.8 cm o f  carbon steel, while the t o t a l  
distance (d) between the tuo points i s  90.0 an. As i n  the above case, the uncol l ided f l u x  and 
direct  dose rate a t  the point of interest  may again be calculated as f o r  any other point source 
in  an attenuating media: 

f = NO * exp[-(ucon*rhocon*tcorr+ustL*rhostl*tstl)I / (4*pi*d*2) 

D = f * FTO = FTD [. NO 1 expC-(ucon*rhocon*tcon+ustl*rhostl*tstl)1 / (4*pi*dA2) 
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PATH A: PTS 0-4: 90 CM TOTAL. 21.4 CM CONC. 45.8 CM STL 
PATH 8. PTS 0-1: 64 CM TOTAL, 34.0 CM C O K :  3.8 CM STL; PTS 1-4: 34 CM VOID 

PTS 0-2: 45 CM TOTAL. 14.9 CM CONC. 10.7 CM STL: ,_.. --.eATH C: 
4 :.. PTS 2-3: 80 CM TOTAL, 16.0 CM CONC; PTS 3-4: 14 CM VOID 

1 I I I I I I I I I I 

-40 -20 0 20 40 

Fig. 6.8. Three different paths by which gammas emerging from the collimator exit 
may contribute to the dose rate downstream of the void clearance gap between the 
biological shield and the concrete block assembly holding the rotary shutter. Note 
that while Paths A and B are clearly defined, Path C represents just one of many 
alternate paths. 
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= FTD * I DO * A F I R  * (Z*ASO/FTD) 1 * expt-Cucon*rhocon*tcon+ustl*rhostl*tstl)1 / (4*pi*d*2) 

= DO * A F I R  expC-~ucon*rhocon*tco1i+ustl*rhostl*tstl)1 (2*ASO) / (4*pi*d"2) 

where d i s  the distance (90.0 cm) from the e x i t  of the collimator (X=O,Y=O,Z=399.48 cm) t o  the 
point  o f  interest  (X=O,Y=-l2.62438,2=478.791, 

AS0 i s  the area of the rectangular hole in  the col l imator (97.58 c d ) ,  

t s t l  i s  the t o t a l  amount of steel  (65.8 cmf the g a m s  must pass through uhen traversing the 
ro ta ry  shutter shield plug and metal l i ne rs  in  t h i s  direct ion. 

in t h i s  d i rec t ian  and traversing the concrete block a s s h l y  holding the ro ta ry  shutter 

i s  the mass density (7.82 g/cc) of the steel conprising the carbon steel  shield plug 

i s  the mass density (3.097 g/cc) o f  the barytes concrete conprising the block assembly 

i s  the mass attenuation coef f i c ien t  (0.0298 crd/g) fo r  8 MeV gamas i n  steel 

i s  the mass attenuation coef f i c ien t  (0.0265 cm2/g) fo r  8 MeV garmnas irvconcrete 

i s  the appropriate amangular f l u x  in tens i ty  ra t io "  (0.2831) fo r  the given d i rec t ion  
(30 degrees o f f  centerline, i n  t h i s  case) as described a t  the end of Sect 6.10.3, and 

tcon i s  the t o t a l  amolnnt of barytes concrete (21.4 cm) the g a m s  mt pass through h e n  going 

rhos t l  

rhocon 

u s t l  

ucon 

AFIR  

DO 

Insert ing a l l  the above values then y ie lds  a dose ra te  of 2.726e-4 mrem/hr on the external surface, 
a t  the midplane, d i r e c t l y  dounstream o f  the t a l l  t h i n  clearance gap betueen the biological  shield 
and the concrete block assembly holding the ro ta ry  shutter. 
the exponential attenuation term i s  almost the same here (12.30) as i n  the previous case along the 
centerl ine (12.171, the large decrease in  the "direct dose" seen here i s  due t o  the large decrease 
in  the angular f l u x  in tens i ty  ra t i o  as one deviates f ran  the centerl ine (cf  Sect 6.10.3). 
the value of  AFIR used here a t  30 degrees ws the nunerical average of tuo widely disparate values 
(0.482489 i n  the 20 t o  30 degree range, and 0.0836534 i n  the 30-60 degree range), the largest 
credible value (0.482489) would only increase the calculated dose rate obtained here by a factor 
of 1.7. Moreover, the detai led energy-dependent and angular-dependent leakage terns, upon uhich 
the angular f l u x  in tens i ty  r a t i o  i s  based, are  general ly a l l  converged to  u i t h i n  3 t o  5% as shoun 
i n  Table 05.4. The conclusion to  which o m  i s  then draun i s  that the direct  (uncollided) component 
of the dose ra te  a t  t h i s  part icular locat ion i s  indeed very negligible, and on the order of 
2.726e-4 mrWhr .  

in  S e c t  6.10.7, ue u i l l  attenpt t o  estimate the dose ra te  here and along the ent i re length of the 
clearance gap (near the external surface) due t o  gaamas that have experienced the i r  f i r s t  co l l i s i on  
i n  the neighborhood o f  the stepped region between the biological  shield and the concrete block 
holding the rotary shutter assehly, and have subsequently streamed out through the void clearance 
gap. The object o f  that  analysis w i l l  be tuofold: 
e f fec ts  should be expected and, if so, ( 2 )  t o  v e r i f y  uhether or not MCNP i s  correct ly estimating 
the magnitude o f  those effects. 
m s t  f i r s t  be developed that w i l l  a l l o u  one t o  roughly estimate such effects. Once developed i n  
Sect 6.10.6, i t s  use i n  t h i s  part icular appl icat ion u i l l  be explained in  Sect 6.10.7. 

i s  the dose ra te  a t  the e x i t  of the u a t e r - f i l l e d  collimator (110.0e+3 mrem/hr) 

While the opt ical  thickness used in  

Uhile 

(1) t o  determine i f  any signi f icant streaming 

Before that can be done, houever, a simple analyt ic algorithm 

6.10.6 Methodology fo r  Treating Scattering: The Strength of Scattering Source(s) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Everyone knous that in  a void, some distance (d l  from a small scattering source (NS1 photons/sec), 
the f lux  ( f )  can be calculated as f=NS1/(4*pi*dA2). 

N o u  assune the point of interest  i s  in  a void clearance gap downstream of the configuration, and 
the scatter ing source o f  interest  i s  a small volune element of the shielding material upstream of 
the gap. Uhat is the scattering source (NSl)? One nust have i t  to  proceed with any estimate. 

Consider the s i tua t ion  in  Fig. 6.9 where one has a huge black of shielding material and one needs 
t o  know the actual nmber of part ic les scatter ing ("31) i n  a small spherical volune element of radius 
llrll located sane distance (R )  from the o r i g i n  h e r e  one has a point source emitting NO particles/sec. 
Furthemre, l e t  that  small spherical vo luw element be sanduiched betueen tu0 b ig  spheres of radii 
RMl and RM2 (both i n  centimeters). I f  %P denotes the mass attenuation coeff ic ient  (&/g) and ltrho14 
denotes the density <g/cc ) ,  then 
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Fig. 6.9. Two large spherical shells (in a bulk shielding material, centered about 
a point source) which bound a small spherically-shaped volume element in which 
the scattering rate is to be determined. 
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N1 = NO exp(-u*rho*RMl) i s  the *hmber8@ of part ic les reaching the f i r s t  Large sphere, and 

N2 = NO * exp(-u*rho*RMZ) 

Note that we are not concerned about fluxes or  currents, only the @%u&er@@ of pa r t i c l es  (p/s) ,  
and the only thing that af fects that i s  the exponential attenuation. 

But uhat happens t o  those par t i c les  that **made it*@ t o  the f i rst  large sphere but d i d  not "make it*@ 
t o  the second large sphere? 
t o t a l  nuRber of co l l i s ions  (=Scattering events) betueen the tuo shel ls (TNSshelll i s  given by: 

TNSshell = N2 - N1 = NO * [exp(-u*rho*RMl) - exp(-u*rho*RMU 

= NO * [exp(-u*rho*RMl) - exp(-u*rho*(RMl+2*r)l 

= NO * exp(-tPrho*RMl) * [ 1.0 - exp(-2*ufrho*r)l 

i d  the @4nunbert@ of part ic les reaching the second large sphere. 

They experienced a col l is ion,  and are l i k e l y  scattered. Thus, the 

A t  t h i s  point, several things must be recognized. 
the small sphere where we eventually uant t o  knou the scattering density. Secondly, RM1 does not . necessarily have t o  be the inner radius of the large sphere. 
rea l l y  the amount (Vhickness@*) of the shielding materiat that the or ig ina l  source par t i c les  (NO) 
rmst go through before reaching the f i r s t  large sphere. Part of t h i s  b i g  inner sphere may be void, 
for  exanple. 
b i g  sphere), and make that substitution. Lastly, consider the approximation: 

exp(x) =?= 1.0 + x h i c h  i s  rea l l y  good i f f  x << 1.0, such that 

11.0 - exp(-x)l =?= x uhich i s  rea l l y  good i f f  x 

In our case, u i s  typ ica l l y  0.025 cm2/g, rho i s  about 3.1 g/cc fo r  the barytes concrete, and the small 
scattering sphere of interest i s  typ ica l l y  4.445 cm in  radius, such that x=2*u*rho*r i s  about 0.689 
and the rigorous expression [l.O-exp(-x)l equals 0.498 rather than 0.689 as given by the approximate 
expression. Moreover, that i s  close enough fo r  our p u r p e s  and i t l s  conservative. 
concerned about it, they can aluays use smaller volune elements (ie, smaller values of *@rs8), i n  uhich 
case the approximation becomes better and better very quickly ( i t jus t  means that you then have t o  
calculate scattered contributions from more volune elements). Making these substi tut ions, we then 
see that the to ta l  *@nunber@@ of scattering events betueen the tu0 large spherical shel ls (TNSshell) 
i s  given by: 

First ,  as stated before, **r*a i s  the radius of 

More appropriately stated, i t  i s  

Thus, l e t  us define @@TMl" as the *@thickness of the material*t ( b e t u r n  NO and the inner 

1.0. 

I f  anyone i s  rea l l y  

TNSshell = NO exp(-u*rho*TMll * (2*tPrho*r) 

This would be the to ta l  scattering source (p/s) betueen the tuo large spherical shel ls. 
scattering source fo r  the small spherical volune element o f  interest  (of radius V*) then simply 
depends on the volune f rac t ion  (VF) of the large spherical shel l  occupied by t h i s  small volume element: 

VF = (4/3]*pi*rA3 / [(4/3)*pi*(RH2A3-RM1"3)l = r"3 / C{R+r)^3-(R-r)"3)1 = r"3 / [6*RA2*r + 2*rA31 

but, since r << R, t h i s  s impl i f ies to: 

VF = r"3 / [6*r*RA21 = (1/6)*(r/R)^Z 

and the to ta l  scattering source ( N S l  photons/sec) in th i s  small volune element o f  interest  s impl i f ies to: 

NSI  = TNSshell * VF = NO * exp(-u*rho*TMl) * (u*rho*r/3) * (r /R)"Z 

The to ta l  

If there were a t h i n  void of some sor t  ( l i k e  a clearance gap) extending out from t h i s  volune element, 
and one needed t o  calculate the f l u x  ( f )  and dose rate (D) some distance auey, one could then proceed 
in  the t rad i t iona l  fashion: 

f = NS1 / (4*pi*dA2) and 

D = f * FTD = FTD * [ N S I  1 / (4*pi*dA2) 

= FTD * [ ( NO ) * exp(-u*rho*TMl) * (u*rho*r/3) * (r/R)"2 1 / (4*pi*dA2) 

= FTD * [ ( DO*AFIR*(2*ASO/FTD) ) * exp(-u*rho*TMl) * (u*rho*r/3) * (r/R)^2 1 / (4*pi*dA2) 

= DO * A F I R  * [ exp(-u*rho*TMl) * (u*rho*r/3) (r/R)"2 3 * (2*ASO) / (4*pi*dA2)) 

I n  rea l i t y ,  of course, t h i s  wwld only be the dose rate, D c i ) ,  at  the point o f  interest  due t o  the 
N S l ( i )  photons/sec scattering i n  volune element @*it8. I f  the point o f  interest  i n  the gap or void 
could see mult ip le volune elements, then one would have t o  sun over a l l  @$i@@. 
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Now assune that one needed t o  have the n d x r  of second generation scattering events 81NS2Cj)18 i n  some 
other volune element further downstream tha t  could see f i r s t  generation scattering events 8aNSl ( i )11  in  
volune elements further upstream. In t h i s  case, the expression f o r  each NS2 would be the same as the 
previous expression f o r  NS1, except that i t  ww ld  be recursive i n  the sense that everywhere the or ig inal  
expression had NO, one wwld  now have N S l ( i ) ,  and one would have t o  sun over a l l  N S l ( i ) ,  etc, etc. This 
recursiveness becomes confusing and laborious very quickly. 
very quickly and a ttricochetla problem with more than tuo 8%ounces1a i s  usually a %on-problem" i n  the 
sense that everything i s  generally neg l ig ib le  by that  time. Moreover, t o  f i r s t  order, contributions 
from "the f i r s t  bounce" are usually the only contributions that one needs t o  worry about. 
one real  Ly needs a computer (and good cross section data, etc). 

The good news i s  that  the terms converge 

Beyond that, 

6.10.7 Contributions from "The F i r s t  Bounce" Scattered Sources Streaming Through the Gap . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Armed with th i s  approximation, as crude and elementary as i t  might be, one i s  now i n  a posi t ion 
to  estimate the f i rs t -o rder  streaming e f fec ts  downstream of the clearance gap (between the 
biological  shield and the concrete block assenbly holding the rotary shutter) due t o  g a m s  
that may have f i r s t  scattered in  the region upstream of t h i s  clearance gap where the biological  
shield and concrete block assembly are %.tepped*a i n  order t o  minimize streaming (c f  region 1 
i n  Fig. 6.8). I n  part icular, we w i l l  be looking a t  Path B i n  Fig. 6.8. In t h i s  example, ue 
w i l l  f i r s t  consider scattering from a s ing le  small volune element a t  the midplane (c f  region 1) 
t o  a single detector a t  the midplane (cf region 4 ) .  Ui th  the a id  of a small program, we w i l l  
then look a t  the contr ibution from a ser ies of 9 such volune elements (stacked ve r t i ca l l y  up 
and down the stepped region, i n to  and out o f  the plane of the f igure) t o  t h i s  given detector 
location a t  the midplane, and then from each and every volune element t o  each of 9 d i f fe ren t  
detectors stacked ve r t i ca l l y  up and down the ve r t i ca l  extent of t h i s  t a l l  t h i n  clearance gap 
so that ue can see the var iat ion i n  the ve r t i ca l  d i rec t ion  and ccinpute the average dose rate 
over the length of the gap which can then be d i r e c t l y  corrpared with the MCNP estimate shown 
i n  Fig. 6.6. 

To begin, l e t  us consider a l l  scattering events w i th in  about 2 inches of the stepped region 
i n  Fig. 6.8. More precisely, l e t  us consider a stack of nine 4-inch x 4-inch x 4-inch 
v o l w  elements stacked ve r t i ca l l y  a t  t h i s  locat ion and centered a t  the midplane. Each one 
would have an equivalent radius (r) of 6.30276 cm. 
volune element 0 corresponds t o  the one a t  the midplane, while nunber -4 corresponds t o  the 
one a t  the bottom, and nunber 4 corresponds t o  the one a t  the top.) 
only on contributions from the v o l w  element a t  the midplane t o  the detector a t  the midplane. 
Based on the above formulation in  Sect 6.10.6, the port ion of the dose rate a t  t h i s  detector 
due t o  th i s  volune element i s  given by: 

D(0) = DO * A F I R  

where urt = ucon*rhocon*tcon + us t l * rhos t l * t s t l  

where d 

(In the nunbering scheme la te r  used, 

Here we w i l l  f i r s t  focus 

exp(-urt) * (ucon*rhocon*r/3) * (r/R)^2 3 * (2*ASO) / (4*pi*dA2) 

i s  the distance (34 .0  cm) from the center of t h i s  part icular volume element (where 
scattering i s  being modeled) t o  the detector of interest  a t  (X=O,Y=-42.62438,2=478.79) 

AS0 i s  the area of the rectangular hole i n  the col l imator (97.58 c d ) ,  

r i s  the equivalent radius (6.30276 cm) of t h i s  4-inch x 4-inch x 4-inch volune element 
where scattering i s  being modeled . 

R i s  the distance (64.0 crn) from the ex i t  of the col l imator (X=O,Y=O,2=399.48 cm) t o  
the center of t h i s  par t i cu la r  volune element (where scattering i s  being modeled) 

tcon i s  the to ta l  amount of barytes concrete (34.0 cm) the g m s  must pass through when 
travel l ing from the col l imator e x i t  t o  the center of t h i s  par t i cu la r  volune element 
as shown i n  Fig. 6.8. 

t s t l  i s  the to ta l  amount o f  steel (3.8 crn) the g a m s  must pass through when t rave l l ing  
from the collimator e x i t  t o  the center of t h i s  part icular volune element. This steel 
i s  associated with the various steel  l iners. As shown i n  Fig. 6.8, most g a m s  
travel ing i n  th i s  d i rec t ion  w i l l  I t just  misst# the carbon steel  sh ie ld  plug. 

rhocon 

rhost l  

won i s  the mass attenuation coef f i c ien t  (0.0245 cm2/g) for  8 MeV g a m s  in  concrete 

u s t l  i s  the mass attenuation coef f i c ien t  (0.0298 cmZ/g) f o r  8 MeV gamMs i n  steel 

i s  the mass density (3.097 g/cc) of the barytes concrete ccmprising the block assembly 

i s  the mass density (7.82 g/cc) of the steel comprising the carbon steel shield plug 
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A F I R  i s  the appropriate "angular f lux  intensity ra t ioH (0.08365) fo r  the given direct ion; 
i n  t h i s  case the l i n e  from the col l imator e x i t  t o  the volune element of interest  i s  
approximtely 43 degrees auay from the beam tube centerline, and the appropriate 
value fo r  t h i s  direction (0.08365) uas obtained as noted in  Sect 6.10.3. 

DO i s  the dose rate a t  the e x i t  of the u a t e r - f i l l e d  col l imator (110.0e+3 mrem/hr) 

Insert ing a l l  the above values then yields a dose ra te  o f  5.9748e-3 tnrem/hr a t  the point of interest, 
due t o  scatter ing events in  t h i s  par t i cu la r  votune element. Likeuise, the streaming contr ibutions 
t o  t h i s  detector from scattering events i n  each o f  the eight other volume elements described above 
(4 belou the midplane and 4 above the midplane) may be calculated i n  a s imi lar  fashion. Assuning 
A F I R  remains constant over t h i s  range ( fo r  lack of any more detai led knoutedge), the only things 
that change uith the posi t ion of the volune elersent are the amounts of concrete and steel  used i n  the 
exponential attenuation term Ctcon and t s l t  simply increase as the angle changes), and the distance [d) 
from the center of each votune element t o  the detector. Table 6.12 l is ts  a simple I-page program f o r  
doing just tha t  sort  of analysis. In addition t o  calculat ing the scattered dose rate f o r  t h i s  detector 
a t  the midplane from a l l  9 volune elements (and the resu l t ing  total) ,  i t  also does a s imi lar  set of 
calculat ions f o r  a l l  9 detectors spaced up and dwn over the length of the t a l l  t h in  clearance gap. 
Lastly, i t  also calculates the "directta dose ra te  a t  each detector due t o  uncollided gammas coming 
straight frm the col l imator exi t .  It does not, houever, account f o r  scattered radiat ion streaming 
through the 3.5-inch-dim beam hole in  the ro ta ry  shutter. Nevertheless, the results are fascinating. 

Based on t h i s  s i n p l i s t i c  analysis, Table 6.13 shous the scattered dose rate, the d i rec t  dose rate, 
and t o t a l  dose rate (mrem/hr) a t  the nine d i f f e ren t  (ver t i ca l )  detector locations d i rec t l y  in f ron t  
o f  one of  the t a l l  t h i n  clearance gaps between the b io log ica l  sh ie ld  and the concrete block assembly 
holding the ro ta ry  shutter. 
ra te  i s  tuo or  more orders of magnitude louer than the dose ra te  cbre t o  radiat ion that scattered in  
these nine par t i cu la r  volune elements of interest  and subsequently streamed out through the clearance 
gap. Basically, that says that a l l  the radiat ion that gets there i s  due t o  streaming (albeit ,  a very 
small amwnt). Secondly, the resul ts obtained by t h i s  s inple analyt ic matel uere surpr is ingly close 
t o  those obtained by HCNP. 
rate o f  0.0217 mrem/hr +/- 26X f o r  the t e l l  t h i n  gap on the l e f t  o f  F ig .  6.6, and an average t o t a l  dose 
rate o f  0.0477 mrem/hr +/- 37% f o r  the t a l l  t h i n  gap on the r igh t .  
shows the average dose rate t o  be 0.0240 mrem/hr which, perhaps fortuitously, i s  u i t h i n  a jus t  ha l f  
a standard deviat ion of the Lover MCNP resul t .  Moreover, given that the sinple analyt ic model described 
above does not account f o r  scattered radiat ion streaming through the 3.5-inch-dim beam hole in the 
rotary shutter, i t  should indeed be more character ist ic o f  the lower K N P  value (and it is!). More 
r e a l i s t i c a l l y  speaking, had the lou-order analyt ic method been u i t h i n  a factor of 2 or 3 (or maybe 
even u i t h i n  a factor o f  10) of the MCNP resu l t  a t  t h i s  d i f f i cu l t - to -ca lcu la te  location, i t  uould have 
been su f f i c i en t  t o  c e r t i f y  the acceptabi l i ty  of the MCNP result, especially since the dose rates 
obtained by both methods are so lou. 

One o f  the most revealing things in the table i s  that the direct dose 

Note, for  exsunple, that  MCNP4B R u n  H8308G calculated an average t o t a l  dose 

By way of comparison, Table 6.13 

The fac t  that  they appear t o  agree u i t h i n  10% i s  remarkable. 

I n  S e c t  6.9.5.3.1, i t  uas noted that the MCNP dose rates in  f ron t  of the clearance gap on the r i gh t  
of Fig. 6.6 uere a b u t  2.13 times larger than those on the l e f t .  
radiat ion (from somuhere) streaming through the large beam hole in  the shutter. Since MCNP did so 
w l l  i n  calculat ing the dose ra te  on the other side where t h i s  i s  not a contributing factor, there 
i s  every reason t o  bel ieve that i t  i s  also calculat ing t h i s  asylrmetry correctly. 
suggests one possible explanation f o r  the asymnetry seen w, the one side, but i t  i s  not l i k e l y  the 
real reason. The theory put fo r th  in Sect 6.10.6 can and has been applied t o  estirnate the addit ional 
dose ra te  a t  locat ion 4 i n  Fig. 6.8 due t o  the t h i r d  leg o f  Path C. mile the second leg of path C 
does contr ibute t o  the general dose ra te  in  the b io log ica l  sh ie ld  t o  the l e f t  of that location, the 
d i l u t i o n  associated u i t h  the 1/(4*pi*dA2) term a f t e r  the second scattering event makes i t s  contr ibution 
t o  the dose ra te  a t  location 4 re la t i ve l y  negl igible. (For the same reason, the addit ional dose rate 
along the centerl ine due t o  the path shown i n  Fig. 6.10 i s  canpletely negl igible as uel l .)  Moreover, 
for  that  same reason, i t  i s  far  more l i k e l y  that  the previously described asymnetry i n  the dose rates 
for the r i g h t  and l e f t  clearance gaps i s  due t o  a series of " f i rs t  collision1i events someuhere in  
the system. While 
qua l i ta t i ve ly  more plausible, i t s  ef fect  has also been evaluated using the above equation, and the 
d i l u t i o n  associated u i t h  the 1/(4*pi*dA2) term a f t e r  the f i r s t  scattering event also makes t h i s  
part icular contr ibut ion re la t i ve l y  negl igible. Uh i le  the dif ference in  dose rates in front o f  the 
r igh t  and l e f t  clearance gaps i s  very small (but real),  the par t i cu la r  paths shoun i n  Fig. 6.11 do 
not appear t o  be the explanation. Moreover, f o r  scatter ing events along path D t o  make a noticeable 
cont r i k r t ion  a t  location 6, not only i s  a s ing le  scatter ing event required, but the second leg of 
the path mst be considerably shorter. 
beam tube center l ine (uhere the gama f lux  i s  much higher) have also been evaluated, but they, by 
themselves, cannot f u l l y  explain the noted asymnetry ei ther.  

Obviously th i s  i s  due t o  scattered 

Path C in Fig. 6.8 

Figure 6.11 suggests another possible explanation using " f i r s t  bcmceaa theory. 

Scattering events along the sides of the beam hole near the 

Uhi le there i s  l i t t l e  doubt that  t h i s  
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Table 6.12. 
(downstream) face of the HE-3 sh ie ld  configuration, d i r e c t l y  i n  front o f  the vo id clearance 
gap betueen the  b i o l o g i c a l  sh ie ld  and the concrete block a s s e h l y  ho ld ing the r o t a r y  shutter, 
as we l l  as the average dose ra te  over the long narrow gap. 
source, as w e l l  as scat ter ing i n  concrete upstream o f  the clearance gap, but does not  account 
f o r  streaming through the 3.5-inch-diam beam hole in the shutter. 

S i m p l i s t i c  program t o  ca lcu late the l oca l  dose r a t e  up and down on the external  

Accounts f o r  d i r e c t  dose r a t e  from 

SCATSRC.FOR - -  Simple program to calcu late dose up and doun i n  gap beside block 

dimension d(-4:4) 
pi=acos(-1 . O )  
d0=110.Oe3 ! mrem/hr 
as0=97.58 ! cm2 
afir=0.08365 ! angular 
afirdd=0.2831 ! angular 
ucon=0.0245 ! cm2/g 
ustl=0.0298 ! cm2/g 
rhocon=3.097 ! g/cc 
rhostl=7.82 ! g/cc 

i n i t i a l  dose r a t e  i n  f r o n t  o f  co l l imator  ho le  
area o f  the 2.7511x5.511 co l l imator  ho le 
f l u x  i n tens i t y  r a t i o  (un i t less)  f o r  sca t te r  reg a t  43 deg o f f  cen te r l i ne  
f l u x  i n tens i t y  r a t i o  (un i t less)  f o r  direct dose a t  30 deg o f f  cen te r l i ne  
mass attenuation coef f o r  barytes concrete (a t  8 MeV) 
mass attenuation coef f o r  s t e e l  ( a t  8 MeV) 
density f o r  barytes concrete 
density f o r  s tee l  

tst10=45.8 ! cm 
tcon0=21.4 ! cm 
tOc=34 - 0 ! cm 
tOs=3.8 ! cm 
ra0=64.0 ! cm 
rb0=34.0 ! cm 
rc0=90.0 ! cm 
r=6.30276 ! cm 
dh=10.16 ! cm 

do i=4.-4.-1 

thickness o f  s tee l  between src  & det (a t  midplane) 
thickness o f  concrete b e t w e e n  src  & det (a t  midplane) 
thickness of concrete between src  & 1 s t  sca t te r  pt  ( a t  midplane) 
thickness o f  s tee l  betueen src  & 1 s t  sca t te r  p t  ( a t  midplane) 
distance ( th ru  void+conc) t o  1s t  sca t te r  p t  ( a t  midplane) 
distance from 1st sca t te r  pt  t o  det (a t  midplane) 
distance from src t o  de t  ( a t  midplane) 
equiv radius of a 481x411x411 cube (of  conc a t  sca t te r  pts) 
v e r t i c a l  spacing betueen scat ter ing p t s  considered 

hd=j*& 
w r i t e  (*,lo) j,hd 
format (/,, f o r  det’,i3,’ hd=‘,f7.2,/) 

! height o f  det lljll above midplane 

compute dose from g a m s  that  scatter i n  conc & then stream t h r u  gap t o  de t  Iljll: 
SUlFO . 0 
do i=4,-4,-1 

h=i*dh ! height o f  scat ter  pt  llill above midplane 
ra=sqrt(raO*raO+h*h) ! d i s t  from src  t o  sca t te r  pt  81i11 
rb=sqrt(rM)*rM3+(h-hd)*(h-hd)) ! d i s t  from scat ter  pt 14i11 t o  de t  Iljll 
tmlc=tOc*ra/raO ! thickness o f  conc from src  t o  scat ter  pt llill 
tmls=tOs*ra/raO ! thickness o f  s tee l  from src  t o  scat ter  pt llill 
urt=ucon*rhocon*tmlc+ustL*rhostl*tmls 
d(i)=exp(-urt)*(ucon*rhocon*r/3.0)*(r/ra)**2 
d( i)=dO*afir*d(i)*2.O*asO/(4.O*pitrb*rb) 
w r i t e  (* , l l )  i ,d(i) 
format ( I  segment=’, i2, I dose( i I=‘  ,f12.8, I mrem/hrl ) 
s u n = s m d ( i )  

! dose from scat ter  pt l l i l l  t o  det @Ijll 

! running sun o f  dose from a l l  scat ter  p t s  llill t o  det lljll 
enddo 
sd=sm ! f i n a l  sun of dose from a l l  sca t te r  pts llill t o  det I1jl1 

corrgute d i r e c t  dose t o  det lljll (from src, t h r u  concrete & p a r t  o f  s tee l  shut ter )  
rc=sqrt(rcO*rcO+hd*hd) ! d i s t  from src  t o  det “jll 
urtstl=ustl*rhostl*tstLO*rc/rcO ! adjust thickness f o r  det  lljll locat ion 
urtcon=ucon*rhocon*tconO*rc/rcO ! adjust  thickness f o r  det  tijll l oca t i on  
u r t t o t = u r t s t l + u r t c o n  
dd=dO*afirdd*exp(-urttot)*2.0*as0/(4.O*pi*rcO*rcO) ! d i r e c t  dose from src t o  det  lljll 
td=dd+sd ! t o t a l  dose = d i r e c t  dose + scat tered dose 

w r i t e  (*,12) sd,dd,td 
format ( I  t o t a l  scat dose =‘,f12.8,‘ mrem/hr’,/, 

I d i r e c t  dose =‘,f12.8,’ mrem/hr’,/, 
I t o t a l  dose =‘,f12.8,’ mrem/hr’,/) 

tdsumtdsumttd ! running sun of t o t a l  dose f o r  a l l  detectors 
enddo ! end ( j )  loop on det  l oca t i on  

tdavg=tdsun/9.0 ! llavgll t o t a l  dose up & doun the gap 
w r i t e  (*,13) tdavg 
format (/,’ t o t a l  dose avgd =’,f12.8,’ mrem/hr’) 
s top  
end 
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Table 6.13. Scattered dose rate, d i r e c t  dose rate, and t o t a l  dose r a t e  (mrem/hr) a t  n ine d i f f e r e n t  v e r t i c l e  locat ions 
d i r e c t l y  i n  f ron t  of one of the t a l l  t h i n  clearance gaps between the b i o l o g i c a l  sh ie ld  and the concrete block assembly 
ho ld ing the ro ta ry  shutter. These values were calculated by the s i w l i s t i c  program (SCATSRC.FOR) shown in  Table 6.12. 
I t  accounts f o r  the d i r e c t  dose coming from the source ( a t  the co l l ima to r  ex i t ) ,  through a por t i on  o f  the s tee l  shut ter  
and the concrete block assembly, t o  each detector po int .  I t  a lso accounts f o r  dose a t  each detector from each of  n ine 
d i f f e r e n t  4-inch x 4-inch x 4-inch scat ter ing regions i n  the concrete, near the rear o f  t h i s  Last segment o f  the vo id  
clearance gap where the concrete block assembly i s  stepped. 

Det Location--, 

Vert. l oca t i on  
o f  scat ter  pt. 

+40.64 cm 
+30.48 cm 
+20.32 cm 
+10.16 cm 
00.00 cm 

-10.16 cm 
-20.32 cm 
-30.48 cm 
-40.64 cm 

Total Scat'd 
Dose t a l l  9)=  

Di rec t  Dose 
From Source = 

- - _ - - - - - - - - - - -  

Total Dose = 

40.64 cm 
above 
m i  dpl ane 

,00224600 
.00307920 
.00337240 
.00309395 
.00246005 
-00 1 7264 1 
.00108597 
.00062397 
.00033448 - - - - - - - - - 

.01602245 

.00008248 

- - - - - - - - - 

.01810494 

30.48 cm 20.32 cm 10.16 cm 00.00 cm 10.16 cm 20.32 cm 30.48 cm 40.64 ern 
above above above above below below below below 
midplane midplane midplane midplane midptane midplane midplane midptane 

.00206189 

.003354 16 

.00420177 

.00411178 

.0033t 260 

.00229768 

.00141597 
,00079584 
.0004 1782 - - - - - - - - - 

.00165490 

.00307920 

.00457697 

.00512296 

.a0440235 

.00309395 

.0016845 1 

.00103767 

.00053291 _-------. 

.00124525 
-00247142 
.00420177 
.00558044 
.00548501 
.00411178 
,00253760 
.00138104 
.00069484 -_.______ 

.DO092477 

.00185964 

.00337240 
'.00512298 
.00597480 
.005 12298 
.00337240 
.00185964 
.00092477 -------.- 

.00069484 

.00138104 

.00253760 
,004t 1 178 
.00548501 
.00558044 
.00420177 
.00247142 
.00124525 

.00053291 . 00 103767 

.00188451 

.00309395 

.00440235 

.005 12298 

.00457697 

.00307920 . 00 165490 - _ _ _ _ - - _ _  
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,02210679 .02558551 -02796130 .02880702 .02796130 .02558551 .02210679 .01810494 

AVC TOTAL DOSE .02403601 mrem/hr (when t o t a l  dose a t  detectors are averaged over a l l  detector pos i t ions)  

Note that  MCNP4B Run H6308G gave an average t o t a l  dose r a t e  o f  0.0217 mrem/hr +/- 26% f o r  the t a l l  t h i n  gap on one 
side, and an average t o t a l  dose r a t e  of 0.0477 mrem/hr +/- 3% f o r  the t a l l  thin gap on the other side. 



asynmtry exists, one can only speculate that i t  i s  due t o  a large n&r of small contr ibutions 
from scatter ing events a l l  along the inner u a l l  of the rotary shutter beam hole, with those on the 
r i gh t  ( resul t ing from higher f lux  levels) subsequently being more heavily d i l u ted  by the 1/(4*pi*dA2) 
term in  the second leg of the journey, and those on the l e f t  (result ing from lower f l u x  levels)  
subsequently being less di luted by the 1/(4*pi*dA2) term i n  the second leg of the journey. Because 
the asymnetry i s  re la t i ve l y  small (about a factor o f  2), and because the corresponding dose rates 
are t o t a l l y  negl ig ib le i n  any event ( less than 0.05 mrem/hr), th is  small but real  asymnetry i s  only 
of minor academic interest and  u i l l  be pursued no further. 

The important facts demonstrated i n  the previous subsection are these: 
with the clearance gaps u i l l  increase the dose ra te  that uould otheruise be present by about tuo orders 
o f  magnitude; 
and both y i e l d  essential ly the same result; 
neg l ig ib le  ( less than 0.05 mrem/hr). 

(1) streaming e f fec ts  associated 

(2) MCNP and the simple analyt ic method i l lus t ra ted  i n  Sect 6.10.7 both show t h i s  effect, 
and (3) the dose rates obtained by both methods are t o t a l l y  

6.11 Concluding Remarks on the Final Gam-Only Shielding Analysis 
- - - - - - - _ - - _ - - - - - _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - - - - - - - - - - - - - - - - -  

The f i n a l  g m - o n l y  shielding analysis ( R u n  HB308G) fo r  the HB-3 beam tube and rotary shutter used the 
neuly proposed 1998 version o f  the beam tube in which the uater tube uas defined by aluninun windous 
uelded inside the expanded port ion of the beam tube i t s e l f  (unlike the or ig ina l  1960 design which had a 
physical ly separate water tube that was s l i d  inside the beam tube). 
1998 Water tube and collimator sections both flooded, the rotary shutter i n  the closed posit ion, and the 
H F I R  operating a t  100 MU. 
approximately 1.89 feet less than in  the or ig ina l  1960 design. The f i n a l  gam-on ly  shielding analysis 
described here did not include neutrons, secondary g m s ,  or act ivat ion g m s ,  since the f luxes and dose 
rates due t o  neutrons upstream of the rotary shutter, and the fluxes and dose rates due t o  secondary g m s  
upstream of the rotary shutter, had already &en found (cf Sect 5.6) t o  be completely neg l ig ib le  re la t i ve  
t o  those caused by high-energy g a m s  coming from the hot end o f  the beam tube, streaming through the 
uater i n  the uater tube and flooded col l imator sections, and subsequently impinging on the ro ta ry  shutter. 
Calculated and measured dose rates downstream o f  the rotary shutter, due t o  ac t i va t ion  o f  the shutter 
i t s e l f ,  are discussed separately in  Sect 7. 

This par t i cu la r  analysis ( R u n  HB308G) uses the most comprehensive geometric model ever developed. The 
approach taken was t o  model the ent i re HB-3 beam tube and rotary shutter assembly exactly as described 
i n  Sect 3 and shorn i n  Fig. 3.3, u i t h  no approximations. 
MCNP input f i l e  used i n  t h i s  analysis. 
of the beam tube centerline, start ing a t  the rad ia l  plane perpendicular t o  the beam tube (uhich i s  
defined as Z=O), and extending ax ia l l y  outward along the beam tube centerl ine t o  a locat ion wel l  beyond 
the ro ta ry  shutter. The outermost downstream surface of the steel clad concrete block assembly holding 
the ro ta ry  shutter i s  located a t  2=478.79 cm. 
t h i s  surface, including the midpoint a t  the centerline, and several la te ra l  locations in  f ron t  of the 
1.74625-cm clearance gaps between the biological  shield and the concrete block assembly holding the 
rotary shutter. 
downstream o f  the rotary shutter. 

The dose ra te  on the centerline, irrmediately dounstream of the shutter (a t  Z=479.29 cm) uas found t o  be 
0.8934 mrem/hr +/- 3.4%. 
the center l ine dose rate uas found t o  be 0.3033 mrem/hr +/- 1.1X, while a t  3.0 feet from t h i s  surface 
(a t  2=570.23 cm) the centerline dose rate uas found t o  be 0.2088 mrem/hr +/- 0.6%. The dose rate a t  the 
closest point was calculated using a point detector estimate, but ve r i f i ed  using a rmch more rigorous 
bwndary crossing t a l l y  which exhibited exceptionally good s ta t i s t i cs  in  every energy range o f  interest. 
The dose ra te  a t  the closest point was also ve r i f i ed  using simple analyt ic approximations. 

Streaming e f fec ts  associated with the 1.74625-cm clearance gaps between the biological  sh ie ld  and the 
concrete block assembly holding the shutter caused the dose rates in  front o f  those Locations t o  be 
two orders of magnitude higher than they otherwise uould have been uithout any clearance gaps. 
and a simple analyt ic method used to  check those results both sou th i s  same effect, and both gave 
essent ia l ly  the same result.  
clearance gaps (even u i t h  streaming) were t o t a l l y  negl igible (less than 0.05 mrem/hr). 
MCNP, the average dose rate f o r  the gap on the r i g h t  side of the configuration (0.0477 mrem/hr) uas 
found t o  be 2.13 times higher than on the l e f t  (0.0217 mrem/hr) due t o  streaming through the large beam 
hole in  the rotary shutter uhich i s  rotated 66.75 degrees from the beam tube centerl ine uhen the shutter 
i s  i n  the closed position. I n  addition, the average dose rate fo r  the clearance gap above the concrete 
block assenbly holding the rotary shutter (0.0222 mrem/hr) was found t o  be marginally higher than f o r  
the clearance gap on the bottom (0.0150 mrem/hr) due t o  a small amount of streaming i n  the 5/16-inch 
clearance gap above the carbon steel shield plug inside the rotary shutter assembly. While not of any 
programmatic signif icance because of the i r  lov values, these small, physical ly jus t i f iab le ,  asymnetric 
variat ions are indicative of the small de ta i l s  that can be seen u i t h  th i s  detai led 3-0 model uhen used 
i n  combination u i t h  the 3-0 broad-group ueight windou f i l e  uhich uas developed fo r  t h i s  analysis using 

This analysis uas performed with the 

The to ta l  amount o f  uater i n  the neu uater tube and col l imator sections uas 

Moreover, Fig. 3.3 was created from the actual 
Basically, the model includes everything u i t h i n  65 cm ( rad ia l l y )  

Dose rates uere calculated a t  several locations on 

Dose rates uere also calculated a t  several other axial  locations along the centerline, 

A t  1.5 feet from the surface of the rotary shutter housing (a t  Z=524.51 cm), 

MCNP 

Fortunately, the dose rates obtained by both methods downstream o f  the 
In the case of 
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Fig. 6.10. One possible path by which scattered radiation might conceiv?biy increase 
the dose rate along the centerline, directly downstream of the rotary shutter. Note, 
however, that in most cases where the radiation has scattered twice, the associated 
dose rate even a short distance from the second scattering event is usually negligible 
compared to that from radiation that has scattered just once, and even more negligible 
compared to the direct (uncollided) dose rate. In this particular case, the additional 
dose rate associated with this path is completely negligible relative to the direct 
(uncollided) dose rate. 
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Fig. 6.1 1. Two of many possible paths showing how radiation that has passed through 
only a minimal amount of shielding material and scattered just once may preferentially 
tend to increase the dose rate downstream of the shield on one side of the shutter more 
than on the other side. 

146 



a fine-group 1-0 adjoint  analysis. 

A useful by-product of t h i s  analysis was a very detai led boundary source f i l e  f o r  a surface perpendicular 
t o  the centerline, jus t  upstream o f  the rotary shutter a s s d l y .  
crossing h is to ry  f i l e  (a t  2=401.9645 cm) which contains the coordinates, d i rec t ion  cosines, energies 
and weights of the 5,688,819 photons crossing t h i s  surface in R u n  HE308G5. 
which requires 542 HB of  disk space, can then be used as an internal  boundary source f i l e  in  subsequent 
follow-up shielding analyses of t h i s  ro ta ry  shutter (or any s imi la r  shutter design in the future) by 
using the procedures out l ined i n  Sect 6.8.2. 

Rigorous solut ion o f  t h i s  par t i cu la r  problem required a host of biasing techniques including: use of 
only the most energetic source groups (a form of source-energy biasing); d i rect ional  biasing of the 
source; on-the-f ly d i rec t iona l  biasing that uas location dependent; and the extensive use of 3-0 
broad-group weight uindows based on a preliminary 1-0 adjoint  analysis. 
most important. 
A large port ion of Sect 6 was in ten t iona l l y  devoted t o  explaining hou t h i s  weight window f i l e  was 
generated because i t  w a s  the f i r s t  time that such an elaborate approach has ever been undertaken 
a t  ORNL, a t  Least f o r  t h i s  sor t  o f  problem. The other feature unique t o  t h i s  analysis i s  that i t  
was the f i r s t  time (a t  ORNL) that  a l*geometry-independent w i g h t  uindoul* f i l e  has ever been used 
with MCNP. 
f i l e  using a regular Cartesian mesh that  i s  independent o f  the geometry c e l l s  needed t o  describe 
the material configuration. 
an docunented feature of the HCNP4B code; i t s  a v a i l a b i l i t y  w i l l  be announced formally u i t h  
HCUP4C which w i l l  be part  o f  a larger code system ( t o  be released i n  the year 2000) aimed a t  
automating the tYpe of variance reduction techniques described here. 
Evans of Los Alamos who f i r s t  made us aware o f  f h i s  capabi l i ty  w i th in  MCNP4B and subsequently 
provided sopplemental memos on hou t o  take advantage o f  t h i s  feature. 
of l’geometry independent*‘ weight windous, the rigorous solut ion o f  t h i s  geometrically conplex 
deep penetration problem would also have been impossible. 

This binary f i l e  i s  an HCNP boundary 

This part icular f i l e ,  

The las t  was, by far, the 
Uithout it. the rigorous solut ion of t h i s  problem would have been t o t a l l y  impossible. 

This allows f o r  the speci f icat ion of the 3-D broad-group weight windows i n  an external 

This feature has been tested a t  LANL and i s  current ly available as 

We are indebted t o  O r .  Tom 

Uithout the ava i l ab i l i t y  
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7.0 ACTIVATION ANALYSIS AND RESULTING DOSE RATES 

Analyses in  Sects 5 and 6 have shoun conclusively that, u i t h  the 1998 HE-3 uater tube and col l imator 
sections both flooded, the rotary shutter closed, and the HFIR operating a t  100 MU, the t o t a l  (contact) 
dose ra te  downstream o f  the rotary shutter (due t o  neutrons and g a m s  streaming dom the beam tube 
from the operating reactor) would only be about 1 mrem/hr. 
dose ra te  was estimated t o  be 0.8936 mrem/hr +/-3.4X. This par t i cu la r  centerl ine location i s  0.5 cm 
beyond the downstream surface of the metal l iner  on the concrete block assembly holding the rotary 
shutter.) There remained, houever, vague but persistent recol lect ions that measured dose rates during 
past maintenance operations uere actual ly mch higher, but the o r ig in  of the radiat ion uas not known. 
(Results o f  measurements during the Spring 1598 outage are described belou, i n  Sect 7.5). 
ass& tha t  these higher dose rates uere due t o  activation, but no calculat ions had been performed t o  
assess those ef fects.  The calculations described here in Sect 7 do address those effects. Moreover, 
i t  has subsequently been found that act ivat ion of the shutter i t s e l f  i s  responsible fo r  v i r t u a l l y  a l l  
of the rad ia t ion  dose a t  t h i s  location. 

Once i t  i s  established that act ivat ion i s  responsible fo r  v i r t u a l l y  a l l  of the dose a t  t h i s  locat ion 
(as has nou been done), then the calculations i n  t h i s  section become irrelevant from a p r o g r a m t i c  
vieupoint. 
u i t h  the new 1998 uater tube i n  place u i l l  be no greater and no less than that experienced with the 
exist ing 1960 uater tube design. 
entering these components (over the i r  l i fet ime and recent past) under normal conditions - -  i.e., vhen 
the uater tube and col l imator sections are both dry, the shutter i s  open, and the H F I R  i s  operating 
a t  100 M. As such, t h i s  does not depend on uhich uater tube design i s  in use. Nevertheless, these 
calculat ions uere s t i l l  necessary and important i n  order t o  establ ish that t h i s  was, in fact ,  the 
case. 
and the acceptabi l i ty  of the 1998 uater tube design might s t i l l  be in question.) In that sense, the 
calculat ions described belou, and their  results, form an important par t  of the h i s to r i ca l  record. 

The calculat ions described here focus exclusively on the act ivat ion o f  the carbon steel  ro ta ry  shutter 
shield plug and the downstream dose rates resul t ing from that act ivat ion. This was su f f i c i en t  f o r  the 
present purpose. 

V i r tua l l y  a l l  of the steel  and aluninun conponents shorn in Figs. 3.10 and 3.12 w i l l  be c ~ n e  activated 
t o  some degree. 
the variaus stainless steel  pools seals, the various stainless steel l iners, and the central  col l imator 
i t se l f ,  which i s  made of carbon steel. Likewise, the stainless steel  l iners  i n  and around the concrete 
block assembly holding the rotary shutter, and the stainless steel Liner on the inner surface of the 
b io log ica l  sh ie ld  around the shutter assembly housing, w i l l  also become activated, especial ly those 
surfaces on the back (upstream) side of the concrete block assembly. Lastly, and mwt importantly, 
the Type 1020 carbon steel  rotary shutter u i l l  also b e c m  highly act ivated a f te r  years o f  exposure. 
Outside the sh ie ld  configuration of Concern here, the steel face o f  the nwmochrometer drun (uhich 
normally abuts the shield configuration shoun here) w i l l  also become activated. 
cOlFpOnents, however, are the carbon steel col l imator and the Type 1020 carbon steel  rotary shutter, 
since they are  the two components that are normally irmnediately adjacent t o  the neutron beam during 
regular operation when the beam tube i s  dry and the shutter i s  in the open position. 
in tens i ty  o f  the neutron beam (and the radial  leakage associated u i t h  i t s  natural divergence) does 
not change dramatical ly over the length of the col l imator o r  the beam hole in  the shutter, these two 
conponents u i l l  become almost equally activated ( t o  u i t h i n  a factor of 2 or SO) on a "per unit length" 
basis, although the leading (upstream) edge on the col l imator that  directly faces the broader neutron 
beam w i l l  obviously become mxh more activated. Because of  the length o f  the collimator, however, 
i t  u i l l  provide s ign i f i can t  self-shielding against the act ivat ion gamnas caning from the leading edge. 
Moreover, when the rotary shutter i s  in the closed position, i t  u i l l  provide signi f icant shielding 
against a l l  ac t i va t ion  g a m s  corning from the col l imator as vel1 as act ivat ion gamnas coming from a l l  
other components fur ther upstream. The main problem u i l l  be act ivat ion games coming from the shutter 
i t s e i f ,  spec i f i ca l l y  from regions u i th in  the f i r s t  fen centimeters of the large beam hole. 
the inner surface of the beam hole i s  in  imnediate (a lbe i t  tangential) contact u i t h  the neutron beam, 
i t  u i l l  become highly activated. 
the axis of i t s  beam hole i s  turned 66.75 degrees u i t h  respect t o  the beam tube axis as shown in 
Fig. 3.12, the one end o f  the shutter beam hole i s  never far  away from the external surface o f  the shield 
configuration, and the amwnt of steel available for  self-attenuation betueen the internal  surface o f  the 
beam hole and the outside world i s  minimal. 
be turned 90 degrees when closed, t h i s  s i tuat ion c w l d  de f i n i t e l y  be improved. Unfortunately, with the 
present design, one i s  simply "stuck" v i t h  t h i s  minor problem f o r  uhich there i s  no real  f ix . )  Thus, i t  
uas prejudged that the rotary shutter i t s e l f  was l i k e l y  the biggest contr ibuting factor t o  the ac t iva t ion  
dose dounstream o f  the shield configuration (at least uhen the Rlonochraneter drun i s  pulled back f a r  
enough so as not t o  be a b ig  factor). For that reason, t h i s  stub/ focused exclusively on the ac t iva t ion  
of the ro ta ry  shutter shield plug and the downstream dose ra te  resul t ing f raa that act ivat ion. I f  i t  
could be established (as i t  nou has been) that act ivat ion of t h i s  component alone uas responsible f o r  a l l  
or most o f  the dose measured during maintenance operations, then there uould be no impediment t o  accepting 
the w e l l - f o W  conclusion from the previous section that the transmitted coaponent of the dose ra te  
would be neg l ig ib le  (or a t  Least less than I mrem/hr) u i t h  the 1998 uater tube and col l imator sections 

(More precisely: a t  Z=479.29 cm, the 

I t  uas 

That i s  t o  say: The amount of act ivat ion experienced by the col l imator and ro ta ry  shutter 

The amount o f  act ivat ion depends only on the nunber of neutrons 

( H a d  t h i s  not been the case, i t  uould have implied a serious error i n  the previous analyses, 

Around the collimator th i s  includes: the radial  and eccentric (stainless steel)  shields, 

The two primary 

Since the 

, 

Because 

Unfortunately, even uhen the shutter i s  in  the closed pos i t ion  and 

( I f  the shutter only had one beam hole such tha t  i t  could 
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flooded, the shut ter  closed, and the H F I R  operating a t  100 MU, and that, under those conditions, the 
t o t a l  dose r a t e  ( i nc lud ing  ac t i va t i on )  should be essen t ia l l y  the same as w i t h  the  e x i s t i n g  1960 design. 

This study involves three o r  f ou r  key steps: (1) i d e n t i f i c a t i o n  o f  the key rad ioac t i ve  nucl ides 
responsible f o r  the a c t i v a t i o n  dose, and the ( tue lve)  nuclear reac t i on  processes by uhich these are 
created; 
reaction rates in  each o f  39 1-cm-thick c y l i n d r i c a l  s h e l l s  around r o t a r y  shu t te r  beam ho le  under 
normal condit ions u i th  the shut ter  open; (3) performing a d e t a i l e d  a c t i v a t i o n  analys is  f o r  each 
o f  these 39 regions so as t o  determine the concentrat ion l eve l s  a f t e r  30 years o f  exposure and a t  
various times (0-60 days) a f t e r  a subsequent shutdoun; 
terms f o r  each region back i n t o  the 3-D MCNP model, r o t a t i n g  the shu t te r  t o  the  closed pos i t i on  
with the sources i n  place, and performing the attendant 3-D gama sh ie ld ing  analysis. 
of t h i s  analysis u i l l  be b r i e f l y  described i n  the fo l lowing sections. 
recently measured values u i l l  then be made. 
presented i n  uhich the mer i t s  o f  using a Lou-activation s t e e l  i n  the forthcoming design are discussed. 
For conpleteness. add i t i ona l  supplementary d e t a i l s  may found i n  each o f  several r e l a t e d  appendices: 

E . l :  Deta i ls  o f  MCNP R u n  HB309, used t o  ca lcu late a l l  the necessary reac t i on  rates. 
E.2: A l i s t i n g  of the ad hoc a c t i v a t i o n  program (ACTSRC-FOR) described above. 
E.3: A l i s t i n g  o f  a u t i l i t y  program (SI.FOR) needed t o  create the necessary MCNP source-term 

p r o b a b i l i t y  d i s t r i b u t i o n s  from the information obtained by ACTSRC.FOR. 
E.4: Deta i ls  o f  MCNP R u n  HB310, used t o  ca lcu late the r e s u l t i n g  dose rates. 

(2) running a 3-0 MCNP neutron-only beam tube analys is  t o  determine a l l  o f  t he  necessary 

and (4) p u t t i n g  the r e s u l t i n g  g a m  source 

Each aspect 
Corrparisons u i t h  the most 

Lastly, r e s u l t s  from a f e u  scoping s tud ies w i l l  be 

7.1 Key Radioactive Nuclides and Nuclear Reaction Processes By Uhich They Are Formed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
The ro ta ry  shut ter  s h i e l d  p lug  i s  made o f  Type 1020 carbon s tee l .  As such, i t  i s  mostly iron, but 
also contains a small spec i f i ed  amount o f  manganese as an a l l o y i n g  agent, and l i k e l y  contains small 
unspecified t race amounts of cobal t  by defaul t .  Figure 7.1 shows how n a t u r a l l y  occurr ing isotopes 
of these elements can serve as precursors t o  the production o f  f ou r  key rad ioac t i ve  nuclides: 
Co-60, Mn-56, and Mn-54. [The data shoun i n  Fig. 7.1 was taken p r i m a r i l y  from General E lec t r i c ’ s  
Chart of the Nuclides#29, w i th  supplemental data from the  ICRP Table o f  Isotopes#30.1 

Because the Fe-59 emits energetic g a m s  (average E=1.19 MeV), has a 44.51 day h a l f l i f e ,  and i s  aluays 
present a f t e r  any s i g n i f i c a n t  exposure t o  neutron rad iat ion,  i t s  e f f e c t  on a c t i v a t i o n  dose rates i s  
usually important f o r  ueeks and months a f t e r  shutdown, dur ing uhich t ime maintenance operations are 
most l i k e l y  t o  be performed. 
production. Small, f requent ly  undocunented, trace amounts o f  cobal t  n a t u r a l l y  found in most i r o n  ores 
are also major a c t i v a t i o n  sources, as noted below. 

Page 6.30 o f  ilMarksf Standard Handbook f o r  Mechanical Engineersii (Ref 31) ind icates tha t  Type 1020 carbon 
s tee l  t y p i c a l l y  contains 0.30-0.60 ut% manganese. For the purpose o f  th is  analysis, the s tee l  uas therefore 
ass& t o  conta in  0.45 ut% Mn-55, t he  only  n a t u r a l l y  occurr ing isotope. The small quan t i t i es  o f  Mn-54, 
formed by (n,p) reactions i n  Fe-54, a re  minor contr ibutors  t o  the o v e r a l l  dose rate. 
quant i t ies  of Mn~56, formed by (n,g) reactions i n  Mn-55, can con t r i bu te  more s i g n i f i c a n t l y  t o  the ove ra l l  
dose rate, especia l ly  i n  the f i r s t  few hours a f t e r  shutdown, but, because o f  i t s  shor t  2.578 hour h a l f l i f e ,  
i t s  e f f e c t  i s  genera l ly  n e g l i g i b l e  beyond the f i r s t  one o r  tu0 days a f t e r  shutdoun. 

Most steels a l so  conta in  some small t race amounts o f  cobal t  which may o r  may no t  appear i n  meta l lurg ica l  
fact  sheets. 
exposure. Moreover, even i f  t he  o r i g i n a l  s tee l  i s  f ree  o f  any cobal t  (uhich i s  almost never the case), 
i t  u i l l  be generated anyway by the  f o l l o u i n g  sequence: Na tu ra l l y  occurr ing Fe-58 u i l l  experience (n,g) 
reactions and produce Fe-59 uhich v i11  then beta decay (w i th  a h a l f l i f e  o f  44.51 days) t o  form Co-59, 
uhich u i l l  then experience (n,g) reactions t o  form the rad ioac t i ve  isotope, Co-60. Thus, even i f  there 
uas no cobalt present i n i t i a l l y ,  t h i s  process u i l l  create small  amounts over time. More importantly, 
i f  there i s  even a small t race amount o f  natura l  cobalt (Co-59) i n i t i a l l y  present, the amount of Co-60 
produced by d i r e c t  (n,g) capture w i l l  genera l ly  be even more s i g n i f i c a n t .  
could be found on the  cobal t  content o f  Type 1020 stee l ,  undoubtedly because i t  i s  present i n  such minute 
quant i t ies  as t o  be m e t a l l u r g i c a l l y  i ns ign i f i can t .  S t i l l ,  i t  i s  best t o  inc lude i t  i n  the ac t i va t i on  
analysis i f  one has any reasonable bas is  f o r  est imating the  amount present. To t h a t  end, i t  uas noted 
(cf pp. 106 o f  Ref 6) tha t  t he  main H F I R  pressure vessel i n i t i a l l y  contained 0.015 ut% Co-59. 
reference a l so  ind icated tha t  the HB-1 and HB-4 vessel nozzles i n i t i a l l y  contained 0.005 ut% Co-59 and 
that the HB-2 and HB-3 vessel nozzles i n i t i a l l y  contained 0.03 ut% Co-59. O n  t h a t  basis, the present 
ac t i va t i on  analysis assuned tha t  the Type 1020 s tee l  used f o r  t he  r o t a r y  shu t te r  nominal ly contained 
0.015 ut% Co-59. 
the ac t i va t i on  analysis. 
Sect 7.6 examine the poss ib le  mer i t s  o f  using spec ia l t y  s tee l s  uhere the coba l t  content i s  m r e  t i g h t l y  
control led.] 

Figure 7.1 shous hou these and other n a t u r a l l y  occurring isotopes o f  these elements can serve as precursors 
t o  the production o f  four  key rad ioact ive nuclides: Fe-59, Co-60, Mn-56, and Mn-54. I n  par t icu lar ,  i t  

Fe-59, 

I t  a l so  serves as a precursor t o  Co-59 production, and therefore t o  Co-60 

Somewhat larger  

Even extremely small t race quan t i t i es  can be a major source of r a d i o a c t i v i t y  f o r  years a f te r  

In t h i s  case, no information 

That same 

The subsequent (nominal) dose r a t e  ca l cu la t i ons  a re  a l so  based on tha t  assunption i n  
[A l ternate (hypothetical) a c t i v a t i o n  and dose r a t e  ca l cu la t i ons  described i n  
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Fig. 7.1. Nuclear processes leading to the production of four key radioactive nuclides (Fe-59, Co-60, Mn-56, and Mn-54) in Type 
1020 carbon steel. Identified here are 12 individual reaction rates that must be known to perform the necessary activation analysis. 



shous the fo l l ow ing  12 react ion ra tes  t o  be o f  key importance i n  any ac t i va t i on  analysis: 

Fe54(n,g)Fe55, Fe54(n,p)Mn54, Fe55(n,a)Cr52, Mn54(n,g)Mn55, Mn55(n,g)Mn56, 

Fe56(n,g)Fe57, Fe57(n,g)Fe58, Fe58(n,g)Fe59, Fe59(n,g)Fe60, Fe59(n,a)Cr54, 

Co59(n,g)Co60, and CobO(n,g)Co41. 

7.2 Determination o f  the Spatially-Dependent Reaction Rates Using MCNP Run HB309 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
U h i l e  i t  uould have been possible t o  perform a 3-0 MCNP beam tube neutron-only analys is  t o  determine 
the  fas t ,  epithermal, and thermal f l u x  l e v e l s  throughout d i f f e r e n t  regions o f  the r o t a r y  shut ter ,  and 
then have allowed ORICEN-S#32 t o  f o l d  i t s  1-group o r  3-group cross sections u i t h  the MCNP f l uxes  t o  do 
the a c t i v a t i o n  analyses (one region a t  a t ime f o r  each o f  the 39 regions o f  in terest ) ,  the a l t e r n a t e  
approach described below i s  more e f f i c i e n t  and more accurate. Armed w i th  pre l iminary knowledge o f  
which reac t i on  ra tes  are important, i t  i s  both possible and convenient uhen running MCNP t o  l e t  i t  
f o l d  the  pointwise-energy-dependent f l uxes  ( i n  each c e l l  or t a l l y  segment o f  i n te res t )  d i r e c t l y  w i th  
the pointwise-energy-dependent cross sect ions f o r  these various reactions t o  obta in  the best poss ib le  
estimate o f  the average " react ion r a t e  per unit atom density'! f o r  each process, i n  each c e l l  o r  t a l l y  
segment o f  i n te res t .  
( i n  n/s/cm2) times the pointwise-energy-dependent microscopic cross section ( i n  barns)," in tegrated 
over a l l  energy, and s p a t i a l l y  averaged over a vo lunetr ic  c e l l  o r  t a l l y  segment o f  i n te res t .  I t  i s  
such t h a t  when one m u l t i p l i e s  by the atomic densi ty  o f  the nuc l ide i n  "atoms/(barn*cm)'s the  r e s u l t  i s  
i n  ~~reactions/sec/cct4.1 
populat ion from which t o  sample, i s  t h a t  i t  does not  depend on some previously ca lcu lated 48group-averaged'1 
cross sec t i on  data which may o r  may not be appropriate f o r  the loca l  spectrun; 
l o c a l  spec t ra l  e f f e c t s  are accounted f o r  d i r e c t l y .  
ra tes  in  hand, i t  i s  then a sirrple matter t o  u r i t e  a small ac t i va t i on  program tha t  can, i n  a s i n g l e  run, 
do a l l  the a c t i v a t i o n  analyses f o r  a l l  39 regions o f  in terest ,  and l i s t  the r e s u l t i n g  decay g a m  source 
terms f o r  each o f  the 39 regions a t  any decay t ime desired. 

The r o l e  o f  MCNP Run HB309 was t o  determine these 12 nuclear react ion rates under nominal condit ions, 
in  ( t h e  s tee l  p o r t i o n  o f )  each o f  the 39 1-cm-thick c y l i n d r i c a l  she l l s  concentr ica l ly  centered around 
the 3.5-inch-diam beam hole i n  the r o t a r y  shutter, uhen the uater tube and co l l imator  sections are 
both void, the shut ter  i s  open, and the  H F I R  i s  operating a t  100 MU. 

Appendix E. l  shows the modi f icat ions needed t o  convert the input f i l e  f o r  MCNP Run HB308C ( l i s ted  i n  
Appendix D.4) t o  the form needed f o r  t h i s  neutron-only analysis i n  Run HB309. 
i t  should be noted tha t  Run HB309 i s  a neutron-only analysis wi th  20 m i l l i o n  h i s to r i es .  
includes a l l  41 VELM neutron groups f o r  t he  HB-3 beam tube as speci f ied i n  Table 2.2a. 
a t o t a l  o f  9.64595e16 n/s. A l l  neutrons were s ta r ted  w i t h i n  a narrou cone of 15.13 degrees about the 
center l ine,  and the s t a r t i n g  ueights were adjusted accordingly, as shoun i n  i tem 3 o f  Appendix E.1 
( i e ,  on l y  s t a r t i n g  d i r e c t i o n  cosines betueen 0.965335056 and 1.0 uere sampled, and a l l  source p a r t i c l e s  
had s t a r t i n g  ueights o f  0.017332472 s ince source energy biasing was not  used). 
i nc lud ing  thermal neutrons, un t i l  they leaked from the system, were absorbed, or k i l l e d  by Russian Roulette 
( i e ,  no energy c u t o f f s  uere used). From a mater ia l  vieupoint, the geometry uas i d e n t i c a l  t o  t h a t  shown 
i n  Fig. 3.2, u i t h  the uater tube and co l l ima to r  sections both vo id and the shutter 's 3.5-inch-diam beam 
ho le  in  the open posi t ion.  Because the water tube and co l l imator  sections uere void, no ueight  windous or 
other fancy b ias ing techniques were needed. Moreover, since the primary i n te res t  uas in neutron reactions 
i n  po r t i ons  o f  the carbon s tee l  r o t a r y  shu t te r  close t o  the large beam hole, i t  uas poss ib le  t o  ob ta in  
good s t a t i s t i c s  by simply running a l a rge  n&r o f  h i s t o r i e s  (20 m i l l i o n )  in  t h i s  narrou cone o f  s t a r t i n g  
d i rec t i ons .  
550.8 m i l l i o n  co l l i s i ons ,  and the c a l c u l a t i o n  on ly  required about 7 hours of CPU t ime on each o f  8 nodes 
on the ORNL SP2 computer.3 

To ob ta in  the des i red information, several other minor addit ions were required. 
Appendix E.l ,  a n*r o f  new dmny mate r ia l s  (m71 through &) were added. 
nuc l i de  from the l i s t  i n  Sect 7.1, and each uas assigned a nunber densi ty  o f  1.0 atocrrs/(barn*cm). 
a re  only used in  various t a l l i e s  t o  ob ta in  the desired react ion rates "per unit n&r density" i n  each 
reg ion o f  the r o t a r y  shut ter .  To ob ta in  information f o r  d i f f e r e n t  regions o f  the s tee l  canpr is ing the 
r o t a r y  shu t te r  (Ce l l  3090). a n h r  o f  a u x i l i a r y  surfaces ( S u r f  5171 through 5208) had to be introduced, 
as described i n  item 6 of Appendix E.1. 
i n t o  the  39 c y l i n d r i c a l  s h e l l s  described above. these 
surfaces are on ly  used i n  the segmented volune t a l l i e s  described in  i t e m  8 o f  Appendix E.1. 

Last ly ,  because the large 3.5-inch-diam beam hole has a hor izonta l  ax i s  while the 24.375-inch-diam ro ta ry  
shu t te r  has a v e r t i c a l  axis, and because the r o t a r y  shutter i s  a lso penetrated by a small 0.875-inch-diam 
ho r i zon ta l  beam hole whose ax i s  i s  i n c l i n e d  46.5 degrees u i t h  respect t o  the large beam hole, t he  actual  
v o l w  o f  s tee l  i n  each o f  these 39 " c y l i n d r i c a l  shel ls8' around the large beam hole i s  someuhat i r r e g u l a r  

[Here, react ion r a t e  per unit atom density = the 4apointuise-energy-dependent f l u x  

The advantage o f  t h i s  approach, when one has a large representative neutron 

w i th  t h i s  approach, a l l  
Moreover, wi th  these more accurate l oca l  reac t i on  

To surmarize very b r i e f l y ,  
The source 

This represents 

A l l  neutrons were tracked, 

[In Run HB309, the 20 m i l l i o n  neutrons tha t  uere s ta r ted  subsequently experienced a t o t a l  of 

As shoun in  i tem 7 of 
Each represents a s i n g l e  

These 

These uere used i n  the t a l l y  spec i f icat ions t o  segment the  shut ter  
Note tha t  no neu c e l l s  uere ac tua l l y  introduced; 
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... 
and had t o  be computed manually (o f f l i ne )  i n  advance of R u n  HB309. 
i n  each o f  these 39 segments also had t o  be entered manually on the t a l l y  specif icat ion cards so tha t  the 
volume-averaged f luxes and reaction rates as subsequently calculated by Run HE309 uould be correct. Uhi le 
di f ferent methods may be used to  calculate such i r regular v o l m s ,  a standard stochastic method was used 
i n  t h i s  case. Here the volune of steel in  each of the 36 innermost segments uas converged to  w i th in  0.03% 
(typical ly) ,  uh i l e  the 3 outermost segments uere converged t o  u i t h i n  0.12%. 0.17%, arid 0.3% respectively. 
The resu l t ing  segment volunes are shown in Table 7.1. 
the outside corners" of the steel shutter, their  volunes are very small. 

Based on Run H6304, Table 7.1 shows the volune-averaged estimates of the total ,  fast, intermediate, and 
thermal neutron f luxes i n  ( the steel port ion o f )  each segment of the rotary shutter under nominal conditions 
uhere the uater tube and col l imator sections uere both void, the shutter was vide open, and the HFIR uas a t  
100 MU. Note that the total ,  fast, and intermediate neutron fluxes are generally converged t o  u i t h i n  about 
3% fo r  m s t  o f  the shutter segmnts, and always t o  u i t h i n  10 or 11%, except for  the outermost three or four 
segments uhere the volunes are rapidly becoming smaller, the f luxes are down by tu0 orders of magnitude, 
and any resu l t ing  ac t iva t ion  is minimal. Unlike the fas t  fluxes which vary slowly by posit ion, the t h e m 1  
fluxes responsible f o r  most act ivat ion vary much more rapidly as one moves back auay from the central  beam 
hole, f a l l i n g  o f f  by: 

1 order o f  magnitude frm R=5 cm t o  R=10 cm (where the fsd's are under 2%), 
2 orders of magnitude from R=5 rm t o  R=14 cm (uhere the fsd's are under 4%),  
3 orders of magnitude from R = 5  cm t o  R=22 cm (where the fsd's are under 9%). 

Moreover, the actual volume o f  steel  

Note that because the outermost shel ls jus t  s8c l i p  

By the time the f rac t iona l  standard deviations (fsd's) exceed 15%, the fluxes are even smaller and the 
volune o f  s tee l  i n  successive segments i s  also gett ing smaller and smeller (because the shutter has 
a ve r t i ca l  axis whi le these concentric shel ls around the beam hole have a horizontal axis). 
shoun i n  Appendix E.1, most of the key activation rates are k n o m  t o  u i t h i n  a feu percent. 

Lastly, Table 7.2 shows each of the 12 key reaction rates (per unit atom density) in  each o f  the 39 segments 
of the ro ta ry  shutter wder nominal conditions. 
that uould ex i s t  i n  the steel  port ion o f  each 1-cm-thick cy l indr ica l  she l l  segnent o f  the shutter (going 
out from the 3.5-inch-diam beam hole) if the density of the given nuclide were 1.0 atonts/(barn*cmf. These 
rml t i reg ion  react ion rates are then used d i rec t l y  in  the awlt iregion act ivat ion analysis described i n  
Sect 7.3 and/or. Appendix E.2. More detai led results showing the fract ional  standard deviations associated 
with each react ion ra te  ( i n  each of the 39 segments) are given in  Appendix E.1. 
important segments for  ac t i va t ion  purposes are the f i r s t  feu closest t o  the beam hole, uhere the f t u x  has 
not been attenuated mch. 

Thus, as 

To be more specif ic, t h i s  table gives the 1Veactions/sec/cc8s 

Also note that  the most 

Appendix E.2 l i s t s  the small ad hoc activation program (ACTSRC.FOR) used t o  obtain the decay g a m  source 
terms due t o  ac t i va t ion  i n  (the steel port ion o f )  each of the 39 1-cm-thick cy l indr ica l  shel ls concentr ical ly 
centered around the 3.5-inch-diem beam hole through the HB-3 rotary shutter, uh i le  Table 7.3 sunwrizes the 
buildup/depletion equations used during the i r rad ia t ion  period, as i l l us t ra ted  in Fig. 7.1. 
same equations are used a f te r  shutdown; the only dif ference i s  that, then, a l l  the reaction rates (the 88x11 
data in  Table 7.3) are set t o  zero, and smaller time steps are used. Since the program i s  short and heavi ly 
annotated, descr ipt ive comnents here vi11 be held t o  a m i n i m .  Nevertheless, a feu comerits are in  order: 

Note that the 

The nuclear reaction rate data for each of the 12 processes in  each of the 39 shel ls c q r i s i n g  the 
shutter uas based on MCUP R u n  H6M9, as described above and l isted i n  Table 7.2. 
i n t o  the program in  the form of data StateRRntS. Near the top of the program, a l l  those react ion 
rates are mu l t i p l i ed  once by a constant factor of I'1.0e-24 &/barnH so that a l l  nucl ide nunber 
densit ies used i n  the buildup and depletion equations throughout the program can then be in  u n i t s  
o f  atans/cc. 

That data i s  built 

Time steps of 7 days (6.048e+5 seconds) are generally used t h rwghwt  the a s s d  30 year i r rad ia t i on  
period, while time steps of 1 day (8.64ec4 seconds) are generally used fo r  the subsequent decay period, 
0 t o  60 days a f t e r  shutdoun. The only exceptions are f o r  the equations involving Mn-55 and Mn-56. 
Because o f  the much shorter h a l f l i f e  of Mn-56 (9281 see), time steps of 3024 seconds uere used fo r  
these two nucl ides during the 30-year i r rad ia t ion  period, and time steps of 2880 seconds uere used 
for these tuo nucl ides during the 60-day decay period. While decay gama source t e r n  frm each o f  
the four prirnary radioactive nuclides are tabulated on a da i l y  basis throughout th i s  60-day decay 
period a f t e r  shutdoun, only those a t  7 days a f te r  shutdown uere subsequently used i n  the MCNP gamna 
shielding analysis (Run HB310). 
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Table 7.1. Broad-group neutron f l uxes  (n/s/cmZ) i n  each segment o f  the r o t a r y  shu t te r  under nominal condi t ions,  and the actual  
volume(*) of each of  the 39 1-cm-thick c y l i n d r i c a l  segments going outward from the 3.5- inch beam hole.  These r e s u l t s  are based 
on Run HB309 where the water tube and c o l l i m a t o r  sect ions were both void,  the shu t te r  was wide open, and the HFlR was a t  100 MU. 

Dist(cm) from 
Segment cen te r l i ne  of 
Nunber b i g  beam h o l e  

seg 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

rmin 

4.445 
5.445 
6.445 
7.445 
8.445 
9.445 

10.445 
11.445 
12.445 
13.445 
14.445 
15.445 
16.445 
17.445 
18.445 
19.445 
20.445 
21.445 
22.445 
23.445 
24.445 
25.445 
26.445 
27.445 
28.445 
29.445 
30.445 
31.445 
32.445 
33.445 
34.445 
35.445 
36.445 
37.445 
38.445 
39.445 
40.445 
41.445 
42.445 

rmax 

5.445 
6.445 
7.445 
8.445 
9.445 

10.445 
11.445 
12.445 
13.445 
14.445 
1'5.445 
16.445 
17.445 
18.445 
19.445 
20.445 
21.445 
22.445 
23.445 
24.445 
25.445 
26.445 
27.445 
28.445 
29.445 
30.445 
31.445 
32.445 
33.445 
34.445 
35.445 
36.445 
37.445 
38.445 
39.445 
40.445 
41 -445 
42.445 
43.4433 

Rot.Shutter 
C e l l  3090 
Segment Vol 

volume (cc)  

1.89858E+03 
2.27981€+03 
2.6551 1€+03 
3.02744E+03 
3.39342E+03 
3.75 537E + 03 
4.11 116E+U3 
4.45690E+03 
4.79709E+03 
5.12661€+03 
5.44592E+03 
5.75543€+03 
6.05497€+03 
6.33840€+03 
6.60982E+03 
6.86725E+03 
7.10540€+03 
7.32554E+03 
7.53004E+03 
7.70707E+03 
7.85 11 5E+03 
7.96738E+03 
8.04809E+03 
8.08235E+03 
8.05935E+03 
7.95535€+03 
6.44147€+03 
4.99352E+03 
4.08671 E+03 
3.36986€+03 
2.76096E+03 
2.23160E+03 
1.76511E+03 
1.35264E+03 
9.88281€+02 
6.71 165E+02 
4.01009€+02 
1.86544E+02 
3.975 75E+ 0 1 

N-FLUX f sd 

2.74732E+09 .0088 
1.845666+09 .0084 
1.36593E+09 -0089 
6.96965€+08 .0108 
3.37267E+08 .0133 
1.90977E+08 .0163 
1.101 71E+08 .0197 
6.72172E+07 .0238 
4.03766E+07 .0290 
2.62801E+07 .0348 
1.81081E+07 .0405 
1.22659€+07 .0457 
9.25039€+06 .0544 
6.90746€+06 .0612 
5.33066E+06 .0682 
4.35552E+06 .0718 
3.50262E+06 .0815 
2.71110€+06 .0869 
2.31448E+06 -0946 
2.15837€+06 .lo55 
1.97678E+06 .lo22 
1.63389E+06 .lo14 
1.38260€+06 .1114 
1.44871€+06 .1105 
1.41795€+06 .1202 
1.22925E+06 .I200 
1.13551€+06 .1436 
6.93888€+05 .2174 
4.54804€+05 .2911 
3.69736€+05 .3667 
1.26607€+05 .4321 
3.85593€+04 .5617 
1.04516€+05 ,8487 
3.01327€+04 .9999 
5.47862E+04 .9999 
2.42782€+04 .9999 
0.00000E+00 .OOOO 
0.00000€+00 .oooo 
0.00000E+00 .OOOO 

N-Flux f sd 

2.02708E+09 .0167 
1.66341E+09 .0163 
1.42750€+09 .0162 
1.05363€+09 .0174 
8.08969E+08 . 0 188 
6.74424E+08 .0197 
5.60476€+08 .0205 
4.76992€+08 .0213 
4.02304E+08 .0223 
3.49902E+08 .0230 
3.05466E+08 .0241 
2.65727E+08 .0252 
2.35619E+08 .0261 
2.08903E+08 .0267 
1.82957€+08 .0281 
1.63203€+08 .0292 
1.45159E+08 .0299 
1.32135E+08 .0313 
1.18128€+08 .0316 
1.06460E+08 .0327 
9.47021E+07 .0337 
8.529795+07 .0344 
7.89053€+07 .0362 
7.24254€+07 .0367 
6.51446E+07 .0384 
6.18837€+07 .0390 
5.78272E+07 .0438 
5.26223€+07 .0516 
4.75744E+07 .0568 
4.22995€+07 .0648 
3.80259E+07 .0725 
3.51092€+07 .OB37 
3.16187€+07 .0978 
2.50538€+07 .0997 
2.44744E+07 .1160 
2.20308€+07 .1412 
2.09847€+07 .1754 
1.97000E+07 .2063 
9.80637€+06 .4708 

Fast Neutron Flux 
above 0.1 MeV _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - -  

N-FLux f sd 

7.73721++08 .0259 
5.90820E+08 .0259 
5.11630E+08 .0247 
3.67896E+08 .0271 
2.60845E+08 .0272 
2.19476E+08 .0275 
1.90583E+08 .0282 
1.66833€+08 .0287 
1.48498E+08 .0297 
1.30761E+08 .0304 
1.19669€+08 .0313 
1.05416€+08 .0315 
9.65105€+07 .0323 
8.79522E+07 -0327 
7.82697E+07 .0335 
7.13853€+07 .0348 
6.48972€+07 .0355 
6.13374€+07 .0361 
5.43873€+07 .0375 
4.84026E+07 .0391 
4.57820€+07 .0394 
4.08429€+07 .0400 

3.08990E+07 .0452 
2.74878E+07 .0462 
2.49149€+07 .0500 
2.38801€+07 .0589 
2.19426E+Of .0671 
1.88337E+07 .0824 
1.69396Et07 .0870 
1.65887Et07 .lo04 
1.39530E+07 .1120 
1.15256€+07 .1304 
1.16599€+07 .1615 
1.23392€+07 .1804 
7.56120E+06 .2365 
7.22905E+06 -3785 
1.15976E+07 .5075 

3.83933€+07 .0418 
3.30346€+07 .0429 

N - F L U X  f sd 

5.54812E+09 
4.09989€+09 
3.30506E+09 
2.11850E+09 
1.40708€+09 
1.08488€+09 
8.61231E+08 
7.11041E+08 
5.91 178€+08 
5.06943E+08 
4.43243E+08 
3.83409€+08 
3.41380€+08 
3.03762€+08 
2.66558E+08 
2.13559E+08 2.38944€+08 

1.96184€+08 
1.74829€+08 
1.57021E+O8 
1.42461E+08 
1.27775E+08 
1.18681Et08 
1.06909€+08 
9.74616€+07 
9.06007€+07 
8.38777€+07 
7.71962E+07 
6.99718€+07 
6.15029E+07 
5.50922€+07 
5.1 TJ;64€+07 
4.56763E+07 
3.66095E+07 
3.61891E+07 
3.43942€+07 
2.85459€+07 
2.69290€+07 
2.14040E+07 

.0084 

.0086 

.0090 

.0107 

.0126 

.0141 

.0154 

.0165 

.0177 
-0186 
.0195 
.0204 
.0211 
.0215 
.0225 
.0236 
.0241 
.0250 
.0256 
.0265 
.0272 
.0275 
.0290 
.0299 
.0313 
.0319 
.0355 
.0412 
.0462 
.0536 
.0583 
.0667 
.0784 
.084 1 
.0987 
.1139 
.1454 
.1837 
* 3495 

(*) Because the Large 3.5-inch-diam beam ho le  has a ho r i zon ta l  a x i s  wh i l e  the 24.375-inch-diam r o t a r y  shu t te r  has a v e r t i c a l  
axis, and because the r o t a r y  shu t te r  i s  a l s o  penetrated by a smal l  0.875-inch-diam ho r i zon ta l  beam ho le  whose a x i s  i s  i n c l i n e d  
46.5 degrees wi th  respect t o  the l a rge  beam hole, the ac tua l  v o l w  o f  s t e e l  in  each o f  these 39 l t c y l i n d r i c a l  shel lsa1 around 
the large beam hole had t o  be computed a p r i o r i  ( o f f l i n e )  and suppl ied t o  MCNP manually so t h a t  t he  volune-averaged f l uxes  
and reac t i on  rates c a l c u l a t e d  by MCNP f o r  each o f  these 39 s t e e l  segments would be co r rec t .  
j u s t  I t c l i p  the outs ide corners" o f  the s t e e l  shut ter ,  t h e i r  volumes are very small. 

Because the outermost s h e l l s  



Teble 7.2. Key react ion rates (per unit atom densi ty)  in each segment of the r o t a r y  shut ter  under nominal condi t ions.  This t a b l e  gives the "reactions/sec/cc" tha t  
would e x i s t  i n  the s tee l  p o r t i o n  of  each 1-cm-thick c y l i n d r i c a l  s h e l l  segment of the shut ter  (going out from the  3.5- inch beam hole)  i f  the dens i t y  o f  the nuc l i de  
was 1.0 atoms/(barn*cm). Based on Run HB309 where t h e  ua te r  tube and co l l ima to r  sect ions were both void,  the shut ter  was wide open, and the H F I R  was a t  100 MU. 

Seg. Fe54(n,g) Fe54(n,p) Fe55(n,a) Mn54(n,g) Mn55(n,g) Fe56(n,g) Fe57(n,g) Fe58(n,g) Fe59(n,g) Fe59(n,a) Co59(n,g) Co60(n,g) 

1 5.99198et09 1.20292et07 2.02828et05 1.26622et10 1.84169et10 3.36721et09 3.19633et09 1.57216et09 2.14995et09 3.32113et03 5.78845e+10 3.16042et09 
2 4.14389et09 6.67175et06 1.35130et05 8.62084et09 1.25220et10 2.25370et09 2.14003etO9 1.14615et09 1.44126et09 1.34551et03 4.06547e+10 2.20321et09 
3 3.13285et09 5.25048et06 1.22644et05 6.51046et09 9.38180et09 1.67026et09 1.58950et09 8.48714et08 1.07228et09 2.51155et03 3.06994et10 1.69199et09 
4 1.72564et09 2.58757et06 5.63003et04 3.56730et09 5.16367et09 8.73702et08 8.45299et08 4.32341et08 5.62506et08 3.30643et02 1.76769et10 9.72573et08 
5 9.50033et08 1.10414et06 7.41870et03 I .96939e+09 2.77038et09 4.41938e+08 4.33831et08 2.31799et08 2.86986et08 1.71738e+00 1.04784etlO 5.77529et08 
6 6.12330etOB 8.03867et05 4.30735et03 I .30528e+09 1.82913e+09 2.69553et08 2.63626e+08 1.50153et08 1.74651et08 0.00000e+00 7.29654et09 4.08203et08 
7 4.13005et08 6.54756et05 1.09205et03 9.02419et08 1.23859et09 1.68245et08 1.69071et08 8.94690et07 1.10666et08 O.O0000e+00 5.34792et09 2.97571et08 
8 2.95404et08 4.41701et05 5.56648et02 6.61735etO8 8.55010et08 1.1517Oet08 1.16809et08 6.46687et07 7.44673et07 0.00000e+00 4.09892etO9 2.27118et08 
9 2.08192et08 3.78326et05 2.73019etO2 4.94689et08 6.40729e+08 7.62715et07 7.88794et07 5.18197et07 5.04288et07 0.00000e+00 3.11880et09 1.79749et08 

10 1.58984et08 2.53326et05 1.62800et02 3.86573et08 5.04035et08 5.46814et07 5.81 192et07 3.51538et07 3.64339et07 0.00000e+00 2 . 7 4 7 5 3 ~ 0 9  1.45030et08 
11 1.27956et08 2.03298et05 1.51162et02 3.14478et08 3.92140e+08 4.23195e+07 4.55823et07 2.67623et07 2.78752et07 0.00000e+00 2.22914et09 1.22003et08 
12 1.04389et08 1.62342et05 5.13810et01 2.59155etOB 3.35307et08 3.23935et07 3.51442et07 3.00751et07 2.18257et07 0.00000e+00 1.70038etO9 1.01511et08 
13 8.83181et07 9.57636et04 8.32803e-01 2.16017et08 2.73264et08 2.76522et07 2.91652et07 3.66566et07 1.78110et07 0.00000e+00 1.43644et09 8.67970et07 
14 7.62692et07 7 .33266~04  0.00000e+00 1.84598etOB 2.27944et08 2.20551etO7 2.46814et07 2.40311et07 1.4978fet07 0.00000e+00 1.15434et09 7.54545et07 
15 6.45517et07 8.56045et04 0.00000e+00 1.55570et08 1.92078et08 1.76561e+07 2.06657etO7 1.43074et07 1.23244et07 0.00000e+00 1.03716et09 6.46226et07 
16 5.46605et07 5.96741et04 0.00000e+00 1.34916etO8 1.72462et08 1.46348et07 I .77527e+07 1.27613et07 1.05036et07 0.00000e+00 8.20952et08 5.65685e+07 

I- 17 4.79391et07 4.36338et04 0.00000e+00 1.16707et08 1.58814et08 1.27331et07 1.46638et07 2.23069et07 8.87970et06 0.00000e+00 7.84838et08 4.90034et07 
2 18 4.19608et07 3.66938et04 0.00000et00 1.04449et08 1.3801 l e t 0 8  1.07375et07 1.31289et07 1.09186et07 7.65916et06 0.00000e+00 6.02624et08 4.47282et07 

19 3.36966et07 3.31433et04 0.00000e+00 9.18358et07 1.10222et08 9.74353et06 1.16829e+07 6.67290et06 6.63824et06 0.00000e+00 5.61004et08 3.87558et07 
20 2.94455et07 2'.71341e+04 0.00000e+00 8.01191et07 9.73559et07 9.28538et06 1.13470e+07 1.23014et07 5.85553et06 0.00000e+00 5.46825et08 3.40701et07 
E l  2.71815et07 1.70733et04 0.00000e+00 7.10371e+07 8.52599et07 8.09216et06 1.08416et07 5.22684et06 5.42374et06 0.00000e+00 4.63993etOB 3 . 0 5 2 5 2 ~ 0 7  
22 2.36507et07 1.25406et04 0.00000e+00 6.24565et07 7.89212et07 6.72191et06 8.76487et06 5.80662et06 4.71597et06 0.00000e+00 3.46108e+08 2.70076et07 
23 2.09731et07 1.37422et04 0.00000e+00 5.80331e+07 7.39348et07 5.83975et06 7.26148et06 6.27061et06 4.13551et06 0.00000e~00 4.29789et08 2.48438et07 
24 1.87989et07 6.98949et03 0.00000e+00 5.33454et07 6.10265e+07 5.30684et06 6.93971et06 6.00283et06 3.84405et06 0.00000e+00 3.42289et08 2.26819et07 
25 1.86951et07 6.42573et03 0.00000e+00 4,80855et07 6.61 182et07 4.89180et06 6.17780et06 5.91870et06 3.522Eet06 0.00000e+00 2.56266e+08 2.151 19e+07 
26 1.58571et07 9.50111e+03 0.00000e+00 4.57404et07 5.89068et07 4.45160et06 5.27628et06 4.47121et06 3.19568et06 0.00000e~00 2.45520et08 2.10725et07 
27 1.38394et07 2.73547et03 0.00000e+00 4.29561et07 5.39730et07 3.90635et06 4.86002et06 2.85362et06 2.88050et06 0.00000e+00 2.86070et08 2.05226et07 
28 1.19015et07 1.59773et03 0.00000e+00 3.69811et07 3.89956et07 3.36825et06 5.20521et06 1.96904et06 2.25836et06 0.00000e+00 2.64852et08 1.67992et07 
29 9.08576et06 6.43392et02 0.00000e+00 3.02216et07 3.61343et07 2.54684et06 5.25065et06 2.53224et06 1.89263et06 0.00000e+00 1.72396et08 1.38844et07 
30 8.42691et06 1.59097et02 0.00000e+00 2.74636et07 2.99655et07 1.98251et06 3.97629et06 4.48026et06 1.52881et06 0.00000e+00 1.17480et08 1.38453et07 
31 5.61515et06 1.51799et02 0.00000e+00 2.49245et07 3 . 1 6 4 2 3 ~ 0 7  2.16223et06 2.23946~06 1.98723et06 1.09491et06 0.00000et00 1.87061e+08 1.34534et07 
32 5 .37685~06  1.80963et02 0.00000e+00 2.55141et07 2.99357et07 1.60233e+06 3.02018et06 1.74243et06 1.03533et06 0.00000e+00 2.08958e+08 1.26163etO7 
33 5.13309et06 2.74708et02 0.00000e+00 2.15737et07 1.87112et07 1.60190et06 3.40241et06 7.31046e+05 1.02367etO6 0.00000e+00 2.95190e+08 t.00471et07 
34 4.02939et06 3.34009et02 0.00000et00 1.41898et07 1.51089et07 2.55469e+06 1.84750et06 5.80676et06 7.86281et05 0.00000e+00 1.55585et08 6.81065et06 
35 4.37901et06 6,53157et01 0.00000e+00 1.35236et07 1.29813et07 1.23464et06 2.21092et06 6.43253et05 9 . 1 2 7 6 4 ~ 0 5  0.00000e+00 3.65217et08 5.00097et06 
36 3.45857et06 2.51263et01 0.00000e+00 1.13716et07 9.25437et06 8.49530et05 2.70400et06 4.54047et05 7.76966et05 0.00000e+00 1.77113et08 5.05343et06 
37 2.60602et06 7.91661et00 0.00000e+00 7.43682et06 4.44866et06 5.14348et05 3.18876et06 3.32985et05 4.84942et05 0.00000e+00 1.06684et07 4.13671et06 
38 1.78521et06 1.51097e-01 0.00000et00 5.15752et06 2.29941et06 2 . 5 7 3 8 6 ~ 0 5  3.15490et06 1.66274et05 2.77516et05 0.00000e+00 5.70826et06 3.52430et06 
39 3.94089et05 2.08653e-01 0.00000et00 1.19179et06 2.80385etOS 3.11991et04 1.33737et06 5.19141et04 9.67132et04 0.00000e+00 1.72262et06 1.43811et06 

Note: 
Also note that  the most important segments f o r  a c t i v a t i o n  purposes are the f i r s t  few c losest  t o  the beam hole, where the f l u x  has not been at tenuated much. 

More de ta i l ed  r e s u l t s  showing the f r a c t i o n a l  standard dev iat ions associated wi th  each react ion r a t e  ( in  each o f  the 39 segments) are g i ven  i n  Appendix E. l .  



Table 7.3. 
are used a f t e r  shutdown, except t h a t  then a l l  the react ion rates ( " x ~ ~  data) a re  set  t o  zero. 

Bui ldup/deplet ion equations used dur ing i r rad ia t i on .  Note that  the same equations 

C 

C 

C 
C 
C 

C 

C 

C 

C 

C 

C 

C 
C 
C 
C 

C 

C 

C 

dt=7.0dO ! d e l t a - t  = 1 week = 7 days 
dt=dt*8.64d4 ! d e l t a - t  i n  seconds 

tburn=30.OdO ! tburn= 30 years (appx) 
tburn=tburn*52.OdO ! tburn i n  weeks 
tburn=tburn*7.OdO ! tburn i n  days 
tburn=tburn*8.64& ! tburn i n  seconds 

nburn=nint(tburn/dt) ! i r r a d i a t e  f o r  th is many timesteps 

From here on, a l l  dens i t i es  w i l l  be in  llatoms/ccii and a l l  times w i l l  be i n  11sec18 

dcf59=1.802414-7 ! decay constant ("per secb8) f o r  Fe-59 (T-half=44.51 days) 
dcc60=4.16705d-9 ! decay constant (!'per set") f o r  Co-60 (T-half=5.271 years) 
dcm56=7.46861d-5 ! decay constant ('*per set") f o r  Mn-56 (T-half=2.578 hours) 
dcrr64=2.569686-8 ! decay constant (ilper set") f o r  Mn-54 (T-half=312.2 days) 

do i = l  ,nburn 
i yr=i /52 
iuk=i -52* iyr  

delm54= afe54*xf54np - amn54*xm54ng - dcm54*amn54 

nmicro=200 
dtsmdt /df loat (nmicro)  ! small t imestep required f o r  these 2 nucl ides 
do j=l,nmicro ! because o f  the small h a l f - l i f e  of Mn-56 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

delm55= am54*xm54ng - arm55*xrn55ng 
delm56= am55*xm55ng - dcm56*arm56 
am55=amn55+delrr65*dtsrn 
arm56=am56+delm56*dtsm 

enddo 

delf54= -afe54*xf54np - afe54*xf54ng 
delf55= afe54*xf54ng - afe55*xf55na 
delf56= -afe56*xf56ng 
delf57= afe56*xf56ng ~ afe57*xf57ng 
delf58= afe57*xf57ng - afe58*xf58ng 
delf59= afe58*xf58ng - afe591xf59ng a.. 59*xf59na -dcf59*afe59 

arm55=amn55+delm55*dt ! now done ins ide  short-t ime loop above instead 
amn56=amn56+delm56*dt ! now done ins ide  short-t ime loop above instead 

afe54=afe54+delf54*dt 
afe55=afe55+delfSS*dt 
afe56=afe56+delf56*dt 
a f  e57=af e57+del f 57*dt 
afe58=afe58+delf58*dt 
afe59=afe59+deLf59*dt 

aco59=aco59+delc59*dt 
aco60=aco60+deLc60*dt 

enddo 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Note: Nuc l i d  ID'S prefaced by lla'l (such as afe54) denote the "amount" in  atoms/cc, whi le  
ID'S prefaced by ladelB1 mean the Ikhange i n  the amount per second1@ during the given t ime step. 
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3) Tuo key assunptions are that  the Type 1020 carbon steel ro ta ry  shutter i n i t i a l l y  contained: 

0.45 ut% Mn-55 (Type 1020 carbon steel t yp ica l l y  contains 0.30-0.60 ut% Mn-55; see pp 6.30 of Ref 31) 

0.015 u t% Co-59 ( H F I R  vessel has th is  amount [see pp 106 of Ref 61, while the HE-1 and HB-4 
nozzles have 0.005 ut%, and the HE-2 and HB-3 nozzles have 0.03 ut%) 

4) The four primary radioactive nuclides are: 

Mn-54, uhere each decay produces 1 gamm at  0.8348 MeV; 

Mn-56, uhere each decay produces 1 or 2 gatmas between 0.8468 MeV and 3.370 MeV, u i t h  an 
"averageB8 energy per decay of 1.69 MeV. Note that Mn-56 i s  basical ly gone a f te r  2-4 days. 

Fe-59, uhere each decay produces 1 gama a t  1.099 MeV WRal 1 g a m  a t  1.292 MeV, plus 

Co-MI, uhere each decay produces 1 g a m  a t  1.173 MeV alANDlg 1 gamna a t  1.332 MeV. 

The decay rates fo r  each nucl ide are accurately calculated and tabulated by th i s  act ivat ion program. 
To s imp l i f y  the descr ipt ion of the decay gamna sources i n  the subsequent MCNP shielding analysis, 
houever, i t  i s  convenient t o  tahr late an %quivalentll gannm source a t  a single energy (1.25 MeV) 
based on the decay rates o f  these four radioactive nuclides and the respective gama energies. 
Ildel'l denotes the decay ra te  (atcnns/s/cc) fo r  each nuclide a t  the decay t i m e  of interest  ( t yp i ca l l y  
7 days a f t e r  shutdoun), then the %quivalent gatma sources1 m y  be wri t ten as: 

Equivalent Gamna Source (p/s/cc) a t  1.25 MeV = 

scine Lou-energy g m s ,  such that the llaverege" energy per decay i s  1.19 MeV. 

Note that Co-MI aluays y ields 2 g m s  per disintegration#30. 

I f  

(deLc60*1.173 + del~60~1.332 + delfSF1.19 + delm54*0.8348 + delnr56*1.69) / 1.25 

Since a l l  the key decay energies are clustered about 1.25 MeV anyway, with the Co-60 and Fe-59 
nuclides being the predominant ones by far, t h i s  convenient approximation should be wholly adequate. 

Table 7.4 shws a typ ica l  set of resul ts for the f i r s t  1-cm-thick cy l indr ica l  shel l  of the rotary shutter 
adjacent t o  the 3.5-inch-dim beam hole ( ie, that port ion of the steel from r=4.45 UR t o  ~ 5 . 4 4 5  cm). 
The f i r s t  section o f  the table shows the concentrations (atoms/cc) of the various nuclides shoun i n  
Fig. 7.1 during the 30-year i r rad ia t i on  period. Note that sum nuclides l i k e  Fe-59 and Hn-56 reach 
saturation long before the end of the f i r s t  year, uh i le  others l i k e  Mn-54 take 3 t o  8 years t o  reach 
saturation, and others l i k e  Co-60 (a strong gama emitter) and Fe-55 (a non-gama emitter) continue 
t o  build in over the en t i re  30-year period. The second section of the table shous the concentrations 
o f  these same nuclides over the f i r s t  60 days fol louing a subsequent shutdown. Uhite the radioactive 
Mn-56 i s  essent ia l ly  gone a f te r  2 t o  4 days, the radioactive Fe-59 u i t h  i t s  44.51-day h a l f l i f e ,  the 
radioactive Hn-54 u i t h  i t s  312.2 day ha l f l i fe ,  and the to-60 u i t h  i t s  5.271-year h a l f l i f e  diminish 
much more s l w l y .  
d is integrat ion ra te  f o r  each of these four nuclides as a function o f  time over the f i r s t  60 days 
a f te r  shutdown, as wel l  as the equivalent gama source at 1.25 MeV, as described above. In terms of 
the dis integrat ion rate, the Fe-59 i s  almost an order of magnitude more inportant than the Mn-54, 
but only about ha l f  as inpartant as the Co-60. Moreover, given that the Co-60 yields tua high-energy 
g a m s  per dis integrat ion but that the Fe-59 only yields one of c-rable energy, the radiat ion dose 
cawed by the Co-60 i s  nearly four times more important than that caused by the Fe-59. [In t h i s  case, 
the amount of Co-60 present i s  a d i rec t  consequence of the fact  that  the or ig inal  steel was a s s 4  
t o  contain 0.015 ut% Co-59. Without that i n i t i a l  Co-59 present, scnne Co-59 and Co-60 uould %uild in" 
anyway, but the mount would be far less, and the dose from Fe-59 may daninate. Cases u i t h  varying 
amounts o f  Co-59 i n i t i a l l y  present are examined in  Sect 7.6.1 The most interesting feature of t h i s  
table i s  the equivalent gama source as a function of time, as shown i n  the louer right-hand corner 
of the table. Because i t  i s  pr imari ly due t o  the Co-MI u i t h  i t s  5.271-year ha l f l i f e ,  and t o  a lesser 
extent due t o  the Fe-59 u i t h  i t s  44.51-day hal f  l i f e ,  the equivalent ganma source changes very l i t t l e  
u i t h  t ime over the f i r s t  60 days af ter  shutdown. 
MCNP R u n  H B 3 1 0  are based on the gama Sources a t  7 days a f te r  shutdoun, the resul t ing dose rates ( t o  
wi th in 10%) uwld be equally applicable t o  almost any time during a typical  1- t o  2-month outage. 

Lastly, Table 7.5 shous the dis integrat ion rates fo r  each of the four radioactive nuclides, and the 
corresponding equivalent g a m  source (p/s/cc) a t  1.25 MeV, f o r  (the steel port ion o f )  each of the 
39 1-cm-thick cy l i nd r i ca l  shel ls centered around the 3.5-inch-diam beam hole in the rotary shutter, 
7 days a f t e r  shutdown. 
(cf Table 7-11, Table 7.5 also shows the integrated equivalent g a m  source (p/s) a t  1.25 MeV i n  
each of the 39 shel ls, 7 days a f te r  shutdoun. Sunning these integrated values over a l l  39 shel ls 
gives a t o t a l  equivalent ac t i va t ion  gama source of 1.613-10 p/s, 7 days a f te r  shutdoun. This 
i s  the value that uas then used in  the subsequent MCNP gama shielding calculat ion (Run HB310). 

The t h i r d  section of the table i s  undoubtedly more useful since i t  shows the 

Uhile the subsequent gama shielding analyses in  

Given rhe actual volune of steel i n  each of these 39 cy l indr ica l  shel ls 
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Table 7.4. Time-dependent results from the (ACTSRC) activation program for  the first (innerrost) 1-cm-thick shell 
next to the shutter's large beam hole, assuming the steel initially contained 0.45 ut% Mn-55 and 0.015 ut% Co-59. 

0 0  
1 0  
2 0  
3 0  
4 0  
5 0  
6 0  
7 0  
8 0  
9 0  
10 0 
15 0 
20 0 
25 0 
30 0 

AFTER SHUTDOWN: Concentrations (atoms/cc) 

At end Mn-54 Hn-55 Mn-56 Fe-54 Fe-55 Fe-56 
of day 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 2.301e+12 3.858e+20 6.650e07 4.926e+21 2.785e+16 7.658e+22 
2 2.296e+12 3.858e+20 4.649e+04 4.926e+21 2.785e+16 7.658-22 
3 2.291e+12 3.858e+20 3.250e+Ol 4.926~21 2.785e+16 7.658e22 
4 2.286e+12 3.858~20 2.272e-02 4.926e+21 2.785-16 7.658~22 
5 2.281e+12 3.858e+20 1.588e-05 4.926e+21 2.785-16 7.658e+22 
6 2.275e+12 3.858e+20 1.110e-08 4.926-21 2.785e16 7.658e+22 
7 2.270~12 3.858e+20 7.759e-12 4.926e+21 2.785-16 7.658-22 
8 2.265e+12 3.858e+20 5.424e-15 4.926~21 2.785~16 7.658e22 
9 2.260-12 3.858e+20 3.791e-18 4.926e+21 2.785-16 7.658-22 
10 2.255e+12 3.858e20 2.650e-21 4.926~21 2.785e+16 7.658-22 
15 2.230e+12 3.858e+20 4.424e-37 4.926e+21 2.785e+16 7.658e+22 
20 2.206e+12 3.858e+20 7.384e-53 4.926~21 2.785~16 7.658-22 
30 2.157e+12 3.858e+20 2.057e-84 4.926e+21 2.785~16 7.658et22 
40 2.110e+12 3.858e+20 5.731-116 4.926e+21 2.785e+16 7.658e+22 
50 2.063-12 3.858e+20 1.597-147 4.926e+21 2.785e+16 7.658-22 
60 2.018e+12 3.858e+20 4.448-179 4.926e+21 2.785e+16 7.658e+22 

AFTER SHUTDOWN: Disintegretions/sec/cc 
at end 
of day Mn-54 Mn-56 Fe-59 CO-60 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
15 
20 
30 
40 
50 
60 

5.926e+04 
5.913-04 
5.899e+04 
5.886e+04 
5.873e+04 
5.860e+04 
5.847e+04 
5.834e+04 
5 -821 e+04 
5.808e+04 
5.744e+04 
5.681e+04 
5.556e+OG 
5.434e04 
5.314e+04 
5.197e+04 

6.328e+03 3.676e+05 
4.423eOO 3.618-05 
3.092~-03 3.562-05 
O.OOOe+OO 3.506e05 
O.OOOe+OO 3.452e+05 
0.000~00 3.398e05 
0.000e+00 3.345e+05 
O.OOOe+OO 3.293e+05 
0.000e+00 3.242e+05 
O.OOOe+OO 3.191e+05 
0.000e+00 2.950e+05 
O.OOOe+OO 2.728w05 
0.000e+OO 2.332e+05 
O.OOOe+OO 1.993e+05 
O.OOOe+OO 1.703~05 
O.OOOe+OO 1.456e+05 

6.804~05 
6.801e+05 
6.799-05 
6.796-05 
6.794-05 
6.792~05 
6.789-05 
6.787-05 
6.784-05 
6.782~05 
6.770~05 
6.757e+O5 
6.733e05 
6.709e05 
6.685e+05 
6.661~05 

Fe-57 Fe-58 Fe-59 Co-59 Co-60 

1.753e+21 2.338~20 O.OOOe+OO 1.195k+19 o.OOOe+OO 
1.753e+21 2.338-20 2.034e+12 1.199-19 2.048-13 
1.753ec21 2.338-20 2.039e+12 1.199~19 3.844-13 
1.753e+21 2.338-20 2.039e+l2 1.199e+19 5.419-13 
1.753~21 2.338e+20 2.039-12 1.199e+19 6.800e+13 
1.753-21 2.338e+20 2.039e+12 1.199e+19 8.012e+13 
1.753~21 2.338e+20 2.039e+12 1.199e19 9.075e+13 
1.753-21 2.338-20 2.039e+12 1.199e+19 1.001~14 
1.753-21 2.338~20 2.039e+12 1.199-19 1.082e+14 
1.753-21 2.338~20 2.039-12 1.199-19 1.154e+14 
1.753-21 2.338-20 2.039e+12 1.199e+19 1.217~14 
1.753~21 2.338-20 2.039-12 1.199e19 1.433e+14 
1.754e+21 2.338-20 2.039~12 1.199e+19 1.545e+14 
1.754~21 2.338e+20 2.039-12 1.199ec19 1.603e+14 
1.754-21 2.338-20 2.039e+12 1.199~19 1.633ec14 

Fe-57 Fe-58 Fe-59 Co-59 Co-60 

1.754~21 2.338~20 2.007e+12 1.199e+19 1.632e+14 
1.754-21 2.338-20 1.976e+12 1.199e+19 1.632e+14 
1.754-21 2.338~20 1.945-12 1.199e+19 1.631-14 
1.754-21 2.338-20 1.915e+12 1.199~19 1.630-14 
1.754-21 2.338-20 1.885e+12 1.199e+19 1.630-14 
1.754-21 2.338-20 1.856-12 1.199e+19 1.629-14 
1.754-21 2.338-20 1.827-12 1.199e+19 1.629e+14 
1.754e+2l 2.338-20 1.799-12 1.199~19 1.628e+14 
1.754-21 2.338~20 1.77le+12 1.199e+19 1.627e+14 
1.754~21 2.33-20 1.743e+12 1.199-19 1.627-14 
1.754e+21 2.338~20 1.611e+12 1.199e+19 1.624-14 
1.754e21 2.338-20 1.490e+12 1.199-19 1.621-14 
1.754-21 2.338-20 l.273e+l2 1.199e+19 1.615e+14 
1.754e+21 2.338-20 1.088-12 1.199~19 1.609-14 
1.754ec21 2.338e20 9.304e+11 1.199e+19 1.604e+14 
1.754e+21 2.338-20 7.952e+l1 1.199~19 1.598e+14 

Equivalent G a m  Source (p/s/cc) at 1.25 MeV 
and Total G a m  Source (p/s) for this shell 

(P/S/CC) (P/S) 
1.762~06 3.344~09 
1.747-06 3.317~09 
1.741-06 3.305-09 
1.735~06 3.294~09 
1.729e06 3.283~09 
1.72'4-06 3.272-09 
1.718-06 3.262e+09 
1.713-06 3.251e+09 
1.707ec06 3.241-09 
1.702~06 3.231 e09 
1.676e+06 3.182e09 
1.652e+06 3.136~09 
1.608e+06 3.054e09 
1.570-06 2.982~09 
1.537-06 2.919~09 
1.508-06 2.863-09 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Table 7.5. Disintegration rates fo r  the four key radioactive nuclides, and the equivalent g a m  source (p/s/cc) 
a t  1.25 MeV, for the steel  port ion of each of the 39 I-cm-thick cy l indr ica l  shel ls around the shutter's large 
beam hole, 7 days a f te r  shutdown (subsequent t o  30 years o f  i r radiat ion),  assuning the steel i n i t i a l l y  contained 
0.45 ut% Mn-55 and 0.015 ut% Co-59. 
each shel l ,  based on the actual volume of steel in  each shell, as shown i n  Table 7.1. 

Table also show the to ta l  (volume-integrated) equivalent g a m  source i n  

A t  end of 7th day 
a f te r  shutdown: 

Disintegretions/sec/cc Equivalent Gama Source (p/s/cc) a t  1.25 MeV 
and Total G a m  Source (p/s) for  t h i s  shel l  

(P/S/CC) (P/S) 

__________----------____________________-- 
- - _ - - - _ - L - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  Mn-54 Mn-56 Fe-59 CO - 60 

Shell 1 
Shell 2 
Shell 3 
Shell  4 
Shell 5 
Shell 6 
Shell 7 
Shell 8 
Shell 9 
Shell 10 
Shell  11 
Shell  12 

' Shell 13 
Shell  14 
Shell  15 
Shell 16 
Shell  17 
Shell  18 
Shell 19 
Shell 20 
Shell 21 
Shell 22 
Shell 23 
Shell 24 
Shell 25 
Shell 26 
Shell 27 
Shell 28 
Shell 29 
Shell 30 
Shell 31 
Shell 32 
Shell 33 
Shell 34 
Shell 35 
Shell 36 
Shell 37 
Shell 38 
Shell 39 

5.847e+04 
3.2&3e+04 
2.5526906 
1.258e+04 
5.367e+03 
3 - 9 0 8 ~ 0 3  
3.183-03 
2.1476903 
1.839-03 
1 . B l e O 3  
9.882-02 
7.891 6902 
4.655e02 
3.564e+02 
4.161etO2 
2.9016902 
2.121 e+02 
1.784e+02 
1.611-02 
1.319-02 
8.299e+0 1 
6.0966901 
6.680e+01 
3 -398-0 1 
3 .123~01 
4.61 8690 1 
1.330e+01 
7.766-00 
3.127-00 
7.734e- 0 1 
7.379e-01 
8.796e- 01 
1.335e-00 
1.624e-00 
3.175e-01 
1.221e-01 
3.848e-02 
7.345e - 04 
1.014e-03 

0. oooe+oo 
0 - oooe+oo 
0 - oooe+oo 
0. oooe+oo 
0. oooe+oo 
0. 0006900 
o.oooe+oo 
0 - oooe+oo 
0. 000~00 
0. oooe+oo 
0 .oooe+oo 
0 - oooe+oo 
0. oooe+oo 
0. 0006900 
0. 000~00 
0. oooe+oo 
0. 000W00 
0. 000W00 
0. 000~00 
0. oooe+oo 
O.OOOe+OO 
0. oooe+oo 
0.000e+OO 
0. oooe+oo 
0. oooe+oo 
0. oooe+oo 
0. oooe+oo 
0.000~00 
0. oooe+oo 
0. o o o e 9 0  
0. oooe+oo 
0. oooe+oo 
0. oooe+oo 
0. oooe+oo 
0. oooe+oo 
O.OOOe+OO 
0. oooe+oo 
0. oooe+oo 
0. oooe+oo 

1 -71 8e+06 
1 .209e+06 
9.105e+05 
5.115e+05 
2.968e+05 
2.045~05 
1 -459-05 
1 .109e+05 
8.503~04 
7.252-04 
5. W e 0 4  
4.659-06 
4.15Oec06 
3.224e+04 
2.755e+04 
2 *207e+04 
2.311e+04 
1.650-04 
1.465~04 
1 .543*04 
1 .20ze+04 
9 -352-03 
1.142e+O4 
9.284e+03 
7.243~03 
6,707e03 
7.31teO3 
6.629e03 
4.5676903 
3 - 6 6 9 ~ 0 3  
4 .80Oe+03 
5.265ecO3 
7.0876903 
4.8346903 . 
8.71 5e+03 
4.255~03 
3.182*02 
1.679~02 
5 - 1 01 e+Ol 

3.262-09 
2.757e+09 
2.418e+09 
1.54-09 
1.007e+09 
7 .681~08  
6.000e+08 
4 . 9 4 2 ~ 0 8  
4.079-08 
3.71 8 e 0 8  
3 . 1 8 5 ~ 0 8  
2.681 -08 
2.5 13-08 
2.043e+08 
1 A216908 
1.516etO8 
1 .642e+08 
1 .2086908 
1.103#08 
1 .189~08  
9.437-07 
7.451-07 
9.1-07 
7.504-07 
5.8386907 
5.3Me+O7 
4.7096907 
3 -31 O e O 7  
1 .866~07 
1.237-07 
1.3256907 
1.175e+O7 
1.251e+07 
6.5396906 
8.61 36906 
2.856-06 
1 -276-05 
3.131 e 0 4  
2 .) 028-03 

For Mn-54, each decay = 1 g m  a t  0.8348 MeV 
For Mn-56, each decay = 1 or 2 g a m s  bet- 0.8468 MeV and 3.370 MeV; avg=l.69 MeV; basical l y  gone a f te r  2-4 day 
For Fe-59, each decay = 1 gama a t  1.099 MeV IIOR" avg=1.19 He' 
For Co-60, each decay = 1 gama a t  1.173 MeV "AND" 1 gama a t  1.332 MeV (aluays 2 g a m s  per disintegration) 

Equivalent G a m  Source (p/s/cc) a t  1.25 MeV = 

1 gamna a t  1.292 MeV, plus some low energy gams; 

(delc60*1.173 + delc60*1.332 + delf5P1.19 + delm54f0.8348 + delm56*1.69) / 1.25 
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7.4 G a m  Shielding Analysis Based on Ac t i va t i on  Sources i n  the  Shutter (Run HB310) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

MCNP Run H8310 uas a g a m - o n l y  shielding analysis used t o  determine dose rate(s)  downstream o f  the 
r o t a r y  shut ter  due t o  ac t i va t i on  sources i n  the shut ter  i t s e l f ,  7 days a f t e r  shutdown ( f o l l o w i n g  an 
i r r a d i a t i o n  per iod o f  30 years under nominal condit ions). 
posit ion, and the equivalent g a m  sources ( a t  1.25 MeV) i n  each o f  the 39 1-cm-thick s h e l l s  around 
the large beam hole i n  the shutter have been ro ta ted  i n t o  t h e i r  proper pos i t i ons  along w i t h  the shut ter  
i t s e l f .  

7.4.1 Overvieu of Model, Including Source T e n  Speci f icat ions 

In t h i s  case, the shut ter  i s  i n  the  closed 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
The input f i l e  f o r  Run HB310 uas created by making a ser ies o f  modi f icat ions t o  R u n  HB308G. 
because of t he  importance o f  t h i s  problem, the nunber and nature o f  the modi f icat ions required, and 
the f a c t  t ha t  i t  i s  a fundamentally a d i f f e ren t  problem, the f u l l  input l i s t i n g  f o r  Run H8310 i s  given 
i n  Appendix E.4. 
sunnarizes just a feu of the key changes required t o  ca l cu la te  the dose r a t e  due t o  t h e  a c t i v a t i o n  
sources i n  the r o t a r y  shutter. 

P lo t s  of the MCNP model used here uould be i d e n t i c a l  u i t h  Fig. 3.7, wi th  the r o t a r y  shu t te r  i n  the 
closed p o s i t i o n  as s h o w  i n  Figs. 3.12 and 6.5. 
model used throughout t h i s  report.  In  r e a l i t y ,  t h i s  i s  a much s i n p l e r  problem and, as noted i n  
Sect 6.8.2 and shown i n  Fig. 6.5, everything o f  i n t e r e s t  here ( t h e  r o t a r y  shutter, the concrete block 
assembly ho ld ing the shutter, and that p o r t i o n  o f  t he  surrounding b i o l o g i c a l  s h i e l d  dounstream o f  
2=401.9645 cm) i s  e f f e c t i v e l y  lldecoupledla from everything upstream o f  t ha t  l oca t i on  by spec i f y ing  an 
importance o f  zero i n  C e l l  9981 imnediately adjacent t o  tha t  location. While the i n t e r n a l  boundary 
source described in  Sect 6.8.2 i s  not used a t  a l l  i n  t h i s  p a r t i c u l a r  problem (uhere a l l  t h e  sources are 
i n  the ro ta ry  shut ter  i t s e l f ) ,  the presence o f  t h i s  zero-importance region a t  2=401.9645 cm prevents 
ac t i va t i on  g a m s  (coming from the shut ter )  from t rack ing  anywhere upstream o f  t h i s  locat ion,  thus 
increasing the  e f f i c i e n c y  o f  the ca l cu la t i on  imnensely, t o  the p o i n t  t h a t  no weight window f i l e s  o r  
special b ias ing techniques o f  any sor t  are required in Run HB310. [Even without any such biasing, 
the 40 m i l l i o n  source p a r t i c l e s  sampled and tracked in  t h i s  c a l c u l a t i o n  on ly  required 8.28 CW hours 
on each o f  8 nodes on the ORNL SP2.1 

The physical desc r ip t i on  o f  the equivalent g a m  source in  each o f  t he  39 1-cm-thick concentr ic  c y l i d r i c a l  
she l l s  around the 3.5-inch-diam hole in  the shut ter  a t  7 days a f t e r  shutdoun i s  w e l l  character ized by the  
locat ion o f  t he  she l l s  i n  Table 7.1, the volune o f  s tee l  i n  each o f  those s h e l l s  as shown i n  Table 7.1, the 
equivalent gama source density (p/s/cc) i n  the  s t e e l  po r t i ons  o f  those s h e l l s  as shown i n  Table 7.5, and 
the t o t a l  volune-integrated equivalent g a m  source (p/s) i n  each s h e l l  as shown in  Table 7.5. 
the l a s t  set  o f  values over a l l  39 shells, i t  can be seen t h a t  the t o t a l  volune-integrated equivalent g a m  
source f o r  the e n t i r e  ro ta ry  shutter ( ie ,  the t o t a l  a c t i v a t i o n  g a m  source) i s  1.61388e+lO p/s.  

While accurately modeling that  source u i t h i n  HCNP i s  s t ra ight forward,  i t  does requi re a degree on conceptual 
c l a r i t y  t ha t  may or may not be apparent t o  the casual reader. 
ro ta ry  shut ter  (not inc lud ing the large and small beam holes) i s  designated as C e l l  3090 i n  t h i s  p a r t i c u l a r  
MCNP model. To describe the spat ia l  v a r i a t i o n  o f  the a c t i v a t i o n  source u i t h i n  HCNP does n o t  requ i re  the 
d e f i n i t i o n  o f  any neu ce l l s .  Instead, the s p a t i a l  v a r i a t i o n  o f  t h i s  monoenergetic source i s  described i n  
terms o f  a r a d i a l  p r o b a b i l i t y  d i s t r i b u t i o n  u i t h i n  a %ampling voltiineal t ha t  rust f u l l y  enclose C e l l  3090. 
In t h i s  case, the %ampling volunet4 i s  a f i n i t e  ho r i zon ta l  cy l inder ,  62 cm long, having an outer  rad ius 
of 43.4433 cm, whose center i s  located a t  center of the r o t a r y  s h i e l d  plug, a t  (X=O, Y=O, 2446.405 cm). 
[Here, as throughout a l l  the MCNP models i n  t h i s  report,  Y and 2 l i e  i n  the ho r i zon ta l  plane, u h i l e  X 
denotes the v e r t i c a l  direct ion.1 
o f  the large beam hole uhen the shutter i s  i n  the  closed position, meaning t h a t  i t  i s  r o t a t e d  66.75 
degrees u i t h  respect t o  the beam tube cen te r l i ne  such t h a t  i t s  d i r e c t i o n  cosines u i t h  respect t o  the 
X, y,and 2 d i rec t i ons  are (0.0, -0.9187912, 0.3947439). 
cosines aBaxsll, are parameters that mrst be supplied on the HCNP %defIa source d e f i n i t i o n  card.] 
the a x i a l  d i s t r i b u t i o n ,  defined by the aaext=d181 parameter on the MCNP %def" card and the  associated 
a x i a l  b ins and "spltl sampling p robab i l i t i es ,  are used t o  t e l l  the code t o  sanple the d i s t r i b u t i o n  uni formly 
in  the a x i a l  d i r e c t i o n  from a locat ion 31 cm on one s ide  o f  t he  midpoint t o  a l oca t i on  31 cm on the other 
s ide of the midpoint. Likeuise, the a1rad=d2ag parameter on the MCNP %defll card and the 
associated %i2I1 r a d i a l  bins and %+2B8 sampling p r o b a b i l i t i e s  a re  used t o  t e l l  the code hou t o  sample the  
source i n  the r a d i a l  d i r e c t i o n  ( ie ,  i n  the r a d i a l  d i r e c t i o n  r e l a t i v e  t o  the a x i s  o f  the sampling volune). 
This i s  uhere conceptual c l a r i t y  i s  important. 
s i ze  and shape and o r ien ta t i on  as the sampling volune, then the re  i s  no question tha t  the (unnormalized) 
sampling p r o b a b i l i t i e s  f o r  each rad ia l  s h e l l  i n  the  sampling volune w l d  simply be the volune o f  the 
given r a d i a l  she l l  t imes the source densi ty  (p/s/cc). Unfortunately, none o f  those condi t ions a re  t r u e  
in t h i s  case. 
sampling volune, and the shutter does have holes. 
gamna source densi t ies (p/s/cc) " for  the s tee l  por t ion"  o f  each r a d i a l  s h e l l  as l is ted in  Table 7.5 s t i l l  
be m u l t i p l i e d  by the t t fu l l  voluneas o f  each sanpling s h e l l  [Vol(sanp)=(62 cm)*pi*(r(i+l)*r(i+l)-r(i)*r(i))l 

Houever, 

The f i r s t  pa r t  of t ha t  f i l e  i temizes the changes required. The fo l l ow ing  t e x t  

This i s  because Run H8310 uses the same base geometry 

By sunning 

F i r s t ,  the easy pa r t :  The s t e e l  p o r t i o n  o f  the 

Likeuise, the ax i s  o f  the sampling volune i s  co inc ident  w i t h  the ax i s  

[The midpoint l oca t i on  osposal, and the d i r e c t i o n  
Moreover, 

That was easy. 

If t he  r o t a r y  shu t te r  had no holes, and i t  had the  same 

The s i z e  and shape and o r i e n t a t i o n  o f  t he  shu t te r  a re  a l l  d i f f e r e n t  from those of the 
Nevertheless, i t  i s  inpor tant  t ha t  t he  equivalent 
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rather than just the volune of the steel i n  each shel l  (show, i n  Table 7.1). A t  f i r s t  glance, that 
might appear t o  dramatically increase the to ta l  source or  s h i f t  the d is t r ibu t ion ,  but neither of these 
i s  rea l l y  true. 
tested much more often, the fac t  i s  that  a l l  those outside the steel  corrprising Ce l l  3090 u i l l  be 
rejected. In the case of the outermost sampling shel ls uhich just * t l i p  the cornersaa o f  the rotary 
shutter, many potentia[ (x,y,z) source points w i l l  be tested, but feu u i l l  be chosen, and the f rac t ion  
that are chosen u i l l  accurately represent the to ta l  source i n  that rad ia l  shel l .  Use of the the t o t a l  
act ivat ion g a m  source (1.61388e*lO p/s) on the "fnP t a l l y  n u l t i p l i e r  cards u i l l  accurately represent 
the to ta l  source strength i n  any event, but fa i l u re  t o  f o l l o u  the above guidelines would d i s to r t  the 
spatial d istr ibut ion.  This f i ne  point i s  therefore inportant. 
of the radial  MCNP source probab i l i t y  d is t r ibu t ion  data tie, the a%i26a rad ia l  b ins and the *%pZaa 
(unnormalired) rad ia l  p robab i l i t ies l ,  the SI.FOR progrm in  Appendix E.3 was wr i t ten  i n  June 1998. 
I t  correct ly implements the above requirements, but goes a step beyond that. 
sampling bins, fo r  example, has been further subdivided rad ia l l y  i n to  three pieces of equal volune, and 
the to ta l  source in  the innermost piece i s  assuned t o  be 6% higher than the average of the three, uh i le  
the to ta l  source in the outermost piece i s  a s s d  t o  be 6% lover than the average of the three, and the 
to ta l  source in  the central piece i s  l e f t  unchanged. This s l i g h t  t i l t  i s  rather a rb i t ra ry  and probably 
makes very l i t t l e  dif ference i n  the f i n a l  dose ra te  domstream o f  the shutter, but was intent ional ly 
chosen so as t o  smooth out the step discont inui t ies i n  the source terms stemning from the binning o f  
the or ig ina l  resul ts i n to  39 1-cm-thick radial  shel ls in R u n  H8309. 
d is t r ibu t ion  produced by SI.FOR ( in  Appendix E.3) and used by MCNP Run H6310, as show i n  A w i x  E.4 
[see the (si2,spZ) distr ibut ion] ,  i s  actual ly expressed i n  terms o f  117 discrete rad ia l  shells. 

Uhi le coordinate t r i p l e t s  (x,y,z) in  the bigger (outermost) sampling shel ls u i l l  be 

To a i d  i n  the correct preparation 

Each of the 39 rad ia l  

Thus, the rad ia l  source probabi l i ty  

7.4.2 Final Results: Activation Dose Rates Dounstream of the Rotary Shutter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
The key resul ts of progrnrmatic interest  from MCNP R u n  
else in the remainder of Sect 7.4.2 may be regarded as 
sake of corrpleteness, i n  a fashion para l le l  t o  that i n  

H8310 are suAmarired in  Fig. 7.2. 
supplemental information, presented fo r  the 
Sect 6 .  

Everything 

Figure 7.2 shows that the dose rate i d i a t e l y  downstream of the ro ta ry  shutter a t  2=479.29 cm i s  
42.78 mrem/hr +/- 1.2%. 
rotary shutter shield plug, 7 days a f te r  shutdown, assuning the shutter i s  in the closed position. 
More inportantly, i t  should be noted that the dose ra te  due t o  these ac t iva t ion  sources i s  fa r  greater 
than the 0.8934 m r W h r  +/- 3.4% (c f  Table 6.6) due t o  the d i rec t  transmission and attenuation of 
radiat ion streaming down the &am tube uhen the 1998 HE-3 water tube and col l imator sections are both 
flooded, the rotary shutter i s  closed, and the H F I R  i s  operating a t  100 MU. P u t  another way: t h i s  
calculat ion show that these act ivat ion sources in  the shutter i t s e l f  are responsible f o r  v i r t u a l l y  
a l l  of dose a t  t h i s  location. Because the act ivat ion levels v i11 be independent o f  the uater-tube 
design used, i t  means that u i t h  the newly proposed design changes ( t o  the HE-3 beam tube and water 
tube), the dose rates domstream o f  the rotary shutter should be v i r t u a l l y  the same as u i t h  the 
or ig inal  1960 design i f  the shutter i t s e l f  i s  l e f t  unchanged. [Moreover, i f  the neu rotary shutter 
has only one large 3-5-inch-diam beam hole and no small beam hole, then i t  may be turned 90-degrees 
u i th  respect t o  the beam tube (&en closed) rather than 66-75 degrees as i s  nou the case, and the 
result ing dose rates should be even less than presently calculated.1 Lastly, and most importantly, 
recent experimental measurements of the contact dose ra te  here, a f te r  shutdown, are i n  excellent 
agreement u i t h  t h i s  calculated value, thereby confirming these conclusions. Measurements by 
Health Physics personnel a t  H F I R  on Feb. 20, 1998, subsequent t o  a recent shutdoun, shou that 
the measured a%ontact dose rate" (along the centerline, on the downstream surface of the shutter, 
uhen the shutter was in  the closed posit ion) uas 50 mrem/hr, uhich i s  i n  excel lent agreement y i t h  
the 43 mrem/hr calculated here. Other comparisons uith measurements are discussed i n  Sect 7.5. 

Figure 7.2 also shows that the calculated dose ra te  along the centerline, 1.5 feet  from the domstream 
surface o f  the s tee l - l ined  concrete block asserebly holding the shutter i s  only 5.597 mrem/hr +/- 0.41%, 
uhi le the dose rate 3.0 feet from t h i s  location i s  only 2.108 mrem/hr +/- 0.25%. [If and uhen the 
radioactive mooochrometer drum i s  located nearby, the actual dose rates a t  these locations 
(15-20 mrem/hr) may be sdmeuhat higher than calculated here since t h i s  calculat ion did not account 
f o r  the presence of the (movable) ronochrometer drun o r  anything else domstream of the steel- l ined 
concrete block assembly holding the shutter i n  the b io log ica l  sh ie ld  ( ie, i t  did not account fo r  
any movable experimental equipnent dounstream of 2=478.79 cm).l 

Detailed fluxes and dose rates, by energy group, f o r  detectors a t  the three locations shoun in  
Fig. 7.2 are given in Table 7.6. 
and 0.25%, respectively. 

Note that t h i s  due exclusively t o  the ac t iva t ion  sources i n  the carbon steel  

Note that these dose rates are converged t o  u i t h i n  1.2%. 0.41%, 
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MCNP CALC SHOWS THAT 

: AT 2-570.23 CM, DOSE IS 
~ i 2 . 1 0 8 T R  t 0.25% 

3.0 FT \ I  
MCNP CALC SHOWS THAT 
AT 2-524.51 CM. DOSE IS 
5.597 MREM/HR i 0.41% 

1.5 FT 

FO 
EX T 
00 IS 
50 

I- 
. - - - - - - - - - - - - 

NO BOUNDARY SOURCE USED I N  
ACTIVATED SOURCE PROBLEM. 

Fig. 7.2. Centerline dose rates downstream of the HB-3 rotary shutter due to 
activation sources in the shutter itself, 7 days after shutdown, subsequent to 
operating at 100 MW for 30 years. 
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Table 7.6. 
the shutter ctosed), due t o  a c t i v a t i o n  sources in  the rotary  shutter, 7 days a f t e r  shutdown, 
subsequent t o  operating a t  100 MU f o r  30 years. I n  the associated ac t iva t ion  ~ M L Y S ~ S  the carbon 
s tee l  ro ta ry  shut ter  was assuned t o  i n i t i a l l y  contain 0.45 ut% Mn-55 and 0.015 w t %  Co-59. 

G a m  f luxes and dose rates a t  key ax ia l  locations along the HE-3 center l ine  (wi th  

T a l l y  35 Tal ly  55 T a l l y  75 
0.5 cm downstream 1.5 f t  downstream 3.0 f t  downstream 

Emin Emax 
(MeV) (MeV) p / s / c d  f sd  p/s/cm2 f sd p/s/cm2 f sd 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ r r  - - - - - - - - - -_ -_- - - -_  - - - - - - - - - - - - - - - - - -  

0.010 - 0.020 
0.020 - 0.045 
0.045 - 0.070 
0.070 - 0.10 
0.10 - 0.15 
0.15 - 0.30 
0.30 - 0.40 
0.40 - 0.51 
0.51 - 0.60 
0.60 - 0.70 
0.70 - 1.00 
1-00 - 1.50 

Total: 

9.10565e-1 
2.1?39&+0 
3.42002& 
1 .76063e+2 
1 .05632e+3 
4.98857-3 
2.511ooe*3 
1 .9%70e+3 
1 .37837e+3 
1.33454M3 
3.33642e3 
1 . l O E 4 . & +  

2.78589e+4 
r - _ _ _ _ - - - - - -  

-6177 
.8590 
-3098 
-1311 
-0392 
-0234 
.0303 
-0310 - 0375 
-0407 
-0365 
-0147 

.0117 
- _ - - _ _  

9.421 80e- 2 
6.61779e-1 
1 .42OOfie+O 
1.33744~1 
9.79839-1 
4.92588-2 
3.51090~2 
3 -451 1 1 e+2 
2.43600e+Z 
2.38566e+2 
6.10335e+2 
1.24017e+3 

3.63499-3 
- - - - - - - * - - -  

.2497 

.2268 

.1634 
-0383 
.0280 
.0080 
.0115 
-0118 
-01377 
. 0073 
.0170 
.0033 

-0041 
- - - - - - -  

3.44430e-2 
3.32686e- 1 

4.28843~0 
2.95287-1 
1.56487e+2 
1 .16871e+2 
1 - 2 3 7 8 9 ~ 2  
9.29327e+l 
9.20591el 
2.38856e+2 
4.75018e+2 

1.33069e+3 

4.9669k-1 

-----_-_._-. 

- 2433 
.2508 
-1637 
-0375 
-0146 
.0109 
-0076 
.0068 
.0101 
-0068 
-0047 
.0034 

-0027 
.--..--- 

T a l l y  45 Ta l l y  65 Ta l l y  85 
0.5 em downstream 1.5 f t  dounstream 3.0 f t  downstream 

E m i n  Emax 
(MeV) (MeV) mrem/hr f sd mrem/hr f sd mretn/hr f s d  

- - _ - - - _ - ^ - - - _ _ _ _ _ _  - - - - - - - - - - - - - - - - - -  _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _  

0.010 - 0.020 
0.020 - 0.045 
0,045 - 0.070 
0.070 - 0.10 
0.10 - 0.15 
0.15 - 0.30 
0.30 - 0.40 
0.40 - 0.51 
0.51 - 0.60 
0.60 - 0.70 
0.70 - 1.0 
1.0 - 1.5 

Total : 

3.15500e-6 
1.25570e-3 
9 -39341 e-4 
4.69102e-2 
3.46124e-1 
2 .82nZeo 
2. %W56e+0 
2.%6574e+0 
1 -7639OMO 
1.92401e+O 
5.8597Se+O 
2.56461 e+l 

4.27816e1 
- - -^ - - * . , - - I - -  

.7526 

.a590 
-3098 
-1311 
-0392 
-0234 
-0303 
-0310 
I 0375 - 0407 
-0365 
-0147 

-0119 
. - - - - -  

2.43927e-5 
3.8Z50e-4 
3.90030e-4 
3 - 56348e -3 
3.21064e- 2 
2.791 79e- 1 
3.0E34e- 1 
3.74515e-1 
3.11735e- 1 
3.43940e-1 
l.O7193e*O 
2.87174e+O 

5.597Me+O 
- - - - - - - - - - -  

-4708 
.2268 
-1634 - 0383 
.0280 
.0080 
-0115 
.0118 
-0077 
-0073 
-0170 
-0033 

.0041 
----.-- 

1.32843e-5 
1.92163e-4 
1 -36422e-4 
1.14261e-3 
9 -6Ti67e-3 
8.86905e-2 
1 .OU72e- 1 
1.34336e- 1 
1 - 18926e- 1 
1.32722e- 1 
4.19503e-1 
1 . m e + o  

2.10766e+O 
- - - - - - - - - - - - -  

.5359 

.2508 

.1637 

.0375 

.D l  46 

.0109 

.0076 

.0068 

.d101 

.0068 

.0047 
-0034 

-0025 
. - - - - _  

T a l l i e s  35 & 45 are a t  Z=479.290 cm, 0.5 cm past concrete block assembly holding the shutter. 
T a l l i e s  55 & 65 are a t  2=524.510 cm. 1.5 feet past concrete block assembly holding the shutter. 
T a l l i e s  75 & 85 are a t  2=570.230 cm, 3.0 feet past concrete block assembly ho ld ing the shutter. 
A l l  resu l ts  are based on HCNP Run HB310 with 40 m i l l i o n  h i s t o r i e s  and no special biasing. 
These 40 m i l l i o n  h i s t o r i e s  experienced a t o t a l  o f  281 m i l l i o n  co l l i s ions .  
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Figure 7.3 shows a sketch of the end of the e n t i r e  s h i e l d  conf igurat ion a t  Z=478.79 cm, as uould be 
seen i f  one uere standing outside the system (uhere the monochrometer drun wwld normally be Located), 
looking back towards the s t e e l - l i n e d  concrete block assembly ho ld ing the r o t a r y  shut ter .  The small 
n h r s ,  1 through 10, ind icate the surface segment nunbers corresponding t o  T a l l i e s  231 and 232, the 
r e s u l t s  o f  which are sunnarized belou i n  Tables 7.7 and 7.8. 
the 6.5-inch-diameter ho le coming out from the r o t a r y  shu t te r  through the concrete b lock assembly ho ld ing 
shutter, whi le  segment 9 i s  the remainder of the 83.5025 cm x 83.5025 cm face o f  the s t e e l - l i n e d  concrete 
block assembly holding the ro ta ry  shutter. 
the concrete block assembly and the b io log i ca l  shield, wh i l e  segments 1 t o  4 represent po r t i ons  o f  t h e  
s t e e l - c l a d  b io log i ca l  sh ie ld  beyond that, out t o  a rad ius o f  65 cm. 
(based on T a l l y  232) are s m r i z e d  d i r e c t l y  on Fig. 7.3. 
f o r  each o f  the 10 segments comprising t h i s  planar surface a t  2=478.79 cm, Table 7.7 a l so  shows the  
in tegrated g a m  leakage (p/s) across each surface segment, while Table 7.8 shows both types o f  data 
on a group-by-group basis f o r  Segments 9 and 10. 

Segment 10 ( i n  the center) corresponds t o  

Segments 5 t o  8 are the 1.74625-cm clearance gaps between 

Most o f  the key r e s u l t s  o f  i n t e r e s t  
I n  add i t i on  t o  the  taarea-averagedt8 dose ra tes  

Unl ike t h e  previous case i n  Sect 6 uhere the source upstream o f  the shut ter  was a t i g h t l y  focused beam 
from the  co l l ima to r  and the resu l t s  downstream o f  the shu t te r  uere f a i r l y  peaked around t h e  center l ine,  
the i s o t r o p i c  ac t i va t i on  sources i n  t h i s  present c a l c u l a t i o n  are s p a t i a l l y  d i s t r i b u t e d  over a much la rge r  
volune i n  concentr ic she l l s  around the shut ter 's  large beam hole. As a resu l t ,  most o f  t h e  g a m  leakage 
now comes from Segment 9, the large face o f  the concrete block hold ing the  r o t a r y  shut ter ,  and loca l i zed  
peaking near the cen te r l i ne  i s  much less noticeable. Indeed, i f  there i s  any peaking a t  a l l ,  i t  i s  just 
t o  the r i g h t  o f  the cen te r l i ne  uhere the amount o f  s tee l  (and concrete) between the l a rge  beam h o l e  and 
the outer face of the assembly i s  less than a t  any other location. 
r a t e  over the 6.5-inch-diam hole (43.16 mrem/hr +/- 1.3%) i s  very s i m i l a r  t o  (but just s l i g h t l y  higher 
than) the  po in t  detector estimate o f  42.78 mrem/hr +/-  1.2% a t  the center l ine.  
previous case in  Sect 6, the f l u x  near the cen te r l i ne  was necessari ly more peaked, and the  r a t i o  o f  t he  
peak-to-average dose r a t e  was 1.944.1 
dose r a t e  and the po in t  detector estimate of the dose r a t e  a re  i n  excel lent  agreement w i t h  each other, 
and tha t  both are i n  very good agreement u i t h  the measured contact dose r a t e  o f  50 mrem/hr, suggests t h a t  
these r e s u l t s  (and the other resu l t s  obtained here) a re  q u i t e  credible. 

Average dose rates downstream of the four 1.74625-cm clearance gaps between the concrete b lock  assembly 
and the  b i o l o g i c a l  s h i e l d  are shown in  Fig. 7.3 and Table 7.7, whi le  Tables 7.9a and 7.9b compare those 
values i n  a more pointed fashion. Because the source garmnas are nou coming from concentr ic  s h e l l s  around 
the large beam hole loinsideto the shutter i t s e l f ,  ra ther  than from the  co l l ima to r  reg ion upstream o f  the 
shu t te r  as was the case i n  Sect 6, there i s  no appreciable i n t e r n a l  streaming in  the clearance gap between 
the top  o f  the shutter and the concrete housing. As a resu l t ,  the top-to-bottom asymnetry p rev ious l y  seen 
i n  Sect 6 i s  essen t ia l l y  non-existent i n  t h i s  p a r t i c u l a r  case ( c f  Table 7.9b). A c lea r  r i g h t - t o - l e f t  
asymnetry does ex i s t ,  however, wi th  the dose rates on the  r i g h t  being more than an order o f  magnitude 
greater than those on the l e f t ,  as shown i n  Table 7.9a. 
along the ax i s  o f  the large beam tube hole ( c f  Fig. 7.3) i s  undoubtedly s t i l l  responsible f o r  a l a rge  part 
o f  t h i s  dif ference, i t  i s  not the uhole cause in  t h i s  case. (Recall t ha t  i n  t h i s  model, the a c t i v a t i o n  
sources i n  the carbon s tee l  are d i s t r i bu ted  uni formly along the ax i s  o f  the large beam h o l e  through the  
shutter.) 
g a m s  s t a r t i n g  i n  the s tee l  near the one end o f  the large beam hole s i r rp ly  have t o  pass through f a r  less 
mater ia l  (mostly concrete) t o  escape from the system than uould source g a m s  s t a r t i n g  in  the  s t e e l  near 
the other  end o f  the large co l l imator  ho le ( c f  Fig. 7.3). 

For t h a t  reason, the  average dose 

[Recall t h a t  f o r  t he  

Moreover, the fac t  t ha t  the bwndary crossing estimate o f  the  

While streaming through the system d iagona l l y  

Indeed, the fundamental cause o f  the asymnetry i n  t h i s  case i s  t he  simple f a c t  t h a t  source 

7.4.3 Simple Checks f o r  Reasonableness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I t  i s  poss ib le  t o  estimate the ove ra l l  a c t i v i t y  and the  o v e r a l l  g a m  
usina verv elementarv methods. As shown i n  the fo l l ow ino  subsection. 

source within the 
the o v e r a l l  g a m  

r o t a r y  shu t te r  
source can be " ,  I 

estimated t o  w i th in  about 15% using very simple logic. 
used t o  accurately estimate the dose ra te  outside the shutter, p r i m a r i l y  because the dose r a t e  there i s  
c r i t i c a l l y  dependent on the spa t ia l  d i s t r i b u t i o n  o f  t he  gama sources w i t h i n  the shut ter  (uhich cannot 
be ascertained by elementary methods). 
a c t i v a t i o n  program using the spatially-dependent MCNP reac t i on  ra tes  uas indeed correct  (a reasonable 
assunption, given tha t  the t o t a l  i s  correct), then undoubtedly sirrple point kernel methods cou ld  be 
used t o  good a f f e c t  i f  one were w i l l i n g  t o  invest the e f f o r t .  In t h i s  case, t ha t  uas no t  necessary 
since d i r e c t  experimental measurements provided the  needed confirmation. 

Unfortunately, elementary methods cannot be 

I f  one were w i l l i n g  t o  assune t h a t  the d i s t r i b u t i o n  g iven by t he  
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WMEERS 1 TO 10 INDICATE 
TALLY 232 SEGMENT WMBER 
FOR PARTICULAR AREA 

AVG DOSE OVER 
0 . 4 5 2 2  MREMIHR 

1 

[ AVC OOSE OVER GAP IS 
7 0 , 3 0 0 4  MREM/HR i 18% 

g AVG DOSE OVER MAIN AREA 
8.778 MREM/HR 2 0.48% 

x (UP) 

t 

FOR COMPARISON, AVG DOSE OVER 
EXP. MEASURED 6.5-INCH-DIAM DISK 
OOSE AT CONTACT 43.16 MREMIHR 
WAS 50 MREM/HR ?: 1.3% B A S E 0  ON 
ON 2-20-98 SURF TALLY 232 

8 AVC DOSE OVER GAP IS 
0.3239 MREM/HR * 16% 

3E OVER GAP I S  
?EM/HR * 4.3% 

Fig. 7.3. External dose rates averaged over different portions of the downstream surface of the entire shield 
configuration at E478.79  cm (including the central 6.5-inch-diam hole downstream of the shutter, the main 
face of the concrete block assembly holding the rotary shutter, and each of the four 1.74625-cm-wide clearance 
gaps between the biological shield and the concrete block assembly), due to activation sources in the rotary 
shutter, 7 days after shutdown, subsequent to operating at 100 MW for 30 years. 
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Table 7.7. I n teg ra ted  gama leakage rates (p/s)  and area-averaged gama dose ra tes  (mrem/hr) f o r  var ious po r t i ons  
o f  a plane surface i n e d i a t e l y  downstream of  the e n t i r e  s h i e l d  c o n f i g u r a t i o n  ( i e ,  a t  2=478.79 cm, corresponding t o  
the downstream sur face o f  t he  s t a i n l e s s  s t e e l  l i n e r  on the concrete b lock assembly ho ld ing  the r o t a r y  shu t te r )  due 
t o  a c t i v a t i o n  sources i n  the r o t a r y  shut ter ,  7 days a f t e r  shutdown, subsequent t o  operat ing a t  100 MU f o r  30 years. 
In  the associated a c t i v a t i o n  analys is  the carbon s t e e l  r o t a r y  shu t te r  was assumed t o  i n i t i a l l y  conta in  0.45 u t %  
Mn-55 and 0.015 u t %  Co-59. The loca t i ons  o f  the var ious area segments a re  i l l u s t r a t e d  i n  Fig. 7.3, where segment 
10 i s  the 6.5-inch-diam ho le  i n  the middle, d i r e c t l y  downstream o f  the shut ter ,  and segment 9 corresponds t o  the 
remainder of the cen t ra l  b lock.  Values are based on T a l l i e s  231 and 232 i n  Run HB310 w i th  40 m i l l i o n  h i s t o r i e s .  

I n teg ra ted  Average Gama 
Gama Leakage Dose Rate 

Segment 
Number Desc r ip t i on  Area photons/sec f s d  mrem/hr f s d  _ _ _ _ - - -  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  _ _ _ _ _ - _ _ _ _ _  _ _ _ - - - _ _ _ _ _ _ - - _ _ -  _ _ _ _ _ - _ - - _ - _ - - _ _ _  

1 Por t i on  o f  concrete b i o l o g i c a l  s h i e l d  on l e f t  .......... 1438.21 cm2 8.43252e+4 .0692 1.40591e-1 .Of337 

2 Por t i on  of concrete b i o l o g i c a l  s h i e l d  on r i g h t  ......... 1438.21 cm2 9.20719e+5 .0209 1.74357etO .0265 

3 Por t i on  o f  concrete b i o l o g i c a l  s h i e l d  on top  ........... 1414.34 cm2 5.52754e+4 .OB54 1.15428e-1 .I091 

4 Por t i on  o f  concrete b i o l o g i c a l  s h i e l d  on bottom ........ 1414.34 cm2 5.60823e+4 .Of354 1.23049e-1 .1378 

5 Cap on l e f t ,  between b i o  s h i e l d  and cen t ra l  b lock .... 151.915 cm2 4.55921e+4 .0941 4.52217e-1 . I227 

6 Gap on r i g h t ,  between b i o  s h i e l d  and cen t ra l  b lock .... 151.915 cm2 3.66754e+5 .0332 5.13936e+0 -0437 

7 Gap on top, between b i o  s h i e l d  and cen t ra l  b lock .... 145.816 cm2 1.89631et4 .I459 3.00386e-1 .I825 

8 Gap on bottom, between b i o  s h i e l d  and cen t ra l  b lock .... 145.816 cm2 2.13839e+4 .1374 3.23933e-1 . I597 

9 face o f  concrete b lock ho ld ing  shu t te r  (excLuding IO) .. 6758.58 cm2 2.67662e+7 .0039 8.77772e+O .0048 

10 6.5- inch-diam ho le  leading d i r e c t l y  t o  r o t a r y  shu t te r  .. 214.084 cm2 3.69740e+6 .0105 4.31643etl .0131 

Note that :  

(1) These estimates a re  based on r e a l  boundary cross ing t a l l i e s .  That i s  s i g n i f i c a n t ,  because vo lumetr ic  t rack  
length t a l l i e s  and boundary cross ing t a l l i e s  on l y  sense r e a l  p a r t i c l e s ;  when one can get  good s t a t i s t i c s ,  
these types o f  t a l l i e s  are considered much more r e l i a b l e  than p o i n t  detectors  uh ich sense pseudopart ic les.  

(2)  While the dose r a t e  d i r e c t l y  i n  f r o n t  o f  the cen t ra l  ho le  (segment I O )  i s  dominent, average dose ra tes  f o r  the 
other areas appear low because o f  the large areas over which they were averaged. To assess r e l a t i v e  con t r i bu t i ons  
from these regions, look a t  t he  i n teg ra ted  leakage terms o r  p o i n t  detector  responses f u r t h e r  from the surface. 

(3) The average dose r a t e  over the cen t ra l  6.5-inch-diam ho le  (segment 10) i s  43.164 mrem/hr, whi le  the  corresponding 
p o i n t  detector  ( T a l l y  45 in Table 7.6) i s  42.782 mrem/hr. Un l i ke  the values i n  Run HB308G f o r  the t ransmi t ted  
component o f  the gama f l u x  where some r a d i a l  peaking was expected and observed, the two values here a re  near l y  
equal because the decay gama sources i n  the shut ter  a re  "d i s t r i bu ted"  over a much b igger  volume. The f a c t  t h a t  
the two detectors  here a re  i n  such excet lent  agreement i nd i ca tes  t h a t  t he  p o i n t  detector  values a re  t rustwor thy.  

(4) See other notes i n  main t e x t .  



Table 7.8. 
group a t  2=478.29 cm l imnediately downstream o f  the 6.5-inch-diam hole and the remainder of  the square 
(83.5 cm x 83.5 cm) face of  the concrete block assembly holding the ro ta ry  shutter],  due t o  ac t iva t ion  
sources i n  the ro ta ry  shutter, 7 days a f t e r  shutdown, subsequent t o  operating a t  100 MU f o r  30 years. 
I n  the associated a c t i v a t i o n  analys is  the carbon s tee l  ro tary  shutter was a s s d  t o  i n i t i a l l y  contain 
0.45 ut5 Hn-55 and 0.015 ut% Co-59. The locations of  surface segments 9 and 10 are shown i n  Fig. 7.3. 
These leakage ra tes  and area-averaged dose rates Yere calculated by T a l l i e s  231 and 232 in R u n  HB310. 

In tegrated g a m  leakage ra tes  (p/s) and area-averaged g a m  dose rates (mrem/hr) by energy 

Segment 10 (6.5-inch hole; 214.086 cm2) Segment 9 (Remainder o f  face; 6758.58 c & ? )  
-_-------- - - - - - - - - - -_r_r________________ _^---------------c--_______^____________-- E m i n  Emax 

(MeV) (MeV) mrem/hr fsd photons/sec fsd  rnrem/hr f sd photons/sec fsd 

0.010 - 0.020 O.OOOOOe+O .OOOO 4.03470*2 -9999 O.OOOOOe+O .OOOO 8.06960-2 .7071 
0.020 - 0.045 O.OOOOOe*O .OOOO O.OOOOOe+O .OOOO G.54291e-4 .2894 4.84164e+3 -2887 
0.045 - 0.070 1.83722e-3 .5815 1.21041e+3 -5774 5.38428e-4 .2127 9.68328e+3 -2061 
0.070 - 0.10 4.24818e-2 .1593 2 .01735~4 -1414 6.03063e-3 .OS97 8.87634e+4 -0674 
0.10 - 0.15 4.07880e-1 -0881 1.33952ee5 -0549 6.03678e-2 .0331 6.6814-5 .0246 
0.15 - 0.30 2.94054MO -0367 6.12064e~5 .0257 5.54159e-1 -0151 3 . 5 0 2 9 3 ~ 6  -0107 
0.30 - 0.40 2.26294e+O -0439 3.34880e+5 .0347 5.76592e-1 .0176 2.54428e+6 -0126 
0.40 - 0.51 2.09926-0 .0485 2.54590e5 .0398 6.84438e-1 -0170 2.57374~6 .0125 
0.51 - 0.60 2.00805~0 .0600 1.9971&+5 .0449 5.65214e-1 -0190 1.91043ec6 -0145 
0.60 - 0.70 1.84919e+0 .0539 1.75509ec5 -0679 6.33347e-1 -0174 1 .99112~6 -0142 
0.70 - 1.00 5.67723e+O .0355 4.40993e+5 -0302 1.78488e+O -0107 4.90498e6 .OW1 
1.00 - 1.50 2.58749-1 .0181 1.52391& -0163 3.9117Oe+O .0074 8.56648e+6 -0069 

Total : 4.31643e+I .0131 3.69740-6 -0105 8 . i 7 7 7 2 ~ 0  -0048 2.67662~7 .0039 
_ _ _ _ _ _ _ - _ _ _ _ _ - - _ _  - - - - - - - - - - - - - L - _ _  - _ - - _ _ _ _ _ - _ - - - - - -  - - - - - - - - - - - - - - - - -  

Note tha t  the ca lcu lated dose r a t e  d i r e c t l y  downstream of  the 6.5-inch-diam hole was 43.2 rnrem/hr, u h i l e  
the experimentally measured contact dose r a t e  a t  t h i s  locat ion was 50 erem/hr. 
the HB-3 r o t a r y  shutter, uas made a t  2:52 pn on Feb 20, 1998, during a recent shutdown. 

This measurement, next t o  
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Table 7.9a. Clear asymnetric r i g h t - t o - l e f t  va r ia t i ons  i n  external dose rates and 
leakage rates fo r  Run HB310, based on the decay g a m  a c t i v a t i o n  sources i n  the  
r o t a r y  shutter, 7 days a f t e r  shutdown. Note t h a t  the uncer ta in t ies ( fsd 's)  i n  the  
dose rates and leakages shown here were reasonably small ( t y p i c a l l y  between 3% and 
12%), so tha t  i t  can be sa id wi th  c e r t a i n t y  t h a t  the huge r i g h t - t o - l e f t  asymnetries 
shown here are qu i te  real. 
(slanted) o r i en ta t i on  of the large beam hole through the shutter. 
asymnetries are c l e a r l y  i nd i ca t i ve  o f  i n te rna l  streaming through the large beam hole 
i n  the shutter, around which the act ivated g a m  sources are p r i m a r i l y  concentrated. 

These asymnetries a re  a l so  f u l l y  consistent wi th  t h e  
Thus, these 

Dose Rate Rat io  
(rnrem/hr) 

Segment 6:  ( R )  Clear. Gap ......... 5.13936 ......... 0.45222 Segment 5:  ( L )  Clear. Gap 
Rat io  ................................. > 11.36 - - - - - - - -  

Segment 2:  ( R )  B io  Shield ......... 
Segment 1 :  ( L )  Bio Shield ......... 1 .74357 
Rat io  ................................. 0.14059 

12.40 - - - - - - - -, 

Leakage Rat io  
(P/S) 

366754. 
45592. 

> 8.04 - - _ - - - -  

92071 9 .  
84325 - 

10.92 - - _ _ _ _ _  > 

Table 7.9b. 
dose rates and leakage rates f o r  Run HB310, based on the decay gama a c t i v a t i o n  
sources i n  the ro ta ry  shutter, 7 days a f t e r  shutdown. Note tha t  the unce r ta in t i es  
( fsd 's)  i n  the dose rates and leakages shown here were t y p i c a l l y  between 9% and 
16%. 
no s ign i f i can t  top-to-bottom asymnetries would appear t o  e x i s t  i n  t h i s  p a r t i c u l a r  
problem wi th  the s p a t i a l l y - d i s t r i b u t e d  a c t i v a t i o n  sources, 7 days a f t e r  shutdown. 

Non-existence o f  asymnetric top-to-bottom va r ia t i ons  i n  external  

Thus, the quant i t ies  being compared here are " s t a t i s t i c a l l y  i den t i ca l "  and 

Dose Rate Rat io  Leakage Ra t io  
(rnrem/hr) (P/S> 

0.300386 18963.1 ......... Segment 7:  ( T )  Clear. Gap 

................................. > 0.93 - - - - - - - >  0.89 Rat io  
Segment 8: (B) Clear. Gap ......... 0.323933 21383.9 - - - - - - - -  

Segment 3 :  ( T I  B io  Shield ......... 0.115428 55275.4 
Segment 4:  (E) Bio Shield ......... 0.123049 56082.3 
Rat io  ................................. > 0.94 - - - - - - - >  0.99 - - - - - - - -  
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The shutter becomes activated due t o  (1) neutron absorption along the length of the inner surface 
of the large beam hole and (2) due t o  neutron absorption on the leading edge (upstream face) o f  the 
shutter, in  the region just  outside the large beam hole, that normally faces the collimator. 
vi11 be discussed in turn. 

In t h i s  s impl i f ied act ivat ion analysis, we w i l l  ignore decay g a m s  from Mn-56 and Mn-54. 
pr imari ly interested in  dose rates fo r  maintenance purpose, say a week o r  so a f te r  shutdown, the g a m  
sources f ran  the i ron  and cobalt sources w i l l  be very close t o  t h e i r  values a t  shutdown since t h e i r  
ha l f l i ves  are 44.51 days and 5.271 years, respectively. 
vi11 be v i r t u a l l y  gone 1 or 2 days a f te r  shutdown, and t o t a l l y  gone 7 days a f te r  shutdom, so that i t  
can j u s t i f i a b l y  be ignored. 
h a l f l i f e  of 312.2 days. I t  w i l l  not disappear readily. 
quanti t ies by high-energy Fe54(n,p)Hn54 reactions, and because Mn56(n,g)MnS5 reactions help t o  deplete 
suue o f  the Hn-54 that i s  produced, i t  has not t rad i t i ona l l y  been considered a major ac t i va t ion  source 
(when conpared u i t h  Fe-59 and Co-60). Indeed, a t  7 days a f te r  shutdown, Table 7.5 suggests that  decay 
gamnas from Mn-54 only account for  1.68% of a l l  decay g-s i n  Shell  10, and a t  most 3.363 of  a l l  
decay gamnas even i n  the innermost shel l  (Shell 1). 
cross section data f o r  Fe-54 i s  not readi ly avai lable in  a simple 1-, 2-, or  3-gr(wp format], .we w i l l  
also ignore the Mn-54 i n  th i s  s i r rp l i f ied activation analysis where the main goal i s  t o  ve r i f y  the gamna 
source from the key isotopes of i ron and cobalt, a t  or shor t l y  a f te r  shutdown. 

Ui th respect t o  the i ron  and cobalt, i t  i s  necessary only t o  consider the act ivat ion due t o  the i n i t i a l  
Co-59 i n  the system (uhich may be treated as a f ixed quantity), and the i n i t i a l  amount o f  Fe-58 in  the 
system (which may be treated as a f ixed quantity). 
augmented s l i gh t l y  by (n,g) captures i n  Fe-57, and/or (n,g) captures in  Fe-56 and subsequent (n,g) 
captures i n  Fe-57, the incremental amount of Fe-58 produced by e i ther  method i s  negl ig ib le conpared t o  
the amount (0.28 at%) of Fe-58 i n i t i a l l y  i n  the system. 
l i t t l e  depletion over a 30 year i r rad ia t ion  period, i t s  d e m i t y  may be treated as a constant in  t h i s  
act ivat ion analysis. 
not present a t  a l l .  Likewise, the production of Co-59 f ran  decay of  Fe-59 uould be s ign i f i can t  only i f  
one had rm Co-59 i n i t i a l l y  i n  the system. Given that there i s  a t race amount (0.015 ut%) i n i t i a l l y  
present, any addit ional increnrental amount produced by Fe-59 i s  so small that  i t  may also be neglected. 
Since the a m t  of Co-59 does not deplete s ign i f i can t ly  over a 30 year i r rad ia t ion  period. i t s  density 
may also be treated as constant in  t h i s  act ivat ion analysis. I t  i s  s ign i f i can t  only insofar as i t  
produces radioactive Co-60 uhich i s  i n i t i a l l y  not present a t  a l l .  
present a t  any given time w i l l  be 5 t o  6 orders of magnitude less than Co-59, and since the amount o f  
Fe-59 w i l l  be about 8 orders of magnitude less than Fe-58, the destruct ion rates fo r  Co-60 and Fe-59 by 
(n,g) capture w i l l  be many orders of magnitude less than the i r  respective production rates, and can be 
safely ignored. U i th  respect t o  nuclides i n  the carbon steel forming the rotary shutter, the fol lowing 
notat ion w i l l  be used: 

Density NO(al1 Fe)= 8.34943e+22 atoms/cc, 
Density NO(Fe-58) = 0.0028*NO(all Fe), 
Density NO(Co-59) = 1.19882E+19 a t m / c c ,  

Each 

I f  one i s  

U i th  a h a l f l i f e  of only 2.578 hours, the Mn-56 

Decay g a m s  from Hn-54, hwever, are another matter since Mn-54 has a 
6 e C 8 ~ ~ e  it i s  only produced i n  re la t i ve l y  small 

For that reason Cad because high-energy (n,p) 

M i l e  i t  i s  t rue  that the ammint of Fe-58 w i l l  be 

Moreover, since Fe-58 experiences neg l ig ib ly  

I t  i s  s igni f icant only insofar a t  i t  produces radioactive Fe-59 uhich i s  i n i t i a l l y  

Lastly, since the amwnt o f  Co-60 

microscopic absorption cross section = x(avg Fe) = 2.62 barns 
microscopic absorption cross section = x(Fe-58) = 1.35 barns 
microscopic absorption cross section = x(Co-59) = 37.0 barns 

H a l f l i f e  of Co-60 = TCo60(1/2) = 5.271 years, 
H a l f l i f e  of fe-59 = TFe59(1/2) = 44-51 days, 

I r rad ia t ion  time = T i r r  = 30 years = 9.46e+8 sec 

Here, the microscopic cross section for Co-59 was taken from Table 7.3 (ssfnduced a c t i v i t i e s  in  metals 
present in  structural  materials") as given i n  Sect 7.36 of Ref 22 by Glasstone and Sesonske, uh i l e  the 
cross section fo r  s4a l l  iron" was taken from Table A.2 of that same reference, and that f o r  Fe-58 was 
taken f ran  the Chart of the Nuclides#29. 

First ,  l e t  us consider only those neutrons inside the beam hole that  are avai lable t o  act ivate m t e r i a l s  
there. Using the neutron point sources fo r  H5-3 i n  Table 2.2a and the 1/(4*pi*RA2) approximation, the 
f lux  entering the beam hole (Flux11 a t  2=415.44875 cm i s  6.51026e+lO n/s/cm2, while the f l ux  going out 
the other end (FluxZ) a t  2477.36125 ctn i s  4.67075elO n/s/cnQ. 
(Ahole) i s  62.07167 c d .  
absorption (NA) i n  the material i s  given by 

NA = Ahole*(Fluxl-Flux2) = 1.1418e+12 n/s 

The production rate of Co-60, i s  then NA times the f rac t ion  that get absorbed by the Co-59 as opposed 
t o  anything else (mostly Fe). Thus, the production ra te  of Co-60 i s  given by: 

P(Co-60) = NA * NO(Co-59)*x(Co-59) / INO(al1 Fe)*x(avg Fe)l = 2.31522~9 atoms/sec. 

Decay constant (Lanbda) = DCo60 = 4.lbMSe-9/sec 
Decay constant (lamkfa) = DFe59 = 1.80241e-7/sec 

The area o f  the 3.5-inch-diam beam hole 
The fluxes may be treated as currents, and number of neutrons avai lable fo r  
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The so lu t i on  t o  the d i f f e r e n t i a l  equation 

d[N(Co-60)l/dt = P(Co-60) - DCo60*N(C0-60) where DCobO = lambda = decay constant, i s  then 

N(Co-60) = P(Co-60)*(1.0-exp(-DC~O*t)/DCo60 

and a f t e r  mu l t i p l y ing  both sides by DCo60 ( the  decay constant) we see tha t  the decay rate, DR(Co-60). 
a t  the end of a 30 year i r r a d i a t i o n  period (and f o r  many weeks the rea f te r )  i s  given by 

DR(Co-60) = P(Co-60)*(1.O-exp(-DCo60*Tirr) = P(Co-60)*(0.98059) = 2 . 2 7 0 2 8 ~ ~ 9  atoms/sec 

Since CO-60 gives o f f  Z g a m s  per decafl30, the corresponding g a m  emission rate, GER(Co-60), i s  

GER(C0-60) = 4.54057e+9 p/S . 
These g a m s  are distributed more-or-less uni formly along the e n t i r e  length o f  the 61.9125-cm-long 
beam hole. Likewise, f o r  t he  Fe-59, we have: 

P(Fe-59) = NA * NO(Fe-58)*x(Fe-58) / CNO(al1 Fe)*x(avg Fe l l  = 1.64735e9 atoms/sec, 

and since Fe-59 e f f e c t i v e l y  only g ives o f f  1 g a m  per decay, 

GER(Fe-59) = P(Fe-59)*(1 .O-exp(-DFe59*Tirr) = P(Fe-59)*(1 .OOOO) = 1.64735ec9 p/s. 

Thus, the t o t a l  g a m  emission r a t e  ( d i s t r i b u t e d  more-or-less uni formly along the length o f  the 
beam hole) i s :  

GER(Ho1e) = GER(Co-60)+GER(Fe-59) = 6.18792-9 p/s . 

As noted above, however, t ha t  i s  no t  t h e  e n t i r e  gama source. 
ins ide the beam hole. I t  does not  account f o r  neutrons inp ing ins on the leading edge (upstream face) o f  the 
shut ter  in  the region just beyond the  3.5-inch-diam beam hole. 
reaching the ro ta ry  shu t te r  canes through the  2.75-inch x 5.5-inch rectangular ho le in  the co l l imator .  This 
area extends beyond the 3.5-inch-diam ho le  as shown i n  Fig. 7.4. 
cott imated (which i t s  not), the area o f  the shut ter  (AS) t ha t  i s  impacted by the beam outside the hole would 
be 42.613 cm2. Given tha t  the f l u x  ( F l u x l )  a t  t h i s  a x i a l  Location (Z=415.44875 cm) i s  6.51026e+lO n/s/cm2, 
and that approximately h a l f  w i l l  be re f l ec ted  back (and therefore not  absorbed), the t o t a l  nunber o f  neutrons 
avai lab le (NA2) t o  a c t i v a t e  ma te r ia l s  i n  t h i s  reg ion o f  the shu t te r  i s  

NA2 = 0.5*ASfFluxl = 1.387108e12 n/s, 

the production r a t e  f o r  Co-60 in th is  reg ion i s  

P2(Co-60) = NAZ * NO(Co-59)*x(Co-59) / CNO(al1 Fe)*x(avg Fe l l  = 2.81260-9 atoms/sec, 

and the t o t a l  gamM emission r a t e  here (GERZ) due t o  gamas from the Co-60 i s  

GER2(Co-60) = 2.OfP2(Co-60)*(l.O-exp(-DCo60*Tirr) = 5.51607e+9 atoms/sec. 

Likewise, f o r  the Fe-59, we have: 

P2(Fe-59) = NA2 * NO(Fe-58)*xCFe-58) / INO(al1 Fe)*x(avg Fe)l = 2.001247ec9 atoms/sec, 

arid since Fe-59 e f f e c t i v e l y  on l y  g ives o f f  1 g a m  per decay, t he  g a m  emission r a t e  f o r  the Fe-59 
in  t h i s  region, GERZ(Fe-59) i s  g iven by: 

GER2(Fe-59) = PZ(Fe-59)*(1.0-exp(-DFe59*Tirr) = P2(Fe-59)*(1.0000) = 2.001247~~9 p/s. 

i t  i s  on l y  the  g a m  source due t o  neutrons 

Most ( v i r t u a l l y  a l l )  of the neutron rad ia t i on  

Even i f  the neutron beam were pe r fec t l y  

S m i n g  over a l l  four  terms, the t o t a l  g a m  emission r a t e  f o r  t he  shu t te r  can then be estimated as: 

GER(Tota1) = GERcCo-60) + GER(Fe-59) + GER2(Co-60) + GER2(Fe-59) = 1.37-10 p/s- 

Results o f  the de ta i l ed  a c t i v a t i o n  analys is  produced by the ACTSRC-FOR program based on 12 d i f f e r e n t  
reaction rates in  each of 39 s h e l l s  about the beam hole (as ca l cu la ted  by HCNP Run Hf3309) are shown i n  
Table 7.5. I f  one sums the t o t a l  r e s u l t i n g  gama source (p/s) over a l l  39 s h e l l s  i n  Table 7.5, t he  
resu l t i ng  ( t o t a l )  g a m  source i s  1 . 6 1 ~ 1 0  p/s, which i s  w i t h i n  15% o f  the much more approximate value 
of 1.37e+10 p/s obtained here. Moreover, had the Mn-54 and i t s  r e s u l t i n g  decay g a m s  been included i n  
the s imp l i f i ed  analysis, the approximate gamna source from t h i s  s inp l i f ied analysis uould have been 2 t o  
3% higher, such that  the approximate and r igorous g a m  source terms would on l y  have d i f f e r e d  by 12 t o  
13%. This small d i f f e rence  may be due t o  unce r ta in t i es  i n  the 1-group cross sect ion data used here, or 
due t o  uncer ta in t ies i n  the r e f l e c t e d  albedo from the shut ter  (0.5). but i s  more l i k e l y  due t o  the fact  
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... 
that  the area of the shutter impacted by the neutron beam was ass& to  correspond exactly t o  the area 
of the 2.75-inch x 5.5-inch hole i n  the col l imator uhen, in fact ,  there i s  sane mll divergence and the 
area inpacted i s  l i k e l y  t o  be s l i g h t l y  larger than that show in  Fig. 7.4. The key point demonstrated 
by t h i s  elementary analysis, however, i s  that  the decay gama source terms used i n  the f i n a l  shielding 
analysis (as determined by the ACTSRC.FDR ac t i va t ion  program using the spatially-dependent reaction rates 
f run  HCWP Run H6309) are eminently reasonable. 

7.4.3.2 Estimate of the Activation G a m  Dose Rate Downstream o f  the Shutter _____-__--------- - - -____________________--------- - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
Figure 7.5 i l l us t ra tes  an elementary approach that did not uork and should not be trusted i n  t h i s  case. 
Here the approach was t o  take the g a m  sources along the beam tube hole, GER(hole), and d is t r ibu te  
them evenly aimng the four point sources i l l u s t r a t e d  i n  Fig. 7.5, while the gama sources f o r  the 
Leading edge, GER.?[Co-60) and GER2CFe-591, uould be added in with those frun region 1 in  Fig. 7.5. 
Knowing the to ta l  distance from each source point  t o  the detector point, and the t o t a l  amount of 
steel  along each of the four paths, an attenpt was made t o  calculate the contr ibution from each 
point  source as S(i)*exp<-u*rho*t)/(4*pi*R^2), and sun t o  get the total.  
low (and erroneous) dose ra te  of 0.017 mrem/hr a t  the detector point, just dounstrem of the shutter. 
A t  the r i s k  of s o d i n g  very inexperienced, i t  uas decided t o  include th i s  one exafrple as a classic 
i l l u s t r a t i o n  of how poorly things can go when one over-s inpl i f ies a problem. 

The tragic flaw here, o f  course, i s  the i n p l i c i t  assunption that a l l  g a m s  are born on the centerline. 
Had  one a s s d  them t o  be born on the inner surface o f  the hole, the results would have been much 
the same. M i l e  the g a m  source i s  indeed peaked i n  the regions around the hole, the r e a l i t y  i s  that 
they do have a spat ia l  d istr ibut ion,  and t h i s  spat ia l  d is t r ibu t ion  is very important (c f  Table 7.5) .  As 
one goes out t o  more distant rad ia l  shel ls, the gama source w i l l  became less and less, but the amount 
of attenustion between the detector point  and "that port ion of each shel l  closest t o  the detector" u i l l  
go down much faster, thus making those sources in  those portions of the more distant shel ls more and more 
important. By going out 10 cm frcm the inner surface, the to ta l  source in each shel l  (p/s) w i l l  be about 
a factor o f  10 lower than on the inner surface, but those born in  that port ion of shel l  10 closest t o  the 
detector point u i l l  experience 70 times less attenuation than those born on the inner wall. Moreover, 
by going out 20 cm from the inner surface, the t o t a l  source i n  each shel l  (p/s) u i l l  be about a factor 
of 20 Lower than on the inner surface, but those born in  that port ion of shel l  20 closest t o  the detector 
u i l l  experience 4900 times less attenuation than those born on the inner ua11. 
estimate the dose ra te  outside the shutter, i t  i s  imperative that one have a goad descript ion of the 
spat ia l  d i s t r i bu t i on  fo r  the source and t rea t  i t  rigorously. 
QAD could t rea t  a knoun d i s t r i bu t i on  qu i te  ue l l ,  there i s  no ultra-simple elecnentary method fo r  obtaining 
the d i s t r i bu t i on  in the f i r s t  place. 

The resu l t  was a deceptively 

Thus, i f  one Ygnts t o  

While elementary point kernel codes l i k e  

Thus, in  t h i s  case, ooe m t  simply be content i n  the knowledge that the overai l  g a m a  source obtained 
(by the ACTSRC.FOR program using spatially-dependent IdCNP reaction rates) i s  correct. Fortunately, 
thanks t o  recent measurements by Health Physics personnel a t  HFIR, the dose rates downstream of the 
shutter <as calculated by MCNP R u n  H8310) have since been confirmed by direct  experimental measurements, 
so that confirmation by elementary ana ly t i c  techniques becomes mot. 

7.5 Ccaparison of Calculated Act ivat ion Dose Rate Against Recent Experimental Measurements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Table 7.10 and Fig. 7.6 show the resu l ts  of a recent radiat ion survey#ll in  the region(s) downstream of 
the HB-3 rotary shutter subsequent t o  the Feb 1998 shutdoun of the H F I R  reactor. 
were made during a maintenance operation i n  which the mMlbchraneter drun had been ro l l ed  back a short 
distance from the biological  shield and the saddle sh ie ld  was being removed. 

These measurements 

The only measurement of d i rec t  interest  here i s  the one that uas made inside the cavi ty where the beam 
tube and crystal  are located ( ie, inside the 6.5-inch-dim hole leading t o  the rotary shutter). There, 
the maximun measured dose ra te  a t  contact (wi th the closed shutter, a t  2477.36 cm) was 50 mrem/hr. 
This i s  i n  good t o  excellent agreetnent wi th the calculated values. As shoun in Table 7.7 and Fig. 7.3, 
the average dose rate calculated over the 6.5-inch-dim hole a t  2=478.79 cm was 43.16 rnrem/hr +/- 1.3%, 
while, as shown i n  Table 7.6 and Fig. 7.2, the point  detector along the centerl ine a t  Z=479.29 cm shoued 
the dose ra te  t o  be 42.78 mrem/hr +/-1.2%. 

a) The experimentally measured value of 50 mrernlhr <a t  contact u i t h  the rotary shutter) confirms the accuracy 
of the act ivat ion analysis and the subsequent gama shielding analysis using those act ivat ion sources. 

This i s  s igni f icant because: 

b) Since the measurement uas made af te r  shutdown, i t  also tends t o  confirm the previous suspicion that 
most of the dose a t  t h i s  location i s  indeed due t o  activation. 
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Fig. 7.4. Portion of the rotary shutter, beyond the 3.5-inch-diam beam hole, that is directly exposed to the highly collimated 
neutron beam coming from the 2.75-inch x 5.5-inch rectangular hole in the collimator under normal operating conditions. 
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Fig. 7.5. An elementary point source representation of the activation sources in the rotary 
shutter that proved woefully inadequate for representing the actual spatial distribution of 
the decay gamma sources, and could lead to very misleading estimates of the activation 
dose rate downstream of the shutter. See discussion in main text. 

173 



Table 7.10. Results o f  rad io log i ca l  survey HFIR-98-1712 i n  the  reg ion 
dounstream o f  the HB-3 ro ta ry  shut ter  a f t e r  shutdown (Feb 1998). 

Subject: HB-3 rad io log i ca l  survey 
To: Jim Bucholz 
From: Roger L. Davis 
Date: Ued, 24 Jun 1998 09:50:44 

Jim, here i s  the survey data tha t  you requested. 
I highl ighted the actual  c a v i t y  survey i n  red. 

Survey No. HFIR-98-1712 
Date: 2/20/98 
Time: 14:52 
Bui lding: 7900 
Location: Beam Room a t  HB-3 
Descr: Contamination and Radiat ion survey upon removal o f  saddle s h i e l d  from HB-3. 
Radiological Conditions: The reactor  i s  shutdown. 

The Max dose r a t e  found on the saddle sh ie ld  block on the s i d e  tha t  
faces the reactor  i s  280 mr/hr on contact, and 18 mr/hr a t  30 cm. 

--D Max dose r a t e  i ns ide  the c a v i t y  uhere the &am tube and c r y s t a l  are located i s  
--D 50 mr/hr contact, and 20 mr/hr a t  1 foot, general area o f  15 mr/hr. 

Max dose r a t e  on the drun (between the saddle s h i e l d  and the drun) i s  50/12 mr/hr. 

Max dose r a t e  on the saddle s h i e l d  (on the s ide fac ing the drun) i s  60/15 mr/hr. 

A l l  LAS's i n  the  troughs, on the  drum and saddle sh ie ld ,  
and on a l l  accessible surfaces NDGMT. 

LAS ins ide the beam p o r t  on the  saddle sh ie ld  = 30.000 dpn beta/gamna. 

I w i l l  send you a paper copy o f  the actual survey by p lan t  mai l .  
I f  you have any other questions f e e l  f ree  t o  c a l l  me. 

Roger L. Davis 
O f f i ce  o f  Radiat ion Protect ion 
HP Complex Leader, Research Reactors 
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Fig. 7.6. Location of experimentally measured activation dose rates after shutdown. See Table 7.10 for a copy of the memo 
describing the actual measurements made on Feb 20, 1998. 



c )  Given that (1) the amount of act ivat ion i s  independent o f  the uater tube design [since act ivat ion occurs 
under nominal conditions uhen the uater tube i s  void], and that (2) the port ion of the dose rate here due 
radiat ion streaming doun the beam tube, through the flooded 1998 uater tube and collimator sections, and 
through the closed shutter, i s  less than 1 mrem/hr uhen the H F I R  i s  operating a t  100 MU Ccf Sect 6.111, 
one i s  forced t o  conclude that the to ta l  dose rate here, under these conditions, u i l l  be essent ia l ly  
unaffected by the newly proposed design changes. 

The remaining dose rates described i n  Table 7.10 and i l l u s t r a t e d  i n  Fig. 7.6 are certainly of general 
interest, but cannot be d i rec t l y  compared t o  anything i n  t h i s  analyt ic study since the monochrometer 
drun and saddle sh ie ld  (both dounstream of the rotary shutter)  uere not included i n  the calculat ional 
model. 
surface of the concrete block assembly holding the rotary shutter (ie, 1 foot dounstream of the surface 
a t  2=478.79 cm) cannot and should not be d i r e c t l y  compared against values in  Table 7.6. 
study, everything dovnstream of 2478.79 cm uas ignored and treated as void, and the only act ivat ion 
sources considered uere those i n  the rotary shutter i t s e l f .  
the shutter i t s e l f ,  the general area background radiat ion uwld have been zero i n  th is  d e l .  
the calculated dose ra te  1.5 feet from the plane a t  2=478.79 cm uas 5.597 mrem/hr +/- 0.41%, while the 
calculated dose ra te  3.0 feet from t h i s  plane uas 2.108 mremlhr +/-0.25%. 
drun and/or saddle shield present a t  the t i m e  the measurements uere made, the general area background 
radiat ion uas measured and found t o  be about 15 mrem/hr u h i l e  the dose rate 1 foot from the plane a t  
2=478.79 cm uas found t o  be 5 mrem/hr higher (ie, 20 mrem/hr). While t h i s  increase i s  highly consistent 
u i t h  the calculated value a t  1.5 feet from the plane, d i rec t  comparisons should probably not be made since 
i t  i s  not exactly c lear uhere th is  "general. area background radiat ion" was measured or uhere (exactly) the 
saddle shield or monochrometer drun uere located a t  the time the measurements uere made. Nevertheless, 
given the excel lent comparisons betueen the calculated and measured dose rates u i t h i n  1 o r  2 cm o f  the 
shutter i t s e l f ,  i t  i s  reasonable t o  believe that s im i l a r l y  good resul ts could have been obtained on the 
surface o f  the saddle shield and/or monochrometer drun had s imi la r  act ivat ion analyses been performed fo r  
those catrponents. 

Moreover, even the experimentally measured dose ra te  of 20 mrem/hr a t  1 foot from the downstream 

In the analyt ic 

Thus, except f o r  radiat ion coming from 
Even so, 

With the activated monochrometer 

The key resul ts and conclusions of t h i s  act ivat ion study are surmarized i n  Sect 7.4.2 and Sect 7.5, 
respectively. The parametric variat ions reported here i n  Sect 7.6 represent a feu small extensions 
that uere requested t o  a id  in  developing specif icat ions fo r  possible future procurements. 

Shortly a f te r  the completion of t h i s  study i n  early July 1998, i t  uas announced that neu rotary shutter 
shield plugs, perhaps u i t h  only one rectangular beam hole instead o f  the tuo c i rcular beam holes, might 
be ordered and manufactured for the H F I R  Upgrade Program. 
hou rmch the ac t iva t ion  dose rate donstream of the shutter could be reduced a f te r  shutdoun i f  the shutter 
uere made with a Lou-activation steel  having l i t t l e  or no Co-59 i n i t i a l l y  i n  the steel. 
i f  there uas no cobalt i n i t i a l l y  present, Fig. 7.1 shous that a small a m t  of Co-59 and Co-60 uould 
s t i l l  be generated from the i ron  during i r radiat ion,  and that act ivated decay gainnas result ing from the 
production o f  Fe-59 uould also be inevitable.) So that a cost/benefi t  s t d y  could be undertaken by RRD 
s ta f f  p r io r  t o  procurement, a series of act ivat ion studies were undertaken using small variat ions o f  the 
previously described act ivat ion program (ACTSRC-FOR) l i s t e d  in  Appendix E.2. In these cases, the i n i t i a l  
Co-59 concentration uas varied from 0.005 ut% t o  0.030 ut% i n  increments of 0.005 ut%; 
concentrations of 0.001 ut% and 0.000 ut% were also included as l im i t i ng  cases. In each case, the 12 key 
reaction rates (per unit atom density), i n  each of the 39 1-cm-thick shel ls around the large beam hole i n  
the shutter, uere assumed t o  the be same as those shoun i n  Table 7.2. 

As such, there uas some interest i n  knouing 

(Note that even 

i n i t i a l  to-59 

Table 7.11 shows the resul ts of these act ivat ion studies. 
g a m  source (photons/sec a t  1.25 MeV, seven days a f te r  shutdom) i n  each of the 39 1-cm-thick shel ls 
around the large beam hole i n  the shutter as a function o f  the amount (ut%) of Co-59 i n i t i a l l y  present 
in  the steel. 
donstream o f  the shutter, one can estimate the re la t i ve  dose rates by comparing the to ta l  source t e r n  
(p/s) shoun i n  Table 7.11 against those fo r  the reference case uhich yielded a dose rate of 43 mrem/hr 
and had 0.015 ut% Co-59 i n i t i a l l y  present i n  the steel. 
based on Table 7.11: 

1) With 0.030 ut% Co-59 i n i t i a l l y  in  the steel,  the t o t a l  source i n  the 1-cm-thick cyl indr ical  she l l  
closest t o  the b ig  hole (shel l  1) would be 5.845E+9 p/s a t  1.25 MeV a t  7 days af ter  shutdoun, uh i l e  
u i t h  0.015 ut% Co-59 i n i t i a l l y  i n  the steel,  i t  uould be 3.262E+9 p/s, and u i t h  no Co-59 i n i t i a l l y  
i n  the steel,  i t  uould be 6.788€+8 p/s. 

In part icular,  i t  shous the to ta l  equivalent 

While no neu shielding calculat ions were performed t o  determine the actual dose rates 

The fol lowing are a feu casual observations 

2) Instead o f  looking at only the act ivat ion i n  just  the f i r s t  (innermost) shel l  uhere the act ivat ion 
i s  highest, one should also look a t  the act ivat ion levels 10 t o  15 u n  further out since, by v i r t ue  
of the i r  Location, they may actual ly contr ibute more t o  the dose rate dounstream of the shutter. 
Fortunately, those act ivat ion levels are tnalmostut d i r e c t l y  proportional t o  act ivation level i n  the 
f i r s t  she l l  except at very Lou i n i t i a l  Co-59 concentrations (0.000 ut% and 0.001 ut%) uhere some 
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Table 7.11. 
3.5-inch hole in the rotary shutter, 7 days after shutdown, as a function of the initial Co-59 concentration (ut%) in the steel. 

Total volume-integrated equivalent g a m  source (p/s at 1.25 MeV) in each of the 39 cylindrical shells around the 

Shell 1 
Shell 2 
Shelt 3 
Shell 4 
Shetl 5 
Shell 6 
Shell 7 
Shell 8 
Shell 9 
Shell 10 
Shell 1 1  
Shell 12 
Shell 13 
Shell 14 
Shell 15 
Shelt 16 
Shell 17 
Shell 18 
Shell 19 
Shell 20 
Shell 21 
Shell 22 
Shell 23 
Shell 24 
Shell 25 
Shell 26 
She(( 27 
Shell 28 
Shell 29 
Shell 30 
Shell 31 
Shell 32 
Shell 33 
Shell 34 
Shell 35 
Shell 36 
Shell 37 
Shelt 38 
Shell 39 

Rmi n 
( cm) 

4.445 
5.445 
6.445 
7.445 

9.445 
10.445 
11.445 
12.445 
13.445 
14.445 
15.445 
16.445 
17.445 
18.445 
19.445 
20.445 
21.445 
22.445 
23.445 
24.445 
25.445 
26.445 
27.445 
28.445 
29.445 
30.445 
31.445 
32.445 
33.445 
34.445 
35.445 
36.445 
37.445 
38.445 
39.445 
40.445 
41.445 
42.445 

8.445 

Rmax 
(cm) 

5.445 
6.445 
7.445 
8.445 
9.445 
10.445 
11.445 
12.445 
13.445 
14.445 
15.445 
16.445 
17.445 
18.445 
19.445 
20.445 
21 -445 
22.445 
23.445 
24.445 
25.445 
26.445 
27.445 
28.445 
29.445 
30.445 
31.445 
32.445 
33.445 
34.445 
35 -445 
36.445 
37.445 
38.445 
39.445 
40.445 
41.445 
42.445 
43.443 

VOL 
(CC) 

1.89858e+03 
2.2798 1 e+03 
2.655 1 le+03 
3.02744e+03 
3.39342e+03 
3.75537e+03 
4.11116e+03 
4.45690e+03 
4.79709e+03 
5.12661e+03 
5.44592e+03 
5.75543e+03 
6.05497e+03 
6.33840et03 
6.60982e+03 
6.86725e+03 
7.10540e+03 
7.32554e+03 
7.53004e+03 
7.70707e+03 
7.85 1 15e+03 
7.96738et03 
8.04809e+03 
8.08235et03 
8.05935et03 
7.95535e+03 
6.44147etO3 
4.99352et03 
4.08671et03 
3.36986e+03 
2.76096et03 
2.2316Oet03 
1.765 1 le+03 
1 .35264e+03 
9.88281e+02 
6.71 165e+02 
4.01009e+02 
1.86544e+02 
3.97575e+01 

Init 

0.000 wt% 

(P/S) 

6.788etO8 
5.787e+08 
5.01 7et08 
2.906e+08 
1.715e+08 
1.240et08 
8.324e+07 
6.477e+07 
5.624e+07 
4.072etO7 
3.312e+O7 
3.810et07 
4.684e+07 
3.236etOT 
2.099e+07 
1.908et07 
3.31 let07 
1.707e+07 
1.099etO7 
1 .98&+07 
8.748e+06 
9.695e+06 
1.058et07 
1 .Wle+07 
9.830et06 
7.450et06 
3.781e+06 
2.01 8et06 
2.105et06 
3.060e+06 
1.113et06 
7.889e+05 
2.63Oe+05 
1 ,592et06 
1 .290e+05 
6.178e+04 
2.706e+04 
6.283e+03 
4.18le+02 

--.----... ial Co-59 concentratic 

0.001 ut% 0.005 wtX 

(p/s) (P/S) 

8.51 Oet08 
7.239e+08 
6.295e+08 
3.744e+08 
2.272et08 
1.670et08 
1.177etOB 
9.340e+07 
7.969et07 
6.279e07 
5.214e+07 
5.343e+07 
6.047et07 
4.383e+07 
3.174et07 
2.792etOf 
4.185et07 
2.399et07 
1 .761 e+07 
2.649e+07 
1.446~07 
1.402e+07 
1.600et07 
1.435et07 
1.307e+O7 
1.051et07 
6.668e+06 
4.090e+06 
3.209et06 
3.680@06 
1.922e+06 
1.520et06 
1.079e+06 
1.922et06 
6.946et05 
2.481e+05 
3.376et04 
7.952e+03 
5.254e+02 

1.540e+09 
1.305e+09 
1,140et09 
7.099et08 
4 501 e+08 
3.387e+08 
2.555et08 
2.079e+08 
I .  735e+08 
1,51le+08 
1 ,282e+08 
1. t48e+08 
1. tSOe+08 
8.969et07 
7.470et07 
6.325et07 
7.680e+07 
5. wet07 
4.409et07 
5.290et07 
3.729et07 
3.130e+07 
3.768e+07 
3.169e+07 
2.601e+07 
2.275etO7 
1.822etOT 
1.238e+07 
7.62Se+06 
6.162e+06 
5.159e+06 
4.442e+06 
4.345et06 
3.241 e+06 
2.957e+06 
9. 1 e+05 
6.058et04 
1.463e+04 
9.547e+02 

in (ut%) in . -_____-___.  
0.010 ut% 

( P / S )  

2.401et09 
2.031e+09 
1.779e+09 
1 .129e+09 
7.287et08 
5.534et08 
4.278e+08 
3.5 10e+08 
2.907e+08 
2.614e+08 
2.233e+08 
1.914et08 
1.831e+08 
1 .470e+08 
1.284et08 
1.074e08 
1.205etOB 
8.625e+O7 
7.718e+07 
8.592et07 
6.583e+07 
5.291 et07 
6.478et07 
5.336et07 
4.219et07 
3. 806e+O7 
3.266etD7 
2.274e+07 
1.314e+07 
9.263et06 
9.206et06 
8.096et06 
8.428et06 
4.890e+06 
5.785e+06 
1.924e+06 
9.410et04 
2.297e+04 
1.491 e+03 

the steel forming the 

0.015 ut% 0.020 wtX 

tP/S) (P /S )  

. _ _ _ _ _ _ - _ _ _ _ _ _ _ - _ _ _ _ _ _ .  

3.262e+09 
2.757e+OP 
2.418et09 
1.548e+09 
l.OO7et09 
7.681 e+OB 
6.000et08 
4.942e+08 
4.079e+08 
3.718e+O8 
3.185et08 
2.681 e+08 
2.51 3e+08 
2.043e+08 
1.821et08 
1.516et08 
1.642e+08 
1.208e+08 
1.103et08 
1.189et08 
9.437e+07 
7.451e+07 
9.188et07 
7.504et07 
5.838e+07 
5.336e+07 
4.709e+07 
3.310et07 
1.237et07 1.866e+07 

1.325et07 
1.175e+07 
1.251et07 
6.539e+06 
8.613e+06 
2.856et06 
1 .276e+05 
3.131e+04 
2.028e+03 

4.123e+O9 
3.483et09 
3.056e+09 
1 .968e+09 
1 .286e+09 
9.828et08 
7.723et08 
6.373e+08 
5.251 et08 
4.822e+08 4.136et08 

3.448et08 
3.194et08 
2.358et08 2.617e+08 

1.958e+08 
2.079e+08 
1.554et08 
1.434e+08 
1.520e+08 
1 .229e+OB 
9.61 2e+07 
1.190et08 
9 -671 e+07 
7.456et07 
6.866et07 
6.153e+07 
4.347~07 
2 -41 8et07 
1.547e+07 

rotary shut 

0.025 xtX 

(P/S) 

4.984e+09 
4.209et09 
3.695et09 
2.387et09 
1.564et09 
1.197e+09 
9.445e+08 
7.804et08 
6.423e+08 
5.925et08 
5.087etO8 
4.2 15e+08 
3.876e+08 3.19Oet08 

2.896et08 
2.399e+08 
2.516e+08 
1 .900e+08 
1 .765e+08 
1.850et08 
1.515et08 
1 .177e+08 
1.461e+08 
1.184e+08 
9.074et07 
8.397e+07 
7.597et07 
5.383e+O7 
2,97Oe+07 
1.857et07 
2.135et07 
1 .906e+07 
2.067et07 
9.837e+06 
1.427e+07 
4.719e+06 
1 .947e+05 
4.800et04 
3.1 Ole+03 

:ter . - _ - - - -  - - - -  
0.030 ut% 

( P I S )  

5.845e+09 
4.936et09 
4.333et09 
2.806et09 
1.843et09 
1.412e+09 
1.1 17e+09 
9.236etOB 
7.596et08 
7.029et08 
6.038et08 
4.98le+O8 
4.55?e+08 
3.763et08 
3.433et08 
2.841et08 
2.953e+O8 
2.246e+08 
2.096e+08 
2.180et08 
1 I 800et08 
1.393et08 
1. 7)2e+08 
1.401e+08 
1.069e+08 
9.927e+07 
9.041et07 
6.419e+07 
3.522et07 
2.167e+07 
2.539e+07 
2.271 et07 
2.476e+07 
1.149e+07 
1 .71 Oet07 
5.650e+06 
2.282e+05 
5.634e+04 
3.638e+03 

Note: The radii shown here defining these 39 concentric cylindrical shells are measured from the centerline of the 3.5-inch-diam 
hole in the rotary shutter, while the volumes shown correspond to the actual amount of steel in the rotary shutter that lies 
uithin each of these shells. Because the shutter has a vertical a x i s  and the beam hole has a horizontal axis, the outermost 
shells just %lip the cornersll of the rotary shutter, and the corresponding amount o f  steel actually in these shells is relatively 
small. The sources all l i e  in the steel portlon(s) of these shells. Ass& irradiation period prior to shutdown was 30 years. 



small non- l inear i t ies  do s t a r t  t o  become apparent due t o  the increased r e l a t i v e  importance o f  the 
bui ldup chains shown i n  Fig. 7.1. 

3) For most i n i t i a l  cobalt concentrations o f  in terest  (between 0.005 ut% and 0.030 ut%), the g a m  
sources vary almost l i n e a r l y  u i t h  the amount of Co-59 i n i t i a l l y  present: 

a) For the reference case u i t h  0.015 ut% Co-59 i n i t i a l l y  present, the r e s u l t i n g  dose r a t e  imnediately 
dounstream of the shut ter  uas about 43 mrem/hr. 

b) From Table 7.11, i t  i s  c lear  that  i f  the amount o f  Co-59 i n i t i a l l y  present were 2.0 times higher 
( ie, 0.030 ut%), the t o t a l  g a m  source would be 1.8 t o  1.9 times higher, u h i l e  

c) I f  the amwnt of  Co-59 i n i t i a l l y  present were 3.0 times louer ( ie ,  0.005 ut%), the t o t a l  gama 
source r a t e  would be 2.2 t o  2.4 times louer. 

4) For very Lou i n i t i a l  Co-59 concentrations (0.000 ut% and 0.001 ut%), the re la t ionsh ip  i s  no longer 
l inear :  

a) I f  the i n i t i a l  amount o f  Co-59 i s  reduced by a factor  o f  15 (frcm 0.015 ut%, doun t o  0.001 ut%), 
the t o t a l  g a m  source would only be 4 t o  5 times louer, u h i l e  

b) I f  the i n i t i a l  Co-59 i s  reduced t o  zero, the t o t a l  gama source uould be about 5 t o  8 times louer 
than f o r  the case u i t h  0.015 u t% Co-59. 

Given that  the reference case o f  0.015 ut% Co-59 i n i t i a l l y  present in the s tee l  y i e l d s  a contact dose 
ra te  o f  only 43 mrem/hr (7 days a f t e r  shutdoun, subsequent t o  operating f o r  30 years), paying a steep 
premiun t o  be overty r e s t r i c t i v e  on the material spec i f icat ions may not be uor thuhi le .  
uould l i k e l y  make L i t t l e  sense unless the saddle sh ie ld  uere also replaced by a Lou-activation steel.  

Indeed, i t  

7.7 Conclusions Regarding the Act ivat ion Analysis and A l l  Other Shielding Calculat ions in  This Report . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Assuming an i n i t i a l  Co-59 concentration of 0.015 ut% i n i t i a l l y  in  the s t e e l  forming the r o t a r y  shut ter  
sh ie ld  plug, decay g a m  source terms from ac t iva t ion  of the shutter i t s e l f  uere ca lcu lated f o r  various 
decay times, inc lud ing 7 days a f t e r  shutdoun, fol lowing 30 years o f  continuous operation. A f t e r  the 
f i r s t  day o r  tuo, shor t l i ved  sources from the decay o f  Mn-56 are essent ia l l y  gone. 
312.2 days, 44.51 days, and 5.271 years, f o r  Mn-54, Fe-59, and Co-60, respectively, the remaining decay 
g a m  source t e r m  and resu l t ing  dose rates change very s lou ly  over the next feu  weeks. 
7 days a f t e r  shutdoun uas therefore taken as a representative time. 
i s  the most inpor tant  (by far).  
with the Mn-54 being a d is tan t  t h i r d .  

Calculated dose rates 1.43 cm and 1.93 cm downstream of  the rotary  shutter, due t o  a c t i v a t i o n  o f  the 
shut ter  alone, were 43.16 and 42.78 mremlhr, respectively. 
the experimentally measured contact dose ra te  of 50 mrem/hr, as measured dur ing the Feb 1998 shutdoun. 

This dose r a t e  due t o  ac t iva t ion  uould be present whenever the shutter i s  closed, whether the H F I R  i s  
operating o r  not. Because t h i s  inherent ac t i va t ion  of the shutter i s  the r e s u l t  o f  neutrons streaming 
doun the beam tube during years o f  normal operation uhen the uater tube i s  normally void, the i n t e n s i t y  
o f  t h i s  a c t i v a t i o n  source and the resu l t ing  dose ra te  (43  mrem/hr) u i l l  be independent o f  water tube 
design (ie, i t  u i l l  be essent ia l l y  the same uhether one suitches t o  the neu 1998 design or  continues 
t o  use the o r i g i n a l  1960 design). 

More importantly, t h i s  dose r a t e  due t o  ac t iva t ion  alone (43-50 mrem/hr) i s  f a r  greater than the 
0.8934 mrem/hr ( c f  Sect 6 )  tha t  resu l ts  from direct transmission of  r a d i a t i o n  down the beam tube 
and through the shut ter  uhen the neu (shorter) 1998 water tube and co l l imator  sections are both 
flooded, the shut ter  i s  closed, and the H F I R  i s  operating a t  100 MU. 

For these reasons, one i s  forced t o  conclude that  the t o t a l  dose ra te  downstream of  the shutter, under 
these condit ions, w i l l  remain i n  the 43-50 mrem/hr range and wi t1  be independent of uater-tube design 
( ie ,  i t  w i l l  be essent ia l l y  the same whether one suitches t o  the neu 1998 design or  continues t o  use 
the o r i g i n a l  1960 design). That i s  the main conclusion of t h i s  e n t i r e  report.  

Other miscellaneous observations and conclusions re la ted t o  the ac t iva t ion  study include the fo l lou ing:  

Fabricating neu ro ta ry  shutters wi th  a type of  steel wi th  absolutely no cobalt i n i t i a l l y  present uould 
l i k e l y  reduce the ac t iva t ion  dose r a t e  by a factor  o f  5 t o  8, but the a v a i l a b i l i t y  o f  such a s tee l  i s  
questionable and may not  be uor th the addi t ional  cost even i f  i t  were avai lable. This would have t o  
be evaluated p r i o r  t o  procurement. 
i n  the past and, i n  fact, corresponds t o  the measured cobalt content i n  the HB-I and Ha-4 vessel nozzles 
(see pp. 106 o f  Ref 6). 
plugs uould l i k e l y  reduce the ac t iva t ion  dose by about a factor  o f  2.2 o r  2.4. 

U i t h  h a l f l i v e s  o f  

The dose r a t e  
O f  the rad ioact ive sources, Co-60 

During the f i r s t  few weeks or  months, Fe-59 i s  the next most inportant, 

This i s  i n  good t o  excel lent  agreement w i th  

Carbon s tee l  u i t h  as t i t t l e  as 0.005 ut% cobalt has been ava i lab le  

I f  s t i l l  available, use o f  such a material i n  the new r o t a r y  shut ter  s h i e l d  
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... 

Switching t o  a new rotary shutter design which only has one beam hole and could therefore be turned 
90 degrees when closed (rather than 66.75 degrees as i n  the present design) u i l l ,  in  fact ,  reduce the 
dose rate saneuhat, although the extent of that decrease has not been evaluated. 

. 
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Appendix A.1 

Neutron and G m  Source Terns i n  MCNP format fo r  Each Beam Tube 

Section 2 describes the necessity of performing shielding analyses separately f o r  each of the 
four beam tubes (HB-1,2,3,4), as opposed t o  t ry ing  to  incorporate such analyses i n t o  one giant 
globel model f o r  the en t i re  H F I R  reactor system. Based on beam tube f luxes obtained from a 
series o f  large global analyses, Tables 2.2a and 2.2b describe the equivalent point  sources 
that can be used to  represent the neutron and gama sources i n  these indiv idual  calculations. 
I n  an MCNP calculation, these source t e r m  are represented by the SDEF card and the associated 
d i s t r i bu t i on  functions. 
tlor*l the gama source w i th in  a s ingle beam tube. The balance of Appendix A.1 shows e x p l i c i t l y  
how these scurce t e r m  may be represented i n  an HCNP calculat ion fo r  a single beam tube where 
the 2 axis corresponds t o  the beam tube centerline, and Z=O.O corresponds t o  the rad ia l  plane 
(extending out from the core) that i s  perpendicular t o  the beam tube centerline. I n  any given 
beam tube analysis one may re ta in  any or a l l  of the source d i s t r i bu t i on  cards shorn below, but 
only one o f  the 8 sdef cards shown below may be active i n  any given calcutation. 

In a single calculation, one can only represent the neutron source 
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sdef erg=d51 ms ferg d61 $ source def f o r  neutrons i n  HE-1 
C 

C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

si51 h 

sp5l d 

ds6l 1 

C 

si52 h 

-sdef erg=d52- pos fe rg  d62 S source def f o r  neutrons i n  HB-2 
sdef erg=d53 pas fe rg  d63 S source def f o r  neutrons i n  HB-3 
sdef erg=d54 pos fe rg  d64 S source def f o r  neutrons i n  HB-4 

sdef erg=d71 pos fe rg  d81 '6 source def f o r  g a m s  i n  HB-1  
sdef e rg472 pos fe rg  d82 f source def f o r  g a m s  i n  HE-2 
sdef erg=d73 pos ferg d83 f source def f o r  g a m s  i n  HB-3 
sdef erg=d74 pos ferg d84 S source def f o r  g a m s  in  HE-4 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Begin d is t r ibu t ions  needed t o  describe the neutron sources in  the four  beam tubes 

1.0000e-11 
4.13We-7 1.1253e-6 2.3824e-6 5.0435e-6 1.0677e-5 $ VELM n-groups 61, 60, 59, 58, 57, 
2.2603e-5 4.7851e-5 1.0130e-4 1.6702e-4 2.7536e-4 S VELM n-groups 56, 55, 54, 53, 52, 
4.5400e-4 7.4852e-4 1.2341e-3 2.0347e-3 2.2487e-3 S VELM n-groups 51, 50, 49, 48. 47, 
2.6126e-3 3.0354e-3 3.7074e-3 5.5308e-3 9.1188e-3 S VELM n-groups 46, 45, 44, 43, 42, 
1.5034e-2 2.3579e-2 2.4788e-2 2.6058e-2 2.7000e-2 S VELM n-groups 41, 40, 39, 38, 37, 
2.8501e-2 3.4307e-2 5.2475e-2 5.6562e-2 8.6517e-2 S VELH n-groups 36, 35, 34, 33, 32, 
1.2Zne-1 1.4996e-1 1.8316e-1 2.2371e-1 2.7324e-1 S VELM n-groups 31, 30, 29, 28, 27, 
2.9452e-1 2.972le-1 2.9849e-1 3.0197e-1 3.8774e-1 f VELM n-groups 26, 25, 24, 23, 22, 
4.9787e-1 5.2340e-1 6.0810e-1 7.4274e-1 9.0718e-1 S VELM n-groups 21, 20, 19, 18, 17, 
1.1080ecO 1.3534-0 1 . 6 5 3 0 ~ 0  2.0190-0 2.2313-0 S VELM n-groups 16, 15, 14, 13, 12, 
2.3457eO 2.4660-0 3 . 0 1 1 9 ~ 0  3.6788-0 4.4933-0 S VELM n-groups 11, 10, 9, 8, 7, 
5.4881-0 6.7032-0 8 .1873~0 l.OOOOe+l 1 . 2 2 1 4 ~ 1  0 VELM n-groups 6, 5, 4, 3, 2, 
1.4918-1 f VELM n-group 1 

5.31877-16 1.32866~15 8.60077e+14 8.45061e14 7.81961~14 S VELM n-groups 61, 60, 59, 58, 57, 
8.06771~14 7.62547-14 7.57662-14 5.20223-14 4.87720-14 S VELM n-groups 56, 55, 54, 53, 52, 
5.07730~14 5.17013-14 4.80954e14 4.33392e14 6.66316-13 S VELM n-groups 51, 50, 49, 48. 47, 
1.60061e+14 1.08823~14 1.68435e~14' 3.29352e14 3.59507-14 f VELM n-groups 46, 45, 44, 43, 42, 
4.5?210e+14 3.67329-14 5.62891-13 5.39204e+13 4.22279-13 S VELM n-groups 41, 40, 39, 38, 37, 
7 .80191~13 2.18288-14 2.32623-14 5.36186e+13 4.18163-14 0 VELM n-groups 36, 35, 34, 33, 32, 
2 .42117~14 2.56507e14 1.86655e+14 1.79164e+14 2.47877-14 $ VELM n-groups 31, 30, 29, 28, 27, 
9.40518-13 7.91646~12 4.33179~12 9.72508e+l2 2.83441~14 0 VELM n-groups 26, 25, 24, 23, 22, 
2.71588e14 6.25375-13 1.69143-14 2.16209e14 2.17359ec14 S VELM n-groups 21, 20, 19, 18, 17, 
3.00075e+14 2.46072-14 2.62407-14 1.96210e14 7.75874-13 f VELM n-groups 16, 15, 14, 13, 12, 
2.95862-13 2.69013W13 6.93878~13 5.41415e13 4.48929-13 s VELM n-groups 11, 10, 9, 8, 7, 
2.62833e+13 9.85249-12 3.53515~12 1.08706e+12 3.99094-11 S VELM n-groups 6, 5, 4, 3, 2, 
3.08026e09 S VELM n-group 1 

0 0 72.3 0 0 54.0 0 0 54.8 0 0 52.3 0 0 54.8 S VELM n-groups 61, 60, 59, 58, 57, 
0 0 50.1 0 0 51.6 0 0 51.5 0 0 47.5 0 0 49.7 f VELM n-groups 56, 55, 54, 53, 52, 
0 0 49.8 0 0 44.9 0 0 46.9 0 0 52.2 0 0 56.6 0 VELM n-groups 51, 50, 49, 48, 47, 
0 0 44.7 0 0 64.4 0 0 46.0 0 0 45.9 0 0 57.5 0 VELM n-groups 46, 45, 44, 43, 42, 
0 0 42.4 0 0 50.5 0 0 36.6 0 0 48.1 0 0 42.4 S VELM n-groups 41, 40, 39, 38, 37, 
0 0 36.0 0 0 41.4 0 0 39.0 0 0 50.6 0 0 45.1 f VELM n-groups 36, 35, 34, 33, 32, 
0 0 47.7 0 0 45.5 0 0 35.6 0 0 55.0 0 0 48.7 0 VELM n-groups 31, 30, 29, 28, 27, 
0 0 41.3 0 0 52.3 0 0 38.2 0 0 43.2 0 0 45.3 0 ELM n-groups 26, 25, 24, 23, 22, 
0 0 52.4 0 0 39.2 0 0 49.6 0 0 52.1 0 0 60.0 $ VELM n-groups 21, 20, 19, 18, 17, 
0 0 42.6 0 0 51.4 0 0 50.8 0 0 48.7 0 0 44.1 f VELM n-groups 16, 15, 14, 13, 12, 
0 0 44.0 0 0 46.1 0 0 48.9 0 0 55.1 0 0 45.3 S VELM n-groups 11, 10, 9, 8, 7, 
0 0 64.4 0 0 56.0 0 0 52.9 0 0 58.3 0 0 39.7 S VELM n-groups 6, 5, 4, 3, 2, 
0 0 79.2 $ VELM n-group 1 

1.0000e-11 
4.1399e-7 1.1253e-6 2.3824e-6 5.0435e-6 1.0677e-5 S VELM n-groups 61, 60, 59, 58, 57, 
2.2603e-5 4.7851e-5 1.0130e-4 1.6702e-4 2.7536e-4 $ VELM n-groups 56, 55, 54, 53, 52, 
4.5400e-4 7.4852e-4 1.2341e-3 2.0347e-3 2.2487e-3 S VELM n-groups 51, 50, 49, 48, 47, 
2.6126e-3 3.0354e-3 3.7074e-3 5.5308e-3 9.1188e-3 S VELH n-groups 46, 45, 44, 43, 42, 
1.5034e-2 2.3579e-2 2.4788e-2 2.6058e-2 2.7000e-2 S VELM n-groups 41, 40, 39, 38, 37, 
2.8501e-2 3.4307e-2 5.2475e-2 5.6562e-2 8.6517e-2 f ELM n-groups 36, 35, 34, 33, 32, 
1.22TIe-1 1.4996e-1 1.8316e-1 2.2371~-1 2.7324e-1 $ VELM n-groups 31, 30, 29, 28, 27, 
2.9452e-1 2.972le-1 2.9849e-1 3.0197e-1 3.8774e-1 S VELM n-groups 26, 25, 24, 23, 22. 
4.9787e-1 5.2340e-1 6.0810e-1 7.4274e-1 9.0718e-1 b VELR n-groups 21, 20, 19, 18, 17, 
1 . 1 0 8 0 ~ 0  1.3534-0 1.653Oe+O 2.019Oe-+O 2.2313-0 S ELM n-groups 16, 15, 14, 13, 12, 
2.3457-0 2.4660-0 3.0119eO 3.6788-0 4.4933-0 S VELM n-groups 11, 10, 9, 8, 7, 
5.4881-0 6.7032-0 8 . 1 8 7 3 ~ 0  l.OOOOe+l 1.2214-1 S ELM n-groups 6, 5, 4, 3, 2, 
1 . 4 9 1 8 ~ 1  S VELM n-group 1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S t h i s  one Erninchlev), fol lowed by Emax(MeV) f o r  the 61 VELM neut grps (Low t o  high E f o r  MCh 

0.0 S durmy 0, followed by neut s r c  terms (n/s) f o r  HB-1: 

f neutron s ta r t ing  pos i t ions (x,y,z) i n  HE-1: 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
$ t h i s  one Emin(MeV), fo l loued by Emax(MeV) f o r  the 61 VELM neut grps ( l o w  t o  high E f o r  MC 
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ds62 

C 
si53 

sp53 

ds63 

C 
si54 

d 0.0 S durmy 0, folloued by neut src t e r m  (n/s) for HE-2: 
1.27p06~17 4.56223~15 3.25137ec15 2.82574~15 3,1247!%+15 f VELM n-groups 61, 60, 59, 58, 57, 
2.91875-15 2.95904ec15 2.82080~15 1.88654~15 1.E5245e15 f VELM n-groups 56, 55, 54, 53, 52, 
1.84391e15 1.75804e+15 1.77021e+15 1.83135-15 3.38748e14 8 VELM n-groups 51, 50, 49, 48, 47, 
4.86574e+14 5.09912e+14 6.79285-16 1.48446e+15 1.74494e+15 S VELM n-groups 46, 45, 44, 43, 42, 
1.76510e+15 1.6219%+15 1.61E8e+14 1.93557e+14 1.22345e14 0 VELH n-groups 41, 40, 39, 38, 37, 
2.74072e+14 6.93489-14 1.13406e+15 2.45790-14 1.70292e15 S VELM n-groups 36, 35, 34, 33, 32, 
1.13709e+15 9.3094Oec14 8.76802-14 1.06795-15 1.19915e+15 $ VELM n-groups 31, 30, 29, 28, 27, 
4.36229-14 4.40442~13 2.08255-13 5.38008-13 1.80933e+15 0 VELM n-groups 26, 25, 24, 23, 22, 
1.52963e+15 4.24300-14 1.07M2e+15 1.59906et15 1.70706e+15 f VELM n-groups 21, 20, 19, 18, 17, 
2.01784~15 2.02508~15 3.11387e15 3.79686e+15 1.6i723-15 S VELM n-groups 16, 15, 14, 13, 12, 
8.22294-14 7.86217e14 1.84949-15 1.79911e15 2.01809e+15 f E L M  n-groups 11, 10, 9, 8, 7, 
1.55944e+15 9.82537-14 5.63371-14 2.48357-14 7.93888e13 S VELH n-groups 6, 5,  4, 3, 2, 
1.09787-13 f VELM n-group 1 

0 0 93.7 0 0 80.1 0 0 79.0 0 0 76.1 0 0 73.6 S VELM n-groups 61, 60, 59, 58, 57, 
0 0 73.9 0 0 71.9 0 0 76.9 0 0 76.5 0 0 75.9 S VELM n-groups 56, 55, 54, 53, 52, 
0 0 67.6 0 0 71.4 0 0 67.6 0 0 66.1 0 0 77.8 S E L M  n-groups 51, 50, 49, 48, 47, 
0 0 78.3 0 0 68.6 0 0 68.4 0 0 70.0 0 0 71.9 S VELM n-groups 46, 45, 44, 43, 42, 
0 0 66.5 0 0 61.6 0 0 62.9 0 0 73.3 0 0 75.0 $ VELH n-groups 41, 40, 39, 38, 37, 
0 0 63.7 0 0 67.0 0 0 65.8 0 0 69.3 0 0 67.0 S VELH n-groups 36, 35, 34, 33, 32, 
0 0 73.2 0 0 76.3 0 0 67.6 0 0 66.1 0 0 73.8 S VELM n-groups 31, 30, 29, 28, 27, 
0 0 70.1 0 0 80.0 0 0 52.3 0 0 77.1 0 0 64.6 S VELM n-groups 26, 25, 24, 23, 22, 
0 0 68.4 0 0 64.7 0 0 75.6 0 0 70.6 0 0 72.1 8 VELH n-groups 21, 20, 19, 18, 17, 
0 0 64.9 0 0 69.8 0 0 68.9 0 0 62.2 0 0 58.8 S VELM n-groups 16, 15, 14, 13, 12, 
0 0 61.6 0 0 54.6 0 0 56.4 0 0 56.4 0 0 56.4 S VELM n-groups 11, 10, 9, 8, 7, 
0 0 53.4 0 0 54.3 0 0 37.5 0 0 37.2 0 0 50.3 S VELM n-groups 6, 5, 4, 3, 2, 
0 0 34.5 S VELM n-group 1 

4.1399e-7 1.1253e-6 2.3824e-6 5.0635e-6 1.0677e-5 S VELH n-groups 61, 60, 59, 58, 57, 
2.2603e-5 4.7851e-5 1.0130e-4 1.6702e-4 2.7536e-4 f VELM n-groups 56, 55, 54, 53. 52, 
4.5400e-4 7.4852e-4 1.2341e-3 2.0347e-3 2.2487e-3 S VELH n-groups 51, 50, 49, 48, 47, 
2.6126e-3 3.0354e-3 3.7074e-3 5.5308e-3 9.1188e-3 8 VELM n-groups 46, 45, 44, 43, 42, 
1.5034e-2 2.3579e-2 2.4788e-2 2.6058e-2 2.7000e-2 S E L M  n-groups 41, 40, 39, 38, 37, 
2.8501e-2 3.4307e-2 5.2475e-2 5.6562e-2 8.6517e-2 S VELM n-groups 36, 35, 34, 33. 32, 
1.2277e-1 1.4996e-1 1.8316e-1 2.2371e-1 2.7324e-1 S VELM n-groups 31, 30, 29, 28, 27, 
2.9452e-1 2.972le-1 2.9849e-1 3.0197e-1 3.8774e-1 S VELH n-groups 26, 25, 24, 23, 22, 
4.9787e-1 5.234Oe-1 6.0810e-1 7.4274e-1 9.0718e-1 S VELM n-gr0up.s 21, 20, 19, 18, 17, 
1.1080etO 1.3534-0 1.653Oe+O 2.019Oe+O 2.2313eO S VELM n-groups 16, 15, 14, 13, 12, 
2.3457-0 2.4660-0 3.0119~0 3.6788eO 4.4933~0 S VELM n-groups 11, 10, 9, 8, 7, 
5.4881~0 6.7032-0 8.1873-0 l.OOOOe+l 1.2214el S E L M  n-groups 6, 5,  4, 3, 2, 
1.4918e+l S VELH n-group 1 

6.30365-16 2.25679e15 1-52979-15 1.30212ec15 1.55274-15 S VELM n-groups 61, 60, 59, 58, 57, 
1.58981e15 1.54759e+15 1.4587h15 9.03837~44 9.69821~14 S VELM n-groups 56, 55, 54, 53, 52, 
9.50610e+14 8.74122-14 8.53691*14 8.87245-14 2.04908e14 8 VELM n-groups 51, 50, 49, 48, 47, 
2.76622-14 2.54975e+14 3-36538-14 7.55438e+14 8.76077-14 $ VELH n-groups 46, 45, 44, 43, 42, 
9.86217e+14 7.42049-14 6.69650-13 1.12860e+14 524714e+13 S VELM n-groups 41, 40, 39, 38, 37, 
1.21873e+14 3.03507e+14 4.9695&+14 1.2968-14 8.89397~14 f VELM n-groups 36, 35, 34, 33, 32, 
5.59006e+14 4.29193e~14 3.63241-14 4.33245e14 7.35199-14 8 VELM n-groups 31, 30, 29, 28, 27, 
2.12840e14 1.38494e+13 7.68584e+12 3.65651~13 6.29256-16 S VELM n-groups 26, 25, 24, 23, 22, 
5.85513~14 1.49367-16 3.61470e+14 5.35177-14 6.65098@+14 S VELM n-groups 21, 20, 19, 18, 17, 
5.40055e+14 7.09512-14 8.07055e+14 8.54720e14 3.12945-14 S VELH n-groups 16, 15, 14, 13, 12, 
2.00073e14 1.35333~14 2.41078e+14 1.61947ec14 2.06360e+14 S M L M  n-groups 11, IO, 9, 8, 7, 
1.36477e+14 7.32282-13 3.05242e+13 8.64293-12 6.92602~12 S VELn n-groups 6, 5,  4, 3, 2, 
2.74800- 09 S VELM n-group 1 

0 0 80.2 0 0 57.3 0 0 65.2 0 0 76.1 0 0 54.5 0 MU n-groups 61, 60, 59, 58, 57, 
0 0 48.2 0 0 56.5' 0 0 55.4 0 0 56.0 0 0 51.1 8 W L M  n-groups 56, 55, 54, 53, 52, 
0 0 53.8 0 0 52.6 0 0 61.2 0 0 60.5 0 0 43.0 $ E L M  n-groups 51, 50, 49, 48, 47, 
0 0 49.5 0 0 55.0 0 0 65.1 0 0 53.3 0 0 52.7 $ ELM n-groups 46, 45, 44, 43, 42, 
0 0 50.7 0 0 54.0 0 0 69.0 0 0 46.7 0 0 62.6 S VELH n-groups 41, 40, 39, 38, 37, 
0 0 67.5 0 0 79.8 0 0 52.9 0 0 56.7 0 0 47.4 S VELM n-groups 36, 35, 34, 33, 32, 
0 0 45.7 0 0 45.6 0 0 42-S 0 0 48.9 0 0 34.2 S M L M  n-groups 31, 30, 29, 28, 27, 
0 0 42.4 0 0 63.8 0 0 53.7 0 0 42.3 0 0 49.6 S VELH n-groups 26, 25, 24, 23. 22, 
0 0 58.8 0 0 52.9 0 0 50.3 0 0 56.8 0 0 44.1 $ MLPl n-groups 21, 20, 19, 18, 17, 
0 0 70.1 0 0 46.8 0 0 59.7 0 0 50.2 0 0 52.1 8 VELM n-groups 16, 15, 14, 13, 12, 
0 0 33.3 0 0 43.5 0 0 65.3 0 0 56.9 0 0 47.9 $ VELM n-groups 11, 10, 9, 8, 7, 
0 0 62.6 0 0 59.5 0 0 42.9 0 0 68.7 0 0 31.1 S VELH n-groups 6, 5, 4, 3, 2, 
0 0 99.9 S VELM n-group 1 

1.OOOOe-11 

1 f neutron starting positions (x.y.2) in HE-2: 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
h 1.0000e-11 S this one Emin<MeV), followed by Emax(HeV) for the 61 VELM neut grps (Lou to high E for M 

d 0.0 S durmy 0, folloued by neut src term (n/s) for HB-3: 

1 f neutron starting positions (x,y,z) in HE-3: 

_ _ _ _ _ _ _ _ _ _ - - - _ _ - - - - - - - - - - - - - - - - - - - -  
h $ th i s  one Emin(MeV), folloued by Emax(MeV) for the 61 VELM neut grps (low to high E for M 
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4.1399e-7 1.1253e-6 2.3824e-6 5.0435e-6 1.0677e-5 
2.2603e-5 4.7851e-5 1.0130e-4 1.6702e-4 2.7536e-4 
4.5400e-4 7.4852e-4 1.2341e-3 2.0347e-3 2.2487e-3 
2.6126e-3 3.0354e-3 3.7074e-3 5.5308e-3 9.1188e-3 
1.5034e-2 2.3579e-2 2.4788e-2 2.6058e-2 2.7000e-2 
2.8501e-2 3.4307e- 2 5.2475e-2 5.6562e-2 8.6517e-2 
1.2277e-1 1.4996e-1 1.8316e-1 2.2371e-1 2.?324e-1 
2.9452e-1 2.9721e-1 2.9849e-1 3.0197e-1 3.8774e-1 
4.9787e-1 5.2340e-1 6.0810e-1 7.4274e-1 9.0718e-1 
1.1080e+O 1.3534e+O 1.6530-0 2.019Oe+O 2.2313-0 
2.3457-0 2.4660~0 3.0119~0 3.6788~0 4.4933-0 
5.4881~0 6.7032~0 8.1873~0 l.OOOOe+l 1.2214~1 
1.4918e+1 

d 0.0 $ d u m y  0, followed by neut src terms (n/s) for HB-4: 
4.52747-16 9.92916-14 7.2230-14 6.83147-14 6.71028~14 
6.52905~14 6.53783~14 6.46494e14 4.03643-14 3.61966-14 
3.81395ec14 3.70852~14 3.56115e+14 3.2?352-14 6.7289-13 
8.59309e13 1.00723e+14 1.17327-14 2.72559~14 3.16192-14 
3.03564-14 2.97379~14 6.36810~13 3.819-13 2.60682e+l3 
4.67136~13 1.35653-14 1.83967~14 5.45132e13 3.09633~14 
2.16102e+14 1.59338~14 1.26213~14 1.69151e14 2.03836e+14 
6.34254e+13 8.20767~12 2.48863~12 8.16811#12 2.52780~14 
2.34828-14 5.15963~13 1.53089et14 2.04653~14 2.12911~14 
2.40525ec14 2.56365- 14 2.15642-1 4 2 -01 888-1 4 7.15U2e+13 
2.86747~13 2.56186-13 7-37185-13 6.39971-13 4.25672-13 
4.06939-13 1.97320~13 4.80519~12 1.11369-12 5.13981~12 
3.2538&+10 

0 0 86.8 0 0 64.8 0 0 61.0 0 0 49.9 0 0 48.5 
0 0 58.6 0 0 46.9 0 0 49.5 0 0 45.3 0 0 49.7 
0 0 50.9 0 0 46.4 0 0 46.6 0 0 46.5 0 0 53.9 
0 0 59.1 0 0 40.2 0 0 51.5 0 0 47.3 0 0 44.9 
0 0 44.2 0 0 43.9 0 0 10.0 0 0 40.0 0 0 51.5 
0 0 23.0 0 0 48.6 0 0 49.1 0 0 29.3 0 0 49.6 
0 0 47.3 0 0 51.8 0 0 51.2 0 0 41.2 0 0 42.1 
0 0 63.7 0 0 21.1 0 0 46.2 0 0 45.4 0 0 45.3 
0 0 45.6 0 0 42.5 0 0 53.7 0 0 54.4 0 0 49.6 
0 0 42.6 0 0 43.5 0 0 54.9 0 0 52.8 0 0 59.8 
0 0 48.2 0 0 52-9 0 0 71.1 0 0 62.3 0 0 68.7 
0 0 73.9 0 0 59.2 0 0 63.6 0 0 50.0 0 0 51.4 
0 0 10.0 

1 f neutron starting positions (x,y,z)  in HE-4: 

S VELM n-groups 61, 60, 59, 58, 57, 
$ VELM n-groups 56, 55, 54, 53, 52, 
$ VELM n-groups 51, 50. 49, 48, 47, 
$ VELM n-groups 46, 45, 44, 43, 42, 
$ VELM n-groups 41, 40, 39, 38, 37, 
$ VELM n-groups 36, 35, 34, 33, 32, 
$ VELM n-groups 31, 30, 29, 28, 27, 
$ VELM n-groups 26, 25, 24, 23, 22, 
$ VELM n-groups 21, 20, 19, 18, 17, 
f VELH n-groups 16, 15, 14, 13, 12, 
S VELM n-groups 1 1 ,  10, 9, 8 ,  7, 
0 VELM n-groups 6, 5, 4, 3, 2, 
$ VELM n-group 1 

$ VELM n-groups 61, 60, 59, 58, 57, 
$ VELM n-groups 56, 55, 54, 53, 52, 
$ VELM n-groups 51, 50, 49, 48, 47, 
$ VELM n-groups 46, 45, 44, 43, 42, 
S VELM n-groups 41, 40, 39, 38, 37, 
$ VELM n-groups 36, 35, 34, 33, 32, 
$ VELM n-groups 31, 30, 29, 28, 27, 
P VELM n-groups 26, 25, 24, 23, 22, 
$ VELM n-groups 21, 20, 19, 18, 17, 
$ VELM n-groups 16, 15, 14, 13, 12, 
$ VELM n-groups 11, 10, 9, 8 ,  7, 
$ VELM n-groups 6, 5, 4, 3, 2, 
S VELM n-group 1 

f VELM n-groups 61, 60, 59, 58, 57, 
0 VELM n-groups 56, 55, 54, 53, 52, 
f VELM n-groups 51, 50, 49, 48, 47, 
$ VELM n-groups 46, 45, 44, 43, 42, 
0 VELM n-groups 41, 40, 39, 38, 37, 
$ VELM n-groups 36, 35, 34, 33, 32, 
0 VELM n-groups 31, 30, 29, 28, 27, 
t E L M  n-groups 26, 25, 24, 23, 22, 
$ E L M  n-groups 21, 20, 19, 18, 17, 
$ VELM n-groups 16, 15, 14, 13, 12, 
f VELM n-group 11, 10, 9, 8, 7, 
$ VELM n-groups 6, 5, 4, 3, 2, 
f M L M  n-group 1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Begin distributions needed to describe the g a m  sources in the four beam tubes 
_ - _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * -  

h 1.0000e-2 S this one Emin(MeV), followed by Emax(MeV) for the 23 VELM g a m  grps (Low to high E for MI 
2.0000e-2 4.5000e-2 7.0000e-2 1.OOOOe-1 1.5000e-1 $ VELM g-groups 23, 22, 21, 20, 19, 
3.0000e-1 4.0000e-1 5.1000e-1 6.00OOe-1 7.0000e-1 $ VELM g-groups 18, 17, 16, 15, 14, 
1.0000~0 1.5OOOe+O 2.00OOe+O 2.5000~0 3.0000eO $ VELH g-groups 13, 12, 11, 10, 9, 
4.00OOe+O 5.0000~0 6.00OOe+O 7.00OOe+O 7.50OOe+O 8 VELM g-grwps 8 ,  7, 6, 5, 4, 
8.00OOe+O 1 .OOOOe+l 1.4000~1 $ E L M  g-groups 3, 2, 1 

2.41702-12 1.19589e15 8.84390~15 1.11793-16 1.18909~16 f VELM g-groups 23, 22, 21, 20, 19, 
1.50947~16 4.76182-15 3.74129~15 2.01818~15 1.16662~15 $ VELM g-groups 18, 17, 16, 15, 14, 
2.07064~15 2.27631e15 4.40082~15 3.59955e+15 1.17847e15 0 VELM g-groups 13, 12, 11, 10, 9, 
1.90084~15 1.80302ee15 7.06655~14 7.05919-14 1.02398~14 0 VELM g-groups 8, 7, 6, 5, 4, 
2.26137-15 3.04858e13 6.?'3779e+09 $ VELM g-groups 3, 2, 1 

0 0 91.7 0 0 77.5 0 0 82.9 0 0 82.7 0 0 82.5 $ VELM g-groups 23, 22, 21, 20, 19, 
0 0 82.5 0 0 83.0 0 0 81.6 0 0 86.0 0 0 86.0 S VELM g-groups 18, 17, 16, 15, 14, 
0 0 88.0 0 0 87.0 0 0 78.4 0 0 80.3 0 0 79.9 $ E L M  g-grouFx; 13, 12, 11, 10, 9, 
0 0 78.3 0 0 72.9 0 0 79.3 0 0 81.0 0 0 82.6 0 VELM g-groups 8 ,  7, 6, 5 ,  4, 
0 0 68.0 0 0 90.2 0 0 87.2 f VELM g-groups 3, 2, 1 

2.0000e-2 4.5000e-2 7.0000e-2 1.0000e-1 1.5000e-1 t VELM g-groups 23, 22, 21, 20, 19, 
3.0000e-1 4.0000e-1 5.1000e-1 6.0000e-1 7.0000e-1 $ VELM g-groups 18, 17, 16, 15, 14, 
l.OOOOe+O 1.50OOe+O 2.00OOe+O 2.50OOe+O 3.00OOe+O S VELH g-groups 13, 12, 11, 10, 9, 
4.00OOe+O 5.00OOe+O 6.00OOe+O 7.00OOe+O 7.50OOe+O S VELH g-groups 8 ,  7, 6, 5, 4, 
8.00OOe+O 1 .OOOOe+l 1.4000~1 'L VELM g-groups 3, 2, 1 

4.95649~14 8.70290-15 4.73267-16 6.39484~16 8.95231-16 $ VELM g-groups 23, 22, 21, 20, 19, 
1.31735e+17 6.18177e+16 6.00657e+16 4.22019-16 4.06972~16 S VELM g-groups 18, 17, 16, 15, 14, 

d 0.0 $ dumny 0, foltoued by g a m a  src terms (p/s) for HB-1: 

1 S g a m  starting positions (x,y,z) in HB-1: 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
h 1.0000e-2 $ this one Emin(MeV), followed by Emax(MeV) for the 23 VELM g a m  grps (Low to high E for M 

d 0.0 0 dumny 0, followed by g a m  src terms (p/s) for HE-2: 
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ds82 

C 

s i n  

C 
si74 

sp74 

ds84 

C 

1.05252ei7 i.i9189e+i7 7.21632e+16 4.924aie+i6 2.5632ae+i6 s VELM g-groups 13, 12, 11, IO, 9, 
3.03766eci6 1.5717M16 7.5~51e+15 s.z1478e+15 8.9m2e+i4 s MLM g-groups a ,  7, 6, 5, 4, 
7.67819e15 4.75524e+14 4.72146-12 B VELM g-groups 3, 2, 1 

o o 69.3 o o 69.9 o o 80.7 o o 83.8 o o 79.4 B VELM g-groups a. 22, 21, 20, 19, 
o o 78.1 o o 7'3.3 o o 71.0 o o 74.2 o o 68.6 s VELM g-groups 18, 17, 16, 15, 14, 
0 0 64.0 0 0 61.0 0 0 70.2 0 0 7'3.6 0 0 67.5 S VELM g-groups 13, 12, 11, 10, 9, 
o o 67.2 o o 75.2 o o 72.4 o o 79.5 o o 81.1 s MLM g-groups 8 ,  7, 6, 5, 4, 
o o 84.9 o o 87.0 o o 41.1 S VELM g-groups 3, 2, 1 

2.0000e-2 4.5000e-2 7.0000e-2 1.0000e-1 1.5000e-1 S VELH g-groups 23, 22, 21, 20, 19, 
3.0000e-1 4.0000e-1 5.1000e-1 6.0000e-1 7.0000e-1 f VELM g-groups 18, 17, 16, 15, 14, 
l.OOOOe+O 1.500Oe+O 2.OOOOe+O 2.50OOe+O 3.00OOe+O t VELM g-groups 13, 12, 11, 10, 9, 
4.0000e+O 5.000Oe+O 6.0000e+0 7.0000e+0 7.50OOe+O 0 VELM g-groups 8, 7, 6, 5, 4, 
8.00OOe+O l.OOOOe+l 1.4000e+l S VELM g-groups 3, 2, 1 

8.72837~12 2.84514e+15 1.65029-16 1.677'05e+16 1.82855e+16 s VEtM g-groups 23, 22, 21, 20, 19, 
2.56708eci6 i.o3805e+16 7.17665e+15 4.aoioie+i5 4.039~e+15 % MLM g-groups 18, 17, 16, 15, 14, 
7.31636e+i5 5.27935*15 4.~398%+15 ~.66951e+15 1.42me+15 4 MLM g-groups 13, 12, 11, IO, 9, 
z . w ~ e + 1 5  i.owie+i5 6.~453e+i4 i.233ne+i5 1.6oia3e+i4 s VELM g-grwps a, 7. 6, 5, 4, 
1.51983ec15 6.19421e+13 1.2325Oe+ll S MU4 g-groups 3, 2, 1 

0 0 10.0 0 0 61.9 0 0 68.1 0 0 82.1 0 0 83.9 s ELM g-groups 23, 22, 21, 20, 19, 
0 0 84.5 0 0 81.6 0 0 84.7 0 0 88.8 0 0 83.2 b VELM g-groups 18, 17, 16, 15, 14, 
0 0 86.8 0 0 93.6 0 0 96.9 0 0 99.2 0 0 96.6 s ELM g-groups 13, 12, 11, 10, 9, 
0 0 92.6 0 0 93.2 0 0 96.6 0 0 93.9 0 0 96.0 $ E L M  g-groups 8, 7, 6, 5, 4 ,  
0 0 94.4 0 0 99.9 0 0 97.4 b VELM g-groups 3, 2, 1 

1 0 gama s tar t ing  posit ions (x.y.2) in HE-2: 

____c______------------------------ 

h 1.OWOe-2 $ t h i s  one Emin(MeV), followed by Emx(MeV) for the 23 VELM gama grps (Lou t o  high E for  H 

d 0.0 B dmmy 0, followed by g m  src terms (p/s) f o r  HE-3: 

L S gama s t a r t i n g  positions (x ,y ,z )  in  HE-3: 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
h 1.0000e-2 S t h i s  one Ernin(MeV), folloued by Emax(l4eV) for  the 23 VELM gama grps (Lou t o  high E for  C 

2.0000e-2 4.5WOe-2 7.0000e-2 1.0000e-1 1.5000e-1 f VELM g-groups 23, 22, 21, 20, 19, 
3.0000e-1 4.0000e-1 5.1000e-1 6.000Oe-1 7.0000e-1 $ VELM g-groups 18, 17, 16, 15, 14, 
l.OOOOe+O 1.50OOe+O 2.OOOOe+O 2.50OOe+O 3.00OOe+O $ VELM g-groups 13, 12, 11, 10, 9, 

a.oooo-o 1 .ooooe+i i.4oooe+i $ VELM g - s r o u p  3, 2, 1 

3.54722-13 1.10320#15 9.00884e+15 1.23622e16 1.35354-16 $ E L M  g-groups 23, 22, 21, 20, 19, 
1.77659-16 6.62631e+15 4.47890e+15 2.84838e+15 1.69776e+15 s VELM g-groups la, 17, 16, 15, 14, 
3.37mie+i5 3.46054e+15 6.18628e+15 7.78940e+is 1.57auetis s VELH g-groups 13, 12, 11, IO, 9, 

2.38110e+15 4.71430#13 4.55814e+09 Is VELt! g-groups 3, 2, 1 

0 0 93.1 0 0 77.0 0 0 85.9 0 0 88.1 0 0 90.4 0 MLM g-groups 23, 22, 21, 20, 19, 
o o 88.3 o o 82.8 o o 89.1 o o 92.7 o o 94.7 s ELM g-groups la, 17, 16, 15, 14, 
0 0 97.6 0 0 97.9 0 0 86.1 0 0 80.1 0 0 86.0 $ VELM g-groups 13, 12, 11, 10, 9, 
o o 83.3 o o 78.1 o o 84.7 o o 85.8 o o 89.5 s VELM g-groups a, 7, 6, 5, 4, 
0 0 76.1 0 0 99.9 0 0 99.9 S VELM g-groups 3, 2, 1 

4.ooooe+o 5.oaooe+o 6.ooooe+o 7.ooooeco 7.soooe+o s VELM g-groups a, 7, 6, 5, 4, 

d 0.0 f durmy 0, fottoued by garnua src terms (p/s) for  HE-4: 

2.7089!%+15 2.64709@15 9.17647-14 1.00541e~15 1.98826~14 $ E L M  g-grwps 8, 7, 6, 5. 4, 

L $ ganma s tar t ing  posit ions (x,y,z)  in HE-4: 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - - - - - - - - - - - - - - -  
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Appendix A.2 

Conperison of the Approximate Fluxes and Dose Rates Resulting from Use of the Equivalent 
Point Sources, Against the Original Fluxes and Dose Rates Calculated D i rec t l y  by MCNP 

S e c t i o n  2 describes how the equivalent point sources f o r  each neutron and gama energy group were determined 
based on the calculated MCNP fluxes a t  several points down a beam tube. 
small Fortran u t i l i t y  program cal led "MULT-ISO.FOR." In addition, i t  also calculates and p r in t s  the rat ios 
of the approximate f Luxes using these sources CFLux<x,g)=S(x0,g)/14*pi*(x-x0)A211 
fluxes fo r  each group, a t  each of the or ig inal  points, in each beam tube, as well  as the resul t ing differences 
(APPX f l u x  - MCNP f lux )  in t e r m  of FSD's ( f rac t iona l  standard deviations in  the or ig ina l  MCNP fluxes). 
Lastly, i t  also p r in t s  an overal l  "qual i ty indicator" f o r  the resul t ing group-dependent f luxes a t  each point 
i n  each beam tube. 

That methodology i s  embodied i n  a 

t o  the or ig ina l  MCNP 

These qua l i t y  factors are designated as follows: 

OK i f  (1) the approximate fluxes a t  each point are w i th in  10% of  the or ig ina l  f luxes 
OR (2) the approximate fluxes a t  a l l  deviant points are s t i l l  w i th in  2 FSD's of the or ig ina l  f l ux  

i f  (1) the approximate f l u x  a t  any point i s  10-15% d i f f e ren t  than the o r ig ina l  f l u x  
AND (2) the approximate f l ux  a t  the deviant point i s  more than 2 FSD's away from the or ig ina l  f lux 

?? i f  (1) the approximate f lux a t  any point i s  15-20% d i f f e ren t  than the o r ig ina l  f l u x  
AND (2) the approximate f lux a t  the deviant point i s  more than 2 FSD's away from the or ig ina l  f l u x  

??? i f  (1) the approximate f lux  a t  any point i s  more than 20% d i f f e ren t  than the or ig ina l  f l u x  
AND (2) the approximate f lux  a t  the deviant point  i s  2-3 FSD's away from the or ig ina l  f l u x  

i f  (1) the approximate f l ux  a t  any point i s  more than 20% d i f f e ren t  than the or ig ina l  f l u x  
AND (2) the approximate f l ux  a t  the deviant point  i s  more than 3 FSD's away from the o r ig ina l  f l ux  

These flux ratios, re la t i ve  f l ux  differences in FSD's, and the corresponding qua l i t y  factors, are 
show belou i n  Tables A.2.1, A.2.2, A.2.3, and A.2.4 fo r  points along HB-1, HB-2, HB-3, and HB-4 
respectively. Values show i n  these tables are f o r  the 4 points in  HB-1, HB-3, and HB-4  (cf  Table 2-11, 
and the 7 points in HB-2 (cf Table 2.1). As show by the f l u x  ra t i os  there, the approximate f luxes are 
generally w i th in  10% o f  the or ig ina l  MCNP fluxes and se ldm d i f f e r  by more than 2 FSD's. In those few 
cases where the fluxes do d i f f e r  by mre than t h i s  amount, i t  i s  generally because o f  stochastic noise 
i n  the fine-group MCNP fluxes - -  ie, if the f lux  r a t i o  i s  high in  one fine-group, i t  i s  generally Lou 
by a s imi lar  o f fse t t ing  amount in  the adjacent energy group(s). In general, the agreement shoun here 
i s  considered t o  be good t o  excellent. 

? 

???? 

Lastly, for  each point i n  each beam tube (cf  Table 2.11, the u t i l i t y  program described above w i l l  
calculate the fast  and to ta l  neutron dose rates and the t o t a l  g m  dose rates: (1) based on the 
or ig inal  MCNP fluxes, (2) based on the approximate f luxes obtained using these isotropic multigroup 
point-source terms, and (3) the r a t i o  of the (APPX/MCNP) dose rates a t  each point. These resu l ts  
are shoun i n  Table A.2.5. A l l  dose rates are i n  mrWhr .  
approximate f l u x  values (using the equivalent point  sources) are w i th in  5 t o  10% of  those calculated 
d i rec t l y  by MCNP. 
factor or 2, the approximate fluxes and dose rates resu l t ing  from use of  these equivalent point  source 
terms are considered uhol ly adequate. 

Generally the dose rates based on the 

For shielding calculations where other uncertaint ies may be betueen 50% and a 
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Table A.2.1. Comparison of the approximate and original MCNP fluxes at each detector Location in HB-1 shown in Table 2.1. 

Beam VELH-N 
Tube Group 

HE-1 ign= 1 
ign= 2 
ign= 3 

HB - 
HB- 
HB - 
HB- 
HB- 
HB- 
HB - 
HB - 
HB - 
HB- 
HB - 
HB- 
HB - 
HB- 

ign= 4 
ign= 5 
ign= 6 
ign= 7 
ign= 8 
ign= 9 
i gn=lO 
i gn=ll 
ign=12 
ign=13 
ign=14 
ian=15 

HB-1 i;n=16 
HB-1 ign=17 
HB-I ign=18 
HB-1 ign=19 

HB-I ign=21 
HB-I ign=22 
HE-1 ign=23 
HB-1 ign=24 
HB-1 ign=25 
HE-I ign=26 
HE-l ign=27 
HB-1 ign=28 
HB-1 ign=29 
HB-I ign=30 
HE-1 ign=31 
HB-1 ign=32 
HB-1  ign=33 
HB-1 ign=34 
HB-1 ign=35 
HE-1 ign=36 
HB-1 ign=37 
HE-l ign=38 
HB-1 ign=39 
HB-1 ign=40 
HB-1 ign=41 
HE-1 ign=42 
H B - l  ign=43 
HB-1 ign=44 
HB-1 ign=45 
HE-1 ign=46 
H B - I  ign=47 
HB-1 ign=48 

HB-1 ign=2O 

Intensity of  
Pt Src (n/s) 

3.08026Et09 
3.99094Et11 
1 .08706E+ 12 
3.535 15Et 12 
9.85249Et12 
2.62833Et13 
4.48929Et 13 
5.41415Et13 
6.93878Et13 
2.69013Et13 
2.95862Et13 
7.75874Et13 
1.96210Et14 
2.62407Et 14 
2.46072Et14 
3.00075Et14 
2.17359~+14 
2.16209Et14 
1.69143Et14 
6.25375Et 13 
2.71588Et 14 
2.83441Et14 
9.72508Et12 
4.33179Et12 
7.91 646Et12 
9.40518Et13 
2.47877Et 14 
1.79164Et14 
1.86655Et14 
2.56507Et14 
2.421 17Et14 
4.18163Et14 
5.361 86Et13 
2.32623Et14 
2.18288Et14 
7.80191Et13 
4.22279Et13 
5.39204Et13 
5.62891Et13 
3.67329Et14 
4.57210Et74 
3.59507Et14 
3.29352Et14 
1.68435Et14 
1.08823Et14 
1 -60061Et14 
6.66316Et13 
4.33392€+14 

Src LOC 
x0 (cm) 

79.2 cm 
39.7 cm 
58.3 cm 
52.9 cm 
56.0 cm 
64.4 cm 
45.3 cm 
55.1 cm 
48.9 cm 
46.1 crn 
44.0 cm 
44.1 cm 
48.7 cm 
50.8 cm 
51.4 cm 
42.6 cm 
60.0 crn 
52.1 cm 
49.6 cm 
39.2 cm 
52.4 cm 
45.3 cm 
43.2 cm 
38.2 cm 
52.3 cm 
41.3 cm 
48.7 cm 
55.0 cm 
35.6 cm 
45.5 cm 
47.7 cm 
45.1 cm 
50.6 cm 
39.0 cm 
41.4 cm 
36.0 cm 
42.4 cm 
48.1 cm 
36.6 cm 
50.5 cm 
42.4 cm 
57.5 cm 
45.9 cm 
46.0 cm 
64.4 cm 
44.7 cm 
56.6 cm 
52.2 cm 

1.0002 .9998 1.0000 
1.0004 .9275 1.0346 
.9989 1.0670 .9808 
.9999 .9747 .9904 
1.0015 .9679 1.0004 
.9291 1.0345 1.0002 
1.0004 .9945 .9984 
.9997 1.0082 .9878 
.9999 1.0093 1 .DO36 
1.0000 .9709 .9998 
.9996 1.0163 .9938 
1.0004 1.0373 .9014 
1.0275 .5488 1.0250 
.9875 1.0090 .9950 
.7913 1.0451 1.0111 
1.0007 .e904 .4426 
.9354 1.1059 .5627 
.7860 1.0485 1.0186 

1.0745 .4080 1.0493 
1.0464 .5575 1.0318 
1.0097 .9543 1.0134 
.9399 1.0334 1.0000 

.oooo 

.0667 

.9454 

.0326 

.0353 

.9949 

.0071 

.0045 

.9865 

.0311 

.9891 

.0167 

.0388 

.9999 

.oooo 

.1942 

.0002 

.9995 

.0495 

.0793 

.9999 

.9884 
.9991 .9858 1.0861 .9398 
.9996 1.0294 .e696 1.1412 
9.0084 .9555 1.0394 1.0083 
1.0689 .4209 1.0662 1.0582 
1.0559 .7847 1.0090 1.0175 
1.0887 .5178 1.0625 1.0048 
1.0004 1,0125 1.0395 .a732 
.9213 1.0524 .9059 .9997 
.8121 1.0323 1.0194 .9998 
1.0006 1.0028 1.0012 .9954 
.9996 1.0465 1.0089 .9440 
.9991 1.0162 .9955 .9879 
1.0147 ,7500 1.0126 1.0415 
1.0010 .9361 1.0282 1.0443 
1.0012 .e790 1.0085 1.1163 
.9369 1.0476 .9834 1.0002 
1.0002 -9883 .9969 1.0130 
1.0216 .9031 1.0185 1.0007 
1.0006 .9682 1.0822 .6267 
.e728 1.0095 1.0219 .9996 
.9996 1.0060 1.0008 .9928 
1.0005 .9968 .9972 1.0063 
1.0064 .9825 1 .0078 1.0004 
1.0006 1.2937 1.2199 .1532 
.9356 1.0302 .9996 1.0000 
1.0021 .w74 1.0011 1.0002 

.oo 

.oo 

.oo 

.oo 

.01 

.19 

.oo 

.oo 

.oo 

.oo 

.oo 

.01 

.49 

.09 
1.02 

.01 

.24 
1.20 
.64 
.52 
.06 
.52 
.oo 
.oo 
.03 
.65 
.54 
.47 
.01 
.GO 
.86 
.01 
.oo 
.01 
.29 
.01 
.01 
.28 
.oo 
.23 
.01 
.46 
.01 
.01 
.02 

-00 
-14 
.19 
.10 
.23 
.24 
.05 
.09 
.12 
.26 
.13 
.49 
.99 
.21 

1.08 
.47 

2.15 
1.17 
.93 
.93 
.33 
.86 
.08 
.ll 
.23 
-90 
.82 
.88 
.19 

1.05 
.67 
.08 
.49 
.33 
.98 
.68 
.74 
.49 
.08 
.60 
.27 
.09 
.14 
.06 
.12 

.oo 4.77 

.35 .39 

.01 .05 

.oo 

.06 

.05 
-01 . 00 
.oo 
.01 
.14 
.04 . 00 
.04 
.56 
.54 
.12 
.26 
.88 
.95 
.43 
.85 
-30 
.29 
.oo 
.47 
.56 
.18 
.83 
.19 
1.26 
.70 
.51 
.42 
.03 
.09 
.09 
.25 
.30 
.07 
.16 
.03 
.43 
1.86 
.46 
.02 
.OS 
.IO 

3.25 . 00 
.03 

. 00 

.IO 

.I2 

.ll 

.23 
-03 
.06 
.05 
.16 
.28 
.07 
.15 
-82 
.oo 
.oo 

3.01 
-00 
.01 
.91 
.95 . 00 
.27 
.32 
.60 
.04 
.78 
.36 
-09 
.76 
.oo 
.oo 
.12 
.52 
.22 
.81 
.44 
.85 
-00 
.ll 
.01 
.91 
-01 
.15 
.10 
.01 
.97 . 00 . 00 

Quality 

OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
?? 
? 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
???? 
OK 
OK 

- * - - - I -  



H8-1 
H%- 1 
HE- 1 
HE-1 
HE- 1 
HB- 1 
HE- 1 
HE- 1 
HE-1 
HB- 1 
HE-1 
HU-1 
HE- 1 

i gn=49 
i gn=50 
i gn=5 1 
i gn.52 
i gn=53 
i gn=54 
i gn=S5 
i gn=56 
i 9n=57 
i gn=58 
i gn=S9 
i gn=60 
ign-61 

4.80954E+14 
5.1701 3Et 14 
5.07730€+14 
4.87720E+14 
5.20223Et 14 
7.57662E+ 14 
7.62547Et14 
8.06771Etl4 
7.81961E+14 
8.45061Et14 
8.60077E+ 14 
1.32666Etl5 
5.31877Et16 

46.9 cm 
44.9 cm 
49.8 cm 
49.7 em 
47.5 cm 
51.5 cm 
51.6 cm 
50.1 cm 
54.8 cm 
52.3 cm 
54.8 cm 
54.0 cm 
72.3 crn 

Beam VECM-G I n t e n s i t y  o f  Src LOC 
Tube Group P t  Src (p/s)  x0 (cm) 

HB-1 
HB-1 
HE-1 
HB-1 
HE-1 
HE- 1 
HB- 1 

+- HE- 1 
HE-1 

2 HE- 1 
HE- 1 
HE- 1 
HB- 1 
HE-1 
HB- 1 
HB- 1 
HE- 1 
HE-1 
HB- 1 
HB- 1 
HB- 1 
HB- 1 
HE- 1 

igg= 1 
igg= 2 
igg= 3 
igg= 4 
igg= 5 
igg= 6 
igg= 7 
igg= 8 
igg= 9 
i 99'10 
i gg= l l  
fgg.12 
i g g 4 3  
ige=14 
igg=15 
igg=tb 
igg=17 
igg=18 
igg=19 
igg=20 
igg=21 

199'23 
f gg=22 

6.73779Et09 
3.04858Et 13 
2.26137Et15 
1.02398Et14 
7.05919E+ 14 
7.06655Et 14 
1.80302Et15 
1.90084E+15 
1.17847Et15 
3.59955Et 15 
4.40082Et 15 
2.2763 1 E t 1 5 
2.070640 15 
1.16662Et15 
2.01818E+15 
3.741 29Et 15 
4.761 82E t 15 
1.50947Et 16 
1.18909Et 16 
1.11793Et16 
8.8439OEt 15 
1.19589E+15 
2.41702Et12 

87.2 cm 
90.2 cm 
68.0 cm 
82.6 cm 
81.0 cm 
79.3 cm 
72.9 cm 
78.3 cm 
79.9 cm 
80.3 cm 
78.4 cm 
87.0 cm 
88.0 cm 
86.0 cm 
86.0 cm 
81.6 cm 
83.0 cm 
82.5 cm 
82.5 cm 
82.7 cm 
82.9 cm 
77.5 cm 
91.7 cm 

.9990 1.0517 -9400 
1.0003 .7540 1.0969 
1.0012 1.0175 .6677 

1,0008 .9992 1.0079 
1.0086 ,8288 1.0340 

.9636 1.0447 1.0001 

.7542 1.0273 1.0199 

.9999 .a944 1.0237 

.9988 1.0186 1.0065 
1.0021 1.0197 .a696 

,9992 ,9860 1.0231 
1.0007 ,8910 .9512 

1.0020 .a2s7. .9942 

.9647 

.7071 
1.0513 
1 .os21 

.9920 
1 .oooo 

-9478 
.9999 
.9992 
.9763 

1 .0249 
.9786 

1.1101 

Flux Ra t io  (Appx/MCNP) 
at  Points  A, 8, C,  0 

.9990 1.0012 1.0000 1.0000 
1.0085 .E178 1 .OB97 1.0961 

.9996 1.0646 .9624 ,8264 
1.0029 1.0332 .a513 1.0563 
1.0014 .8711 1.1245 .9841 
1.0008 .a941 1.1345 .9489 
,9998 .a778 .a689 1.1340 

1.0033 .7770 .9817 1.1937 
1.0003 .6869 .a886 1.2200 
1.0009 .9014 ,8276 1.0754 
1.0005 .8708 1.1014 ,9741 
1.0002 .?631 1.0129 1.2936 
1.0034 .a396 .a141 1.1689 
1.0020 .9013 1.1194 .9940 
1.0021 .8312 1.1075 .9239 
1.0023 ,9384 1.0619 1.0227 
1.0028 .9108 1.0311 1.0107 
1.0014 ,9558 .9851 1.0295 

.9986 .9584 ,9845 1.0321 

.9978 .9774 1.0476 .983? 
1.0003 .9510 1.0220 1.0018 
1.0011 .9971 1.0571 .9543 

.9939 1.2219 .9888 ,8303 

-_---________.____--________ 

-01 1.47 .79 
.01 .82 2.47 
.01 .25 .99 
.01 1.03 .09 
.01 .02 .22 
.10 .97 1.11 
.35 1.71 .01 

1.05 .73 .69 
.oo .66 .78 
.02 .46 .19 
.02 .27 .85 
.01 .16 .71 
.03 1.86 .53 

.52 

.83 
1.29 
1.40 

.21 

.oo 
1.21 . 00 

.02 

.61 

.71 

.51 
2.90 

FLUX D i f f  i n  FSD's 
a t  Points A, 8, C, D 

.oo .oo .oo .oo 

.06 2.36 1.48 1.39 

.01 .75 . I 6  .44 

.02 .49 .85 .53 

.02 2.96 3.89 .09 

.01 1.47 2.09 .20 

.01 2.84 .91 4.85 

.05 2.98 .19 4.75 

.01 2.66 .89 5.95 

.03 1.70 1.77 4.29 

.02 2.03 2.76 .19 

.oo 3.35 .ll 5.53 

.08 2.98 1.44 6.12 

.03 .89 1.11 .04 

.04 1.19 2.01 .38 

.05 .52 .35 . I 7  

.08 .68 .45 .24 

.06 .69 .16 .85 

.OS .53 .29 .93 

.07 .24 1.02 .64 

.01 .45 .40 .07 
-02 .02 1-10 .99 
.01 .60 .D3 .37 

-__.--..__--__.___---. 

OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
? 

Quality 

OK 
? 
OK 
OK 
? 
? 
? 
?? 
???? 
OK 
? 
???? 
?? 
OK 
? 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 

--.---- 



Table A.2.2. Comparison of  the approximate and o r i g i n a l  MCNP f iuxes e t  each detector  Locat ion i n  HB-2 show i n  Table 2.1. 

Beam VELM-N 
Tube Group 

HB-2 ign= 1 
HB-2 ign= 2 
HB-2 ign= 3 
HB-2 ign= 4 
HB-2 ign= 5 
HE-2 ign= 6 
HB-2 ign= 7 
HB-2 ign= 8 
HB-2 ign= 9 
HE-2 ign=lO 
HE-2 i g n = l l  
HB-2 ign=12 
HB-2 ign=13 
HB-2 ign=l4 
HB-2 ign=15 
HB-2 ign=16 
HB-2 ign=17 
HB-2 ign=18 
HB-2 ign=19 
HB-2 ign=20 
HB-2 ign=21 
HB-2 ign=22 
HB-2 ign=23 
HB-2 ign=24 
HE-2 ign.25 
HB-2 ign=26 
HB-2 ign.27 
HB-2 ign=28 
HB-2 ign=29 
HB-2 ign=30 
HB-2 ign=31 
HB-2 ign=32 
HB-2 ign=33 
HB-2 ign=34 
HB-2 ign=35 
HB-2 ign=36 
HE-2 ign=37 
HB-2 ign=38 
HB-2 ign=39 
HB-2 ign=40 
HB-2 ign=41 
HB-2 ign=42 
HB-2 ign=43 
HB-2 ign=44 
HB-2 ign=45 
HB-2 ign=46 
HB-2 ign=47 
HB-2 ign=48 

I n t e n s i t y  of 
B t  Src (n/s) 

1.09787Et13 
7.93888Et13 
2.48357Et14 
5.63371 E+14 
9.82537Et14 
1.55944Et15 
2.01 809E+ 15 
1.7991 1 E+ 15 
1.84949Et15 
7.8621 7Et14 
8.22294Et14 
1.67723E+15 
3.79686Et15 
3.11387E+15 
2.02508Et15 
2.01784E+15 
1.70706Et15 
1.59906E+15 
1.07362Et15 
4.24300Et14 
1.52963E+15 
1.80933Et15 
5.38008Et13 
2.08255Et13 
4.40442Et13 
4.36229Et14 
l.l9915E+15 
1.06795E+15 
8.76802Et14 
9.30940E+14 
1.13709Et15 
1.70292Et15 
2.45790E+14 
1.13406Et15 
6.93489Et14 
2.74072E+I 4 
1.22345€+14 
1.93557Et14 
1.61758E+14 
1.62195E+15 
1.76510E+15 
1.74494Et15 
1.48446Et15 
6.79285E+14 
5.0W12E+14 
4 -865 74Et 14 
3.38748Et14 
1.83135E+15 

Src LOC 
x0 (cm) 

34.5 cm 
50.3 cm 
37.2 cm 
37.5 cm 
54.3 cm 
53.4 cm 
56.4 cm 
56.4 cm 
56.4 cm 
54.6 cm 
61.6 cm 
58.8 cm 
62.2 cm 
68.9 cm 
69.8 cm 
64.9 cm 
72.1 cm 
70.6 cm 
75.6 cm 
64.7 cm 
68.4 cm 
64.6 cm 
77.1 cm 
52.3 cm 
80.0 cm 
70.1 cm 
73.8 cm 
66.1 cm 
67.6 cm 
76.3 cm 
73.2 cm 
67.0 cm 
69.3 cm 
65.8 cm 
67.0 cm 
63.7 cm 
75.0 cm 
73.3 cm 
62.9 cm 
61.6 cm 
66.5 cm 
71.9 cm 
70.0 cm 
68.4 cm 
68.6 cm 
78.3 cm 
77.8 cm 
66.1 cm 

Flux Ra t io  (Appx/MCNP) 
a t  Points  U‘ ,  U, V I  W, 2 ,  Z’,  2” 

1.0590 .7694 .e609 .9478 .9704 1.2277 1.3276 
.5890 1.3223 .3662 1.3793 1.4058 .6932 .7081 

1.0435 -8676 .9581 1.0000 1.0219 .9808 1.1716 
.6766 1.0005 .I351 1.1780 1.2096 .e938 .9697 
.9995 1.0259 .9471 .9602 .9558 1.0428 1.0719 
.9W4 .9998 .9832 .9741 ,9737 1.0320 1.0433 
.7758 .9995 .0186 1.0596 1.0568 .9605 .9796 
.9998 1.0756 .OS93 .5906 .9597 1.0014 1.0045 

1.0295 .9348 .9781 1.0181 1.0199 .9923 .9998 
1.0002 -9659 1.0552 1.0592 1.0466 .9298 .9458 

.9889 1.0490 .9879 .9984 1.0038 1.0001 .9928 

.9370 1.1340 .9956 .9905 1.0144 .9683 .9998 

.9W8 1.0281 .9447 1.0385 .9866 .3809 1.0560 
1.1365 1.0004 .9034 .8806 .9680 1.0176 1.0437 

.9260 1.1550 .9611 .9610 1.0313 .9619 1.0005 

.9986 1.0325 1.01 18 .9893 .7354 . a 3 4  1.0991 
1.0015 1.1441 .e827 .e011 .9306 1.0443 1.0322 

.9258 1.0007 1.0216 .9929 1.0099 1.0182 .9917 
1.1978 .9191 1.0294 1.0251 .4109 1.0697 .9995 

.9376 1.0012 1.0745 1.0137 .9712 1.0110 .9593 
1.0002 .e687 1.0848 1.0207 1.0003 .9898 .9462 
1.1007 .E250 .7854 .9538 .9999 1.0694 4.0416 
1.0034 .8628 1.2007 .9291 .e346 1.1162 1.0933 

.6839 1.0041 1.3075 1.0001 1.2864 .8876 .8396 
1.0002 .9273 1.1025 .a895 .8505 1.2522 .9947 
1.0000 .9412 .SI56 1.2517 1.1776 .9456 .a527 
1.3532 .6382 .6658 1.0136 1.0044 1.0340 1.0006 

-8324 1.0669 .9197 1.0768 1.0634 .9712 .9999 
.8334 1.0012 1.1852 .E525 1.0788 .5362 .9942 

1.0001 1.3523 1.2440 .9161 1.0428 -1780 1.0846 
1.0012 .9063 1.1757 .9677 1.0483 .6757 .9601 
1.0000 .e573 1.0923 1.0502 1.0322 .9527 .9446 
4.0006 .a310 1.0168 .9817 .9247 1.1455 1.0638 
1 .OOOO .PO76 1.1368 1.0289 .9024 .9970 .9507 
-8599 1 .OD09 1.2462 .6601 1.1195 .9375 .9133 
-5901 1.0831 1.0346 1.2687 1.1191 .9497 1.0000 
.a276 1.0013 1.0871 1.1748 1.0885 .9181 .8941 

1.0996 1.0009 .e521 .9805 1.0203 1.0604 1.0211 
.W81 1.0511 .BO42 1.1503 1.1309 .9090 .9452 
.9WO .6172 1.0594 1.0918 1.0890 .9264 .9714 

1.0881 .9657 .7249 .e891 1.1035 .9272 1.0001 

1.0761 1.0010 .9708 .7979 .6180 1.0680 1.0322 
.7790 1.0011 1.1729 1.0909 1.0339 .9694 .9357 
.9990 1.0208 1.0963 .4562 1.1086 1.0414 .9764 
.W88 1.0402 1.0640 .9107 .9531 1.0512 1.0021 

1.2485 .9855 1.0000 .6507 .9354 1.1175 1.0315 
1.1542 .a573 1.0798 .6574 1.0013 .9255 1.0010 

_--_-___----_______-.--------------------------- 

1.2120 .a971 ..7674 .9405 1.0776 .7196 1.0008 

.17 .42 .27 
1.31 1.53 1.65 

.41 .97 .28 
2.09 .01 1.33 

.OO .32 .64 
-01 .oo -34 

1.10 .OO .27 
.OO .97 1.39 
.40 .62 .34 

. I O  .OS 

.69 1.82 

.oo .13 

.73 2.01 

.60 .67 

.55 .56 

.39 1.37 

.98 .65 

.38 .43 
.OO .32 1.06 1.28 1.00 
.08 .33 -14 .03 .07 
.67 1.72 .09 
.OO .35 .71 

1.67 .OO .90 
.66 2.11 .51 
.01 .32 .24 
.01 1.54 .88 
.59 .01 -32 

1.05 .46 -34 
.44 .01 1.05 
.oo .75 2.01 

1.13 
.01 

1.19 . 00 . 00 
3.53 
1.19 
1.04 

.oo 

.01 

.oo . 00 

.oo 

.87 
1.44 

.63 

.31 

.01 

.01 
1.01 
2.09 

.76 
1.54 

.01 

.01 
1.22 
2.22 

1.16 1.11 
.31 1.22 
.02 1.91 
.12 .53 
.24 .80 

1.54 .80 
.57 .31 
.01 3.16 

3.09 4.37 
.48 2.55 

1.04 2.05 
.71 . I 6  
.62 2.30 
.OO 3.86 
.24 .15 
.01 .49 
.OO .72 
.32 .69 

1.58 1.07 
.30 .76 
.48 .66 
.01 .18 
.01 2.40 
. I 5  1.13 
.15 -70 
.05 .OO 

1.23 1.82 

.18 .39 
1.01 .19 
1.34 .96 

.42 .97 

.24 .97 

.92 .04 
-13 .23 
.51 .02 
.19 .39 
.51 .01 
.63 .OO 
.44 1.05 
.oo 1.54 
.55 .75 

3.48 2.29 
.22 .09 
.86 .86 
.59 1.37 
.60 .72 
.34 .94 

1.10 .70 
. I 9  .73 
.33 .60 
.83 1.60 

2.33 .80 
1.06 .52 

.14 . I 4  
1.05 .95 
1.83 1.75 

.55 2.03 

.37 1.47 

.77 .88 
1.02 .33 
1.18 1.34 

.70 .58 
1.04 .71 

.93 .02 

.47 

.97 

.08 

.86 

.67 

.67 

.92 

.03 

.17 
1.50 

.oo 

.88 

.99 

.60 
1.05 

.92 
1.14 

.41 
1.38 

. I 4  

.23 
1.64 
.59 
.41 

1.47 
.72 
.72 
.36 

1.02 
1.28 

.95 
1 .OS 
1.31 

.06 

.89 

.45 

.45 

.44 

.68 
1.07 

.74 

.94 
1.34 

.42 

.52 

.59 
1.26 

.74 

.64 

.89 
1 . I 3  

.25 
1.13 

.89 

.48 

. I O  

.01 
1.16 

. I 4  

. O l  
2.35 
1.51 

. O l  
2.62 

.82 

.18 

.01 

.43 
1.20 

.96 

.60 

.40 

.03 
1.85 

.01 . 00 

.IO 
1.45 

.75 
1.21 

.57 

.89 
1.19 

.oo 

.53 

. I 5  

.41 

.55 

.oo 

.02 

.62 
-85 
.29 
.02 
.32 
.02 

Q u a l i t y  

OK 
OK 
OK 
??? 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
?? 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
?? 
???? 
OK 
?? 
???? 
?? 
OK 
OK 
? 
???? 
??? 
OK 
OK 
OK 
OK 
? 
??? 
OK 
?? 
OK 
OK 
OK 
?? 

------. 



HB-2 ign=49 
HE-2 ign-50 
HB-2 ign=51 
HB-2 ign=52 
HE-2 ign.53 
HB-2 ign.54 
HB-2 ign=55 
HE-2 ign=56 
HB-2 ign=57 
HB-2 ign=58 
HE-2 ign=59 
HB-2 ign=60 
HE-2 ign.61 

Beam VELM-G 
lube Group 

HB-2 igg= 1 

HB-2 igg= 3 
HB-2 igg= 4 
HB-2 im= 5 

HE-2 igg= 2 

HE-2 

HE-2 
HE-2 
HE-2 
HE-2 
HB-2 
HB-2 
HE-2 
HB-2 
HB-2 
HB-2 
HE-2 
HB-2 
HB-2 
HE-2 

igg= 6 
igg= 7 
igg= 8 
igg= 9 
igg=lO 
igg=ll 
igg=12 
igg=13 
199-14 
igg.15 
igg=l6 
igg=17 
igg=18 
1gg=19 
i gg=20 
Igg=21 
1 gg=22 
i 99.23 

1.77021E+15 
1.75804E+15 
1.8439lEt15 
1.73245Et15 
1.88854E+15 
2.82080E+15 
2.95904E t 15 
2.918PjE+15 
3.124f5€+15 
2.82574Et15 
3.25137E+15 
4.56223Et 15 
1.27996Et17 

Intensity of 
Pt Src (n/s)  

4.72146E+12 
4.75524Et14 
7.67819E+15 
8.92992Et14 
5.21478Et 15 
7.53651 Et15 
1.57178Et16 
3.03766E+ 16 
2.56328Et16 
4.92481E+16 
7.21632E+16 
1.19189€+17 
1.05252E+17 
4.06972E+16 
4.22019E+16 
6.00657E+ 16 
6.18177E+16 
1.31735E+17 
8.95231E+16 
6.39484E+16 
4.73267Et16 
8.70290€+15 
4.95649E+14 

67.6 cm 
71.4 cm 
67.6 cm 
75.9 cm 
76.5 cm 
76.9 cm 
71.9 cm 
73.9 cm 
73.6 cm 
76.1 cm 
79.0 cm 
80.2 cm 
93.7 cm 

Src LOC 
x0 (cm) 

41.1 cm 
87.0 cm 
84.9 cm 
81.1 cm 
79.5 cm 
72.4 cm 
75.2 cm 
67.2 cm 
67.5 cm 
7’3.6 cm 
70.2 cm 
61.0 cm 
64.0 cm 
68.6 cm 
74.2 cm 
71.0 cm 
73.3 cm 
78.1 cm 
79.4 cm 
83.8 cm 
80.7 cm 
69.9 cm 
69.3 cm 

.9369 
1 .0024 
.9994 
1.0227 
.9994 
.9990 
1.0255 
1 .oooo 
1.0016 
.9945 
1.0810 
1.2096 
1.1922 

.9670 

.9984 
,9757 
.0010 
.9999 
,8844 
.903 1 

.0019 1.0807 1.0450 1.0306 .7888 

.a798 .7211 1.0516 1.0264 1.0517 

.e664 1.0592 1.0554 1.0352 .9784 

.9995 .a897 .9667 .9453 1.0862 

.0121 1.0389 .9832 .9997 .E30 

.1735 .6158 1.0044 1.0332 1.0223 
.9251 .9788 .9983 1.0409 
.6462 1.0570 .9992 1.0366 

.9494 

.9959 

.9565 

.OM1 

.0395 

.9764 

.0005 

.9818 
,8682 1.0392 .9483 1.0458 .9988 
,0368 1.0155 .9988 1.0163 .9575 
.8138 .8788 1.0137 1.1121 .7482 
-9685 ,6963 .9622 1.0452 1.0192 
.6130 .e507 .9922 .9999 1.1103 

1 .3029 
1 .0375 
1.1814 
1.1827 
1 .0535 
1.0567 
1.0764 
1.0382 
1 .Oaf0 
1.0301 
1 .O770 
1.0133 
1.0176 
1.1316 
1.1146 
1.0311 
1.0703 
1 .OS43 
1 .OS34 
1.1077 
1.0613 
1.0220 
2.0094 

.e933 .a162 .a140 .e184 1.4401 1.5618 

.7570 .9858 1.0558 1.0232 1.1005 .9992 

.8755 .9279 .7652 1.0185 1.0156 1.0003 

.9519 .9638 .OS83 1.1193 .4710 1.0005 

.8252 .9027 .0389 1.0451 .9999 1.0135 

.9114 .9222 .0002 1.0622 .9971 1.0291 

.9600 .9372 ,0207 .9539 ,9995 1.0087 

.9465 .9510 ,0196 .9861 ,9814 1.0566 
,9936 .9114 .9707 1,0006 .9507 1.0241 
.9857 .a848 .0057 1.0669 .9825 .9603 
.OOOO .8774 .9855 1.0354 .9404 1.0150 
,9491 .9789 1.0308 1.0570 .9599 .9449 
.9874 .9445 .9920 .9829 .9052 1.0455 
.9908 .9535 .9186 .9637 1.0015 1.0008 
.0005 .e974 .8844 .7786 1.0326 1.0047 
.9995 .9127 .9460 .9043 .9945 1.0438 

.9901 .9136 1.0006 ,8410 1.1429 1.0133 

.9783 A649 1.0014 .9598 .9705 1.2128 

.0009 .BO93 -9250 .6125 .9049 1.0946 

.0012 .8165 1.0131 .BO09 1.0635 1.0365 

.9995 .9458 1.0367 .9738 .9726 1,0180 
‘7467 .6130 ,6695 .7497 2.4128 2.6771 

. m o  .a942 .9819 .a498 1.0007 1.0425 

.57 

.02 

.01 

.21 

.oo 

.Ol 

.28 . 00 

.02 

.06 

.75 
2.42 

.02 1.59 .97 .66 

.86 1.20 1.12 .58 

.20 1.03 1.19 .75 

.OO .71 .63 1.17 

.09 .34 .22 .01 

.85 1.36 .05 .67 

.40 .70 .33 .04 

.02 1.23 1.57 .02 .97 -47 

.21 .98 .69 .43 1.19 .03 

.01 .41 .29 .03 .38 -93 

.OO .94 .81 .18 2.58 -83 

.78 .31 1.15 .71 1.11 .53 
9.91 4.33 6.84 2.12 .I1 .OO 11.38 

FLux D i f f  in FSD’s 
at Points U t .  U. V .  U. 2. 2 ’ .  2” 

.09 1.01 

.13 -09 

.45 .92 

.87 .79 

.76 .86 

.58 .59 
-31 -01 

. , . . .  . ~. ______________-__.__-...----.--...-..--- 
.96 .32 .SO -47 .44 .94 1.07 
.42 2.13 .28 .99 .38 1.53 .01 
5.81 3.16 1.87 1.33 1.33 1.14 .02 
2.24 .53 .48 -68 1.29 
1.72 2.15 1.29 1.02 1.16 
1.71 2.21 1.54 .01 1.97 
2.59 1.28 1.49 -68 .45 
2.02 2.48 1.71 .63 .24 
4.03 .21 2.43 .88 .03 
1.85 .89 3.30 .19 4.26 
4.75 .OO 3.89 .60 1.54 

.24 .01 

.OO .30 

.06 .70 

.01 -33 

.44 2.69 

.09 1.23 

.45 .85 

.81 1.09 
1.00 2.79 1.05 1.57 3.00 .81 -46 
1.05 .68 1.75 .23 .65 1.13 3.83 
4.84 .27 1.10 1.40 1.38 .06 .05 
4.02 .02 2.10 1.34 1.34 1.66 -34 
1.14 .01 1.66 1.03 1.47 .08 3.68 
2.88 .83 1.61 .22 .95 .01 1.36 
1.75 .38 1.61 .01 1.08 1.91 .09 
.99 .67 1.41 .01 .28 .19 2.25 
2.39 .02 2.82 1.25 1.67 .89 6.96 
1.53 .03 2.55 .I9 1.29 1.56 1.67 
,31 .01 .46 .53 -33 .26 .31 
1.57 .30 .52 .43 .30 1.74 2.12 

OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
? 
??? 
? 

Quai i ty _ - _ _ _ _ _  
OK 
??? 
? 
?? 
?? 
OK 
OK 
OK 
OK 
? 
? 
OK 
OK 
? 
? 
OK 
OK 
OK 
??? 
?? 
??  
OK 
??? 



Table A.2.3. Comparison of the approximate and o r i g i n a l  MCNP f luxes a t  each detector i o c a t i o n  i n  HE-3 shown i n  Table 2.1. 

Beam VELH-N 
Tube Group 

HB-3 ign= 1 
HB-3 ign= 2 
HB-3 ign= 3 
HB-3 ign= 4 
HE-3 ign= 5 
HB-3 ign= 6 
HB-3 ign= 7 
HB-3 ign= 8 
HE-3 ign= 9 
HB-3 ign=lO 
HB-3 i g n = l l  
HB-3 ign.12 
HE-3 ign.13 
HE-3 ign=14 
HB-3 ign=15 
HE-3 ign=16 
HB-3 ign=17 
HE-3 ign=l8 
HB-3 ign=19 
HB-3 ign=20 
HB-3 ign.21 
HE-3 ign=22 
HE-3 ign.23 
HB-3 ign=24 
HB-3 ign=25 
HB-3 ign.26 
HE-3 ign.27 
HB-3 1gn=28 
HE-3 ign=29 
HE-3 ign=30 
HB-3 ign.31 
HE-3 ign=32 
HB-3 ign=33 
HB-3 ign=34 
HE-3 ign=35 
HE-3 ign=36 
HB-3 ign=37 
HB-3 ign=38 
HB-3 ign.39 
HB-3 ign=40 
HB-3 ign=41 
HE-3 ign=42 
HE-3 ign=43 
HB-3 ign=44 
HB-3 ign=45 
HE-3 ign=46 

HE-3 ign=48 
HB-3 ign=47 

In tens i t y  of 
P t  Src (n /s)  

2.74800E+09 
6.92602Et 12 
8.64293€+ 12 
3.05242€+13 
7.32282E+13 
1.36477€+14 
2.06360€+14 
1.61947Et14 
2.41078E+14 
1.35333E+14 
2.00073E+14 
3.12945E+14 
8.54720€+14 
8.07055Et14 
7.09512€+14 
5.40055Et14 
6.65098€+14 
5.35 1 77E t 1 4 
3.61470Et14 
1.49367€+14 
5.85513Et14 
6.29256Et14 
3.65651 E+ 13 
7.68584Et12 
1.38494€+13 
2.12840E+ 14 
7.35199Et14 
4.33245E+14 
3.63241Et14 
4.29193E+14 
5.59006E+14 
8. B9397Et 14 
1.29680Et14 
4.96958Et14 
3.03507Et14 
1.21873€+14 
5.24714~13 
1.12860E+14 
6.69650E+13 
7.42049€+14 
9.84217Et14 
8.76077Et 14 
7.55438E+14 
3.36538Et 14 
2.54975€+14 
2.76622E+14 
2.04908E+14 
8.87245Et 14 

Src LOC 
x0 (cm) 

99.9 cm 
31.1 cm 
68.7 cm 
42.9 cm 
59.5 cm 
62.6 cm 
47.9 cm 
56.9 cm 
65.3 cm 
43.5 cm 
33.3 cm 
52.1 cm 
50.2 cm 
59.7 cm 
46.8 cm 
70.1 cm 
44.1 cm 
56.8 cm 
50.3 cm 
52.9 cm 
58.8 cm 
49.6 cm 
42.3 cm 
53.7 cm 
63.8 cm 
42.4 cm 
34.2 cm 
48.9 cm 
42.5 cm 
45.6 cm 
45.7 cm 
47.4 cm 
56.7 cm 
52.9 cm 
79.8 cm 
67.5 cm 
62.6 cm 
46.7 cm 
69.0 cm 
54.0 cm 
50.7 cm 
52.7 cm 
53.3 cm 
65.1 cm 
55.0 cm 
49.5 cm 
43.0 cm 
60.5 cm 

Flux R a t i o  (Appx/MCNP) 
e t  Points  K, L ,  M, N - - - _ _ _ _ - - _ - _ _ _ _ _ - _ - _ _ _ _ _ _ _ _ _  

.6048 .7065 2.201411.2641 

.9998 .9957 1.0114 .9933 
1.0011 .9222 1.0135 1.0733 

.9996 1.0283 1.0032 .9694 
1.0005 .9940 1.0068 .9991 
1.0000 1.0205 ,9944 .9859 
1.0008 .9923 .9997 1.0076 
1.0009 .9594 1.0149 1.0289 

'8750 1.1168 1.0000 .9475 
1.0174 .7914 1.0036 1.1068 
1.1073 .4373 1.0351 1.2249 

.7987 1.0520 1.0106 .9997 

.9660 1.0193 1.0002 .9959 

.4903 1.0910 1.0289 .9999 
1.0082 .9092 1.0176 1.0268 
1.0009 .9951 1.0191 .9838 
1.0096 .a874 1.0142 1.0365 

.9998 1.0062 1.0080 .9871 

.'9847 1.0351 .9997 .9767 

.9847 1.0147 .9944 1.0000 

.4254 1.0937 1.0292 .99W 

.9916 1.0150 1.0001 ,9925 
1.0047 .9079 1.0413 1.0359 
1.0498 .e890 1.0589 1.0538 

.9993 1.2042 1.0371 ,8246 
1.0006 .9936 .9706 1.0353 
1.0004 1.0854 1.2451 .2501 
1.0003 1.0021 1.0574 .e625 
1.0004 .9988 1.0050 .9957 

.9990 1.0022 .9999 .9989 
1.0016 .9799 1.0155 1.0003 

.9991 1.0102 .9980 .9920 

.9855 1.0305 1.0001 .9777 

.9996 .9950 1.0103 .9941 

.9982 .9908 1.0313 .9742 

.5951 1.1198 1.0501 .9996 

.5493 1.1607 1.0320 .9997 

.9762 1.0339 .9998 .9867 

.5744 1.1559 1.0252 1.0000 

.9978 1.0164 1.0000 .9845 
,9552 1.0364 .9999 .9931 
.9451 1.0429 1.0000 .9799 
.5688 1.0688 1.0477 1.0001 
.9517 1.0378 1.0000 .9789 

1 .OS60 .7953 1.0603 1.0003 
1.0007 .9826 .9763 1.0447 

-9997 .9993 1.0224 .9795 
.6631 1.0795 1.0243 .9996 

FLUX D i f f  i n  FSD's 
a t  Points K, L, M, N 

.63 

.oo 

.oo 

.oo . 00 

.oo 

.01 

.01 

.41 

.15 

.83 

.60 

.29 
1 .oo 

.14 

.oo 

.17 

.oo 

.15 

.09 

.86 

.07 

.02 

.12 

.oo 

.01 

.01 . 00 

. O l  

.01 

.02 

.01 

.06 

.oo 

.oo 

.64 

.69 

. I4  

.63 

.02 

.48 

.33 

.88 

.14 

.35 

.01 

.oo 

.29 

.01 

.14 

.09 

.03 

. I 2  

.06 

.40 

.02 

.69 

.85 

.66 

.38 

.66 

.79 

.03 

.87 

.07 

.53 

.15 
1.67 

.19 

.31 

.36 

.78 

.06 

.76 

.02 

.02 

.03 

.24 

. I8 

.21 

.06 

.04 

.86 
1.19 

.26 
1.08 

.28 

.63 

.70 

.99 

.37 

.70 

. I 7  
-01 

1.09 1.35 

1.20 10.29 
.02 
.02 
.01 
.03 
.03 . 00 
-15 
.oo 
.02 
. I 3  
.13 
.oo 
.53 
.30 
.28 
.24 
. 11  . 00 
.06 
.50 . 00 
. I 8  
.17 
. I4 
.29 

3.77 
.83 
.06 
.oo 
.23 
.03 . 00 
. I5 
.36 
.33 
.24 
.oo 
. I 7  . 00 
.oo 
.oo 
.66 
.oo 
.58 
.23 
.21 
.41 

.01 

.13 

.09 

.oo 

.09 

.06 

.27 
-43 
.78 

1.30 . 00 
.08 . 00 
.45 
.24 
.60 
.18 
.35 . 00 . 00 
.12 
.15 
.15 
.65 
.36 
.93 
.69 
.os 
.01 . 00 
. I 3  
.15 
.08 
.30 . 00 . 00 
. I1  . 00 
.26 
. I 1  
.31 . 00 
.21 . 00 
.42 
-19 
.01 

Q u a l i t y  

???? 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
???? 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 

- - - - - - -  



Ha-3 ign=49 
HB-3 ign=50 
HB-3 ign=51 
HB-3 ign=52 
HB-3 ign=53 
HB-3 ign.54 
HE-3 ign=55 
HE-3 ign.56 
HB-3 ign=57 
HB-3 ignes8 
HE-3 ign.59 
HB-3 ign.60 
HB-3 ign=61 

Beam VELM-G 
Tube Group 

HB-3 
HB-3 
HB-3 
HB-3 
HB-3 
HB-3 
HB-3 
HB-3 W 

u HB-3 
HB-3 
HB-3 
HB-3 
HB-3 
HB-3 
HB-3 
HE-3 
HB-3 
HE-3 
HB-3 
HB-3 
HB-3 
HB-3 
HB-3 

w 

igg= 1 
igg= 2 
igg= 3 
igg= 4 
igg= 5 
igg= 6 
igg= 7 
igg= 8 
igg= 9 
igg.10 
i g g = l l  
i99=12 
igg=13 
f 9 9 4 4  
igg.15 
igg=l6 
iggn17 
i g g 4 8  
igg=19 
i gg=20 
i gg=21 
i 9g=22 
i 99523 

8.53691Etl4 
8.74122Et14 
9.5061 OE+ 14 
9.69821Et14 
9.03837Et14 
1.45876Et15 
1.54759Et15 
1.58981Et15 
1.55274Et15 
1.30212Et15 
1.52979Et15 
2.25679Et15 
6.30365Et16 

I n t e n s i t y  of 
Pt S r c  (p/s) 

1.23250Etll 
6.19421Et13 
1 .51963Et 15 
1.60183Et14 
1.23378Et15 
6.75453Et14 
1.98361~t15 
2.34929Et 15 
1.42777Et15 
2.6695 1E t 15 
4.23989Et 15 
5.27935Et15 
7.3 l636E+ 15 
4.03975Et 15 
4.80101Et15 
7.17665Et15 
1.03805Et16 
2.56708Et 16 
1.82855Et16 
1.67705Et16 
1.65029Et16 
2.845 14E+15 
8.72837Et12 

61.2 cm 
52.6 cm 
53.8 cm 
51.1 cm 
56.0 cm 
55.4 cm 
56.5 cm 
48.2 cm 
54.5 cm 
76.1 cm 
65.2 cm 
57.3 cm 
80.2 cm 

S r c  LOC 
x0 (cm) 

97.4 cm 
99.9 cm 
94.4 cm 
96.0 cm 
93.9 cm 
96.4 cm 
93.2 cm 
92.6 cm 
96.6 cm 
99.2 cm 
96.9 cm 
93.6 cm 
86.8 cm 
83.2 cm 
88.8 cm 
84.7 cm 
81.6 cm 
84.5 cm 
83.9 cm 
82.1 cm 
68.1 cm 
61.9 cm 
10.0 cm 

.9892 
1 .0006 

.a268 

.9999 

.a576 
1.0137 

.a994 
1 ,0002 
1. OOUI 
1.1613 
1 .0754 
1.0011 
1.0002 

1.0287 1 .OOOO .9779 
.9969 1.0028 .9997 

1.0346 1.0217 .9999 
.9899 1.0076 1.0029 

1.0396 1.0083 . W 5  
.9713 1.0135 1.0002 

1.1358 .4510 .9993 
1.0150 .7313 1.0446 
1.0367 .8523 1.0165 

.7512 1.0236 1.0076 

.7114 .9043 1.0989 
1.0987 .3061 1.0612 

.e239 .6271 1.1036 

F l u x  R a t i o  (Appx/MCHP) 
a t  Points  K, L, H, N 

1.0667 .6105 I .1429 2.2851 
.7891 .7976 1.6401 2.3230 

1.0009 .9027 1.0132 1.0365 
1.0013 .e708 .9207 1.2630 

.0017 .9970 1.0042 .9984 

.0033 .a302 1.0251 1.1585 

.0637 .a106 .3029 1.3504 

.0009 .e638 ,9611 1.1203 

.0006 ,7797 1.0134 1.1141 

.0030 .a058 .a843 1.1311 

.0036 .7856 1.0140 1.0595 

.0012 .9201 1.0415 1.0011 

.0008 .9211 1.0296 .9936 

-________-_ .~_____- - - - - - - - - -  

1.0005 .7520 1.0730 .9838 
1.0018 .a154 1.0634 .9827 
,9991 1.0266 1.0472 .9331 

1.0002 1.0859 1.0099 .9619 
.9977 1.1050 .9685 .9519 
.9975 1.0416 1.0093 -9820 
.9610 1.1525 1.0001 .9267 
.6864 1 .0934,1.0428 .9997 

1.0646 .8781 1.0004 1.0139 
1.0468 1.0014 .9818 .9709 

.06 

.01 

.76 

.oo 

.74 

.10 

.53 . 00 . 00 

.53 
I33 
.01 
.oo 

.47 .oo .38 

.05 .05 .01 

.59 .35 .oo 

.17 .13 .05 

.75 .15 .01 

.34 .25 .OO 
3.02 .93 -01 

.31 .88 .93 

.78 -92 -33 

.69 .32 -14 
1.00 .49 1.80 
2.16 .97 1.25 
1.28 1.49 4.33 

F l u x  D i f f  in  FSD's 
0 t  Points  K, L, M, N 

.24 .85 .24 2.19 
4.72 1.23 6.24 8.64 

.01 1.12 .30 -97 
.59 .36 1.35 

-______-.__..__.------ 

. O l  

.03 

.05 

.84 

.02 

.01 

.07 

.06 

.02 
-02 

.07 .07 .03 

.81 .30 2.12 

.68 1.72 7.72 

.ll .33 1.80 

.09 . I 1  1.44 

.83 .48 3.11 

.36 .25 1.50 

.77 -83 .02 

.40 .59 .16 
.01 .93 1.73 .38 
.02 .99 1.81 .49 
.01 .31 1.48 1.59 
.OO 1.49 .23 1.54 
.04 1.79 .56 .95 
.04 .76 . I 7  .85 
.53 4.46 .OO 3.08 

1.91 1.76 1.23 .01 
.53 .66 .OO .25 
.06 .OO -02 .03 

OK 
OK 
OK 
OK 
OK 
OK 
? 
OK 
OK 
OK 
OK 
OK 
? 

Quality 

??? 
???? 
OK 
OK 
OK 
?? 
???? 
OK 
OK 
? 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
?? 
OK 

OK 

_ _ _ _ - _ -  

OK . 



Table A.2.4. Comparison of the approximate and o r i g i n a l  MCNP fluxes at each detector location i n  HB-4 shown in  Table 2.1. 

Beam VELM-N 
lube Group 

HE-4 ign= 1 
HE-4 ign= 2 
HE-4 ign= 3 
HB-4 ign= 4 
HE-4 ign= 5 
HE-4 ign= 6 
HE-4 ign= 7 
HE-4 ign= 8 
HE-4 ign= 9 
HE-4 ian=lO 
HB-4 
HE-4 
HB-4 
HB-4 
HB-4 
HB-4 
HB-4 
HE-4 
HE-4 
HE-4 
HE-4 
HB-4 
HB-4 
HB-4 
HE-4 
HE-4 
HE-4 
HE-4 
HE-4 
HE-4 
HE-4 
HE-4 
HB-4 
HE-4 
HE-4 
HB-4 
HE-4 
HE-4 
HB-4 
HE-4 
HE-4 
HE-4 
HE-4 
HE-4 
HB-4 
HE-4 

HE-4 
HB-4 

&i=11 
gn=12 
gn=13 
gn=14 
gn=15 
gn=16 
gn=17 
gn=l8 
gn= 19 
gn=20 
gn=21 
gn=22 
gn=23 
gn=24 
gn=25 
gn=26 
gn=27 
gn=28 
gn=29 
gn=30 
gn=31 
gn=32 
gn.33 
an=34 
gn=35 
gn=36 
gn=37 
91-1138 
gn=39 
gn=40 
gn=41 
gn=42 
gn=43 
gn=44 
gn=45 
gn=46 
gn=47 
gn=48 

I n t e n s i t y  of  
Pt Src (n1.s) 

3.25386E+10 
5.13981€+12 
1.11369E+12 
4.80519E+12 
1.97320E+?3 
4.06939E+13 
4.25672E+13 
6.39971E+13 
7.371 85E+ 13 
2.56186E+13 
2.86747E+13 
7.15232E+13 
2.0 1888E+ 14 
2.15642E+ 14 
2.56365E+14 
2.40525€+14 
2.12911€+14 
2.04653E+14 
1.53089Et14 
5.15963E+13 
2.34828€+14 
2.52780E+14 
8.1681 1 E+ 12 
2.48863E+12 
8.20767E+12 
6.34254€+13 
2.03836E+14 
1.69151€+14 
1.26213E+14 
1.59338E+14 
2.16102€+14 
3.09633€+14 
5.45132E+13 
1.83967€+14 
1.35653Et14 
4.67136€+13 
2.60682E+13 
3.81986€+13 
6.36810E+13 
2.97379E+14 
3.03564E+14 
3.16192E+14 
2.72559E+14 
1.17327€+14 
4.00723€+14 
8.59309E+13 
6.72898E+13 
3.27352E+14 

Src LOC 
x0 (cm) 

10.0 cm 
51.4 cm 
50.0 cm 
63.6 cm 
59.2 cm 
73.9 cm 
68.7 cm 
62.3 cm 
71.1 cm 
52.9 cm 
48.2 cm 
59.8 cm 
52.8 cm 
54.9 cm 
43.5 cm 
42.6 cm 
49.6 cm 
54.4 cm 
53.7 cm 
42.5 cm 
45.6 cm 
45.3 cm 
45.4 cm 
46.2 cm 
21.1 cm 
63.7 cm 
42.1 cm 
41.2 cm 
51.2 cm 
51.8 cm 
47.3 cm 
49.6 cm 
29.3 cm 
49.1 cm 
48.6 cm 
23.0 cm 
51.5 cm 
40.0 cm 
10.0 cm 
43.9 cm 
44.2 cm 
44.9 cm 
47.3 cm 
51.5 cm 
40.2 cm 
59.1 cm 
53.9 cm 
46.5 cm 

Flux Ratio (Appx/MCNP) 
at Points  E ,  F ,  G, H 

1.0000 1.0000 1.0000 1.0000 
1.0002 .9849 1.0099 1.0053 
1.0004 1.0800 1.0302 .9067 

.9993 1.0229 .9951 .9810 
1.0002 .9599 1.0022 1.0405 
1.0043 .9924 1.0002 1.0035 

.9991 .9927 1.0113 -9960 
1.0076 .9791 1.0138 1.0003 

.5378 1.1390 1.0508 -9998 
1.0000 .9875 .9893 1.0252 

.9999 .9953 .9791 1.0276 

.6649 1.0484 1.0568 .9999 
1.0121 .9606 1.0002 1.0111 

.9532 1.0427 .9775 .9997 

.9985 1.0109 .9999 .9910 

.9999 1.0277 1.0009 .9749 
1.0007 1.0643 .5839 1.0317 
1.0006 .9867 1.0095 1.0046 

.a365 1.0331 1.0156 1.0000 

.9863 1.0235 .9999 ,9885 

.9999 1.0498 1.0369 .9239 

.9997 1.0150 1.0676 .9216 
1.0004 1.2324 .8021 1.0807 

1.0000 1.0399 .9024 1.0017 
.9577 1.0308 .9999 .9969 
.6586 1.0560 1.0306 1.0001 

.e342 1.0805 .9637 1.0001 

.e253 1.0366 1.0196 .9999 
1.0495 .7407 1.0164 1.0624 

.8194 1.0465 1.0155 1.0000 

.8060 1.0508 1.0211 .W98 
1.0394 .9130 1.0000 1.0576 

.5526 1.1820 1.0366 1.0009 
1.0004 .9859 .9885 1.0235 
1.0206 1.1789 .3192 1.1822 

.9995 1.0023 1.0054 -9931 

.9906 1.0095 .9998 -9993 

.9998 1.0509 .9689 .9326 

.9839.1.0253 1.0000 .9848 

.9481 1.0361 1.0001 .9953 
1.0055 ,9937 1.0001 -0014 

.9995 1 . 0 1 n  1.0073 .9787 

.9009 1.0589 1.0001 .9834 

.9511 1.0440 .9999 .9822 

___________________-~-----.-  

.9434 1.0408 i .oooi  .9825 

i . ooo i  1.0426 .moa .9925 

.so48 1.1103 1.0508 .9999 

. a 5 7  1.0774 1.0298 1.0001 

.oo .oo 

.oo .02 

.oo .14 

.oo .10 

.OO .17 

.01 .02 

.OO .06 

.04 .16 

.92 1.32 

.oo .12 

.OO .04 

.83 .61 

.20 .42 

.44 .89 

.55 .90 

.OO .90 

.02 .21 

.oo I .57 

.oo 1.10 

.01 .16 

.94 .79 

.23 .49 

.oo .22 

.OO .06 

.oo 1.20 

.77 1.13 

.oo .81 

.50 .60 

.98 .97 
1.32 1.58 

.86 1.63 

.97 .70 

.49 .92 
1.08 1.03 
1.00 .91 

.36 .ai 

.a8 1.55 

.OO .13 

. I 8  1.55 

.01 .04 

.19 .22 

.oo 1.22 

.19 .57 

.46 .58 

.08 .10 

.OO .24 

.49 .78 

.62 1.21 

.oo 

.01 

.05 

.02 

. O l  

.oo 

.ll 
-13 
.59 
.10 
.16 
.72 
.oo . 00 
.27 
.69 
.oo 
.02 
.94 
.10 
.37 
.oo 
.16 
.24 

1.07 
.54 
.73 
.oo 
.58 
.62 
.46 
.52 
. I 7  
.34 
.40 
.oo 
.30 
.ll 
.91 
.12 
.oo 
.39 
.oo 
.oo 
.oo 
.12 
.oo 
.oo 

. 00 

.01 

. I 6  

.08 

.17 

. O l  

.04 

. 00 

.oo 

.23 

.21 . 00 

.23 

.38 

. 00 

.ll 

.I9 

.56 

.58 

.05 . 00 

.24 

.33 

.26 

.39 . 00 

.03 

.06 

.oo . 00 . 00 . 00 

.65 . 00 

.oo 

.57 . 00 

.25 
1.61 
.I5 
.02 
.71 
.36 
.08 
.02 
.34 
.I9 
.50 

Qual i t y  

OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK '  
OK 
OK 
OK 
OK 

- - - - - - -  



HE-4 ign=49 
HE-4 ign=50 
HE-4 ign=5l 
HB-4 ign=52 
HE-4 ign.53 
HE-4 ign=54 
HE-4  ign=55 
HE-4 ign=56 
HB-4 ign=57 
HE-4 ign=58 
HE-4 ign=59 
HB-4 ign=60 
HE-4 ign=61 

Beam VELM-G 
Tube Group 

HE-4 igg= 1 
HE-4 igg= 2 
HE-4 igg= 3 
HE-4 igg= 4 
HE-4 igg= 5 

HE-4 igg= 7 
HE-4 igg= 8 
HE-4 igg= 9 
HB-4 igg=lO 
HE-4 i g g = l l  

HE-4 igg.14 
HE-4 igg=15 
HE-4 igg=16 
HB-4 igg=17 
HE-4 igg=18 
HE-4 igg=19 
HE-4 igg=20 

HE-4 igg=23 

HE-4 igg= 6 

HE-4 igg=l2 
HE-4 fggz13 

HE-4 i g p 2 1  
HB-4 igg=22 

3.56115Et14 
3.70852Et 14 
3.81395Et 14 
3.61966Et 14 
4.03643Et 14 
6.46494Et 14 
6.53783E t 14 
6.52905Et 14 
6.71028Et 14 
6.831476+ 14 
7.22306Et14 
9.9291 6E+ 14 
4.52747Et I 6  

I n t e n s i t y  o f  

4.55814Et09 
4.71 480Et 13 
2.381 10Et 15 
1.98826Et14 
1.00541E+15 
9.17647Et14 
2.64 709E+ f 5 
2.70895E t 15 
1.57823Et15 
7.78940Et 15 
6.18428Et15 
3.46054Et15 
3.374 24E+ 1 5 
1.697?6E+15 
2.84838Et 15 
4.47890~t 15 
6.62631Et15 
1.77459Et16 
1.35354Et16 
1.23622Et 16 
9.00884E+15 
1.10320Et15 
3.54722Et13 

Pt S r c  (p/s) 

46.6 cm 
46.4 cm 
50.9 cm 
49.7 cm 
45.3 cm 
49.5 cm 
46.9 cm 
58.6 cm 
48.5 cm 
49.9 cm 
61.0 cm 
64.8 cm 
86.8 cm 

Src LOC 
x 0  (cm) 

99.9 cm 
99.9 cm 
76.1 cm 
89.5 cm 
85.8 cm 
84.7 cm 
73.1 cm 
83.3 cm 
86.0 cm 
80.1 cm 
86-1 cm 
97.9 cm 
97.6 cm 
94.7 cm 
92.7 cm 
89.1 cm 
82.8 cm 
88.3 cm 
90.4 cm 
88.1 cm 
85.9 cm 
77.0 cm 
93.1 cm 

1.0313 .a762 1.0117 1.0089 
1.0039 .9715 1.0155 1.0001 

.a807 1.0198 1.0209 .9999 

.9855 1.0300 .9999 
1.0259 .9548 1.0048 

.a701 1.0252 1.0116 
,8952 1.0236 1.0141 
.9352 1.0931 1.0001 

1.0002 1.0018 1.0234 
.8210 1.0343 1.0189 
.9998 .9780 1.0240 
.9992 .a923 1.0296 

1.0000 1.1039 1.0346 

,9776 
1.0002 

.W98 

.W98 

.7526 

.9404 
9 9999 
.9844 
.9926 
.9508 

Flux Rat io  (Appx/MCNP) 
a t  Points E, F, G, H 
- _ _ _ _ _ - _ ^ - - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

.8584 1.3044 1 .OOOO 1 .OOOO 

.9867 .9548 1.0501 1.0209 
,9997 1.0338 ,9750 .9601 

1.0052 .9950 1.0021 1.0000 
1.0178 .9201 1.0223 1.0363 
1.0000 .E871 1.0587 .9756 
1.0007 .9956 1.0111 .9910 
1 .OOOO .9229 1.0487 1.0046 

.9999 .9751 .9913 1.0220 

.9994 1.0086 1 .On7  .9913 
,9990 .9532 1.0644 .9595 
.9993 .904Z 1.0888 .9793 

1.0015 .9991 .9332 1.02% 
1.0012 . a 7 5  1.0619 .9686 

.9998 1.0239 .9993 ,9779 

.9991 1.1548 .9356 .7091 

.9992 1.0674 1.0001 .9422 
1.0011 1.0922 1.0055 .9141 
1.0011 1.0952 1.0142 .9092 

.9986 1.0745 1,0261 .9410 

.9998 1.0941 1.0063 ,9012 
1.0006 1.1461 1.0347 .6196 
1.0019 .8268 1.0240 1.2173 

.64 

.05 

.79 

.18 

.60 

.96 
1.17 

.39 

.a0 
1.49 . 00 

. O l  

.DO 

1.03 .32 .24 
.48 .45 .OO 
.33 .59 .oo 
.89 .OO .66 
.69 .14 .OO 
.74 .39 .01 
.81 .53 .01 

2.87 .OO 1.66 
.04 .88 .04 

1.17 .71 .01 
.19 .63 .41 
.70 1.11 .29 

4.54 3.39 7.03 

FLUX D i f f  i n  FSD's 
a t  Points  E, F, G, H 

.20 .30 .OO '00 
-14 1.13 1.00 .38 
,01 1.47 .46 .91 
.03 .OS .02 .OO 
.36 2.11 .81 1.18 

.02 .ll .44 .34 

.OO 1.59 1.73 .07 

.OO .52 .17 .72 

.02 .31 .71 .98 

.03 1.49 2.66 .88 

.01 1.70 2.39 .30 

.03 .02 .66 .71 

.02 1.27 2.01 .47 

.OO .32 .01 .29 

.02 4.11 -77 1.93 

.02 1.11 .OO .96 

_ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _  

.oo .a7 1.49 .4 i  

.04 2.89 -21 2.65 

.02 2.37 .49 2.43 

.03 1.63 .75 2.09 

.OO 1.79 -12 1.59 

.OO 1.60 -73 1.30 

.OO .27 -04 .35 

OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
? 

Quality 

OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
?? 
OK 
OK 
OK 
OK 
OK 
OK 
OK 

--.---- 



Table A.2.5. Comparison of the approximate and o r i g i n a l  MCNP dose ra tes  (rnrem/hr) 
a t  each de tec to r  i o c a t i o n  shown i n  Table 2.1. 

HB- 1 
HE-1 
HE-1 

HB- 1 
HB- 1 
HB- 1 

HB-1 
HB- 1 
HE- 1 

Po in t  A 
Fast Neut Dose Rate - - - - - - I - - - -  

( 1  ) Approximate . . . 1.09258€+10 
(2 )  O r i g i n a l  ...... 1.14719E+10 
(3) Ra t io  ......... .95240 

Tota l  Neut Dose Rate 
(1) Approximate ... 2.68656E+10 
( 2 )  O r i g i n a l  ..... . 2.74000E+10 
(3) Ra t io  ......... .98050 

Gama Dose Rate 
( 1 )  Approximate ... 1.71724E+10 
( 2 )  O r i g i n a l  . ..... l.71535€+10 
( 3 )  Rat io  ......... 1.00110 

Po in t  B 

2.20131E+09 
2.56451E+09 

.E5837 

_ _ _ _ _ _ _ _ _ _ _  

3.88086E+09 
4.44955E109 

.e7219 

1.15099E+09 
1.29644E+09 

.a8781 

Po in t  C Po in t  D 

9.18284E+08 5.01071E+08 
1.07434E+09 4.97757E+08 

.a5474 1 .OD666 

_ _ _ _ _ _ _ _ _ _ _  - - - _ _ _ _ _ - - -  

1.51664E109 8.04996E+08 
1.70339€+09 7.71546E+08 

.a9037 1.04335 

3.84734€+08 1.90518E+08 
3.95315E+08 1.86706E+08 

.97323 1.02041 

Po in t  U f  Po in t  U Po in t  V Po in t  U P o i n t  Z 
Fast Neut Dose Rate - - - - - - - - - - -  - - - - - - - - - _ _  --_.-.---._ _ - - _ _ _ _ _ _ - _  _ - _ _ _ _ _ _ _ _ _  

HE-2 (1)  Approximate ... 1.23119E+11 9.04096E+10 1.85714E+10 7.80103€+09 4.27204E+09 
HE-2 ( 2 )  O r i g i n a l  ...... 1.23930E+11 9.03869E+10 1.93720E+10 8.28019€+09 4.52263E+09 

c-' \D HB-2 (3) Ra t io  ......... .99345 1.00025 e 95867 .94213 -94459 
00 

Tota l  Neut Dose Rate 
HB-2 (1 )  Approximate . . . 1.89953E+11 1.26422E+19 2.19247€+10 8.96842E+09 4.85924E+09 
HE-2 ( 2 )  O r i g i n a l  ...... 1.79991E+13 1.30263E+11 2.48424E+10 9.65250E+09 5.11445E+09 
HB-2 ( 3 )  Rat io  ......... 1 .OS535 .9705 1 .e8255 .92913 .95010 

Gsmna Dose Rate 
HE-2 (1) Approximate . . . 6.36297E+10 4.47516E+10 8.06451€+09 3.26557E+09 1.75731E+O9 
HB-2 ( 2 )  O r i g i n a l  . ..... 5.99046E+10 4.64616E+lO 8.77781E+09 3.32854E+09 1.79608E+09 
HB-2 (3) Ra t io  ......... 1.06218 .96320 .9 1 874 .98108 .9784 1 

Po in t  Z f  

4.27204E+09 
5.34416E+09 

.79938 

_ _ _ - _ _ _ _ _ _ _  

5.93140E+09 
.81924 

1.75731E+09 
1.80979E+09 

.97100 

Po in t  2 ' '  

1.05187E+09 
1.03711E+09 

1.01424 

1.15295E+09 
1 .02390 

4.21980E+O8 
4.18235E+08 

1 .00895 



Table A.2.5 (con t )  

Po in t  K Po in t  L Po in t  M Po in t  N 
Fast Neut Dose Rate - - - - - - - - - - -  --.-._----- - - - - - - - - - - -  - - - - - - - - - - -  

HB-3 (1) Approximate ... 1.9540SEt10 4.87886E+09 2.18219E+09 1.23285Et09 
HB-3 (2)  Or ig ina t  . , . . , . 2.36341Et10 4.98574E+O9 2.21887Et09 1.33685Et09 
HB-3 ( 3 )  Rat io  ......... .82679 .97856 .9a347 .92221 

HB-3 (1)  Approximate ... 3.08903Et10 6.54149E+09 2.81786E+09 1.56584E+09 
HB-3 ( 2 )  Or ig ina l  . ... . . 3.49822E+10 7.00380Et09 3.23257Et09 1.63858Et09 
HB-3 ( 3 )  Rat io  ......... .e8303 .93399 .a7171 .95561 

HB-3 (1) Approximate ... 1.51070Et10 1.39536E+09 4.91145E+08 2.48536E+08 
HB-3 (2)  Or ig ina t  ...... 1.51157E+10 1.55203Et09 5.67854E+08 2.39294E+08 
HE-3 ( 3 )  Ratio ......... .99943 .a9906 .&I6491 1.03862 

To ta l  Neut Dose Rate 

G a m  Dose Rate 

Po in t  E Po in t  F Poin t  G P o i n t  H 
Fast Neut Dose Rete  - - - _ _ _ - _ _ _ _  _ - - - - - - - - - -  --------.-- - - - - - - - - - - -  

HB-4 (1) Approximate ... 4.15302Et09 1.06506E+09 4.79354Et08 2.71535E+08 
HB-4 ( 2 )  O r i g i n a l  ...... 4.61695Et09 1.03982E+09 4.97649E+08 2.?3103E+08 
HB-4 ( 3 )  R a t i o  ......... .a9952 1.02427 .96324 .99426 

F 
\o To ta l  Neut Dose Rate 
a HB-4 (1) Approximate . . . 9.98399Et09 1.88661E+O9 7.90611€+08 4.33920Et08 

HB-4 ( 2 )  O r i g i n a l  ...... 1.04479E+10 1.78403Et09 7.98496Et08 4.43888Et08 
HB-4 ( 3 )  Rat io  ......... .95559 t .OS750 .99013 .97754 

G a m  Dose Rate 
HB-4 (1) Approximate . . . 5.44182E+09 7.75991E+08 2.96665E+08 1.55505E+08 
HE-4 (2) Or ig ina l  ,..... 5.43837E+09 7.81736E+08 2.92136EtOB 1.61607E+08 
HB-4 (3) Ra t io  ......... 1.00064 .99265 1.01550 .96224 





Appendix 6.1 

Input Listing f o r  the Final (Reference) HE-3 Dosimetry Analysis, 

MCNP Run HB304M4 

. 

20 1 



01/28/99 I 
11:37:16 .* HB304M4.T 

message: outp=hb304.o runtpe=hb304.r 

Isolated model of HB-3 using equivalent 
C 

C 
C 

C 

C 

C 
C 

C 

C 
C 

C 
C 

C 
C 
C 

C 

C 

C 

C 

C 

C 

C 

C 
C 

point sources 

HB304 is a "special" variant of HB301 used only to get fast fluxes at the two dosimeter locations. 

Would like to have this info so as to compare with values published in Tables E.12 and E.23 (on 
pp 208 & 221) of ORNL/TM-10444, "Evaluation of HFIR Pressure-Vessel Integrity Considering Radiation 
E3nbrittlement" 11988). Note that fluxes on ~p 208 (E>1 MeV and E>0.1 MeV) are those calculated 
by Bob Child's DoRTlTORT runs; the "real" fluxes there should either (a) be inferred from 
the Ni58(n,p)Co58 and Fe54(n,p)Mn54 decay data, OR (b) be inferred by dividing his published 
fluxes by the C/E ratios for the decay data, to get the real fluxes. Moreover, in Table E.23 
they applied method (b). Dwgs M-10070-OE-510-E, Rev 2 ( 1 9 8 6 )  and Dwg E-49961, R e v  C (1988) 
show the positions of the various "coupons" in the ring around HB-3 corresponding to Key 3. 

Cell 2134 (just slightly on HB-4 side of HB-3) corresponds to Key 3 Position 8 where the "real" 
fluxes using Method B are: Flux(E>l MeV)=1.78+9 n/s/cm2 and Flux(E>O.l MeV)=3.81+9 n/s/cm2 

Cell 2135 (just slightly on HB-2 side of HB-3) corresponds to Key 3 Position 3 where the "real" 
fluxes using Method B are: Flux(E>l MeV)=0.913+9 n/s/cm2 and Flux(EbO.1 MeV)=1.93+9 n/s/cm2 

It will be interesting to see how well (or how poorly) our MCNP results compare with these values1 

C 

C 1) 

C 2) 
C 

C 

C 
C 

C 3) 
C 

C 

C 4) 
C 

C 

C 5) 
C 

C 

C 

C 
C 

C 

C 6) 
C 

C 

C 

C 

C 

C 

C 

C 

C 

C I I  

Modifications needed to get HB304 from HB301 are as follows: 

To save time, run as "mode n" rather than "mode n p" 

Use the following "cut:n" card to avoid tracking neutrons below 27 keV: (ie, keep only neutron grps 1-36) 
cut:n time(shakes) energy(MeV) WC1 WC2 SWTM 
cut:n 1.0e20 0.027 - 0 . 5  -0.25 0.0 $ cutoff: don't track any neutrons below 27 keV 

On the si53, sp53. and ds63 cards describing the source, comment out all info pertaining to neutron 
groups 37-61 since everything in these groups is below 27 keV; keep only info for grps 1-36 (above 27 keV) 

On the fm14 & fm15 multiplier cards, use fm14=fm15=1.20830e16 n/s = sum of equivalent point 
sources (n/s) over g r p s  1-36 only (ie, E>27 keVj use for dosimetry calc only) in HB-3 for HFIR at 100 Mw 

Change location of "importance cutoff plane" (Surf 1007) from Z=118.6879 cm (used to increase efficiency 
of the water tube calcs, but is downstream of the dosimeters) to Z=75.473 cm which is more like 31.6546 cm 
upstream of first dosimeter. Belief is that most of the fast neutrons reaching the dosimeters are those 
that strike the inner wall of the beam tube in the viscinity of the dosimeters, and that all others can, 
for all practical purposes, be ignored. [Surf 1007 is used in Cell 10110 (inner A1 wall of beam tube) 
to kill all neutrons below this location, ie: not within most forward-directed cone.] 

On the sdef card, we need to "open up" the allowed angular distribution a little wider for the 
dosimetry calc; setting mu(min)=0.8 will allow neutrons from even the most forward eguiv pt source 
(at Z=68.7 cm) to hit the beam tube at 2=75.473 cm, which is well (31.654 cm) upstream of the first 
dosimeter which is located at Z=107.1276 cm. To accomplish this we need to do 2 things associated 
with the sdef card: (a) on the si3 (ang dist) card, set mu(min)=0.8, and (b) on the sdef card 
itself, set wgt=0.1 =(mumax-mumin)/2 

wgt=0.1 $ use this with mu(min)=0.8 in d3 for dosimetry calc only; wgt = [mu(max)-mu(min)l/[(+l)-(-l)] = [1.0-0.81/2 = 0.1 
:i3 h 0.8 1.0 $ open up angular distribution for dosime' run; mu boundaries (i.0, cosine boundaries wrt vec) 

Change dosimeter specimens from carbon steel to water; speci.. .-tis (including foils) are really much smaller 



C 
C 

C 
C 
C 

C 

C 
C 
C 
C 

C 
C 

C 
C 

C 
C 
C 

C 

C 
C 

C 
C 

C 
C 

C 
C 
C 

C 
C 

C 
C 
C 

C 
C 
C 

C 
C 

C 
C 
C 
C 

C 

C 

C 
C 
C 

C 
C 

C 

C 

C 
C 
C 
C 

C 

C 
C 

C 

HI3 304M4.I 
than the big chunks of metal originally envisioned. To do this, change Cells 2134 & 2135 to matl=7, den=-1.0 g/cc 

Set up volume-averaged flux detectors for the t w o  dosimeter cells 
Cell 2134 P just slightly on HB-4 side of HB-3, Cell 2135 = just 
May(?) later want to calculate activation rates here directly, or 

May(?) want to run as many as nps=5,000,000 histories to get good 
will try 2,000,000 first; shouldago fast because of energy cutoff 
2,000,000 was subsequently found to be ok with dxtran spheres 

(Cells 2134 P 2135); get N-fluxes by energy; 
slightly on HB-2 side of HB-3 
refine desc of dosimeter package inside dxtran sphere. 

statistics! 
card abovej 

May(?) want to have 3.2 cm radius dxtran spheres around each dosimeter so as to get better statistics 
without having to run as many histories; found to work well with 2,000,000 histories 

All the modifications previously used to create HB302 from HB301 should also be incorporated in HB304. 
HB302 was a "special" varient of HB301; HB302 was intsnted to get co~arisons with the June 1968 
Blosser & Thomas measurements. HB302 thus differed from HB301 insofar as? 

a) Aluminum windows 1 and 2 were placed in their 1960 axail locations (see Cells 2140, 2141, 4305, 4380) 
b) We used the small hole in the rotary shutter since that's what they used on HB-3 (see Surfs 3131 & 3132) 
c) The was no water in the water tubes; they were void in this calc (see Cells 2145 & 2146) 
d) Use pt det 15 to get results at BPT measurement point, 655.6626 from tip of HB-3 (ie, at 2=678.1673 cm) 

While HB302 has been already run, and our results compared quite well with measurements (C/E=1.45 generally), 
the main purpose of including it again here in Run HB304 is simply to verify that I haven't screwed up the 
eource normalization by only looking at the fast groups. I am pretty sure there is no problem with above 
appraoch, but want to keep this B&T comparison in the calc as a reference point to verify there is no problem. 

Update: After this had been verified, I subsequently used Surfs 3131 & 3132 to turn the rotary shutter's 
big 3.5" beam hole to the open position (prior to the final dosimetry analysis) since this has been the 
position most commonly used from 1968 thru 1988 (and still is). 

Delete the oversimplified spherical representation of the 2 dosimeters (Key 3 Positions 3 & 8 )  
and model then more precisely as particular rectangular regions on the sa304 dosimeter specimen 
holder ring [see Dwg M-10070-OE-510-E Rev 2 (1987), as well a6 DWg E-49961 Rev C (1988), and 
Dwg M-115-11-OH-001-E. Rev 1 (1992)l. To affect this change: 
a) Delete the oversimplified dosimeter cella (2134 & 2135) described by surfaces 2121 & 2126, 

b) Include (instead): Surfs 2510-2562, Transformation 40, and Cells 2581-2593 (all below). 
c) Include the following new exclusion regions in the pool water (Cella 2130 L 2133): 

as well as the corresponding exclusion zones in the pool water (Cell 2130). 

#(-2530 2531 -2532) #(-a520 2521 -2522) #(-a510 2511 -2521) 
to exclude from the water: the dosimeter holder ring, and the thick and thin inner sleeves 

so that each can be clearly labeled. 

(Update: dxtran spheres later had to be discarded; went with pt detectors embedded within dosimeters) 
(Update: to get good statistics, we then needed 40,000,000 histories! these take 4 hrs, 35 min wallclock) 

It recently became apparent (3-27-98) that there is a rather large 2-plate collar assembly holding a cooling 
tube on the 8s sleeve outside the beam tube, close to dosimeter ring. Moreover, this collar assembly may 
shield some of the dosimeters (Key 3, Positions 3 and 8 in particular) from some of the neutrons coming down 
the HB-3 beam tube. To model this, we had to add Cells 2761-2781 (below) as well as Surfs 2701-2748 (below). 
In addition, the following two new exclusions requirements had to be included in the description of 
the water (Cell 2130) between the aluminum reflector container and the pressure vessel: 
#(-2701 2742 -2748) $ exclude bulk of this 2-plate collar assembly 
#(-2702 2701 2744 -2746 2711 -2710 2720) $ exclude horz spacer plate extension (Cell 2727) 
Also need the following new exclusion region added to the description of the water (Cell 2133) 
just outside the ss sleeve around the beam tube: 
# (  2742 -2748) $ water outside ss sleeve, excluding bulk of 2-plate collar assembly 

d) Use separate volume-averaged tallies (as shown below) for Key 3 Posn 3 and Key 3 Posn 8 

e) Revise the dxtran spheres around these two dosimeters as shown below. 
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Update on "2-plate collar" assembly: This is really called a "coolant collector". A very small insert sketch 
of one is shown up near HB-4 on Dwg E-42027, Sheet 1, while the ref dwg no. for this part in Dwg E-49400. 
I was unaware of these sketches/drawings when I created the above model. Note however, that the approximate 
model that I did create and use was really not too bad and, since it (as a whole) was found to have very little 
impact on the fluxes at the dosimeter locations, any further refinements are probably unwarrented. JAB 4-4-98 

Material m71 was added to get the Ni58(n,p)Co58 reaction rate [(n,p)=103] in the dosimeters 
Material m72 was added to get the Fe54(n,p)Mn54 reaction rate [(n,p)=103] in the dosimeters 
Tallies f25:n and f35:n were modified to calculate fluxes as well as these reaction rates in dosimeters. 

In reality, the inner edge of the HB3 vessel hole (where it penetrates the inner surface of the 
pressure vessel) is slightly rounded and has a curvature of 1.0625 inches (all the way around 
this elliptically shaped hole). Because this is rounded, the steel that would otherwise be there 
in this little corner element is really gone and replaced by water. Because of its very close 
proximity to the dosimeter at Key 3 Position 3, the erroneous use of steel instead of water will 
likely cause one to slightly overestimate the fast flux at this dosimeter location. I believe 
(4-2-98) that it is important to model this with water to correctly moderate those neutrons which 
hit the beam tube downstream of this location and then backscatter toward the dosimeter and pass 
thru this region. While I cannot "round the edge", I can certainly replace the rounded edge by a 
chamfer (ie knock off the sharp steel corner around this ring and replace it by water) by using an 
elliptically shaped cone whose size and position are carefully calculated to preserve the correct 
amount of water (ie, so that the amount of water in this chamfer ring is the same as what would be 
in this ring if the corners were actually rounded with the correct radius). To model this, we 
will need: three new surfaces (Surfs 2110, 2111, and 2112, shown below), one new transformation 
{*tr42, shown below), and one new water-filled cell (Cell 2134, shown below). In addition, the 
main pressure vessel cell (cell 2150) must now exclude everything inside (ie, include stuff only 
outside) the elliptically shaped cone defined by Surf 2110. These changes were first incorporated 
in Run HB304G on 2 Apr 98. -- J.A. Bucholz (update: this made a small difference, but very little) 

N, 
0 
P 

If/when doing dosimetry calcs for the old 1960 design, it was decided that one should probably use 
a better (more realistic) model of the old (1960) water tube since this may have a small effect on 
backscatter toward the dosimeters. To do this, we added surfaces 2161-2165 below; must also: 
Replace Cell 2140 with one of the following, depending whether you're modeling the old (1960) water tube or not: 
2140 23 -2.7 (2161 -2162 2163 -2153):(2164 -2165 -2163) imp:n=l $ aluminum: part-length model of old (1960) water tube: 1st sph w 

indow & cy1 section 

indow & cy1 section 
C 2140 61 -3.2325-4 (2161 -2162 2163 -2153):(2164 -2165 -2163) imp:n=l $ int void: part-length model of old (1960) water tube: 1st sph w 
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Delete the old exclusion spec for Cell 1010: 
#(2151 -2152) imp:n=l $ tube void region (above) excluding 1st aluminum window in 1960 design (see cell 2140) 
and replace it with the following new exclusion spec for Cell 1010: 
#((2161 -2162 2163 -2153):(2164 -2165 -2163)) imp:n=l $ tube void region (above) excluding part-length model of old (1960) water tube 

While the dosimeter strips are really SS302, they are very tiny (typically 0.417 grams). The bulk of 
the 1.16"x2.1" dosimeter package is comprised of three carbon steel Charpy V-notch specimens, with the 
tiny dosimeter strips laying perpendicularly across these specimens in the V-notches. Since the bulk 
of each dosimeter package is carbon steel, Cells 2581 & 2582 were changed to mat1 m50 at 7.8212 g/cc. 

Just upstream of the dosimeters located at Key 3, Positions 3 and 8 ,  are what appear to be two stainless 
steel pegs, The one in front of Position 3 is of particular concern since it directly shields the 
dosimeter from neutrons scattering in the nearby beam tube. The one in front of Positian 8 is of 
less  concern since it is more "off to the side". Nevertheless, both should be modeled. While I'll 
refer to these as "square pegs", each is really a large bolt going thru two thick tabs that stick out 
from the top and bottom halves of the dosimeter holder assembly front plate (see Dwg E49953, Rev A,  
dated 30 Jun 19651. To model these, we will need 7 new surfaces (2533,2543,2544,2553,2554,2563,2564), 
¶nd 2 new cells (2583 & 2584). In addition, Cell 2130 (and r--haps Cell 2133) will need the following 

tt(2533 -2531 2553 -2554 2543 -2544) $ large water regio. .Dove), excluding 6s  square peg just upstream of dosimeter at 3, Positio 
wo exclusion statements: 
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19) On 3 Apr 98, Pete Hambaugh gave me a full size dwg of the “Pressure Vesse l  Surveillance Specimen Mount 
Assembly for HB-1, 3, and 4” ,  Dwg E-49953, Rev A, dated 6-30-98. This is a very good drawing of the 
assembly! it is much better than the little sketches I was using, and clarifies a number of westions. 
Thus: For Run HB304H (3 Apr 98) and all subsequent runs, Surfaces 2510-2564 (associated with the dosimeters 
and the dosimeter specimen holder’at Key 3 around HB-3) were all revised based on newly available data shown 
on this drawing. In particular, we can now model (with confidence) the large bolts and 6s tabs (collectively 
referred to above and below as the “ss square pegs” which sit very close to the dosimeters in Positions 3 & 8 
of Key 3. Transformation tr40 was also revised as shown below, based on that newly available. Lastly, 
point detectors 25 and 35 (below) were repositioned so as to correspond to what are the newly revised 
midpoints of the dosimeter locations, based on this newly available data. 

20) On 4 Apr 98, I made a number of small modeling improvements to improve the overall calculational 
efficiency and reliability. While a number of geometry cells were redefined, the actual physical 
distribution of materials was not changed at all. (1) The way the water outside the 8s sleeve 
(radially beyond the hm tube) was broken up into cells was changed in order to (a) reduce the 
number of exclusion regions required (especially in cell 2130) and to (b) allow for a new importance 
region in the water outside the B E  sleeve but inside the vessel in the vicinity of the dosimeters. 
To accomplish this, one new water cell (Cell 2135) was added while Cells 2130 h 2133 were modified. 
(2) To allow the nozzel and that portion of the vessel near the dosimeters to have a higher importance, 
the cell corresponding to the nozzel was extended thru the vessel wall, while the region now called 
the vessel was pushed back (radially) the same offsetting amount. This required the modification 
of Cells 2150 & 2151. (3) To allow better statistical sampling in those regions close to the 
dosimeters, I decided to use imp:n=2 for a number of cells including: 

C Cells 2131 <--  for the water outside the beam tube but inside the ss sleeve surrounding it, near the v 
esse1 nozzel 
C Cells 2132 <-- for the 8s sleeve surrounding the beam tube near the vessel nozzel 
C Cells 2133, 2134 & 2135 <-- for the water outside the 6s sleeve that is within about 20 crn of the dosimeters 
C Cells 2151 & 2152 <-- for the newly defined vessel nozzle region and flange 
C Cells 2581, 2582, 2583, 2584, 2591, 2592 & 2593 <-- for the dosimeters & those cells comprising the dosimeter holder ring 
c Cells 2761, 2762, 2771, 2772, 2113, 2774 & 2781 <-- for cells associated with the 2-plate collar holding the cooling tube 

C Hopefully these improvements will lead to better fsd‘s without adding too much to the calculational overhead. 
C 
C 

C 21) The following error was corrected by JAB on 6 Apr, just prior to submitting Run KB304K: 

C bad surf: 2110 42 sq  0.9262159 0.9880902 -1.0 0 0 0 0 0 0 0 $ elliptical cone used to define chamfer between HB3 vessel hol 
e and inner surf of pressure vessel 

ressure vessel 
C bad tranf: *tr42 $ use tr42 to locate and position the elliptical cone used to define chamfer between HB3 vessel hole and inner surf of p 

C bad tranf: 0.0 -2.14265 128.18364 $ location of local origin (center of elliptical cone), relative to the global origin (cm) in 

C bad tranf: 0 90.0000 90.0000 $ degrees from global x , y , z  axes to local x axis 
C bad tranf: 90 12.6575 -77.3425 $ degrees from global x,y,z axes to local y axis 
C bad tranf: 90 102.6575 12.6575 $ degrees from global x , y . z  axes to local z axis 

HB-3 model 

C 

C 
C 

The above specification was used in Runs HB304G & HB304H. Subsequent graphical analysis of the flare at the midplane (x=O) 
showed that this elliptical cone chamfer was NOT a good representation of the rounded corners, and (in fact) cut off too 
much steel from the vessel and substituted too much water. The graphical analysis was reworked, using some CAD work 
and some equations this time, and the following was found to be a much more accurate representation. -- JAB, 5 Apr 98 

Input files for HB304I & HB304J were also no good. These were failed attempts to fix the problem. Those two cases 
( I & J )  were never run since similar problems were noticed during the graphical checkout step before final submission. 
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Run HB304K (whose correct 
The following corrections 

input is shown below) was the firt run which had this correct. TR42 also changed. -- JAB 6 Apr 98 
to Surf 2110 and Trans *tr42 were made by JAB on 6 Apr 98. just prior to submitting Run HB304K: 

2110 42 sq 0.928252 1.0 -1.0 0 0 0 0 0 0 0 $ elliptical cone used to define chamfer between HB3 vessel hole and inner surf of 

*trP2 $ use tr42 to locate and position the elliptical cone used to define chamfer between HB3 vessel hole and inner surf of pressure vess 

0.0 -2.02265 127.62367 $ location of local origin (center of elliptical cone), relative to the global origin (cm) in HB-3 model 
0 90.0000 90.0000 $ degrees from global x , y , z  axes to local x axis 

90 12.6929 -77.3071 $ degrees from global x , y , z  a x e s  to local y axis 
90 102.6929 12.6929 $ degrees from global x,y,z axes to local z axis 

Numerical experiment in Run HB304M: 

Shift sources 0 . 5 4  cm to right of beam tube centerline to account for the anisotropic effect 
of more neutrons entering the one side of the beam tube than the other -- JAB, 4-7-98 3 bm 

In Run HB304M2: Shift sources 1.05 cm to right of beam tube centerline to account for the anisotropic 
effect of more neutrons entering the one side of the beam tube than the other; also need to increase 
nps by 50% (from 40M to 6OM) to preserve statistics at Posn 3, since shifting the source this much will 
cause fewer neutrons to impact the Key 3 Posn 3 (HE-2 side) of the HB-3 beam tube due to the shift in 
direction cosines relative to the outward normal of the circular beam tube. -- JAB, 4-7-98 6 pm 

In Run HB304M3: Shift sources 1.5 cm to right of beam tube centerline to account for the anisotropic 
effect of more neutrons entering the one side of the beam tube than the other; also need to increase 
nps by from 60M to 80M) to preserve statistics at Posn 3, since shifting the source this much will 
cause fewer neutrons to impact the K e y  3 Posn 3 (HE-2 side) of the HB-3 beam tube due to the shift in 
direction cosines relative to the outward normal of the circular beam tube. -- JAB, 4-7-98 6 pm 

In Run HB304M4: Shift sources 1.6986 cm to right of beam tube centerline to account for the anisotropic 
effect of more neutrons entering the one side of the beam tube than the other; also need to increase 
nps by from 60M to 8OM) to preserve statistics at Posn 3, since shifting the source this much will 
cause fewer neutrons to impact the Key 3 Posn 3 (HB-2 side) of the HB-3 beam tube due to the shift in 
direction cosines relative to the outward normal of the circular beam tube. ____________________-- - - - - - - - - - - - - - - - - - - -  
Important nota: Rather than trying to find an offset that might match the known dosimetry results better, 
this particular offset (of 1.6986 cm) was based on a theoretical model which considered the RATIO of 
("the radial outward component of the current (from HB3, in direction of HB4) at Zr101.5 cm" to the 
"the radial outward comgonent of the current (from HB3. in direction of HB2) at Z5107.0 cm") based on 
80400 source points on a hemispherical shell (A-7.76 cm) 1.0 cm into the Be (just past the hot end of the 
beam tube) and Cheverton's known fast flux distribution as a function of radial distance from the core 
centerline (see HFIR Nuclear Design document) in this region, which changes by a factor of 4 from one side 
of the hemisphere to the other. See FADIST7.FOR for more details about the methodology used to determine 
this offset. -- JAB, 4-15-98 11 am 

On the sdef card, we now need to "open up" the allowed angular distribution a little wider for the 
dosimetry calc; setting mu(min)=0.71 will allow neutrons from even the most forward equiv pt source 
[at 2~68.7 cm) to hit the beam tube at 2=75.473 cm, which is well (31.654 cm) upstream of the first 
dosimeter which is located at 2=107.1276 cm. TO accomplish this we need to do 2 things associated 
with the sdef card: (a) on the si3 (ang dist) card, set mu(min)=O.71, and (b) on the sdef card 
itself, set wgt-0.145 =(muma%-rnumin)/2 

wgt=0.145 $ use this with mu(min)=0.71 in d3 for dosimetry calc only; wgt = [mu(max)-mu(min~l/[(+l)-(-1)1 = Il.0-0.81/2 = 0.145 
7i3 h 0.71 1.0 $ open up angular distribution for dosirr - run1 mu boundaries (i.e, cosine boundaries wrt vec) 

In Run HB304M4, will a160 increase nps to 120,000,000 to preb,,ve statistics after mu is opened up from 0.8 to 0.71 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Added 4-7-98: Use of Surf 2534 (instead of Surf 2531) in the definition of Cella 2581 & 2582 allows the 
portion "of the ss304 cover plate of dosimeter holder ring directly upstream of the dosimeters" to be modeled 
separate from the carbon steel Charpy specimens in the 1-cm-thk dosimeter capsules (Cells 2581 & 2582). 
To do this also requires that the exclusion specs for Cell 2591 (the holder ring) be modified as follows: 
#(2534 2551 -2552 2541 -2542) $ Key 3 dosimetry specimen holder ring (ss304), excluding dosimeter at  Key 3, Position 3 
#(2534 2562 -2561 2541 -2542) $ Key 3 dosimetry specimen holder ring (ss304), excluding dosimeter at Key 3 ,  Position 8 

Used to study 

Ref 1: Dwg 
Ref 2: Dwg 

Ref 4: Dwg 
R e f  5: Dwg 

Ref 3 :  Dwg 

shielding effectiveness of water tube (work performed by Jim Bucholz for Mike Parrah, Mar/Apr 1998): 

of HB-1 (e:\ham\ustn\allbeamll97.dgn Jan 29, 1998 12:55:09), where HB-3 is said to be the same. 
M-11537-OH-OOl-E, Feb 13, 1998, 10t30:22, dwg of Ha-1 (essentially the same as Ref 1. but smaller) 
E-42027, Sheet 1, Apr 11, 1995, showing location on HB-3 & 1st aluminum window in vessel, as built 
E-42027, Sheet 2, Apr 11, 1995, showing typical beam tube collimator h rotary shutter, as built 
1546-01-M-5022, Rev Sep 18, 1961, showing concrete around Ha-3 beam tube collimator h rotary shutter 

Distance from outside of vessel nozzel boss to radial plane 
perpendicular to beam tube (as specifically stated in Ref 3): 
HB-1: 52.0 inches = 132.08 cm 
HB-2: 54.5 inches 138.43 cm 
HB-3: 54.0 inches = 137.16 cm 
HB-4: 52.0 inches = 132.08 cm 

Notes regarding length of the 1998 water tube: 

The location of the 18t aluminum window relative to the vessel nozzel boss (cf Ref 1 h 2) is believed to be 
correctly modeled here. Likewise. the 2nd aluminum window relative to the beam tube collimator assembly 
(cf Ref 1 & 2) is believed to be correctly modeled here. Given the location of the beam tube collimator 
assembly (Ref 1 & 2) relative to the concrete biological shield specifically around HB-3 as shown in Ref 5, 
however, t h e  length of the new HE-3 water tube (from Surf 2154 at 21174.95125 cm, to Surf 4110 at 2=302.1868 cm 
(total length of water when flooded = 127.23555 cm)] is about 2.03 inches shorter than shown for HB-1 on Refs 
1 P 2, and about 89.8 cm shorter than the water tube originally in HB-3. Note, however, that this 2" difference 
in water tube length between HB-1 and HB-3 is wholly consistent with the data in R e f  3 above if the vessel 
flange hardware and collimator hardware are the same for HB-1 and HE-3 -- J. A.  Bucholz, 3-21-98 

BEGIN CELLS: 

HB-3 (Tangential tube)# sign on some surfs changed to accomodate this local Model 

61 -3,2325-4 -1000 -1006 imp:n=l $ endcag 
24 -2.7 -1001 1000 -1006 imp:n=O $ endcag 
5 -0.98465 -1002 1001 -1006 imp:n=l $ endcap 
24 -2.7 -1003 1002 -1006 imp:n=l $ endcap 
5 -0.98465 -1004 1003 -1006 imp:n=l $ endcap 
24 -2.7 -1005 1004 -1006 imp:n=l $ endcap 

void region replaced with He at 2 atm (3.2325-4 g/cc) 
inner A1 wall (imp=O to kill all inward-directed neutrons) 
water 
outer A 1  wall 
water jacket 
A1 Be liner 

61 -3.2325-4 -2153 -1010 1006 $ tube void region replaced with He at 2 atm (3.2325-4 g/cc) 
#(2151 -2152) $ obsolete (too approximate) $ tub8 void region (above) excluding 1st aluminum window in 1960 design (68e cell 2140) 
#((2161 -2162 2163 -2153):(2164 -2165 -2163)) $ tube void region (above) excluding part-length model of old (19601 water tube: 1st sph window & 

cy1 section 

1011 24 -2.7 -2153 -1011 1010 1007 imp:n=l $ tuba inner A 1  wall {surf 8051 is the "importance cutoff plane") 
10110 24 -2.7 -2153 -1011 1010 1006 -1007 img:n=O .$ tube inner A1 wall (used to kill all neutrons not within most forward-directed cone 
1012 5 -0.98465 -2153 -1012 1011 1006 img:n=l $ tube water 

imp: n=l $ tube void region (above) 
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1013 24 -2.7 -2153 -1013 1012 1006 imp:n=l $ tube outer A1 wall 
1014 5 -0.98465 -2012 -1014 1013 1006 imp:n=l $ tube water jacket [now cut off at cage (2012) as it should bel 
1015 24 -2.7 -2012 -1015 1014 1006 imp:n=l $ tube A1 Be liner [now cut off at cage (2012) as it should bel 
C 

C 

c Main cylindrical components outside HE-3: 
C 
2024 108 1.23156-1 -9999 9997 -2010 1005 #(-lo15 1006) imp:n=l $ permanent Be refl (0.123156 atoms/b*cm; typical comp, center ring); exclude HB-3 
2110 5 -0.98465 -9999 9997 2010 -2011 1015 imp:n=l $ water between Be refl and aluminum reflector container 
2120 23 -2.7 -9999 9997 2011 -2012 1015 imp:n=l $ aluminum refl container 
C 

C 
2130 7 -0.9899 -9999 9997 2012 -2013 $ large water region between aluminum refl container and the pressure vessel 

1013 #(-2101 2150) $ large water region (above); excluding beam tube & regions around beam tube near vessel 
C 2121 2126 $ large water region (above); excluding the two small dosimeter locations (obsolete model) 
C #(-2530 2531 -2532) $ large water region (above); excluding the dosimeter holder ring (and dosimeters) 
C #(-2520 2521 -2522) $ large water region (above),. excluding thick inner hub of the holder ring 
C #(-2510 2511 -2521) $' large water region (above); excluding thin inner sleeve of the holder ring 

46 2711 -2710 2720) $ large water region (above); excluding horz spacer plate extension (Cell 2727) on 2-plate collar C #(-2702 2701 2744 -2 
assembly 

C #(-2701 2742 -2748 
meter ring 
C #(2533 -2531 2553 
na 3 
C #(2533 -2531 2564 
ns 8 

imp:n=l 
2131 7 -0.9899 1013 -2130 2150 
2132 40 -7.92 2130 -2131 2150 
2133 7 -0.9899 2131 -2101 2150 
C 2121 2126 

$ large water region (above); excluding bulk of 2-plate collar assy on 86 sleeve outside beam tube close to dosi 

-2554 2543 -2544) $ large water region (above), excluding 6 s  square peg just upstream of dosimeter at Key 3, Positio 

-2563 2543 -2544) $ large water region (above), excluding 8 s  square peg just upstream of dosimeter at Key 3, Positio 

C 

h, 
0 $ large water region (above) 

-2153 imp:n=2 $ water between beam tube and ss sleeve near vessel 00 
-2153 imp:n=2 $ 8s sleeve around beam tube, near vessel 
-2013 $ water just outside 8s sleeve but inside main pressure vessel, in vicinity of dosimeters 

$ water just outside 8s sleeve (above), excluding dosimeter locations 
#(-2530 2531 -2532) $ water just outside 8s sleeve (above); excluding the dosimeter holder ring (and dosimeters) 
#(-2520 2521 -2522) $ water just outside 6s sleeve (above), excluding thick inner hub of the holder ring 
#(-2510 2511 -2521) $ water just outside ss sleeve (above), excluding thin inner sleeve of the holder ring 
# (  2762 -2748) $ water just outside ss sleeve (above), large water region (above); excluding bulk of 2-plate collar assy on 6 

s sleeve outside beam tube close to dosimeter ring 
#(-2702 2701 2744 -2746 2711 -2710 2720) $ large water region (above); excluding horz spacer plate extension (Cell 2727) on 2-plate collar 

#(-2701 2742 -2748) $ large water region (above); excluding bulk of 2-plate collar assy on ss sleeve outside beam tube close to dosi 

#(2533 -2531 2553 -2554 2543 -2544) $ water just outside 6s sleeve (above), excluding ss square peg just upstream of dosimeter at Key 

#(2533 -2531 2564 -2563 2543 -2544) $ water just outside 6s sleeve (above), excluding 6 s  square peg just upstream of dosimeter at Key 

assembly 

meter ring 

3, Positions 3 

3,  Positions 8 

2134 7 -0.9899 2013 -2016 2100 -2110 2112 imp:n=2 $ water in elliptical cone chamfer ring where hb3 vessel hole penetrates inner wall of vessel 
2135 7 -0.9899 2131 -2100 -2105 2013 imp:n=2 $ water outside 8s sleeve but inside vessel nozzel 

imp:n=2 $ water just outside ss sleeve (above) 

C 

C 

C Note regarding dosimeters: the two cards shown below clearly define the location of the actual dosimeters presently 
C in use around HB-3. Nevertheless, without further (questionable) changes to the model, the results here are probably 
c not even worth tabulating. Reason: The equivalent point sources used in this HB-3 analysis (of the voided & flooded 
c water tube) were based on global model point detectors at Z=120.6879, 185.9864, 251.2809 & 316.5774 cm from the radial 
c plane perpendicular to the HB-3 beam tube. Moreover, for the analysis of the HB-3 water tube (the primary purpose of 
c this study), we spray neutron isotrogically only over a very narrow forward-directed cone [cos(theta).gt. 0.9653350561 

c below p 1007 at 2=118.6879 cm (see cell 10110). This is done prim in the name of efficiency in this water tube 
c analysis, wut also because points below this would be outside the axial --nge where we know our equivalent point sources 

C that inr 3s this region of interest, and assign the inner wall of the -m tube an importance of 0.0 for all locations 
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c give good results. Unfortunately, these two dosimeters are located at 2=107.1276 cm and 112.9905 cm respectively (see 

c a few stray ones that might backscatter into this region. If one really wants to check fluxes at these dosimeters, one 
c would have to lower plane 1007 in cell 10110, and open up the angular range on the sdef card to the point where our 
c equivalent point sources may or may not still be valid. At any rate, doing so would greatly decrease the efficiency 
c of the water tube analysis that we originally wanted to focus on. -- J.A. Bucholz. 3-20-98(a) 
C 
c Updated thoughts: Neutron group 16 in the VELM library goes from 0.907 Mev to 1.108 MeV. Virtually all of the 
c equivalent point neutron sources for these first 16 energy groups lie between 2=31 and Z=70 cm (indeed, most lie 
c between Z=45 cm and z=60 cm). Thus, if we use an enerw cutoff card set at 1 MeV (as typically done for dosimetry 
c calca), we could probably make the modifications described above without seriously impacting the quality of the 
c results at the dosimeter locations. [Efficiency of the water tube calc would go to pot, but if we use this ECUT 
c card for the dosimetry, we would (by definition) not be interested in the water tube results in this calc anywayl. 

c course of action might be to take this geometry model, then apply the approach I took last fall with HB-2 (involving 
c a finite line source with all neutrons in a prescribed direction wrt the axis). It gave absolutely excellent results, 

C surfaces 2121 and 2126). Thus, with the present model, these two dosimeters probably won't see any neutrons except for 

C Thus, we can grobably do the dosimetry study -- at least for fast neutrons above 1 MeV. Nevertheless, a better 

c very quickly. -- J.A. Bucholz, 3-20-98tb) 
C 
C $ obsolete $ 2134 50 -7.8212 -2121 imp:n=l $ dosimeter (modeled as carbon steel; really Charpy V-notch specimens) just slightly on HB-4 side 

C $ obsolete $ 2135 50 -7.8212 -2126 imp:n=l $ dosimeter (modeled as carbon steel; really Charpy V-notch specimens) just slightly on XE-2 side 

C $ obsolete $ 2134 7 -1.0000 -2121 imp:n=l $ dosimeter (now modeled as water; specimens are quite small) just slightly on HB-4 side of HB-3 
C $ obsolete $ 2135 7 -1.0000 -2126 imp:n=l $ dosimeter (now modeled as water! specimens are quite small) just slightly on HB-2 side of HB-3 
C The above (oversimplified) dosimeter cells have been replaced by Cells 2581 and 2582, along with Cells 2591-2593 for the dosimeter holder assembly ( 

of HB-3 

of HB-3 

ring) 
C 

C 

N ................................. 
c Use the following two if looking at the old 1960 HB-3 design: (must also set options on Cells 4305 6 4380 below) 
c $ obsolete $ 2140 23 -2.7 -1010 2151 -2152 imp:n=l $ aluminumr 1st window at start of water tube (old 1960 location) 
2140 23 -2.7 (2161 -2162 2163 -2153):(2164 -2165 -2163) imp:n=l $ aluminum: part-length model of old (1960) water tube: 1st spherical window & cy1 
indrical section 
2141 61 -3.2325-4 -1510 2153 -2154 fmp:n=l $ int void: 1st window at start of water tube (new 1998 location) 
C 
c Use the following two if looking at the new 1998 HB-3 design: (must also set options on Cells 4305 & 4380 below) 
C $ obsolete $ 2140 61 -3.2325-4 -1010 2151 -2152 imp:nsl $ int void: 1st window at start of water tube {old 1960 location) 
C 2140 61 -3.2325-4 (2161 -2162 2163 -2153):(2164 -2165 -2163) imp:n=l $ int void: part-length model of old (1960) water tube: 1st spherical wind 

C 2141 23 -2.7 -1010 2153 -2154 img:n=l $ aluminum: 1st window at start of water tube (new 1998 location) 
ow & cylindrical section 

C 

C 

________-_--___------------------ 
2144 24 -2.7 -2136 1010 2153 -2154 imp:n=l $ aluminum ring joining regular section of beam tube to expanded section 
C 

C ................................. 
c U s e  the following two if beam tube is void, as in normal operation: 
2145 61 -1.0e-20 -2134 2154 -4110 imp:n=l $ void inside main cavity of expanded beam tube outside vessel (if void, as in normal operation) 
2146 61 -1.0e-20 -2135 2134 2154 -4110 img:n=l $ void in pneumatic tube coils located just inside outer wall of expanded beam tube outside vessel 

c U s e  the following two if beam tube is flooded for maintenance work: 
C 

C 2145 8 -1.0000 -2134 2154 -4110 imp:n=l $ water inside main cavity of expanded beam tube outside vessel (if flooded for maintenance) 
C 2146 8 -1.0000 -2135 2134 2154 -4110 imp:nal $ water in pneumatic tube coils located just inside outer wall of exganded beam tube outside 
vessel 

C 

C 

................................. 
2147 24 -2.1 -2136 2135 2154 -4125 imp:n=l $ aluminum body of expanded section of the new HB-3 beam tube outside vessel 
C 
C ............................... 
C In the name of simplification, lets combine the inner h outer 9.5 liners with the main vessel, and treat all as carbon steel 
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C 

C 
C 

C 
2150 
2151 

2152 
C 
2170 

2140 4 0  8.62373-2 -9999 9997 2013 -2014 
2150 50 8.74142-2 -9999 9997 2014 -2015 
2160 4 0  8.62373-2 -9999 9997 2015 -2016 
2150 50 -7.8212 -9999 9997 2013 -2016 

50 -7.8212 -9999 9997 2013 -2016 2101 
50 -7.8212 2100 -2101 -2105 2013 9997 

#(-2110 -2111) 
50 -7.8212 -2101 2131 2105 -2106 -------------___--------------- 
8 -1.0000 -9999 9997 2016 -2017 

#(-2136 2153) #(-2131 -2153) 

2100 imp:n=l $ pressure vessel's inner liner 
2100 imp:n=l $ main pressure vessel (thick carbon steel) 
2100 imp:n=l $ pressure vessel's outer liner 
2100 imp:n=l $ main pressure vessel (thick carbon steel + inner & outer liners) 

imp:n=l $ main pressure vessel (thick carbon steel + inner h outer liners) 

imp:n=2 $ vessel nozzel boss around HB-3 (above); excluding HB3 chamfer (surf 2110) 
imp:n=2 $ carbon steel flange on vessel nozzel boss by HB-3 

$ vessel nozzel boss around HB-3 

$ water pool between pressure vessel and concrete bioshield 
$ water pool (above) excluding expanded section of HB-3 beam tube 

#(4100 -4225) $ water pool (above 

#(-2101 -2106) imp:n=l $ water pool (above 
concrete bioshield 

C 

C 

c Cells associated with dosimeters & dosimeter specimen holder at Key 

C $ obsolete $ 2581 4 0  -7.92 2531 -2532 2551 -2552 2541 -2542 
deled as ss304) 
c $ obsolete $ 2582 4 0  -7.92 2531 -2532 2562 -2561 2541 -2542 
deled as 68304) 

C ___--___-----___________________________--------------------------- 

C 

excluding everything inside 8 s  sleeve (water & beam tube) where beam tube enters 

excluding vessel boss (and flange) around HE-3 

imp:n=l $ dosimeter at Key 3, Position 8, just slightly on HB-4 side of HB-3 (mo 

C $ obsolete $ 2581 50 -7.8212 2531 -2532 2551 -2552 2541 -2542 imp:n=2 $ dosimeter at Key 3, Position 3, just slightly on HB-2 side of HB-3 ( 
modeled as carbon steel) 

N 
modeled as carbon steel)  w 

c $ added 4-7-98: Use of surf 2534 (instead of 2531) allows the 66304 cover plate of dosimeter holder ring to 
c $ added 4-7-98: be modeled be separate from the carbon steel Charpy specimens in 1-cm-thk dosimeter capsules 
2581 50 -7.8212 2534 -2532 2551 -2552 2541 -2542 imp:n=2 $ dosimeter at Key 3 ,  Position 3 ,  just slightly on HB-2 side of HB-3 (modeled as carbon 6 

teel 1 
2582 50 -7.8212 2534 -2532 2562 -2561 2541 -2542 imp:n=2 $ dosimeter at Key 3, Position 8, just slightly on HB-4 side of HB-3 (modeled as carbon 6 

teel) 
C 
2583 4 0  -7.92 2533 -2531 2553 -2554 2543 -2544 imp:n=2 $ 8s square peg just upstream of dosimeter at Key 3, Position 3 
2584 40 -1.92 2533 -2531 2564 -2563 2543 -2544 imp:n=2 $ ss square peg just upstream of dosimeter at Key 3, Position 8 

2591 4 0  -7.92 2520 -2530 2531 -2532 $ Key 3 dosimetry specimen holder ring (68304) 

C $ obsolete $ 2582 50 -7.8212 2531 -2532 2562 -2561 2541 -2542 imp:n=2 $ dosimeter at Key 3, Position 8, just slightly on HE-4 side of HE-3 ( 

C 0 

C 

# ( 2 5 3 4  2551 -2552 2541 -2542) $ Key 3 dosimetry specimen holder ring (ss304), excluding dosimeter at Key 3, Position 3 
#(2534 2562 -2561 2541 -2542) $ Key 3 dosimetry specimen holder ring (ss304), excluding dosimeter at Key 3 ,  Position 8 
imp : n=2 $ Key 3 dosimetry specimen holder ring (ss304) 

2592 4 0  -7.92 -2520 2521 -2522 2131 imp:n=2 $ short thick 66304 cylindrical sleeve on Key 3 dosimetry specimen holder 
2593 40 -7.92 -2510 2131 -2521 2511 imp:n=2 $ long thin 66304 cylindrical sleeve on Key 3 dosimetry specimen holder 

C 
C 
c Cells associated with the 2-plate collar holding cooling tube on 8 s  sleeve outside beam tube close to dosimeter ring 

2761 4 0  -7.92 -2701 2131 2742 - 2 1 4 4  imp:n=2 $ 1st (upstream) 8 8  plate of 2-plate collar assembly 
2762 40 -7.92 -2701 2131 2746 -2748 imp:n=2 $ 2nd (downstream) 8 6  plate of 2-plate collar assembly 

2771 4 0  -7.92 -2701 2131 2744 -2746 2711 -2712 imp:n=2 $ horizontal 6s spacer plates (right & left, top & bottom, treated as one cell) 
2772 4 0  -7.92 -2702 2701 2744 -2746 2711 -2710 2720 imp:n=2 $ horizontal ss spacer plate extension (on one side only); must exclude this from ve 
ssel water (Cell 2130) 
2773 4 0  -7.9' '701 2131 2744 -2746 2724 -2728 #(2722 -2726) imp:n=2 $ ver 1 6 s  spacer plates (right & left, top & bottom, treated as cell) 
2774 7 -0.9 -2701 2131 2744 -2746 2722 -2126 imp:n=2 $ wat rtween vertical spacer plates 

C 

C 
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-2701 2131 2744 -2746 $ water between main upstream 6 downstream plates of 2-plate collar assembly 
#(2711 -2712) #(2724 -2728) $ water (above), excluding horizontal & vertical spacers 
imp:n=2 $ water between main upstream & downstream plates of 2-plate collar assembly 

C 

C 
C 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C Intermediate notes using COMJOM-like notation to deecribe the cells in and around the HB-3 shield plug: 

C box1 p (3083 -3073 3023 -3033 3006 -3001) 
C box2 = (3082 -3072 3022 -3032 3005 -3001) 
C box3 (3103 -3093 3043 -3053 3010 -3002) 
C box4 = (3102 -3092 3042 -3052 3009 -3002) 
C box5 (3081 -3071 3021 -3031 3004 -3001) 
C box6 = (3080 -3070 3020 -3030 3003 -3002) 
C box7 = (3101 -3091 3041 -3051 3008 -3002) 
C box8 = (3100 -3090 3040 -3050 3007 -3002) 

C cy19 .i (-3120 3061 -3062) 
C cy110 = (-3121 3061 -3063) 
C cy111 = (-3122 3060 -3064) 
C cy112 = (-3110) 

c Cell 3001 = bconc den (former cell 3001) #box3 #box1 imp:n=l $ revised model of barytes concrete forming bioshield 
C Cell 3010 - 8s den box1 #box2 #box3 imp:n=l $ ss liner on bioshield near big (dometream) side of removable block containing shield plug 

C Cell 3030 - 88 den box5 #box6 #box7 #cy112 imptn=l $ ss liner on big (dometream) side of removable concrete block containing shield plug F 

C Cell 3040 = 6s den box7 #box8 #box6 #cy112 imp:n=l $ 6s liner on small (upstream) side of removable concrete block containing shield plug 
C Cell 3050 = void den (box4 OR box21 #box7 #box5 imp:n=l $ void immediately upstream of (and around) the removable concrete block containing sh 

C Cell 3060 = bconc den (box8 OR box6) #cy111 #cy112 imp:n=l $ barytes concrete forming bulk of the removable concrete block containing shield p 
lug 
C Cell 3070 = 6s  den cy111 #cy110 #cy112 imp:n=l $ 68 liner inside the removable concrete block containing shield plug 
C cccc Cell 3080 = void den (box7 OR box5) inside cy112 #cy110 imp:n=l $ void near centerline, upstream and downstream of shield plug, inside 
removable concrete block 
C Cell 3080 = void den (box7 OR box51 inside cy112 #cy19 imp:n=l $ void near centerline, upstream and downstream of shield plug, inside removable 

C Cell 3090 = cat1 den cy19 imp:n=l $ carbon steel forming the actual shield plug 
C Cell 3100 = void den clyl0 #cy19 imp:n=l $ void gap around the cylindrical shield plug 

C Final MCNP description of the cells in and around the HB-3 shield plug: 

C 

C 

C 

C Cell 3020 = 8 8  den box3 #box4 #box2 imp:n=l $ 6s liner on bioshield near small (upetream) side of removable block containing shield plug 2 

ield plug 

concrete block 

C 

C 

C 

3000 61 -1.0e-20 -9999 3001 -9998 9990 imp:n=l $ void downstream of the HB-3 shield plug (shutter); excl small sph around pt where Blosser & Tho 
mas made measurements 

c Barytes concrete bioshield from the upstream edge of the cavity containing the removable concrete block containing 
c the HB-3 shield plug (really surf 30101, out to the downstream edge of the removable block containing the shield plug: 
3001 62 -3.09725 -9999 3010 -3001 $ barytas concrete bioshield (outermost part) 

#(3103 -3093 3043 -3053 3010 -3002) $ barytes concrete bioshield (outermost part) 
#(3083 -3073 3023 -3033 3006 -3001) $ barytes concrete bioshield (outermost part) 
imp : n= 1 $ barytes concrete bioshield (outermost part) 

------^--------------------------------------------------------------------------------------------------------------------------------------- 

C 

C 
c Barytes concrete bioshield from beyond pool liner (liner not modeled) out to upstream edge of removable block containing shield plug (really surf 3010 
) 
3002 62 -3.09725 -9999 9997 -3010 2017 2136 $ barytes concrete bioshield (from pool liner to shutter assembly cavity) 

#(4155 -3010 -4265) 4225 $ barytes concrete (above) excluding everything inside 6s bioshield liner around collimator assembly 
imp: ne1 $ barytes concrete bioshield (from pool liner to shutter aesembly cavity) 

C 
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C 
C 
3010 40 -7.92 (3083 -3073 3023 -3033 3006 -3001) 

. . . . . . . . . . . . . . . . . . . . . . . . .  

#(3082 -3072 3022 -3032 3005 -3001) 
#(3103 -3093 3043 -3053 3010 -3002) 
irnp:n=l 

C 

3020 40 -7.92 (3103 -3093 3043 -3053 3010 -3002) 
#13102 -3092 3042 -3052 3009 -3002) 
#(3082 -3072 3022 -3032 3005 -3001) 
4240 imp:n=l 

of collimator assy) 
C 
3030 40 -7.92 (3081 -3071 3021 -3031 3004 -3001) 

#(3080 -3070 3020 -3030 3003 -3002) 
#(3101 -3091 3041 -3051 3008 -3002) 
3110 imp:n=l 

C 

3060 40 -7.92 (3101 -3091 3041 -3051 3008 -3002) 
#(3100 -3090 3040 -3050 3007 -3002) 
#(3080 -3070 3020 -3030 3003 -3002) 
3110 imp:n=l 

C 

$ 6s liner on 
$ ss liner on 
.$ ss liner on 
$ ss liner on 

$ 6s liner on 
$ ss liner on 
.$ ss liner on 
$ 6s liner on 

$ ss liner on 
$ ss liner on 
$ ss liner on 
$ ss liner on 

$ ss liner on 
$ ss liner on 
$ ss liner on 
$ ss liner on 

bioshield near big (downstream) 
bioshield near big (downstream) 
bioshield near big (downstream) 
bioshield near big (downstream) 

bioshield near small (upstream) 
bioshield near small (upstream) 
bioshield near small (upstream) 
bioshield near small (upstream) 

big (downstream) 
big (downstream) 
big (downstream) 
big (downstream) 

small (upstream) 
small (upstream) 
small (upstream) 
small (upstream) 

3050 61 -1.0e-20 ((3102 -3092 3042 -3052 3009 -3002): $ void immediately upstream 
(3082 -3072 3022 -3032 3005 -3001)) $ void immediately upstream 

#(3101 -3091 3041 -3051 3008 -3002) $ void immediately upstream 
#(3081 -3071 3021 -3031 3004 -3001) $ void inmediately upstream 

side of 
side of 
side of 
side of 

side of 
side of 
side of 
side of 

of (and 
of (and 
of (and 
of (and 

C 

#(-4195 -4245) 
imp : n= 1 

$ void (above) excluding downstream 
$ void immediately upstream of (and 

side of removable block containing shield plug 
side of removable block containing shield plug 
side of removable block containing shield plug 
side of removable block containing shield plug 

side of removable block containing shield plug 
side of removable block containing shield plug 
side of removable block containing shield plug 
side of removable block containing shield plug (excl end 

removable concrete block containing shield plug 
removable concrete block containing shield plug 
removable concrete block containing shield plug 
removable concrete block containing shield plug 

removable concrete block containing shield plug 
removable concrete block containing shield plug 
removable concrete block containing shield plug 
removable concrete block containing shield plug 

around) the removable concrete block containing shield plug 
around) the removable concrete block containing shield plug 
around) the removable concrete block containing shield plug 
around) the removable concrete block containing shield plug 
end of collimator assembly and flange 
around) the removable concrete block containing shield plug 

z 
t.4 

3060 62 -3.09725 ((3100 -3090 3040 -3050 3007 -3002): $ barytes concrete forming bulk of the removable concrete block containing shield plug 
(3080 -3070 3020 -3030 3003 -3002)) $ barytes concrete forming bulk of the removable concrete block containing shield plug 

#(-3122 3060 -3064) 3110 imp:n=l $ baryte6 concrete forming bulk of the removable concrete block containing shield plug 
C 
Z070 40 -7.92 -3122 3060 -3064 3110 3007 -3002 $ ss liner inside the removable concrete block containing shield plug 

#(-3121 3061 -3063) imp:n=l $ 8s liner inside the removable concrete block containing shield plug 
C 

C 3080 61 -1.0e-20 -3110 3008 -3001 3121 imp:n=l $ void near centerline, upstream and downstream of shield plug, inside removable concrete b 
lock 
3080 61 -1.0e-20 -3110 3008 -3001 3120 imp:n=l $ void near centerline, upstream and downstream of shield plug, inside removable concrete block 
C 
3090 50 
3091 61 

3100 61 
C 

-7.8212 
-1.0e-20 

-1 .Oe-20 

-3120 3061 -3062 3131 3132 imp:n=l $ carbon steel forming the shield plug (ie, the rotary shutter) 
-3120 (-3131:-3132) imp:n=l $ beam holes thru the rotary shutter); for orientation, see surfs 3131 & 3132 
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C 4305 61 -1.0e-20 4140 -4145 
of water tube not here) 

C 
4310 40 -1.92 4130 -4190 -4230 

-----______--------------- 
4315 61 -1.0e-20 4190 -4195 4210 
1 leakage here 
4316 61 -1.0e-20 4190 -4195 -4230 
4320 24 -2.1 4125 -4195 4230 
4321 24 -2.1 4125 -4126 2135 
4330 40 -1.92 4180 -4195 4235 
4335 40 -7.92 3009 -4195 4240 
4340 61 -1.0e-20 4170 -3010 1235 

4210 -4211 4212 -4213 

#(4210 -4211 4212 -4213) 
-4211 4212 -4213 

#(4210 -4211 4212 -4213) 
-4235 
-4230 
-4240 
-4245 
-4260 #(4180 -4240) 

C 4345 41 -7.92 4150 -4170 4235 -4255 
4345 40 -1.92 4150 -4170 4235 -4255 #(4250 
4350 40 -7.92 4160 -4110 4255 -4260 
4355 40 -1.92 4160 -3010 4260 -4265 
4356 40 -1.92 4155 -4160 4220 -4265 
4360 61 -1.0s-20 4135 -4150 4235 -4250 
4365 40 -1.92 4120 -4160 4250 -4220 
4310 40 -7.92 4105 -4135 2136 -4250 #(4125 
4315 61 -1.0e-20 4115 -4130 -4230 #(2135 

4380 61 -1.0e-20 4110 -4115 -2135 
e not here) 
C 4380 23 -2.1 4110 -4115 -2135 
downstream end of water tube) 

C _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ _ _ _ _  

C 
4385 
4390 
C 

C 

9990 
ide 
9999 
C 

C 

C 

C 

C 

C 

C 

C 

C 

C 
C 
C 
C 

C 

C 

C 

1000 
1001 
1002 
1003 
1004 
1005 
1006 

imp:n=l .$ void here IF modeling 2nd aluminum window in 1998 design (downstream end 

imp:n=l $ 6s body of central collimator with rectangular hole 
imp:n-l $ thin rect void reg (5.5"~2.15'~) inmediately downstream of colimator <--  get axia 

imp:n=l $ thin void immediately downstream of steel body of collimator (excl rect hole) 
irnp:n=l $ aluminum: expanded section of beam tube along side the collimator 
imp:n=l $ aluminum step where beam tube expands again, just upstream of collimator 
imp:n=l $ 6s pool seal (8) downstream of collimator 
imp:n=l $ 6s flange around pool seal (B) downstream of collimator 
imo:n=l S void downstream of removable shield and eccentric shield 

#(4250 -4160) 
-4160) imp : n= 1 

imp : n=1 
imp:n=l 
imp:n=l 
imptn=l 
i m p  : nu 1 

-4235) imp:n=l 
-4126) imp:n=l 

imp:n=l $ void 

imp:n=l $ 8s removable shield, radially outside beam tube, next to collimator 
$ 8s removable shield, radially outside beam tube, next to collimator 
$ ss eccentric shield, radially outside removable shield 
$ 8s bioshield liner, between eccentric shield and concrete bioshield 
$ ss liner on step expansion of bfoshield, just upstream of removable shiled 
$ void just upstream of removable shield around collimator 
$ 6s pool seal (A2) upstream of collimator 
$ ss pool seal ( ~ 1 )  upstream of collimator 
$ void just upstream of collimator (before 2nd aluminum window in 1998 design) 

here IFF simulating 2nd aluminum window in 1960 design (downstream end of water tub 

imp:n=l $ aluminum here IF one wants to model 2nd aluminum window in 1998 design ( 

t4 
8 -1.0000 4100 -4120 2136 -4220 #(4105 -4250) imp:n=l $ water between beam tube & 6s sleeve extending from concrete bioshield into pool E 
40 -1.92 4100 -4155 4220 -4225 imp:n=l $ ss sleeve / bioshield liner extending from bioshield into the pool 

_______________--_-- - - - - - -  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
61 -1.0e-20 -9990 imp:n=l $ small sph around gt where Blosser & Thomas made measurements; for illustrative purposes only; may put pt det ins 

0 #(-9999 9997 -9998) fmp:n=O $ external void; everything not inside the (1.3 m d i m  x 7.0 m l o n g )  cylinder modeled here 

END CELLS (next line must be blank) 

BEGIN SURFACES: 

HB-3 (Tangential tube); described here a6 if the Z axis now corresponds to HB-3 axis 

The following correspond to the real 
1000 s z  28.5369 5.08 s 
1001 s z  28.5369 6.03250 $ 
1002 sz 28.5369 6.15250 $ 
1003 SI 28.5369 6.3896875 $ 
10Q4 sz 28.5369 6.5497075 $ 
1005 sz 28.5369 6.1605215 $ 
1006 pz 28.5369 

Here, the hot tip has been 
8 2  10.0 5.08 $ 
s z  10.0 6.03250 .$ 
s z  10.0 6.15250 $ 
E= 10.0 6.3896875 $ 
s z  10.0 6.5497075 $ 
6 2  10.0 6.7605275 $ 
PZ 10.0 $ 

"physical" location of the spherical tip of the HB-3 beam tube: 
Spherical void OD 
spherical inner A1 wall OD 
Spherical water OD 
Spherical outer A1 wall OD 
Spherical water jacket OD 
Spherical A1 BS liner OD 
Plane at end of Cylindrical tube 

artificially extended inward 18.5369 em to accomodate innermost equiv point src at Z=10 cm: 
Spherical void OD 
Spherical inner A 1  wall OD 
Spherical water OD 
Spherical outer A 1  wall OD 
Spherical water jacket OD 
Spherical A1 Be liner OD 
Plane at end of Cylindrical tube 
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C 

1007 
C 

C 

1010 
1011 
1012 
1013 
1014 
1015 
C 
C 

C 

C 

2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
C 

C 

C 

C 

2100 
2101 
2105 
2106 
C 

C 

1007 gz 118.6879 $ Plane below which all importances are zero; located 2 cm upstream of first pt det used to get pt srcs 
pz 75.473 $ Plane below which all importances are zero; use this for dosimetry only; located 31.6546 cm upstream of first dosimeter 

Cylindrical part of HB-3; described here as if the Z axis now corresponds to HB-3 axis 
cz 5.08 $ Cylindrical void OD 
cz 6.03250 $ Cylindrical inner A 1  wall OD 
cz 6.1515625 $ Cylindrical water OD 
cz 6.3896875 $ Cylindrical outer A 1  wall OD 
cz 6.5497075 $ cylindrical water jacket OD 
cz 6.7605275 $ Cylindrical A 1  Be liner OD 

I f  the Z axis now corresponds 
Sidewall thicknesses from per 
c/x 26.67 0.0 54.61 
c/x 26.67 0.0 55.245 
c/x 26.67 0.0 56.8325 
c/x 26.67 0.0 119.38 
c/x 26.67 0.0 119.6975 
c/x 26.67 0.0 127.0 
c/x 26.67 0.0 127.254 
c/x 26.67 0.0 274.32 

to HE-3, then the main cylinders for core, vessel, etc, are described as: 
comm. with Dick Rothrock (01-11-95); Sidewall dimensions from 1971 report 

$ outer radius--permanent Be refl. reg. 
$ outer radius--water gap 
$ outer radius--aluminum reflector cage 
$ outer radius--water 
$ outer radius--inner pressure vessel clad 
$ outer radius--pressure vessel 
$ outer radius--outer pressure vessel clad 
$ outer radius--H20 pool (poo~/pool-liner interface at r=274.32 cm; pool diam=18 ft) 

Note: for now, will model boss & flange on HE-3, but will ignore some of the finer details. Will assume, for example, 
that the vessel is tight against HE-3, thus ignoring the slightly larger hole actually present in vessel for HB-3, and 
the sleeve (hydraulic seal) around HE-3 near vessel. These may be added later ( 9 ) .  

cz 10.0680 $ inner radius of vessel nozzel (boss) around HB-3 beam tube (see dwg E-42027) 
cz 21.45 $ outer radius of vessel nozzel (boss) around HB-3 beam tube (see dwg E-42027) 
pz 137.16 $ plane defining end of bo86 on pressure vessel around HB-3 (see dwg E-42027); in model, use 2106 instead 
pz 143.9443 $ plane defining end of thick flange mounted on boss on pressure vessel around HB-3 (see dwg E-42027) 

23 
P 

wrong: 2110 42 sq 0.9262159 0.9880902 -1.0 0 0 0 0 0 0 0 $ elliptical cone used to define chamfer between HB3 vessel hole and inner su 
rf of pressure vessel 
C The above specification was used in Runs HB304G & HB304H. Subsequent graphical analysis of the flare at the midplane (x=O) 
C showed that this elliptical cone chamfer was NOT a good representation of the rounded corners, and (in fact) cut off too 
C much steel from the vessel and substituted too much water. The graphical analysis was reworked, using some CAD work 
C and some equations this time, and the following was found to be a much more accurate representation. -- JAB, 5 Apr 98 
C Input files for Ha3041 Sr HB304J were also no good. These were failed attempts to fix the problem. Those two cases 
C (I&J) were never run since similar groblams were noticed during the graphical checkout step before final submission. 
C Run HB304K (whose correct input is shown below) was the firt run which had this correct. TR42 also changed. -- JAB 6 Apr 98 
2110 42 s q  0.928252 1.0 -1.0 0 0 0 0 0 0 0 $ elliptical cone used to define chamfer between HE3 vessel hole and inner surf of pressure vessel 
2111 42 pz -0.001 $ plane used to help define which side of the double elliptical cone we want (cone reduces to a point at z=O,  but use z=-O.OOl to avo 
id roundoff) 
2112 42 pz -15.0 $ plane used to define the upstream axial extent of the elliptical cone we want to consider (must be somewhere beyond 2=-12.78829; z= 
-15 is 
C 
C 

2121 
2126 
C 
2130 
2131 
C 
2134 
2135 
2136 

2150 
C 

arbitrary) 

Note regarding dosimeters: these are really Charpy V-notch specimens, measuring 0.75"x0.75"x1.5"; locations were taken from dwg E-42027 
s 0.0 -13.480 107.1276 1.48893 $ sphere simulating dosimeter just slightly on HB-4 side of HB-3 (see above note) 
s 0.0 12.284 112.9905 1.48893 $ sphere simulating dosimeter just slightly on HB-2 side of HB-3 (see above note) 

cz 7.16174 $ inner radius of 6s sleeve around HB-3 beam tube, near vessel 
cz 7.9338 $ outer radius of ss sleeve around HB-3 beam tube, near vessel 

cz 6.08626 $ inner radius of pneumatic tubes/coils inside expanded section of the HB-3 beam tube outside the vessel 
c z  7.03453 $ pneumatic tube / beam tube interface for the expanded section of the HB-3 beam tube outside the vessel 
cz 7.7'-'7 $ outer radius of the expanded section of the HE-3 beam e %e outside the vessel 

pz 96 ( 5  $ plane defining end of 6s sleeve around beam tube, neaA ssel 
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2151 
2152 
2153 
2154 
C 

C 

C 

C 

2161 
2162 
2163 
2164 
2165 
C 

C 

C 

C 
C 

C 
C 
C 

C 

C 

C 
C 

C 

C 
C 

C 
C 

C 
C 

pz 116.7841 $ upstream side of aluminum window forming start of water tube in original HB-3 design (as built) 
pz 117.7366 $ downstream side of aluminum window forming start of water tube in original HB-3 design (as built) 
pz 174.27 $ upstream side of aluminum window forming start of water tube in proposed HB-3 design 
pz 174.95125 $ downstream side of aluminum window forming start of water tube in proposed HB-3 design 

The following surfaces are used for a part-length model of the old (1960) water tube. 
In this part-length Model, the downstream end is defined by surf 2153 which is the 
upstream surface of the I-st aluminum window defining the start of the 1998 water tube. 
cz 3.65125 $ inner radius of cylindrical portion of old (1960) water tube 
cz 4.60375 $ outer radius of cylindrical portion of old (1960) water tube 
pz 120.30375 $ plane between cylindrical & spherical portion of old (1960) water tube, near upstream end 
sz 120.30375 3.65125 $ inner radius of spherical portion of old (1960) water tube, near upstream end 
sz 120.30375 4.60375 $ outer radius of spherical portion of old (1960) water tube, near upstream end 

Surfaces associated with dosimeters & dosimeter specimen holder at Key 3 around HE-3 

2510 cz 8.41005 $ outer radius of thin cylindrical sleeve on Key 3 dosimetry specimen holder 
2511 pz 107.056 $ upstream extent of thin cylindrical sleeve on Key 3 dosimetry specimen holder 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C 

2520 
2521 
2522 

2530 
2531 
2532 
2533 

2541 

2543 

c 

C 

254a 

4 0  
40 
60 

4 0  
4 0  
4 0  
4 0  

PX 
PX 
vx 

cz 9.36625 
pz -1.5875 
pZ 1.5875 

cz 18.57375 
pz -0.635 
pz 0.635 
pz -2.54 

-1.4733 
1.4732 

-1.905 
-X location only a guess 
C 2544 px 1.905 
+ X  location only a guess 
C 
C 

C 

C 

C 
C 

C 

C 
C 

C 

C 
C 

C 
C 

C 

C 
2510 
2511 
C 
2520 
2521 
2522 
C 

C 

2551 40 pY 
2552 4 0  DY 

2554 40 py 
2553 40 py 

C 

2561 40 BY 
2562 40 DY 
2563 40 PY 
2564 40 py 

10.993 
16.327 
10.7675 
12.6725 

-10.993 
-16.327 
-13.9075 
-15.8125 

outer radius of thick cylindrical sleeve on Key 3 dosimetry specimen holder 
upstream extent of thick cylindrical sleeve on Key 3 dosimetry specimen holder 
downstream extent of thick cylindrical sleeve on Key 3 dosimetry specimen holder 

outer radius of Key 3 dosimetry specimen holder (ring) 
upstream extent of Key 3 dosimetry specimen holder E upstream surf of all capsule positions in Key 3 

upstream face of small square pegs directly upstream of dosimeters in Key 3 ,  Positions 3 & 8 (downstream faceasurf 2531) 

bottom {-X) surf of capsules in Key 3 ,  positions 3 & 8 (specifically); no transformation req'd 
top (+X)  surf of capsules in Key 3, positions 3 P 8 (specifical1y)i no transformation reu'd 
bottom ( - X )  surf of small square pegs directly upstream of dosimeters in Key 3 ,  Positions 3 & 81 no transformation req'd; 

top (+X) surf of small square pegs directly upstream of dosimeters in Key 3 ,  Positions 3 & 8; no transformation req'di 

downstream extent of Key 3 dosimetry specimen holder = downstream surf of all capsule positions in Key 3 td 

innermost (-Y) surf of capsule in Key 3 ,  Position 3 (sgecifically); ie, capsule on HB-2 side of HE-3 
outennost (+Y) surf of capsule in Key 3, Position 3 (specifically); ie, capsule on HE-2 side of HE-3 
innermost (-Y) surf of square peg just upstream of dosimeter at Key 3, Position 3 (specifically) 
outermost (+Y)  surf of square peg just upstream of dosimeter at Key 3, Position 3 (specifically) 

innermost (+Y) surf of capsule in Key 3 ,  Position 8 (specifically); ie, capsule on HB-4 side of HB-3 
outennost ( - Y )  surf of capsule in Key 3, Position 8 {specifically); ie, capsule on HB-4 side of HB-3 
innermost (+Y) surf of square peg just upstream of dosimeter at Key 3 ,  Position 8 (specifically) 
outermost (-Y) surf of square peg just upstream of dosimeter at Key 3 ,  Position 8 (specifically) 

Surfaces associated with dosimeters & dosimeter specimen holder at Key 3 around HB-3. (Note: These were all revised 
as follows by JAB on 3 Apr 98 for Run H8304K. based on newly available data shown on Dwg E-49953, Rev A, 6-30-65): 

c2 8.17193 $ outer radius of thin cylindrical sleeve on Key 3 dosimetry specimen holder 
pz 109.17 $ upstream extent of thin cylindrical sleeve on Key 3 dosimetry specimen holder 

40 cz 9.5 $ outer radius of thick cylindrical sleeve on Key 3 dosimetry specimen holder 
40 p Z  -2.3 $ upstream extent of thick cylindrical sleeve on Key 3 dosimetry specimen holder 
40 pz 0.8 .$ downstream extent of thick cylindrical sleeve on Key 3 dosimetry specimen holder 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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2530 4 0  cz 18.16 
2531 4 0  pz -0.8175 
2532 4 0  pz 0.50 
"r1.00075 can thk) 
2533 4 0  pz -3.25 
2534 4 0  0% - 0 . 5 0  
C 

2541 px -1.50622 
2542 pX 1.50622 
2543 PX -1.50 
tion only a guess 

tion only a guess 
2544 PX 3.37 

C 

2551 
2552 
2553 
2554  
C 
2561 
2562 
2563 
2564 
C 

C 

C 

C 

e 
2701 
2702 

2710 
2711 
2712 

2720 
2722 
2724 
2726 
2728 
C 
2742 
2744 
2746 
2748 

C 

C 

C 

C 

C 

C 

C 

4 0  py 10.10045 $ 
4 0  py 15.59955 $ 
4 0  py 11.0475 $ 
4 0  py 12.9525 $ 

4 0  py -10.10045 $ 
4 0  py -15.59955 $ 
4 0  py -14.1475 .$ 
4 0  py -16.0525 $ 

outer radius of Key 3 dosimetry 
upstream extent of Key 3 dosimetry 
downstream extent of Key 3 dosimetry 

specimen holder (ring) 
specimen holder ring (ie, just upstream on the 0.3175 cm cover plate, but no water) 
specimen holder ring = downstream surf of all capsule positions in Key 3 (capsules are 0.394 

upstream face of small square pegs directly upstream of dosimeters in Key 3, Positions 3 & 8 (downstream face=surf 2531) 
upstream face of 1-cm-thk dosimeter capsules (Key 3, Positions 3 & 8) inside dosimeter holder ring 

bottom ( -X)  surf of capsules in Key 3, positions 3 & 8 (6pecifically)i no transformation reu'd 
top ( + x )  surf of capsules in Key 3, positions 3 & 8 (specifically); no transformation req'd 
bottom ( -x) surf of small square pegs directly upstream of dosimeters in Key 3, 

top [+X) surf of small square pegs directly upstream of dosimeters in Key 3 ,  

innermost (-Y) surf of capsule in Key 3, Position 3 (specifically); ie, capsule 
outermost (+Y) surf of capsule in Key 3, Position 3 (specifical1y)i ie, capsule 
innermost (-Y) surf of square peg just upstream of dosimeter at Key 3 ,  Position 
outermost ( + Y )  surf of square peg just upstream of dosimeter at Key 3, Position 

innermost (+Y) surf of capsule in Key 3, Position 8 (specifically); ie, capsule 
outermost (-Y) surf of capsule in Key 3 ,  Position 8 (specifically); ie, capsule 
innermost (+Y) surf of square peg just upstream of dosimeter at Key 3, Position 
outermost (-Y) surf of square peg just upstream of dosimeter at Key 3, Position 

Positions 3 & 8; no transformation reqld; -X loca 

Positions 3 & 8; no transformation req'd; +X loca 

on HB-2 side of HB-3 
on HB-2 side of HB-3 
3 (specifically) 
3 (specifically) 

on HE-4 side of HB-3 
on HB-4 side of HB-3 
8 (specifically) 
E (specifically) 

Surfaces associated with the 2-plate collar holding cooling tubs on 8s sleeve outside beam tube close to dosimeter ring 

cz 11.40 $ outer radius of 2-plate collar (surf 2131 defines inner radius) 
cz 14.88 $ outer radius of the one apacer plate extension 

px 0.0 $ horizontal midplane = top surface of the one spacer plate extension 
px -1.11125 $ bottom surface of the horizontal spacer plates 
px 1.11125 $ top surface of the horizontal spacer plates 

PY 0.0 .$ vertical plane up middle [needed to uniquely define spacer plate extension) 
py -1.80 $ right surface of vertical spacer plates on left 
py -3.22 $ left surface of vertical spacer plates on left 
py 1.80 $ left surface of vertical spacer plates on right 
py 3.22 $ right surface of vertical spacer plates on right 

pz 100.3275 $ upstream surface of 1st (upstream) plate 
pz 101.43875 $ downstream surface of 1st (upstream) plate 
pz 105.24875 $ upstream surface of 2nd (downstream) plate 
pz 106.36 $ downstream surface of 2nd (downstream) plate 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3001 pz 478.79 $ 
-5022 and E-42027) 

3003 pz 447.3575 $ 
3004 pz 446.405 $ 
3005 pz 44 '  75 $ 

3002 pZ 411.8375 $ 

3006 pZ 4 4  .5 $ 
3007 pZ 414.Y125 $ 

plane defining end of concrete just past downstream edge of removable concrete block containing HB-3 shield plug (see dwgs 1546-01-M 

upstream surf of 66  block liner downstream of shutter 
downstream side of 6 s  liner on removable block near midsection of removable concrete block containing shield plug 
upstream side of ss liner on removable block near midsection of removable concrete block containing shield plug 
downstream side of 8 s  liner on bioshield near midsect' of removable concrete block containing shield plug 
upstream side of 8s liner on bioshield near midsect 3f removable concrete block containing shield plug 
downstream side of 8 s  liner on upstream side of remova..,e concrete block containing shield plug 
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3008 
3009 
3010 

3020 
3021 
3022 
3023 

3030 
3031 
3032 
3033 

3040 
3041 
3042 
3043 

3050 
3051 
3052 
3053 
C 
3060 
3061 
3062 
3063 
3064 

3070 
3071 
3072 
3073 

3080 

3082 

C 

C 

C 

C 

C 

C 

3081 

3083 
C 

3090 
3091 
3092 
3093 

3100 
3101 
3102 
3103 

3110 

3120 
3121 
3122 

C 

C 

C 

C 

C 
C 

pZ 414.02 $ upstream side of ss liner on upstream side of removable concrete block containing shield plug 
PZ 392.7475 $ downstream side of BE liner on bioshield (upstream of removable concrete block containing shield plug) 
pz 392.1125 $ upstream aide of 6s liner on bioshield (upstream of removable concrete block containing shield plug) 

PY -40.79875 $ inner surf ( -Y )  of 60 liner on big (downstream) side of removable concrete block containing shield plug 
PY -41.75125 $ outer surf (-Y) of ss liner on big (downstream) side of removable concrete block containing shield plug 
py -43.4975 $ inner surf (-Y) of 6s liner on bioshield near big (downstream) side of removable concrete block containing shield plug 
py -44.1325 $ outer surf ( - Y )  of S B  liner on bioshield near big (downstream) side of removable concrete block containing shield plug 

pY 40.79875 $ inner surf ( + Y )  of 6s liner on big (downstream) side of removable concrete block containing shield plug 
py 41.75125 $ outer surf (+Y) of ss liner on big (downstream) side of removable concrete block containing shield plug 
PY 43.4975 $ inner surf (tY) of 8s liner on bioshield near big (downstream) side of removable concrete block containing shield plug 
pY 44.1325 $ outer surf ( + Y )  of 6s liner on bioshield near big (downstream) side of removable concrete block containing shield plug 

PY -36.195 $ inner Surf ( - Y )  of 8s liner on small (upstream) side of removable concrete block containing shield plug 
pY -37.30625 $ outer surf ( - Y )  of 8 s  liner on small (upstream) side of removable concrete block containing shield plug 
PY -39.6875 $ inner surf ( - Y )  of 6s liner on bioshield near small (upstream) side of removable concrete block containing shield plug 
PY -40.3225 $ outer surf (-Y) of 6s liner on bioshield near small (upstream) side of removable concrete block containing shield plug 

PY 36.195 $ inner Surf ( + Y )  of 6s liner on small (upstream) side of removable concrete block containing shield plug 
PY 37.30625 $ outer surf ( + Y )  of 6s liner on small (upstream) side of removable concrete block containing shield plug 
PY 39.6875 $ inner surf ( + Y )  of 6s liner on bioshield near small (upstream) side of removable concrete block containing shield plug 
PY 40.3225 $ outer surf (+Y) of 6s liner on bioshield near small (upstream) side of removable concrete block containing shield plug 

px -31.27375 $ bot surf of lower 6s liner for cylindrical cavity containing shield plug 
PX - 3 0 . 4 8  $ top surf Of lower ss liner for cylindrical cavity containing shield plug = bottom surf of shield plug 
px 30.48 $ top surf of shield plug 
px 31.27375 $ bot surf o f  upper ss liner for cylindrical cavity containing shield plug 
px 32.0675 $ top surf o f  upper 6s liner for cylindrical cavity containing shield plug 

px 40.79875 $ inner surf (+X) of 6s liner on big (downstream) side of removable concrete block containing shield plug 
PX 41.75125 $ outer surf (+XI of 8s liner on big (downstream) side of removable concrete block containing shield plug 
px 43,4975 $ inner surf ( + X )  of 8s liner on bfoehield near big (downstream) side of removable concrete block containing shield plug 
p x  44.1325 $ outer surf (+X) of 6 8  liner on bioshield near big (downstream) side of removable concrete block containing shield plug 

PX -40.79875 $ inner surf (-X) of 6s liner on big (downstreah) side of removable concrete block containing shield plug 
PX -41.75125 $ outer surf (-X) of 6s liner on big (downstream) side of removable concrete block containing shield plug 
px -43.4975 $ inner surf (-X) of BE liner on bioshield near big (downstream) side of removable concrete block containing shield plug 
px -44.1325 $ outer surf (-X) of 8s liner on bioshield near big (downstream) side of removable concrete block containing shield plug 

px 36.195 $ inner surf (+X) of ss liner on small (upstream) side of removable concrete block containing shield plug 
px 37.30625 $ outer surf 
px 39.6875 $ inner surf 
px 40.3225 $ outer surf 

px -36.195 $ inner surf 
px -37.30625 $ outer surf 
px -39.6875 $ inner surf 
gx -40.3225 $ outer surf 

+X) of ss liner on small (upstream) side of removable concrete block containing shield plug 
+X) of 6s liner on bioshield near small (upstream) side of removable concrete block containing shield plug 
+x) of ss liner on bioshield near small (upstream) side of removable concrete block containing shield plug 

-X) of 6s liner on small (upstream) side of removable concrete block containing shield plug 
-x)  of 6 8  liner on small (upstream) side of removable concrete block containing shield plug 
-x)  of 8 8  liner on bioshield near small (upstream) side of removable concrete block containing shield plug 
-x) of 6 s  liner on bioshield near small (upstream) side of removable concrete block containing shield plug 

cz 8.255 $ cy1 (along z axis) defining void in removable concrete block, upstream and downstream of the shield plug 

c/x 0.0 446.405 30.95625 $ outer radius of carbon steel shield plug fie, rotary shutter); also see surfs 3131 & 3132 
c/x 0.0 446.405 31.75 $ outer radius of void around shield plug - inner radius of ss liner in removable concrete block 
c/x 0.0 446.405 32.54375 $ outer radius of 6s liner in removable concrete block containing shield plug 
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3131 
3132 
C 

C 

C 

C 

C 

C 

C 

C 

C 

C 
C 

C 
C 

4100 
4105 
4110 
4115 
4120 
4125 
4126 
4130 
4135 
4140 
4145 
4150 
4155 
4160 
4170 
4180 
4190 
4195 
C 
C 

C 

C 
C 

C 

4210 
4211 
4212 
4213 
C 

C 

C 

C 

4220 
4225 
4230 
4235 
4240 
4245 
4250 
4255 
4260 
4265 
C 

11 cz 4.445 $ the big 3.5"diam beam hole in the rotary shutter; use this when big hole is turned to "open" position 
21 cz 1.11125 $ small 0.875"diam beam hole in the rotary shutter] use this when big hole is turned to "opent8 position 

3131 12 cz 4.445 $ the big 3.5"diam beam hole in the rotary shutter; use this when small hole is turned to "open" position 
3132 22 cz 1.11125 $ small 0.875"diam beam hole in the rotary shutter; use this when small hole is turned to "open" position 

3131 13 cz 4.445 $ the big 3.5"diam beam h o l e  in t h e  rotary shutter; use this when shutter is turned to "closed" position 
3132 23 cz 1.11125 $ small 0.875"diam beam hole in the rotary shutter; use this when shutter is turned to "closed" position 

92 261.9474 $ 
92 286.385 $ 
pz 302.1868 $ 
pz 302.5043 $ 
pz 304.0467 $ 
92 304.1 $ 
pz 304.735 $ 
pz 310.58 $ 
pz 311.785 $ 
pz 334.7709 $ 
pz 335.4756 $ 
pz 335.7967 $ 
pz 341.8292 $ 
pz 342.7617 $ 
pz 381.5167 $ 
pz 381.1645 $ 

max upstream axial location of narrow 6s sleeve extending thru concrete into pool 
upstream axial surf of pool seal (AI) 
upstream surf of 2nd aluminum window defining end of water tube in 1998 design 
downstream surf of 2nd aluminum window defining end of water tube in 1998 design 
upstream axial surf of pool seal (A21 
step A for 2nd expansion of beam tube just upstream of collimator 
step B for 2nd expansion of beam tube just upstream of collimator 
upstream surface of collimator 
downstream surf of pool seal (All 
upstream surf of 2nd aluminum window defining end of water tube in 1960 design 
downstream surf of 2nd aluminum window defining end of water tube in 1960 design 
upstream surf of removable shield 
UDBtretWl side Of 
downstream side of 
downstream surf of 
upstream side of 

pz 399.40 $ downstream side of 
pz 401.9445 $ downstream side of 

8 8  liner in bioshield near step 
ss liner in bioshield near step = upstream surf of eccentric shield 
removable shield and eccentric shield 
pool seal (8) 
collimator 
pool seal (E) = downstream side of flange around pool seal (B) 

Box surfaces corresponding to rectangular-shaped hole in collimator: 

Here (like everywhere in this MCNP model of HB-3), 
z-central axis; Y is really horizontal; X is really vertical 
py -3.4925 $ p i n  
py 3.4925 $ y m a ~  

px -6.9650 $ m i n  
px 6.9850 $ xmax 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CZ 

CZ 

CZ 

CZ 

cz 
CZ 

CZ 

CZ 

CZ 
C Z  

17.2099 
17 .+I742 
9.21131 
9.84631 

13.97 
33.655 
14.0339 
19.7564 
22.: 
22. 

$ inner radius 
$ outer radius 
$ outer radius 
$ outer radius 
$ outer radius 
$ outer radius 
$ outer radius 
$ outer radius 
$ outer radius 
$ outer radius 

of 
of 
of 
of 
of 
of 
of 
of 
of 
of 

narrow ss sleeve extending thru concrete into pool 
narrow ss sleeve extending thru concrete into pool 
collimator = inner radius of (again) expanded aluminum beam tube 
(again) expanded aluminum beam tube = inner radius of removable shield 
pool seal (B) 
flange holding pool seal (B) 
pool seal (All = inner radius of pool seal (A2) 
removable shield = inner radius of eccentric shield 
eccentric shield = inner radius of 8s b' '-ield liner (in this axail section) 
6s bioshield liner (in this axail sect: 
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C 
C 
9990 s 0.0 0.0 678.1673 1.11125 $ small sph (Ruradius of small shutter hole), located at pt where Blosser & Thomas made measurements in June 1968 (cf 
OWL-TM- 2 2 2 1 ) 
C 
9997 pz 0.0 $ External void boundary (location corresponds to the real radial plane perpendicular to the real beam tube) 
9998 pz 700.0 $ External void boundary (far enough out to emcompass point where Blosser k Thomas made measurements in 1968) 
9999 cz 65.0 $ External void boundary (radial extent of this model) 
C 

C 

c END SURFACES (next line must be blank) 

C 
C 

C 

mode 
C 
C 

C 

C 

rips 

cut:n 
print 
prdw 

C 

C 
C 

C 

C 
C 

sdef 

C 

C 

C 
C 
C 

C 
si3 
SV 3 
C 

C 

C 
C 
C 
si53 
C 
C 
C 

C 
C 

PROBLEM PARAMETERS: 
mode p 
mode n p 

nps 2000000 
nps 40000000 
nps 60000000 
nps 80000000 

n 

120000000 
cutin time(shakes) energy(MeV) WC1 WC2 SWTM 

60 $ Table 60 shows vol, mass, n-imp by cell; see pp 3-117 of manual €or description of other useful tables you may want 
0 80000 0 4 0 $ make restart file after every 80000 histories in fixed src calc; save only the 4 most recent restart files 

1.0e20 0.027 -0.5 -0.25 0.0 $ cutoff: don't track any neutrons below 27 kev 

EQUIVALENT POINT SOURCES: 

sdef erg=d73  OS ferg d83 $ source def for gammas in HB-3 (total p/s = 1.35349E+17) 
ergtd53  OS ferg 663 $ source def for neutrons in HB-3 (total n/s = 9.645953+16); total n/E above 27 keV - 1.20830e16 
par=l $ par=l for neut, pari2 for photons 
vec o o 1 $ reference vector if directional-dependent source is used 
dir=d3 $ angular distribution wrt vec (Caution: choice of angular distribution sampled will dictate choice of wgt) 
wgte1.7332472-2 $ use this with 63; wgt = [mu(max)-mu(min)]/[(+l)-(-l)] E [1.0000000000-0.9653350561/2 - 1.7332472-2 
wgtz0.l $ use this with mu(rnin)=O.B in d3 for dosimetry calc only; wgt * [mu(msx)-mu(min)l/I(+l)-I-l)] = [1.0-0.81/2 = 0.1 
wgtn0.145 $ use thia with mu(rnin)=O.'ll in 63 for HB304M4 dosimetry calc only; wgt = [mu(max)-mu(min)l/[(+1)-(-1)] = 11.0-0.81/2 = 0.145 

Ang DfBt: to spray ieotropically across central void of HB-3 beam tube 
si3 h 0.965335056 1.0 $ angular distribution; mu boundaries (i.e, cosine boundaries wrt vec) 
si3 h 0.8 1.0 $ open up angular distribution for dosimetry run; mu boundaries t i . e ,  cosine boundaries wrt vec) 
h 0.71 1.0 $ open up angular distribution for H8304M4 dosimetry run; mu boundaries (i.e, cosine boundaries 
d 0 1 $ angular distribution; particle eIIdBSiOn probabilities by bin; first value (below lowest bin bound) ------------------- 

wrt vec) 
must be zero 

_^__________________- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

Begin distributions needed to describe the neutron sources in the HB-3 beam tube . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
h 1.0000e-11 $ this one E3nin(MeV), followed by Emax(MeV) for the 61 VELM neut grps (lowest to highest energy 

4.1399e-7 1.1253e-6 2.3824e-6 5.0435s-6 1.0677e-5 $ VELM n-groups 61, 60, 59, 58, 57, 
2.2603e-5 4.78510-5 1.013Oe-4 1.6702e-4 2.7536e-4 $ VELM n-groups 56, 55, 54, 53, 52, 
4.54OOe-4 7.48520-4 1.234le-3 2.03470-3 2.2487e-3  $ VELM n-groups 51. 50, 49, 48,  47, 
2.6126e-3 3.0354%-3 3.7074e-3 5.5308~3-3 9.1188e-3 $ VELM n-groups 46, 45, 4 4 ,  43, 42, 
1.50340-2 2.3579e-2 2.4788e-2 2.6058e-2 2.7000e-2 $ VELM n-groups 41, 40, 39, 38, 37, 

2.8501e-2 3.4307e-2 5.24750-2 5.65620-2 8.6517e-2 $ VELM n-groups 36, 35, 34, 33, 32, 
1.22770-1 1.49966-1 1.83160-1 2.2371e-1 2.73240-1 $ VELM n-groups 31, 30, 29, 28, 27, 
2.94520-1 2.9721s-1 2.9849e-1 3.01970-1 3.87740-1 $ VELM n-groups 26, 25, 24, 23, 22, 
4.9787e-1 5.234Oe-1 6.0810e-1 7.4274e-1 9.0718e-1 $ VELM n-groups 21, 20, 19, 18, 17, 

for MCNP) : 
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Sp53 d 
C 

C 

C 
C 

C 

ds63 1 
C 

C 

C 
C 

C 

C 
C 

C 
C 

C 
C 
C 
C 

C 

C 

1.108Oe+O 1.3534e+0 1.6530e+0 2.0190e+0 2.2313e+0 $ VELM n-groups 
2.3457e+O 2.4660e+O 3.0119e+0 3.6788e+O 4.4933e+0 $ VELM n-groups 
5.4881e+0 6.7032e+0 8.1873e+O 1.0000e+l 1.2214e+l $ VELM n-groups 
1.4918e+1 $ VELM n-group 

0.0 $ d m y  0, followed by neut src terms (n/s) for HB-3: 
6.30365e+16 2.25679e+15 1.52979e+15 1.30212e+15 1.55274e+15 $ VELN Zl-grOUDS 61, 60, 59, 58, 57, 
1.58981e+15 1.54759e+15 1.45876e+15 9.03837e+14 9.69821e+14 $ VELM n-groups 56, 55, 54, 53, 52, 
9.50610e+l4 8.74122e+14 8.53691e+l4 8.87245e+14 2.04908e+14 $ VELM n-groups 51, 50, 49, 48, 47, 
2,76622e+14 2.54975e+14 3.36538e+14 7.55438e+14 8.76077e+14 $ VELM n-groups 46, 45. 4 4 .  43. 42, 
9.84217e+14 7.42049e+14 6.69650e+13 1.12860e+14 5.24714e+13 $ VELM n-groups 41, 40, 39, 38, 37, 
1.21873e+14 3.03507e+14 4.969580+14 1.29680e+14 8.89397e+14 $ VELM n-groups 36, 35, 34, 33, 32, 
5.59006e+14 4.29193e+14 3.63241e+14 4.33245e+14 7.351998+14 $ VELM n-groupe 31, 30, 29, 28, 27, 
2.12840e+14 1.38494e+13 7.685840+12 3.65651e+13 6.29256e+14 $ VELM n-groups 26, 25, 24, 23, 22, 
5.85513e+14 1.49367e+14 3.61470e+14 5.35177e+14 6.65098e+14 $ VELM n-groups 21, 20, 19, 18, 17, 
5.40055e+14 7.09512e+14 8.070550+14 8.54720e+14 3.12945e+14 $ VELM n-groups 16, 15, 14, 13, 12, 
2.00073e+14 1.35333e+14 2.41078e+14 1.619478+14 2.06360e+14 $ VELM n-groups 11, 10, 9, 8, 7, 
1.36477e+14 7.32282e+13 3.05242e+13 8.64293~+12 6.92602e+12 $ VELM n-groups 6, 5, 4 .  3, 2, 
2.74800e+09 $ V E ~  n-group 1 

$ neutron starting positions ( x , y , z )  in HE-3: 
0 0 80.2 0 0 57.3 0 0 65.2 0 0 76.1 0 0 54.5 $ VELM n-groups 61, 60, 59, 58, 57, 
0 0 48.2 0 0 56.5 0 0 55.4 0 0 56.0 0 0 51.1 $ VELM n-groups 56, 55, 54, 53, 52, 
o 0 53.8 o o 52.6 0 0 61.2 0 0 60.5 0 0 43.0 $ VELM n-groups 51, 50, 49, 48,  47, 
0 0 49.5 0 0 55.0 0 0 65.1 0 0 53.3 0 0 52.7 $ VELM n-groups 46, 45, 44, 43, 42, 
0 0 50.7 0 0 54.0 0 0 69.0 0 0 46.7 0 0 62.6 $ VELM n-groups 41, 40, 39, 38, 37, 
0 0 67.5 0 0 79.8 0 0 52.9 0 0 56.7 0 0 47.4 $ VELM n-groups 36, 35, 34, 33, 32, 
0 0 45.7 0 0 45.6 0 0 42.5 0 0 48.9 0 0 34.2 $ VELM n-groups 31, 30, 29, 28, 27, 
0 0 42.4 0 0 63.8 0 0 53.7 0 0 42.3 0 0 49.6 $ VELM n-groups 26, 25, 24, 23, 22, 
0 0 58.8 0 0 52.9 0 0 50.3 0 0 56.8 0 0 44.1 $ VELM n-groups 21, 20, 19, 18, 17, 
0 0 70.1 0 0 46.8 0 0 59.7 0 0 50.2 0 0 52.1 $ VELM n-groups 16, 15, 14, 13, 12, 
0 0 33.3 0 0 43.5 0 0 65.3 0 0 56.9 0 0 47.9 $ VELM n-groups 11, 10, 9, 8, 7, 
0 0 62.6 0 0 59.5 0 0 42.9 0 0 68.7 0 0 31.1 $ VELM n-groups 6, 5, 4, 3, 2, 
0 0 99.9 $ VELM n-group 1 

Shift sources 1.5 crn to right of beam tube centerline to account for the anisotropic effect 
of more neutrons entering the one side of the beam tube than the other: -- JAB, 4-7-98 

0 1.6986 67.5 0 1.6986 79.8 0 1.6986 52.9 0 1.6986 56.7 0 1.6986 47.4 $ VELM n-groups 36, 35, 34, 
0 1.6986 45.7 0 1.6986 45.6 0 1.6986 42.5 0 1.6986 48.9 0 1.6986 34.2 $ VELM n-groups 31, 30, 29, 
0 1.6986 42.4 0 1.6986 63.8 0 1.6986 53.7 0 1.6986 42.3 0 1.6986 49.6 $ VELM n-groups 26, 25, 24, 
0 1.6986 58.8 0 1.6986 52.9 0 1.6986 50.3 0 1.6986 56.8 0 1.6986 44.1 $ VELM n-groups 21, 20, 19, 
0 1.6986 70.1 0 1.6986 46.8 0 1.6986 59.7 0 1.6986 50.2 0 1.6986 52.1 $ VELM n-groups 16, 15, 14, 
0 1.6986 33.3 0 1.6986 43.5 0 1.6986 65.3 0 1.6986 56.9 0 1.6986 47.9 $ VELM n-groups 11, 10, 9, 
0 1.6986 62.6 0 1.6986 59.5 0 1.6986 42.9 0 1.6986 68.7 0 1.6986 31.1 $ VELM n-groups 6, 5, 4, 
0 1.6986 99.9 $ VELM n-group 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C 

C Begin distributions needed to describe the g8nuna sources in the HB-3 beam tube 
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
si73 h 1.00000-2 $ this one Emin(MeV), followed by Emax(MeV) for the 23 VELM gamma g r p s  (lowest to highest 

2.00000-2 4.5000e-2 7.0000e-2 1.0000e-1 1.5000e-1 $ VELM g-grOUpS 23, 22, 21, 20, 19, 
3.0000e-1 4.0000e-1 S.1000e-1 6.0000e-1 7.0000e-1 $ VELM g-groups 18, 17, 16, 15, 14, 
1.00000+0 1.5000e+0 2.0000e+0 2.5000e+O 3.0000e+0 $ VELM g-groups 13, 12, 11, 10, 9, 
4.0000e+0 5.0000e+0 6.0000e+O 7.0000e+0 7.5000e+O $ VELM g-groups 8, 7, 6, 5,  4 ,  
8.0000e+0 1.000Oe+l 1.4000e+l $ g-groups 3, 2, 1 

8.72837e+12 2.84514e+15 1.65029e+16 1.67705e+16 1.828550+16 $ VELM g-groups 23, 22, 21, 20, 19, 
2.56708e+16 1.03805e+16 7.17665e+15 4.80101~+15 4.039750+15 $ VELM g-groups 18, 17, 16, 15, 14, 
7.31636e+15 5.27935e+15 4.23989e+15 2.66951e+15 1.42777e+15 $ VELM g-groups 13, 12, 11, 10, 9, 

1.51 .15 6.19421e+13 1.23250e+11 $ ' g-groups 3, 2, 1 

sp73 d 0.0 $ dunrmy 0, followed by gamma src terms (p/s) for HB-3: 

2.34' +15 1.98361e+15 6.75453e+14 1.23378~+15 1.601830+14 $ \r g-groups 8 ,  7. 6, 5, 4 ,  

ds83 1 $ * - r ~  starting positions ( x , y , z )  in HB-3: 

33, 32, 
28, 27, 
23, 22, 
18, 17, 
13, 12, 
8, 7, 
3. 2, 

energy for MCNP): 
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C 
C 
C 

C 

C 

C 

C 

C 

C 
C 
*trll 

C 
*tr12 

C 
*tr13 

C 

tr2 1 

C 
*tr22 

C 
*tr23 

0 0 10.0 0 0 61.9 0 0 68.1 0 0 82.1 0 0 63.9 $ VELM g-groups 23, 22, 21, 20, 19, 
0 0 84.5 0 0 81.6 0 0 64.7 0 0 88.8 0 0 83.2 $ VELM g-groups 16, 17, 16, 15, 14, 
0 0 86.8 0 0 93.6 0 0 96.9 0 0 99.2 0 0 96.6 $ VELM g-groups 13, 12, 11, 10, 9, 
0 0 92.6 0 0 93.2 0 0 96.4 0 0 93.9 0 0 96.0 $ VELM g-groups 8, 7, 6, 5, 4, 
0 0 94.4 0 0 99.9 0 0 97.4 $ WLM g-groups 3, 2, 1 

BEGIN-TRANSFOMTIONS: 

Transfomtions that can/should be used for the holes in the beam tube shield plug (ie, the rotary shutter): 
when big hole is turned to "open" position: use trll for big hole in shutter, and tr21 for small hole 
when small hole is turned to "open" position: use tr12 for big hole in shutter, and tr22 for small hole 
When shutter is turned to "off" position: use tr13 for big hole in shutter, and tr23 for small hole . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

$ use trll for big hole in shutter, when big hole is turned to "open" position 
0.0 0.0 446.405 $ location of local origin (center of shutter), relative to the global origin (cm) in HB-3 model 

0 90 90 $ degrees from global x.y.2 axes to local x axis 
90 0 90 $ degrees from global x,y, z axes to local y axis 
90 90 0 $ degrees from global x,y,z axes to local z axis 

$ use tr12 for big hole in shutter, when small hole is turned to "open" position 
0.0 0.0 446.405 $ location of local origin (center of shutter), relative to the global origin (cm) in HE-3 model 

0 90 90 $ degrees from global x,y,x axes to local x axis 
90 -46.5 -136.5 $ degrees from global X,Y.Z axes to local y axis 
90 43.5 -46.5 $ degrees from global x,y,z axes to local z axis 

$ use tr13 for big hole in shutter, when shutter is turned to "off" position 
0.0 0.0 446.405 $ location of local origin (center of shutter), relative to the global origin (cm) in HB-3 model 
0 90 90 $ degrees from global x,y,z axes to local x axis 
90 -113.25 -203.25 $ degrees from global x,y,z axes to local y axis 
90 -23.25 -113.25 $ degrees from global x,y,z axes to local z axis 

$ use tr21 for small hole in shutter, when big  hole is turned to "open" position 
0.0 0.0 446.405 $ location of local origin (center of shutter), relative to the global origin (cm) in HB-3 model 
0 90 90 $ degrees from global x,y,z axes to local x axis 

90 46.5 -43.5 $ degrees from global x,y,z axes to local y axis 
90 136.5 46.5 $ degrees from global x,y,z axes to loca'l z axis 

$ use tr22 for small hole in shutter, when small hole i s  turned to *iopenii position 
0.0 0.0 446.405 $ location of local origin (center of shutter), relative to the global origin (cm) in HB-3 model 

0 90 90 $ degrees from global x,y,z axes to local x axis 
90 0 90 $ degrees from global x,y,z axes to local y axis 
90 90 0 $ degrees from global x,y,z axes to local z axis 

$ use tr23 for small hole in shutter, when shutter is turned to "off" position 
0.0 0.0 446.405 $ location of local origin (center of shutter), relative to the global origin (cm) in HB-3 Model 

0 90 90 $ degrees from global x,y,z axes to local x axis 
90 -66.75 -156.75 $ degrees from global x,y,z axes to local y axis 
90 23.25 -66.75 $ degrees from global x,y,z axes to local z axis 

*tr40 $ use tr40 to locate and position the Key 3 dosimetry specimen holder relative to HE-3 beam tube 
0.0 0.0 113.64 $ location of local origin (center of shutter), relative to the global origin (cm) in HB-3 model 

0 90 90 $ degrees from global x,y,z axes to local x axis 
90 14 -76 $ degrees from global x,y,z axes to local y axis 
90 104 14 $ degrees from global x,y,z axes to local z axis 

*tr40 was revised as follows by JAB on 3 Apr 98 for Run HB304H. based on newly available data shown on Dug E-49953, Rev A, 6-30-65: 
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*tr40 $ use tr40 to locate and position the Key 3 dosimetry specimen holder relative to HB-3 beam tube 

0.0 0.0 114.22 $ location of local origin (center of shutter), relative to the global origin (cm) in HB-3 model 
0 90 90 

90 13 -77 
90 PO3 13 

C $ incorrect h 
of pressure vessel 

C $ incorrect h 

C 

m) in HB-3 model 
C 

C 

C 
C 

C 

C 

*tr42 

C 
C 
C 

C 
C 

C 

C 
m5 
mt 5 
C 
C 

m7 
mt 7 
C 

C 

m8 
mt 8 
C 

C 

m23 

C 

C 
m2 4 

C 

C 

m4 0 

C 

C 
Ni, 2.0 
m4 1 

C 

$ incorrect & 
$ incorrect & 
S incorrect & 

The following 

$ degrees from global x , y , z  axes to local x axis 
.$ degrees from global x , y , z  axes to local y axis 
$ degrees from global x , y , z  axes to local z axis 

obsolete: *tr42 $ use tr42 to locate and position the elliptical cone used to define chamfer between HB3 vessel hole and inner surf 

obsolete: 0.0 -2.14265 128.18364 $ location of local origin (center of elliptical cone), relative to the global origin (c 

obsolete: 
obsolete: 
obsolete : 

0 90.0000 90.0000 $ degrees from global x,y,z axes to local x axis 
90 12.6575 -77.3425 .$ degrees from global x , y , z  axes to local y axis 
90 102.6575 12.6575 $ degrees from global x,y,z axes to local z axis 

correction to *tr42 was made by JAB on 6 Apr 98, just prior to submitting Run HB304K: 

$ use tr42 to locate and position the elliptical cone used to define chamfer between HB3 vessel hole and inner surf of pressure Vessel 
0.0 -2.02265 127.62367 $ location of local origin (center of elliptical cone), relative to the global origin (cm) in HB-3 model 
0 90.0000 90.0000 $ degrees from global x,y,z axes to local x axis 
90 12.6929 -71.3071 $ degrees from global x , y , z  axes to local y axis 
90 102.6929 12.6929 $ degrees from global x , y , z  axes to local z axis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

END-TRANSFORM&TIONS 

, 
BEGIN MATERIAL DESCRIPTIONS: 

Water gaps in removable reflector region --Avg. Density= 0.98465 g/cm*3 

lwtr.0lt 
1001.5oc 6.63485-02 8016.50~ 3.31742-02 

Water Reflector --Density= 0.9899 g/cm*3 

lwtr. Olt 
1001.50~ 6.67022-02 8016.50~ 3.33511-02 

H20 Pool --Density= 1.0000 g/cm*3 

1wtr.Olt 

Aluminum reflector container (outside Be reflector; 2.7 g/cc) 
13027.52C 5.85482-02 1001.50~ 3.45716-04 12000.50~ 6.68986-04 
14000.50~ 3.47363-04 22000.50~ 2.54704-05 24000.50~ 6.09789-OS 
25055.50C 2.21974-05 26000.55~ 1.01905-04 29000.50~ 8.74557-05 

1001.5oc 6.73828-02 8016.50~ 3.36914-02 

Aluminum liners in Be reflectors (2.7 g/cc) 
13027.52~ 5.85482-02 1001.50~ 3.45716-04 12000.50~ 6.68986-04 
14000.50~ 3.47363-04 22000.50~ 2.54704-05 24000.50~ 6.09789-05 
25055.50C 2.21974-05 26000.55~ 1.01905-04 29000.50~ 8.74557-05 

ss liner of pressure vessel, bioshield liner, and other components -- SCALE 55304 (7.92 g/cc; 69.5 w / o  Fe, 19.0 w/o Cr, 9.5 w/o Ni. 2.0 w/o Mn) 
26000.55~ 5.93541-02 24000.50~ 1.74281-02 
28000.50~ 7.71883-03 25055.50~ 1.73629-03 

ss (same as above, but diff color on plot) used for removable shield around collimator -- SCALE 5 5 3 0 4  (7.92 g/cc; 69.5 w/o Fe, 19.0 w / o  Cr, 9.5 w / o  
w/o Mn) 
26000 5.93541-02 24000.50~ 1.74281-02 
28000 7.71883-03 25055.50~ 1.73629-03 

t3 
t3 
h, 
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C 
m5 0 
C 

C 
m6 0 
0 

C 

C 
C 

C 

C 
m6 1 
C 

C 

m62 

C 

C 
C 

C 

C 
C 

C 

C 
C 
m7 1 
m7 2 
c 
C 

C 
mlO6 

rntlO8 
C 
C 
C 

C 

C 

C 

C 

C 

carbon steel in main body of pressure vessel -- SCALE Carbon Steel (7.8212 glcc; 99.0 w/o Fe, 1.0 w/o C )  

26000.55~ 8.36929-02 6012.50~ 3.92134-03 

Void in reflector components 
1001.50~ 1.00000-15 8016.50~ 1.00000-15 

Void regions in the HB-l,2,and 3 beam tubes (m60 8 2.0e-15 atoms/b-cm) have been replaced with helium-filled regions 
where m61 e He (void) at T=300 deg.K and P=2 atm, where rho=3.2325e-4 g/cc, N(He)=4.86816e-5 atoms/(barn*cm) 
Note: cold source vacuum vessel in HB-4 now has a true void (see m6lO) a6 of July 1996. ........................ 
Helium void inside beam tubes HB-1,2,3 (He at T=300 deg.K, P=2 
2004.50~ 4.86816e-5 $ add-jab122395: For He at Tn300 deg.K 

Barytes concrete at 3.09725 g/cc (used for biological shield); 
1001.50~ 1.681e-2 5010.50~ 3.378e-4 5011.56~ 1.368e-3 
8016.50~ 4.1958-2 11023.50~ 3.193e-4 12000.50~ 1.5d9e-4 
13027.52~ 7.534e-4 14000.50~ l.260e-3 16032.50~ 5.40le-3 
20000.50~ 3.273e-3 22000.50~ 1.336e-4 25055.50~ 1.713e-4 
26000.5% 6.875e-4 56138.50~ 5.394e-3 

atm); cold source vacuum vessel in HB-4 now has a true void (see m610) 
and P=2 atm, rho4.2325e-4 gicc, N(He)=4.86816e-5 atoms/(barn*cm) 

shown below are atoms/(barn*cm) by nuclide 

real concentration for ba-138 = 3.8787e-3 atoms/(barn*cm); it is available; 
other nuclide concentrations for which there is no mcnp xsect data: 
ba-l34=1.3037e-I; ba-135~3.5557e-4; ba-13614.2364e-4; ba-137=6.0575e-4 
total number density for all barium nuclides in barytes concrete: 5.394030e-3 
total number density for all nuclides in barytes concrete: 7.801382e-2 
while this barytes concrete (for AM8 project) was 3.09725 g/cc, it can 
sometimes be made as dense as 3.5 g/cc; see book by Schaffer x w 
28058.24~ 1.0 $ Ni58; this material (m71) is used only to get the Ni58(n,p)Co58 
26054.24~ 1.0 $ Fe541 this material (m72) is used only to get the Fe54(n,p)Mn54 

Typical beryllium used in permanent reflector (with he-3 and li-6, based in center 
4009.50~ 1.21135-03 1001.50~ 1.34766-03 8016.50~ 6.73828-04 
3006.50c 4.80664-8 2003.50~ 1.39911-9 
be. Olt 

reaction rate [(n,p)=103] in the dosimeters 
reaction rate [In,p)=103] in the dosimeters 

ring, cell 9024) 

dxt:n .$ dxtran spheres used to imxxove 
0.0 -13.480 107.1276 1.5 3.0 

e above note) 
C 0.0 12.284 112.9905 1.5 3.0 
e above note) 
C 0.0 0.0 0.0 

C dxt:n $ dxttan spheres used to improve 
C 

statistics in oversimplified dosimeter cells 
$ dxtran sphere around 1.48893 cm radius cell simulating dosimeter just slightly on HB-4 side of HB-3 (se 

$ dxtran sphere around 1.48893 cm radius cell simulating dosimeter just slightly on HB-2 side of HB-3 (se 

$ defaults weights (dwcl, dwc2, dpwt) for dxtran spheres 

statistics in more rigorous dosimeter cells 
C 0.0 13.25424 116.94465 3.2 5.0 .$ dxtran sphere around dosimeter at Key 3 ,  Position 3, just slightly on HB-4 side of HB-3 
C 0.0 -13.25424 110.33535 3.2 5.0 $ dxtran sphere around dosimeter at Key 3, Position 8, just slightly on HB-2 side of HB-3 (see  above n 

C 0.0 0.0 0.0 $ defaults weights (dwcl, dwc2, dpwt) for dxtran spheres 

C fcl4 N-Flux (n/s/cm2) 8t 2 dosimeter locations adjacent to HB-3 (at 100 MW) 
C f14:n 2134 $ dosimeter (modeled as carbon steel; really Charpy V-notch specimens) just slightly on HB-4 side of HB-3 
C 2135 $ dosimeter (modeled as carbon steel] really Charpy V-notch specimens) jU6t slightly on HB-2 side of HB-3 

ote) 

C 



% 01/28/99 " 

11:3'7:16 HB304M4.I 
C C fm14 9.64595e16 $ sum of equivalent point sources (n/s) in HB-3 for HFIR at 100 .MW (Sns7.5573e18 n/s in global calc); will yield fluxes 
in n/s/cm2 

73018 n/s in global calc); will yield fluxes in n/fi/cm2 

C 0.027 0.1 1.0 20.0 

C fm14 1.20830e16 $ sum of equivalent point sources (n/s) for grps 1-36 (E>27 kev; use for dosimetry calc only) in HE-3 for HFIR at 100 MW (Sn=7.55 

C e14 $ Emax(ig) in MeV; corresponds to no particular group structure; chosen for dosimetry calcs 

C 

C 

fc15 N-Flux (nlslcm2) at 655.6626 from tip of HB-3 at 100 MW 
f15:n 0.0 0.0 678.1673 0.5 $ neut flux at pt 655.6629 cm from real tip of HB-3 beam tube, where Blosser h Thomas made measurements in June 1968 (cf OR 
NL-TM- 2 22 1 ) 

m2 
fm15 1.20830e16 $ sum Of equivalent point sources (n/s) for grps 1-36 (E>27 keV; use for dosimetry calc only) in HB-3 for HFIR at 100 MW (Sn=7.5573e18 n/ 
s in global calc); will yield fluxes in n/s/cm2 
e15 $ Emax(ig) in MeV; corresponds to no particular group structure; chosen to facilitate comparison with Blosser & Thomas measurements 

C fm15 9.64595e16 $ sum of equivalent point sources (n/s) in HB-3 for HFIR at 100 MW (Sn17.5573e18 n/s in global calc); will yield fluxes in n/s/c 

O.4e-6 1.0e-6 1.9e-6 4.Oe-6 6.0e-6 25.0e-6 100.0e-6 170.0e-6 
640.0e-6 2.4e-3 3.80-3 2.00-2 0.1 1.0 2.9 6.3 8.1 20.0 

C Note 1: Comparisons with BPT are fair only if we use aluminum windows 1 6: 2 for 1960 design AND use small hole in rotary shutter. 
C Note 2: BPT tabulated their results with HFIR power normalized to 1.0 MW: here we have it at 100.0 MW; must renormalize later. 
C Note 3: Many of BhT's results are n/s/cm2/eV, therefore must divide some of our results by delta-E later, where appropriate. 
C Note 4 :  The energy ranges above were selected after consulting the BPT report, as well as the barn book to check width of certain resonances. 
C 

C 
C fc24 N-Flux (n/s/cm2) for dosimeter at Key 3, Position 3 (100 MW) 
C f24:n 2581 $ dosimeter at Key 3, Position 3, just slightly on HB-2 side of HE-3 
C C fm24 9.64595e16 $ sum of equivalent point sources (n/s) in HB-3 for HFIR at 100 MW (Sn=7.5573e18 n/s in global calc); will yield fluxes 13 
in n/s/cm2 P 
C fm24 1.20830el6 $ sum of equivalent point sources (n/s) for grps 1-36 (E>27 keV; use for dosimetry calc only) in HE-3 for HFIR at 100 MW (Sn=7.55 
73e18 n/s in global calc)i will yield fluxes in n/s/cm2 
C e24 $ anaX(ig) in MeV; corresponds to no particular group structure; chosen for dosimetry calcs 
C 0.027 0.1 1.0 20.0 

13 

C 

C 

C fc34 N-Flux (n/s/cmZ) for dosimeter at Key 3, Position 8 (100 MW) 
C f34:n 2582 $ dosimeter at Key 3, Position 8, just slightly on HB-4 side of HB-3 
C C fm34 9.64595e16 $ sum of equivalent point sources (n/s) in HB-3 for HFIR at 100 MW (Sn=7.5573e18 n/s in global calc); will yield fluxes 
in n/s/cm2 
C fm34 1.20830e16 $ sum of equivalent point sourceo (n/s) for grps 1-36 (E>27 kev; use for dosimetry calc o n l y )  in HB-3 for HFIR at 100 MW (Sn=7.55 
73e18 n/s in global calc); will yield fluxes in n/s/cm2 
C e34 $ Emax(ig) in MeV; corresponds to no particular group structure; chosen for dosimetry calcs 
C 0.027 0.1 1.0 20.0 
C 

C 

C Note use of dxtran spheres with tallies 24 h 34 seemed to be a problem for the code; 
C kept getting messages saying "bank is full"; therefore try using point detectors instead, 
C and get rid of all the dxtran cards above. 
C 
fc25 N-Flux (n/s/cm2) for dosimeter at Key 3 ,  Position 3 (100 MW) 
C f25:n 0.0 13.25424 116.94465 0.5 $ midpoint of dosimeter (in Cell 2581) at Key 3, Position 3, just slightly on HB-4 side of HB-3 
C f25:n 0.0 14.54813 117.26726 0.5 $ dosimeter (in Cell 2581) at K e y  3, Position 3, just slightly on HB-4 side of HE-3 
C f25:n 0.0 15.84202 117.58986 0.5 $ outer edge of dosimeter (in Cell 2581) at Key 3, Position 3, just slightly on HB-4 side of HB-3 
C fm25 9.64595e16 $ sum of equivalent point fiources (n/s) in HB-3 for HFIR at 100 MW (Sn=7.5573e18 n/s in global calc); will yield fluxes in n/s/cm 

C Midpoint location was revised as follows on 3 Apr 98 (for Runs HB304H h later) based on the very detailed, newly available, information on Dwg E-4995 

C E25:n r.~5311 12.52066 117.11062 0.45 $ 0.75311 cm above midpoint dosimeter (in Cell 2581) at Key 3, Position 3, just slightly HB-4 side 0 

2 

3, Rev A (6-3r 55): 
f25:n 0.0 !066 117.11062 0.45 $ midpoint of dosimeter (in Cell 258. Key 3, Position 3, just slightly on HB-4 side of HB-3 



f HB-3 
C 
f HB-3 
fm25 
n/s in 

barns 

barns 
e25 

C 
C 
fc35 
C 
C 

C 
C 
2 
C 

HB304M4.I 

f25:n -0.75311 12.52066 117.11062 0.45 $ 0.75311 cm below midpoint of 

(1.20830e16) $ sum of equivalent point sources (n/s) for grps 1-36 (E>27 
global calc); will yield fluxes in n/s/cm2 
(1.20830e-8 71 103) $ to get number of (n,p) "reactions/sec" in Ni58; 
to cm2 
(1.20830e-8 72 103) $ to get number of fn,p) "reactions/sec*' in Fe54r 
to cm2 
$ EZnax(ig) in MeVi corresponds to 
0.027 0.1 1.0 20.0 t 

N-Flux En/s/cm2) for dosimeter at 
f35:n 0.0 -13.25424 110.33535 
f35:n 0.0 -14.54813 110.01274 
f35:n 0.0 -15.84202 109.69014 

dosimeter (in Cell 2581) at Key 3 ,  Position 3, just slightly on HB-4 side o 

kev; use for dosimetry calc only) in HE-3 for H F I R  at 100 MW (Sn=7.5573e18 

note that src had to be multiplied by le-24 to convert ( n , p )  xsect 103 from 

note that src had to be multiplied by le-24 to convert (n,p) xsect 103 from 

no particular group structure; chosen for dosimetry calcs 

Key 3, Position 8 (100 MW) 
0.5 $ midpoint of dosimeter (in Cell 2582) at Key 3, Position 8, just slightly on HE-2 side of HE-3 
0.5 $ dosimeter (in Cell 2582) at Key 3, Position 8, just slightly on HB-2 side of HB-3 
0.5 i$ outer edge of dosimeter (in Cell 2582) at Key 3, Position 8, just slightly on HE-2 side of HE-3 

fm35 9,64595616 $ sum of equivalent point sources (n/8) in HB-3 for H F I R  at 100 MW (Sn=7.5573018 n/s in global CalC); Will yield fluxes in n/s/cm 

Midpoint location was revised as follows on 3 hpr 98 (for Runs HB304H & later) based on the very detailed, newly available, information on Dwg 2-4995 
3, Rev A (6-30-1965): 
f35:n 0.0 -12.52066 111.32938 0 . 4 5  $ midpoint of dosimeter (in Cell 2582) at Key 3 ,  Position 8, just slightly on HE-2 side of HB-3 

of HB-3 
C f35:n 0.75311 -12.52066 111.32938 0.45 $ 0.75311 cm above midpoint of dosimeter (in Cell 2582) at K e y  3, Position 8, just slightly on HB-2 side 

C f35:n -0.75311 -12.52066 111.32938 0 . 4 5  $ 0.75311 cm below midpoint of dosimeter (in Cell 2582) at Key 3, Position 8, just slightly on HE-2 side 
Of HE-3 
fm35 
n / s  in 

barns 

barns 
e3 5 

C 

C 

C 
C 

(1.20830e16) 

(1.20830e-8 71 103) $ to get number of (n,p) "reactions/sec" in Ni58f note that src had to be multiplied by le-24 to convert (n,p) xsect 103 from 
to cm2 
(1.20830e-8 72 103) $ to get number of (n,p) "reactions/sec" in Fe54; note that src had to be multiplied by le-24 to convert (n,p) xsect 103 from 
to cm2 
$ hax(ig) in MeV; corresponds to no particular group structure; chosen for dosimetry calcs 
0.027 0.1 1.0 20.0 t 

$ sum of equivalent point sources (n/s) for grps 1-36 (E>27 keV; use for dosimetry calc only) in HB-3 for HFIR at 100 MW (Sn~7.5573e18 8 
global calc); will yield fluxes in n/s/cm2 v1 





Appendix 8 .2  

FADIST7.FOR: 
impingent on the inner u a l l  of the HB-3 beam tube in the vicini ty of the two dosimeters, and 
t o  determine a la tera l  offset that w i l l  allou a l ine of isotropic point sources %earu the 
centerline to reproduce that asymmetric effect based on the logic described in Sect 4 .  

A simple Fortran program to determine the Velativeii outuard-directed current 
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C 

C 
C 
C 

C 
C 
C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 
ccc 
cccc 
ccc 
ccc 
ccc 
ccc 
C 

FADIST7.FOR 

implicit double precision (a-h,o-z) 
implicit integer*4 (i-n) 
double precision dfloat,dacos,dsqrt,dsin,dcos 
dimension sum(0:180) 
dimension suma(l60),sumb(l60) 
dimension urninat 180) ,uminb( 180) 
dimension umaxa(l80),d(180) 
dimension ~(41),yy(4l),zz(Pl),contrb(41),conttd(41) 

open (6,file~'fadist7.out',status='unknoum') 

zero-O.OdO 
one-l. OdO 
two02. OdO 
half-0.5d0 

pi=dacos(-one) 
twopi 'Pi +DL 
fourpi-twopi+twopi 
conv-180.0d0/p~ 

rtube-5.08dO 

xclsph=zero 
yclsph-zero 
zclsph-28.5369dO 
rsph-7.76dQ 

xclcor=zero 
yclcor-26.67d0 
zclcorlzero 

nr=3 1 usea only for QA I number of et 
nr-200 
ner2*nr*(nr+l) 
nf s=2*ne 
f e=nf s 

-level rings in > which the hemiephere is divided 
I number of eta-level rings into which the hemisphere is divided 
I total number of equal-area surface elements the hemisphere is divided into 
I total number of equal-area surface elements corresponding to full 4*pi sphere 

I get location of 41 receptor points (on disk at 2-75.413 an) 

I now calculate contribution to each 
I defined in eubr getxyz 
I defined in aubr getxyz 
i defined in subr getxyz 

iptl.1 
xrecp. 
yrecp-5.UBdQ 



FADIST7.FOR 

C 
C 

C 
C 
C 

C 
C 
C 

C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 
C 

C 

C 
C 

C 

C 
C 
C 

C 
C 
C 
C 

C 
C 

C 

ccc 
81 
C 

ZreCp=107.0d0 I Pt on inner wall of tube (right side), 10 cm uDstream of doeimeter on He2 side of XB3 
Result: outward ( + y )  current= 1.5835683+13; inward ( - y )  current- 1.8668673+12 

iPtPl 
xrecpieero 
yrecp-5.08dO 
ZreCpn101.5dO I pt on inner wall of tube (left side), 10 cm upstream of dosimeter on HB4 side of XB3 
Result: outward ( - y )  current- &.218403E+13) inward ( + y )  current= 4.5596463+11 

* * * * * * * * * . * * + * * t * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * + * * * * * * * * * * * * * * * m * * *  
++*+t**ttt********t*.********************n***************************~ 

implicit double precision (a-h,o-z) 
C 
C do i=0,507 
C epei~dfloat(i)/lOO.OdO 
C do i=1690,1700 
C apsi~dtloat(i~/1000.OdO 

do f=16980,16990 
epsi=dfloat(i)/10000.Od0 
duml=(107.0d0-50.0d0)**2 + (5.08dO-epsi)**2 
d~=(101.5d0-50.0dO)**2 + (5.08dO+epsi)**2 
dum=duml/ dum2 
dum=dum*deqrt (dum) 
dum~dum*(S.O8dO+epsi)/(5.08dO-epei) 
write (*,ll) BpSi,d~tm 

11 format (lX,f8.5,fl2.5) 
enddo 

C 

stop 
end 

shows that spsi-1.6986 cm yields dum=4.218e13/1.584e13-2.6628 
therefore, my line of pount eources should be offeet to y-1.6986 cm 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

contrb(ipt)-zero 
cOntrd(ii3t)ozero 

do irr1,nr 
na-.2*i+*(ir+l) I number of equal-area surface elamente in this and all lower eta-levels 
nb2*(ir-l)*ir I number of equal-area eurface elsmsnte in all lower eta-levels 
umax=one-dfloat(2*nl)/fe 
umin~one-dfloat(2*nS)/fs 
umid=(umin+umax)/two I cos of angle from midpoint of sphere to midpoint of ring corresponding to midpoint of eta-level 
smidudrqrt(one-umid*umid) I sin of angle from midpoint of Sphere to midpoint of ring corrssponding to midpoint of eta-lave1 
rring=reph*smid I radius of diek located at midpoint of this eta-level 
zrme~leph-reph~dd I m i a l  ( e )  location corresponding to midpoint of eta-level ring, and all elements on it 
ath*4*ir I number of  equal-area surface elements in this eta-level ring 
dthotwopi/dfloat(nth) 

write (6,81) umfd,smid,rring I used only for QA with nr-3 
format ( I X , ~  umid=',fl2.8,* emid=',fl2.8,' rring=#,f12*8) 

do ith=l,nth 

thO=-dth/tWo 

th-thO+drh*dfloat(ith) 



FADISl7.FOR 
dx=rring*dsin(th) 
dy-rring*dcos(th) 
xr-xclsph+dx 
yr=yclsph+dy 
dist-deqrt((yr-yclcor)'(yt-yclcor)+(zr-zclcor)*(zr-zclcor)) 1 dint from centerline of core to this point on scattering sphere 
fflx=9.4847Od2O/(dist**4.0464dO) 1 fast flux vs radial dist from core centerline, in Chaverton's report 
if (dist.gt.33.0dO) fflx=4.13906d24/(dist**6.4434dO) I fast flux vs radial dist from core centerline, in Cheverton's report 
diSt2i((xr-xraCp)*(Xr-XreCp) 

+(yr-yreCp)*(yr-yrecp)+(zr-zrecp)*(zr-zrecp)) I dist**2 from point on scattering SDhere to Doint detector 
thru disk ei&nt in z-direction (might as well be 1.0 always) 
thru disk element in x-direction (might as well be 1.0 always) 
thru disk element in y-direction (might as well be 1.0 always) 

I used 
1 used 
I used 

to get current 
to get current 
to get current 

C 

C 

ccc 
ccc 
ccc 
ccc 
C 
ccc 
ccc 
ccc 
ccc 
C 

30 
C 

84 

C 

C 

C 

C 

c 
ccc 
C 

C 

if (cosy.lt.0) ! right or left (horizontally) 

if (coey.gt . O )  
contrb(ipt)-contrb~ipt)+dabe~coey)*fflx/(fourpi*dist2) 

contrd(ipt)ic0ntrd(ipt)+dabs~cosy~*fflx/(fourp~*d~st2) 

if (cosx.lt.0) 1 +XauD. -x-down 

1 leakage thru 

I leakage thru 

disk element (ipt) in 

disk element (ipt) in 

z-direction 

z-direction 

contrb(ipt)icontrb(i&)+dabs(cosx)*fflx/ (fourpi*diat2) I leakage thru disk element (ipt) 

contrd(ipt)-contrd(ipt)+dabs(cosx)*fflx/(fourp~*d~st2) 1 leakage thru disk element (fpt) 
if (cosx.gt.0) 

if (cosz.lt.0) I zmaxial 

if (cosz.gt.0) 
contrb(ipt)-c0ntrb(ipt)+dabs(coez)*fflx/(fou~~*dist2) 1 leakage thru disk element (ipt) in 

contr~(ipt)=contrd(ipt)+dabs(cosz)*fflx/(fo~~pi*d~st2) I leakage thru disk element (ipt) in 

in z-direction 

in z-direction 

2-direction 

z-direction td w 
0 

enddo 
enddo 
continue 

zerou0.0dO 
onell. OdO 
two=2.OdO 
half-0.5d0 



I 

FADISV .FOR 

C 

C 

ccc 
C 

E 

ccc 
64 

C 

C 

fOU~iPtWOpi+tWOpf 
conv=lBO.OdO/pi 

rsphn7.76dO 
rtubem5. OBdO 

do ir=l,nrd 
nZ=l+Z*ir*(ir+l) 
nl=1+2* ( ir- 1 ) *ir 
nlp-nl+ 1 
ravgpdsqrt((ap*dfloat(nl+na)/toro)/pi) 
nth=4*ir I number of equal-area eurface elements in thie eta-level ring 

I number of equal-area surface elemsntr in thim and all inner ring6 of diak 
I number of squel-area Burface slsmanta i n  all other inner tinge of diek 

dth=twopi/dfloat(nth) 

do ith=l,nth 
thO=-Bth 

iptmipt+l 
thtthO+dth*dfloat(ith) 
xx(fpt)=ravg*d6inLth) 
yy(ipt)=ravg*dcos(th) 

write (6.84) ipt,rEVG.XX 
format (1~,13,4f16.6) 

ZZ(ipt)lZZ(l) 

enddo 
enddo 

return 
end 





Appendix C.1 

Initial (Since Abandoned) Attenpt to Use MCNP for the Neutron and Secondary Gamnas 

in the Shielding Analysis of the 195% Uater-Tube Problem 
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Appendix C.1 

I n i t i a l  (Since Abandoned) A t t e m p t  t o  Use MCNP fo r  the Neutron and Secondary Gams 

in  the Shielding Analysis of the 1998 Uater-Tube Problem 

Sect 5 focused on the 1998 uater-tube shielding problem; i n  part icular,  i t  focused on the determination 
of the neutron and secondary g a m  dose rates jus t  downstream of the collimator (i.e., on the f luxes and 
dose rates impingent on the rotary shutter) uhen both the water tube and collimator sections were ftooded 
as shoun i n  Fig. 3.3. The HB305 series of runs (HB305A through HB3059) represented a serious attecrpt t o  
solve th i s  port ion of the overal l  problem d i rec t l y ,  using the MCNP code. Uhile these i n i t i a l  attempts 
fa i l ed  and uere ul t imately abandoned i n  favor of simpler methods which shoued these components of the dose 
rate t o  be inconsequential, the lessons learned from these i n i t i a l  attempts are vel1 uorth docunenting, a t  
least b r ie f l y ,  fo r  future reference. The f i r s t  feu runs in t h i s  series (HB305A t o  HB305D) attempted t o  
make the best possible use of geometric importance zones (and later source-energy biasing i n  Run HB305D) 
t o  a f fec t  an e f f i c i e n t  solut ion of the problem. From these runs, i t  uas learned that "in a very real  
pract ical  sense", the ef fect ive use of importance zones t o  force geometric s p l i t t i n g  and reduce 
uncertainties in  "large, geometrically-corrplex problems" i s  t o t a l l y  infeasible, even though i t  of ten 
uorks very n ice ly  i n  geometrically simpler problems involv ing thick shields. This conclusion uas reached 
just p r io r  t o  the Radiation Protection and Shielding Conference held i n  Nashville, TN i n  l a te  April 1998. 
There, a paper uas presented by John Hendricks and Tom Evans#21 (menbers of the MCNP code developnent 
group a t  Los Atamas) shoving how they uere using an undocunented feature of the code that allowed the 
user t o  supply aBgemetry-independent (multigroup) ueight uindous18 t o  the code v ia  an external f i l e  that 
could be generated o f f - l i n e  by hand or through the use o f  multidimensional deterministic codes i n  adjoint 
mode. A key advantage of t h i s  approach i s  that  space- and energy-dependent ueight windous required for  
successful biasing could be specif ied i n  terms of an independent phantom (XYZ) mesh that d id  not have t o  
be e x p l i c i t l y  incorporated in to  the MCNP problem geometry - -  i.e., the geometry specif icat ions required 
t o  specify the material configuration in  a problem no longer had t o  be extensively augmented by hundreds 
or thousands o f  addit ional ( a r t i f i c i a l )  geometry zones t o  accomnodate the weight-uindou specif icat ions 
needed fo r  biasing. This was imnediately seen as a major breakthrough since i t  uould a l lou  fo r  the 
solut ion of problems that uould have, in  a pract ical  sense, remained unsolvable uithout t h i s  capabil i ty. 
In the two or  three ueeks a f te r  the conference, R u m  HB305E through HE3059 (each with the i r  oun ueight 
uindow f i l e s )  uere set up and t r i e d  i n  an attempt t o  take advantage of t h i s  neu capabil i ty. Uhile the 
format o f  the needed ueight uindou file(s.1 uere known from diagnosing the MCNP Fortran, the meaning of 
one or tu0 variables uas not properly understood, and Runs HB305 through HB305P uere considered fai lures. 
By mid-May, th i s  approach uas tempra r i l y  abandoned in favor o f  the m r e  elementary approach described in 
Sect 5 which shoued the neutron and g a m  dose rates a t  the point of interest (dounstream of the flooded 
col l imator and/or just  upstream of the rotary shutter) t o  be t o t a l l y  inconsequential. Nevertheless, the 
need fo r  a "geometry-independent weight-uindou approach" was so compelling that work on i t  continued on 
ueekends throughout the month May. 
necessary ueight-uindou f i l e  format and a b r ie f  descr ipt ion of each variable i n  the f i l e .  To study the 
approach, a highly s impl i f ied academic problem uas defined involving a narrow collimated beam of neutrons 
inpingent on the bottom of a large homogeneous cy l i nd r i ca l  tank of water, with the object being t o  accurately 
calculate the neutron d is t r ibu t ion  ax ia l l y  along the center l ine as well as the par t i c le  f l ux  and dose ra te  
emerging from the upper surface. 
using a space-energy-direction-dependent ueight uindou f i l e  based on a simple ANISN solut ion in adjoint  
mode, and i s  described i n  Appendix C.2. 
Sect 5 ( fo r  the real  HB-3 flooded beam tube problem) had already shoun the neutron and secondary g a m  
dose rates t o  be t o t a l l y  insignif icant. For that  reason, and the lack of time, a f i n a l  rigorous solut ion 
of the flooded HB-3 problem (with a neutron-only source) using MCNP and an appropriate weight uindou f i l e  
was never attempted again, although we have every reason t o  believe i n  retrospect that such an approach 
could and uould be highly successful. A short time la te r  ( l a te  June / early July), i t  uas demonstrated 
that an MCNP solut ion fo r  the flooded HB-3 problem with the g a m - o n l y  source uas also intractable using 
the standard tools avai lable i n  MCNP. By  taking the ad jo in t  ueight uindou approach already developed 
for neutrons and applying i t  t o  the gama problem, however, ue uere able to  construct a 3-D space-energy- 
direction-dependent weight uindow f i l e  that  could be (and uas) used with MCNP(4b) t o  obtain an extremely 
good and highly re l iab le  solut ion for  the real  gamna-only flooded HB-3 problem. 
approach allowed us t o  obtain re l i ab le  p a r t i c l e  d is t r ibu t ions  and real  boundary crossing estimates 
( that  confirmed our point detector estimates) not only through the flooded sections of the beam tube 
and collimator, but a l l  the uay through the carbon steel  ro ta ry  shutter a s s d l y !  This analysis i s  
described a t  length i n  Sect 6. 

The balance o f  Appendix C.1 b r i e f l y  describes the minor perturbations t o  the base model corresponding t o  
the flooded beam tube configuration shoun in  Fig. 3.3, and docunents why the use of spatially-dependent 
geometric s p l i t t i n g  as attenpted i n  Runs HB305A-HB305D i s  hopelessly f u t i l e  i n  a geametricatly-corrptex 
problem such as this. 

By that time, ue had received from Tom Evans, a descript ion of the 

This problem uas successfully solved (with a speed-up factor of 10,000) 

By the t i m e  t h i s  uas done, the elementary approach described i n  

Moreover, use of t h i s  
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C.1.2 Basic Model of the Flooded HB-3 Tlrt>e Used i n  the HB305 Series of Runs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
The basic model f o r  the flooded HB-3 beam tube i s  shoun i n  f ig .  3.3 a d  described in Sects 3 a d  6. 
It uses the 1998 uater tube design rather than 1960 uater tube design. 
and col l imator sections are both flooded, as i s  the small (normally void) region between the tuo. 
The T y p e  1020 carbon s tee l  rotary shutter was i n  the closed posi t ion as shown i n  Fig. 3.3. 
a l l  of the f ine  geometric de ta i l s  associated u i t h  the dosimetry analysis described in  Sect 4 (except 
the 1960 uater tube) are retained in the present model. 

This uas a coupled neutron/garrma calculat ion u i t h  a neutron-only source, including neutrons over 
the en t i re  energy range (0-20 MeV) such that the neutron energy cutof f  card previously used in  
the dosimetry analysis uas removed and the source normalization value (9.64595e16 n/s) on the 
'Ifm" t a l l y  M l t i p l i e r  cards nou equals the sun of a l l  the HB-3 point sources shown i n  Table 2 . b .  
Likewise, the si53, sp53, and ds63 cards describing the neutron-only source again include 
information pertaining t o  a l l  61 neutron groups, and the point  sources uere again p l a c d  back on 
the centerl ine o f  the beam tube so as t o  be as conservative as reasonably possible. As noted i n  
Sect 2, the "inportance cu to f f  p l a W  (Surf 1007) was located a t  2=118.6879 cm in  order t o  increase 
the eff iciency of the uater tube shielding analysis. Likewise, the isotropic point sources w r e  
only sartpled over 15.13 degrees of the beam tube center l ine ( ie, over direct ion cosines betueen 
0.965335056 and l . O ) ,  uhich required that the s ta r t ing  wight of the neutrons be reduced t o  
0.017332472 [=(1.0-0.%5335056)/21~ 

Note that without any so r t  o f  axial  biasing or  geometric sp l i t t ing ,  there i s  simply no chance of 
solving t h i s  problem. I f  a l l  geometry c e l l s  have a neutron i-rtance of 1.0, the w i g h t  of the 
neutrons a f te r  they penetrate 10, 15, or a t  e t  20 cm i n t o  the uater u i l l  be so lox that they 
u i l l  a l l  be k i l l e d  by Russian Roulette and one u i l l  get no h is to r ies  i n  ax ia l  regions beyond 
that point. As an a l te rna t ive  t o  complex user-supplied space-energy-dependent w i g h t  uindous, 
the user may subdivide the material ce l l s  i n to  many smaller Himportance cel lsn and specify the 
re la t i ve  neutron importance t o  be used f o r  each ce l l .  
the re la t i ve  average ueight of par t i c les  in  adjacent i n p o r t m e  cel ls, and therefore the frequency 
u i t h  uhich geometric s p l i t t i n g  and Russian Roulette are applied. 
importance is, the lower u i l l  be the average neutron ueight i n  a c e l l  and the louer wight l i m i t  
beyond uhich Russian Roulette u i l l  be played. Thus, fas t  neutrons that are being attenuated and 
loasing w i g h t  as they move ax ia l l y  through the uater tube u i l l  be subjected t o  Russian Roulette 
less often, so that a larger nunber of lover ueight par t i c ies  u i l l  then be alloued t o  penetrate 
deeper i n to  the sh ie ld  and provide better s t a t i s t i c s  a t  these more distant locations instead of 
a l l  being k i l l e d  a t  o r  near the s ta r t  of the shield. 

In t h i s  case, the uater tube 

Lastly, 

This re la t i ve  neutron importance controls 

The higher the re la t i ve  neutron 

C.1.3 Additional Changes Required t o  Add Importance Cel ls Needed fo r  Geometric Sp l i t t i ng  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
To obtain adequate s t a t i s t i c s  throughout the problem, the mxsber density of the ("ever-louer-ueightll) 
s ta t i s t i ca l  par t i c les  being tracked must remain approximately constant throughout the problem in  
the d i rec t ion  o f  in te res t  (axial ly) ,  even though the product of the i r  nunber density times the i r  
average ueight (product=ntden*avgugt, uhich represents the Hrealtl neutron papulation density) 
u i l l  attenuate. I n  the rea l  uortd, of course, the neutron and secondary gaarea population u i l l  
attenuate i n  more-or-less the same fashion as the fas t  neutrons, which have a relaxation length 
of about 10 cm i n  uater. Because of natural divergeme end scattering, however, the actual 
neutron f l u x  (ax ia l l y )  u i l l  diminish sanewhat faster and u i l l  be the product of the exponential 
term [exp(-dZ/lO)J times the 'l/(6*pi*dZA2) term such that, frcm the point of impact a t  the 
beginning of the uater tube (2=174.27 cm) t o  the end of the water tube (2=302.1868 an), i t  i s  not 
unreasonable f o r  the fas t  neutron f l ux  t o  attenuate by a factor of 1.4e-11. I f  the density of 
%ver-lower-ueight'8 s t a t i s t i c a l  par t i c les  must remain approximately constant, then the average 
s t a t i s t i c a l  %eight" of the par t i c les  in  each region o f  the problem must decrease approximately 
i n  proportion t o  the expected fast  f lux, and the average neutron ninrportancesa in each axial  
region m s t  vary inversely u i t h  the average s t a t i s t i c a l  weight of the part icles. Moreover, i f  
the average importance from one axial  importance zone t o  the next is not s-sed t o  change by 
more than a factor o f  3, and those a t  beginning of the uater tube have an importance of 2 or 3,  
then the n&r of ax ia l  inportance zones i s  p re t t y  u e l l  determined. 
feu m r e  axial  inqmrtance zones (31) across the length of the uater tube so that the zone-to-zone 
inportance r a t i o  (2.31) uould be somewhat less than the recomnended maxinun - -  that is: 
that the re la t i ve  neutron importance uould change by a factor of 2.31 from one 4.1-w-thick axial  
importance zone t o  the next i n  t h i s  par t i cu la r  problem. 
importance zones of s im i la r  size uere used along the length of the ua te r - f i l l ed  collimator from 
2=302.1&58 cm t o  2=399.48 cm, thus giv ing us abut 53 axiet ilrportance zones over the region of 
interest i n  t h i s  problem. 

m i l e  the re la t i ve  neutron importance increases a x i a l l y  as one mves from the impingent source 
(on the upstream end of the uater tube) t o  the point  of interest  (dcunstream of the ua te r - f i l l ed  

I n  t h i s  case, ue used a 

ue assuned 

Likewise, abwt  20 or 22 additional axial  
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collimator), the re la t i ve  neutron importance also decreases as one moves rad ia l l y  outward from 
the centerl ine of the beam tube. I f  one does not a l lou  fo r  t h i s  rad ia l  decrease, one w i l l  end up 
tracking an enormous nunber part ic les i n  distant radial  regions that never rea l l y  contr ibute t o  
the f l ux  a t  the point of interest. Thus, for  a calculat ion t o  be reasonably e f f i c i en t ,  one must 
take the ce l l s  necessary t o  describe the material configuration and subdivide them both rad ia l l y  
and ax ia l l y  i n to  a number of baimportance cel lsab uhere the neutron importance specif ied manually on 
each c e l l  descript ion card increases ax ia l l y  but decreases radial ly. 
simple and homogeneous, t h i s  i s  not d i f f i c u l t  and one can u r i t e  a si lrple Fortran program t o  prepare 
the necessary c e l l  descript ion cards for each of the hundreds (or thousands) of c e l l s  that  w i l l  
be required t o  obtain an e f f i c i en t  solution. 
involving a re la t i ve l y  homogeneous slab shield, t h i s  approach uas used u i t h  very good results. 
(In that case, the 3-D MCNP results uere confirmed by 2-D RZ DORT calculations, as well  as by 
simpler semi-analytic methods.) 

In the case of a corrplex shield which may already require many axial  and rad ia l  c e l l s  j us t  t o  describe 
the material configuration (such as the HB-3 beam tube as shown i n  Fig. 3-31, the problem becomes 
~ a e n o r m o u s l ~ ~  more complicated, time-consuning, and error prone since the (dozens or hundreds) of 3-D 
surfaces needed t o  define the (hundreds or thousands) of neu importance c e l l s  are intermingled with 
the dozens of surfaces already needed t o  describe the (dozens or hundreds) of material c e l l s  i n  the 
or ig ina l  problem. 
accordance u i t h  th i s  superset of 3-D surfaces i n  order t o  describe the thousands o f  inpartance ce l l s  
needed (each having a material ID, a material density, and an assigned neutron importance), without 
v io la t ing  the or ig ina l  material descript ion of the problem. 
simple problem can become complicated and extraordinari ly voluninous very quickly. 
intermingled nature of the surfaces required, most of t h i s  input must be prepared by hand (uhich 
becomes intractable very quickly) o r  by a special input preparation program which one would have t o  
rewri te on an ad hoc basis fo r  every problem t o  be solved. 
or the detector points of interest uould impact the re la t i ve  neutron importance d is t r ibu t ion ,  such 
that most or a l l  of the c e l l  cards would have t o  be regenerated with the new importance values specif ied 
f o r  each ce l l .  Even i f  t h i s  i s  not the case, but a calculat ion i s  run and the s t a t i s t i c s  are found 
t o  be too poor o r  the running time sinply too prohibit ive, the importance d i s t r i bu t i on  may have t o  be 
changed anyway, and a l l  the c e l l  cards regenerated again, even i f  the material configuration or source 
d is t r ibu t ion  did not change! 

As unattract ive (and po ten t ia l l y  infeasible) as th i s  might be, i t  uas the only a l te rna t ive  avai lable 
a t  the t i m e  th i s  water-tube shielding analysis uas i n i t i a ted  in  Apr i l  1998. Moreover, because of 
these considerations, i t  was not a t  a l l  clear a t  the t i m e  th i s  study uas in i t ia ted ,  whether i t  even 
could be brought t o  a successful conclusion o r  not. 

To begin investigating the feas ib i l i t y  of the water-tube shielding problem on a anlirnitedib basis, 
uithout a f u l l  implementation of a l l  the necessary radial  and axial  variat ions described above, 
i t  was decided that we would i n i t i a l l y  take only the s ix  or seven basic material c e l l s  l y ing  
on or  close t o  the centerl ine of the beam tube, and subdivide them i n t o  a nunber of ilrportance 
ce l l s  (with the neutron importance increasing axial ly),  while leaving the rest  of the c e l l s  
and the i r  importance values essential ly untouched. This would tend t o  keep the p o p l a t i o n  o f  
alever-smaller-ueightaa part ic les basical ly constant down along the center l ine of the problem, 
thus affording g o d  s ta t i s t i ca l  results near the end of the collimator. As noted above, t h i s  
is a very t rad i t iona l  concept and i s  well-founded. 
untouched: 
some advanced axial  zone uere t o  leak out rad ia l l y  from th i s  central region, they would enter 
zones uhere the neutron importance uas relat ively/very Lou ( ie, uhere the average neutron weight 
would be re la t i ve l y  very high), and would imnediately be k i l l e d  by Russian Roulette. 
r a t i o  of the escaping neutron weight to  the local average ueight i n  such zones uould be very Lou, 
i t  uould almost be akin to  making a l l  the other radial  zones (outside the s i x  o r  seven of interest)  
a black void. Because of this, i t  was known that t h i s  uould not y i e l d  a correct solution, but i f  
the approach appeared promising, the level of e f fo r t  needed t o  inplement a full-blown descript ion 
of a l l  the rad ia l  and axial  inpartance zones throughout the en t i re  problem could be jus t i f ied ,  
subsequent t o  uhich the correct solut ion uould then be obtained. The s i x  or seven material 
ce l l s  t o  be subdivided i n t o  mult ip le ilrportance ce l l s  in  th i s  t r i a l  run were as follows: 

I f  the sh ie ld  i s  re la t i ve l y  

I n  the case of the o r ig ina l l y  proposed HB-2 backstop 

Moreover, v i r t u a l l y  a l l  of the or ig inal  material c e l l s  have t o  be sukl ivided i n  

The input f i l e  f o r  an otheruise modestly 
Because of the 

Furthermore, relocating e i ther  the source 

As fo r  leaving the other rad ia l  zones 
The thought ( la te r  found t o  be fa ta l )  was that i f  some low-weight par t i c les  from 

Since the 

From the s ta r t  of the 15’98 uater tube a t  2=174.27 cm t o  the end of the uater tube a t  2=302.1868 cm: 

Cel l  2145 (the uater inside the 1998 HB-3 uater tube) ............. uas replaced u i t h  31 neu cel ls, 
Cel l  2146 (the p n e w t i c  tube co i l s  inside the 1998 uater tube) ... was replaced with 31 neu cel ls,  
Cel l  2147 (the expanded aluninun bcdy of the 1998 uater tube) ..... uas replaced with 31 neu cel ls.  

From the end o f  the water tube a t  2=302.1868 cm t o  the s ta r t  of the col l imator a t  2=310.58 cm: 

Cel l  4375 (the previously void region just  upstream of collimator) uas replaced with 2 neu cei ls, 
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From about 2=302.1868 or Z=310.58 cm, t o  the end of the col l imator a t  2=399.48 or Z=401.9445 cm: 

Cel l  4300 (the ua ter - f i l l ed  rectangular hole up thru collimator).. uas replaced u i t h  20 neu cel ls,  
Cel l  6310 (the steel body of the central  col l imator) .......... -... uas replaced u i t h  20 neu cel ls,  
Ce l l  4320 (the expanded aluninun beam tube adjacent t o  col l imator) was replaced u i t h  U neu cel ls.  

These 157 new importance cells, and the “neutron importancell assigned t o  each, are fur ther described 
in  Table C1.1. Note that i n  addit ion t o  these 157 neu cel ls, the MCNP input f i l e  had t o  be augmented 
u i t h  the addi t ion of several dozen neu surfaces needed t o  describe these neu ce l l s .  (In a full-blown 
implementation, each of the 100+ or ig ina l  material ce l l s  in the problem uould have t o  be sutxlivided 
i n  a s imi lar  fashion. Specification of those new importance ce l l s  uould, in  turn, require a feu neu 
ax ia l  surfaces and a nuaber of new radial  surfaces. More intimidating, i s  the fact  tha t  each o f  the 
several thousand neu importance ce l l s  that  vwld be created would each have t o  have t h e i r  oun c e l l  
speci f icat ion card, l i k e  those shorn in  Table C1.1.) 

In addition: 

a) Cel l  6321 (representing the aluninun step where beam tube expands a second time) must have the 
same importance as Cell  6182 (imp:n=3.‘fE+ll) o r  a l l  o f  the (low-ueight) neutrons that have been 
successfully transported t o  th i s  point ww ld  be k i l led  i f  they entered Cel l  6380 and found a 
Lou- importance region there. 

b) Cell  4380 (representing the 2nd atminun uindou i n  the 1598 uater tube) trust have the same 
i w r t a n c e  as Cell 6182 (imp:n=3.7E+11) or a l l  of the (Lou-wight) n e u t r m  that have 
successfully been transported t o  t h i s  point uould be k i l l e d  i f  they entered Ce l l  4380 and 
found a lou-importance region there. 

c) Cel ls 4315 and 6316 (previously representing the small void regions jus t  domstream of the 
col l imator and the rectangular hole in  the col l imator) wt both have the SBAR importance 
as Ce l l  6224 (inp:n=9.3E+18) or a l l  of the (Lou-weight) neutrons that have been successfully 
transported t o  th is  point uould be k i l l e d  i f  they entered these ce l l s  and f d  a Lou-importance 
region there. 

These types of considerations nst generally be studied indiv idual ly and implemented by hand. 
In a ccmplex 3-D problem, there i s  no %agic button” one can push or any input f l a g  one can set 
t o  re l ieve  the user of the responsibi l i ty  of considering such de ta i l s  on a case-by-case basis. 

Uhi le t h i s  does represent a l o t  of changes in  order t o  accomncdate the flooded 1998 water tube, t h i s  
only represents a f ract ion of the changes that w l d  eventually be required. Here, f o r  example, ue 
have siaply provided fo r  di f ferent importance zones along the middle of the system --  ie, f o r  the 
a tminun uater tutx (aluninun and uater regions separately), the rectangular hole i n  the col l imator, 
the steel  collimator i t se l f ,  and the aluninun cyi inder surrounding the c o l l i m t o r .  I f  t h i s  begins 
t o  look a t  a l l  tractable, then one wwld  have t o  expand these importance regions i n  the rad ia l  
d i rec t ion  t o  get the r igh t  ansuer. The l i m i t e d  use made of d i f fe ren t  importance regions described 
above uas intended t o  see i f  t h i s  approach w i l l  uork, but that’s a l l .  Presently, those neutrons 
that stray outside the regions described above w i l l  enter very Lou importance regions and l i k e l y  
be k i l l ed ,  uhen i n  fact, the surrounding regions should have inportances that diminish gradually 
i n  the rad ia l  d i rect ion so that these neutrons are not a l l  k i l l ed  a t  once, and so that some o f  them 
have a chance of returning u i t h w t  being f a t  part icles. (The term “fat  par t i c le ”  re fe rs  t o  a pa r t i c l e  
h o s e  ueight, for uhatever reason, i s  unusually and disturbingly large re la t i ve  t o  that  o f  most others 
i n  a given region.) F r o m  that vieupoint, t h i s  uas sinply a test  case --  not a reference case. 

C.1.4 I n i t i a l  Results, Other Variations, a d  the Necessary Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Despite i n i t i a l  success u i th  the above approach a year ear l ie r  on a s imi lar  problem involving a 
simpler (more homogeneous) shield, the tes t  cases here uere a dismal fa i lure.  
the purpose of checking the basic geometry only. R u n s  HB305B, H#05C, and H8305D uere ac tua l l y  
sutmitted fo r  testing. R u n  HB305B uas exactly as described above. In R u n  HBUISC, the values 
used fo r  the neutron importance i n  the various ax ia l  importance zones uere changed a l i t t l e .  
I n  Run HB305D, source-energy biasing uas used t o  force s q l i n g  i n  the fas t  energy groups more 
often, and i n  the thermal groups less often, u i t h  the MCNP automatically making the necessary 
self-consistent changes i n  the s ta r t ing  weights fo r  the neutrons in  these various energy ranges, 
as appropriate. Unfortunately, none of these ever ran t o  conpletion. Moreover, they a l l  
exhibited the same fa ta l  characteristic: 
and then get #*hung up” and go i n to  uhat appeared t o  be a state of suspended animation f o r  a day 
or more, during uhich t i m e  there uas no choice but to  cancel each one. 

After some thought arid diagnosis, i t  eventually became apparent uhat uas happening i n  these 
calculat ional  runs. 
speci f ied neutron importance in  the other radial  regions (outside the central regions o f  interest)  

R u n  H3305A uas fo r  

they uould run n ice ly  fo r  a uh i l e  (maybe several hours), 

The d i f f i c u l t y  stemned from the fact  that ye d i d  not a l t e r  or reduce the 
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a t  each axial  level. More precisely, the d i f f i c u l t y  stemned from the previously noted assunption 
that lou-ueight neutrons a t  advanced axial  locations uhich leak from the central zones in to  the 
surrounding radial  zones uhere the neutron importance i s  louer (and the average ueight i s  higher) 
u i l l  generally/aluays be k i l l e d  by Russian Roulette. Uhi le that  i s  generally true, the feu that 
survive Russian Roulette are then assigned the (higher) average ueight corresponding t o  th i s  new 
region, and those that subsequently cross back i n t o  the central  (louer-ueight) zones are then s p l i t  
i n to  a z i l l i o n  pieces that must then be tracked. 
axial  zone where the average ueight might be 1.0e-4 leaks r a d i a l l y  outward and (1 time i n  10,000) 
survives Russian Roulette and i s  reassigned a ueight of 1.0; i f  that  same neutron then scatters 
back i n to  the central region uhere the average ueight i s  1.0e-4, i t  u i l l  be s p l i t  i n to  10,000 
progeny, each of which m s t  then be tracked in  the MCNP model before the code can proceed t o  the 
next source neutron. Now consider a s imi lar  s i t ua t i on  fur ther doun the uater tube uhere one such 
neutron might b e t  1,000,000 or 10,000,000 progeny, o r  more! Obviously, the potent ia l  i s  there 
for  the code t o  get "hung up" f o r  a long time i f  one of  the lou-ueight neutrons from the central 
region leaks out rad ia l l y  and happens t o  survive Russian Roulette. 

This i s  no fau l t  of the code. Users are warned, and we have aluays knoun, that discontinuit ies 
i n  the neutron inportance from one c e l l  t o  the next should never exceed a factor of about 3 
or 4. 
t o  tes t  the f e a s i b i l i t y  of t h i s  approach p r i o r  t o  investing the e f f o r t  required f o r  a ful l-blom 
implementation of a l l  the radial  and axial  importance c e l l s  that  uould be necessary fo r  the f i n a l  
analysis. It didn't  uork. No shortcuts allowed. Thus, there uere basical ly three options l e f t  
a t  the time these i n i t i a l  test  calculations uere being performed: 

Say, f o r  example, that a neutron i n  a central 

In t h i s  part icular case, however, ue were s inp ly  w i l l i n g  t o  "take the chance" i n  order 

. 1 )  For test ing purposes, make a l l  the surrounding rad ia l  regions a black void by assigning 
them a neutron importance of zero. 
allowed the i n i t i a l  test ing to  go foruard. Ultimately, houever, one would have t o  turn 
t o  options (2) or (3) below. 

2) Al lou the axial  importance regions t o  extend rad ia l l y  across the en t i re  problem geometry, 
uithout decreasing the neutron irrportance i n  the rad ia l  direct ion. 
more inportance ce l l s  than used i n  the present HB305B model, but l i k e l y  uould have uorked 
based on our p r i o r  experience. The disadvantage, of course, i s  that, uithout a radial  
decrease in  the neutron importance, the code uould have spent an enormous amount of time 
(perhaps a prohibi t ive amant of time) tracking par t i c les  in  d is tan t  rad ia l  locations that 
have no r e a l i s t i c  chance of ever contr ibuting t o  the solut ion a t  the point of interest. 

This was considered too unreal ist ic,  but may have 

This uould have required 

3) Spend the t i m e  and e f f o r t  necessary t o  subdivide a l l  o f  the material ce l l s  in to  the 
( l i t e r a l l y )  thousands of smaller inportawe zones required f o r  the f u l l - b l o m  
implementation described above, and then hope that the assuned importance d is t r ibu t ion  
uas adequate so ue uouldn't have t o  do i t  again. Moreover, i f  one la te r  wanted t o  solve 
the 1960 uater-tube problem instead of the 1998 uater problem, or perform any parametric 
analyses, t h i s  uould have to done over again each time with the appropriate values - -  
c lear ly  not an exci t ing or at t ract ive prospect even i f  the approach could be made t o  work. 

I n  l i e u  of t h i s  extremely unattract ive and error-prone approach, i t  uas decided t o  tenporari ly 
abandon the use of MCNP f o r  the uater-tube shielding analysis, a t  least as fa r  as the neutron 
source was concerned, and turn instead t o  the m r e  elementary analyt ic techniques described i n  
Sect 5. In the mean time, while those elementary techniques s h o d  the neutron and secondary 
g a m  dose rates t o  be t o t a l l y  insigni f icant,  uork on advanced techniques using undocunented 
features of the MCNP4B code uas being conducted on the side uhich uould circunvent 
the d i f f i c u l t i e s  described above and a l lou  the exist ing code t o  be used much more e f fec t i ve ly  
on geometrically-complex deep penetration shielding problems of t h i s  nature. Those e f fo r t s  
uere mentioned b r i e f l y  in  Sect C.l.1, and are elaborated upon extensively in Appendix C.2 and 
i n  Sect 6 of the main report uhere th i s  new, previously unavailable and s t i l l  undocunented, 
approach was used i n  the successful solut ion o f  the 1998 uater-tube shielding problem fo r  the 
case u i t h  a gam-on ly  source. Moreover, i t  i s  n o w  believed that such an approach could also 
be used fo r  t h i s  same problem u i th  the neutron-only source. That, however, has not been done 
since the need t h i s  detai led analysis has since been dismissed. 
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Tebte C1. l .  
near the centerl ine in the flooded HE-3 water-tube sh ie ld ing analysis, as taken from the MCNP input f o r  Run HB305B. 

L i s t  o f  307 addit ional new "importancet1 c e t l s  needed t o  replace jus t  s i x  or  seven o f  the simple 19nateria181 c e l l s  

C 
C 
C 
C 
61 20 
6122 

' 6124 
6126 
6128 
6130 
6132 
6134 
6136 
6138 
6140 
6142 
6144 
6146 
6148 
6150 
6152 
6154 !2 6156 

\o 6158 
6160 
6162 
6164 
6166 
6168 
6170 
6172 
61 74 
61 76 
61 78 
6180 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
6182 
61 84 

Cel l  2145 (corresponding t o  the water in  the 1998 water tube), formerly described as: 
2145 8 -1.0000 -2134 2154 -4110 irrp:n=l S Water fnside mein cav i ty  o f  expanded beam tube outside vessel ( i f  flooded f o r  maintenance) 
has been replaced wi th  c e l l s  6120 t h r u  6180: ____._____._._.-.___..-------------------------------- 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
0 
8 
8 
8 

- 1 .oooo 
-1.0000 

- 1 .oooo 
- 1 .oooo - 1 .oooo - 1 .0000 
-1 .0000 
-1.0000 
-1 .oooo - 1 .oooo 
-1.0000 
- 1 .oooo - 1 * 0000 - 1 .oooo - 1 .oooo 
- 1 .oooo - 1 .oooo - 1 .oooo 
-1.0000 
-1 .oooo - 1.0000 
-1 .oooo 
-1.0000 
-1 .oooo 
-1.0000 
- 1 .oooo 
-1.0000 
- 1 .oooo 
-1.0000 
-1.0000 

-1 .oooo 
-2134 
-2134 
-2134 
-2134 
-2134 
-2134 
-2134 
-2134 
-2134 
-2134 
-2134 
-2134 
-2134 
-2134 
-2134 
-2134 
-2134 
-2134 
-2134 
-2134 
-2134 
-2134 
-2134 
-2134 
-2134 
-2134 
-2134 
-2134 
-2134 
-2134 
-2134 

2154 
5122 
5124 
5126 
5128 
5130 
5132 
5134 
5136 
5138 
5140 
5142 
5144 
5146 
5148 
5150 
5152 
5154 
5156 
5158 
5160 
5162 
5164 
5166 
5168 
5170 
5172 
5174 
5176 
5178 
5180 

-5122 
-5124 
-5126 
-5128 
-5130 
-5132 
-5134 
-5136 
-5138 
-5140 
-5142 
-5144 
-5146 
-5148 
-5150 
-5152 
-5154 
-5156 
-5158 
-5160 
-5162 
-5164 
-5166 
-5168 
-5170 
-5172 
-5174 
-5176 
-5178 
-5180 
-4110 

imp:n=4.5€+00 
imp:n=l .OE+01 
imp: n=2.3E+Ol 
imp:n=S.lE+OI 
imp:n=l.2E+02 
imp:n=2.6E+O2 
imp:n=5.8E+02 
imp:n=l.3E+03 
imp:n=3.OE+03 
imp:n=6.7E+03 
imp:n=1.5E+04 
imp:n=3.4E+04 
imp: n=7.6€ +04 
imp:n=1.7E+05 
imp:n=3.8€+05 
imp:n=8.6E+05 
imp:n=l.9E+06 
imp:n=4.4E+06 
imp:n=9.8E+06 
inp:n=2.2E+07 
imp: n=5 .OE+07 
imp:n=l.lE+08 
imp: n=2.5E+08 
fmp:n=5.7E+08 
imp:n=l.3E+O9 
imp:n=2.9E+O9 
imp:n=6.5E+09 
i"p:n=l.5E+10 
imp:n=3.3E+10 
i "p: n=7.4E+10 
inp:n=l.7E+1 I 

S Z < 178.45 S sur f  2154 a t  2474.95125 cm 
S 2 < 182.62 
S 2 < 186.80 
8 2 e 190.97 
S Z c 195.15 
S z < 199.32 
0 2 < 203.50 
S 2 < 207.67 
S 2 < 211.85 
S 2 < 216.02 
8 2 e 220.20 
S 2 224.37 
$ Z c 228.55 
S Z 232.72 
8 Z c 236.90 
S Z < 241.07 
$ z < 245.25 
0 Z < 249.42 
S 2 < 253.60 
0 2 < 257.77 
S Z 4 261.9474 S 5162 same as sur f  4100 
S 2 < 266.02 
S Z < 270.09 
S 2 c 274.17 
0 Z 278.24 
$ 2 c 282.31 
$ 2 c 286.385 S 5174 same es sur f  4105 
8 2 < 290.34 
t 2 c 294.29 
8 2 c 298.24 
S 2 e 302.1868 S 4110 same as sur f  5182 -__._.*"_____-._____---.------.---..------------------ 

*** IMPORTANT (when water tube i s  flooded): Cel l  4321 (representing aluninun step where beam tube expands again) 
*** IMPORTANT (when water tube i s  flooded): MUST have the same importance as C e l l  6182 below (imp:n=3.?E+11) o r  a l l  o f  *** IMPORTANT (when water tube i s  flooded): the (low weight) neutrons we've worked so hard t o  transport so f a r  t o  t h i s  po in t  
*** IMPORTANT (when water tube i s  flooded): w i l l  be k i l l e d  if they enter Ce l l  4380 and f i n d  a low importance region there 

*** IMPORTANT (when water tube i s  flooded): C e l l  4380 (representing the 2nd a lun inun window in the 1998 water tube) 
*** IMPORTANT (when water tube i s  flooded): MUST have the same importance as Celt 6182 below (imp:n=3.7E+11) or  a l l  o f  
*** IMPORTANT (when water tube i s  flooded): the (low weight) neutrons we've worked so hard t o  transport so f a r  t o  t h i s  po int  
*** tMPORTANT (when water tube i s  flooded): w i l l  be k i l l e d  if they enter Cel l  4380 and find a low importance region there 

Cel l  4375 (previously corresponding t o  vo id jus t  u stream o f  co l l imator) ,  formerly described as: 
4375 61 -1.0e-20 4115 -4130 -4230 
has been replaced with c e l l s  6182 t h r u  6184: 

8 -1.0000 4115 -5184 -4230 #(2135 -4126) imp:n=3.7E+11 S Z c 306.38, water - f i l l ed  former vo id jus t  upstream o f  co l l imator  (before 2nd aluninun w i n d  
8 -1.0000 5184 -4130 -4230 imp:n=8.4E+11 S Z < 310.58, 4130 same as sur f  5186, w a t e r - f i l l e d  former vo id jus t  upstream o f  co l l imator  

#(21$5 -4126) imp:n=l 6 void jus t  upstream o f  co l l imator  (before 2nd aluninun window in  1998 design) 

_____.________-.-_______________________-------------- 



Table Cl.1 (cont) 

*** NOTE *** 
*** NOTE *** 
Cell 4300 (previously void rectangular hole up thru collimator), formerly described as: 
4300 61 -1.0e-20 4130 -4190 4210 -4211 4212 -4213 #(4140 -4145) imp:n=l S rectangular hole up thru cotlimetor 
has been replaced uith cells 6186 thru 6224: 

For the case of the 1998 water tube, where both the water tube and the collimator 
section are flooded, Cell 4305 i s  not needed and should be comnented out 

(now water-filled) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - -  
8 -1.0000 4210 -4211 4212 -4213 4130 -5188 imp:n=l.9E+12 S 2 < 315.04 ! 4130 same as surf 5186 
8 -1,0000 4210 -4211 4212 -4213 5188 -5190 imp:n=4.2E+12 S 2 < 319.51 
8 -1.0000 4210 -4211 4212 -4213 5190 -5192 imp:n=9.5E+12 $ 2 < 323.97 
8 -1.0000 4210 -4211 4212 -4213 5192 -5194 imp:n=2.1E+13 S 2 < 328.44 
8 -1.0000 4210 -4211 4212 -4213 5194 -5196 imp:n=4.8€+13 S 2 < 332.90 
8 -1.0000 4210 -4211 4212 -4213 5196 -5198 imp:n=l.lE+14 S 2 < 337.37 
8 -1.0000 4210 -4211 4212 -4213 5198 -5200 imp:n=2.4€+14 t 2 < 341.8292 1 same as surf 4155 
8 -1.0000 4210 -4211 4212 -4213 5200 -5202 imp:n=5.5E+14 S 2 < 346.24 
8 -1.0000 4210 -4211 4212 -4213 5202 -5204 imp:n=1.2E+15 0 2 < 350.65 
8 -1.0000 4210 -4211 4212 -4213 5204 -5206 imp:n=2.8E+15 S 2 < 355.06 
8 -1.0000 4210 -4211 4212 -4213 5206 -5208 imp:n=6.3€+15 S 2 < 359.47 
8 -1.0000 4210 -4211 4212 -4213 5208 -5210 imp:n=1.4E+16 S 2 < 363.88 
8 -1.0000 4210 -4211 4212 -4213 5210 -5212 imp:n=3.2E+16 $ 2 < 368.29 
8 -1.0000 4210 -4211 4212 -4213 5212 -5214 imp:n=7.1E+16 S 2 < 372.70 
8 -1.0000 4210 -4211 4212 -4213 5214 -5216 imp:n=l.6E+17 0 2 < 377.11 
8 -1.0000 4210 -4211 4212 -4213 5216 -5218 imp:n=3.6E+17 f 2 < 381.5167 ! same as surf 4170 
8 -1.0000 4210 -4211 4212 -4213 5218 -5220 imp:n=8.1E+17 $ 2 < 386.81 
8 -1.0000 4210 -4211 4212 -4213 5220 -5222 imp:n=1.8E+18 S 2 < 392.1125 I same as surf 3010 
8 -1.0000 4210 -4211 4212 -4213 5222 -5224 imp:n=4.1E+18 d 2 < 397.03 
8 -1.0000 4210 -4211 4212 -4213 5224 -4190 imp:n=9.3E+18 $ 2 < 399.48 ! 4195 same as surf 5226 

C 
C 
C 
C 
C 
C 
C 
6186 
6188 
6190 
6192 
6194 
6196 
6198 
6200 
6202 
6204 
6206 
6208 
6210 
6212 
6214 
6216 
6218 
6220 

0 6222 
6224 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
6320 
6322 
6324 

6332 
6334 
6336 
6338 
6340 
6342 
6344 
6346 
6348 

*** 
*** 
*** 
*** 
*** 
*** 
*** 
*** 

IMPORTANT (when water tube 
IMPORTANT (when water tube 
IMPORTANT (when water tube 
IMPORTANT (when water tube 
IMPORTANT (when water tube 
IMPORTANT (when water tube 
IMPORTANT (when water tube 
lMPORTANT (when water tube 

is flooded): 
is flooded): 
is flooded): 
is flooded): 
is flooded): 
i s  flooded): 
i s  flooded): 
i s  flooded): 

Cells 4315 & 4316 (previously representing the small void regions just 
downstream of the collimator and the rectangular hole in the collimator) 
BOTH should perhaps (? )  be replaced by aluninum (3rd aluninum window ??), and 
BOTH MUST have the same importance as Cell 6224 above (imp:n=9.3E+18) or all of 
the (tow weight) neutrons we’ve worked so hard to transport so far to this point 
will be killed if they enter these cells and find a low importance region there 
Also: Should probably now celc leakage across Surf 4195 instead of  Surf 4190, 
however, since I have no details, leave cells void 8 stay with Surf 4190 

Cell 2146 (corresponding to the pneunatic tube coils inside the 1998 water tube), formerly described as:. 
2146 8 -1.0000 -2135 2134 2154 -4110 imp:n=l S water in pneumatic tube coils tocated just inside outer wall of expanded beam tube outside vessel 
has been replaced uith cells 6320 thru 6380: 

8 -1.0000 2134 -2135 2154 -5122 imp:n=4.5€+00 $ Z e 178.45 F surf 2154 at 2=174.95125 crn 
8 -1.0000 2134 -2135 5122 -5124 inp:n=l.OE+OI S 2 < 182.62 
8 -1.0000 2134 -2135 5124 -5126 imp:n=2.3E+01 S 2 < 186.80 
8 -1.0000 2134 -2135 5126 -5128 imp:n=5.1E+O1 $ 2 190.97 
8 -1.0000 2134 -2135 5128 -5130 imp:n=l.2E+O2 0 2 < 195.15 
8 -1.0000 2134 -2135 5130 -5132 imp:n=2.6€+02 S 2 < 199.32 
8 -1.0000 2134 -2135 5132 -5134 imp:n=5.8E+02 S Z < 203.50 
8 -1.0000 2134 -2135 5134 -5136 imp:n=1.3E+03 0 2 < 207.67 
8 -1.0000 2134 -2135 5136 -5138 imp:n=3.OE+03 S 2 < 211.85 
8 -1.0000 2134 -2135 5138 -5140 inp:n=6.7E+03 S 2 < 216.02 
8 -1.0000 2134 -2135 5140 -5142 imp:n=l.5E+04 S 2 < 220.20 
8 -1.0000 2134 -2135 5142 -5144 imp:n=3.4€+04 S 2 < 224.37 
8 -1.0000 2134 -2135 5144 -5146 inp:n=7.6E+04 S 2 < 228.55 
8 -1.0000 2134 -2135 5146 -5148 imp:n=1.7E+05 0 2 < 232.72 
CI -1.0000 2134 -2135 5148 -5150 imp:n=3.8€+05 F Z < 236.90 

______-__-__________--------------.---...------------- 



Table C1.l (cont) 

6350 8 -1.0000 2134 -2135 
6352 8 -1.0000 2134 -2135 
6354 8 -1.0000 2134 -2135 
6356 8 -1.0000 2134 -2135 
6358 8 -1.0000 2134 -2135 
6360 8 -1.0000 2134 -2135 
6362 8 -1.0000 2134 -2135 
6364 8 -1.0000 2134 -2135 
6366 8 -1.0000 2134 -2135 
6368 8 -1.0000 2134 -2135 
6370 8 -1.0000 2134 -2135 
6372 8 -1.0000 2134 -2135 
6374 8 -1.0000 2134 -2135 
6376 8 -1.0000 2134 -2135 

6380 8 -1.0000 2134 -2135 
6378 a -1.oooo 2134 -2135 

.-_______.____.--_-_______ C 

5150 
5152 
5154 
5156 
5158 
5160 
5162 
5164 
5166 
5168 
5170 
5172 
5174 
5176 
5178 
5180 

-5152 
-5154 
-5156 
-5158 
-5160 
-5162 
-5164 
-5166 
-5168 
-5170 
-5172 
-5174 
-5176 
-5178 
-5180 
-4110 

t 2 < 241.07 
S 2 < 245.25 
S 2 < 249.42 
L 2 < 253.60 
t 2 < 257.77 
L 2 < 261.9474 t 5162 same as surf 4100 
s 2 < 266.02 
0 Z < 270.09 
$ 2 < 274.17 
L 2 < 278.24 

S 2 < 286.385 t 5274 same as surf 4105 
S 2 290.34 
S 2 < 294.29 
t 2 < 298.24 
S 2 < 302.1868 $ 4110 same as surf 5182 

t z < 282.31 

C 
C 
C 
C 
C 
6386 
6388 
6390 e 6392 
6394 
6396 
6398 
6400 
6402 
6404 
6406 
6408 
6410 
6412 
6414 
6416 
6418 
6420 
6422 
6424 
C 
C 
C 
C 
C 
6520 
6522 
6524 
6526 

6530 
6532 
6534 

6528 

Cell 4310 (corresponding to ss body of central collimator with rectangular hole), formerly described as: 
4310 40 -7.92 4130 -4190 -4230 #(4210 -4211 4212 -4213) imp:n=l S ss body of central collimator with rectangular hole 
has been replaced with cells 6386 thru 6424: -_-__.--_-.___-_-_._----..-----------------.-----.---- 
40 -7.92 -4230 #(4210 -4211 4212 -4213) 4130 -5188 irrp:n.l.PE+12 $ 2 < 315.04 ! 4130 same as surf 5186 
40 -7.92 -4230 #(4210 -4211 4212 -4213) 5188 -5190 inp:n=4.2E+12 S 2 < 319.51 
40 -7.92 -4230 Jy(4210 -4211 4212 -4213) 5190 -5192 inp:n=9.5E*12 L 2 < 323.97 
40 -7.92 -4230 #(4210 -4211 4212 -4213) 5192 -5194 in~:n=2.1E+13 S 2 328.44 
40 -7.92 -4230 #(4210 -4211 4212 -4213) 5194 -5196 imp:n=4.8E+13 0 2 < 332.90 
40 -7.92 .-4230 #(4210 -4211 4212 -4213) 5196 -5198 imp:n=l.lE+14 S 2 < 337.37 
40 -7.92 -4230 #(4210 -4211 4212 -4213) 5198 -5200 imp:n=2.4E+14 S Z < 341.8292 t same as surf 4155 
40 -7.92 -4230 #(4210 -4211 4212 -4213) 5200 -5202 fmp:n=5.5E+14 S 2 < 546.24 
40 -7.92 -4230 #(4210 -4211 4212 -4213) 5202 -5204 imp:n=l.ZE+15 0 2 < 350.65 
40 -7.92 -4230 #(4210 -4211 4212 -4213) 5204 -5206 imp:n=2.8E+15 L 2 < 355.06 
40 -7.92 -4230 #(4210 -4211 4212 -4213) 5206 -5208 inp:n=6.3E+15 S 2 < 359.47 
40 -7.92 -4230 #(4210 -4211 4212 -4213) 5208 -5210 inp:n=l.4E+16 S 2 < 363.88 
40 -7.92 -4230 #(4210 -4211 4212 -4213) 5210 -5212 imp:n=3.2E+16 S Z < 368.29 
40 -7.92 -4230 #(4210 -4211 4212 -4213) 5212 -5214 inp:n=7.1E+16 $ 2 < 372.70 
40 -7.92 -4230 #(4210 -4211 4212 -4213) 5214 -5216 imp:n=l.6E+17 S 2 < 377.11 
40 -7.92 -4230 #(4210 -4211 4212 -4213) 5216 -5218 imp:n=3.6E+17 S 2 < 381.5167 ! same as surf 4170 
40 -7.92 -4230 #(4210 -4211 4212 -4213) 5218 -5220 imp:n=8.1E+17 S 2 < 386.81 
40 -7.92 -4230 R(4210 -4211 4212 -4213) 5220 -5222 inp:n=1.8E+18 S 2 < 392.1125 ! same as surf 3010 
40 -7.92 -4230 #(4210 -4211 4212 -4213) 5222 -5224 imp:n=4.1E+18 S 2 < 397.03 
40 -7.92 -4230 #(4210 -4211 4212 -4213) 5224 -4190 inp:n=9.3E+18 S 2 < 399.48 I 4195 same as surf 5226 

Cell 2147 (corresponding to the aluninm body of the expanded section o f  the new HB-3 beam tube forming the 1998 water tube), formerly described as: 
2147 24 -2.7 -2136 2135 2154 -4125 imp:n=l S atminun body of expanded section of the new HB-3 beam tube outside vessel 
has been replaced with cells 6520 thru 6580: 

24 -2.7 2135 -2136 2154 -5122 inlp:n=4.SE+00 S 2 < 178.45 $ surf 2154 at 2=174.95125 cm 
24 -2.7 2135 -2136 5122 -5124 imp:n=l.OE+Ol $ Z < 182.62 
24 -2.7 2135 -2136 5124 -5126 imp:n=2.3E+01 S 2 186.80 
24 -2.7 2135 -2136 5126 -5128 ina:n=5.lE+01 S 2 < 190.97 

____..-__.._-____C______________________---.---------- 

24 -2.7 2135 -2136 5128 -5130 i&:n=l.ZE+OZ L Z < 195.15 
24 -2.7 2135 -2136 5130 -5132 imp:n=2.6E+02 0 Z < 199.32 
24 -2.7 2135 -2136 5132 -5134 ina:n=5.8E+02 L Z < 203.50 
24 -2.7 2135 -2136 5134 -5136 iG:n=1.3Et03 f Z < 207.67 
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Appendix C.2 

MCNP4B Solut ion o f  an Academic 3 - D  Problem Involv ing the Transmission o f  a Narrow Coll imated 
Beam o f  Neutrons Impingent on the Bottom o f  a Large C y l i n d r i c a l  Tank o f  Uater, 

Using Geometry-Independent Space-Energy-Direction-Dependent Weight Uindows 
Based on a Simple 1-D Determin is t ic  Adjo in t  Flux Ca lcu la t i on  

C.2.1 General Comnents on Bias ing Techniques . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Deep penetrat ion problems i n  geometrical ly complex sh ie ld  conf igurat ions a re  c l a s s i c  i n  the annals o f  
Monte Carlo h is tory .  So lu t i on  o f  deep penetrat ion problems genera l ly  requ i re  the use o f  one o r  more 
forms of biasing. Weight uitidous i n  one form or another are t y p i c a l l y  used t o  c o n t r o l  and maintain the 
neutron population throughout the various geometric regions comprising t h e  sh ie ld .  This may be done 
d i r e c t l y  by having the user speci fy  energy-dependent l i m i t s  on the ue igh t  uindow (wthigh, wtlou, and 
wtavg) t o  be used i n  each of many small importance c e l l s  comprising t h e  shield, o r  i n d i r e c t l y  i n  an 
energy-independent fashion by having the  user speci fy  the r e l a t i v e  neutron importance i n  each o f  many 
small importance c e l l s  ccinprising the shield. I n  both cases, neutron s p l i t t i n g  and Russian Roulette 
are used t o  contro l  t he  l oca l  population. In the f i r s t  case, s p l i t t i n g  and Russian Roulette depend on 
the aaabsoluteaa ueight o f  a neutron i n  a given energy range i n  a given importance c e l l .  I f  the neutron 
has a weight greater than the upper l i m i t  (wthigh) f o r  t ha t  p a r t i c u l a r  energy range and spa t ia l  location, 
i t  i s  sp l i t  i n t o  two o r  more pieces whose weights l i e  w i t h i n  the  s p e c i f i e d  ueight  windou. 
i s  then tracked separately. This prevents any one neutron h i s t o r y  from dominating the f l u x  so lu t i on  i n  
a given region (which could lead t o  very un re l i ab le  results). 
neutron i n  a given energy range i n  a given c e l l  i s  below the Lower l i m i t  (wtlow) f o r  t ha t  pa r t i cu la r  
energy range and s p a t i a l  location, a numerical game o f  Russian Roulet te  i s  played. 
surv iva l  depends on i t s  absolute ue ight  r e l a t i v e  t o  the average ueight  f o r  t h a t  energy range i n  that  
pa r t i cu la r  c e l l .  
range i n  that  p a r t i c u l a r  c e l l ,  and t rack ing  continues as i f  noth ing had happened, otheruise i t  i s  k i l l ed .  
This prevents enormous nunbers o f  extremely low-ueight p a r t i c l e s  t h a t  cannot r e a l i s t i c a l l y  cont r ibute t o  
the so lu t i on  from being tracked i n d e f i n i t e l y  and burning up valuable ccnputer t ime tha t  could be more 
usefu l ly  spent t rack ing m r e  important pa r t i c l es .  Uhen the user instead e lec ts  t o  speci fy  the ' * re la t i ve  
neutron importanceaa on the various c e l l  cards (a simpler procedure r e q u i r i n g  f a r  less knowledge on the 
par t  o f  the user), neutron s p l i t t i n g  and Russian Roulette are again app l i ed  w i th  the  same objectives i n  
m i n d ,  but they are appl ied in  a s l i g h t l y  d i f f e r e n t  fashion. 
re fer red t o  as geometric s p l i t t i n g  s ince i t  i s  energy independent and i s  appl ied uhenever a p a r t i c l e  
crosses a c e l l  boundary. In t h i s  case, the app l i ca t i on  o f  neutron s p l i t t i n g  and Russian Roulette does 
not depend on the aaabsoluteaa weight o f  the neutron, but s i n p l y  on the  use r -spec i f i ed  importance i n  the 
c e l l  the neutron i s  coming from and the  c e l l  t o  uhich i t  i s  going. In t h a t  sense, a l l  neutrons are 
treated equally. 
w i l l  be s p l i t  i n t o  m u l t i p l e  pieces, each w i th  a propor t ionate ly  lower weight so t h a t  the populat ion 
represented by the sum o f  the ueights w i l l  be maintained. 
region t o  a low-importance region, the p r o b a b i l i t y  o f  i t s  su rv i va l  again depends on the r a t i o  o f  the 
user-specif ied importance i n  the  c e l l  the neutron i s  coming from and the  c e l l  t o  uhich i t  i s  going. 
the neutron survives, i t s  o r i g i n a l  weight i s  m l t i p l i e d  by the r a t i o  o f  t h e  higher c e l l  importance t o  the 
Louer c e l l  importance. Quite independent o f  whether one spec i f i es  the  r e l a t i v e  neutron importance on each 
c e l l  card and uses geometric s p l i t t i n g ,  o r  whether one spec i f i es  a conplete set o f  energy-dependent ueight 
windows f o r  every geometry c e l l ,  many other th ings such as neutron s c a t t e r i n g  and absorption events a t  
each c o l l i s i o n  s i t e  w i l l  a l so  a f fec t  t he  weight o f  a neutron throughout i t s  h i s to ry .  Moreover, i t  i s  the 
sun o f  the ueighted neutron t rack  lengths i n  any given c e l l  t h a t  w i l l  u l t i m a t e l y  determine the f l u x  i n  that  
c e l l .  The nunber o f  neutron tracks i n  a given c e l l ,  however, w i l l  determine the  s t a t i s t i c a l  uncertainty 
of the resul t .  
throughout the problem (which genera l ly  means increasing the n&r o f  low ueight p a r t i c l e s  deep i n  the 
sh ie ld  near regions o f  i n te res t ) ,  the f i n a l  s o l u t i o n  w i l l  be m r e  r e l i a b l e .  

Each piece 

Likeuise, i f  the aaabsoluteaa weight o f  a 

The p r o b a b i l i t y  o f  

I f  i t  survives, i t s  ue ight  i s  reset t o  the s p e c i f i e d  average weight f o r  t ha t  energy 

I n  t h i s  case, neutron s p l i t t i n g  i s  comnonly 

I f  a neutron i s  coming from a Lou-importance reg ion t o  a h igh- i rpor tance region, i t  

I f  a neutron i s  coming from a high-importance 

I f  

To the  extent t ha t  one can use the above mechanisms t o  h o l d  the t o t a l  populat ion constant 

C.2.2 D i f f i c u l t i e s  With T rad i t i ona l  Biasing Techniques . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Both of the mechanisms described above fo r  handling deep penetrat ion problems a re  w e l t  knoun and have 
been around f o r  many years. The d i f f i c u l t y  w i th  both approaches i n  geometr ica l ly  complex problems comes 
from the fac t  that t h i s  in format ion ( the  weight uindou spec i f i ca t i ons  o r  the r e l a t i v e  neutron importance 
speci f icat ions)  nust be supplied f o r  each of many small importance c e l l s  throughout the problem. 
c e l l s  and c e l l  boundary surfaces could be spec i f i ed  independently o f  t he  c e l l s  and surfaces needed t o  
specify the material conf igurat ion,  the task uould not  be near l y  as daunting. H is to r i ca l l y ,  unt i l  recently, 
that  has not been the case. The c e l l s  and const i tuent  surfaces needed t o  speci fy  the many smatl importance 
regions that  might be required were a l so  used t o  speci fy  the ma te r ia l  conf igurat ion.  Large, r e l a t i v e l y  
simple c e l l s  that  might otherwise be adequate t o  speci fy  the e n t i r e  ma te r ia l  conf igurat ion uould frequently 
have t o  be s p l i t  i n d i v i d u a l l y  i n t o  dozens of smaller 3 -D  c e l l s  t o  form the importance regions needed f o r  an 
adequate solut ion. In geometr ica l ly  complex sh ie lds where a hundred or m r e  mater ia l  c e l l s  might needed t o  
specify the geometry alone, one can i l l - a f f o r d  t o  s p l i t  each i n t o  the many (sometimes dozens) o f  addi t ional  

I f  these 
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smaller ce l l s  that might be required t o  specify the importance toms. 
outl ined w r e  extensively i n  Appendix C.1.3. 
the f u l l  3-D problem and create input f i l e s  describing a l l  of the surfaces and dual purpose ce l l s  that  m i g h t  
be necessary t o  describe the problem u i thout  v io la t ing  other constraints such as the maximum allouable ra t i o  
of neutron importances i n  adjacent c e l l s  ( r a t i o  should aluays be less than 3). the very existence of a l l  the 
otheruise unnecessary geometry speci f icat ions makes the d e l  much m r e  d i f f i c u l t  t o  understand and adds . 
a certain degree of unavoidable calculat ional  overhead t o  the tracking algorithms and running time. More 
irrgortantly, a uhole range of important but geometrically-complex deep penetration problems sinply become 
infeasible in any pract ical  sense. 

Some of these d i f f i c u l t i e s  are 
Moreover, even i f  one i s  mentally nimble enough t o  visual ize 

C.2.3 Recent Developnents: Geometry-Independent Ueight Uindous . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
In the las t  tu0 or  three years, there have been tu0 independent, yet essent ia l ly  identical,  e f fo r t s  
t o  c i rcunvmt the well-known d i f f i c u l t y  described above - -  one by John Wagner and ALirera Haghighat 
a t  the Pennsylvania State University#=-35, and one by John Hendricks, T a n  Evans, Ken Van Riper, and 
T o d d  Urbatsch a t  Los ALamas#21,27. 
uhich neutrons are essential ly tracked simultaneously in tuo %eparatP geunetry systems, so t o  speak. 
(1) The f i r s t  uses the same t rad i t i ona l  surfaces and c e l l s  that have aluays been specif ied by the user 
in the regular MCNP input f i l e  t o  describe the location of the material c e l l s  required t o  specify the 
en t i re  configuration i n  the sinplest possible fashion. 
the materials the neutrons are passing through and the types o f  c o l l i s i o n  events (absorption, scattering, 
etc) that take place uh i le  the neutron i s  i n  a given material ce l l .  
if you uish t o  c a l l  i t  that, has nothing t o  do u i t h  the material descr ipt ion of the problem; 
sif fply a set of XYZ mesh intervals (or R-2-Theta mesh intervals), expressed in t e r n  o f  the problem's 
global coordinate systwn, uhich f u l l y  encapsulate the shield configuration. 
t o  as a *#phantom mesh" since i t  never appears d i r e c t l y  i n  the MCNP input f i l e  and i s  completely 
independent of the surface and c e l l  speci f icat ions used t o  describe the problem's material geometry. 
This variable XYZ mesh, fo r  exanple, i s  speci f ied a t  the beginning of a separate stand-alone ascii-based 
ueight-uindou f i l e  created by the user o r  some al ternate code system. 
a 1#geometry-independentn1 weight uindou f i l e . )  
of t h i s  neu f i l e  (as a parameter on the ex is t ing  message header record in  the regular MCNP input f i l e ) ,  
and the modified version of the code uses t h i s  al ternat ive broad-group ueight uindou information 
uhenever a neutron crosses i n to  any o f  the corresponding phantom mesh or  experiences a co l l i s i on  in 
any of the corresponding phantom mesh. 
uindou" approach uas previously implefnented i n t o  the exist ing MORSE code by J. A. Buchotz back in 1991 
for the analysis of the proposed borated pin-array experiments f o r  the NPR Program a t  the Touer Shielding 
Reactor#%. This (then) non-standard approach uas described a t  the end of  Sect 7.6 in Ref 36, uh i l e  a l l  
of the necessary Fortran routines needed f o r  f u l l y  i r r p l m t i n g  the approach were l i s ted  i n  Appendix D 
of that d o c m t . 1  In the present Los ALamos formulation, the ngeometry-independent ueight uindowal f i l e  
contains some header information describing the nwnber o f  d i f f e ren t  pa r t i c l e  types (neutron, photons, or 
electrons for uhich information i s  supplied) and the nunber of broad energy groups used fo r  biasing each, 
the specif icat ions fo r  the 3-0 (XYZ or RZT) phantom niesh f o r  uhich ueight uindous u i l l  be supplied, the 
ueight-uindou louer bound (utlow) f o r  each 3-D mesh (by broad group), and optional ly, the direct ional  
adjoint currents (aJx, aJy, aJz) fo r  each 3-D mesh (by broad energy group) as produced by a THREEDANT#26 
adjoint analysis of (a generally mch  cruder model o f )  the shfeld configuration. 
approach, the 3-D TORT code&% from ORNL i s  used instead o f  THREEDANT fo r  t h i s  same type o f  adjoint 
analysis.] 
i s  t o  determine the unit vector correspoding t o  the adjoint  current in  each mesh, i n  each broad energy 
group (see l ines 125 t o  140, of MCNP4B#4 subroutine W A L ) .  
cosines of a pa r t i c l e  a f te r  a c o l l i s i o n  are folded u i t h  the d i rec t ion  cosines forming the adjoint current 
vector f o r  that spat ia l  mesh and energy range. 
transform t o  s ign i f i can t ly  increase the assigned ueight of the outgoing pa r t i c l e  i f  i t  i s  t rave l l ing  i n  a 
direct ion of high importance, o r  t o  s ign i f i can t l y  decrease i t s  assigned weight i f  i t  i s  t ravel ing in  the 
opposite direct ion, u i t h  a graded adjustment being made f o r  intermediate direct ions. In any event, once 
one i s  fami l iar  u i t h  both the content and the forinat specif icat ions fo r  the aJgeometry-independent weight 
uindou" f i l e ,  one can manually construct (through the use of simple Fortran programs) s imi la r ly  useful 3-D 
ueight uindou f i l e s  based on resul ts from simpler 1-D ANISM adjoint  calculat ions that represent the main 
characterist ics of the problem a t  hand. 
of a given problem, i t  i s  o f t e n  also possible t o  supply a r t i f i c ia l l y -cons t ruc ted  direct ional  information 
uhich simulates the biasing e f fec ts  that  uould normally be based more r igorously on the 3-D direct ional  
adjoint currents i f  that information were available. 
d i rect ional  data) are tremendously valuable in  accelerating the solut ion of otherwise d i f f i c u l t  Monte 
Carlo shielding problems. In one academic-based problem described belou, a g o d  calculat ion u i t h  
perfect ly acceptable resul ts uas made t o  run 10,000 times faster than an ea r l i e r  calculat ion which had 
yielded essential ly useless results! 

In a paper#21 a t  the ANS Radiation Protection and Shielding Conference i n  Nashville ( A p r i l  19971, T a n  Evans 
of the Los Alamos HCNP developnent group indicated that a version o f  MCNP (HCNP4C) u i t h  the capabi l i t ies 
described above, as u e l l  as sane other enhancements, uould be released in  the year 2000, along u i t h  other 
codes and code systems nou wder development fo r  use i n  hybr id shielding calculations. 
those codes and code systems Yere being tested, he indicated that a l l  the hooks and logic for  reading and 

In  both cases, a modified version of the MCNP code i s  used i n  

Tracking in  t h i s  system i s  used t o  determine 

(2) The second "geometry syst&#, 
i t  i s  

This i s  often referred 

(Indeed, that's uhy i t s  cal led 
The modified version of MCNP i s  simply given the name 

[Here a t  ORNL, t h i s  saw! type o f  osgeanetry-independent ueight 

[In the Perm State 

I f  the optional adjoint  d i rec t iona l  currents are suppiid, i t  appears that  t he i r  sole purpose 

A t  each c o l l i s i o n  s i te,  the outgoing direct ion 

The resul t ing dot product i s  then applied i n  an exponential 

By using engineering judgement based o f  a thorough understanding 

Both types of information (u i t h  or uithout the 

when asked hou 
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using the type o f  lngeometry-independent weight w i n d o w 4 g  f i l e  described above already e x i s t  (and have ex is ted 
f o r  some time) as an undocmnted feature o f  the MCNP48 code which has been p u b l i c l y  ava i l ab le  s ince 
e a r l y  1997 and i n  use a t  ORNL since Ju ly  1997. 
notes ( t o  be included i n  the F Y  2000 docmentation) descr ib ing the content and format spec i f i ca t i ons  f o r  
the "geometry-independent weight window4t f i l e  corresponding t o  X Y Z  and R-2-Theta geometries. 
explanation o f  t he  in format ion per t inent  t o  the former i s  included in  Appendix C.3 below. 

Subsequent t o  the meeting, he Later forwarded a set  o f  

A n  enhanced 

C.2.4 D e f i n i t i o n  on an Academic Problem f o r  Testing Purposes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
To v e r i f y  t h a t  we knew and co r rec t l y  understood hou t o  generate the necessary in format ion and u t i l i z e  
t h i s  "newly-found and s t i l l  undocunented" c a p a b i l i t y  which he ld  great promise as the only p r a c t i c a l  
method of so l v ing  many r e a l i s t i c  problems o f  engineering i n te res t  t ha t  were otherwise i n t r a c t a b l e  
(c f  Appendix C.l), we f i r s t  decided t o  apply i t  t o  a r e l a t i v e l y  simple llacademically-idealizedll vers ion 
of the HE-3 uater- tube problem. 
of the 1998 water tube from 2=174.95125 t o  2302.1868 cm would be flooded. I t  was known tha t  without 
b ias ing  o f  some so r t ,  the neutrons were (nuner ica l ly )  not  progressing much beyond the  f i r s t  10, 15, o r  
20 cm o f  water, and tha t  a l l  e a r l i e r  attempts a t  using r a d i a l  and a x i a l  importance c e l l s  had f a i l e d  
(cf Appendix C.1). Use o f  the phantom mesh i n  the geometry-independent weight window f i l e  should work 
whether one has a simple geometry o r  a cotrplex geometry (although i t  i s  r e a l l y  on l y  needed in  the  l a t t e r  
case). Thus, f o r  t e s t i n g  purposes, an exceedingly simple ltacademiclo version o f  t he  problem was devised. 
Basical ly, i t  involved only the transmission o f  a narrow col l imated beam of neutrons (10-cm-diam) impingent 
on the bo t tan  o f  a large (130-cm-diam) c y l i n d r i c a l  tank o f  uater  extending from Z=175 cm t o  2=300 cm. 
No concrete or aluninun o r  s tee l  corrponents were included i n  t h i s  academic vers ion o f  t he  problem, on l y  
the  i dea l i zed  tank o f  water described above. The neutron-only source was the same 61-group neutron source 
prev ious ly  used i n  the  actual  HB-3 beam tube analysis ( c f  Table 2.2a), except that: 
s imp l i f i ca t i on ,  the po in t  sources f o r  a l l  energy groups were ass& t o  be located a t  a s i n g l e  l oca t i on  
( x = O ,  Y=O, 2=50 cm); 
an empty tube as i n  the r e a l  HB-3 analysis, but by a 130-cm-diam black absorber having a 10-cm-diam ho le  
up the middle, through which neutrons from the po in t  source would stream and become co l l ima ted  before 
reaching the bottom o f  the water tank. 
d e l e d  i n  i t s  e n t i r e t y  by the fo l lowing 6 c e l l s  and 7 surfaces: 

There i t  uas o r i g i n a l l y  thought that  only the 127.23555-cm-long p o r t i o n  

(a) f o r  t h e  sake of 

and (b) the source would now be coll imated, not by water o r  barytes concrete around 

This geometry i s  i l l u s t r a t e d  i n  Fig. C2.1, and can be simply 

............................................................................................... ____________________--------------------------------------------------------------------------- 
Simple tlacademic modela1 used f o r  t es t i ng  geometry-independent weight windows 

c CELLS: 
101 61 -1.0e-20 -1001 9997 -1003 imp:n=l 'f v o i d  ins ide centra l  source tube 
102 61 -1.0e-20 1001 -9999 9997 -1003 inp:n=O $ v o i d  outside centra l  source tube 
201 8 -1.0000 -1002 1003 -1004 imp:n=l S uater shield, cent ra l  p o r t i o n  
202 8 -1.0000 1002 -9999 1003 -1004 imp:n=l $ uater shield, outside cen t ra l  p o r t i o n  
300 61 -1.Oe-20 -9999 1004 -9998 imp:n=l 'f vo id  beyond water s h i e l d  
900 0 #(-9999 9997 -9998) inp:n=O 6 external vo id  

c SURFACES: 
1001 cz 5.0 B Cy l ind r i ca l  vo id  OD 
1002 cz 10.0 6 rad ius of cent ra l  region o f  i n te res t  
1003 pz 175.0 B s t a r t  o f  water 
1004 pz 300.0 S end o f  uater 
9997 pz 0.0 S External vo id  boundary ( f a r  enough down t o  include a l l  po in t  sources) 
9998 pz 
9999 cz 65.0 S External vo id  boundary ( r a d i a l  extent o f  t h i s  model) 

The ccnplete HCNP input f i l e  (WT08), which i s  280 l i n e s  long p r i m a r i l y  because o f  a l l  the 
d iagnost ic  detectors  used, i s  described below and Listed i n  Appendix C.5. 

C 

700.0 $ External vo id  boundary ( f a r  enough out t o  enconpass p t  detectors i f  desired) 

____________________--------------------------------------------------------------------------- ___^________________------_------------------------------------------------------------------- 

The ob jec t i ve  was t o  ca lcu late,  as accurately as possible, the t o t a l  "neutron p lus  secondary 
g a m "  dose r a t e  averaged over a 20-cm-dim d i sk  on the downstream surface o f  t he  uater  tank 
( a t  2=300 cm). To t e s t  the a b i l i t y  of the model and the associated gecinetry-independent weight 
window f i l e  t o  t ranspor t  r e a l  p a r t i c l e s  through the e n t i r e  system, these dose r a t e  estimates 
were t o  be based on rea l  boundary crossing t a l l i e s  a t  t h i s  locat ion (not po in t  detector  t a l l i e s ) .  
To fu r the r  v e r i f y  t ha t  r e a l  p a r t i c l e s  were ac tua l l y  progressing up through the system, 
volune-averaged estimates of the t o t a l  neutron f l u x  and t o t a l  g a m  f l u x  were ca lcu lated and 
displayed f o r  each o f  twenty- f ive d i s t i n c t  volune elements (each 5-cm-thick x 20-cm-diam) up 
along the cen t ra l  p o r t i o n  of the system from Z=lE cm t o  2=300 cm. 
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TALLY 54 GIVES TOTAL SCALAR FLUX FOR 
CENTRAL 20-CM-OIAM REGION, IN  EACH OF 25 
5-CH INCRRlENTS FROM 2-175 TO 2-300 CM 
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POINT SOURCE AT R-B. Z-50 CM. HAS 
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THETA-8 TO THETA- 15.69 DECREES. 
BUT IS ZERO OVER REST OF THETA 
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Fig. C2.1. Simple "academic" model used for testing the use of geometry-independent 
weight windows. This problem (not drawn to scale) involves the transmission of a 
narrow collimated beam of neutrons (10-cm-dim) impingent on the bottom of a large 
(1 30-cm-dim) cylindrical tank of water extending from Z= 175 ern to 2 3 0 0  cm. 
Main parameters of interest include the total "neutron plus secondary gamma" dose 
rate over a 20-cm-dim disk at the top, and the total neutron and gamma fluxes in each 
of twenty-five 5-cm-thick axial segments in the 20-em-dim region up the middle. 
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C.2.5 Use o f  a 1-D Adjo in t  Calcu lat ion t o  Generate a 3-0 Broad-Group Weight Uindou F i l e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Appendix C.4 l i s t s  the complete contents o f  a self-contained, fully-automated, s c r i p t  f i l e  (GETWIN8.SCR) 
fo r  generating the geometry-independent broad-group ueight windou f i l e  (uwinp) needed by the MCNP4B code 
fo r  t h i s  pa r t i cu la r  problem. A t  t he  core o f  t h i s  s c r i p t  f i l e  i s  the input f o r  a 1-D Group-Banded ANIS" 
ad jo in t  ca l cu la t i on  which generates the f ine-group ad jo in t  in format ion used by the other Fortran routines 
(see the GETWIN8.F program) i n  the remainder o f  the sc r ip t .  

This ad jo in t  ANISN ca l cu la t i on  i s  an &-group ca tcu ta t i on  and uses the 61n/23g VELH cross sect ion 
l ibrary#lO. 
Ilneutron plus secondary g a m t a  dose r a t e  downstream o f  the water tank a t  2=300 cm, the %ource term'& 
in t h i s  ad jo in t  ca l cu la t i on  corresponds t o  the 61-group-neutron and 23 -g roup-gam f lux-to-dose-rate 
conversion factors  [(mrem/hr)/(n/s/cd) and (mrem/hr)/(p/s/cm2)1 based on t h e  1977 ANSI  Standard#19. 
These are input as source terms i n  a t h i n  0.01-cm-thick mesh ( n u h e r  251) on the  r i g h t  o f  the 
buckled 1-D s lab ANISN model. The other  250 0.5-cm-thick 
mesh in te rva l s  i n  the ANISN model correspond t o  tha t  p o r t i o n  o f  the uater  tank betueen 2=175 cm and 
2=300 cm i n  the HCNP model. 
a small-diameter d i sk  due t o  a narrowly co l l imated beam ra the r  than the response over an i n f i n i t e  
plane due t o  an i n f i n i t e  plane source, t h i s  ANISN c a l c u l a t i o n  uas run as a buckled s lab  whose assuned 
dimensions i n  the two transverse d i r e c t i o n s  (dx=dy=27.2 cm) were based on the  diameter o f  the beam 
and the concept o f  r e f l e c t o r  savings, normally appl ied t o  water r e f l e c t e d  cores i n  reactor  physics 
calculations.) The ANISN ca l cu la t i on  then corrputes the &-group neutron and gamM f l uxes  in each 
of the 251 mesh i n t e r v a l s  o f  i n te res t  and u r i t e s  those f l uxes  i n  * lad jo in t  order" on a b inary f l u x  
f i l e .  
u h i l e  record 23 contains the  a d j o i n t  g a m  f luxes f o r  t he  hardest g a m  group, record 24 contains the 
adjo in t  neutron f luxes f o r  the slowest neutron group, and record 84 contains the  a d j o i n t  f luxes f o r  
the fastest  neutron group. This point i s  emphasized here s ince i t  i s  q u i t e  the  reverse o f  what one 
would normally expect and ob ta in  i n  a normal "foruardta ca lcu lat ion. )  A f t e r  corrplet ion o f  the ANISN 
calculat ion, the GETUIN8.SCR s c r i p t  then c a l l s  the ehedded GETUIN8.F For t ran program (also shown) 
which fur ther  processes the data. 

U i t h i n  the GETUIN8.F program, subroutine SRCJST f i r s t  c a l l s  subroutine GETADJ uhich reads the ad jo in t  
scalar f l u x  f i l e  as noted above, as u e l l  as the mesh in format ion contained in  the  ANISN printed output 
f i l e ,  and s p a t i a l l y  averages the broad-group ad jo in t  f l uxes  ( f o r  s i x  neutron groups and four  gama 
groups) over each o f  the 25 u ider  (5-cm-thick) importance zones. 
l is ted belou i n  Table C2.la. 

Because the s ta ted  ob jec t i ve  o f  the f i n a l  HCNP analys is  uas t o  ca l cu la te  the t o t a l  

(See the 17** array i n  the ANISN input). 

(Lastly, because one i s  u l t i m a t e l y  concerned u i t h  the  response over 

(Here the f i r s t  o f  the 84 records contains the a d j o i n t  g a m  f l uxes  f o r  the so f tes t  gama group, 

These more meaningful r e s u l t s  are 

The average broad-group weight f o r  neutrons and g a m s  i n  each o f  the 5-cm-thick importance zones 
i s  proport ional t o  the inverse o f  the corresponding broad-group a d j o i n t  f l u x  in  such a zone. The 
t r i c k y  part,  houever, i s  knouing how t o  proper ly  normalize everything#25. 
in subroutine SRCJST o f  the GETUIN8.F program i n  Appendix C.4. 

1) Look a t  the broad-group ad jo in t  f luxes back a t  the l oca t i on  uhere the  ( r e a l )  source p a r t i c l e s  

This  i s  c l e a r l y  shown 
Basica l ly ,  one proceeds as fo l lous:  

uould normally impinge on the shield, as ve l1 as the equivalent broad-group source t e r m .  

2) Determine the %ource-averaged a d j o i n t  f l ux "  (avgadj) a t  t ha t  l oca t i on  by tak ing the i n teg ra l  
over a l l  broad groups o f  "the r e a l  broad-group sources there, t imes the broad group ad jo in t  
f luxes there", and d i v i d i n g  tha t  i n teg ra l  by the sun o f  a l l  the r e a l  broad-group sources a t  
that location. 

3) The average (surv iva l )  weight assigned t o  each broad group a t  t h a t  l oca t i on  equals t h i s  
Ilsource-averaged ad jo in t  f l u x "  d i v ided  by the p a r t i c u l a r  broad-group a d j o i n t  f l u x  a t  t h a t  
location. 
other importance mesh equals t h i s  same "source-averaged a d j o i n t  f l u x "  (avgadj) d i v ided  by 
the loca l  broad-group a d j o i n t  f l u x  i n  the given importance mesh. The love r  weight windou 
l i m i t  (u t lou)  f o r  each broad group i n  each importance mesh i s  then t y p i c a l l y  taken t o  be 
one tenth the average su rv i va l  ueight. Table C2.lb shows the r e s u l t i n g  lower ue ight  l i m i t  
for  each of the neutron and g a m  broad groups i n  each importance mesh along the axis. 

I t  i s  inportant t o  note, houever, t ha t  one i s  no t  y e t  done a t  t h i s  po int .  To uork, the s t a r t i n g  
ueight o f  the neutrons must be compatible u i t h  the ueight  windows just defined, o r  one could 
eas i l y  have a s i t u a t i o n  uhere a l l  the source neutrons s p l i t  l i k e  crazy o r  are imnediately k i l l e d  
u i thout  going anyuhere. 
the adjo in t  technique provides an ana ly t i c  t o o l  f o r  d e f i n i n g  the optimal source-energy b ias ing 
algori thm conpatible w i th  the ueight  uindous j u s t  established. 

Likewise, the average (su rv i va l )  ueight assigned t o  each broad group in every 

To acconplish th i s ,  source-energy b ias ing  i s  required. Fortunately, 

Continue as fol lows: 

4) The opt imal ly  biased energy d i s t r i b u t i o n  f o r  the source (on a broad-group basis) i s  obtained by 
taking the ( rea l )  broad-group source i n t e n s i t y  and d i v i d i n g  i t  by the average (su rv i va l )  ueight 
f o r  the corresponding broad-group a t  the source location. The r a t i o  o f  the biased source energy 
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Table C2.la. Spat ia l ly-averaged broad-group neutron and a d j o i n t  f luxes fo r  the  academic problem as sumnarired by GETWIN8.SCR. 

Neutron and Gama Ad jo in t  Fluxes in  water, where a d j o i n t  i s  based on t o t a l  n+g dose a t  X= 300.000 cm, and buck l ing DY=DZ= 27.20 cm 
mnXX-YY = MCNP neutron g rp  n u h e r s ,  
vnXX-YY = VELM neutron g rp  nunbers, 

Emax: 4.13990E-07 1.06770E-05 1.23410E-03 1.22770E-01 1.10800E+00 1.49180E+01 3.00000E-01 1.00000E+00 4.00000E+00 1.40000E+01 
inp mn01-01 m 0 2  -05 m 0 6 -  13 ~ 1 1 4 - 3 1  ~ 1 3 2 - 4 6  ~ 1 4 7 - 6 1  mgOl-06 NOT- 11 mg12-16 ~ 1 7 - 2 3  

xmin  xmax mesh vn6l-61 vn57-60 vn49-56 vn31-48 vn16-30 vnOl - 15 ~ ~ 1 8 - 2 3  ~ ~ 1 3 - 1 7  vg08-12 VgOl-07 

mgXX-YY = MCNP g a m  grp nunbers 
vgXX-YY = VELH gama grp Mmbers 

175.00 180.00 1 9.81737E-10 3.84592E-09 7.49249E-09 1.63987E-08 1.32706E-08 2.47022E-08 1.92692E-12 1.37135E-10 1.10285E-08 3.53542E-07 
180.00 185.00 2 2.14677E-09 8.52375E-09 1.60595E-08 3.74009E-08 3.00442E-08 4.55406E-08 4.03542E-12 2.49004E-10 1.6861lE-08 4.89117E-07 
185.00 190.00 3 3.45650E-09 1.37712E-08 2.74379E-08 6.14311E-08 5.00895E-08 7,47089E-08 8.23914E-12 4.50294E-10 2.57917E-08 6.77464E-07 
190.00 195.00 4 5.43922E-09 2.16778E-08 4.32243E-08 9.68926E-08 7.92752E-08 1.19546E-07 1.67768E-11 8.14177E-10 3.94952E-08 9.39605E-07 
195.00 200.00 5 8.54544E-09 3.40592E-08 6.79195E-08 1.52275E-07 1.24659E-07 1.91520E-07 3.41752E-11 1.4729OE-09 6.05648E-08 1.30528E-06 
200.00 205.00 
205.00 210.00 
210.00 215.00 
215.00 220.00 
220.00 225.00 
225.00 230 .OO 
230.00 235.00 
235.00 240.00 

t.4 240.00 245.00 
245.00 250.00 P 
250.00 255.00 
255.00 260.00 
260.00 265.00 
265.00 270.00 
270.00 275.00 
275.00 280.00 
280.00 285.00 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

1.34313E-08 
2.11261E-08 
3.32S84E - 08 
5.241 27E -08 
8.27008E-08 
1 .30685E - 07 
2.06878E - 07 
3.28198E-07 
5.22040E-07 
8.33092E - 07 
1.33495E-06 
2.15044E-06 

5.71314E-06 
9.49108~- 06 
1.61431E-05 
2.87232E-05 

3.48a29~-06 

5.35340E-08 
8.42061 E -08 
1 .32S69E - 07 
2.08927E - 07 
3.29677E -07 
5.20991E -07 
8.24802E - 07 
1.30661E-06 
2.081 74E-06 
3.32260E-06 
5.32513E-06 
8.58025E - 06 
1.39232E-05 
2.28157E-05 
3.79385E - 05 
6.46505E-05 
1.15542E- 04 

1.06761E-07 
1.67939E-07 
2.64411E-07 
4.16743E-07 
6.57665E-07 
1.03944E -06 
1.64581E-06 
2.61 167E - 06 
4.15558E-06 
6.63445E-06 
1.06370E-05 
1.7t477E-05 
2.78455E -05 
4.56804E-05 
7.61 066E -05 
1.30219E-04 
2.34972E-04 

2.39376E-07 
3.765 75E - 07 

9.34652E-07 
1.47517E-06 
2.331 85E-06 
3.69285E-06 
5.86137E-06 
9.32907E -06 7.66043E-06 
1.48995E-05 1.22451E-05 
2.38WBE - 05 
3. 85537E - 05 
6.26650E-05 

1.71999E-04 
2.96O26E - 04 
5.41 749E-04 

5.92948~-07 

1 . 029f i6~ - 04 

1.96000E-07 
3.08391E-07 
4.85683E-07 
7.65753E- 07 
1 .20894E -06 
1.91167E-06 
3.02871E-06 
4.80978E - 06 

6.96925E - 1 1 
1.4231OE-10 
2.91021E - 10 
5.96074E-10 
1.22298E -09 
2 S1382E-09 
5.17n4E -09 
1 .06848E -08 

9.52467E-08 
1.98536E-07 
4.15140E-07 
8.7130lE-07 
1.83755E-06 
3 .W297E-06 
8.39237E-06 

3.09621E-07 
5.06554E-07 
8.39988E -07 
1.41341E-06 
2.4 l552E-06 
4.1%90E -06 
7.41230E-06 
1.33219E-05 
2.43666E- 05 2.210U6E-08 
4.53704E-05 4.58218E-08 

1.96646E-05 8.60387E-05 
3.17736E-05 1.66306E-04 
5.17756E-05 3.28105E -04 
8.54527E - 05 6.6224 1 E -04 
1.44176E-04 1.37256E-03 
2.54455E-04 2.93833E-03 
4.9776lE-04 6.55734E-03 

2.66639E - 09 
4.83041 E - 09 
8.75692E-09 
1.58863E-08 
2.88401E-08 
5.23927E - 06 
9.52466~ -08 
1.73279E-07 
3.15489E - 07 
5.74933f-07 

9.30220E-08 
1.43121E-07 
2.20619E -07 
3.40781E - 07 
5.27583E-07 
8.18829E-07 1.27441E-06 

1.98972E-06 
3.11769E-06 
4.90541E-06 

1.04890E-06 7.75593E-06 
1.91638E-06 1.23347E-05 
3.50850E-06 1.97580E-05 
6.44317E-06 3.19378E-05 
1.18904E-05 5.22484E-05 
2 .Z1228E-05 8.69075E-05 
4.17668E-05 1.48178~-04 

1.81654E-06 
2.5331 1E-06 
3.540 10E - 06 
4.9S938E - 06 
6.96634E - 06 
9.81485E -06 
1 .38748E - 05 
1.96893E-05 
2.80633E - 05 
4.02025E - 05 
5.79372E-05 
8.4091 1 E - 05 
1.23111E-04 
1.82191E-04 
2. m 9 2 E  - 04 
4.17999E - 04 
6.56565E - 04 

285.00 290.00 23 5.62788E-05 2.28779E-04 4.75786E-04 1.13094E-03 1.21403E-03 1.54925E-02 1.84098E-05 8.11554E-05 2.632308-04 1.07678E-03 
290.00 295.00 24 1.34208E-04 5.5596%-04 1.19420E-03 2.91568E-03 4.31392E-03 4.00774E-02 4.35668E-05 1.68776E-04 5.08148E-04 1.92109E-03 
295.00 300.00 25 4.29402E-04 1 .76790E-03 3.61867E-03 8.98086E-03 3.69541E-02 1.46413E-01 1.54494E-04 4.96719E-04 1.41180E-03 4.86643E-03 
300.00 305 .OO 26 9 .38563~04  4.44065E-03 8.46623E-03 2.94963E-02 2.26125E-01 5.53246E-01 8.01714E-04 1 .74881E-03 4.80507E-03 1.53926E-02 



Table C2.16. Space- and energy-dependent weight window lower L im i t s  (based on a d j o i n t  f luxes f o r  the academic problem) as s m r i z e d  by CETWIN8.SCR 

xmi n 

175.00 
180.00 
185.00 
190.00 
195.00 
200.00 
205.00 
210.00 
215.00 
220.00 

h;, 225.00 
wl 230.00 

235.00 
240.00 
245.00 
250.00 
255.00 
260.00 
265.00 
270.00 
275.00 
280.00 
285.00 
290.00 
295 .OO 
300.00 

xmax 

180.00 
185.00 
190.00 
195.00 
200.00 
205.00 
210.00 
215.00 
220.00 
225.00 
230.00 
235.00 
240.00 
245.00 
250.00 
255.00 
260.00 
265.00 
270.00 
275.00 
280.00 
285.00 
290.00 
295.00 
300.00 
305 .OO 

UTLO f o r  the 6 broad neutron groups and 4 broad g a m  groups based on 1-D ad jo in t  & J a b ' s  proce 
Use these values fo r  the coupled n/g mcnp t ranspor t  analys is  i nvo l v ing  a neutron-only source. 
(With a n/g source, or a g a m - o n l y  source, values would be d i f f e r n e t )  
wXX-YY = HCNP neutron grp nunbers, mgXX-YY MCNP g a m  grp nunbers 
VnXX-YY = VELM neutron g rp  nunbers, vgXX-YY = VELM g a m  g r p  nunbers 

EMX: 4.13990E-07 1.06770E-05 1.23410E-03 1.22770E-01 1.10800E+00 1.49180E+01 3.00000E-01 
i n p  m o l - 0 1  ~ 0 2 - 0 5  mO6-13 ~ 1 4 - 3 1  rm32-46 d 7 - 6 1  mg01-06 
mesh v d 1 - 6 1  vn5 7- 60 ~ 4 9 -  56 vn31-48 vn16-30 vnOl- 15 ~ ~ 1 8 - 2 3  

9 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 -~ 
21 
22 
23 
24 
25 
26 

4.85301E-01 
2.21932E-01 
1.37838E-01 
8.75930E-02 
5.57535E-02 
3.54723E-02 
2.25521 E - 02 
1.43253E - 02 
9.09012E-03 
5.76098E-03 
3.64569E-03 
2.30299E-03 
1.45168E-03 
9.12645E-04 
5.71891E-04 
3.56895E-04 
2.21554E-04 
1.36582E-04 
8.33934E-05 
5.01985E-05 
2.95134E-05 
1.65872E-05 
8.46567E-06 
3.55000E-06 
1.10954E-06 
5.07625E-07 

1.23881E-01 
5.58953E-02 
3.45967E-02 
2.19781E-02 
1.39885E-02 
8.89973E - 03 
5.65800E-03 
3.59389E-03 
2.28041E-03 
1.44517E-03 
9.14483E-04 
5.77639E-04 
3.64079E-04 
2.28865E-04 
1.43393E-04 
8.94697E-05 
5.55273E-05 
3.42190E-05 
2.08820E-05 
1.25582E-05 
7.36943E-06 
4.12350E-06 
2.08252E-06 
8.56956E-07 
2.69494E-07 
1.0729OE-07 

6.35887E-02 
2.82593E- 02 
1.73642E-02 
1.10225E-02 
7.01475E - 03 
4.46265E- 03 
2.83696E - 03 
1.80188E-03 
1.14324E-03 
7.24438E-04 
4.58362E-04 
2.89485E-04 
1.82427E-04 
1.14650E-04 
7.18127E-05 
4.47907E-05 
2.77846E-05 
1.71 10lE-05 
1.04298E-05 
6.26014E-06 
3.65874E-06 
2.0276%-06 
1.00137E-06 
3.98961E-07 
1.31661E-07 
5.62751E-08 

2.90534E-02 
1 .27387E - 02 
7.75565E-03 
4.91 718E - 03 
3.12879E-03 
1.990336 - 03 
1.26519E-03 
8.03507E-04 
5.09749E - 04 
3.22972E-04 
2.04318E-04 
1.29016E-04 
8.12843E-05 
5.10703E-05 
3.19768E-05 
1.99348E - 05 
1.23578E-05 
7.60293E-06 
4.62761E-06 
2.77000E-06 
1.60945E-06 
8.79444E-07 
4.21276E-07 
1.63405E -07 
5.30503E-08 
1.61525E-08 

3.59017E-02 
1.58579E-02 
9.51 173E-03 
6.00992E-03 
3.82194E-03 
2.43080E-03 
1.54491E-03 
9.80965E-04 
6.22182E- 04 
3.94097E - 04 
2.49226E-04 
1.5zJO7E-04 
9.90561E-05 
6.21947E - 05 
3.89086E - 05 
2.42282E-05 
1.49948E-05 
9.20198E-06 
5.57545E- 06 
3.30456E-06 
1.87238E-06 
9.57162E-07 
3.92443E - O f  
1.10442E-07 
1.28927E-08 
2.10696E-09 

1.92872E-02 
1.04618E-02 
6.37725E-03 
3.98539E - 03 
2.48767E-03 
1.53878E- 03 
9.40546E -04 
5 . 6 7 1 9 6 ~  04 
3.37085E-04 
1.97241E-04 
1.13548E-04 
6.42767E-05 
3.57635E -05 
1.95529E-05 
1.05011E-05 
5.53748E-06 
2.86483E-06 
1.45209E-06 
7.19433E-07 
3.47116E-07 
1.62146E-07 
7.26571E-08 
3.07527E-08 
1.18879E-08 
3.25406E-09 
8.61168E-10 

2.47253Et02 
1.18064E+02 
5.78261E+01 
2.83986€+01 
1.39410E+01 
6.83628E+00 
3.34788Et00 
1.63713E+00 
7.99293E-01 
3.89571 E - 0 1 
1.89528E-01 
9.20255E-02 
4.45900E-02 
2.15577E-02 
1 .03976E - 02 
5.00214E-03 
2.39975E-03 
1.14766E-03 
5.46812E-04 
2.59279E-04 
1.22071E-04 
5.67704E-05 
2.57397E-05 
1.09358E-05 
3.08387E - 06 
5.94274E-07 

!dure ui t h  UTH 

1.00000E+00 
mg07- 11 
~ 9 1 3 - 1 7  

3.47423E+00 
1.91337E+00 
1.05806E+00 
5.85 177E - 01 
3.23469E-01 
1.78683E - 01 
9.86331E - 02 
5 -44070E -02 
2. W 0 4 E  - 02 
1.65200E-02 
9.09359E-03 
5.00215E-03 
2.74955E-03 
1.51016E-03 
8.2-E -04 
4.54228E-04 
2.48614E-04 
1.35795E-04 
7.39446E-05 
4.00692E-05 
2.15361E-05 
1.14071E-05 
5.87068E-06 
2.82289E-06 
9.59170E-07 
2.72436E-07 

I =  100*UTLO 

4.00000E+00 
~ 1 2 - 1 6  
vgO8-12 

4.32006E-02 
2.82566E-02 
1.84725E-02 
1 .20632E - 02 
7.86658E- 03 
5.12177E-03 
3.32891E-03 
2.15955E-03 
1.39808E-03 
9.03058E-04 
5.81852E-04 
3.73850E-04 
2.39450E-04 
1.52817E-04 
9 . 7 1 2 4 9 ~  05 
6.14289E-05 
3.86258E-05 
2.4 1 137E - OS 
1.49177E-05 
9.11870E-06 
5.4821 2E - 06 
3.21530E-06 
1.80997E-06 
9.37596E- 07 
3.37469E-07 
9.91531E-08 

8 WTSURV=WTAVG= 10*UTLO 

1.40000E+01 
mg17-23 
vg0l -07 

1.34761E-03 
9.74078E-04 
7.03266E-04 
5.07062E-04 
3.65009E-04 
2.62277E-04 
1.88084E-04 
1.34583E-04 
9.60681E- 05 
6.83914E - 05 
4.85426E - 05 
3.43384E-05 
2.41978E-05 
1.69772E-05 
1.18509E-05 
8.22334E -06 
5.66573E - 06 
3.86998E-06 
2.61505E-06 
1.74269E-06 
1.13981E- 06 
7.25652E-07 
4.42464E-07 
2.48003E-07 
9.79030E-08 
3.09524E-08 



Tabie C 2 . l ~ .  
weight windows f o r  t he  academic problem as determined by GETWIN8.SCR. 

O r i g i n a l  MCNP source i n t e n s i t i e s  and the  new recamended (biased) source i n t e n s i t i e s  t h a t  are consis tent  w i th  the recomnended 

EMX: 4.1399OE-07 1.06770E-05 1.23410E-03 1.22770E-01 1.10800E+OO 1.49180E+01 3.00000E-01 I .OOOOOE+OO 4.00000E+00 1.40000E+01 
mol -01 ~ 0 2 - 0 5  m06-13 ~114-31  d 2 - 4 6  ~ 1 4 7 - 6 1  mgOl-06 mg07- 11 mg12-16 ~ 1 7 - 2 3  
~ 6 1 - 6 1  vn57-60 vnd9-56 vn31-48 vn16-30 vnOl- 15 vg 18- 23 vgl3 - 17 vg08- 12 vg01-07 

SO: 3.21 042E+11 3.38246E+10 4.65916E+ 10 4.10023E+10 2.90184E+10 1.97852E+10 O,00000E+00 0 .OOOOOE+00 0.00000E+00 0.00000E+00 

SB: 6.61533E+10 2.73040E+10 7.32703E+10 1.41127E+11 8.08274E+10 1.02582E+11 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 

R: 2.06058E-01 8.07224E-01 1.57261E+00 3.44194E+00 2.78538E+00 5.18478E+00 1.00000E+00 1.00000E+00 1.00000E+00 1.00000E+00 

m n X X - Y Y  = MCNP neutron grp nunt>ers, 
vnXX-YY = VELH neutron grp nvfbers, 

SO = The o r i g i n a l  MCNP source i n t e n s i t i e s  (swrmed i n to  broad energy groups) 
SB = The recomnended (biased) MCNP source i n t e n s i t i e s  (sumed i n t o  broad groups), consistent v i t h  the above weight windows 
R 

mgXX-YY = MCNP gama g rp  nwbers  
vgXX-YY = VELM g e m  g rp  nunbers 

= The r a t i o  o f  these two (SB/SO), used t o  determine the ca tcu la te  the  f ine-group biased sources t o  the used i n  MCNP 

Unbiased f ine-group neutron sources i n  MCNP order (g rp  l= low E, grp 61=high E):  

2.25679E+15 
1.54759E+15 
8.74122E+14 
2.54975E+14 
7.42049E+14 
3.03507E+14 
4*29193E+1 4 
1.38494E+lf 
1.49367E+14 
7.0951 2E+14 
1.35333E+14 
7.32282E+13 

I. 52979E+15 
1 . 45876Et 15 
8.53691E+14 
3.36538E+14 
6.69650E+13 
4.96958E+14 
3.63241E+14 
7.68584E+12 
3.61 470E+14 
8.07055E+14 
2.4 1 078E+ 14 
3.05 24 2€+ 13 

8.87245E+ 14 
7.55438~+14 

3.6565 1 E+13 
5.35177E+14 
8.54720E+14 
1.61947€+14 
0.64293E+12 

1.55274E+15 
9.69821E+14 
2.0490&+14 
8.76077E+14 
5.24714E+13 
8.8939?E+14 
7.35199E+14 
6.2925&+14 
6.65098E+14 
3.12965E+14 
2.06360E+ 14 
6.92602E+12 

Biased f ine-group neutron sources i’n HCNP order (grp l=low,E, .grp 6!=hfgh E): 
Use these ,values for t he  coupled n/g mcnp t ranspor t  analys is  i nvo l v ing  a neutron-only  source. 
(Ui th  a n/g source, o r  a g m - o n l y  source, values uould be d i f f e r n e t )  

1.29892E+16 
2.50015E+15 
1.49494E+15 
9.52115E+14 
3.38761E+15 
4.19479E+14 
1.92406Et15 
5.92841 E+14 
1.63088~+15 
1.50426E+15 
1.03733E+15 
7.07603E+14 
1.42478E+lO 

1.23488E+15 
2.2940&+ 15 
1.34252E+15 
1.15834E+15 
2.30489€+14 
1.71050E+15 
1.01176E+15 
2.14080E+l3 
1.00b83E+15 
4.18440€+15 
1 .24994E+15 
1.58261E+14 

1.05110E+15 
1.42138E+15 
3.05384~+15 
2 A001 7E+15 

1.20675E+I 5 
1.01848E+14 
1 .49067E+15 
4.43153E+15 
8.39660E+14 
4.48117Et13 

3.88457E+ 14 
4.46350E+14 

On your WP:N card, make sure you have UTHI= IOO*WTLO and UTSURV= 10*UTLO 
On your WP:P card, make sure you have WTHI= lOO*WTLO and UTSURV= 10*WTLO 



d is t r ibu t ion  to  the or ig ina l  source energy d is t r ibu t ion  (based on the broad group values i n  both 
cases) can then be applied t o  the fine-group source terms t o  obtain the biased source energy 
distr ibut ion on a f i ne  group basis. By supplying MCNP u i t h  the o r ig ina l  fine-group source energy 
d is t r ibu t ion  as u e l l  as the biased fine-group source energy d i s t r i bu t i on  (on the HCNP %bcB card), 
i t  u i l l  then adjust the s ta r t ing  ueights automatically. Moreover, fo l lou ing  t h i s  procedure 
u i l l  assure that the s ta r t ing  ueights used by MCNP are f u l l y  compatible with the ueight uindous 
supplied i n  the 8Bgeometry-independent weight windowc8 f i l e  created by the GETUIN8.SCR scr ip t .  
the convenience o f  the user, the GETWIN8.SCR scr ip t  u i l l  also print out the o r ig ina l  fine-group 
source energy d is t r ibu t ion  as ue l l  as the biased source energy d i s t r i bu t i on  that the user should 
supply manually i n  the MCNP input f i l e .  Table C2.lc shows the o r ig ina l  and biased source energy 
distr ibut ions on both a broad-group and fine-group basis. 

For 

Lastly, the GETWIN8.F program (embedded i n  the GETWIN8.SCR sc r ip t )  c a l l s  subroutine WTUIN uhich u r i t es  
out the large ascii-based 3-D ueight-uindou f i l e  (uuinp) that u i l l  ac tua l l y  be used by MCNP4B. Since 
the MCNP d e l  extends from Z=O t o  2=300 cm, and from R=O t o  R=65 cm, the phantom mesh containing the 
3-D XYZ importance zones must extend someuhat beyond that in  a l l  direct ions. 

27 equally space importance mesh intervals from X= -67.5 cm t o  X= 67.5 cm 
27 equally space irrportance mesh intervals from Y= -67.5 cm t o  Y= 67.5 cm 
65 equally space importance mesh intervals from Z= 

The discussion above describes how the lower ueight window bounds (ut lou) uere determined fo r  each of 
the 6 broad neutron groups and 4 broad g a m  groups fo r  those importance mesh intervals located along 
the centerline of the system from 2=175 cm t o  2=300 cm. 
adjoint calculation. For the remainder of the 47,385 importance zones: 
Z < 175 cm uere ass& t o  be the same as those in  the zone closest t o  the inpingent source, although 
values for the black absorber regions (uhere one has irrp:n=O) don't matter anyuay; (b) Values of u t lou  
for  Z > 300 cm were assuned t o  be the same as those fo r  the las t  importance region, although (because 
th i s  region i s  void u i t h  no other materials beyond i t) these values don't matter either; (c) Values of 
ut lou fo r  the vast major i ty of the other 18,200 irrportance mesh in te rva ls  i n  the water tank, but not 
d i rec t l y  along the centerline, were based on the distance from the detector of interest  <X=O, Y=O, 2=300) 
t o  the midpoint of the given importance mesh interval. Thus, the w i g h t  values f o r  each mesh uere based 
on a corresponding mesh equidistant from the detector along the centerl ine. This uas based on the f i r s t  
order bel ief,  applicable only t o  a homogeneous shield, that pa r t i c l es  a cer ta in  distance from the detector 
i n  any direct ion #Which are t rave l l ing  touard the detector" should be as important as par t i c les  the same 
distance from the detector along the centerl ine I8uhich are t rave l l i ng  touard the detector". 
that the f u l l  meaning of t h i s  las t  phrase uas properly a w l i e d  by the code, a set of f i c t i t i o u s  direct iona 
adjoint currents uere also entered i n  the ueight uindou f i l e .  In a large i n f i n i t e  media, the adjoint  
current would extend rad ia l l y  outward in  a l l  three direct ions from the adjoint  source uhich corresponds 
physically to  the "realB8 detector a t  (X=O, Y=O, 2=300). Thus, in  place of the d i rec t iona l  adjoint 
currents from a true XYZ adjoint solution, we inserted unit vectors (aJx, aJy, aJz) i n  each of the 47,385 
impartance mesh intervals uhich pointed from the detector a t  (X=O,Y=O,Z=300) back touard the centroid 
of each importance mesh interval.  Because MCNP i s  known t o  use only the unit vector corresponding t o  
the direct ional adjoint current i n  i t s  88co l l i s ion  s i t e  direct ional  b iasing algorithm8' (rather than the 
absolute magnitude of the adjoint current), t h i s  subst i tut ion uas wholly acceptable. [Moreover, even 
in  m r e  conplex geometries involving dissimilar materials and/or streaming paths, i f  one can adequately 
visualize the "path of least resistance" from any given co l l i s i on  s i t e  t o  the detector o f  interest (uhich 
may not be a straight l ine),  then the use o f  local d i rect ional  unit vectors point ing i n  the opposite 
direct ion ( ie, the uay adjoint  part ic les would move) provides an extra degree o f  acceleration that would 
not be available uithout t h i s  valuable information.1 

In t h i s  case, ue had: 

0.0 cm t o  2=325.0 cm . 

These uere based d i r e c t l y  on the 1-D ANISN 
(a) Values of u t lou  fo r  

To be sure 

Finally, i t  should be noted that the large ascii-based 3-D geometry-independent weight uindou f i l e  w r i t t e n  
by subroutine WTWlN i s  uhol ly compatible u i t h  the format prescribed i n  Appendix C.3, and that t h i s  f i l e  
can now be read and used d i rec t l y  by MCNP4B. Except fo r  zero importance regions (inp:n=O) representing 
a black absorber or external void, a l l  of the other importance data (inp:n=l) necessarily s t i l l  included 
on the WCNP c e l l  cards u i l l  be disregarded and functional ly replaced by the broad-group weight uindou 
information i n  th i s  neu 18geanetry-independent weight uindouaa f i l e  (wu inp ) .  A l l  that  remains i s  t o  update 
the source d is t r ibu t ion  in  one's MCNP input f i l e  so as t o  include both the or ig ina l  fine-group Wnbiasedco 
source energy d is t r ibu t ion  and the new fine-group 
The f i na l  280-line MCNP input f i l e  (UUTOS), u i th  the or ig ina l  and biased source terms, and a l l  of the 
necessary diagnostic f l u x  ta l l i es ,  i s  Listed i n  Appendix C.5. 

source energy d i s t r i bu t i on  shoun i n  Table C2.l~. 

C e l l  202 i n  the f i na l  model (see Appendix C.5) i s  a th in  f l a t ,  20-cm-diam disk, located a t  the top of the 
water tank, betueen 2=299.!% cm and Z=300.0 cm. 
chosen so as t o  determine whether o r  not the geometry-independent weight window approach described above 
would permit a su f f i c ien t  ntmber of real  part ic les t o  transport t o  t h i s  Location ( i n  an acceptable amount 
of CPu t ime) ,  and uhether the to ta l  88neutron plus secondary gamala dose could be accurately determined 
based on the n h x r  of real  part ic les actual ly reaching that location. [ I f  not, resul ts could s t i l l  be 
obtained through the use of point detectors, but that practice i s  sometimes less rel iable.  Generally, 

This 88volune detector", used in  Ta l l ies  64 and 74, uas 



. ..... >. 

point detectors are to  be used t o  obtain resul ts a t  d istant points in  a void. 
adequate number of col l is ions i n  the outermost port ion of the sh ie ld  material closest t o  the void, point 
detectors provide a good and re l i ab le  too l  f o r  estimating the fluxes and dose rates a t  d is tan t  points. 
When the point of interest i s  close t o  the shield, and there i s  some question as t o  whether or not there 
exists an adequate nunber of co l l i s ions  i n  the outermost regions t o  provide adequate sampling, the use of 
point detectors m y  be questioned; the point  detector responses may s t i l l  be qu i te  good - or they may not 
be. In such-cases, the only uay t o  confirm the adequacy of the solut ion i s  t o  socnehou dr ive  a suf f ic ient  
nur3>er of part ic les to  that region, so that ei ther a volunetr ic t rack length detector o r  a boundary 
crossing detector ( ie ,  something that counts real  part ic les) u i l l  provide the needed confirmation.] 

I n  t h i s  case, Tal ly 74 shoued the to ta l  secondary g a m  dose ra te  in  Celt 202 t o  be 6185.8 m r w h r  
u i t h  a f ract ional  standard deviat ion of +/ -  1.6% (ie, +/- 99.0 mrem/hr), u h i l e  Ta l l y  64 shoued the 
to ta l  neutron dose rate t o  be much louer (62.06 mrem/hr, +/- 20.8% = +/- 12.9 mrem/hr). Combined 
s ta t i s t i ca l l y ,  t h i s  yields a t o t a l  %eutron plus secwlary  g a m a a  dose ra te  of 6247.9 mrem/hr +/-1.6%. 
This i s  considered 44excellentn4 insofar as volune detector estimates u i t h  fsd’s o f  10% are normally 
considered very good and rel iable,  uh i l e  v o l m  detector fsd’s of 15% are o f ten  considered acceptable. 

m e n  there remains an 

More t o  the point, Table C2.2 show the t o t a l  neutron f l u x  and the secondary gama f l u x  ax ia l l y  up through 
the centennost 20-cm-dim uater region, in  5-cm increments from Z = l E  cm t o  2=300 cm. Since most of the 
to ta l  a4neutron plus secondary dose ra te  ( i-e.,  99% of  i t) domstream o f  the uater tank cmes from 
gamnas, i t  i s  s igni f icant (and by no means accidentat) that  the gama f luxes i n  t h i s  adjoint-biased 
calculat ion are knoun u i th  greatest precis ion in that port ion of the uater tank closest t o  the detector. 
(Moreover, i n  th i s  part icular calculat ion there uere over 200,000 gamna tracks i n  Ce l l  202.) Because the 
neutrons were known a p r io r i  from the adjoint  analysis t o  contr ibute r e l a t i v e l y  l i t t l e  i n  terms of the 
direct  neutron dose rate at 2300 cm. there uere fever of then (approximately 4,000 neutron tracks in 
Cel l  202). S t i l l ,  given that the neutron f l u x  attenuates by over 8 order o f  magnitude across the uater 
tank, i t  uas extremely encouraging that reasonable s t a t i s t i c s  uere s t i l l  fwnd t o  ex i s t  throughout most or 
a l l  of the en t i re  uater tank. 
the or ig ina l  state of af fa i rs:  

a) I n  the or ig ina l  unbiased calculat ion uhere no weight uindw f i l e  uas used (MCNP R u n  M o l ) ,  most 
neutrons never made i t  mre than 15 or 20 cm in to  the uater before being being k i l l ed  by Russian 
Roulette; 
neutrons made i t  20-25 rn i n to  the uater, and only 1 nmde i t  25-30 cm i n t o  the uater. 
carparison, over 4000 made i t  through 125 cm of uater. 

(see MCWP Runs HB305B-HB305D in  Appendix C.1) resulted i n  to ta l  f a i l u r e  and had t o  be abandoned. 

To put the quality o f  these resul ts i n  some perspective, one must consider 

of the 260,000 neutron h is to r ies  i n  that o r ig ina l  p i l o t  calculat ion, only 2 individual 
Here, by 

b) Several ear l ie r  attempts a t  solving the or ig ina l  HB-3 water tube problem using geometric s p l i t t i n g  

c) Another ear l ie r  attempt (MCNP R u n  UUTOS) uhich used one camon set o f  ueight uindows fo r  a l l  neutron 
groups and no special biasing for g a m s  (because i t  uas or ig ina l l y  thought they probably didn’t need 
i t )  produced some re la t i ve ly  useless resul ts fo r  the neutrons and v i r t u a l l y  no resul ts fo r  the ganmas. 
In th i s  part icular case, the one-group ueight uindows uere not based on a r igorous adjoint  analysis, 
but s inply on the overal l  expected attenuation of fas t  neutrons in  water, u i t h  no special provisions 
a t  a l l  fo r  the gams.  Uhile the performnce uas nuch better than i n  previous cases, i t  s t i l l  took 
38 hours on each of 8 nodes on the ORNL SPZ t o  run 96,000 neutron h is to r ies .  The fsd’s on the to ta l  
neutron f l u x  between 2=295 and 2=300 cm uere a r d  0.85 ( that  i s  85%), u h i l e  even a t  2=210 t o  215 an, 
the fsd’s on the to ta l  neutron f l u x  uere over 50%, and there uere no results a t  a l l  f o r  the g-s 
because they were k i l l e d  almost a t  b i r t h  by Russian Roulette. 

d) The present calculat ion (as noted above) uas based on a real  (a lbe i t  simple 1-D) adjoint  analysis, 
uhere the ueight uindous fo r  6 broad neutron groups and 4 broad gama groups uere derived from the 
resul t ing adjoint fluxes, and the source-energy biasing mas wholly consistent uith the ueight uindous 
used. This additional degree of r igor  had a tremendous payoff. Conpared t o  the previous case, for  
example, we uere nou able t o  run 1,000 times more h is to r ies  (96 m i l l i o n  instead o f  96 thousand) i n  
“one-tentha4 the time (nou just 4.5 hours on each of 8 nodes instead o f  38 hours on each of 8 nodes). 
No matter hou you look a t  it, that’s a 10,000-fold increase in  calculat ional  ef f ic iency!  

Moreover, the present calculat ion produced resul ts that are qui te credible in conparison u i t h  other 
calculat ional methods, and yielded very good t o  excel lent s t a t i s t i c s  f o r  the paremeter of greatest 
importance (the gama fluxes closest t o  the detector). 
by th i s  adjoint biasing, i t  would not have been rea l l y  necessary t o  run 96 m i l l i o n  histories. 
many were used t h i s  case simply t o  produce a benchmark-quality result.  
on the to ta l  dose rate had been achieved a f te r  9.6 m i l l i o n  h is to r ies  taking less than 27 minutes, 
uh i l e  an fsd of 3.6% had been achieved a f te r  19.8 m i l l i o n  h is to r ies  taking less than 54 minutes. 
O f  these, the former uould be adequate f o r  most engineering purposes. 

Lastly, because o f  the e f f i c ienc ies  provided 

In  rea l i t y ,  an fsd of 5.1% 
That 

Lastly, uhi le not shoun here, i t  should be noted that v i r t u a l l y  a l l  of the g a m s  i n  t h i s  calculat ion 
are belou 2.5 MeV. That i s  because v i r t u a l l y  a l l  o f  the secondary gannias produced i n  uater come from 
(n,g) reactions with hydrogen uhich produce garnnas a t  2.2 MeV. 
problem using the gam-on ly  point sources i n  the beam tube, the g a m  dose rates are “mch higher4’ and, 

For the rea l  HB-3 uater-tube shielding 
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Table C2.2. Total neutron and secondary gama flux up 
through the cent ra l  20-cm-diam region o f  the academic 
problem, from MCNP R u n  WT08 u i t h  96 m i l l i o n  h is tor ies.  

Z (cm) 

295-300 
290 - 295 
285 -290 
280-285 
275-280 
270-275 
265 -270 
260-265 
255-260 
250-255 
245-250 
240-245 
235 - 240 
230-235 
225-230 
220-225 
215-220 
210-215 
205-210 
200-205 
195 -200 
190- 195 
185- 190 
180- 185 
175-180 

T a l l y  54 (neutrons) 

(n/s/cm2) f s d  

1.79460E+03 .2048 
3.94075E+03 .1984 
6.97304E+03 .1789 
1.19808E+04 .1620 
2.04571€+04 .1479 
3.65306€+04 .1362 
6.55155€+04 .1274 
1.22114E+05 .1148 
2.32813E+05 .1102 
4.10427E+05 .lo15 
7.23337E+05 .0850 
1.35499E+06 .0746 
2.65535€+06 -0651 
5.10029E+06 .OS36 
9.75876€+06 .0477 
2.08210E+07 -0393 
4.47850€+07 .0314 
1.01862€+08 -0265 
2.39651€+08 .0190 
6.05299E+08 .0150 
1.76305E+09 -0121 
5.85581E+09 -0091 
2.26818E+10 -0062 
1.00728€+11 .0040 
3.56075E+ll -0021 

_ - - - - - - - - - - - - - - - - -  

7.47002E+06 
1.18945E+07 
1.67140E+07 
2.25377E+07 
2.99008E+07 
4.00931E+07 
5.38954E+07 
7.02508E+07 
9.18429E+07 
1.21931E+08 
1.67082€+08 
2.26124E+08 
3.07086E+08 
4.31 771E+08 
5.58796E+08 
8.9mOE+08 
1.11336€+09 
1.31550€+09 
2.05202€+09 
2.9287&+09 
4.20838~+09 
7.49931E+09 
1.35832E+10 
2.45322E+10 
3.73733€+10 

.0129 

.0130 
-0138 
-0151 
-0166 
-0183 
-0214 
-0235 
.0258 
.0280 
-0301 
-0417 
.0503 
.0543 
-0589 
.0690 
.0656 
-0525 
. w 5  
.0703 
-0422 
.lo67 
.0934 
-0265 
-01 23 
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af te r  passing through one or  tuo meters of uater, most of the residual gamnas are i n  the 6-8 MeV range. 

Before concluding t h i s  discussion of adjoint-biased Monte Carlo solut ions using geometry-independent 
ueight windous, one or tu0 addit ional remarks are in  order. 
a r e  l i k e l y  t o  be obviws, while fo r  the inexperienced user, they are probably uorth noting. 

The irony of (and the saving grace o f )  adjoint-biased Monte Carlo solut ions i s  that  "not a l l  resul ts 
a r e  calculated equally This is by design. More speci f ical ly,  the desired calculat ional 
ef f ic iencies are real ized by not wasting time calculat ing things that are knorn a p r i o r i  (by v i r tue  
of the adjoint  analysis) t o  have a small or negl ig ib le e f fec t  on the result of interest. In Table C2.2, 
for exanpte, i t  m y  a t  f i r s t  seem i ron ic  and wen peculiar that  the g a m  f luxes closer t o  the impingent 
neutron source have larger uncertaint ies ( fsd's l  than those fu r ther  dounstream. 
houever, there i s  a reason f o r  that - -  they are less important. 
the source are by de f in i t i on  further from the detector. 
because they have m r e  opportunities t o  scatter and slow down t o  l w e r  energies (and/or be absorbed), 
and because o f  the 1/(4*pi*RAZ) effect, they actual ly con t r i k r te  Less t o  the f i n a l  detector response 
than those created closer t o  the detector. H a d  the adjoint  been run as an i n f i n i t e  1-0 slab (rather 
than a buckled slab) the l/(d*pi*R*21 ef fect  would be r w v e d ,  but the other ef fects u w l d  s t i l l  have 
been present and the overal l  trend would have been the same. To understand hou th i s  translates i n t o  
calculat ional ef f ic iency and why the gama fsd's closer t o  the detector are lover than those closer 
to  the source, one must consider the adjoint fluxes in  Table C Z l a  and the l w e r  weight cutof fs i n  
Table C2.lb re la t i ve  t o  the actual weights of gamras a t  any po in t  in the problem (not shorn). As one 
goes back from the detector touards the source, the importance ( indicated by the adjoint f l u )  becomes 
smaller and smaller, and the lower weight cutof f  becomes larger and larger. Back near the source, the 
b i r t h  ueight of g a m s  i s  high, but the Louer ueight cutof f  i s  a lso high so that many are k i l l e d  by 
Russian Roulette. Indeed,  that i s  by intent, since ye r e a l l y  don't uant t o  spend time tracking mi l l ions  
of g a m s  there that w i l l  not contr ibute s ign i f i can t l y  t o  the f i n a l  resu l t  a t  the detector. 
on how many are tracked there, the fsd's there can be re la t i ve l y  poor. 
t o  the detector, the birth weight of the gawMs w i l l  be sunewhat lwer (because the average weight o f  
the neutrons there u i l l  be lower), but the lower weight cu to f f  (wtlou) curve f o r  the gamas diminishes 
even faster than the birth weight curve, so that m r e  o f  those born closer t o  the detector u i l l  survive 
Russian Roulette end be tracked ionger. This i s  the reason tha t  the gamna fsd's tend t o  inprove as one 
gets closer t o  the detector. 

Folklore uisdom says: "Be careful uhat you wish fo r  ... you just might get it!". 
true i n  adjoint-biased Monte Carlo uork. 
neutron and gama f lux-to-dose-rate conversion factors as the ad jo in t  source, then the Monte Carlo 
calculat ion u i l l  give most favored treatment t o  those things tha t  contr ibute most t o  the to ta l  Itneutron 
plus secondary gamMn8 dose rate. 
neutrons that contr ibute l i t t l e  t o  the secondary gamM b i r t h  ra te  and l i t t l e  t o  the direct  neutron dose 
rate u i l l  receive re la t i ve l y  l i t t l e  attention. Close t o  the source where a l o t  of thermal neutrons are 
creating a l o t  of secondary gams ,  the neutrons w i l l  receive a l o t  of attention. Further doun through 
the shield, uhere the neutrons have attenuated 5 o r  6 orders o f  magnitude, the spectrun i s  sanewhat 
harder but the neutrons are so feu i n  number that neither the fas t  neutrons remaining or the re la t i ve l y  
feu gamas that could then be prodwed by them (a f te r  they s lou  doun t o  thermal) could contribute rmch 
to  the overal l  dose rate. Thus, they tend t o  receive re la t i ve l y  l i t t l e  at tent ion and the i r  fsd's tend 
t o  be re la t i ve ly  high. In practice, the u t lou  curve fo r  these faster neutrons tends t o  diminish (axial ly)  
more slowly than the average weight o f  the fast  neutrortS progressing through the shield, so that as 
one proceeds through the shield, more are k i l l e d  by Russian Roulette, feuer are tracked, and the fsd's 
deteriorate once they are no longer important. (b) Alternately, i f  one rea l l y  wanted t o  obtain the best 
estimate of the to ta l  neutron f l ux  a t  the end of the problem by the detector, then one should use an 
adjoint source of 1.0 fo r  a l l  the neutron groups a d  an adjoint  source o f  0.0 for  a l l  the ganma groups 
i n  the I - D  ANISU adjoint  catcutation, and use the corresponding set o f  ueight w i n d o u s  and biased source 
t e r m  in  the HCNP calculations. 
the neutron dose ra te  a t  2=300, then one should use the neutron f lux-to-dose-rate conversion factors as 
the adjoint swrce  (with zeroes fo r  a l l  the gama adjoint sources). and then use those resul t ing weight 
uindows and biased source t e r m  in the MCNP calculat ion. The primary dif ference betueen the l a t t e r  tu0 
cases i s  that  the laver ueight uindov l i m i t s  f o r  the t h e m 1  groups in  case (c) w i d  be someuhat higher, 
thus causing the code t o  k i l l  more o f  than more f r q u e n t l y  ( resu l t ing  in  poorer thermal fsd's) so that a 
Larger f ract ion of the to ta l  computer time could be spent t racking faster neutrons that uould be more 
Likely t o  contr ibute t o  the to ta l  neutrm dose rate. 
interested in  optimizing several d i f fe ren t  calculat ional parameters, o r  resul ts a t  several d i f fe ren t  
Locations, i t  u i l l  may be necessary t o  run several d i f f e ren t  ad jo in t  calculat ions and then rerun the same 
MCNP calculat ion u i t h  a d i f fe ren t  tageometry-independent ueight w i n d o u "  f i l e  each time. 
i s  i n f i n i t e l y  easier and vas t ly  superior to the only previous a l te rna t ive  described i n  Appendix C.1. 

To the experienced user, these remarks 

Upon ref lect ion, 
S e c o n d a r y  gamnes created close t o  

As such, there may be more of them, but, 

Depending 
Progressing a l i t t l e  closer 

I t  i s  not mysterious, just t i g h t l y  controlled. 

The same i s  certainly 
(a) I f  the adjoint  ca lcu la t ion  i s  performed using both the 

Given that secondary gatrams carpr ise most of the dose rate, those 

(c) Lastly, i f  one rea l l y  uanted t o  obtain the best estimate of just 

Thus, there i s  no wgic bul let .  I f  one i s  rea l l y  

Nevertheless, t h i s  

Several types of ve r i f i ca t i on  calculations have been made so as t o  provide a check of reasonableness. 
unfortunately, none are considered of benchmark qual i ty,  but col lect ively,  they suggest that the present 
MCNP resul t  i s  of high qua l i t y  and should i t s e l f  (perhaps) be considered the reference solution. The 
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fo l louing b r i e f l y  describes some o f  the al ternat ive solutions examined: 

(a) I n  the f i r s t  approach, a coupled 61n/23g 1-D (slab) foruard ANISN calculat ion uas f i r s t  performed 
using the inpingent neutron-only source, t o  get the secondary g a m  source density d is t r ibu t ion  
ax ia l l y  in  the uater. Here the source density i n  any given g a m  group, i n  any given 4.1-cm-thick 
axial  slab, uas taken t o  be the g a m  absorption rate, plus the g a m  out-leakage, minus the g a m  
in-leakage. 
become negl ig ib le a f t e r  the f i r s t  20, 30, o r  40.cm of water. 
cy l indr ica l  volune element (whose radius was equal t o  that of the impingent neutron beam) running 
ax ia l l y  through a l l  of the 4.1-cm-thick slab zones used i n  the 1-D model. 
cy l indr ica l  core element ( in  each of the 4.167-cm-thick slabs), times the n u l t i g r o u p  g a m  source 
density i n  each slab, defines a multigroup source (p/s) uhich may then be treated as a multigroup 
point source a t  the center o f  each volune element i n  a sirrple PAD-likd20 point kernel shielding 
analysis fo r  the cy l i nd r i ca l  element. From that, one can determine the t o t a l  secondary g a m  dose 
ra te  a t  the end of the 125-cm-long cy l indr ica l  element due t o  a l l  of the point sources co l lec t i ve ly  
or individual ly. 
the application o f  the buildup factors normally used in  point kernel analyses, and s l i g h t l y  higher 
than the MCNP resu l t  a f te r  the appl icat ion of the necessary buildup factors. 
re la t i ve ly  crude point  kernel method lacks the statue and r igor  o f  more-often-used discrete ordinate 
methods, i t  i s  also f ree of the ray ef fects that often plague such methods when one i s  modeling small 
and/or highly local ized g a m  sources i n  uater. 

Because o f  the rap id ly  attenuating neutron f lux, these secondary g a m  sources rapidly 
Ue then considered an imaginary 

The volune of t h i s  

The dose rates obtained in  th i s  fashion uere s l i g h t l y  belou the MCNP resul t  before 

Note that while the 

(b) In the second approach, ue used a simple back-of-the-envelope method from undergraduate school. 
In part icular, the gama mass attenuation coeff icient fo r  2 MeV g m s ,  and the corresponding 
energy-flux-to-dose-rate conversion factor, uere taken d i rec t l y  from a simi lar  exanple i n  Section 
10.113 of Ref 22 by Glasstone and Sesonske, which uas based on a simple shielding analysis involving 
the ORNL Bulk Shielding Reactor. The logic goes l i k e  this: 
Table 2.2a, the neutron f l u x  on the bottom of the uater tank a t  2=175 cm i n  th i s  academic problem 
i s  7.448e11 n/s/cm2. (2) The al louable impact area (A) i s  A=pi*5*5 = 78.54 cm2, such that the 
t o t a l  neutron source i s  5.850e13 n/s. (3) The mean free path of fas t  neutrons i n  uater i s  10 cm. 
(4) Assune that the major i ty of neutrons thermalize and are absorbed in  the f i r s t  10-20 cm of 
water a t  the bottom o f  the uater tank (say a t  Z=190 cm) uhere they produce 2.2 MeV gammas from 
(n,g) reactions i n  hydrogen. ( 5 )  The unattenuated gamna energy f l u x  a t  2=300 cm uould then be: 

(1) Based on the point sources in  

gamM energy f l u x  = 2.2*(5.850e13)/ [4*pi*(300-190)*23= 8.464e8 MeV/s/cm2 

(6) For 2 MeV photons, 620 MeV/s/cm2 i s  equivalent t o  1 mrem/hr, so the unattenuated g a m  dose rate 
here uould be 8.464&/620 = 1.365e6 mrem/hr. (7) A t  t h i s  energy, the mass attenuation coeff ic ient  
f o r  uater i s  0.0493/cm, so the attenuated g a m  dose rate a t  2=300 cm uould be: 

D = (1.365e6 mrem/hr)*exp[-0.0493*(300-190)1 = 6025 mrem/hr 

By way of conparison, the detai led MCNP calculation gave 6186 mrem/hr. 

(c) The other classic solut ion method of ten used for benchmark analysis involves a rigorous 2-0 RZ 
I t  also confirms the alreasonablenessll of the MCNP determinist ic solut ion using the DORT code. 

result,  but i s  not necessariiy the best benchmark available since discrete ordinate methods 
often suffer from ray e f fec ts  uhen modeling small and/or highly local ized g a m  sources i n  water. 
Using the GRTUNCL code#37 t o  determine the f i r s t  co l l i s ion  scattering moments throughout the 
problem due t o  the point neutron sources uould help sonwhat, but would do l i t t l e  t o  reduce the 
ray ef fects due t o  the g a m s  uhich stream preferent ia l ly  along quadrature direct ions in  the 
re la t i ve l y  transparent uater. 
someuhat, but u i l l  never el iminate the characteristic 
problems. 
transported ana ly t i ca l l y  t o  the bottom surface of the uater tank uhere a spatial ly-distr ibuted, 
highly forward-directed internal  boundary f lux  f i l e  uas wr i t ten fo r  each o f  the 61 neutron energy 
groups. 
65 radial  mesh intervals o f  1 cm each, and 125 axial mesh intervals of 1 cm each from 2=175 cm t o  
Zt300 cm. A t h i n  ax ia l  mesh of 0.01 cm thickness uas also used on the bottom ( t o  a l lou  f o r  the 
necessary internal  boundary source) and on the top, over uhich the f luxes and dose rates could be 
averaged f o r  various rad ia l  regions o f  interest. In th i s  case, a standard symnetric S12 quadrature 
with 48 upuard direct ions and 48 downuard directions was used. 
direct ional  quadrature could have and probably should have been used, but the results uould have 
been qua l i ta t i ve ly  the same. 
20-cm-diam disk at the top was also found t o  be negligible ( 10 mrem/hr). Likeuise the g a m  
dose rate was i n  semi-reasonable agreement with the MCNP g m  dose rate, i f  a 21.7% difference 
can be considered semi-reasonable. In the case o f  the DORT results, the average g a m  dose rate 
over the 20-cm-diam disk a t  the top uas 4844.9 mrem/hr, or about 21.7% lower than the MCNP result. 
I n  th i s  case, t h i s  i s  not considered t o  be a bad ref lect ion on the MCNP resul t  (uhich i s  actual ly 
believed t o  be m r e  trustworthy), but a poignant reminder of the nastiness that can be perpetrated 
by ray ef fects i n  discrete ordinate calculations uhen one has local ized g a m  sources i n  uater. 
Examining the DORT gama dose ra te  as a function of radial posi t ion along the top, ue see that: 

Using a higher-order direct ional quadrature set u i l l  also help 
one sees along the centerl ine i n  such 

In the present case, the f l u x  from the neutron point sources a t  <X=O,Y=O, 2=50 cm) were 

I t  uas non-zero from R=O t o  R=5 cm, and zero everywhere else. This part icular model used 

In retrospect, a higher-order 

In t h i s  part icular case, the average neutron dose rate over the 
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a t  
a t  
a t  
a t  
a t  
a t  
a t  
a t  
a t  

2=300 un, 
2=300 cm, 
2=300 cm, 
2=300 an, 
2=300 cm, 
2=300 cm, 
2=300 cm, 
2=300 cm, 
2=300 cm, 

R= 0.5 cm, 
R= 4.5 cm, 
R =  9.5 cm, 
R =  14.5 cm, 
R =  19.5 cm, 
R =  24.5 cm, 
R =  29.5 cm, 
R =  34.5 cm, 
R =  39.5 cm, 

the DORT G a m  Dose = 
the DORT Gama Dose = 
the DORT Gama Dose = 
the DORT G a m  Dose = 
the DORT G a m  Dose = 
the W R T  Gama Dose = 
the DORT Gama Dose = 
the D O R T  Gama Dose = 
the DORT Gama Dose = 

4552.48 mrWhr  
4790.50 mrem/hr 
5045.99 mrem/hr 
5573.61 mrem/hr 
7688.80 mrem/hr 

10171.10 mrem/hr 
6198.56 mrem/hr 
3991 -98 mrem/hr 
3209.04 mrem/hr 

This unnatural r ipple, known as a ray effect, i s  (of course) physical ly impossible. Nevertheless, 
i t  i s  the reason the average DDRT gama dose ra te  over the 20-cm-diam d isk  a t  the center i s  lower 
than the mare r e a l i s t i c  MCNP value o f  6186 mrem/hr. Nunerically, the type of unnatural ray e f fec t  
exhibited here i s  qu i te  understandable and qui te predictable. 
R=24.5 cm, f o r  example, i s  d i r e c t l y  traceable t o  the angular quadrature used i n  the S12 DORT 
solution. Neutrons enter the bottom of the water tank a t  2475 an. Most becane thermal 10-20 cm 
i n t o  the uater (say a t  Z=190 cm), uhereupan they give b i r t h  to  most of the secondary g a m s  that 
are created. 
given by cos(theta)=cos(arctan(24~5/(300-190)))=0.976 uhich i s  almost iden t ica l  t o  the d i rec t ion  
cosine o f  the most forward d i rec t ion  in the quadrature set (cos(theta)=0.96922). 
highly-biased quadrature set where the most-foruard direct ion were a l i t t l e  closer t o  the centerline, 
t h i s  peak would tend t o  s h i f t  r ad ia l l y  inward and become less pronounced (uh i le  simultaneously 
rais ing the f lux  and the calculated dose rate a t  the centerline), but the character ist ic d i p  near 
the centerl ine would never disappear conptetely since there are no quadrature sets with a transport 
d i rec t ion  exactly along the ve r t i ca l  axis. Moreover, because of the geometry, the materials, and 
the nature of the source, t h i s  seemingly sinple problem i s  actual ly a f a i r l y  d i f f i c u l t  one that i s  
c lass ica l l y  known as the @apemil beam problem" in  academic circles. I f  f o r  exanple, the secordary 
g a m  source uere more uidely d is t r ibu ted  over a wider area, the dips i n  the f l u x  caused by one 
port ion of the more widely d is t r ibu ted  spat ia l  source uwld be aaf i l led inH by contr ibutions or  peaks 
from adjacent source elements, and the f l u x  a t  the top would begin t o  appear much f l a t t e r .  
narrowly collimated beam source only over a s m l l  port ion of the bottom surface, however, defects 
i n  the solut ion have no place t o  hide and ue see these types of ray effects. 
preprocessing the point neutron source using the GRTUWCL code#37 t o  calculate the f i r s t  c o l l i s i o n  
source i s  not l i k e l y  t o  help tremendously i n  t h i s  part icular case since the problem does not stem 
d i rec t l y  from the neutron distr ibut ion,  but fran the spatial d i s t r i t u t i o n  of the secondary gaRmes 
uhich u i l l  s t i l l  be highly Localized around the centerline near the bottom of the problem. 
u i l l  of course help, but not tremendwsLy i n  t h i s  case. 

Thus, unfortunately, the D O R T  approach ( l i k e  the other approaches) serves as a good "check fo r  
reasonablenessJa, but does not provide a rigorous benchmark. Moreover, given that the MCNP 
calculat ion used 96 m i l l i o n  h is to r ies  and those neutrons and ganmas experienced over 700 m i l l i o n  
col l isions, each a t  d i f fe ren t  points in  the configuration, i t  would appear fa r  more reasonable 
in  t h i s  case t o  vieu the MCNP resu l t  as the reference solution. 

General cMRnent: 
ordinate methods that MCNP was o r ig ina l l y  chosen as the preferred solut ion method f o r  the or ig ina l  
H3-3 uater tube shielding problem. While ray ef fects are v is ib le  and bothersome in  t h i s  par t i cu la r  
academic problem, they uould be f a r  less v i s ib le  but equally incorrect i n  the rea l  uater tube problem. 
Moreover, as one proceeds even further in  the real  problem, down through the narrou u a t e r - f i l l e d  
rectangular hole in the col l imator beyond the uater tube, the seriousness o f  ray e f fec t  errors along 
the centerl ine would be conpoded much more, and the underestimation of the f l ux  along the centerl ine 
u w l d  become much more serious and devious. 
over by contr ibutions from the surrounding radial  and eccentric shields, the r ipples uould not be as 
apparent and the f l ux  p lo ts  wwld appear normal t o  the untrained eye. In sp i te  a l l  the h is to r ies  and 
a l l  the elaborate biasing techniques needed to  get goad and re l iab le  resul ts u i t h  MCNP, Monte Carlo 
methods are a t  least free of these d i f f i c u l t i e s  and are ult imately better sui ted f o r  t h i s  par t i cu la r  
type of analysis, i f  and uhen properly used. 

The large unnatural peak a t  

The angular d i rec t ion  bet- t h i s  b i r t h  point and the large r i pp le  a t  the top i s  

Y i th  a more 

U i th  a 

Moreover, even 

GRTUNCL 

It uas because of the known potential d i f f i c u l t i e s  u i t h  ray e f fec ts  in  discrete 

"Devious1n because, u i t h  the peaks and dips smoothed 

C.2.8 Conclusion _ - - - - - - - - - - - - - - - -  
Success i s  usually relat ive.  
success, and given the proper perspective, i t  should be considered a tremendous success! 

Yet by any measure, t h i s  weight-uindow-biased MCNP calculat ion was a 
In short: 

1) I t 

2) I t  
of 

3) I t  
i n  

uorked, and it worked u e l l !  

provided a rigorous and self-consistent methodology 
both the f l ux  and the source. 

did not require us t o  
the basic material model. 

t o  or change" any of the 

fo r  space-energy biasing 

geometry specif icat ions 
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4 )  I t  i s  general and can be applied with equal ease t o  geometrically conplex problems. 

5 )  I t  can be used for neutron-only problems, g a m - o n l y  problems, or  
coupled n/g problems l i k e  this.  

6) I t  can be easi ly  changed to optimize the MCNP results for  other responses (f luxes, 
dose rates, heating rates, etc) a t  other locations, uithout perturbing the basic model. 

258 



AFpendix C.3 

Informal notes on the format o f  the "gemtry-independent ueight uindou" f i l e  

t o  be used u i t h  HCNP48 

. . 

subsequent t o  the ANS Radiation Protection and Shielding Conference i n  Nashvi l le i n  Late A p r i l  1998, 
and conversations u i t h  Tom Evans of Los A l m s  a t  that  conference, the fo l lowing set of informal notes 
on the format o f  the 61gemtry-independent ueight uindouaB f i l e  t o  be used u i t h  MCNPGB was d i s t i l l e d  
from careful inspection of Subroutine UUFILE in the MCNP4B code, uhich uas already operational a t  ORNL. 
Clar i f icat ion on the meaning of a couple of parameters uas subsequently provided by D r .  Evans and 
incorporated i n  these motes. 
in  the next version of the code, MCNP4C. t o  be released in  the year 2000. 

The a b i l i t y  to  read and use the type o f  s8geametry-independent weight uindou66 f i l e  described here uas 
or ig ina l l y  instal led in  HCNPGB as an undocuaented and untested feature, referred t o  as the "AVATAR 
patch6g. Pr ior  t o  the time the code uas f i n a l l y  released by Los Alaraos and ins ta l l ed  a t  ORNL, the 
AVATAR patch had actual ly undergone a considerable amount of internal  tes t ing  and ve r i f i ca t i on  a t  Los 
A[-. Much of t h i s  test ing i s  described i n  an internal  LANL meo~) from T .  M. Evans t o  J. Hendricks, 
XTH:THE-97-133<U), dated May 22, 1997. I t  i s  mu external ly avai lable upon reqwst and has since been 
posted on the LANL ueb pages as a postscr ipt  f i l e .  
the Sam information contained i n  t h i s  appendix. Users uishing t o  supply ueight uindcu information in 
R-2-Theta gemt r ies ,  houever, v w t d  be better advised t o  obtain and read the o r ig ina l  LANL memo since 
the present appendix only deals u i t h  ueight uindou information supplied i n  a var iable Cartesian (XYZ) 
phantom mesh. 

F o m l  docmentation of these features v i11 be provided by Los Alamos 

Pages 5-7 o f  that  memo, b r i e f l y  describe rarch of 

. .. i.... 
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INFORMAL NOTES ON THE FORMAT OF THE "GEOMETRY-INDEPENDENT UEICHT WINDOW" FILE TO BE USED W I T H  MCNP4B 
_ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ ~ - - - - * - - * - - - . - - - - - - - - - - - - -  

Notes by J.A.Bucholz, l a s t  updated 5-26-98 ____..__-___-__-________________________------ 
Notes on the  format and s t r u c t u r e  o f  t he  use r -supp l i ed  MCNP4B glwwinpaa f i l e :  

a) t h i s  a s c i i  f i l e  i s  read & used by MCNP when the  5 t h  parameter on t h e  WWP:n or  WP:p ca rd  i s  negat ive  

b) y o u ' l l  need t o  put wwinp=filename on the  MCNP message card  so code knows the  name o f  the f i l e  t o  look f o r  

c )  t h i s  w i l l  replace a l l  t he  non-zero importances t h a t  you may have supp l i ed  i n  your MCNP input f i l e ;  
c e l l s  where you p rev ious l y  s p e c i f i e d  an importance o f  0 w i l l  s t i l l  be recognized as 0 

I F  - -  t ype  of a d j o i n t  en tered  l a t e r  in  t h i s  f i t e  

Set I F = l  t o  "read inta and use sca la r  ad jo in t :  f l u x (  i) for each f i n e  mesh (NX*NY*NZ) 
I F = 2  t o  "read inan and use d i r e c t i o n a l  ad jo in t s :  f l u x ( i ) ,  J x ( i ) ,  J y ( i ) ,  J z ( i )  f o r  each f i n e  mesh (NX*NY*NZ) 
IF.3 t o  "read in" d i r e c t i o n a l  ad jo in t s :  f l u x ( i ) ,  Jx ( i ) ,  Jy ( i ) ,  J z ( i )  f o r  each f i n e  mesh (NX*NY*NZ) 

but (when IF=3) o n l y  Ws.el1 sca la r  i n f o  

Note: U h i l e  I r e f e r  t o  t h e  s c a l a r  a d j o i n t  f l u x  [ 1 ~ f l u x ( i ) 8 ~ 1 ,  i t  i s  NOT r e a l l y  t he  a d j o i n t  " f l u x "  t h a t  
w i l l  be entered. To be more prec ise ,  one w i l l  r e a l l y  en te r  t h e  tlLM.IER weight window bound(s)l# based 
on the  sca la r  a d j o i n t  f l u x .  

I'll probab ly  use I F = l  most of  t he  time, 

These lower weight window bounds a r e  en tered  on Records 7.2 o r  7.3 below. 

o r  IF=2 when I f e e l  d i r e c t i o n a l  b ias ing  might be b e n e f i c i a l .  

I V  - -  ve rs ion  number; I have no idea what t h i s  i s  used f o r  (can ' t  t e l l  f rom Fortran); 
Tom Evans says i t s  no t  used for anyth ing  and t o  s e t  I V = O  

NI - -  number o f  d i f f e r e n t  p a r t i c l e  types f o r  which energy-dependent 
weight windows w i l l  be read 

N I  must be . l e .  12 

c o n t r o l s  length  o f  I A ( i 1  a r r a y  t o  be read next 

Set N I = 1  

Set N I = l  f o r  gama-on ly  problems 

Set NI=2  

Set NI=3 

f o r  neut ron-on ly  problems ( f requen t l y  used) 

f o r  neutron/gamna problems ( f requen t l y  used) 

f o r  neutron/gamna/electron problems (seldom used) 



NR - -  number of parameters to be read in the RA(i) array below, where 
UuM(i)=RA(i), and WM array is described on pages E-26 and E - 4 1  
of MCNP4B manual 

RA(NR) is a flag that should generally be set to 1 

NR must be .le. 15 

- - >  NOTE: in Subroutine WUFILE that we have in  our MCNP4B, HR must be .le. 15 
In reality, however, our version i s  obsolete and RA should be dimensioned to 16. 
See patch file from Tom Evans. This doesn't matter if you're always using 
Cartesian geometry, but you'll need to patch the routine if y w  want to specify 
the weight window file in a cylindrical RZth geometry. - -  JAB, 5-25-98. 

Set NR=10 for Cartesian X Y Z  adjoints; that's all I t ( (  talk about below 

Set NR=16 for cylindricai RZth geometry adjoints; 1 / 1 1  skip any discussion of this for now 
(see description of WWM array on page E-26 & E-41) ;  M i l l  also need to patch UUFICE 

Record 2: format (7i10) 

IA(ip), ip1,NI IA(ip)=number of energy-dement weight windows for particle type ip 

L ____________.____-___________^__________-------- 
NUW(ip)=IA(ip) for ip.le.NI 
NWW ip)=O for ip.gt.NI 

NUU(ip)=IA(ip) = number of energy-dependent weight windows 

I f  NI.2 (for a coupled neutron/gannia problem) then 

for particle type ip 

IA(1) = number of energy-dependent weight windows for neutrons 
IA (2 )  = nwber of energy-dependent weight windows for gamnas 

If you have a real adjoint (from DORT or TORT) this could be 
the mmber of neutron or g a m a  energy groups. 

If I ' m  just entering my own heuristic guess for these things 
I'll just set IA(l)=l and IA(2)=0 or IA(Z)=l 



Record 3: format (6913.5) 

R A ( i ) ,  i=l,NR 

UUM(i)=RA(i) f o r  i.1e.NR 
wuM(i)=O.O f o r  i.gt.NR 

See d e s c r i p t i o n  of  W(i) ar ray  on pp E-26 and E-41 o f  manual 

For Car tes ian  XYZ a d j o i n t s  where NR=10: 

UWM(1) = RA(1) = NX = t o t a l  number o f  f i n e  mesh i n  X d i r e c t i o n  
WUM(2) = RA(2) = NY = t o t a l  number o f  f i n e  mesh i n  Y d i r e c t i o n  
UWM(3) RA(3) = NZ = t o t a l  number o f  f i n e  mesh i n  2 d i r e c t i o n  

UWM(4) = RA(4) = XMIN(0) X l o c a t i o n  o f  lower l e f t  corner  of g loba l  mesh desc r ib ing  Car tes ian  importance c e l l s  
UuM(5) = RA(5) = YMIN(0) = Y t o c a t i o n  o f  lower l e f t  corner  o f  g toba l  mesh desc r ib ing  Car tes ian  importance c e l l s  
WUM(6) = R A ( 6 )  = ZMIN(0) = 2 l o c a t i o n  o f  Lower Le f t  corner  o f  g loba l  mesh desc r ib ing  Car tes ian  importance c e l l s  

UUM(7) = R A ( 7 )  = NCX = number o f  coarse mesh i n  X d i r e c t i o n  
H ( 8 )  = RA(8) = NCY = nunber o f  coarse mesh in  Y d i r e c t i o n  
wuM(9) = RA(9) = NCZ = nunber o f  coarse mesh i n  2 d i r e c t i o n  

WWM(10) = RA(10) = NWGEDM = 1 a f l a g  say ing  “ tha t ‘ s  a l l ”  ( i f  NR=10 for Car tes ian  XYZ a d j o i n t s )  

Note: if NR.16 f o r  c y l i n d r i c a l  RZth geometries, then one would have UuM(10) = RA(10) = NUGEOM = 2 
and the re  uou ld  be s i x  more parameters, WUM(l1) ... UUM(16), uh ich  I ’ m  not going t o  discuss.  
Anyone i n t e r e s t e d  in  t h i s  shoutd go read Tom Evans’ memo (Ref 23). 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



B E G I N  GEGMETRIC MESH DATA: ( I  w i l l  describe i n f o  f o r  Cartesian mesh only) 

See Subroutine UWFlLE ( i n  MCNP4B) f o r  more de ta i l s .  That i s  where t h i s  f i l e  i s  read. From 
DO-loop 120 i n  Subroutine lUTWND you can see/veri fy how the f i n e  mesh are numbered in te rna l l y .  
From Function WVAL you can see how t h i s  i n f o  i s  accessed i n t e r n a l l y  when MCNP needs values. 

that is:  

xo, data fo r  coarse mesh 1, data 

where 

XO = locat ion of l e f t  most plane (globa 

N F X C ( i )  = number of f i n e  mesh in te rva l s  

fo r  coarse mesh 2, ..., data f o r  coarse mesh NCX, 

l Y )  

in  coarse mesh i < - -  used i n  Subroutine WVAL 

X M A X C ( i ) =  locat ion o f  rightmost plane in  coarse mesh i 

ratioXC(i)= f i n e  mesh r a t i o  in  course mesh i 

Note: For c y l i n d r i c a l  RZth geometry, t h i s  
would instead be the data f o r  the R d i r e c t i o n  

<- -  used i n  Subroutine WVAL 

< - -  required; may(?) al low f o r  l oga r i t hm ica l l y  denser 
or sparser f i n e  mesh ins ide a given course mesh; 
not sure i f  used or not; I always enter 1.0 

Record 5: format (6913.5) 

Y-mesh data as fotlows: 

Y 0, 

that  is :  

yo, data f o r  coarse mesh 1, data f o r  coarse mesh 2, ..., data f o r  coarse mesh NCY, 

where 

YO = loca t i on  of l e f t  most plane (g loba l l y )  

NFYC(1) = number o f  f i n e  mesh in te rva l s  i n  coarse mesh i 

YMAXC(i)= l oca t i on  o f  rightmost plane in  coarse mesh i 

rat ioYC(i)= f i n e  mesh r a t i o  i n  course mesh i 

NFY C( 1 ) , YMAXC( 1 ) , r a t  i oY C( 1 ) , NFY C( 2 ) , YMAXC( 2), r a t  i oY C ( 2 1 , . . . , NFY C(NCY ) , YMAXC( NCY) , r a t  i oYC (NCY) 

< - -  used i n  Subroutine WVAL 

< - -  used i n  Subroutine UWVAL 

<-- required; may(?) al low f o r  l oga r i t hm ica l l y  denser 
o r  sparser f i n e  mesh ins ide a given course mesh; 
not sure if used or not; I always enter 1.0 

Note: For c y l i n d r i c a l  RZth geometry, t h i s  
would instead be the data f o r  the Z d i r e c t i o n  



Record 6: format (6913.5) 

2-mesh data as fol lows: 

20, NF ZC( 1 ) , ZMAXC( 1 1, r a t  i oZC( 1 1, 

that  i s :  

20, data for  coarse mesh 1, data f o r  coarse mesh 2, ..., data fo r  coarse mesh NCZ, 

where 

ZO = locat ion of l e f t  most plane (g loba l l y )  

NFZC(1 )  = number of f i n e  mesh in te rva ts  i n  coarse mesh i < - -  used in  Subroutine UUVAL 

Z M A X C ( i ) =  locat ion of rightmost plane i n  coarse mesh i < - -  used i n  Subroutine WUVAL 

rat ioZC( i )= f i n e  mesh r a t i o  i n  course mesh i < - -  required; may(?) al low fo r  Logarithmical ly denser 

Note: For c y l i n d r i c a l  RZth geometry, t h i s  
would instead be the data f o r  the theta d i rect ion;  
i n  t h i s  case, data would be i n  l1revolutionsiV 
so that 0.125 would correspond t o  45-degrees, etc. 

NFZC(2) ,ZMAXC(2), r a t  ioZC(Z), . . . , NFZC(NCZ),ZMAXC(NCZ), r a t  ioZC(NC2) 

o r  sparser f i n e  mesh ins ide a given course mesh; 
not sure i f  used o r  not; I always enter 1.0 



Record 7 data i s  described below; note that  t h i s  i s  r e a l l y  a whole ser ies o f  records: 

+ - - - - - - - - F IRST ENTER THE UPPER ENERGY BOUNDS & UEIGHT UINDW INFO BELOU FOR PARTICLE TYPE 1 (neutrons) 

I THEN ENTER THE UPPER ENERGY BUJNDS 8, WElGHT WINDOW INFO BELOW FOR PARTICLE TYPE 2 (gamnas) 
THEN ENTER THE UPPER ENERGY BOUNDS 8, UEIGHT UINDOU INFO BELOU FOR PARTICLE TYPE 3 (electrons) i f f  NI=3 (seldom used) 

Note: 
The ueight window i n f o  (energy b ins  & ad jo in t  i n f o  by f i n e  mesh) ere s tored i n  separate ( i n te rna l )  
array locations fo r  each p a r t i c l e  type. 
That i s  where t h i s  f i l e  i s  read. 
the f i n e  mesh are numbered i n t e r n a l l y .  
i n t e r n a l l y  uhen MCNP needs values. 

i f  NI=2 or NI=3 

The upper energy bounds & weight uindou i n f o  are redd f o r  each p a r t i c l e  type (ip=l,NI). 

From DO-loop 120 i n  Subroutine IWTUND you can see/veri fy how 
See Subroutine WUFILE ( i n  MCNP4B) f o r  more de ta i l s .  

From Function UUVAL you can 6ee how t h i s  i n f o  i s  accessed 

BEGIN READING ENERGY-DEPENDENT W E I G H T  UINDOU INFORMATION 

Record 7.1: Read t1(6g13.5)tt (EMAX( ie), ie=l,NWW( ip ) )  < - -  upper energy bounds (MeV) f o r  energy-dependent 
weight window ICiee, f o r  p a r t i c l e  type llipll 

I f  (as the f i r s t  parameter on Record 1) you had I f= l ,  THEN your f i l e  should conta in  on ly  the i n f o  shown on Record 7.2a, 
while if you had IF=2 or tF=3, THEN forget  about Record 7.2a and instead enter the i n f o  shown belou as Record 7.2b 

Record 7.2a: Read 11(6g13.5)11 ((((aFlx), i=I,NX),j=l,NY},k=l,NZ) f o r  energy-dependent weight window 1 
Read q6g13.s)tt (((CaFix), i=l,NX), j=l,NY),k=l,NZ) for  energy-dependent Height w!ndow 2 
Read 11(bg13.5)11 ( ( ( (e f lx ) ,  i=I,NX),j=l,NY),k=l,NZ) f o r  energy-dependent welght ulndow 3 

Read y6g13.f)l l  ( ( ( (a f lx ) ,  i=I,NX,,j=1,NY),k=l,NZ) f o r  energy-dependent weight window N W i p )  

I . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Record 7.2b: Read I t (  691 3.5 ) I 1  

Read & I (  bgl3.5)" 
Read &43.5)11 

Re& 11(6913. 5)11 

( ( ( ( aF l x , a Jx I aJ y , aJ z ) , i = I  I NX 1, j = 1 , NY ) , k= l  , HZ ) 
(( ( ( aF l x, a Jx, a Jy , B J L) , i =I, NX ) , j = 1, NY 1, k= l  , NL ) 
( ( ( (aF l x, aJx, aJy, eJr ) , i 21, HX) , j =I, NY ) , k= l  , NZ) 

( ( ( (aF lx, aJx , aJy, aJz) , i =1, NX) , j =I, NY) , k = l  , NZ) 

for energy-dependen t weight H i  ndow 1 
f o r  energy- dependent weight w i  t-dOW 2 
for energy-dependent weight w i  KJOW 3 

f o r  energy-dependent uei ght w i  ndou NUU( ip) 



13 cn cn 

The above Lines read the energy-dependent ad jo in t  f l u x  (importance) and ad jo in t  currents i n  each F I N E  mesh 
( f o r  p a r t i c l e  type t1ips9), where: 

aFlx = a d j f l x ( i , j , k )  = energy-dependent ad jo in t  f l u x  (importance) i n  each F I N E  mesh ( f o r  p a r t i c l e  type tr ipt1) 
aJx = ad j  Jx( i , j ,k )  = energy-dependent ad jo in t  current (Jx) i n  each F I N E  mesh ( f o r  p a r t i c l e  type IIipcl) 
aJy = ad j  Jy(i , j ,k) = energy-dependent ad jo in t  current (Jy) in  each F I N E  mesh ( f o r  p a r t i c l e  type I1ipt*) 
aJz = ad j  Jz(i, j,k) energy-dependent ad jo in t  current (Jz) i n  each F I N E  mesh ( f o r  p a r t i c l e  type IIip") 

- - >  IMPORTANT NOTE: To be more precise, the parameter denoted here as 14aFlx11 i s  NOT r e a l l y  
the energy-dependent ad jo in t  f l u x  (importance) in  each F I N E  mesh ( f o r  p a r t i c l e  type tBipt8). 
More c o r r e c t l y  stated, i t  i s  the corresponding Illower weight window boundI8 based on the 
scalar  ad jo in t  f l ux .  These things are inverse ly  proport ional. 
The lower the scalar ad jo in t  f lux ,  the higher the Inlower weight window boundll; whi le 
the higher the scalar ad jo in t  f lux ,  the lower the I!lower weight window bound". 
A t  LANL, they have an opt ion i n  THREEDANT that ac tua l l y  wr i tes the *lIower weight window  bound(^)^^ 
i n  the UUINP f i l e  based on the THREEDANT ad jo in t  solut ion. 
t h ing  t o  note here i s  that  the parameter denoted here as 18aFlxla should instead r e a l l y  be 
the '!Lower weight window bound8b i n  each F I N E  mesh ( f o r  p a r t i c l e  type IIipIl). 

Furthermore: you may want t o  rescale t h i s  data before using i t  i n  MCNP48 so as t o  BE SURE 
tha t  the anlower weight window  bound(^)^^ i n  your source region are (we l l )  below the weight 
o f  your s t a r t i n g  source pa r t i c l es .  
region are above the weights assigned t o  your source pa r t i c l es ,  they may be k i l l e d  a t  b i r t h  
by Russian Roulette - -  most unproductive1 
(or  t a te r )  applying any source1energy b ias ing (SB Card) which might automatical ly reduce the 
s t a r t i n g  weights of  p a r t i c l e s  in energy groups you wish t o  sample more heavi ly ! ! !  

Notes i n  Appendix C.2 o f  t h i s  HB-3 Shielding Report describe how the lower 
weight window bounds should be ca lcu lated from the adjo in t  information and proper ly  renormalized 
back t o  the rea l  MCNP source (i.e., a l l  broad groups r m l t i p l i e d  by the same factor ) ,  and how the 
I topt imal ly  biased!! f ine-group source energy d i s t r i b u t i o n  should be ca lcu lated from the o r i g i n a l  
f ine-group source energy d i s t r i b u t i o n  i n  a fashion consistent w i th  the weight window speci f icat ions.  

Note: 

However you get i t ,  the key 

I f  the "lower weight window  bound(^)!^ i n  the source 

Be especia l ly  carefu l  t o  check t h i s  i f  you are now 

- - >  Update (9-5-98):  

I t  i s  always possible (and many times desirable) t o  set 
The code knows how t o  handle th i s ,  and i t  works j us t  f ine.  
I f  you're th ink ing  o f  doing th is ,  however, you might as wel l  
set IF=l  and use the shorter f i l e  format and save the space. 

I f  one wants t o  more sophisticated, however, the l a s t  few l i nes  o f  Function Subroutine UUVAL 
can a lso apply a d i rec t i ona l  b ias ing based on the ad jo in t  currents. 
f o r  being very powerful. 
d i r e c t i o n a l  ad jo in t  currents are not r e a l l y  known), I bel ieve we can gain the same benef i t  by 
l e t t i n g  (aJx,aJy,aJz) be the d i r e c t i o n  cosines o f  a unit vector that  po ints  ##FROM the detector 
o f  in terest ,  TO the centro id  of the geometry mesh in te rva l  ( i , j , k ) * ' .  - -  JAB, 4-29-98 

I f  the "dot product of t h i s  and the d i r e c t i o n  cosines of a rea l  neutron!' i s  negative ( ie ,  i f  
a rea l  neutron i s  t r a v e l l i n g  towards the detector), Function Subroutine WWVAV makes wwval very 
big, while i f  the dot product i s  p o s i t i v e  ( ie ,  i f  a rea l  neutron i s  t r a v e l l i n g  away from the 
detector, Function Subroutine WWVAL makes wwval r e l a t i v e l y  small. - -  JAB, 4-29-98 

aJx = aJy = aJz = 0.0 

Note: 
This has the po ten t i a l  

For "heu r i s t i c  adjointsM1 tha t  one might create by hand (where the 

+ - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  



Appendix C.4 

GETUIN8.SCR: 
broad-group weight window f i l e  used by MCNPLB in  the solut ion of the academic water 
tank problem described in Appendix C . 2  

A f u l l y  self-contained sc r ip t  f i l e  f o r  automaticatty generating the 

Embedded within th i s  sc r ip t  f i l e  i s  the input fo r  the 1-D ANISN adjoint  analysis and 
the necessary Fortran program (GETUIN8.F) f o r  reading the resul t ing adjoint  f l u x  f i l e ,  
creating the necessary 3-D broad-grow "geometry-independent weight windoual f i l e ,  and 
consistently determining the biased source-energy d is t r ibu t ion  t o  be used in the MCNP 
analysis. Detai ls are discussed in Appendix C.2. 
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GETWIN8.SCR 

export RTNDIR=$PWD 
# export T M P D I R n / u / , t s / S L o a N ~ / t ~ $ ~ M  
export TMPDIR=/workl/$LWNAME/tsmg$FmmOM 

echo STMPDIR 
mkdir STMPDIR 
cd STMPDIR 

Cat >getwin8.f <<'END-GETWIN' 
C 
C 
C 

C 

C 
C 

C 

C 

C 

C 

C 

C 
C 
C 
C 
C 
c 
C 
C 

C 
C 

C 
C 

C 
C 
C 
C 
C 
C 

C 
C 

C 
c 
C 

C 
C 

C 
C 
C 

C 

GETWIN8.F - -  Updated version Of GETWIN.SCR 
After the larger script (GETWIN8.SCR) runs the GBANISN adjoint calc to 
calculate the fine-group (61n/23g) adjoint flux everywhere (based on 
the total n+g flux-to-dose-rate conversion factors as the adj source), 
this particular Fortran routine will: 

Call Subroutine SRCJST which, in turn, calls Subroutine GETADJ which 
reads the anisn scalar adjoint fluxes on fort.15, as well as anisn mesh 
info in the GBAOUTPUT printed output file. QETADJ then calculates and 
prints the broad group adjoint fluxes (for 6 neut grps & 4 gamma grps) 
as averaged over a wider (geometry-independent) mesh spaced every ndxm cm 
(as specified there by the user; typically in 5-cm increments). GZTADJ 
then return to Subroutine SRCJST. 

SRCJST then calculates the unbiased and "biased" source distribution to 
be in MCNP, and tabulates the corresponding space/enerpy-dependent weight 
windows (values of WTLO) to be used in a coupled n/g MCNP calc with a 
neutron-only source. 

This information is printed out in a file called "GETADJ.OUT". 

Lastly, this program calls Subroutine WTWIN which writes out the large 
(ascii) weight-window file (wwinp) that will actually be used by MCNPIB. 

* * * * * * * * * + * * * * * * * * * * * * * * * * * * * * * * * * 4 * * 4 4 * * * * * * * * * * * * * * * * * * t * * * * * * * * * * * * * * *  .*.... * * * * . * * * C C * * * * * * * * * * * * * * * * ~ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

IMPORTANT SUBSTATIVE CHANGE: 

In version QETWIN8.SCR (dated 7-29-98), as opposed to earlier versions 
(like GETWIN.SCR dated 5-26-98 for the academic neutron in water problem), 
we now recognize the correct order of the group-dependent adjoint fluxes 
being read off the GBANISN flux tape. See comments in Subroutine GETADJ. 



GETWIN8.SCR 
C 
C 

C 

C 

C 

C 

C 
C 
C 

C 

C 

C 

C 

C 
C 

C 
C 
C 

C 
C 

C 
C 
C 

C 
C 
C 
C 
C 

C 
c 
c 
C 
C 

c 

dimension mini(3000),xmaxi(0:3000) 1 mnin h xmax for each importance zone 
dimeneion amaXi(l0) I maxi- energy (MeV) of the 6 broad neut groups & the 4 broad gamma groups 
dimension wt1o(3000,10) 1 wtlo(mesh,ig) for a given iwortance mesh, and broad group (calculat6d here) 

whi210=10000. I Jabo recomends wthi=lOOOO*wtlo & wtaurv=wtavg=lOO*wtlo (as the biggeet weight window) 
wav2lo=100. 1 Jabo recoxmends wthi-10000*wtlo & wt~urv=wtavg=100*wt3o (as the bfggeet weight window) 

whi2lo=l00. I Jabo recornends -hi= lOO*wtlo & wtsurv=wtavg= lO*wtlo (as the best weight window) 
wavllo=lO. 1 Jabo recomnends wthi- lOO*wtlo & wtsummwtavg- lO*wtlo (as the beet weight window) 

xsrcal74.951 I location where the "realw (forward) source would inpinge on the 1-D buckled slab model (used for several things) 
xsrc-116.7841 I point where the old 1960 water tube began 
xsrc-l?4.27 I point where the new 1998 water tube begins 
xsrc-175. 0 

xdeta400.0 
xdet~300.0 
dx4.1 
dx-5.0 
dydzm26.3 
dydz=2?. a 

Also note: For 

location of adjofnt source in anisn model (not used, only printed, but uBer MUST specify for QA purposes) 
location of adjoint source in anien model (not used, only printed. but uaer MUST specify for QA purposes) 
thicknees on each imortance zone to be used in mcnp 
thickness on each importance zone to be used in mCnp 
tranaverse dimensione used for buckling in anfan (not used, only printed, but user HOST specify for QA purposes) 
traneverse dimensions used for buckling in anien [not u~ed, only printed, but user MUBT specify for QA purposes) 

1 

this particular "academic problem" 66 place all the point, sources at xO(ig)=50.0 ern (impinge at xsrc=17S,Q cm) 

call srcjst (xerc,xdet,dx,dydz, 
whi2lo,wav2lo,imi,lcmini,xmaxi,~i,wtlo) 1 calculate weight window info 

call wtwin (imi,xmini,xmsxi,emaxi,wtlo) I write out weight window file for Cartesian XYZ geometry 

stop 
end 

subroutine srcjst (xsrc,xdet,dx,dydz, 
whi2lo,wav2lo, irni,xmini,xnu¶%i,smaxi,wtlo) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Calculates the biased source distribution for MCNP aa well 
as the apacafensrgy-dependent weight win&ows to be use4 in a 
coupl6d nlg MCNP calc with a neutron-only Source. 

The neutron-only source used here is for the HB3 water tube. 

The user must eupply the following information: 

xsrc = location (em) where the "real" (forward) source would impinge on the 1-D buckled slab'model (used for several. things) 
xdat = location (cm) of adjoint source in anian model (not used, only printed, but user MUST specify for QA pur@osee) 
dx = thickness (cm) of each importance zone to be used in mcnp 
dydz - transverse dimennions (cm) DY-DZrdyzy used for buckling in anisn (not used, only printed; MUST slpecify for QA purposes) 
whi2lo*ratio of WTHIQHfWTLOW to be used in setting up weight windows} must 1166  same^ valuer in MCNP run 
wavzlo-ratio of WAVQ/WTLOW w msuRv/wTLon to be used in setting up weight windowei must use stme values in MCNP r u n  

This routine calculates and returns the following parameters: 



GETWIN8.SCR 
C 
C 

C 
C 

C 

c 
C 

C 

C 

C 

C 
C 
C 

C 

C 

C 

C 

C 

C 

* 

* 

* 
* 

imi - number of 5-cm coarse importance mesh intervals 
xmini(3000),xmaxi(0;3000) = d n  & xmax for each importance zone, i=l,imi (ixd.le.3000) 
ema%i(lO) I maximum energy (MeV) of the 6 broad neut groups br the 4 broad garaim groups 
wtlo(3000.10) 1 ((wtlo(mesh,ig),meshIl.imi),imi),ig~l,lO) for a given importance mesh, and broad group (calculated here) 

dimension xmini(300O),xmaxi(0:3000) 1 aanin & xmax for each iwortance zone 
dimension emaxi ( 10) 1 maximum energy (MeV) of the 6 broad neut groups a the 4 broad gsmma groups 
dimension wtlo(3000,lO) I wtlo(mesh,ig) for a given importance mesh, and broad group (calculated here) 

dimension adjnf1(3000,6) I allows for 6 neutron imp grps and up to 3000 coarse imo mesh 
dimension adjgf1(3000,4) I allows for 4 gamma imp grps and up to 3000 coarse iw mesh 

dimension sO(10),sb(10),ratio(10),a(109,wtavg(10) 
dimension ptsrc(84),~0(84).src(84~,srcb(84) 
dimension srcm(61),srcbm(61) 1 unbiased & biased sources in MCNP order (grp l=low E, grp 61=high E) 

data pterc/ 1 for neut in HB3 (velm grp=l,61), 9annnaB in HB3 ( V e b  grp-1.23); faSt=gJ-T 1 
2.74800E+09, 6.926023+12, 8.64293E+12, 3.052423+13, 7.322823+13, 
1.364773+14, 2.063603+14, 1.619473+14, 2.41078E+14, 1.35333E+14, 
2.00073E+14, 3.129453+14, 8.547203+14, 8.07055E+14, 7.095123+14, 
5.400553+14, 6.650983+14, 5.351773+14, 3.614703+14, 1.493673+14, 
5.85513E+14, 6.292563+14, 3.656513+13, 7.685843+12, 1.38494P+13, 
2.128403+14, 7.35199~+14, 4.332458+14, 3.63241E+14. 4.291933+14, 
5.59006E+llr 8.89397E+14, 1.29680&+14, 4.969583+14, 3.03507E+14, 
1.218733+14, 5.24714~+13, 1.12860&+14, 6.696503+13, 7.42049E+14, 
9.842173+14, 8.76077E+14, 7.55138E+14, 3.365383+14. 2.549759+14, 
2.76622E+14, 2.04908~+14, 8.872453+14. 8.536913+14, 8.74122E+14, 
9.506103+14, 9.69821~+14. 9.03837E+14, 1.45876E+15, 1.547593+15, 
l.S8981E+15, 1.55274~+15, 1.30212E+15, 1.52979E+15, 2.25679E+15, 
6.303653+16, 1.2325OE+11, 6.194213+13, 1.51963E+15, 1.601833+14, 
1.233783+15, 6.754533+14, 1.98361&+15, 2.349293+15, 1.427773+15, 
2.669513+15, 4.239893+15, 5.279353+15, 7.316363+15, 4.039753+15, 
4.801013+15, 7.17665&+15, 1.038053+16, 2.567083+16, 1.828553+16, 
1.677053+16, 1.650293+16, 2.84514E+15, 8.728373+12/ 
data x0 / 1 for neut in HB3 (velm grp=l,61), gamma8 in HB3 (velm grp=lr23)f fastagrp 1 
99.9, 31.1, 68.7, 42.9, 59.5, 62.6, 47.9, 56.9, 65.3, 43.5, 
33.3, 52.1, 50.2, 59.7, 46.8, 70.1, 44.1, 56.8, 50.3, 52.9, 
50.8, 49.6, 42.3, 53.7, 63.8, 4 2 . 4 ,  34.2, 48.9, 42.5, 45.6, 
45.7, 47.4. 56.7, 52.9, 79.8, 67.5, 62.6, 46.7, 69.0, 54.0, 
50.7, 52.7, 53.3, 65.1, 55.0, 49.5, 43.0, 60.5, 61.2, 52.6, 
53.8, 51.1, 56.0, 55.4, 56.5, 48.2, 54.5, 76.1, 65.2, 57.3, 
80.2, 97.4, 99.9, 94.4, 96.0, 93.9, 96.4, 93.2, 92.6, 96.6, 
99.2, 96.9, 93.6, 86.8 ,  83.2, 88.8, 04.7, 81.6, 84.5. 83.9, 
82.1, 68.1, 61.9, 10.0/ 

'open (30,file='getadj.out',status='unknown') 

khi2lr t(whi2lo) 
kava10 .t (wavalof 

1 asci1 file with sumnary adjoint info 



C 

C 

C 

C 

C 
C 

C 
C 

C 
C 
C 

GETWXN8.SCR 

pi*acos(-l.O) 
x=xsrc I point where the point source streaming thru void first impinges on the water tub8 (input by user) 

do i=l,lO 
SO (i)=O.O 
enddo 

xO(i)=SO.O 1 override the above for the special "ACADEMIC@@ case ONLY 

~ ~ P ~ . O * P ~ * ( R - X O ( ~ ) ) * ( X - X O ( ~ ) )  
src(i)=ptsrc(i)/dum I real unbiased src, (nlslcm2) or (plslcd), i-ingent on water tube 

if (i.eq.61) so(l)=sO(l)+src(i) 1 Unbiased SRC 
if (i.ge.57 .and. i.le.60) sO(P)=s0(2)+src(i) 1 unbiased SRC 
if (i.ge.49 .and. i.le.56) s0(3)=~0(3)+arc(i) 1 unbiased SRC 
if (i.ge.31 .and. i.le.48) 60(4)=e0(4)+src(i) 1 unbiased SRC 
if (i.ge.16 .and. i.le.30) a0(5)=sO(S)+src(i) I Unbiased SRC 
if (i.ge.01 .and. i . . le , l ! j )  s0(6)=a0(6)+src(i) 1 Unbiased SRC 

jni-61 

if (j.ge.18 ,and. j.le.23) nO(7)~e0(7)+src(i) I UnbiasecJ SRC 
if (j.ge.13 .and. j.le.17) sO(&)=aO(B)+erc(i) I Unbiased SRC 
if (j.ge.08 .and. j.le.12) s0(9)=s0(9)+arc(i) I Unbiased BRC 
if (j.ge.01 .and. j.la.07) sO(lO)-sO(lO)+arc(i) I Unbiared 8RC 

enddo 

do i-7,10 

enddo 
eO(i)=O.O I uee 0.0 here when running the MCNP nlg problem with 

P E = = I P = = = I P = ~ e ~ a " I P P P I l P I P P P I P I P I P  

call gstadj (xsrc. xdet , dx, dydz, I go get GBANISN broad group 
imi,~ni,Moaxi,smaxi,adjnfl,adjafl) I go get OBANISN broad group 

do i=l,lO 
ratio(i)=0.0 
enddo 

____----_ Now begin procedure outlined in Jab0 Tang's NSLE paper: 

mesh=l 
do i=1,6 
a(i)madjnfl(mesh,i) I get adjoint fluxes €or the 6 neutron groups 
enddo 
do 1-7,lO 
a(i)nadjgfl(mesh,i-6) I get adjoint fluxes for the 4 gamma group6 
enddo 

for 
for 
for 
for 
for 
for 

for 
for 
for 
for 

VELM neutr grps 61-61 = MCNP neutr grps 01-01 
VELM neutr g r p s  57-60 - MCNP nautr grpa 02-05 
VELM neutr g r p s  49-56 = MCNP neutr grps 06-13  
VELM neutr grps 31-48 = MCNP neutr g r p s  14-31 
VELM neutr grps 16-30 = MCNP neutr g r g s  32-46 
VELM neutr g r p e  01-15 = MCNP neutr g r p s  47-61 

- MCNP 9- O r p a  01-06 
MCNP 9- 0-8 07-11 

= MCNP 9- g m S  12-16 
.I HCNP g r p s  17-23 

no external ganuna sources 

adjoint fluxes for each importance mesh 
adjoint fluxes for each iqortanca mesh 

.n imp mesh 1, the 1st mesh the "real" source hits 

.n imp mesh 1, the 1st mesh the "real" source bits 

C 



GETWIN8.SCR 

C 

C 

Ell 

11 
C 

C 

C 

C 
C 
C 

401 

sumsO=6umsO+sO(i) 
enddo 
avgadj=sumsOa/sumsO I "Source-Averaged" Adjoint 

write ( 3 0 , r ( / / / / ) ' )  
do i - l , l O  

sb(i)PsO(i)*a(i)/avgadj 1 Biased MCNP source distribution 
wtavg(i)-avgadj/a(i) 
wtlo(mesh,i)~wtavg(i)/wav2lo 1 See Jabo's recornendation (above) 

enddo 
write (30,'(al)') char(l2) 
write (30,111 mesh, (wtlo(mesh, i) ,ill, 10) 
format (1x,i3,2x,lp,10e13.5) 
write (30,111 mesh,(wtlo(meeh,i),ratio(i),l=l,lO) 
format (lx,i3,2~,10(1p,el3.5,0p,f7.4)) 

do i-1,lO 
ratio(i)=wtlo(mesh,i) 
enddo 

do meshn2, imi 
m=meeh 
do i=1,6 
a(i)=adjnfl(m,i) I get adjoint fluxes for the 6 neutron groups in import mesh Vu" 
enddo 
do i-7,10 
a(i)Eadjgfl(m,i-6) 1 get adjoint fluxes for the 4 gamma groups in import meeh "rnm 
enddo ---------------- 
do i = 1 , 1 O  

wtavg(i)=avgadj/a(i) 
wtlo(meuh,i)-wtavg(~)/wav2lo 1 See Jabo's recornendation (above) 

enddo 

do i=l,lO 
ratio(i)-wtlo(mesh,i)/ratio(i) 
enddo 
write ( 3 0 , l l )  mesh, (wtlo(mesh,i),i=l,lO) 
write (30,ll) mesh, (wtlo(mesh,i),ratio(i),inl,lO) 
do i=1,10 
ratio(i)=wtlo(mesh,i) 
enddo 

---------------- 

enddo 

write (30,'(al)') char(l2) 
write (30,401) khi2lo,kav2lo, (emaxi(i),i=lrlO) 
format (17x,'WTLO for the 6 broad neutron groups', 
' and 4 broad gamma groups based on 1 - D  adjoint & Jabo"s', 

/ . l ' l x ,~Use  these values for the coupled n/g mcnp transport'r 
1 analysis involving a neutron-only source.',/,l7x, 
'(with a n/g sourcer or a gannna-only source, values', 
' would be diffetnet)r,/,l7x, 
%nXX-w )I MCNP neutron g r p  numbers, ', 
'mgXX 1 MCNP gamma g r p  numbers',/,l7x, 
'vnxx VELM neutron g r p  numbers, ', 

procedure with WTHI='ri5r'*WTL0 L W T S U R V = ~ A V ~ = r r ~ 3 r r * W T L O ' f  



* 

* 

* 

* 
402  

C 
C 

C 

C 

C 
12 
13 
14 
c 
C 

c 

C 

c 
ccc 
CECC 
ccc 
ccc 
ccc 
ccc 
C 

C 

'vgxx-YY E VeLM gamma g r p  numbere',//,l7x~ 
I ,  lpe12.5,9e13.Sr /,17x, 

'imp mol-01 mO2-05 m06-13 1~14-31' , 
t~132-46 m47-61 ~ 0 1 - 0 6  mg07 - 11 , 

, mg12-16 
J m i n  )(mbx mesh', 

mg 17 - 2 3 ' , / # 

' vn61-61 ~ 5 7 - 6 0  -49-56 ~n31-48', 
~116-30 -01-15 vgl8-23 ~913-17', 

I vg08-12 ~p01-07'./) 

write (30,402) &ni ( j x )  ,xmaXi ( jx) ,  jx, 

format (lx,f6.2,f8.2,i5,1x,lp,lOel3.5) 

do jx=l,imi 

(*lo( jx,ig) I is-lrl0) 

enddo 

format (///,lx,' s01,2x,lp,10e13.5) 
format (//l#lx,* ebt,2x,lp,10s13.5) 
format ( / / / , l a t , s  r r,2x,lp,10e13.5) 

do i=1,84 
src(i)=ptsrc(i) 
if (f.gt.61) src( 

if (i.ep.61) 
i f  (l.ge.57 .and. 
i f  (i.ga.49 .and. 
if (i.ge.31 .and. 
if (f.ge.16 .and. 
if (i.pe.01 .and. 

j c i - 6 1  

I return to brig 
) = O . O  

i.le.48 
i .le. 30 
i. le. 15 

if (j.ge.18 .and. j.le 
if (j.ge.13 .and. j.le 
if (j.ge.08 .and. j.le 
if (j.ge.01 .and. 3.1s 

srcb(i) -src ( i 
srcb(i)=srcti 

GETWIN8.SCR 

nal point sources (rather than impinpent sources) 

*sb(l)/eO(l) 1 Biased SRC for VELU neutr grpe 61-61 - MCNP neutr g r g s  01-01 
*sb(2)/60(2) I eiaeed SRC for VeLM neutr g r p s  57-60 - MCNP neutr g r g s  02-05 
*sb(3)/60(3) I Biased SRC for VELH neutr g r p s  49-56 MCNP neutr grpa 06-13 
*sb(4)/60(4) 1 Biased ~ R C  for neutr g r p e  31-49 - MCNP neutr g r p s  14-31 
*sb(5)/80(5) I Biarred SRC for VELM neutr grsm 16-30 = MCNP neutr g r p s  32-46 

ercb(i)=erc(i)*sb(6)/s0(6) 1 Biased SRC for VELM neutr g& 01-15 = MCNP neutr &E 47-61 

23) srcb(i)nsrc(i)*sb(7)/~0(7) I Unbiased SRC for VELM gtumm grps 18-23 = MCNP ganmra g r p s  01-06 
17) #rcb(i)~erc(i)*sb(8)/~0(8~ 1 Uabiaoed SRC for VGW gamma grpe 13-17 = MCNP g8nm-S grpe 07-11 
12) ercb(i)tsrc(i)*eb(9)/60(9) I Unbiased SRC for VELM garmna grpe 08-22 - MCNP gamma @-a 12-16 
07) srcb(i)merc(i)*sb(lO)/~O(lO) I Unbiased SRC for VELM garmna grps 01-07 = MCNP gamma grps 17-23 

enddo 

do i=lr61 
k-62-i 
srcm[f)=src(k) 1 unbiased eources in MCNP order (grp blow E, grp 61-high E) 
srcbm(i)+ercb(k) 1 biaeed Bources in MCNP order (grp b l o w  E, glrp 6lnhigh E) 
endao 



C 
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44  

C 

C 

C 

C 
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C 
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C 
C 

C 
C 

C 
C 

C 
C 
C 
C 
C 
C 

E 
C 

C 

C 
C 
C 

C 

write (30,411 
format ( / / / , I  Unbiased neutron sources in MCNP order', 

write (30,42) (srcm(i),i=1,61) 
format (Sx,lR,5e13.5) 

8 (grp 1-low E8 grp 61-high E) I ', f f 

write (30,43) 
€ormat ( / , '  Biased neutron sources in MCNP order', 

(grp Iilow E, g r p  6l=high El:',/, 
use thase values for the coupled n/g mcnp transport', 

(with a n/g source, or a gamma-only sourca, values', 
' analysis involving a nautron-only  source.^,/, 

' would be differnet)',/) 
write (30,421 (srcbm(i),i-l,61) 
write ( 3 0 , 4 4 )  khi210, kav210, khillo, kava10 
format ( ( , I  In addition:',//, 
I On your W P : N  card, make sure you have', 

1 On your ~ P : P  card, make sure you have', 
WTHIP', i5, ' * W T L ~  and w T B n V = '  8 13, ' *WTLO' t 1 ,  

' WTHI=',i5,'*WTLO and WTSURV=',i3,'*WTLO') 

return 
end 

GETWIN8.SCR 

subroutine getadj (xsrc,xdet,dx,dydz, 
imi,wLini ,-I, emaxi, adjnf 1, ad jgf 1) * 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Tallies the GBANISN adjoint flux into 6 broad neutron groups and 4 broad 
garmna groups, for each 5-cm coarse importance mesh composed of any number 
of fine mesh in the QBANISN adj calc using the VELM 61n/23g lib 

The user must supply the following information: 

This 

xsrc = location (cm) where the "real" (forward) source would inrpinge on the 1-D buckled slab model (used for several things) 
xdat I location (cm) of adjoint source in anisn model (not used, only printed, but user MUST specify for QA purposes) 
dx = thickness (cm) of each importance zone to be used in mcnp 
dydz P transverse dimensions (cm) DYaDZ-dyzy used for buckling in anisn (not used, only printed; MUST specify €or QA purposes) 

subroutine will return: imi, mini, m i ,  e m a x i ,  adjnfl, adjgfl where 

imi = number of 5-cm coaree importance mesh intervals 
dimension xmini(3000),xmaxi(0:3000) 1 main & mn8.x for each importance zone, i=l,id (imi.le.3000) 
dimension emSxi(l0) 1 maximum energy (MeV) of the 6 broad neut groups & the 4 broad gamma groups 
dimension adjnf1(3000,6) 1 allows for 6 neutron im g r p s  and up to 3000 coarse i m p  mesh 
dimension adjgf1(3000,4) I allows for 4 gamma imp grpe and up to 3000 coarse imv mesh 

-- J.A. Bucholz, 20 May 1998 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

This rc' 'ne was recently updated to account for fact the results on t* 
gbanis \joint scalar flux tape" ara in "adjoint order", i.e. .... 



C 
C ... the 
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C ... the 
C ... the 
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GETWIN8.SCR 

results in g r p  1 on the tape really correspond to the adjoint flux for 
results in grp 23 on the tape really correspond to the adjoint flux for 
results in grp 2 4  on the tape really correspond to the adjoint flux for 
results in grp 84 on the tape really correspond to the adjoint flux for 

C This conclusion was verified by extensive testing on 13 June 1998. 
C Prior to this time, I had failed to appreciate this fact. 

C Note: The above observations were made on 13 Yune 1998 when I was busy working 
C 

the lowest energy gaamaa group, 
the highest energy garama group, 
the lowest energy neutron group, and 
the highest energy neutron group. 

on the XB308 series of calcs 
C with a gamma-only source (see the HZO-TUBE.308 subdirectory, where everything is throroghly documented). Because 
C of the intensive involvement on that "much more important" problem, I was simply "too busy" to go back to the 
C macademic problem" (from May 1998) with the neutron-only-source n/g problem (in this ACADEMIC.111 nubdirectory) 
C and make the necessary corrections at that time. On 29 July 1998, however, I did have a little extra time, so 
C I did go back to the ACADEMIC.111 subdirectory, took the c3ETWIN.SCR script, copied it into 5ETWINB.SCR and made 
C the necessary changes here in Subroutine QETADJ of QETWIN8.SCR For the academic neutron-only-source n/g problem. 

C 
C 

C 

C -- J.A. 
C 

C 

C 

t * * * * * * * * * * * * * C t t * t * * * * * * t * 2 + * * * l * * * * * * * * * * * * * * 4 * * * * 4 * * * * * ~ * * * * * * * * * * * * ~ *  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

dimension flux(3000),emax0(84),emaxi(10) 
dimension xmina(3000),dda(3000) ! xmin & midpoint for each anian mesh! xmin read 
dimension rmini(3000),xmaxi(0:3000) I xmin & aanax for each importance zone 
dimension vola(3000) I volume of each fine mseh in the I-D slab anisn 
dimension vo11(3000) 1 total vol of a l l  fine mesh whose midpoints lis 

charscter*32 linchk 
character*l lfnl 
equivalence (lin1,linchk) 

01 of imp zone) 

C 

C 
C 

Bucholz, 29 July 1998 

from anisn printed output f i l e  

CRPC 
inside a given imp zone (may differ slightly from actual 1) 

w 
4 
VI 

imp g r p s ;  total=lO double precision adjnf1(3000,6).adjgfl(3000,4) I allows for 6 neutron imp g r p s  & 4 gaaana 
dimenrion adjnf1(3000,6),adjgf1(3000,4) I allows for 6 neutron imp g r g s  P 4 gamma imp g w s t  tota1=10 
dkrtension idn(lO),~gmax(lO) 
data igmin/ 1, 16, 31, 49, 57, 61, 62, 69, 74, 79 / 1 MLM group numbers corresponding 
data ipmarc/is, 30, 48, 56, 60, 61. 68, 73, 78, 84 1 I VELM group numbers corresponding 

Emax in MeV for VELM neutron grps ig=l,bl followed by 
~ m a x  in MeV for VELM gamma g a s  ig=1,23 
data smaxo/ 

* 1 .4918E+Olt 1.2214E+01, 1,0000E+01, 8.1873E+OO, 6.7032E+OO, 
* 5.4881E+OOI 4.4933E+OO1 3.6788E+001 3.01l9E+0Ol 2.46603+00, 
l.lOEOE+OO, 9.07lEE-01. 7.4274E-01, 6.0810E-01, 5.2340E-01, 

* 4.97873-01, 3.8774E-01, 3.0197E-01, 2.98493-01, 2.9721E-01, 
* 2.9452E-01, 2.7324E-01, 2.2371E-01, 1.8316E-01, 1.49963-01, 

* 2.3457E+001 2.2313E+0O1 2.0190E+OO, 1.653OE+OO, 1.3534E+OOI 

I . ~ ~ E - o I ,  8.6517~-0~, 5.6562~-02, ~ . a 4 7 5 ~ - 0 ~ ,  3.4307~~02, 
* 2.8SOlE-0.2, 2.700081-02, 2.6058E-02, 2.4788E-02, 2.3579E-02, 

1.5034E-02, 9.1188E-03, 3.5308E-03, 3.7074E-031 3.0354E-03, 
* 2.61263-03, 2.2487E-03, 2.0347E-03, 1.2341E-03, 7.4852E-04, 
* 4.5400E-04, 2.75363-04. 1.6702E-04, 1.0130E-04, 4.7851E-05, 
2.26033-05, 1.06773-05, 5.0435E-06, 2.3824E-06, 1.11533-06, 

* 4.1399E-07, 1.4OO0E+Olt l.OOOOE+Ol, 8.0000E+00, 7.5000E+00, 
* 7.0000Et00, 6.00OOE+OO, 5.000OE+OO, 4.0000E+OO, 3.OOOOE+OO, 
* 2.5000E+00, 2.0000E+001 1.5000E+00, l.OOOOE+OOI 7.0000E-01, 
* 6.0000E-01, 5.100OE-01, 4.OOOOE-01, 3.00OOE-01, 1.5000E-01, 

1.0000E-01, 7.0000E-02, 4.50003-02, 2.0000E-02/ 
C 

to each importance group 
to each importance group 



C 

C 
C 

C 

C 
200 

201 

C 

C 

203 

C 

C 
C 

C 

C 
C 
C 

C 

C 

C 

C 

C 

C 
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_______--_____-I_--------------------------------------- 

read anisn mesh from anisn printed Output file: 

open (12,file='gbaoutput',status~'old8,form='formatted') I anien printed output file 

read (12,'(a321') linchk 
if (1inchk.ne.' int. zone number radius ' )  go to 200 
read (12,'(a32)') linchk 
read (linchk,~(i6,iB,elB.5)') mesha,mzone,xmina(mesha) 
if (mzone.gt.0) go to 201 
im=meeha-l I number of anisn mesh intervals 
close (12) 

do i = l , i r n  
xmida(i)-(~na(i)+xmiaa(i+l))/2.0 1 get midpoint of each anisn mesh 
vola(i)n~na(i+l)-xmina(i) 
enddo 

xmaxi ( 0 )-xmina( 1) 
xmaxi ( 0 )  =xsrc 
in0 
i=i+l 
xrnini(i)=xmaxi(i-l) 
xmaxi(i)=dni(i)+dx f increment by thickness of each importance zone to be used in mcnp 
if (xmaxi(i).lt.xmina(rneaha)) go to 203 
imi=i I number of mcnp importance zones corresponding to anisn model 

do igp1.6 
do ix-l,imi 

enddo 
adjnfl(ix,ig)=O.OdO 

enddo 

do igm1.4 
do ix-l,imi 

enddo 
adjgfl (ix, ig)=O. 080 

enddo 

get total volume of all anisn fine mesh (ix) whose midpoints 
do jx=l,imi 

VOli(j%)~O.O 
do ix-1,im 
if (xmida(ix) .ge.xmini(jx) .and. xmida(ix) .le.xmruti(jx)) 

enddo 
* voli(jx)-voli(jx)+vola(ix) 

enddo 

open (15,file~'fort.l5',status-~old~,form-"unformatted') 

lie inside a given importance mesh (jx): 

1 anien flux moment file (fort.15) 



c deleted by jab on 7-29-98: 
c deleted by jab on 7-29-98: 
c deleted by jab on 7-29-98: 
c deleted by jab on 7-29-98: 
c deleted by jab on 7-29-98: 
c deleted by jab on 7-29-98: 
c deleted by jab on 7-29-98: 
c deleted by jab on 7-29-98: 
c deleted by jab on 7-29-98: 
c deleted by jab on 7-29-98: 
c deleted by jab on 7-29-98: 
mp mesh 
c deleted by jab on 7-29-98: 
sh 
c deleted by jab on 7-29-98: 
c deleted by jab on 7-29-98: 
c deleted by jab on 7-29-98: 
c deleted by jab on 7-29-98: 
c deleted by jab on 7-29-98: 
c deleted by jab on 7-29-98; 
c deleted by jab on 7-29-98: 
c deleted by jab on 7-29-98: 
c deleted by jab on 7-29-98: 
c deleted by jab on 7-29-98: 
c deleted by jab on 7-29-98: 
c deleted by jab on 7-29-98: 
c deleted by jab on 7-29-98: 
c deleted by jab on 7-29-98: 
c deleted by jab on 7-29-98: 
c deleted by jab on 7-29-98: 
c deleted by jab on 7-29-98: 
c deleted by jab on 7-29-98: 
mp mesh 
c deleted by jab on 7-29-98: 
ah 
c deleted by jab on 7-29-98: 
c deleted by jab on 7-29-98: 
c deleted by jab on 7-29-98; 
c deleted by jab on 7-29-98: 
C 

C 

C 

C 

C 

C 
C 
C 

C 

C 

C 

C 

t 

GErWIN8.SCR 
do ig=1,61 I tally neutrons 

l=slow, 6efast.I 

coarse importance mesh 
location of each anisn fine mesh 

do jga1.6 
if (ig.ge.igmin(jg) .and. ig.le.i.gmsx(jg)) igg-7-jg 1 igg=mcnp broad group 
enddo 

read (15) (flux(ix),ix=l,im) 

do jxml,imi 
do ix=l.im 

I for every 
I check the 

if (xmida(ix) .ga.xmini(jx) .and. xmiddfix) .le.xmaxi(jx) 1 and stuff the anien adjoint flux in the right i 

adjnfl(jx,igg~=adjnfl(jK,isp)*flux(ix)*vola(ix)/voli(jx) I while accounting for relative volume of each me 

enddo 
enddo 

enddo 

do ig=62,84 I tally gammas 

do jg=7,10 
if (ig.ge.igmin(js) .and. igmle.isrma%(jg)) iggpll-jg 1 igg-mcnp broad group (losoft, 4-hard) 

enddo 
enddo 

enddo 

h) 
4 
4 

1 for every coaree importance mesh 
I check the location of each anisn tine mesh 
I and stuff the anisn adjoint flux in the right i 

gg)+flux(ix)Lvola(ix)/voli(jx) 1 while accounting for relative volume of each me 

C 

C 
C 

C 
C 

C 
C 
C 

C 
C 

C 
C 

C 

C 
C 
C 

This routine was recently updated (as shown above and below) to account for fact the results on the 
gbanicrn "adjoint scalar flu% tape" are in "adjoint order", 1.e. .... 
... the results in grp 1 on the tape really correspond to the adjoint flux for the lowest energy ganrma group, ... the result6 in grp 23 on the tape really correspond to the adjoint flux for the highest energy garman group, ... the results in grp 24 on the tape really correspond to the adjoint flux for the lowest energy neutron group, and ... the results in grp 84 on the tape really correspond to the adjoint flux for the highest energy neutron group. 

This conclusion was verified by extensive testing on 13 June 1998. 
Prior to thim time, I had failed to appreciate this fact. 

Note: The above observations were made on 13 June 1998 when I was buey working on the liB308 series of calcs 
with a gamma-only source (see the H2O-TUBE.308 subdirectory, where everything is throroghly documented). Because 
of the intensive involvement on that "much more important" problem, I was simply *too busy" to go back to the 
"academic problean" (from May 1998) with the neutron-only-source nlg problem (in this ACADEMIC.111 subdirectory) 
and make the necessary corrections at that time. On 29 July 1998. however, I did have a little extra time, so 
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GETWINSSCR 
I did go back to the AC.CADEMIC.111 subdirectory, took the GETWLN.SCR script, copied it into GETWIN8.8CR and made 
the neceseary changes here in Subroutine Q E T M J  of GETWIN8.SCR for the academic aeutron-only-eource n/g problem. 

-- J.A. B U C ~ O I . ~ ,  is J U ~ Y  1998 

The necessary kdifications (dated 7-29-98) are as follows: 
______-------____--_______________II____---------------- 

I tally gammas 
do iags1,23 I on velm adjoint calc tape fort.15, group iagl 1, 2, 3, 4 .  21, 22, 23 

ig-85-iag 1 really corresponds to "real* velm group ig- 84, 83, 82, 81, .... 64, 63, 62 

do jx=l,imi 
do ix=l,im 
if (dda(ix).ge.xmini(jx) .and. xmida(ix).le.xmax 

iggnmcnp broad group ( b s o f t ,  4=hard) 

I for every coarse importance mesh 
1 check the location of each anien fine mesh 
I and stuff the anisn adjoint flux i n  the rig 

c adjgfl(jx,igg)Padjgfl(jx,igg)+flux(ix)*vola(ix)/voli(jx) 1 while accounting for relative volume of eac 
enddo 

enddo 

enddo 

I tally neutrons 
do iag-24,84 I on velm adjoint calc tape fort.15, group iag= 24, 25, 26, 27, O O . D  82, 8 3 ,  84 

ig-85-iag ! really corresponds to *realy velm group ig= 61, 60, 59, 58, 3 ,  2, 1 

do jg=1,6 
if (ig.ge.igmin(jg) .and. ig.le.iOmax(jgll igg=7-jg 1 igg=mcnp broad group (l=slow, d=fast) 
enddo 

t imp mea 
mesh 

read (15) (flux(ix),ix=l,im) 

do jx=l,imi 
do ix-l,im 

! for every coarse importance mesh 
1 check the location of each anisn fine mesh 

if (xmida(ix).ge.dni(jx) .and. xmida(ix).le.wi(jx)) 1 and stuff the anisn adjoint flux in the right imp mesh 

enddo 
adjnfl(jx,igg)-adjnfl(jx,igg)+flux(ix)*vola(ix)/voli(jx) I while accounting for relative volume of each mesb 

enddo 

enddo 

. , \., , . < .  

1 
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C 
C 

401 

402 

C 

C 

C 

C 

C 
C 

C 
C 
C 
C 
C 

C 
C 

C 

C 

C 
C 
C 

C 
C 
C 
C 

C 
C 
C 

C 

C 
C 
C 

* 
* 
* 
* 
* 

* 
* 
* 
* 

L 

write (3O,'(al)') char(l2) 
write (30,401) xdet,dydz,(aaaxf(f),ial,lO) 
format (17x,'Neutron and Gamma Adjoint Fluxes in water,', 

where adjoint fa based on total n+g dose at X=',fB.3, 
' cm, and buckling DY=DZ=',f6.2,' cm8,/,17x, 
'mnXx-YY = MCNP nsutron grp numbers, ', 
'mgXX-YY m MCNP g a m a  grp numberss,/.17x, 
'vnxX-W = VELM neutron grp numbers. * ,  
'vgxx-YY a WLM panma grp numberri,//,17x, 
~~:~,1pe12.5,9e13.5,/,17a, 
'iRu) mno1-01 m02-05 m06-13 ~ 1 4 - 3 1 '  I 

~ 3 2 - 4 6  ~ 4 7 - 6 1  mg0 1 - 0 6 mg07 - 11 ' , 
t mg 12 - 16 mgl7-23'. /, 

I d n  xmax mesh', 
' ~n61-61 ~ 5 7 - 6 0  ~n49-56 vn3 1- 4 8 ' , 

-16-30 ~ 0 1 - 1 5  Vgl8 -2 3 vgl3-17', 
vg08-12 ~901-07 ' , / )  

do jx=l,imi 
write (30,402) Mnini(jx),sanaxi(jx),jx, 

format (lx, f6.2, f 8.2,15, lx, lp, 10e13.5) 
(adjnfl(jx,io),ig~l,6),(adjgfl(jx,i9),i9=1,4) 

enddo 

return 
end 

subroutine wtwin (id, zmini, zmaxi,emaxi,wtlo) 

WTWIN. F 

A utility program to write out a (wwinp) weight-window file that 
can be used by MCNP4B -- in this ca8e for the simple idealized 
academic problem where we have a narrowly collimated beam on 
neutrons impingent on the bottom of a 13O-cm-diam x 129-am-thick 
tank of water (2~175 cm to Z=3OO cm) and w e  want to get the total 
neutron+gama doee rate across a 20-cm-diam disk at the top, 
assuming due to the 61-neutron-group source at the bottom 
(similar to the 1998 HB3 beam tubs when flooded). 

Required input supplied by calling routine; 

i m i  = number of coarse mesh importance zones (based on fine mesh 1-D QBANISN calc, as processes by Subroutine GETADJ) 
dimeneion muini(3000),xmaxi(0r3000) 1 xmin & miax for each importance zone ( X  used in QBANXSN & QETADJ.F; now called 2)  
dimension emaxi(10) I emax(Mev) for each of the 6 broad neutron groups h each of the 4 broad gamma groups 
dimension wtlo(3000,lO) I wtlo(mash,ig) for a given importance mesh, and broad group (calculated in Subroutine SRCJST) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

dimeneion zmini(3000),unsxi(0:3000) I zmfn bt zmax for each ilnportance zone ( Z  uaed in this subroutine in place of X )  
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dimension emsXi(l0) I Emax(MeV) for each of the 6 broad neutron groups & each of the 4 broad ganm groups 
dimension wt1o(3000,10) I wtlo(mesh,ig) for a given importance mesh, and broad group (calculated in Bubroutine SRCJST) 

For this particular "academic" problem, the following 4 arrays don't have to be this big, but that's ok: 
(u,v,w) = unit vector going from detector point to mesh point; needed iff one wants "in flight" angular biasing 
dimension u(33,33,172) I x-direction cosine for above unit vector; used for "on the flyn directional biasing 
dimension v(33,33,172) I y-direction cosine for above unit vector; used for "on the flyn directional biasing 
dimension w(33,33,172) I z-direction cosine for above unit vector; used for "on the fly" directional biasing 
dimension iminbr(33.33.172) I importance mesh index (tells what 1 - D  importance mesh values to use in each 3 - D  XYZ mesh) 

dimension mhead(4),ia(3),ra(lO),geomx(4),geonry(4),geomz(4) 1 wwinp header info & phantom mesh geometry specs 

data from earlier runs, not applicable in this f'academic" c a m :  
data mhead/ 2, 0, 1, 10 / 
data ia/ 1, 0, 0 / 
data ra/ 33.0, 33.0, 172.0, -67.65, -67.65, -2.03, 4*1.0 / 
data geomx/ -67.65, 33.0, 67.65, 1.0 I 
data geomyl -67.65. 33.0, 67.65, 1.0 / 
data geomr/ -2.03, 172.0, 703.17, 1.0 / 

data mhead/ 2, 0, 2, 10 / I see explanation below 
data ia/ 6, 4 ,  0 / I number of energy-dependent weight window set to be entered for neutrons. pannuas, electrons 
data ra/ 27.0, 27.0, 65.0, -67,5, -67.5, 0.0, 4*1.0 / 
data geomx/ -67.5, 27.0, 67.5, 1.0 / 
data geomy/ -67.5, 27.0, 67.5, 1.0 / 
data geomz/ 0.0, 65.0, 325.0, 1.0 / 

data xd,yd,zd/ 0.0, 0.0, 300.0 / 1 location of detector towards which we want to bias particles 

open (7,filen1~s3d.3988,status~'unknown') I <--  7 = ascii file ("wwinp") needed by MCNP 
open (7,file-~wwinp8,rrtatus-8unknovn') 1 <-- 7 = ascii file (*'wwinp*) needed by MCNP 
open (6,file='~s3d.prn',status~'unknown') I <-- 6 = debug print file 

mhead(l)=l 1 write and use "weights only" for each mesh 
mhead(l)-2 I write and use "weights h directional info" for each mesh 
mhead(l)=J I write "weights & directional info" for each mesh, but only use weights 

mhead(1)=2 1 write and use "weights & directional info" for each mesh 
mhead(2)-0 I dummy version number1 always enter 0 
mhead(3)-2 I number of different particle types for which energy-dependent weight win be read (2 
mhead(4)=lO I number of parameters to be read in RA array; 10 for Cartesian XYZ epecs, 15 for RZth specs 

.............................. 
The values of "wt.10~ entered in the data statements above must all be multiplied by the same 
wgtm1.7332472e-2 that appears on my MCNP sdef card to account for the fact that Z am only going 
to spray neutrons isotropically across a very narrow cone of directions (is, only the central 
void of HB-3 beam tube, where MIN cos = cos(theta max) = cos(15.13023 Beg) = 0.965335056 
If there were no other biasing, this spec on the sdef card: 
wgt = [mu(max)-mu(min)]/[(+l)- (-1)) - [1.0000000000-0.965335056]/2 - 1.7332472e-2 
would cause thid to be the starting weight for all neutrons emitted by rqy point source, 

In rea' presence of the SB (source-energy biasing) data in my MCNI it deck (as calculated 
by tho 9J.F program in my GETADJ.SCR script file) will cause the E ing weights to be different 

N 
00 
0 
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GETWINSSCR 
in each broad energy group, and would make those weights compatible with the wtlon weight window data 
found in the above data statements. The narrow-cone coeine-effect, however, must still be accounted 
for sepsrately, and that’s what the following loop does. 

wtcone=1.7332472e-2 
do 11 ie=l,lO 
do 11 iz=l,imi 
wtlo(iz,ie)nwtcone*wtlo(iz,ie) 

_-----------__-_---_______^_L_ 

Following info needed iff mhead(l)=2 or mhead(1)=3 
euch that one wants to write “in flight” directional biasing 
info (ie, direction cosines from detector to each mesh). 
For simplistic situations involving bulk shielding, this 
very simplistic definition is good enough. 
situations with multiple streaming paths, one would really 
want to enter the adjoint currents (aJx,aJy,aJz) instead. 
Bee bo-LOOP 20 below. 

The following (at least “fmfndx”) is also needed if I went to assign 
weight window info to Cartesian mesh intervals “automaticallylf using 
my rinrplistic “spherical. shell” assignment algorithm. 
See bo-LOOP 20 below. 

anx=ra(l) I total number of fine mesh in x-direction 
anymra(2) I total number of fine mesh in %-direction 
anz-ra(3) I total number of fins mesh in x-direction 

nx=nint(anx) 
ny=nfnt(any) 
nznnint(anr.1 

For more complex 

4 
--_--__------_____--____llsl_______ 

do 20 k=l,nz 
z=zminn+dz*(0.5+float(k-l)) 

do 2 0  j=l,ny 
yryminn+dy*(0.5+float(j-l)) 

do 20 i=I,N( 
x-xminn+dx*(0.5+float(i-l)) 

di~t2~l(~-xd)*(~-~d)+(y-yd)*(y-yd)+(~-~d)*(~-~d) 
distieqrt(dist2) 1 distance from detector location to center of each impotrance mesh 
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C 
C 

C 

C 
C 

C 
C 
C 

C 

C 

C 

C 

C 

C 

C 

20  
C 

e 
C 

C 
C 

C 

C 

C 

C 
C 
C 

C 

Set up importance region "index numbers" for each importance mesh interval] 
When we get around to assigning actual energy-dependent weight windows, we'll 
use these index numbers. Here, I am simply going to assign weight window 
index numbers to each 3-D XYZ mesh baaed on each mesh's distance from the detector 
of interest -- ie, basically assign the s m e  weight window values to all mesh 
intervals within a given "spherical shell" (distance) from the detector location. 
Note, however, that we must distinguish between those mesh that are between the 
detector and the source, and those mesh that are downstream of the detector. 

in&=O 
if (z.le.zd) zloc=zd-dist I for mesh between the detector and the source 
if (z.gt.zd) zloc=zd+dist I for mesh that are downstream of the detector 
do iz=l,imi I imilnumber of coarse mesh importance zones; check each one 

enddo 
if (indx.eq.0 .and. 2.fe.zd) in&c=l 
if (indx.eq.0 .and. z.ge.zd) in&-imi 
imindx[i,j,k)-indx I used to assign weight window values to Cartesian mesh using my simplified spherical shell algorithm 

................................... 

if (zloc.ge.zmini(iz) .and. zloc.le.zmaxi(iz)) indx=iz 1 select importance region index number 

The following unit vectors will be used in place 
directional adjoint currents (aJx, aJyf  aJz) for 
directional biasing in MCNP4B: 

u(i,j,k)=(x-xd)/dist ! (u,v,w) ie a unit vector 
v(i,j,k)=(y-yd)/dist I (u,vfw) is a unit vector 
w(i,j,k)=(z-zd)/dist I (u,v,w) is a unit vector 
continue 

--------------------____________I__ 

of rigorous 
"on the fly'' 

pointing from the detector to the center of each mesh 
pointing from the detector to the center of each mesh 
pointing from the detector to the center of each mesh 

write (7,'(lp,6e13.5)') (-i(i),i=1,6) I for the 6 broad neutron groups 

do Le-1.6 I write weight window info for each of the 6 broad neutron groups 
write ( 7, ' ( lp 6e13.5 f ' ) 

~((wtlo(imindx(i.j.kl.ie). 
u(i,j,k),v(i,j,k),w(i,jfk~f 
111, nx) , j =I, ny) k=l, nz) 

enddo 

write (7,'(lp,6e13.5)') (emaxi(i),i=7,10) 1 for the 4 broad gamma groups 

do ie-7,10 ! write weight window info for each of the 4 broad gannna groups 
writn (7,'(lp.6e13.5)') 

* 
* lo ( i m i n h  t i I j, k) I ie) , 

j, k) rv(ir j , k )  ,W(i, j , k ) ,  
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C 
return 
end 

END-QETWIN 

cat >gbainputl c<'END-UBAINPUTl' 
gbanisnr 1-d slab model of hb3 water tube & collimator 
/ 
/ * * * * * * * * * * * * * e * * * * * * * * * * * * * * * * * *  

/ 
/ see description of revised input in section 6 of 
/ Charles elater's memo to dist, dated 4/1/80 
/ 

/ 
15$$ / 15$$ = integer parameters 

/ * * * * * * * * * * * * * * * * * * * * * * * * a * * * * * * *  

1 / id = problem id number; if .gt. 1000000, disadvantage factors will be cotqputed by group for each material in calc 
1 / 0 / ith P 0/1 - forwardladjoint calc 
3 / isct .I maximum order of scatter found in any zone 

1 / ige 6 1/2/3 = slab/cyl/spherical geometry 
0 / ibl = 0/1/2/3 - vacuum/reflection/~rf~ic/white(albedo) = left boundary condition 
0 / ibr = 0/1/2/3 e vacuum/reflection/periodic/white(albedo) 5 right boundary condition 
1 / 22 / izm = number of zones or regions (same material) 

0 / ievt = 0/1/2/3/4/5/6 m fixed arc / k-calc / alpha / conc search / zone width eearch / outer radius search / buckling search 

32 / isn P order of angular quadrature 

251 / 719 / im = number of mesh intervals 

/ - - - - - - - 10 ------- 
64 / igm = number of energy groups 
3 / iht = position of sigt in xsect table 
4 / ihs .I position of g-g (self-scatter) in xsect table 

0 / ms = mixing table length (lo$$, 11$$, 12** arrays) 
0 / mcr = number of xsect seta read from cards (lo** array) . 

32 / mtp number of xsect set6 to be read from tape (13$$ array) 
32 / rnt P total number of xsect sets (number entered + any mixtures created) 

87  / ihm =length of xsect table 

0 / idfm = 0/1 = density factors not used / density factors used (if used, enter 21** array) 
0 f ipvt = 0/1/2 E no effect / enter initial keff (as pv in 16**) / enter initial alpha (as pv in 16**); see page 25 for more notes 

1 / 0 / iqm 5 0/1 = no effect / enter dietributed source (in 17** array) 
0 / 1 / ipm E O/l/im - no effect / enter shell nrc by grp and angle (la+*) / enter shell src by interval, g r p ,  and angle 
0 / 116 / ipp = interval number which contains shell arc if ipm=lj otherwise, set ipp=O 

0 / id1 a -1/0/1/2/3 .) no scalar flux or dist arc print/ no effect / print angular flux / punch scalar flux / print angular flx and punch scalar flx 
1 / id2 R 0/1/2 = no effect 1 read mtp xsect sets from tape in gip format / use xsects and fixed erc from previous problem 
0 / id3 = O/N = no effect / compute N activities by zone, where N is any positive integer 
0 / 164 t 011 u no effect / compute N actfvities by interval (where N=id3) 
1 / icm = outer (energy) iteration maximum 

/ - - - - - - - 20 ---..--- 

200 / iim = inner (spatial) iteration maximum 

/ icm note: if there is no fission, one may set icm=l in "gbanien" and it will cycle thru each of the thermal 
/ groups once and then repeat that cycle up to iim times (where ilm is the ninnern iteration max) to converge 
/ the upscitter terms -- i.e., with group-banded anisn (and the bands properly defined in the 1$$ array) 
/ icm.gt.1 is not neeaed to converge upscatter, although icm.gt.1 would be needed i f  one allows fission. 

/ ****  must set idatlil if xsects coma from a g ip  tape * * * *  
1 / idatle 0/1/2 = all data in core/ xsects tr fixed sources stored on tape / fluxes tr currents on tape also 
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/ __----- 30 ------- 

0 / idat2- 0 for no effect; idat2.gt.0, enter 24$$ array to select Sn, or diff theory, or inf horn media 
0 / ifg = 0/1/2/3/Q = no effect/ do xsect weighting / read wtg xsects From prsv calc / write wtd xsects 

option by group for first “idat2” outex8 
(fort.10) 1 read h write 

3 / fflu= 0/1/2/3/4 - (wtd diff model) - sometimes step/ linear only/ step only/ wtd diff / wtg with neg flx fixup 
1 / ifn - 0/1/2 = enter fission guess (2**) / enter flux guess (3**) / use flux from prav case 
1 / iprt= 0/1 - print xsects / don’t print xsects 
2 / ixtr- 0/1/2/3 as noted below: 

/ ixtrm0 no effect; start problem from scratch (requires 3** flux guess array in data block f) 
/ ixtr-1 read flux guess (on unit ntl4)t set ifnil and do not enter 3** arrayi do not include data block f at 
/ ixtr-2 write flux soln (on unit nt15) 
/ ixtr-3 read flux guess on one unit (nt14). write flux solution on another unit (nt15) 

e / note: ixtr is now last parameter in 15$$ (not nbuf or nsav) 
/ 
16’. / 16** = floating point parameters 

0 / ev - first guess for keff (usually 0 . 0 )  
0 / e m  = eigenvalue modifier 

le-4 / eps = epsilon (accuracy desired) 
1.420892 / 0 / bf = buckling factor (normally 1.120892 if buckling is used: otherwise 0 )  
27.2 / 0 / dy = cylinder or plane height for buckling correction 
27.2 / 0 / dz - plane depth for buckling correction 

0 
0 
0 

0 . 5  

10-4 
0 
0 
0 

e 
59$$ 

a 
9 
1 
2 
3 
4 
4 
2 
2 
14 
15 
6 

e 
G O $ $  
2400 
e 

t 
/ 
/ 
I 
I$$ 

fl 

all 

/ dfml = traneverse dimension for void streaming 
/ xnf - source normalization factor (typ: 1 for keff, 0 for fixed src); n/crn3 for sphere] n/cm2 for slab; n/cm(of height) for cy1 
/ pv = enter: 0 / keffO / alpha0, depending on value of ipvt  (param 20 in 15$$ array) 
/ ryf - lamda2 relaxation factor (normally 0 .5 )  
/ - - - - - I - 10 ------- I 

/ xlal = point flux convergence criteria if .gt. 0 
/ xlah upper limit for abs(l.O-lamdal) used in linear search 
/ eql = eigenvalue change epsilon 
/ xnpm = new parameter modifier 

/ 59$$ a 
/ ntl .I 

/ nt2 .I 

/ nt3 - 
/ nt4 - 
/ ntS = 
/ nt6 = 
/ at1 - 
/ nt8 .I 

/ nt9 - 
/ ntl4 .I 
/ nt15 E 

/ nt99 - 

array of unit numbers to be used (may skip entire array and take defaults) 
1st flux and current scratch unit if idat162 (default: fort.8) 
2nd flux and current scratch unit if idatl=2 (default: fort.9) 
1st %sect and source scratch unit if idatl.gt.O (default: fort.1) 
2nd xsect and source scratch unit if idatl.gt.O (default: fort.2) 
angular flux output uni t  (default: fort.3) 
anfan-formatted (nuclide oriented) binary xsect library (default: fort.4) if idatl.ne.1 
gip-formatted (group oriented) binary xsect library (default: fort.4) if idatl-1 
few-qroup xsect library output unit if i f p 3  or ifgd (default: fort.2) 
fer-group xsect library input unit if ifg=2 or i f g 4  (default: fort.2) 
flux guess input unit if ixtrnl or ixtr-3 (default: fort.14) 
flux output unit if ixtr-2 or ixtr-3 (default: fort.15) 
unit number €or fido edit of input (default: fort.6) 

/ 60$$  new array required for canisn, janisn, and gbanien (but not regualr anisn); only has one entry 
/ kwrd I thousands of real+4 words to be alocated for storage! typ: 400 req’d for 641 500 for 681 

/ end of data block bj t is always required (there is  no data block a; that‘s the title card) 

(kwrd) 
900 for s16 

/ number of groups in each bandi if nbands.It.igm (as usually the case) fill with zeros; i g m  entries required anyway 
/ use this for VELM 61n/23a 

/ 14rl 25 44rl fO / use this for ANSLV 39n/44g; yields 1 grp per band in 1st 14 bands, and 25 groupa in band 15; and 1 grp per band in the 44  gamma ban 
ds 
/ 
/ these 2$$ ar * arrays here were only needed in a very special burnup-dep t version of the group-banded anisn code 
/ that bob chi. wrote especially for Jim bucholz on the mhtgr project in 19, these two arrays are not part of the 
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/ regular group-banded anisn code and should not be entered (they're listed here only as a reminder to me) 
/ 2$$ 24 e / 28s number of burnup intervals (used only in bob child's version) ..-.. this 2$$ not standard 
/ 3** 2. e / 3** length of burnup intervals in years (used only in bob's version) .-.*. this 3** not standard 
t 1 end of data block C; t is always required (this data block has only the 1$$ array and is reqd by utd gb-anifin) 

/ 
/ 
/ IS$$ id numbers for nuclides or mcroscopfc materials in 'premfxe8' xsect library 
/ but "only ifn supplied in anisn-formatted (nuclfde oriented) binary library# 
/ this array allows the code to strip off just the nuclides it needs from tape; 
/ not needed should not be entered if idatla1 and input xsects are from gip tape 
/ 13$$ / mtp entries; not needed when input xsects are from gip tape 
/ 14** cross sections entered off cards if mcr.gt.0 
I t  / end of data block di t is required if l3$$ or 14** are entered; otherwise this t should be skipped 
f 
/ 
/ 
/ 17** fixed source specifications (im*ipm entries reqd if iqm.rl) 
/ source in each mesh interval for group 1 
/ source in each mesh interval for sroup 2 
/ source in each mesh interval for group 3 
/ : : : :  : :  
/ source in each mesh interval for group 27 
/ ... these may all be renormalized using xnf 
/ 17** / values are n/s/ccr remember to use "lower caue" e ' s  for exponents, not upper case a's 
/ l44rO 18r7.02995e+12 36r6.55051e+12 18r8.15472esl2 183r0 / group 1 (halfway up top sect of ans Core) 
/ l44rO 18r7.22984e+13 36r6.73868e+13 18r8,38897e+l3 183r0 / group 2 (halfway up top uect of ann core) 
I 144r0 18r8.245lle+13 36r7.684989+13 18r9,56702e+13 183r0 / group 3 (halfway up top Sect of ans core) 
/ 144rO 18r4,65807e+13 36r4.34163eil3 18r5.40488e+13 183r0 / group 4 (halfway up top uect of ans core) 
/ 144r0 18r6.057769+13 36r5,61623e+13 l%r7,02997e+13 183r0 1 group 5 (halfway up top Sect of ane core) 
I 144r0 18r6,35937e+13 36r5.9273%+13 18r7,3789Se+13 183r0 / group 6 (halfway up top sect of ans cote) 
I 144rO 18r3,049930+13 36r2.84274e+13 18r3.53892e+13 l83rO / group 7 (halfway up top EeCt of an8 Core) 
/ l44rO 18r4.61450e+12 36r4.301Ole+l2 18r5.35432e+12 183r0 / group 8 (half#ay up top sect of ans core) 
/ 144r0 18r3.33162e+ll 36r3.10529eill 18r3.86576e+ll 183r0 / group 9 (halfway up top Sect of ans core) 
/ 144r0 18r2.47229e+lO 36r2.30433e+10 18r2.86866e+10 183r0 / group 10 (halfway up top BdCt of ans core) 
1 fO 
/ 17** fixed source apscifications (im*igm entries raqd if iqm-1) 
/ volumetric source: (src(irg),i-l,im~7l9),g~l,84) 
I 

1,9097700e-02 
2.1556070e-01 
4,3961270e-01 
5.6619070e-01 
7.3080370e-01 
9,0361270~~-01 
9.8649130e-Ob 
9.9903070e-01 

1.0000030e+00 
9.9993600e-01 

/ the following flux-to-dose-rate factore are now being treated as an adjoint source: {note: must use adjoint dort-ready xsecte) 
17** / volumetric eource: (src(i,g),i=l,i~~251),g~l,84) 

2502 1.9465e-1 2502 1.59778-1 2502 1.4706s-1 / flux-to-dose-rate conv factors for neutron group6 1. 2, 3 
2502 1.47239-1 2502 1.5118e-1 25Oa 1.5411s-1 / flux-to-dose-rate conv factors for neutron group8 4,  5, 6 
2502 1.4596e-1 2502 1.36949-1 2502 1.2849e-1 
2502 1.2527s-1 2502 1.25629-1 2502 1.2615s-1 
2502 1.27219-1 2502 1.20649-1 2502 1.3008e-1 
2502 1.2975e-1 2502 1.1804e-1 2502 1.05540-1 
250% 9.55779-2 2502 9.0488e-2 2502 8.3046e-2 
2502 6.6330e-2 2502 5.8498e-2 2502 5.8080e-2 
2502 5.7731e-2 2502 5.56269-2 2502 4.93730-2 
2501 4.1541s-2 2SOz 3.44479-2 2502 2.87738-2 
2502 2.27819-2 

2502 7.67700-3 
2502 1.1148e-2 

2502 5.89750-3 
2502 3.5825e-3 
2502 3.6387e-3 

2502 4.0311e-3 
2502 3.76299-3 

2502 1.6688s-2 

2502 7.4241e-3 
2502 4.0874e-3 

2502 8.74229-3 

2502 3.60629-3 
2502 3.65280-3 
2502 3.8453s-3 
2502 1.12899-3 

2502 1 
25Oa 7 
2502 7 

2502 3 
250a 3 
2502 3 

2502 3 

2502 4 

35039-2 
9520s-3 
1386e-3 
55858-3 
62290-3 
69080-3 
93569-3 
2492e-3 
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2502 4.38209-3 
2502 4.5742e-3 
2502 3.7090s-3 
2502 7.8468~1-3 
2502 6.1909s-3 
2502 3.9596e-3 
2502 2.3156e-3 
2502 1.2797e-3 
2502 5.6676e-4 
2502 2.7466e-4 

/ 17** a15312 fO 
/ 

2502 4.4897e-3 2502 4.5583s-3 
2502 4.5250s-3 2502 4.37060-3 / flux-to-dose-rate conv factors for 
2502 1.1020e-2 2502 8.77160-3 / f-to-d conv factors for neut-group 
2502 7.47839-3 2502 6.9265e-3 / flux-to-dose-rate conv factors for 
2502 5.4136e-3 2502 4.6221e-3 
2502 3.4686e-3 2502 2.92709-3 
2502 1.7563s-3 2502 1.4417e-3 
2502 1.0852e-3 2502 8.7594e-4 
2502 3.27678-4 2502 2.6644s-4 
2502 5.7761e-4 2502 2.1439s-3 / flux-to-dose-rate conv factors for 
/ u s e  this to zero-out the adjoint source for pananas if we only care 

/ 18** shell source specifications (not read if imn-0, nnn*igm entries reud if iDm.eu.1, 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 

neutron groups 58,59,60 
61 and garmaa-grps 1 ti 2 
gamma groups 3, 4, 5 

gamma grougs 21,22,23 
about the direct neutron dose rate 

mm*im*igm entries reqd if ipm.gt.1) - -  
note: for adjoint calcs, the angular dependent adjoint source must 
be supplied as if it were re€lected thru the origin) 
Below: Source(33~~ScalarFlux(monod~rect~onal)/We~ght~~3) 

Le** / based on full 100 m power n/g from core, including decay fission gammas from core. 
The following angular fluxes for quadrature direction 33 = (scalar flux)/(weight 33). 

1-D slab GBANISN sources impingent on the old 1960 water tube and/or the new 1998 water 
tube in the H F I R  HB3 beam tube, based on the equivalent point sources in SRC-DESC.SUM; 
these forward-directed shell sources in direction 33 (of an 932 1-D slab quad set) were 
computed using the utility propram SRC1D.FOR as: 
SRC(grp ig, direction 33)s ( P t S r c ( i g t / [ 4 * p i * ( X - X 0 ) ” 2 1 ) / w e ~ g h t ( 3 3 )  
where the multigroup PtSrc for HB3 i s  given in ref dataset BRC-DESC.SUM, 
where XO(ig), the effective center of m i s s i o n  for group (is) in XB3, is 
given in SRC-DESC.SUM (XO=dist in cm from the plane perpendicular to the tube), 
where x = xle116.7841 cm - the point where the old 1960 water tube began 
and x m ~21174.27 cm - the point where the new 1998 water tuba begins 
impingent neutron sre on old 1960 water tube (at Xm116.7841 cm), for neutrons in HB3 (vslm grp=l,61), fastmgrp 01 
322 1.13006e+08 322 1.10592e+10 322 4.38227e+10 322 6.55516e+10 
322 2.61608e+11 322 5.44950~+11 322 5.09834e+ll 322 5.29409e+11 
322 1.066230+12 322 2.95410e+ll 322 3.36529e+11 322 8.76827e+11 
322 2.26008e+12 322 2.903450+12 322 1.69825e+12 322 2.90497e+12 
322 1.47587e+12 322 1.74368~+12 322 9.586890+11 322 4.29052e+11 
322 2.04155~+12 322 1.63431e+12 322 7.72646e+10 322 2.26409e+lO 
322 5.78337e+lO 322 4.509560+11 322 1.26373e+12 322 l.l0214e+l2 
322 7.71693e+ll 322 9.92951~+11 322 1.29692e+12 322 2.16579~+12, 
322 4.2lllOe+ll 322 1.427500+12 322 2.601240+12 322 5.88214e+11 
322 2.09517~+11 322 2.693660+11 322 3.43813e+ll 322 2.20686e+12 
322 2.64203e+12 322 2.50082e+12 322 2.197400+12 322 1.47693e+12 
322 7.83043e+11 322 7.16313~+11 322 4.41240e+11 322 3.28332e+12 
322 3.23922e+12 322 2.48747e+12 322 2.80919e+12 322 2.63519e+12 
322 2.86782~+12 322 4.53851e+12 322 4.99220~+12 322 3.96223e+12 
322 4.69230~+12 322 9.222370+12 322 6.73971e+12 322 7.47705e+12 
322 5.52139e+14 

impingent ganrma arc on old 1960 water tube (at Xp116.7841 cm), for 
322 3.84536e+09 322 
322 2.76192e+13 322 
322 4.10847e+13 322 
322 9.54013~+13 322 
322 9.83029e+13 322 
322 8.16257e+13 322 

impingent neutron src 
322 5.82452-+06 322 
322 6.517 ’.O 322 
322 2.380 11 322 

2.54725~+12 
1.90569e+13 
1.01212~+14 
4.19883e+13 
2.88731~+14 
1.107270+13 
on new 1998 
3.96115~+09 
1.28300e+ll 
9.21145s+10 

322 3.55596e+13 322 4.34705~+12 
322 4.18079e+13 322 4.70888e+13 
322 1.25714e+14 322 1.15144~+14 
322 7.18706~+13 322 8.17303e+13 
322 1.982330+14 322 1.63428~+14 
322 8.97349~+09 
water tubs (at X=174.27 cm9, for 
322 9.09120e+09 322 2.07345e+10 
322 1.51488e+ll 322 1.37816e+11 
322 1.18026et11 322 2.457990+11 

gammas in HB3 (velrn grp=61,84), fastngrp 63 

neutrons in -3 (velm grp-1,61), fastmgrp 01 



i 

CETWINSSCR 
/ 322 6.50926e+11 322 7.20780erll 322 5.11900e+ll 322 5.83137e+ll 
/ 322 4.601568+11 32z 4.54658e+11 322 2.757280+11 32z 1.18870e+11 

/ 322 1.33040e+10 322 1.434848+11 32z 4.39295e+11 322 3.231380+11 
/ 322 2.45247et11 322 3.03906et11 322 3.964418+11 322 6.47767a+11 
/ 322 1.09982stll 322 3.95492e+11 322 3.98678et11 322 1.25329e+ll 
/ 322 4.93277et10 32z 8.12988e+10 322 7.08402e+10 322 6.013948+11 
/ 322 7.55624e+ll 322 6.949138+11 322 6.05113Oe+ll 322 3.31031~+11 
/ 32z 2.10124e+11 322 2.083090+11 322 1.394028+11 322 8.035808+11 
/ 32z 7.82793e+11 322 6.92223~+11 322 7.67867e+11 322 7.494168+11 
/ 32z 7.574996+11 32z 1.21027e+12 32r 1.308060+12 322 1.17264e+12 
/ 322 1.26895~+12 322 1.583938+12 322 1.507520+12 322 1.933670+12 
/ 322 8.35086ei13 
/ impingent gamma src on new 1998 water tube (at X-174.27 cm). for gammas in HB3 ( v s l m  grp=61,64), faetngrp 63 
/ 322 2.44520e+O8 322 1.3129Oe+11 322 2.79299e+12 322 3.06526e+ll 
/ 32x 2.23919et12 322 1.30586e+12 322 3.53816~+12 322 4.12907e+l2 
/ 322 2.77455~+12 322 5.55316e+12 322 8.30330e+12 322 9.51037e+l2 
/ 322 1.121038+13 322 5.71012e+l2 32e 7.70454e+12 322 1.04867e+13 
/ 32r 1.41704e+13 322 3.73438et13 322 2.62482et13 322 2.31424e+13 
/ 322 1.71632e+13 322 2.64146~+12 322 3.79191e+09 
/ 
/ end of source specification6 
/ 1 8 * *  20132 e / zero-out all neutron sources to run gannna-only calc 
/ 

/ 
/ 
/ 
/ a* *  fiesion density; im entries requirtids enter only if ifn-0 (34th param in IS$$) and ixtr=O (36th param i n  lS$6 array1 
/ 3** flux puset~ ((flx(i,g),inl,i~~,gal,i~)~ enter only if ifn=l (34th param in 15$$) an8 ixtr=O (36th param in 15$$ array) 
3** eo / setting ifn=l and filling 3** with f0 i s  recommended for ahielding work 

I 
/ 
1 
l** 1 chi(g) fiaaion spectrum; ism entries1 not needed if no fissionable material present (if not needed, manual says enter fO) 

/ 
5**  / avg velocity for each enerpy group1 usually not needed ( i f  not needed, manual says enter fO) 

/ 
6*f / 1-D xadrnpm quadrature weights (ige=l isnn32 m a  3 3 )  

I 322 5.14801~+11 322 4.74618e+ii 322 2.461~6e+io 32z 6.19803e+09 

t / end of data block e; t is required if 17" or le** are entered; otherwise this t shoula be skipped 

t / end of data block f i  t Le required if 2 * *  or 3** are entered} otherwise this t should be skipped 

f O  

f O  

0.00000e+00 6.78811e-03 1.55634e-02 2.378960-02 3.11572e-02 
3.739906-02 4.228918-02 4.565099-02 4.736270-02 4.736278-02 
4.56509e-02 4.2289le-02 3.73990s-02 3.115728-02 2.378969-02 
1.55634e-02 6.78811e-03 6.78811e-03 1.556340-02 2.378969-02 

6.736270-02 4.565090-02 4.228918-02 3.73990e-02 3.115720-02 
3.115728-02 3.739900-02 4.228910-02 0.565090-02 4.736278-02 

2.378968-02 1.556340-02 6.788110-03 
7 * *  / 1-D xsdrnpm direction cosines (ige-1 isno32 m= 33) 

-1.00000et00 -9.94700e-01 -9.72288e-01 -9.328160-01 -8.77702e-01 
-6.089380-Ql -7.290080-01 -6.40802~-01 -5.475060-01 -4.524948-01 
-3.591380-01 -2.709928-01 -1.910628-01 -1.222960-01 -6.728440-02 
-2.771259-02 -5.299530-03 5.299530-03 2.77125e-02 6.71844e-02 
1.22298e-01 1.910620-01 2.70992s-01 3.S9198e-01 4.524948-01 
5.47506e-01 6.40802e-01 7.29008e-01 8.08938e-01 8.77702e-01 
9.328168-01 9.72288e-01 9.94700s-01 

/ 



GETWIN8.SCR 
/ 4 * *  / location of each interval boundary; im+l entries required 
/ 4.. 0.0 241i0.01 35.56 35.57 / mesh boundaries 
/ 4.. 0.0 24110.01 19.06 19.07 / mesh boundaries 
/ 4 + +  0.0 24110.01 21.95 27.96 / mesh boundaries 
/ 4 + +  8.0 319.0 3110.0 151112.54 31109.06 21111.6 311112.6 143.08 / mesh boundaries 
/ 4 + +  / 720 mesh boundaries required here (for these 719 mesh intervals): 
/ 115.0 21116.7841 1111117.7366 21174.27 71174.95125 71179.05 
/ 71183.15 71187.25 71191.35 71195.45 71199.55 71203,65 
/ 1891207.75 21302.1868 151302.5043 491310.58 2i334.7709 
/ 127i335.4756 21399.48 141401.9445 1241415.44875 
/ 21477.36125 478.79 
4 + +  / 252 mesh boundaries required here (for these 251 mesh intervals): 

/ 
/ 8$$ / zone numbers by mesh interval (im entries required) 
/ 1 3r2 112r3 3r4 8r5 8r6 8r7 8r8 8r9 8r10 8rll 8rl2 
/ 190r13 3r14 16r15 50r16 3r17 128r18 31-13 15r20 125r21 
/ 3r22 
E $ $  / zone numbers by mesh interval (im entries required) 

/ 
/ 9$$ / material numbers by zone (izm entries required); material numbers should correspond to p0 components only 

2491175.0 300.0 300.1 

251rl 

/ 9 / lst,zone always void1 1.7841 cm thick (thickness doesn't matter in slab geometry) 
/ 9 / 2nd zone void here; 1st aluminum window in 1960 design would go here 
/ 9 / 3rd zone void here; use water if looking at 1960 design 
/ 5 / 4th zone aluminum = 1st window in 1998 design; would be water for 1960 design 
/ 1 / 5th zone water (first 4.1 cm in 1998 design) 
/ 1 / 6th zone water (next 4.1 cm in 1998 design) 
/ 1 / 7th zone water (next 4.1 cm in 1998 design) 
/ 1 / 8th  zone water (next 4.1 cm in 1998 design) 
/ 1 / 9th zone water (next 4.1 crn in 1998 design) 
/ 1 / 10th zone water (next 4.1 cm in 1998 design) 
/ 1 / 11th zone water (next 4.1 cm in 1998 Uesign) 
/ 1 / 12th zone water (next 4.1 cm in 1998 design) 
/ 3 / 13th zone water (remainder of water in 1998 water tube design) 
/ 5 / 14th zone aluminum = 2nd window in 1998 design8 would be water for 1960 design 
/ 1 / 15th zone water 
/ /  .............................. may wish to make next 3 zones: all water (l), all stainless steel 
/ 1 / 16th zone water here; may later try stainless steel or carbon steel; 
/ 1 / 17th zone water here; may later try stainless steel or carbon steel; use aluminum iff model 
/ 1 / 18th zone water here; may later try stainless steel or carbon steel; 
/ /  .............................. previous 3 zones represent the collimator section 
/ 9 / 19th zone thin void at end of collimator (need incoming flux here) 
/ 9 / 20th zone void upstream o f  carbon steel shutter drum 
/ 11 / 21th zone carbon steel shutter drum 
/ 9 / 22th zone thin void 

13). or all carbon steel (17) 

ng 1960 water tube design 

9$$ fl / material numbers by zone (izm entries required)i material numbers should correspond to p0 c o ~ o n e n t s  only 
/ 
/ end of 9$$ array (although user may u s e  the "plugdef" file to redefine the entire 9$$ array 
/ 
/ list of possible materials (with this HB3 water tube xsect lib) includes the following: 
/ 
/ d x  1 (ANISN/WRT MATL 1) = Water at 1.00 g/cc 
/ mix 2 (ANISN/DORT MATL 5 )  - Aluminum 6061 (2.7 g/cc) 
/ mix 3 (ANISNIWRT MATL 9) - Void (He 0 1.09-20 atoms/barn+cm) 
/ mi% 4 (ANrQNfWRT MATL 13) = 85304 (7.92 glcc; see page 50 of oRNL/TM-11989) 
/ mix 5 (A  ' W R T  MATL 17) - Carbon Steel (7.8212 g/cc. 99 wt% F e r  1 w t 9  
/ mix 6 (A /WRT MATL 21) - Barytes Concrete ut 3.09725 g/cc 



,; .I ~. , > ,  . . , ... ~< 

GETWIN8.SCR 
/ m i x  7 (ANISNIDORT MATL 2 5 )  = Regular Concrete 
/ mix B (ANISN/IMRT MATL 29) = response functions 
/ 
END-QBAINPUT1 

cat >gbainput2 <<~END-QBAINPIJT2' 
/ 
/ 
/ note: anisn reads macroscopic cross sections for materials that 
/ have been premixed elsewhere (in this case materfale 1 to 52). 
/ it also allows us to use these to create u o i ~  secondary materials 
/ (like materials 53, 57, 61, 65, 69, and 731, as described below: 

/ 
/lo$$ / mixture numbers in mixing table: 
/ 4r-53 4r-57 4r-61 4r-65 lr-69 4r-73 / irrelevant here, but shown a8 an axample 
/ 
/11$$ / component numbers (like nuclid numbers) in mixing table: 
/ 0 41 45 49 5q4 / irrelevant here, but shown ae an example 
/ 
/12** / number densities (atoms/barn*cm): 
/ reset su b-10 b-11 / irrelevant here, but shown as an example 
/ 0 1.0 6.79702e-3 1.674260-3 / danuities for let row of pins ( m i x  53): 
/ 0 1.0 6.797028-3 1.674269-3 l densities €or 2nd row of pine ( d x  57): 
/ 0 1.0 6.79702e-3 1.67426e-3 / densities for 3rd row of pins (mix 61): 
/ 0 1.0 6.7970Ze-3 1.67426e-3 / densities for 4th row of pins (mix 6 5 ) t  
/ 0 1.0 6.797029-3 1.67426e-3 / densities for 5th row of pins (mix 69): 
/ 0 1.0 6.79702e-3 1.670260-3 / denaities for 6th row of pins (mix  73): 

/ 
/ 
/ 16$$ is peculiar to gb-anieni always use fl to specify that all 
/ angular fluxes should always be continuoue across media boundaries 
1645 fl 
/ 
/ 19$$ order of scatter by zone 

/ 
/ 20* *  radius modifiers by zone (required iff ievtn4) 
/ 
/ 2l** density factors by interval (required iff idfm-1) 
/ 
/ 22$$  material numbers used for activities? refers to DO cowonentst use minus sign) id3 entries required (iff id3.gt 

/ I = I P P P P P I P I P I I I = L I P L P ~ P ~ ~ ~ E ~ P P P D ~ ~ ~ ~ ~ P P P ~ ~ ~ ~ ~ P ~ ~ ~ = ~ ~ = ~ = =  

/ P~SI~EES=IIPXPIPIIPIPPPPIIPPPPPP~==P===P~ 

19$$ f3 

/ 22$$ -49 / material number for b-10 
/ 
/ 23$$ %sect table position for activities; id3 entries required (iff id3.gt.O 
/ 23$$ 1 / absorption in b-10 
/ 
/ 24$$ calculation type markersr igm entries required, but iff idat2=li 0/1/2 
I 

- an / dfff-th / inf-hom-media 

/ 2 S C *  right boundary albedo by group; igm entries required, if ibrn3 (otherwise not required) 
/ 
/ 26** left boundary albedo by group) igm entries required, if iblu3 (otherwise not required) 
/ 
/ 27$$ few group parameters; S entries required, but only if ifgal (otherwise array not needed) 
/ / icon - 0/1/2 no effect / micro xaectu desired / macro xsects desired} (minu. implies cell weighting) 



/ / ihtf 
/ / ihsf 
/ / ihmf 
/ / iDUn 

GETWIN8.SCR 
P position of sigma total in weighted xsects - table length of weighted xsecta 
P -l/O/l = write nuclide tape on fort.10 / no effect / punch wtd XseCtB (free-form on fOrt.7) 

position of g-to-g scatter in weighted xaectsf (minus imlies upscatter ramoval) 

/ e / end of 27$$ 
/ 
/ 28$$ / broad-group number for each fine group1 igm entries required, if ifg-1 (otherwise not required) 
/ 5rl 7r2 10r3 3r4 6r5 10r6 far7 7r8 9 / broad adjoint groups for neutrons 
/ 7r10 5rll 5rl2 6r13 / broad adjoint groups for gammas 
/ 

END-GEAINPUT2 
t / end of data block g; this t is always required 

# cat gbainputl $RTNDIR/plugdef gbainput2 > gbainput 
cat gbainputl gbainput2 > gbainput 

# In -E /u/mnt4/jab/hfir/water-tube.hb3/dort.xaects/xsecta.dort-rea~y.bin.hf~r.hb3.watertu~.Olmay98 fort.4 # link dort-ready xeects to fort.4 for use i 
n QBANISN 
# In -6  /u/mnt4/jab/hf~r/water-tube.hb3/dort.xsects/adjoint.xsects.dort-ready.bin.hfir.hb3.watertube.14~y98 fort.4 # link dort-ready xsects to fort.4 f 
or use in QBANISN 

In -a /workl/jab/dort.xsecta/adjoint.xsecta.dort-ready.bin.hfir.hb3.watsrtube.l4may98 fort.4 # link dort-ready xsecte to fort-4 for use iQ GBANISN 

# For this particular library: 
# 
# mix 1 (ANISN/WRT MATL 1) 

# d X  3 (ANISNIWRT MATL 9 )  

# mi% 5 (ANISN/WRT MATL 17) 

# mix 2 (ANISN/DORT MATL 5 )  

# mix 4 (ANISN/DORT MATL 13) 

# m i x  6 (ANISN/DORT MATL 21) 
# mix 7 (ANISN/DORT MATL 25) 
# mix 8 (ANISN/DORT MATL 29) 

.I Water at 1.00 g/cc - Aluminum 6061 (2.7 g/cc) - Void (He @ 1.0e-20 atcnns/barn*cm) - 99304 (7.92 g/CCr Bee page 5 0  Of ORNL/TM-11989) 
Carbon Steel (7.8212 g/cC, 99 w t %  Fe, 1 w t %  C) - Barytes Concrete at 3.09725 g/cc - Regular Concrete 

= response functions 

gbanisn cgbainput >gbaoutput 
xlf getwin8.f -0 getwin8 
getwin8 

# cp -p gbaoutput $RTNDIR/gbaoutput.175-300cm.buck 
# cp -p fort.15 $RTNDIR/gba&jnt.fort.15.175-3OOcm.buck 
# cp -p getadj.out $RTNDIR/~~tadj.OUt.175-300c~.buck 

cg -p getadj.out $RTNDIR/getadj.out 
cp -p wwinp $RTNDIR/wwinp 

# cat $RTNDIR/plugdef getdose.out >> $RTNDIR/teEUltS 

m *  # dangerous ! I  1 be careful what subdirectory you are in 
cd SRTNDIR 
rmdir STMPDIR 

# I l l  
# echo “Job will be a n  in It $TMPDIR 

N, 
\D 
0 



Appendix C.5 

Listing of the MCUP48 input f i l e  ( M O B )  used i n  the solution of the academic water 
tank problem described in Appendix C.2. Note that successful solution of this problem 
requires the use of the 3-D broad-group "geometry-independent ueight uindou" f i l e  
described in Appendices C.2 and C . 4 .  

29 1 



message: outpwwt08.o runtpe-wwt08.r w i n p - w i n p  

Academic test of geometry-independent weight windows 
C 
C 
C 

10 1 
102 

201 
202 
203 

300 

900 

C 

C 

C 

C 

C 

C 
1001 
1002 
1003 
1004 
1005 
C 
C 

9997 

9998 
9999 

C 

C 

C 
5120 
5121 
5122 
5123 
5124 
5125 
5126 

5128 
5129 
5130 
5131 
5132 
5133 
5134 
5135 
5136 
5137 
5138 
5139 
5140 
5141 
5142 
5143 
5144 

5137 

BEGIN CELLS: 

61 -1.0e-20 -1001 9997 -1003 
61 -1.00-20 1001 -9999 9997 -1003 

8 -1.0000 -1002 1003 -1004 
8 -1.0000 -1002 1004 -1005 
8 -1.0000 1002 -9999 1003 -1005 

61 -f.Oe-20 -9999 1005 -9998 

0 #(-9999 9997 -9998) 

END CELLS (next line must be blank) 

BEGIN SURFACES: 
cz 5.0 $ Cylindrical void OD 
cz 10.0 $ radius of central region of 
pz 175.0 $ start of water 

interest 

WWT08 

void inside central aource tube 
void outside central mource tube 

water shield, central portion <-- want flux diet axially in here 
water shield, central portion <-- want dose rates in this last 0.1 cm 
water shield, outside central portion 

void beyond water shield 

external void 

pz 299.99 $ almost at end of water (added so I could have a volumetric n+g dose rate tally in last 0-01 cm) 
pz 300.0 $ end of water 

9997 pz 0.0 $ External void boundary (location corresponds to the real radial plane perpendicular to the real. beam tube) 
pz 0.1 $ External void boundary (2-0.0 corresponds to the real radial plane perpendicular to the real beam tubs) 
9998 pz 700.0 $ External void boundary (far enough out to encowass point where Bloseer fi Thomas made measurements 
pz 324.9 !$ External void boundary (shortened up so wwinp file won't have to be so big) 
cz 65.0 $ External void boundary (radial extent of this model) 

surfaces used for tally segment dividers: 
pz 175.0 $ same as H u r t  1003 
PZ 180.0  
pz 185.0 
pz 190.0 
pz 195.0 

pz 205.0 
pz 210.0 
pz 215.0 
pz 220.0 
pz 225.0 
pz 230.0 
pz 235.0 
pz 240.0 
92 245.0 
pz 250.0 
pz 255.0 
pz 260.0 
pz 265.0 
pz 270.0 
pz 275.0 
pz 280.0 
pz 285.0 
pz 290. 
pz 295. 

pZ 200.0 

in 1968) 



WWTOS 
5145 pz 3 0 0 . 0  $ same as surf 1005 
C 
c END SURFACES (next line must be blank) 

C PROBLEM PARIWETERS: 
mode 
C 
C 
C 
C 
C 

n9s 
C 

C 
print 

d 
C 
C 

C 
C 

C 
C 
C 
C 
C 

C 
C 
wwp:n 
W : V  
C 
C 
C 
C 
C 
C 
C 

edef 

pranrp 

C 
C 
si3 
SP3 
C 

C 
C 
C 

C 
si53 

n 9  
mode n 
nps 240000 
nps 100000 
nvs 96000 
nps 24000000  
96000000 
cut:n time(shakee) energy(MeV) WC1 WC2 SWTM 
aut:n 1.0e20 0.027 -0.5 -0.25 0.0 $ cutoff: don't track any neutrons below 27 keV 
60 $ Table 60 shows vol, -OS, n-imp by cell; see pp 3-117 of manual for description of other useful tables you may wnnt 
0 480000 0 4 0 $ make reutart file after every 80000 hiatories in fixed src calcr save only the 4 moat recent restart files 
prdnw 0 80000 0 4 0 $ make restart file after every 80000 histories in fixed src calc; save only the 4 most recent reutart files 
p r d w  0 8000 0 4 0 $ make restart file after every 80000 histories in fixed src calc; save only the 4 most recent restart files 
wr*p:n 5 3 5 0 -1 $ 5th parameter is negative to make MCNP4B read the weight window iwortance file farinn) 
wwp:n 5 3 5 0 1 

To be consistent with the wwinp file & the biased source diet 
(see GETADJ.FOR, as embedded in GATAoJ.SCR), make mure you have 
WUPN=WTHI= 100'WTLOW and WTSVRV=WFAVc3= lO*WTLOW on the WWP:n and WWP:p cards 

WfP:n wugn wsurvn mxspln mwhere switchn 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

_I-1^1----I-L-1^----_--l---L-------l------~---------------------------------~-------------------- 

, 
wwpin 100 10 100 0 -1 $ 5th parameter ia negative to make XCNPQB read the weight window importance file (wwinp) 
wwp:p 100 10 100 0 -1 8 5th parameter is negative to make UCNPIB read the weight window iuwortance file (wwinp) 
100 10 50 0 -1 $ 5th parameter is negative to make XCNPPB read the weight window iwortance file (minp)  
100 10 50 0 -1 $ 5th parameter is negative to make UCNPIB read the weight window iarrgortanoe file (win91  
wwp:n 100 10 10 0 -1 $ 5th parameter is negative to make UCNP48 read the weight window importance file (wwiup) 
wwp:p 100 10 10 0 -1 $ 5th parametsr ia negative to make MCNPIB read the weight window iuqiortance file ( w i n p )  

_-----^----_---_----_l_____l____________-----------------------------"--------~----------- 

EQUIVALENT POINT 

ergd53 pos 0 0 
parr1 
vec 0 0 1 
&ir=d3 
wgtni.7332472-a 

SOURCES: 

50 $ source def for neutron6 in HB-3 (total nls = 9.645958+16)1 total d e  above 27 kev = 1.20830e16 
6 parel for neut, parr2 for photons 
6 reference vector i f  directional-dependent source is used 
$ angular distribution wrt vec (Caution: choice of angular distribution sampled will dictate choice of wgt) 
$ use this with d3; wgt - [mu(msx)-rnu(min)]/[(+l)-(-l)] = [1.0000000000-0.9653350!36~/2 = 1.7332472-2 ------------------- 

Ang Dist: to spray isotropically across central void of HB-3 beam tube 
h 0.965335056 1.0 $ angular distribution1 mu boundaries (i.s, coaine boundaries wrt vec) 
d 0 1 $ angular distribution) particle barmission probabilities by bin1 first value (below lowest bin bound) must be zero ----------------"-- 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Begin distributions needed to describe the neutron sources in the HB-3 beam tube ................................................................................. 

h 1.OOOOe-11 $ this one m i n ( M e V ) ,  followed by Emax.(MeV) for the 61 VELM neut grps (lowest to 
4.1399s-7 1.125%-6 2.382Ce-6 5.04356-6 1.06770-5 $ VKLa n-groups 61, 60, 59, 
2.26030-5 4.78510-S 1.0130s-4 1.6701s-4 2.753664 6 mud a-groups 56, 55, 54, 
4.5400e-4 7.40528-4 1.23418-3 2.03476-3 2.24879-3 $ VELM n-groups 51, 50, 49, 
2.61269-3 3.0354e-3 3.70749-3 5.5308e-3 9.11880-3 $ VELU n-groups 46, 4.5, 44. 
1.5034e-2 2.3579e-2 2.4788s-2 2.6058e-2 2.70000-2 6 VELM n-groups 41, 40,  39. 
2.8501e-2 3.43070-2 5.21759-2 5.65628-2 8.6517s-2 $ VELM n-groups 36, 35. 34. 

highest enerw for XCNP): 
58, 57, 
53, 52, 
40, 47, 
43, 42. 
38, 37, 
33, 32, 

t3 
W w 



WWTO8 

Sp53 
C 

C 

C 
sb53 
C 

C 

C 
C 
C 

C 
C 
C 
C 
C 
C 

C 
C 
C 

C 
C 
C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 

1.22770-1 1.4996e-1 1.83160-1 2.2371e-1 2.73240-1 $ VELM n-groups 
2.9452e-1 2.9721e-1 2.9849e-1 3.0197s-1 3.8774e-1 $ VELM n-groups 
4.9787e-1 5.2340e-1 6.0810e-1 7.4274e-1 9.0718e-1 $ VELM n-groups 
l.lOBOe+O 1.3534e+0 1.6530e+0 2.0190e+0 2.2313e+0 $ VELM n-groups 
2.3457e+O 2.466Oe+O 3.01190+0 3.6788e+0 4.4933e+0 $ VELM n-groups 
5.4881e+0 6.7032e+0 8.1873e+0 1.0000e+l 1.2214%+1 $ VELM n-groups 
1.4918e+1 $ n-group 

Unbiased neutron sourcas in MCNP order (grp 1-low E, gw 61-high E): 
6.30365e+16 2.25679~+15 1.52979e+15 1.302120+15 1.55274~+15 $ VELM n-groups 
1.58981e+15 1.54759~+15 1.458760+15 9.03837e+14 9.698214+14 $ VELM n-group8 
9.506108+14 8.741220+14 8.53691e+14 8.87245~+14 2.049080+14 $ VELM n-groups 
2.76622e+14 2.54975e+14 3.36538~+14 7.55438e+14 8.76077e+14 $ VELM n-groups 
9.84217e+14 7.42049e+14 6.69650e+13 1.12860e+14 5.24714e+13 $ VELM n-groups 
1.21873e+14 3.03507~+14 4.96958e+14 1.29680e+l4 8.89397~+14 $ VELM n-groups 
5.59006e+14 4.29193e+l4 3.63241e+14 4.33245e+14 7.351990+14 $ VELM n-groups 
2.12840e+14 1.38494e+13 7.68584ei12 3.65651~+13 6.29256e+l4 $ y L M  n-groups 
5.85513e+14 1.49367~+14 3.61470e+14 5.35177e+14 6.65098e+14 $ VELM n-groups 
5.40055e+14 7.09512~+14 8.07055e+14 8.54720e+14 3.12945~+14 $ VELM n-groups 
2.000738+14 1.353330+14 2.41078e+14 1.619478+14 2.06360e+l4 $ VELM n-groups 

2.74800e+09 $ VELM n-group 

d 0.0 $ dummy 0, followed by neut src terms (nfs) for HB-3: 

1.364770+14 7.322820+13 3.052420+13 8.64293e+12 6.926020+12 $ VELM II-grOllpS 
1 

d 0.0 $ dununy 0, followed by "biased" neut src terms (nfs) for HB-3: 

Biased neutron sources in MCNP order ( g w  l d o w  E, g r p  6llhigh E)) 
Calculated using QETMJ.SCR and GBANISN in adjoint mo%e, where the 
adjoint source at 2 ~ 3 0 0  cm was the total n+g flux-to-dose-rate factors) 
Use these values €or the coupled nfg mcnp calc with a neutron-only source. 
(With a nfg sourca, or a gannna-only source, values would be differnet). 
Note that this canfshould only be used with the corresponding weight 
window file prepared by QETWIN8.SCR where the space/energy weights for the 
neutron groups AND the gamm groups uafng the data in QETADJ.OUT. 

To work well (or even to work "at all") everything MUST be self-consistent 1 1 1 1 1  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

The following values were 
2.26004~+15 3.24361e+14 
4.63215e+14 4.509720+14 
2.77011~+14 2.54722e+14 
1.85455e+14 1.709420+14 
6.59846e+14 4.974908+14 
a.l7070e+13 2.03479e+14 
3.74773e+14 6.351950+15 
3.14998e+15 2.04968e+l4 
8.66545e+15 2.21060e+15 
7.992698+15 1.56382e+l4 
4.40975e+13 2.98284e+13 
3.00805e+13 1.61400e+13 
6.05679~+08 
The following values were 
1.29892E+16 1.82174E+15 
2.50015E+15 2.433753+15 
1.49494E+15 1.37465E+15 
9.521153+14 8.776083+14 
3.387p 15 2.554083+15 
4.194 :4 1.044653+15 

used on 26 Me 
2.198720+14 
4.250870+14 
2.48768~+14 
2.25624~+14 
4.48952e+13 
3.33174e+14 
5.37588e+15 
1.13749e+14 
5.34967e+15 
1.77881e+14 
5.31353e+13 
6.72775e+12 

iy 98, before 
1.87149e+14 
2.633818+14 
5.948340+14 
5.06467e+14 
7.56645~+13 
8.694lle+13 
6.41192e+15 
5.41155e+14 
7.92049e+15 
1.88386~+14 
3.56943e+13 
1.90496e+12 

used on 29 July 98, after 
1.23488E+15 l.O511OE+15 
2.294063+15 1.421383+15 
1.342523+15 3.05384E+15 
1.15834E+15 2.60017E+15 
2.30489E+14 3,884573+14 
1.71050E+15 4.46350E+14 

the group ordering on the gbanisn adjoint flux tape was properly understood: 
2.23170e+l4 $ VELM n-groups 61, 60, 59, 58. 57. 
2.82609~+14 $ VELM n-groups 56, 55, 54. 53, 52, 
1.37376~+14 $ VELM n-groups 51, 50, 49, 48, 47. 
5.87346~+14 $ VELM a-groups 46, 45, 44. 43, 42, 
3.51783~+13 $ VELM n-groups 41, 40, 39. 38, 371 
5.96276~+14 $ VEW n-groups 36, 35, 34, 33, 32, 
1.08808e+16 $ VELM n-grOUps 31, 30, 29, 28, 27, 
9.31284e+15 $ VELM n-groups 26, 25, 24, 23, 22, 
9.84329e+15 $ VELM n-groups 21, 20, 19, 18, 17, 
6.89753e+13 $ VELM n-groups 16, 15, 14, 13, 12. 

1.52654e+12 $ VELM n-groups 6, 5, 4. 3, 2, 

the group ordaring on tho gbanisn adjoint flux tape was properly understood: 
1.25341E+15 $ VELM n-groupr 61, 60, 59, 58, 57, 

7.052803+14 $ VELM n-groups 51, 50, 49, 48, 47, 
3.01540E+15 $ VELM n-groups 46. 45, 44, 43, 42, 
la8O603E+14 $ VET n-grOUpS 41, 40, 39, 381 37, 
3.061253+15 $ V: -group8 36, 35, 34, 33, 32, 

4.54832e+13 $ VELM Il-grOUpS 11, 10. 9, 8. 7, 

$ YEW n-group 1 

1.525153+15 $ VELM Xi-grOUpS 56, 55, 54, 53, 52, 



1.924063+15 1.19547E+15 1.01176E+15 1.20675E+15 2.04781E+15 $ VELM n-groups 
5.92841Ecl4 3.857593+13 2.140803+13 1.01848E+14 1.75272E+15 $ V S l 4  n-groups 
1.630883+15 4.16044E+14 1.006833+15 1.49067E+15 1.852553+15 $ VELM n-groups 
1.50426E+15 3.67866&+15 4.18440E+15 4.431533+15 1.62255E+15 $ VELM n-grOUpS 
1.03733E+15 7.016723+14 1.249943+15 8,39660E+14 1.06943E+15 $ VEIA n-groups 
7.07603E+tl 3.79672~+14 1.58261E+14 4.48117E+13 3.590993+13 $ VELW n-groups 
1.42478E+lO $ VEm n-group 

C 
C 
C 
C 

C 
C 
C 
C 
C 

m8 
mt 8 
C 

C 
m6 1 
C 
C 
C 
C 
C 
fc4P 

fm4P 
f44tp 

C 

f644 

C 
sa44 
C 
C 

fc54 
f54rn 
fm54 

fs54 
C 

C 
sd54 
C 
C 

fc64 
f64:n 
fm64 
e64 

BEQIN-TRANSFORMA'I'IONS: 
END-TRANSFORMATION8 

BEGIN MATERIAL DESCRIPTIONSI 

x2o pool --Density= 1.0000 g/cm3 

lwtr. Olt 

Helium void 
2004.50~ 1.0e-20 

1001.50~ 6.73828-02 8016.50C 3.36914-02 

a-flux axially up thru central water region 
201 
9.64595E+16 $ total ( d s )  over all ensrgieu 
fm44 1.20830E+16 $ total (n/s) above 27 keV 

$ 25 roughly even n5-cm-longn axial seguients of interest 
-5120 -5121 -5122 -5123 -5124 -5125 -5126 -5127 -5128 -5129 
-5130 -5131 -5132 -5133 -5134 -5135 -5136 -5137 -5138 -5139 
-5140 -5141 -5142 -5143 -5144 -5145 
6654 l e 2 0  314.16 24r le20 $ vol of each 5-cm axial segment in cm3 (original spec, but incorrect) 
le20 1570.80 24t le20 $ vol of each 5-cm axial segment in Em3 (correction) 

N-flux axially up thru central water region 
201 
9.645958+16 $ total over all energies 
fm54 1.2083OE+16 $ total ( d e )  above 27 keV 

$ 25 roughly even "5-cm-longn axial. segments of interest 
-5120 -5121 -5122 -5123 -5124 -5125 -5126 -5127 -5128 -5119 
-5130 -5131 -5132 -5133 -5134 -5135 -5136 -5137 -5138 -5139 
-5140 -5141 -5142 -5143 -5144 -5145 
sd54 le20 314.16 24r le20 $ vol of each 5-cm axial segment in cm3 (original spec, but incorrect) 
le20 1570.80 24r la20 $ vol of each 5-cm axial segment in cm3 (correction) 

N-dose rate (mrem/hr) in last 0.01 cm of central water region 
202 
9.64595E+16 $ totea (n/s) over all energies 
$ Neutron energy boundaries (Emax, in MeV) from VELM 61n/23g structure: 
1.00001e-11 4.139940-07 1.12535e-06 2.382370-06 5.043488-06 

2.753640-04 4.53999s-04 7.48518e-04 1.234100-03 2.03468e-03 
1.067700-05 2.260330-05 4.785110-05 1.01301e-04 1.670170-04 

2.248679-03 2.612590-03 3.035390-03 3.707440-03 5.530840-03 



9.118820-03 
2.70001e-02 
8.65169s-02 
2.73237s-01 
3.87742e-01 
9.07180e-01 
2.23130a+00 
4.49329e+00 
1.22140e+01 

em6 4 
C 
C 

C 
C 
fc74 
f74:Q 
fm74 
e74 

em7 4 
C 
C 

C 

C 
C 

C 

WWT08 
1.50344e-02 
2.85011s-02 
1.22773e-01 
2.94518e-01 
4.9787061-01 
1.10803e+00 
2.345708+00 
5.48811a+OO 
1.49183e+01 

2.35786e-02 
3.43067e-02 
1.49956s-01 
2.97211e-01 
5.23397s-01 
1.35335a+00 
2.465978+00 
6.70320e+OO 

2.47875~~-02 
5.24752e-02 
1.83156e-01 
2.98491e-01 
6.08101e-01 
1.65299~+00 
3.01194e+OO 
8.18730e+00 

2.60584e-02 
5.65622s-02 
2.23708e-01 
3.01974e-01 
7.4273%-01 
2.01897e+00 
3.678790+00 
1.000000+01 

$ Neutron flux-to-doae-rata conversion factors [(mrem/hr)/(n/s/cm2)1 for the VELM 61n/23g xsect library. 
Calculated as prescribed in ANSI/ANS-6.1.1-1977, with groups arranged hare in order of "increasing" 
energy for use in MCNPt firat value here corresponds to non-existant group below 1.00-11 MeV: 
0.00000e+00 3.70900e-03 4.37060a-03 4.52500s-03 4.57420e-03 
4.5583Oe-03 4.48970e-03 4.382006-03 4.24920e-03 1.12890s-03 
4.03110a-03 3.93560s-03 3.84530e-03 3.76290s-03 3.69080e-03 
3.65280s-03 3.63870e-03 3.62290e-03 3.60620s-03 3.58250e-03 
3.55850s-03 4.08740e-03 5.89750e-03 7.13860e-03 7.424100-03 
7.67700a-03 7.95200e-03 8.742209-03 1.11480s-02 1.350300-02 
1.66880e-02 2.278100-02 2.87730s-02 3.444700-02 4.12410e-02 
4.93730e-02 5.56260e-02 5.773100-02 5.80800e-02 5.84980e-02 
6.63300s-02 8.30460e-02 9.04880~~-02 9.55770~~-02 1.055400-01 
1.18040e-01 l.2975Oe-01 1.30080s-01 1.286400-01 1.27210e-01 
l.26150e-01 1.256200-01 l.25270e-01 1.284900-01 1.36940s-01 
1.45960e-01 1.54110e-01 1.5118Oe-01 1.472309-01 1.47060e-01 
l.59770e-01 1.94650e-01 

1 

Q-dose rate (mrem/hr) in last 0.01 cm of central water region 
202 
9.645953+16 $ total (n/s) over all energies 
$ Qanrmrr energy boundarier (Zmax, in MeV) from VELM 61n/23g structure: 
1.00000e-02 2.00000e-02 4.50000e-02 7.000000-02 1.00000e-01 
1.50000a-01 3.000000-01 4.OOOOOe-01 5.10000e-01 6.00000e-01 
7.00000e-01 1.OOOOOe+OO 1.50000a+00 2.000OOe+OO 2.50000e+00 
3.000OOe+OO 4.00000e+00 5.00000e+00 6.00000e+00 7.00000e+00 
7.500OOe+OO 8.OOOOOe+OO 1.00000e+01 1.40000e+01 
$ Qamma flux-to-dose-rate conversion factors [(mram/hr)/(p/s/cm2)] for the VELM 61n/23g xsect library, 
calculated as prescribed in ANSI/ANS-6.1.1-1977, with groups arranged here in order of "increasing" 
energq for use in MCNPj first value here Corresponds to non-existant group below 1.0s-2 MeV: 
O.OOOOOe+OO 2.14390e-03 5.77610e-04 2.74660s-04 2.6644Oe-04 
3.276700-04 5.667600-04 8.759400-04 1.08520e-03 1.27970s-03 
1.4417Oe-03 1.75630e-03 2.315600-03 2.92700s-03 3.46860e-03 
3.95960a-03 4.62210s-03 5.4136Oe-03 6.19090e-03 6.92650~1-03 
7.47830e-03 7.84680s-03 8.771600-03 1.10200e-02 



Appendix C.6 

Preliminary, highly sinplified, MCNP models once used f o r  exploratory 
gamna-on(y analyses of the HB-3 beam tube using the newly proposed 1998 
uater tu& design concept, as wet1 as the original I960 design concept. 
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Appendix C.6 

Preliminary, h i g h l y  s imp l i f i ed ,  MCNP models once used f o r  exploratory  g a m - o n l y  

analyses o f  the H E - 3  beam tube using the newly proposed 1998 uater tube 

design concept, as u e l l  as the o r i g i n a l  1960 design concept. 

C.6.1 Reason f o r  Inc lud ing These Calcu lat ions i n  This Appendix ________________________________________- - - - - - - - - - - - - - - - - - - - - - -  

This appendix describes a pre l iminary,  h i g h l y  s impl i f ied,  MCNP model (Run HB307C) once used f o r  an 
exploratory g a m - o n l y  analys is  of the HE-3 beam tube using the neuly proposed, 1998 uater tube design 
concept, as u e l l  as a s i m i l a r  p re l im ina ry  model (Run HB307D) used u i t h  the o r i g i n a l  1960 uater tube 
i n  place. 
f o r  several reasons: 

These models uere no t  deemed important enough t o  inc lude i n  the main body o f  the repor t  

1) They uere pre l iminary exploratory  calculat ions, and do no t  represent the  f i n a l  model or the 
f i n a l  results. 

2) These models are h i g h l y  s i m p l i f i e d  i n  many respects (as noted belou); f o r  example, they only  
extend r a d i a l l y  out t o  R=17.4742 cm ( instead o f  R=65 cm), and they completely ignore some o f  
the material surrounding the beam tube such as the b i o l o g i c a l  shield; l ikewise, the ro ta ry  
shutter i s  not included a t  a l l .  

3)  Uhi le  po int  detector estimates of the dose r a t e  downstream o f  the co l l ima to r  ( u i t h  the water tube 
and co l l imator  both flooded) do appear t o  be f a i r l y  accurate, and whi le  a serious attempt uas 
made t o  obta in  a good energy and direction-dependent boundary source downstream o f  the col l imator, 
the resu l t s  obtained lacked the s t a t i s t i c a l  resolut ion necessary in  off-normal d i rec t i ons  t o  be 
considered r e l i a b l e  i n  l a t e r  bootstrapped ca lcu lat ions using tha t  source. Moreover, while the 
format used f o r  repo r t i ng  those r e s u l t s  looks n i ce  i n  tabular  form, i t  i s  not  e n t i r e l y  c lear  hou 
(or even i f )  i t  could be u t i l i z e d  as user-supplied input t o  a fo l l ou -up  boo ts t rappd  analysis. 
A regular (binary) MCNP i n t e r n a l  boundary source f i l e  would a c t u a l l y  be f a r  more useful.  

Nevertheless, these models do m e r i t  some degree o f  serious a t t e n t i o n  and are deemed important enough 
t o  include ( a t  least  i n  an appendix) f o r  several other v a l i d  reasons: 

1) As a fo l lou-up t o  Appendix C.1, these g a m - o n l y  models f u r t h e r  i l l u s t r a t e  the benef i ts  derived 
from, and the f r u s t r a t i o n s  associated u i t h ,  the use o f  "importance zones8# 'to con t ro l  geometric 
s p l i t t i n g  and improve s t a t i s t i c a l  accuracy. Not u i thstanding the f a c t  t ha t  t h i s  approach i s  
" d i f f i c u l t  t o  impossible" t o  implement i n  geometrical ly complex deep penetrat ion problems and 
that  m r e  advanced, yet  undocumented, methods (such as broad-group l1geometry-independent weight 
uindous" (cf Appendix C.2) uork f a r  bet ter ,  the use o f  "importance zonesao u i t h  g e m t r i c  s p l i t t i n g  
can be very usefu l  i n  the s o l u t i o n  o f  simple s i tuat ions.  
belou as t o  hou t h e i r  use may be implemented i n t e l l i g e n t l y  i n  a s i n p l i f i e d  model such as th is .  

2) Because the po in t  detector  estimates of the dose r a t e  dounstream o f  the co l l ima to r  (uith the uater 
tube and co l l ima to r  both f looded) obtained by t h i s  method do appear t o  be f a i r l y  accurate based on 
the s t a t i s t i c s  obtained, and because they are i n  good agreement u i t h  the r e s u l t s  obtained by the 
t o t a l l y  independent p o i n t  kernel  method ( t y p i c a l l y  u i t h i n  6-11%, as shown i n  Table 5-51 ,  the tuo 
methods are considered mutual ly  confirmatory. As such, some discussion o f  these s i m p l i f i e d  MCNP 
models i s  necessary i f  the r e s u l t s  are t o  be used f o r  t ha t  purpose. 

3) Examination o f  the r e s u l t s  presented here serves t o  i l l u s t r a t e  those th ings one must consider uhen 
deciding uhether t o  accept Inan ansuer" as being v a l i d  o r  not. 
t o  simply have good s t a t i s t i c s .  
s t a t i s t i c s ,  but i f  t he  neutron o r  g a m  c o l l i s i o n s  i n  the imnediate neighborhood are not adequately 
sampled, the r e s u l t s  may o r  may not  be v a l i d  (see discussion i n  the f i r s t  two pa r t s  of Appendix C.2). 
More t o  the point  here: 
(due e i the r  t o  the unco l l i ded  f l u x  coming from the o r i g i n a l  sources, o r  due t o  c o l l i s i o n s  a t  d i s tan t  
locations) but the boundary cross ing counter t a l l y  shous l i t t l e  o r  no gaimnas i n  t h i s  energy range (as 
can o f ten  happen i f  the nlrmber o f  t trealat g a m s  n w r i c a l l y  transported t o  the imnediate neighborhood 
i s  so Lou t ha t  good loca l  sampling cannot take place), then one can have the most unfortunate s i t u a t i o n  
uhere one naive ly  be l ieves the  r e s u l t s  labecause the p o i n t  detector  responses look reasonableBl, but 
uhere the boudary source based on the  boundary crossing t a l l y  i s  t o t a l l y  d e f i c i e n t  i n  representing 
the g a m s  in  the energy range tha t  r e a l l y  count, and any use o f  t ha t  boundary source i n  a fo l lou-up 
bootstrap@ c a l c u l a t i o n  could/would y i e l d  t o t a l l y  misleading resul ts .  

Moreover, some broad guidance i s  provided 

Moreover, i t  i s  not aluays s u f f i c i e n t  
Point  detectors, f o r  example, may have good o r  even excel lent  

I f  the  po in t  detector shows most o f  the dose as coming from 8 MeV g a m s  

For these reasons, an abbreviated discussion of these h i g h l y - s i m p l i f i e d  aBpreliminaryat MCNP models and 
t h e i r  associated r e s u l t s  was considered worth inc lud ing i n  t h i s  appendix. 
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C.6.2 Reason for Looking at These Highly Sinplified Models 

One of the lessons learned from the HE305 series of calculations described in Appendix C.l uas that 
the use of importance zones to invoke geometric splittins uas cumbersome to the point of being totally 
impractical f o r  geometrically complex problems like the full HE-3 model shoun in Fig. 3.3, even though 
it uas knoun to work uell in many cases and uas not too cdxrsome for simpler geometries. Uhile 
gam-only shielding analyses uould require fewer importance zones, thus partially alleviating the 
difficulties described in Appendix C . l ,  there uas no illusion left that this approach uould prove 
practical. Moreover, by mid-May 1998, the use of broad-group Hgeometry independent ueight windous" 
based on adjoint analyses had only been available as a possibility for tuo ueeks, uas still under 
development, and still had not yet been demonstrated. As an alternative, use of elementary handbook 
formulations, multigroup 1-0 ANISN transport analyses, and a 23-group point kernel approach had been 
used to determine uhat features of the problem uere inportant and uhich ones uere not. 
remained a need for some sort of 3-0 gamna-only analysis. 
verify the total g a m  dose rate downstream of the collimator as initially given by the =-group pint 
kernel approach, and (2) to determine the space-energy-direction-dependent flux on a surface downstream 
of the flooded collimator that could be used as a M a r y  source in a follou-up (bootstrapped) analysis 
of the rotary shutter. Clearly the point kernel approach cwld not supply all the information needed 
for the Latter. Knowing that the dominant thing at the dounstream exit of the collimator uould be 
the g m s  streaming through the water-filled hole and that nothing upstream of the collimator really 
mattered (in the gam-only analysis) except the uater in the uater tube, a "highly-sirrplifiedI* 3-D 
MCNP d e l  Mas developed that uould model only these essential characteristics. By keeping the model 
~~highly-sirrplifiedn~, it uas hoped that use of importance zones w l d  not prove too cunberscme and that 
their use alone might yield a satisfactory solution for the key things that uere needed. 

Yet, there 
This uas needed for tuo reasons: (1) to 

Figure C6.1 shous an isometric view of the simplified model that uas created uith these considerations 
in mind. 
itself. 
the basic geometry for the case involving the 1598 uater tube if one did not have to uorry about 
importance zones, uhile the 13 cells and 15 surfaces shoun in Table C6.2 are fully sufficient to 
describe the basic g e m t r y  for the case involving the 1960 water tube i f  one did not have to uorry 
about importance zones. [Importance zones. and the final mcdels using them, uill be discussed later.] 

It is very sinple, and all of the key parameters and dimensions are shorn on the figure 
Moreover, the 12 cells and 15 surfaces shoun in Table c6.1 are fully sufficient to describe 

The key simplifications used in this model are as follous: 

. . . ~  ... . 

Everything beyond R=17.4742 an was eliminated. [In the real model (cf Fig. 3.3), R=17.4742 cm 
corresponds to the wter radius of the stainless steel sleeve around the HB-3 beam tube as it 
enters the biological shield.] It was believed that the gatmas entering and successfully passing 
through the uater-filled rectangular hole in the collimator vould come primarily from the original 
sources along the centerline of the system and/or from scattering events close to the centerline, 
so that scattering events at more radially-distant locations could be safely ignored. 
eliminates the need to spend precious CPU time tracking gamrtgs (especially lou-energy garmas) 
at these more distant radial locations. It also eliminated the need to have a series of radial 
importance zones beyond that point uhich would likely be necessary to affect an efficient solution, 
but uhich uould severely "add to" and conplicate the amount of input required. 
uhile scattering events beyond this radial Location may contribute negligibly to the g a m  flux 
directly entering the hole in the collimator in directions that are likely to get through, the 
fact that a vacuun boundary condition is applied to the outer radial surface uill cause a certain 
amount of unrealistic radial leakage and the remaining gama flux uill nou be (slightly) buckled 
in the radial direction. 
touards the collimator), will now be slightly lower than it uwld have been otheruise. 
of  neutrons uhich are highly diffusive in uater, this sort of approximation wwld clearly not be 
acceptable. In this case, houever, the uater is relatively transparent to high energy g a m s ,  and 
the ganrnas (unlike neutrons) tend to travel much greater distances along straight lines, more like 
x-rays. Under these conditions, the R=17.4742 cm approximation is not considered too unrealistic. 

The rotary shutter assembly and all shielding materials surrounding it uere eliminated since the 
primary focus here uas on t h e  determination of the boundary flux "leavingns the collimator section. 
Note that reflection from the shutter back to the collimator and then back again touard the shutter 
uill physically increase the flux in this region slightly, but that uould clearly be a second- or 
third-order effect. Moreover, in the sinplified model, I instead chose to include a single void 
region dounstream o f  the collimator (from 2=399.48 cm to 2415.44875 cm) so that a point detector 
could be placed at a location (R=O, 2=607.46638 cm) uhich would correspond to a point miduay 
betueen the collimator exit and the rotary shutter shield plug if the Latter uere present. 

This 

On the other hand, 

That is: the gama flux, even along the centerline (uhich may scatter 
In the case 

This 
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R A D I A L  8 ECC STL SHIELDS, 
AND CENTRAL STL COLLIMATOR 
WITH 2.75-IN X 5.5-IN 
WATER-FILLED HOLE 

OUTER RAD= 17.4742 CM 
(FOR SIMPLIFIED MODEL ONLY) 

CARBON STEEL 
PRESSURE VESSEL 

Z= 118.6879 CM 

VOID BEYOND 
Z=399.48 CM 

Z=318.58 CM 

SIMPLIFIED 
MODEL OF 1998 
WATER TUBE 
IGNORING THE 
SURROUNDING 
C 0 N C R E T E 

Zx174.27 CM 

Z= 143.9443 CM 

P= 128.7843 CM 
Z= 116.784 1 CM 
WOULD FLOOD DOWN 
TO HERE FOR THE 
1968 WATER TUBE 

INNER RAD = 5.88 CM 
OUTER RAD = 7.16174 CM 

Z=8.8 CM 

Fig. C6.1. Isometric view of the highly-simplified model of the HB-3 water tube and 
collimator sections used in the preliminary gamma-only shielding analyses corresponding 
to MCNP Runs HB307C and HB307D. 
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i. 

Table C6.1. 
preliminary, gama-only MCNP model f o r  the HB-3 beam tube using the 1998 water tube design. 

simplest possible geometry desc r ip t i on  (wi th  no special importance zones) fo r  the h igh l y  s impl i f ied,  

c BEGIN CELLS: 
C 
100 61 
111 24 
112 8 
121 24 
122 8 
201 50 
202 8 

c Cel 
300 8 

C 

C 

-3.2325-4 -1010 9997 -2153 imp:p=l $ vo id  up center of beam tube (upstream o f  where water begins) 
-2.7 1010 -2130 9997 -1007 imp:p=O S aluninun wall  of beam tube (upstream o f  importance c u t o f f  plane) 
-1.0000 2130 -4225 9997 -1007 imp:p=O $ water outside beam tube (upstream of importance cu to f f  plane) 
-2.7 1010 -2130 1007 -2153 inp:p=l S aluninum wal l  of  beam tube (downstream o f  importance c u t o f f  ptane) 
-1.0000 2130 -4225 1007 -2107 imp:p=l $ uater outside beam tube (downstream o f  importance c u t o f f  plane, ins ide vessel) 
-7.8212 2130 -4225 2107 -2106 inp:p=l 0 carbon s tee l  vessel nozzel f lange (appx model; a r b i t r a r i l y  6" t h i ck )  
-1.0000 2130 -4225 2106 -2153 irrp:p=l $ water outside beam tube (downstream of vessel f lange) 

300 goes from 2=174.27 t o  2=310.58; i t  may have t o  be subdivided i n t o  a number o f  a x i a l  importance zones 
1.0000 2153 -4130 -4225 imp:p=l $ water i n  water tube (from s t a r t ,  up 14tolt co l l ima to r )  

c 
400 8 -1.0000 4130 -4190 4212 -4213 4210 -4211 imp:p=l S water in rectangular ho le up t h r u  co l t imator  
500 40 -7.92 4130 -4190 -4225 #(4212 -4213 4210 -4211) imp:p=l S sta in less s tee l  model o f  co l l imator  (wi th  rectangular hole) 

800 60 -1.0e-20 4190 -9998 -4225 imp:p=l $ i n te rna l  vo id  downstream o f  col l imator, but upstream of shutter drum 
900 0 #(-4225 9997 -9998) imp:p=O $ enternat vo id  
C 
c END CELLS (next Line must be btenk) 

Cel s 400 & 500 go from 2=174.27 t o  2=310.58; they may have t o  be subdivided i n t o  a ntmber of ax ia l  importance zones 

C 

C 
C 
1010~ 
2130 
4225 
C 
C 
C 
C 
4210 
421 1 
4212 
4213 
C 
9997 
1007 
2107 
2106 
2153 
4130 
4190 
9998 
C 
C 

BEGIN SURFACES: 

cz  5.08 $ inner radius of voided p o r t i o n  of beam tube 
cz 7.16174 0 inner radius of ss sleeve around HB-3 beam tube, near vessel; used as outer radius of  beam tube in  t h i s  model 
cz 17.4742 L outer radius of narrow ss sleeve extending t h r u  concrete i n t o  pool; r a d i a l  boundary t o  ext vo id  i n  t h i s  model 

Box surfaces corresponding t o  rectangular-shaped hole in  col l imator: 
Here ( l i k e  everywhere i n  t h i s  MCNP mode\ o f  HB-31, 
Z=central axis; Y i s  r e a l l y  horizontal;  X i s  r e a l l y  v e r t i c a l  
py -3.4925 B ymin 
py 3.4925 S ymax 
px -6.9850 S xmin 
px 6.9850 $ xmax 

0.0 t external vo id  boundary ( l oca t i on  corresponds t o  the r e a l  r a d i a l  plane perpendicular t o  the rea l  beam tube) 
118.6879 $ plane below which a l l  importances are zero; located 2 cm upstream o f  f i r s t  pt det used t o  get pt srcs 
128.7043 S arb ptane def in ing upstream side o f  t h i ck  flange in t h i s  modei ( f lsnge a r b i t r a r i l y  taken t o  be 6" t h i c k  here) 
143.9443 $ plane def in ing end o f  t h i c k  flange mounted on boss on pressure vessel around HE-3 (see dug E-42027) 
174.27 $ upstreem s ide of aluminum window forming s t a r t  of uater  tube i n  proposed HB-3 design 
310.58 0 upstream surface o f  co l l imator  
399.48 S downstream s ide of co l l ima to r  
415.44875 $ upstream s ide o f  shutter drum; taken as ext vo id  boundary i n  t h i s  model 

END SURfACES (next l i n e  must be blank) 



w 
0 
t3 

Table C6.2. 
prel iminary,  gama-only  MCNP model for the HE-3 beam tube us ing  the 1960 uater  tube design. 

c BEGIN CELLS: 

Simplest poss ib le  geometry d e s c r i p t i o n  (wi th no specia l  importance zones) f o r  the h i g h l y  s imp l i f i ed ,  

C 
100 61 -3.2325-4 -1010 
C 
c C e l l  1000 goes from t o  
1000 8 -1.0000 -1010 

1 1 1  24 -2.7 1010 
112 8 -1.0000 2130 

c C e l l  1100 goes from to 
1100 24 -2.7 1010 

c C e l l  1200 goes from t o  
1200 8 -1.0000 2130 

c Ce l l  1300 goes from t o  

c C e l l  1400 goes from t o  
1400 8 -1.0000 2130 

C 

C 

C 

C 

1300 50 -7.8212 2130 
C 

C 

9997 -1060 imp:p=l 96 v o i d  up center  of beam tube (upstream of  where water begins) 

S water from s t a r t  of 1960 water tube to s t a r t  o f  1998 water tube 
2.116.7841 t o  2=174.27; i t  may have t o  be subdivided i n t o  a number of a x i a l  importance zones 

-2130 9997 -1007 imp:p=O S aluninum w a l l  o f  beam tube (upstream o f  importance c u t o f f  plane) 
-4225 9997 -1007 imp:p=O $ water outs ide beam tube (upstream o f  importance c u t o f f  plane) 

Z=118.6879 t o  2=174.27; i t  may have t o  be subdiv ided i n t o  a number of a x i a l  importance zones 
-2130 1007 -2153 imp:p=t $ aluminum w a l l  of  beam tube (downstream o f  importance c u t o f f  p lane) 

2.118.6879 t o  2=128.7043; i t  may have t o  be subdivided i n t o  a number o f  a x i a l  importance zones 
-4225 1007 -2107 imp:p=l S water outs ide beam tube (downstream o f  importance c u t o f f  plane, i n s i d e  vessel)  

2=128.7043 t o  2=143.9443; i t  may have t o  be subdivided i n t o  a number o f  a x i a l  importance zones 
-4225 2107 -2106 imp:p=l S carbon s t e e l  vessel nozzel f l ange  (appx model; a r b i t r a r i l y  6" t h i c k )  

2=143.9443 t o  Z=175.27; i t  may have t o  be subdiv ided i n t o  a number of a x i a l  importance zones 
-4225 2106 -2153 imp:p=t $ water outs ide beam tube (dounstream o f  vessel f lange) 

1060 -2153 imp:p=l 

c 
1500 8 -1.0000 2153 -4130 -4225 imp:p=l $ water i n  water tube (from s t a r t ,  up 'Itolt co t l ima to r )  

c 
1600 8 -1.0000 4130 -4190 4212 -4213 4210 -4211 imp:p=l $ water i n  rectangular ho le  up t h r u  c o l l i m a t o r  
1700 40 -7.92 4130 -4190 -4225 #(4212 -4213 4210 -4211) irnp:p=l S s ta in less  s t e e l  model o f  c o l l i m a t o r  ( w i t h  rectangular ho le)  

800 60 - 1  .Oe-20 4190 -9998 -4225 imp:p=l $ i n te rna t  v o i d  downstream of  co( l imator, but upstream of  shu t te r  drum 
900 0 #(-4225 9997 -9998) imp:p=O $ enternal  v o i d  

c END CELLS (next l i n e  must be blank) 

c BEGIN SURFACES: (cont inued on next page1 

C e l l  1500 goes from 2=174.27 t o  2=310.58; i t  may have t o  be subdiv ided i n t o  a number of a x i a l  importance zones 

Ce l l s  1600 8 1700 go from 2=174.27 t o  2=310.58; they may have t o  be subdivided i n t o  a number o f  a x i a l  importance zones 
C 

C 

C 



Table C6.2 (con t )  

c BEGIN SURFACES: 
C 
1010 cz 5.08 S i nner  rad ius  o f  vo ided p o r t i o n  o f  beam tube 
2130 cz 
4225 cz 

c Box surfaces corresponding t o  rectangular-shaped h o l e  in co t l ima to r :  
c Here ( l i k e  everyuhere i n  t h i s  MCNP model of HB-3), 
c Z=centraL axis;  Y i s  r e a l l y  hor izon ta t ;  X i s  r e a l l y  v e r t i c a l  
4210 py -3.4925 $ ymin 
4211 py 3.4925 $ ymax 
4212 px -6.9850 0 xmin 
4213 px 6.9850 f xmax 

9997 pz 0.0 
1060 pz 176.7641 f s t a r t  of water tube i n  1960 des ign  
1007 p i  118.6879 S p lane beLou which a l l  importances a re  zero; l oca ted  2 cm upstream of f i r s t  pt  de t  used t o  get pt s rcs  
2107 p r  
2106 pz 
2153 pz 174.27 f upstream s ide  of  aluminun window forming s t a r t  o f  water tube i n  proposed HB-3 design 
4130 pz 310.56 f upstream sur face  of c o l l i m a t o r  
4190 pz 399.48 S dounstream s ide  o f  c o t t i m a t o r  
9998 pz 415.44875 b upstream s i d e  of s h u t t e r  drum; taken as ex t  v o i d  boundary i n  t h i s  model 
C 
c END SURFACES (next l i n e  must be b lank)  

7.16174 L i nne r  rad ius  of ss s leeve around HB-3 beam tube, near vessel; used as ou ter  rad ius  o f  beam tube i n  t h i s  mode[ 
t ou te r  rad ius  of  narrow ss s leeve extending thru concrete i n t o  pool; r a d i a l  boundary t o  e x t  v o i d  in  t h i s  model 17.4742 

C 

C 
f ex te rna l  v o i d  boundary ( l o c a t i o n  corresponds t o  the  r e a l  r a d i a l  p lane perpendicular t o  the  r e a l  beam tube) 

S a r b  p lene d e f i n i n g  upstream s i d e  of t h i c k  f lange i n  t h i s  mode[ ( f l ange  a r b i t r a r i l y  taken t o  be 6" t h i c k  here) 
S ptane d e f i n i n g  end of  t h i c k  f lange mounted on boss on pressure vessel  around HB-3 (see dug E-42027) 

128.7043 
143.9443 

w s 



l oca t i on  uas a l so  chosen (as opposed t o  a l oca t i on  d i r e c t l y  a t  the e x i t  o f  the u a t e r - f i l l e d  hole) 
f o r  tu0 reasons: (a) so i t  would be f a r  enough back from the  co l l imator  tha t  g a m s  coming from 
the surrounding s tee l  ( i f  any) could a l so  be seen, and (b) so tha t  i t  uould be f a r  enough back i n  
the v o i d  so tha t  cont r ibut ions from any nearby c o l l i s i o n s  in  the uater or the s tee l  uould not  be 
adversely ( ie ,  d ispropor t ionate ly)  a f fec ted  by the  1/(4*pifR"2) term used by the code i n  ca l cu la t i ng  
the response t o  a detector from each c o l l i s i o n  s i t e .  
detector, t h i s  can sometimes be a problem. 
any r e a l  mater ia l ,  t h i s  problem can be avoided. 

The co l l ima to r  wi th  i t s  rad ia l  shield, eccentr ic  shield, and pools seals ( c f  Fig. 3.10) was h i g h l y  
s impl i f ied.  
2.75-inch x 5.5-inch u a t e r - f i l l e d  rectangular h o l e  up the middle, and the surrounding b i o l o g i c a l  
s h i e l d  uas conplete ly  ignored. The key feature i s  obviously the rectangular hole. 

Further upstream ( c f  Fig. 3.3), the f looded uater  tube i s  surrounded by the pool water betueen 
the pressure vessel and the b i o l o g i c a l  shield. In the s i m p l i f i e d  model, the aluminun u a l l s  o f  
the uater  tube have been eliminated, leaving noth ing but uater  i n  t h i s  region. [Closer t o  the 
b i o l o g i c a l  shield, just s l i g h t l y  upstream o f  t he  co l l imator ,  the aluninun u a l l s  o f  the uater tube 
and the  surrounding s ta in less  s tee l  sleeve, and the  concrete beyond the s ta in less s tee l  sleeve, 
have a l l  been e l iminated as uel l .1 The r e s u l t i n g  d e l ,  just upstream o f  the col l imator, has 
"one b i g  water region" uhich can e a s i l y  be subdivided i n t o  as many importance regions as necessary. 

The 1998 water tube s t a r t s  a t  2=174.27 cm, and belou that ,  the tube i s  void. [Note that  the t h i n  
aluminun uindous a t  both ends o f  the uater tube have a l so  been el iminated since (a) they provide 
very l i t t l e  g a m  at tenuat ion and, (b) i n  t h i s  g a m - o n l y  ca l cu la t i on  f o r  primary g a m s  streaming 
doun the beam tube, secondary g a m s  are not  being considered a t  a l l . ]  
o f  the voided aluminun beam tube i t s e l f  (ID=10.16 cm, 00=14.32348 cm) i s  included below Z=174.27 cm. 
In the case o f  the 1960 uater tube, the p o r t i o n  o f  t he  tube above 2=116.7841 cm uould a lso be flooded. 

As shoun i n  Fig. C6.1, the pressure vessel and vessel nozzle have a l so  been s i m p l i f i e d  and are now 
represented by a th ick,  f l a t ,  s tee l  p l a t e  u i t h  a s i n g l e  h o l e  up through the  middle f o r  the beam tube. 
A l l  t he  elaborate geometry f o r  the dosimetry ana lys i s  ( c f  Fig. 3.14) j us t  ins ide the vessel has a l so  
been el iminated. 

I f  c o l l i s i o n s  occur too close t o  a p o i n t  
B y  keeping the  po in t  detector back some distance from 

In  t h i s  case, these conponents uere t rea ted  as a monol i th ic  s tee l  cy l inder  u i t h  a 

A h igh l y  s i m p l i f i e d  model 

Lastly, i n  add i t i on  t o  the p o i n t  detector mentioned in  i t e m  2 ( a t  2.407.46488 cm, midway betueen 
the c o l l i m a t o r  e x i t  and the r o t a r y  shutter),  a boundary cross ing surface detector (F1  t a l l y )  uas 
also placed across t h e  e n t i r e  system a t  the co l l ima to r  e x i t  (2=399.48 cm). 
f i v e  %egments", u i t h  segment 5 corresponding t o  the  rectangular ho le i n  the col l imator. 
uas used t o  ca l cu la te  the directional-dependent m u l t i g r w p  g a m  Leakage (p/s) across the e n t i r e  
system, as u e l l  as t h a t  caning from the small 2.75-inch x 5.5-inch w a t e r - f i l l e d  rectangular ho le 
i n  the co l l ima to r  uhich i s  responsible f o r  the vast m a j o r i t y  o f  high-energy g a m s  impingent on 
the r o t a r y  shutter. 

I t uas divided i n t o  
This 

With these s imp l i f i ca t i ons ,  the model shoun i n  Fig. C6.1 can be r e a d i l y  subdivided i n t o  any nunber of 
a x i a l  importance zones i n  a s t ra ight forward fashion as needed, u i t hou t  the cumbersome const ra in ts  
and considerations tha t  a f f l i c t  geometrical ly m r e  complex problem descript ions. 
1998 uater tube, f o r  example, the problem may be d i v i d e d  i n t o  the 23 a x i a l  icrportance zones shoun 
i n  Fig. C6.2 and l i s t e d  i n  the f i r s t  p a r t  o f  Table C6.3, u h i l e  in the case o f  the o r i g i n a l  ( longer) 
1960 water tube, the problem may be d iv ided i n t o  t h e  29 a x i a l  importance zones shoun in  Fig. C6.3 and 
l i s t e d  i n  the second part o f  Table C6.3. Unfortunately, u h i l e  the basic geometry spec i f i ca t i ons  i n  
Tables C6.l and C6.2 (and the importance zone spec i f i ca t i ons  shoun i n  Table C6.3) are extremely simple 
and easy t o  v isual ize,  t he  actual MCNP input required t o  implement these icrportance zones, even fo r  
t h i s  u l t r a - s i n p l e  model, i s  a l i t t l e  more complex. The ac tua l  MCNP input f i l e  f o r  R u n  HB307C u i t h  
the 1998 uater  tube i s  l i s t e d  i n  Appendix C.6.7, u h i l e  the actual  HCNP input f i l e  f o r  Run HB307D u i t h  
the 1960 water tube i s  l i s t e d  i n  Appendix C.6.8. Since th is i s  an abbreviated appendix, the heav i l y  
annotated input f i l e s  are simply presented without much f u r t h e r  explanation, except as noted belou: 

1) While the neutron and g a m  sources a re  both l i s ted  in the  input f i l e s ,  only the g a m  sources 

I n  the case o f  t he  

speci f ied by the s i n ,  sp73, and ds83 cards are a c t u a l l y  used. 
Table 2.2b. 
value must be used on a l l  the 1afmi4 t a l l y  m u l t i p l i e r  cards. 

This data i s  taken d i r e c t l y  frcm 
The t o t a l  g a m  source, surmed over a l l  23 groups i s  1.35399e17 p/s. This same 

2) While each o f  the gama point  sources i n  Table 2.2b are t o  be t reated as i f  they are isot rop ic ,  
i t  i s  f a r  m r e  e f f i c i e n t  in  these HCNP ca lcu la t i ons  t o  sanple these i so t rop i c  source d i s t r i b u t i o n s  
only over those s t a r t i n g  d i rec t i ons  uhose d i r e c t i o n  cosines u i t h  respect t o  the tube cen te r l i ne  
are betueen 0.965335056 and 1.0 
about 15.13 degrees o f  the center l ine)  since these a re  t h e  on ly  ones that  are l i k e l y  t o  con t r i bu te  
t o  the response of i n te res t .  Accordingly, t he  s t a r t i n g  weights assigned t o  these g a m s  must be 
set t o  0.017332472, as given by 

ugt [mu(max)-rm(min)l/[(+l)-(-l)I = C1.0000000000-0.9653350561/2 = 0.017332472 

The need f o r  t h i s  i s  discussed i n  Sects 4.2 and 5.1 o f  t he  main report, and i n  Appendix C.l.2. 

( ie ,  t o  sample o n l y  over those s t a r t i n g  d i rec t i ons  tha t  are u i t h i n  
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31 Consistent u i t h  that, the importance c u t o f f  plane i n  these tuo g a m - o n l y  sh ie ld ing ca lcu lat ions 
i s  Located a t  2=118.6879 cm. Above tha t  location, the importance assigned t o  the aluminum u a l l  
of the beam tube i s  1.0 (or greater), u h i l e  below tha t  location, the aluminum u a l l  o f  the beam 
tube i s  assigned an importance o f  zero so that  g a m s  impinging on the inner u a l l  o f  the beam tube 
belou tha t  l oca t i on  u i l l  be k i l l e d  imnediately and tracked no fu r the r .  The r o l e  of the importance 
cutoff plane, and hou i t  should be consistent with the range o f  s t a r t i n g  d i rec t i ons  sampled, i s  
also discussed in  Sects 4.2 and 5.1 o f  the main report,  and i n  Appendix C.1.2. 

. . . .~ .... 

Having dispensed w i th  the minimal ob l igatory  explanations, i t  would be good t o  duel1 b r i e f l y  on hou 
the importance zones shown i n  Figs. C6.2 and C6.3 and Table C6.3 uere chosen. 
that  while the r a t i o  o f  importances from one zone t o  the next in  Run HB307C was approximately 1.8 i n  
a l l  cases (and approximately 1.7 i n  a l l  cases f o r  Run HB307D1, the spacing between importance zones 
i s  not uniform and tends t o  get bigger as one gets fu r the r  from the  source. 

F i r s t ,  i t  should be sa id  tha t  the determination of importance zone data t o  be used i n  a given 
ca l cu la t i on  i s  as much an a r t  as a science. Secondly, i t  should be noted tha t  t h e i r  exact 
determination i s  not  t e r r i b l y  c r i t i c a l ,  as long as one i s  reasonably close. That i s  t o  say: 
As Long as one i s  reasonably close and uses reasonable judgement, the values chosen u i l l  not 
affect the absolute value o f  the so lu t i on  i t s e l f ,  but on ly  the e f f i c i e n c y  w i th  uhich i t  i s  reached. 
One key guide l ine i s  t ha t  the spec i f i ed  importance should not  vary  by more than a fac to r  o f  3 o r  4 
from one importance mesh t o  the next a t  any locat ion i n  a l l  three s p a t i a l  d i rect ions.  To those 
uho th ink in  ad jo in t  mode, i t  i s  c lear  that  the importance should increase in  regions closer t o  
the detector o f  i n te res t .  To the r e s t  o f  us, it i s  c lear  tha t  t he  ( rea l )  p a r t i c l e  f l u x  decreases 
exponential ly as one gets fu r the r  from the source and tha t  the inportance assigned a zone should 
vary inverse ly  u i t h  tha t  decrease ( ie ,  the assigned importance should increase exponential ly).  A 
much more r igorous discussion on importance zones and geometric s p l i t t i n g ,  and on the a l te rna t i ve  
use of space-(energy-direction)-dependent ueight uindous i s  provided i n  Appendix C.2.1. 

Importance zones are used t o  contro l  the numerical p a r t i c l e  densi ty  - -  s p e c i f i c a l l y ,  the populat ion 
of a r t i f i c i a l  asnumerical pa r t i c l esaa  (o f  ever increas ing ly  louer ue ight )  used t o  represent the g a m s  
i n  each w a t e r - f i l l e d  c e l l  along the cen te r l i ne  in  t h i s  p a r t i c u l a r  MCNP model. To obta in  good 
s t a t i s t i c s  and a reasonably e f f i c i e n t  solut ion, t h i s  populat ion dens i t y  should be he ld  bas i ca l l y  
constant ( w i t h i n  an order o f  magnitude o r  so) u h i l e  the progress ive ly  lower and louer ueights 
ascribed t o  the nwnerical p a r t i c l e s  r e f l e c t  the decrease in  the r e a l  gama f l ux .  
p a r t i c l e  densi ty  becomes too Lou, f l u x  estimates u i l l  s u f f e r  from poor s t a t i s t i c s ;  i f  i t  grows too 
fast  (say, due t o  an over-zealous attempt t o  get good s t a t i s t i c s ) ,  l o t s  o f  ex t ra  computer time u i l l  
be required t o  t rack  these ex t ra  pa r t i c l es ,  and the e f f i c i e n c y  o f  the ca l cu la t i on  w i l l  de te r i o ra te  
severely. Thus, i t  i s  best t o  ho ld the density o f  sanumerical p a r t i c l e s a a  approximately constant, 
w i th in  an order o f  magnitude o r  so, a l l  the way from the source t o  the detector. 

To use i n p r t a n c e  regions, one must spec i fy  the thickness o f  each importance zone throughout the 
problem, and the aaimportanceaa t o  be assigned t o  each zone. Both must be specif ied. 
are someuhat a r b i t r a r y  but must work together harmoniously, how i s  t h a t  done? 

If each zone i s  about h a l f  a mean f ree  path thick, then the  f l u x  across an importance zone w i l l  
drop by a fac to r  o f  exp(-0.5) and the iaimportancei8 u i l l  increase by a fac to r  o f  1.65=exp(+O.5) 
uhich i s  we l l  u i t h i n  the guidel ines set  f o r t h  above. This suggests t h a t  i f  a l l  importance zones 
were about lahal f  a mean f ree  path thick", then the assigned importance should increase by a constant 
factor of 1.65 from one importance zone t o  the next. 
water? I t  depends on the average energy o f  the g a m s ,  and t h a t  depends on uhere you are i n  the 
system. 
the water tube, the average energy o f  the impingent g a m s  i s  sanewhere between 0.5 MeV arid 1.0 MeV, 
uhere the gammas have mean f ree  paths o f  betueen 10 and 14 cm, say 12 cm on the average. 
by the simple 3-group ana ly t i c  approximation i n  Sect 5.2, the average energy o f  g a m s  emerging from 
the dounstream end o f  the w a t e r - f i l l e d  co l l imator  i s  l i k e l y  t o  be somewhere betueen 4 and 8 MeV, 
uhere the mean f ree  paths are betueen 30 and 40 cm, say 35 cm on the average. Applying the above 
c r i t e r i a ,  the importance zones should therefore vary from about 6 cm i n  thickness near the source 
end of the water tube t o  about 17.5 cm i n  thickness near the e x i t  o f  the co l l ima to r  i f  one wants t o  
increase the importance by a constant f ac to r  from one importance zone t o  the next. 
r i g i d  locations o f  the planar surfaces required t o  speci fy  the actual  g e m t r y ,  and the necessity 
of having an integer number of importance zones betueen such planes, u i l l  l i m i t  one's a b i l i t y  t o  
increase the spacing i n  a uniform logarithmic fashion, but one can and should try. 
fo r  example, the thickness o f  these importance zones f o r  t he  1998 uater  tube increases from about 
6.4 cm near the source, t o  8.4 cm, t o  12.1 cm, t o  16.5 cm near the  e x i t  o f  the col l imator, whi le  
fo r  the 1960 water tube, they increase from about 5.0 cm near the source, t o  7.6 cm, t o  8.3 cm, 
t o  11.0 cm, t o  13.0 cm, t o  15.7 cm near the co l l imator  e x i t .  

Note, f o r  example, 

I f  the numerical 

Since both 

But what i s  the mean f ree  path o f  g a m s  in  

Inspection o f  Table 2.2b show tha t  u h i l e  there are scnne high energy g a m s  impingent on 

As shown 

O f  course, the 

I n  Table C6.3, 

[Note t h a t  u h i l e  the importance zones 
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MCNP Plot Window: Origin of plot window located at X=O, Y=O, 2=210 crn in real system; 
Size of plot window = L 1 10 x k 220 cm;. 
Orientation basis vectors: (0,1,0) and (O,O, 1) are such that: 
+y in model (horz lateral in real world) is to right in plot, 
fz in model. (horz axis in real world) is up in plot 

yellow = stainless steel 
orange = carbon steel 
pink = aluminum 

light blue = water 
light gray = void 

2 
0 
0 

I 
o 
0 

0 

- 
I 
0 
0 

2 
0 
0 

i 

i 
Fig. C6.2. Highly-simplified preliminary model of the 1998 HB-3 water tube and collimator 
sections used in MCNP Run HB307C. 
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MCNP Plot Window: Qrigin of plot window located at X=O, Y===, Z=210 cm in real system; 
Size of plot window = k 1 10 x k 220 cm; 
Orientation basis vectors: (O,l,O) and (O,O, 1) are such that: 
ty in model (horn lateral in real world) is to right in plot, 
fz in model (horz axis in real world) i s  up in plot 

yellow = stainless steel 
orange = carbon steel 
pink = aluminum 

light blue = water 
light gray = void 

i 
C 
C 

I 
0 
a 

0 

- 
1 
O 
0 

- 
2. 
0 
0 

-100 -5U 0 SO 

Fig. C6.3. Highly-simplified preliminary model of the 1960 HB-3 water tube and collimator 
sectians used in MCNP Run HB307D. 
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Table C6.3. Axially-dependent photon importance zones used i n  MCNP Run HB307C 
w i th  the new (shor ter )  1998 water tube s t a r t i n g  a t  2=174.27 cm, and i n  MCNP 
Run H6307D w i th  the o r i g i n a l  ( longer)  1960 water tube s t a r t i n g  a t  116.7841 cm 

~~~~~ 

In  Run HB307C wi th  1998 water tube I n  Run HB307D wi th  1998 water tube 
_ _ E _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Z m i n  (cm) Zmax (cnl) 1MP:P Z m i n  (cm) 

0.0 

174.27 
180.7 
187.1 
193.6 
200.0 
208.3 
216.7 
225 -0 
233.7 
241.7 
250.0 
262.1 
274.2 
286.3 
298.5 
310.58 
320.4 
330.3 
340.1 
350.0 
366.5 
383.0 

399.48 

174.27 

180.7 
187.4 
193.6 
200.0 
208.3 
216.7 
225 .O 
233 I 7 
241.7 
250.0 
262 1 
274.2 
286.3 
298.5 
310.58 
320.4 
330.3 
340.1 
350.0 
366.5 
383.0 
399.48 

41 5.44875 

1.00 (*) 

1.80et00 
3.24e+00 
5.83ec00 
1.05et01 
1 .89e+0 1 
3.40ec01 
4.12et01 
1.1 Oe+02 
1.98e+02 
3.57e+02 
6.43e+02 
1.16e+O3 
2.08e+03 
3.75e+03 
6.75e+03 
1.21e+04 
2.19e+04 
3.93e+04 
7.08e+04 
1.27e+05 
2.29e+05 
4.13e+05 

4.13e+05 

0.0 

116.7841 
118.6879 
123.70 
128.7043 
136.32 
143.9443 
151.53 
159.11 
166.69 
174.27 
182.60 
190.94 
199.27 
209.27 
220.27 
231 -27 
242.27 
253.27 
264.27 
275.27 
287.04 
298.81 
310.58 
323.58 
336.58 

* Except i n  the beam tube w a l l ,  352.31 
where IMP:P=O below 2=118.6879 368.03 

383.76 

399.48 

Zmax (cm) 

116.7844 

118.6879 
123.70 
128.7043 
136.32 
143 -9443 
151.53 
159.11 
166.69 
174.27 
182.60 
190.94 
199.27 
209.27 
220.27 
231.27 
242.27 
253.27 
264.27 
275.27 
287.04 
298.81 
310.58 
323.58 
336.58 
352.31 
368.03 
383 e 76 
399 - 48 

41 5 -44875 

1MP:P 

1.00 (*) 

l.OOe+OO 
1.70e+00 
2.89e+00 
4.91 e+OO 
8.35e+00 
1 .42e+01 
2.41 e+01 
4 a 1 Oe+01 
6.98e+01 
1.19e+02 
2.02et02 
3.43e+02 
5.83e+02 
9.90e+02 
1.68e+03 
2.86e+03 
4.87e+Q3 
8.27e+03 
1.41e+04 
2.39e+04 
4.06e+04 
6.91 e+04 
1 .17e+05 
2.00e+05 
3.39e+05 
5.77e+05 
9.81 e+05 
1.47e+06 

1 .67e+06 

* Except i n  the  beam tube wal l ,  
where IMP:P=O below Z=118.6879 
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are becoming thicker as one moves further frm the source and approaches the detector (which my 
seem counter in tu i t i ve) ,  the actual importance i s  s t i l l  increasing a t  an ever increasing rate as 
one approaches the detector.] Having tentat ively established the locat ion and thickness o f  each 
importance zone, the next tuo questions are: 
importance from one importance zone t o  the next (ie, the ra t io ) ,  and how does one ve r i f y  that  i t  
i s  okay? 

Since the importance zones are each approximately a "half a mean free path thick", the r a t i o  i dea l l y  
ought t o  be 1.65=exp(+0.5). Nevertheless, a t  t h i s  early stage before any calcukations are performed, 
there may by some uncertainty i n  the energy spc t run  as a function of distance doun the uater tube 
(and hence the mean free path a t  any location). 
about the e f fec t  o f  any natural divergence that might be present (which w i l l  a lso a f fec t  the nunerical 
pa r t i c l e  density). A t  t h i s  point, it i s  best t o  make the importance r a t i o  a t i t t l e  bigger than you 
expect i t  should be, run a p i l o t  calculat ion or tu0 to  see uhat happens, and then make any necessary 
adjustments based in  the information described below. In t h i s  case, the p i l o t  run (H8307A) fo r  the 
15% uater tube was ident ical  t o  f ina l  run (HB507C) except tha t  an inportance r a t i o  of 2.0 was used 
betueen adjacent importance zones i n  the p i l o t  run, while in the f i n a l  run, the importance r a t i o  was 
reduced t o  1.8 betueen adjacent zones. 
fo r  the 1960 water tube uas ident ical  t o  the f i na l  run (HB3070) except that  an importance r a t i o  of 2.0 
was used between adjacent iqmrtance zones in  the p i l o t  run, while in  the f i n a l  run, the importance r a t i o  
was reduced t o  1.7 betueen adjacent zones. 
in  the f i na l  run, the nunber was increased t o  5 m i l l i on  h is to r ies  t o  improve the s t a t i s t i c a l  accuracy. 

TO determine the acceptabi l i ty of using an importance r a t i o  o f  2 (or any a s s d  rat io) ,  the data in 
Table C6.4 i s  most helpful. Taken frcin "HCNP Pr in t  Table 126," 
part ic les" (the ever increasingly louer-weight part ic les) representing the gemnas i n  each water - f i l l ed  
c e l l  along the centerl ine i n  the various HCNP runs. Moreover, since t h i s  table shows the population 
(rather than the population density), one nust rea l l y  make conparisom betueen s imi la r  cel ls. 

hou does one set the ra te  of change i n  the assigned 

In addition, there may be s t i l l  other questions 

Both used 2 m i l l i o n  histor ies.  Likewise, the p i l o t  run (HB307B) 

In t h i s  case, the p i l o t  run used 2 m i l l i o n  histories, uh i l e  

i t  shows the population of *9xnwrical 

- ...... 

I n  the case of p i l o t  run HB307A f o r  the 1998 uater tube, f o r  example, ue can look a t  a l l  the c e l l s  
betueen the s ta r t  of the uater tube a t  2=176.27 cm and the s t a r t  o f  the col l imator a t  Z=310.58 cm 
(uhere a l l  the c e l l s  have a radius of 17.4742 cm) and see that an importance r a t i o  of 2-0 between 
c e l l s  uas rea l l y  too large and caused the "nunerical pa r t i c l e  dens i tv l  t o  a r t i f i c i a l l y  grou too 
fast, by a factor of 78.3 over the length of the region, uh i l e  in  the col l imator section (2=310.58 
cm t o  399.48 cm) i t  greu by a more acceptable factor of only 2.5 over the length o f  the region. 
"Population control" i s  the job of the importance rat io. 
adjacent importance zones) t o  1.8 i n  the f ina l  run (HB307C) seemed t o  control the population much 
better. 
tube, and by a only a factor of 1.33 across the length of the water f i l l e d  col l imator. While one 
could have done better by using a s t i l l  lower importance r a t i o  (perhaps 1-65>, the - lat ion control 
demonstrated i n  R u n  H8307C uas considered qui te acceptable - -  ie, i t  was not diminishing t o  the point  
uhere s ta t i s t i cs  would becane poor, and i t  uas not a r t i f i c i a l l y  grouing out o f  control t o  the point  
uhere i t  uould inpact calculat ional ef f ic iency too adversely. 

[ A t  t h i s  point, i t  uould be good t o  reca l l  that the term " n m r i c a l  pa r t i c l e  density1# rea l l y  refers 
t o  the the density of %mer i ca l  particles1* used internal ly u i t h i n  the code, and does not correspond 
t o  the real  photon density. Moreover, i t  i s  the integral of the I'nunerical p a r t i c l e  density times 
the average nunerical pa r t i c l e  ueight" that corresponds t o  the real  photon density. 
s imi lar  calculat ions that are biased dif ferently, the L'nunerical pa r t i c l e  densitys8 in  a given c e l l  
may be very high in  one case and very Lou i n  the other, but the average pa r t i c l e  weight may be very 
Lou i n  the f i r s t  case and very high in  the second case, such that the tuo calculat ions y ie ld  the same 
( rea l )  photon f lux. The key difference i s  that i n  the f i r s t  case (which may be less e f f i c ien t ) ,  the 
s t a t i s t i c s  vi11 be qui te good so that one can have a high level  of confidence i n  the result,  whereas 
i n  the other case, the s ta t i s t i cs  vi11 be much poorer and one m y  not be able t o  have as much confidence 
i n  the result,  even though the tu0 calculations may y i e l d  the same rea l  f l ux  (very nearly). 
irrglemented, I4good biasing u i l l  not af fect  the result, only the ef f ic iency u i t h  which i t  i s  obtained."] 

In the case o f  p i l o t  run HB307B for the 1960 uater tube, the data i n  Table C6.4 w a s  again very 
useful in determining the appropriate importance r a t i o  and i n  ver i f y ing  i t s  acceptabi l i ty  once i t  
uas determined. In the 10.16-cm-dim port ion of the 1960 uater tube, f o r  exanple, one can look a t  
a l l  the (s imi lar)  ce l l s  between 2=116.7841 cm and 2=174.27 cm and see that an importance r a t i o  of 
2.0 had caused the population to  a r t i f i c i a l l y  grow by a factor of 2.54 across t h i s  short region. 
Likewise, i n  the region betueen 2~174.27 cm and 2=310.58 cm (uhere a l l  the c e l l s  have a radius of 
17.4742 an), one also sees that an importance ra t i o  of 2.0 between c e l l s  was again too large and 
caused the **numerical par t i c le  density" to  a r t i f i c i a l l y  grou too fast, by a factor of 36.6 over 
the length of the region. Only in  the collimator section (2=310.58 cm t o  399.48 cm) was i t  
reasonably constant, grouing by oniy a factor of 1.14 over the length of the region. 
i w r t a n c e  r a t i o  (betueen adjacent importance zones) t o  1.7 in  Run H6307D seemed t o  control the 
popl lat ion much better, u i t h  the population decreasing by only a factor of 1.23 across the f i r s t  
region, grouing by a factor o f  5.21 across the second, and decreasing by a factor o f  1.78 across 
the t h i r d  - -  overall, qui te remarkable. While one could perhaps do better, the population control 

Reducing the iuportance r a t i o  (betueen 

There, the population increased by only a factor o f  17.9 across the length o f  the uater 

I n  tuo otherwise 

Properly 

Reducing the 
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Table C6.4. P o p l a t i o n  o f  oVwmerical p a r t i c l e s "  (ever increas ing ly  lower-weight pa r t i c l es )  representing 
the g a m s  i n  each w a t e r - f i l l e d  c e l l  along the center l ine i n  var ious MCNP runs- Runs HB307A and HB307C 
were for  the 1998 water tube model, whi le  Runs HB307B and H8307D were f o r  t he  o r i g i n a l  (longer) 1960 
water tube. Data shown i s  taken from MCNP P r i n t  Table 126, "photon a c t i v i t y  i n  each c e l l " .  

301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
31 1 
312 
313 
314 
315 

354585 
522654 
735074 
1011720 
1411603 
1819977 
2398283 
32621 10 
4457666 
6406763 
9390256 
11989198 
1561 2858 
20717599 
27780829 

315013 
418171 
530188 b i g  water 
657448 reg ion 
826727 where 
957220 R=17.4742 
1135028 cm 
1388833 
1706729 
2213283 
2920848 
3350996 
3912222 
4669575 
5628258 

2=310.58 cm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
401 6611728 1 194444 
402 7236547 1177849 water i n  
403 8330752 121 1174 rectangular 
404 10578428 1373538 ho le  i n  
405 14779665 1724710 co l l ima to r  
406 15574741 1648657 
407 16548724 1584309 

2=399.48 cm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

HB307B (2M) HB307D (5M) 
1960 W.Tube 1960 W.Tube 

c e l l  populat ion populat ion 

2416.7841 cm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1001 129931 
1002 211966 
1003 25 1488 
1004 303359 
1005 28655 1 
1006 281599 
1007 295579 
1008 330599 

2013590 
2789359 water ins ide 
2810499 10.16-cm-diam 
2883304 part o f  1960 
2322314 water tube 
1938155 
1723785 
1642062 

1501 1786047 
1502 2488378 
1503 3509576 
1504 5039333 
1505 6754982 
1506 8568638 
1507 11003972 
1508 14411121 
1509 191 93043 
1510 25863946 
1511 35485652 
1512 47841899 
1513 65288285 

6378430 
7548536 
9049368 b ig  water 
11038789 region 
12565165 where 
13543794 R=17.4742 
14830770 cm 
16531 105 
18669722 
21479141 
2495671 7 
28596954 
33236548 

2=310.58 cm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1601 14805227 6788285 
1602 13208499 5254607 water i n  
1603 1381 7089 4744579 rectangular 
1604 14500298 4194883 hole in 
1605 15787049 3946292 cot l imator 
1606 16887164 3806567 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2=399.48 cm 
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demonstrated i n  Run HB307D uas considered qui te acceptable - -  ie, i t  uas not diminishing t o  the 
point uhere s ta t i s t i cs  uould become poor, and i t  uas not a r t i f i c i a l l y  growing out of control t o  
the point where i t  uould impact calculat ional  ef f ic iency too adversely. 

C.6.5 Key Results 

Table c6.5 shows the g a m  f luxes and dose rates a t  a point midway between the col l imator and rotary 
shutter when the uater tube and col l imator sections are both flooded and the H F I R  i s  operating a t  100 MU. 
Results are shown for Run HB307C, which used 2 m i l l i o n  h is to r ies  and i s  based on the 1998 uater tube, 
as well as for  Run HB307D, uhich used 5 m i l l i o n  h is to r ies  and incorporates the or ig ina l  1960 water tulx 
design. I n  both cases, the f l u x  and dose ra te  estimates are based on Tal l ies 15 arxl 25, respectively. 
These point  detectors are located a t  X=O, Y=O, 2=407.464 cm ( in the void region just domstream of the 
water- f i l led collimator). 
Moreover, the energy-dependent f luxes and dose rates shown here correspond t o  the g a m  energy spectrun 
a t  the detector location. 

_ _ _ _ _ - - - - - - - * - - - - -  

Note that  the ro ta ry  shutter i t s e l f  uas not actual ly included i n  these models. 

The f i r s t  and most interesting th ing t o  note i s  that  the gama dose rate a t  t h i s  location (due t o  the 
or ig ina l  laprimary'a g m s  streaming down the beam tube and inpinging on the uater tube) i s  approximately 
4.1 times higher fo r  the shorter 1998 water tube than fo r  the or ig ina l  (longer) 1960 water tube. i n  the 
case of the older (longer) uater tube, the dose ra te  there uas 26.77 Rem/hr, uh i l e  fo r  the newly proposed 
(shorter) uater tube it was 109.31 Remlhr. 
s t a t i s t i c a l  deviations o f  about 0.85% t o  1.14%, respectively, 
associated u i t h  the g a m  leakage a t  t h i s  locat ion suggest that  the actual uncertaint ies (discussed Later) 
may be m r e  l i k e  IO-15%. 

The second thing t o  note from Table C6.5 i s  that about ha l f  of the dose comes f ran  garmuas that are 
ul t imately in the 7.5 t o  8.0 MeV range, uh i l e  about ha l f  the dose comes frm g m s  that are ul t imately 
i n  the 3 (or 4) to  7.5 MeV energy range. This corresponds t o  jus t  the 7 or 8 most energetic g a m  source 
groups. This, i n  turn, means tu0 things: 
by Just analyzing these energy groups, and (b) the actual uncertainty re la t i ve  t o  r e a l i t y  i s  more closely 
l inked t o  uncertainties i n  the o r ig ina l  source teras in  these part icular groups (cf  Table 2.2b) than t o  
the uncertainties i n  th i s  transport calculat ion. [Note that f o r  tangential beam tubes, gama sources in 
th i s  energy range come pr imari ly from <n,g) reactions i n  the alunimm at  the hot end of  the beam tube as 
calculated by the large global analyses described in  S e c t  2,  uh i l e  for  the rad ia l  beam tube (Ha-21, gama 
sources in  th i s  energy range are more l i k e l y  t o  corne d i r e c t l y  from prwpt and delayed f i ss ion  garmres i n  
the core.] 

. Both point  detector estimates appear t o  be well converged, u i t h  
although the boundary crossing estimators 

(a) the calculat ion c w l d  probably be made a l o t  more e f f i c i en t  

Lastly, these findings are i n  qua l i t a t i ve l y  good agreement u i t h  the sinple 3 -grwp snalyt ic f o m l a  
presented in  Sect 5.2, uhose resul ts uere known a p r i o r i .  
excellent agrement with results f ran  the t o t a l l y  independent 23-group point kernel approach uhich uas 
developed concurrently t o  cross check the MCNP results. Table 5.5, uhich compares the resul ts obtained 
by these tuo methods shows that: (a) f o r  the 1998 water tube, the point kernel method i n  QADD3 yielded 
a dose rate of 103.05 Rem/hr a t  t h i s  location, uhich i s  very close t o  the 109.31 Rem/hr obtained by 
MCNP R u n  HB307C; (b) f o r  the 1960 water tube, the point kernel method i n  QADD3 yielded a dose rate 
of 23.93 Rem/hr a t  th is  location, uhich i s  very close t o  the 26.77 R d h r  obtained by MCHP R u n  HB307D. 
Moreover, based on the 23-group point  kernel approach, one i s  compelled t o  reach the same conclusion with 
respect t o  the re la t i ve  inportance o f  the various gama source groups. 
findings of the point kernel method i n  more detai l ,  i t  i s  noted that: (a) for  the 1998 uater tube, the 
primary gama sources in  VELM groups 1-8 ( j us t  those above 3.0 MeV) contr ibute 98.090% o f  the f i n a l  gama 
dose a t  the location of interest (impingent on the rotary shutter, just  dounstream o f  the water - f i l l ed  
collimator); while (b) fo r  the 1960 water tube, the primary ganma sources in VELM groups 1-8 contribute 
98.945% of the f i n a l  g a m  dose a t  the Location o f  interest. Inpl icat ions f o r  running the MCWP calculations 
more e f f i c i en t l y ,  based on t h i s  knowledge, are discussed i n  Sect 5.5. There i t  i s  shoun that, by ignoring 
a l l  louer energy gams,  the MCNP calculat ions could be made t o  run about 17 times faster than the present 
calculations, even i f  the irrportance regions i n  t h i s  s i n p l i f i e d  problem were l e f t  unchanged. Moreover, 
if one were t o  focus exclusively on gamnas on the 3-8 MeV range, then the mean free path uould be more 
constant throughout the problem and smieuhat longer than the mean free path assumed here at the hot end 
of the water tube, such one c w l d  get by u i t h  fever in-portance regions and less geometric sp l i t t ing ,  
thus result ing i n  even further gains i n  calculat ional  ef f ic iency.  [Generally, t h i s  would not maintain a 
constant ( t o ta l )  g m  population throughout the problem, but i t  uould maintain a more constant population 
of "nunerical part ic les" representing the higher-energy gamnas that rea l l y  contribute t o  the f i n a l  result. 
Moreover, i f  the g a m  sources i n  the other groups uere set t o  zero a t  the s ta r t ,  then even the to ta l  
population uould appear t o  be constant u i t h i n  the l i m i t s  described above.] 

Additional resul ts o f  interest  are shown i n  Tables C6.6 and C6.7. The f i r s t  shous the g a m  leakage rates 
(p/s), i n  various energy and angular ranges, on the domstream (ex i t )  side o f  the 2.75-inch x 5.5-inch 
rectangular hole through the col l imator when the 1998 water tube and col l imator sections are both floaded 
and the H F I R  i s  operating a t  100 MU. These resul ts are from Run HB307C, uhich used 2 m i l l i o n  histor ies and 
uas based on the neu (shorter) 1998 water tu& design. Table C6.7 shous the corresponding resul ts from Run 

More importantly, these findings are i n  

In Sect 5.5, uhich discusses the 
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Table C6.5. 
when the water tube and co l l imator  sections are both flooded and the H F I R  i s  operating a t  100 MU. 
Results a re  shown f o r  R u n  HB307C, which used 2 m i l l i o n  h i s t o r i e s  and i s  based on the 1998 water tube, 
as u e l l  as f o r  Run HB307D. which used 5 m i l l i o n  h i s t o r i e s  and i s  f o r  the o r i g i n a l  1960 water tube. 
I n  both cases, t he  f l u x  and dose ra te  estimates are based on T a l l i e s  15 and 25, po in t  detectors  which 
are located a t  X=O, Y=O, 2=407.464 cm ( in  a vo id  reg ion j u s t  downstream o f  the w a t e r - f i l l e d  co l l imator) .  
Note t h a t  the r o t a r y  shut ter  i t s e l f  was not  a c t u a l l y  included i n  these models. Moreover, the energy- 
dependent f l uxes  and dose rates shown here correspond t o  the g a m  energies a t  t h i s  detector  locat ion.  

G a m  f luxes and dose rates a t  a po in t  midway between the co l l imator  and r o t a r y  shu t te r  

Emin Emax 
(MeV) (MeV 

0.000 - 0.010 
0.010 - 0.020 
0.020 - 0.045 
0.045 - 0.070 
0.070 - 0.10 
0.10 - 0.15 
0.15 - 0.30 
0.30 - 0.40 
0.40 - 0.51 
0.51 - 0.60 
0.60 - 0.70 
0.70 - 1.0 
1.0 - 1.5 
1.5 - 2.0 
2.0 - 2.5 
2.5 - 3.0 
3.0 - 4.0 
4.0 - 5.0 
5.0 - 6.0 
6.0 - 7.0 
7.0 - 7.5 
7.5 - 8.0 
8.0 - 10.0 
10.0 - 14.0 

Total: 

Total: 

G-FLUX f sd 
<p/s/cm2) 

0.00000E+00 .OOOO 
1.31885€+04 .1536 
7.66123E+04 .0947 
7.51274€+04 .0853 
8.80572E+04 .0687 
1.48767€+05 .0629 
3.06887E+05 .0588 
1.24954E+05 .0576 
1 .23?37€+05 .0625 
1.54585E+05 .0608 
6.58593€+04 .0663 
1.58518€+05 .0570 
2.15834€+05 .0463 
2.41 709E+O5 .0345 
3.15030E+05 .0271 
3.90983E+05 .0266 
1.24757€+06 .0210 
2.01818€+06 .0163 
1.69435E+06 .0234 
3.59676€+06 .0162 
9.91370€+05 .a302 
5.29945€+06 .0086 
3.66893€+05 .0478 
0.00000€+00 .oooo 

1.77144€+07 .0152 
_ - - - - _ _ - - - -  

G-Dose f sd 
(mrem/h r ) 

0.00000€+00 
2.53493€+01 
4.42520E+01 
2.06345E+01 
2.34620E+01 
4.87463€+01 
1.73931€+02 
1.09452E+02 
1.34279€+02 
1.97822€+02 
9.49493E+01 
2.78405E+02 
4.99785E+02 
7.07482E+02 
1.09271€+03 
1.54814€+03 
5.76639E+03 
1.09256€+04 
1.04895€+04 
2.49130E+04 
7.41376€+03 
4.15837€+04 
3.21824€+03 
0.00000E+00 

1.09310€+05 
- - - - - - _ _ _ _ _  

109.31 Rem/hr 

.oooo 

.1635 - 0947 
-0853 
.0687 
.0629 
.0588 
.0576 
.0625 

.om 

.0570 

.0463 

.O345 
-0271 
.0266 
.0210 
-0163 
.om 
.0162 
.0302 
.0086 
.0478 
* 0000 

-0114 

.ob08 

G-Flux f sd 
(P/S/cmt) 

0.00000€+00 .DO00 
4.06284E+03 -1236 
2.25621€+04 .0947 
2.28770E+04 -0700 
2.46462€+04 .0540 
4.15198E+04 -0498 
8.34084E+04 .0471 
3.46754E+04 -0439 
3.15359€+04 .0439 
4.11664E+04 -0421 
1.74080€+04 .0519 
4.0491 E+04 -0425 
5.30227€+04 -0371 
5.13129E+04 -0299 
5.92829E+04 -0234 
7.22261€+04 -0202 
2.29964E+05 -0149 
4.06580€+05 -0115 
4.15572E+05 -0143 
8.89728E+05 -0100 
3.02390€+05 .0200 
1.34149E+06 -0072 
1.03207€+05 .0453 
3.93554€+02 -4127 

4.28952E+06 -0118 
- - _ _ - - - _ _ _ _  

G-Dose 
(mrem/hr) 

0.00000€+00 
7.50793€+00 
1.30321E+01 
6.28341€+00 
6.56674E+00 
1.36048€+01 
4.72726€+01 
3.03736E+01 
3.42228E+01 
5.26806€+01 
2.50971€+01 
7.11156€+01 
1.22779€+02 
1.50193E+02 
2.05629E+02 
2.85986E+02 
1.06292€+03 
2.20106E+03 
2.57277E+03 
6.16270E+03 
2.26136E+03 
1.05264€+04 
9.05291E+02 
4.33697E+OO 

2.67692E+04 

26.77 Rem/hr 

_ _ - - - - _ - _ _ _  

fsd 

. 0000 
-1160 
-0947 
-0700 
-0540 
-0498 
.0471 
-0439 
.0439 
-0421 
.0519 
-0425 
-0371 
.0299 
.0b4 
.0202 
.0149 
.0115 
.0143 
.0100 
-0200 
-0072 
.0453 
.4127 

-0085 

312 



HB307D uhich used 5 m i l l i o n  histor ies arid uas based on the or ig ina l  (longer) 1960 uater tube design. Results 
i n  the f i r s t  co lum are based on Tally 51 and shou the to ta l  leakage (p/s) f o r  a l l  gamnas integrated over 
the en t i re  forward hemisphere (0 to  90 degrees). Results in the other colums are based on Ta l ly  41 and shou 
the t o t a l  leakage (p/s)  u i t h i n  discrete angular ranges (0-2 degrees of the centerline, 2-5 degrees o f  the 
centerline, etc). 
p i n t  detectors. Also note that these are UleakagesB rates (p/s) by energy group, not fluxes or currents. 
one can d iv ide  by the area of the hole to  get currents, but the f luxes are not imnediately avai lable frm 
th i s  data since the e f fec t  of individual par t i c le  d i rec t ion  cosines with respect t o  the e x i t  surface have 
already been applied t o  get the leakage rates. Moreover, the detai led resu l ts  i n  Tables C6.6 and C6.7 w t d  
l i k e l y  only be useful i n  the event that one had t o  construct a space-energy-angle-dependent boundary source 
by hand f o r  use i n  a subsequent bootstrapped shielding analysis of the ro ta ry  shutter using S M R ~  alternate 
analyt ic technique (PAD, DORT, TORT, etc). 
would be f a r  be t te r  and easier t o  l e t  the preliminary MCNP calculat ion u r i t e  a binary %urface swrce  f i l e "  
uhich could then be used in  the follou-up shielding analysis i f  necessary.1 
be noted: 

These resul ts from Tal l ies 41 and 51 are based on "realu boundary crossing counters, not 

[ I f  one anticipated using HCNP i n  the subsequent calculation, i t  

Nevertheless, two things s h w l d  

-. .. . 

(1) The zeros in  the laver r i gh t  hand corner of these tables corresponding t o  high-energy g a m s  emerging 
a t  targe angles u i t h  respect to  the centerline do not necessarily denote poor s t a t i s t i c s  o r  any a m l y  
u i t h  the analysis. 
Klein-Nishina scatter ing laus establish a unique relat ionship between the angle o f  scatter and the 
amount of energy l os t  i n  a scattering event. High-energy ganmas scatter ing through large angles 
necessarily end up a t  lower energies. 

(2) In the higher energy range o f  primary interest (6-8 MeV), the calculat ional uncertaint ies based on the 
associated fsd's ( f ract ional  standard deviations) are substant ia l ly  higher than what one vould be led t o  
believe based on the point detector responses c i ted  above. Uhi le the point  detector t o t a l  dose rates 
had fsd's on the order of I%, the boundary crossing t a l l i e s  fo r  the t o t a l  gamna leakage i n  the 6-8 Rev 
range have fsd's on the order of IO-12% for  the 1998 uater tube (see co lum 1 of Table C6.6, based on 
Run HB307C u i t h  2 m i l l i o n  histories), and on the order of 6-8% fo r  the 1960 uater tube (see c a l m  1 of 
Table C6.7, based on R u n  HR307D u i th  5 m i l l i on  histories), uh i l e  the resu i ts  i n  the 8-10 MeV range have 
uncertaint ies in  the 27-352 range, depending on the model. Uhi le those i n  t h i s  higher energy range 
(8-10 MeV) contr ibute only marginally to  the dose ra te  a t  t h i s  par t i cu la r  location jus t  dounstream 
of the col l imator ( c f  Table C6.51, they may have a somewhat larger r o l e  i n  determining the dose ra te  
dovnstream of the ro ta ry  shutter i n  any subsequent bootstrapped calculat ion. Thus, despite the good 
point detector f l u x  and dose rates estimates, and despite the good uncertaint ies on the overal l  gama 
leakage ra te  (especial ly in  the less important g a m a  energy ranges), the qua l i t y  o f  these boudary 
crossing t a l l i e s  in  the higher energy ranges i s  probably a l i t t l e  less than normally desirable i f  these 
resul ts uere t o  be used as boundary source t e r n  in  a fol lou-up bootstrapped shielding analysis fo r  the 
rotary shutter. 

Moreover, t h i s  i s  actual ly a consequence of the basic physics. The Compton and 

Thus th i s  resul t  i s  t o  be expected. 

Lastly, i t  i s  useful or a t  least interesting to  ccnnpare the to ta l  gama leakage through the u a t e r - f i l l e d  
rectangular hole, u i t h  the to ta l  gamna leakage through the rest  o f  the s tee l  col l imator assembly. Table 
C6.8 shous the t o t a l  integrated g a m  leakage rates (p/s) across the en t i re  dounstream surface of the 
col l imator a t  2=399.48 cm, uhen the 1998 water tube and col l imator sections are both flooded and the HFIR 
i s  operating a t  100 MU (based on R u n  HB307C), uh i le  Table C6.9 shows the corresponding gama leakage rates 
when the 1960 uater tube and collimator sections are both flooded (based on R u n  HB307D). 
these tables show the gemna leakage rates through each o f  f i ve  d i f fe ren t  segments o f  the 34.9484-cwdim 
disk (a t  2=399.48 cm) corresponding t o  the dounstream end of the collimator, with the f i v e  di f ferent 
segments being defined as shorn i n  Fig. C6.4. 
o f  the 2.75-inch x 5.5-inch ua te r - f i l l ed  rectangular hole, white segments 1 t o  4 correspond t o  d i f fe ren t  
portions of the steel  col l imator surrounding the rectangular hole. In the case o f  the 1998 uater tube, 
the g a m  leakage through the ua te r - f i l l ed  hole accounts fo r  87.0% of the t o t a l  g a m  leakage (over a l l  
energies), but about 97.8% of a l l  the high-energy gaium leakage. 
the gama leakage through the ua te r - f i l l ed  hole accounts fo r  B6.B of the t o t a l  garma leakage (over a l l  
energies), but about 95.4% of a l l  the high-energy g a m  leakage. 

More speci f ical ly,  

Segment 5 corresponds t o  the area imnediately i n  front 

In the case of the 1960 uater tube, 

C.6.6 Conclusions and Possible Improvements 
__________________- -_____r______________- - - -  

In the case of the 1998 uater tube, R u n  HB307C shoued the dose ra te  dounstream of the col l imator t o  be 
109.31 Rem/hr when the uater tub? and collimator sections are both flooded and the H F I R  i s  operating a t  
100 MU. I n  the case of the 1960 uater tube, R u n  HB307D s h o d  the dose ra te  domstream o f  the col l imator 
t o  be 26.77 Rem/hr uhm the water tube and collimator sections are both flooded. These resul ts are in 
very good agreement uith those from a t o t a l l y  independent 23-group point  kernel analysis uhich showed the 
corresponding dose rates to  be 103.05 Rem/hr and 23.93 Rem/hr, respectively. 
98% t o  99% of the to ta l  g a m  dose rate dounstream of the col l imator comes frcm the or ig ina l  (primary) 
gama sources in  E L M  groups 1 through 8. 
rate re la t i ve  t o  r e a l i t y  i s  keenly dependent of the uncertainty associated uith these par t i cu la r  source 
terms. 
have been made t o  run 17 times faster i f  a l l  other source t e r m  had k e n  ignored, u i t h  no s ign i f i can t  

As shown by k r t h  methods, 

This means that the ul t imate uncertainty of the calculated dose 

As shown above and in  Sect 5.2, i t  also means that the same MCNP calculat ions described here could 
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Table C6.6. 
rectangular ho le  through the co l l ima to r  when the 1998 water tube and co l l ima to r  sect ions are both f looded and the  H F I R  i s  operat ing a t  100 MU. 
show f o r  Run HB307C, which used 2 m i l l i o n  h i s t o r i e s  and was based on the new (sho r te r )  1998 water tube design. 

Gama Leakage (p/s) and corresponding fsd’s, i n  var ious energy and angular ranges(*), on the downstream ( e x i t )  s ide  o f  the 2.75-inch X 5.5-inch 
Resul ts are 

(See recomnended values in  Table D5.4) 

Eniin Emax 
(MeV) (MeV) 

0.010 - 0.020 
0.020 - 0.045 
0.045 - 0.070 
0.070 - 0.10 
0.10 - 0.15 
0.15 - 0.30 
0.30 - 0.40 
0.40 - 0.51 
0.51 - 0.60 
0.60 - 0.70 
0.70 - 1.0 
1.0 - 1.5 
1.5 - 2.0 
2.0 - 2.5 

w 2.5 - 3.0 
;;I 3.0 - 4.0 

4.0 - 5.0 
5.0 - 6.0 
6.0 - 7.0 
7.0 - 7.5 
7.5 - 8.0 
8.0 - 10.0 
10.0 - 14.0 

Total :  

Range: 0-90 deg 

(p/s) fsd 

1.90358e+6 .0710 
1.08476e+7 .0612 
1.34898e+7 .0579 
1.65498e+7 .0544 
2.86673e+7 .0539 
5.46128e+7 .0533 
2.30162e+7 .0536 
2.17889e+7 .0533 
3.37558e+7 .0569 
1.27881e+7 .Ob94 
3.39917e+7 .0467 
4.75156e+7 .0436 
4.45523e+7 .0395 
5.04022e+7 .0384 
4.95271e+7 .0444 
1.53775e+8 .0554 
2.11871e+8 .On8 
1 .83079e+8 .0965 
4.15767e+8 .lo72 
9.73410e+7 .la98 
4.31933e+8 .1172 
7.18729e+7 .3444 
0.00000e+O .OOOO 

2.00905e+9 .0533 

Range: 0-2 deg 

(p/s) fsd 

1.90358e+S .1424 
6.79038e+5 .lo05 
7.24496e+5 .0910 
6.84720e+S .lo04 
7.69955e+S .0924 
1.64219e+6 .OB12 
7.01767e+S .0901 
6.08009e+5 .0973 
5.39821e+5 .lo91 
4.20492e+5 .lo89 
1.09953e+6 .0832 
1.81266e+6 .0692 
3.60259e+6 .0756 
1.10294e+7 .0909 
1.06458e+7 .1333 
7.18160e+7 .0977 
1.30355e+8 .lo80 
1.02972e+8 .1569 
3.30237e+8 .1262 
5.75079e+7 .3107 
4.15895e+8 .I195 
6.80004e+7 .3502 
0.00000e+0 .DO00 

1.21193e+9 .0626 

Range: 2-5 deg 

(p/s) f sd  

3.94921e+5 .I035 
1.94051e+6 .0780 
1.96608e+6 .0779 
1.83539e+6 .0704 
2.45476et6 .0692 
4.53449e+6 .0695 
2.05984e+6 .0723 
1 .97177e+6 .0708 
1.62230e+6 -0756 
1.29273e+6 .0731 
3.18210e+6 .0664 
4.25038e+6 .0606 
3.90944e+6 .OS90 
4.06570e+6 .0589 
4.38959e+6 .0645 
1 .34387e+7 .05 14 
2.05700e+7 .0882 
2.37010e+7 .lo66 
4.08815e+7 .0989 
2.94771et7 .0885 
1.48650e+7 .1217 
2.82127e+6 -2935 
0.00000e+0 .OOOO 

1.85624e+8 .0428 

Range: 5-10 deg 

(p/s)  fsd 

4.94362e+S .0972 
2 . 5 3 4 3 2 ~ 6  .0703 
2.44056e+6 .0680 
2.31555e+6 .0650 
3.36678et6 .0625 
6.07156e+6 -0585 
2.82127e+6 .0633 
2.62807e+6 .0612 
2.44624e+6 -0650 
1.65071e+6 .0713 
3.90376et6 .0572 
5.11409e+6 .0540 
4.34129e+6 .0476 
4.63393e+6 .0443 
5.12261e+6 .0461 
1.54957-7 .0450 
1.91295e+7 .0561 
2.81502e+7 .0642 
3.91938e+7 .0676 
1.01486e+7 .lo52 
1.12794e+6 .2485 
1.04839e+6 .4696 
0.00000e+0 .OOOO 

1.64179e+8 .0438 

Range: 10-20 deg 

(p /s )  fsd 

4.31857e+5 .0967 
2.24452e+6 .0645 
2.61955e+6 .0609 
2.95481e+6 .0611 
4.75610e+6 .OS79 
8.44393e+6 .0535 
3.60259e+6 .0594 
3.52304e+6 .os82 
4.48904e+6 .0587 
1.84960e+6 .0626 
4.49472e+6 .0540 
6.35000e+6 .0463 
6.42387e+6 .0410 
7.20519e+6 .0389 
1.03930e+7 .0441 
3.12386e+7 .0470 
4.01882e+7 .0582 
2.82298e+7 .0723 
5.45503e+6 .1161 
2.07405e+5 .5207 
4.54586e+4 .9396 
2.84116e+3 .W99 
0.00000e+0 .OD00 

1.75149e+8 .0471 

Range: 20-30 deg 

(P/s) f sd  

1.78993e+5 .1280 
1 . 1 1089e+6 .0732 
1.61662e+6 .0670 
2.23315e+6 .0582 
4.07991e+6 .0561 
7.28474e+6 .0547 
3.12244e+6 .0584 
3.26449e+6 -0597 
5.11693et6 .0590 
1.45467et6 .0599 
3.56282e+6 .OS10 
5.73631e+6 .0421 
6.82447e+6 .0380 
1.24841e+7 .Oh42 
1.76067e+7 .OS18 
2.14849e+7 .0656 
1.62799e+6 .lo22 
2.55705e+4 .3333 
o.oooooe+o .oooo 
0.00000e+O .OOOO 
0.00000e+O .OOOO 
O.O0000e+O .OOOO 
0.00000e+0 .OOOO 

9.88156e+7 .0471 

Range: 30-60 deg 

(p/s)  fsd 

1.78W3e+5 .1375 
1.82687e+6 .0685 
3.21335e+6 .0609 
4.89248e+6 .OS82 
9.90997e+6 .0557 
1.91892et7 .OS48 
8.40867e+6 .0559 
7.11427e+6 .OS64 
1.33961e+7 .0618 
3.44065e+6 .0514 
1.27852e+7 -0433 
2.38004e+7 .0454 
1.94392e+7 .0494 
1.09839e+7 .0640 
1.36944e+6 -0787 
3.01163e+5 .1223 
0. oooooe+o .oooo 
0.00000e+0 .OOOO 
0.00000e+0 .OOOO 
0.00000e+0 .OOOO 
0.00000e+0 .OOOO 
0.00000e+O .OOOO 
0.00000e+0 .OOOO 

1.39950e+8 .0497 

Range: 60-90 deg 

(p/s) fsd 

3.40939e+4 -2887 
5.11409e+5 .0926 
9.091 72e+5 .0789 
1.63367e+6 .0700 
3.32984e+6 .0620 
7.44668e+6 .0545 
2.5W66e+6 .0596 
2.67922e+6 .0597 
6.14543e+6 .0586 
2.67922e+6 .0560 
4 -96351 e+6 .0561 
4.51745e+5 .lo12 
1.13646e+4 .SO00 
0.00000e+O .OOOO 
O.O0000e+0 .OOOO 
0.00000e+0 .OOOO 
0.00000e+0 .OOOO 
0.00000e+O .OOOO 
0.00000e+O .OOOO 
0.00000e+O .OOOO 
o.oooooe+o .oooo 
0.00000e+0 .OOOO 
0.00000e+O .OOOO 

3.33950e+7 .0515 

* Results i n  the f i r s t  co lwm are based on T a l l y  51 and show the t o t a l  leakage (p/s)  f o r  a l l  g a m s  in tegrated over the e n t i r e  forward hemisphere (0 t o  90 degrees). 
Results 
the center l ine,  etc) .  These resu l t s  from T a l l i e s  41 and 51 are based on “reali1 boundary crossing counters, no t  p o i n t  detectors.  Also note t h a t  these are “ieakageii 
rates Ip /s)  by energy group, not f luxes o r  currents.  One can d i v i d e  by the area o f  t h e  ho le  t o  get currents,  but the f l uxes  are not  immediately ava i l ab le  from t h i s  
data s ince the ef fect  of ind iv idual  p a r t i c l e  d i r e c t i o n  cosines w i th  respect t o  the  e x i t  surface have already been appl ied t o  get the leakage rates.  

i n  the other c o l m s  are based on T a l l y  41 and show the t o t a l  leakage (p/s)  w i t h i n  d i sc re te  angular ranges (0-2 degrees o f  the center l ine,  2-5 degrees o f  
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Table C6.7. 
rectangular hole through the co l l ima to r  when the 1960 water tube and co l l ima to r  sections are both flooded and the H F l R  f s  operating a t  100 MU. 
shown for  Run HB3070, which used 5 m i l l i o n  h i s t o r i e s  and was based on the o r i g i n a l  1960 water tube design. 

G a m  leakage (p/s) and,corresponding fsd's, i n  various energy and angular ranges(*), on the downstream ( e x i t )  side of the 2.75-inch x 5.5-inch 
Results are 

Emin Emax 
(MeV) (MeV) 

0.010 - 0.020 
0.020 - 0.045 
0.045 - 0.070 
0.070 - 0.10 
0.10 - 0.15 
0.15 - 0.30 
0.30 - 0.40 
0.40 - 0.51 
0.51 - 0.60 
0.60 - 0.70 
0.70 - 1.0 
1.0 - 1.5 
1.5 - 2.0 
2.0 - 2.5 2 2.5 - 3.0 

4.0 - 5.0 
3.0 4.0 

5.0 - 6.0 
6.0 - 7.0 
7.0 - 7.5 
7.5 - 8.0 
8.0 - 10.0 
10.0 - 14.0 

Total: 

Range: 0-90 deg 

(p/s) fsd 

5.18544et5 .0479 
2.80183et6 .04 17 
3.38389et6 -0393 
4.20428et6 -0372 
7.16378et6 ,0364 
1.37045et7 .0367 
5.81332et6 .0368 
5.36391et6 .0375 
8.63116et6 .0391 
3.09215et6 .0343 
8.06456et6 .0329 
1.10817et7 .0307 
9.75538et6 .0286 
9.82114et6 .0260 
1.04808et7 .0260 
2.78516et7 ,0281 
4.42632et7 ,0413 
4.79326et7 .0551 
9.59239et7 .0631 
3.02273et7 .I002 
1.2591 2e+8 .0771 
1.44538et7 .2653 
0.00000e+O .OOOO 

4.90445et8 .0363 

Range: 0-2 deg 

(p/s) fsd 

4.04717et4 .0926 
1.92803et5 .0652 
1.85777et5 .0634 
1.63573et5 .0622 
2.27935et5 .0590 
4.1 n65e t5  .0550 
2.00110et5 .0611 
1.72848et5 .0644 
I. 28442et5 .0658 
1.25631et5 .0674 
3.06630et5 .0526 
4.10901et5 .0500 
4.95217et5 .0468 
1.06744e+6 .0548 
1.79087et6 .0719 
9.00159et6 .0622 
2.38485e+f ,0670 
2.51731et7 .0937 
7.22508e+7 .0788 
1.87775e+7 .I574 
1.21465et8 .0781 
1.32137etf .2713 
0.00000e+0 .OOOO 

2.89657et8 .0433 

Range: 2-5 deg 

(p/s) fsd 

1.16918et5 .0676 
5.13485et5 .0512 
4.94655et5 .0511 
4 .?3857e+5 .04W 
6.26188e+5 .0475 
1.23130e+6 .0449 
5.61546et5 .0474 
4.97465et5 .0488 
4.26640et5 .0474 
3.40637e+5 .0512 
8.05781e+5 .0470 
1.04440et6 .0415 
8.85038et5 .0410 
8.82790et5 .0354 
1.02416et6 ,0339 
3.11042e+6 .O274 
5.12923e+6 .0315 
7.69413et6 .OS77 
1.14150e+7 .0380 
8.52998et6 -0430 
4.11294et6 .0729 
8.70705et5 .I877 
0.00000e+O .OOOO 

5.07873et7 -0237 

Range: 5-10 deg 

(p/s) fsd 

1.39122et5 .0647 
6.17194e+5 .0455 
6.07638et5 .0441 
6,40803et5 .0439 
8.39227e+5 .0413 
1.55114et6 .0405 
7.301 78e+5 ,0419 
6.57385et5 .0427 
6.25626et5 .0438 
3.92632e+5 -0462 
9.33661et5 ,0411 
1.18605e+6 .0378 
9.94087et5 .0360 
9.31412et5 .0318 
1 .06997e+6 .0294 
3.13600e+6 .0240 
4.52862et6 .0291 
7.35771et6 -0360 
1.06039et7 .0418 
2.83330et6 .0694 
3.19558et5 .1922 
3.69305et5 ,335 1 
0.00000e+O .OOOO 

4.10645et7 .0294 

Range: 10-20 deg 

(p/sl fsd 

1.24788et5 -0616 
6.16351e+5 .0429 
6.41927e+5 .0423 
7.29335e+5 .0407 
1.18099et6 .0384 
2.13095et6 .0376 
9.19046e+5 .0403 
8.84757et5 .0413 
1.21190et6 .0413 
4.40692et5 ,0421 
1 ,09864et6 -0371 
1.43900et6 -0336 
1.33641et6 .0291 
1.51853et6 .0261 
1.93365e+6 .0254 
6.78323et6 .0268 
1.03197et7 .0360 
7.69778e+6 .0469 
1.65428et6 .0781 
8.65646et4 .3567 
1.43337e+4 .5983 
0.00000e+O .OOOO 
0.00000e+O .OOOO 

4.27629e+7 .0325 

Range: 20-30 deg 

(p/s)  fsd 

4.97465et4 ,0817 
3.06911e+5 .0489 
4.04436e+5 .0445 
5.52552et5 .0405 
1.02753et6 .0378 
1.78863et6 .0386 
7.92010et5 .0411 
7.50695et5 .0411 
1.27627e+6 .0411 
3.28833et5 .0434 
8.35854et5 ,0375 
1.25209e+6 .0316 
1.41426et6 .0253 
2.56518et6 .0252 
4.28101et6 .0332 
5.73406et6 .0431 
4.37039e+5 .0748 
9.83688e43 .1917 
0.00000e+O .OOOO 
o.oooooe+o .oooo 
0.00000e+O .OOOO 
0.00000e+0 .OOOO 
O.O0000e+O .OOOO 

2.38069e+7 .0329 

Range: 30-60 deg 

(p/s) fsd 

4.15960et4 .0917 
4.38444et5 .0458 
8.05500et5 .0402 
1.24001et6 .0385 
2.47805et6 .0373 
4.79169et6 .0368 
1.92662et6 .0373 
1.75181et6 .0390 
3.39822et6 .0406 
7.94258et5 .0359 
2.86675e+6 .0297 
5.63738et6 .0301 
4.62868et6 -0324 
2.85579et6 .0415 
3.81109et5 .0574 
8.62835et4 ,0739 
0.00000e+0 .OOOO 
0,00000e+0 .OOOO 
0.00000e+0 .OOOO 
O.OOOOOe+O .OOOO 
0.00000e+0 .DO00 
0.00000e+O . 0000 
0.00000e+O .OOOO 

3.41222et7 .0336 

Range: 60-90 deg 

(p/s) fsd 

5.90213et3 .2182 
1.16637et5 .0633 
2.43955e+5 -0508 
4.04155et5 .0445 
7.83859e+5 .0402 
1.79340et6 .0379 
6.83804e+5 .0401 
6.48953e+5 .0389 
1.56406et6 .0431 
6.69470et5 .0362 
1.21724e+6 .0380 
1.11859et5 .0626 
1.68632e+3 .4082 
0.00000e+0 .OOOO 
0.00000e+O .OOOO 
0.00000e+O .OOOO 
0.00000e+0 .OOOO 
0.00000e+O .OOOO 
0.00000e+0 .OOOO 
0.00000e+0 .DO00 
0.00000e+O .OOOO 
0.00000e+O .OOOO 
0.00000e+0 .OOOO 

8.24499et6 .0356 

* Results i n  the f i r s t  colunn are based on T a l l y  51 and shox the t o t a l  leakage (p/s) f o r  a l l  g a m s  integrated over the e n t i r e  forward hemisphere (0 t o  90 degrees). 
Results i n  the other colunns are based on T a l l y  41 end show the t o t a l  teakage ( /s) within d i sc re te  angular ranges (0-2 degrees o f  the centerl ine, 2-5 degrees of 
the centerline, etc). These r e s u l t s  from T a l l i e s  41 and 51 are based on V e a l t t  k u n d a r y  crossing counters, not po in t  detectors. Also note that  these a re  alteakagell 
rates (p/s) by energy group, not  f luxes o r  currents. One can d i v i d e  by the area o f  the hole t o  get currents, but the f luxes are not imnediately ava i l ab le  from t h i s  
data since the e f fec t  of i nd i v idua l  p a r t i c l e  d i r e c t i o n  cosines wi th  respect t o  the e x i t  surface have already been appl ied t o  get the leakage rates. 
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Fig. C6.4. Segmented areas used to tally the total gamma leakage 
(by energy group) at Z=399.48 cm in Tables C6.8 and C6.9. 
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Table C6.8. Tota l  i n teg ra ted  gama leakage (p/s) across the  e n t i r e  dounstream surface o f  t he  co l l ima to r  a t  
2.399.48 cm, i nc lud ing  the  w a t e r - f i l l e d  rectangular  ho le  (segment 5) ’  when t h e  1998 water tube and co l l ima to r  
sect ions are both f looded and the H F l R  i s  operet ing a t  100 MW. 
HB307C uhich used 2 m i l l i o n  h i s t o r i e s .  Co l l ec t i ve l y ,  area segments 1 t o  5 cover the  e n t i r e  34.9484-cm-diem 
surface a t  2=399.48 cm (as descr ibed in  Fig. C6.4), whi te  segment 5 corresponds t o  area d i r e c t l y  downstream 
o f  the 2.75-inch x 5.5-inch w a t e r - f i l l e d  rectangular hole. 

These r e s u l t s  are taken from T a l l y  51 o f  Run 

E m i n  Emax 
(MeV) (MeV) 

0.010 - 0.020 
0.020 - 0.045 
0.045 - 0.070 
0.070 - 0.10 
0.10 - 0.15 
0.15 - 0.30 
0.30 - 0.40 
0.40 - 0.51 
0.51 - 0.60 
0.60 - 0.70 
0.70 - 1.0 
1.0 - 1.5 
1.5 - 2.0 
2.0 - 2.5 
2.5 - 3.0 
3.0 - 4.0 
4.0 - 5.0 
5.0 - 6.0 
6.0 - 7.0 
7.0 - 7.5 
7.5 - 8.0 
8.0 - 10.0 
10.0 - 14.0 

Tote l  : 

Segment 1 
(p/s) fsd 

1.13646et4 .SO00 
5.1 1409et4 .2357 
1.42058et5 .I549 
5.59709et5 .0904 
2.84116et6 .0617 
9.92418et6 .0544 
5.28456et6 .OS63 
5.07716et6 ,0538 
5.31297et6 .OS60 
2.71047et6 -0558 
7.16825et6 .0492 
9.39856et6 .0470 
7.41543et6 .0477 
6.37557et6 .0491 
5.15671et6 .0488 
8.76498et6 .0497 
7.10006e+6 .0823 
7.02903et6 .2208 
5.11409et6 .2625 
1.45752et6 .1701 
6.39261et5 .2200 
2.32975e+5 .4427 
0.00000e+O .OOOO 

9.77672et7 .0545 
- - - - - - - - - - - - - - - -  

Segment 2 
(p/s) fsd 

8.52348et3 .5773 
5.68232et4 .2345 
1.56264e+5 .I595 
6.39261e+5 .0946 
2.83264et6 ,0706 
1.07879e+7 .0688 
5.48912et6 .0642 
5.02317et6 .0622 
5.67664et6 -0733 
2.66217e+6 .0631 
7.63136et6 .OS28 
9.52073e+6 .OS28 
7.61147e+6 .OS03 
6.53467et6 .0496 
5.3 1297et6 .OSIO 
9.07467et6 .0516 
6.53751 e t6  .0883 
6.47217et6 ,1337 
4.09127et6 .lo61 
1.24159e+6 .I469 
5.38684et6 .5572 
1.42058et5 .6112 
O.O0000e+O .OOOO 

1.02890et8 .0715 
_ _ _ _ _ _ _ - _ _ _ _ - - _ _  

Segment 3 
(p/s) fsd 

1.13646et4 .5000 
2.27293e+4 .3953 
5.96644et4 .2284 
2.84116et5 .I175 
1.03702et6 .OB67 
4.23617et6 ,0739 
2.09394e+6 .0769 
1.99734et6 .0742 
2.24736e+6 .OB10 
1. I8476et6 .0721 
2.89230et6 .OM6 
4.00320et6 .OS89 
3.36962et6 .OS98 
2.83264et6 .0634 
2.54000et6 .0637 
4.71633et6 .I004 
3.52872e+6 .0946 
2.65649et6 .lo98 
2.69910et6 .3137 
7.30170e+5 .3543 
7.30178et5 .3690 
1 .10805e+5 .5864 
0.00000e+0 .UOOO 

4.39840et7 .0712 
_.____-_-__-____ 

Segment 4 
(p/s) f sd  

1.42058et4 .4472 
3.97763et4 .2857 
8.52348et4 .2211 
3.12528e+5 .I681 
1.42626et6 .I116 
4.56291et6 .0950 
2.40362e+6 .0900 
2.25588e+6 .0947 
2.%5320e+6 -1103 
1.35523et6 ,0900 
3.20199et6 .0774 
4.42369e4 .0705 
3.44349et6 .Ob82 
2.9747Oet6 .0683 
2.58262et6 .0699 
5.37832et6 . lo71 
4.06854et6 .I225 
3.87534et6 .2994 
7.15120et6 .4637 
7.33020et5 .2419 
2.45476et6 .5532 
4.26174et4 .6633 
0.00000e+O .OOOO 

5.55191e+7 .1194 
_ _ _ - - - - - - - - - - - _ _  

Segment 5 
(p/s) f sd  

1.90358et6 .0710 
I .00476e+7 .0612 
1.34898e+7 .OS79 
1.65498et7 .0544 
2.866net7 .OS39 
5.46128et7 ,0533 
2.30162et7 .0536 
2.17889et7 .0533 
3.37558et7 .0569 
1.27881et7 .0494 
3.3991 7e+7 .0467 
4.75156et7 .0436 
4.45523et7 .0395 
5.04022e+7 .0384 
4.95271e+7 .0444 
1.53775e+8 ,0554 
2.11871e+B ,0738 
1.83079et8 .0965 
4.15767et8 ,1072 
9.73410et7 . le98 
4.31933e+8 .I172 
7.18729e+7 .3444 
0.00000e+0 .OOOO 

2.00905e+9 .0533 
_ - - - - - - - - - - - - - - -  



Table C6.9. Total integrated g a m a  leakage (p/s) across the entire downstream surface of the collimator at 
21399.48 cm, including the water-filled rectangular hole (segment 51, when the 1960 water tube and collimator 
sections are both flooded and the H F I R  i s  operating at  ID0 MU. 
H6307D which used 5 million histories. Collectively, area segments 1 to 5 cover the entire 34.9484-cm-diem 
surface at 2=399.48 cm (as described in Fig. C6.4), while segment 5 corresponds to area directly downstream 
of the 2.75-inch x 5.5-inch water-filled rectangular hole. 

These results are taken from Tally 51 of Run 

Emin Emax Segment 1 Segment 2 Segment 3 Segment 4 Segment 5 
(MeV) (MeV) (p/s) fsd (p/s) fsd (p/s) fsd (p/s) fsd (P/s) fsd 

0.010 - 0.020 
0.020 - 0.045 
0.045 - 0.070 
0.070 - 0.10 
0.10 - 0.15 
0.15 - 0.30 
0.30 - 0.40 
0.40 - 0.51 
0.51 - 0.60 
0.60 - 0.70 
0.70 - 1.0 
1.0 - 1.5 
1.5 - 2.0 
2.0 - 2.5 
2.5 - 3.0 
3.0 - 4.0 
4.0 - 5.0 
5.0 - 6.0 
6.0 - 7.0 
7.0 - 7.5 
7.5 - 8.0 
8.0 - 10.0 
10.0 - 14.0 

Total: 

1.12422e+3 .5000 
1.71443e+4 .I664 
4.38444e+4 .1189 
1.55142e+5 .0826 
6.95327e+5 .0490 
2.52105e+6 .0442 
1.32404e+6 .0426 
1.25266et6 .0431 
1.38054et6 .0516 
6.73124et5 -0415 
1.78244et6 .0359 
2.33359e+6 -0347 
1.78216e+6 .0338 
1.52978e+6 .0341 
1 ,27570et6 .0345 
2.21105e+6 ,0334 
1 .69054e+6 .0367 
1.84765e+6 .I974 
1.79734e+6 .I711 
3.95162et5 .I091 
9.94658e+6 .4957 
3.85044e+4 .5036 
0.00000e+O .DO00 

2.66945e+7 .0622 

1.12422e+3 .5000 
1.43337et4 .1400 
3.70991e+4 .IO39 
1.52050et5 .0644 
6.97857et5 .0430 
2.49632et6 .0410 
1.32826et6 .0420 
1.20263et6 .0396 
1.36929e+6 .0452 
6.59914et5 .0405 
1.74085et6 .0345 
2.23438e+6 .0336 
1.79284e+6 .0335 
1.45586e+6 .0338 
1.28526e+6 .0334 
2.17592e+6 ,0409 
1.76923e+6 .0474 
1.62505e+6 .I422 
1.33163e+6 .I063 
3.88416et5 .0747 
7.87513e+5 .4720 
1.07644e+5 .5396 
0.00000e+O .OOOO 

2.46535e+7 .0435 
_--------.------ 

2.81054e+3 .5292 
1.01179et4 -3579 
2.92296et4 .2062 
8.01003et4 .1371 
3.12813e+5 .OB70 
1.08515e+6 .0664 
5.73350e+5 .0619 
5.37656et5 .0654 
6.61882e+5 .0882 
3.04943e+5 .0616 
?.45917e+5 .0523 
9.61204e+5 .0483 
7.95101et5 -0447 
6.81837et5 .0446 
6.12416et5 .0444 
1.08093et6 .0428 
9.28040e+5 .OS08 
8.81666e+5 .lo30 
7.85264e+5 .I414 
2.99041et5 .2337 
2.45922e+6 .6194 
3.70991e+4 .4178 
0.00000e+0 .OD00 

1.38658e+7 .1396 

1 -96738et3 .4286 
6.18318e+3 .2132 
2.64191e+4 .1435 
7.75709et4 -0883 
3.27428e+5 .0642 
1.13967et6 .OS75 
5.87965et5 .OS50 
5.51147e+5 .0555 
6.87177e+5 .0685 
2.72341e+5 .OS78 
7.78519et5 .0478 
9.69355e+5 .Ob40 
7.75709et5 .0419 
6.74248e5 .0426 
5.96396et5 .0443 
1.14248e+6 .0496 
1.17031e+6 .1405 
7.69525e+5 .0522 
1 .66777e+6 .2650 
4.16241et5 .5400 
8.5131 2e+5 .5553 
2.61380e+4 .4686 
0.00000e+0 .OOOO 

1.35159e+7 .0790 
- - _ _ _ - _ _ _ _ _ _ _ _ _ _  

5.18544e+5 .0479 
2.80183et6 .0417 
3.38389et6 .0393 
4.20428e+6 .0372 
7.16378e+6 .0364 
1.37045e+7 .0367 
5.81332e+6 .0368 
5.36391et6 .0375 
8.63116e+6 .0391 
3.09215e+6 .0343 
8.06456e+6 .0329 
1.10817e+7 .0307 
9.75538e+6 .0286 
9.82114e+6 .0260 
1.04808et7 .0260 
2.78516e+7 .0281 
4.42632e+7 .0413 
4.79326et7 .0551 
9.59239et7 .0631 
3.022T3et7 .I002 
1.25912e+8 -0771 
1.44538e+7 .2653 
0.00000e+0 .DO00 

4.90445e+8 .0363 
_ _ - - - - - - - - - - - - - -  



degradation i n  the f i n a l  results. 
the same a m t  of time, the associated calculat ional  uncertaint ies could have been reduced s t i l l  further, 
That, however, was not done fo r  a couple of reasons: 

Moreover, by using only these par t i cu la r  source terms and running for 

......... 

The model would s t i l l  have suffered from a l l  the approximitions and simpl i f icat ions described i n  
Sect C.6.2 above. 
that were judged t o  be inportant i n  t h i s  analysis, i t  is, i n  the end, a h igh ly -s imp l i f ied  
“preliminaryU nrodel that somehou, someday, sunebody w o u l d  eventually challenge. Moreover, i t  
generally f a l l s  in to  the category of a %pecial purpose modelu uhose geanetric descr ipt ion and 
importance regions necessarily d i f f e r  from the base model that  we had hoped t o  use f o r  a l l  of 
the HB-3 beam tube analyses. 

The model i t s e l f  i s  incwrplete and would have t o  be bootstrapped t o  separate model o f  the rotary 
shutter a s s d l y  i n  order t o  estimate the f luxes and dose rates downstream of the ro ta ry  shutter. 
m i l e  the gamna leakage t e r m  by energy group and d i rec t ion  (as shom in Tables C6.6 and C6.7) 
may be useful for  specifying source terms t o  be used with other codes, i t  vould be d i f f i c u l t  or 
impossible t o  use them d i rec t l y  as input t o  a follow-up HCNP analysis o f  the ro ta ry  shutter. I f  
that were the intended use, i t  would be better t o  rerun the calculat ions from scratch and save a 
binary MCNP %urface source f i l e ”  a t  the dounstream end of the cotl imator that  c w l d  then be used 
i n  a follou-up calculation. Moreover, the present boundary crossing t a l l i e s  a t  the domstream 
end of the collimator, uh i le  not bad, uere somewhat def ic ient  in  the highest energy gamna grows, 
with fsd’s of 10-124: in the 6-8 MeV energy range f o r  the 1998 water tube. A good boundary source 
should be better defined with more resolut ion i n  t h i s  energy range. Whi le  R u n  HB307C f o r  the 1998 
uater tube actual ly sau 0.8 m i l t i on  18nunerical part ic les” e x i t  the col l imator section (u i th  many o f  
these being lowr energy gams),  the f i n a l  model ( R u n  HB308G5, described i n  Sect 6) actual ly saw 
5.6 m i l l i o n  t9nanerical part ic les” e x i t  the col l imator section, uhere most of them had been properly 
biased toward higher energies that u w l d  be more l i k e l y  t o  contr ibute t o  the dose ra te  dounstream 
of the rotary shutter.] 

While running the preliminary rodel u i t h  many more h is to r ies  and using only the higher energy sources 
(corresponding t o  VELM groups 1 t o  8 )  uould have produced a better boundary source downstream of the 
col l imator that could have been bootstrapped t o  an HCNP model of the ro ta ry  shutter a s s d l y ,  one uoold 
ult imately be faced u i th  one of tuo serious obstacles: 

a) I f  source terms l i k e  those shom i n  Table C6.6 and M.7 were t o  be input manually, there i s  no 
convenient mechanism fo r  doing this. The only apparent 
way th i s  could be done uould be t o  u r i t e  a neu user-supplied source routine, and then recompile 
and re l i nk  the MCNP code t o  use it. Uhi le t h i s  i s  conrnonly done a t  ORNL f o r  the MORSE code which 
uas wr i t ten  here 8iin-housean where everyone i s  fami l ia r  wi th the internal  uorkings o f  the code, 
Los A l m s  strongly discourages novice users from doing t h i s  with HWP unless one has a strong, 
famil iar, intimate knowledge o f  the internal  workings o f  the code. While I believe t h i s  could 
have been done without too mrch d i f f i cu l t y ,  i t  uwld have required a l o t  of addit ional PA fo r  
uhich neither time or money uas available. 

b) If a binary MCNP +surface source f i l e o *  uere w r i t t e n  and used u i t h  a follow-up MCNP analysis of 
the rotary shutter, one would have been saddled u i t h  the nightmarish need t o  use a large nunber 
of importance ce l l s  i n  a geometrically conplex region o f  the problem, with a l l  the attendant 
d i f f i c u l t i e s  described i n  Appendix C.1. That i s  t o  say: without a detai led knowledge o f  (or 
even a l i s t i n g  o f )  the “par t i c le  weights by energy” emerging from the col l imator section, the use 
of energy-dependent weight uindows f o r  biasing i n  the ro ta ry  shutter would have been inpassible. 
Use of such ueights m s t  be correct ly and consistently coupled v i t h  the ueights o f  the incoming 
source part icles. 
s p l i t t i n g  based on user-supplied iaportance zones. In the f i r s t  place, t h i s  i s  not t e r r i b l y  
desirable because one ends up tracking a l o t  o f  lower-energy par t i c les  tha t  don‘t contr ibute 
s ign i f i can t ly  t o  the f i n a l  dose ra te  dounstream of a th ick  shield. In the second place, the 
use o f  user-supplied importance zones i n  geometrically conplex regions is h o r r i b l y  complicated 
insofar as i t  requires l i t e r a l l y  thousands of changes t o  an otherwise sinple input f i l e ;  i t  
i s  very time-consuning ( i n  terms of manpouer); and, because of the conplicated nature of the 
resul t ing problem, the process i s  very error-prone. Appendix C.1 describes the reason fo r  these 
d i f f i c u l t i e s  in more detai l .  Moreover, the hope of circunventing those d i f f i c u l t i e s  was one of 
the reasons th i s  preliminary, h igh ly -s i r rp l i f ied  model o f  the water tube and col l imator was created 
i n  the f i r s t  place. Unfortunately, i f  one continues down t h i s  path and attenpts t o  bootstrap 
a binary HCNP Itsurface source f i l e ”  onto the f u l l  3-0 model of the rotary shutter assembly with 
a l l  i t s  complexity and a l l  i t s  3-0 streaming paths, there u i l t  be no way t o  circumvent these 
d i f f i c u l t i e s  in the subsequent calculat ion. 

While those s inp l i f i ca t i ons  do attempt t o  model a l l  of the key characterist ics 

I n  fact, there i s  no mechanism a t  a l l .  

The only al ternat ive then i s  t o  continue using energy-indepmdent g e w t r i c  

For these reasons, use of the highly-s impl i f ied prel iminary model described here uas ul t imately 
discontinued. In l i e u  of t h i s  approach using a h igh ly  s i r rp l i f ied  model with energy-independent 
geometric s p l i t t i n g  based on user-supplied inportance tones, a neu and mch more p o w r f u l  technique 
was adopted i n  the f i na l  gamna-only shielding analysis described in  Sect 6. It enploys broad-group 
“geometry-independent ueight uindousal based on a prel iminary adjoint  analysis. 
w e  in MCNPGB a t  ORNL i s  described in  Appendix C-2. 
type problem in  which the goal uas t o  calculate the t o t a l  %eutron plus gamann dose ra te  a t  the top 

I t s  f i r s t  successful 
[That par t i cu la r  appl icat ion was f o r  an academic 
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o f  a 130-cm-diam x 125-cm-thick tank o f  uater  having a narrou 10-an-dim beam o f  neutrons impingent on 
the bottom surface. Moreover, 
t h i s  pouer fu l  technique uas able t o  make t h i s  p a r t i c u l a r  academic problem run up t o  10,000 times f a s t e r  
than would have otherwise have been possible.] One o f  the most a t t r a c t i v e  features o f  t h i s  approach i s  
that, u n l i k e  the  use o f  importance regions where one must o f t e n  make hundreds o r  thousands o f  changes 
t o  an input f i l e  descr ib ing some complex geometry, the use o f  t h i s  new approach requires no s i g n i f i c a n t  
changes t o  an e x i s t i n g  HCNP input f i l e .  
&am tube described in  Fig. 3.3 [ inc lud ing the ho t  end o f  the tube, a l l  o f  the small geometry regions 
required f o r  t he  dosimetry analysis, t he  e n t i r e  uater  tube ( inc lud ing the b io log i ca l  shield), the 
e n t i r e  c o l l i m a t o r  sec t i on  ( inc lud ing the  r a d i a l  and eccentr ic  shields, and surrounding concrete), and 
the f u l l  3-0 model o f  t he  r o t a r y  shut ter  assembly1 and solve the e n t i r e  problem a l l  a t  once -- u i t h  no 
s i g n i f i c a n t  changes required in  the MCNP input f i l e  t o  accomnodate the  b ias ing scheme, and no need f o r  
a separate bootstrapped sh ie ld ing analysis. Moreover, w i th  the broad-group 3-D adjoint-based ueight  
windows ( t h a t  a re  supplied i n  a geanetry-independent format in  an a u x i l i a r y  f i l e ) ,  t h i s  neu approach 
i s  so powerful that, f o r  the f i n a l  gamna-only sh ie ld ing problem, i t  uas indeed possible t o  ob ta in  good 
and r e l i a b l e  r e s u l t s  throughout the e n t i r e  configuration, inc lud ing good and r e l i a b l e  boundary cross ing 
estimates o f  t he  g a m  f luxes and dose ra tes  downstream of the r o t a r y  shutter. See Sect 6 f o r  de ta i t s .  

In many respects, i t  was no t  u n l i k e  the 1998 HB-3 uater tube problem. 

This al lows us t o  take the o r i g i n a l  base model o f  the HE-3 



- ..... 

Appendix C.6.7 

L i s t i n g  of the input f i l e  for MCNP Run HB307C, which uas a preliminary (highly simplified) 
MCNP d e l  once used for  an exploratory analysis of the HB-3 beam tube using the neuly 
proposed 1998 water tube design concept. 
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HB307C.I 
message: OutD=bb307.0 runtpe~hb307.r 

Simplified model of HB-3 using equivalent point sources 
C 
C 
C 

C 

C 
C 

C 
C 

C 
C 

C 

C 
c 
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C 
C 
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C 
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C 
C 
C 

C 

C 
C 

C 

C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
100 
111 
112 
121 
122 
201 
202 
C 
c 
c 
301 

HB307 is a series of "simplified geometry" calcs to get gannaa transport in flooded water tube. 

HB307A.I -- for the 1998 water tube design 
HB307B.I -- for the 1960 water tube design (I killed this due to time, after 320000 histories) 
HB307B2.1 -- for the 1960 water tube design (continuation run to print results after 320000 histories & stop) 
HB307C.P -- for the 1998 water tube design <-- this deck; like HB307A.I but different imp values 

Used to study shielding effectiveness of water tube (work performed by Jim Bucholz for Mike Farrah, Mar/Apr 1998): 

Ref 1: Dwg of HB-1 (e:\ham\ustn\allbeamll97.dgn Jan 29, 1998 12:55:09), where AB-3 is said to be the 0ame. 
Ref 2: Dwg M-11537-OH-OOl-E, Feb 13, 1998, 10:30:22, dwg of HB-1 (essentially the same as Ref I, but smaller) 
Ref 3: Dptg E-42027, Sheet 1, Apr 11, 1995, showing location on HB-3 & 1st aluminum window in vessel, as built 
Ref 4:  Dwg E-42027, Sheet 2, A p r  11, 1995, showing typical beam tube collimator & rotary shutter, as built ' 

Kef 5: pwg 1546-01-3-5022, Rev Bep 18, 1961, showing concrete around HB-3 beam tube collimator h rotary shutter 

Distance from outside of vessel nozzel boss to radial plane 
perpe8ndiCUlar to beam tube (as specifically stated in Ref 3): 
HB-1: 52.0 inches - 132.08 cm 
HB-2: 54.5 inches = 138.43 cm 
HB-3: 54.0 inches = 137.16 cm 
HB-4: 52.0 inches = 132.08 cm 

Notes regarding length of the 1998 water tube: 

The location of the let aluminum window relative to the vessel nozzel boss (cf Ref 1 & 2) is believed to be 
correctly modeled here. Likewise, the 2nd aluminum window relative to the beam tube collimator assembly 
(cf Ref 1 & 2) is believed to be correctly modeled here. Given the location of the beam tube collimator 
assembly (Kef 1 & 2) relative to the concrete biological shield specifically around HB-3 as shown in Ref 5, 
however, the length of the new HB-3 water tube [from Surf 2154 at 21170.95125 cm, to Surf 4110 at 2-302.1868 crn 
(total length of water when flooded - 127.23555 cm)] is about 2.03 inches shorter than shown for HB-1 on Refs 
1 & 2, and about 89.8 cm shorter than the water tube originally in HB-3. Note8 however, that this 2" difference 
in water tube length between HB-1 and HB-3 is wholly consistent with the data in Ref 3 above if the vessel 
flange hardware and collimator hardware are the same for HB-1 and HE-3 -- J. A. Bucholz, 3-21-98 

BEQIN CELLS: 

61 -3.2325-4 -1010 9997 -2153 iIIIJJ:pp1 $ void up center of beam tube (ugstream of where water begins) 
a4 -2.7 1010 -2130 9997 -1007 imp:p=O $ aluminum wall of beam tube (upstream of imortance cutoff plane) 

24 -2.7 1010 -2130 1007 -2153 imp:p=l $ aluminum wall of beam tube (downstream of importance cutoff plane) 

50 -7.8212 2130 -4225 2107 -2106 imp:pnl $ carbon steel vessel nozzel flange (appx mdeli arbitrarily 6" thick) 

8 -1.0000 2130 -4225 9997 -1007 img:p=O $ water outside beam tube (upstream of imortance cutoff plane) 

8 -1.0000 2130 -4225 1007 -2107 imp:p=l $ water outside beam tube (downstream of importance cutoff plane, ins de vesse 

8 -1.0000 2130 -4225 2106 -2153 imp:p=l $ water outside beam tube (downstream of vessel flange) 

Cell 300 goes from za174.27 to Z=310.50; it may have to be subdivided into a number of axial importance zones 
300 8 -1.0000 2153 -4130 -4225 imptpl $ water in water tube (from start8 up "to* collimator) 
8 -1.000 '153 -6001 -4225 iItW:D~1.8Oe+OO $ iXW:D=2 $ water rater tube (from start. UD *'toa collimator9 

w 
td 
td 

_ _  - _  . -  

302 8 -1.00t 301 -6002 -4225 imp:p=3.24e+00 $ imp:p.r4 4 water ater tube (from start, Up "to" Collimator) 



303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
3 13 
3 14 
315 
C 

C 
C 
401 
402 
403  
404 
405 
406 
407 
C 

C 
501 
502 
503  
504 
505 
506 
507 
C 
8 0 0  
900 
C 

C 

C 
C 

1010 
2130 
4225 
C 
C 
C 

C 
4210 
4211 

4213 

9997 
1007 
2101 
2106 
2153 
4130 

42x2 

C 

8 -1.0000 
8 -1.0000 
8 -1.0000 
8 -1.0000 
8 -1.0000 
8 -1.0000 
8 -1.0000 
8 -1.0000 
8 -1.0000 
8 -1.0000 
8 -1.0000 
8 -1.0000 
8 -1.0000 

1 

6002 
6003 
6004 
6005 
6006 
6007 
6008 
6009 
6010 
6011 

6013 
6014 

6011 

-6003 
-6004 
-6005 
-6006 
-6007 
-6006 
-6009 
-6010 
-6011 
-6012 
-6013 
-6014 
-4130 

-4225 

-4225 
-4225 
-4225 
-4225 
-4225 

-4225 
-4225 
-4225 
-4225 
-4225 

- 4 m  

-4215 

Cella 400 h 500 go from 21174.27 to 
400 8 -1.0000 4130 -4190 4212 - 
8 -1.0000 4130 -6016 4212 -4213 
8 -1.0000 6016 -6017 4212 -4213 
8 -1.0000 6017 -6018 4212 -4213 
8 -1.oooo 6018 -6019 4212 -4213 
8 -1.0000 6019 -6020 4212 -4213 
8 -1.0000 6020 -6021 4212 -4213 
8 -1.0000 6021 -4190 4212 -4213 

HB307C.I 
water in water tube 
water in water tube 
water in water tube 
water in water tube 
water in water tube 
water in water tube 
water in water tube 
water in water tuba 
water in water tube 
water in water tube 
water in water tube 
water in water tube 
water in water tube 

(from start, up "to" collimator) 
(from start. up nto" collimator) 
(from start, up *'toH collimator) 
(from start, up '*toH collimator) 
(from start, up lrtotl collimator) 
(from start, up Itton collimator) 
(from start, up *tot* collimator) 
(from start, up "toll collimator) 
(from start, up *tots collimator) 
(from start, up "to" collimator) 
(from atart. up '*to* collimator) 
(from start, up qato*8 collimator) 
[from start, up "to" collimator) 

2.1310 

4210 
4210 
4210 
4210 
4210 
4210 
4210 

,4213 
,581 they m y  have to be subdivided into a number of axial importance zones 
4210 -4211 imptp=l $ water in rectangular hole up thru collimator 
-4211 im:pnl.2le+04 $ imp:pa65536 $ water in rectangular hole up thru coll~mator 
-4211 ixap:p+2.19e+04 $ i1qt:p=131072 $ water in reatangular hole up thru collimator 
-4211 imptpa3.93e+04 $ imprpm262144 $ rater in rectangular hole up thru collimator 
-4211 imp:p=7.08e+04 $ imprp=524288 $ water in rectangular hole up thru collimator 
-4211 imp:p=1.27e+05 $ imp:p=1048576 $ water in rectangular hole up thru collimator 
-4211 imp:p=2.290+05 $ imprpm2097152 $ water in rectangular hole up thru collimator 
-4211 imp:p4.130+05 $ inrp:p-4194304 $ water in rectanwlar hole up thru collimator 

500  40 -7.92 4130 -4190 -4225 #(e212 -4213 4210 -4211) imp:p=l $ stainless eteel model of collimator (with rectawwlsr hole) 
40  -7.92 4130 -6016 -4225 #(4212 -4213 4210 -4211) imp:pal.2le+04 
40  -7.92 6016 -6017 -4225 t(4212 -4213 4210 -4211) i1~19:pa2.19~+04 
40 -7.92 6017 -6018 -4225 t(4212 -4213 4210 -4211) imprp=3.93e+04 
60 -7.92 6018 -6019 -4215 #(4212 -4213 4210 -4211) imprp=7.08e+04 
40  -7.92 6019 -6020 -4225 #(4212 -4213 4210 -4211) imp:p=1.27~+05 
40 -7.92 6020 -6021 -4225 W(4212 -4213 4210 -4211) imp:p-2.29e+05 
40 -7.92 6021 -4190 -4225 #(4212 -4213 4210 -4211) im:pP4.13e+05 

60 -1.0e-20 4190 -9998 -4225 imp:pd.l3e+O5 $ imp:p=4194304 $ 
0 t(4225 9997 -9998) imp:p=O $ enternal void 

END CELLS (next line must be blank) 

BEQIN SURFACES: 

cz 5.08 $ inner radius of voided portion of beam tube 
cz 7.16174 $ inner radiur of 818 sleeve around HB-3 beam tube, near 

$ imprpn65536 $ stainless steel model of collimator 
$ imprp~131072 $ stainlese eted model of collimator 
$ imp:p=262144 $ stainless steel model of collimator 
$ imprp=524288 $ stainless steel model of collimator 
$ imp:p=1048576 $ stainless steel model of collimator 
$ iw:p-2097152 $ stainless ateel model of collimator 
$ imprpn4194304 $ stainless steel model of collimator 

internal void downstream of collimator, but upstream of 

vessel; used as outer radius of beam tube in this model 
cz 17.4742 $ outer radius of narrow 8s sleeve extending thru conurete into pool; radial boundary to ext void in this &el 

Box surfaces corresponding to rectangular-shaped hole in collimator: 
Here (like everywhere in this MCNP model of XB-3), 
Zmcentral exist 
py -3.4925 $ 
PY 3.4925 $ 
px -6.9850 $ 
px 6.9850 $ 

pZ 0 . 0  $ 
pz 118.6879 $ 
pz 128.7043 $ 
pa 143.9443 $ 
PZ 174.27 $ 
pZ 310.58 $ 

Y is really horizontal; X is really vertical 
w i n  
ymax 
m i n  
XIMx 

external void boundary (location corresponds to the real radial plane perpendicular to the real beam tube) 
plane below which all importances are zerot located 2 cm upstream of first pt dot used to get pt srcs 
arb plane defining upstream side of thick flange in this model (flange arbitrarily taken to be 6" thick hare) 
plane defining end of thick flange mounted on bose on pressure vessel around HB-3 (see dwg E-42027) 
upstream side of aludnum window forming start of water tube in proposed HB-3 design 
upstream surfaae of collimator 

(with rectangular 
(with rectangular 
(with rectangular 
(with rectangular 
(with rectangular 
(with rectangular 
(with rectangular 

shutter drum 

hole) 
hole) 
hole) t3 
hole) 
hole) 
hole) 
hole 
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4190 
9998 
C 

6001 
6002 
6003 
6004 
6005 
6006 
6007 
6008 
6009 
6010 
6011 
6012 
6013 
6014 
6016 
6017 
6018 
6019 
6020 
6021 
C 
C 

C 

mode 
C 

C 

nvs 
C 
C 

C 

C 
C 
C 
print 
pramp 
C 
C 
C 
C 
sdef 

C 

C 

C 

C 
C 
C 
si3 
e 
C 

SP3 

399.48 $ downstream side of collimator 
415.44875 $ upstream side of shutter drum; taken as ext void boundary in this model 

180.7 $ importance surface 
187.1 $ importance surface 
193.6 $ inrportance surface 
200.0 $ importance surface 
208.3 $ iwortance surface 
216.7 $ importance surface 
225.0 $ importance surface 
233.7 $ importance surface 
241.7 $ importance surface 
250.0 $ i-ortance surface 
262.1 $ importance surface 
274.2 $ importance surface 
286.3 $ importance surface 
298.5 $ importance surface 
3 2 0 . 4  $ importance surface 
330.3 $ importance surface 
340.1 $ importance surface 
350.0 $ importance surface 
366.5 $ importance surface 
383.0 $ importance surface 

SURFACES (next line must be blank) 

PROBLEM PARAMETERS : 
P 
mode n 
mode n p  

nps 40000000  

nps 80000000 
nps 120000000 

2000000 

npS 60000000 

cut:n time(shakes) energy(MeV) WC1 WC2 SWTM 
cut:n 1.0020 0.027 -0.5 -0.25 0.0 $ cutoff: don't track any neutrons below 27 keV 
60 $ Table 60 shows vol, mass, n-imp by cell1 see pp 3-117 of manual for description of other useful tables you may want 
0 80000 0 4 0 $ make restart file after every 80000 histories in fixed src calc; save only the 4 most recent restart files 

EQUIVALENT POINT SOURCES: 

ergad73 90s ferg 683 $ source def for gamins in HB-3 (total p/s 0 1.35399e+17) 
parn2 $ parnl for neut, par-2 for photons 
sdef erg=d53 pos ferg 663 $ source def for neutrons in HB-3 (total n/a = 9.64595e+16)1 total n/s above 27 keV - 1.20830e16 
parnl $ par-1 for neut, pari2 for photons 
vec 0 0 1 $ reference vector if directional-dependent source is used 
dir=d3 $ angular distribution wrt vec (Caution: choice of angular distribution #-led will dictate choice of wgt) 
wgt-1.7332472-2 $ use this with 63; wgt - [mu(max)-mu(min)l/[(+l)-(-l)] - [1.0000000000-0.9653350561/2 = 1.7332472-2 
wgt-0.1 $ use this with mu(min)=0.8 in 63 for dosimetry calc only; wpt - [mu(max)-mu(min)l/[(+l)-(-l)l - [1.0-0.81/2 = 0.1 
wgtnO.145 $ use this with m(min)=0.71 in 63 for HB304M.1 dosimetry calc only; wgt .I [mu(max)-wr(min)l/[(+l)-(-l)l - t1.0-0.81/2 = 0.145 

Ang oist: to spray isotropically across central void of HB-3 beam tube 
h 0.965335056 1.0 $ angular distributionr mu boundaries (i.0, cosine boundaries w r t  vec) 
si3 h 0.8 1.0 $ open up angular distribution for dosimetry run; mu boundaries ( i . e ,  cosine boundaries wrt vec) 
ai3 h '1 1.0 $ open up angular distribution for HB304M4 doeimetry 31 mu boundaries ( i . e ,  cosine boundaries wrt vec) 
d o 1  igular distribution1 particle emmission probabilities by bi. rat value (below lowest bin bound) must be zero 

------------------- 

w 
Np 
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C 
C 

C 
si53 

sp53 

ds63 

C 

C 

c 
C 

C 
C 
C 

C 
C 

C 
C 

__----____-_-----_-------------~----------------~.-------------------------------- 
Begin distributions needed to describe the neutron sources in the HE-3 beam tube 
------_______----_-II___________________--------~-------------------------------- 

h 1.000Oe-11 $ this one Emin(MeV), followed by haax(MeV) for the 61 VELM neut g a t !  (lowest to highest energy for MCNP): 
4.13998-7 1.1253s-6 2.38240-6 5.0435e-6 1.0677e-5 $ VEM n-groups 61, 60, 59, 588 57, 
2.2603e-5 4.7851e-5 1.0130e-4 1.67020-4 2.7536e-4 $ VGLM n-groups 56, 55, 54, 53. 52, 
4.5400e-4 7.4852s-4 1.2341s-3 2,03470-3 2.2487s-3 $ VELM n-groups 51, 50, 49, 48. 47. 
2.6126e-3 3.0354m-3 3.70740-3 5.5308e-3 9.1188s-3 $ VELM n-groups 46, 45, 44. 03. 42, 
1.50340-2 2.35798-2 2.47880-2 2.60586-2 2.7000e-2 $ VEtM n-groups 41, 40, 39, 38, 37, 
2.8501e-2 3.4307e-2 5.2475s-2 5.6562e-2 8.65170-2 $ VEM n-groups 36, 358 34. 33. 328 
1.22770-1 1.4996e-1 1.8316e-1 2.23710-1 2.7324s-1 $ VELM n-groups 31, 30, 29, 28, 27, 
2.9452e-1 2.97210-1 2.9849e-1 3.01970-1 3.8774e-1 $ VELM n-groups 26. 25, 24, 23, 22, 
4.9787e-1 5.23409-1 6.08100-1 7.42740-1 9.0718e-1 $ VELM n-groupu 21. 20, 19, 18, 17, 
1.108Oe+O 1.3534e+0 1.65300+0 2.01908+0 2.2313e+O $ VEL13 n-groups 16, 15, 14, 138 12, 
2.3457s+O 2.4660e+0 3.0119e+O 3.6788e+O 4.4933e+O $ VELM n-groups 11, 10, 9, 8. 7, 
5.488ls+O 6.7031e+0 8.1873e+O 1.0000e+l 1.2214e+l $ VEW n-groups 6, 5, 4, 3,  2, 
1.4918e+l $ VELM n-group 1 

6.30365e+16 2.256796+15 1.52979e+15 1.302128+15 1.55274~+15 $ VEtM n-groups 61, 60, 59, 58, 57, 
1.58981e+15 1.54759e+15 1.45876~+15 9.03837e+14 9.69821e+14 $ VEtM a-groups 56, 55, 54, 53, 52, 
9.50610e+l4 8.74122e+14 8.53691e+ll 8,87245e+14 2.04908e+14 $ VELM n-groups 51, 50, 49, 48, 47. 
2.76622e+14 2.54975~+14 3.365380+14 7,55438e+14 8.76077~+14 $ VELM n-groups 46, 45, 44, 43, 42, 
9.84217e+l4 7.42049e+14 6.696509+13 1.12860e+14 5.24714e+13 $ VELM a-groups 41, 40, 39, 38, 37, 
1.21873~+14 3.03507~+14 4,969580+14 1.29680~+14 8.89397e+14 $ VELM n-groups 36, 35. 34, 33, 32, 
5.59006e+14 4.29193~+14 3.6324le+14 4.33245e+14 7.35199e+14 $ VEtM n-groupa 31, 30, 29, 28, 27, 
2,1284Oe+14 1.38494e+13 7.68584~+12 3.65651e+13 6.29256e+14 $ VEtM n-groups 26, 25, 24, 23, 22, 
5.85513e+14 1.49367e+14 3.61470e+14 5.35177e+14 6.650980+14 $ VELM n-groups 21. 20, 19* 18, 17, 
5.40055~~+14 7.09512e+14 8.070550+14 8.54720e+14 3.129450+14 $ VELM n-groups 16, 15, 14, 138 12, 
2.00073e+14 1.353330+14 2.41078e+14 1.619476+14 2.06360e+14 $ VELM a-groups 11, 10, 9, 8 ,  7, 

2.748000+09 $ v&LM n-group 1 

o o 80.2 o 0 57.3 o o 65.2 0 0 76.1 0 0 54.5 $ VELM. n-groups 61, 60, 59, 58, 57, 
0 0 48.2 0 0 56.5 0 0 55.4 0 0 56.0 0 0 51.1 $ VSLM n-groups 56, 55, 54. 53, 52, 
0 0 53.8 o o 52.6 o o 61.2 0 0 60.5 0 0 43.0 $ VELM n-groups 51, 50, 49. 48, 47, 
0 0 49.5 0 0 55.0 0 0 65.1 0 0 53.3 0 0 52.7 $ VELM n-groups 46, 45, 44,  43, 42, 
o o 50.7 o o 54.0 o o 69.0 0 0 46.7 0 0 62.6 $ MLM a-groups 41, 40, 39, 38, 37, 
o o 67.5 0 o 79.8 o o 52.9 o o 56.7 0 0 47.4 $ VEtM n-groups 36, 35, 348 338 32, 
o o 45.7 o o 45.6 o o 42.5 0 0 48.9 0 0 34.2 $ VELM n-groups 31, 30, 29, 28, a7, 
0 0 42.4 0 0 63.8 0 0 53.7 0 0 42.3 0 0 49.6 6 VELM n-group8 16, 25, 24, 23, 22, 
0 0 58.8 0 0 52.9 o o 50.3 0 0 56.8 0 0 44.1 $ n-group8 21, 20, 19, 18, 17, 
0 0 70.1 0 0 46.8 0 0 59.7 0 0 50.2 0 0 52.1 $ VEtM n-groupe 16, 15, 14, 13, 12, 
0 0 33.3 0 0 43.5 0 0 65.3 0 0 56.9 0 0 47.9 $ VELM a-groupr 11, 10, 9, 8, 78 
0 0 62.6 0 0 59.5 0 0 42.9 0 0 68.7 0 0 31.1 $ VELM a-groups 6. 5, 4, 3, 2, 
0 0 99.9 $ n-group 1 
Shift sourcea 1.6986 cm to right of beam tube centerline (in Run HB304M4) to account for the enisotropic 
effect of more neutrons entering the one side of the beam tube than the other: -- JAB, 4-15-98 

d 0.0 $ dummy 0, followed by neut src terne ( d e )  for HE-3r 

1.36477e+14 7.322620+13 3.052420+13 8.64293et12 6.92602e+12 $ VEW n-grOUp8 6, 5, 4. 3, 2, 

1 $ neutron starting positions ( x , y , z )  in KB-3: 

0 1.6986 67.5 0 1.6986 79.8 0 1.6986 52.9 0 1.6986 56.7 0 1.6986 47.4 $ VELM n-groups 36, 35, 34, 33, 32, 
0 1.6986 45.7 0 1.6986 45.6 0 1.6986 42.5 0 1.6986 48.9 0 1.6986 34.2 $ VStM n-groups 31, 30, 29, 28, 27, 
0 1.6986 42.4 o 1.6986 63.8 o 1.6986 53.7 o 1.6986 42.3 0 1.6986 49.6 $ VSLM n-groupu 26, 25, 24, 23, 22, 
0 1.6986 58.8 0 1.6986 52.9 0 1.6986 50.3 0 1.6986 56.8 0 1.6986 44.1 $ VELM n-groups 21, 20. 19, 18, 17, 
0 1.6986 70.1 0 1.6986 46.8 0 1.6986 59.7 0 1.6986 50.2 0 1.6986 52.1 $ VEtM n-groups 16, 15, 14, 13, 12, 
0 1.6986 33.3 0 1.6986 43.5 0 1.6986 65.3 0 1.6986 56.9 0 1.6986 47.9 $ VEtM a-groups 11, 10, 9, 8, 7, 
0 1.6986 62.6 0 1.6986 59.5 0 1.6986 42.9 0 1.6986 68.7 0 1.6986 31.1 $ VELM n-groups 6, 5, 4, 3, 2, 
0 1.6986 99.9 $ MLM n-group 1 ................................................................................. 
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Et 7 
C 

C 
m8 
mt8 
C 
C 

ma3 

C 

C 
m24 

C 
C 

pa4 0 

C 
C 
N i ,  2.0 
m4 1 

Begin distributions needed to describe the gamaa sources in the HB-3 beam tube . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
h 1.0000e-2 $ this one Emin(MeV), followed by Emax(MeV) for the 23 VEW garmna g r p s  (lowest to highest energy for MCNP): 

2.0000e-2 4.5000e-2 7.0000e-2 1.0000e-1 1.5000s-1 $ VELM g-groups 23, 22, 21, 20, 19, 
3.0000e-1 4.0000e-1 5.1000s-1 6.0000e-1 7.00000-1 $ VEW g-groups 18, 17, 16, 15, 14, 
1.0000e+0 1.5000e+0 2.0000e+0 2.5000e+0 3.0000e+0 $ VELM g-groups 13, 12, 11, 10, 9, 
4.0000e+0 5.00OOe+O 6.00000+0 7.0000e+O 7.50000+0 $ VELM g-groups 8, 7, 6, 5, 4, 
8.0000e+O 1.0000e+l 1.4000e+l $ W".dd g-groups 3, 2, 1 

8.728378+12 2.84514e+15 1.65029e+16 1.67705e+16 1.82855e+16 $ VELM g-grOUpS 23, 22, 21, 20, 19, 
2.56708e+16 1.03805e+16 7.17665e+15 4.80101e+l5 4.03975e+15 $ VELM g-groups 18, 17, 16, 15, 14, 
7.31636e+15 5.27935e+15 4.239890+15 2.669519+15 1.42777~+15 $ VEW g-groups 13, 12, 11, 10, 9, 

1.51983e+15 6.19421e+13 1.232500+11 $ VELM g-groups 3, 2, 1 

0 0 10.0 0 0 61.9 0 0 68.1 0 0 82.1 0 0 83.9 $ VEW g-groups 23, 22, 21, 20, 19, 
0 0 84.5 0 0 81.6 0 0 84.7 0 0 88.8 0 0 83.2 $ VELM g-groups 18, 17, 16, 15, 14, 

0 0 92.6 0 0 93.2 0 0 96.4 0 0 93.9 0 0 96.0 $ VELM g-groups 8, 7, 6, 5, 4, 
0 0 94.4 0 0 99.9 0 0 97.4 $ VELM g-groups 3, 2, 1 

d 0.0 $ drlrmny 0, followed by garmaa src terms (p/s) for HB-3: 

2.34929e+15 1.983610+15 6.754530+14 1.23378~+15 1.60183~+14 $ VELM 9-groups 8, 7 ,  6 ,  5, 4. 

1 $ gsmma starting positions (x,y,z) in HE-3: 

0 0 86.8 0 0 93.6 0 0 96.9 0 0 99.2 0 0 96.6 $ VeLM g-grOupS 13, 12, 11, 10, 9, 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

BEQIN-TRANSFORMATIONS: 
END-TRANSFORMATIONS 

BEGIN MATERIAL DESCRIPTIONS: 

Water gaps in removable reflector region --Avg. Density= 0.98465 g/cmA3 
1001.50~ 6.63485-02 8016.50~ 3.31742-02 
lwtr. Olt 

Water Reflector --Density- 0.9899 g/cmA3 

lwtr. Olt 
1001.50~ 6.67022-02 8016.50~ 3.33511-02 

H20 Pool --Density= 1.0000 g/cm*3 
1001.50~ 6.73828-02 8016.50~ 3.36914-02 
lwtr. O l t  

A l u m h u m  reflector container (outside Be reflector; 2.7 g/cc) 
13027.52~ 5.85482-02 1001.50~ 3.45716-04 12000.50~ 6.68986-04 
14000.50~ 3.47363-04 22000.50~ 2.54704-05 24000.50~ 6.09789-05 
25055.50C 2.21974-05 26000.55~ 1.01905-04 29000.50C 8.74557-05 

Aluminum liners in Be reflectors (2.7 g/cc) 
13027.52~ 5.85482-02 1001.50~ 3.45716-04 12000.50~ 6.68986-04 
14000.50~ 3.47363-04 22000.50~ 2.54704-05 24000.50~ 6.09789-05 
25055.50~ 2.21974-05 26000.55~ 1.01905-04 29000.50C 8.74557-05 

6s liner of pressure vessel, bioshield liner, and other components -- SCALE SS304 (7.92 g/cc; 69.5 w/o Fa, 19.0 w/o  Cr, 9.5 w/o Ni, 2.0 w/o Mn) 
26000.55~ 5.93541-02 24000.50C 1.74281-02 
28000.50~ 7.71883-03 25055.50~ 1.73629-03 

88  (same as above, but diff color on plot) used for removable shield around collimator -- SCALE 59304 (7.92 g/ccv 69.5 w/o Fe, 19.0 w / o  rr, 9.5 w/o 
w/o Mn' 
26000. 5.93541-02 24000.50~ 1.74281-02 
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28000.50~ 7.71883-03 25055.50~ 1.73629-03 

carbon steel in main body of pressure veesel -- SCALE Carbon Steel (7.8212 g/cc; 
26000.55~ 8.34929-02 6012.50~ 3.92134-03 

99.0 w/o Fe, 1.0 w/o 61 

void in reflector components 
1001.50~ 1.00000-15 8016.50~ 1.00000-15 

void regions in the HB-l,2,and 3 besm tubes (m60 8 2.00-15 atoms/b-cm) have been replaced with helium-filled regions 
where m61 .I He (void) at T1.300 deg.lC and P=2 atm. where rho-3.23250-4 g/cc, N(He)-4.86816e-5 atomrr/fbarn*cm) 
Note: cold source vacuum veessl in HB-4 now has a true void (see 111610) as of July 1996. ........................ 
Helium void inside beam t u b e  HB-1,2,3 (He at T=300 d0g.K. P=2 
2004.50~ 4.86816e-5 $ aBd-jabl22395: For He at T=300 Be9.K 

Barytes concrete at 3.09725 g/cc (used for biological shield); 
1001.50~ 1.681e-2 5010.50~ 3.378e-4 5011.56~ 1.368s-3 
8016.50~ 4.1958-2 11023.50~ 3.193e-4 12000.50~ l.549e-4 
13027.52~ 7.5340-4 14000.50~ 1.2608-3 16032.50~ 5.4018-3 
20000.50~ 3.2730-3 22000.50~ 1.3366-4 25055.50~ 1.7130-4 
26000.55~ 6.8756-4 56138.50~ 5.3940-3 

atm); cold source vacuum vessel in HB-4 now has a 
and P=2 atm, rhom3.2325e-4 g/cc, N(He)-4.86816e-5 

shown below are atoms/(barn*cm) by nuclide 

real concentration for ba-138 - 3.87870-3 atome/(barn*cm)t it is available; 
other nuclide concentrations for which there is no mcnp xsect data: 
ba-134-1.3037e-4; ba-135=3.5557e-4; ba-136=4.2364e-P; ba-137-6.05750-4 
total number density for all barium nuclides in barytes concrete: 5.3940301-3 
total number density for all nuclides in barytas concretes 7.801382e-2 
while this barytes concrete (for AN9 DroJect) was 3.09725 a/cc. it can 
sometimes be made 

28058.24~ 1.0 $ 
26054.24~ 1.0 $ 

- 
as dense as 3.5 glcct Bee book by Schaffer 

true void (see m610) 
atoms/(barn*cm) 

Ni58; this material (m71) is used only to get the Ni58(nrp)C058 reaction rate [(n,p)mf031 in the dosimeters 
Pe541 thir material (rn72) i8 used only to get the Fe54(n,p)Mn54 reaction rate [(n,p)=1031 in the dosimeters 

Typical beryllium used in permanent reflector (with he-3 and li-6, based in center ring, cell 9024) 
4009.50~ 1.21135-01 1001.50~ 1.34766-03 8016.50~ 6.73828-04 
3006.50~ 4.80664-8 2003.50~ 1.39911-9 
be.0lt 

O-Flux (p/s/cm2) midway between collimator br shutter at 100 MW 
0.0 0.0 407.46438 0.5 $ Q - F l u  (p/s/cr&) midway between collimator & shutter at 100 MW 
1.35399~+17 $ sum of equivalent point sources (p/s) in HE-3 for HFIR at 100 MW (Snr7.5573018 n/e in global ca1c)j will yield fluxes in p/e/cm2 
$ Emax(MeV) for the 23 VELM gamma g r p s  (10W06t to highest energy for MCNP): 
2,OOOoe-2 4.5000s-2 7.OOOOe-2 1.00000-1 1.5000s-1 $ VE- g-groups 23, 22, 21, 20, 19, 
3.0000e-1 4.00000-1 5.10000-1 6.0000e-1 7.OOOOe-1 $ VELM 9-groups 18, 17, 16, 15, 14, 
1.0000e+O l.fOOOe+O 2.0000e+0 2.50OOe+O 3.0000e+0 $ VELM g-group6 13, 12, 11, 10, 9, 
4.0000e+0 5.OOOOe+O 6.0000e+0 7.0000e+O 7.50OOe+O 6 VELM g-groups 8, 7, 6, 5, 4, 
8.00000+0 l.OOOOe+l 1.4000e+l $ VELM g-groups 3, 2, 1 

G-Dose (mrem/hr) midway between collimator & shutter at 100 MW 
0.0 0.0 407.46438 0.5 $ &Dose (mrem/hr) midway between collimator B shutter at 100 Mw 
1.353990+17 $ rum of equivalent point sources (pls) in HB-3 for HFXR at 100 Mw (Sn97.5573618 n/s in global calc); will yield fluxes in p / s / d  
$ Damna energy boundaries (Emax, in MeV) from VELM 61n/23g structure: 
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1.00000e-02 2.00000e-02 4.500000-02 7.00000e-02 1.00000e-01 
1.50000e-01 3.0000Oe-01 4.00000s-01 5.10000e-01 6.00000s-01 
7.OOOOOe-01 1.OOOOOe+OO 1.50000e+00 2.000OOe+OO 2.50000e+00 
3.000OOe+OO 4.00000e+00 5.000OOe+OO 6.00000e+00 7.00000e+00 
7.50000e+OO 8.00000e+00 1.00000e+01 1.40000e+01 

em25 $ Gamma flux-to-dose-rate conversion factors [(mrem/hr)/(p/s/cm2)] for the VELM 61n/23g xsect library, 
C calculated (IS prescribed in ANSS/ANS-6.1.1-19778 with group8 arranged here in order of "increasing" 
C energy for use in MCNPI first value here corresponds to non-existant group below 1.0e-2 MeVx 

0.00000e+00 2.14390s-03 5.77610e-04 2.7466013-04 2.6644Oe-04 
3.27670e-04 5.6676063-04 8.759400-06 1.08520e-03 1.27970e-03 
1.44170e-03 1.75630e-03 2.31560e-03 2.92700e-03 3.46860e-03 
3.95960e-03 4.62210e-03 5.41360e-03 6.19090s-03 6.9265Oe-03 
7.47830e-03 7.84680s-03 8.77160e-03 1.10200e-02 

C 

C fc41 Secondary G-Leakage (p/s) at downstream exit of collimator hole 
C fm4l 9.64595e16 $ use for n/g calc; E sum of equivalent point sources (n/s) in HB-3 for HPIR at 100 MW (Sn17.5573818 n/s in global calc); will y 
ield fluxes in n/s/cm2 
fc4 l  Primary G-Leakage (p/s) at downstream exit of collimator hole 
fm41 1.35399e17 $ use for g-only calcj - sum of equivalent point sources (p/s) in HB-3 for HFIR at 100 Mw (Sn=7.5573e18 n/s in global calcli will yield 
fluxes in n/sfcd 
f41:p 4190 $ surf at downstream exit of collimator hole 
fs4l -4210 4211 -4212 4213 $ the fifth edit ("the remainder") is the leakage (p/s) thru the central rectangular hole in the collimator at downstream ex 
it 
sd41 1 1 1 1 1 S enter area of 1.0 cm2 for all segments (including "remainder") to get "leakage (p/s)" instead of "current (p/s/cm;!)" 
c41 -0.99939083 $ 0 - 2 deg wrt - 2  axis 

-0.99619470 $ 2 - 5 dag wrt -2 axis 
-0.96480775 $ 5 - 10 deg wrt -2  axis 
-0.93969262 $ 10 - 20 deg wrt -2 axis 
-0.66602540 $ 20 - 30 dog wrt -2 =is 
-0 .5  $ 30 - 60 dog rpr t  -2 axis 

0 . 0  $ 60  - 90 deg wrt -2 axis 
0.5 $ 6 0  - 90 dag a t  +Z axis 
0.86602540 $ 30 - 60 deg wrt +Z axis 
0.93969262 $ 20 - 30 deg wrt +Z axis 
0.99619470 $ 5 - 10 deg wrt +Z axis 
1.0 $ 0 - 2 deg wrt +Z axis 

2.00000-2 4.50000-2 7,OOOOe-2 1 
3.0000s-1 4.0000e-1 5.1000s-1 6 
1.0000e+0 1.5OOOe+O 2.000Oe+O 2 
4.0000e+O 5.000Oe+0 6.00OOe+O 7 
8.0000e+0 1.0000e+l 1.4000e+l 

0.90480775 $ 10 - 20 deg m t  +Z a i s  

0.99939083 $ 2 - 5 dog wrt +Z axis 

e41 $ &utx(NeV) for the 23 VEL13 ga2mna g r p s  

w w 
03 

lowest to higheat energy for MCNP)z 
0000s-1 1.5000e-1 $ VELM g-groups 23, 22, 21, 20, 19, 
0000e-1 7.0000e-1 $ VELM g-groups 18, 17, 16, 15, 14, 
5000e+0 3.0000e+0 $ VELM g-groups 13, 12, 11, io, 9, 
0000e+0 7.5000e+0 $ VELbl g-groups 8, 7, 6, 58 4 ,  

$ ~ L M  g-groups 3, 2, 1 
fq41 c e s $ each cosine = new table; energy grp down vertically; spatial segments across horizontally 
C 
C 
C fc51 Secondary G-Leakage (pls) at downstream exit of collimator hole 
C fmSl 9.64595~~16 $ use for n/g calc; = sum of equivalent point sources (n/s) in HB-3 for HFIR at 100 MW (Sn-7.5573e18 n/s in global calc); will y 
ield fluxes in n / s / c d  
fc51 Primary G-Leakage (p / s )  at downstream exit of collimator hole 
fmSl 1.35399e17 $ use for g-only calcl I sum of equivalent point sources (p/s) in HB-3 for HFIR at 100 Mw (Sn17.5573~118 n/s in global ca1c)r will yield 
fluxes in n/r/cd 
f51:p 4190 $ surf at downstream exit of collimator hole 
f a 5 1  -4210 4211 -4212 4213 $ the fifth edit ("the remainder") is the leakage (p/s) thru the central rectangular hole in the collimator at downstream ex 
it 
ad51 1 1 I 1 $ enter area of 1.0 cm2 for all segments (inc' ig "remainder") to get "leakage (p/s)*' instead of "current ( ' m 2 ) "  
c51 0.0 1. $ only L(z-) and L(r+) 



HB 3 07 C .I 
e51 4 Emax(UeV) for the 23 WLM gamma grps (lowest to highest energy for MCNP): 

2.0000e-2 4.5OOOe-2 7.00000-2 1.0000e-1 1.500Oe-1 $ VELM g-groups 23, 22, 21, 20, 19, 
3.0000e-1 4.OOOOe-1 5.1000s-1 6.00000-1 7.0000e-1 $ VELM g-groups 18, 17, 16, 15, 14, 
1.0000e+O 1.5OOOe+O 2.0000e+O 2.5OOOe+O 3.00000+0 $ VELM 9-groups 13, 12, 11, 10, 9, 
4.00OOe+O 5.00OOe+O 6.0000e+O 7.0000e+O 7.50OOe+O $ MLH g-groups 8 ,  7, 6, 5, 4,  
8.OOOOe+O l.OOOOs+l 1.400Oe+l $ VELM g-groups 3, 2, 1 

fq51 c e s $ each cosine = new tablei energy grp down vertically? spatial segments across horizontally 
E 
C 

C fm61 9.64595e16 $ use for n/g calc; = sum of equivalent point sources (n/s) i n  HB-3 for WFIR at 100 MW (Sn-7.5573e18 n/s in global ca1c)j will y 
ield fluxes in n / s / d  
fc61 Primary U-Leakage ( p / 6 )  at upstream entrance of collimator hole 
fm61 1.35399817 $ use for g-only calar sum of equivalent point sources (p/s) in HB-3 for WFIR at 100 MW (Sn=7.5573018 n/s in global ca1c)j will yield 
fluxes in n/s/c& 
f61:p 4130 $ surf at upstream entrance of collimator hole 
fa61 -4210 4211 -4212 4213 $ the fifth edit ("the remainder") ia the leakage (p /s )  thru the central rectangular hole in the collimator at downstream ex 
it 
ad61 1 1 1 1 1 $ enter area of 1.0 cm2 for all segments (including "remainderii) to get "leakage (p/s)" instead of "current (p/~/cma)~' 
c61 0.0 1.0 $ only L(z-1 and L(z+) 
e61 6 Enrax(leV) for the 23 VELM gamms grps (lowest to highest energy for MCNP): 

C fc61 Becondary Q-Leakage (p/s) at upetream entrance of collimator hole 

2.00000-2 4.5OOOa-2 7.0000e-2 1.00000-1 1.5000e-1 $ VELM g-groups 23, 22, 21, 20, 19, 
3.OOOOe-1 4.00000-1 5.1000e-1 6.0000e-1 7.00000-1 $ VELU g-groups 18, 17, 16, 15, 14, 
1.0000e+O 1.50OOe+O 1.0000e+0 2.500Os+O 3.0000e+O $ VELld g-groups 13, 12, 11, 10, 9, 
4.00OOe+O 5.0000e+0 6.00OOe+O 7.0000e+O 7.50OOe+O $ VEtM g-groups 8, 7, 6, 5, 4, 
8.OOOOe+O 1.OOOOs+l 1.4000e+l $ V E ~  g-groups 3, 2, 1 

fq61 c e s $ each cosine - new table? energy grp down vertically; spatial segments acros6 horizontally 
C 
C 
C 

....................................................................................................................... 
* * ' L * * * * l ) t *  end of model * * * * * * e * * *  

w s: 





Appendix C.6.8 

Listing o f  the input file for MCNP Run HB3070, uhich uas a preliminary (highly simplified) 
MCNP mode[ once used for an exploratory analysis of  the HB-3 beam t h e  using the original 
1960 uater tube design concept. 

.... .. ..-. 

33 1 



P 

HB307D.I 
message: outp=hb307.0 runtpe41b307.r 

Simplified model of HB-3 using equivalent point sources 
C 
C 

C 
C 

C 
C 

C 
C 

C 
C 
C 

C 

C 
C 

C 
C 

C 

C 
C 

C 
C 
C 

C 
C 

C 
C 
C 

C 

C 

C 

C 

C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 
100 
C 
C 
C 

€18307 is a series of "simplified geometry" calcs to get ganrma transport i n  flooded water tube. 

HB307A.I -- for the 1998 water tube design; nps=2OOOOOO 
lB307B.I -- for the 1960 water tube design; rips-2000000 ( I  killed this due to time, after 320000 histories) 
H8307B2.1 -- for the 1960 water tube design (continuation run to print results after 320000 histories P stop) 
HB307C.I -- for the 1998 water tube design <- -  this deck; like HB307A.I but different imp values 6 nps=2000000 
HB307D.I -- for the 1960 water tube design <-- this deck! like HB307B.I but different imp values P nps=5000000 

Used to study shielding effectiveness of water tube (work performed by Jim Bucholz for Mike Farrah, Mar/Apr 1998): 

Ref 1: Dwg of HB-1 (e:\ham\ustn\allbeaml197.dgn Jan 29, 1998 12:55:09), where HB-3 is said to be the same. 
Rsf 2: rmg M-11537-0H-OOl-E, Feb 13, 1998, 10:30:22, dwg of HB-1 (essentially the same as Ref 1, but smaller) 
Ref 3: Dwg E-42027, Sheet 1, Apr 11. 1995, showing location on HB-3 h 1st aluminum window in vessel, as built 
R e f  4: Dwg E-42027, sheet 2, Apr 11, 1995, showing typical beam tube collimator h rotary shutter, as built 
Ref 5: Dwg 1546-01-M-5022, Rev Sep 18. 1961, showing concrete around HB-3 beam tube collimator h rotary 

Distance from outside of vessel nozzeP boss to radial plane 
pe-endicular to beam tube (as specifically stated in Ref 3): 
HE-1: 52.0 inches = 132.08 cm 
HB-2: 54.5 inches = 138.43 cm 
HB-3: 5 4 . 0  inches 137.16 cm 
HB-4: 52.0 inches = 132.08 cm 

Notes regarding length of the 1998 water tube: 

The location of the 1st aluminum window relative to the vessel nozzel boss (cf Ref 1 & 2) is believed to 
correctly modeled here. Likewise, the 2nd aluminum window relative to the beam tube collimator assembly 
(cf Ref 1 h 2) is believed to be correctly modeled here. Qiven the location of the beam tube collimator 
assembly (Ref 1 h 2) relative to the concrete biological shield specifically around HB-3 as shown in Ref 

shutter 

be 

5. - 
however, the length of the new HB-3 water tube [from Surf 2154 at 2-174.95125 cm, to Surf 4110 at 21302.1868 cm 
(total length of water when flooded - 127.23555 cm)] is about 2.03 inches shorter than shown f o r  HB-1 on Refs 
1 k 2, and about 89.8 cm shorter than the water tube originally in HB-3. Note, however, that this 2" difference 
in water tube length between HB-1 and HB-3 is wholly consistent with the data in Ref 3 above if the vessel 
flange hardware and collimator hardware are the same for HB-1 and HB-3 -- J .  A. Bucholz, 3-21-98 

BEQIN CELLS: 

61 -3.2325-4 -1010 9997 -1060 imp:p=l $ void up center of beam tube (upstream of where water begins) 

Cell 1000 goes from to 29116,7841 to 2-174.27; it may have to be subdivided into a number of axial importance zones 
1000 8 -1.0000 

1001 8 -1.0000 -1010 
1002 8 -1.0000 -1010 
1003 8 -1.0000 -1010 
1004 8 -1.0000 -1010 
1005 8 -1.0000 -1010 
PO06 8 -1.0 -1010 
1007 8 -1.G -1010 

-1010 
1060 
7021 
7022 
7023 
7024 
7025 
7026 

1060 - 
-7021 
-7922 
-7023 
-7024 
-7025 
-7026 
-7027 

.2153 ircrP:D 
imp:p=l.OOe+OO $ 
bmp:p=1.70e+00 $ 

imp:p=4.91e+OO $ 
imp:p=8.350+00 $ 
imp:p=l.42e+Ol $ 

imp:p=2.89e+00 $ 

imp:p=2.41e+01 !$ 

-1 $ water from start of 1960 water tube to start of 1998 water tube 
imprp-1 $ water from start of 1960 water tube to start of 1998 water tube 
imp:p=2 $ water from start of 1960 water tube to start of 1998 water tube 
imp:p=4 $ water from start of  1960 water tube to start of 1998 water tube 
imprp-8 $ water from start o f  1960 water tube to start of 1998 water tube 
imp:p=16 $ water from atart of 1960 water tube to start of 1998 water tube 
imp:p=32 $ water t start of 1960 water tube to start of 1998 water tube 
inrp:p=64 $ water I start of 1960 water tube to start of 1998 water tube 

w w 
t3 



HB3OlD.I 
1008 8 -1.0000 -1020 7027 -7028 imp:p=4.10e+01 $ imp:p=l28 $ water from start of 1960 water tube to start of 1998 water tube 
1009 8 -1.0000 -1010 7028 -2153 imp:p96.98e+01 $ imp:p-256 $ water from start of 1960 water tube to start of 1998 water tube 
C 

C 
111 24 -2.7 1010 -2130 9997 -1007 imp:p=O $ aluminum wall of beam tube (upstream of importance cutoff plane) 
112 8 "1.0000 2130 -1225 9997 -1007 imp:paO $ water outside beam tube (upstream of importance cutoff plane) 
C 

C 
c Cell 1100 goes from to 2=118.6879 to zm174.27; it may have to be subdivided into a number of axial implortance zones 
c 1100 
1101 24 

1103 24 
1104 24 
1105 24 
1106 24 
1107 24 
1108 24 

iioa 24 

21 
-2.7 
-2.7 
-2.7 
-2.7 
-2.7 
-2.7 
-2.7 
-2.7 

- 
-2 -7 
1010 
1010 
1010 
1010 
1010 
1010 
1010 
1010 

1010 -2130 1007 -2153 inwrp=l 
-2130 1007 -7022 iw:p=1.7Oe+OO $ 
-2130 7022 -7023 iW:Q=2.89e+00 $ 
-2130 7023 -7024 imq):p=4.91e+00 $ 
-2130 7024 -7025 impip=8.35e+00 $ 
-2130 7025 -7026 imp:p=1.42e+01 $ 

-2130 7027 -7028 imp:p=4.10e+01 $ 
-2130 7026 -7027 iW:D-2.4le+Ol $ 

-2130 7028 -2153 i~:p=6.98~+01 $ 
C 
c Cell 1200 goes from to 2=118.6879 
c 1200 8 -1.0000 2130 -4225 
1201 8 -1.0000 2130 -4225 1007 
1202 8 -1,0000 2130 -4225 7022 
C 

c Cell 1300 goes from to 2~128.7043 
c 1300 50 -7.8212 2130 -4225 

1302 50 -7.8212 2130 -4225 7024 
1301 50 -7.8212 ai30 -4225 2107 

C 
c Cell 1400 goes from to Zp243.9443 
E 1400 8 -1,0000 2130 -4225 
1401 8 -1.0000 2130 -4225 2106 
1402 8 -1.0000 2130 -4225 7026 
1403 8 -1.0000 2130 -4225 7027 
1404 8 -1.0000 2130 -4225 7028 
C 

to 2=128.7043; it may 
1007 -2107 imp:p=l 

-7022 imp:p*1.70e+00 
-2107 imp:p=2.89e+00 

to 2=143.9443; it may 
2107 -2106 imp:p=l 

-2106 img:p=8.350+00 
-7024 iXRV:pm4.91e+00 

m wall of  beam tube (downstream of imortance cutoff plane) 
$ aluminum wall of beam tube (downstream of importance cutoff plane) 
$ aluminum wall of beam tube (downstream of importance cutoff plane) 
$ aluminum wall of h a m  tube (downstream of importance cutoff plane) 
$ aluminum wall of beam tuba (downstream of ilnportance cutoff plane) 
$ aluminum wall of beam tube (downstream of importance cutoff plane) 
$ aluminum wall of beam tube (downstream of importance cutoff plane) 
$ aluminum wall of beam tube (downstream of importance cutoff plans) 
$ aluminum wall of beam tube (downstream of importance cutoff plane) 

have to be subdivided into a number of axial iwortance zones 
$ water outside beam tube (downstream of importance cutoff plane, inside vessel) 
$ imp:p=2 $ water outside beam tube (downstream of importance cutoff plane, inside VeS6el) 
$ imp:p-4 $ water outside beam tube (downstream of importance cutoff plane, inside vessel) 

have to be subdivided into a number of axial importance zones 
$ carbon steel veesdl nozzel flange (appx d e l i  arbitrarily 6" thick) 
$ imprp08 $ carbon steel vessel nozzel flange (appx model; arbitrarily 6" thick) 
$ imptp-16 $ carbon steel vessel nozzel flange (appX model$ arbitrarily 6" thick) 

to 2n175.27; it may have to be subdivided into a number of axial importance zones 

-7026 imp:p=l.42e+01 $ imprp32 $ water outside beam tube (downstream of vessel flange) 
-7027 imp:p-2.4le+Ol $ imp:p=64 $ water outside h a m  tubs (downstream of vesrel flange) 
-7028 imp:p=4.10e+01 $ ilnp:p=l28 $ water outside beam t u b  (downstream of vessel flange) 
-2153 imq)4p=6,98e+Ol $ impxp-256 $ water outside beam tube (downstream of vessel flange) 

2106 -2153 imp:p=l $ water outside beam tube (downstream of ves6el flange) 

c cell 1500 goes from 21.174.27 to 2-310.58; it may have to be subdivided into a number of axial importance zones 
c 1500 8 -1,0000 2153 -4130 -4215 imprp-1 $ water in water tube (from start, up "to" collimator) 
1501 8 -1.OoOo 2153 -7030 -4225 imprps1.19e+O2 $ iWXpn512 $ water in water tube (from start, up "to" collimator) 
1502 B -1,0000 7030 -7031 -4225 imp:p92.02e+02 $ imp:p=1024 $ water in water tube (from start, up *ton collimator) 
1503 8 -1.0000 7031 -7032 -4125 imp:p~3.43~+02 $ imp:p=2048 $ water in water tube (from start, up "to" collimator) 
1504 8 -1.0000 7032 -7033 -4225 imp:p-5.830+02 $ imp:p=4096 $ water in water tube (from start, up "ton collimator) 
1505 8 -1.0000 7033 -7034 -4225 imp:p=9.90e+O2 $ imprp4192 $ water in water tube (from start, up "ton collimator) 
1506 8 -1.0000 7034 -7035 -4225 ilrrprp=l.68/+03 $ imp:pal6384 $ water in water tube (from start, up "to" cO11imator) 
1507 8 -1.0000 7035 -7036 -4225 ilnprp=2.86e+03 $ imp:pn32768 $ water in water tube (from start, up "to" collimator) 
1508 8 -1,0000 7036 -7037 -4225 imp:pr4.87e+03 $ imp:pr65536 $ water in water tube (from start, up "to" collimator) 
1509 8 -1.0000 7037 -7038 -4225 imp:p=8.27e+03 $ imprp-131072 $ water in water tube (from start, up "to" collimator) 
1510 8 -1.0000 7038 -7039 -4225 iW:pnl.4le+04 $ imp:p=262144 $ water in water tube (from start. up "to" collimator) 
1511 B -1.0000 7039 -7040 -4225 impl:p=2.39e+04 $ imptpP524288 $ water in water tube (from startc up "to" collimator) 
1512 8 -1.0000 7040 -7041 -4225 imp:p=4,06e+04 $ imp:p=1048576 $ water in water tube (from start, up "to" collimator) 
1513 8 -1.0000 7041 -4130 -4225 in~:p16.910+04 $ imp:pr2097152 $ water in water tube (from start, up "to" collimator) 
C 
c Cells 1600 P 1700 go from 2-174.27 to Zi.310.58; they m y  have to be subdivided into a number of axial importance zones 
c 1600 8 -1.0000 4130 -4190 4212 -4213 4210 -4211 iwtp-1 $ water in rectangular hole up thru collimator 
1601 8 -1.0000 4130 -7043 4212 -4213 4210 -4211 imp:p-l.l7e+OS $ imp:p=4194304 $ water in rectangular hole up thru collimator 
1602 8 -1.0000 7015 -7044 4212 -4213 4210 -4211 imprp92.00e+05 $ i~:pr8388608 $ water in rectangular hole up thru collimator 
1603 8 -1.0000 7044 -7045 4212 -4213 4210 -4211 imp:p3.39e+05 $ imprp916777216 $ water in rectangular hole up thru collimator 
1604 8 -1.0000 7045 -7046 4212 -4213 4210 -4211 imp:p=5.778+05 $ imptp-33554432 $ water in rectangular hole up thru collimator 

w w w 



HB307D.I 
1605 8 - 1 . 0 0 0 0  7046 -7047 4212 -4213 4210 -4211 imp:p=9.81e+05 
31606 8 -1.0000 7047 -4190 4212 -4213 4210 -4211 hp:p-1.67e+06 
C 

$ im:p=67108864 $ water in rectangular hole up thru collimator 
$ dmg:p-l34217728 $ water in rectangular hole up thru collimator 

c Cells 1600 & 1700 go from 2~174.27 to 2-310.581 they may have to be subdivided into a number of axial imgortance zoues 
c 1700 40 -7.92 4130 -4190 -4225 #(4212 -4213 4210 -4211) imp:p=l $ Stainless steel model of collimator (with rectanaular hole) 
1701 40 -7.92 4130 -7043 -4225 #(4212 -4213 4210 -4211) inrO:D=1.17e+O5 $ 
ole) 

ole) 

ole) 

ole) 

ole) 

ole) 

1702 40 -7.92 7043 -7044 -4225 #(4212 -4213 4210 -4211) imD:Rn2.00e+05 $ 

1703 40 -7.92 7044 -7045 -4225 #(4212 -4213 4210 -4211) iW:D=3.39e+O5 $ 

1704 4 0  -7.92 7045 -7046 -4225 #(4212 -4213 4210 -4211) iInD:pP5.77e+05 $ 

1705 40 -7.92 7046 -7047 -4225 #(4212 -4213 4210 -4211) hD:RP9.81e+05 $ 

1706 40 -7.92 7047 -4190 -4225 #(4212 -4213 4210 -42111 imR:DP1.67e+06 $ 

C 

C 

- 
imp:p=4194304 $ stainless steel model of collimator (with rectangular h 

imp:p=8388608 $ stainless steel model of collimator (with rectangular h 

imp:p-16777216 $ stainless steel model of collimator (with rectangular h 

imp:p-33554432 $ stainless steel model of collimator (with rectangular h 

imp:p-67108864 $ stainless steel model of collimator (with rectangular h 

im:p=134217728 $ stainless steel model of collimator (with rectangular h 

c 800 60 -1.0e-20 4190 -9998 -4225 img:p-l $ internal void downstream of collimator, but upstream of shutter drum 
800 60 -1.00-20 4190 -9998 -4225 imp:p=1.67e+06 $ img:pr134217728 $ internal void downstream of collimator, but upstream of shutter drum 
900 
C 

C 

C 
C 

1010 
2130 
4225 
C 

C 
C 
C 
4210 
4211 
4212 
4213 

9997 
1060 
1007 
2107 
2106 
2153 
4130 
4190 
9998 

C 

C 

0 #(-4225 9997 -9998) impIp'0 $ enternal void 

END CELLS (next line must be blank) 

BEOlN SURFACES: 

cz 5.08 $ inner radius of voided portion of beam tube 
cz 7.16174 $ inner radius of 6s sleeve around HB-3 beam tube, near vesselr used as outer radius of beam 
cz 17.4742 $ outer radius of narrow 8s sleeve extending thru concrete into pOOll radial boundary to axt 

Box surfaces corresponding to rectangular-shaped hole in collimator: 
Here (like everywhere in this MCNP model of HB-31, 

tube in this model 
void in this model 

Zmcentral axis) 
py -3.4925 $ 
DY 3.4925 $ 
px -6.9850 $ 
pX 6.9850 $ 

PZ 0 . 0  $ 
02 116.7841 $ 
pz 118.6879 $ 
DZ 128.7043 $ 

pz 174.27 .$ 
pz 310.58 $ 

PZ 143-9443 $ 

PZ 399.48 $ 
PZ 415.44875 $ 

7020 pz 
7021 pz 
7022 PZ 
7023 pZ 
7024 pz 
7025 pZ 
7026 PZ 
7027 PZ 
7028 PZ 

116.7841 
118.6879 
123.70 
128.7043 
136.32 
143.9443 
151.53 
159.1' 
166. 

Y is really  horizontal^ X is really vertical 

ymax 
d n  

@n 

muax 

external void boundary (location corresponds to the real radial plane perpendicular to the real beam tube) 
start of water tube in 1960 design 
plane below which all importances are zero1 located 2 cm upstream of first pt det used to get pt arcs 
arb plane defining upstream side of thick flange in this madel (flange arbitrarily taken to be 6" thick here) 
plane defining end of thick flange mounted on boss on pressure vessel around HB-3 (see dwg 3-420271 
upstream side of aluminum window forming start of water tube in proposed HB-3 design 
upstream surface of collimator 
%ownstream side of collimator 
upstream side of shutter drum1 taken as ext void boundary in this model 

importance surfacei 
importance eurfacei 
imgortance surface; 
importance surfacei 
importance surface, 
imortance surface; 
importance surface! 
importance surfacei 
importance surfacei 

above here, 
above here, 
above here, 
above here, 
above here, 
above here, 
above here, 
above here, 
above here, 

img:p=l (same as surf 1060) 
imp:p=2 (same as surf 1007) 
illqprp-4 
imprp=8 (same as surf 2107) 
img:p-16 
imp:p=32 (same as surf 2106) 
i m p  : pa64 

imp: p-256 
irrrP :DE12 8 

w w 
P 



7029 
7030 
7031 
7032 
7033 
7034 
7035 
7036 
7037 
7038 
7039 
7040 
7041 
1042 
7043 
1044 
7045 
7046 
1047 
1048 
C 
C 

C 

mode 
C 
C 
C 

np e 
C 
C 

C 
C 
C 

C 
print 
9retao 
C 
C 
C 

p2 174.27 

p x  190.94 
pz 199.27 
pz 209.21 
pz 220.21 

pz 242.21 
pz 253.27 
pz 264.27 
pz 215.27 
pz a81.04 
pz 298.81 
pz 310.58 
pz 323.58 
pz 336.58 
pz 352.31 
pz 368.03 
pz 303.76 
pz 399.40 

PZ 182.60 

PZ 23i.a-1 

importance surfacer 
importance surfacer 
importance surface; 
importance surface; 
importance surface; 
importance surfacer 
importance surface; 
importance surface1 
importance surfacer 
importance surface; 
importance surfacer 
importance surfacet 
importance surfacer 
importance surfacet 
importance surfacer 
imortanca surface; 
iwortance surface1 
importance surface; 
importance surface; 
importance surface1 

END BURFACES (ne%t line ntust be blank) 

above here, 
above here, 
above here, 
above here, 
above here, 
above here, 
above here, 
above here, 
above here, 
above here, 
above here, 
above here, 
above he re, 
above here, 
above here, 
above here, 
above here, 
above here, 
above hsre, 
above here, 

I 

HB307D.I 
imprp-512 (same as surf 2153) 
imp:p-l024 
imp:p=2048 
itnu I us40 96 

imp:p=16384 
imprpa32768 
imorp-65536 
imp:p=131072 
imp:p=262144 
iraorp524288 
imptp-1048576 
ino):p=2097152 
imp:p4194304 (same a6 surf 
imprp*8388608 
imprp-16777216 
imprp33554432 
im:p=67108864 

imp L p=E 192 

fmE, :DS134217728 

3 

- -  
imprp-268435456 (same as surf 4190) 

PROBLEM PARAMETERB: 
P 
moae n 
mode n p  
lips 2000000 

5000000 
nps 40000000 
nps 60000000 
npe 80000000 
nps 120000000 

cut:n tims(shakea) energy(MeV) WC1 WC2 SWTM 
cut:n 1.0820 0.027 -0.5 -0.25 0.0 $ cutoff: don't track any neutrons below 27 keV 
60 $ Table 60 shows vol, mass, n-imp by cell; Bee pp 3-111 of manual for description of other useful tables you may want 
0 80000 0 4 0 $ make restart file after every 80000 histories in fixed src calc; save only the 4 moat recent restart files 

EQUIVALENT POINT SOURCES: 

w w 
v1 

--- > The remaining 271 linea of input beyond this point for MCNP Run HB307D are literally iclentical with <--- 
- - -> the corresponding input for MCNP Run HB307C shown in Appendix C.6.7. and will not be reporducad hers. <--- 





Appendix C.7 

. . .. ... 

GBA.SCR: A sc r ip t  f i l e  used fo r  submitting and running a series of  81foruard mode" 
Group-Banded ANISN calculat ions involving a 1-0 i n f i n i t e  slab model o f  the HB-3 
beam tube including the 1998 water tube, the water - f i l l ed  collimator, and the 
ro ta ry  shutter shield plug, as described i n  Sect 5.3 and Table 5.2.  

This sc r ip t  f i l e  was used fo r  submitting and running a series of Inforward model1 Group-Banded 
ANISN calculat ions involving a I - D  i n f i n i t e  s lab model o f  the HB-3 beam tube including the 1998 
uater tube, the water - f i l l ed  collimator, and the ro ta ry  shutter shield plug, as described in 
Sect 5.3 and Table 5.2. A l l  the necessary GB-ANISN input data for  several d i f fe ren t  variat ions 
of t h i s  problem i s  included in  th i s  f i l e .  Af ter  cMnpletion of the GB-ANISN calculation, the 
embedded GETDOSE program vi11 read the ANfSN f l ux  f i l e  and use the 61n/23g fluxes i n  mesh 574 
t o  calculate the neutron and g a m  dose rates i n  the th in  void region just downstream of the 
col l imator which ends a t  2~399 .48  cm. 

This d e l  uses pre-mixed cross section data fo r  water, aluninun 6061, void, ss304, and/or 
carbon steel, as described belov in the 98$ array (material-by-zone) specifications. Barytes 
concrete and regular concrete are also available, but not used here. Cross sections are based 
on the coupled VELM 6 ln /Ug shielding l i b r a r y  using 61 neutron groups and 23 g a m  groups. 

B y  simply rearranging data for zones 16, 17, and 18 in the GB-ANISN 9 S  array ( the material- 
by-tomt array), the col l imator section may be &led as a l l  water, stainless steel, or carbon 
steel.  The defaul t  var iat ion shoun here i s  set f o r  the a l l  water case. 

Bowdary saurces i n  the 18** array are presently set up t o  include the 61-group impingent neutron 
source on new 1998 water tube (a t  W174.27 cm), as wel l  as the 23-group impingent g a m  source on 
the new 1998 water tube (at  X=174.27 cm). 

By placing "18** 20132 e" a t  the end of the exist ing 18** array (the source speci f icat ion array), 
one can eas i l y  zero-out a l l  of the neutron sources t o  run the g m - o n l y  case. 
neutrons w i l l  a lso eliminate the secondary gamas, thus atlouing one to  p a r t i a l l y  assess the i r  
re la t i ve  importance. 

By placing 1118** a2014 f0" a t  the end of the exist ing 18** array (the source speci f icat ion array), 
one can eas i l y  zero-out a l l  of the primary gama sources while keeping a l l  the neutron sources. The 
resul t ing (coupled n/g) calculat ion w i l l  allow one t o  estimate how mny secondary g a m s  are being 
generated in  each energy group, and where they are being generated (spatial ly).  
g m s  can then be treated as source t e r n  in  a QAD-like point kernel analysis t o  r e a l i s t i c a l l y  
determine t h e i r  re la t i ve  importance in  the real  ( 3 - 0 )  HB-3 water tube shielding problem. 

Eliminating the 

These secondary 
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File is set up for a "forward mode" Qroup-Banded ANISN calculation involving 
a 1 - D  infinite slab model of the HB-3 beam tube including the 1998 water tube, 
water-filled collimator, and rotary shield plug, as described in Table 5.2 of 
the HB-3 Shielding Report. 

After completion of the GB-ANISN calculation, the QETM)SE program will read the 
ANISN flux f i l e  and use the 61n/23g fluxes in mesh 574 to calculate the neutron 
and gamma dose rates in the thin void region just downstream of the collimator 
which ends at 2-399.48 crn. 

Model uses pre-mixed cross section data for water, aluminum 6061, void, ss304, 
andlor carbon steel, as described in the OB-ANISN input just below the 9$$ array 
(material-by-zone) specifications. Barytes concrete and regular concrete are 
also available, but not used here. Cross sections are based on the coupled VELEi 
61n/23g shielding library using 61 neutron groups and 23 gamma groups. 

By simply rearranging data for zones 16, 17, and 18 in the GB-ANISN 9$$ array 
(the material-by-zone array), the collimator section may be modeled as all water, 
stainless steel, or carbon steel. Presently set up for the all water case. 

Boundary aources in the 18** array are presently set up to include the 
61-group iqpingent neutron source on new 1998 water tube (at X1114.27 cm), as well as the 
23-group impingent qamm source on new 1998 water tube (at X = 2 7 4 . 2 1  cm). 

By placing 18** 20132 e 
at the end of the existing 18.' array (the source specification array), one can easily zero-out 
all of the neutron  source^ to run the gaJruna-only case. Eliminating the neutrons will also 
eliminate the secondary panunas, thus allowing one to partially assess their relative imortance. 

By placing le** a2014 fO 
at the end of the existing la** array (the Bource specification array), one can easily zero-out 
all of the primary ganrma 6ources while keeping all the neutron sources. The resulting (coupled nlg) 
calculation will allow one to estimate how many secondary gammas are being generated in each energy 
group, and where they are being generated (spatially). These secondary gammas can then be treated 
as source terms in a QAD-like point kernal analyais to realistically determine their relative 
fmportance i n  the real (3-D) HB-3 water tube shielding problem. 

***ttt****+nn***************************~****************~*********************************** 

********l*.*C******.************************************************************************* 

export RTNDIR=$PWD 
export ~PDIRa/uImntB/$LOaNAME/t~$RANDOM 

echo STMPDIR 
mkdir STMPDIR 
cd STMPDIR 

cat >getdoee.f <<'END-QETDOSE' 
double precision dosen,doseg 
dimens4 - . doaef (84) 

C 



C 
C 
C 

C 

C 

C 

C 

C 

C 

10 
C 

* 

* 

* 
* 
* 

* 
* 
* 

* 
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GBA.SCR 
Multigroup neutron br garmaa flux-to-dose-rate conversion faCtOrS for the VELM 
61nl23g cross section library, calculated as prescribed in 1110SI/JiNS-6.1.1-1977 
and given here in units of (mrem/hr)/(n/s/crn2) or (mrem/hr)/(p/s/cm2). 
data dosefl 
1.94653-01. 1.59773-01, 1.47063-01, 1.4723E-01, 1.5118E-01, 
1.54113-01. 1.4596E-01, 1.3694E-01, 1.18493-01, 1.2527E-01, 
1.25623-01, 1.2615E-01, 1.27213-01, 1.28643-01, 1 e 3008E-01, 
1.29753-01. 1.18043-01, 1.OS54E-01, 9.5577E-02, 9.0488E-02, 
8.30663-02, 6.633OE-02, 5.8498d-02, 5.8080E-02, 5.77313-02, 
5.5626~-0a, 4.93733-02, 4.12413-02, 3.4447~-02, 2.87733-0a, 
2.2781~-02, 1.6688~-oa, i.3~03~-02, i.iib8~-02, 8.7422~-03, 

1.0a74~-03, 3.55853-03, 3.58253-03, 3.60513-03, 3.6129~-03, 
7.95203-03, 7.67703-03, 7.4241E-03, 7.1386E-03, 5.8975E-03, 

3.6387E-03, 3.65283-03. 3.6908E-03, 3.76293-03, 3.84533-03, 
3.93563-03, 4.0311E-03, 4.12893-03, 4.24923-03, 4.382OE-03, 
4.4897E-03, 4.55833-03, 4.5742E-03t 4.5250E-03, 4.37063-031 
3.70903-03, 1.10203-02, 8.7716E-03, 7.8468d-03, 7.47833-03, 
6.92653-03, 6.19093-03, 5.41363-03, 4.62213-031 3.95963-03, 
3.46863-03. 2.92703-03, 2,31563-03, 1.75638-03, 1.4417E-03, 
1.17973-03, 1.0852E-03, 8.75943-01, 5.66763-04, 3.2767E-04, 
2.6644E-04, 2.7466E-04, 5.7761d-04, 2.14393-03/ 

ODen (15,status='old~.form='unformntte~¶~) 1 anisn flux moment f i l e  Ifort.15) 
open (13,file~'gatdose,out',etatus~'unknown'~ I 1-line of output showing dose rates 

meshn574 I get fluxes here, even though we may have more mesh intervals 

dosennO.Od0 
doseg=O.OdO 
nl=nmesh-1 

do ig=1,61 
read ( 15 ) (dummy. masha 1, nl ) , flux 
dosen~8osen+flux*dosef(ig) 

anddo 

do ig=62,84 
read (15) (dunrmy,meeh=l,nl),flux 
doseg~8oseg+flrur*dosef(.ig) 

enddo 

end 
END-QETDOSE 

cat >gbainput <c'END-QBAINPUT* 
gbanisnr 1-d slab model of hb3 water tube & collimator 
/ 
/*******e************************ 

/ 
/ see description of revised input in section 6 of 
/ Charles elater's memo to diet, dated 4/7/88 
/ 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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719 
0 

84 
3 
4 
87 
0 
0 
32 
32 
0 
0 

0 
1 

116 
200 
0 
1 
0 
0 
1 

1 

0 
0 
3 
1 
1 
2 

e 
/ 

/ 
/ 
/ 
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/ 
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/ 
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/ 
/ 
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/ 
/ 
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/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 

16.' 
0 
0 

le-4 
0 
0 

IS$$ = integer parameters 
id P problem id number) if .gt. 1000000, disadvantage factors will be cornputed by group for each material in Calc 
ith - 0/1 - forward/adjoint calc 
isct P maximum order of scatter found in any zone 
isn = order of angular quadrature 
ige - 1/2/3 = slab/cyl/spherical geometry 
ibl P 0/1/2/3 a vacuum/reflection/periodic/white(albedo) = left boundary condition 
ibr - 0/1/2/3 I vacuum/reflection/periodic/white(albedo) = right boundary condition 
izm = number of zones or regions (same material) 
im = number of mesh intervals 
ievt P 0/1/2/3/4/5/6 - fixed src / k-calc / alpha / conc search / zone width search / outer radius search / buckling search - - - - - - - 1 0  ------- 
igm = number of energy groups 
iht position of sigt in xsect table 
ihs - position of g-g (self-scatter) in xsect table 
i h m  -length of xsect table 
ma = mixing table length (lo$$, 11$$, la** arrays) 
mcr E number of xsect sets read from cards (14.' array) 
mtp - number of xsect sets to be read from tape (13$$ array) 
mt - total number of xsect sets (number entered + any mixtures created) 
idfm = 011 P density factors not used / density factors used (if used, enter 21** array) 
ipvt = 0/1/2 n no effect / enter initial keff (as pv in 16**) / enter initial alpha (as pv in 1 6 * * ) ?  see page 25 ------- 20 _ _ _ _ . - _ _  
ism E 

ipm - 
iDP 
iim - 
id1 = 
id2 - 
id3 - 
id4 = 
icm P 

idatlm 

0/1 E no effect / enter distributed source (in 17.. array) 
O/l/im no effect / enter shell arc by grp and angle (le**) / enter shell src by interval, grp, and angle 
interval number which contains shell src if ipm=li othemise, set ipp-0 
inner (matiall iteration maximum 

for more notes 

w 
. -  P 

-1/0/1/2/3 - no scalar flux or dist src print/ no effect / print angular f l w  / punch scalar flux / print angular flx and punch Scalar flx 
0/1/2 - no effect / read mtp xsect sets from tape in gip format / use xsects and fixed src from previous problem 
O/N - no effect / compute N activities by zone, where N is any positive integer 
0/1 - no effect / compute N activities by interval (where N=id3) 
outer (energy) iteration maximum 
icm note: if there is no fission, one may set icm=l in "gbanisn" and it will cycle thru each of the thermal 
groups once and then repeat that cycle up to iim times (where iim is the "inner" iteration max) to converge 
the upscatter terms -- i.e., with group-banded anisn (and the bands properly defined in the 1$$ array) 
icm.gt.1 is not needed to converge upscatter, although icm.gt.1 would be needed if one allows fission. 
0/1/2 .I all data in core/ xsects k fixed sources stored on tape / fluxes & Currents on tape also 
* * * *  must set idatl-1 if xsects come from a gip tape * * * *  

0 

- - - -- - _. 30 I______ 

idat21 0 for no effect1 idat2.gt.0, enter 24$$ array to select Sn, or diff theory, or inf hom media option by group for first "idat2" OUtelS 
ifg - 011/2/3/4 - no effect/ do xsect weighting / read wtg xsects from prev calc / write wtd xsecta (fort.10) / read & write 
iflu- 0/1/2/3/4 = (wtd diff model) - sometimes step/ linear only/ step only/ wtd diff / wtg with neg flx fiXUP 
ifn - 0/1/2 enter fission guess (a**) / enter flux guess (3'") / use flux from prev case 
iprt- 0/1 - print xsects / don't print xsects 
ixtr- 0/1/2/3 as noted below; 

ixtr-0 no effect; start problem from scratch (requires 3** flux guess array in data block f) 
ixtr=l read flux guess (on unit n t 1 4 ) ~  set ifn=1 and do not enter 3** array1 do not include data block f at all 
ixtru2 write flux soln (on unit nt15) 
ixtr=3 read flux guess on one unit (nt14). write flux solution on another unit (nt15) 

note: ixtr is now last parameter in 15$$ (not nbuf or nsav) 

/ 16** = floating point paranetera 
/ ev - firat guess for keff (usually 0.0) 
/ evm - eigenvalue modifier 
/ eps = epsilon (accuracy desired) 
/ I-' E buckling factor (normally 1.410892 if buckling is usedj r"*rwise 0 )  
/ E cylinder or plane height for buckling correction 



i 

GBA.SCR 
0 
0 
0 
0 

0 .5  

18-4 
0 
0 
0 

e 
59$$ 

8 
9 
1 
2 
3 
4 
4 
2 
2 
14 
15 
6 
0 

6O$$  
2400 
e 

t 
/ 
/ 
/ 
1% 

f1 
I 14rl 
ds 
/ 

/ 
/ 
/ 
/ 
/ 
I -  
/ 
/ 

dz = plane depth for buckling correction 
dfml = transverse dimension for void streaming 
xnf source normalization factor (typ: 1 for keff, 0 fer fixed src)j n / m 3  for sphere; n/cm2 for slabt n/crn(of height) for cy1 
pv = enter: 0 / keff0 / alpha0, depending on value of ipvt (param 20 in 15$$ array) 
ryf = lamda2 relaxation factor (normally 0 . 9 )  .------ 10 ------- 
xlal a point flux convergence criteria if .gt. 0 
xlah = upper limit for abs(l.O-lamda1) used in linear search 

/ eql - eigenvalue change epsilon 
/ xnpm = new parameter modifier 

59$$ = array of unit numbers to be used 
ntl = 1st flux and current scratch unit 
nt2 = 2nd flux and current scratch unit 
nt3 1st xsect and source scratch unit 
nt4 = 2nd xsect and source scratch unit 
nt5 - angular flux output unit (default 
nt6 = anisn-formatted (nuclide oriented 
nt7 - gip-formatted (group oriented 
nt8 = few-grow xsect library outvut un 

may skip entire array and take defaults) 
if idatla2 (default: fort.8) 
if idatin2 (default: fort.9) 
if fdatl.gt.0 (default: fort.1) 
if idatl.gt.O (default: fort.2) 
fort. 3 
binary xsect library (defaultt fort.4) if idatl.ne.1 
binary xsect library (default: fort.4) if idatl=l 
t if ifg-3 or f f g ~ 4  (defaultr fort.2) ~- 

/ nt9 few-group xsect library input unit if if&2 or ifga4 (default: fort.2) 
/ nt14 = flux guess input unit if ixtrml or ixtr=3 (default: fort.14) 
/ ne15 = flux output unit if ixtrc2 or ixtrn3 (default: fort.15) 
/ nt99 = unit number for fido edit of input [default: fort.6) 

/ 60$$ new array required for canisn, janien, and gbanisn (but not regualr anisn); only has one entry (kwrd) 
/ kwrd m thousands of real*$ words to be alocated for etorage; typ: 400 rep'd for 041 500 for sa: 900 for e16 

/ end of data block b; t is always required (there is no data bLock a; that's the titla card) 

I number of groups in each band; if nbands.1t.ig-m (as usually the case) fill with zeros} i g m  entries required anyway 
/ use this for VZLM 61n123g 
25 44rl f0 1 Use this for AlIANsLV 39n/44g; yields 1 grp  per band in 1st 3.4 bands, and 25 groups in band 15; and 1 grp per band in the 44 gamma ban 

/ these 2$$ and 3** arrays here were only needed in a very special burnup-dependent version of the group-banded anisn code 
/ that bob child6 wrote especially for Jim bucholz on the mhtgr project in 19888 these two arrays are not part of the 
/ regular group-banded anisn code and should not be entered (they're lists& here only as a reminder to me) 
I 2$$ 24 e / 2 $ $  number of burnup intervals (used only in bob child's version) ....- this a$$ not standard 
/ 3** 2. e / 3** length of burnup intervals in years (used only in bob's version) this 3** not standard 

/ 
/ 
/ 13$$ id numbers for nuclides or macroscopic materials in 'premixed1 xsect library 
/ but Honly if" supplied in anisn-formatted [nuclide oriented) binary library3 
/ this array allows the code to strip off just the nuclides it needs from tape; 
/ not needed should not be entered if idatl-1 and input xsects are tram gip tape 
/ 13$$ / mtp entries; not needed when input xsects are from gip tape 
/ 14** cross sections entered off cards if mcr.gt.0 
/ t  / end of data block d; t is required if 13$$ or 14" are entered1 otherwise this t should be skipped 
/ 
/ 
/ 
I 17** fixed source specifications (im*igm entries reqd if i m = l )  
/ source in each mesh interval for group 1 
/ source in each mesh interval for group 2 

t / end of data block c ;  t is alWay6 required (this data block has only the 1$$ array and is repd by std gb-anisn) 



GB A. S CR 
f source in each mesh interval for group 3 

: I  / . .  
/ source in each mesh interval for group 27 
1 ... these may all be renormalized Using xnf 
/ 17** / values are n/a/cci remember to use "lower case" e ' s  for exponents, not upper case e ' s  
/ 144r0 18r7.02795e+12 36r6.55051e+12 18r8.15472e+l2 183r0 / group 1 (halfway up top sect of an6 core) 1.9097700e-02 
/ l44r0 18r7.22984e+13 36r6.73868e+13 18r8.38897e+l3 183r0 / group 2 (halfway up top sect of ana core) 2.1556070e-01 
/ 144r0 18r8.24511e+13 36r7.68498e+13 18r9.56702e+13 183r0 / group 3 (halfway up top sect of an6 core) 4.3961270e-01 
/ 144r0 18r4.65807e+13 36r4.341630+13 18r5.40488e+13 183rO / group 4 (halfway up top sect of ana core) 5.6619070e-01 
/ 144r0 18r6.05776e+13 36r5.646230+13 18r7.02897e+13 183r0 / group 5 (halfway up top sect of ans core) 7.3080370e-01 
/ 14420 1826.35937e+13 36r5,92735e+13 18r7.37895e+13 183r0 / group 6 (halfway up top EeCt of ana core) 9.0361270s-01 
/ 144r0 18r3.04993e+13 36r2.84274e+13 18r3.538920+13 183r0 / group 7 (halfway up top sect of an6 core) 9.8649130s-01 
/ 14420 18r4.61450e+12 36r4.30101e+12 18r5.35432e+12 183rO / group 8 (halfway up top sect of ans core) 9.9903070e-01 
/ 144x0 18r3.33162e+ll 36r3.10529e+11 18r3.86576e+ll 183r0 / group 9 (halfway up top sect of an6 core) 9.9993600e-01 
/ 144r0 18r2.47229e+lO 36r2.30433e+10 18r2.868668+10 183r0 / group 10 (halfway up top sect of a m  core) 1.0000030e+00 
/ fO 
/ la4* ahell source specifications (not reqd if ipm=O, nnn*igm entries reqd if ipm.eq.1, rmn*im*igm entries reqd if ipm.gt.1) 
/ note: for adjoint calcs, the angular dependent adjoint source must 
/ be supplied as if it were reflected thru the origin) 
/ Below: Source(33)~ScalarFlux(monodirectional)/Weight(33) 
18** / based on full 100 MW power n/g from core, including decay fission gammas from core. 

* . :  

/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 

The following angular fluxes for quadrature direction 33 (scalar flw)/(weight 33). 

1 - D  slab QBANISN sources impingent on the old 1960 water tube and/or the new 1998 water 
tube in the HFIR H83 beam tube, based on the equivalent point sources in SRC-DESC.SUMt 
these forward-directed shell 6ources in direction 33 (of an 932 1-D slab quad set) were 
computed using the utility program 9RClD.FOR as: 
SRC(grp ig, direction 3 3 ) ~  (PtSr~(ig)/(4*pi*(X-X0)~2])/weight(33) 
where the multigroup PtSrc for H83 is given in ref dataset SRC-DESC.SUP3, 
where XO(ig), the effective center of ermnission for group (ig) in HB3, is 
given in SRC-DESC.SUM (XO-dint in cm from the plane perpendicular to the tube), 
where x = ~11116.7841 cm = the point where the old 1960 water tube began 
and x - ~21174.27 cm = the point where the new 1998 water tube begins 

impingent neutron src on old 1960 water tube (at Xm116.7841 cm), for neutrons in HE3 (velm grp-l,61), fastmgrp 01 
322 1.13006e+08 322 1.10592e+lO 322 4.38227e+10 322 6.55516e+lO 
322 2.61608~+11 322 5.449500+11 322 5.098340+11 322 5.29409e+11 
322 1.06623e+12 322 2.95410e+ll 322 3.36529e+11 322 8.76827e+11 
322 2.26008e+12 322 2.90345e+12 322 1.69825e+12 322 2.90497e+12 
322 1.47587s+l2 322 1.74368e+l2 322 9.58689e+ll 322 4.29052~+11 
322 2.04155e+l2 322 1.63431e+12 322 7.72646e+10 322 2.26409e+10 
322 5.78337e+10 322 4.509560+11 322 1.26373e+12 322 1.10214e+12 
322 7.71693e+11 322 9.9295le+11 322 1.29692e+12 322 2.16579e+12 
322 4.21110e+ll 322 1.42750e+12 322 2.60124e+12 32x 5.88214e+11 
322 2.09517e+11 322 2.69366~+11 322 3.43813e+11 322 2.20686e+12 
322 2.64203e+12 322 2.50082e+12 322 2.197400+12 322 1.47693e+12 
322 7.83043e+ll 322 7.16313e+11 322 4.41240e+11 322 3.28332e+12 
322 3.239228+12 322 2.48747e+12 322 2.80919e+12 322 2.63519e+12 
322 2.86782e+12 322 4.53851~+12 322 4.99220e+12 322 3.96223e+12 
322 4.69230e+12 322 9.22237e+12 322 6.73971e+12 322 7.47705e+12 . 
322 5.52139e+14 

322 3.84536e+09 322 2.547250+12 322 3.55596e+13 322 4.34705~+12 
322 2.76192e+l3 322 1.90569~+13 322 4.180790+13 32x 0.70888~+13 
322 4.10847e+13 322 1.01212e+14 322 1.257140+14 322 1.15144e+l4 
322 9.540134+13 322 4.19883e+13 322 7.18706e+13 322 8.17303e+13 
322 9.830. 13 322 2.88737e+14 322 1.98233e+14 322 1.63428e+14 

impingent gamma arc on old 1960 water tube (at Xc116.7841 cm), for ganunae in H83 (velm grp=61,84) ,  fast-grp 63 

w 
P 
t 3  

/ 322 8.162 13 322 1.107270+13 322 8.973498+09 



GB A.SCR 
/ impingent neutron src on new 1998 

322 5.82455e+06 322 3.96115e+09 
322 6.51723e+10 322 1.26300e+11 
322 2.38004e+11 322 9.27745e+lO 
322 6.50926e+ll 322 7.20780~+11 
322 4.60156~+11 322 4.54658e+ll 
322 5.14801e+11 32% 4.74618e+11 
322 1.33040e+10 322 1.43484e+11 
322 2.45247e+ll 322 3.03906e+11 
322 3.49982e+11 322 3.95192e+11 
322 4.93277e+10 322 6.12988~+10 
322 7.55624e+ll 322 6.949139+11 
322 2.10124e+ll 322 2.08309e+11 
322 7.82793~+11 322 6.922236+11 
322 7.57499e+11 322 1.21027e+12 
32% 1.268958+12 322 1.58393e+12 
322 8.35086e+13 

water tube (at Xu174.27 cm), for neutrons in HB3 (velm grR=l,61), fast-grp 01 
322 9.091208+09 322 2.07345~+10 
322 1.51488e+11 322 l037816e+11 
32a 1.18026e+11 322 2.45799e+ll 
322 5.11900e+ll 322 5.83437~+11 
322 2.75728~+11 322 1.18870e+ll 
322 2.46126e+10 322 6.19803e+09 
322 4.39295~+11 322 3.23138~+11 
32% 3.96441e+11 322 6.47767e+ll 
322 3.98678e+11 322 1.25329~+11 
322 7.08402e+10 322 6.01394e+11 
322 6.05180e+ll 322 3,31031e+11 
322 1.39402e+11 322 8.03580e+11 
322 7.67867e+11 322 7.49416~+11 
322 1.30606e+12 322 1.17264e+12 
322 1.50752e+12 322 1.93367~+12 

/ impingent gamma src on new 1998 water tube (at X=174.27 em), for gamma8 in H83 (velm grp-61,841, fastugrp 63 
322 2.445208+08 322 1.31290e+ll 322 2.79299e+12 322 3.06526e+ll 
322 2.23919~+12 32z 1,30586eil2 322 3.53816e+12 322 4.129070+12 
322 2.77455e+12 322 5.55316e+12 322 8.30330e+12 322 9.51037e+12 
322 1.12103~+13 322 5.710128+12 322 7.70454e+12 322 1.04867e+l3 
32r 1.41704e+l3 322 3.73438~+13 322 2,62482e+13 322 2.31424e+13 
322 1.716326+13 322 2.64146~+12 322 3.79191e+09 

/ 
/ end of source specifications 
/ 1 8 , s  20132 e / zero-out all neutron sources to run gsmma-only calc 
/ 18.' a2014 f O  / zero-out all primary gamma sources ( 8 0  we can see where neurons are generating g-61 
/ 
t / end of data block e; t is required if 17'. or le** are entered; otherwise this t should bo skipped 

f 
/ 
/ 
/ 2** fission density; im entries rewired! enter only if ifnnO (34th param in 15$$) and ixtr-0 (36th param in 15$$ array) 
/ 3** flux guess ((flr(i,p),i~l,im),g~l,igm)~ enter only if ifnu1 (34th param in 15$$) and ixtr=O (36th param in l5$$ array) 
3** fO / setting ifn-1 and filling 3** with f O  is recamrended for shielding work 

/ 
/ 
/ 
1** / chi(g) fission spectrum; igm entries) not needed if no fissionable material present (if not needed, manual says enter fO) 

/ 
5 * *  t avg velocity for each energy Eroupi uuually not needed (if not nee&& manual says enter fO) 

/ 
6** / 1 - D  xsdrnpm quadrature weights (igenl ien=32 nuns 33) 

t / end of data block f; t is required if 2** or  3** are entered; otherwise this t ehould be skipped 

f O  

f O  

0.00000e+00 6.78811e-03 1.55634s-02 2.37896s-02 3.11572e-02 
3.73990s-02 4.22891e-02 4.56509e-02 4.73627e-02 4.73627e-02 
4,56509e-02 4.228918-02 3.739908-02 3.11572e-02 2.37896e-02 
1.55634e-02 6.78811s-03 6.788lle-03 1.55634e-02 2.37896e-02 
3.11572a-02 3.7399Oe-02 4.2289le-02 4.56509s-02 4.73627e-02 
4.73627e-02 4.56509e42 4.228919-02 3.73990%-02 3.11572e-02 
3,37896a-02 1.55634s-02 6.788111s-03 

7** / 1-D xsdrnpm direction coeinee (igenl isnn32 m a  33) 
-1.OOOOOe+OO -9.94700s-01 -9.72288e-01 -9.32816e-01 -8.77702e-01 
-8.08938e-01 -7.29008e-01 -6.40802e-01 -5.47506~1-01 -6.52494s-01 
-3,59198s-01 -2.709929-01 -1.91062e-01 -1.22298s-01 -6.71844e-02 



GBA.SCR 
-2.77125e-02 -5.29953e-03 5.29953e-03 2.77125e-02 6.718440-02 
1.22298e-01 1.91062e-01 2.709920-01 3.591980-01 4.52494e-01 
5.475068-01 6.40802e-01 7.29008e-01 8.08938e-01 8.77702e-01 
9.32816e-01 9.72288~~-01 9.94700e-01 

/ 
/ 4 * *  / location of each interval boundary; im+l entries required 
/ 4 * *  0.0 24110.01 35.56 35.57 / mesh boundaries 
1 4** 0.0 24110.01 19.06 19.07 / mesh boundaries 
/ 4 * *  0.0 241i0.01 27.95 27.96 I mesh boundaries 
/ P * *  8.0 319.0 3110.0 151112.54 31109.06 21111.6 31i112.6 113.08 / mesh boundaries 
4 * *  / 720 mesh boundaries required here (for these 719 mesh intervals): 

115.0 21116.7841 1111117.7366 21174.27 71174.95125 71179.05 
71183.15 71187.25 71191.35 71195.45 71199.55 71203.65 
1891207.75 21302.1868 151302.5043 491310.58 21334.7709 
1271335.4756 21399.48 141401.94PS 1241415,44875 
21477.36125 478.79 

/ 
E$$ / zone numbers by mesh interval (im entries required) 

1 3r2 112r3 3r4 8r5 8r6 8r7 8r8 81.9 8rlO 8rll 8r12 
190r13 3r14 16r15 50r16 3r17 128r18 3r19 15r20 125r21 
3r22 

/ 
9$$ / material numbers by zone (izm entries required); material numbers should correspond to p0 colllponents only 

9 / 1st zone always void; 1.7841 cm thick (thickness doesn't matter in slab g e m t r y )  
9 / 2nd zone void here] 1st aluminum window in 1960 design would go here 
9 / 3rd zone void herel use water if looking at 1960 design 
5 / 4th zone aluminum = 1st window in 1998 design; would be water for 1960 design 
1 1 5th zone water (first 4.1 cm in 1998 design) 
1 / 6th zone water (next 4.1 cm in 1998 design) 
1 / 7th zone water (next 4.1 cm in 1998 design) 
1 / 8th zone water (next 4.1 cm in 1998 design) 
1 / 9th zone water (next 4.1 cm in 1998 design) 
1 / 10th zone water (next 4.1 cm in 1998 design) 
1 / 11th zone water (next 4.1 cm in 1998 design) 
1 / 12th zone water (next 4.1 cm in 1998 design) 
1 / 13th zone water (remainder of water in 1998 water tube design) 
5 / 14th zone aluminum I 2nd window in 1998 design; would be water for 1960 design 
1 / 15th zone water 

/ .............................. may wish to make next 3 zones: all water (11, a l l  stainless steel (13). or all carbon steel (17) 
/ 

a16 / 
13 I 16th zone stainless steel 
13 / 17th zone atainless steel 
13 / 18th zone stainless steel 

1 
a16 / 
17 I 16th zone carbon steel 
17 / 17th zone carbon steel 
17 / 18th zone carbon steel 

I 
a16 / 
1 / 16th zone water here; may later try stainless steel or carbon steel; 
1 / 17th zone water here; may later try rtainless steel or carbon steel) use aluminum iff modeling 1960 water tube design 
1 / 18th zone water here; may later try stainless steel or carbon steel; 

/ 
1 .............................. previous 3 zones represent the collimator section 

9 / 19th 7 9 thin void at end of collimator (need incoming flux here) 
9 / 20th void upstream of carbon steel shutter drum 

w 
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GB A.SCR 
17 / 21th zone carbon steel shutter drum 
9 22th zone thin void 

/ 
/ end of 9$$ array 
/ list of possible materials (with this HB3 water tube xsect lib) includes the following: 
/ 
/ mix 1 (ANISN/DORT MATL 1) - Water at 1.00 g/cc 
/ mix 2 (ANISN/WRT MATL 5) - Aluminum 6061 (2.7 g/cc) 
/ mix 3 (ANISN/WRT W T L  9) - Void (He @ 1.06-20 atoms/barn*cm) 
/ mix 4 (ANISN/DORT MATL 13) = 88304 (7.92 g/ccf see page 50 of ORNL/'PM-11989) 
/ d x  5 (ANISN/DORT MATL 17) = carbon Steel (7.8212 g/cc, 99 wt% Fe, 1 wt% C) 
/ mix 6 (ANISN/DORT MATL 21) - Barytes Concrete at 3.09725 g/cc  
/ mix 7 (ANISN/DORT MATL 25) - Regular Concrete 
/ mix 8 (MISN/WRT MATL 29) = response functions 
/ 
/ 
/ note: anisn reads macroscopic cross sections for materials that 
/ have been premixed elsewhere (in this case materials 1 to 52). 
/ it also allows us to u ~ e  these to create 6- secondary materials 
/ (like naterials 53, 57, 61, 65, 69, and 731, as described below: 
/ * P f ~ = = l l l t l = l l l l P l = = = = = ~ ~ ~ = = = = ¶ P = ~ ~ = ~ ~ U ~ U ~ E ~ ~ E ~ ~ E ~ E ~ E ~ E E E = ~ ~ E ~ E ~  

/ 
/IO$$ I 
/ 
/ 
/11$$ / 
/ 
/ 
/12" / 
1 
/ 
/ 
/ 
/ 
/ 
/ 

mixture numbers in mixing table: 
4r-53 4r-57 4r-61 4r-65 4s-69 4r-73 

component numbers (like nuclid number 
0 41 45 49 5p4 

number 
reset 

0 
0 
0 
0 
0 
0 

densities (atoms/barn*cm): 
IS b-10 b-11 
1.0 6.797020-3 1.67426s-3 
1.0 6.79702s-3 1.67426s-3 
1.0 6.79702e-3 1.67426e-3 
1.0 6.797020-3 1.67426e-3 
1.0 6.79702e-3 1.674266-3 
1.0 6.79702s-3 1.674260-3 

irrelevant here, but shown as an example 

in mixing table: I 

irrelevant here, but shown as an example 

irrelevant here, but shown as an e-le 
densities for 1st r o w  of pins ( m i x  53): 
densities for 2nd row of pins (mix 57): 
densities for 3rd row of pins (mix 61): 
densities for 4th row of pins (dr 65)r 
densities for 5th row of pins ( d x  6911 
densities for 6th row of pins (mix 73): 

order of scatter by zone 
f3 

radius modifiers by zone (required iff ievtm4) 

density factors by interval (required iff idfmsl) 

material numbers used for activities! refers to p0 components; use minus sign; id3 entries rewired (iff 
-49 / material number for b-10 

xsect table position for activitiesi id3 entries required (iff id3.gt.O) 
1 / absorption in b-10 

calculation type markers; igm entries required, but iff idat2111 0/1/2 u sn / diff-th / inf-horn-media 

w 
P ul 
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GBA.SCR 
/ 25**  right boundary albedo by group; igm entries required, if ibr-3 (otherwise not required) 
/ 
/ 26.2 left boundary albedo by group1 igm entries required, if ibl-3 (otherwise not required) 
/ 
/ 27$$ few group parameters; 5 entries required, but only if ifgal (otherwise array not needed) 
/ I icon I 0/1/2 = no effect / micro xsects desired / macro xsects deairedi (minus implies cell weighting) 
/ / ihtf = position of sigma total in weighted xsecte 
/ / ihsf - position of g-to-g scatter i n  weighted %sects; (minus implies upecatter removal) 
/ / ihmf - table length of weighted xsects 
/ / ipun - -l/O/l 5 write nuclide tape on fort.10 / no effect / punch wtd xsects (free-form on fort.7) 
/ e / end of 27$$ 
/ 
/ 28$$ broad-group number for each fine group; igm entries required, if ifg=l (otherwise not required) 
/ 
t / end of data block gf this t is always required 

END-QBAINPUT 

In - 8  /u/mnt4/jab/hfir/water-tube.hb3/dort.xsecte/xsects.dort-ready.bin.hfir.~3.water~ube.O~y98 fort.4 # link dort-ready xsecte to fort.4 for use in U 
BANISN 
# For this particular library: 
# 
# m i x  1 (ANISN/WRT MATL 1) = Water at 1.00 g/cc 
# mix 2 (ANISN/DORT MATL 5 )  = Aluminum 6061 (2.7 g/cc) 
# mix 3 (ANISN/DORT MATL 9) .I V o i d  (He @ 1.0e-20 atoms/barn*cm) 
# d X  4 (ANISN/DORT MATL 13) I 99304 (7.92 p/CC; see page 50 Of ORNL/TM-11989) 
# mix 5 (ANISN/WRT MATL 17) - Carbon Steel (7.8212 g/cc, 99 wt% Be, 1 wt% C) 
# d x  6 (ANISN/DORT MATL 21) I Barytes Concrete at 3.09725 g/CC 
# mix 7 (ANISN/WRT MATL 25) .I Regular Concrete 
# mix 8 (ANISN/WRT MATL 29) - raaponse functions 
gbanisn dgbainput >gbaoutput 
xlf getdo6a.f -0 getdoes 
getdoae 

# cp -p forE.15 $RTNDIR/fort.15 
Cp -p gbaoutput $RTNDIR/gbaOutpUt 
Cp -p getdose.out $RTNDIR/getdose.out 

r m *  # dangerous I l l  be careful what subdirectory you are in 
cd SRTNDIR 
rmdfr STMPDIR 

# 1 1 1  
# echo “sob will be run in ‘I STMPDIR 

w 
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Appendix C . 8  

QADD3: 
a t  2 4 0 0  cm, just dounstreara o f  the collimator section, uhen the HB-3 uater tube and 
collimator sections are both flooded. It includes the effects of the secondary g a m s  
generated by the neutrons. This program, a d  the associated results for  the 1960 a d  
1998 water tube designs, are f u l l y  described i n  Sect 5.5. 

A QAD-like point kernel shielding code used to estimate the gama dose ra te  

,. ........ 

. . . ... 
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QADD . FOR 
Uses simple QAD-like mass attenuation coefficients 
downstream of the collimator for both the long and 
dose rates due to several gamma sources: 

(-1) the original equivalent point sources down the 

(for each eenrgy group) to calc the ganuna dose rate 
short water tube models, and tabulates the resulting 

beam tube, 
( 0 )  the contribution due to secondary ganmas produced in the first aluminum window, and: 
(1) the contribution due to secondary gammas produced in the first 4.1 cm of water in the water tube, 
(2) the contribution due to secondary gammas produced in the second 4.1 cm of water in the water tube, 

( 8 )  the contribution due to secondary gammas produced in the eighth 4.1 cm of water in the water tube. 

The secondary gamma source terms in the 1st aluminum window and each of Lhe 8 water segments was 
computed "a priorin using the QBANISN data from Calc 5 (QBA3.SCR) above. (Note, however. that the 
source terms in QADD - the ANISN secondary source terms (above) times the cross sectional area of 
the water tube (pi*7.03cm*7.03cm) since the raw ANISN terms are for a 1 cm x 1 cm area.) 

: : :  : :  . .  . .  . .  . .  . .  . .  

-- J. A. Bucholz (May 71 1998) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Note: Basically, QADD2.FOR is identical to QADD.FOR, except that we now tally the contributions to the 
dose rate by source ENERGY as well as by source LOCATION, and later reorder that list in order of final 
imgortance. From the original QADD.FOR, for example, we know that most of the dose rate at x-000 cm down 
the bsam tube (ie, at the end of the flooded water tube h flooded collimator) comes from the primary gammas 
streaming down the beam tube and imsinging on the water tube. 
tracking a lot of gamma that might not be important in the end. we'd9 like to know which groups are the 
most imortant so that we can focus more on them. 

Results for the 1960 water tube: 

Qroup 1- 7 sources (of the primary gammas) contribute 96.627% of the final gamma dose 
Qroup 1- 8 sources (of the primary gamma#) contribute 99.147% of the final gamma dose 
Qroup 1-11 sources (of the primary gammas) contribute 99.910% of the final gaarma dose 
Group 1-12 sources (of the primary gammas) contribute 99.963% of the final gsmma dose 
All other sources can be neglected 
A l s o  note: while in our MCNP calc we might tend to undersample VELM Group 1, QADD2 shows 

Before we spend a whole lot of time in MCNP 

-- J. A. Bucholz (June 16, 1998) 

................................ 

that the Qroup 1 sources only contribute 0.020% of the final gamma dose 

Result6 for the 1960 water tube: 

Group 1- 8 sources (of the primary gammas) contribute 98.051% of the final 
Qroup 1-11 sources (of the primary gammas) contribute 99.842% of the final 
Group I,-''' sources (of the primary gammas) contribute 99.914% of the -'-.a1 
All otl ources can be neglected 

______________-__-___-----_----- 
gamma dose 

gamma dose 
gamma dose 
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Also note: While in our MCNP calc we might tend to undersample VELM Uroup 1, QADD2 shows , 
that the QrOUp 1 sources only contribute 0.014% of the final gamma dose 

Other comments: --------------- . 
Sources in VELM groups 1- E 7.9B4211e15 pfe 
Sources in VELM groups 1-12 5 2.160073e16 p f s  
Therefore, if we include groups 9-12 (not recommended), the calc will 
take 3 times longer and change the results for the 1960 water tube by 
only 1% (2% in the case of the 199E water tube). CPU time would be 
much better spent running additional histories on groups 1-E. 

Sources in VELM groups 1-23 = 1.35399el7 pfs 

sources in -LEI groups 1- 8 I 7.9E4211e15 p f s  

--> Thus, by running only VELld source groups 1 - E  (which account for 98-995 of 
--* the final dose just downstream of the flooded collimator, we should be 
--> able to run about 17 times faster than if we tried to accomodate all of 
--> the 23 source groups. 

==> Ratio = 16.96 -------_______-_--_-l____________l______---- 

Note: Basically, QADD3.FOR is identical to QADDZ-FOR, except that the secondary gamma sources in the 
first aluminum window (iloc-0) and the eight 4.1-cm-thick water zones of 1998 h a m  tube (floc-1 to 8) 
were all updated on Sept 12, 1998. As before, they are still baeed on GBA3.OUT (produced by OEA3.SCR). 
The secondary ganuua source terms in QADD.FOR and QMD2.FOR (both identical), were determined in an 
approximate fashion from the balance table data in UBA3.OUTI by sayingt 
nsecon&ary gamma production rate (g,izn) = absorption rate (g,irn) + absvalCleakage rate (g,izn)ln 
which is note really true on a groupwise basis. What is true is the following: 
'inscatter rate (g,fznl = absorption rate (g,izn) + leakage rate (g,izn) i outscatter rate (g,ignIN 
However, the balance table "inscatter ratew for any given gannaa group includes ElOWfng down from higher 
gamma groups, as well as aec gam prod via inscatter from neut grps. The approximation shown above is 
generally conservative (is, leads to slightly higher than real eeltimates of sec gam prod rate in each 
group, but ie not rigorously defendable in strict sense. For the purposes of the HB3 Shielding Report, 
X decided to clean this up e little, and do things is a mors rigorous fashion on SaturBay Sept 12. 1998. 
The secondary gamma source terms used here in Q M D 3  were obtained by folding the mvolume integrated" 
61-gr0~p neutron fluxes in each zone (ar given by the GBA3.OlJT ANIS1 balance tables for each zone) 
with the 84 grp x 84 g r p  macroscopic saattering cross section matrix (for H20 in zones 5-13. and AL 
in zones 4 and 14) which I pulled of€ the binary dort-ready xaect file using the XSECTGET.F program. 
As expected, these new production rates are very close to the original production rates in those 
frnportant uones close to the hot end of the water tubs, but notably lower in thoee zonas furthar down the 
tube where the secondary production rate ha& really fallen off. Since the seconciary ganunas are still make 
a totally negligible contribution to the total gamma dose rate downstream of the collimator at 2 4 0 0  cm, 
none of the previous observationr really change (except maybe the size of the small contribution(6) from 
the last few water regions). Use of these new secondary gamma eource terms, however, is more rigorous. 

While I was updating things in QADD3, I also added logic to rescale the secondary gamma source terms 
(ie, those in zones 0 thru 6 )  for the 1960 water tube, while leaving thoee for the 199E water tube 
basically unchanged. This rescaling for the 1960 case is really necessary Since the sec gam src terms 
are proportional to the impingent neutron flux, which is bigger for the 1960 water tube which starts 
closer to the core. The overall impingent source terms used for rescaling at each location were easliy 
obtained using the FLDXTUBE program in the MIDTUBE subdirectory, which uses the aource term8 shown in 
Tables 2.2a and 2.2b of the HB3 Shielding Report and uses 1/[4*pi*(R-R0)"2] to get flux at desired point. 

gee key results / conclusions at end of this program lieting. -- 3. A. Bucholz (Sept 12. 1998) 
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double precision dist,uw2,var,dexp,atten,dum,dose 

dimension eu(28),uh(28),uo(28),uw1~2E~,uw2(23),dosef(23) 

dimension src(-1:8,23),x0~-1:8,23~,gdo~e(-l:8) 
dimension msrc(23O~,mloc~230),gd~230) 1 original list 
dimension msrc2(230),mloc2(230),gd2~230~ I ordered list 

23-group ganrma flux-to-dose-rate conversion factors for the VELM 
61n/23g cross section library, calculated as prescribed in ANSI/ANS-6.1.1-1977 
and given here in unite of (uuem/hr)/(p/s/cm2): 
data dose€/ 1.102OE-02, 8.77163-03, 7.8468E-03, 7.4783E-03, 
6.9265E-03, 6.19093-03, 5.41363-03, 4.6221E-03, 3.9596E-03, 
3.46861-03, 2.9270E-03, 2.31563-03. 1.75633-03, 1.4417E-03, 
1.2797E-03, 1.0852E-03, 8.75943-04, 5.6676E-04, 3.2767E-04, 

* 2.6644E-04, 2.7466E-04, 5.7761E-04, 2.1439E-031 

data (xO(-l,ig),igE1,23)/ I location of equivalent point sources down beam tube 
* 97.4, 99.9, 9 4 . 4 ,  96-08 93.9, 96.4, 93.2, 92.6, 96.6, 99.2, 

96.9, 93.6, 86.8,  83.2, 88.8, 84.7, 81.6, 84.5, 83.9, 82.1, 
* 68.1, 61.9, 10.0/ 

data (src(-l,ig),ignl,23)/ 1 equivalent point sources down beam tube 
* 1.23250E+11,6.19421E+13,1.51983E+15,1.60183E+1~,1.23378E+15, 

6.75453E+14,1.98351E+15,2.34929E+15,1.42777E+15,2~66951E+15, 
4.23989E+15,5.27935E+15,7.31636E+15,4.03975E+15,4~80101E+15, 

* 7.17665E+15,1.03805E+16,2.56708E+16,1.82855E+16,1.67705~+16, 
1.65029E+16,2.84514E+15,0.72837E+12/ 

Original secondary gamma source terms in QADD.FOR and QADD2.FOR (both identical, from May 7 1998): 

These were determined in an approximate fashion from the balance table data in OBA3.0UTI by saying: 
secondary gamma production rate (g,izn) 0 absorption rate (g,izn) + absval[leakage rate (g,izn)l 
which is not really true on a groupwise basis. What is true,is the following: 
inscatter rate (g,izn) I absorption rate (g,izn) + leakage rate (g,izn) + outscatter rate (g,ign) 
However, the balance table inscatter rate for any given gamma group includes slowing down from higher 
ganuna groups, as well as sec gam prod via inscatter from neut grps. Thus, these appx source terms are 
generally conservative (is, lead to slightly higher than real estimates of sec gam prod rate in each 
group), but are not rigorously defendable in strict sense. I have since replaced these, as noted below. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
data (xO(O,ig),ign1,23)/ 23*174.61 / I location of equivalent point sourcea from 1st aluminum window 
data (src(O,ig),ig=l,23)/ I gamma sources in 1st aluminum window (QBA Zone 4, Vo1-0.6812290 cc) 

* 1.52119e+5,9.49803e+7,4.39514~+9,2.25731e+8,~.09412e+9, 
1.45544e+9,4.71986et9,4.28904e+9,2.60488e+9,9.45107e~9, 

* 2.19089e+9,2.31261e+9,1.82538e+9,6.01854e+8,1.43029e+9, 
1.12324e+9,1.33012e+9,2.64326e+9,1.21299e+9,1.07793e+9, 
3.99505e+9,4.28805e+9,5.69539e+7/ 

data (xO(l,ig),ig-l,23)/ 23'177.00 / I location of equivalent point sourcea from 1st 4.1 cm seg of water 
data (src(l,ig),ig=l,23)/ I ganrma sources in 1st 4.1 cm of water in beam tube (QBA Zone 5, Vola 4.0987700 cc) 

* 1.61883e+4,1.09840e+7,5.42355e+8,1.63231e+7,1.13015e+8, 
1.'' ?e+8,6.21265e+8,5.25754e+8,3.23723e+8,9.68642e+lO, 

w 
VI 
0 

ccc * 4 . ,  .e+9,5.42074e+9,4.15433e+9,1.78017e+9,2.39142e+9, 
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Updated secondary gamm source terms (from Sept 12, 1998) follow: 

Number of secondary gammas produced in each gamma energy group in zones 4 through 14 of the 1-D slab model 
given that the 61-group neutron source impingent on the first aluminum window here (zone 4 )  has the 8111118 
intensities ( n / s / d )  as the 61-grOup neutron source impingent on the firet aluminum window of the 1998 
water tube at Zm174.27 cm. Results shown here were obtained by folding the 'volume integrated" 61-group 
neutron fluxes in each zone (as given by the IWISN balance tables €or each zone) with the 84 grp x 84 grp 
macroscopic scattering cross section matrix (for H20 in zones 5-13, and AL in zones 4 and 14). 

data (xO(O,ig),ig-1,23)/ 23*174.61 / I location of equivalent point sources from 1st aluminum window 
data (src(O,ig),ig=1,23)/ I gamma sources in 1st aluminum window (QBA Zone 4 ,  Vol=O.6812290 cc) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

* 1.65693~+05, 1.03877e+08, 4.82814e+09, 2.38268~+08, l.lC343e+O9. 
* 1.57892e+09, 5.19572e+09, 4.68252e+09, 2.84097e+09, 1.67960e+09, 
* 1.14845e+09, 9.92435e+OB, 7.10282e+O8, 6.83261~+07, 4.909840+07, 

1.75864e+0B8 1.30021~+08, 6.87302~+07, 1.55946e+07, 2.82638e+06, 
1.72677e+07, 3.80053e+09, 3.08735e+07/ 

data (xO(1,ig) 
data (src(1,ig 
O.OOOOOe+OO, 8 
4.22477e+03, 1 
2.06225e+O4, 3 
3.618940+06, 3 

* 0.0000oe+00, 0 

ig-l,23)/ 23*177.00 / I location of equivalent point sources from 1st 4.1 cm seg of water 
,1g-1,23)/ I gamaa sources in lat 4.1 cm of water in beam tube (QBA Zone 5, Vol- 4.0987700 cc) 
88559e+03, 9.59494e+01, 3.91174e+05, 3.04019e+06, 
61134e+04, 6.70271~+06, 2.55717e+05, 1.38337e+ll, 
16644e+07, 3.70816~+07, O.OOOOOe+OO, 4.01537e+03, 
18702e+03, 1.41722e+0Sr 1.35356e+04, O.OOOOOe+OO, 
0000Oe+00, 0.00000e+00/ 

data (x0(2,ig),ign1,23)/ 23*181.10 / I location of equivalent point sources from 2nd 4.1 cm seg of water 
data (src(2,ig),ig-l,23)/ 1 gamma sources in 2nd 4.1 cm of water in beam tube ( O M  Zone 6 ,  Vol- 4.0999900 cc) 
0.00000e+00, 6.37610e+03, 6.892090+01, 2.76269e+05, 2.11984e+06, 
2.79421e+03, 1.00417~+04, 2.913230+06, 1.40053e+05, 5.16124e+101 
1.4798le+04, 1.18137e+O7, 1.3836Oe+07, O.OOOOOe+OO, 2.83340e+03, 
2.50670~+06, 2.28955e+03, 1.00739~+05, 9.72390e+03, O.OOOOOe+OO, 
0.00000e+008 O.OOOOOe+OO, 0.00000e+00/ 

data (xO(3,ig),ig=l,23)/ 23*185.2 / 1 location of equivalent point source6 from 3rd 4.1 cm seg of water 
data (src(J,ig),ig=1,23)/ 1 g m  sources in 3rd 4.1 cm of water in beam tube (QBA Zone 7, Vol= 4.1000100 cc) 
0.00000e+00, 4.55434e+03, 4.92781e+01, 1.94118e+05, 1.46872e+06, 
1.83745e+03, 6.15986e+03, 1.26436e+06, 7.91040~+04, 1.64938~+10, 
l.O5700e+04, 3.775330+06, 4.42251e+06, O.OOOOOe+OO, 1.98907e+03, 
1.72378~+06, 1.63726e+03, 7.12629e+018 6.95354e+03, 0.00000e+00, 

* 0.00000e+008 0.00000e+00, O.OOOOOe+OO/ 

data (x0(4,ig),ipn1,23)/ 23*189.3 / I location of equivalent point sources from 4th 4.1 cm seg of water 
data (src(4,ig),ig=l823)/ 1 gamma sources in 4th 4.1 cm of water in beam tube (QBA Zone 8, Vola 4.1000100 cc) 

* 0.00000e+00, 3.22882e+03, 3.49680e+01, 1.35468~+05, 1.01054e+06, 
1.19857~+03, 3.73237e+03, 6.39792~+05, 6.76683e+04, 5.42936~+09, 
7.49358e+03, 1.242758+06, 1.45641~+06, 0.00000e+00, 1.38687e+03. 
1.17681s+O6, 1.16199e+O3, 5.00562e+04, 4.93501~+03, O.OOOOOe+OO, 
0.00000e+00, 0.00000e+00, O.OOOOOe+OO/ 

data (xO(S,ig),ig=1,23)/ 23*193.4 / 1 location of equivalent point sources from 5th 4.1 cm seg of water 
data (src(S,ig),ig=l,23)/ I gamma sources in 5th 4.1 cm of water in beam tube ( O m  Zone 9, Vol- 4.0999900 cc) 
O.OOOOOe+OO, 2.27301e+03, 2.46371e+01r 9.39502~+04, 6.91105e+05, 
7.76536e+02, 2.24836e+03, 3.70233e+05, 3.02080e+04, 1.947650+09, 
5.27525' , 4.45807e+05, 5.22848~+05, 0.00000e+OO, 9.61004e+02, 
7.98491 , 8.18824e+O2, 3.493210+04, 3.47757e+03, 0.00000e+00, 
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* 0.00000e+00, O.00000e+0O1 0.00000e+00/ 

data (%0(6,ig),ig=l,23)/ 23*197.5 / I location of equivalent point sources from 6th 4.1 cm sag of water 
data (src(6,ig),ig=l,23)/ I gamna source8 in 6th 4.1 cm of water in beam tube (QBA Zone 10, Volm 4.1000100 CC) 
O.OOOOOe+OOf 1.59042e+03, 1.72517e+Ol, 6.48112e+04, 4.70301e+05, 
5.00467~+02, 1.35232~+03, 2.31858~+05. 1.97580e+04, 7.72685e+08, 
3.69105e+03, 1.76865~+05, 2.07670~+05, 0.00000s+OO, 6.62406e+02, 

* 9.39134e+05, 5.73463e+02, 2.42419~+04, 2.43551e+03, O.OOOOOe+OO, 
* 0.00000e+OOl O.OOOOOo+OO, O.OOOOOe+OO/ 

data (xO(7,ig),ipll23)/ 23*201.6 / I location of equivalent point sources,from 7th 4.1 cm seg of water 
data (erc(7,ig),ig*l,23)/ I gaxuua aources in 7th 4.1 cm of water in beam tube (QBA Zone 11, VOl- 4.0999900) 
0.00000e+00, 1.10705e+03, 1.2O170e+Olf 4.45103e+04, 3.18745e+05, 

* 3.212670+02, 8.14333~+02. 1.51024e+OS, 1.31609e+O4, 3.36978~+08, 
2.56923e+03, 7.71333e+04, 9.07106e+04, 0.00000e+00, 4.545720+02, 
3.62578e+05, 3.99523~+02, 1.67440~+04, 1.69677e+03, 0.00000e+OO, 

* o.oooooe+oo, o.oooooe+oo, o.oooooe+oo/ 

data (x0(8,ig),ig=1,23)/ 23'205.7 / 1 location of equivalent point sources from 8th 4.1 cm seg of water 
data (src(8,ig),ig=lr23)/ I gamuta sources in 8th 4.1 cm of water in beam tube (QBA Zone 12, Volp 4.10001001 

* 0.00000e+00, 7.67212e+O2, 8.333480+00, 3.045430+04, 2.15317~+05, 
* 2.05635e+OZ, 4.917860+02, 1.00195e+05. 8.855600+03, 1.58952e+08. 
* 1.78053e+03, 3,63838e+04, 4.28715e+04, 0.000OOe+00, 3.10800e+O2, 
* 2.43076e+05, 2.77109e+02, 1.15195e+O4, 1.17688~+03, O.O0000e+00, 
* o.OOOOOs+OOf O.OOOOOe+OO, O.OOOOOe+OO/ 

data (xO(9,ig),ig=l,23)/ 23*209.8(...) / I location of equivalent point sources in 94.4368 cm of water between Z=2 
ear 209.8) 
C 
C 
C 
C 

C 
C 
C 

C 
C 
C 
C 

C 
C 
C 
C 

C 

C 

C 

7.75 and Z= 

data (src(9,ig),igil,23)/ I gaamra sources i n  94.4368 cm of water in beam tube (QBA Zone 13, Vox= 94.4368) 
* O.OOOOOe+OO, 1.681390+03, 1.82933~+01, 6.44523~+04, 4.40025e+05, 
* 3.624590+02, 7.732060+02, 2.04432e+05, 1.86359e+04, 1.74253~+08, 

3.90208e+03, 3.98865e+04, 4.72743~+04, O.OOOOOs+OO, 6.56607e+02, 
4.864560+05, 6.086840+02, 2.47550e+O4, 2.58502e+03, 0.00000e+00, 

* 0.00000e+00, 0.00000e+00, 0.00000e+00/ 

data (xO(lO,ig),ig=1,23)/ 23*302.35 / 1 location of equivalent point sources in second (0.3175-cm-thk) aluminum window 
data (erc(lO,ig),ig~l,23)/ I gamma aourcoe in 0.3175 cm of water in beam tube (GBA Zone 14, Volp 0.3175) 

* 1.682228-02, 5.994390-01, 1.80289e+0lr l.12970e+0Of 5.30501e+00f 
* 7.76747e+001 2.19504~+01, 2.492670+01, 1.491760+01, 1.68884e+01r 
* 8.74875e+00, 1.65612e+01, 1.01142e+01, 3.104890-01, 2.3846Oe-01, 

6.92917e-01, 5.219420-01, 6.53672s-01, 6.435970-02, 1.403248-02, 
* 6.78809e-02, 1.40403e+01, 1.191690-01/ .......................................................................................................... 

data eu / I energies (MeV) for which mass attenuation coefficients are available 
* 1.000E-2,1.500~-2~2.000E~2~3~000~~2~4.000E~2~5~000E~2~6~000E~2~ 
* 8.000E-2,1.000E-lf1.500E-l~2~000E-1f3.000~-1f4.000E-1I5.000E-1~ 
* 6.000E-1,8.000E-1,2.000E+0~1~500~+0,2,000E+0~3~000E+0~4~000~+0~ 
* 5.000E+0,6.000E+0,8.000E+O, 1.000E+1,1.500E+l,2.000E+lf3.000E+1/ 

data uh / I maas attenuation coefficients (Cma/m) for hydrogen (taken fran QM database) 
* 3.8548-1,3.765E-1,3.695E~1~3~571E-1~3.458E~1~3~355E~1~3~26~~~1~ 
* 3.091E-1,2.944E-1~2.651E~1~2~429E-1,2.113E~1~1.893E~1~1~729E~1~ 
* 1.599E-l,l.4OSE-l~l.263E-l~l.O27E-l,8.777~-2~6.923E~2~5~807E~2~ 

5.049E-2,4.498E-2,3,746E-2, 3.254~-2,2.539E-2.2.153E-2,1.748E-2/ 

data uo / I mass attenuation coefficients (cm2/gm) for oxygen (taken from QAD database) 
* 5.613E+0,1.691E+0,7.823E-1~~.398E-1,2.366E-1,1.990E-1,1.807~-1~ 
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C 
C 

C 
C 

C 
C 

C 
C 
C 
C 
C 
C 

C 

tube 
ccc 

C 

C 
C 
C 
C 
C 

1.62lE-lr l. 514E-Ll. 344E-1.1.227E-1,l. 066E-l,9.5433-2,8.713E-2, 
8.062E-2,7.080E-2,6.366E-2,5.184~-2,4.457E-2,3.595E-2,3.099E-2, 
2.777E-2.2.553E-2,2.263E-2, 2.089E-2,1.866E-2.1.770E-2,1.706E-2/ 

uw2( 1)=uw1(26) 
uw2( 2)-uw1(25) 
uw2( 3)-uw1(24) 
uw2( 4)=uwl(24) 
uw2( 5)-uw1(24) 
uw2( 6)-uw1(23) 
uw2( 7)-uw1(22) 
uw2 ( 8)=uwl(21) 
uw2 ( 9) =uwl(20 1 
uw2(10)-uw1(20) 
uw2(ll)-uwl(l9) 
uw2(12)-uw1(18) 
uw2(13)-uw1(17) 
uw2(14)-~wl(l6) 
uw2(15)-uw1(15~ 
uw2(16)=uw1(14) 
uw2(17)-uw1(13) 
uw2(18)-uw1(12) 
uw2(19)-uw1(10) 
uw2(20)-uwl~ 9) 
uw2(2l)-uwl( 7) 
uw2(22)-uwl( 5 )  
uw2(23)-uwl( 3 )  

I 
1 
I 
1 
I 
I 
1 
I 
1 
I 
I 
i 
I 
I 
I 
I 
1 
I 
I 
I 
I 
! 
I 
1 
I 
I 
I 
1 
I 
I 
I 
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1 
2 
3 
4 
5 
5 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
a5 
26 
27 
26 

QAD VELM GAMMA ENERQY GROUPS 
ENERQY 

.OlO ig- 1 

.015 ig- 2 

.02 ig- 3 

.03 ig- 4 

.04 iff= 5 

.06 ig= 7 

.OB ig- 8 

.10 igm 9 

.15 ig- 10 

.2 ig= 11 

.3 ig= 12 

.4 ig= 13 

. 5  ig- 14 

.6 ig- 15 

.8 ig- 16 
1.0 ig= 17 

2.0 ig= 19 

.Of io= 6 

1.5 ig- 18 

3.0 ig= 20 
4.0 fg- 21 
5.0 ig- 22 
6.0 ig- 23 
8.0  
10.0 
15.0 
20.0 
30.0 

10.0000 to 
8.0000 to 
7.5000 to 
7.0000 to 
6.0000 to 
5.0000 to 
4.0000 to 
3.0000 to 
2.5000 to 
2.0000 to 
1 . 5 0 0 0  to 
1.0000 to 
.7000 to 
.6000 to 
.5100 to 
.4000 to 
e3000 to 
.1500 to 
.loo0 to 
.0700 to 
.0450 to 
.0200 to 
.OlOO to 

14.0000 MeV 
10.0000 MeV 

8.0000 MeV 
7.5000 MeV 
7.0000 MeV 
6.0000 MeV 
5.0000 MeV 
4.0000 MeV 
3.0000 MeV 
2.5000 MeV 
2.0000 MeV 
1.5000 MeV 
1.0000 MeV 
.7000 MeV 
.6000 MeV 
.5100 MeV 
.do00 MeV 
.3000 MeV 

.lo00 MeV 

.0700 MeV 

.0450 KeV 

.0200 KeV 

.1500 MeV 

USE THIS 
QAD DATA 

26 
25 
24 
24 
24 
23 
22 
21 
20 
20 
19 
18 
17 
16 
15 
14 
13 
12 
10 
9 
7 
5 
3 

15.0 
10.0 
8.0 
8 . 0  
8 . 0  
6.0 
5 .0  
4 . 0  
3.0 
3.0 
2.0 
1.5 
1.0 
.8 
. 6  
.5 
.4 
. 3  
.15 
.10 
.06  
.04 
.02 

ch) 
VI 
P 

pi=acos(-l.O) 
rtube=7.03453 1 very conaervativel 7.03453 is inner radius of 1998 water tuber should probably use rtubec5.08 cm = inner radius of 1960 ti 1996 beam 

rtube-5.08 1 should probably use rtuben5.06 cm - inner radius of 1960 & 1998 beam tube (since that's the s i z e  of the neutron beaml) 
area-pi*rtube*rtube 
erc(O,ig), above, are the secondary gannna sources in a 1 cm x 1 cm x 0.6812290 cm volume element of aluminum 
(src(iloc,ig),iloc-f,8), above, are the secondary ganuna sources in a 1 cm x 1 cm x 4.1 cm volume element of water 
based on the 1-D Slab QBANISN calc (Case 5). To get the total source (p/s) in the corresponding section of the 
expanded beam tube / water tube, one m e t  multiply by the cross sectional area o f  the water tube. This total 
source then be treated as an eqivalent iostropic point source. 
----a, _--------------- 



C 

C 

do iloc=O,8 
do ig=1,23 
srcfiloc,ig)=area*src(iloc,ig) 
enddo 
enddo 

QADD3 

x=400.0 I point where dose rate is wanted (just downstream of collimator) 

do 999 iyrr1960.1998.38 
write (*,'(l%)') 

gdosetr0.0 

do ip1.230 
marc (i) = O  
mloc( i) =o 
msrc2(i)=0 

gd ( i ) EO. 0 
gd2(i)=O.O 

mlOC?(i)~O 

enddo 

ii=O 
do iloc=-1,8 
gdose(~loc)=O.O 

do ig=l,23 
iieif+l 
dist. x - xO(iloc,ig) 
if (iloc.ge.0 .and. iyr.eq.1960) I adjust diet from sec gsmma sources to detector depending where the water tube starts * dist=dist+(174.27-116.7841) t (use default locations/die.tancee. for 1998 design, or longer distances for 1960 design) 
116.7841 I for 1960 water tube, 1st aluminum window would start here 
174.27 I for 1998 water tube, 1st aluminum window would start here 
dum=l.O*pi*diSt*dist 
distw=dirt 
if (iloc.eq.-1 .and. iyr.eq.1998) distw-x-174.27 1 orig sources in beam tube 
if (iloc.eq.-l .and. iyr.aq.1960) distw=x-116.7841 1 orig sources in h a m  tube 
var=distw*uw2(ig) 
atten=dexp(-var) 
doaePdosef(ig)*src(iloc,ig)*atten/dum 

simpld=7.51812e+ll 1 iwinnent neutron intensity ( n / s / d )  in 1-D calc used to 
begin 9-12-98 update; -------------------__________________ 

unattenuated until they hit water tube 
unattenuated until they hit water tube 

get secondary gamma production rates 
simp98=7.55818~+11 I impingent neutron intensity (n/s/cm2) on 1998 water tube at 25174.27 &I (fr& fluxtube.for) 
sint~604.48493e+12 I impingent neutron intensity (n/s/&) on 1960 water tube at Z=ll6.7841 cm (frat fluxtubQ.for) 
srcrrml. 0 I note that primary ganmra source terns along beam tube centerline (iloca-1) are still ok P not affected 
if (iloc.ge.0 .and. iyr.eq.1960) srcrr=simp60/simgld 
if (iloc.ge.0 .and. iyr.eq.1998) ercrr=simp98/eiwld 
doso~dosef(ig)*srcrr*erc(iloc,ig)*atten/dum 

end of 9-12-98 update: ..................................... 
gd(ii)=Bose 
merctii)-ig 
mloc(ii)~iloc 

gdose(iloc)=gdose(iloc)+dose 
enddo 

gdoset-gdoset+gdose(iloc) 
enddo 

w 
ch 
ch 

C 

C 

E 



C 

C 

C 

15 

C 
C 
C 

11 

C 
999 
C 

C 
C 
C 

C 
C 

C 

C 
C 

C 
C 

C 
C 

C 
C 
C 

do i=1,230 
gd(i)-gd(i)/gdoaet 1 convert to fractional dose contribution 
enddo 
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do j-l,230 
bigest--l.O 
do ir1,230 

if (gd(i).gt.bigeat) then 
bigest=gd(i) 
kn i 

endif 
enddo 
gd2(J)=sd(k) 
rnsrc2(j)=msrc(kf 
d o c 2  (j) = d o c  (k) 
gd(k)m-2.0 

enddo 

do 192,230 
gd2(i)-g62(1)+gdZ(i-l) I get cumulative fractional gamna dose 
enddo 

write (*, ' (1x1 ' ) 
do 111,230 
write (*,15) iyr,i,mloc2(i),msrc2(i),gd2(i) 
format ( 8  year-*,i4,' rank-',i3,' loc-',i2,' grp=',i3, 

enddo 
write (*, ' (1x1 ' 1  

cunnrmlative fractional gamm dose=',fl2.9) 

do iloc--1,8 
write (*,ll) iyr,iloc,gdose(iloc),gdoset 
format ( '  year=',i4,' B r c  loc-',i3,' dose from this arc=', 
lpe13.5,' mrem/hr, total gamma dose=',lpe13.5,' mram/hr') 
enddo 

continue 

StOD 
end 

Original QADD.POR and QADD2.FOR results are as follows: (These are OBSOLETE] see QADD3 results instead.) 

yearn 1960 
year-19 6 0 
yearm 19 60 
year-1960 
year- 19 6 0 
year-1960 
yearr1960 
year=1960 

src loc- 
src loc- 
src loci 
src locp 
src locm 
6rc loc- 
arc locp 
arc loci 

-1 
0 
1 
2 
3 
4 
5 
6 

dose from this src- 
dose from this arc- 
dose from this src- 
dose from thie src- 
does from this arc- 
dose from this urc- 
dose from this src- 
dose from this arc= 

2.385873+04 mrem/hr, 
8.881753+00 mreuu/hr, 
1.915063+00 mrem/hr, 
9.86765E-01 mram/hr, 

7.006753-01 mrsm/hr, 
6.611323-01 mtam/hr, 
6.201593-01 nu-em/hr, 

7.09310E-01 wm/hr, 

total 
total 
total 
total 
total 
total 
total 
total 

ganmra dose= 
gamma dose= 
g a m m  dose- 
gamma dose- 
ganrma dose- 
gamma doee- 
g- dose- 
gannna dose= 

2.387433+04 numm/hr 
2.38743&+04 nuem/hr 
2.387433+04 numm/hr 
2.38743E+04 mram/hr 
2.387433+04 mram/hr 
2.38743E+04 mrsm/hr 
z.387433+04 mrcrm/hr 
2.38743~+oi mrsm/hr 

year-lp" arc loci 7 dose from this arc- 5.84906E-01 wsm/hr, t, 1 gemma doee- 2.387433+04 nuem/hr 
C year-l arc locm 8 dose from this irc- 5.56140E-01 mrem/hr, ganrma does- 2.38743E+04 mrem/hr 

w 
m cn 
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C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 

C 
C 
C 
C 
C 

C 

C 
C 

C 

C 
C 

C 
C 

C 
C 

C 
C 
C 

C 
C 

C 
C 
C 

C 
C 
C 
C 

C 
C 

C 
C 

C 
C 

C 
C 
C 
C 

C 
C 
C 
C 

C 
C 

C 
C 

C 

yearn1998 
year=1998 
year- 19 9 8 
year-1998 
yearn1998 
yearn1998 

year11998 
yearn19 98 
yearn1998 

year519 98 

ETC lOC= -1 
src locn 0 
src loco 1 
src loc- 2 
src loc- 3 

src loco 5 
s t c  loc- 6 
src loc- 7 
src loc- 8 

ETC 10C- 4 

dose from this 
dose from this 
dose from this 
dose from this 
dose from this 
dose from this 
dose from this 
dose from this 
dose from this 
dose from this 

srca 
src= 
arc= 
srcm 
srcm 
src= 
srca 
arc- 
srcn 
arc= 

1.02952E+05 mrem/hr, 
6.08418E+01 mrem/hr, 
1.989OOE+Ol mram/hr, 
8.53440E+00 mram/hr, 
5.380533+00 mrem/hr, 
5.95492E+00 mram/hr, 
5.83342E+00 mrem/hr, 
5.56064E+00 mrsm/hr, 
5.29238E+OO mradhr, 
5.067823+00 rnremfhr. 

total gamma 
total gamma 
total gamma 
total gamma 
total gamma 
total gamma 
total gama 
total gannna 
total gamma 
total gamma 

dose= 
dose- 
dose= 
dOE9- 
dosen 
dosen 
dose= 
dosen 
dose= 
dOSe= 

1.03074E+05 mremfhr 
1.03074E+05 mremfhr 
1.030743+05 mrem/hr 
1.03074E+O5 mremlhr 
1.03074E+05 mrm/hr 
1.03074E+05 mrem/hr 
1.03074E+05 mrem/hr 
1.03074E+05 mremlhr 
1.03074E+05 mrsmfhr 
1.03074E+05 mrsmfhr 

Therefore, shortening the HB3 water tube by 1.886 ft (is, moving the start of the water tube from 
X~116.7841 cm in 1960 design, out to Xp174.27 em in 1998 design) causes the dose rate at the end 
of the collimator to go up by a factor of 4.317 (from 23.07 Re.m/hr to 103.07 Remfhr) 

Note that this is far lese than initially feared. 

also note: 

On 12 May 1998, MCNP Run HB307D for the long (1960) water tube gave 26.77 Remlhr (see tally 25) +/-  0.85% (~pS~5,000,000) 
On 11 May 1998, MCNP Run HB307C for the short (1998) water tube gave 109.31 Rsm/hr (ass tally 25) + I -  1.14% (nREm2r000~000) 

These more rigorous results suggufit that the results of my little QADD.FOR program shown above (as run on 7 May 1998) 
were really pretty darn good. How about thatl I 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

QADD3 results from Sept 12, 1998 are as follows: 

yearn 19 6 0 
yearn1960 
yearm1960 
yearn 1960 
year91960 
year1.1960 
year= 19 60 
yearm1960 
ye arm 19 60 
yearn19 60 

yearn1998 
yearn1998 
year- 1998 
years1998 
year- 19 9 8 
yearll9 9 8 
year= 19 98 
yearn1998 
year-1998 
yearn1998 

src locp -1 
src loci 0 
src loci 1 
src loca 2 
src loa= 3 
src locn 4 
src loc= 5 
src locp 6 
arc loc= 7 
src loc- 8 

src loc= -1 
ETC loc= 0 
arc loc= 1 
src foc- 2 
sic loci 3 

stc locn 5 
src loci 6 

EIC 10Cm 4 

ETC 10CP 7 
BTC 10C- 8 

dose from this src= 
dose from this srcn 
dose from this ETC* 
dose from this src- 
dose from this ElCn 
dose from this src- 
dose from this src- 
dose from this arc= 
dose from this arc= 
dose from this src= 

dose from this srca 
dose from thie arc- 
dose from this src- 
dose from this src- 
dose from this arc5 
dose from this src= 
dose from this src= 
dose from this ErCn 
dose from this src- 
dose from this arc- 

2.385873+04 mrsm/hr, 
5.75822~+01 mrsm/hr, 
6.69047E+OO mremlhr, 
3.03324E+00 mrsmlhr, 
1.18317E+OO mremfhr, 
4.7 8499E-0 1 mrem/hr, 
2.12604E-01 nuam/hr, 
1.05289E-01 mrem/hr, 
5.76366~-02 mrem/hr, 
3.42147E-02 mrsm/hr, 

1.02952E+05 mremfhr, 
6.59302E+Ol mremlhr, 
1.73852E+01 mram/hr, 
7.92927~+00 mrsm/hr, 
3.10514E+00 mrem/hr, 
1.256703+00 =em/hr, 
5.56537E-01 mrsm/hr, 
2.73695E-01 mrwmlhr. 
1.40445E-01 mremfhr, 
8.726523-02 mremfhr, 

total gamma dose- 
total gamma dose= 
total gamma dose= 
total gannaa dose= 
total gamma dose- 
total gmmm dosem 
total gamma dose- 
total panmra dose- 
total ganmra dose- 
total gsrmma dose= 

total ganma doses 
total gamut dose- 
total gslnma dose= 
total gama doee- 
total gamma dose= 
total gamma dose= 
total gamma dose- 
total gamma dose- 
total gamma dose- 
total gsmma dore- 

2.39281&+04 mrsmfhr 
2.39281E+04 mrsm/hr 
2.39281E+04 mraaafhr 
2.392818+04 mrem/hr 
2.3928lE+04 mremfhr 
2.392813+04 mramfhr 
2.392813+04 mrem/hr 
2.392813+04 mrsm/hr 
2.39281E+04 mrem/hr 
2.39281E+04 mrem/hr 

1.03048E+O5 mrem/hr 
l.O3048E+O5 mrem/hr 
l.O3048E+05 mremfhr 
1.03048E+05 mremfhr 
1.030483+05 mrQm/hr 
1.03048E+05 mrsm/hr 
1.03048E+05 mrearfhr 
1.03048E+O5 mrsmlhr 
1.03048E+05 mrem/hr 
1.03048E+05 mram/hr 

.................................................. 
Comments regarding 9-12-98 update: 

To see effect of the secondary gamma source term update of 9-12-98, look at the results for the 1998 water tube. 
Secondary gauwna sourc8 terms for the first a l d n u m  window (locm0) and the first water region (loc-1) ahanged 
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QADD3 
very little (because in this more important region the previous approximation was really pretty good), and so 
their contribution to the total gauuua dose rate at 2-400 cm changed very little. On the other hand, further 
down the beam tube where the neutron flux and secondary gaunna production rate is lower and less fwortant, the 
previous approximation was overly conservative. The new secondary gamma production rates in these zones is more 
realistic and the resulting contributions to the gamma dose rate at 2-400 cm is notably lower. The saving grace 
is that comgared to everything else, these contribution were negligible before and are even more negligible now. 

Contributions from secondary gammas in the hot end of the 1960 water tube "appear" bigger now, but for a different 
reason. In QADD.FOR and QADD2.FOR. the secondary g(mmr(L production terms had never been rcaled up in proportion to 
the higher iwingent neutron f l w  at 2-116.7841 cm (is, they were relocated, but never scaled up as they should have 
been). In QADD3, this oversight has been corrected. Even with that, however, their contribution to the total gamma 
dose rate at 2 ~ 4 0 0  cm is still totally negligible. 

.................................................. 
Ueneral coments on these 9-12-98 results: 

Thus, asspite these minor corrections in QADD3 the basic conclusions previously reached remain unchanged. 
To repeat: 

Shortening the HB3 water tube by 1.886 ft 
in the 1960 design, out to X-174.27 cm in 
to go up by a factor of 4.306 (from 23.93 

Note that this is far less than initially 

(ie, moving the start of the water tuba from Xm116.7841 cm 
1998 design) causes the dose rate at the end of the collimator 
Rem/hr to 103.05 Rem/hr). 

feared (in Feb 9 8 ) .  Results are very similar to those obtained from MCNP: 

On 12 May 1998, MCNP Run HB307D for the long (1960) water tube gave 26,77 Rem/hr (see tally 25) +/-  0.85% {nps=5,000,000) 
On 11 May 1998, MCNP Run HB307C for the short (1998) water tuba gave lb9.31 Remfhr (See tally 251 +/-  1.14% (npE-2,OOO1OOO) 

These more rigorour reeults suggust that the results of my little QADD3.FOR program shown above (ae run on 12 Sept 19981, 
and the original QADD.FOR program (as run on 7 May 19981, wera really pretty darn good. How about that1 



Appendix D.1 

... .. 

CETUING3.SCR: 
uater tube, collimator, and ro ta ry  shutter) and generating property normalized broad-group 
weight uindow information that i s  l a te r  used in the 3-D weight uindou generator (WU308G.F) 
which then produces the actual ueight-uindou f i l e  used in the MCNP46 Run HB308G gamoa-only 
shielding analysis uhere the 1998 uater tube and col l imator sections are both flooded, the 
shutter i s  closed, and the H F I R  i s  operating a t  100 MW (cf  Sect 6 ) .  

In addit ion t o  f u l l y  describing and running the 1-D ANISN adjoint analysis, t h i s  sc r i p t  
also contains an embedded Fortran program (GETUING3.F) uhich i s  conpited and executed 
a f te r  the adjoint ANISN calculat ion has been run. 
i s  t o  read the adjoint f l u x  f i l e  and, from that and the foruard-laode source specifications, 
generate the laproperly normalizedh4 1-0 broad-group ueight uindou information that is l a te r  
used in the stand-alone 3-0 ueight-uindou f i l e  generator (WU308G). Sect 6.1 describes 
the 1-D ANISN model used i n  the adjoint  analysis, while Sects 6.2 and 6.3 describe the 
normalization procedures that are used f o r  the broad-group ueight uindovs themselves. 
[For m r e  general cases uhere the actual (foruard) source does not l i e  e n t i r e l y  in  a s ingle 
broad group (as i t  does here), t h i s  program uould also calculate and print the optimal 
4abiased44 source-energy d i s t r i bu t i on  t o  be used u i t h  th i s  ueight-uindw data in  the MCNP 
anatysis. I t  i s  extremely important tha t  the biased source-energy d i s t r i b u t i o n  used be 
determined i n  a fashion that i s  uhol ly consistent u i t h  the broad-group ueight-uindou data 
being used, and th i s  program vi11 guarantee the needed consistency. In t h i s  par t i cu la r  
case, that Mas not an issue because of the uay the broad groups uere i n i t i a l l y  chosen.] 
Lastly, Sect 6.4 describes how the spatially-dependent broad-group weight uindou data 
generated and printed by t h i s  program was adapted for use in  the 3-D’broad-group weight 
windov generator program ( W ( X I G ) .  

A sc r ip t  f i l e  for  performing a 1-D adjoint shielding analysis (of the HB-3 

The purpose of the GETUING3.F program 

- . .  ..... 

359 



GETWING3SCR 

export RTNDIR=$PWD 
export T M P D I R - / u / m n t 8 / $ L ~ / t ~ $ ~ M  
# export TMPDIR-/workl/$L.Gi?NAKE/temp$RANWM 

echo STMPDIR 
mkdir STMPDIR 
cd STMPDIR 

cat >getwin.f <<'END-QETWIN' 
C 

C 

C 

C 

C 

C 
C 
C 
C 

C 

C 
C 

C 

C 
C 

C 
C 
C 

C 

C 
C 
C 
C 
C 

C 
C 

C 
C 

C 

C 

C 

C 

C 
C 

C 

C 

C 
C 

C 
C 

GETW1NQ.F ... originally witted 6-13-1998 (see comments below) 

GETWING. F 

After the larger script fGETWIN.SCR) runs the GBANISN adjoint calc to 
calculate the fine-group (61n/23g) adjoint flux everywhere (based on 
the total n+g flux-to-dose-rate conversion factors a8 the adj source, 
where the neutron flux-to-dose factors have been Bet to zero here), 
this particular Fortran routine will: 

Call Subroutine SRCJST which, in turn, calls Subroutine GETADJ which 
reads the anisn scalar adjoint fluxes on fort.15, as well as anisn mesh 
info in the GBAOUTPUT printed output file. QETADJ then calculates and 
prints the broad group adjoint fluxes (for 6 neut g r p s  & 4 Banana g r p s )  
a8 averaged over a wider (geometry-independent) mesh spaced every "DXn cm 
(as specified there by the user; typically in 5-cm increments). GETADJ 
then return to subroutine SRCJST. 

SRCJST then calculates the unbiased and "biased" eource distribution to be 
used in MCNP, and tabulates the corresponding space/ener~-dependent weight 
windows (values of WTLO) to be used the MCNP calc. 

This information is printed out in a file called "GETADJ.OUT". 

Lastly, this program calls subroutine WTWIN which writes out the large 
(ascii) weight-window file (wwinp) that will actually be used by MCNPIB. 
UPDATE: Subroutine WTWIN no longer used in GETWING3.F (see note), and that 
UPDATE: functionality has been moved to a stand-alone routine, WW308G.F. 
UPDATE: -hich is run later and uses data based on the "QETADJ.OUT" fi' 

w 
o\ 
0 



GETWING3 .SCR 
C 
C 
C 
C 

C 
C 
C 

C 
C 
C 
C 
C 

C 

C 
C 

C 
C 
C 

C 
C 
C 
C 

C 
C 

C 
C 

C 
C 
C 
C 

C 
C 

C 
C 
C 
C 

C 

C 
C 

C 
C 
C 
C 
C 
C 

a 
C 
C 
C 
C 

C 

C 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

In version (GETWING.SCR. dated 6-13-98), as opposed to some earlier versions, 
we now recognize the correct order of the group-dependent adjoint fluxes 
being read off the QBANISN flux tape. See colnments in Subroutine GETADJ. 

*****n***ttt.tt*~*it***************************************************** 

OETWING2.SCR: this particular version has the following added features: 

We recognize the correct order of the group-dependent adjoint fluxes 
being read off the OBAMSN flux tape. 

This version is set up for the "ga~i~na-only~~ analysis of the full HB3 beam tube, 
including the rotary shutter (shield plug) 

While it is set up for the tfgatmna-onlyn MCNP analysis which is to follow, 
I have learned that the wwinp file must contain at least one dummy neutron group) 
therefore, I've gone ahead and written out w i n g  data for all 6 neutron groups 
and all 4 g m  groups, even though this wwinp file should only be used for 
the ngmnna-onlyn MCNP analysis 

This particular version has a few lines of special coding in subroutine wtwin 
which calls subroutine get- to extract "location-dependent (xd,yd,zd)'s" 
which are then used to set up the directional biasing information; this 
enhancement is expected to be very useful for the region in and around the 
rotary shutter (shield plug). 

See comments in Subroutine 5ETADJ. 

-- JAB, 6-20-98, 1 pm w 
E? 

GETWING3 .F 

1) Important change: This version uses the same 1-D group-banded anian adjoint 
as OETWINO2.SCR, but here in Subroutine SRCJST, I have: 

a) set ptsrc(ig)=natural value for VELM g q s  62-69 (ie, VEW garmna groups 1-81, 
b) BUT have set ptsrc=1.0 (a negligibly emall value) f o r  all the other gdmma groups (VELIM gambS groups 9-23) 

2) By commenting out the call to Subroutine WTWIN (no longer shown or used here), the task of writing a 3-D weight window file 
(for the ganmka-only analysis of the HB-3 b o w  tube and shutter with the 1998 water tube and collimator sections both flooded) 
wan removed from here on 6-20-1998 and placed (instead) in an off-line stand-alone progrsm called WW3080.F which utilizes 
broad-group mesh-to-mesh wtlow attenuation factors baaed on the printed output tables in the 5EThDJ.OUT file produced by 
subroutine GETADJ which is called by Subroutine SRCJST above. 

-- JAB, 6-20-98, 3 pm 
*********.t*t************************************************************** 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

dimension xmini(3000),xmaxi(0:3000) I =in & muax for each importance zone 
dimension cmrcutf ( 10 t maximum energy (MeV) of the 6 broad neut groups h the 4 broad garmna groups 
dimension wtlo(3OOQ,lO) I wtlo(mesh,ig) for a given inwortance msh, and broad group (calculated here) 

whi210~10000. 1 Jabo rec-ends wthin10000*wtlo ti wtsurv=wtavg=lOO*wtlo (as the biggest weight window) 
wav2lou100. I Jabo recommends wthinlQOOO*wtlo & wteurvnwtavg=lOO*wtlo (as the biggest weight window) 

whi21or100. 1 Jabo recommends wthin lQO*wtlo & wtsurvmwtavgt lO*wtlo (as the best weight window) 
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C 

C 

C 

C 

C 
C 
C 

C 

C 

C 
C 
C 

C 

C 

C 
C 

C 
C 
C 

C 
C 

C 
C 
C 

c 
C 
C 

C 
C 

C 
C 

C 

C 
C 
C 

C 
C 

wavllo=lO. I 

xsrc=174.951 1 
xsrc-116.7041 I 
xsrcn 17 5.0 
xsrc=174.27 I 

xdet~400.0 1 
xdet-300.0 I 
xdet470.79 I 
dx=4.1 I 
d x m s . 0  I 
dydz=26.3 I 
dydz-27 - 2  I 

Jab0 recommends *hi= lOO*wtlo 6: wtsurv=wtavg= lO*wtlo (as the best weight window) 

location where the 'real" (forward) source would impinge on the 1 - D  buckled slab model (used for several things) 
point where the old 1960 water tube began 

point where the new 1990 water tube begins 

location of adjoint source in anisn model (not used, only printed, but user MUST specify for QA purposes) 
location of adjoint source in anisn model (not used, only printed, but user MUST specify for QA purposes) 
location of adjoint source in anisn model (not used, only printed, but user MUST specify for QA purposes) 
thickness on each importance zone to be used in mcnp 
thickness on each importance zone to be used in mcnp 
transverse dimensions used for buckling in anisn (not used, only printed, but user MUST specify for QA purposes) 
transverse dimensions used for buckling in anisn (not used, only printed, but user MUST specify for QA purposes) 

isrc=O I for a neutron-only MCNP calc with a neutron-only source; adjoint based on just the n-dose rate (not fully implemented) 
isrc-1 1 for a coupled n/g MCNP calc with a neutron-only sourceI adjoint based on total n+g dose rate (works a-ok) 
isrc-2 I for a gamma-only MCNP calc with a gamma-only sourcei adjoint based on just the g-dose rate (working on this now) 

call srcjst (isrc,xsrc,xdet,dx,dydz, 
whi2lo,wav2lo,imi,xmini,xmaxi,smaxi,wtlo) I calculate weight window info 

---.-----------------___I________________--------------- 
By commenting out the call to Subroutine WTWIN (no longer shown or used here), the task of writing a 3-D weight window file 
(for the gamma-only analysis of the HB-3 beam tube and shutter with the 1998 water tube and collimator sections both flooded) 
w a s  removed from here on 6-20-1998 and placed (instead) in an off-line stand-alone program called WW308G.F which utilizes 
broad-group mesh-to-mesh wtlow attenuation factors based on the printed Output tables in the GETADJ.OUT file produced by 
Subroutine GETADJ which is called by Subroutine SRCJST above. -- JAB, 6-20-90 
call wtwin (imi, xmini, wlaxi, amaKi, -10) 1 write out weight window file for Cartesian XYZ geometry 

stop 
end 

subroutine srcjst (isrc,xara,xdet,dx,dydz, 
whillo, wav210, imi,dni,xmaxi, smaxi ,*lo) 

* * * * * * * * * * * * * C * * C * * * * * * * ~ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Calculates the biased source distribution for MCNP, as well as the 
space/enerW-dependent weight windows to be used in the MCNP calc. 

The gamma-only source used here is for the full (complete) HB3 water 

The user must supply the following information: 

isrc-0 for a neutron-only MCNP calc with a neutron-only SOUrCej 
isrcrl for a coupled n/g MCNP calc with a neutron-only Source; 
isrcp2 for a ganmca-only MCNP calc with a garma-only source1 

tube when flooded. 

adjoint basad on just the n-dose rate 
adjoint basad on total n+g dose rate 
adjoint basad on just the g-dose rate 

xsrc P location (cm) where the "real" (forward) source would impinge on the I-D buckled slab model (used for several things) 
xdet P location (cm) of adjoint source in anisn model (not Used, Only printed, but user MUST specify for QA purposes) 
dx = thickness (cm) of each importance zone to b used in mcnp 
dydz E transverse dimensions (cm) DYnDZadyzy used for buckling in anisn (not used, Only printed; MUST specify for QA purposes) 
whf2lo=ratio of WTHIQH/WTLOW to be used in setting up weight windown; must use same values in MCNP run 
wr \=ratio of WTAVQ/WTLOW = WTSURV/WTLOW to be used in setting sight windows$ must use same values in MCNP run 
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GETWING3.SCR 

This routine calculates and returns the following parameters: 

imi a number of nDX-cm-thick" (tup 5-cm-thick) coarse importance mesh intervals 
wrini(3000),~aa~1(0:3000) = wrin & xmax for each importance zone, i=l,imi (imi.le.3000) 
emaxi(l0) I maximum energy (MeV) of the 6 broad neut groups & the 4 broad gauana groups 
wtlo(3000,lO) I ((~lo(rnesh,ig),mesh~l,imi),ig~l,lO) for a given importance mesh, and broad group (calculated here) 

Ref: "Monte Carlo Shielding Analyses Using an Automated Biasing 
Procedure" by J. 9.  Tang and T. J. Hoffman, Nuclear science and 
Engineering, Vol 99, pp 329-342 (1988) 

********t***f****************************************~***U*******t* 

*****t*t*t********************************************************* 

dimension 
dimension 
dimension 

dimension 
d fmensi on 

dimension 
dimension 
dimension 

xmini(3000),~i(0:3000) I xmin 6t XIMX for each importance zone 
amaxi(l0) t maximum energy (MeV) of the 6 broad neut groups & the 4 broad gamma groups 
wtlo(3000,lO) I wtlo(mesh,ig) for a given importance mesh, and broad group (calculated here) 

adjnf1(3000,6) 1 allows for 6 neutron imp grps and up to 3000 coarse imp mesh 
adjgfl(3000,O) 1 allows for 4 gamma imp g m s  and up to 3000 coarne i m p  mesh 

s0(10),sb(lO),ratio(10),a(10),wtavg(lO) 
ptsrc(84).~0(84),rrc(84),ercb(84) 
srcm(61),arcbm(61) I unbiased & biased sources in MCNP order (grp blow E, g r p  61=high E) 

data ptsrc/ I for neut i o  HE3 (velm grp=l,61), gammas in HB3 (valm grp~l.23); f&st=grp 1 
2.748003+09, 6.92602&+12, 8.642933+12, 3.05242E+13, 7.322823+13, 
lO36477E+14, 2.06360E+14, 1.61947E+14, 2.41078E+llr 1.35333$+14, 
2.00073~+14, 3.12945E+14, 8.54720E+14, 8.07055E+l4, 7.09512E+14, 
5.40055E+14, 6.650983+14, 5.351773+14, 3.614703+14, 1.49367E+l4, 
5.855133+14, 6,29256E+14, 3.65651E+13, 7.68584E+12, 1.38494E+13, 
2.12840E+14, 7.35199E+1Pt 4.332453+14, 3.632413+14, 4.29193E+14, 

1.21873E+14, 5.24714E+13, 1.12860E+llr 6.69650E+13, 7.42049E+14, 
9.842173+14, 8.160773+14. 7.55438E+14, 3.36538E+l4, 2.54975E+14. 
2.76622E+14, 2.049083+14, 8.87245E+14, 8.53691E+14, 8.74122E+14, 
9.50610E+l4, 9.69821E+14, 9.03837E+14, 1.45876E+15, 1.54759E+15, 
1.589813+15, 1.55274E+15, 1.30212E+15, 1.52979E+15, 2.25679E+15, 
6.303653+16, 1.23250Etl1, 6.194213+13, 1.519833+15, 1.601833+14, 
1.23378E+15, 6.75453Et14, 1.98361E+15, 2.34929E+15, 1.427773+15, 
2.66951E+15, 4.239893+15, 5.27935E+15, 7.316363+15, 4.03975E+15, 
4.80101E+15, 7.176653+15, 1.03805E+16. 2.56708E+16, 1.828553+16, 
1.67705E+16, 1.65029E+16, 2.84514E+15, 8.72837Et12/ 
data x0 / I for neut in HB3 (velm grp=l,61), pananas in HB3 (velm ~ 1 r p = L 2 3 ) ;  fastagrp 1 

5.59006E+14r 8*89397E+14r 1.29680E+14. 4.96958E+14, 3*03507E+14, 

99.9, 31.1, 68.1, 42.9. 59.5, 62.6, 47.9. 56.9, 65.3, 43.5, 
33.3, 52.1, 50.2, 59.7, 46.8, 70.1, 44.1, 56.8, 50.3, 52.9, 
58.8. 49.6, 42.3, 53.7, 63.8, 42 .4 .  34.2, 48.9, 42.5. 45.6,  
45.7. 47.4. 56.7, 52.9. 39.8, 67.5, 62.6, 46.7, 69.0, 54.0, 
50.7, 52.7, 53.3, 65.1, 55.0, 49.5. 43.0, 60.5, 61.2, 52.6, 
53.8. 51.1, 56.0, 55.4. 56.5, 48-10 54.5, 76.1, 65.2,  57.3. 
80.2, 97.4, 99.9, 94.4. 96.0, 93.9, 96.4, 93.2, 92.6. 96.6, 
99.2, 96.9, 93.6, 86.8,  83.2, 88.8, 84.7, 81.6, 84.5, 83.9, 
82.1, 68.1, 61.9, 10.0/ 

do i=1.84 



C 

C 

C 

C 

C 

C 
ccc 
C 

C 

C 

C 

C 

if (i.le.61) ptsrc(i)=l.O I DEBUQ CASE 
if (i.ge.70) ptsrc(i)ml.O 1 DEBUQ CASE 
enddo 

open (30,file=~getadj.out',status='unknown') 

khi2lo=nint(whi2lo) 
kav2lo=nint(wav2lo) 

GETWING3.SCR 

I ascii file with sununary adjoint info 

pi=acos (-1.0) 
x=xsrc 1 point where the point source streaming thru void first impinges on the water tube ( input by user) 

do i=1,10 
so (i)=o.o 
enddo 

do i=1,84 

xO(i)=50.0 1 use this to override the above for the special "ACADEMIC" case ONLY 

dum=4.O*pi+(x-xO(i))*(x-xO(i)) 
src(i)=ptsrc(i)/durn 1 real unbiased src, (n/s/cm2) or (p/s/cm2), impingent on water tube 

if (i .ep. 61) sO(l)=sO(l)+src(i) 1 Unbiased SRC for VEW neutr g r p s  61-61 - MCNP neutr g r p s  01-01 
if (i.ge.57 .and. i.le.60) sO(2)-aO(2)+src(i) I unbiased SRC for VELM neutr g r p s  57-60 - MCNP neutr g r p s  02-05 
if (i.ge.49 .and. i.le.56) sO(3)=~0(3)+src(i) !'unbiased SRC for VELM neiitr grps 49-56 - MCNP neutx grps 06-13 
if (i.ge.31 .and. i.le.48) sO(4 
if (i.ge.16 .and. f.le.30) sO(5 
if (i.ge.01 .and. i.le.15) sO(6 

j=i-61 

if (j.ge.18 .and. j.le.23) sO(7 
if (j.ge.13 .and. j.le.17) aO(8 

+src(i) I unbiased SRC for VELM neutr grpe 31-48 = MCNP neutr g r p s  14-31 
+src(i) I Unbiased SRC for VELM neutr g r p s  16-30 - MCNP neutr g r p s  32-46 
+src(i) I unbiased SRC for VELM neutr g r p s  01-15 - MCNP neutr g x g s  47-61 

+arc (i) ! Unbiased SRC for VELM garmaa grps 10-23 = MCNP gamma g r p s  01-06 
+arc (i) I Unbiased SRC for VELM gamma g r p s  13-17 = MCNP gamma grps 07-11 

6 Unbiased SRC for VELM ganuua g r p s  09-12 - MCNP garmaa B r p S  12-15 if (j.ge.09 .and. j.le.12) s0(9)=80(9)+src(i) 
if (j.ge.01 .and. j.le.08) sO(lO)-sO(lO)+arc(i) ! Unbiased SRC for VELM gamma 0-8 01-06 MCNP B- Qrps 16-23 

enddo 
C 
C 

do i=l,PO 
if (ierc.le.1 .and. i.ge.7) sO(i)-O.O I if this is an MCNP neutron-only or n/g calc, zero-out ganrme sources 
if (isrc.eq.2 .and. 1.10.6) sO(i)=O.O I if this is an MCNP gamma-only calc, zero-out neutron sources 

enddo 
C 
C 

C 

C 

C 

C 

C 

P I . P I O P P L L I P P P P P P P E P I E E = I S I E I I I I I I  

call getadj (isrc,xsrc,xdet,dx,dydz, 1 go get GBANISN broad group adjoint fluxes for each importance mesh 
imi,~ni,~i,emaxi,adJnfl,adjgflf 6 go get GBANISN broad group adjoint fluxes for each importance mesh 

EE~P~PP~PPIP~P~PPP~PPIIDIPIICSPP~~ 

do i = l , l O  
ratio(i)-O.O 
enddo 

--- - - - - - -. Now begin procedure outlined in Jab0 Tang's NSPE paper: 

w 
E 

mesh=l 
do ill 
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C 

c 

ccc 

10 

C 
all 

11 
C 

C 

C 

ccc 

C 

C 

a(i)=adjnfl(mesh,i) 1 get adjoint fluxes for the 6 neutron groups in imp mesh 1, the 1st mesh the "real" source hits 
enddo 
do 1=7,10 
a(i)-adjgfl(mesh,i-S) 1 get adjoint fluxes for the 4 ganuna groups in imp mesh 1, the 1st mesh the *realn source hits 
enddo 

sumso=o. 0 
sumsOa=O. 0 
do itl.10 

sMsOa=sumsOa+eO(a)*a(f) 
sumlrO=sumeO+sO(i) 

enddo 
8Vgadj~S~mSOa/6~!11sO I "Source-Averaged" Adjoint 

write ( 3 0 1 r ( / / / / ) r )  
do i=1,10 

sb(i)=sO(f)*a(i)/avpadj I Biased MCNP source distribution 
if (a(i).lt.l.Oe-20) a(i)al.Oe-20 I new 6-11-98 
wtavg(i)=avgadj/a(i) 
wtlo(meeh,i)=~avg(i)/wavZlo I See Jabo's recoxanendation (above) 

enddo 
write ( 3 0 , l O )  char(l2) 
format (all/,' EIESH, YPPLOW for each broad group (acrose) and', 

* each imp meeh (down page), and RATIO of wtlow from', 
* one mesh to the next:',/) 

write (30,ll) mash, (wtlo(mesh,i) ,i=l., 10) 

write (30,ll) meah, (wtlo(mesh,1.),ratio(i.),i~i, 10) 
fonnat (lx,i3,2x,lO(lp,el3.5,0p,f7.4)) 

do i*1,10 
ratfo(i)-wtlo(meeh,i) 
enddo 

do meshr2,imi 
m-mg s h 
do in1,6 
a(i)=adjnfl(m,i) I get adjoint fluxee for the 6 neutron groups in import meeh "m* 
enddo 

a(i)=adjgfl(m,f-6) I get adjoint fluxes for the 4 gaauna groups in import mesh %til 
enddo 

do i=l.lO 

formst ~lx.i3,2x,lp,lOel3.5~ 

do i=7,10 

------------..--- 
if (a(i).lt.l.Oe-ZO) a(i)=l.Oe-aO 1 new 6-11-98 
wtavg(i)=avgadj/a(i) 
wtlo(~sh,i)=ottavg(i)/wav2lo I Bee Jabo's recommendation (above) 

enddo 

do i=lI1O 
ratio(i)a~lo(mesh,i)/ratio(i) 
enddo 
write (30,ll) meeh, (wtlo(mesh, i) , i m l ,  10) 
write (30,111 mesh, (wtlo(m8sh. i 1 ,  ratio (i) , ipl, 10) 
do ir1,lO 
ratio(i)=wthLo(mesh,i) 
enddo 

---------------- 

enddo 

w 
ch 
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501 
1 
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t 
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_ _ _ _ _ _ _ _ _ - _ _ _ - - - - _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - -  

write (30,'(al)') char(l21 

if (isrc.eq.0) write (30,301) khi2lo,kav2lo,(emaxi(i),l=l,lO) 
format (17x,8WTLO for the 6 broad neutron groups', 
' and 4 broad gamma groups based on 1-D adjoint P Jabo"s*, 
' procedure with WTHI=',15,'*WTLO B WTSURV=WTAVG~',~3,'*WTLO', 
/,17x,~Vse these values for the neutron-only mcnp transport', 
' analysis involving a neutron-only source.',/,17xI 
' (For couplad n/g calcs, or ganrma-only calcs, values', 
' would be different)',/,l7x, 
'mnXX-YY = MCNP neutron grp numbers, ', 
'mgXX-YY = MCNP ganuna grp numbersf,/,17x, 
'vnXX-W - VELM neutron grp numbers, I ,  

IvgXX-W - VELM ganuna grp numberaf,//,l7x, 
'Esnaxl',lpe12.5,9e13.51/117~, 
'imp mno1-01 mO2-05 mO6-13 mnl4-31', 

m32-46 101147-61 mg0 1 - 0 6 mgO 7 - 11 ', 
, mg12-15 mg16-23'. /, 

' xmin xnax mash', 
* ~1161-61 M S 7 - 6 0  m49-56 ~31-48', 

I ~ 1 6 - 3 0  ~ 0 1 - 1 5  vgl0 - 2 3 vg13 - 17 ' , 
vg.09-12 vgo 1- 08 ' , / ) 

if (isrc.eq.1) write (30,401) khi2lo,kav2lo, (emaxi(i),i=l,lO) 
format (17x,'WTLo for t h e  6 broad neutron groups', 

and 4 broad gannna groups based on 1-D adjoint & Jabo"s', 
' procedure with WTHI=',i5,'*WTLO P wTSuRV=WTAVG-',~3,'*wTLo', 
/,17x,'Use these values for the coupled n/g mcnp transport', 
analysis involving a neutron-only source.',/,l7x, 

' (For a neutron-only calc or garmna-only CalC, values', 
' would be different)*,/,l7x, 
'mnxX-YY - MCNP neutron g- numbers, ', 
'mgxX-YY = MCNP gamma grp numbers',/,li'x, 
*VnW-W VELM neutron g r p  numbers, ', 
'vgXx-YY - VeLM gamma grp numbers',//,17x, 
'Esnax:',lpe12.5,9e13.5,/r17X. 

mol-01 mO2-05 ~ 0 6 - 1 3  m14-31', 
m32-46 -47-61 mg0 1- 0 6 mgO7-11', 

, mg 12 - 15 ~g16-23'./, 
' m i n  acmax mesh', 

' ~ 6 1 - 6 1  ~ 5 7 - 6 0  -49-56 -31-48', 
~ 1 6 - 3 0  vno1-15 vgl8- 23 vg13-17'. 

, vg09-12 vgOl-OB', / )  

if (isrc.eq.2) write (30,501) khi2lo,kav2lo,(emaxi(i),i=1,10) 
f o m t  (17x,#WTM for the 6 broad neutron groups', 

* and 4 broad gannna groups based on 1-D adjoint & Jaboras', 
' procedure with WTHI=',~S,'*WTLO & WTSURV=WTAVQ-',~3,'*WTLO', 
/,17~,~Use these values for the ganmra-only mcnp transport', 
analysis involving a gamma-only ~ource.',/,17~, 

* (For a coupled n/g calc, or a neutron-only calc, values', 
would be different)',/,l7x, 

* m n x X - ~ ~  = ACNP neutron grp numbers, ', 
#mgXx' MCNP garmna grp numbers', /, 17x, 
'vnXX I VELM neutron g r p  numbers, I, 
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343 

* 

344 * 
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C 

C 

C 

441 
* 

442 

443 
* 

444 

* 
* 

C 
C 

C 

do i=1,61 
k-62-1 
srcm(i)=src(k) I unbiased neutron sources in MCNP order (grp lalow El grp 61nhigh E) 
srcbm(i)=srcb(k) I biased neutron sources in MCNP order ( g r p  1-low E, grg 6llhig.h E) 

enddo 
write (30,341) 
format ( / / / , #  Unbiased neutron sources in MCNP order', 

write (30,342) (srcm(i), i=l, 61)  
format (5x. Ip, 5913.5 1 
write (30,3431 

' (grp lmlow E, grp 63-high E):',/) 

format (/,' Biased neutron sources in MCNP order', 
' (grp 1-low E, grp 6hhigh E):', / ,  
1 Use these values for the neutron-only mcnp transport', 
' analysis involving a neutron-only source.',/, 
' (For coupled n/g calcs, or gamma-only calcs, values', 
would be different)',/) 

write ( 3 0 , 3 4 2 )  (srcban(i),i=1,61) 
write (30,344) khi2lo,kav2lo 
format ( / , I  In addition:',//, 
Delete WWPtP card completely, and . . . I ,  /, 

WTHIn',i5,f*WTL0 and WTSURV=',i3,'*WTL08) 
' On your m P : N  card, make sure you have', 

endif 

if (iarc.eq.1) then 1 isrc=I for a coupled n/g 
do f-1,61 

ks62-i 
srcm(i)=src(kf I unbiased neutron source8 
srcbm(i)-srcb(k) I biased neutron sources 

enddo 
write (30.441) 

MCNP calc with a neutron-only sourcey adjoint based on total n+g dose rate 

in MCNP order (grp f=low E t  grp Clmhigh E) 
in MCNP order ( g r p  1-low E, grp 6lnhigh E) 

. .  
format ( / / / # '  Unbiased neutron aources in MCNP order', 

write (30,442) (srcm(f),i=1,61) 
format ( 5 x r  lpI 543.5 ) 
write (30,443) 
format ( / , I  Biased neutron source8 in MCNP order', 

' (grp l=low E, g r p  61-high E)$',/) 

* (grp 1-low E, grp 61-high E) : ',/, 
I Use these values for the coupled n/g mcnp transport', 
8 analysis involving a neutron-only source.',/, 

(For a neutron-only calc or gamma-only CalC, ValUBS', 
' would be different)',/) 

write ( 3 0 , 4 4 2 )  (srcbm(i),i=1,61) 
write (30,444) khi21olkav2lo.khi2lo,kav2lo 
format ( / , I  In addition:',//, 
I On your W P : N  card, make sure you have', 

' On your W P : P  card, make sure you have', 
I WTHIa',i5,'*WTLO and WTSURV=',i3,'*WTLO') 

WTHII',~~,'*WTLO and W"SURV-',~3,'*WTLO',/, 

endif 

if (Le' q.2 )  then I ierc-2 for a gamma-only MCNP calc with a gar m l y  source; adjoint based on just the g-dose rate 
do 23 
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C 
C 

C 

C 
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C 
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C 
C 
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C 
C 

C 
C 
C 
C 
C 

C 
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* 
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* 
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* 

* 

GETWING3 .SCR 
ku85-i 
srcm(i)5src(k) I unbiased gamma sources in MCNP order (grp 1 x 1 0 ~  E, grp 23nhigh E) 
srch(i)=srcb(k) 1 biased gamut sources in MCNP order ( g r p  l=low E, grp ZSmhigh E) 

enddo 

writs (30,541) 
format ( / / / , '  Unbiased qanuna sources in MCNP order', 

write (30,542) (srcm(i),inl,23) 
' (grp lilow E, grp 23-high E):',/) 

format (5~,19,5e13.5) 

write (30,543) 
format ( / , '  Biased gamma sources in MCNP order', 
' ( g r p  1=lo# E, grp 23=high E):',/, 
I use these values for the ganuna-only mcnp transport', 
analysis involving a gamma-only source.',/, 
(For a coupled n/g calc, or a neutron-only calc, values', 
would be different)',/) 

write (30,5421 (srcbm(i),i=l,23) 
write (30,544) khi2lo,kav2lo 
format ( / , *  In addition:',//, 
* I3elete WWP:N card completely, and ...', /, 
* on your WWP:P card, make sure you have', 
' WTHI=',i5,'*WTLO and WTSURVm',i3,'*WTLO') 

endif 

subroutine getadj (isrc,xarc,xdet,dx,dydz, 
imi,mfni,~i,emaxi,adjnfl,adjgfl) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
**********t****t******r******+*+*+*r*+*.*******************************~* 

Tallies the GBANISN adjoint flux into 6 broad neutron groups and 4 broad garmna groups, 
for each "DX-cm-thick" (typ 5-cm-thick) coarse i-ortance meah composed of any number 
of fine mesh in the QBANXSN adj calc using the VELM 61nf23g lib 

The user must supply the following information: 

isrc .I 
isrc = 
isrc a 

xsrc = 
xaet = 
d x =  
dydz = 

0 €or an KCNP calc with a neutron-only source1 adjoint based on just the n-dose rate 
1 for an MCNP calc with a neutron-only sourcer adjoint bass4 on total n+g dose rate 
2 for an MCNP calc with a gamma-only source; adjoint based on just the g-dose rate 

location (cm) where the "real" (forward) source would impinge on the 1-D buckled slab model (used for several things1 
location (cm) of adjoint source in anisn model (not used, only printed, but user MUST.speCify for QA purposes) 
thickness (cm) of each importance zone to be used in mcnp 
transverse dimensions (an) DY=DZndyzy used for buckling in anisn (not used, only printed; HUST specify for PA purposes) 

This subroutine will return: h i ,  m i n i ,  xmaxi, emaxf ,  adjnfl, adjgfl where 

imi .I number of "DX-cm-thick" (typ 5-cm-thick) coatse importance mesh intsrvals 
dimension dni(3000),~naxi(0:3000) I d n  & xmdx for each importance zone, f = l , i d  (imi.le.3000) 
dimension smaxi(l0) I maximum energy (MeV) of the 6 broad neut groups L the 4 broad grunma groups 
dimension adjnf1(3000,6) I allows for 6 neutron i m p  g r p s  and up to 3000 coarse imp mesh 



GETWING3 .SCR 
C 

C 
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C 

C 

C 

C 
C 

C 
C 

C 
C 

C 
C 
C 

C 

C 
C 
C 

C 

dimension adjgf1(3000,4) 1 allows for 4 ganuna imp grps and UP to 3000 coarse imp mesh 

-- J .A .  Bucholz, 20 May 1998 

This routine was recently updated to account for fact the results on the 
gbanisn "adjoint scalar flux tape" are in "adjoint order", i.e. .... 
... the results in 1 on the tape really correspond to the adjoint flux for the lowest energy gamma group, ... the results in g r p  23 on the tape really correspond to the adjoint flux for the highest energy gannna group, ... the results in 9rp 24 on the tape really correspond to the adjoint flux for the lowest energy neutron group, and ... the results in g r p  84 on the tape really correspond to the adjoint f l w  €or the highest energy neutron group. 

This conclusion was verified by extensive testing on 13 June 1998. 
Prior to this time, I had failed to appreciate this fact. 

C 

dimension fluxim(84) 
dimension flux(3000~,emax0~84),emaxi(l0~ 
dimension ~na(3000),lrrida(3000) I 
dimension waini(3000),~i(0:3000) I 
dimension vola(30001 I 
dimension voli(3000) 1 

characte948 typadj(0:2) I 
character.32 linchk 1 
character*l linl 
equivalence (lin1,linchk) 

01 of imp zone) 

C 

=in P midpoint for each anisn mesh; xmin read from anien printed output file 
A n  & XMUL for each importance zone 
volume of each fine mesh in the 1-D slab a d s n  calc 
total v o l  of all fine mesh whose midpoints lie inside a given imp zone (may differ slightly 

alphanumeric string (set below) indicating type of adjointi based on isrc = 0. I or 2 
used to extract gbanisn mesh when reading gbaoutput file 

C double precision adjnf3(3000,6~,ad~gf1~3000,41 I allows for 6 neutron im0 g r p s  h 4 gamma imp Prpsi total-10 
dimension adjnf1(3000,6),adjgf1(3000,4) 1 allow6 for 6 neutron frw grps & 4 gannaa imp grpsj totalrl0 
dimension igmin(lO),igmax(lO) 
data i&n/ I, 16, 31, 49, 57, 61, 62, 70, 74. 79 / I VELM group numbers corresponding to each importance group 
data igmax/l5, 30, 48, 56, 60, 61, 69, 73, 78, 84 / 1 VELM group numbers corresponding to each imortance group 

C 
C Emax in MeV for VELM neutron g r p 6  ig=l,61 followed by 
C Emax in MeV for VELM gamma g r p s  igm1.23 

data e m a x O /  
* 1.4918E+01, 1.2214E+O1, 1.0000E+01, 8.18733+00, 6.7032E+00, 
* 5.48813+00, 4.4933E+00, 3.67883+00, 3.0119E+00, 2.4660E+00, 
2.34573+00, 2.23133+00, 2.0190E+00, 1.65303+00, 1.35343+00, 
1.1080E+OO, 9.07183-01, 7.42743-01, 6.08103-01, 5.23403-01, 
4.9787E-01, 3.87743-01, 3.01973-01, 2.98493-01, 2.97213-01, 

* 2.94523-01, 2.7324E-01, 2.2371E-01, 1.83163-01, 1-49963-01, 
1.22773-01, 8.65173-02, 5.65623-02, 5.24753-02s 3.43073-02, 
2.8501E-02, 2.70003-02, 1.60583-02, 2.47883-02, 2.35'793-02, 
1.50343-02, 9.11883-03, 5.53083-03, 3.70743-03, 3.03543-03, 
2.61263-03. 2.24873-03, 2.0347E-03, 1.23413-03, 7.48523-04, 
4.5400E-04, 2.75363-04, 1.67023-04, 1.01303-04. 4.7851E-05, 
2.26033-05, 1.0677E-05, 5.04353-06. 2.38243-06, 1.12533-06, 
4.13993-07, 1.40003+01, 1.0000E+01, 8.OO0OE+OO8 7.50003+00, 

2.50003: 2.0000E+00, 1.50003+00,  1.0000E+008 7.OOOOE-01, 
7 . 0 0 0 0 E j  ~ 6.00003+00, 5.000OE+0O8 4.0000E+OO, 3.0000E+00, 

w 
0 from actual v 4 
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201 

C 

C 

203 

C 

C 
C 

C 

C 

C 

C 

* 6.0000E-01, 5.1000E-01, 4.0000E-01, 3.0000E-01, 1.5000E-Of, 
* 1.0000E-01, 7.0000E-02, 4.5000E-02, 2.0000E-02/ 

I 
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data typai¶j/ 1 used only in write statement 
where adjoint is based on just the n-dose at x=', 1 isrcnO 
where adjoint is based on total n+g dose at X='. I istcrl 

' where adjoint is based on just the g-dose at IC=' / 1 isrc-2 

........................................................ 
read m i e n  mesh from anisn printed Output file: 

open (12,fils=rgbaoutput',status=~old',form='formattedr) 

read (12,'(a32)') linchk 
if (1inchk.ne.' int. zone number radius ' )  go to 200 
read (12,'(a32)') linchk 
read (linchk,'(iS,fB,elB.S)') mesha,mzone,~na(mesha) 
if (mxone.gt.0) uo to 201 
imnmesha-1 t number of anisn mesh intervals 
close (12) 

I anisn printed output file 

do i=l.fm 
xmida(i)=(~nina(i)*xmina(i+1))/2.0 I get midpoint of each anisn mesh 
vola(i)m~na(i+l)-~ina(i) 
enddo 

xmaxl(O)rxmina(l) 
xmaxi(O)=xsrc 
i=o 
i=i+l 
xraini(i)=xarmxi(i-l) 
waaxi(i)-Maini(i)+dx I increment by thicknees of each importance zone to be used in mcnp 
if (wraxi(i).lt.~na(meeha)) go to 203 
i m b i  I number of mcnp importance zones corresponding to anisn model 

do ig-1,6 
do ix-l'imi 

enddo 
adjnfl(ix,ig)=O.OdO 

enddo 

do i p 1 , d  
do i x m  I, imi 

enddo 
adjgfl(i%.ig)~O.OdO 

enddo 

get total volume of all anian fine mesh fix) whose midpoints 
do 3%-1,im.i 

voli(j%)t0.0 
do ix=l,im 
if (ronida(ix).ge.dni(jx) .and. xmida(ix).le.xmaxi(jx)) 

enddo 
* voli(jx)=voli(jx)+vola(ix) 

lie inside a given importance meah (jx): 



enddo 
C 
C 
C 

C 
C 

C 

C 

C 

C 

C 

C 
C 
C 

C 

C 

C 

open (15,file-'fort.l5f,statue~'old',form='unformatted') 
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i anisn flux moment f i l e  (fort.15) 

______-___-_---I-___-------- - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

1 tally gammas 
do iag=1,23 I on velm adjoint calc tape fort.15, group iag= 1, 2, 3, 4, *... 21, 22, 23 

ig-85-iag 1 really corresponds to "real" velm group -tg= 84, 83, 82, 81, 64, 63, 62 

do jq=7,10 
if (ig.ge.igmin(jg) .and. ig.le.igmax(jg)) igg=lI-jg 1 igg=mcnp broad group (l=soft, Iuhard) 
enddo 

read (15) (flux(ix),ix=l,im) 
fluxim(iag)=flux(im) 

do jx=l,imi 1 
do ix=l ,  im 1 
if (xmida(ix) .ge.xmini(jx) .and. xmida(ix) .le.-i (3x1 1 

a adjgfl(jx,igg)-adjgfl(jx,igg)+flux(ix)*vola(ix)/voli(jx) I 
enddo 

enddo 

1 

for every coarse importance mesh 
check the location of each anisn fine mesh 
and stuff the anisn adjoint flux in the right iw mesh 
while accounting for relative volume of each mesh 

enddo 

enddo 

read (15) (flux(ix),ix-l,im) 
fluxim(iag)-flux(im) 

do jx-l,imi I 
do ix-1, im I 
if (nmida(ix).ge.dni(jx) .and. xmida(ix).le.xmsxi(jx)) I 
adjnfl(jx,igg)=adjnfl(jx,igg)+flux(~x)*vola(ix)/vol~(j%) 1 

enddo 
enddo 

for every coarse importance mesh 
check the location of each anisn fine mesh 
and stuff the anisn adjoint flux in the, right imp mesh 
while accounting for relative volume of each mesh 

C 

enddo 
C 
C 
ccc 
742 
C 

w 
4 
N 
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importance group (h~g-7,lO) 

write (30.401) char( 12 1 ,  typadj fisrc) ,xdet,dYdz, ( m i  ( i  1, i=l, 10) 
401 format (al,/,17x,'Neutron and Qanwa Adjoint Fluxes: ', 

* a10,f0.3,' cm, and buckling DY=DZ=',f6.2,' cm',/,l7x, 
~ m n x x - y ~  = MCNP neutron g r p  numbers, ', 

* 'mgwt-w - K I P  ganuna grp numbers' /, 17x, 
tvdxx-w E VELM neutron g r p  numbers, I ,  

* 'Vgxx-Yy I vELM gamma g r p  numbers1,//,17x, 
* 

'imp mol-01 ~ 0 2 - 0 5  ~ 0 6 - 1 3  -14-31', 
'Emax: ' I lpel2.5.9~13 .5. /, 1 7 ~ .  
, m32-46 mlf-61 mg0 1- 0 6 1 ~ 0 7  - 11 ' , 

* , mg12-15 mg16-23', /, 
' wrin xmax mesh', 

* ' ~ 6 1 - 6 1  ~ 5 7 - 6 0  -49-56 vn31-40', 
* , ~116-30 ~ 0 9 - 1 5  vg18-23 vg13- 17 ' , 

I vg09-12 vgOl-O0*,/) 

* (adjnfl(jx,ig). ipl. 61, (adjgfl(jxr , i g = L 4 )  

do jx=l,irni 
write ( 3 0 , 4 0 2 )  aanini(jx),-i(jx),jx, 

402 format (lx,f6.2.fE.2,~5.lx,lp,lOe~3.5~ 
enddo 

return 
end 

C 

END-QETWIN 

cat >qbainput <<'END-QBALINPlJT' 
gbanisn: 1-d buckled slab adjoint model of hb3 water tube & collimator, etc. 
/ 
/.******.*.*.**t******************* 

/ 
/ see description of revised input in section 6 of 
1 Charles slater's mema to die t ,  dated 4/7/08 
1 
/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * e *  

/ 
15$$ 1 
1 /  
l /  
3 /  
32 / 
1 /  
o /  
o /  

22 / 
719 / 

o /  
/ 

04 / 
3 /  
4 /  

07 / 

lS$$ = integer parameters 
id E problem id numbert if .et. 1000000, disadvantage factors will be coxmuted by group for each material in calc 

isct a maximum order of scatter found in any zone 
fsn P order of angular quadrature 
ige 1/2/3 - slab/cyl/epherical geometry 
ibl - 0/1/2/3 E vacuum/reflection/periodic/white(albedo) = left boundary condition 
ibr I 0/1/2/3 = vacuumfrefleation/periodic/white(albedo) right boundary condition 
izm = number of zones or regions (same material) 
im = number of mash intervale 
ievt m 0/1/1/3/1/5/6 = fixed erc / k-calc / alpha / conc search / zone width search / outer radius search / buckling search ------- 10 ------- 
igm I number of energy groups 
i h t  - position of sigt in xesct table 
ihs I position of g-g (self-scatter) in xsect table 
ihm -length of xeect table 

0 / ith a 0/1 - forwardladjoint calc 

w 
4 
W 
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0 
0 

32 
32 
1 
0 

1 
0 
0 

200 
0 
1 
0 
0 
1 

1 

0 
0 
3 
1 
1 
2 

9 

/ 

/ ms = mixing table length (lo$$, ll$$, 12** arrays) 
/ mcr = number of xsect sets read from cards (14'. array) 
/ mtp - number of xsect sets to be read from tape (13$$ array) 
f mt - total number of xsect sets (number entered + any mixtures created) 
/ 0 / idfm 0/1 density factors not used / density factors used (if used, enter 21** array) 
/ ipvt I 0/1/2 = no effect / enter initial keff (as pv in 16**) / enter initial alpha (as pv in 16**); see page 25 for more notes 
f __-____ 20 ------- 
/ O f  
/ 1 /  
/ 116 / 
f iim = 
/ id1 - 
/ id2 
/ id3 I 
/ id4 - 
/ icm - 
/ 
/ 
/ 
/ 
/ idatl- 
/ 
f 
f 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
f 

iqm = O f 1  = no effect f enter distributed source (in 17** array) 
ipm I O/lfim - no effect / enter shell arc by g r p  and angle (le**) / enter shell src by interval, grp, and angle 
ipp - interval number which contains shell arc if ipm=lt otherwise, set ipp-0 

inner (spatial) iteration maximum 
-1/0/1/2/3 P no scalar flux or dist src print/ no effect / print angular flux f punch scalar flux / print angular flx and punch scalar flx 
O/l/2 = no effect / read mtp xsect sets from tape in pip format f use xsects and fixed arc from previous problem 
O/N - no effect / cou@ute N activities by zone, where N is any positive integer 
O f 1  no effect / compute N activities by interval (where N=id3) 
outer (energy) iteration msximum 
icm note: if there is no fission, one may set icm=l in "gbanisn" and it will cycle thru each of the thermal 
groups once and then repeat that cycle up to iim times (where iim is the "inner" iteration max) to converge 
the upscatter tenus -- i.e., with group-banded anisn (and the bands properly defined in the 1$$ array) 
icm.gt.1 is not needed to converge upscatter, although icm.gt.1 would be needed if one allows fission. 
0/1/2 = all data in core/ xsecta & fixed sources stored on tape / fluxes & currents on tape also 
* * * *  must set idatl-1 if xsects come from a gip tape **** 

idat2- 0 for no effect; idat2.gt.0, enter a 4 $ $  array to select Sn, or diff theory, or inf hom media option by group for first "idat2" outers 
ifg - 0/1/2/3/4 - no effect/ do xaect weighting / read wtg xsects from prev calc / write wtd xsects (fort.10) / read & write 
iflu- 0/1/2/3/4 = (wtd diff madel) = sometimes step/ linear only/ step only/ wtd diff / wtg with neg flx fixup 
ifn - 0/1/2 = enter fission guess (2**) / enter flux guess (3") / use flux from prev case 
iprt- 0/1 - print xsects / don't print xsects 
ixtr- 0/1/2/3 as noted below: 

ixtr-0 no effect; start problem from scratch (requires 3'" flux guess array in data block f) 
ixtr-1 read flux guess (on unit ntl4); set ifnu1 and do not enter 3** array; do not include data block f at all 
ixtrm2 write flux soln (on unit nt15) 
ixtr-3 read flux guess on one unit (ntlP), write flux solution on another unit (nt15) 

note: ixtr is now last parameter in 15$$ (not nbuf or nsav) 

16'. f 16** = 
0 / ev = 
0 / evm - 

le-4 / eps - 
1.420892 / 0 
27.2 
27.2 
0 
0 
0 

0 . 5  

19-4 
0 
0 
0 
9 

5 9 s  
8 
9 
1 
2 
3 

/ o  
/ o  
f dfml = 
/ rrnf - 
f pv - 
/ ryf - 
/ 
f xlal = 
/ xlah = 
/ eql I 

/ xnpm - 
- - - - - - - 

floating point parameters 
first guess for keff (usually 0.0) 
eigenvalue modifier 
epsilon (accuracy desired) 
/ bf - buckling factor (normally 1.420892 if buckling is usedi otherwise 0) 
/ dy - cylinder or plane height for buckling correction 
/ dz = plane depth for buckling correction 
transverse dimension for void streaming 
aource normalization factor ( t y p :  1 for keff, 0 for fixed src); n/cm3 for sphere; n / d  for slab; n/cm(of height) for cy1 
enter: 0 f keffO / slpha0, depending on value of ipvt (param 20 in 15$$ array) 
lamda2 relaxation factor (normally 0.5) 
10 ------- 
point flux convergence criteria if .gt. 0 
upper limit for abs(l.0-lamdal) used in linear search 
eigenvalue change epsilon 
new parameter modifier 

/ 59$$ = array of unit numbsrs to be used (may skip entire array and take defaults) 
/ ntl - 1st flux and current scratch unit if idatl=2 (default: fort.8) 
/ nt2 2nd flux and current scratch unit if idatlm2 (default: fort.9) 
/ nt3 - 1st xsect and source scratch unit if idatl.gt.0 (default: fort.1) 
/ nt4 'nd %sect and source scratch unit if idatl.gt.O (default: fc 2 )  
/ nt5 agular flux output unit (default: fort.3) 

w 
4 
P 
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4 / nt6 = anien-formatted (nuclide oriented) binary xeect library (default: fort.4) if idatl.ne.1 
4 / nt7 = gip-formatted (group oriented) binary aceect library (default: fort.4) if idatlnl 
2 / nt8 = few-group xeect library output unit if ifg-3 or ifgd (default: fort.2) 
2 / nt9 = few-group xeect library input unit i f  i f p 2  or ifg=4 (default: fort.2) 
14 / nt14 = flux guees input unit if ixtr=l or ixtr-3 (default: fort.14) 
15 / nt15 f l w  output unit if ixtrs2 or ixtr=3 (default: fort.15) 

e 
6 / nt99 P unit number for fido edit of input (default: fort.6) 

GO$$ / 60$$ new array required for canlen, janien, and gbanien (but not regualr anisn)i only hae one entry (kwrd) 
2400 / kurd = thousands of reaf*4 worde to be alocated for storage; typ: 400 req'd for e4; 500 for 681 900 for e16 
e 

t / end of data block bi t is always rewired (there ie no data block a; that's the title card) 
/ 
/ 
/ 
1$$ / number of groups in each band; if nbande.1t.igrn (as usually the case) fill with zerosi i g m  entries required anyway 

/ l4rl 25 44rl fO / use this for ANSLV 39n/44gi yields 1 g r p  per band in 1st 14 bands, and 25 group6 in band 151 and 1 g t p  per band in the 4 4  gamma ban 
de 
/ 
/ these 2$$ and 3** arrays here were only needed in a very special burnup-dependent veteion of the group-banded anien code 
/ that bob childs wrote especially for Jim bucholz on the mhtgr project in 19881 these t w o  arrays are not part of the 
/ regular group-banded aninn code and ehould not be entered (they're listed here only as a reminder to me) 
/ 2$$ 24 e / 2$$ number of burnup intervale (ueed only in bob child's version) ..-.. thie 2$$ not standard 
/ 3** 2. e / 3** length of burnup intervals in yeare (used only in bob's version) thfe 3** not standard 

fl / use this for VELM 61nl23g 

t / end of data block ci t is alwaye required (thfe data block has only the l$$ array and ie reqd by std gb-anisn) 
/ 
/ 
/ 13$$ id numbere for nuclides or macroscopic materials in 'premixed* xsect library 
/ but "only ifn eupplid in anien-formatted (nuclide oriented) binary library! 
/ this array allows the code to etrip off jUPt the nuclides it needs from tapei 
/ not needed should not be entered if idatl-1 and input xsects are from gip tape 
/ 13$$ / mtp entriee, not needed when input xeecte are from gip tape 
/ 14** crose sections entered off cards if mcr.gt.0 
/ t  / end of data block di t is required if 13$$ or 14** are entered1 otherwiee this t should be skipped 
/ 
/ 
1 
/ 17'. fixed eource specifications (im'ipm entries reqd if itpa-1) 
/ eource in each mseh interval for group 1 
/ source in each mesh interval for group 2 
/ source in each meeh interval for group 3 
/ t t :  : : . .  
/ eource in each meeh interval for grgup 27 
/ . .*  theee may all be renormalized ueing xnf 
/ 17** / values are n/s/cc; remesaber to use "lower c a m w  el6  for eacponente, not upper case e's 
/ 144r0 18r7.02795e+12 36r6.5505le+12 18r8.15472e+12 183r0 1 group 1 (halfway up top eect of an6 core) 
/ 144rO 18r7.229840+13 36r6.73868e+13 18r8.38897e+13 183r0 / group 2 (halfway up top sect of an6 core) 
/ 144r0 lBrB.24511e+13 36r7.684988+13 18r9.567020+13 183r0 / group 3 (halfway up top eect of an6 core) 
/ 144r0 18r4.65807e+13 36r4.34163e+13 18r5.40488e+13 183r0 / PtOUD 4 (halfway UD top sect of an8 core) 

. .  

/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 17** 

l44rO 18r6.05776e+13 36r5 
144rO 18r6.35937e+13 36r5 
144r0 18r3.04993e+13 3622 
14PrO 18r4.61450e+12 36r4 
144r0 18r3.33162e+ll 36r3 
144rO i8r2,47229e+lO 36r2 

fixed source specifications 
fO 

- -  - -  - 
64623e+13 18r7.02897e+13 183r0 / group 5 (halfway up top sect of a n ~  core) 
92735e+13 18r7.37895e+13 183r0 / group 6 (halfway up top eect of an6 core) 
84274e+13 18r3.53892e+13 183r0 / group 7 (halfway up top sect of an8 core) 
30101e+12 18r5.35432e+12 183r0 / group 8 (halfway up top eect of ans core) 
10529e+ll 18r3.865760+11 183r0 / group 9 (halfway up top sect of ens core) 
30433e+10 18r2.86866e+lO 183r0 / group 10 (halfway up top rect of ane core) 

im'igm entries reqd if iqm-1) 

1.9097700e-02 
2.1556070e-01 
4.3961270e-01 

7.3080370e-01 
9.03 6117 Os- 0 1 

9.9903070e-01 

1.0000030e+00 

5.6619070~-01 

9.8644130s-01 

9.99936008-01 

'A 
4 
Ch 
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/ volumetric source: (src(i,g),i=l,im=719),g=1,84) 
/ 
/ 
/ the following flux-to-dose-rate factors are now being treated as an adjoint source: 
17** / volumetric source: (src(i,g),i-l,im~719),g-l,84) 

(note2 must use adjoint dort-ready xsects) 

7182 1.946%-1 7182 1.59770-1 7182 1.4706e-1 / flux-to-dose-rate conv factors for neutron groups 1. 2, 3 
7182 1.4723e-1 7182 1.51188-1 7182 1.5411e-1 / flux-to-dose-rate conv factors for neutron groups 4 ,  5, 6 
7182 1.4596s-1 7182 1.3694e-1 718r l.2849e-1 
7182 1.25270-1 7182 1.256261-1 7182 l.2615e-1 
7182 1.272le-1 7182 1.28610-1 7182 1.30089-1 
7182 1.2975e-1 7182 1.1804e-1 7182 1.0554e-1 
7182 9.5577e-2 7182 9.0488e-2 7182 8.30460-2 
7182 6.63308-2 7182 5.8498e-2 7182 5.80800-2 
7182 5.7731e-2 7182 5.56260-2 7182 4.9373~1-2 
7182 4.124le-2 7182 3.4447e-2 7182 2.8773s-2 
7182 2.2781e-2 7182 1.6688s-2 7182 1.3503e-2 
7182 1.1148e-2 7182 8.7422e-3 7182 7.9520e-3 
7182 7.6770e-3 7182 7.42410-3 7182 7.1386e-3 
7182 5.897%-3 7182 4.0874e-3 7182 3.55850-3 
7182 3.5825e-3 7182 3.6062e-3 7182 3.6229e-3 
7182 3.6387e-3 7182 3.6528e-3 7182 3.6908e-3 
7182 3.7629s-3 7182 3.8453e-3 7182 3.9356e-3 
7182 4.0311e-3 7182 4.12890-3 7182 4.2492~1-3 
7182 4.3820e-3 7182 4.4897e-3 7182 4.5583s-3 
7182 4.5742e-3 7182 4.52500-3 7182 4.3706e-3 / flux-to-done-rate conv factors for neutron groups 58,59,60 
7182 3.7090e-3 / f-to-d conv factors for neut-group 61 
a1 f O  a43860 / zero-out above neutron data, then continue with 9 a U a M S  

7182 7.8468e-3 
7182 6.1909e-3 
7162 3.95969-3 
7182 2.31568-3 
7182 1.27970-3 
7182 5.6676e-4 
7182 2.7466e-4 

/ 17** a43860 f0 
/ 
/ 
/ 18.f shell source 

7182 1.1020e-2 7182 8.7716e-3 / f-to-d conv factors for garmaa-gas 
7182 7.47839-3 7182 6.926%-3 / flux-to-dose-rate cony factors for 

7182 3.4686e-3 7182 2.92709-3 
7182 5.41369-3 7182 4.62219-3 

7182 1.75630-3 7182 1.44170-3 
7182 1.08520-3 7182 0.75940-4 
7182 3.27679-4 7182 2.66440-4 
7182 5.7761e-4 7182 2.14390-3 / flux-to-dose-rate conv factors for 
/ use this to zero-out the adjoint source for garmnas if we only care 

specifications (not read if ipm=O, m*igm entries reqd if ipm.eq.1, 

gamm groups 21,22,23 
about the direct neutron dose rate 

mm*im*igm entries reqd if ipm.gt.1) 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 

note; for adjoint calcs, the angular dependent adjoint source m e t  
be supplied as if it were reflected thru the origin) 
Below8 Sourcs(33)=ScalarFlux(monodiroctional)/We~ght(33) 
18** / based on full 100 MW power n/g from core, including decay fission gammas from core. 

The following angular fluxes for quadrature direction 33 = (scalar flwc)/(weight 33). 

1-D slab GBANISN sources iwinpent on the old 1960 water tube and/or the new 1998 water 
tube in the HFIR x83 beam tubs, based on the equivalent point sources in SRC-DESC.SWI 
these forward-directe8 shell murces in direction 33 (of an 532 1-D slab quad set) were 
computed using the utility program SRC1D.FOR as: 
SRC(grp ig, direction 33)- (PtSrc(ig)/[4*pi*(X-X0)*2I)/weight(339 
where the multigroup PtSrc for H83 is given in ref dataset SRC-DESC.SUM, 
where xO(ig), the effective center of emmission for group (io) in H83, is 
given in 8RC-DESC.SVM (XO-dist in cm from the plana perpendicular to the tube), 
where x = xl-116.7841 cm = the point where the old 1960 water tube began 
and x E ~2~174.27 cm - the point where the new 1998 water tube begins 

impingent r on src on old 1960 water tube (at Xs116.7841 cm), for neutr 'n HB3 (velm grp=1,61), fastagrp 01 
322 1.130L 8 322 1.10592e+10 322 4.382278+10 322 6.555160+10 



, 
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/ 322 2.61608e+ll 322 5.44950~+11 322 5.098340+11 322 5.29409~+11 
/ 322 1.06623e+12 322 2.954100+11 32% 3.36529r+11 322 8.768270+11 
/ 322 2.26008e+12 322 2.90345e+12 322 1.698250+12 322 2.90497e+12 
/ 322 1.47587~+12 322 1.74368e+12 322 9.586890+11 322 4.290520+11 
/ 322 2.0415Sa+12 322 1.63431e+l2 322 7.72646~+10 322 2.26409~+10 
/ 322 5.78337e+10 322 4,50956e+11 322 1.26373e+12 322 l.l0214e+l2 
/ 322 7.716930+11 322 9.9295le+ll 322 1.29692~+12 322 2.16579e+12 
/ 322 4.2111Oe+ll 322 1.427508+12 322 2.60124e+12 322 5.88214e+fl 
/ 322 2.09517~+11 322 2.69366e+11 322 3.43813e+ll 32r 2.206860+12 
/ 322 2.64203e+12 322 2,50062e+12 322 2.19740e+12 322 1.47693e+l2 
I 322 7.83043e+ll 322 7.16313e+ll 322 4.41240e+ll 322 3.28332e+12 
/ 32s 3.239228+12 312 2.48747e+12 322 2.80919~+12 322 2.63519e+12 
/ 328 2.86782~+12 322 4.53851~+12 322 4.99220e+12 322 3.96223~+12 
/ 322 4.69230.+12 322 9.22237e+12 322 6.739710+12 328 7.47705e+l2 
/ 332 5.521390+14 
/ impingent gmma arc on old 1960 water tube (at X=116.7841 em). for gammas in -3 (velrn grp=61184)l fastmgrp 63 
1 322 3.84536e+09 32% 2.54725e+12 322 3.555960+13 32s 4.34705e+11 
/ 322 2.761920+13 322 1.90569e+13 328 4.180796+13 322 4.70888~+13 
/ 322 4.10847e+13 322 1.01212e+14 322 1.25714e+14 322 1.15144e+l4 
/ 322 9.54013~+13 322 4.19883e+13 322 7.18706~+13 32% 8.17303e+13 
/ 322 9.830290+13 32% 2.88737e+14 322 1.982330+14 322 1.63428e+14 
/ 322 8.16257e+13 322 1,10727e+13 322 8.97349e+09 
/ impingent neutron arc on new 1998 water tube (at Xa174.27 cm), for neutrons in H83 ( v ~ P A  prp=1,61), fast-grg 01 
/ 322 5.824558+06 322 3.96115~+09 322 9.09120~+09 322 2.07345e+10 
/ 32x 6.51723e+10 322 1,2830Oe+ll 322 1.514880+11 322 1.37816e+11 
/ 322 2.38004e+11 322 9,27745e+10 322 1.18026e+11 32% 2.45799e+11 
/ 322 6.509260+11 322 7.10780e+11 322 5.11900r+11 322 5.834370+11 
/ 322 4.601SCe+ll 322 4,54658e+ll 322 2.75728e+11 322 1.18870e+ll 
/ 322 5.14801e+ll 322 4.74618e+ll 32% 2.46126e+f0 322 6.19803e+09 
/ 322 1.33040e+lO 322 1.43484e+ll 322 4.39295~+11 32z 3.23138e+11 
/ 322 2.45247e+ll 322 3*03906e+11 322 3.96441e+ll 322 6.477670+11 
/ 322 1.09982e+11 322 3.954920+11 322 3.98678e+ll 322 1.25329a+tl 
/ 322 4.93277e+10 322 8.12988~+10 322 7.08402~+10 322: 6.01394a+11 
/ 322 7.55624e+11 322 6.94913e+ll 322 6.05180e+11 322 3.310310+11 
/ 322 2.10124e+ll 322 2.08309e+ll 322 1.394028+11 32% 8.03580e+l1 
/ 322 7.827930+11 322 6.92223~+11 322 7.67867~+11 32% 7.494160+11 
/ 322 7.57499e+11 322 1.21027a+l2 322 1.30806~+12 32% 1.17264e+12 
/ 322 1.26895e+12 322 1.58393e+12 322 1.507528+12 322 1.93367e+12 
/ 322 8.35086~+13 
/ ifwingent ganmM arc on new 1998 water tube (at Xp174.27 cm), for gamutas in HB3 (velm grp=61,84), faetmgrp 63 
/ 322 2.44520e+08 32% 1.312900+11 322 2.79299~+12 322 3.06526e+11 
/ 322 2.23919~+12 322 1.30586e+l2 31% 3.53816e+12 322 4.12907~+12 
/ 322 2.774556+12 322 5.55316e+12 322 8.303308+12 322 9.51037~+12 
1 322 l.l2103e+l3 322 5.71012e+12 322 7.70454e+12 322 1.04867e+13 
/ 322 1.41704e+13 322 3.73438~+13 322 2.62482~+13 322 2.31424e+13 
/ 322 1.71632~+13 322 2.641468+12 322 3.79191~+09 
/ 
/ end of Bource epecifications 
/ la** 20132 e / zero-out all neutron aourcee to run gamma-only calc 
/ 

t 
1 
/ 
/ Z** ffesion dsneityr i r n  entriea required) enter only if ifnmO (34th param in 15$$) and iXtr-0 (36th param in 1558 array) 
/ 3** flux mesa ((f~~(i,g),i-l,i~),g-lli~)~ enter only if ifnml (34th parant fn 15$$) and fxtrE0 (36th parant in IS$$ array) 
3** f a  / aetting ifn-l and filling 3** with f0 is recommsnded for ahielding work 

t / end of data block 41 t fa required if 17'" or 18** are entered1 otherwise this t ehould be skipped 

t / end of data block f t  t is required if 2** or 3** are entered) otharwiea this t nhould be ekipped 

w 
4 
4 
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/ 
/ 
/ 
1** / chi(g) fission spectrumj igm entries; not needed if no fissionable material present (if not needed, manual says enter f 0 )  

/ 
5 * *  / avg velocity for each energy group1 usually not needed (if not needed, manual says enter fO) 

/ 
6** / 1 - D  xsdrnpm quadrature weights (ige=l isn-32 mm- 33) 

fO 

fO 

O.OOOOOe+OO 6.788lle-03 1.556340-02 2.378960-02 3.11572~3-02 

4.565090-02 4.228910-02 3.73990e-02 3.11572e-02 2.37896e-02 
1.55634e-02 6.78811e-03 6.788110-03 1.556340-02 2.37896s-02 
3.115720-02 3.73990e-02 4.228910-02 4.56509e-02 4.736279-02 
4.73627e-02 4.56509e-02 4.228918-02 3.739909-02 3.11572e-02 
2.37896%-02 1.55634~~-02 6.788118-03 

3.739900-02 4.228910-02 4.565090-02 4.736270-02 4.736270-02 

7** / 1 - D  xsdrnpm direction cosines (ige=1 isnm32 m= 3 3 )  
-1.00000e+OO -9.94700e-01 -9.72288e-01 -9.32816s-01 -8.77702e-01 
-8.08938e-01 -7.29008e-01 -6.408020-01 -5.47506e-01 -4.524940-01 
-3.59198e-01 -2.709920-01 -1.91062e-01 -1.22298e-01 -6.71844s-02 
-2.771250-02 -5.299530-03 5.299530-03 2.77125s-02 6.71844e-02 
1.222980-01 1.910620-01 2.709920-01 3.59198e-01 4.52494s-01 
5.47506e-01 6.40802e-01 7.29008e-01 8.08938e-01 8.77702e-01 
9.32816e-01 9.722880-01 9.94700e-01 

/ 
/ 4 * *  1 location of each interval boundary! im+l entries required 
/ 4 * *  0.0 24110.01 35.56 35.57 / mesh boundaries 
/ 4** 0.0 24110.01 19.06 19.07 / mesh boundaries 
/ 4 * *  0.0 241i0.01 27.95 27.96 / mesh boundaries 
/ 4 * *  8.0 319.0 3110.0 151112.54 31109.06 21111.6 311112.6 143.08 / mesh boundaries 
4 * *  / 720 mesh boundaries required here (for these 719 mesh intervals): 

115.0 21116.7811 1111117.7366 21174.27 7i174.95125 71179.05 
71183.15 71187.25 71191.35 71195.45 71199.55 71203.65 
1891207.75 21302.1868 15i302.5043 491310.58 21334.7709 
1271335.4756 21399.48 141401.9445 124f415.44875 
ai477.36125 478.79 

/ 
8SS / zone numbers by mesh interval (im entries reauired) . .  

1 3r2 112r3 
190r13 3r14 
3r22 

/ 
9$$ 

9 
9 
9 
5 
1 
1 
1 
1 
1 
1 
1 
1 
1 
5 

/ material 
/ 1st zona 
/ 2nd zone 
1 3rd zone 
/ 4th zone 
/ 5th zone 
/ 6th zone 
/ 7th zone 
/ 8th zone 
/ 9th zone 
1 10th zone 
/ 11th zone 
/ 12th zone 
/ 13th 7 
/ 14th : 

- 
3r4 8r5 8r6 8r7 8r8 8r9 8rl0 8rll 8rl2 

16x15 50r16 3r17 l28r18 3r19 15r20 125r21 

numbers by zone ( ipn entries required)] material numbers should correspond to p0 components only 
always void! 1.7841 cm thick (thickness doesn't matter in slab geometry) 
void here] let aluminum window in 1960 design would go here 
void here! use water if looking at 1960 design 
aluminum = 1st window in 1998 design1 would be water for 1960 design 
water (first 4.1 cm in 1998 design) 
water (next 4.1 cm in 1998 design) 
water (next 4.1 cm in 1998 design) 
water (next 4.1 cm in 1998 design) 
water (next 4.1 cm in 1998 design) 
water (next 4.1 cm in 1998 design) 
water (next 4.1 cm in 1998 design) 
water (next 4.1 cm in 1998 design) 
water (remainder of water in 1998 water tube design) 
a l d n u m  I 2nd window in 1998 design; would be water for 1 lesign 
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1 / 15th zone water 

/ .............................. may wish to make next 3 zones: all water (l), all stainless steel (13), or all carbon steel (17) 
1 f 16th zone water herat may later try stainlesa steel or carbon ateelt 
1 f 17th zone water here] may later try rtainless steel or carbon steel; use aluminum iff modeling 1960 water tube design 
1 / 18th zone water here) may later try stainless steel or carbon steel1 

9 f 19th zone thin void at end of collimator (need incoming flux here) 
9 f 20th eone void upstream of carbon steel shutter drum 

9 f 22th rone thin void 

end of 9$$ array (although user may use the nplugdef*' file to redefine the entire 9 $ $  array 

/ .............................. previous 3 zones represent the collimator section 

17 f 21th zone carbon steel shutter drum 

/ 
/ 
/ 
f list of possible materials (with this HB3 water tube xsect lib) includes the following: 
/ 
/ l d x  1 (ANISN/WRT MATL 1) = Water at 1.00 gfec 
f mix 2 (ANISH/WRT MATL 5) A l d n u m  6061 (2.7 gfcc) 
/ mix 3 (ANISNfWRT MATL 9) = Void (He e 1.09-20 atams/barn*cm) 
f mix 4 (MISNfDORT MATL 13) a 89304 (7.92 gfccj see page 50 of ORNLfTM-11989) 
f mix 5 (ANIBEIIDORT MAT& 17) = Carbon Steel (7.8212 gfcc, 99 w t %  Po, 1 wt% C )  
/ mix 6 (ANISNIWRT MATL 21) Barytes Concrete at 3.09715 glcc 
f nix 7 (ANISN/WRT MRTL 2 5 )  = Regular Concreta 
f mix 8 (ANISN/WRT MRTL 29) = response functions 
/ 
/ 
f note: anisn reads macroscopic cross sections €or materials that 
have been p r d x e d  elsewhere (in this case materials 1 to 52). 
it ale0 allows us to use these to create some eecondaxy materials 
(like materials 53, 57, 61, 65, 69, and 73), as descrjbed below: 
~ a E a P ~ P L = P P P P = = = u P P P a ~ a * - n ~ n ~ a - a = - * ~ * r n - ~ ~ - * = = ~ ~ = ~ ~ ~ P a - ~ - n ~ n - n - n -  

0$$ f mixture numbers in mixing table; 
4r-53 4r-57 4r-61 4r-65 4r-69 4s-73 f irrelevant here, but shown as an example 

/11$$ f component numbers (like nuclid numbers) in mixing table: 
/ 0 41 45 19 5q4 / irrelevant here, but shown as an examgle 
/ 
/12** f number densities (at6ms/barn*cm)t 
f reset ss b-10 b-11 f irrelevant here, but shown as an examgle 
/ 0 1.0 6.79702e-3 1.674269-3 / densities for 1st row of pins (mix 53): 
f 0 1.0 6.797028-3 1.674268-3 f densities for 2nd row of pins (mix  57): 
f 0 1.0 6.79702e-3 1.674260-3 f densities for 3rd row of pins ( d x  61): 
/ 0 1.0 6.79702~3-3 1.674260-3 f densitiee for 4th row of pins ( d x  65): 
/ 0 1.0 6.79702e-3 1.674260-3 f densities for 5th row of pins (mix 6 9 ) ;  
f 0 1.0 6.79702e-3 1.674260-3 f densities for 6th row of pins (mix 73): 

f 
/ 
f 16$$ is peculiar to gb-anisnt always use fl to specify that all 
f angular fluxes should always be continuous across media boundaries 
16$$ fl 
f 
/ 19$$ order of scatter by zone 

/ 
f 2 0 * *  radius modifiers by zone (required iff ievt=d) 
f 
/ 21** density factors by interval (rewired iff idfm-1) 

f P P a P r n P r n = L P ~ ~ ~ P = P P ~ a ~ ~ ~ ~ a ~ - n = n = n ~ ~ ~ ~ a - - * ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ a ~ n ~  

19$$ €3 
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21** fl a592 f0.47 a717 fl / "rarify" carb stl in rotary shutter so at B Uev, 25 Rem/hr reduces to 100 mram/hr (as measured at HFIR) 
/ 
/ 22$$ material numbers used for activities; refers to p0 componentsi use minus sign1 id3 entries required (iff id3.gt.O) 
/ 22$$ -49 / material number for b-10 
/ 
/ 23$$ xsect table position for activitiesi id3 entries required (iff id3.gt.0) 
/ 23$$ 1 / absomtion i n  b-10 
/ 
/ 24$$ calculation type markerei ign entries required, but iff idat2rlr 0/1/2 = sn / diff-th / inf-hom-media 
/ 
/ 25** right boundary albedo by group1 i g m  entries required, if ibr-3 (otherwise not required) 
/ 
/ 26** left boundary albedo by groupi i g m  entries required, if iblm3 (otherwise not required) 
/ 
/ 27$$ few group parameters] 5 entries required, but only if ifg=l (otherwise array not needed) 
/ / icon = 0/1/2 = no effect / micro xsects desired / macro xsects desired] (minus implies cell weighting) 
/ / ihtf position of sigma total in weighted xsects 
/ / ihsf = position of g-to-g scatter in weighted xsectsi (minus implies upscatter removal) 
/ / ihmf - table length of weighted xsecte 
/ / ipun - -l/O/l = write nuclide tape on fort.10 / no effect / punch wtd xsects (free-form on fort.7) 
/ e / end of 2755 
/ 
/ 28$$ broad-group number for each fine group1 igm entries required, if ifgal. (otherwise not required) 
/ 
t / end of data block g; this t is always required 

END-QBAXNPW 
LL 
oc 

# In - 6  /u/mnt4/jab/hf~r/water-tube.hb3/dort.xsects/xsect~.dort-ready.bin.hfir.hb3.watertube.Olmay98 fort.4 # link dort-ready xsects to fort,l for use i 
n GBANISN 
In -e /u/mnt4/jab/hfir/water-tube.hb3/dort.xsects/adjoint.xsecte.dort-ready.bin.hfir.hb3.watertube.14~lay98 fort.4 8 link dort-ready xsects to fOrt.4 for 
use in GBANISN 

# In -8  /workl/jab/dort.xsects/adjoint.xsecta.dort-ready.bin.hfir.hb3.watertube.l4may98 fort.4 # link dort-ready xsecte to fort.4 for use in GBANISN 

# For this particular library: 
# 
# mix 1 (?iNISN/DORT MATL 1) 
# mix 2 (ANISN/WRT MATL 5) 
# mix 3 (ANISN/DORT MATL 9) 
# mix 4 (ANXSN/DORT MATL 13) 
# mix 5 (ANISN/DORT ELATL 17) 
# mix 6 (ANISNIDORT UATL 21) 
#I mix 7 (ANISN/DORT MATL 25) 
# mix 8 (ANISN/WRT MATL 29) 

- Water at 1.00 g/cc - Aluminum 6061 (2.7 g/cc) 
m Void (He I 1.00-20 atoms/barn*cm) - 58304 (7.92 g/ccj see page 50 of ORNL/TM-11989) - Carbon Steel (7.8212 g/cc, 99 w t %  Fa, 1 w t %  C )  - Barytes Concrete at 3.09725 g/cc 
= Regular Concrete - response functions 

gbanisn <gbainput >gbaoutput 
xlf getwin.f -0 getwin 
getwin 

# cp -p gbaoutput $RTNDIR/gbaOUtp~t.175-30O~.bUCk 
# cp -p fort.15 $ATNDIR/gbadjnt.fort.15.175-300cm.buck 
# cp -p getadj.out $RTNDIR/getadj.out.175-300cm.buck 

cp -p gbaoutput $RTNDIR/gbaoutput 

CP -p getadj.0' ',TNDIR/getadj.OUt 
~p -p fort.15 $RWDIR/gbadjnt.fort.15 
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cp -9 wwinp $RmIR/vminp 

m +  # dangerous I I I  be careful what subdirectory you are in 
ad $RTNDIR 
rmdir STMPDXR 

# I l l  
# echo "Job will be run in STMPDIR 





Appendix 0.2 

Listing of the 3-D broad-group weight windov generator code (WU308G.F), described 
in Sect 6, that was actually used to create and write the weight window file used 
in MCNP Run HB308C for the gam-only  shielding analysis of the HB-3 beam tube and 
rotary shutter uhen the 1998 nater tube and collimator sections are both flooded, 
the shutter is closed, and the H F I R  i s  operating at 100 MU. 

Note that the parameters used in this stand-alone program are based on information 
derived from the I-D adjoint anaiysis described in Sect 6.1, the normalization 
guidelines set forth in Sects 6.2 and 6.3,  the three-dimensional characteristics 
of this particular problem as described in Sect 6.4, and the use of magnet points 
for on-the-fly position-dependent directional biasing as described in Sect 6.5. 

383 
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WW3080.P (full HE3 problem; 1 durmny neut grp, 4 real gamma g r p s  -- JAB, 6-20-98) 
A utility program to write out a (wwinp) weight-window file that can be used by MCNP48 

In this case, for the gamma-only version of the full (complete) HE3 beam tube with 
the 1998 water tube and collimator both "flooded", we want to get the primary 
gamma dose rate (not neutron dose rate or secondary genmra dose rate) domstream 
of the rotary shutter in the closed position 

earlier case - -> In an earlier case for the simple idealized academic problem we had a narrowly 
earlier case --> collimated beam on neutrons impingent on the bottom of a 130-cm-diam x 125-cm-thick 
earlier case --> tank of water (2-175 cm to 2-300 cm) and we wanted to get the total neutron+garnma dose 
earlier case --> rate across a 20-cm-diam disk at the top, assuming due to the 61-neutron-group source 
earlier case --> at the bottom (similar to the 1998 HB3 beam tube when flooded). 

Required input Supplied by calling routine: 

imi = number of coarse mesh importance zones (based on fine mesh 1-D QBANISN calc, a8 processed by Subroutine GETADJ) 
dimension dni(3000),wraxi(0:3000) 1 d n  & xrmuc for each iwortanca zone I X  used in GBANISN & GETIWJ.Ft now called Z )  
dimension emaxi(l0) I Emax(MeV) for each of the 6 broad neutron groups & each of the 4 broad garmna groups 
dimension wtlo(3000,ZO) ! wtlo(mesh,ig) for a given importance mesh, and broad group (calculated i n  Subroutine SRCYST) 

t * * * * + ~ * t * * * * t t * * * * * * * * * * n * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

Note: This particular version, used with HB308Q.I. has been inodified from earlier forms in order to 
use Subroutine GETWT which is unique to Run HE3080 which: (1) has four broad gamma groups and (2) makes 
extensive use of position-dependent directional biasing (ie, local "magnet points"). -- JAB, 6-18-98 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
****t**********.**t*********************t*********************** 

dimension unini(300O),zmaxi~Q:3000) I zmin & z- for each importance zone (Z used in this subroutine in place of X) 

dimension emrUt i ( l0)  I Bnw(MeV) for each of the 6 broad neutron groups & each of the 4 broad gdmma groups 
dimension wtlo(3000,10) ! wtlo(mesh,ig) for a given importance mesh, and broad group (calculated in Subroutine SRCJST) 

For this particular problem, the following 4 arrays don't have to be this big, but that's ok: 
(u,v,w) unit vector going from detector point to mesh point1 needed iff one wants "in flight" angular biasing 
dimension u(33.33.172) I x-direction cosine for above unit vector] used for "on the fly" 
dimension ~(33~33,172) 1 y-direction cosine for above unit vector1 used for "on the fly" 
dimension w(33,33,172) 1 z-direction cosine for above unit vector) used for "on the fly" 
dimension imindx(33,33,173) I importance mesh index (tells what 1-D importance mesh values to 
dimeaeion ~tijk(33~33.172) ! added by jab, 6-15-98, for use with Subroutins QETWT 

dimension mhead(4),ia(3),ra(lO),ge0~~4),geomy(4),geomz(4) I wwinp header info h phantom mesh 

directional biasing 
directional biasing 
directional biasing 
use in each 3-D XYZ mesh) 

geometry specs 

data 
data 
data 
data 
data 
data 
data 

data 

for a different (earlier) case: 
dead/ 2, 0, 2, 10 / I see explanation below 
iR/ 6 ,  4 ,  0 / 1 number of energy-dependent weight window set to be entered for neutrons, ghDrmbs, electrons 
ra/ 27.0, 27.0, 6 5 . 0 ,  -67.5, -67.5, 0.0, 4*1.0 / 
geomx/ -67.5. 27.0, 67.5, 1.0 / 
g e m /  -67.5, 27.0, 67.5, 1.0 / 
geomz/ 0.0, 65.0, 325.0, 1.0 / 

f ie gamma-only version of the full (complete) HB3 beam tube 

w 
03 
P 
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C 
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C 
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Here. the importance mesh measurea 27 x 27 x 142 and goes from: 
-67.5 cm to Xu +67.5 cm in 27 increments of 5.0 cm each, X-9 

Y= 
z= 

data 
data 
data 
data 
data 
data 

data 
data 
data 
- -> 
- -> 

data 

-67.5 cm to Y= +67.5 cm in 27 increments of 5.0 cm eaah, 
-5.73 cm to X u  +704.27 cm in 142 increments of 5.0 cm each 
mhead/ 2, 0, 2, 10 / 1 write some dunmy neutron data, then the real 4-group gaxuna data 
fa/ 1. 4 ,  0 / I write some durmny 1-grp neutron data, then the real 4-group gaxuna data 
ra/ 27.0, 21.0, 142.0, -67.5, -67.5, - 5 . 1 3 ,  4fl.Q / 
g e m /  - 6 7 . 5 ,  27.0, 67.5, 1.0 / 

petnnz/ -5.73, 142.0, 704.27, 1.0 / 
gaow/ -67.5, a7.0, 67.5, 1.0 I 

xd,yd,zd/ 0.0, 0.0, 300.0 / I location of detector (or local "magnet point") towards which we want to bias particlas 
xd,yd,ed/ 0.0, 0.0, 700.0 / I location of detector (or local "magnet point*) toward6 which we want to bias particles 
xd,yd,zd/ 0.0, 0.0, 478.19 / 1 location of detector (or local "magnet point*) towards which we want to bias particles 
In Subroutine OEWT,  we now use position-dependent directional biasing, where "the direction' keeps changing, 
depending where you are in the problem (ie, XD,YD,ZD keep changing as well as the direction cosines) -- JAB, 6-15-98 
m i  / 6'20.0, 0.3, 1.0, 3 . 0 ,  100.0 / I for ww308g (6-18-981, use 1 neut grp h 4 gcumaa groups (emaxg=lOO instead of 14) 

open (7,file~'t~winp',status~'unknown') I <- -  7 - aecii file (9'wwinp") needed by MCNP 
open (6,file~'wwinp.dbg',~tatus~~unknown') I <-- 6 - debug print file 
mhead(l)=l I write and use "weights only" for each mesh 
mhead(l)=Z I write and use 'weights & directional info" for each mesh 
mhead(l)t3 I write "weights & directional info" for each mesh, but only u s e  weights 

mhead(l)=2 I write and use "weights & directieual info" for each mesh 
tnhead(2)=0 I dunrmy version numbert always enter 0 
mhead(3)=2 I number of different particle types for which energy-dependent weight windows will be read (2 
mhead(4)1.10 I number of parameters to be read in RA array; 10 for carteden XYZ specs, 15 for RZth specs 

nptypaPmhead ( 3  ) 

w m 
ul 

.............................. 
The Values of %tloii given by GETWIN03.SCR must all be multiplied by the same wgt-1.7332472e-2 
that appears on my MCNP "sdef" card to account for the fact that I am only going to opray particles 
isotropically across a very narrow cone of directions tie. only the central void of HB-3 beam tube, 
where MIN cos cos(th8ta max) = cos(15.13023 dsg) - 0.965335056 
If there were no other biasing, this spec on the sdef card would be: 
wgt = fmu(max)-mu(min)l/[(+l)-(-l)l P [1.0000000000-0.9653350561/2 = 1.7332472e-2 
and would cause this to be the starting weight for all particles emitted by my point aource(6). .............................. 
In reality, presence of the EJB (source-energy biasing) data in my MCNP input deck (as calculated by Subroutine GET'AZ)J 
in my QETWIN03.SCR script file) will cause the starting weights (automatically recalculated internally by MCNP) to be 
different in each broad energy group, and would make those weights compatible with the "wtlo" weight window data found 
in the t3ETADJ.OUT fils produced by that routine. The narrow-cone cosine-effect, however, must atill be accounted for 
separately, and that's what the wtcone parameter does (later in Subroutine OETWT). 

Following info needed iff mhead(1)d or mhead(l)=3 such that one 

"built-in" with 

wants to write 'in 

that subroutine. 

flight" 
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WW308G.F 
directional biasing info (ie, direction cosines from detector or "magnet points" to 
For simplietic situations involving bulk shielding, this very eiqplirtic definition 
For more complex situations with multiple streaming pathsr one would really want to 
adjoint currents (aJx,aJy,aJz) instead. 6ee Do-LOOP 20 below. 

each mesh). 
iS good enough. 
enter the 

The following (at least "imindx'l) is also needed if I want to assign weight window info to Cartesian mesh 
interval6 "autonmtically" using my simplistic "spherical shell" aesignment algorithm. 600 DO-LOOP 20 below. 

am-ra(1) I total number of fine mesh in x-direction 
any~ra(2) I total number of fine mesh in y-direction 
anzmra(3) 1 total number of fine mesh in z-direction 

................................... 

nx=nint(amc) 
ny=nint(any) 
nz=nint(anz) 

Begin 

write 
write 
write 
write 
write 
write 

----I- 

----__ 
do 20 k=l,nz 
zazrninn+dz*(0.5+float(k-l)~ 

do 20 j=l,ny 
y-yminn+dy*(0.5+float(j-f)) 

do 20 i=lrnx 
x=~nn+dx*(0.5+float(i-l)) 

w 
00 cn 

- -> if you want XD=Fl(X,y,z), do it here in Subroutine GETWT 
- ->  if you want YD=F2(xry.z), do it here in Subroutine QETWT 
- -> if you want ZD=P3(x,y,z), do it here in Subroutine QETWT 

ibgg-1 I added 6-18-98 (ad hoc)j set flag for lowest energy garmaa group 
call getwt (ibpg,x,y,z,wt,xd,yd,zd) 6 added 6-18-96] this subroutine is unique to problem XB308Q ................................... 
Note that (xd,yd,zd), defined in subroutine QETWT, are the local 9nngnet points" 
towards which particles in an importance cell at (x,y,z) should be (will be) biased, 
and tr -slue returned as %t" after each call is the lower weight w' 'I limit for 
this 3 group (ibgg) in this particular importance cell (i,j,k) a ,y,z). 
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................................... 
*ijk( ir j r k) EIPt 1 added 6-15-98; w t  defined directly in this subroutine; no need to mess with index junk 

dist2=(~-~d)*(%-~d)+(y-yd)*(y-yd)+(~-~d)*(~-zd) 
distnsqrt(dist2) 1 distance from detector (or local "magnet point") location to center of each importance mesh 

Set up importance region "index numbers" for each importance mesh intervali When we get around to assigning actual 
energy-dependent weight windows, we'll use these index numbers. Here, I dm simply going to assign weight window index 
numbers to each 3-D XYZ mesh based on each mssh*s distance from the detector of interest -- le, basically assign the 
same weight window values to all mesh intervale within a given "spherical shell" (distance) from the detector location. 
Note, however, that we must distinguish between those mesh that are between the detector and the source, and those mesh 
that are downstream of the detector. ................................... 

indx+O 
if (z.le.zd) zlocmzd-dist I for mesh between the detector and the source 
if (z.gt.zd) zloc-zd+dist I for meeh that are downstream of the detector 
do i a 4 , i m i  1 imbnumber of coarse mesh importance zonesi check each one 

enddo 
if (indx.eqt.0 .and. z.le.zd) indx=l 
if (indx.eq.0 .and. z.ge.zd) indx=imi 
imindx(i,j,k)-indx I used to assign weight window values to Cartesian mesh using my simplified spherical shell algorithm 

i f  (zloc.ge.zmini(iz) .and. zloc.le.zmaxi(iz)) indxaiz I select importance region index number 

--> above deleted on 6-15-98; " w t W  now defined directly in subroutine GZrWT; no need to mese with index junk# 
--D also note that the "magnet points" (xd,yd,zd) are now also defined in Subroutine UETWT. 

The following unit vectore will be used in place of rigorous 
directional adjoint currents (aim, a*, aJz) for non the flyn 
directional biasing in MCNPIB: 

u(i,j,k)=(r-xd)/dist I (u,v,w) is a unit vector pointing from the detector (or local "magnet point") to the center of each mesh 
v(i,j,k)=(y-yd)/dist I (u,v,w) is a unit vector pointing from the detector (or local *magnet pointNl to the center of each mesh 
w(i,j,k)-(z-zd)/dist I (u,v,w) is a unit vector pointing from the detector (or local "magnet point*) to the center of each meah 
continue 

-I__---------------_--------------- 

................................... 

6-16-98; Even for the case with just four broad gamma groups, one MUST enter soma dummy neutron data first: 
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6-18-98: For the case with four broad gamma groups using 

write (7,'(lp,6e13.5)') (emaxi(ig).ig=7,10) I for the 4 

WW308G.F 
gamma group as the "dummry" neutroq data): 
group 

Subroutine QETWTt 

broad gamma groups 

write (7,'(lp,6e13.5)') I write weights P direction data for 1st (lowest energy) broad ganmLa group 
( ( (wtijk(i, j k), 
u(i,j,kl ,v(i,j,k),w(i,j,k), 
i*l,nx), j=l,ny),k=l,nz) 

write (6,690) (ibpg, k,wtijk(l4,14,k) ,k=l,nz) I make a debug printout of wtlow along centerline 
format ( '  ibgg=',il,' k-',i3,' wtlow=*,lpe13.5) 1 make a debug printout of w t l o w  along centerline 

do ibgg~2.4 1 now do rest of gamma groups; update weights1 don't bother updating direction data (it 
do k=l,nz 

do j-l,ny 

do b1,nx 

zmuninn+dz*(O.I+float(k-l)) 

y~yminn+dy*(0.5+float(j-l)) 

x=xminnt~*(0.5+float(i-1)) 

for QA purposes 
for QA purposes 

Stay6 constant) 

call getwt (ibgg,x,y,z,wt,xd,yd,zd) I added 6-18-98) thie subroutine is unique to problem HB308G 
----------__--------_________I_____ 

Note that (xd,yd,zd), defined in Subroutine GETWT, are the local "magnet points" 
toward8 which particles in an importance cell at ( x , y , a )  should be (rill be) biaeed, 
and the value returned as WtI* after each call is the lower weight window limit for 
this broad group (ibgg) in this particular importance cell (i,j,k) at (x,y,z). ................................... 

w t i  j k ( i , j , k ) =wt I added 6-18-98s w t  defined directly in this subroutine1 no need to meas with index junk 
enddo 
enddo 
enddo 

return 
end 
subroutine getwt (ibgg,x,y,z,wt,xd,yd,zd) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Input coordinates (x,y,z) 

P integer broad group gamma flag (this is a "ad hoc" paramc 6-18-98) 

w 
00 
00 
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Output w t = W T L O W  to be used for all gamma groups in 3-D importance mesh at this 10CAtiOII 
(xd,yd,zd) coordinates of fake detector (or local *magnet point") to be used in computing adjoint current vector 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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2) 

3) 

Phi6 subroutine has been used in the generation of the 
weight-window fila for Run H8308Q.I (and some subsequent calcs) 

Rate of change for wtlow in water, steel, and concrete closely approximates the 
rata of changa from GBANISN calc in adjoint mode; ValU96 here are based on: 
velm gamma groups 18-23 (for ibgg-1, the lowest energy ganunas) 
velm gaarma groups 13-17 (for ibggu2) 
velm gsmma groups 9-12 (for ibgg=3) 
velm gannaa groups 1- 8 (for ibggs4, the highest energy gaUmna8) 

The preferred directions in which to bias particle6 as defined by (XD,YD,ZD) 
are highly poeition-dependent, especially once one gets into the concrete block 
holding the rotary shutter shield plug with i t s  hole. 

wtcone=0.017332472 I initial starting weight assigned to all gammas on XCNP "sdef" card (it starting only in narrow cone) 

Qood values for rw,rc,rs (based on adjoint) that I'll use for velm ganrma groups 18-23: 
if (ibgg.eu.1) then 

~ ~ ~ 0 . 5 0  
rcn0.18 
rea0.13 
wtlowl-2.58980e+15 I wtlow from UETWINQ3.SRC (UGTADJ.OUT) for imp mesh 1 (Zn174.27 to 179.27 cm) in VELM 9-groups 18-23 (bslorr 0.3 MeV) 
wO=wtcone*wtlowl 1 w0 - wtlow to be used in MCNP for this broad group in the source region (see notes on wtcone, above) 

I factor by which wtlow for these ganwas should decrease every 5.0 cm in water (based on gbanisn in adjoint mode) 
! factor by which wtlow for these gammas should decrease every 5 . 0  cm in barytes concrete (gueus based on rw & re) 
I factor by which wtlow for these gamnas should decrease every 5.0 cm in half-density steel (based ou gbanieu in adjoint mode) 

endif 

Qood values for rw,rc,rs (based on adjoint) that I'll use for velm gamnla groups 13-178 
if (ibgg.eq.2) than 

rwn0.51 ! factor bv which wtlow for these gaminas should decrease every 5.0 cm in water (based on gbanisn in adjoint mode) 
rc-0.33 
rs-O.2E 
wtlowlm4.94748a+07 1 wtlow from UETWINO3.SRC (QBTADJ.OUT) for imV mesh 1 (2-174.27 to 179.27 cm) in VGLM 9-groups 13-17 (0.3 to 1.0 MeV) 
wO=wtcone*wtlowl I w0 wtlow to be used in MCNP for this broad group in the source region (use notes on wtcone, above) 

I factor b; which wtlow for these gammas should decrease eve& 5.0 cm in barytes concrete (guess based on rw 6r rs) 
I factor by which wtlow for these gasmas should decrease @very 5.0 cm in half-density steel. (based on gbanisn in adjoint mode) 

endif 

Good values for m,rc,rs (based on adjoint) that I'll use for velm ganmur groups 9-12: 
if (ibgg.eq.3) then 

rwn0.65 
rc-0.45 
re-0.40 I factor by which wtlow for these g(umMs should decrease every 5.0 cm in half-density steel (based on gbanfsn in adjoint mode) 
vtlowl-4.12119e+02 1 wtlOW from QETWINQ3.SRC (QETADJ.OUT) for imp mesh 1 (Zm174.27 to 119.27 cm) in VELH g-groups 9-12 (1.0 to 3.0 MeV) 
wO=wtcone*wtlowl I w0 P wtlow to be used in MCCNP for this broad group in the source region (see notes on wtcone, above) 

I factor by which wtlow for these gammas should decrease every 5.0 cm in water (based on gbanisn in adjoint mode) 
I factor by which wtlow for these gsmmss should decrease every 5 . 0  cm in barytes conarete (guess b a e d  on rw (r r5) 

endif 

Good value8 for rw,rc,rs (based on adjoint) that I'll use for velm ganuna groups 1-8: 
if (ibgg.eu.4) than 

-0.73 1 factor by which wtlow for these g a m s  should decrease every 5.0 cm in water (based on gbanisn in adjoint mode) 
rc-0.51 1 factor by which wtlow for these gammas should decrease every 5.0 cm in barytes concrete (guess based on rw 6r rs) 
rs-0.46 I factor by which wtlow for these pantmas should decrease every 5.0 a n  in half-denaity steel (based on gbanisn in adjoint mode) 
wtlowl~1.00000e-01 1 wtlow from GETWINQ3.SRC (GETAIM.OWT) for ima Mesh 1 (Z-174.27 to 179.27 cm) in VEW g-groups 1-8 (3-0 to 14.0 MeV) 



wOuwtcone*wtlowl I wO .I wtlow to be used in MCNP 
endif 

C 
C 

r-sqrt(x*x+y*y) I distance from 

xd=O. 0 
yd=O. 0 
zd=lOOO. 0 
n=l+int((z-174.27)/5.0) 1 number 
m-l+int((r-10.61)/5.0) I number 

C 

if ( z  .It. 174.27) then 

wt=wo 
return 

wt=wO/(rw**m) 
zd=200.0 
return 

if (r.lt.lO.61) then 

else 

endif 
endif 

if (z.lt.274.27) then 
if (r.lt.lO.61) then 

wt=wO* (rw**n) 
return 

wt=wO*(rw**(n-m)) 
26-320 a 0 
return 

else 

endif 
endif 

if (z.lt.309.27) then 
if (r.lt.lO.61) then 

wt-wO*(rv**n) 
zd=330.0 
return 

wtQtmwO*(rw**n)/(rc**m) 

return 

else 

zd-z 

endif 
endif 

if (z.lt.404.27) then 
if (r.lt.lO.61) then 

wt=wO* (rw**n) 
ed=405.0 
return 

endif 
if ’ lt.23.0) then 

wO*(rw**n)/(rs**m) 

HB-3 centerline 

of i q  mesh intervals 
of iw mesh intervals 

WW3OSG.F 
for this broad group in the source region (see notes on wtcone, above) 

(in water) between point of iqact and present axial location 
(in water, steel, or concrete) between central axis & present radial location 

1 if upstream of water tube 

! ... and inside central. void 

1 ... but outside central region 
1 ... point to location just past start of water tube 

1 if axially near water tube, upstream of where concrete beginr 

I ... 
1 ... 
I ... 

and inside central water tube 

but in pool water (radially outside water tube), upstream of concrete 
point just beyond entrance to collimator hole 

1 if in water tube, just 

I ... and inside central 
upstream of collimator 

water tube 

1 ... but radially outside central region, 
1 ... point radially inward (shortest path 

I if somewhere in collimator section 

I ... and inside flooded rectangular hole 
I ... point just beyond exit of water tube 

1 ... but radially outoide central ragi 

probably in concrete 
back to path of learnt resistance in water) 

(but not too far; need some off-normal scatters) 

:n steel 



zdaz 

WW308G.F 
1 ... point radially inward (shortest path back to path of least resistance in water) 

C 

C 

c981 
C 

C 
C 

return 

wtlwO*((rw**n)/(rs**Q))/(rc**(m-4)) 1 ... 
xdpx I ... 
YdPY I ... 
zd=lOOO.O I ... 
return 

else 

endi f 
endif 

nr=l+int((404.27-2.5-174.27)/5.0) t number of imp 

radially outside further, in the concrete 
point straight ahead axially thru concrete 
point straight ahead axially thru ooncrete 
point straight ahead axially ehru concrete 

(not back toward eteel) 
(not back toward steel) 
(not back toward steel) 

mesh intervals (in water) upstream of shield plug region 
wr=wO*(rw**nr)/2.0 1 reference wtlow j u s t  upstream of rhield plug region 
n t = i + i n t ( ( z - 6 0 6 . 2 7 ) / 5 , 0 )  I number of axial i m p  mesh interval6 dowustream of where shield plug region begins 
maul+int((r-50.0)/5.0) l number of radial imp mesh intervals beyond R-SO cm, downstream of where 6hield plug region begins 

if (z.lt.479.21) then I if axially somewhere near rotary shutter shield plug or surrounding concrete block 
Wt-wr* (re** (n2-182) ) I ... far out radially in Unimportant regione 
if (r.lt.50.0) Wt=wr*(rc**n2) I ... a little closer in radially, where axial transmission is etill important 
if (r.lt.30.0) wt=wr*(rrr**n2) I ... in central region by steel shield plug, see 9-24-98 UPDATE (below) 
preferred directions in this axial region vary tremendously, depending on exact location, as described below: 

if (x.pt.12.5 .or. x.lt.-12.5) then I in top 3/8 or bottom 3/8 of block containing rotart shield plug (assvertical) 
............................................................................................................. 

xd=x 
if (t.lt.444.27) then 

26-444.27 
eda441.27 
if (y.lt.O.0) tben 

ydn-42.0 
return 

yd=42 . O  
return 

else 

endif 
else 

28~419.27 
zd8482 -27 
if (y.lt.-32.5) then 

yd-42.0 
return 

endif 
if (y.lt.32.51 then 

yd=O . 0 
return 

yd~42.0 
return 

else 

endif 
endif 

xd=O . 0 
if ( z .  It .429.27) then 

else 

zd-4ag.a7 
zdr432.27 
if (y.lt.O.0) then 

~d=-42.0 
return 

1 else, if in middle P / 8  of block (by hole thru rotary shutter), then: 



WW308G.F 

c982 

* 

4 

* 

else 
yd42.0 
return 

endif 
endif 
if ((y.ge.-32.5 .and. y.lt.42.0) .and. 

(z.ge.429.27 .and. z.lt.454.27)) then 
yd=-32.5 
28449.27 1 do not return yeti s t i l l  need to overwrite some of these locations 
zd460.27 I do not return yet; still need to overwrite scam of these locations} see 9-24-98 UPDATE (below) 

endif 
if ((y.ge.-67.5 .and. y.lt.-32.5) .and. 

(z.ge.429.27 .and. z.lt.479.27)) then 
yd=-42.0 
zdp479.27 6 do not return yeti still need to overwrite some of these locations 
zd482.27 1 do not return yeti still need to overwrite e- of these locatione 

endif 
if ((y.ge.-37.5 .and. y.lt.42.0) .and. 

(t.ge.454.27 .and. z.lt.479.27)) then 
ydpO.0 
zdp479.27 1 do not return yeti still need to overprcite some of these locations 
zd=482.27 I do not return yet] still need to overwrite some of these locations 

endif 
if ((y.ge.42.0 .and. y.le.67.5) .and. 

(z.ge.429.27 .and. z.lt.479.27)) then 
yd=42.0 
28479.27 1 do not return yet; still need to overwrite some of these locations 
zd-482.27 I do not return yeti still need to overwrite aomb of these locations 

endif 
if ((y.ge.-37.5 .and. y.lt.-32.5) .and. 

(z.ge.444.27 .and. z.lt.479.27)) then 
ye-0.0 
zap479.27 
zd=48a .a7 

endif 
i f  ((y.pe.32.5 .and. y.lt.37.5) .and. 

(z.ge.444.27 .and. z.lt.479.27)) then 
yd-0.0 
26-479.27 
26-482.27 

endif 
if ((y.ge.37.5 .and. y.ls.42.0) .and. 

(r.ge.444.27 .and. z.lt.479.27)) then 
yd=42,0 
281479.27 
zdp482.27 

endif 
return 

endif 
C I----__------------_----------------------------------------------------------------------------------------- 

endif 
C 

E 
n3~1+int((479.27-404.27)/5.0) I last i m g  mesh interval in shield plug 
if (z.ge.479.27) wt=wr4(rc**n3) I i f  axially downstream of rotary shutter shield plug use constant wtlow 

c983 if (z.ge.479.27) wt-wr*(rs**n3) 1 i f  axially downstream of rotary shutter shield plug use constant wtlow: see 9-24-98 UPDATE (below) 
C 
C 



C 

C 
C 
C 
C 

C 
C 
C 
C 

C 
C 
C 

C 

C 
C 

C 
C 
C 
C 

C 
C 

C 
C 
C 
C 
C 

C 

C 
C 
C 

C 

C 
C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 
C 

C 
C 
C 

C 
C 

C 
C 
C 
C 
C 
C 
C 
C 

WW308G.F 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
** . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

UPDATE (9-24-98): The following minor discrepancy was noted just 
prior to publication, long after the work had been completed. 

As described elsewhere in thie report, the original intent was for 
atatrment numbers 981, 982, and 983 in Subroutine QETWT to be active. 

While preparing the final documentation, however, it was noted that 
these three statemmnts had been commented out (as shown here) at 
the time (6-20-98) the weight window file was actually prepared for 
use in MCNP Run HB3080. With these three statements commented out 
(as shown here) this routine will reproduce byte-for-byte, the actual 
weight window file really used by MCNP Run HB3080. 

Subsequent to this diecovery, IC went back (on 9-14-98) and created 
a version (w308h) of thie routine where there three stateraentr were 
made active (as originally intended) by uncommenting these lines and 
generating a new weight window file. Then took a copy of the original 
HB3080 input. renamed it HB308H, and ran it for 1 million histories 
just to verify that the results obtained would be the erne.  

A8 indicated blow. the results were the statistically identical, but 
the new version (H) caused a lot more splittins and took longer to run. 

For comparison purposes, this new run H8308H with 1 million hfatories 
should be aompared with run HE30802 (where we stopped after 1 million 
histories). Comparieons are 8s follows: 
--------_-----------_I__________________----------------------------- 

Mrmber o f  particles started: 

Number of particles crossing 
internal boundary surface: 

Number of collisions: 

CPU time (wallclock hourel: 
on each of 8 nodes, ORM. 8P2 

Tally 45 after 1 M histories: 
Point detector on centerline, at 
~~479.29 cm (0.5 cm past ahield) 

Tally 65 after 1 M histories: 
Point detector on centerline, at 
2-524.51 cm (1.5 ft past shield) 

1,411,263 

212,701,257 

39.26 hrs 

0.8097 =/hr 

+/ -  5.7% 

0.2985 mr/hr 

+/-  2.0% 

XE308H 
using 
ww308h ---------- 
1,000,000 

1,413,992 

577,113,560 

37.83 hrs 

0.8112 mr/hr 

+/-5.7% 

0.2992 mr/hr 

+ I -  2.1% 

w 
\o w 



C 

C 
C 

C 

C 
C 
C 

C 
C 
C 

C 

C 

C 
C 

C 
C 
C 

C 

C 
C 

C 
C 
C 
C 
C 
C 

WW308C.F 

Tally 85 after 1 M histories: 0.2075 mr/hr 0.2074 mr/hr 
Point detector on centerline, at 
20570.23 cm ( 3 . 0  ft past shield) + / -  1.6% +/ -  1.9% 

Qiven that the results after 1 million histories were within 0.12 fsd's 
of each other, that HB308Q5 (based on 4 million histories) was still much 
better converged and took over 6.5 wallclock days on each of 8 nodes on , 
the ORNL SP2 (spread over several weekends], that HB308H would take about 
as long, and that there was no longer sufficient disk space left to save 
the boundary fluxes for HB30BH anyway, a decision was made to kill HB308H 
(using the orignally intended weight windows) and simply report the highly 
converged results from Run HE30855 where the weight windows based on the 
above routine were slightly different than intended because these three 
statments had been accidently commented out when ww308g was originally 
run .  In other words, while the originally intended biasing scheme did 
lead to more splitting, the differences in the final results of interest 
(after 1 million histories) were "80" slight, that running the calculation 
out to 4 million histories over several more weekends did not seem useful. 

Ztl**...t******t*********b*t********************************t******* 

*****.+**+*t*********************~*****~*****************t********** 

return 
end 
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Appendix 0.3 

Lou-Order J u s t i f i c a t i o n  f o r  the Assuned Mesh-to-Mesh 
Ueight Reduction Factor i n  Barytes Concrete 

As shoun i n  Sect 6, a I - D  adjo in t  analysis uas used t o  ca l cu la te  the importance ( ie ,  a d j o i n t  gama f l u x )  
throughout the uater tube, the w a t e r - f i l l e d  co l l imator ,  and the " less than f u l l  dens i t y  s tee l "  used t o  
represent the ro ta ry  shutter sh ie ld  p lug in  the ad jo in t  ca lcu lat ion.  (For reasons described in  Sect 6.2, 
the densi ty  o f  the s tee l  was i n t e n t i o n a l l y  assuned t o  be 3.6760 g/cc, u h i l e  a standard value o f  1.0 g/cc 
uas used f o r  the uater.) Table 6.3 shows the r a t i o  o f  the louer weight uindou l i m i t s  ( r a t i o  o f  %tloul l)  
from one 5-cm-thick importance zone t o  the next f o r  each o f  the four broad g a m  groups i n  the water and 
the s t e e l  (ru and r s )  along the cen te r l i ne  o f  the system. 
the 3-0 weight-uindou f i l e ,  especia l ly  along the cen te r l i ne  o f  t he  system. 
a l s o  be used t o  increase the lower weight-uindou c u t o f f  ( ie, decrease the importance) as one gets  f u r t h e r  
from the cen te r l i ne  i n  the region uhere the water tube i s  passing through the reactor  pool. As i t  enters 
the concrete, however, one needs t o  know, a t  least  approximately, how f a s t  t h e  Lower weight-uindou cutoff 
should be increased ( ie, hou fas t  the importance should be reduced) as one moves f u r t h e r  out r a d i a l l y  i n t o  
the concrete. Since 
v i r t u a l l y  a l l  o f  the important high-energy g a m s  stream up through the water tube and very very feu  ever 
get through the concrete, one does not  need t o  know t h i s  p a r t i c u l a r  parameter ve ry  accurately. Nevertheless, 
some approximate value i s  needed i f  one i s  going t o  use ueight windous t o  k i l l  o f f  t he  Lou-importance 
g a m s  tha t  might venture i n t o  t h i s  area and otherwise slow doun the ca lcu lat ion.  
the appropriate r a t i o s  fo r  the water and the s tee l  in  any given broad g a m  weight-windou group, then i t  
uas suggested i n  Sect 6, that the corresponding r a t i o  f o r  the barytes concrete ( r c )  might be: 

rc=sqr t ( rs*sqr t ( rs*ru) )  . 
This was based on an i n t u i t i v e  i n s t i n c t  t ha t  t h i s  r a t i o  rmSt be somewhere between the  r a t i o  f o r  the s t e e l  
and the r a t i o  f o r  the uater, and probably much closer t o  tha t  f o r  the s tee l  ( i e ,  the h a l f - d e n s i t y  s t e e l  
used i n  the  ad jo in t  calculat ion). 
i n s t i n c t ,  krt not much more. The fo l l ow ing  feu  paragraphs expla in  the underlying log ic .  

While mass attenuation coef f ic ients  (cm2/g) do vary markedly u i t h  energy, a t  a given energy they are 
s u r p r i s i n g l y  constant from one element t o  the next. The mass at tenuat ion c o e f f i c i e n t s  f o r  8 MeV g a m s  
i n  uater, s tee l ,  and regular concrete are, f o r  example: 0.0243, 0.0299, and 0.0245 cm2/g, respect ive ly  

.(see pages 138-139 o f  Ref 28) .  

I n t u i t i v e l y ,  the mesh-to-mesh ueight reduction factors  ( r a t i o s  o f  wtlow fran one 5-cm importance mesh 
t o  the next) f o r  high-energy g a m s  i n  our present app l i ca t i on  must exh ib i t  41approximatelya1 the  same 
c h a r a c t e r i s t i c  behavior. 
(above 3 MeV) may be expressed as: 

r w  = exp(-uO*rho*t) = exp[-uO*(l.OOOO g/cc)*(5 cm)I = 0.73 ==> u0=0.06294 c&/g f o r  groups 1-8 i n  water 

rs  = exp(-uO*rho*t) = exp[-u0*(3.6760 g/cc)*(5 cmll = 0.46 ==> u0=0.04225 c&/g f o r  groups 1-8 in s t e e l  

While not  %xinstant" between materials, they are not d r a s t i c a l l y  d i f f e ren t .  Across a t y p i c a l  5-cm mesh, 
the r a t i o s  ltrwnt and "rs" f o r  VELM groups 18-23 (below 0.3 MeV) may be expressed as: 

r w  = exp(-uO*rho*t) = exp[-u0*(1.0000 g/cc)*(5 cmll = 0.50 

rs  = exp(-uO*rho*t) = exp[-u0*(3.6760 g/cc)*(5 cm)l = 0.13 

Again, u h i l e  not "constant" between materials, they are not d r a s t i c a l l y  d i f f e r e n t .  

These are c e r t a i n l y  key parameters in  const ruct ing 
These r a t i o s  f o r  water (ru) can 

Basical ly, one needs t o  know what mesh-to-mesh ueight r a t i o  t o  use in  the  concrete. 

I f  llrwlt and llrsll are 

Actual ly, t he  formula given above was based on a l i t t l e  more than bas ic  

Across a t y p i c a l  5-cm mesh, the  r a t i o s  IIrull and 81rsaf f o r  VELM groups 1-8 

==> u0=0.13863 c&/g f o r  groups 18-23 in uater  

==> uO=O.lllOO an2/g f o r  groups 18-23 i n  s t e e l  

To examine the v a l i d i t y  of  the simple approximation given i n  Sect 6 ~rc=sqrt(rs*sqrt(rs*rw))l,  l e t  us 
a s s m  that, f o r  a given energy, u0 i s  constant between mater ia ls  and see uhere t h i s  leads. (Note t h a t  
u h i l e  u0, as used here, has the u n i t s  cm2/g, i t  i s  NOT r e a l l y  the g a m  mass a t tenua t ion  coe f f i c i en t ;  i n  
t h i s  hypothet ica l  argunent, i t  i s  simply assmed t o  be a constant parameter tha t  governs the  exponential 
a t tenuat ion of the lower ueight uindou c u t o f f  t1wtlow18 f o r  a given broad group. It u i l l  be assumed t o  be 
constant between materials, but d i f f e r e n t  f o r  d i f f e r e n t  broad energy groups.) To examine the questionable 
v a l i d i t y  of the above expression, l e t  us s t a r t  wi th  the  expression f o r  r c  in terms o f  r s  and ru, p lug  i n  
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- ..... 

.. . 

the exponential equivalents ( involving the real  mass densit ies for  these materials), and see hou di f ferent 
the tu0 sides of the equation are for  values of u0 that might be of  interest: 

rc =(?)= sqrt(rs*sqrt(rs*ru)) 

rc =(?)= rs"0.5 * r ~ ~ 0 . 2 5  * ~ ~ 0 . 2 5  

rc^l.O =(?)= rs"D.75 * r ~ ~ 0 . 2 5  

Cexp( -uO*rho(conc )*t 11 ̂ 1.0 

= (? )= [exp( - uO*rho( ha 1 f -den- s t  ee 1 ) *t ) 1 ̂ O . 75 Cexp( - u0* rho( uater ) * t ) 1 ̂ O . 25 

[exp(-uO*(3.090725 g/cc)*(5 crn))lAl.O 

=(?)= [exp(-uO*(3.6760 g/cc)*(5 m))1^0.75 * lexp(-uO*(l .O g/cc)*(5 cm))3"0.25 

[exp( -uO*15.4536)] ^1 .O =(?I= Cexp(-u0*18.3800)1 "0 .75 * Cexp( -u0*5.0)3 "0.25 

[exp( -1.0*15.4536)] ûO =(? )= Cexp( -0. E*18.3800)1 ûO * Cexp( -0.25*5.0)1 "uO 

[exp(-l.0*15.4536)1^uO =(?I= ~exp(-0.75*18.3800)*exp(-O.25*5.O~l^uO 

[exp(-15.4536)]''~0 =(?I= lexp(-(13.7850+1.25))lAu0 

[exp( - 15.453611 "u0 =(? )= Cexp( - 15.0350)l "u0 

L.H.S. =(?)= R.H.S. 

Obviously the tu0 are not %qualH. but the question rea l l y  i s  *'hou bad i s  t h i s  approximation f o r  the 
values of u0 that might be of interest?". 
g a m  groups 1-8 (above 3 MeV), the approximate formrla i n  i t s  o r i g ina l  form Crc=sqrt(rs*sqrt(rs*ru))l 
w i d  y i e l d  rc=0.51630, which uould imply that u0=0.042718; 

[exp( - 15.4536)]^( 0 - 042778) =(? ) = texp( - 15.0350)l A (  0.062718) 

0.51630 =(?)= 0.52563 

<- - V e s t  equa t i onla 

For the broad g a m  weight uindou g r w p  corresponding t o  VELA 

plugging t h i s  i n to  our tes t  equation we get: 

which shous that the approximate expression f o r  r c  in  t h i s  hardest g a m  graup (above 3 MeV) i s  only 
o f f  by abaut 2% uhich i s  qui te acceptable fo r  the intended purpose. 
ueight-window group corresponding to VELM gamma groups 18-23 (below 0.3 MeV), the approximate formula 
i n  i t s  o r ig ina l  form Crc=sqrt(rs*sqrt(rs*rw~~l uwld y i e l d  rct0.18205, uhich would imply that  u0=0.11023; 
plugging th i s  i n to  our test  equation ue get; 

[exp( - 15 -453611 ̂(O. 11023) =(? )= lexp( - 15.0350)1"(0.11023) 

0.18205 =(?I= 0.19065 

Likeuise, f o r  the broad gama 

uhich shous that the approximate expression for r c  i n  the softest  gama group (below 0.3 MeV) i s  only 
o f f  by about 5% uhich again i s  qui te acceptable for  the intended purpose of set t ing weight window lower 
l im i t s  and playing Russian Roulette i n  the concrete regions f a r  from the centerl ine uhich u l t imate ly  
do not contr ibute mch t o  the f i n a l  solut ion anyway. 
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Appendix 0.4  

Listing of the input file for MCNP Run HB308G. used in the gamna-only shielding 
analysis of the H B - 3  beam tube and rotary shutter h e n  the 1998 uater tube and 
collimator sections are both flooded, the shutter i s  closed, and the H F I R  is 
operating at 100 MU. 

Note that solution of this problem requires the use of the WINP 3 - D  broad-group 
weight window file created by the UU308G.F code vhich i s  listed in Appendix D . 2 .  
Many other aspects of this calculation are described in Sects 6.7 and 6.8. 
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HB308G.I 

C 
C 
C 

C 

C 

C 
C 

C 
C 

C 

C 
C 

C 
C 
C 

C 

C 
C 
C 

C 

C 

C 

C 
C 

C 
C 
C ok 

C ok 
C 

C 

C 

C ok 
C 

C 
C 
C 

HB308 is a series of garmna-only calcs with the 1998 water tube & collimator flooded (using wwfnp files) 

C ok 
C ok 
C ok 
C ok 

Purpose of the early runs in this series is similar to the HB307 runs: to get a good gamma boundary 
source on Surf 4197, just 2.4845 cm downstream of the collimator exit, that can then be used in later 
calcs in this series for the analysis of the radiation transport thru and around the rotary shield Plug, 
to a point just downstream of the rotary shutter (shield plug). Earlier calcs (see APPROACH.ALT eubdir) 
have already shown the contribution to the dose rate downstream of the flooded collimator due to secondary 
gammas and directly due to neutrons are both negligible. The purpose here, therefore, is to focus on the 
dose rate upstream and downstream of the rotary shutter due to "primary gaannas" streaming down the beam tube 
and entering the flooded water tube. Unlike the HB307 series, however, we want to start with (and keep) 
the full (more complex) geometry already developed in the dosimetry calcs (cf Run HF304M4.I) with no 
approximations. Likewise, unlike in the HB307 series, we want to keep the 3-D model. of the rotary 
shutter since it will be the focus of later shielding calcs in this series, after we have an adequate 
boundary source. {The boundary source developed in the HB307 series is not considered adequate for 
further MCNP analyses thru & around the rotary shutter, even though it may be suitable for same QAD 
analyses.) To aid in these analyses, we hope to make extensive use of w i n p  files. 

XB308A.I was created from HB304M4.1 (described below), but with many of the features reset. For example, 
we changed back from the 1960 design to the 1998 design (wrt location of the ald.num windows), the water 
tube is now flooded, and rotary shutter is now closed. Nevertheless, we retained the dosimeter holder ring, 
the 2-plate collar, and all the other improvements that were made in or prior to Run HB304MQ.I. 

Modifications needed to get HB308 from HB304M4.I are as follows: 
ll9ll9lllcIll.ll9ll9n--~999~=====a-~~-=~-99~~=~~-999-9=a9--n99=- 

1) Use "mode pni start with nps-50000001 will later use nps=100,000,000 or higher. 

2) Delete the "cut:n" card, previously used to avoid tracking neutrons below 21 kev; 
will not track any neutrone, but will track N..L primary gammas. 

3) Uncomment the original 61-grp si53, sp53, and ds63 data for neutrons {will be ignored anyway), and to 
be conservative in the water-tube calcs (unlike dosimetry calcs), put all sources back on centerlinei 
BUT ... on the SDEF card ... tell MCNP to really "u4en the si73, sp73, and ds83 data for gammasf 
sdef specs for this ganrma-only calc should include: 
--------------------_______________I____----------- 

sdsf erg-dl3 pos ferg 683 $ source def for gammas in HB-3 (total p/s 1.353993+17) 
par12 $ par=l for neut, para2 for photons 
wgt-1.7332472-2 $ use this with 63; wgt = [rmr(max)-mu(min)]/[(*1.)-(-1)] P [1.0000000000-0.9653350561/2 = 1.7332472-2 

si3 h 0.365335056 1.0 $ angular distribution; mu boundaries (i.e, cosine boundaries wrt vec) 

C 

C ok 4) Conunent out whatever neutron tallies br detectors there may have been and add the following gLurmra detectors: 

C ok 
C ok 
C ok 
C ok 
C ok 
C ok 
C ok 
C ok 
C 

fc15 
fc25 
fc35 
fc45 
fc55 
fc65 
fc15 
fc85 ,, 

0-Flux 
Q-Dose 
Q-Flu 
G-DoSe 
Q-Flu 
Q-Dose 
G-Flux 
Q-DoSe 

midway between collimator & shutter at 100 MW 
midway between collimator & ehutter at 100 MW 
0.5 cm past conc box containing shutter, at 100 MW 
0.5 cm past conc box containing shutter, at 100 MW 
1.5 feet past conc box containing shutter, at 100 MW 
1.5 feet past conc box containing shutter. at 100 MW 
3 feet past conc box containing shutter, at 100 MW 
3 feet past conc box containing ter, at 100 MW 

.b 
0 
0 



C 
C 
C 
C 

C 
C 

C 

C 

C 
C 
C 
C 

C 

C 

C 
C 

C 

C 
C 

C 

C 
C 
C 

C 
C 

C 
C 

C 
C 

C 

C 
c 
C 
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ok 
ok 

ok 
ok 
ok 
ok 

ok 
ok 

ok 

--> 

- -> 

s in ~/s/c& 

C ok 
C ok 

C ok 

C 

C 

C 
C 
C 

C 
C ok 
C ok 
C 
C 
C 

C 
C 
C 
C ok 
C ok 
C Ok 
C ok 
C ok 

7 )  

HB308G.I 
fc184 hppx G-Dose (mrem/hr) axially, up thru the water tube, 
fc194 AppX G-Dose (mrem/hr) axially, up thru COlliMtO+ hole, 

at 100 MW; 30 ewal segments, with dz=4.24119 cm 
at 100 MW; 20 equal 6ernents, with dz4.44500 cm 

fc2Ol Primary Q-Leakage ( p / a )  at upstream entrance of collimator hole, Liz-) and L(z+) onlyr 5 spatial regions 
fc211 Primary G-Leakage (p/s) 2.4945 cm downstream of collimator hole exit, L(z-) and L ( z + )  only, see segment 5 
fc221 Primary a-Leakage (pis) 2.4945 cm downstream of collimator hole exit, lots of angular bins, see segment 5 
fc231 Primary +Leakage (p/s) on downstram surf of box holding shutter, L ( z - )  and L(a+) only, 10 spatial regions 

fc212 Pri G-Dose (mrem/hr) 2.4945 cm downstream of collimator hole exit (sag 5) <-- 1st used in HB3080 
fc232 Primary Q-Dose (mrsm/hr) on downstrem surf of box holding shutterr seg 10 <-- 1st uaed in XB3080 

Note 1: Tallies 184 P 194 were added so one can monitor how well one is tracking photons up thru the flooded 
water tube & flooded collimator. If statistic8 here are not good to excellent, then all else 1s hopsless. 

Note 22 Despite potentially good statistics, for any of the above point detectors to be at all "trustworthy", 
Tally 184 (segment 5) and Pally 194 (segment 5) would have to be well conv~rged in all the higher energy groups; 
likewise, for those point detectors "past the concrete box'* to be very trustworthy, one or more of aegments 5-10 
in Tally 231 would have to be at least fairly well converged also. If these conditione are not met, then the 
point detector values may ( 1 )  be rubbish, even though they may appear to have good statistics 

Note 3: Only if the 1212 boundary crossing estimate of the primary gamma dose rate downstream of the 
collimator hole has good statistics, ia it possible to have a high degree of confidence in the 
point detector estimates. If F2 Tally 212 is well converged, P5 Tally 25 will be more accurate1 
if 82 Tally 212 is not well converged, F5 Tally 25 may or may not be any good (even if state are good). 

Note 4: Only if the F232 boundary crossing estimate of the primary gawns dose rate downstream of the 
central 6.5-inch-diam disk directly i n  front of the shutter (seg 10) [and perhaps segments 5-9 also] 
has good statistics, is it poesible to have a high degree of confidence in the point detector estimatee. 
If F2 Tally 232 is well converged in segment8 5-10, them F5 Tallies 45, 65 and 85 vi11 be very accurate; 
if F2 Tally 232 is not well converged. FS Ta1&38 45, 65 and 85 may or may not be any good (even if stat6 are good). 

Bince this calc is for "primary gammas", not neutrons or secondary garmuas, make sure fm cards use proper multiplier: 
fmXX 1.35399~+17 $ sum of equivalent point sources (p/a) in AB-3 for H F I R  at 100 MW (Snn7.5573e18 n/s in global calc); will yield fluxe 

For segmented Tally 184 (Q-Dose, axially up the water tube) add Surfs 5100-5130 
For aemented Tally 194 (Q-DOae, aatially up collimator hole) add Surfs 5140-5160 

Return location of Himoortance cutoff plane" (Surf 1007) to Zp118.6879 cmn to increase efficiency 
of the water-tube calcs. [Surf 1007 is used in Cell 10110 (inner A1 wall of beam tube) to kill 
all neutrons & photons below this location, ie: all those not within most forward-directed cone.] 

On the sdef card and the sf3 card, return to the more restrictive angular distribution defined by: 

si3 h 0.965335056 1.0 $ angular distribution! mu boundaries (i.e, cosine boundaries wrt vec) 

Forget about those itsme (7-10) listed below under the description of XB304; 
they were obsolete before we ever got to Run HB304F4.1 or Run HB304M4.1 

Wgtm1.7332472-2 $ use this with 831 wgt 5 [mu(-)-rmr(min)l/[(+l)-(-lf] [1.0000000000-0.965335056]/2 = 1.7332472-2 

terms of the basic model, we now want to: 

Have aluminum Window6 1 and 2 placed in their 1998 axail locations (see Cells 2140. 23.41, 4305, 4380) 
Cloee the rotary shutter (see Surf6 3131 & 3132) 
Flood the water tube (Cella 2145 & 2146 should use mat1 8, den-1.0) 
Flood region downstream of water tube but just upstresm of collimator (Cell 4375 should use matl 8, den=-1.0) 
Flood the rect hole in collimator (Cells 4300 & 4305 should use matl 8, den=-1.0) 
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13) 
ok 

to carbon steel. based on talks with f 

C 4310 40 -7.92 4130 -4190 -4230 #(4210 -4211 4212 -4213) imp:n-l $ 8s body of central collimator with rectangular hole 
c Mike Farrar thought the central collimator might be / should be / carbon steel (to get less activation) 
c Dan Pinkston confirmed that it was Type 1020 carbon steel (here, I just uaed pressure vessel carbon steel here; close enough) 
c Ron Poor (the draftsman) indicated that existing one had a thin black oxide coating for corrosion protection 
4310 50 -7.8212 4130 -4190 -4230 #(4210 -4211 4212 -4213) imp:n=l $ carbon ateel (Type 1020) body of central collimator with rectan 

Add the following artificial surfs used to facilitate writing & later using an internal boundary source (wssa) file: 

4196 pz 401.9545 $ artificial surf used to create three infintesimal void cells downstream side of pool seal ( B ) t  0.01 cm upstream of bo 

4197 pz 401.9645 $ artificial surf used to create three infintesimal void cells downstream side of pool seal (B); boundary source writte 

4198 pz 401.9745 $ artificial surf used to create three infintesimal void cells downstream side of pool seal ( B f i  now used for P1 tallie 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

_-----__________________________________--------------------------------------.---------.-------------- 
In the early global calc where w e  write the boundary source: 

(1) Cells 9981, 9982 and 9983, between Surfs 4195-4196, 4196-4197, and 4197-4198 are all regular void cells 
(2) the boundary source will be written on Surf 4197 
(3) the F1 surface crossing tallies will be written on Surf 4198 (just 0.01 cm downstream of the boundary source) 

In later shielding calcs for just the rotary shutter (shield plug), we'll keep the same (complete) basic model, BUT: 

(1) Cell 9981 between Surfs 4195-4196 will be a black void with imp:n=O to de-couple everything upstream of Surf 4196 
( 2 )  Cell 9982 between Surfs 4196-4197 will be a regular void 
(3) the boundary source will be read & applied on Surf 4197 
( 4 )  Cell 9983 between Surfs 4197-4198 will be a regular void 
(5) the Fl surface croesing tallies will be written on Surf 4198 (just 0.01 cm downstream of the boundary source) 

80 that we have a printed cross-check that our boundary source reproduces the previous result 
------____----------_______^____________------------------------------------------------------------- 

Add the following cells to facilitate writing (and later reading h using) the internal boundary source 

9981 61 -1.0e-20 4195 -4196 -9999 imp;n=l $ in early global calc where we're writing the boundary source 

9982 61 -1.0e-20 4196 -4197 -9999 imp:n=l $ in all cases 
9983 61 -1.Oe-20 4197 -4198 -9999 imp:n=l $ in all cases 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C 9981 61 -1.0e-20 4195 -4196 -9999 iw:n=O $ in later shielding calcs where we're reading h using the boundary source 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
In Cells 3001, 3020 and 3050, add the following exclusion spec: 
#(4195 -4198) $ to exclude the 3 infinitesimal void slab slices near the boundary source we're writing or using 

U s e  the "ssw" card below to write a boundary source file for gammas travelling downstream (ie, moving in the +Z direction) 
across Surf 4197 from Cell 9982 to Cell 9983, where Surf 4197 ie at 2~401.9645 cm, just 2.4845 cm downstream of collimator. 
[Note that the three infinitesimally thin (0.01-cm-thick) void cells (Cells 9981, 9982, and 9983 defined by Surfaces 4195, 
4196, 4197. and 4198) cut thru the entire problem geometry in the region between the collimator exit and the rotary shutter 
shield plug.] With this boundary source, we can later come back and set imp:n=O and imp:n=O in Cell 9981 and use this 
boundary source in detailed shielding analyses of the rotary shield plug, which may (or m y  not) need to be redesigned, 
without having to waste time tracking gammas upstream of Surf 4197, even though we'll retain the complete HB-3 geometry 

our model. This problem should run much faster. ------------------ 

P 
0 
t3 
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aaw +4197 (9983) 

In the course of performing a long series of dosimetry calcs, a large number of improvements were 
made to the geometric model in the region(s) around the dosimeters. While the more restrictive 
angular distributions associated with items 5 & 6 above (for the present water-tube calcs) preclude 
any meaningful tallies at the dosimeter locations (ergo, we have commsnted out detectors 25 & 35), 
we would still like to keep (for campleteness) the more elaborate geometric models associated with 
dosimetry Run HB304MP.I (described below), upon which Run HB308 fa based. For a complete description 
of these refinements in chronological order, see items 12-23 under the notes associated with dosimetry 
Run HB304M4.1 (as listed be1ow)j A brief s m r y  description of each is as follows: -- JAB, 6-10-98 

Much more realiatic description of the dosimeters h dosimeter holder ring; 
keep items 12a-12cr but conunent out 126 120 which were obsolete anyway 
Include the 2-plate collar as~smbly (“coolant collector“) 
Keep special materials m71 & m72 for dosimetry activation rates 
Keep “chamfer” on hole thru vessel nozzel 
Keep more realistic model of old (1960) water tube (but comment out in new 1998 water-tube calcs) 
Model bulk of dosimeters a8 carbon steel (880 diecussion below) 
Keep ss square pegs just upstream of dosimeters 
Keep this improved description of dosimeter holder ring 
Keep efficiency improvements described in item 20 below (although they’re moot in our 
water-tube calca since neutrons cannot get to these regions anyway, due to items 5 & 6 above) 
Keep geometry correction for the elliptical cone chamfer on hole at nozzel/vessel interface 
For the present water-tube calcs, forget about the offset described under i t a  21 below (needed 
for the dosimetry calce)) for the present water-tube calcs, keep eourcea on centerline 
Keep better description of dosimeter holder cover plate 

Running History of HB308 series: 

H B ~ O ~ A . I  -- 

HB308B.I -- 

P 
0 w 

initial run with all the above modifications, but NO BIASING8 
did not get any particles crossing the internal boundary Burface; 
did monitor ganuaa flux up thru the water tube & water-filled rect hole in collimator) 
a diminishing number for particles did get thru most of the water tube, but then 
fizzled out rapidly as they started thru the flooded hole in the collimator; 
essentially none ever got to the exit end of the collimator hole 
(ie, maybe 3 or 5 individual photons out of 5,000,000)111 

this file (6-13-98); used weight window file based on QETWINQ.8CRj note that 
GETWING.SCR actually runs the the full HB-3 problem as a buakled slab, with the 
MtM 23-group gamma-only flux-to-dose-rate factors serving as the adjoint source 
at XD-0.0, Y D = O . O ,  2D478.79 cm; in thir case, the dirsotional biasing parameters 
(aJx,aJy,aJz) are based on thie particular (XD,YD,ZD). Changer needed to the MCNP 
input (to go from HB368A.I to HB308B.I) are 8s fOllOWS: 

a) must put wwinprwwinp in header record at top of input 

b) just after the prdmp card and before the saw card. must add the following: 

imprp $ obtained from MCNP output table when I ran a fake MCkW run with neutrons) here impspdmptn in all 86 cells 
$ note that non-zero values will be ignored as soon as the wwinp file is read, but it must be entered anyway 
1 0 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1  
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
l l l l Z l l l l l l l l l l l l l l l  
1 1 1 1 1 0  

C 

C 
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C update 1: 
C 
C 
C 

C 
C 

C 

C 
C update 2: 
C 
C 
C 

C 
C 

C 

C 

C To be consistent with the wwinp file 6 the biased source diet 
C (see QETADJ.OUT, as printed by the QATWINQ.SCR), make sure you have 
C WUPN=WTHI= lOO*WTLOW and WTSURV=WTAVQ= lO*WTLOW on the WWP:p card, and no WP:n (in this case) 

C WWP:n wupn wsurvn mxspln mwhere switchn 
C wwp:n 100 10 100 0 -1 $ 5th parameter is negative to make MCNP4B read the weight window importance file ( 

C WWp:p 100 10  100 0 -1 $ 5th parameter is negative to make MCNP4B read the weight window importance file ( 

C wwp:n 100 10 50 0 -1 $ 5th parameter is negative to make MCNPOB read the weight window importance file ( 

C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

WWp:p 100 10 50 0 -1 $ 5th parameter is negative to make MCNP4B read the weight window importance file ( 

C wwp:n 100 10 10 0 -1 $ 5th parameter is negative to make MCNPIB read the weight window importance file ( 

C WWp:p 100 10 10 0 -1 $ 5th parameter is negative to make MCNP4B read the weight window importance f i l e  ( 

c) just after the sp73 card, must add the following: 

sb73 d 
C 

C 

C 
C 
C 

C 

C 

C 

C 

C 
C 

C 
C 

0 . 0  $ dummy 0, followed by "biased" gamma arc terms (p/s) for HB-3: 

Biased gamma sources in MCNP order ( g r p  l=low EP grp 23-high E); 
Calculated usina QETWING.SCR and QBANIBN in adjoint mode, where the 
adjoint sources at 2478.49 cm were just the gamma flux-to-dose-rate factors? 
Use these values for the gamma-only mcnp calc with h gamma-only source. 
(For a coupled n/g calc with a neutron-only source, or for a neutron-only 
calc with a neutron-only source, these Value8 would be different). 
Note that this can/should only be used with the corresponding weight 
window file prepared by QETWING.SCR where the space/energy weights for 
the gamma groups were calculated using the data in GETADJ.OUT. 

TO work well (or even to work "at all") everything MUST be self-consistent 1 1 1 1 I  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6.39635E-03 2.084983+00 1.20937E+01 1.228983+01 1.340003+01 $ VELU g-grOURS 23, 22, 21, 20, 19, 
1.881223+01 3.98199E+08 2.752983+08 1.841683+08 1.54966E+08 $ VELU g-groups 18, 17, 16, 15, 14, 

7.19371E+13 3.759473+16 1.280163+16 2.338343+16 3.035893+15 .$ VELM g-groups 8 ,  7, 6 .  5,  4 ,  
2.80658E+08 1.61658E+14 1.29829E+14 8.17425E+13 4.37194E+13 $ VELM g-groups 13, 12, 11, 10, 9, 

2.88048E+16 1.17397E+15 2.335923+12 $ MLM g-groups 3, 2, 1 

d) While HB308B.I waa submitted and was in execution for 36 hours (on each of 8 nodes), 
I had to kill the job. At the end of this time, it had still not completed even the 
first 10.000 histories. Believe this was due to the terrible quantum leaps in the 
source-energy biasing between gamma groups -- ie, the corresponding big changes in 
the weight windows simply caused far too much splitting as particles croesed from 
one broad group to another, thus flooding the photon bank. Because the job never 
progressed vry far and I had to kill it, no output was ever produced. 

e) When running HB308C (later), it was found that we had to modify the weight window generator so as 
to write out a set of dummy weight windows for one dummy neutron group (as well as the one real 
gamma group) even though we plan to run the gamma-only problem. Very likely, this is the reason 
HB308~ didn't run. Have still not modified QETWINQ.SCR, and have still not tried -3888 again. 

*r8308C.I -- (6-15-98); used weight window file based on WW308' - t  
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a) WW308C.P -- A stand-alone Fortran program to write out the (wwinp) 
weight-window file to be used in Run HB308C.I (6-15-98) 

Note 1: This particular stand-alone program is similar to subroutine W I N  in GETWINQ.SCR. except that 
it has been modified from the original form in order to use use subroutine OETWT which is peculiar to 
Run HB308C. WW30BC.F has only one broad gamma group [ie: spatially-dependent weight windows only, 

--> with no energy biasing], BUT makes extensive use of "position-dependent" directional biasing in a new 
sense -- when calculating (aJx,aJy,aJz) for any given importance mesh, the "location of (XD,YD,ZD) itself" 
caulwill depend on the location of the importance mesh. Thus, as we navigate thru complicated geometries 
involving multiple streaming paths (like the holes theu the rotary shutter of the fairly wide gaps around 
the concrete block holding the rotary shutter), the directional bia6ing parameters (aJx1aJYIaJz) can 
actually point in the direction of the local streaming paths of importance, rather to some universal 
detector location which might well cause particle to be diverted away from local streaming pathe that 
are important and should be accounted for. 

Note 2: The mesh-to-mesh weight window attenuation factors in the water, concrete, and steel 
--> (rw, rc, r6) used here are based on those values produced by QETWINO.9CR (using the GBANIEN 

adjoint calc) for the broad group corresponding to VELM groups 1-7. While adrdttedly simplified 
(using the same factors everywhere for a given material), they are still baaed roughly on a 
rigorous adjoint eolution. 

Update; To make the problem run, it was found that we had to modify WW30EC.F so as to write out 
a set of dummy weight windows for one dummy neutron group (as well as the one real gMmLa group) 
even though we plan to run the gamma-only problem. Here, I just wrote out: the ganrma data twice 
and told it the first Ret was neutron data. Very likely, this is the reuson HB308B didn't run. 

b) This HB30BC.I input deck is identical to HB306B,I described above, except that 
the biased source data on the ab73 card was commuted out since our new wt-window 
file only has one broad ganaM group (for spatial biasing purposes) and DOES NOT 
use any fom of eource-energy biasing. 

c) Even though we're going to run the gamma-only calc (mode "p").  I have found by trial-and-error 
that BOTH the wwp:n and wwp:p cards are required. Those used are as follows: 

m : n  100 10 50 0 -1 $ 5th parameter is negative to make MCNPQB read the weight window importance file (wwinp) 
W W P : ~  100 10 50 0 -1 $ 5th parameter is negative to make MCNPlB read the weight window importance file (wwinp) 

HB308D.I -- (6-16-98)) used weight window file based on WW308C.F# 
The adjoint calc described above a0 part of GETWINQ.SCR (associated with Run HB308B.I) had been 
indicating that many of the gamma groups (especially the high-intensity, low-energy gmma groups) 
d g h t  be almost negligible. (This is why, when X included all 23 gamma groups and used 4-group 
biaeing, there were large quantum changes in the source-energy biasing function and the 
corresponding weight windows.) After running HB306C.I and realizing that it worked better but 
was etill very inefficient, I decided to write and use the QADD2.FOR program (found in subdirectory 
nLt\HFIR\Btubes\Feb98.wrk\APPRQACH.ALTn) to help me gain some insight to the HB308 series of calcs. 
Those interesting findings are noted below: 

QADD2.POR Uses simple QAD-like mass attenuation coefficients (for each energy group) to calc the 
garcana dose rate downstream of the collimator for both the long and ehort water tube models, and 
tabulates the reeulting doee rates due to several gamma sources. 

Note: Basically, QADD2.FOR is identical to QADD.FOR, except that we now tally the contributions 
to the dose rate by source ENERGY as well as by source LOCATION. and later reorder that liet in 
order of final intgbortance. From the original QADD.POR, for ex-le, we know that most of the dose 
rate at x 4 0 0  cm down the beam tube (io, at the end of the flooded water tube P flooded collimator) 
comes from the primary gammas streaming down the beam tube and impinging on the water tube. Before 
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we spend a whole lot of time in MCNP tracking a lot of gannnas that might not be important in the end, 
we'de like to know which groups are the most important so that we can focus more on them. 

Results for the 1960 water tube: 

Group 1- 7 sources (of the primary gammas) contribute 96.627% of the final gamma dose 
Group 1- 8 sources (of the primary gauunas) contribute 99.147% of the final gamm dose 
Group 1-11 sources (of the primary gannnas) contribute 99.910% of the final gamma dose 
Group 1-12 sources (of the primary gammas) contribute 99.963% of the final ganmra dose 
All other sourcets can be neglected 
Also note: While in our MCNP calc we might tend to undersample VELM Group 1, QADD2 shows 
that the QrOUp 1 sources only contribute 0.020% of the final gamma dose 

Results €or the 1960 water tube: 

Group 1- 8 sources (of the priaary gammas) contribute 98.051% of the final gamma dose 
Group 1-11 source8 (of the primary gammas) contribute 99.842% of the final gamma dose 
Group 1-12 sources (of the primary gammas) contribute 99.914% of the final gamma dose 
All other sources can be neglected 
A l s o  note: While in our MCNP calc we might tend to undersample VELM Group 1, QADD2 shows 
that the Group 1 8ources only contribute 0.014% of the final gamma dose 

................................ 

................................ 

Sources in MLM groups 1- 8 = 7.984211815 p/s  
Sources in VELM uroups 1-12 .I 2.160073~16 p/s  
Therefore, if we include groups 9-12 (not recommended), the calc will 
take 3 times longer and change the results for the 1960 water tube by 
only 1% (2% in the case of the 1998 water tube). CPU time would be. 
much better spent running asitional histories on groups 1-8. 

Sources in VEW groups 1-23 E 1.35399e17 pfs 

sources in V E ~  groups 1- 8 .I 7.984211e15 p/s 
---------------I---------------------------- ==> Ratio I 16-96 

P 
0 
o\ 

Thus, by running only VELM source groups 1-8 (which account for 98-99% of 
the final dose just downstream of the flooded collimator, we should be 
able to run about 17 times faster than if we tried to accomodate all of 
the 23 source groups. 

...................................... a) c 
C QADD2.FOR analysis has shown that if the water tube P collimator are BOTH FLOODED, VELM source groups 1-6 account €0 

c of the dose rate downstream of the collimator. (By the time they get there, of course, the photons may have less en 

c Thus, "for this particular FLOODED case", it i s  sufficient to include source photons from these first 8 VELM groups 

C The photon source in MLM g r p s  1-8 (above 3.0 MeV) = 1.984211E+15 p/s  (subtotal for these groups). For this particu 

C FLOODED case, this value may be used, but the SI73, SP73, DS83, any 5073 card, and "all" FM tally cards must be cons 

C 
si73 h 3.0000e+O $ this one Emin(MeV), fol  1 by Emax(MeV) for VELM gamma g r p s  1-8 (loweat to highest en for HCNP) 
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HB308G.I 

4.0000e+O 5.0000e+O 6.0000e+0 7,0000er0 7,50000+0 $ VELM g--groups 8, 7, 6, 
8.0000e+0 1.0000e+l 1.4000e+l $ VELM g-groups 3,  2, 1 

sp73 d 0.0 $ dummy 0, followed by ganrma stc terne ( p / s )  for HB-3: 
4.349298+15 1.983618+15 6.75453e+l4 1.23378e+15 1.601830+14 $ VELM g-groups 8, 7, 6, 
1.51983e+15 6,19421e+13 1.23250e+11 $ V E N  g-groupS 3 ,  2, 1 

0 0 92.6 0 0 93.2 0 0 96 .4  0 0 93.9 0 0 96.0 $ VELM g-groups 8, 7, 6 r  
0 0 94.4 0 0 99.9 0 0 97.4 $ g-groups 3, 2, 3 

ds83 1 $ gemma starting positions (x,y,z) in HEI-3: 

-------------_---_I------------------- C 

Note: Even if we used weight windows based on a rigorous "multigroupm gemma adjoint (which would 
tend to have the same effect of killing off low-energy ganmras close to the real source that don't 
contribute much to the final dose rate at the location of interest downstream of the water-filled 
collimator), it would not make much sense to "start off" a bunch of low-anergy gemmas that are 
going to be killed almost immediatslv by the weight window anyway. Thus, even then, it would save - -  
some time to skip them entirely and simply 

b) Kake the following change: 

C fm15 3..35399e+l7 $ based on VELM 
MW (Sn-7.5573018 n/u i n  global calc)i will yield fluxes in p/s/cm2 
C 
, 5873 & OS83 data 
C 
C 

C 
C 
C 
C 

e 
C 
C 
C 

C 
C 

C 
C 

C 
C 
C 
c 
C 
C 

C 

C 
C 
C 
C 

0 

C 
C 
C 
C 

C 

C 

ok 

ok 
ok 

fml5 7.984211E+15 $ based-on VELM garrana 

adjust the frn multipliers (below) accordingly. 

4. 

4, 

4.  

ganmra groups 1-131 Bum of equivalent point sources (p /# )  in HB-3 for HFIR at 100 

groups '2-8 onlyr for FLOODED case only: must be used consiEtently with 5173, 5373 

on each of the tally multiplier cards (fm15, fm25, fm35, fm45, fd5, fm65. fm75, fnt t l l i ) ,  
(fml84,fm194), and (fnk201,fxri211rfm221,fm231). 

To encourage a little more splitting and getting more reliable answers (at the expense of some 
efficiency loss), it would be helpful if WTHI could be pulled down a little closer to WAVQ. 
Thus, while I'll leave WTAV0=1O*WTLO, let me change from WTHI*lOO*WTLO to WTHI-30*WTLOf 
thia will require the Iollowing two changes: 

m : n  30 10 50 0 -1 $ 5th parameter is negative to make XCNP48 read the weight window importance file (wwinp) 
t r w p : ~  30 10 50 0 -1 $ 5th parameter is negative to make MCNP4B read the weight window imortance file (wwinp) 

If this really does improve the accuracy, I can do some other things later to recoup the 
efficiency (and maybe even do better that before). First, however, L e t s  see if thie helpe 
the accuracy. 

1) Tallies 184 & 194 were added so one can monitor how well one is tracking photons up thru the flooded 
water tube P flooded collimator. 
(still true) 

If statistics here are not good to excellent. then all else is hopeless. 

2 )  Despite potentially good statistics, Tor any of the above point detectore to be at all ntrustWorthy*, 
Tally 184 (segment 5 )  and Tally I 9 4  (eegment 5 )  would have to be well converged in all the higher 
energy groupsf 
one or more of segments 5-10 in Tally 231 would have to be at least fairly well converged also. 
If these conditions are not met, then the point detector values may (PI be rubbish, even though 
they may appear to have good statistics. 

likewise, for those point detectors "past the concrete boxw to be very trustworthy, 

(still true) 
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3) Lowering WTHI (as noted above) did help, but only very little. 
nearly as good as the corresponding tallies in the highly simplified model (HB307C.I or HB307D.I) 
where, because of the simplified geometry, I was able to set up 15 axial importance zones in the 
flooded water tube and another 7 axial i-ortance zones in the flooded collimator, with the 
importance changing by a factor of 1.8 between adjacent importance zones -- even though the 
rate of change here in my weight window file (for Ruas HB308C & HB308D) is comparable to the 
rate of change in the importance's used in XB307. Disappointing/puzzling. 

A tentative exglanation (new insight) i s  that while the wts in the w t  window file are changing at 
about the same rate, the "particle weight" is only updated at collision sites and real geometry 
surface crossings. (To use a financial analogy: the w t e  in the w t  window file control the 
base interest rate, but the number of collisions and/or real geom surface crossings control 
the rate of compounding. If the geometry regions are big and there are few collisions (as with 
gammas in water), they will not be conwounded (split) very often even though the interest rate 
(split ratio) may be fairly big. (In our "academic problem for neutrons in water- we also had 
a big homogeneous geometry region, but the neutrons experienced a lot of collisions 80 the 
splitting permitted/encouraged by the weight windows actually "kicked in" quite often, unlike 
the cae for gammas in water.) Returning to the financial analogy: If one has a big interest 
rate but it's only compounded once every hundred years, it doesn't do much good!. 
(above paragraph/theory is irrelavanti particle weights weren't updated because WW308C was 
screwed up# see "later update" below) 

Thus, to force our weight window info to "kick in" more frequently, we're going to have to 
at least subdivide the central water regi.ons and some of the bigger concrete regions into 
more geometry cells. [While this sounds like a return to the old way of business, it's 
really not that bad since (a) we don't have to worry about all the little geometry regions 
and (b) we can simply set imp:nnl 6r imprp=l eveqmhere in this input deck, knowing that the 
geometry-independednt weight window file will overwrite these values with the correct ones. 
(above paragraph/approach is unnecessary; particle weights weren't updated because WW306C 
was screwed up? see "later update" below) 

Tallies 184 h 194 are still not 

I LATER UPDATE: Originally ran HB308D with WW308C.F wt windows and nps=S,000,000 On 6-16-98. 
I It took 6 hrs, 12 min on each of 8 nodes. Saved output tanrporarily as HB308D1.0; 
I Got no splitting) was puzzled and very disappointed; didnlt figure out why until after 
I I ran HB308E.I with much the same result. REASON f o r  no splitting: w t  window file made 
I by WW308C.I was screwed up in the sense that the mesh-to-mesh weight attenuation factors 
1 (rw, rc 0 rs) had all been reset to 1.0 in WW308C.F prior to generating the file. 
I Discovered this about 3 pm on 6-18-98. 
I used the corrected version (WW308D.F) to generate wt window file with 1 dummy neut g r p  
I and 1 real gamma group (velm g r p s  1-81. The reran the same HB308D.I file (with npS cut 
I back from 5,000,000 to 1,000,000) with new w t  window file and was going to call Output 
I HB308D2.0; Ran job for 3 hrs on 6-18-98 and killed it (ergo no output). After running 
I for 3 hrs (on each of 8 nodes), it had not yet finished the first 80,000 source particles 
I -- yet I could see by monitoring the "wxxa" file (which would become boundary source file 
at normal end of job) that TONS h TONS of particles were now crossing the internal boundary 

1 surface at the end of the water-filled collimator. Thus, despite the legacy notes below, 
I this was a tremendous success -- ie, we really did get lots of splitting, and it looks very 
I much like we're going to get a good boundary source. I intentionally killed the job 
I (XB308D2.0) before seeing it to completion because I could tell it was wasting a lot 
I of time tracking low energy photons that had slowed down close to the source and were 
I themselves not going to contribute much to the dose at the end of the water filled collimator 
I (ie, 1 don't want a lot of low-energy junk there; 
I more efficiently so we can better see the high-energy gammas there# 
I thru, but we're wasting a lot of time on low energy junk; 
file that kills the low-energy junk close tc - mource but permits it more-and-more as we 

I get close to the end of the water-filled coi 

Corrected WW308C.F and called it WW308D.P; 

I'de prefer to focus on running the calc 

need to have a 4-group w t  window 
I know they are getting 

iori now have a new version (WW308F.F) based 

P 
0 
00 
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I on adjoint info that ready to goi will kill HB308D2 so I can get on with new tests). 

I Based on this LATER UPDATE, the "Updated Theory Notes" above should be DISREGARDED. 
I Basad on this LATER UPDATE, Run HB308E and most of the modifications shown there 1 should also be DISREQARDED. 
I (H8308E was originally set up and run prior to the "later update" described above.) 

I Starting point for HB308P.T will be H8308D.I; 
I HB308E modifications, as specifically called out in the description of XB308F.I 

I 
I 

I 
I 

- - >  

--> will then include "only a few" of the 

HB308E.I -- (6-18-98); used weight window file based on W308C.F; 

I Based on the LATER UPDATE mentioned above, Run HB308E and most of the modifications shown 
I here should aleo be DISREGARDED. 
I Moreover, because of all the new (now unnecessary) geometry cells that were introduced to fix 
I the perceived p r o b h ~ ,  the calc time "per source particle" ae 7 times longer than in tEI308Dl.O. 

I (HB308E was originally set up and run prior to the "later update" described above.) 
1 Starting point for HB3081,I will be HB308D.I; 
I liB308E maificatione, as specifically called out in the description of HB308P.T 

Because WW308C.F was messed up, HB308E was a failure anyway. 

I 
will then include "only a few" of the 

Original notes associated with HB308E.I are as followsr 

Based on the "updated theory notee (after HB308Dl.O had been run)", n numbas of existing cell8 
w e r e  subdivided in a dovetailed fashion (as ehom below) so that no photona could stream thru 
(mially) without crossing a "real" geometry surface, as needed in order to force the code to 
access the weight window file and update the particle's weight (if/when there are few collisions), 

ok a) Modifications to Cell 2145, for example, are as follows: 

........................ C 
C 2145 8 -1.0000 -2134 2154 -4110 imp:n-1 i$ water inside main cavity of expanded beam tube outside ves 

(if flooded for maintenance) 

(if flooded for maintanance) 

(if flooded for maintenance) 

(if flooded for maintenance) 

(if flooded for rsaintenance) 

(if flooded for maintenance) 

(if flooded for maintenance) 

(if flooded for maintenance) 

C 

C 

C 

C 

C 

C 

C Here, what was Call 2145 has been divided into alternating (dovetailed) sections described by Cells 21451 and 21452. 
C This was done so that, when streaming thru the water, photons would have to cross a number of real geometry surfaces 

C Only then (or at a collision site which is rare in #ater) is the code forced to go out and update the particle weigh 

C using the information in the weight window file (wwinp). 

21451 8 -1.0000 -2134 2154 -4110 (-5101 $ water inside main cavity of expanded beam tube outside vessel 

r(5102 -5103):(5104 -5105):(5106 -5107):(5108 -5109) $ water inside main cavity of expanded beam tube outside vessel. 

:(5110 -5111):(5112 -5113):(5114 -5119):(5116 -5117) $ water inside main cavity of expanded beam tube outside vessel 

C ---_-_-_-_-___-_________ 

:(5118 -5119):(5120 -5121):(5122 -5123 

:(5136 -5127):(5128 -5129)) imp:n=l 

21452 8 -1.0000 -2134 2154 -4110 

((5101 -s102):(5103 -5i04):(5105 -5106 

;(5124 -5125) $ water inside main cavity of expanded beam tube outside vessel 

$ water inside main cavity of expanded beam tube outside vessel 

$ water inside main cavity of expanded beam tube outside vessel 

r(5107 -5108) $ water inside main cavity of exganded beam tube outside vessel. 
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:(5109 -5110):(5111 -5112): 

:I5117 -5118):(5119 -5120): 

5113 -5114):(5115 -5116) $ water inside main cavity of expanded beam tube outside vessel 

5121 -5122):(5123 -5124) $ water inside main cavity of expanded beam tuba outside vessel 

:(5125 -5126):(5127 -5128):5129) imp:n=1 $ water inside main cavity of expanded beam tube outside vessel 

b) Likewise, other key cells were also subdivided in a similar dovetailed fashion, a# noted here: 

Old Cell 4300 now - Cells 43001 and 43002 = rectangular hole up thru collimator (when flooded) 
Old Cell 4310 now - cells 43101 and 43102 carbon steel (Type 1020) body of central collimator with rectangular hole) 
Old Cell 4345 now - Cells 43451 and 43452 - 8s removable shield, radially outsi8e beam tube, next to collimator 
Old Cell 3002 now - Cells 30021 and 30022 - barytes concrete bioshield (from pool liner to shutter assembly cavity) 
Old Cell 3090 now - Cells 30901 and 30902 carbon steel forming the shield plug (ie, the rotary shutter) 
Old Cell 3060 now Cells 30601 and 30602 - barytes concrete f o d n g  bulk of the removable concrete block containing shield 
Old Cell 3001 now = Cells 30011 and 30012 - barytes concrete bioshield (outermost part) 
Old Call 2170 now - Cells 2170/1/2/3/4(*) - water pool between pressure vessel and concrete bioshield 
Old Cell 4385 now - Cells 43851 and 43852 water between beam tube & ss sleeve extending from concrete bioshield into pool 
Old Cell 4370 now - Cells 43701 and 43702 - ss pool seal (All upstream of collimator 
Old Cell 4330 now = Cells 43301 and 43302 - ss pool seal (B) downetream of collimator 
Old Cell 4335 now = Cells 43351 and 43352 - 8 s  flange around pool seal (8) downstream ob co31imator 

( * )  Old Cell 2170 now .i Cells 21701 and 21702 in the region above 2=194.95125 crn (Surf 5100), and 
Old Cell 2170 now = Cells 21703 and 21704 in the region below 2-174.95125 cm (Surf 5100). 

I 

c) Tally 184 should BOW be for cells 21451 & 21452 (Appx G-Dose (mrem/hr) axially, up thru the water tube 
Results for cells 43001 & 43002 will be comglimentary, and mutually exclusive (ie, each will have zeros) 
Also note that the sd184 must now be modified as follower 
sd184 493.55788 29r $ volume (cc) for each of the 30 sepments in Cell 21451 

493.55788 29r $ volume (cc) for each of the 30 segments in Cell 21452 

d) Tally 194 should now be for cells 43001 & 43002 (AppX Q-Dose (mrem/hr) axially, up thru rectangular collimator hole 
Results for cells 21451 & 21452 will be complimentary, and mutually exclusive (io, each will have zeros) 
Also note that the sd194 must now be modified as follows: 
ad194 433.74510 19r $ volume (cc) for each of the 20 segments in Cell 43001 

433.74510 19r $ volume (cc) for each of the 20 segraents in Cell 43002 

e) Since I expect that these actions will produce a lot more splitting (thus taking longer to r u n ) ,  
and since I'de really like to compare the accuracy of this run with that of Run HB307C.I which 
only had 2,000,000 histories, set nps=2,0U0,000 in this run. (Will worry about improving efficiency later.) 

f) TO make it easier to look at the flooded 1960 water tube later, f added Cells 1008 and 1009, 
and modified Cell 1010 so that the region inside the 1960 water tube is explicitly represented 
by Cells 1008 (hemispherical tip) and 1009 (cylindrical portion) upstream of the start Of the 
1998 water tube. In present case (flooded 1998 water tube), Cells 1008 & 1009 are both void, 

gj also subdivided Cell 1009 into two dovetailed pieces (Cells 10099 and 10092) 
so we won't be hassled if we ever look at the flooded 1960 water tube again. 

h) Just after the prdna, card and before the ssw card, must update the inlg:p data as follows 
(because of all the new cells that have been added): 

imprp $ obtained from MCNP output table when I ran a fake MCNP run with neutronsj here imp:p=imp:n in all 1U4 -sPls; 
$ note that non-zero values will be igr ' as soon as the wwinp file is read, but it must be entered I y 
1 0  1 1  1 1 . 1  I, 1 1  1 0  1 1  1 1  1 1  1 L 
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HB308G.l 
2 2 1 2 2 1 1 1 1 1 1 1 1 2 2 1 1 1 1 2  
2 2 2 2 2 2 2 2 2 2 2 2 2 1 1 1 1 1 1 1  
l l l l l l l l l l l l l f l l l l l l  
1 1 1 1 1 1 1 1 1 1 ~ 1 1 1 1 1 1 1 1 1  
1 1 1 0  

HB308F.I -- 16-18-98); used weight window file based on WW308F.F which included We windows 
for 1 dummy neutron group and 4 real gamma groups, even though all the gammas ate started 
in w t  window broad group 4 (corresponding to VELM groups 1-8)p hopefully this will anuse 
the gammas that slowed down to low-energy close to the source to be killed off (making the 
problem much more efficient) while permitting those that slow down closer to the collimator 
to continue on (giving us a good boundary source that still accurately represents both the 
high and low-energy gananas near the exit of the flooded collimator). 

Notes and modifications aseociated with H8308E should be ignored, except the few noted below. 

The starting point for HE308P.I will be HB308D.If the ONLY modifications are as follows: 

a) To make it easier to look at the flooded 1960 water tube later. I added Cells 1008 and 1009, 
and modified Cell 1010 so that the region inside the 1960 water tube is explicitly represented 
by Cells 1008 (hemispherical tip) and 1009 (cylindrical portion) upstream of the start of the 
1998 water tube. In present case (flooded 1998 water tube), Cells 1008 & 1009 are both void. 

b) Just nfter the prdtrtp card and before the SEW card, must update the imp:p data RE follows 
(because of the new cells that have been aaded): 

imp:p 8 obtained from MCNP output table when I ran a fake MCNP run with neutrons; here imp:p=imp:n in all 86  cells8 P 
F 

$ note that nom-zero values will be ignored as soon as the m i n 9  file is read, but it must be entered anyway I-' 

l O l l l l l l l l O l l f l l l l l 2  
2 2 2 2 1 1 1 1 1 1 1 2 2 1 2 2 2 2 2 2  
2 2 2 2 2 2 2 2 1 1 1 1 1 1 1 1 1 1 1 1  
l l l l l l l l l 1 l l l l l l l l l l  
1 1 1 1 1 1 1 0  

c )  Since I now know that there will be a lot of splitting going on, lets go back to using 
WTHI=lOO*WTLO (since WTHI=30*WTLO seamed to give too much splitting). This will require 
the following two changes: 

wwp:n 100 10 50 0 -1 $ 5th parameter is negative to make MCNP4B read the weight window importance f i le  (wwinp) 
m r p  100 10 50 0 -1 $ 5th parmeter is negative to make W N P Q B  read the weight window importance file (minp)  

81 While I'de eventually like to compare the accuracy of this run with that of Run HB307C.I which 
had 2,000,000 hietories. lets start off with a much smaller value, say nps=40,000 L prdmpm8.000 

UPDATE: E%psrimentation (HB308Fl,F2,F3)1 June 18-20'98 

format of wwp card: wthi210 wtav2lo mxspln iwhen iflag 

Calc runs, but s e a s  to start and stop frequently. Watch the m a  file 
(boundary source file being built) and hb308.msg fils for progress. 
m a  starts to bild up iver 1st 30-45 min (to 12,000 bytes), then pauses 
€or about 6 hrs, then builds up tapidly to abt 435,000 bytes (after 
16,900 histories), then pauses again, sometimes for 12-18 hrs and calc 
does not seem to progress to next dump. Splitting is occuring, but maybe 
too much, or too erratic. Calcs generally all terminated manually by me. 

....................................................... 
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HB308Q.I - 
6-20-98 

Too slow to be very useful in any event. (HB307C. while it never got 
any real highenergy particles past the collimator, did get a lot of low 
energy particles past the collimator and only took 6.25 her on 8 nodes.) 
Did try several things: 

As particles slow from important fast groups (low wtavg) to less important 
slow groups (hi wtavg), ratio of wtavgl/wtavg2 may be >lo001 fastest to 
slowest may be >10**8; generally such photons will be killed by Russian 
roulette; normally would be killed by this ratio] however, MXSPLN 
controls the anax roulette ratio (as well as ma% split ratio)r setting it 
to 50 will not allow particles to be killed as fast as desired (even 
though w t  ratios are adjusted by mcnp to maintain fair game)] tried 
setting MXSPLN=390625=25**4 in mcnp and ~I&X w t  ratios in any given intp 
mesh (as set in a variant of ww308f) to: 25 (broad grp 1 to broad grp a), 
25**2 (braod g r p  1 to broad grp 3 ) ,  and 25**3 (broad g r p  1 to broad grp 4 )  
in hopes that this would allow particles to be rouletted more often and 
reduce running time. Didn't work. Performed as before. Went back to 5 0 .  

IWHEN controls where/when the particle wts are adjusted; 0 means at 
collisions and surfaces, 1 m a n s  at surfaces, -1 means only at 
collisions. Since we have 27*27*142=103518 i m  mesh, and since photons 
travel far in water with no collision, I thought perhaps the extra 
overhead of adjusting particle wts at each i m p  mesh boundary crossing 
was driving up the run time. (If so, we could go with simpler mesh.) 
Tried setting IWHENI -1 to do this at collisions only (hoping this would 
cut the overhead. Didn't work. Performed as before. Went back to 
using IWHENIO. 

Decided I'de better take another look at adjoint into and how .I adjusted 
the wtlow curves for each broad group. 

UPDATE: This was indeed the problemit In WW308F.F, I had tried to artificially rescale the 
*wtlown curves individually so that along the axis at about 21400 cm (just downstream of the 
water-filled collimator) they would all have about the 8ame value as that for broad weight- 
window group corresponding to MLM groups 1-8. I realize now in retrospect that this wae a 
critical mistake. The broad-group weight window curves may indeed be scaled (if necessary), 
but they MUST ALL be scaled by the SAKE factor. [Even then, one must be careful to make sure 
they axe c-atible with the starting weights in the source region.] This critical. flaw was 
remedied later in W308Q which was t h n  used in HB308Q. 

For more details, see my "index.308" file in Subdirectory of "E:\HFIR\BTUBES\FE898.WRK\H2O-TUBE.308". 
In particular, see the extensive discussions in *index.308* under the headings: QETWINQ2.8CR, GETADJ2.OUT, 
Critical Comment 1, QETYlfN03.PI GETWINQ3.OUT, Critical Coment 2, WW308Q.F, and HB308Q. 

' This file (6-20-98); used weight window file based on WW308Q.F (described below) 
Relative to HB308F.I. no substantial changes were made to the MCNP input file, 
I simply added diagnostic Tallies 212 & 232 as noted below. 

THIS RVh' WAS HIGHLY SUCCESSFUL 

The KEY difference in not in the MCNP input file, but in the geometry-independent weight window file (wwinp)] 
here in HB308Q we use the wwinp file generated by WW308Q.F dewxibed abovej this wwinp file, unlike its 
predeceseor, allows us to discard with much higher probability those once high-energy photons that slow down 
to lower energies too early fie, back closer to the entrance of the water tube) which will not contribute 
significantly to the dose at the endo of the collimator or downstream of the rotary shutter, thus allowing 
the calculation to be much more efficient and spe- xch more ob its time focusing on those higher-energy 
photons that do contribute more. At the same tim re compounded meeh-to-meeb weight window attenuations 
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factors in the varioua broad groups are such that wtlow decreaeea more rapidly for the more energetic photons 
(causing more splitting where we need it) and less rapidly for the lower energetic ones so that by the time 
the higher eenrgy one do slow down to lower energies further downstream (near the end of the collimator and 
beyond), they will no longer be discarded as often and will be tracked with increasing probability so that 
their contributions in the downatream regions will no longer be ignored. (See values of WTLOW for mesh along 
centerline in previoua table produced by 0ETADJ3.OUT if you want to see what I mean.) Thin new weieht window 
file (wwinp) produced by WW308G.F was skillfully and thoughtfully crafted, and WO-D LIKE A CHARM I l l  (sea below) 

I 
t 
I 
I 
I 
I 
I 

I 
I 

I 

I 
I 

Like earlier versionsI uses Subroutine OETWT to define XD=Fl(x,y,z). YD=F2(x,y,z). ZD=F3(xlylz) 
which are then ured to determine the highly position-dependent directional biasing information used 
in this complex 3-D UCNP model. [Brief summary: Given a coordinate location ( x , y , z )  in the true 3 - D  
UCNP model of the HB3 beam tube, the surrounding water, or concrete, and a full 3-D representation of 
the rotary shutter in the aoncrete box, with eurrounding gaps and the big hole thru the shutter, etc, 
Subroutine GETWT will return XDnFl(x.y,z), YD=F2(x,y.r), ZDpF3(x,y,z) corresponding to the coordinates 
of a fake detector towards which photon# at (xly,s) should be biased to maximize the probability of 
transmfesion thru the entire conf1guration.l 

Unlike some earlier versions which wrote a weight window file with information for Z dunmry neut grp and just 
just 1 real gmma group, WW306Q.F writes a weight window file that includes information for 1 dummy neut g r p  
and FOUR broad gamma groups. In this case, the energy-dependent values of (rw, rc. re, wtsrc, and w 0 ) .  
ie: the mesh-to-mesh weight window attenuation factors. from ona 5-cm importance mesh to the next, which 
determine the 3-D shape of the weight-window functionfa), are based on the above considerations. 

The final values to be used in Subroutine GETWT of our final 3-D weight: window generator (WW3086,r) are: 

1 velm gamma groups in this broad-gamma-group1 1-8 9-12 13 - 17 18-23 
+-- - - - - - - - - - - - - - - - - - -~- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -~- - -~- - - - -~- - - " - - - - - - - - - - - -~- - - - - - - - - - - - - - - - - - - -  

I w t  attenuation factors for water (rfgourous)t r#-0.73 rw=0.65 rw-0.57 m=O. 50 
I w t  attenuation factors for concrete (gUSPS): rc-Q.51 rc-0.15 rc-0.33 rc=O 18 

rs=O. 13 I w t  attenuation factors for half-density steel: rs-0 e 4 6  rs~O.40 

I wtlow in source region (~0): 1.73324720-3 7.14304 8.57521et5 &.48876e+13 

rs=O .28 

ini starting w t  (wtsrc) assigned to ganunae: 1.73324728-2 --- --- I-- 

I 

+------------------------------------------------------------------------------------------------------ 

i I Note: The earlier version (WW308P) also used four broad weight window groups with similar w t  attenuation 
I factors, but unfortunately I had tried to artificially rescale the "wtlow* cumes individually EO that 
I along the axis at about 2-400 cm (3ust downatream of the water-filled collimator) they would all have 
I about the same value as that for broad weight-window group corresponding to VELM groups 1-8. I later 

realized that thie 'individual resealing" was a critical mistake. That mistake was not repeated in WW3080. 

The only two new additiona to the UCNP Run H83080 input file itself were Tallies 212 and 232: 

fc212 Pri U-Dose (mram/hr) 2.4945 cm downstream of collimator hole exit (sen 5) 
C ........................... 
C Note: Only if this boundary crossing entimate of the prhiaty gamma dose rate downstream of the 

C noint detector estimates. If P2 Tally 212 is well converged, I5 Tally 25 will be more accurate? 
C collimator hole haa good etatistics, is it possible to have a high degree of confidence in the 

0 if F2 Tally 212 is not well converged, FS Tally 25 may or may not be any good (even if stats are good) 
C ........................... 
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fc232 
C 
C 
C 

C 
C 
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C 

C 

Primary U - D o s e  (mram/hr) on downstram surf of box holding shutteri seg 10 

Note: Only if this boundary crossing estimate of the primary ganrma dose rate downstream of the 
central 6.5-inch-diam disk directly in front of the shutter (seg 10) [and perhaps segments 5-9 also1 
has good statistics, is it possible to have a high degree of confidence in the point detector estimates. 
If P2 Tally 232 is well converged in segments 5-10, then P5 Tallies 45, 65 and 85 will be very accuratej 
if F2 Tally 232 is not well converged, F5 Tallies 45,  65 and 85 may of may not be any good (even if state are good), 

1) Rotary shutter is centered at 2-446.405 cmi downstream edge of shutter is at 2-477.36125 cmi 
Downstream surf of SS liner on concrete box containing shutter is at Surf 3001 (2-478.79 ern), 
That is the surface where this F2 tally is made. 

- -____-_-___-___---_I______ 

........................... 

2) Purpose of this tally is sirpply to see IF any real particles are getting here, and to see WHERE: they are coming f 

Neither of these will have any bearing on the ability to run the problem successfully, but both are vital indicators 
which are needed (along with other tally indicators) if we are ultimately have any confidence in the final solution, 

It was clear from the first trail calc with 240,000 histories that HB308U (using WW3080) was going to be a success. 
unlike HB308D (where HB308D1 and HB308D2 represented different unsuccessful attanrpts to run the problem slightly 
differently) or HB308F (where HB308F1, HB308F2, and HB308F3 represented different uncessfull attempts to r u n  the 
problem slightly differently), HB308G.I P H8308G.0 and HB30902.0, HB308G3.0, HB30804.0 and HB308G5.0 are sin\oly 
continuations of the same initial problem with more histories. The f01,lowing little file, HB308Q.CON: 

message: c outp=hb308.0 runtpe=hb308.r wssa=hb308.s wwinp=wwinp 

cont inue 
ups 4000000 

-__----_-----_----__l___l_______________--------~---------~--~---------------------------------------- 

HB3 08Q. I 

HB308Q2 

t f83 0 803 

ran NPS up to 240,000 histories between 06/21/98 16:21:40 and 06/21/98 21:50:35 (dump 31=last)i 
these experienced a total of 58,312,798 collisions (used in pt detector estimates) and, 
more importantly, actually allowed 374,828 real particle tracks to cross surface 4197 
(just downstram of the flooded collimator and upstream of the rotary shutter)) this is where w e  are 
saving results for the internal boundary source that we are trying to develop for future use if necessary. 
While we only ran 240,000 histories in this initial pilot calc, indications are that every 1,000,000 
histories would take appx 22.84 wall-clock hours on each of 8 nodes on the SP2. This is not bad; 
in fact, its very good given the complexity of the problem & the fact that we're getting good results. 

ran NPS up to 1,000,000 histories (starting with above 8 finishing with dump 126 at 06/23/98 02:08:24)1 
these experienced a total of 212,701,257 collisions (used in pt detector estimates) and, 
more importantly, actually allowed 1,411,263 real particle tracks to cross surface 4197 

ran NPS up to 2,000,000 histories (starting with above & finishing with dump 251 at 06/24/98 06:19:21); 
these experienced a total of 415,638,456 collisions (used in pt detector estimates) and, 
mors importantly, actually allowed 2,169,376 real particle tracks to cross surface 4197 

I then "gave it (I rest" for a week or two while I went off and ran some activation analyses and 
activation dose rate analysea for the r y shutter (see H8309 & XB310) so that I could get 
that dons before the 4th of July; aft, e 4th of July, I came back, and ran a few more histories 
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HB308G4 

HB308G5 

HB308G.I 
on HE3080 as follows (beginning on 7-7-98). 

Since Si33080 was working so well and giving us such good reau ts even downs ream of he tot.ary shutter 
ahield plug, the additional histories represented by the following two continuation runs probably weren't 
really necessary, and that the boundary source file that we were generating would probably never be needed. 
(Originally, we never expected such good SUCC~BB and thought the boundary source file would later have to 
used to analyee the daylights out of teh rotary shutter, especially if it had to be redesigned. Thus, 
iaitially, our focus was on getting a good boundary source. Only with the remarkable success of HB3080, 
and the relatively small dose rates that it wan giving us downstream of the rotary shutter, was I slowly 
beginning to realize that we could probably dispose of the whole problem right here in HB3080, with no 
further analyses required.) Still, if it ever is needed, THIS was the time to run up the histories as 
high as reasonably possible before I'm forced to move the boundary source file (HB3080.S) off-line to 
tape storage for archival purposes. Therefore, I went ahead and ran a couple more continuation runs. 

ran NPS up to 3,000,000 histories (starting with above h finishing with d- 376 at 07/08/98 11:24:20)j 
these experienced a total of 635,895,583 collisions (used in pt detector estimates) and, 
more importantly, actually allowed 1,244,571 real particle tracbe to cross surface 4197 

ran NPS up to 4,000,000 histories (starting with above & finishing with dump 501 at 07/09/98 06:29:49)t 
theee experienced a total of 855,219,125 collisions (used in pt detector estimates) and, 
more importantly, actually allowed 5,688,819 real particle tracks to cross surface 4197; 
Objective here was to drive the key fad's for both the pt detectors and the boundary crossing 
tallies down to the 3 ~ 4 %  range before calling it quit#. Moreover, the final internal boundary 
source file that I was generating (H83080.S with 5,688,819 real tracks) had grown to about 542  MB, 
and that's about all the d i s k  space we could afford to dedicate to this task. It subsawently 
had to be archived to tape so that other calculations would have space to run- 

Final results are documente& thoroughly and extensively in ny on-line technical notebook ("index.308") 
but are too voluminoua to reproduce here. 

~ ~ 3 0 4  is a l*speciall* variant of H8301 ueed only to get fast fluxes at the two dosimeter locations. 

would like to have this info so as to c-are with values published in Tables E.12 and E.23 (On 
pp 208 L 221) of ORNL/TM-l0444, "Evaluation of HFIR Pressure-Vessel Integrity Considering Radiation 
Embrfttlament" (1988). Rote that flu%er on pp 206 (E>1 MeV and E>0.1 MeV) are those calculated 
by Bob Child's WRT/TORT ruas) the "real" fluxes there should either (a) be inferred from 
the Ni58(n,p)to58 and Fe54(ntp)MnS4 decay data, OR (b) be inferred by dividing his published 
fluxes by the C/d ratios for the decay data, to get the real €luxes. Moreover, in Table E.23 

show the positions o f  the various ncouponsn in the ring around XB-3 corresponding to Key 3. 

Cell 2134 (just slightly on HB-4 side of HB-3) corresponds to Key 3 Position 8 where the "real" 
fluxes using Method E are: Plux(E>l MeV)=1.78+9 n/s/cm2 and Flwr(E>O.l MeV)=3.84+9 n / s / c d  

Cell 2135 (just slightly on HB-2 eide of HB-3) corresponds to Key 3 Position 3 where the "real" 
fluxes using Method B are: Flux(ES1 MeV)=O.913+9 n/s/cm2 and Flw(E>O.l MeV)=i.93+9 n / s / d  

It will be interesting to see how well (or how poorly) our MCNP results colapare with these values1 

they 8ppliOd Mthod tb). D ~ g s  M-10070-OE-510-E, ROV 2 (19861 and W E-49961, Rev C (1988) 

Modifications needed to get HB304 from KB301 are as follows: 

1) To save time, run as "mode n" rather than "mode n p" 

2) Use the following "cutinn card to avoid tracking neutrons below 27 kevr (fa, keep only neutron grps 1-36) 
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cut:n time(shake.8) energy(MeV) WCl WC2 SWTM 
cut:n 1.0e20 0.027 -0.5 -0.25 0.0 $ cutoff: don*t track any neutrons below 27 kev 

On the si53, sp53, and ds63 cards describing the source, coment out all info pertaining to neutron 
groups 37-61 since everything in these groups is below 27 keV; keep only info for grps 1-36 (above 27 keV) 

On the fm14 & fm15 multiplier cards, use fm14~fm15=1.20830e16 n/s ,. sum of euuivalent point 
sources (n/s) over grps 1-36 only (ie, E>27 keV; use for dosimetry calc only) in XB-3 for HFIR at 100 MW 

Change location of "importance cutoff plane" (Surf 1007) from 2-118.6879 cm (used to increase efficiency 
of the water tube calcs, but is downstream of the dosimeters) to 2-75.473 cm which is more like 31.6546 cm 
upstream of first dosimeter. Belief is that most of the fast neutrons reaching the dosimeters are those 
that strike the inner wall of the beam tube in the viscinity of the dosimeters, and that all others can, 
for all practical purposes, be ignored. [Surf 1007 is used in Cell 10110 (inner A 1  wall of beam tube) 
to kill all neutrons below this location, ie: all those not within most forward-directed cone.] 

On the sdef card, w e  need to "open up" the allowed angular distribution a little wider for the 
dosimetry calc; setting mu(min)=O.8 will allow neutrons from even the most forward equiv pt source 
(at 2~60.7 cm) to hit the beam tube at 2175.473 cm, which is well (31.654 cm) upstream of the first 
dosimeter which is located at 21107.1276 cm. To accomvlish this we need to do 2 things associated 
with the sdef card: (a) on the si3 Iang dist) card, set ~u(min)=0.8, and (b) on the sdef card 
itself, set wgtmO.1 =(mumn~-mumin)/2 

wgt.pO.1 $ use this with mu(min)nO.e in 63 for dosimetry calc only1 wgt = [mu(max)-mu(m~n)l/~(+1)-(-1)1 = [1,0-0.81/2 * 0,Y 
si3 h 0.8 1.0 $ open up angular distribution for dosimetry run; mu boundaries (i.e, cosine boundaries wrt vec) 

Change dosimeter specimens from carbon steel to water; specimens (including foils) are really much smaller 
than the big chunks of metal originally envisioned. To do this, change Cells 2134 h 2135 to matl=7, den=-1.0 g/ce 

Set up volume-averaged flux detectors for the two dosimeter cells (Cells 2134 & 2135); get N-fluxes by snerwi 
Cell 2134 I just slightly on HB-4 side of HB-3, Cell 2135 E just slightly on HB-2 side of HB-3 
May(?) later want to calculate activation rates here directly, or refine desc of dosimeter package inside dxtran sphere. 

May(?) want to run as many as nps~5,000,000 histories to get good statistics; 
will try 2,000,000 first, should go fast because of energy cutoff card abovea 
2,000,000 was subsequently found to be ok with dxtran spheres 

May(?) want to have 3.2 cm radius dxtran spheres around each dosimeter so as to get better statistics 
without having to run as many histories# found to work well with 2,000,000 histories 

All the modifications previously used to create HB302 from H8301 should also be incorporated in HB304. 
HB302 was a "special" varient of HB30l; HB302 was intented to get comparieons with the June 1968 
Blosser & Thomas measurements. HB302 thus differed from HB301 inlrofar as: 

a) Aluminum windows 1 and 2 were placed in their 1960 axail locations (see Cells 2140, 2141, 4305, 4380) 
b) we used the small hole in the rotary shutter since that's what they used on HE-3 (see Surfs 3131 & 3132) 
c) The was no water in the water tubes) they were void in this calc (see Cells 2145 h 2146) 
d) use 9t det 15 to get results at BPT measurement point, 655.6626 from tip of HB-3 (ie, at Zm678.1673 cm) 

While HB302 has been already run, and our results compared quite well with measurements (C/E=1.45 generally), 
the main purpose of including it again here in Run €5304 is simply to verify that I haven't screwed up the 
source normalization by only looking at the fast groups. I am pretty sure there is no problem with above 
appraoch, but want to keep this B&T comparison in the calc as a reference point to verify there is no problem. 

Delete the oversimplified spherical representation of the 2 dosimeters (Key 3 Positions 3 P 8 )  
and model then mora precisely as particular rectangular regions on the sa304 dosimeter specimen 
3lder ring [see Dwg M-10070-0E-510-E Rev 2 (1967), as well e 'Q E-49961 Rev C 119881, and 
g M-115-ll-OH-OOl-E, Rev 1 (1992)l. To affect this change: 
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a)  Delete the oversimplified dosimeter cells (2134 & 2135) described by Surfaces 2121 & 2126, 

b) Include (instead): Surfs 2510-2562, Transformation 40, and Cells 2581-2593 (all below). 
c) Include the following new exclusion regions in the pool water (Cells 2130 h 2133): 

as well a s  the corresponding exclusion zones in the pool water (Cell 2130). 

#(-2530 2531 -2532) #(-2520 2521 -2522) #(-2510 2511 -2521) 
to exclude from the water: the dosimeter holder ring, and the thick and thin inner sleeves 

so that each can be clearly labeled. 

(Update: dxtran spheres later had to be discarded; went with pt detectors ambedded within dosimeters) 
(Update; to get good statistics, we then needed 40,000,000 histories; these take 4 hrs, 35 min wallclock) 

d) Use separate volume-averaged tallies (as shown below) for Key 3 Posn 3 and Key 3 Posn 0 

e) Revise the dxtran spheres around these two dosimeters as shown below. 

13) It recently became apparent (3-27-98) that there is a rather large 2-plate collar assembly holding a cooling 
tube on the ss sleeve outside the beam tube, close to dosimeter ring. Moreover, this collar assembly may 
shield some of tha dosimeters (Key 3, Positions 3 and 0 in particular) from some of the neutrons coming down 
the HB-3 beam tube. To model this, we had to add Cells 2761-2781 (below) as well a6 Surfs 2701-2748 (below). 
In addition, the following two new exclusions requirrwnents had to be included in the description of 
the water (Cell 2130) between the aluminum reflector container and the pressure vessel: 
#(-2701 2742 -2748)  $ exclude bulk of this 2-plate collar assembly 
#(-a702 2701 2744 -2746 2711. -2710 2720) $ exclude horz spacer plate extension (Cell 2727) 
Also need the following new exclusion region added to the description of the water (Cell 2133) 
just outside the 6s sleeve around the beam tubet 
# (  2742 -2740) $ water outside sa sleeve, excluding bulk of 2-plate collar assembly 

Update on "2-plate collar" assembly; This is really called a "coolant collector". A very small insert sketch 
of on8 is shown up near HB-4 on Dwg 3-42027, Bheet 1, while the ref dwg no. for this part i n  Dwg E-49400. 
I was unaware of these sketches/drawings when I created the above model. Note however, that the approximate 
model that I did create and use was really not too bad and, since it (as 4 whole) was found to have very little 
impact on the fluxes at the dosimeter locations, any further refinements are orobably unwarrented. JAB 4-4-90 

1 4 )  Material m71 was added to get the Ni58(n,p)Co58 reaction rate [(n,p)=l03] in the dosimeters 
Material m72 was added to get the Pe54(n,p)Mn54 reaction rate [(n,p)=1031 in the dosimeters 
Tallies f25rn and f35:n were modified to calculate fluxes as well as these reaction rates in dosimeters. 

15) In reality, the inner edge of the HB3 veesel hole (where it penetrates the inner surface of the 
pressure vessel) is slightly rounded and has a curvature of 1.0625 inches (all the way around 
this ellintically shaped hole). Because thfs is rounded, the steel that would otherwise be there 
in this little corner element is really gone and replaced by water. Because of its very close 
proximity to the dosimeter at Key 3 Position 3. the erroneous use of steel instead of water will 
likely cauee one to slightly overestimate the fast flux at this dosimeter location. I believe 
(4-2-98) that it is important to model this with water to correctly moderate those neutrons which 
hit the beam tuba downstream of this location and then backscatter toward the dosimeter and pass 
thru this region. while I cannot "round the edge", I can certainly replace the rounded edge by a 
chamfer (ie knock off the sharp steel corner around thie ring and replace it by water) by using an 
elliptically shaped cone whose size and position are carefully calculated to preserve the correct 
amount of water (le, so that the amount of water in this chamfer ring is the same as what would be 
in this ring if the corners were actually rounded with the correct radius). To model this, we 
will need: three new surfaces (surfs 2110, 2111, and 2112, shown below), one new transformation 
(*tr42, shown below), and one new water-filled cell (Cell 2134, shown below). In addition, the 
main pressure vessel cell (Cell 2150)  must now exclude everything inside (is, include stuff only 
outside) the elliptically shaped cone defined by Burf 2110. These changes were first incorporated 
in Run H B 3 0 4 0  on 2 Apt 90. -- J.A. Bucholz (update: this made a Small difference, but very little) 

16) If/when doing dosimetry calcs for the old 1960 design, it was decided that one should probably use 
a better (more realistic) model of the old (1960) water tube eince this may have a small effect on 
backscatter toward the dosimeters. To do this, we added surfaces 2161-2165 below; must also: 
Raplace Cell 2140 with one of the following, depending whether you're modeling the old (1960) water tube or not: 
2140 23 -2.7 (2161 -2162 2163 -2153):(2164 -2165 -2163) imprnnl $ aluminum: part-length model of old (1960) water tube: 1st sph w 
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indow 6 cy1 section 

indow h cy1 section 
C 2140 61 -3.2325-4 (2161 -2162 2163 -2153):(2164 -2165 -2163) imp:n=l $ int void: part-length model of old (1960) water tube: 1st eph w 
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Delete the old exclusion spec for Cell 1010: 
#(2151 -2152) imprnnl $ tube void region (above) excluding 1st aluminum window in 1960 design (see cell 2140) 
and replace it with the following new exclusion spec for Cell 1010: 
#((2161 -2162 2163 -2153):(2164 -2165 -2163)) imp:n=l $ tube void region (above) excluding part-length model of old (1960) water tube 

While the dosimeter strips are really 55302, they are very tiny (typically 0.417 grams). The bulk of 
the 1.16"~Z.l~ dosimeter package is comprised of three carbon steel charpy V-notch specimens, with the 
tiny dosimeter strips laying perpendicularly across these specimens in the V-notches. Since the bulk 
of each dosimeter package is carbon steel, Cells 2581 & 2582 were'changed to mat1 m50 at 7.8212 g/cc. 

Just upstream of the dosimeters located at Key 3, Positions 3 and 8, are what appear to be two stainless 
steel pegs. The one in front of Position 3 is of particular concern since it directly shields the 
dosimeter from neutrons scattering in the nearby beam tube. The one in front of Position 8 is of 
less concern since it is more "off to the side". Nevertheless, both should be modeled. While I'll 
refer to these as "square pegs", each is really a large bolt going thru two thick tabs that stick out 
from the top and bottom Balves of the dosimeter holder assembly front plate (see Dwg E49953, Rev A, 
dated 30 Jun 1965). To model these, we will need 7 new surfaces (2533,2543,2544,2553,2554,2563,2564), 
and 2 new cells (2583 & 2584). In addition, Cell 2130 (and perhaps Cell 2133) will need the following 
two exclusion statements: 
#(2533 -2531 2553 -2554 2543 -2544) $ large water region (above), excluding stl #quare peg just upstream of dosimeter at Key 3, P o n i t . 3 0  

#(2533 -2531 2564 -2563 2543 -2544) $ large water region (above), excluding R S  square peg just upstream of dosimeter at Key 3, Positfo 

On 3 Apr 98, Pete Hambaugh gave me a full size dwg of the "Pressure Vessel Surveillance Specimen Mount 
ASsamblY for HB-1, 3, and 4 " .  lxvg E-49953, Rev A, dated 6-30-98. This a very good drawing of the 
assembly3 it is much better than the little sketches I was using, and clarifies a number of questions. 
Thus: For Run HB304H (3 Apr 98) aud all subsequent runs, Surfaces 2510-2564 (assocjatsd with the dosimeters 
and the dosimeter specimen holder at K e y  3 around HB-3) were all revised based on newly available data shown 
on this drawing. In particular, we can now model (with confidence) the large bolts and ss tabs (collectively 
referred to above and below as the *ss square pegsn which sit very close to the dosimeters in Positions 3 & 8 
of Key 3. Transformation tr40 was also revised as shown below, based on that newly available. Lastly, 
point detectors 25 and 35 (below) were repositioned EO as to correspond to what are the newly revised 
midpoints of the dosimeter locations, baaed on this newly available data. 

On 4 Apr 98, I made a number of small modeling improvements to improve the overall calculational 
efficiency and reliability. While a number of geometry cells were redefined, the actual physical 
distribution of materials was not changed at all. (1) The way the water outside the 8s sleeve 
(radially beyond the beam tube) was broken up into cells was changed in order to (a) reduce the 
number of exclusion regions required (especially in cell 2130) and to (b) allow for a new importance 
region in the water outside the ss sleeve but inside the vessel in the vicinity of the dosimeters. 
To accomplish this, one new water cell (Cell 2135) wu added while Cells 2130 & 2133 were modified. 
(2) TO allow the nozzel and that portion of the vessel near the dosimeters to have a higher importance, 
the cell corresponding to the nozzel was extended thru the vessel wall, while the region now called 
the vessel was pushed back (radially) the same offsetting amount. This required the modification 
of Cells 2150 & 2151. (3) To allow better statistical sampling in those regions close to the 
dosimeters, I decided to use imp:n=2 for a number of cells including: ..................................... 
Cells 2131 <- -  for 

Cells 2132 4-- for 
Cells 2133, 2134 & 2135 <- -  for 
Cells 2151 P 2152 <-- for 
"ells 2581, 2582, 2583, 2584, 2591, 2592 & 2593 <-- for 

C ills 2761, 2762, 2771, 2772, 2773, 2774 & 2781 <- -  for 

the water outside the beam tube but inside the ss sleeve surrounding it, near the v 

the ss sleeve surrounding the beam tube near the vessel nozzel 
the water outside the ss sleeve that is within about 20 cm of tha dosiineters 
the newly defined vessel nozzle region and flange 
the 8- 'xeters & those cells comprising the dosimeter bolder ring 
celli xiated with the 2-plate collar holding the cooling tube 
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without adding too much to the calculational overhead. 

The following error was corrected by JAB on 6 Apr, just prior to suhitting Run HB304K: 

bad surf: 2110 42 sq 0.9262359 0.9880902 -1.0 0 0 0 0 0 0 0 $ elliptical cone used to define chamfer between HB3 vessel hol 
of pressure vessel 
bad tranf: Ctr42 $ use tr42 to locate and position the elliptical cone used to define chamfer between HB3 vessel hole and inner surf of p 

bad tranf: 0.0 -2.14265 128.18364 $ location of local origin (center of elliptical cone), relative to the global origin (cm) in 

-----_------------_____^_^______________----------------------------------------------- 

bad tranf: 
bad tranf: 
bad tranf: 

0 90.0000 90.0000 $ degrees from global x , y , z  axes to local x axis 
90 12,6575 -77.3425 $ degrees from global r ,y , e  axes to local y axia 
90 102.6575 12.6575 $ degrees from global x,y,z axes to local, z axis 

The above specification was used in Rune HB304G h HB304H. Subsequent graphical analysis of the flare at the nddplarle ( x - 0 )  
showed that this elliptical cone chamfer wa6 NOT a good representation of the rounded corners, and (in fact) cut off too 
much steel from the vessel and subetituted too much water. The graphical analyehi was reworked, using some CAD work 
and some equations this time, and the following wa6 found to be a much more accurate representation. -- JAB, 5 hpr 98 

Input files for HE3041 & HB304J were also no good. These were failed attempts to fix the problem. Thoae two cases 
( I h J )  were nevex run since similar problems were noticed during the graphical checkout ate9 before final sub;missiori. 

Run HB304K (whoee correct input i E  ahown below) was the firt run which had this correct.. TR42 afeo changed. -- JAB 6 Apr 98 
The following correction6 to Surf 2110 and Trans *tr42 were mads'by JAB on 6 Apr 98, just prior to eubmitting Run H B 3 0 4 t :  

A 
2110 42 eq 0.928252 3.0 -1.0 0 0 0 0 0 0 0 $ elliptical cons used to define chamfer between HB3 vessel hole and inner surf of - 

\o 
*tr42 $ use tr42 to locate and position the elliptical cone used to define chamfer between KB3 vessel hole and inner 6 U Z f  of preneura vess 

0.0 -2.02265 127.62367 $ location of local origin (center of elliptical cone), relative to the global origin (cm) in HE-3 model 
0 90.0000 90.0000 $ degrees from global n r y , z  axe8 to local x axie 
90 12.6929 -77.3071 $ degrees from global x,y,a w e e  to local y axis 
90 102.6929 12.6929 $ degrees from global K , ~ , z  axen to local z axis 

Muaerical experiment in Run HB304Mt 

Shift sources 0.54  cm to right of beam tube centerline to account for the anisotropic effect 
of more neutrons entering the one aide of the beam tube than the other -- JAB, 4-7-98 3 am 

In Run HB304M2: Shift sources 1.05 cm to right of beam tube centerline to account for the anisotropic 
effect of more neutrons entering,the one side of the beam tube than the other1 also need to increase 
nps by 50% (from 40w to 60M) to preserve statistics at Posn 3, since shifting the 6ourae thia much will 
cause fewer neutrons to imgact the Key 3 Posn 3 (HE-2 side) of the XB-3 beam tube due to the shi€t in 
direction cosines relative to the outward normal of the circular beam tube. -- JAB, 4-7-98 6 pm 

In Run X8304M3: Shift sources 1.5 cxn to right of beem tube centerline to account for the aniaotropfc 
effect of more neutrons entering the one side of the beam tube than the other; also need to inatease 
nps by fram 60M to 8OM) to preeerve statistics at Posn 3, since shifting the source this much will 
cause fewer neutrons to impact the Key 3 Posn 3 (HB-2 side) of the 218-3 beam tube due to the shift in 
direction cosines relative to the outward normal of the circular beam tube, -- JAB, 4-7-98 6 pm 

In Run K8304M4: Shift sources 1.6986 cm to right of beam tube centerline to account for the anisotropic 
effect of more neutrons entering the one side of the beam tube than the other! also need to increase 
nus by from 60M to BOM) to preserve statistics at Posn 3, since shifting the source this much will 
cause fewer neutron6 to impact the K e y  3 Posn 3 (HB-2 aide) of the HB-3 beam tube due to the shift in 
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HB308G.I 
direction cosines relative to the outward normal of the circular beam tube. 

Important note: Rather than trying to find an offset that might match the known dosimetry results better, 
this particular offset (of 1.6986 cm) was based on a theoretical model which considered the RATIO of 
("the radial outward component of the current (from H83, in direction of H84) at 29101.5 cm" to the 
"the radial outward component of the current (from HB3. in direction of HB2) at 2-107.0 cm") based on 
80400 source points on a hemispherical shell (R-7.76 cm) 1.0 cm into the Be (just past the hot end of the 
beam tube) and Cheverton's known fast flux distribution as a function of radial distance from the core 
centerline (see HPIR Nuclear Design document) in this region, which changes by a factor of 4 from one side 
of the hemisphere to the other. See FADIST7.FOR for more details about the methodolow used to determine 
this offset. -- JAB, 4-15-98 11 am 

On the sdef card, we now need to "open up" the allowed angular distribution a little wider for the 
dosimetry calci setting mu(min)=0.71 will allow neutrons from even the most forward epuiv pt source 
(at 2-68.7 cm) to hit the beam tube at 2a75.473 cm, which is well (31.654 cm) upstream of the first 
dosimeter which is located at Z=107.1276 cm. To accomplish this we need to do 2 things associated 
with the sdef card: (a) on the si3 (ang diat) card, set mu(min)=0.71, and (b) on the sdef card 
itself, set wgt~0.145 =(mumax-mumin)/2 

wgtiQ.145 $ use this with mu(min)=0.71 in 83 for dosimetry calc Only9 wgt = [rnu(max)-mu(min)]/[(+1)-(-1.)] = [1.0-0.81/2 = 0,145 
si3 h 0.71 1.0 $ open up angular distribution for dosimetry run1 rnu boundaries (i-e, cosine boundaries wrt vec) 

......................................... 

In Run HB304M4, will also increase nps to 120,000,000 to preserve statietics after mu is opened up from 0.8 to 0,71 _______----------_______________________- 
Added 4-7-98: Use of Surf 2534 (instead of Surf 2531) in the definition of Cella 2581 b 2582 allows the 
portion "of the e8304 cover plate of dosimeter holder ring directly Upstream of the dosimeters" to be modeled 
separate from the carbon steel Charpy apecimens in the 1-cm-thk dosimeter capsules (Cells 2581. h 2582). 
To do this also requires that the exc1.usion specs for Cell 2591 (the holder ring) be modified as follows: 
X(2534 2551 -2552 2541 -2542) $ Key 3 dosimetry specimen holder ring (ss304), excluding dosimeter at Key 3, Position 3 
t(2534 2562 -2561 2541 -2542) $ Key 3 dosimetry specimen holder ring (ss304), excluding dosimeter at Key 3, Position 8 

Used to study shielding effectiveness of water tube (work performed by Jim Bucholz for Mike Farrah, Mar/Apr 1998): 

Ref 1: Dwg of HB-1 (e:\ham\ustn\allbeamll97.dgn Jan 29, 1998 12:55:09), where H8-3 is said to be the same. 
Ref 2: Dwg M-11537-08-001-E, Fob 13, 1998, 10:30:22, dwg of HB-1 (essentially the same as Ref 1, but smaller) 
Raf 3 t  Dwg E-42027, Sheet 1, Apr 11, 1995, showing location on HB-3 & 1st aluminum window in vessel, as built 
Ref 4; Dwg E-42027, Sheet 2, Apr 11, 1995, showing typical beam tube collimator & rotary shutter, as built 
Ref 5: Dwg 1546-01-M-5022, Rev Sep 18, 1961, showing concrete around HB-3 beam tube collimator & rotary shutter 

Distance from outside of vessel nozzel boss to radial plane 
perpendicular to beam tube (as specifically stated in R e f  3): 

HB-1: 52.0 inches = 132.08 cm 
HB-2: 54.5 inches - 138.43 cm 
HB-3: 5 4 . 0  inches - 137.16 cm 
HB-4: 52.0 inches - 132.08 cm 

Notes regarding length of the 1998 water tube: 

The location of the 1st a l ~ m ~ 5 ~ ~ 1  window relative to the vessel nozzel boss (cf Ref 1 & 2) is believed to be 
correctly modeled here. Likewise, the 2nd aluminum window relative to the beam tuba collimator assembly 
(cf R e f  1 & 2) is believe8 to be correctly modeled here. Given the location of the beam tube collimator 
assembly (Ref 1 h 2 )  relative to the concrete biological shield specifically around HB-3 as shown in Ref 5,  
however, the length of the new He-3 water tube [from Surf 2154 at 2-174.95125 cm, to Surf 4110 et 2-302.1868 cm 
(total' .th of water whsn flooded - 127.23555 cm)] is about 2.03 inc' shorter than shown for HE-1 on Refs 
1 & 2, about 89.8 cm ahorter than the water tube originally in HB- >te, however, that this 2" difference 

i.3 
0 



, 
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C in water tube length between HB-1 and HB-3 ie wholly consietent with the data in Ref 3 above if the vessel 
C flange hardware and collimator hardware are the same for HB-1 and HB-3 -- J. A. Bucholz, 3-21-98 
C 
C 

C 
C 

C 
C 
1000 
1001 
1002 
1003 
1004 
1005 
C 

BEGIN CELLS: 

HB-3 (Tangential tube)r sign on some surfs changed to 

61 -3.2325-4 -1000 -1006 imp:n=l $ 

5 -0.98465 -1002 1001 -1006 imp:nrl 8 
24 -2.7 -1003 1002 -1006 impzn=l $ 
5 -0.98465 -1004 1003 -1006 imptnml $ 
24 -2.7 -1005 1004 -1006 in\p:n=1 $ 

24 -2.7 -1001 1000 -1006 iWta-0 $ 

....................... 

accomodate thie local model 

endcap void region replaced with He at 2 atm (3.2325-4 g/cc) 
endcap inner A1 wall (imp-0 to kill all inward-directed neutrons) 
endcap water 
endcap outer A1 wall 
endcap water jacket 
endcap A1 Be liner 

c Cells 1008 & 1009 should be VOID (61 -3.2325-4) if looking at the 1998 water tube (normal condx or flooded) or the 1960 water tube under normal (dry) 

c Cells 1008 & 1009 ehould contain WATER (8 -1.0000) ONLY if looking at 1960 water tube when flooded, 
1008 61 -3.2325-4 -2164 -2163 inp:n=l $ hemispherical VOID inside tip of ' * d r y  1960 water tube 
1009 61 -3.2325-4 -2161 2163 -2153 imp:n=l $ cylindrical VOID inside 1960 water tube, upstream of where 1998 water tube begins 

conditions. 

C 1009 8 -1.0000 -2164 -2163 imprn=l $ hemispherical WATER region inside tip of "flOOd6d" 1960 Water tube 
C 1009 8 -1.0000 -2161 2163 -2153 i a : n = l  $ cylindrical WATER region inside 1960 water tube, upstream of where 1998 water tube begins 

C obsolete 1st: #(a151 -21523 $ obsolete (too approximate) $ tube void region (above) excluding 1st a l d n u m  window in 1960 design (see cell 2 1 4 0 )  

C ____-----I------------- 

1010 61 -3.2325-4 -2153 -1010 1006 $ tube void region replaced with Us at 2 atm (3.2325-4 g/cc) 

c obsolete 2nd: #((2161 -2162 2163 -2153):(2164 -2165 -2163)) $ tuba void region (above) excluding part-length model of old (1960) water tube: 1st sph 

P window & cy1 section 

2 2165 #(-2162 2163) imp:n=I $ tube void region (above), excluding old aluminum 1960 water tube P everything in it 
1011 24 -2.7 -2153 -1011 1010 1007 impon-1 f tube inner A1 wall (surf 1007 i€i  the niqaortance cutoff plane") 
10110 14 -2.7 -2253 -1011 1010 1006 -1007 imp:n=0 $ tube inner A1 wall (used to kill all neutrons not within most forward-directed cone 
1012 5 -0.98465 -2153 -1012 1011 1006 imp:n=l $ tube water 
1013 24 -2.7 -2153 -1013 1012 1006 impin-1 $ tube outer A 1  wall 
1014 5 -0.99465 -2012 -1014 1013 1006 imp:n=l $ tube water jacket [now cut off at cage (2012) as it should bel 
1015 24 -2.7 -2012 -1015 1014 1006 fmp:n=l $ tube A1 Be liner [now cut off at cage (2012) as it should bel 
C 
C 
c Main cylindrical components outside HE-3: 
C 

2024 108 1.23156-1 -9999 9997 -2010 1005 #(-lo15 1006) imptn-il $ permanent Be refl (0.123156 atms/b*cmj typical comp, center ring)! exclude HB-3 
2110 5 -0.98465 -9999 9997 2010 -2011 1015 in\p:n=l $ water between Be refl and a l d n u m  reflector container 
2120 23 -2.7 -9999 9997 2011 -2012 1015 i-:n=l $ aluminum refl container 
C 
C 
2130 7 -0.9899 -9999 

1013 
C 2121 
C #( -a530 
C #(-a520 
C #(-a510 
C #(-2702 
asembly 

C #(-a701 
meter ring 
C #(a533 
ne 3 
C t(2533 
ns 8 

9997 2012 -2013 $ large water 
#(-2101 2150) $ large water 
2126 $ large water 

2531 -2532) $ large water 
2521 -2522) $ large water 
2511 -2521) $ large water 

2701 2744 -2746 2711 -2710 2720) 

2742 -2748) $ large water 

-2531 2553 -2554 2543 -2544)  

-2531 2564 -2563 2543 -2544) 

imp:n-l $ large water 

region between aluminum refl container and the pressure vessel 
region (above); excluding beam tube & regiann around beam tube near vessel 
region (above); excluding the two small doeimeter location6 (obsolete modeft 
region (above); excluding the dosimeter holder ring (and dosimeters) 
region (above); excluding thick inner hub of the holder ring 
region (above)t excluding thin inner sleeve of the holder ring 

$ large water region (above); excluding horz spacer plate extension (Cell 2727) on 2-plate collar 

region (above); excluding bulk of 2-plate collar aesy 

$ large water region (above), excluding fie square peg 

$ large water region (above), excluding 8s square peg 

region (above) 

on ss eleeve outside beam tube close to dosi 

just upstream of dosimeter at Key 3, Positio 

just upstream of dosimeter at Keg 3, Positio 
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2131 7 -0.9899 1013 -2130 2150 -2153 
2132 40 -7.92 2130 -2131 2150 -2153 
2133 7 -0.9899 2131 -2101 2150 -2013 
C 2121 2126 

#(-a530 2531 -2532) 
#(-2520 2521 -2522) 
#1-2510 2511 -2521) 

C # (  2742 -2748) 
8 sleeve outside beam tube close to dosimeter 

#(-2702 2701 2744 -2746 2711 
assembly 

meter ring 

3, Positions 3 

3 ,  Positions 8 

# 

# 

# 

2134 7 -0.9899 
2135 7 -0.9899 
C 

C 

C 
C 

C 
C 

C 

C 
C 
C 

C 

C 
C 
C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 
C 

C 

C 
C 

C 
C 

irnp:n-2 $ water between beam tube and 8s sleeve near vessel 
imp:n-2 $ 8s sleeve around beam tube, near vessel 
$ water just outside 8s sleeve but inside main pressure vessel, in vicinity of dosimeters 
$ water just outside 8s sleeve (above), excluding dosimeter locations 
$ water just outside 8s sleeve (above)r excluding the dosimeter holder ring (and dosimeters) 
$ water j u s t  outside 8s sleeve (above), excluding thick inner hub of the holder ring 
$ water just outside 8s sleeve (above), excluding thin inner sleeve of the holder ring 
$ water just outside ss sleeve (above), large water region (above)j excluding bulk of 2-plate collar assy on s 
ring 
-2710 27201 $ large water region (above)j excluding horz spacer plate extension (Cell 2727) on 2-plate collar 

-2701 2742 -2748) $ large water region (above)l excluding bulk of 2-plate collar asey on ss sleeve outside beam tube ClOEe to dosi 

2533 -2531 2553 -2554 2543 -2544) $ water just outside 8s sleeve (above), excluding ss square peg just upstream of dosimeter at Key 

2533 -2531 2564 -2563 2543 -2544) $ water just outside ss sleeve (above), excluding ss square peg just Upstream of dosimeter at Key 

imp : n=2 $ water just outside ss sleeve (above) 
2013 -2016 2100 -2110 2112 imp:n-2 $ water in elliptical cone chamfer ring where hb3 vessel hole penetrates inner wall of vessel 
2131 -2100 -2105 2013 imp:na2 $ water outside 8s sleeve but inside vessel nozzel 

Note regarding dosimeters: the two cards ehown below clearly define the location of the actual dosimeters presently 
in use around HB-3. Nevertheless, without further (questionable) changes to the znodel, the results here are probably 
not even worth tabulating. Reason: The equivalent point 80ur6es used in t4is HB-3 analysis (of the voided & flooded 
water tube) were based on global model point detectors at Zi120.6879, 185.9844, 251.2809 k 316.5774 cm from the radial 
plane perpendicular to the HB-3 beam tube. Moreover, for the analysis of the HB-3 water tube (the primary purpose of 
this study), we spray neutron isotropically only over a very narrow forward-directed cone [cos(theta).gt. Q.9653350561 
that includes this region of interest, and assign the inner wall of the beam tube an importance of Q,O for all locations 
below plane 1007 at 29118.6879 cm (see cell  10110). This is done primarily in the name of efficiency in this water tube 
analysis, but also because points below this would be outside the axial range where we know our equivalent point sources 
give good results. Unfortunately, these two dosimeters are located at 21107.1276 cm and 112,9905 cm respectively (see 
surfaces 2121 and 2126). Thus, with the present model, these two dosimeters probably won't see any neutrons except for 
a few stray ones that might backscatter into this region. If one really wants to check fluxes at these dosimeters, one 
would have to lower plane 1007 in cell 10110, and open up the angular range on the sdef card to the point where our 
equivalent point sources may or may not still be valid. At any rate, doing so would greatly decrease the efficiency 
of the water tube analysis that we originally wanted to focus on. -- J.A. Bucholz, 3-20-98(a) 

Updated thoughts: Neutron group 16 in the VELM library goes from 0.907 Mev to 1.108 MeV. Virtually all of the 
equivalent point neutron source8 €or these first 16 energy groups lie between Z=31 and 2=70 cm (indeed, most lie 
between 2-45 cm and Z=60 cm). Thus, if we use an energy cutoff card set at 1 MeV (a8 typically done for dosimetry 
calcs), we could probably make the modification6 described above without seriously impacting the quality of the 
results at the dosimeter locations. [Efficiency of the water tube calc would go to pot, but if we use this ECVT 
card for the dosimetry, we would (by definition) not be interested in the water tube results in this calc anyway]. 
Thus, we can probably do the dosimetry study -- at least for fast neutrons above 1 MeV. Nevertheless, a better 
course of action might be to take this geometry model, then apply the approach I took last fall with HB-2 (involvinp 
a finite line source with all neutrons in a prescribed direction wrt the axis). It gave absolutely excellent results, 
very quickly. -- J .A .  Bucholz, 3-20-98(b) 

$ obsolete $ 2134 50 -7.8212 -2121 imp:n=l $ dosimeter (modeled as carbon steel] really Charpy v-notch specimens) just slightly on HB-4 side 
of m-3 

of HB-3 
C $ obsolete $ 2135 50 -7.8212 -2126 isnp:n=l $ dosimeter (modeled as carbon Steel; really Charpy V-notch specimens) just t-ilightly OIL HB-2 side 

C $ obsolete $ 2134 7 -1.0000 -2121 imp:n=l $ dosimeter (now modeled as water; specimens are quite emall) just slightly on HB-4 side of AB-3 
C $ obsolete $ 2135 7 -1.0000 -2126 imp:n-l $ dosimeter (now modeled as water1 specimens are quite small) just slightly on HB-2 side of HB-3 
C The above (oversiwlified) doeimeter cells have been replaced by cells 2581 and 2582, along with cells 2591-2593 for the dosimeter holder assembly ( 
ring) 
C 
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C ................................. 
c U s e  the following two if looking at the old 1960 HB-3 design: (must also set 
C 8 obeolete $ 2140 23 -2.7 -1010 2151 -2152 imp:n=l $ aluminum: 1st 

Options on Cells 4305 & 4380 below) 
window at start of water tube (old 1960 location) 

C 2140 23 -2.7 (2161 -2162 2163 -2153):(2164 -2165 -2163) imprn-1 $ aluminum: part-length model of old (1960) water tube: 1st sphericaJ. window 

C 2141 61 -3.2325-4 -1010 2153 -2154 imp:n-1 $ int void: 1st window at start of water tube (new 1998 location) 

C $ obeolete $ 2140 61 -3.1335-4 -1010 2151 -2152 imp:n-l $ int void: 1st window at start of water tube (old 1960 location) 

P cylindrical section 

C 
c Use the following two if looking at the new 1998 HB-3 design: (must also set options on Cells 4305 & 4380 below) 

2140 61 -3.2325-4 (2161 -2162 2163 -2153):{2164 -2165 -2163) imprnal $ int void: part-length model of old (1960) water tube: 1st spherical window & cy1 
indrical section 
2141 23 -2.7 -1010 2153 -2154 imp:n-l $ aluminum: 1st window at start of water tube (new 1998 location1 
C 
C 
2144 24 -2.7 -2136 1010 2153 -2154 imp:n=l $ aluminum ring joining regular section of beam tube to expanded section 

................................. 

C 
C -------------_------____I________ 

c Use the following two  
C 2145 61 -1.0s-20 
ion) 
C 2146 61 -1,0e-20 
veeeel 
C 
c Wee the following two 
3145 6 -1.0000 -2134 
2146 8 -1.0000 -2135 
C 
C 

2147 
C 

C 
C 
C 

C 

C 
C 

2150 
2151 

2152 
C 

if beam tube is void, as in normal operation: 
-2134 2154 -4110 imp:n-l $ void inside main cavity of expanded beam tube outside vessel (if void, as in normal operat 

-2135 2134 2154 -4110 imp:n-1 $ void in pneumatic tube coils located just inside outer wall of expanded beam tube outside 

if beam tube is flooded €or maintenance work: 
2154 -4110 imp:rt=l $ water inside main cavity of expandell beam tube outside vessel (if flooded for maintenance) 
2134 2154 -4110 imptn-1 $ water in pnsumatic tube coils located just inside outer wall of expanded beam tube outsids vesael 

--"------__-c-_-----______m____ 

In the name of simplification, lets combine 
2140 40 8,62373-2 -9999 9997 2013 -2014 
2150 50 0.74142-2 -9999 9997 2014 -2015 
2160 4 0  8.62373-2 -9999 9997 2015 -2016 
2150 so -7.8212 -9999 9997 1013 -20x6 

50 -7.8212 -9999 9997 2013 -2016 2101 
50 -7.8ai2 2100 -2101 -2105 2013 9997 

50 -7.8212 -2101 2131 2105 -2106 
#(-2110 -2111) 

............................... 

the inner & outer 
2100 imp:n=i $ 
2100 imp:n=l $ 
ai00 imp:n=l 6 
2100 imp:n=I $ 

i-:n=l $ 
$ 

imp:n=d 6 
imp:n*2 $ 

P 
s 

expanded section o f  the new HB-3 beam tube outside vessel 

85 liners with the main vessel, and treat all as carbon steel 
pressure vessel's inner liner 
main pressure vessel (thick carbon steel) 
pressure vesselrs outer liner 
main pressure veasel (thick carbon steel + inner & outer liners) 
main pressure vessel (thick carbon steel + inner P outor liners) 
vessel nozzel boss around He-3 
verse1 nozzel boss around HB-3 (above)r excluding HE3 chamfer (surf 2110) 
carbon steel flange on veseel nozzel boss by He-3 

2170 8 -1.0000 -9999 9997 2016 -2017 $ water pool between pressure veesel and concrete bioshield 
#(-2136 2153) #(-2131 -2153) $ water pool (above) excluding expanded section of HB-3 beam tube 
#(4100 -4225) $ water pool (above) excluding everything inside 8s sleeve (water & beam tube) where beam tube enters 

#(-2101 -2106) imp:n=l $ water pool (above) excluding vessel boss (and flange) around HB-3 
concrete bioshield 

C 
C 
c Cells associated with dosimeters & dosimeter specimen holder at Key 3 around HB-3 (see Dwp. E-49953, Rev A, 6-30-65): 
C ------------_-^-----I___________________-------------------------------------------------------------------~-------- 

c $ obaolete $ 2581 4 0  -7.92 2531 -2532 2551 -2552 2541 -2542 imp:n=l $ 
deled as ss304) 
c $ obsolete $ 2582 4 0  -7.92 2531 -2532 2562 -2561 2541 -2542 imp:nnl $ 
deled as ss304) 
C 
C $ obaolete $ 2581 50 -7.8212 2531 -2532 2551 -2552 2541 -2542 imp:n=2 
modeled as carbon steel) 
c $ obsolete $ 2582 50 -7.8212 2531 -2532 2562 -2561 2541 -2542 imp:n=2 

dosimeter at Key 3, Position 3, just slightly on HB-2 side of HB-4 (mo 

dosimeter at Key 3 ,  Position 8, just slightly on HB-4 side of HB-3 (mo 

$ dosimeter at Key 3, Position 3, just slightly on HB-2 side of ZLB-3 ( 

$ dosimeter at Key 3, Position 8, just slightly on HB-4 side of HB-3 ( 
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modeled as carbon steel) 
C 
C $ added 4-7-98: Use of surf 2534 (instead of 2531) allows the ss304 cover plate of dosimeter holder ring to 
C $ added 4-7-98: be &eled be separate from the carbon steal Charpy specimens in 1-cm-thk dosimeter capsules 
2581 50 -7.8212 2534 -2532 2551 -2552 2541 -2542 imp:n=2 $ dosimeter at Key 3 ,  Position 3, just slightly on NB-2 side of HB-3 (modeled as carbon s 
teel) 
2582 50 -7.8212 2534 -2532 2562 -2561 2541 -2542 imp:n=2 $ dosimeter at Key 3, Position 8, just slightly on HB-4 side of HB-3 (modeled a8 carbon B 

teel) 
C 

2583 40 -7.92 2533 -2531 2553 -2554 2543 -2544 im3:n=2 $ 8s square peg just upstream of dosimeter at Key 3, Position 3 
2584 40 -7.92 2533 -2531 2564 -2563 2543 -2544 imp:nm2 $ ss  square peg just upstream of dosimeter at Key 3, Position 8 
C 
2591 40 -7.92 2520 -2530 2531 -2532 $ Key 3 dosimetry specimen holder ring (68304) 

#(2534 2551 -2552 2541 -2542) $ Key 3 dosimetry specimen holder ring (ss304). excluding dosimeter at Key 3, Position 3 
#(a534 2562 -2561 2541 -2542) $ Key 3 dosimetry specimen holder ring (ss304), excluding dosimeter at Key 3 ,  Position 8 

2592 
2593 
C 
C 

C 
C 

C 

2761 
2762 
C 

imp : n=2 $ Key 3 dosimetry specimen holder ring (~6304) 
40 -7.92 -2520 2521 -2522 2131 imp:n=2 $ short thick sa304 cylindrical sleeve on Key 3 dosimetry specimen holder 
40 -7.92 -2510 2131 -2521 2511 imp:n-2 $ long thin as304 cylindrical sleeve on Key 3 dosimetry specimen holder . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Cells associated with the ?-plate collar holding cooling tube on ss sleeve outside beam tube close to dosimeter ring 

40 -7.92 -2701 2131 2742 -2144 imp:n=2 $ 1st (upstream) ss  plate of 2-plate collar assembly 
40 -7.92 -2701 2131 2746 -2748 i~t@:n=2 $ 2nd (downstream) ss plate of 2-plate collar assembly 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2771 40 -7.92 -2701 2131 2744 -2746 2711 -2712 imp:n=2 $ horizontal 8s spacer plates (right h left, top & bot >m, treated as one cel 
P 
t3 2772 40 -1.92 -2702 2701 2744 -2746 2711 -2710 2720 

ssel water (Cell 2130) P 
2773 40 -7.92 -2701 2131 2744 -2746 2724 -2728 #(2722 -2726) imD:n=2 $ vertical ss spacer plates (right & left, top ti bottom, treated 8s one cell.) 
2774 7 -0.9899 -2101 2131 2744 -2746 2722 -2726 impsn-2 $ water between vertical spacer plates 
C 
2781 1 -0.9899 -2701 2131 2744 -2746 .$ water between main upstream h downstream plates of 2-plate collar assembly 

imp:n=2 $ horizontal 88 epacer plate extension (on one side only)i must exclude this from VI 

C 
C 

C 

C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 

C 
C 
C 

((2711 -2712) #(2724 -2728) $ water (above), excluding horizontal & vertical spacers 
imp: n-2 $ water between main upstream & downstream plates of 2-plate collar assembly 

______________________I_________________--------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

Intermediate notes using COMJOM-like notation to describe the'cells in and around the HB-3 shield plug: 

box1 (3083 -3073 3023 -3033 3006 -3001) 
box2 = (3082 -3072 3022 -3032 3005 -3001) 
box3 .) 
box4 = 
box5 - 
box6 - 
box7 - 
box8 - 
cy19 I 
cy110 - 
cylll - 
cy112 I 

3103 -3093 3043 -3053 3010 -3002 
3102 -3092 3042 -3052 3009 -3002 
3081 -3071 3021 -3031 3004 -3001 
3080 -3070 3020 -3030 3003 -3002 
3101 -3091 3041 -3051 3008 -3002 
3100 -3090 3040 -3050 3007 -3002 

(-3120 3061 -3062) 
(-3121 3061 -3063) 
(-3122 3060 -3064) 
(-3110 1 

Cell 3001 - bconc den (former cell 3001) #box3 #box1 imp:n-1 $ revised model of barytes concrete forming bioshield 
Cell 3010 - 8s den box1 #box2 #box3 inrprn-1 $ 8 s  liner on bioshield near big (downstream) side of removable block containing ahim.P? plug 
Cell 30' ' 6s den box3 #box4 #box2 iwin-1 $ ss liner on biosh' near small (upstream) side of removable block containing sh plug 
Cell 3t as den box5 #box6 #box7 #cy112 imp:n-1 $ 8s liner .g (downstream) side of removable concrete block containing L id plug 



C Cell 3040 
C Cell 3050 
ield plug 
C Cell 3060 
lug 
C Cell 3070 

= 8s den box7 #box8 #box6 #cy112 impnn=l $ ss 
I void den (box4 OR box2) #box7 #box5 imprn=l $ 

I bconc den (box8 OR bor6) #cy111 #cy112 imp:n=l 
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liner on small (upstream) side of removable concrete block containing shield plug 
void immediately upstream of, (and around) the removable concrete block containing sh 

$ barytes concrete forming bulk of the removable concrete block containing shield p 

m 8s den cyll.1 #cy110 #cy112 imp:n=l $ 8s liner inside the removable concrete bl.ock containing shield plug 
C cccc Cell 3080 = void den (box7 OR b0%5) inside cy112 #cy110 imp:n-l $ void near centerline, upstream and downstream of shield plug. imide 

C Cell 3080 = void den (box7 OR boxS) inside cy112 #cy19 imp:nrl $ void near centerline, upstream and downstream of ahield plug, inside removable 

C Cell 3090 = cstl den cy19 iw:n=l $ carbon steel forming the actual shield plug 
C Cell 3100 void den clyl0 #cy19 imp:n=l $ void gap around the cylindrical shield plug 

removable concrete block 

concrete block 

C 
C Final MCNP description of the cells in and around the HB-3 shield plug: 
C 

C 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3000 61 -1.0e-20 -9999 3001 -9998 9990 imprnnl $ void downstream of the HB-3 shield plug (shutter); excl small sph around pt where Blosser bc Tho 
mas made measurements 

c 
c the HB-3 shield plug (really surf 3010), out to the downstream edge of the removable block containing the shield plug: 
3001 62 -3.09725 -9999 3010 -3001 $ barytes concrete bioshield (outermost part) 

#(3103 -3093 3043 -3053 3010 -3002) $ barytes concrete bioshield (outermost part) 
#(3083 -3073 3023 -3033 3006 -3001) $ barytes concrete bioshield (outermost part) 
#(4195 -4198) $ barytes concrete (above) excluding the 3 infinitesimal void slab illices by boundary source 
imp : n= 1 $ barytes concrete bioshield (outermost part) 

C 
Barytes concrete bioshield from the upstream edge of the cavity containing the removable concrete block containing 

C R 
c Barytes concrete bisehield from beyond pool liner (liner not modeled) out to upstream edge of removable block containing shield plug (really eurP 3030 
1 
3002 62 -3.09725 -9999 9997 -3010 2017 2136 $ basytes concrete bioahield (from pool liner to shutter assembly cavity) 

#(4155 -3010 -4265) 4225 $ barytes concrete (above) excluding everything inside ss bioshield liner around collimator aesenibly 
impin=l $ barytes concrete bioshield (from 9001 liner to shutter assembly cavity) 

C 

C 

C 
3010 40 -7.92 (3083 -3073 3023 -3033 3006 -3001) 

#(3082 -3072 3022 -3032 3005 -3001) 
#(3103 -3093 3043 -3053 3010 -3002) 
iWrn-1 

C 

3020 40 -7.92 (3103 -3093 3043 -3053 3010 -3002) 
#(3102 -3092 3042 -3052 3009 - 3 0 0 2 )  
#(3082 -3072 3022 -3032 3005 -3001) 
#(4195 -41981 
4240 impanel 

of collimator assy) 
C 

$ 8s liner on bioshield near 
$ ss linar on bfoahield near 
$ ss liner on bfoshield near 
$ 8s liner on bioshield near 

$ 8s liner on bioshield near 
$ ss liner on biorhield near 
$ 8s liner on bioshield near 
8 88 liner (above) excluding 
$ 8s liner on bioshield near 

big (downstream) 
big (downstream) 
big (downstream) 
big (downstream) 

small (upstream) 
small (upstream) 
small (umstream) 

side of removable block containing shield 
side of removable block containing ahield 
side of removable block containing shield 
aide of ramovable block containing shield 

side of removable block containing shield 
side of removable block containing shield 
side of removable block containinn shield 

the 3 infinitesimal void slab slices by boundary source 
small (upstream) side of removable block containing shield 

3030 40 -7.92 (3081 -3071 3021 -3031 3004 -3001) $ as liner on big (downstream) 
#(3080 -3070 3020 -3030 3003 -3002) $ 8s liner on big (downatream) 
#(3101 -3091 3041 -3051 3008 -3002) $ 8s liner on big (downstream) 
3110 imp:n=l $ 8s liner on big (downstream) 

C 

3040 40 -7.92 (3101 -3091 3041 -3051 3008 -3002) $ sa liner on small (upstream) 
X(3100 -3090 3040 -3050 3007 -3002) $ 8s liner on small (upstream) 
#(3080 -3070 3020 -3030 3003 -3002) $ ss liner on small (upstream) 
3110 imp:n.il $ ss liner on emall (upstream) 

3050 61 -1.0e-20 ((3102 -3092 3042 -3052 3009 -3002): $ void immediately upstream 
C 

side of removable concrete block containing shield plug 
side of removable concrete block containing shield plug 
side of ramooable concrete block containing shield plug 
side of removable concrete block containing shield plug 

side of removable concrete block containing shield plug 
side of removable concrete block containing shield plug 
side of removable concrete block containing shield plug 
side of removable concrete block containing shield plug 

of (and around) the removable concrete block containing shield plug 
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3082 -3072 3022 -3032 3005 -3001)) $ void immediately upstream of (and aroundj the removable concrete block containing shield plug 

# 3101 -3091 3041 -3051 3008 -3002) $ void immediately upstream of (and around) the removable concrete block containing shield PlUQ 
# 3081 -3071 3021 -3031 3004 -3001) $ void immediately upstream of (and around) the removable concrete block containing shield plug 
# -4195 -4245) $ void (above) excluding downstream end of collimator assembly and flange 
#(4195 -4198) $ void (above) excluding the 3 infinitesimal void slab slices by boundary source 
imp:n=l $ void immediately upstream of (and around) the removable concrete block containing shield plug 

C 
3060 62 -3.09725 ((3100 -3090 3040 -3050 3007 -3002): $ barytes concrete forming bulk of the removable concrete block containing shield p1U€3 

(3080 -3070 3020 -3030 3003 -3002)) $ barytes concrete forming bulk of the removable concrete block containing shield plug 
#(-3122 3060 -3064) 3110 imprn-1 $ barytes concrete forming bulk of the removable concrete block COAtdAiAg shield plug 

C 

3070 40 -7.92 -3122 3060 -3064 3110 3007 -3002 $ sa liner inside the removable concrete block containing shield plug 
#(-3121 3061 -3063) imp:n=l $ ss liner inside the removable concrete block containing shield plug 

C 

C 3090 61 -1.Oe-20 -3110 3008 -3001 3121 imp:n=l $ void near centerline, upstream and downstream of shield plug, inside removable concrete b 
lock 
3080 61 -1.0e-20 -3110 3008 -3001 3120 imprnul $ void near centerline, upstream and downstream of shield plug, inside removable concrete block 
C 
3090 50 -7.8212 -3120 3061 -3062 3131 3132 imp:n=l $ carbon steel forming the shield plug (ie, the rotary shutter) 
3091 61 -1.0e-20 -3120 (-31311-3132) imp:n=l $ beam holes t h N  the rotary shutter); for orientation, see surfs 3131 61 3132 
C 
3100 61 -1.0e-20 -3121 3061 -3063 3007 -3002 $ void gap around the cylindrical ehield plug 

3110 #(-3120 3061 -3062) imp:n=l $ void gap around the cylindrical shield plug 
C 

C 
E 

___________“_______________I____________- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -~ - - - - - - - - - - - - - - - - - - - - . - - - - - - - - ” . - - - - -  

c Cells used for the description of the collimator assembly (etc) inside the concrete: P 
C w 

C 4300 61 -1.Oe-20 4130 -4190 4210 -4211 4212 -4213 $ rectangular hole up thru collimator (when void) 

_- - - - -__________- -_ -______ I_____________-~~- - - - - -~~ - - - - - - - - - - - - - - - - - - - - - - -~~ - - - -~ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -~ - -  

0 7  
C 

4300 8 -1.0000 4130 -4190 4210 -4211 4212 -4213 $ rectangular hole up thru collimator (when flooded) 
#(dl40 -4145) imp:n=l $ exclusion used to allow simulating 2nd aluminum window in 1960 design ( s e e  cells 

4305 ti 4380) 
C .......................... 
C 4305 23 -2.7 4140 -4145 4210 -4211 4212 -4213 imp:n=l $ aluminum here I F F  simulating 2nd aluminum window in 1960 design (downstream end 

C 4305 61 -1.0e-20 4140 -4145 4210 -4211 4212 -4213 imp:n=l $ void here IF modeling 2nd aluminum window in 1998 design (downstream end of wate 
of water tube) 

r tube not here) 
4305 8 -1.0000 4140 -4145 4210 -4211 4212 -4213 imp:n=1 !$ water here IF modeling flooded 1998 design (downstream end of water tube not her 
e) 

C 4310 40 -7.92 4130 -4190 -4230 l(4210 -4211 4212 -4213) imp:n=l $ 8s body of central collimator with rectangular hole 
C __l_l-______-------------- 

c Mike Farrar thought the central collimator might be carbon steel (to get less activation) 
c Dan Pinketon confirmed that it was Type 1020 carbon steel (here, I just used pressure vessel carbon steel here1 close enough) 
c Ron Poor (the draftsman) indicated that existing one had a thin black oxide coating for corrosion protection 
4310 50 -7.8212 4130 -4190 -4230 #(4210 -4211 4212 -4213) imp:n=l $ carbon steel. (Type 1020) body of central collimator with rectangular hole; 
4315 61 -1.0e-20 4190 -4195 4210 -4211 4212 -4213 imp:n=l $ thin rect void reg (5.5”x2.75”) immediately downstream of colimator <- -  get axia 
1 leakage here 
4316 61 -1.0e-20 4190 -4195 -4230 #(4210 -4211 4212 -4213) imp:n=l $ thin void imdiately downstream of steel body of collimator (excl rect hole) 
4320 24 -2.7 4125 -4195 4230 -4235 ixtp:n-l $ aluminum: expanded section of beam tube along side the collimator 
4321 24 -2.7 4125 -4126 2135 -4230 imp:n=l $ a l d n u m  step where beam tube expands again, just upstream of collimator 
4330 40 -7.92 4180 -4195 4235 -4240 imp:n=l $ 8 8  pool seal (B) downstream of collimator 
4335 40 -7.92 3009 -4195 4240 -0245 imp:n=l $ ss flange around pool seal (8) downatream of collimator 
4340 61 -1.0e-20 4170 -3010 4235 -4260 #(4180 -4240) im:n-l $ void downatream of removable shield and eccentric shield 

4345 40 -7.92 4150 -4170 4235 -4255 #(4250 -4160) imp:n-l $ 8s removable shield, radially outside beam tube, next to collimator 
4350 40 -7.9‘ 4160 -4170 4255 -4260 i q : n - l  $ S P  *entric shield, radially outside removable shield 
4355 40 -7.9 4160 -3010 4260 -4265 imp:n-l $ SL shield liner, between eccentric shield and concrete bioahiej 

C 4345 4 1  -7.92 4150 -4170 4235 -4255 # ( 4 2 5 0  -4160) imp:n=l $ 8s removable shield, radially outside beam tube, next to collimator 
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4356 4 0  -7.92 4155 -4160 ha20 -4265 
4360 61 -1.0e-20 4135 -4150 4235 -4250 
4365 40 -7.92 4120 -4160 4250 -4220 
4370 40 -7.92 4105 -4135 2136 -4250 X(4125 -4235) 
C 4375 61 -1.0~~-20 4115 -4130 -4230 #(2135 -4126) 
4375 8 -1.0000 4115 -4130 -4230 #(2i35 -4116) 

C 4380 61 -1.0e-a0 4110 -4115 -2135 
ater tube not here) 

am end of water tube) 

design) 
C .......................... 

4380 23 - a . 7  4110 -4115 -2135 

C 
4385 
4390 
C 
C 

C 

C 
9981 

9982 
9983 

C 

C 

C 
9990 
ide 
9999 
C 
C 

C 
C 

C 

C 

C 
C 
C 
C 

C 
C 

C 

C 
C 
C 
1000 
1001 
1002 
1003 
1004 
1005 
1006 
1007 
E 
C 
C 

1010 
1011 

imprnil 
irrrp:n=l 
imp:n=l 
imptn-1 
imp t n=1 
imp:n=1 

imp:n=l 

imp:nnl 

BE liner on step expansion of bioshield, just upstream of r8mOV8ble shiled 
void just upstream of removable shield around collimator 
66 pool seal (A21 upstream of collimator 
BE pool seal (All upstream of collimator 
void just upstream of collimator (before 2nd aluminum window in 1998 design) 
water just upstream of collimator if flooded (before 2nd aluminum window in 1998 

void here IFF simulating 2nd aluminum window in 1960 design (downstream end of w 

aluminum here IF one wants to model 2nd aluminum window in 1998 design (downstre 

water between beam tube P as sleeve extending from concrete bioshield into pool. 
66 sleeve / bioshield liner extending from biouhield into the pool 

Cell6 to facilitate writing (and later reading & using) the internal boundary sourcef see expl~nation above in header inEo 
61 -1.Oe-20 4195 -4196 -9999 imp:n=l $ in early global calc where we're writing the boundary source 
9981 61 -1.0e-20 4195 -4196 -9999 imp:n=0 $ in later shielding calcs where we're reading k using the boundary source 
61 -1.0e-20 4196 -4197 -9999 imp:n=l $ in all cases 
61 -1.09-20 4197 -4198 -9999 fmp:n-l $ in all cases 

61 -1.h-20 -9990 imp:n=l. $ small sph around pt where BlOESer h Thomas made measurement## for illustrative purpo~es only; may put pt det i n n  
P 

0 #(-9999 9997 -9998) imp:n=O $ external void; everything not inside the (1.3 m diam x 7.0 m long) cylinder modeled here Y 
END CELL8 (next line must be blank) 

BEQIN SURFACES: 

HB-3 (Tangential tube); described here as if the Z axis now correaponds to HB-3 axis 

The following correspond to the real "physicalH location of the spherical tip of the XB-3 beam tube: 
1000 62 28.5369 5.08 $ Spherical void OD 
1001 sz 28.5369 6.03250 $ Spherical inner A 1  wall OD 
1002 a z  28.5369 6.15250 $ Spherical water OD 
1003 sa 28.5369 6.3896875 $ Bpherical outer A1 wall OD 
1004 B Z  28.5369 6.5497075 $ Spherical water jacket OD 
1005 LIZ 28.5369 6.7605275 $ Bpherical A1 Be liner OD 
1006 pz 28.5369 

Here, the hot tip has been 
s x  10.0 5.08 9 
B Z  10.0 6.03250 $ 
sz 10.0 6.15250 $ 
sz 10.0 6.3896875 $ 
EZ 10.0 6.5497075 $ 
E X  10.0 6.7605275 $ 
QZ 10.0 $ 
pz 118.6879 $ 
1007 PZ 75.473 6 

$ Plane at end of Cylindrical tube 

artificially extended inward 18.5369 cm to 
Spherical void OD 
spherical inner AI wall OD 
Spherical water OD 
Spherical outer A1 wall OD 
Spherical water jacket OD 
Spherical A t  Be liner OD 
Plane at end of Cylindrical tube 

accomodate innermost equiv point src at 2110 cm: 

Plane below which all importances are zero; located 2 cm unstream of first pt det used to get pt arcs 
Plane below which all importances are zero? use this for doaimtry only; located 31.6546 cm upstream of first dosimeter 

cylindrical part of HB-3; described here as if the Z axis now corresponds to HB-3 axis 
cz 5.08 $ Cylindrical void OD 
ct 6.03250 $ Cylindrical inner A1 wall OD 
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1012 
1013 
1014 
1015 
C 
C 
C 

C 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
C 

C 
C 

C 
2100 
2101 
2105 
2106 
C 

C 

rf of 
C 

C 

C 
C 
C 

C 

C 

2110 
2111 

cz 6.1515625 
cz 6.3896875 
cz 6.5497075 
cz 6.7605275 

If the Z axis now corresponds 
sidewall thicknesses from per 
c/x 26.67 0.0 54.61 
c/x 26.67 0.0 55.245 
c/x 26.67 0.0 56.8325 
c/x 26.67 0.0 119.38 
c/x 26.67 0.0 119.6975 
c/x 26.67 0.0 127.0 
c/x 26.67 0.0 127.254 
c/x 26.67 0.0 274.32 

Cylindrical water OD 
Cylindrical outer A1 wall OD 
Cylindrical water jacket OD 
Cylindrical A 1  Be liner OD 

to HB-3, then the main cylinders for core, vessel, etc, are described as: 
corn. with Dick Rothrock (01-11-95); Bidewall dimensions from 1971 report 

Note: for now, will model boss & 
that the vessel is tight against 

outer radius--permanent Be refl. reg. 
outer radius--water gap 
outer radius--aluminum reflector cage 
outer radius--water 
outer radius--inner pressure vessel clad 
outer radius--pressure vessel 
outer radius--outer pressure vessel clad 
outer radiua--H20 pool (pool/pool-liner interface at r=274.32 cmi pool diam=f8 ft) 

flange on HB-3, but will ignore some of the finer details. Will assume, for example, 
HB-3, thus ignoring the slightly larger hole actually present in vessel for HB-3, and 

, ..) , . .\ . , . \  ~ . ,  

the sleeve (hydraulic seal) around HB-3 near vessel. These may be added later ( 7 ) .  
cz 10.0680 $ inner radius of vessel nozzel (boss) around HB-3 beam tube (see dwg E-42027) 
cz 21.45 $ outer radius of vessel nozzel (boss) around HB-3 beam tube (see dwg E-42027) 
pz 137.16 $ plane defining end of boss on pressure vessel around HB-3 (see dwg E-4202711 in model, use 2106 instead 
pz 143.9443 $ plane defining end of thick flange mounted on boss on pressure vessel around HB-3 (see dwg E-42027) 

wrong: 2110 42 s p  0.9262159 0.9880903 -1.0 0 0 0 0 0 0 0 $ elliptical cone used to define chamfer between HB3 vessel hole and inner 812 

P The above specification was used in Runs HB3040 & HB304H. Subsequent graphical analysis of the flare at the midplane (x=O) w 
showed that this elliptical cone chamfer was NOT a good representation of the rounded corners, and (in fact) cut off too 00 

pressure vessel 

much steel from the vessel and substituted too much water. The graphical analysis was reworked, using some CAD work 
and BOW equations this time, and the following was found to be a much more accurate representation. -- JABr 5 Apr 98 
Input files for HB304I & HB304J were also no good. These were failed attewts to fix the problem. 
(I&J) were never run since similar problems were noticed during the graphical checkout step before final submission. 
Run HB304K (whose correct input is shown below) was the firt run which had this correct. TR42 also changed. -- JAB 6 Apr 98 
42 sq 0.928252 1.0 -1.0 0 0 0 0 0 0 0 $ elliptical cone used to define chamfer between HB3 vessel hole and inner surf of pressure vessel 
42 pz -0.001 $ plane used t o  help define which side of the double elliptical cone we want (cone reduces to a point at zi.0, but use z--O.O01 to avo 

Those two cases 

id roundoff) 
2112 42 pz -15.0 $ plane used to define the upstream axial extent of the elliptical cone we want to consider (must be somewhere beyond r=-12.788291 z- 
-15 is arbitrary) 
C 
C 

2121 
2126 
C 
2130 
2131 

2134 
2135 
2136 
C 
2150 
2151 
2152 
2153 
2154 
C 
C 

c 

- 
B 0.0 -13.480 
s 0.0 12.284 

cz 7.16174 $ 
cz 7.9338 $ 

cz 6.08626 $ 
cz 1.03453 $ 
cz 7.74573 $ 

pz 96.8375 $ 
pz 116.7841 $ 
9 z  117.7366 $ 
pz 174.27 $ 
pz 174.95125 $ 

107.1276 1.48893 $ sphere simuiating dosimeter j u s t  slightly on HB-4 side of HB-3 (see above note) 
112.9905 1.48893 $ sphere simulating dosimeter just slightly on HE-2 side of HB-3 (see above note) 

inner radius of sa sleeve around HB-3 beam tube, near vessel 
outer radius of sa sleeve around HB-3 beam tube, near vessel 

inner radius of pneumatic tubes/coils inside expanded section of the HB-3 beam tube outside the vessel 
pneumatic tube / beam tube interface for the expanded section of the HB-3 beam tube outside the vessel 
outer radius of the expanded section of the HB-3 beam tube outside the vessel 

plane defining end of 8s sleeve around beam tube, near vessel 
upstream side of aluminum window forming start of water tube in original HB-3 design (as built) 
downstream side of aluminum window forming start of water tube in original HB-3 deaign (as built) 
upstream side of aluminum window forming start of water tube in proposed HB-3 design 
downstream side of aluminum window forming start of water tube in proposed HB-3 design 

Note reuardinu dosimeters: these are really Charpy V-notch svecimens, measuring 0.75"xO.75"x1.5"; locations were taken from dwg E-42027 

The fol ,g aurfacas are used for a part-length model of the old (19t iter tube. 
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C 
C 

2161 
2162 
2163 
2164 
2165 
C 
C 

C 
C 
C 
C 

C 

C 

C 

C 

C 
C 
C 

C 
C 
C 
C 
C 

C 

In this part-length model, the downstream end is defined by surf 2253 which is the 
upstream surface of the 1-st aluminum window defining the start of the 1998 water tube. 
cz 3.65125 $ 
cz 4.60375 $ 
pz 120.30375 $ 
sz 120.30375 3.65125 $ 
sz 120.30375 4.60375 $ 

Surfaces associated with 

inner radius of cylindrical portion of old (1960) water tube 
outer radius of cylindrical portion of old (1960) water tube 
plane between cylindrical h spherical portion of old (1960) water tube, near upstream end 
inner radius of spherical portion of old (1960) water tube, near upstream end 
outer radius of Spherical portion of old (1960) water tube, near upstream end 

dosimeters & dosimeter specimen holder at Key 3 around HB-3 

2510 cz 
2511 pz 

2520 40 
2521 40 
2522 40 
C 
2530 40 
2531 40 
2532 40 
2533 40 

2541 px 
2542 px 
2543 px 

C 

C 

-X location only 
C 2544 QX 
+X location only 
C 
C 
C 

C 
C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 
2510 
2511 
C 
2520 
2521 
2522 

2530 
2531 

C 

9532 

C 
2551 40 
2552 40 
2553 40 
2554 40 

2561 40 
2562 40 
2563 40 
2564 40 

C 

8.41005 
107.056 $ upstream extent of thin cylindrical sleeve on Key 3 dosimetry specimen holder 

$ outer radius of thin cylindrical sleeve on Key 3 dosimetry specimen holder 

cz 9.36625 $ 
pz -1.5875 $ 
PZ 1.5875 $ 

cz 16.57375 $ 
pz -0.635 $ 
pz 0.635 $ 
pz -2.54 $ 

-1.4732 $ 
1.4732 $ 

-1.905 $ 

1.905 $ 
e WesE 

a guess 

py 10.993 $ 
py 16.327 $ 
py 10.7675 $ 
py 12.6725 $ 

py -10.993 $ 
py -16.327 $ 
py -13.9075 $ 
py -15.8125 $ 

outer radius of thick cylindrical sleeve on Key 3 dosimetry specimen holder 
upstream extent of thick cylindrical sleeve on Key 3 dosimetry specimen holder 
downstream extent of thick cylindrical sleeve on Key 3 dosimetry specimen holder 

outer radius of Key 3 dosimetry specimen holder (ring) 
upetream extent of Key 3 dosimetry specimen holder .I upstream surf of all capsule positions in Key 3 
downstream extent of Key 3 dosimetry specimen holder downstream surf of all CapSUle positions in Key 3 
upstream face of small square pegs directly upstream of dosimeters in Key 3, Positions 3 k 8 (downstream faCe=SUrf 2531) 

bottom ( - X I  surf of capsules in Key 3, positions 3 br 8 (specifica1ly)j no transformation reu'd 
top (+IC) surf of capsules in Key 3, positions 3 & 8 (specifically); no transformation req'd 
bottom ( - X )  surf of small square pegs directly upstream of dosimeters in Key 3. Positions 3 h 81 no transformation req'd; 

top (+x) surf of small square pegs ilirectly upstream of dosimeters in K e y  3, Positions 3 ii 81 no txanstomtion req'd; 

innermost (-Y) surf of capsule in Key 3, Position 3 (specifically)) ie, capsule on HB-2 side of HB-3 
outermost (+Y) surf of capsule in Kay 3.  Position 3 (specifica11y); ie, capsule on HB-2 side of HB-3 
innermost (-Y) surf of square peg just upstream of dosimeter at Key 3, Position 3 (specifically) 
outermost (+Y)  surf of *quare peg just upstream of dosimeter at Key 3, Position 3 (specifically) 

innermost (+Y) surf of capsule in Key 3, Position 8 (specifically); ie, capsule on HB-4 side of HB-3 
outermost (-Y) surf of capsule in Key 3, Position 8 (epecifical1y)t fe, capsule on HB-4 aide of HB-3 
innermost (+Y)  surf of square peg just upstream of dosimeter at Key 3, Position 6 (specifically) 
outermost ( -Y)  surf of square peg just upstream of dosimeter at Key 3, Position 8 (specifically) 

40 cz 9.5 $ 
40 pZ -2.3 $ 
40 Pt 0 . 8  $ 

40 cz 18.16 $ 
40 pZ -0.8175 $ 
40 p2 0.50 $ 

Surfaces associated with dosimeters & dosimeter specimen holder at Key 3 around HB-3. (Note: These were all revised 
as follows by JAE on 3 Xpr 98 for Run HB304H. based on newly available data shown on Dwg E-19953, Rev A, 6-30-65): 

cz 8.17193 $ outer radius of thin cylindrical sleeve on Key 3 dosimetry specimen holder 
pz 109.17 $ upstream extent of thin cylindrical sleeve on Key 3 dosimetry specimen holder 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

"=1.00075 cm thk) 
2533 40 pZ -3.25 $ 
2534 4 0  pa -0.50 $ 

outer radiue of thick cylindrical sleeve on Key 3 dosimetry specimen holder 
upetream extent of thick cylindrical sleeve on Key 3 dosimetry specim-n holder 
downstream sxtent of thick cylindrical sleeve on K e y  3 dosimetry specimen holder 

outer radius of Key 3 dosimetry upecimen holder (ring) 
upstream extent of Key 3 dosimetry specimen holder rinp (is, just upstream on the 0.3175 cm cover plate, but no water) 
downstream extent of Key 3 dosimetry specimen holder ring - downetream surf of all capsula positions in Key 3 (capsules are 0.394 
upstream face of small square pege directly upstream of dosimeters in Key 3, Positions 3 & 8 (downstream face-surf 2531) 
upstream face of 1-cm-thk dosimeter capsules (Key 3. Positions 3 & 8 )  inside dosimeter holder ring 
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C 

2541 PX -1.50622 $ 
2542 px 1.50622 $ 
2543 px -1.50 $ 
tion only a guess 
2544 px 3.37 $ 
tion only a guess 
C 
2551 40 py 10.10045 $ 
2552 40 py 15.59955 $ 
2553 40 py 11.0475 $ 
2554 40 py 12.9525 $ 
C 
2561 40 py -10.10045 $ 
2562 40 py -15.59955 $ 
2563 40 py -14.1475 $ 
2564 40 py -16.0525 $ 

bottom ( - X )  surf of 
top ( + X I  surf of 
bottom (-XI surf of 

top ( t x )  surf of 

innermost ( - Y )  aurf 
outermost (+Y)  eurf 
innermost ( - Y )  surf 
outemost (+Y) surf 

innermost ( + Y )  surf 
outemst ( - Y )  surf 
innermost ( + Y )  surf 
outermost ( - Y )  surf 

capsules in Key 3, positions 3 h 8 (specifically); no transformation req’d 
capsule8 in Key 3, positions 3 & 8 (specifically)] no transformation req’d 
s&ll square pegs directly upstream of dosimeters in Key 3, 

small square pegs directly upstream of dosimeters in Key 3, 

of capsule in Key 3, Position 3 (specifical1y)f ie, capsule 
of capsule in Key 3, Position 3 (specifically); ie, capsule 
of square peg just upstream of dosimeter at Kay 3, Position 
of square peg just upstream of dosimeter at Key 3. Position 

of capsule in Key 3, Position 8 (specifically); ie, capsule 
of capsule in Key 3, Position 8 (specifically); ie, capsule 
of square peg just upstrebm of dosimeter at Key 3, Position 
of square peg just upstream of dosimeter at Key 3, Position 

Positions 3 & 8 ;  no transformation req’di -X loca 

Positions 3 61 81 no transformation rep’d; tX loca 

on HB-2 side of HB-3 
on HB-2 side of HB-3 
3 (specifically) 
3 (specifically) 

on HB-4 side of HB-3 
on RB-4 aide of HB-3 
8 (specifically) 
8 (specifically) 

2701 
2702 

2710 
2711 
2712 
C 
2720 
2722 
2724 
2726 
2728 
C 
2742 
2744 
2746 
2748 

C 

C 

cz 11.40 $ outer radius of 2-plate collar (surf 2131 defines inner radl.us) 
cz 14.88 $ outer radius of the one spacer plate extension 

px 0.0 $ horizontal midplane = top surface of the one spacer plate extension 
p x  -1.11125 $ bottom surface of the horizontal spacer plates 
px 1.11125 $ top surface of the horizontal spacer plates 

PY 0.0 $ vertical plane up middle (needed to uniquely define spacer plate extension) 
py -1.80 $ right surface of vertical spacer plates on left 
DY -3.22 $ left surface of vertical spacer plates on left 
py 1.80 $ left surface of vertical spacer plates on right 
py 3.22 $ right surface of vertical spacer plates on right 

pz 100.3275 $ upstream surface of 1st (upstream) plate 
pz 101.43875 $ downstream surface of 1st (upstream) plate 
p r  105.24875 $ upstream surface of 2nd (downstream) plate 
pz 106.36 $ downstream rurface of 2nd (downstream) plats . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

P w 
0 

3003 
3004 
3005 
3006 
3007 
3008 
3009 
3010 
C 
3020 
3021 

447.3575 
446.405 
446.0875 
445.4525 
414.9725 
414.02 
392.7475 
392 .I125 

- 4 0 , .  ‘15 
-41 .5 

$ downstream side of 6s liner on 
$ upstream side of ss liner on 
$ downstream side of 8s liner on 
$ upstream side of as liner on 
$ downstream side of 8s liner on 
$ upstream side of 8s liner on 
$ downstream side of 8s liner on 
$ upstream side of 6s liner on 

$ inner surf ( - Y )  of 8s liner on 
$ outer surf (-Y) of 8s liner on 

removable block near midsection of removable concrete block containing shield plug 
removable block near midsection of removable concrete block containing shield plug 
bioshield near midsection of ramovable concrete block containing shield plug 
bioshield near midsection of removable concrete block containing shield plug 
upstream side of removable concreto block containing shield plug 
upstream side of removable concrete block containing shield plug 
bioshield (upstream of removable concrete block containing shield plug) 
bioshield (upstream of removable concrete block containing shield plug) 

big (downstream) side or -movable concrete block containing shield plug 
big (downstream) side c aovable concrete block containing shield plug 



3022 
3023 

3030 
3031 
3032 
3033 

3040 
3041 
3042 
3043 
c 
3050 
3051 
3052 
3053 

3060 
3061 
3062 
3063 
3064 

3070 
3071 
3072 
3073 
C 
3080 
3081 
3082 
3083 

3090 
3091 
3092 
3093 

3100 
3101 
3102 
3103 

3110 

3120 
3 1.2 1 
3122 

C 

C 

C 

C 

C 

C 

C 

C 

C 
C 

C 
C 
C 
C 
C 
C 
C 

PY 
DY 

DY 
PY 
PY 
DY 

PY 
PY 
PY 
QY 

PY 
PY 
f?Y 
PY 

DX 
PX 
PX 
Dx 
PX 

PX 
PX 
R x  
PX 

DX 
PX 
PX 
DX 

PX 
PX 
PX 
PX 

PX 
PX 
PX 
QX 

CZ 

C/X 
C/X 

C/X 

-43.4975 $ inner surf (-Y) of SE liner on 
-44.1325 $ outer surf ( - Y )  of 8s liner on 

40.79875 $ inner surf (+Y)  of sa liner on 
41.75125 $ outer surf [+Y)  of 8s liner on 
43.4975 $ inner surf (+Y)  of 66 liner on 
44.1325 $ outer surf ( + Y )  of ss liner on 

-36.195 $ inner surf ( - Y )  of 8s liner on 
-37.30625 $ outer surf ( - Y )  of! 8s liner on 
-39.6975 $ inner surf ( - Y )  of sa liner on 
-40.3225 $ outer surf {-Y) of 8s liner on 

36.195 $ inner surf (+Y)  of sa liner on 
37.30625 $ outer surf ( + Y )  of 6s liner on 
39.6875 $ inner surf (+Y)  of 6s liner on 
40.3225 $ outer surf ( + Y )  of BE liner on 

-31.27375 $ bot surf of lower ss liner for 
-30.48 $ top surf of lower ss liner for 
30.48 $ top surf of shield plug 
31.27375 $ bot surf of upper 8s liner for 
32.0675 $ top surf of upper sa liner for 

40.79875 $ inner surf ( + X I  of 8s liner on 
41.75125 $ outer surf ( + X )  of 8s liner on 
43.4975 $ inner surf (+X)  of BE liner on 
44.1325 $ outer surf (+x) of 8s liner on 

-40.79875 $ inner surf ( - X )  of BE liner on 
-41.75125 $ outer surf ( - X I  of 8s liner on 
-43.4975 $ inner surf ( -X )  of 6s liner on 
-44.1325 $ outer surf ( - X I  of ss liner on 

36.195 $ inner surf (+XI of 8s liner on 
37.30625 $ outer surf (+X)  of sa liner on 
39.6875 $ inner surf (+X) of 6s liner on 
40.3225 $ outer surf ( + X I  of ss liner on 

-36.195 $ inner surf ( - X i  of 6s liner on 
-37.30625 $ outer surf ( -X )  of sa liner on 
-39.6875 $ inner surf ( - X I  of sa liner on 
-40.3225 $ outer surf ( -X )  of 8s liner on 

HB308G.I 
bioshield near big (downstream) side of removable 
bioshield near big (downstream) ride of removable 

big (downstream) side of removable concrete block 
big (downstream) aide of removable concrete block 
bioshield near big (downstream) side of removable 
bioshfeld near big (downstream) side of removable 

small (upstream) side of removable concrete block 
small (uprtream) side of removable concrete block 
bioshield near small (upstream) side of removable 
bioshield near small (upstream) side of removable 

small (UpEtreait3) side of removable concrete block 
small (upstream) side of removable concrete block 
bioshield near small (upstream) side of removabla 
bioshield near small (upstream) side of removable 

cylindrical cavity containing shield plug 

concrete block containing 
concrete block containing 

containing shield plug 
containing shield plug 
concrete block containing 
concrete block containing 

containing shield plug 
containing shield plug 
concrete block containing 
concrete block containing 

containing shield plug 
containing shield DlUg 
concrete block containing 
concrete block containing 

cylindrical cavity containing shield plug - bottom surf of shield plug 

cylindrical cavity containing shield plug 
cyl.fndrica1 cavity containing shield plug 

big (downstream) side of removable concsete block 
big (downstream) side of temovable concrete block 
bioshield near big (downstream) side of removable 
bioshield near big (downstream) side of removable 

big  (downstream) side of removable concrete block 
big (downstream) side of removable concrete block 
bioshield near big (downstream) ride of removable 
bioshield near big (downstream) side of removable 

small (upstream) side of removable concrete bfock 
small (upstream) side of removable concrete block 
bioshield near small (upstream) side of removable 
bioshield near small (upstream) side of removable 

small (upstream) aide of removable concrete block 
small (upstream) side of removable conarete block 
bioshield near small (upstream) side of removable 
bioshfeld near small (upstream) side of removable 

containing shield plug 
containing shield plug 
concrete block containing 
concrete block containing 

containing shield plug 
containing shield plug 
concrete block containing 
concrete block containing 

containing shield plug 
containing shield plug 
concrete block containing 
concrete block containing 

containing shield plug 
containing shield plug 
concrete block containing 
concrete block containing 

shield plug 
shield plug 

shield plug 
shield plug 

shield plug 
shield plug 

shield plug 
shield plug 

shield plug 
shield DlUg 

shield plug 
shield plug 

shield plug 
shield plug 

shield plug 
shield plug 

8.255 $ cy1 (along e axis) defining void in removable concrete block, up8tream and dometream of the shield plug 

0.0 446.405 30.95625 $ outer radius of carbon steel shield plug (ie, rotary 6hutter)t also see surfs 3131 h 3132 
0.0 446.405 31.75 $ outer radius of void around shield plug 5 inner radius of ss liner in removable concrete block 
0.0 446.405 32.54375 $ outer radiue of 6s liner in removable concrete block containing shield plug 

3131 11 cz 4.445 $ the big 3.5%¶iam beam hole in the rotary shutterr use this when big hole is turned to "open" position 
3132 21 cz 1.11125 $ small 0.875"dfam beam hole in the rotary shutteri use this when big hole is turned to "open* position 

3131 12 cz 4.445 $ the big 3 .5Wiam beam hole in the rotary shutteri use this when small hole is turned to "open" position 
3132 22 cz 1.11125 $ small 0.875*8diam beam hole in the rotary shutter1 use this when small hole is turned to mopenu position 

P w 
w 
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3131 
3132 
C 
C 

C 
C 

C 

C 
C 
4100 
4105 
4110 
4115 
4120 
4125 
4126 
4130 
4135 
4140 
4145 
4150 
4155 
4160 
4170 
4180 
4190 
4195 
C 
C 

C 
C 
C 
C 

C 
C 

C 

C 
C 
C 
C 

C 

C 
C 
C 
4196 
4197 
4198 
C 

C 

C 

C 

E 
C 

4210 
4211 
4212 
4213 
C 

pz 261.9174 $ 
pz 286.385 $ 
pz 302.1868 $ 
pz 302.5043 $ 

pz 304.1 $ 
pz 304.735 $ 
pz 310.58 $ 
pz 311.785 $ 

pz 335.4756 $ 
pz 335.7967 $ 
9z 341.8292 $ 
pz 342.7817 $ 
pz 381.5167 $ 
pz 384.1645 $ 

pz 401.9445 $ 

PZ 304.0467 $ 

pZ 334.7709 $ 

pz 399.48 ' $ 

max upstream axial location of narrow ss sleeve extending thru concrete into pool 
upstream axial surf of pool seal (Al) 
upstream surf of 2nd aluminum window defining end of water 'tube in 1998 design 
downstream surf of 2nd aluminum window defining end of  water tuba in 1998 design 
upstream axial surf of pool seal (A21 
Step A for 2nd expansion of beam tube just upstream of collimator 
step B for 2nd expansion of beam tube just upstream of collimator 
upstream surface of collimator 
downstream surf of pool seal (Al) 
upstream surf of 2nd aluminum window defining end of water tube in 1960 design 
downstream surf of 2nd aluminum window defining end of water tube in 1960 design 
upstream surf of removable shield 
upstream side of 8s liner in bioshield near step 
downstream side of ss liner in bioshield near step - upstream surf of eccentric shield 
downstream surf of removable shield and eccentric shield 
upstream side of pool seal (B) 
downstream eide of collimator 
downstream side of pool seal (B) = downstream side of flange around pool seal (B) 

Artificial surfaces used to facilitate writing h later using an internal boundary source (wssa) file: 

In the early global calc where we write the boundary source: 
_---_--___---------_____I_______________---------------------.---------------------------------------- 

(1) Cells 9981, 9982 and 9983, between Surfs 4195-4196, 4196-4197, and 4197-4198 are all regular void cells 
(2) the boundary source will be written on Surf 4197 
(3) the F1 surface crossing tallies will be written on Surf 4198 (just upstream of the boundary source) 

In later shielding calcs for just the rotary shutter (shield plug), we'll keep the saxm (cowlete) basic model, BUT: 
( 1 )  Cell 9981 between Surfs 4195-4196 will be a black void with iW:n-O to de-couple everything upstream of 
(2) Cell 9982 between Surfs 4196-4197 will be a regular void 
(3) the boundary source will be read P applied on Surf 4197 
( 4 )  Cell 9983 between Surfs 4197-4198 will be a regular void 
(5) the F1 surface crossing tallies will be written on Surf 4198 (juet upatream of the boundary source) 

so that we have a printed cross-check that our boundary source reproduces the previous result . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
pz 401.9545 $ artificial surf used to create three infintesimal void cells downstream side of pool seal (E)); 

pz 401.9645 $ artificial surf used to create three infintesimal void cells downstream side of pool seal (B)/ 
pz 401.9745 $ artificial surf used to create three inffntesimal void cells downstream side of pool seal ( B ) i  

Box surfaces corresponding to rectangular-shaped hole in collimator: 

Here (like everywhere in this MCNP model of HB-3), 
Zacentral axis) Y is really horizontal; X is really vertical 
py -3.4925 $ p i n  
pY 3.4925 $ ymaX 
px -6.9850 $ m i n  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

px 6.9r $ xmax 

Surf 4196 

0.01 cm upstream of boundary source 
boundary source written/inserted here 
now used for F1 tallies 



C 

C 
C 
4220 
4225 
4230 
4235 
4240 
4245 
4250 
4255 
4260 
4265 
C 
C 

C 
C 

C 
C 
C 
5101 
5102 
5103 
5104 
5105 
5106 
5107 
5108 
5109 
5110 
5111 
5112 
5113 
5114 
5115 
5116 
5117 
5118 
5119 
5120 
5121 
5122 
5123 
5124 
5125 
5126 
5127 
5128 
5129 
C 
C 
C 
C 
C 

C 
C 
5141 
5142 
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Radial surfaces used for the description of the collimator assambly (etc) inside the concrete: 

cz 17.2099 $ inner radius of narrow 6s sleeve extending thru concrete into pool 
cz 17.4742 $ Outer radius of narrow BE sleeve extending thru concrete into pool 
cz 9.21131 $ outer radius of collimator inner radius of (again) expanded aluminum beam tube 
cz 9.84631 $ outer radius of (again) expanded aluminum beam tube P inner radius of removable shield 
cz 13.97 $ outer radius of pool seal (e )  
cz 33.655 $ outer radius of flange holding pool seal (B) 
cz 14.0339 $ outer radiue of pool seal (All 0 inner radius of pool seal (A2) 
cz 19.7564 $ outer radius of removable shield = inner radius of eccentric shield 
cz 22.2003 $ outer radius of eccentric shield = inner radius of ss bioshield liner (in this axail section) 
cz 22.9315 6 outer radius of E# bioshisld liner (in thie axail #election) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Burfaces 5100-5130 are used only in (segmented cell) Tally 184 which is used to monitor the 
aDpx gamma dose rate in each of 30 equal axial segments (dzm4.24119 cm, dVol=493.55788 cc) 
up thru the water tube (Cell 2145) from 2=174.95125 to 302.1868 cm. These surfaces are used 
only in Tally 184, and are not used in any cell descriptions. 
mo pz i70.9siz5 
DZ 179.19240 
pz 183.43360 

pz 191.91600 
pz 196.15720 
DZ 200,39840 
pz 204.63950 
pz 208 .mi070 
p Z  213.12190 
pz 217.36310 
DZ 221.60430 
DZ a25.84550 
DZ a30.08670 

DZ 238.56900 
pz 242.81020 
pz 247.05140 
pz 251.29260 

PZ 187.67480 

DZ 234.32760 

PZ 255.53360 
PZ 259.77500 

PZ 268.25730 

DZ 276.73970 

p Z  285.22210 

pz 264.01610 

pz a7a.49~0 

pz 280.98090 

pz 289,46330 
pz 293.70440 

5130 pz 302.18680 

Surfaces 5140-5160 are used only in (segmented 
aDDX gsmma dose rate in eaoh of 20 equal axial 
up thru the rectangular hole in the collimator 
These surfaces are used only in Tally 194, and 
5140 pz 310.58000 

pz 319.47000 

PZ 297.94560 

DZ 315.02500 

cell) Tally 194 which is used to monitor the 
segments (dz=4.44§00 cm, dVol433.74510 cc) 
(Cell 4300) from Z-310.58 to 399.48 cm. 
are not used in any cell descriptions. 



5143 pz 323.91500 
5 1 4 4  pz 328.36000 
5145 pz 332.80500 
5146 pz 337.25000 
5147 pz 341.69500 
5148 pz 346.14000 
5149 DZ 350.58500 
5150 pz 355.03000 
5151 pz 359.47500 
5152 pz 363.92000 
5153 pz 368.36500 
5154 D Z  372.81000 
5155 DZ 377.25500 

5157 pZ 386.14500 
5158 pZ 390.59000 
5159 pz 395.03500 

C 
C 

9990 8 0.0 0.0 678.1673 

5156 pz 381.70000 

C 5160 pz 399.48000 

OWL-TM-2221) 
C 

9997 
9998 
9999 
C 

C 
C 

C 

mode 
C 

C 
C 
C 

nps 
C 
C 

C 
C 

C 
C 

C 
C 

print 

w a m p  

iw:p 

C 

C 

pz 0.0 $ External 
pz 700.0 $ External 
cz 65.0 $ External 

END SURFACES (next line 

HB308G.I 

1.11125 $ small sph (Rmradius of emall shutter hole), located at pt where Blosser & Thomas made measurements in June 1968 (cf 

void boundary (location corresponds to the real radial plane perpendicular to the real beam tube) 
void boundary (far enough out to emcompase point whqre Blosser h Thomas made meaeuraaents i n  1968) 
void boundary (radial extent of this model) 

U I U E I ~  be blank) 

PROBLEM PAlWd4ETERS: 

P 
mode n p 
mode n 
nps 40000 
nps 240000 

nps 2000000 

nps 40000000 
npa 60000000 
npa 80000000 

cut:n tima(shakes) energy(MeV) WC1 WC2 SWTM 
cut:n 1.0e20 0.027 -0.5 -0.25 0.0 $ cutoff: don't track any neutrons below 27 XeV 

1000000 

npS 5000000  

nDS 120000000 

60 $ Table 60 show6 vol, mass, n-imp by cell; see pp 3-117 of manual for description of other useful tables you may want 
prdmp 0 80000 0 4 0 $ make restart file after every 80000 histories in fixed arc calc; save only the 4 most recent restart files 
0 8000 0 4 0 $ make restart file after every 80000 histories in fixed arc calc; save only the 4 most recent restart files 

$ obtained from MCNP output table when I ran a fake MCNP run with neutronsf here imp:p=imp:n in all 8 8  cells 
$ note that non-zero values will be ignored as soon as the wwinp file is read, but it must be entered anyway 
1 0 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 2  
2 2 2 2 1 1 1 1 1 1 1 2 2 1 2 2 2 2 2 2  
2 2 2 2 2 2 2 2 1 1 1 1 1 1 1 1 1 1 1 1  
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
1 1 1 1 1 1 1 0  

C 
C 
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C 

C 
C 
C 

C 

C 
C 
wwp:n 
pporprp 
C 
C 
C 

C 
C 

C 
C 

C 
C 
C 
C 
C 

C 
C 
C 
C 
C 

ssw 
C 

C 
C 

C 
sdef 

C 
C 

C 

C 
C 

C 
si3 
C 
C 

SP3 
C 

C 
C 
C 

C 
si53 

To be consistent with the w i n p  file h the biased source dist 
(see GETADJ.OUT, as printed by the UATWINQ.SCR), make sure you have 
WUPN=WTXI= lOO*WTLOW and WTSURV=WTAVQ- lO*WTLOW on the WWP:p card, and no WWP:n (in this case) 

WWP:n wupn wsurvn mxspln mwhere switchn 
wwg:n 100 10 100 0 -1 $ 5th parameter is negative to make MCNP4B read the weight window importance file (wwinp) 
wwp:p 100 10 100 0 -1 $ 5th parameter ie negative to make MCNPQB read the weight window importance file (wwinp) 
100 10 50 0 -1 $ 5th parameter ie negative to make MCNPlB read the weight window importance file (wwinp) 
100 10 50 0 -1 $ 5th parameter is negative to make MCNPQB read the weight window importance file (wwinp) 

--------------------______I____________^-------------------------------------------------- 

wwp:n 100 10 390625 0 -1 $ 5th parameter 4s negative to make HCNP40 read the weight window importance file (wwinp) 
wwp:p 100 10 390625 0 -1 $ 5th parameter is negative to make MCNP4B read the weight window importance file (wwinp) 
wwprn 100 10 50 -1 -1 $ 5th parameter i a  negative to make UCIPIB read the weight window ilnportance file (wwinp) 
W : p  100 10 50 -1 -1 $ 5th parameter is negative to mako MCNP4B read the weight window importance file (wwinp) 
wwp:n 100 10 10 0 -1 $ 5th psrameter is negative to make KCNPOB read the weight window importance file (minp) 
wwp:p 100 10 10 0 -1 $ 5th parameter is negative to make MCNP48 read the weight window importance file (wwinp) 

-----------------------------------------------------.----------------~-"------------------ 

Uee the " 8 s ~ "  card below to write a boundary source file for gammas travelling downstream (ie, moving in the +Z direction) 
across Surf 4197 from Cell 9982 to Cell 9983, where surf 4197 is at Zr401.9645 cm, just 2.4845 cm downstream of collimator. 
[Note that the three infinitseimally thin (0.01-cm-thick) void cells (Cells 9981, 9982, and 9983 defined by Surfaces 4195, 
4196, 4197, and 4198) cut thru the entire problem geometry in the region between the collimator exit and the rotary shutter 
shield plug.] With this boundary source, we can later come back and set imptn=O and imp:n=O in Cell 9981 and use this 
boundary source in detailed shielding analyses of the rotary ehield plug, which may (or may not) need to be redesipned, 
without having to waste time tracking gsmmas upstream of Surf: 4197, even though we'll retain the complete HB-3 geometry 
in our model.. This problem should run much faster. 

+4197 (9983) $ use this to write the boundary source file 

EQUIVALENT POINT SOURCES: 

ergad73 pos ferg d83 $ source def for gsmmas in HB-3 (total p/s  P 1.353993+17; source in VtLM g r p s  1-8 7.9842113+15 p/s) 
parr2 $ par.1 for neut, parut for photons 
sdef erg=d53 DOS ferg 663 $ aource def for neutron6 in HB-3 (total n/s E 9.64595E+16); total n/s above 27 kev P 1.20830e16 
pars1 .$ pari1 for neut, par=2 for photons 
vec 0 0 1 $ reference vector if directional-dependent source is used 
dirmd3 $ angular distribution w r t  vec (Cautiont choice of angular distribution sampled will dictate choice of wgt) 
Wgtd.7332472-2 $ use this with 631 wgt - [mu(max)-ar(min)]/t(+1)-(-1)1 n [1.0000000000-0.9653350561/2 - 1.7332472-2 
wgtn0.l $ use this with mu{mfn)=0.8 in 83 for dosimetry calc onlyt wgt = [mu(msx)-mu(min)l/t(+l)-(-l)l = [1.0-0.81/2 .L 0.1 
wgt-0.145 $ use this with mu(min)aa0.71 in d3 for HB304M4 dosimetry calc only; wgt = [mu(max)-mu(min)]/[~+l)-(-1)1 = [1.0-0.81/2 = 0.145 

Ang Diet: to spray isotropically across central void of XB-3 beam tube 
h 0.965335056 1.0 $ angular dietribution; mu boundariee (i.0, coeine boundaries wrt MC) 
si3 h 0 . 8  1.0 $ open up angular dietribution f o r  dosimetry run: N boundariee (i.e, cosine boundaries wrt vec) 
si3 h 0.71 1.0 $ open up angular distribution for HB304M4 dosimetry run; mu boundaries (i.e, cosine boundaries wrt vec) 
d 0 1 $ angular distribution; particle emmission probabilities by bin; firat value (below lowest bin bound) must be zero 

------------------- 

------------------- 

Begin distributions needed to describe the neutron sources in the HB-3 beam tube ................................................................................. 
h 1.0000s-11 $ thie one Emin(MeV), followed by hrsx(M8V) for the 61 WLM neut g r p s  (lowest to highest energy for MCNP): 

4.1399e-7 1.12538-6 2.38248-6 5.0435e-6 1.06770-5 $ VgLM n-groups 61, 60, 59, 58, 57, 
2.2603s-5 4.7851e-5 1.013Oe-4 1.67020-4 2.7536e-4 $ WL&l n-groupe 56, 55, 54. 53, 52, 
4,.5400e-4 7.48520-4 1.234le-3 2.0347e-3 2.2487e-3 $ VELM n-groups 51, 5 0 ,  49. 48. 47, 
2.61260-3 3.0354e-3 3.7074s-3 5.5308e-3 9.1188e-3 $ MLM n-groups 46, 45, 44, 43, 42, 
1.5034e-2 2.357913-2 2.47880-2 2.6058e-2 2.70000-2 $ VELM n-groups 41, 40, 39, 38, 37, 
2.8501s-2 3.43070-2 5.24759-2 5.6562e-2 8.6517e-2 $ VELM n-groups 36, 35, 34, 33, 32, 

P w 
vi 
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1.2277e-1 1.4996e-1 1.8316e-1 2.2371e-1 
2.94520-1 2.9721e-1 2.98498-1 3.01970-1 
4.97870-1 5.2340~1-1 6.08lOe-1 7.4274e-1 
1.1080e+O 1.3534e+O 1.6530e+O 2.0190e+0 
2.3457e+O 2.4660e+0 3.0119e+O 3.6788e+0 
5.4881e+0 6.7032e+O 8.1873e+0 l.OOOOe+l 
1.4 918e+l 

6.30365et16 2.25679e+15 1.52979~+15 1.30212e+15 
1.58981e+15 1.54759e+15 1.45876e+15 9.03837e+14 
9.50610etld 8.74122e+14 8.536918+14 8.87245e+14 
2.76622et14 2.54975e+14 3.3653813+14 7.55438e+14 
9.84217~+14 7.420490+14 6.69650e+13 1.12860e+14 
1.218738+14 3.03507e+14 4.96958~+14 1.29680e+14 
5.590060+14 4.29193e+14 3.63241e+14 4.33245e+14 
2.12840e+14 1.38494e+13 7.68584e+12 3.656519+13 
5.85513e+14 1.493678+14 3.61470e+14 5.35177e+14 
5.40055e+14 7.09512e+14 8.07055e+14 8.54720e+14 
2.00073e+14 1.35333e+14 2.41078e+14 1.61947e+14 
1.36477e+14 7.32282e+13 3.05242e+13 8.64293e+12 
2.74800e+09 

ds63 1 $ neutron starting positions ( x , y , z )  in HB-3: 
0 0 80.2 0 0 57.3 0 0 65.2 0 0 76.1 
0 0 4 8 . 2  0 0 56.5 0 0 55.4 0 0 56.0 
0 0 53.8 0 0 52.6 0 0 61.2 0 0 60.5 
0 0 49.5 0 0 55.0 0 0 65.1 0 0 53.3 
0 0 50.7 0 0 54.0 0 0 69.0 0 0 46.7 
0 0 67.5 0 0 79.8 0 0 52.9 0 0 56.7 
0 0 45.7 0 0 45.6 0 0 42.5 0 0 48.9 
0 0 42.4 0 0 63.8 0 0 53.7 0 0 42.3 
0 0 58.8 0 0 52.9 0 0 50.3 0 0 56.8 

0 0 33.3 0 0 43.5 0 0 65.3 0 0 56.9 
0 0 62.6 0 0 59.5 0 0 42.9 0 0 68.7 
0 0 99.9 

sp53 d 0.0 $ dummy 0, followed by neut src terms ( n / s )  

o o 70.1 o o 46.8 o o 59.7 o o 50.2 

C 

C 
C 
C 
C 
C 

c 
C 

C 
C 
C 

C 

C 
C 

C 
C 
C 

C 

C 

C 
C 

C 

C 

2.7324e-1 
3.87740-1 
9.07180-1 
2.2313e+0 
4.49338+0 
1.22140+1 

for HB-3: 
1.55274etl5 
9.698218+14 
2.049088+14 
8.76077e+14 
5.24714~+13 
8.89397e+14 
7.35199e+14 
6.292568+14 
6.65098e+14 
3.12945~+14 
2.06360e+14 
6.92602e+12 

$ VELMi n-groups 
$ VeLM n-groups 
$ VELM n-groups 
$ VELM n-groups 
$ VELM n-groups 
$ n-groups 
$ VELM n-group 

$ VELM: n-groups 
$ VELM n-groups 
$ VELM n-groups 
$ VELM n-groups 

$ mLM n-groups 
$ VELM n-groups 
$ VELM n-groups 
$ VELM n-groups 
$ VELM n-groups 
$ VELM n-groups 
$ VELM n-groups 
$ VELM n-group 

$ VELM n-!JrOUps 

0 0 54.5 $ n-groups 
0 0 51.1 $ VELM n-groups 
0 0 43.0 $ VELM n-groups 
0 0 52.7 $ VELM n-groups 
0 0 62.6 $ VELM n-groups 
0 0 47.4 $ VEW n-groups 
0 0 34.2 $ VELM n-groups 
0 0 49.6 $ VELM n-group8 
0 0 44.1 $ VELM n-groupfi 
0 0 52.1 $ VELM n-groupe 
0 0 47.9 $ VELM n-group8 
0 0 31.1 $ VELM n-groups 

$ VELM n-group 
Shift  source^ 1.6986 cm to right of beam tube centerline to account for the anisotropic effect 
of more neutrons entering the one side of the beam tube than the other: -- JAB, 4-7-98 

0 1.6986 67.5 0 1.6986 79.8 0 1.6986 52.9 0 1.6986 56.7 0 1.6986 47.4 $ VELM a-groups 36, 35, 34,  33, 32, 
0 1.6986 45.7 0 1.6986 45.6 0 1.6986 42.5 0 1.6986 48.9 0 1.6986 34.2 $ VeLM n-groups 31, 30, 29, 28, 27, 
0 1.6986 41.4 0 1.6986 63.8 0 1.6986 53.7 0 1.6986 42.3 0 '1.6986 49.6 $ VELM n-groups 26, 25, 24,  23, 22, 
0 1.6986 58.8 0 1.6986 52.9 0 1.6986 50.3 0 1.6986 56.8 0 1.6986 44.1 $ VELM n-groups 21, 20, 19, 18, 17, 
0 1.6986 70.1 0 1.6986 46 .8  0 1.6986 59.7 0 1.6986 50.2 0 1.6986 52.1 $ VEtM n-groups 16, 15, 14, 13, 12, 
0 1.6986 33.3 0 1.6986 4 3 . 5  0 1.6986 65.3 0 1.6986 56.9 0 1.6986 47.9 $ VELM n-groups 11, 10, 9, 8, 7, 
0 1.6986 62.6 0 1.6986 59.5 0 1.6986 42.9 0 1.6986 68.7 0 1.6986 31.1 $ VELM n-groups 6, 5, 4,  3, 2, 
0 1.6986 99.9 $ VELM n-group 1 

_------_-__-----___-_____I______________--------- - -~-------- - - - - - - - - - - - - - - - - - - - - -  

Begin di6tributions needed to describe the gamma sources in the HB-3 beam tube 

si73 h 1.0000e-2 $ this one EZnin(MeV), followed by Einax(MeV) for the 23 VELM g a m a  g r p s  (lowest to highest energy for MCNP): 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2.0000e-2 4.5000e-2 7.0000e-2 1.0000e-1 1.50000-1 $ VELM g-groups 23, 22, 21, 20, 19, 
3.00000-1 4.00OOe-1 5.1000e-1 600000e-1 7.0000e-1 $ vE%M g-groups 18, 17, 16, 15, 14, 
1.0000e+0 1.5000e+0 2.00OOe+O 2.5000e+0 3.0000e+0 $ VELM g-groups 13, 12, 11, 10, 9, 
4.0000e+O 5.0000e+0 6.0000e+O 7.0000e+0 7.5000e+0 $ VELM g-groups 8, 7, 6, 5, 4, 
8.00OOe+O 1 . 0 0 0 0 e + l  1.4000e+l $ V E ~  g-groups 3, 2, 1 

8.72837e+12 2.845148+15 1.650290+16 1.67705e+16 1.82855~+16 $ VELM g-groups 23, 22, 21, 28, 19, 
/ 56708e+16 1.038058+16 7.176658+15 4.80101e+15 4.03975e+' $ VELM g-groups 18, 17, 16, 15, 14, 

31636e+15 5.27935e+15 4.23989e+15 2,669510+15 1.42777e+ i VELM 9-groups 13, 12. 11, 10, 9, 

Bp73 d 0.0 $ dununy 0, followed by gamma src terms (p/o) for HB-3: 
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C 
C 
C 
C 

C 
C 

C 
C 
C 
C 

C 
C 
C 
C 

C 
C 

C 
C 

C 
C 

C 
C 

C 
C 
C 

C 
C 

C 
C 

C 
C 

C 

C 

C 

C 
si73 

de83 

C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

*trll 

sb7 3 
C 
C 

C 
C 

C 
C 
c 
C 

C 
C 
C 
C 

C 

ds83 

2,34929e+15 1.98361~+15 6.75453~+14 1.23378e+15 1.60183~+14 $ VEtM p-gbOUDS 6, 7, 6. 5. 4, 
1.51983e+15 6.19421e+13 1.23250e+11 $ VELM g-groups 3, 2, 1 

d 0.0 $ dummy 0, followed by "biasedn g a m  src terms (p/s) for HE-3: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Biased ganuna sources in MCNP order (grp 1 3 1 0 ~  E, grp 23.rhigh E); 
Calculated using QETWING.SCR and GBANISN in adjoint mode, where the 
adjoint sourcas at 21478.49 cm were just the ganuna flux-to-dose-rate factors; 
Use these values for the gamma-only mcnp calc with a gamma-only source. 
(For a coupled n/g calc with a neutron-only source, or for a neutron-only 
calc with a neutron-only source, these values would be different). 
Note that this cadehould only be used with the corresponding weight 
window file prepar6d by QETWINQ.SCR where the spacelenergy weights for 
the gcurmna groups were calculated using the data in QETADJ.OUT. 

To work well (or even to work "at all") everything . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
, 6.39635E-03 2.08498E+00 1.209373+01 1.228983+01 

1.88122Et01 3.98199E+08 2.792983+08 1.841683+08 
2.80658E+08 1.616583+14 1.29829P+l4 8.1742Sz+13 
7.193713+13 3.759473+16 1.28016E+16 2.338343+16 
2.88048E+16 1.173973+15 2.335923+12 

1 $ gamma starting positions (x,y,z) in HE-3: 
0 0 10.01 0 0 61.9  0 0 68.1 0 0 8 2 . 1  
0 0 84.5 0 0 81.6 0 0 84.7 0 0 88.8 
0 0 86.8 0 0 93.6 0 0 96.9 0 0 99.2 
0 0 92.6 0 0 93.2 0 0 96.4 0 0 93.9 
0 0 94.4 0 0 99.9 0 0 97.4 

MUST be self-consistent I 1 1 1 1  .............................. 
1.34000E+01 $ VEtM g-groups 23, 22, 21, 20, 19, 
1.51966E+08 $ VELM g-groups 18, 17, 16, 15, 14, 
4.371943+13 $ VELM g-groups 13, 12, 11. 10, 9, 
3.03589E+15 $ VZLM g-groups 8, 7. 6, 5, 4, 

$ VEm g-groups 3, 2, 1 

0 0 84.9  $ g-(yZOUpS 23, 22, 21, 2 0 ,  19, 

0 0 96.6 $ VELM p-proUp6 13, 12, 11, 10. 9. 
0 0 83.2 $ VELM g-groups 18, 17, 16, 15, 14, 

0 0 96.0 $ VELM g-g%OUPS 8. 7, 6, 5, 4. 
$ VELM p-prOUpS 3,  2,  1 

-----__-_-----_--^--___I_I__p_________ 

QADD2.FOR analysis has shown that if the water tube & collimator are BOTH FLOODED, VELM source groups 1-8 account for 98-99% 
of the dose rate downstreem of the collimator. (By the time th6y get there, of course, the photons may have less energy.) 
Thus, "for this particular FLOODED case", it is sufficient to include source photons from these first 8 VELM groups only. 
The photon source in VELM grps 1-8 (above 3.0 MeV) = 7.984211Et15 p/s (subtotal for these groups). For this particular 
FLOODED case, this value may be used, but the 9173, SP73, DS83, any 9873 card, and "all" FM tally cards must be consistent. 

h 3.0000e+0 $ this one min(MeV), followed by Esnax(MeV) for VELM gamma grps 1-8 (lowest to highest energy for M C N P ) :  
4.0000e+0 S.OOOOe+O 6.0000e+0 7.0000e+0 7.5000e+0 $ VELM g-groups 8, 7, 6, 5, 4,  
8.0000e+0 1.0000e+l 1.4000e+l $ VELM g-groups 3, 2, 1 

2.34929~+15 1.98361e+15 6.751536414 1.23378e+15 1.60183e+14 $ VEtM g-grouns 8, 7, 6, 5, I ,  
1.51983~+15 6.19421e+13 1.23250e+11 $ WLM 9-groups 3, 2, 1 

0 0 92.6 0 0 93.2 0 0 96.4 0 0 93.9 0 0 96.0 $ vELM g-groups 8, 7, 6, 5, 4, 
0 0 94.4 0 0 99.9 0 0 97.4 $ VELM g-groups 3, 2, 1 

d 0.0 $ dunrmy 0, followed by gannna arc terms (pis) for HB-3: 

1 $ gaamra starting positions (x,y,z) in HB-3: 

-----_-------I-_---------------------- 

BEQIN-TRANSFORMATIONS: 

Transformations that can/should be used for the holes in the beam tube shield plug (le, the rotary shutter): 
When big hole is turned to nopen* position: use trll for big hole in shutter, and tr2l for small hole 
When emall hole is turned to *openn position: use ttl2 for big hole in shutter, and tr22 for small hole 
When shutter is turned to noff" position: use tr13 for big hole in shutter, and tr23 for small hole . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

$ use trll for big hole in shutter, when big hole is turned to "open" position 
0.0 0.0 446.405 $ location of local origin (center of shutter), relative to the global origin (cm) in HB-3 model 

0 90 90 $ degrees from global x , y , r  axes to local x axis 
90 0 90 9 degrees from global x , y ,  z axes to local y axis 
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C 
*tr12 

C 
*tr13 

C 

*tr21 

C 
*tr22 

C 

*tr23 

C 
C 

C 

C 

C 
C 

C 
C 
*tr40 

C 

C 

90 90 

$ use tr12 

0 

for big 
0.0 0.0 446.405 

0 90 90 
90 -46.5 -136.5 
90 43.5 -46.5 

$ use tr13 for big 
0.0 0.0 446.405 

0 90 9 0  

$ degrees from global x,y,z axes to local z axis 

hole in shutter, when small. hole is turned to "open" position 
$ location of local origin (center of shutter), relative to the global origin (cm) in HB-3 model 
$ degrees from global x , y , z  axes to local x axis 
$ degrees from global x,y,z axe8 to local y axis 
$ degrees from global x,y,z axe5 to local z axis 

hole in shutter, when shutter is turned to "off" position 
$ location of local origin (center of shutter), relative to the global origin (cm) in HB-3 model 
$ degrees from nlobal x,y,z axes to local x axis 

90 -113.25 -203.25 $ degrees from global x , y , z  axes to local y axis 
90 -23.25 -113.25 $ degrees from global x,y,z axes to local z -3.8 

$ use tr21 for small hole i n  shutter, when big hole is turned to "open" position 
0.0 0.0 446.405 $ location of local origin (center of shutter), relative to the global origin (cm) in HB-3 model 

0 90 90 $ degrees from global x,y,z axes to local x axis 
90 46.5 -43.5 $ degrees from global x,y,z axes to local y axis 
90 136.5 46.5 $ degrees from global x , y , z  axes to local z axis 

$ use tr22 for small hole in shutter, when small hole is turned to "open" position 
0.0 0.0 446 .40s  $ location of local origin (center of shutter), relative to the global origin (cm) in HB-3 model 

0 90 90 $ degrees from global x,y,z axes to local x axis 
90 0 90 $ degreea from global x,y,z axes to local y axis 
90 90 0 $ degrees from global x , y , z  axes to local z axis 

$ use tr23 for small hole in shutter, when shutter is turned to "off" position 
0.0 0.0 446.405 $ location of local origin (center of ahutter), relative to the global origin (cm) in KB-3 model 

0 90 90 $ degrees from global x,y,z axes to local x axia 
90 -66.75 -156.75 $ degrees from global xsy,z axes to local y axis 
90 23.25 -66.75 $ degrees from global x,y,z axes to local z axis 

*tr40 $ u8e tr40 to locate and position the Key 3 dosimetry specimen bolder relative to HB-3 beam tube 
0.0 0.0 113.64 $ location of local origin (center of shutter), relative to the global origin (cm) in HB-3 model 

0 90 90 $ degrees from global x,y,z axes to local x axis 
90 14 -76 $ degrees from global x,y,z axes to local y axis 
90 104 14 $ degrees from global x , ~ , z  axes to local z axis 

*tr40 was revised as follows by JAB on 3 Apr 98 for Run HB304H, based on newly available data shown on Dwg E-49953, Rev A, 6-30-65: 
$ use tr40 to locate and position the Key 3 dosimetry specimen holder relative to HB-3 beam tube 
0.0 0.0 114.22 $ location of local origin (center of shutter), relative to the global origin (cm) in HB-3 model 

0 90  90 
90 '13 -77 
90 103 13 

$ incorrect 6r 

Of preS8Ure Vessel 
C $ incorrect & 
m) in K B - ~  model 
C $ incorrect & 
C $ incorrect & 
C $ incorrect & 

C The following 
C 

C 

$ degrees from global x,y,z axes to local x axis 
$ degrees from global x,y,z axes to local y axis 
$ degrees from global x,y,z axes to local z axis 

obsolete: *tr42 $ use tr42 to locate and position the elliptical cone used to define chamfer between -3 vessel hole and inner surf 

obsolete: 0.0 -2.14265 128.18364 $ location of local origin (center of elliptical cone), relative to the global origin (c 

obsolete: 0 90.0000 90.0000 $ degrees from global x,y,z axes to local x axis 
obsolete: 90 13.6575 -77.3425 $ degrees from global x,y,z axes to local y axis 
obsolete: 90 102.6575 12.6575 $ degrees from global x,y,z axes to local z axis 

correction to *tr42 was made by JAB on 6 Apr 98, just prior to submitting Run HB304K: 

*tr42 $ use tr42 to locate and position the elliptical cone used to define chamfer between HB83 vessel hole and inner surf of pressure vessel 
0.0 - 2 , s -  - 65  127.62367 $ location of local origin (center of ellipt' 1 cons), relative to the global. origin (cm) in HB-3 model 

0 )Oo 90.0000 $ degrees from global x,y,z axes to local x 
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m5 
mt 5 
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m7 
mt 7 
C 
C 
In8 
mt 8 
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m23 

C 
C 
ma4 

C 
C 
m4 0 

C 

C 
Ni. 2.0 
m4 1 

C 
C 
m5 0 
C 

C 
m6 0 
C 
C 
C 

C 
C 
C 
m6 1 
C 
C 
m6 2 

BEGIN MATERIAL DESCRIPTIONS: 

water gaps in removable reflector region --Avg. Density* 0.98165 g/cmA3 

1wtr.Olt 
100 1.50~ 6.63485-02 8016.50~ 3,31742-02 

Water Reflector --Density= 0.9899 g/cmA3 

lwtr.0lt 
1001.50~ 6.67022-02 8016.50C 3.33511-02 

K2O Pool --Density= 1.0000 g/cmA3 

lwtr. Olt 
1001.50~ 6.73828-02 8016.50~ 3.36914-02 

Aluminum reflector container (outside Be reflector! 2.7 g/cc) 
13027.52C 5.85482-02 1001.50~ 3.45716-04 12000.50~ 6.68986-04 
14000.50~ 3.47363-04 22000.50~ 2.54704-05 24000.50~ 6.09789-05 
25055.50~ 2.21974-05 26000.55c 1.81905-04 29000.50~ 8.74557-05 

Aluminum liners in Be reklectors (2.7 g/cc) 
13027.52~ 5.85482-02 1001.50~ 3.45716-04 l2000,50~ 6.68986-04 
14000.50c 3.47363-04 22000.50~ 2.54704-05 24000.50~ 6.09789-05 
25055.50~ 2.21974-05 26000.55~ 1.01905-04 29000.50~ 8.74557-05 

8s liner of pressure vessel, bioshield liner, and other components -- SCALE 59304 (7.92 glcci 69.5 w/o Fe, 19.0 w / o  Cr, 9.5 w/o li, 2,O vr/o Mrt) 
26000.55~ 5.93541-02 24000.50C 1.74281-02 
28000.50~ 7.71883-03 25055.50~ 3.73629-03 

ss (same as above. but diff color on plot) used for removable shield around collimator 
w/o Mn) 
26000.55~ 5.93541-02 24000.50~ 1.74281-02 
28000.50~ 7.71883-03 25055.50C 1.73629-03 

carbon steel in main body of pressure vessel -- SCALE Carbon Steel (7.8212 g/cc; 99.0 
26000.55C 8.34929-02 6012.50c 3,92134-03 

-- SCALE 55304 (7.92 g/cc; 69.5 v/a Fe. 19.0 w / o  Cr, 9.5 w/o 

w / o  Fe, 1.0 w/o  C )  

Void in reflector components 
1001.50C 1.00000-15 8016.50~ 1.00000-15 

void regions in the HB-l,2,and 3 beam tubes (m60 0 2.0e-15 atome/b-cm) have been replaced with helium-filled regions 
where m61 - He (void) at T = 3 0 0  deg.K and P-2 atm, where rhod.2325e-4 g/cc.  N(He)=4.86816e-5 atoms/(barn*cm) 
Note: cold source vacuum vessel in HB-4 now has a true void (see 111610) a8 of July 1996. 

Helium void inside beam tubes HB-1,2,3 (He at T=300 deg.K, Pn2 atm); cold source vacuum vessel in HB-4 now has u true void (see m610) 
2004.50~ 4.86816e-5 $ add-jab122395: For He at T u 3 0 0  deg.R and Pa2 atm, rho93.2325e-4 qlcc, N(He)=4.86816s-S atoms/(barn*cm) 

Barytes concrete at 3.09725 g/cc (used for biological. shield); shown below are atoms/(barn*cm) by nuclide 
1001.50~ 1.681e-2 5010.50~ 3.37843-4 5011.56~ 1.3680-3 
8016.50~ 4.195e-2 11023.50~ 3.193e-4 12000.50~ 1.549e-4 
13027.52~ 7.534.e-4 14000.50~ 1.2609-3 16032.50~ 5.401e-3 
20000.50~ 3.273s-3 22000.50~ 1.336s-4 25055.50~ 1.713e-4 
26000.55~ 6.8750-4 56138.50~ 5.394e-3 
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m7 2 
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C 
C 
mlO8 

mtlO8 
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C 
C 
C 

C 

C 
C 

C 
C 

real concentration for ba-138 - 3.8787e-3 atoms/(barn*cm); it is available; 
other nuclide concentrations for which there is no mcnp xsect data: 
ba-134~1.3037e-4j ba-135r3.5557e-4; ba-136~4.23640-41 ba-137-6.0575e-4 
total number Bensity for all barium nuclides in barytas concretei 5.394030e-3 
total number density for all nuclides in barytes concrete: 7.801382e-2 
while this barytas concrete (for lLNS project) was 3.09725 g/cc, it can 
sometimes be made as dense as 3.5 g/cc; see book by Schaffer 

' .  

28058.24~ 1.0 $ Ni58r this material (m71) is used only to get the Ni58(n,p)Co58 reaction bate [(n,p)=103] in the dosimeters 
26054.24~ 1.0 $ re541 this material (m72) is used only to get the Pe54(n,p)Mn54 reaction rate [(n,p)=lO31 in the dosimeters 

m i c a 1  beryllium used in permanent reflector 
4009.50~ 1.21135-01 1001.50~ 1.34766-03 
3006.50~ 4.80666-8 2003.50~ 1.39911-9 
be.Olt 

(with he-3 and 11-6, based in center ring, cell 9024) 
8016.50~ 6.73828-04 

fc15 N-Flux (n/s/cd) at 655.6626 from tip of HB-3 at 100 MW 
f15:n 0.0 0.0 678.1673 0.5 $ neut flux at pt 655.6629 cm from real tip of HB-3 beam tube, where Blesser 6 Thomat! made measurements in June 1968 

C E 2 (cf ORNL-TM-2221) 

0 
fm15 9.64595e16 $ sum of equivalent point sources (n/s) in HB-3 for HFIR at 100 MW (Sn=7.5573e18 n/s in global calc)i will yield f1,lutes i 

n n/s/cm2 
C fm15 1.20830e16 $ sum of equivalent point sources ( n / s )  for g r p s  1-36 (E>27 kev; use for dosimetry ca1c only) %n HB-3 for HFIR at 100 bTw (Sn-7.553 
3e18 n/s in global talc)! will yield fluxes in n/s/cm2 
C el5 $ Emax(ig) in UaV; corresponds to no particular group structursi chosen to facilitate comparison with Blosser 6 Thomas measurements 
C 0.40-6 1.00-6 1.9e-6 4.0e-6 6.00-6 25.00-6 100.0s-6 170.0e-6 
C 640.0e-6 2.40-3 3.80-3 2.00-2 0.1 1.0 2.9 6.3 8.1 20.0 
C Note 1: Comparisons with BLT are fair only if we use aluminum windows 1. & 2 for 1960 design AND use small hole in rotary shutter. 
C Note 2: BPT tabulated their results with HFIR power normalized to 1.0 MWJ hers we have it at 100.0 MW; must renormalire later. 
C Note 3: Many of BbrT's reeults are n/e/cd/eV, therefore must divide some of our results by delta-E later, where appropriate. 
C Note 4 ;  The energy ranges above were selected after consulting the B I T  report, aa well as the barn book to check width of certain resonances, 

C Note use of dxtran spheres with tallies 24 hi 3 4  seemed to be a problem for the codej 
C kept getting messages saying "bank is full"; therefore try using point detectors instead, 
C and get rid of all the dxtran cards above. 

C 

C 
C fc25 
C C 
C C 

C C 

C C 
n/s/cm2 

E-49953, Rev 
C C 

C f25:n 
C C 

side of HB-3 
C C 
side of HB-3 

C fm25 
573~18 n / s  in 

N-Flux (n/s/cm2) for dosimeter at Key 3,  Position 3 (100 MW) 
f25:n 0.0 13.25424 116.94465 0.5 $ midpoint of dosimeter (in Cell 2581) at Key 3,  Position 3, just slightly on HB-4 side of HB-3 
f25:n 0.0 14.54813 117.26726 0.5 $ dosimeter (in Cell 2581) at Key 3, Position 3,  just slightly on HE-4 side of HE-3 
f25:n 0.0 15.84202 117.58986 0 . 5  $ outer edge of dosimeter (in Cell 2581) at Key 3,  Position 3, just slightly on HB-4 side of HB-3 
fm25 9.64595e16 $ sum of equivalent point sources (n/s) in HB-3 for HFIR at 100 MW (Sn=7.5573e18 n/s in global calc); will yield fluxes in 

Midpoint location was revised as follows on 3 A p r  90 (for Runs HB304H P laker) based on the very detailed, newly available, information on Dwg 
A (6-30-1965) t 
0.0 12.52066 117.11062 0.45 $ midpoint of dosimeter (in Cell 2581) at Key 3, Position 3, just slightly on M3-4 side of HB-3 
f25:n 0.75311 12.52066 117.11062 0.45 $ 0.75311 cm above midpoint of dosimeter (in Cell 2581) at Key 3, Podtion 3,  just slightly on HB-4 

f25:n -0.75311 12.52066 117.11062 0 . 4 5  $ 0.75311 cm below midpoint of dosimeter (in Cell 2581) at Key 3, Position 3, just slightly on HB-4 

" 1830e16) $ sum of equivalent point sources (n/s) for g r p s  I (E>27 keVj use for dosimetry calc only) in HB-3 for HFIR at tw (sn=7,5 
1 calc)! will yield fluxes in n/e/cm2 
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C 
03 from barns 
C 
03 from barns 
C e25 
C 
C C 
C C 
C fc35 
C C 
C C 

C C 
C C 

n/s/cm2 
C C 
E-49953, Rev 

C f35:n 
C C 

(1.208308-8 71 103) $ to get number of (n,p) "reactions/secn in Ni58; note that src had to be multiplied by 18-24 to convert (n,p) xsect 1 
to cm2 
(1.20830e-8 7% 103) $ to get number of fn,p) 'ireactions/sec*a i n  Fe54; note that src had to be multiplied by l e -24  to convert (n,p) xsact 1 
to cm2 
$ emnX(ig) in MeV; corresponds to no particular group structure] chosen for dosimetry calcs 
0.027 0.1 1.0 20.0 t 

N-Flux (nlslcm2) for dosimeter at Key 3, Position 8 (100 MW) 
f3S:n 0.0 -13.25424 110.33535 0.5 $ midpoint of dosimeter (in Cell 2582) at Key 3, Position 8, just slightly on HB-2 side of HB-3 
f35:n 0.0 -14.54813 110.01274 0.5 $ dosimeter (in Cell 2582) at Key 3, Position 8, just slightly on HB-2 side of HB-3 
f35:n 0.0 -15.84202 109.69014 0 .5  $ outer edge of dosimeter (in Cell 2582) at Key 3, Position 8, just slightly on HB-2 side of HB-3 
fm35 9.64595e16 $ sum of equivalent point sources (n/s) in HB-3 for H F I R  at 100 MW (Sni7.5573e18 n/a in global calc); will yield fluxes in 

Midpoint location was revised as follows on 3 A p r  98 (for Runs H 8 3 0 4 H  e later) based on the very detailed, newly available, information on Dwg 

0.0 -12.52066 111.32938 0.45 $ midpoint of dosimeter (in Cell 2582) at Key 3, Position 8, just slightly on HB-2 side of HB-3 
f35:n 0.75311 -12.52066 111.32938 0.45  $ 0.75311 cm above midpoint of dosimeter (in Cell 2582) at Key 3, Position 8, just slightly on HB- 

A (6-30-1965): 

3 2 side of HB- 

2 side of HB-3 

573e18 n/a in global calc)t will yield fluxes in n/s/cm2 

03 from barns to cn12 

0 3  from barns to cm2 

C C f3S;n -0.75311. -12.52066 111.32938 0.45 $ 0.75311 cm below midpoint of dosimeter (in Cell 2582) at Key 3,  Position 8, just slightly on HB- 

C fm35 (1.20830e16) $ sum of equivalent point sources (n/s) for grps 1-36 (E>27 keV; use for dosimetry calc only) in HB-3 for HFIR at 100 Mw (Snn7.5 

C (1.208308-8 71 103) $ to get number of [a,g) "reactiona/sec** in mJi58i note that src had to be multiplied by 10-24 to convert (n,p) xsect 1 

C e (1.208300-6 72 103) $ to get number of (n,g) "reactions/sec8t in Fe54; note that STC had to be multiplied by le-24 to convert (n,p) xsect  1 

C 

C 

C 

C 
C 

C 
C 

C 

C 
C 

C 
C 
C 

C 
C 

C 
C 
fc15 
fl5:p 
C 
alc) I 
fm15 
e15 

C 

fc25 
f251p 

e35 $ Emax(ig) in MeV; corresponds to no particular group structure; chosen for dosimetry calm 
0.027 0.1 1.0 20.0 t 

Generally applicable note of great imoortance: 

QADD2.FOR analysis has shown that if the water tube h collimator are BOTH FLOODED, VELM source groups 1-8 account for 98-99% 
of the dose rate downstream of the collimator. (By the tima they get there, of course, the photons may have less energy.) 
Thus, "for this particular FMODED case", it is sufficient to include source photons from these first 8 VELM groups only. 
The photon source in VEM g r p s  1-8 (above 3.0 MeV) = 7.9842113+15 p/s (subtotal for these groups). For this particular 
FLOODED case, this value may be used, but the 9173, SP73, DS83, any 5873 card, and "allr FM tally cards MUST all be consistent. 

................................................ 

---------------_----_____I_____y________-------- 

G-Flux (p/s/cm2) midway between collimator: & shutter at 100 MW 
0.0 0.0 607.46438 0.5 $ Q-Flux (p/s/cm2) midway between collimator 6. shutter at 100 MW 
fm15 1.353990+17 $ based on VELM gamma groups 1-23; sum of equivalent point sources (p/s) in HB-3 for HFIR at 100 MW (Snn7.5573e18 n/s in global c 
will yield fluxes in P/S/C@ 
7.9842113+15 $ based on VELM gamm groups 1-8 only; for FLOODED case only; must be used consistently with 5173, SP73. SB73 61 DS63 data 
$ EmaxIMeV) for the 23 VELM gamma grpe  (lowest to highest energy for MCNP): 
2.0000s-2 4.5000e-2 7.0000e-2 1.0000s-1 1.5000e-1 $ VEL8 9-groups 23, 22, 21, 20, 19, 
3.0000e-1 4.000013-1 5.1000e-1 6.0000s-1 7.0000s-1 $ VEL&! g-groups 18, 17, 16, 15, 14, 
1.0000e+O 1.50OOe+O 2.OOOOe+O 2.5000e+0 3.0000e+0 $ MLM g-groups 13, 12, 11, 10, 9, 
4.0000e+O 5.00OOe+O 6.0000e+O 7.0000e+0 7.50OOe+O $ VEW g-groups 8, 7, 6, 5, 4, 
8.0000e+0 1.0000e+l 1.4000e+l $ WLM g-groups 3, 2, 1 

Q-Dose (mram/hr) midway between collimator h shutter at 100 MW 
0.0 0.0 407.46438 0.5 $ O-Dose (mrem/hr) midway between colliaator h shutter at 100 MW 

c 
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alc) ; 
fm25 

e25 
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em25 
C 

C 
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fc35 
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C 
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alc) P 
fm35 
e35 
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C 
fc45 
C 
C 
C 

f45:p 

alc) 1 
fm45 
e45 

C 

em4 5 
C 
C 

c 

fm25 
will yield fluxes in p/s/cm2 
7.9842113+15 $ based on VELM gamma groups 1-8 only; for FLOODED case only; must be used consistently with 5173, 5373. SB73 & DY83 data 

$ Garmna energy boundaries (Emax, in MeV) from VELM 61n/23g structure: 
1.00000e-02 2.00000e-02 4.50000e-02 7.00000s-02 1.00000e-01 
1.50000e-01 3.00000e-01 4.00000e-01 5.10000e-01 6.00000s-01 
7.00000e-01 1.OOOOOe+OO 1.5OOOOe+OO 2.00000e+00 2.50000e+00 
3.00000e+00 4.00000e+00 5.000OOe+OO 6.000OOe+OO P.OOOOOe+OO 
7.50000e+00 8.00000e+00 1.OOOOOe+O1 1.400OOe+Ol 
$ Gamma flux-to-dose-rate conversion factors [(mrem/hr)/(p/s/cm2)] for the VELM 61n/23g xaect library. 
calculated as prescribed in ANSI/ANS-6.1.1-1977, with groups arranged here in order of "increasing" 
energy for use in MCNP; first value here corresponds to non-existant group below 1-Oe-2 MeV: 
0.00000e*00 2.14390e-03 5.77610e-04 2.74660e-04 2.66440e-04 
3.27670e-04 5.66760s-04 8.759400-04 1.08520e-03 1.27970e-03 
1.44170e-03 1.75630e-03 2.31560~1-03 2.92700e-03 3.46860e-03 
3.95960e-03 4.62210e-03 5.413608-03 6.19090~1-03 6.92650e-03 
7.47830e-03 7.84680e-03 8.77160e-03 1.10200e-02 

1.35399e+17 $ based on VELM garmna groups 1-23] sum of equivalent point sources (p / s )  in HB-3 for HPIR at 100 MW (Sn=7,5573e18 n/s in global c 

____________________--------- - - - - - - - - - - - - -~.------ - - - -  

G-Flux (p/s/cm2) 0.5 cm past conc box containing shutter, at 100 MW 
Rotary shutter centered at 21446.405 cmi downstream edge of shutter at 21477.36125 cmr 
Downstream surf of SS liner on concrete box containing shutter is at Surf 3001 (2~478.79 
This detector is located 0.5  cm downstream of Surf 3001 
0.0 0.0 479.29 0.49 $ G-Flux (p/s/cm2) midway between collimator h shutter at 100 MW 
fm35 1.35399~+17 $ based on VELM g a m  groups 1-23; sum of equivalent point sources (p/s) in HB-3 for HPIR at 100 MW (Sn~7.5573eXB n / s  in global c 
will yield fluxes in p/e/cm2 
7.984211E+15 $ based on MLM gamna groups 1-8 only$ for FLOODED case only; must be used eoneistently with 8273, SP73. SB73 b 8583 data 
$ Emax(MeV) for the 23 VELM ganuna g r p 8  (lowest to highest energy for MCNP): 
2.0000e-2 4.50000-2 7.0000s-2 1.0000e-1 1.5000e-1 $ VELM g-groups 23# 22, 21, 20, 19, 
3.OOOOe-1 4.0000e-1 5.1000e-1 6.0000e-1 7.000019-1 $ VELM g-groups 18. 17, 16, 15, 14, 
1.0000e+0 1.5000e+O 2.0000e+0 2.5000e+O 3.0000e+O $ VELM g-groups 13, 12, 11, 10, 9 ,  
4.0000e+O 5.0000e+0 6.0000e+O 7.0000e+0 7.50000+0 $ VELEI g-groups 8, 7, 6, 5, 4, 
S.OOOOs+O 1.00OOa+l 1.4000e+l $ VELM g-groups 3 ,  2, 1 

G-Dose (mrem/hr) 0.5 cm past conc box containing shutter, at 100 MW 
Rotary shutter centered at 2.1446.405 cm; downstream edge of shutter at 21477.36125 cm; 
Downstream surf of E19 liner on concrete box containing shutter is at Surf 3001 (2m478.79 cm); 
This detector is located 0.5 cm downstream of Surf 3001 
0.0 0.0 479.29 0.49 $ G-Dose (mrem/hr) midway between collimator h shutter at 100 MW 
fm45 

7.984211E+15 $ based on VELM ganmra groups 1-8 only; for FLOODED case onlyj must be used consistently with 9173, 8873, SB73 h OS83 data 
$ Garmaa energy boundaries (m, in MeV) from VELM 61n/23g structure: 
1.00000e-02 2.00000s-02 4.50000e-02 7.00000e-02 1.00000e-01 
1.50000e-01 3.00000e-01 4.00000e-01 5.10000e-01 6.00000e-01 
7.0d000e-01 1.00000e+00 1.5OOOOe+OO 2.000OOe+OO 2.50000e+00 
3.000OOe+OO 4.00000e+00 5.00000e+00 6.00000e*00 7.00000e+00 
7.50000e+00 8.00000e+00 1.00000e+01 1.40000e+01 
$ Ganrma flux-to-dose-rate conversion factors [(mrem/hr)/(p/s/cm2)] for the VELM 61n/23g xsect library. 

1.353990+17 $ based on VELM gamma groups 1-231 sum of equivalent point sources ( p / s )  in HB-3 for HFIR at 100 MW (Sna7.5573e18 n / s  in global c 
will yield fluxes in p/s/cm2 

in ANSI/ANS-6.1.1-1977, with groups arranged here in order of "increasing" 
first value here corresponds to non-existant group below 1.00-2 MeV: 
5.776100-04 2.74660s-04 2.6644Oe-04 
8.7594Oe-04 1.085200-03 1.27970s-03 
2.31560e-03 2.9270083-03 3.46860e-03 
5.41360s-03 6.19090s-03 6.92650e-03 
8.77160e-03 1.10200e-02 

calculated as prescribed 
energy for use in UCNP; 
0.00000e+00 2.14390e-03 
3.27670e-04 5.66760e-04 
1.44170e-03 1.75630e-03 
3.95960e-03 4.622100-03 
7,47830e-nq 7.84680e-03 
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C 

fc55 
C 

C 

C 
f55tp 

alc) ; 
fm55 
e55 

C 

C 
fc65 
C 

C 
C 
f65:p 
C 
ale) f 
fm65 
e65 

em6 5 
C 
C 

C 
C 
fc75 
C 

C 
C 
f75:p 

alc) 1 
fm75 
e7 5 

C 

C 
fc85 
C 

C 

0-Flux (P/sfcm2) 1.5 feet past conc box containing shutter, at 100 MW 
Rotary shutter centered at 21446.405 cmi downstream edge of shutter at 2477.36125 c m j  
Kmwnstream surf of 86 liner on concrete box containing shutter 5,s at Surf 3001 (21478.79 cm); 
This detector is located 1.5 feet downstream of Surf 3001 
0.0 0.0 524.51 5.0 $ 6-Flux (p/e/cm2) ddway between collimator k ahutter at 100 MW 
fm55 1.35399e+17 $ based on VELbl panam groups 1-23j sum of equivalent point sources (pfe) in HB-3 for HFIR at 100 MW (9nr7.5573e18 n/s in global c 
will yield fluxes in p/s/cn12 
7.984211&+15 $ based on VELM gMrmd groups 1-8 only; for FLOODED case only; must be used consistently with SI73, SP73, SB73 P DS83 data 
$ Emax(MeV) for the 23 VELM genuna grpe (lowest to highest energy for MCNP): 
2.0000e-2 4.5000e-2 7.0000e-2 1.0000s-1 1.5000~~-1 $ VELM g-groups 23, 22, 21, 20, 19, 
3.0000s-1 4.00000-1 5.1000s-1 6.0000e-1 7.OOOOe-1 $ VKLM g-groups 18, 17, 16, 15, 14, 
l.OOOOe+O 1.5000e+0 2.0000e+0 2.50OOe+O 3.0000e+O $ MtM g-groups 13, 12, 11, 10, 9, 
4.0000e+0 5.0000e+0 6.00OOe+O 7.00000+0 7.5000e+0 $ VELM g-groups 8, 7, 6, 5, 4. 
8.OOOOe+O l.OOOOe+l 1.4000e+l $ VgLM g-groups 3, 2, 1 

+Dose (mremfhr) 1.5 feet past conc box containing shutter, at 100 MW 
Rotary shutter centered at Z-446.605 cm; downstream edge of shutter at 2477.36125 cmi 
Dormstream surf of SS liner on concrete box containing shutter is at Surf 3001 (21478.79 cm)} 
This detector is located 1.5 feet downstream of Surf 3001 
0.0 0.0 524.51 5.0 $ GI-Lbse (memlhr) midway between collimator & shutter at 100 MW 
fm65 1.353990+17 $ based on VELM ganmra groups I.-23; sum of equivalent point sources (p/s) in HB-3 for HFIR at 100 MW (Sn=7. 
will yield fluxes in p/s/cm2 
7.984211&+15 $ baeed on VELM gamma groups 1-8 only; for FLOODED case only; must b4 used consistently with 8173. SP73, 8873 (r 

$ Gamma energy boundaries (Enrsx, in MeV) from VELM 61n/23g structurer 
1.00000e-02 2.OOOOOe-02 4.500000-02 7.00000e-02 1.000008-01 
1.500008-01 3.00000s-01 4.00000e-01 5.10000~-01 6.000000-01 
7.000000-01 1.0000Oei00 1.50000e+00 2,00OOOe+OO 2.50000e+00 
3.00000e+00 4.00000e+00 5.000OOe+OO 6.000OOe+OO 7.00000e+00 
7.500OOe+OO 8.00000e+00 1.OOOOOe+O1 1.40000e+01 
$ Gamma flux-to-8086-rate conversion factors f(mrem/hr)/(p/s/cmZ)] for the VELM 61n/a3g xsect library, 
calculated as prescribed fa JiNSI/hNS-6.1.1-1977, with groups arranged here in order of Wincreasfngw 
energy for use in KCNPi firat value here corresponds to non-existant group below 1.00-2 MeV: 
O.O0000e+00 2.14390e-03 5.7761Oe-04 2.746600-04 2.664400-04 
3.276700-04 5.66760.8-04 8.759400-04 1.085200-03 1.279708-03 
1.44170e-03 1.75630s-03 2.31560s-03 2.92700e-03 3.46860s-03 
3.95960~~-03 4.62210e-03 5.41360s-03 6.190900-03 6.92650e-03 
7.478309-03 7,846800-03 8.77160s-03 1.102OOe-02 

5573e18 n/s in global c 

DS83 data 

G-Flux (pfslcm2) 3 feet paat conc box containing shutter, at 100 MW 
R o t a r y  shutter centered at 21146.405 cm; downatream edge of shutter at 2477.36125 cmp 
Downstream surf of 58 liner on concrete box containing shutter is at Surf 3001 (2478.79 an)} 
This detector le located 3 feet downstream of Surf 3001 
0.0 0.0 570.23 5.0 $ O-Flux (p/s/cm;l) mldway between collimator & shutter at 100 MW 
fm75 1.35399e+17 $ based on VELM ganmra groups 1-23; sum of equivalent point EOUrCOS (p/s) in HB-3 for HFIR at 100 MW (snn7.5573e18 n/s in global c 
Will yield fluxes in p / S / d  
7.9842llE+15 $ baeed on VELM gamma groups 1-8 only; for FLOODED case only; m 8 t  be used consistently with SI73, SP73, 98’43 & DB8J data 
$ Esax(MeV) for the 23 VELM gemm g r p s  (lowest to highest energy for HCNP): 
2.0000e-2 4.5000e-2 7.0000e-2 1.00000-1 1.5000e-1 $ VELM w-groups 23, 22, 21, 20, 19, 
3.0000e-1 4.00000-1 5.1000e-1 6.00006-1 7.00000-1 8 VELM g-groups 18, 17, 16, 15, 14, 
1.OOOOe+O 1.5000e+0 2.00000+0 2.5000e+0 3.00OOe+O $ VELM g-groups 13, 12, 11, 10, 9,  
4,00OOe+O 5.80QOe+O 6.00000+0 7.0000e+O 7.5000e+0 $ VELM $#-groups 8, 7, 6, 5, 4, 
8.OOOOs+O 1.0000e+l 1.4000e+l $ V ~ L M  g-groups 3, a, 1 

G - D o e e  (znremlhr) 3 feet past conc box containing shutter, at 100 MW 
Rotary shutter centered at Zm446.405 cm; downstream eage of shutter at 2477.36125 cm; 
Downstream surf of SS liner on concrete box containing shutter is at Surf 3001 (21478.79 cm); 
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C This detector is located 3 feet downstream of Surf 3001 
f85:p 0.0 0.0 570.23 5.0 $ Q-Dose (mtem/hr) midway between collimator & shutter 
C fm85 1.353990+17 $ based on VELM ganuna groups 1-231 sum of equivalent point 
ale), will yield fluxes in p/s/cm2 

at 100 MW 
sources (p/s) in HB-3 for X F I R  at 100 MW (Sn~7.5573e18 n/S in global c 

fm85 7.984211E+15 $ based on VELM gamana groups 1-8 only; for FLOODED case only; must be used consistently with 9173, 9373, 9873 h DS83 data 
e85 $ Gamma energy boundaries (m, in MeV) from VELM 61n/23g structure: 

1.00000e-02 2.00000e-02 4.50000s-02 7.00000s-02 1.00000e-01 
1.50000e-01 3.00000e-01 4.00000e-01 5.10000e-01 6.00000e-01 
7.00000e-01 1.00000a+00 1.50000e+00 2.000OOe+OO 2.50000e+00 
3.000OOe+OO 4.00000e+00 5.000OOe+OO 6.00000e+00 7.OOOOOe+OO 
7.50000e+00 8.00000e+00 1.OOOOOs+O1 1.40000e+01 

em85 $ Ganrmn flux-to-dose-rate conversion factors [(mrem/hr)/(p/s/cm2)1 for the VELM 61n/23g xsect library, 
C calculated as prescribed in ANSI/ANS-6.1.1-1977, with groups arranged here in order of "increasingm 
C energy €or use in MCNPi first value here corresponde to non-sxistant group below 1.00-2 MeV: 

O.OOOOOe+OO 2.143900-03 5.776100-04 2.74660e-04 2.66440e-04 
3.27670e-04 5.66760e-04 8.75940e-04 1.08520s-03 1.279700-03 
1.44170e-03 1.756304-03 2.315600-03 2.92700e-03 3.468600-03 
3.959600-03 4.62210s-03 5.41360e-03 6.19090e-03 6.92650e-03 
7.078300-03 7.84680e-03 8.77160e-03 l.lO2OOe-02 

C 

C 
fc184 
f 184 :p 
C 

calc) 1 

fm184 
C 
C 
C 
C 

C 
C 

C 
C 

C 

C 
C 

C 
C 

C 
C 

C 

C 
C 

C 
de184 

del84 

f 6184 

AOp% &Dose (mrem/hr) axially, up thru the water tube, at 100 MW 
2145 $ Appx U-Dose (mrem/hr) axially, up thru the water tube (Cell 21451, at 100 MW 
fm18d 1.35399e+17 $ based on VELM gamma groups 1-23; sum of equivalent point sources (p/s) in HB-3 for HFIR at 100 MW (Sn=7.5573elB n/s in global 

7.984211E+15 $ based on VEU4 gamma groups 1-8 only, for FLOODED ca8e only; must be used consistently with 9173. SP73, SB73 & D983 data 
will yield fluxes in p / s / c d  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  P 

to use (de,df) because I only wanted ONE: "a.ppxm number for the total gamma dose rate in each tally segment. 

e184 $ Gamma energy boundaries (Emax, in MeV) from VELM 61n/23g structure: 
1.00000e-02 2.00000e-02 4.50000s-02 7.00000e-02 1.OOOOOe-01 

7.00000s-01 1.00000e+00 1.50000e+00 2.00000e+00 2.500OOe+OO 
3.00000e+00 4.00000e+00 5.00000e+00 6.00000e+00 7.000OOe+OO 
7.50000e+00 8.OOOOOe+OO 1.OOOOOe+O1 1.40000e+01 

Note8 Dose rates obtained using (e,em) are correct; those obtained using (de,df) are epproximatei here I chose a" 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1.50000e-01 3.00000~-01 4.00000e-01 5.10000~-01 6.00000~-01 

em184 $ Qamm flux-to-dose-rate conversion factors [(mram/hr)/(p/s/cm2)] for the VELM 61n/23g xsect library, 
C calculated as prescribed in ANSI/ANS-6.1.1-1977, with groups arranged here in order of "increasing" 
C energy for use in MCNP; first value here corresponds to non-existant group below 1.0s-2 MeV: 

O.OOOOOs+OO 2.10390s-03 5.77610e-04 2.746600-04 2.664400-04 
3,276700-04 5.667600-04 8.75940s-04 1.08520e-03 1.27970e-03 
1.441700-03 1.756300-03 2.315604-03 2.92700e-03 3.468600-03 
3.359600-03 4.62210~4-03 5.41360e-03 6.19090e-03 6.926500-03 
7.478300-03 7.846800-03 8.771609-03 1.102000-02 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

$ Q a n u ~  energy points (MeV) supposedly corresponding to the flux-to-dose-rate factors below 
1.00000e-02 2.00000s-02 4.50000e-02 7.00000e-02 1.00000e-01 
1.50000e-01 3.00000e-01 4.00000e-01 5.10000e-01 6.00000s-01 
7.00000s-01 1.00000e+00 1.5OOOOe+OO 2.00000e+00 2.50000e+00 
4.OOOOOe+OO 4.00000e+00 5.00000e+00 6.00000e+00 7.00000e+00 
7.500OOe+OO 8.00000e+00 1.OOOOOe+O1 1.40000~+01 
$ Qamma flux-to-dose-rate conversion factors [(mrem/hr)/(p/s/cd)] "nearn above energy points (based on WLM 61n123g xsect library) 
2.14390e-03 2.14390e-03 5.776100-04 2.74660e-04 2.668400-04 
3.276700-04 5.667600-04 8.759400-04 1.0852Oe-03 1.279700-03 
1.441700-03 1.756300-03 2.31560e-03 2.927000-03 3.468600-03 
3.959600-03 4.62210e-03 5.41360e-03 6.190900-03 6.92650e-03 
7.4783C ' 7.846800-03 8.77160s-03 1.10200e-02 
$ 29 st t divider planes (for 30 equal segments with dZ=4.24119 cm ,1493.55788 cc): 
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ad184 
C 

C 

fc194 
f194rp 
C 

calc) I 
fm194 
C 
C 
C 

C 

C 
C 
C 

C 
C 

C 
C 

C 
C 
C 

C 
C 

C 
C 
C 
de194 

df194 

fsl94 

sd194 
C 
C 
fc201 
C 

-5101 -5102 -5103 -5104 -5105 -5106 -5107 -5108 -5109 -5110 
-5111 -5112 -5113 -5114 -5115 -5116 -5117 -5118 -5119 -5120 
-5121 -5122 -5123 -5124 -5125 -5126 -5127 -5128 -5129 
493.55788 29r $ volume (cc) for each of the 30 segments 

Appx U - D o s e  (mremlhr) axially, up thru collimator hole, at 100 MW 
4300 $ Appx +Dose (mrem/hrl axially, up thru rectangular collimator hole (Cell 4300). at 100 MW 
fm194 1.35399e+17 $ based on VELM gbnnna groups 1-23; sum of equivalent point eourcem (p/s) in XB-3 for HFXR at 100 W (Sn~7.5573e18 n/s in global 

7.984211E+15 $ based on VEM gamut groups 1-8 only1 for FLOODED case only; must be used consistently with SI73, SP73, SB73 6r OS83 data 

Note: Dose rates obtained using (e,-) are correct; those obtained using (de,df) are approximate; here I chose 
to use (de,df) because I only wanted ONE "app~" number for the total gamma dose rate in each tally 8egment. 

will yield fluxes in p/s/cm2 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

--------------------________________I___------------------------------------ 

e194 

em194 
C 
C 

$ Garmna energy boundaries (Emax, in MeV) from VELM 61n/23g structure: 
1.00000e-02 2.00000e-02 4.5000Be-02 7.000008-02 1.00000e-01 
1.50000e-01 3.OOOOOe-01 4.00000e-01 5.10000e-01 6.00000s-01 
7.00000e-01 1.00000e+00 1.500OOe+OO 2.00000e+00 2.50000e+00 
3.000OOe+OO 4.00000e+00 5.00000e+00 6.000OOe+OO 7.00000e+00 
7.50000e+00 8.00000e+00 1.OOOOOe+O1 1.40000e+01 

calculated as prescribed in ANSI/ANS-6.1.1-19?7, with groups arranged here in order of "increasing* 
energy for use in WCNPi first value here corresponds to non-exietant group below 1.0s-2 MeV: 
0.00000e+00 3.143900-03 5.77610e-04 2.74660e-04 2.66440e-04 , 
3.276700-04 5.66760e-04 8.75940e-04 1.08520e-03 1.27970e-03 
1.44170e-03 1.75630e-03 2.3156Oe-03 2.92700e-03 3.46860e-03 
3.959608-03 4.622100-03 5.4136Oe-03 6.19090e-03 6.926500-03 
7.47830e-03 7.846800-03 8.771600-03 l.lO2OOe-02 

$ Gamma flux-to-dose-rate conversion factors [(mt%m/hr)/(p/s/craZ)] for the VELM 61n/23g xsect library, 

$ Garmna energy points (HeW supposedly corresponaing to the flux-to-dose-rate factore below 
1.00000e-02 2.000000-02 4.50000s-02 7.00000e-02 1.OOOOOe-01 
1.50000e-01 3.00000e-01 4.000008-01 5.100OOe-01 6.OOOOOe-01 
7.00000e-01 1.OOOOOe+OO 1.50000e+00 2.00000e+00 2.5OOOOe+OO 
3.00000et00 4.00000e+00 5.0000Oet00 6.00000o+00 7.00000et00 
7.50000e+00 8.00000e+00 1.OOOOOe+O1 1.40000e+01 
$ G m  flux-to-dose-rate conversion factors [(mrem/hr)/{p/s/craZ)] "near" above energy points (based on VELM 61n/23g xsect library) 
2.1439Oe-03 2.14390e-03 5.776208-04 2,746600-04 2.66440s-04 
3.27670s-04 5.66760s-04 8.759100-04 1.0852Oe-03 1.279700-03 
1.441700-03 1.75630e-03 2.315600-03 2.927008-03 3.46860e-03 
3.95960e-03 4.62210s-03 5.41360e-03 6.19090e-03 6.92650e-03 
7.4783Oe-03 7.84680e-03 8.77160s-03 1.102OOe-02 
$ 19 8egment divider plans8 (for 20 equal segmanta with dr4.44500 cm & dVol=433.74510 cc): 
-5141 -5142 -5143 -5144 -5145 -5146 '-5147 -5148 -5149 -5150 
-5151 -5152 -5153 -5154 -5155 -5156 -5157 -5158 -5159 
P33.74510 19r $ volume (cc) for each of the 20 segments 

Primary G-Leakage (p/s) at upstream entrance of collimator hole 
f a 0 1  1.35399~17 $ based on VBLM ganuua groups 1-23~ use for g-only calc; = sum of equivalent pdiat sources (p/s) in HB-3 for HFIR at 100 MW (Sn=7 

.5573e18 nls in global calc)? will yield fluxes in n/e/cm2 
fm201 7.9842113+15 $ based on MLbl gamma groups 1-8 only; for FLOODED case onlyr must be used consistently with 9173, 5373, 5873 h DS83 data 
C fc2Ol Secondary (rl-Leakage (p/8) at upstream entrance of collimator hole 
C fm201 9.64595~~16 $ use for n/g calc; = sum of equivalent point sources (n / s )  in HB-3 for XFIR at 100 MW (Sn-7.5573el8 n/s in global calc); wil 
1 yield fluxes in n/a/cm2 
f201:p 4130 $ surf at upstream entrance of collimator hole 
fa201 -4210 4211 -4212 4213 $ the fifth edit ("the remainder") is the leakage (p/sl thru the central rectangular hole in the collimator at downstream e 
xit 
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sd201 1 1 I 1 1 $ enter area of 1.0 cm2 for all 8e4gment8 (including "remainder") to get "leakage (p/s)" instead of %urrent ( D / S / C d ) "  

c201 0.0 1.0 $ only L(z-) and L ( z + )  
e201 $ Emax(MeV) for the 23 VELM ganuna $7-8 (lowest to highest energy for MCNP): 

2.0000e-2 4.50000-2 7.0000e-2 1.0000e-1 1.5000e-1 $ VELM g-groups 23, 22, 21. 20, 19. 
3.0000e-1 4.0000e-1 5.1000e-1 6.0000e-1 7.0000e-1 $ VELM g-group# 18, 17, 16, 15, 14, 
1.0000e+0 1.5000e+O 2.0000e+O 2.5000e+0 3.0000e+O $ VELM g-groups 13, 12, 11, 10, 9, 
4.0000e+O 5.0000e+0 6.00OOe+O 7.0000e+0 7.5000e+0 $ VELM g-groups 8, 7, 6, 5, 4 ,  
8.0000e+O 1.0000e+l 1.4000e+1 $ VEm g-groups 3, 2, 1 

fp201 c e s $ each cosine = new tablei energy grp down vertically! spatial segments across horizontally 
C 
C 

fc211 Primary Q-Leakage (p/s) 2.4945 cm downstream of collimator hole exit 
C fc211 Primary Q-Leakage (p/e) at downstream exit of collimator hole 
C f a 1 1  1.35399e17 $ based on VELM ganrma groups 1-23; use for g-only calcl = sum of equivalent point sources 

C fc2ll Secondary +Leakage (pis) at downstream exit of Collimator hole 
C fm211 9.64595e16 $ use for n/g calc) I sum of equivalent point sources (nfs) in HB-3 for HFIR at 100 MW 
1 yield fluxes in nfsfcm;! 
f211:p 4198 $ surf 2.4945 cm downstream of collimator hole exit 
C f211:p 4190 $ surf at downstream exit of collimator hole 

.5573e18 n/s in global calc)) will yield fluxes in n/s/cm2 
fm211 7.984211E+15 $ based on VELM gamma groups 1-8 only; for FLOODED case only; must be used consistently with SI 

(p/S) in HB-3 for HFIR at 100 MW (S-7 

3, SP73, SB73 h DS83 data 

Sn=7.5573e18 n/s in global ca1.c)~ wil 

fs211 -4210 4211 -4212 4213 $ the fifth edit ("the remainder") is the leakage (p/S) thru the central rectangular hole in the collimator at downstream e 
xit 
sa211 1 1 1 1 1 $ enter area of 1.0 cm2 for all segments (including "remainder") to get "Leakage (p/s)" instend of "current (p/S/cd)" 
c211 0.0 1.0 $ only L ( z - 9  and L ( z + )  
e211 $ -(MeV) for the 23 VELM garmM g r p s  (lowest to highest energy for MCNP): P 

2.0000e-2 4.5000e-2 7,0000s-2 1.0000e-1 3.5000e-1 $ VELM g-groups 23, 22. 21, 20, 19, P 
3.0000e-1 4.OOOOe-1 5.1000e-1 6.0000s-1 7.0000e-1 $ VEW g-groups 18. 17, 16, 15, 14, a\ 

1.OOOOe+O 1.5000e+O 2.0000e+0 2.50OOe+O 3.0000e+0 $ VELM g-groups 13, 12, 11, LO, 9, 
4.0000e+0 5.0000e+0 6.00000+0 7.0000e+0 7.5000etO $ VELM g-groups 8, 7, 6, 5, 4. 
8,0000e+0 1.OOOOe+l l.dOOOe+l $ VELM g-groups 3, 2, 1 

fa211 c e s $ each cosine - new table; energy g r p  down vertically; spatial segments across horizontally 
C 

C 
fc212 P r i  0-Dose (mtedhr) 2.4945 cm downstream of collimator hole exit (seg 5) 
c ........................... 
C Note: Only if this boundary crossing estimate of the primary ganuna dose rats downstream of the 

C point detector estimatem. If F2 Tally 212 is well converged, F5 Tally 25 will be more accurate; 
C if F2 Tally 212 is not well converged, F5 Tally 25 may or may not be any good (even if stat8 are good). 

C fm212 1.35399e17 $ based on Pri g-source in VELM gsmma groups 1-23) use for VOID g-only calc; P sum of equivalent point sources (p/s) in HB-3 for 

C collimator hole has good statistics, is it possible to have a high degree of confidence in the 

C 

HFIR at 100 MW (Sn-7.5573e18 n/s in global calc)) will yield fluxes in n/s/cm2 
fm212 7.9842113+15 $ based on Pri g-source in VELM gamma groups 1-8 only) use 1-8 for FLOODED case onlyj must be used consistently with SI73, SP73, SB73 & 

........................... 

DS83 data 
C fc212 Sec G - D o s e  (mrem/hr) 2.4945 cm downstream of collimator hole exit (seg 5) 
C fm212 9.64595e16 $ use for n/g calc; I sum of equivalent point Boutces (n / s )  in HB-3 for HFIR at 100 MW (Snu7.5573e18 n/s in global CalC); will y i  
eld fluxes in n/s/cm2 
f212:p 4198 $ Surf 4198 is located 2.4945 cm downstream of collimator hole exit 
C f212:p 4190 $ surf at downstream exit of collimator hole 
fsZl2 -4210 4211 -4212 4213 $ the fifth edit ("the remainder") is the leakage (p/s) thru the central rectangular hole in the collimator at downstream e 
xit 
ad212 $ enter area of all surface segments (including "the remainder") to get flux in "p/s/cm2" 

$ area (6) for each of the 5 surface segments at this axial location (segment 5 I "remainder" = central rectanmlar hole) 
6182.808036 6182.808036 405.016219 405.016219 97.580450 $ calculated analytically 

l.OOOOOe-" 2.00000e-02 4.50000e-02 7.00000e-02 1.00000e-01 
1.50000~ 3.OOOOOe-01 4.OOOOOe-01 5.100000-01 6.00000e-01 

a212 $ Qamma energy boundarise (Emax, in MeV) from VELM 61n/23g structure: 



HB308G.I 
7.00000e-01 1,OOOOOe+OO 1.50000e+00 2.00000e+00 2.!50000e+00 
3.00000e+00 4.00000e+00 5.OOOOOe+OO 6.000OOe+OO 7.00000e+00 
7.500OOe+OO 8.0000Oe+OO 1.00000e+01 1.4OOOOe+Ol 

d 1 2  $ Ganm\a flux-to-dose-rate conversion factors [(mrem/hr)/(p/s/cm2)1 for the VELM 61n/23g xsect library, 
C calculated as prescribed in ANSX/ANS-6.1.1-197?, with groups arranged here in order of "increasing" 
C energy for use in UCNP; first value here corresponds to non-existant group below 1.0s-2 MeV: 

0.00000e+00 2.14390e-03 5.77610e-04 2.7466Oe-04 2,66440s-04 
3.27670e-04 5.66760e-04 8.75940s-04 1.08520e-03 1.27970e-03 
1.441700-03 1.75630s-03 2.31560e-03 2.92700e-03 3.46860e-03 
3.959600-03 4.62210~1-03 5.41360s-03 6.19090e-03 6,92650e-03 
7.47830e-03 7.84680s-03 8.77160e-03 1.10200e-02 

fq212 e s $ print control: energy g r p  down vertically; spatial segments across 
C 
C 
fc221 Primary Q-Leakage (p/s) 2.4945 cm downstream of collimator hole exit 
C fc221 Primary +Leakage (p /a )  at downstream exit of collimator hole 

.5573e18 n/s in global calc)] will yield fluxes in nlslcm;! 
fm22l 7.984211E+15 $ based on VZLbl gamma groups 1-8 only] for FLOODED case only; 

C f1n22l 1.35399e17 $ based on VgtM gamma groups 1-23; use for g-only calc; 

C fc221 Secondary a-Leakaae ID/s) at downstream exit of collimator hole 
C fm22l 9.64595e.16 $ 
1 yield fluxes in n/s/cm;! 
f221:p 4198 $ Surf 2.4945 Cm 
C f22lrp 4190 $ surf 
fs221 -4210 4211 -4212 4213 
xit 
ad221 1 1 1 1 1 
c221 -0.99939083 $ 0 - 2 deg 

-0.99619670 $ 2 - 5 deg 
-0.98480775 $ 5 - 10 deg 
-0.93969262 $ 10 - 20 deg 
-0.86602540 $ 20 - 30 deg 
-0.5 $ 30 - 60 deg 

0.0 $ 60 - 90 deg 
0.5 $ 60 - 90 deg 
0.86602540 $ 30 - 60 dep 
0.93969262 $ 20 - 30 deg 
0.98480775 $ 10 - 20 deg 
0.99939083 $ 2 - 5 Beg 
1.0 $ 0 - 2 Beg 

0.99619470 $ 5 - 10 de0 

- - -  - 
use for n/g calc; = sum of equivalent point sources 

horizontally 

= sum of equivalent point sources (p/s) in HB-3 for HFIR at 100 MW (Snd 

must be used consistently with S173, 9373, SB73 P DS03 data 

(n/s) in HB-3 

downstream of collimator hole exit 
at downstream exit of collimator hole 

$ the fifth edit ("the remainder") is the leakage (p / s )  thru the 

$ enter area of 1.0 cm2 for all segments (including "remainder") 
wrt -2 axis 
E t  -z axis 
wrt - Z  axis 
wrt -z axis 
wrt -2 axis 
wrt -z axis 
wrt -2 axis 
wrt +Z axis 

wrt +z axis 
vmt +z artis 
wrt +z axis 

wrt +z axis 

Wtt +z mi6 

Wtt +Z 

for HFIR at 100 MW (Sn=7.5573e10 n/s in global calc); wil 

centra9 rectangular hole in the collimator at dometream e 

to get "leakage ( p / ~ ) "  instead of "current (p/a/cm2)" 
P 
2i 

e221 $ nhax(MeV) for the 23 VELM ganana grps (lowest to highest energy for MCNP): 
2.0000e-2 4.5000s-2 7.00000-2 1.OOOOe-1 1.5000e-1 6 VELM g-groups 23, 22, 21, 20, 19, 
3.0000e-1 4.0000s-1 5.1000e-1 6.0000e-1 7.00000-1 $ VELM g-groups 18, 17, 16, 15, 14, 
1.0000e+O 1.5000e+O 2.0000e+O 2.5000e+0 3.0000e+0 $ VELM g-groups 13, 12, 11, 10, 9, 
4.0000e+O 5.0000e+0 b.OOOOe+O 7.0000e+0 7.5000e+0 $ MLM g-groups 8, 7, 6, 5. 4. 
8.0000e+0 1.0000e+l 1.4000e+1 $ VELM g-groups 3, 2, 1 

fq221 c e B $ each cosine - new table; energy g r p  down vertically1 spatial uegmsnts acrose horizontally 
C 
C 
fc231 Primary Q-Leakage (p/s) on downstrem surf of box holding shutter, 100 Mw 

C Downstream surf of 88 liner on concrete box containing shutter is at Surf 3001 (21478.79 cm)) 
C 1) Rotary shutter is centered at Z446.405 cmi downstream edge of shutter is at 21477.36125 (311; 

C That is the surface where this F1 tally is made. 
C 
C f ~ 2 3 1  1.35399e17 $ based on VELM gamma groups 1-23; use €or g-only calc; P 6- of equivalent point sources (pis) in HB-3 for HFXR at 100 MW (8n-7 
.5573e18 n/s in global calc); will yield fluxes in n/s/cm2 
f d 3 1  7.984211E+15 $ based on MLM garmM groups 1-8 only; for FLOODED case only; muat be used consistently with SI73, 5373. SB73 P D583 data 

2) P u r p o s e  of this tally is simply to see IF any real particles are getting here, and to see WHERE they are coming from. 



HB308G.I 
e fc231 
C fm23l 
1 yield fluxes in 
f231:p 3001 $ 
fa231 
C 

C 

C 
C 

C 
C 

C 

C 

C 

C 

C 
C 

C 

sd231 
c231 
e231 

fq231 
C 
C 
fc232 
C 
C 

C 

C 
C 

C 
C 

C 

C 
C 
C 
C 

C 

secondary G-Leakage (pis) 
9.64595916 $ use for n/g 
n/s/cm2 

at downstream exit of collimator hole 
calci - sum of equivalent point sources (n/s) in HB-3 for HFIR at 100 MW (8n=7.5573e18 n / s  in global calc); w i l  

downstrem surf of 95 liner on concrete box containing shutter 
3032 -3022 3072 -3082 3031 -3021 3071 -3081 3110 $ the 10th edit ("the remainder") is the leakage (p/s) thru the central 6,5-inch-diam disk 
Meaning of surface segments (assuming you're outside where monochrometor drum usually in, looking back towards the shutter): . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1) everything to left of concrete box holding the shutter 
2) everything to right of concrete box holding the shutter 
3 )  what remains above the concrete box holding the shutter 
4) what remains below the concrete box holding the shutter 
5) void gap just to left of concrete box holding the shutter 
6) void gap just to right of concreto box holding the shutter 
7) void gap just above the concreto box holding the shutter 
8 )  void gap just below the concrete box holding the shutter 
9 )  face of concrete box holding the shutter, except the central 6.5-inch-diam disk directly in front of shutter 

10) central 6.5-inch-diam disk directly in front of shutter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 1 1 1 1 1 1 1 1 1 $ enter area of 1.0 cm2 for all segments (including "remainder") to get "leakage ( ~ / a ) "  instead of "current (p/s/cm2)" 
0.0 1.0 $ only L ( z - )  and L(z+) 
$ Emax(MeV) for the 23 VEtw gaarms 

2.OOOOe-2 4.5000e-2 7.0000e-2 
3.00OOe-1 4.0000e-1 5.1000e-1 
1.0000e+0 1.5000e+0 2.0000e+O 
4.0000e+O 5.0000e+0 b.OOOOe+O 
8.OOOOe+O 1.0000e+l 1.4000e+l 
c e s $ each cosine - new table; 

g r p s  (lowest to highest energy for MCNP): 
1.0000e-1 1.5000e-1 $ VELM g-groups 23, 22, 21, 20, 19, 
6.0000e-1 7.0000e-1 $ VELM g-groups 18, 17, 16, 15, 14, 
2.50OOe+O 3.0000e+0 $ VELM g-groups 13, 12, 11, 10, 9, 
7.0000e+0 7.5OOOe+O $ VELM g-groups 8, 7, 6 .  5 ,  4. 

energy grp down vertically! spatial segments across horizontally 
$ VELM g-grbups 3, 2, 1 

Primary Q-Dose (mrem/hr) on downstrem surf of box holding shutterj seg 10 

Note: Only if this boundary crossing estimate of the primary gamma dose rate downstream of the 
central 6.5-inch-dim disk directly i n  front of the shutter (ssp 10) [and perhaps segments 5-9 also] 
has good statistics, is it possible to have a high degree of confidence in the point detector e8timates. 
If F2 Tally 232 is well converged in segments 5-10, then F5 Tallies 45, 65 and 85 will be very accurate} 
if F2 Tally 232 is not well converged, P5 Tallies 45. 65 and 85 may or may not be any good (even Sf stats are good). 

1) Rotary shutter is centered at 21446.405 cm; downstream edge of shutter is at 2-477.36125 cm} 
Downstream surf of 85 l i n e r  on concrete box containing shutter is at Surf 3001 (29478.79 cm)i 
That is the surface where this F2 tally is made. 

____-_______--_---_________ 

........................... 

2) Purpose of thio tally is simply to see IF any real particles are getting here, and to see WHERE they are coming from. ........................... 
fm232 1.35399e17 $ based on Pri g-source in VELM gamma groups 1-23} use for VOID g-only calc} = sum of equivalent point sources (p/S) in HB-3 for 

HFIR at 100 MW (Sn-7.5573e18 n/s in global ca1c)r. will yield flues in n/s/cm2 
f d 3 2  7.984211E+15 $ based on Pri g-source in VELM gamma groups 1-8 only1 use 1-8 for FLOODED case only; must be used consistently with SI73, SP73, 5873 
P DSB3 data 
C fc232 Secndry G-Dose (mrem/hr) on downstrem surf of box holding shutter} seg 10 
C f d 3 2  9.64595e16 $ use for n/g calcj = eum of equivalent point 8ources (n/e) in HB-3 €or HFIR at 100 MW (Sn=7.5573e18 n/s in global calc)) wil 
1 yield fluxes in n/s/cm2 
f232:p 3001 $ downstream surf of SS liner on concrete box containing shutter 
fs232 3032 -3022 3072 -3082 3031 -3021 3071 -3081 3110 $ the 10th edit ("the remainder") is the leakage (p/sl thru the central 6.5-inch-diam disk 
C Meaning of surface segments (aesuming youlre outside where monochrometor drum usually is, looking back towards the shutter): 

C 1 )  everything to left of concrete box holding the shutter, area - 1438.212778 cm2 
C 3 )  what remains above the concrete box holding the shutter, area 9 1414.336692 cm2 

C 5) v( ip just to left of concrete box holding the shutter, area 1.915019 an2 

C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C 2) everything to right of concrete box holding the shutter. area - 1438.212778 cm2 
C 4 )  whr' remains below the concrete box holding the shutter, area - "14.336692 cm2 
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C 
C 
C 
C 
C 
C 

C 
sd232 

e232 

em232 
C 
C 

fq232 
C 

C 
C 
C 

61 void gap just to right of concrete box holding the shutter, area = 151.915019 cm2 
7) void gap just above the concrete box holding the shutter, area - 145.816211 cm2 
8 )  void gaa just below the concrete box holding the shutter, area 0 145.816241 an2 
9 )  face of concrete box holding the shutter, except the central 6.5-inch-diam disk; area = 6758.583596 cm2 
10) central 6.5-inch-dim disk directly in front of shutter, area 214.083910 crr.2 <-- region of greatest interest 
Total area Of all 10 segmentsopf*(65.0**2) 
---------I----------------------------------------------------- 

$ enter area of all surface segments (including "the remainder") to get flux in " p / e / d w  
$ area ( c d )  for each of the 10 surface eagrnenta at this axial location  EO^ 10. the "remainder", is of greatest interest) 
1438.212778 1438.212778 
151.915019 145.816241 

$ Gamma energy boundaries 
1.00000e-02 2.00000s-02 

7.000OOe-01 1.00000e+00 
3.000OOe+OO 4.00000e+00 
7.500OOe+OO 8.00000e+00 
$ G a m a  flux-to-dose-rate 

1.50000~-01 3.000008-01 

1414.336692 1414.336692 151.915019 
145.816241 6758.583596 214.083910 
(Emax, in MeV) from VELM 61n/23g structure: 
~.5ooooe-oa 7.ooooos-o2 1.00000e-01 
4.OOOOOe-01 5.100000-01 6.OOOOOe-01 
1.50000e+00 2.00000e+00 2.500OOe+OO 
5.00000e+00 6.000OOe+OO 7.00000e+00 
1.00000e+01 1.40000e+01 
conversion factors [(mrem/hr)/(p/s/cm2)] for the VELM 61n/23g xsect library, 

calculated as arescribed in AN91/ANS-6.1.1-1977, with groups arranged here in order of "increaringW 
energy €or use fn MCNPi first value hers corresponds to non-existant group below 1.0s-2 MeV$ 
O.OOOOOe+OO 2.14390~1-03 5.776100-04 2.74660~-04 2.664400-04 
3.276700-04 5.66760e-04 8.759400-01 1.08520e-03 1.279700-03 
1.44170e-03 1.756309-03 2.31560e-03 2.927000-03 3,46860e-03 
3.95960%-03 4.62210e-03 5.41360e-03 6.19090s-03 6.926500-03 
7.47830e-03 7.84680e-03 8.771608-03 1.10200e-02 
e a $ print control: energy grp down vertically; spatial segments across horizontally 

P 
P 
u2 
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Appendix D.5 

Addit ional Supplemental Results from the  F ina l  Gam-Onky Shielding Analysis, Run HB308C 

D.5.1 Results 2.4945 cm Downstream o f  Coll imator E x i t  _ _ _ - _ _ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - -  

The in te rna l  boundary source f i l e  created and saved dur ing t h i s  analys is  contains d e t a i l e d  information 
on 5,688,819 p a r t i c l e s  that  crossed Surface 4197 a t  2=401.9645 cm. 
downstream o f  the co l l imator  e x i t  as shoun i n  Fig. 6.5. 
information on each p a r t i c l e  as i t  crossed t h i s  surface. 
d i r e c t i o n  cosines, energy, ueight, etc. 
s u b s w e n t  MCNP sh ie ld ing  analyses f o r  t h i s  r o t a r y  shu t te r  assenhly or any s i m i l a r  redesigned shut ter  
assembly, as explained i n  Sect. 6.8.2. 

lmnediately dounstream o f  that, on Surface 4198 a t  2=401.9745 cm (2.4945 cm dounstream o f  the co l l ima to r  
ex i t ) ,  some selected de ta i l ed  information uas t a l l i e d  and saved f o r  f u tu re  reference. [For the purposes 
of t h i s  discussion, t h i s  u i l l  also be re fe r red  t o  as t h e  i n t e r n a l  boundary source locat ion,  even though 
i t  i s  a c t u a l l y  0.01 cm auay.1 Because tha t  in format ion was not  o f  any imnediate p r o g r a m t i c  in terest ,  
and because some o f  i t  requires addi t ional  explanation and ca re fu l  i n te rp re ta t i on ,  t h a t  in format ion was 
relocated t o  t h i s  appendix. 

Figure 05.1 show a sketch of the 130-cm-diam boundary surface looking back towards the  co l l ima to r  from 
the r o t a r y  shutter. 
T a l l i e s  211 and 212. 
of the w a t e r - f i l l e d  ho le i n  the co l l imator ,  whi le  segments 3 and 4 correspond t o  t h e  t u o  2.75-inch-wide 
s t r i p s  above and below i t ,  and segments 1 and 2 correspond t o  the two large D-shaped regions t o  e i t h e r  
side. 
(cf F ig  6.5) .  
of the c a v i t y  holding the rotary  shut ter  assembly, whi le  the  reg ion outs ide the do t ted  square i n  Fig. D5.1 
ac tua l l y  l i e s  i n  the barytes concrete forming the b i o l o g i c a l  sh ie ld .  

Table D5.1 shows the g a m  leakage (p/s) across the var ious segments o f  the boundary source plane shoun 
in Fig. D5.1. 
cosines 0 t o  +1, not the net leakage, and tha t  po r t i ons  o f  Segments 1 and 2 a re  a c t u a l l y  i ns ide  the 
b io log i ca l  shield. 
the small area d i r e c t l y  i n  f ront  of the w a t e r - f i l l e d  ho le  in  the co l l imator .  Likeuise, Table D5.2 
shous the area-averaged gama dose r a t e  corresponding t o  each o f  the f i v e  segmented areas. 
f o r  segments 1-4 are by-products o f  the ca l cu la t i on  and appear low because o f  t he  l a rge  areas over 
which they uere averaged. Obviously the on ly  one o f  any r e a l  i n te res t  i s  the average g a m  dose r a t e  
f o r  the area d i r e c t l y  i n  f ron t  of the u a t e r - f i l l e d  ho le  in  the co l l ima to r  (Segment 5). 
i s  110.861 Rem/hr (+/- 2.7%). This i s  o f  spec ia l  i n t e r e s t  f o r  tu0 reasons: (1) I t  i s  t o  be regarded 
as h igh l y  r e l i a b l e  since i t  i s  based on a boundary cross ing t a l l y  (Ta l l y  212) uhich senses on ly  r e a l  
par t ic les.  
successful i n  t ranspor t ing large numbers o f  inpor tant  high-energy p a r t i c l e s  t o  and through t h i s  region. 
This i s  imperative i f  the ca lcu lat ions f u r t h e r  downstream a re  t o  be meaningful. 
q u a l i t y  of the Lou energy f luxes and dose rates i s  by design, not  by accident, and u i l l  be discussed 
momentarily. I t  i s  nothing t o  be concerned about.] (2) This dose r a t e  o f  110.861 Rem/hr (+/- 2.7%) i s  
also s ign i f i can t  because i t  i s  i n  excel lent  agreement u i t h  the  point detector response (103.99 Rem/hr, 
+/- 0.5%) j u s t  a feu centimeters fu r the r  downstream i n  the  v o i d  ( a t  Z=407.4&4 cm), and because i t  i s  
also i n  excel lent  agreement u i t h  other r e s u l t s  shoun i n  Table 6.8 based on t o t a l l y  independent methods 
such as 3-group hand calculat ions, a 23-group p o i n t  kernel  analysis, and an e a r l i e r  (prel iminary, h igh l y  
s imp l i f i ed )  MCNP analysis uhich used on ly  geometric s p l i t t i n g  and no ueight uindous. Co l l ec t i ve l y ,  t h i s  
body of information provides strong v e r i f i c a t i o n  tha t  the broad-group ueight window approach used here i s  
uorking proper ly  and tha t  everything i s  proper ly  normalized. 

This surface i s  located 2.4845 cm 
The f i l e  i s  a b ina ry  MCNP tlussatt f i l e  containing 

In format ion includes each p a r t i c l e ' s  coordinates, 
This f i l e  can then be used as an tlrssa" b i n a r y  source f i l e  i n  

The f i v e  small nunbers (1,2,3,4,5) i nd i ca te  the f i v e  %egmented areas" used i n  
Segment 5 corresponds t o  the 2.75-inch x 5.5-inch rectangular area d i r e c t l y  i n  f r o n t  

Note tha t  Surface 4198 i s  located i n  the v o i d  space betueen the co l l ima to r  and t h e  r o t a r y  shut ter  
The region inside the large dot ted square i n  Fig. D5.1 i s  indeed located i n  t h i s  v o i d  region 

Note that  t h i s  i s  the gross leakage i n  the  forward hemisphere i n teg ra ted  over d i r e c t i o n  

The key thing t o  note here i s  tha t  most o f  the leakage (p/s) comes from Segment 5, 

The values 

The value here 

Bas ica l l y  t h i s  means that  the broad-group ueight  uindou b ias ing technique used here was 

[The I1apparenttt poor 

Uhy do the resu l t s  below 1 MeV appear t o  be so poor, and r e s u l t s  below 0.3 MeV non-existant? 
l i e s  i n  Sect. 6.6, and i n  pa r t i cu la r  w i th  the discussion associated u i t h  Figs. 6.3 and 6.4. 
g a m - o n l y  analysis (Run HB308G) uas optimized, using 3-D broad-group weight uindows based on a 1-D ad jo in t  
analysis, t o  obta in  the best possible determination o f  t he  gainna dose rates dounstream o f  the ro ta ry  shut ter  
wi th  the least  amount o f  ca lcu lat ional  e f f o r t .  To r e a l i z e  the e f f i c i e n c i e s  needed, c e r t a i n  unimportant 
things get ignored or treated l i g h t l y .  
tracked and t reated r igorous ly  because a l l  are important (some more so than others). As one moves back 
through the  s tee l  shutter, arid through the water i n  the co l l ima to r  section, and then the  water i n  the water 
tube, the Lou energy g a m s  become less and less important, t o  the point uhere most a re  no t  uor th  tracking. 
(Back a t  the source f o r  example, a l l  g a m s  below 3 Mev a re  ignored completely!). As  ue move forward 
again, from the source t o  the shutter, f as te r  g a m s  begin t o  s lou  doun, and the  code u i l l  (because of 
t h i s  h i g h l y  e f f i c i e n t  broad-group ueight uindou b ias ing scheme) begin t o  t rack  more and more o f  these lower 
energy g a m s  on ly  uhen they get close enough t o  the detector  (downstream o f  t he  shu t te r )  t ha t  they stand a 

The answer 
This f i n a l  

Near the  downstream s ide  o f  the r o t a r y  shutter, a l l  g a m s  are 
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Fig. D5.1. Sketch of the 130-cm-diam internal boundary surface at Z=40 1.9645 cm, looking back 
towards the collimator from the rotary shutter. 
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Table 05.1. 
2.4945 cm downstream o f  the c o l l i m a t o r  e x i t .  The loca t i ons  o f  the var ious area segments a re  i l l u s t r a t e d  i n  
Fig. 05.1, where segment 5 corresponds t o  the 2.75-inch x 5.5-inch area just downstream o f  the w a t e r - f i l l e d  
ho le i n  the co l l ima to r .  Also note that :  (1) t h i s  i s  the  gross leakage i n  the  forward hemisphere, i n teg ra ted  
over d i r e c t i o n  cosines 0 t o  +1, as ca l cu la ted  by T a l l y  211 i n  HB308G, and t h a t  (2) because of  the  weight 
window b ias ing  scheme used, the Less important values below 1 MeV are not  t e r r i b l y  accurately.  
t h ing  t o  note here i s  t h a t  most o f  the gama leakage (p/s) comes through the w a t e r - f i l l e d  ho le  (segment 5). 

G a m  leakage (p/s)  across the var ious segments o f  a plane surface a t  Z=401.9745 cm, located 

The key 

Emin Emax 
(MeV) (MeV) 

0.010 - 0.020 
0.020 - 0.045 
0.045 - 0.070 
0.070 - 0.10 
0.10 - 0.15 
0.15 - 0.30 
0.30 - 0.40 
0.40 - 0.51 
0.51 - 0.60 
0.60 - 0.70 
0.70 - 1.0 
1.0 - 1.5 
1.5 - 2.0 
2.0 - 2.5 
2.5 - 3.0 
3.0 - 4.0 
4.0 - 5.0 
5.0 - 6.0 
6.0 - 7.0 
7.0 - 7.5 
7.5 - 8.0 
8.0 - 10.0 
10.0 - 14.0 

Total  : 

Segment 1 

Area: 6182.81 cm2 

photons/sec f s d  

0.00000E+00 .OOOO 
0.00000E+00 .OOOO 
0.00000E+00 .OOOO 
0.0000OE+00 .OOOO 
0.00000E+00 .OOOO 
0.00000E+00 .OOOO 
7.97578E+06 -3188 
8.50939E+06 .2932 
9.66200E+06 .2587 
2.04353Et06 .2255 
1.04109E+07 .2233 
1.40186E+07 .0835 
9.54427E+06 -0334 
8.96687€+06 .0775 
7.30094E+06 .0384 

- _ - _ _ _ _ _ - _ _ _ - - - - _  
- - - - - _ _ _ - - _ - - - _ _ _  

1.34884E+07 .0588 
1.06768E+07 .0702 
8.67949E+06 .0737 
9.87543E+06 .1528 
3.11441E+06 .3744 
7.48601E+06 .2555 
6.23397E+05 .6130 
0.00000E+00 .OOOO 

1.32376Et08 .0500 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Segment 2 

Area: 6182.81 cm2 

photons/sec f s d  

0.00000E+00 .OOOO 
0.00000E+00 .OOOO 
O.OOOOOE+OO .OOOO 
0.00000E+00 .OOOO 
0.00000E+00 .OOOO 
0.00000E+00 .DO00 
5.44666E+06 -2220 
6.58861Et06 .4154 
1.56355E+07 .3237 
2.05637E+06 .2634 
7.80320E+06 -2092 
1.19131E+07 .0281 
9.72564E+06 .0288 
9.59711E+06 .1580 
7.15538E+06 .0304 
1.34270€+07 .0478 
1.08685E+07 .0718 
1.00445E+07 .1365 
9.41383€+06 .1743 
2.17994E+06 .2028 
3.74042E+06 .2612 
1.70587E+06 -9045 
0.00000E+00 .OOOO 

1.27302E+08 .0589 

- - - - - - - - _ - _ _ _ _ _ - _  
_ _ * - - - _ - _ _ _ - - - - - -  

- - - - - - - - - - * - - - - - -  

Segment 3 

Area: 405.016 cm2 

photons/sec fsd 

0.00000E+OO . 0000 
0.00000E+00 .OOOO 
0.00000E+00 .OOOO 
0.00000E+00 .OOOO 
0.00000E+00 .OOOO 
0.00000E+00 .OOOO 

----.--.-...---.. 
- - - - - - - _ - - - - - - _ _ -  

2.43470E+06 .3828 
3.74595E+06 .2784 
3.38586E+06 .3350 
1.91463E+06 .4718 
2.89671E+06 .4590 
4.30468E+06 .0412 
3.72337E+06 .0418 
3.06571E+06 .0360 
2.98058E+06 .0455 
6.09097E+06 .On0 
4.86116E+06 .0831 
4.48112E+06 .1305 
7.24625E+06 .2254 
3.01287Et06 .6284 
5.89233E+06 .3209 
1.70174E+05 .3873 

6.02071E+07 .0732 

0.00000E+00 .OOOO _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Segment 4 

Area: 405.016 cm2 

photons/sec f s d  

0.00000E+00 .OOOO 
0.00000E+00 .OOOO 
0.00000E+00 .OOOO 
0.00000E+00 .OOOO 
0.00000E+00 .OOOO 
0.00000E+00 .OOOO 
2.61066E+06 .5157 
2.60924E+06 .3379 
1.57550E+06 -2936 
1.03452E+06 .4107 
2.02376E+06 .3855 
4.38344E+06 .0372 
3.38778E+06 .0374 
3.12256E+06 .0380 
2.97780E+06 .0487 
5.58397E+06 .0441 
5.63482~+06 .1169 
3.95583E+06 .I383 
5.41813E+06 .I694 
1.17428E+06 .1985 
9.76350E+06 .3276 
2.80719E+05 .5239 
0.00000E+00 .OOOO 

5.55365E+07 .0818 

..---------_--___ 
- - - - - - _ - _ _ - _ _ _ _ _ _  

- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Segment 5 

Area: 97.5804 cm2 

photons/sec f s d  

0.00000E+00 .OOOO 
0.00000E+00 .OOOO 
0.00000E+00 .OOOO 
O.OOOOOE+OO .OOOO 
0.00000E+00 .OOOO 
0.00000E+00 .OOOO 
1.48976E+07 .1326 
1.68622E+07 .1301 
2.71278E+07 .1875 
9.78026E+06 .E580 
2.24788E+07 . lo37 
3.2391 7E+07 .0293 
2.80892E+07 .0291 
2.82619E+07 .0373 
2.84044E+07 .0296 
1.23560E+08 .0309 
1.89752E+08 .0389 
1.52381E+08 .0498 
3.52357Et08 .0478 
9.75156E+07 .0856 
5.31670E+08 .0475 
3.72511E+07 .1933 

- - - - - - - - - _ _ _ _ _ _ _ _  

0.00000E+00 .OOOO 

1.69278E+09 .0254 
- - - - - - _ _ _ _ - - - - - _ -  



Table D5.2. 
located 2.4945 cm downstream of the co l l ima to r  e x i t .  
i n  f i g .  D5.1, where segment 5 corresponds t o  the 2.75-inch x 5.5-inch area j u s t  downstream o f  the w a t e r - f i l l e d  
ho le i n  the co l l imator .  These values were ca lcu lated by Tally 212 i n  H6308G. Uh i le  the dose r a t e  d i r e c t l y  i n  
f ron t  of the w a t e r - f i l l e d  ho le i n  the co l l ima to r  (segment 5) i s  c l e a r l y  dminent ,  average values f o r  the other 
areas are low because o f  the large areas over which they were averaged. To see rea l  r e l a t i v e  contr ibutions, see 
in tegrated leakage terms in Table 05.1 (above). Also note that  because of the Height window biasing scheme used, 
the less important values below 1 MeV are not  t e r r i b l y  accurately. 
estimates are based on rea l  boundary crossing t a l l i e s ,  not po in t  detectors, and (2) that  t h i s  dose r a t e  i n  f r o n t  
of the w a t e r - f f l l e d  hole (segment 5 )  i s  consistent with the point  detector value in  T a l l y  15, as well  as with 
values obtained by other ca lcu lat ional  techniques described i n  Sect 5. 

G a m  dose rates (mrem/hr) averaged across the various segments o f  a plane surface a t  P401.9745 cm, 
The locations o f  the various area segments 8re i l l u s t r a t e d  

The key things t o  note here are: (1) these 

E m i n  Emax 
(MeV) (MeV) 

0.010 - 0.020 
0.020 - 0.045 
0.045 - 0.070 
0.070 - 0.10 
0.10 - 0.15 
0.15 - 0.30 
0.30 - 0.40 
0.40 - 0.51 
0.51 - 0.60 
0.60 - 0.70 
0.70 - 1.0 
1.0 - 1.5 
1.5 - 2.0 
2.0 - 2.5 
2.5 - 3.0 
3.0 - 4.0 
4.0 - 5.0 
5.0 - 6.0 
6.0 - 7.0 
7.0 - 7.5 
7.5 - 8.0 
8.0 - 10.0 
10.0 - 14.0 

Total: 

Segment 1 

Area: 6182.81 cm2 

mrem/h r f sd 

0.00000E+00 .oooo 
2.35525E-04 .9999 
0.00000E+00 .OOOO 
0.00000E+00 .OOOO 
7.16542E-03 .9999 
9.53401E-01 .6612 
5.94558E+00 .0946 
5.48183Et00 .1388 
1.27932Et01 .0767 
9.53427E-01 .2323 
4.46146EtOO .1981 
7.15299EtOO .0740 
5.54267EtOO .0330 
5.74494EtOO .0718 

-.----------.---- 
.---------------- 

5.14400Et00 .0376 
1.06753Et01 .0570 
9.65087Et00 .0686 
8.85268Et00 .0735 
1.11235Et01 .l521 
3.77690E+00 ,3738 
9.51124Et00 .2553 
8.86056E -01 .6123 
0.00000E+00 sOOOO 

1.08657Et02 .0434 
- - * - - - - - . - - - - - . - -  

Segment 2 

Area: 6182.81 cm2 

mr em/ h r 

_ _ _ - _ - _ _ _ - _ _ _ _ _ _ _  
_ - - _ - _ _ - - - _ _ - - - _ -  

f sd 

0.00000E+00 .OOOO 
0.00000Et00 .0000 
0.00000E+00 .OOOO 
0.00000E+00 .OOOO 
6.15731E+00 .9999 
1.59188EtOl .6882 
5.39663Et00 .0594 
5.46665Et00 .2395 
1.48217E+01 .I147 
6.64057E-01 .2460 
3.97891 Et00 .2708 
6.140nEt00 .0273 
5.68139E+00 .OB7 
6.42164Et00 .1890 
5.06071Et00 .0305 
1.06123Et01 .0461 
9.80506Et00 ,0702 
1.02105E+OI .I347 
1.06180E+01 .I734 
2.64654Et00 .2024 
4.75079E+00 .2611 
2.421 88E+00 .9042 
0.00000E+00 .OOOO 

1.26774Et02 ,1098 

Segment 3 

Area: 405.016 cm2 

mrem/hr f sd 

0.00000E+00 .oooo 
0.00000E+00 .OOOO 
0.000OOE+00 .OOOO 
0.00000E+00 .OOOO 
0.00000E+00 .OOOO 
4.31463Et00 .9999 
1.4987OE+01 .I947 
1.94087Et01 -2041 
3.48919EtOl .I506 
1.08433E+01 .3934 
1.57449E+01 .3980 

* - - - - - - - - - - - - - - - -  

-----------.----- 

3.28587Et01 .0380 
3.25135Et01 .0395 
3.00269Et01 -0356 
3.19434E+01 .0444 
7.32253E+01 -0699 
6.69225Et01 -0811 
6.95966E+01 .I287 
1.24456Et02 .2246 
5.57277E+01 .6275 
1.14210E+02 .3209 
3.6983M+00 .3870 
0.OOOOOE+00 .DO00 

7.35369Et02 .OB73 
----.------------ 

Segment 4 

Area: 405.016 em2 

mrem/ h r f sd 

-..-------.-*-.-- 

0.00000E+00 .OOOO 
0.000OOE+00 .OOOO 
0.00000E+00 .OOOO 
0.00000E+00 .OOOO 
0.00000E+00 .OOOO 
0.00000E+00 .OOOO 
1.75944E+Ol .2831 
1.49104Et01 .2478 
2.67742Et01 .lo56 
6.07173E+00 .4671 
1.66586Et01 .4458 
3.33746Et01 .0352 
2.96970Et01 ,0365 
3.06309Et01 .0374 
3.19602Et01 .0478 
6.73951EtOl .0431 
7.72500Et01 .1143 
6.14632E+01 .1363 
9.31384Et01 .I686 

1.89246Et02 .3275 
6.09530Et00 .5235 

2.17689EtOl .1981 

0.00000E+00 .OOOO 

7.24029Et02 .0993 
_ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _  

Segment 5 

Area: 97.5804 cm2 

mrem/hr f sd 
- - _ _ * - - _ _ _ _ _ - - - - _  

0.00000E+00 .OOOO 
0.00000E+00 .OOOO 
0.00000E+00 .OOOO 
0.00000E+00 .OOOO 
0.00000E+OO .OOOO 
5.41496Et01 -5624 
1.89525E+02 .I141 
2.49564E+02 .1198 
5.73758Et02 .1467 
1.58955E+OZ .2553 
4.86298Et02 .lo21 
9.13195Et02 -0277 
9.57418E+02 .0280 
1.1001 1Et03 .0353 
1.23092€+03 .0288 
5.97442E+03 .0304 
1.06088Et04 .0386 
9.72342Et03 .0496 
2.50468Et04 .0477 
7.48309Et03 -0855 
4.27606Et04 .0475 
3.34971Et03 -1933 
0.00000E+00 .OOOO 

'1.1086lE+05 ,0270 
_______.___-_____ 



reasonable chance o f  making s m  con t r i bu t i on  t o  the dose r a t e  a t  t h a t  locat ion (downstream o f  the shut ter ) .  
A t  the present location, j u s t  downstream of the co l l imator ,  most o f  t he  low-energy g a m s  simply weren't 
worth t rack ing yet; here, f o r  example, none o f  the very low-energy gainnas belou 0.3 MeV had ye t  survived 
Russian Roulette, and only  some of those below 1.0 Mev had survived Russian Roulette. Thus, these r e s u l t s  
a t  t h i s  p a r t i c u l a r  l oca t i on  are poorly ca lcu lated by design. Had one r e a l l y  wanted t o  ca l cu la te  them u i t h  
great accuracy "at t h i s  pa r t i cu la r  location,oa one should have run the  ad jo in t  c a l c u l a t i o n  w i t h  the a d j o i n t  
source "at t h i s  locationto and developed the 3-D broad-group weight windows around t h a t  set  o f  working 
ass-tions instead. That, however, was not  the ob jec t i ve  o f  t h i s  p a r t i c u l a r  analysis. (Be c a r e f u l  what 
you wish for, you j us t  might get it!). Moreover, f o r  the intended purpose o f  t h i s  analysis, t he  broad-group 
weight windous used are functioning exact ly  as intended. 
expression lkaveat emptor4I applies, and users are s t rong ly  encouraged t o  not  take r e s u l t s  i nd i sc r im ina te l y  
from a r b i t r a r y  locations and/or energy ranges and automat ica l ly  assune they are good. For t h i s  p a r t i c u l a r  
analysis (Run HB308G). the only resul ts  tha t  are t rus tuo r thy  everyuhere are those i n  t h e  f i r s t  broad weight 
window group above 3 MeV. Unlike unbiased calculat ions, the r e s u l t s  i n  the lower energy groups get  b e t t e r  
and be t te r  (here i n  t h i s  biased ca lcu lat ion)  as one gets deeper i n t o  the shield, c lose r  t o  the  downstream 
s ide of the ro ta ry  shutter. Having made t h i s  point, l e t  us continue. 

As shown i n  Table 05.1, most of the g a m s  impingent on the r o t a r y  shu t te r  come from the  w a t e r - f i l l e d  
rectangular ho le i n  the col l imator. 
i n  23 d i f f e r e n t  energy bins and 7 d i f f e r e n t  d i r e c t i o n a l  bins betueen 0 and 90 degrees w i th  respect t o  the 
beam tube centerl ine. 
such information might be useful.  Moreover, i f  one i s  using MCNP, one would l i k e l y  be b e t t e r  advised t o  
the MCNP binary surface source f i l e  already prepared f o r  t ha t  purpose, as ou t l i ned  i n  Sect 6.8.2. 
then, however, there would remain a need t o  v e r i f y  t ha t  the ca l cu la t i on  uas set  up proper l y  and t h a t  the 
boundary source used uas the appropriate one. By using the same F1 leakage t a l l y  a t  surface 4 1 9 8  as i n  the 
present ca l cu la t i on  (Ta l l y  2 2 1 ) ,  one could and should use the in format ion i n  Table 05.1 f o r  v e r i f i c a t i o n  
purposes i n  any such fol low-up sh ie ld ing analyses. Moreover, t ha t  i s  the main/only purpose f o r  inc lud ing 
Table D5.3 i n  t h i s  appendix. As tong as the fo l low-up bootstrapped MCNP4B analys is  ( u i t h  the  MCNP b i n a r y  
surface source f i l e )  uses the same set of 3-D broad-group ueight  windous used i n  t h i s  ana lys i s  (Run HB308G), 
the q u a l i t y  o f  the resu l t s  of in terest  downstream o f  the r o t a r y  shu t te r  u i l l  remain good t o  excel lent .  

Nevertheless, the data i n  Table D5.3 i s  understandably d i squ ie t i ng  t o  the p u r i s t s  who might wish t o  use i t  
f o r  some other purpose. 
i s  questionable, t ha t  the data below 1.0 MeV i s  poor, and t h a t  t he  data belou 0.3 MeV i s  corrpletely 
missing - -  a l l  f o r  the same reason described tuo  paragraphs back. I n  absolute terms, the  on ly  data 
tha t  i s  r igorous ly  correct  as shoun, i s  the data in the f i r s t  broad weight-uindou group above 3.0 MeV. 
[The zeros in  the louer r i g h t  hand corner u i l l  be explained momentarily. 
values are co r rec t l y  given as zero f o r  a good phys ica l  reason.] 
more correct  i n  the lower energy ranges, one can and probably should turn t o  the r e s u l t s  g iven by the  
preliminary, h igh l y -s imp l i f i ed  MCNP analysis ( R u n  HB307Cl described i n  Table C6.6  o f  Appendix C.6. 
That pa r t i cu la r  analysis d id not use broad group weight windous, but r e l i e d  instead on the use o f  simple 
geometric s p l i t t i n g .  Uh i l e  that energy-independent b ias ing technique did not permit t he  high-energy 
g a m s  downstream o f  the flooded co l l imator  t o  be calcu lated as accurate ly  as the present technique, 
i t  did ca lcu late the less important Lou-energy g a m s  more accurately. (While geometric s p l i t t i n g  a l s o  
e n t a i l s  the use o f  Russian Roulette, i t  does not  p r e f e r e n t i a l l y  d iscr iminate against the l ess  important 
low-energy g a m s .  
windows, see Appendix C.2.1.)  Thus, if one wanted t o  construct the most phys i ca l l y  co r rec t  d e s c r i p t i o n  
o f  the g a m  leakage a t  the downstream e x i t  o f  t he  w a t e r - f i l l e d  co l l imator ,  one cou ld  and should c h i n e  
the resu l t s  above 3 MeV from Table D5.3 u i t h  the r e s u l t s  below 3 MeV from Table C6.6, as shown i n  Table 
D5.4. 
though the low-energy leakage here w i l l  not  c o n t r i k r t e  in  any s i g n i f i c a n t  fashion t o  the  f i n a l  dose 
r a t e  downstream o f  the shutter. 
taken from Table D5.3 f o r  those d i rec t i ona l  bins 20-60 degrees o f f  t h e  centerl ine. 
t ha t  se lect ion was tha t  g a m s  that  have scat tered through such la rge  angles arid s t i l l  have t h i s  amount 
o f  energy (1-3 MeV) l e f t ,  could only have come from the  higher energy range (E > 3 MeV) p r i o r  t o  the 
scat ter ing event, and these are be t te r  ca lcu lated i n  R u n  HBMBG whose r e s u l t s  are shown i n  Table D5.3. 
This also bears on why the lower r i g h t  t r i angu la r  regions of Tables C6.6 ,  D5.3, and Table D5.4 a re  a l l  
f i l l e d  u i t h  zeros. I t  i s  not  that the ca l cu la t i ons  are poor o r  Lack enough h i s t o r i e s  t o  g i ve  meaningful 
resul ts ,  but q u i t e  the contrary - -  phys ica l ly ,  these r e s u l t s  must be zero. High-energy g a m s  tha t  reach 
the end o f  the w a t e r - f i l l e d  co l l imator  do so by streaming uncol l ided through most o f  t he  co l l imator ,  
and are therefore very forward-directed. By v i r t u e  of the sca t te r i ng  laws, any high-energy g a m  t h a t  
subsequently experiences a scat ter ing event near the end o f  the co l l ima to r  and sca t te rs  through such 
a large angle w i l l  necessari ly be g rea t l y  reduced i n  energy. Thus, the zeros i n  the louer r i g h t  hand 
corner o f  these two tables are phys ica l ly  correct  and should be t he re  as shown. 

P a r t i c u l a r l y  f o r  biased ca lcu lat ions,  the 

Table D5.3 gives a much more d e t a i l e d  desc r ip t i on  o f  t h a t  leakage 

I f  one were preparing a boundary source f o r  some other code ( l i k e  DORT o r  TORT), 

Even 

Inspection of the data i n  Table D5.3 q u i c k l y  shows tha t  the data below 3.0 MeV 

Indeed, these p a r t i c u l a r  
To supplement t h i s  data u i t h  something 

To understand the dif ferences betueen geometric s p l i t t i n g  and the  use o f  weight 

This i s  undoubtedly the best descr ip t ion o f  the g a m  leakage over the f u l l  energy range, even 

In Table 05.4, a few selected values i n  the 1-3 MeV range were a l so  
The reason f o r  

D.5.2 Dose Rates and Leakage Rates Downstream o f  t he  E n t i r e  Conf igurat ion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Figure 05.2 shows a sketch o f  the end o f  the e n t i r e  s h i e l d  con f igu ra t i on  a t  2478.79 cm, as uould be seen i f  
one were standing outside the system, where the monochrometer drun would normally be located, looking back 
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Table 05.3. 
rectangular ho le through the co l l imator  uhen the 1998 water tube and co l l imator  sections are both flooded and the H F I R  i s  operating a t  100 MU. More precisely, 
these resut ts  are f o r  a corresponding 2.75-inch x 5.5-inch area on Surface 4198 a t  2=401.9745 cm, which i s  2.4945 cm downstream o f  the co l l imator  ex i t .  Results 
are shown here f o r  Run HB308G, which used 4 m i l l i o n  h i s t o r i e s  and was based on the neu (shorter) 1998 water tube design. (See r e c m n d e d  values i n  Table 05.4) 

G a m  leakage (p/s) and corresponding fsd's, i n  various energy and angular ranges(*), on the downstream ( e x i t )  side o f  the 2.75-inch x 5.5-inch 

- ~ 

)r Resuits In the f i r s t  colunn are based on Ta l l y  211 and show the t o t a l  leakage (p/s) f o r  a l l  ganmas in tegrated over the e n t i r e  forward hemisphere (0 t o  90 degrees). 
Results 
the centerline, etc). 
rates (p/s) by energy group, not f luxes o r  currents. 
data since the e f fec t  of ind iv idual  p a r t i c l e  d i r e c t i o n  cosines wi th  respect t o  the e x i t  surface have already been applied t o  get the leakage rates. 

i n  the other c o l m s  are based on T a l l y  221 and show the t o t a l  leakage (p/s) w i t h i n  d i sc re te  angular ranges (0-2 degrees of  the centerl ine, 2-5 degrees o f  
These resu l t s  from T a l l i e s  211 and 221 are based on Itrealti boundary crossing counters, not  po in t  detectors. Also note tha t  these are alleakage" 

One can d i v ide  by the area o f  the hole t o  get currents, but the f luxes are not i m e d i a t e l y  avai lab le from t h i s  

Emin Emax 
(MeV) (MeV) 

0.010 - 0.020 
0.020 - 0.045 
0.045 - 0.070 
0.070 - 0.10 
0.10 - 0.15 
0.15 - 0.30 
0.30 - 0.40 
0.40 - 0.51 
0.51 - 0.60 
0.60 - 0.70 
0.70 - 1.0 
1.0 - 1.5 

6 1.5 - 2.0 3 2.0 - 2.5 
2.5 - 3.0 
3.0 * 4.0 
4.0 - 5.0 
5.0 - 6.0 
6.0 - 7.0 
7.0 - 7.5 
7.5 - 8.0 
8.0 - 10.0 
10.0 - 14.0 

Total: 

R8nge: 0-90 de9 

@/SI fsd 

0.00000e+O .OOOO 
0.00000e+O .OOOO 
0.00000e+0 .OOOO 
0.00000e+O .OOOO 
o.oooooe+o .oooo 
0.00000e+O .OOOO 
1.48976e+7 .I326 
1.68622et7 .1301 
2.71278e+7 .la75 
9.78026et6 .2580 
2.24788et7 .lo37 
3.23917e+7 .0293 
2.80892e+f .0291 
2.82619et7 .0373 
2.84044e+7 .0296 
1.23560e+8 .0309 
1.89752e+8 .0389 
1.5238let8 .0498 
3.52357et8 .0478 
9.75'156et7 .0856 
5.31670et8 ,0475 
3.72511et7 .I933 
0.00000e+0 .OOOO 

1.69278e+9 .0254 

Range: 0-2 deg 

(p/s)  fsd 

0.00000e+O .OOOO 
0.00000e+O .OOOO 
0.00000e+O .OOOO 
O.OOOOOe+O .OOOO 
0.00000e+0 .OOOO 
0.00000e+O .OOOO 
2.60212e+6 .5315 
6.45530e+5 .3531 
5.84064e+5 .6535 
2.11789et5 ,6543 
2.47652et6 .3722 
1.24424e+6 .0800 
9.18898e+5 .I340 
1.51561et6 .3094 
6.74417e+5 ,1345 
5.81029et7 .Of46 
1.23224et8 .OS36 
8.71144e+7 .0784 
2.76994e+8 ,0565 
5.63270et7 ,1328 
5.16566e+8 .0480 
3.4668Oet7 ,1975 
0.00000e+O .OOOO 

1 .16387e+9 .0283 

Range: 2-5 deg 

(p/s) fsd 

0.00000e+0 .OOOO 
O.OOOOOe+O .OOOO 
0.00000e+O .OOOO 
0.00000e+O .OOOO 
O.OOOOOe+O .OOOO 
0.00000e+O .OOOO 
1.42209e+6 ,2526 
2.19592e+6 .ZOO3 
2.05893e+6 .4526 
3 . 7 4 7 8 8 ~ 6  .5615 
3.77853et6 .2804 
4.55225e+6 ,1089 
3.16834et6 .1100 
2.81103e+6 .2340 
2.64162e+6 ,1707 
1.11217et7 .0603 
1.67702e+7 .0748 
1.76835e+7 .0966 
3.53124e+7 ,1009 
3.05521 e+? .I089 
1.39714e+7 .1157 
1.64225e+6 .2234 
0.00000e+0 .OOOO 

1 .53430e+8 .0431 

Range: 5-10 deg 

0.00000e+0 .OOOO 
O.OOOOOe+O .OOOO 
0.00000e+0 .OOOO 
0.00000e+O .OOOO 
0.00000e+O .OOOO 
O.OOOOOe+O .OOOO 
1.89978e+6 .2095 
2.21 741 e+6 .3 127 
2.66293et6 .4295 
1.63307e+6 .3566 
3.34796e+6 .3028 
4. t7&Xe+6 .0446 
2.93045e6 .OS17 
2.81 453e+6 .0697 
3.42951e+6 .I192 
1.20854e+7 .0316 
1.52703e+7 .0344 
2.19698e+7 .0365 
3.45845e+7 .0338 
1.04385et7 .0493 
1.07823e+6 .1713 
9.39587e+5 .2 139 
0.00000e+O .OOOO 

1.21481e+8 ,0268 

Range: 10-20 deg 

(p/s) fsd 

0.00000e+O .OOOO 
0.00000e+0 .OOOO 
0.00000e+0 .OOOO 
0.00000e+0 .OOOO 
0.00000e+O .OOOO 
0.00000e+O .OOOO 
1.50928e+6 .2234 
3.69025e+6 .2066 
2.92437e+6 .I954 
1.42257e+6 .2676 
4.48964e+6 .2098 
4.97394et6 .0424 
4.53585et6 ,0755 
4.62852et6 .0379 
7.41195e+6 .0292 
2.50477e+7 .0243 
3.33276e+7 .0262 
2.55977e+7 .0327 
5.46640et6 .OS27 
1 .98043e+5 -2639 
5.41122e+4 .4579 
1.20127e+3 .9999 
0.00000e+O .OOOO 

1.25279et8 .0249 

Range: 20-30 de9 

(p/s) fsd 

0.00000e+0 .OOOO 
o.oooooe+o .oooo 
0.00000e+O .OOOO 
0.00000e+0 .OOOO 
o.oooooe+o .oooo 
0.00000e+O .OOOO 
2.78183e+6 .2672 
2.56250e+6 .4658 
3.70662e+6 .1665 
3.34950e+5 .6436 
1.96937e+6 .2208 
3.9722Zet6 .0407 
4.27673e+6 ,0306 
8.73551et6 .0251 
1.33825e+7 .0260 
1.70067e+7 .0304 
1.15851e+6 .OS25 
1.51824e+4 .2322 
O.O0000e+O . 0000 
0.00000e+O .OOOO 
0.00000e+O .OOOO 
0.00000e+O .OD00 
0.00000e+O .OOOO 

5. 99026et7 .035 1 

Range: 30-60 deg 

(p/s) f s d  

0.00000e+O .OOOO 
0.00000e+O .OOOO 
0.00000e+O . 0000 
0.00000e+0 .OOOO 
0.00000e+O .OOOO 
O.OOOOOe+O .OOOO 
4.07405e+6 .2231 
5.35002e+6 .2451 
1.47839et7 .3223 
2.40772e+6 -4893 
5 .75657e+6 .??a3 
1.33?35e+7 .0243 
1.22567e+7 .0254 
7.75675et6 -0310 
8.64406e+5 .0478 
1.95286et5 .Of26 
I. 19444et3 .7543 
O,00000e+O . 0000 
O.O0000e+O . 0000 
0.00000e+O .OOOO 
0.00000e+0 .oooo 
0.00000e+O .OOOO 
O.OOOOOe+O .OOOO 

6.68201e+7 .0815 

Range: 60-90 deg 

(p/s) fsd 

0.00000e+0 .OOOO 
0.00000e+0 .OOOO 
0.00000e+0 .OOOO 
0.00000e+O .OOOO 
0.00000e+O .OOOO 
0.00000e+O .OOOO 
6.08418e+5 .6289 
2.00575e+5 ,5147 
4.06923et5 .3044 
2.22870et4 ,9999 
6.60207e+5 .3594 
9.68956*4 .lo92 
2.28423e+3 . f336 
O.OOOOOe+O .OOOO 
o.oooooe+o .oooo 
0.00000e+O .OOOO 
0.00000e+O .OOOO 
0.00000e+O .0000 
O.O0000e+O .OOOO 
0.00000e+0 . 0000 
0.00000e+0 .OOOO 
0.00000e+O .OOOO 
0.00000e+O .DO00 

t .99759e+6 -2399 



Table 05.4. 
rectangutar ho le  through the co l l imator  when the 1998 water tube and co l l ima to r  sect ions are both ftooded and the H F I R  i s  operat ing a t  100 MU. 
for the new (shor ter )  1998 water tube design are based on a combination of  data from Table C6.6 (below 3 MeV) and Table 05.3 (above 3 MeV). 

G a m  leakage (p/s) and corresponding fsd's, in  var ious energy and angular ranges(**), on the downstream ( e x i t )  s ide  o f  the 2.75-inch x 5.5-inch 
These r e s u l t s  

E m i n  Emax 
(MeV) (MeV) 

0.010 - 0.020 
0.020 - 0.045 
0.045 - 0.070 
0.070 - 0.10 
0.10 - 0.15 
0.15 - 0.30 
0.30 - 0.40 
0.40 - 0.51 
0.51 - 0.60 
0.60 - 0.70 
0.70 - 1.0 
1.0 - 1.5 
1.5 - 2.0 
2.0 - 2.5 

-b 2.5 - 3.0 * 3.0 - 4.0 
O0 4 . 0  - 5.0 

5.0 - 6.0 
6.0 - 7.0 
7.0 - 7.5 
7.5 - 8.0 
8.0 - 10.0 
10.0 - 14.0 

Total: 

Range: 0-90 deg 

(p/s) fsd 

1.90358e+6 .0710 
1.08476e+7 .0612 
1.34898e+7 .0579 
1.65498et7 .0544 
2.866Fiet7 .0539 
5.461 28e+7 .0533 
2.30162et7 .0536 
2.17889e+7 .0533 
3.37558et7 .0569 
1.27881et7 .0494 
3.39917et7 .0467 
3.70887e+7 .0282 
3.73697e7 .0259 
4.34265et7 .0355 
4.47979e+7 .0431 
1.23560e+8 .0309 
1.89752e+8 .0389 
1.52381et8 .0498 
3.52357e+8 .0478 
9.75156e7 .0856 
5.31670et8 .0475 
3.7251 l e t 7  .I933 
0.00000e+0 .OOOO 

1.89858e+9 .0248 

Range: 0-2 deg 

(p/s) f sd  

1.90358e+5 .I424 
6.79038et5 .I005 
7.24496e+5 .0910 
6.84720e+5 .I004 
7.69955et5 .0924 
1.64219et6 .0812 
7.01767e+5 .0901 
6.08009e+5 .0973 
5.39821e+S .I091 
4.20492e+5 .I089 
1.09953e+6 .0832 
1.81266e+6 .0692 
3.60259et6 .0756 
1.10294et7 .0909 
1.06458et7 .I333 
5.81029e+7 .0546 
1.23224et8 .0536 
8.71 144et7 .0784 
2.76994et8 .0565 
5.63270e+7 ,1328 
5.16566e+8 .0480 
3.46680e+7 .I975 
0.00000e+0 .OOOO 

1.18815e+9 .0277 

Range: 2-5 deg 

(p/s) fsd 

3.94921et5 .I035 
1.94051e+6 .0780 
1.96608e+6 .0779 
1.83539et6 .0704 
2.45476et6 .0692 
4.53449e+6 .0695 
2.05984et6 .0723 
1.97177e+6 .0708 
1.62230e+6 .0756 
1.29273e+6 . O n 1  
3.18210et6 .0664 
4.25038e+6 .0606 
3.90944et6 .0590 
4.06570et6 .OS89 
4.38959et6 -0645 
1.11217et7 .0603 
1.6770Eet7 .0748 
1.76835e+7 .0966 
3.53124et7 .I009 
3.05521et7 .I089 
1.39714e+7 .I157 
1.64225et6 .2234 
0.00000e+O .OOOO 

1.66924e+8 .0360 

Range: 5-10 deg 

(p/s) fsd 

4.94362et5 .0972 
2.53432et6 .0703 
2.44056e+6 .0680 
2.31555et6 .0650 
3.36678et6 .0625 
6.07156et6 .0585 
2.82127et6 .0633 
2.62807et6 .0612 
2.44624e+6 .0650 
1.65071e+6 -0713 
3.90376et6 .OS72 
5.11409e+6 .0540 
4.34129et6 .0476 
4 . 6 3 3 9 3 ~ 6  .0443 
5.12261et6 -0461 
1.20854e+7 .0316 
1.52703e+7 .0344 
2.19698et7 .0365 
3.45845et7 .0338 
1.04385et7 .0493 
1.07823et6 .1713 
9.39587et5 .2139 
0.00000e+0 .OOOO 

1.46251e+8 .0180 

Range: 10-20 deg 

(p/s) f sd  

4.31857etS .0967 
2.24452e+6 .0645 
2.61955et6 -0609 
2.95481et6 .0611 
4.75610et6 .0579 
8.44393et6 .0535 
3.60259e+6 .0594 
3.52304e+6 .0582 
4.48904e+6 .os87 
1.84960e+6 .0626 
4.49472e+6 .0540 
6.35000e+6 .Oh63 
6.42387e+6 .0410 
7.20519et6 .0389 
1.03930et7 .0441 
2.50477e+7 -0243 
3.33276e+7 .0262 
2.55977et7 .0327 
5.46640et6 .0527 
1.98043et5 .2639 
5.41122et4 .4579 
1.20127et3 .9999 
0.00000e+0 .OOOO 

1.59475e+8 .0196 

Range: 20-30 deg 

@ / S I  f sd  

1.78993etS -1280 
1.11089e+6 .On2 
1.69662et6 .0670 
2.23315et6 .OS82 
4.07991e+6 .0561 
7.28474et6 .0547 
3.12244e+6 .0504 
3.26449e+6 .0597 
5.11693e+6 .0590 
1.45467e+6 .OS99 
3.56282e+6 .0510 
5.73631et6 .0421 
6.82447e+6 .0380 

*8.73551 e t6  .0251 
*1.33825e+7 .0260 

1.70067et7 .0304 
1.15851et6 .0525 
1.51824et4 .2322 
o.oooooe+o .oooo 
o.oooooe+o .oooo 
0.00000e+0 .OOOO 
0.00000e+O .OOOO 
0.00000e+0 .OOOO 

8.58848e+7 .0232 

Range: 30-60 deg 

(p/s) fsd 

1.78993et5 .1375 
1.82687e+6 .0685 
3.21335e+6 .0609 
4.09248e+6 .0582 
9.90997et6 .0557 
1.91892et7 .0548 
8 . 1 0 8 6 7 ~ 6  .0559 
7.11427et6 .0564 
1.33961#7 .0618 
3.44065e6 .0514 
1.27852e+7 .O433 

*1.33?35*7 .0243 
*1.22567e+7 .0254 
*7.75675e+6 .0310 
*8.64406e+5 .0478 

1.95286et5 .0726 
1.19444e+3 .7543 
0.00000e+0 .OOOO 
o.oooooe+o .oooo 
0.00000e+0 .OOOO 
o.oooooe+o .oooo 
O.O0000e+O .OOOO 
0.00000e+O .OOOO 

1.18504etB .0430 

Range: 60-90 deg 

(p/s) f sd  

3.40939et4 ,2887 
5.11409et5 .0926 
9.09172et5 .0789 
1.63367e+6 .0700 
3.32984e+6 .0620 
7.44668et6 .0545 
2.59966e+6 .0596 
2.67922et6 .0597 
6.14543e+6 -0586 
2.67922et6 .0560 
4.96351et6 .0561 
4.51745et5 .I012 
1.13646et4 .5000 
0.00000e+0 .OOOO 
0.00000e+O .OOOO 
0.00000e+0 .OOOO 
O.OOOOOe+O .OOOO 
0.00000e+0 .OOOO 
0.00000e+O .OOOO 
o.oooooe+o .oooo 
0.00000e+0 .OOOO 
0.00000e+O .OOOO 
0.00000e+0 .OOOO 

3.33950et7 .0515 

** Results in the f i r s t  colunn show the t o t a l  leakage (p/s)  f o r  a l l  g a m s  in tegrated over the  e n t i r e  forward hemisphere (0 t o  90 degrees), whi le  r e s u l t s  i n  the other  
colunns show the t o t a l  leakage (p/s) w i t h i n  d i s c r e t e  angular ranges (0-2 degrees of  the center l ine,  2-5 degrees of  t he  cen te r l i ne ,  e tc) .  
on l lreal' l  boundary crossing counters, no t  point detectors.  One can d i v i d e  
by the area of the hole t o  get currents, but the  f luxes a re  no t  imnediately ava i l ab le  from t h i s  data s ince the  e f f e c t  o f  i n d i v i d u a l  p a r t i c l e  d i r e c t i o n  cosines w i th  
respect t o  the e x i t  surface have already been appl ied t o  get t he  leakage rates.  

* These s i x  values a lso taken from Table D5.3. 

These r e s u l t s  are based 
Also note tha t  these are llleakage@l rates (p/s) by energy group, not  f l uxes  o r  currents.  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  



towards the steel- l ined concrete block assembly holding the rotary shutter. 
indicate the surface segment numbers corresponding t o  Tal l ies 231 and 232, described below. Segment 10 in 
the center i s  the 6.5-inch-diameter hole in the concrete block assembly coming out from the rotary shutter, 
uh i l e  segment 9 i s  the remainder of the 83.5025 cm x 83.5025 cm face of the steel- l ined concrete block 
assembly holding the rotary shutter, segments 5 t o  8 are the 1.74625 u n  clearance gaps between the concrete 
block assembly and the biological  shield, and segments 1 t o  4 represent port ions of the steel-c lad biological 
shield beyond that, out t o  a radius o f  65 cm. 

The small tunribers, 1 through 10, 

0.5.2.1 Clear Right-to-Left Asymnetry i n  External Dose and Leakage Rates Due t o  Steaming in  Shutter ____-_-______-_____-____________________------------------------------------------------------------ 
G a m s  streaming through the large 3.5-inch-diaa hole in  the rotary shutter as shown in  Fig. 6.1 uwld 
tend t o  increase the radiat ion levels in  segments 2 and 6 of Fig. D5.2 above those f o r  segments 1 and 5, 
once one accounts fo r  the proper spat ia l  or ientat ion of two figures. While the s t a t i s t i c s  for  these 
regions are not par t i cu la r ly  good, the integrated to ta l  ganma leakage rates in  Table D5.5 do tend t o  
confirm these expectations. 
(segment 6) i s  2.06 times larger than tha t  for the clearance gap (segment 5) on the l e f t ,  uh i le  the 
leakage ra te  fo r  that port ion o f  b io log ica l  shield on the r igh t  (segment 2) i s  2.84 times larger than 
that f o r  the corresponding port ion on the l e f t  (segment 1). 
segment as shorn i n  Table D5.6 indicate the same trend, u i t h  the dose rate f o r  segment 6 being 2-20 times 
larger than that fo r  segment 5, arid the dose ra te  for segment 2 being 3.10 times larger than that f o r  
segment 1. While the s t a t i s t i c s  are poor (because the fluxes and dose rates are re la t i ve l y  Lou), the 
trends are undeniable. 
s ign i f i can t  from a radiological vieupoint, the f luxes and dose rates would have been much larger and the 
s t a t i s t i c s  would have automatically been much better. 

Asymnetric streaming through the large beam hole i n  the closed shutter i s  causing a small but calculat ional ly 
observable skewness in the fluxes and dose rates on the external surface. 
r i g h t - t o - l e f t  variat ions (2.2:l and 3-1: l )  i s  s t a t i s t i c a l l y  s igni f icant beyond any shadou of a doubt, and 
suggests that  while the magnitude o f  the actual leakages and dose rates were found t o  be -11, the code and 
technique used here have the sens i t i v i t y  needed t o  detect and predict any asymnetric streaming that might be 
signi f icant.  This i s  most reassuring. 

Note that the leakage rate fo r  the clearance gap on the r i gh t  of Fig D5.2 

Moreover, the to ta l  average dose rates by 

Had the streaming effects been much more pronounced t o  the point of being truly 

Moreover, the skeuness i n  the 

Likeuise, t o  a lesser but s t i l l  observable extent, there i s  a s imi lar  skeuness i n  the external leakages 
and dose rates i n  the ver t i ca l  d i rec t i on  caused by the posit ion o f  the ro ta ry  shield plug inside the 
cavity. 
steel  l i ne r  inside the concrete block housing assembly. m i l e  a 5/16-inch clearance gap was assuned 
c i rcun feren t ia l l y  around the carbon steel  shield plug, and a similar 5/16-inch clearance gap uas assuned 
atop the carbon steel shield plug, no such clearance gap was assuned on the bottom since the carbon steel 
shield plug was assuned t o  be s i t t i n g  f lush against the bottom l iner. While no attenpt was made t o  bias 
the gamna f l u x  up or  doun v e r t i c a l l y  i n  the MCNP calculation, the ef fect  o f  that clearance gap near the 
top, while small, i s  s t i l l  ca lcu la t iona l l y  observable in  Tables D5.5 and 05.6. The net leakage from the 
external clearance gap corresponding t o  segment 7 a t  the top in  Fig D5.2, i s  1.38 times larger than that 
for  segment 8 at  the bottom, uh i l e  the leakage from the biological shield i n  segment 3 a t  the top i s  
1.27 times larger than that for segment 4 a t  the bottom. 
clearance gap a t  the top (segment 7) i s  1.48 times larger than that a t  the bottom (segment S), uh i le  the 
average dose rate fo r  that port ion of the biological  shield in  segment 3 a t  the top i s  1.31 times bigger 
than for segment 4 at  the bottom. 
and arguably u i t h i n  the uncertainty of the calculation, the consistency u i t h  which these trends a w a r  
i n  a physical ly correct fashion would suggest that  3-D broad-group weight w i n d o w  approach has endowed the 
MCNP analysis u i t h  su f f i c ien t  accuracy that i t  can pick up and sense even these small asymnetric effects, 
the resolut ion of uhich u w l d  become more and m r e  precise i f  magnitude o f  the f luxes and dose rates were 
large enough t o  be radiological ly s ign i f i can t .  

Fig. 3.13 shows the HCNP model of the carbon steel rotary shield plug s i t t i n g  atop the stainless 

Likewise the average dose ra te  fo r  the external 

W i l e  these ra t ios  are smaller than those seen frm r igh t - to - l e f t ,  

F r o m  Tabte D5.5, i t  i s  clear that the vast major i ty of g a m s  gett ing through the shield come from tuo 
areas: 
6758.58 cm2, excluding the hole), and the small 6.5-inch-diameter hole (Segment 10, area=214.084 cm2) 
leading t o  the rotary shutter. 
cane through the la t te r .  For that  reason, point  detectors uere placed a t  various locations along the 
centerline, dounstream of the system, as show in  Fig. 6.5. Due t o  the ilrportance of having an accurate 
dose rate assessment dounstream o f  the system, i t  i s  also highly desirable t o  have a second confirmation 
of the centerl ine dose rates based on a mre re l iab le  boundary crossing t a l l y .  

the main face of the 83.5 cm x 83.5 cm concrete block holding the shutter (Segment 9, area= 

Moreover, almost ha l f  of the g a m s  leaking from the system (p/s) 
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Table D5.5. 
t o  the downstream surface of the stainless steel l iner  on the concrete block a s s d l y  holding the ro ta ry  shutter. 
The locations o f  the various area segments are i l l us t ra ted  i n  Fig. 05.2, ifhere segment 10 corresponds t o  the 
6.5-inch-diam hole in the middle, d i rec t l y  dounstream of the shutter, and segment 9 corresponds t o  the reminder 
of the central block. These values were ca l cu la td  by Ta l l y  231 in  R u n  Hf3308G. 
the large amount of the gama leakage (p/s) that comes through the 6.5-inch-diam hole i n  the middle (segment lo), 
and that t h i s  Leakage, as well as that through the main face (segment 93, are both well  converged. 

G a m  leakage <p/s) across the various segments o f  a plane surface a t  2=478.79 cm, corresponding 

The key thing t o  note here i s  

Segment 2 Segment 3 Segment 4 Segment 5 Segment 1 
_ _ _ _ _ C r _ _ _ _ _ - _ - - _  - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - C r - -  - - - - - - - - - - - - - - - - -  - - - - - - _ _ _ _ _ _ _ _ _ _ _  

Emin  Emax Area: 1438.21 cm2 Area: 1438.21 cm2 Area: 1414.34 cm2 Area: 1414.34 cm2 Area: 151.915 cm2 
(MeV) (MeV) photons/sec fsd photons/sec fsd photons/sec f sd  photons/sec fsd photons/sec fsd 

0.010 - 0.020 4.33683e-1 -6120 9.95054e-1 .4351 3.46030e-1 ,3719 7.61389e-1 -6552 O.OOOOOe+O .Ow)O 
0.020 - 0.045 7.88554e+O .4410 1.06024e+1 A325 4.70354e+O .3640 4.16987-0 .4031 1.06758e-1 -8280 
0.045 - 0.070 9.38195e-1 -3240 3.71418e+O .5149 3.11880eO -7366 7.78792e-1 -3090 7.39991e-1 -6833 
0.070 - 0.10 3.45151e+O .3537 9.21514-0 -5037 2.15051eO .4235 3.91844e+O -3608 9.72587e-1 -3369 

0.30 - 0.40 1.35250e+2 -2209 3.60723e+2 -3928 1.45431-2 . a 8 0  1.11955-2 .2207 4.73037~1 .2925 

0.10 - 0.15 l.l7249e+l -2526 5.23952H1 .4438 2.58452-1 .4983 1.54042e*l .3888 1.24829el -3634 
0.15 - 0.30 1.72984~2 -2479 5.46143-2 -4051 1.79798e2 .2591 1.38956H2 .2516 6.04532-1 -3529 

0.40 - 0.51 1.33392w2 -2347 4.24229-2 -3706 1.65004e~2 -2300 1.46383*2 -2102 6.77787el -4542 
0.51 - 0.60 i.63zaze+2 .2479 4.92535ec2 -4119 1 .95 iae2  . a 8 7  1 . 5 1 ~ 7 ~ 2  .2272 3.475oie+i .24s 
0.60 - 0.70 1.00414e+2 .2200 2.53398e+2 -3567 1.11014-2 -2207 8.97897Hl -2097 1.48802el -2310 
0.70 - 1.0 2.50755-2 -2039 6.53632e2 -3328 2.944-2 -2260 2.42975W2 -2173 8.62312e+l .2127 
1.0 - 1.5 3.51906e+2 .2031 8.55401~2 ,3315 4.00309W2 -2200 3.2637&+2 .2186 1.08821e+2 -3028 
1.5 - 2.0 2.86583-2 -2096 6.53274et2 .3217 3.11184@2 -2179 2.88515-2 .a21  7.47920e+1 .2781 

2.5 - 3.0 2.06230e+2 -2334 5.10737*2 -3252 2.46630-2 .2285 1.85831e~2 -2555 1.39029-2 .3943 
3.0 - 4.0 3.63945W2 .2695 7.68513-2 -3640 3.76245-2 -2661 2.80202-2 -2598 1.54533*2 .3084 

5.0 - 6.0 2.81020w2 .4367 1.07-3 .5462 3.13429W2 .4533 1.58549*2 -3842 1 . O D t u l O e ~ l  -4811 
6.0 - 7.0 1.73862W2 .6202 2.21017H2 -5387 7.76778-1 ,6638 2.32817e+2 -4502 8.52340e-1 .9999 

2.0 - 2.5 2.326ne+z .2123 5.14903~2 .3355 2.67135e+2 . m a  2.80855~2 . 3 ~ o  9 . e i e t i  . 3x6  

4.0 - 5.0 2.93?76e+2 .3799 5.50947-2 .4091 4.60619-2 -3428 2.4172lH2 .3288 9.09511-1 .5046 

7.0 - 7.5 0.0000Oe+0 .OOOO 7.41302-1 .6613 1.56924-1 ,7819 7.96565e-1 -9999 O.[#)OOOe+O .OOOO 
7.5 - 8.0 O.OOOOOHO .oooo 9 . m o o ~ 2  .7&2 7.83~15e+i -9928 o.oooooe*o .woo o.oooooe+o .oooo 
8.0 - 10.0 O.OOOOOe+O ,0000 O.OOOOOWO -0000 O.OOOOOe+O .OOOO O.OOOOOe+O .OOOO 0.00000~0 .OOOO 
10.0 - 14.0 O.OOOOOe+O .OM0 o.oo~~oe+o .oooo o.~oooeCo .Oom o.w)oooe+o .oOOO O.OoooOe+O .OOW 

Total: 3.17051-3 -2392 9.01193-3 -3904 3.68030e3 ,2432 2.90242~3 -2266 1.00144e+3 -2389 

Emin Emax 
(MeV) (MeV) 

0.010 - 0.020 
0.020 - 0.045 
0.045 - 0.070 
0.070 - 0.10 
0.10 - 0.15 
0.15 - 0.30 
0.30 - 0.40 
0.40 - 0.51 
0.51 - 0.60 
0.60 - 0.70 
0.70 - 1.0 
1.0 - 1.5 
1.5 - 2.0 
2.0 - 2.5 
2.5 - 3.0 
3.0 - 4.0 
4.0 - 5.0 
5.0 - 6.0 
6.0 - 7.0 
7.0 - 7.5 
7.5 - 8.0 

10.0 - 14.0 
Total: 

8.0 - 10.0 - .  

Segment 6 

Area: 151.915 cm2 
photons/sec fsd 

8.59025e-2 .9999 
4.93390e-2 -7728 
9.82768-0 .9588 
1.97609w1 .7451 
3.46056~1 .5674 
1.45676e+2 -5315 
1.07858e+2 .3641 
1.2oTJ2et2 .3937 
1.43379-2 .4965 

1.94314e+2 .U55 
2.23132e+2 -3192 
1.54274e+2 .3146 
9.53868-1 -3509 
1.07533~2 .3635 
1.7%79e+2 -3517 
1.49373e+2 -4693 
7.59244e+l -5281 
3.53018e+l -7640 
1.76693-1 -7111 
1.76436e+2 -9645 
o.oooooe+o .oooo 
o.oooooe+o .oooo 
2.06711e+3 -3601 

_ _ _ _ _ _ _ _ _ _ - _ - _ - - _  

7.ao83e+i .385a 

Segment 7 

Area: 145.816 cm2 
photons/sec fsd 

o.oooooe+o .oooo 
7.32659e-2 .7411 
3.67787-1 .9815 
2.89664~0 .5360 

3.47514~1 .2962 
4.63258e+1 .3681 
5.0&631e+1 .3333 
3.97639~1 .2728 
2.70329~1 .3679 
5.30037e+l .2353 
1.18111e+2 -2467 
l.O2201e+2 .4156 
l.O8334e+2 -3128 
6.67464-1 -2989 
1.18102e+Z -3509 
4.47651Wl .3794 
3.64006e+l -51% 
4.96006e+l -9328 
1.15541e+1 -9749 
0. oooooe+o . 0000 
0. oooooe+o . 0000 
o.oooooe+o .oooo 
9.61594e2 -2933 

- - - - - - - - - -_ - -_ - - -  

1.42893-1 

Segment 8 

Area: 145.816 cm2 
photonsbec fsd 

1.09979e-2 -9995' 
1.45535e-1 -6825 
2.76332e-1 -5113 
1 .23147~0 .4865 
1.255-1 -3127 
3.28326-1 .2558 
2.94998e+l -2727 
2.30083e+1 -2534 
4.17505~1 .3694 
1.46617~1 .2943 
9.01696eel -30% 
1.09089e+2 -2894 
8.70570-1 -3520 
9.07350e+l -3781 
2.84201e+1 -3478 
6.39443e+1 -4379 
3.86637-1 .3400 
2.77237-1 -5495 
2.67721~0 -9999 
1.51614~0 -9999 
o.oooooe+o .oooo 
0.00000W0 .oooo 
o.oooooe+o .oooo 
6.95966e2 -2372 

- -_ - - - -_ - - -__ - - -_  Segment 9 

Area: 67558.58 cm2 
photons/sec fsd 

2.80732eO .2651 
9.49487ecO .0880 
2.79090e+I -0783 
1.04838e+2 .OS97 
5.48003-2 -0529 
2.46285*3 .05 10 
1.55019~3 -0520 
1.536-3 -0538 
1 .45508eC3 -0590 
9.75231~2 -0502 
2.51209e+3 -0512 
3.31417~3 -0517 
2.61635~3 -0534 
2.21142-3 .Om 
1 .67637ec3 -0455 
2.4973W3 -0470 
1 -581 23-3 .OS47 
1.07907~3 .0941 
5.13961e+2 -1100 
1.06657e+2 -1807 
2.71564-2 -7262 
1.12521~1 .3630 
o.oooooe+o .oooo 
2.70641w4 -0546 

- - - - - - - - - - - - - - - - -  Segment 10 - - - - -_ -__ - -____-_  
Area: 214.084 cm2 
photons/sec fsd 

2.33257-0 -1428 
1.47449-1 -0794 
3.76023e+l .OS49 
1.42192-2 ,0431 
6.59894~2 .0384 
2.50157e+3 .0372 
1 .32099e+3 .0370 
1.24438-3 .0370 
1.3657-3 -0374 
6.64158~2 -0362 
1.68859~3 .0357 
2.16100e+3 -0354 
1.67111e3 -0349 
1-38697-3 -0346 
1.19483e+3 .OX2 
2.02812~3 -0332 
1.79384e+3 .0331 
1.61621-3 -0360 
1.84814~3 -0444 
7.02a03e+2 .a627 
1.60594~3 .OM3 
1.42562ec2 3 4 0  
o.oooooe+o .oooo 
2.57918e+4 .OM5 
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Table 05.6. G a m  dose rates (mrem/hr) averaged across the various segments of  a plane surface a t  Z=478.79 cm, 
corresponding t o  the dounstream surface of the s ta in less s tee l  l i n e r  on the concrete block assernbly holding the 
rotary  shutter. The locations o f  the various area segments are i l l u s t r a t e d  i n  Fig. 05.2, where segment 10 
corresponds t o  the 6.5- inch-d im hole in  the middle, d i r e c t l y  downstream o f  the shutter, and segment 9 corresponds 
t o  the remainder of the cent ra l  block. These values were ca lcu lated by T a l l y  232 i n  Run HB308G. While the dose 
ra te  d i r e c t l y  i n  front of  the cent ra l  ho le (segment 10) i s  dominent, average values f o r  the other areas are l o w  
because of  the large areas over which they were averaged. 
leakage terms i n  Table D5.5 (above). 
boundary crossing t a l l i e s ,  and tha t  (2) the u'averageu8 value here over the centra l  6.5-inch-diam hole i s  only 
1.944 times lower than the Ispeakuu value a t  the center l ine given by po in t  detector Ta l l y  45. The fact  that the 
tu0 are in  such excel lent agreement i s  "pos i t i ve  confirmationu tha t  the po in t  detector values are trustworthy. 

To see r e a l  r e l a t i v e  contributions, see integrated 
The key things t o  note here are tha t  (1) these estimates are based on rea l  

Segment 1 Segment 2 Segment 3 Segment 4 Segment 5 ____- - - - - - - - - - - - -  - - - - - - - - - - - - - - - - -  ---------..------- - - - - - - - - - - - - - - - - -  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
E m i n  Emx Area: 1438.21 cm2 Area: 1438.21 cm2 Area: 1414.34 cm2 Area: 1414.34 cm2 Area: 151.915 cm2 
(MeV) (MeV) mrem/hr f s d  rnrem/hr fsd  mrem/hr fsd  mrem/hr fsd  mrem/hr f sd 

0.010 - 0.020 
0.020 - 0.045 
0.045 - 0.070 
0.070 - 0.10 
0.10 - 0.15 
0.15 - 0.30 
0.30 - 0.40 
0.40 - 0.51 
0.51 - 0.60 
0.60 - 0.70 
0.70 - 1.0 
1.0 - 1.5 
1.5 - 2.0 
2.0 - 2.5 
2.5 - 3.0 
3.0 - 4.0 
4.0 - 5.0 
5.0 - 6.0 
6.0 - 7.0 
7.0 - 7.5 
7.5 - 8.0 
8.0 - 10.0 
10.0 - 14.0 

Total : 

6.70053e-7 
4.32938e-6 
2.08308e- 7 
7.59168e- 7 
3.57831e-6 
1.17084e-4 
1.43372e-4 
1.76137e-4 
2.59256e-4 
1.60092e-4 
4.47404e-4 
7.31636e-4 
6.94597e-4 
6.40776e- 4 
6.26750e-4 
1.24055e-3 
1.14927e-3 
1 .24474e- 3 
8 I 59747e - 4 
0 .oooooe+o 
o.oooooe+o 
0. oooooe+o 
0. oooooe+o 
8.50096e-3 

.6191 
-4502 
-3295 
-3394 
-2624 
-2577 
-2190 
-2379 
-2495 

-2071 
-2022 
-205 1 

-2303 
-2656 
-3777 
-4369 
-6218 
.oooo . 0000 . 0000 
.oooo 
.2559 

-2208 

.2082 

1.14777e-6 
6.60011e-6 
7.71 456e-7 
2.08195e-6 
1.82536e-5 
3.00981e-4 
3.75211e-4 
5.24269e-4 
7.66559e-4 
4.02963e-4 
1 ,18034e-3 
1.79327e-3 
1.59216e-3 
1.41506e-3 
1.54350e-3 
2.63225e-3 
2.16685e-3 
4.72810e-3 
1.09079e-3 
3.92469e-4 
5 -39123e-3 
0. oooooe+o 
0. oooooe+o 
2.63248e-2 

-4427 
-4117 
-5105 
-4977 
-4230 

-3864 
-3626 
-4066 
.3535 
.3U6 

-3871 

.3237 

.3172 

.3332 

.3246 

.3632 

.4083 

.5437 
-5390 
.6613 

.oooo 

.oooo 
-4254 

-7658 

4.06067e-7 
2.97822e-6 
6.56155e-7 
4.70405e-7 
7.91752e-6 
2.24707e-4 
1.62716e-4 
2.19608e-4 
3.10504e-4 
1.92365e-4 
5.37299e-4 
8.42041 e-4 
7.60416e-4 
7.37309e-4 
7.551 84e-4 
1.31442e-3 
1.83909e-3 
1.40653e-3 
3.89021e-4 
8.44854e-s 
4.38280e-4 
0. oooooe+o 
0. oooooe+o 
1.02264e-2 

.4620 
-3583 
-7407 
.4W6 
"4549 
.5475 

-2279 
-2403 
-2235 
.2252 

.2176 
-224 1 
-2291 
-2655 
-3426 
.4521 
.6630 

-9927 . 0000 
.oooo 

.23ia 

. a 8 9  

-7807 

.2589 

3 -61 796e-7 
2.22215e-6 
1.82830e-7 
9.25882e-7 
7.58237e-6 
9.35688e-5 
1.22031e-4 
1.94820e-4 
2.42168e-4 
1.47680e-4 
4.42298e-4 
6.87981e-4 
6.91422e-4 
7.55938e-4 
5.78004e-4 
9 -861 58e- 4 
9.69276e-4 
7.19275e-4 
1.17091e-3 
4.316Be-6 
0. oooooe+o 
o.oooooe+o 
0. oooooe+o 
7.81 71 2e-3 

.7277 

.3961 

.3124 

.3707 

.4444 
-2534 
-2203 
.2044 

-21 27 
-2172 
-2167 

-2298 

-2273 
-3340 
.2544 

.3256 
-3834 
.4501 
.9999 
.oooo . 0000 
.oooo 
.2387 

.257a 

0 .oooooe+o 
4.29756e-7 
1.48094e-6 
2.32742e-6 
4.82005e-5 
4.07668e- 4 
3.83539e-4 
6.91560e-4 
4.78415e-4 
2.07565e-4 
1.21971e-3 
1.94920e-3 
1.61405e-3 
2.34333e-3 
3.76474e-3 
4.83640e-3 
3 .29734e-3 
4.19366e-4 
3.96144e-5 
0. oooooe+o 
0. oooooe+o 
0. oooooe+o 
0. oooooe+o 
2.17049e- 2 

.oooo 
-8180 
-6601 
-3635 
-2922 
.3404 
-2575 
.4197 
.2600 
.2259 
.2024 
.2932 
.2723 
.3252 
.3915 
.3061 
.5021 
.4801 
-9959 . 0000 . 0000 . 0000 
.oooo - 2638 

0.010 - 0.020 
0.020 - 0.045 
0.045 - 0.070 
0.070 - 0.10 
0.10 - 0.15 
0.15 - 0.30 
0.30 - 0.40 
0.40 - 0.51 
0.51 - 0.60 
0.60 - 0.70 
0.70 - 1.0 
1.0 - 1.5 
1.5 - 2.0 
2.0 - 2.5 
2.5 - 3.0 
3.0 - 4.0 
4.0 - 5.0 
5.0 - 6.0 
6.0 - 7.0 
7.0 - 7.5 
7.5 - 8.0 
8.0 - 10.0 
10.0 - 14.0 

Total: 

1.38716~-6 
2.12474e-7 
1.88409e-5 
4.12383e-5 
1.15200e-4 
a. 7960 1 e- 4 
8.89613e-4 
1.18849e-3 
1.84262e-3 
9.41781e-4 
2.82895e-3 
4.06423e-3 
3.45668e-3 
2.41958e-3 
3.02058e-3 
5.67326e-3 
5.44136e-3 
3.12857e-3 
1.62193e-3 
8.64589e-4 
9.29514~3 
0.00000e+0 
0. oooooe+o 
4.77339e-2 

-9999 

-9565 
-6863 
-5620 
.5107 
.3664 
-3861 

. m a  

.4833 
-3583 
-327.l 
-3073 
-3056 
-3453 
.3606 
-3528 
.4686 
-5293 
.7646 - 71 06 - 965 1 
.oooo - 0000 
-371 0 

0. oooooe+o 
3.61 231 e- 7 
7.08125e-5 
6.51336e-6 
8.95831 e-5 
2 -383 19e-4 
4.07034e-4 
5.37017e-4 
5.07082e-4 
3.45203e-4 
8 -7-341 7e-4 
2.12592e-3 
2.20441e-3 
2.78778e-3 
1.92416e-3 
3.84662e-3 
1.70163e-3 
1.57117e-3 
2.37099e-3 
5.93144e-4 
o.oooooe+o 
0. oooooe+o 
0. oooooe+o 
2.22012e-2 

.oooo 

.7631 

.4762 

.4177 

.2791 
-3166 
* 2799 
-2647 
.3351 
.2362 
-2418 
-3999 
-3134 
-2994 
-3470 
-3794 
.5195 
-9327 
-9746 
.oooo . 0000 . 0000 

-9802 

- 3380 

0. oooooe+o 
6.71678e-7 
6.20786e- 7 
3.50324e-6 
4.03445e-5 
2.22338e-4 
2.85410e-4 
2.72010e-4 
5.52862e-4 
2.26939e-4 
1.33234e-3 
1.97837e-3 
1.97834e-3 
2.26931e-3 
8.26779e-4 
2.10725e-3 
1.47673e-3 
1.19246e-3 
1.31658e-4 
7.96595e-5 
0. oooooe+o 
0. oooooe+o 
0 - oooooe+o 
1 -49T76e- 2 

.oooo 

.7073 

.5194 

.5344 

.2604 

.2660 

.2406 

.3441 

.2655 

.2965 

.2778 
-3458 
-3679 
.3406 
.4303 
.3376 
.5474 
-9999 
-9999 
. 0000 . 0000 
.oooo 
-2425 

.2826 

8.22639e-7 
9.82171e-7 
1.442ne-6 
6.74252e-6 
4.71959e-5 
3.78841e-4 
3.59998e-4 
4.38628e-4 
4.90946e-4 
3.46807e-4 
1.00310e-3 
1.52432e-3 
1.37897e-3 
1.30285e-3 
1.09610e-3 
1.84037e-3 
1.32412e-3 
1.01366e-3 
5.33744e-4 
1.18871e-4 
3.17169e-4 
1.47016e-5 
0. oooooe+o 
1.35404e-2 

.3894 

.0851 

.0753 
-0583 
.0551 
-0507 
.OS15 
-0536 
.OS86 
.OS09 
-0502 
-0495 
-0509 
.on1 
.0447 
.0464 
.OS40 
.0938 
-1100 
-1812 - 7272 
-3629 
.oooo 
-0597 

9.63548e-6 
4.37461e-5 
5.65988e-5 
2.50063e-4 
1.59958e-3 
1.03948e-2 
8.11035e-3 
9.31381e-3 
1.23883e-2 
6.26229e-3 
1.8341 le -2  
2.8463 1 e- 2 
2.60992e-2 
2.47421e-2 
2.37765e-2 
4.60422e-2 
4 -67043e- 2 
4.74763e-2 
6.0 1868e-2 
2.46268e- 2 
5.88834e-2 
5.85047e-3 
0. oooooe+o 
4.59621e-1 

.2006 
-0794 
-0583 
-0436 
.0405 
e 0368 
.0366 
-0366 
-0369 
.0358 
-0355 
-0353 
-0350 
.0x7 
-0343 
-0334 
-0332 
-0360 
-0444 - 0626 
.0603 
-2340 . 0000 
-0374 
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Note that point detectors count uncol l ided contr ibutions frm each source point, as well as estimated 
contr ibutions from each c o l l i s i o n  s i t e  i n  the system (of uhich there were over 855.2 m i l l i o n  i n  th i s  
calculation). Nevertheless, i f  regions close t o  the detector point of interest  were undersampled, as 
might happen if no real  par t i c les  were ever successfully tracked that f a r  i n to  the shield, then the 
point  detector response m y  or may not be correct and there i s  no way t o  t e l l  f o r  sure. In the most 
unfortunate of circunstances, the point detector response may be well converged because of the mi l l ions  
of small contr ibutions from scattering events closer t o  the source but, i f  there are real  scattering 
events or real  par t i c les  in  regions close t o  the detector that are not being adequately sampled in  the 
calculat ion fo r  uhatever reason (no biasing, being k i l l e d  by Russian Roulette prematurely, small s o l i d  
angle as seen fran the source, etc), then the point  detector response may s t i l l  d i f f e r  from r e a l i t y  by 
a considerable margin - -  ie, i t  may or  may not be correct, there i s  simply no way t o  t e l l  f o r  sure. 
Conversely, i f  i t  can be ve r i f i ed  that a l l  regions are being adequately sampled, including those close 
t o  the detector, then the point  detector response u i l l  l i k e l y  be the m s t  re l iab le  response because 
i t  i s  based on a much larger mmber of events. I t  i s  c r i t i ca l ,  however, that  one somehow f i r s t  ve r i f y  
that  regions close t o  the detector are being adequately sanpled. 
crossing detector corresponding t o  Segment 10 i n  f i g .  05.2 and Table D5.6. 
par t i c les  that  have actual ly been tracked through the en t i re  configuration. 
large nunber of par t i c les  i n  a l l  the key energy groups such that the dose ra te  associated with the 
boundary crossing t a l l y  has good s ta t i s t i cs ,  one can rest  assured that the region o f  interest  downstream 
of the shield i s  being adequately sawled and that  the p i n t  detector response i s  qu i te  accurate. 

In t h i s  part icular calculation, un l i ke  most o f  i t s  unbiased predecessors, the response of the boundary 
crossing t a l l y  (Ta l l y  232) f o r  Segment 10 i s  incredibly excellent beyond any o f  wr p r io r  expectations. 
Generally, responses from bouxbry crossing estimators are considered n8good t o  excellentH i f  the fract ional 
standard deviat ion of the f i n a l  response i s  below 10%. 
fo r  the 6.5-inch-diam disk corresponding t o  segment 10 i s  0.4596 mrem/hr (+i- 3.74%), and that the fsd‘s 
fo r  the dose rates i n  most of the inportant energy groups are i n  th i s  same range, except fo r  a couple that 
are in  the 6% range. [Here a t  t h i s  par t i cu la r  Location, the groups above 8 MeV are fa r  less important 
than they were upstream of the steel shutter because most o f  them have been attenuated or slowed down t o  
Louer energies in  the process o f  transport ing through the carbon steel shutter.] 
exceltent fsd’s are uniformly character ist ic of a l l  energy groups. 
par t i cu la r  Location i s  due t o  the fact  that  the 3-D broad-grol$, weight uindows were based on a fine-group 
ad jo in t  analysis in  which the adjoint  source was intent ional ly placed a t  t h i s  same location. 
that  Large @rs of real  par t i c les  i n  a l l  energy groups had actual ly survived the tracking process 
and 
shutter, and nearby regions that may contr ibute t o  the f l u x  streaming through t h i s  hole, are indeed being 
adequately sanpled. This, in turn, would suggest that  the point detector r e w e  a t  the nearby location 
(on the centerline, i n  the void beyond the shield) i s  even m r e  rel iable. That, i n  fact, i s  the case, 
and the two are h igh ly  consistent. Uhi le the 0.4596 mrem/hr (+/- 3.74%) c i ted  above corresponds t o  the 
“average” dose ra te  over the 6.5-inch-diam disk over the hole in  the center a t  2478.79 cm, the p i n t  
detector t a l l y  f o r  the dose ra te  a t  2479.29 an (cf  Fig. 6.5 and/or Tal ly 45 in Table 6.6) shous the 
dose ra te  along the centerl ine t o  be 0.8934 mrem/hr +/- 3.4%. 
the former confirms adequate sampling in  the local  region, the l a t te r  i s  deemed t o  be the best estimate of 
the local peak dose rate. 

The other far less important resul ts in  Tables D5.5 and 05.6 are by-products o f  the calculat ion and have 
only been included here fo r  the sake of completeness. 
above. 

That i s  the ro le  o f  the boundary 
I t  u i l l  count only real 
I f  i t  sees a su f f i c i en t l y  

Table D5.6 show that the t o t a l  average dose rate 

For the most part, these 
This highly-desirable behavior a t  t h i s  

The fac t  

it“ t h i s  far, i s  a strong ind ica t ion  that the region near the downstream surface of the rotary 

The two are highly consistent, and because 

The only key results of interest  are those noted 
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Appendix E . l  

Description o f  the input f o r  HCNP Run HB309, a neutron-only beam tube 
calculation to determine the fluxes, and 12 different nuclear reaction 
rates, in each of 39 I-cm-thick cylindrical shells around the large beam 
hole in the rotary shutter when the water tube and collimator sections 
are both void and the shutter is in the open position. 

. ..-.. 
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HE309 uas an MCNP neutron-only ca lcu lat ion f o r  the HB-3 beam tube under normal condit ions wi th  the uater tube 
and cot l imator  sections both vo id and the r o t a r y  shutter vide open. 
t o t a l  neutron f lux,  the thermal neutron f tux,  and the fo l lowing 12 react ion rates 

Fe54(n,g)Fe55 Fe56(n,g)Fe57 Co59(n,g)Co60 
Fe%(n,p)Mn54 Fe57(n,g)Fe58 Co6O(n,g)Co61 
Fe55(n,a)Cr52 Fe58(nIg)Fe59 

Fe59( n , g ) F e60 
Mn54(n,g)Mn55 Fe59(n,a)Cr56 
Mn55(n, glMn56 

i n  each o f  39 I-cm-thick concentric c y l i n d r i c a l  she l l s  around the Large hole th ru  the ro ta ry  shutter. 
These reaction rates were l a te r  used i n  an ad hoc a c t i v a t i o n  program (ACTSRC.FOR) t o  determine the 
radionulcide concentrations and gama emission rates a f t e r  30 years of i r rad ia t i on ,  followed by decay 
times ranging from 0 t o  60 days. The r e s u l t i n g  gama sources 7 days a f t e r  shutdown were then used i n  a 
subsequent gama-only shielding ca l cu la t i on  (MCNP Run HE3101 t o  determine the g a m  dose ra te  downstream 
of the "then closed44 rotary  sh ie ld  pLug, due t o  these act ivated gama sources d i s t r i b u t e d  in  the 39 
regions around the centra l  hole in  the ro ta ry  shut ter  sh ie ld  plug. 

The MCNP input f o r  Run HE309 was created from Run HB308G, but with many o f  the features reset. For example, 
we s t i l l  used the 1998 design ( u r t  locat ion of the a lminum windows), but the water tube i s  now void, 
the Large ro ta ry  shutter beam hole i s  now open, and HB309 i s  a neutron-only ca l cu la t i on  which includes 
a l l  neutrons down t o  and including thermal. 

Because HB309 uas built upon HB308G which uas bui l t  upon HB304M4, the model found here i s  essen t ia l l y  
a lageneralized superset#' of a l l  the best improvements that have ever been made t o  date f o r  the HB3 beam 
tube, dosimeters, water tube, col l imator, and ro ta ry  sh ie ld  plug. For the purpose of  t h i s  ca l cu la t i on  
(Run HE3091 a nunber of the basic features have been reset as described below: 

, 
The purpose was t o  determine the 

P 
o\ m 

Modifications needed t o  get HE309 from HB308G.I are as fol lows: 

1 )  E l  iminate the aawssa=14 and atwwinp=a4 specs from header (message) record; 
not w r i t i ng  any boundary source f i l e  & not using any weight-window f i l e .  

2) I n  the PROBLEM PARAMETER section: 

a) Use %ode naa; 

b) Comnent ou the fkut:nll card, previously used i n  some runs t o  avoid t rack ing neutrons below 27 keV; 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

set nps=20000000 t o  run 20 m i l l i o n  h i s t o r i e s  

w i l l  now track a l l  neutrons, but w i l l  not  t rack any games. 

c )  Set  prdmp t o  dump every 80,000 h is to r i es  

d) Comnent out a l l  the Iaimp:pIa data previously used i n  HE308G 

e) Comnent out the wwp:n & wup:p cards; 

f )  El iminate the SSW card; not w r i t i ng  any boundary source 

w i l l  not need weight window f i l e ( s )  f o r  t h i s  calc 

3) Use the o r ig ina l  61-grp si53, sp53, and ds63 data f o r  neutrons ( u i t h  a l l  sources back on cen te r l i ne  t o  be conservative) 
Can Leave the sin, sp73, and ds83 data f o r  g a m s  where they are ( t h i s  data w i l l  j us t  be ignored) 
SDEF specs f o r  t h i s  neutron-only t a l c  should inctude: 

pos ferg d63 
--.._--______..*_.__------------------------------- 

sdef erg=d53 
par= l  
vec 0 0 1 $ reference vector i f  directional-dependent source i s  used 

$ source def f o r  neutrons i n  HE-3 ( t o t a l  n/s = 9.64595E+16); t o t a l  n/s above 27 keV = 4.20830e16 
$ par=l f o r  neut, par=2 f o r  photons 



, 

di r=d3 
wgtsl.7332472-2 S use t h i s  w i th  d3; wgt = [mu~max)-mu(min)l/l(+1).(-l)J = 11.0000000000-0.9653350561/2 = 1.7332472-2 

Ang Dist:  t o  spray i s o t r o p i c a l l y  across centra l  vo id  o f  HB-3 beam tube 

$ angular d i s t r i b u t i o n  w r t  vec (Caution: choice of angular d i s t r i b u t i o n  sampled w i l l  d i c t a t e  choice o f  ug t )  

-----..-.----_-_--- C 
c 
s i 3  h 0.965335056 1.0 $ angular d i s t r i bu t i on ;  mu boundaries (i .e, cosine boundaries w r t  vec) 
sp3 d 0 1 $ angular d i s t r i bu t i on ;  p a r t i c l e  e m i s s i o n  p r o b a b i l i t i e s  by bin; f i r s t  value (below lowest bin bound) must be zero --__-__---._-...--*--------------------------..---- 

4)  In terms of the basic model, we now want to: 

a) Ve r i f y  that aluninum windows 1 and 2 placed i n  t h e i r  1998 a x a i l  locations (see Ce l l s  2140, 2141, 4305, 4380) 
b) Turn b i g  hole in  ro ta ry  shutter t o  t8openl1 p o s i t i o n  (Surfs 3131 & 3132 should use transformations 11 8, 21, respectively) 
c) Void the water tube (Cel ls  2145 I% 2146 should use matl 61, den=-l.Oe-20) 
d) Void the region downstream of  water tube but j u s t  upstream of co l l imator  (Cel l  4375 should use matl 61, den=-l.Oe-20) 
e) Void the rect  hole in  co l l imator  (Cel ls  4300 & 4305 should use matl 61, den=-l.Oe-20) 
f )  Keep pt det 15 (B&T measurement p i n t )  j us t  as a touchpoint t o  make sure things are normalized properly 

g) Ver i fy  that locat ion of Ilimportance cu to f f  planeat (Surf 1007) i s  a t  t o  2=118.6879 cm t o  increase e f f i c i ency  
of these shutter ac t i va t i on  calcs. [Surf 1007 i s  used in  C e l l  10110 ( inner A1 wal l  o f  beam tube) t o  k i l l  
a l l  neutrons & photons below t h i s  location, ie: a t 1  those not  w i t h i n  most forward-directed cone.] 

5)  Note the fol lowing change i n  the centra l  co l l imator  mater ia l  ( i n  s p i t e  of Pete's Feb'98 dugs); change t o  carbon s tee l  based on t a l k s  with fo l ks  on 5-15-98 -._____._________---_______I____________----------.----------..------------.-.-------.-------*-.----. 
c 4310 40 -7.92 4130 -4190 -4230 #(4210 -4211 4212 -4213) imp:n=l $ ss body o f  cen t ra l  co l l imator  w i th  rectangular ho le 
c Hike Farrar thought the centra l  cot l imator  might be / should be / carbon s tee l  ( t o  get tess act ivat ion)  
c Dan Pinkston confirmed that  i t  was Type 1020 carbon s tee l  (here, I j us t  used pressure vessel carbon s tee l  here; close enough) 
c Ron Poor (the draftsman) indicated that  ex i s t i ng  one had a t h i n  black oxide coat ing f o r  corrosion protect ion 
4310 50 -7.8212 4130 -4190 -4230 fi(4210 -4211 4212 -4213) $ carbon s tee l  (Type 1020) body o f  cent ra l  co l l imator  with rectangular hole; 

vol=15022.15 carbon s tee l  (Type 1020) body o f  central co l l imator  w i th  rectangular hole; 

* 
3 imp:n=l f vo l  needed t o  get flux i n  T a l l y  14; -_-____.--------------.--...-.-*----------------------------..-------.-*---.-----------.---.--------- 

6) To f a c i l i t a t e  the determination o f  f luxes and the 12 necessary react ion rates ( c f  T a l l i e s  f24:n t h r u  f144:n) 

They 
in  each of 39 concentric 1-em-thick cy l inders around the large beam hole in the r o t a r y  shutter, the fol lowing 
surfaces were added to  the model. 
w i l l  only be used i n  the segmented volume detectors, f24:n through f144:n described below. 

c 5170 cz 4.445 $ b i g  ho le i s  defined by sur f  3131 which has a radius of 4.445 cm 
5171 cz 5.445 
5172 CL 6.445 
5173 CZ 7.445 

52i6 c; 40.445 

These p a r t i c u l a r  surfaces w i l l  not be used t o  def ine any new c e \ l s .  

__.___-_--_--_._-_-----------.----- 

. .  : e- series o f  concentric cyl inders, 1-cm apart 

5207 CL 41.445 
5208 cz 42.445 0 consider everything Dast su r f  5208 as "the remainder*l 
c 5209 cz 43.445 % l a s t  po int  i n  shutter should be a t  43.4433014 cm from i t s  center 
- - - - - -__- . . - - -__-_- -_____________I_  

7) To get the necessary react ion rates i n  various regions o f  the ro ta ry  shutter, the fo l lowing mater ia ls  were added 
t o  the model. Wote tha t  the mater ia l  desc r ip t i on  of the carbon steet used i n  the r o t a r y  shut ter  was not a l t e red  
at a l l ,  and t rack ing remains unaffected; these mater ia ls  speci f icat ions were simply added so tha t  the necessary 
cross section data would be avai lab le f o r  use in  the various t a l l i e s ,  f34:n through f144:n described below. 

m71 28058.24~ 1.0 $ Ni58; t h i s  mater ia l  (m71) i s  used only  t o  get the Ni58(n,P)Co58 react ion ra te  [(n,P)=103] in the dosimeters 
m72 26054.24~ 1.0 $ Fe54; t h i s  meter ia l  (m72) i s  used onty t o  get the Fe%(n,P)Hn% reac t i on  r a t e  C(n,P)=1031 in the r o t a r y  shut ter  & dosimeters 
m73 26058.26~ 1.0 S Fe58; t h i s  materiel ( m n )  i s  used only t o  get the Fe58(n,g)Fe59 reac t l on  r a t e  I(n,g)=1021 in the r o t a r y  shut ter  
m74 27059.50~ 1.0 S Co59; t h i s  material (m74) i s  used only  t o  get the Co59(n,g)Co60 reac t i on  r a t e  C(n,g)=tO21 in the r o t a r y  shut ter  
m75 26057.60~ 1.0 f Fe57; t h i s  mater ia l  (m75) i s  used only  t o  get the Fe57(n,g)Fe58 reac t i on  r a t e  [(n,g)=1021 in  the r o t a r y  shutter 
m76 26056.60~ 1.0 $ Fe56; t h i s  material (m76) i s  used only  t o  get the Fe56(n,g)Fe57 react ion r a t e  t(n,g)=1021 in the r o t a r y  shut ter  

_.__-_**..-_____-.-_~---.----.----- 



m77 25055.50~ 1.0 $ Mn55; t h i s  materia[ (17177) i s  used only t o  get the Mn55(n,g)Mn56 react ion ra te  [(n,g)=1023 in  the r o t a r y  shutter 

m78 25054.30~ 1.0 $ Mn54; t h i s  material (m78) i s  used only t o  get the Mn54(n,g)Mn55 react ion ra te  [(n,g)=l021 i n  the ro ta ry  shutter 
m79 26055.30~ 1.0 S Fe55; t h i s  mater ia l  (m79) i s  used only t o  get the Fe55(n,A)Cr52 react ion ra te  [(,n,A)=1071 i n  the r o t a r y  shutter 
m30 26059.30~ 1.0 S Fe59; t h i s  mater ja l  (do) i s  used 1-st  t o  get the fe59(n,g)Fe60 react ion ra te  t(n,g)=1023 i n  the r o t a r y  shutter 
c 26059.30~ 1.0 S Fe59; t h i s  mater ia l  (do) i s  used 2-nd t o  get the Fe59(n,A)Cr56 react ion ra te  [(n,A)=l071 i n  the ro ta ry  shutter 
m81 27060.30~ 1.0 t CdO; t h i s  mater ia l  ( d 1 )  i s  used only t o  get the Co60(n,g)Co61 react ion ra te  [(n,g)=1023 i n  the ro ta ry  shutter 
m82 26054.26~ 1.0 $ Fe54; t h i s  mater ia l  (17182) i s  used only t o  get the Fe54(n,g)Fe55 react ion ra te  [(n,g)=1023 i n  the ro ta ry  shutter 

Ta l l i es  f24:n, f34:n, f44:n, f54:n, f64:n, f74:n, f84:n, f94:n, f104:n, f114:n, f124:n, f134:n and f144:n 
were added t o  calculate f luxes & these las t  12 react ion rates i n  the ro ta ry  shutter ,(see speci f icat ions below) 

C 

- - - _ - _ _ _ - - -  "_____..._______________ 

8) Regarding t a l l i e s  used here: 

a) Comnent out HB304 detectors used t o  get neutron ac t i va t i on  rates i n  dosimeters i n  HE-3 beam tube; 
b) Comnent out HB308 detectors used t o  get primary gama f luxes a t  d i f f e r e n t  po ints  down HB-3 beam tube; 
c)  Keep the o r ig ina l  point detector 15 (B&T measurement po in t )  j us t  as a touchpoint t o  make sure things are normalized properly; 

d) Since t h i s  calc i s  for  %eutrons-onlyfi, make sure that a l l  l l f m l l  m u l t i p l i e r  cards use proper m u l t i p l i e r :  
fmXX = 9.64595e16 = sum of equivalent po in t  sources (n / s )  i n  HB-3, velm grps 1-61, for  H F l R  a t  100 MU (Sn=7.5573e18 n/s i n  global calc); 
t h i s  u i  I l y i e l d  f luxes in  n/s/cmZ 

e) Add the necessary segmented volume detectors (f24:n through f144:n) shown below. 

*** s t a r t  detectors used t o  get f luxes and react ion rates wi th  H F I R  a t  100 MU 

The f u l l  l i s t  of t a l l i e s  used i s  as follows: 

-____._____--___________________________----------------------------------------------------------------------------.-- C 

C 
c 

P c  
.--_-_-_.__....__--_____________________----------------------.-----------------------------------------------------.-- 

fc15 
f15:n 0.0 0.0 678.1673 0.5 
fm15 
C 
e15 

N-Flux (n/s/cm2) a t  655.6626 from t i p  of HE-3 a t  100 MU 

9.6459546 t sun of equivalent po in t  sources (n/s) i n  HB-3, velm grps 1-61, f o r  H F l R  a t  100 MU (Sn=7.557&18 n/s i n  g lobal  calc); 
fm15 
S Emax(ig) i n  MeV; corresponds t o  no p a r t i c u l a r  group structure; chosen t o  f a c i l i t a t e  conpr i son  w i th  Blosser & Thomas measurements 
0.4e-6 1.0e-6 1.9e-6 4.0e-6 6.0e-6 25.0e-6 100.0e-6 170.0e-6 
640.0e-6 2.4e-3 3.8e-3 2.0e-2 0.1 1.0 2.9 6.3 8.1 20.0 

Note 1: Comparisons wi th  BBT are f a i r  only i f  we use aluninum windows 1 & 2 f o r  1960 design AND use small ho le in  ro ta ry  shutter. 
Note 2: B&T tabulated the i r  resu l t s  wi th  H F I R  power normalized t o  1.0 MU; 

Note 4: The energy ranges above uere selected a f t e r  consul t ing the B&T report,  as well  as the barn book t o  check width of c e r t a i n  resonances. 

S neut f l u x  a t  pt  655.6629 cm from rea l  t i p  o f  HB-3 beam tube, where Blosser & Thomas made measurements i n  June 1968 ( c f  ORNL-TM-2221) 
n i l [  y i e l d  f luxes in  n/s/cmZ 

1.20830e16 S sun of equivalent point sources (n/s) f o r  velm grps 1-36 (E>27 keV; use for  dosimetry ca lc  only) i n  HB-3 f o r  HFlR a t  100 MU (Sn=7.55neI8 n/s  

C 
C 
C 
C Note 3: Many of B & T f s  resul ts  are n/s/cm2/eV, therefore w s t  d i v ide  some o f  our resu l t s  by delta-E la te r ,  where appropriate. 
E 

here we have i t  a t  100.0 MU; must renormalize l a te r .  

C 
C 

C 
fc14 

fm14 
f14:n 
e14 

C 
C 
f c24 
C 
f m24 
f24:n 
fs24 

Average N-Flux (n/s/cm2) in metal pa r t  o f  cent ra l  co l l imator  (3 100 MU) 
S used t o  get broad group neutron f luxes f o r  ORIGEN analysis (which i s  l a t e r  run o f f l i n e  t o  get ac t i va t i on  sources) 
9.64595e16 8 sun of equivalent po in t  sources (n/s) i n  HE-3, velm grps 1-61, f o r  H F l R  a t  100 MU (Sn=7.5573e18 n/s i n  global ca lc l ;  
4310 f metal part of central co l l imator  wi th  rectangular ho le 
S Emax(MeV) f o r  the 61 VELM neut grps (lowest t o  highest energy f o r  MCNP): 
4.1399e-7 0.1 20.0 t $ t o  get thermal f l u x  below 0.414 eV, resonance-range f lux,  and fast  f l u x  above 0.1 MeV 

w i l l  y i e l d  f luxes i n  n/s/cm2 

Average N-Flux (n/s/cm2) i n  c y l  she l l s  forming ro ta ry  shut ter  (a 100 MU) 
$ used t o  get broad group neutron f luxes f o r  ORIGEN analysis (which can be run o f f l i n e  l a t e r  t o  get ac t i va t i on  sources) 
9.64595e16 0 sun o f  equivalent po int  sources (n/s) in HE-3, velm grps 1-61, for HFlR a t  IO0 MU (Sn=7.5573e18 n/s in global calc); 
3090 f carbon steet forming the s h i e l d  plug ( ie, the ro ta ry  shut ter )  
S surfaces used t o  d i v ide  the r o t a r y  shutter s h i e l d  plug i n t o  I -cm-th ick c y l i n d r i c a l  she l l s  s t a r t i n g  a t  edge o f  b i g  ho le t h r u  shut ter  

w i l l  y i e l d  f luxes i n  n/s/ci@ 

-5171 -5172 -5173 -5174 -5175 
-5176 -5177 -5178 -5179 -5180 
-5181 -5182 -5183 -5184 -5185 



sd24 

e2 4 

f q24 

f c34 
f m54 

f34:n 
f s34 
sd34 
e34 

C 
C 

p fq34 

a c  
m c  

fc44 
fm44 

f44:n 
f s44 
sd44 
e44 
fq44 
C 
C 
f c 5 4  
f m54 

f54:n 
f s54 
sd54 
e54 
f q54 

f c64 
fm64 

f64:n 
f s64 
Sd64 
e64 
fq64 

C 
C 

-5186 -5187 -5188 -5189 -5190 
-5191 -5192 -5193 -5194 -5195 
-5196 -5197 -5198 -5199 -5200 
-5201 -5202 -5203 -5204 -5205 
-5206 -5207 -5208 
L enter volune (cc) f o r  each segment ( inc lud ing 18remainderf~) t o  get vol-averaged neutron f l u x  (n/s/cnQ): 
S volunes shoun here were ca lcu lated by mcnp Run W309; 
1.89858Et03 2.27981Et03 2.65511Et03 3.02744Et03 3.39342Et03 L vol  tcc)  f o r  each o f  the 5 c y l  she l l s  between r= 4.445 & r =  9.445 cm from b ig  hole cen te r l i ne  
3.75537E+03 4.11116Et03 4.45690E+03 4.79709Et03 5.12661Et03 L vol  (cc) f o r  each o f  the 5 cy1 she l l s  between r= 9.445 & r=14,445 cm from b i g  hole cen te r l i ne  
5.44592Et03 5.75543E+03 6.05497Et03 6.33840Et03 6.60982Et03 $ vo l  (cc) f o r  each o f  the 5 cy1 she l l s  between r=14.445 & r=19.445 cm from b i g  ho le cen te r l i ne  
6.86725Et03 7.1054OEt03 7.32554Et03 7.53004Et03 7.70707Et03 L vol  (cc) f o r  each o f  the 5 c y l  she l l s  between r=19.445 & r=24.445 cm from b i g  ho le cen te r l i ne  
7.85115Et03 7.96i38E*03 8.04809Et03 8.08235Et03 8.05935Et03 8 vol  (cc) f o r  each o f  the 5 c y l  s h e l l s  between r=24.445 & r=29.445 cm from b i g  ho le cen te r l i ne  
7.95535Et03 6.44147E+03 4.99352Et03 4.08671Et03 3.36986Et03 S vol  (cc) f o r  each o f  the 5 c y l  she l l s  between r=29.445 & r=34.445 cm from b i g  hole cen te r l i ne  
2.76096Et03 2.23160Et03 1.76511E+05 1.35264E+03 9.88281E+02 S vol  (cc) f o r  each o f  the 5 cy1 she l l s  between r534.445 & rr39.445 cm from b i g  ho le  cen te r l i ne  
6.71165EtO2 4.01009Et02 1.86544Et02 3.97575Et01 S vol (cc) f o r  each of the 4 cy1 she l l s  between r339.445 & r=43.4433014 cm from big hole cen te r t i  
L Emax(MeV) for the 61 VELM neut grps ( louest t o  highest energy f o r  MCNP): 
4.1399e-7 0.1 20.0 t B t o  get thermal flux below 0.414 eV, resonance-range f lux,  and fas t  f lux above 0.1 MeV 
s e S spat ia l  segments down ve r t i ca l l y ;  energy groups across ho r i zon ta l l y  

based on 40,000,000 his tor ies;  most volunes have fsd's o f  0.0002 

Fe58(n,g)Fe59 ltreactions/sec/ccla in shutter seg i f  N(Fe58)= 1 atom/(b*cm) 
S Here, 9.64595e16 = sum o f  equivalent po in t  sources (n/s) in HB-3, velm grps 1-61, f o r  H F I R  a t  100 MU (Sn=7.5573e18 n/s i n  global calc); 
(9.64595e16 73 102) L t o  get nunber of (n,g) 4freactions/sec/cct1 i n  Fe58 i f  density o f  fe58 = 1.0 atoms/(barn*cm) 
3090 L carbon s tee l  forming the sh ie ld  plug ( ie ,  the ro ta ry  shut ter )  
- - >  "SAME 36 VALUES AS IN TALLY 24'1 < - -  
- - >  "SAME 38 VALUES AS I N  TALLY 24" < - -  I 

- - >  "SAME AS I N  TALLY 24" < - -  
- - >  "SAME AS IN TALLY 24" e - -  

w i l l  y i e l d  f luxes i n  n 

Fe54(n,p)Mn54 aVeactions/sec/cctt in shut ter  seg i f  N(Fe54)= 1 atom/(b*cm) 
L Here, 9.64595e16 = sum o f  equivalent po in t  sources <n/s) i n  HE-3, velm grps 1-61, f o r  H F I R  a t  100 MU (Sn=7.5573e18 n/s i n  global calc); 
(9.64595e16 72 103) 
3090 S carbon s tee l  forming the s h i e l d  plug ( i e ,  the ro ta ry  shut ter )  

w i l l  y i e l d  f l uxes  i n  n 
L t o  get nunber o f  (n,p) "reections/sec/cc1l i n  Fe54 i f  density o f  Fe54 = 1.0 atm/(barn*cm) 

- - >  "SAME 38 VALUES AS I N  TALLY 24" < - -  
- - >  "SAME 38 VALUES AS I N  TALLY 24" < - -  
- - >  "SAME AS I N  TALLY 24" < - -  
- - >  "SAME AS I N  TALLY 24" < - -  

Co59(n,g)Co60 41reactions/sec/ccst in shutter seg i f  N(Co59)= 1 atom/(b*cm) 
0 Here, 9.64595e16 = sum o f  equivalent po in t  sources (n/s) i n  HE-3, vetm grps 1-61, f o r  H F I R  a t  100 MU (Sn=7.5573e18 n/s in  g lobal  calc); 
(9.64595e16 74 102) 
3090 S carbon s tee l  forming the sh ie ld  p lug ( ie ,  the ro ta ry  shut ter )  
- - >  "SAME 38 VALUES AS I N  TALLY 24" < - -  
- - >  "SAME 38 VALUES AS I N  TALLY 24'1 < - -  
- - >  "SAME AS I N  TALLY 24" <- -  
- - >  "SAME A S  I N  TALLY 2411 < - -  

w i l l  y i e l d  f luxes i n  n 
S t o  get nvnber o f  (n,g) ktreactions/sec/ccll i n  Co59 i f  density of Cos9 = 1.0 atoms/(barn*cm) 

Fe57(n,g)Fe58 @Veactions/sec/cctn in  shut ter  seg i f  NtFeS7)= I atom/(b*cm) 
L Here, 9.64595e16 = sun o f  equivalent po in t  sources (n/s) i n  HE-3, velm grps 1-61, f o r  H F I R  a t  100 MU (Sh=7.5573e18 n/s in  global calc); 
(9.64595e16 75 102) 0 t o  get nunber o f  (n,g) Veactions/sec/ccal in  Fe57 i f  density o f  Fe57 = 1.0 etoms/(barn*cm) 
3090 S carbon s tee l  forming the sh ie ld  p lug ( ie, the ro ta ry  shut ter )  
- - Z  <'SAME 38 VALUES AS IN TALLY 24" < - -  
--.t "SAME 38 VALUES AS IN TALLY 24" e- -  
- - >  "SAME AS I N  TALLY 24" <-- 
- ->  "SAME AS I N  TALLY 24l' < - -  

w i l l  y i e l d  f luxes in  n 



C 
C 
f c74 
f m74 

f74:n 
f s74 
sd74 
e74 
f q74 
C 
C 
f c84 
fm84 

f84:n 
f s84 
sd84 
e84 
fq84 

f c94 
f m94 

f94:n 
f s94 

P sd94 2 e94 
fq94 

C 
C 

C 
C 
fc104 
f m104 

Fe56(n,g)Fe57 t8reactions/sec/cc1t i n  shutter seg i f  N(Fe56)= 1 atom/(b*crn) 
S 
(9.64595e16 76 102) S t o  get number o f  (n,g? 84reactions/sec/cc8h i n  Fe56 i f  density of Fe56 = 1.0 atoms/(barn*cm) 
3090 S carbon s tee l  forming the sh ie ld  plug ( l e ,  the ro ta ry  shut ter )  

Here, 9.64595e16 = sun of equivalent po int  sources (n/s) i n  HB-3, velm grps 1-61, f o r  H F I R  a t  100 MU (Sn=7.5573e18 n/s i n  global calc); w i l l  y i e l d  f luxes i n  n 

- - >  '@SAME 38 VALUES AS I N  TALLY 24" < - -  
- - >  "SAME 38 VALUES AS I N  TALLY 24" < - -  
- - >  "SAME AS I N  TALLY 24" < - -  
- - >  "SAME AS I N  TALLY 24" < - -  

Mn55(n,g)Mn56 olreactions/sec/ccal i n  shutter seg i f  N(Mn55)= 1 atom/(b*cm) 
S 
(9.64595e16 77 102) S t o  get nunber o f  (n,g) 88reactions/sec/cc11 i n  Mn55 i f  density of Mn55 1.0 atoms/(barn*cm) 
3090 $ carbon steel forming the sh ie ld  plug ( i e ,  the ro ta ry  shut ter )  
- - >  "SAME 38 VALUES AS I N  TALLY 24" < - -  
- - >  "SAME 38 VALUES AS I N  TALLY 24" < - -  
- - >  "SAME AS I N  TALLY 24" < - -  
- - >  "SAME AS I N  TALLY 24" < - -  

Here, 9.64595e16 = sun o f  equivalent po int  sources (n/s) i n  He-3, velm grps 1-61, f o r  H F I R  a t  100 MU (Sn=7.5573e18 n/s in  global calc); w i l l  y i e l d  f luxes i n  n 

Mn54(n,g)Mn55 "reactions/sec/cc8I i n  shutter seg i f  N(Mn54)= I atom/(b*cm) 
f Here, 9.64595e16 = sun o f  equivalent po in t  sources (n/s) i n  HB-3, velm grps 1-61, f o r  H F I R  a t  100 MU (Sn=7.5573e18 n/s i n  global cslc); 
(9.64595e16 78 102) S t o  get number o f  (n,g? L'reactions/sec/ccf8 i n  Mn54 i f  density o f  Mn54 1.0 atms/(barn*cm) 
3090 $ carbon s tee l  forming the sh ie ld  plug ( le ,  the ro ta ry  shut ter )  

w i l l  y i e l d  f luxes i n  n 

- - >  "SAME 38 VALUES AS I N  TALLY 24" *--  
- - >  "SAME 38 VALUES AS I N  TALLY 24" < - -  
- - >  "SAME AS IN TALLY 24" < - -  
- - >  "SAME AS I N  TALLY 24" < - -  

Fe54(n,g)Fe55 18reactions/sec/cc8t in  shutter seg i f  N(Fe54)=1 atom/(b*crn) 
3 Here, 9.64595e16 = sun o f  equivalent po int  sources (n/s) i n  HB-3, velm grps 1-61, f o r  H F I R  a t  100 MU (Sn=7.5573e18 n/s i n  global calc); w i l l  y i e l d  f luxes i n  

(9.64595e16 82 102) $ t o  aet number o f  (n.g) "reactions/sec/cc8l i n  Fe54 i f  density o f  Fe54 = 1.0 atans/(barn*cm) 
f104:n -3090 0 carbon s tee l  forming the sh ie ld  plug-( ie, the ro ta ry  shut ter )  
fslO4 - - >  "SAME 38 VALUES AS I N  TALLY 24" < - -  
sd104 - - >  "SAME 38 VALUES AS I N  TALLY 24" < - -  
e104 - - >  IISAME AS I N  TALLY 24" < - -  
fq104 - ->  "SAME AS I N  TALLY 24" < - -  
C 
C 
fc114 Fe55(n,A)Cr52 "reactions/sec/ccl@ in  shutter seg i f  N(Fe55)=1 atom/(b*cm) 
fm114 0 Here, 9.64595e16 = sum o f  equivalent po int  sources (n/s) i n  HB-3, velm grps 1-61, f o r  H F I R  a t  100 MU (Sn=7.5573e18 n/s in global calc); 

f114:n 3090 3 carbon s tee i  forming the sh ie ld  plug ( ie ,  the rotary shut ter )  

e114 - - >  #$SAME AS IN TALLY 24" <- -  

will y i e l d  f luxes i n  
(9.64595e16 79 107) S t o  get n h r  o f  (n,A) 81reactions/sec/ccll i n  Fe55 i f  density o f  Fe55 1.0 atoms/(barn*cm) 

fs114 - - >  "SAME 38 VALUES AS I N  TALLY 24" < - -  
sd114 --* "SAME 38 VALUES AS I N  TALLY 24" < - -  

f q l l 4  - -*  "SAME AS I N  TALLY 24" <--  
C 
C 
fc124 Fe59(n,g)Fe60 Ilreactions/sec/cc" in  shutter seg i f  N(Fe59)=1 atom/(b*cm) 
fm124 S Here, 9.64595e16 = sun o f  equivalent po in t  sources (n/s) in  HE-3, velm grps 1-61, f o r  H F I R  a t  100 MU (Sn=7.5573e18 n/s in  global calc); 

f124:n 3090 S carbon s tee l  forming the sh ie ld  plug ( ie ,  the r o t a r y  shut ter )  
fs124 - - >  "SAME 38 VALUES AS I N  TALLY 24" <--  
sd124 --* "SAME 38 VALUES AS I N  TALLY 24" < - -  

w i l l  y i e l d  f luxes i n  
(9.64595e16 80 102) S t o  get nwber of  (n,g) ltreactions/sec/cc1* i n  Fe59 i f  density o f  Fe59 = 1.0 etm/(barn*cm) 



e124 - - >  "SAME AS I N  TALLY 240 < - -  
fq124 - - >  "SAME AS I N  TALLY 24" < - -  
C 
C 
fc134 
fm134 

Fe59(n,A)Cr56 Veactions/sec/cci4 in shutter seg i f  N(Fe59)=1 atom/(b*cm) 
S Here, 9.64595e16 = sun of equivalent po in t  sources (n/s) i n  HB-3, velm grps 1-61, f o r  H F I R  a t  100 MU (Sn=7.5573e18 n/s i n  global calc); u i l l  y i e l d  f luxes i n  

(9.64595e16 80 107) S t o  get nunber o f  ( n , A )  s*reactions/sec/cc*f in  Fe59 i f  density of Fe59 = 1.0 atoms/(barn*cm) 
f134:n 3090 S carbon s tee l  forming the sh ie ld  plug ( i e ,  the ro ta ry  shutter) 
fs134 - - *  "SAME 38 VALUES AS I N  TALLY 24" < - -  
sd134 - - *  "SAME 38 VALUES AS IN TALLY 24" < - -  
e134 - - *  "SAME AS I N  TALLY 24" c - -  
fq134 - - >  "SAME AS I N  TALLY 24" i-- 
C 
C 
fc144 Co60(n,g)Co61 sfreactions/sec/ccll in shutter seg i f  N(Co60)=1 atom/(b*cm) 
frn144 

f144:n 3090 0 carbon s tee l  forming the sh ie ld  plug ( i e ,  the ro ta ry  shutter) 
fs144 - - >  "SAME 38 VALUES AS IN TALLY 24" < - -  
sd144 - - >  'ISAME 38 VALUES AS I N  TALLY 24" < - -  
e144 - - >  "SAME AS I N  TALLY 24" < - -  
fq144 
C 
C 
C 
C 
C 

$ Here, 9.64595e16 = sun o f  equivalent po in t  sources (n/s) in HB-3, velm grps 1-61, f o r  HFIR a t  100 MU (Sn=7.55?3e18 n/s i n  global calc); w i l l  y i e l d  f luxes in 
(9.64595e16 81 102) S t o  get nunber o f  (n,g) ttreactions/sec/ccai in  Co60 i f  densi ty  o f  Co60 = 1.0 atoms/(barn*cm) 

- - >  "SAME AS I N  TALLY 24" < - -  

___---___---------_----------------------------~-------------------------.---------.----------------------------------- 
*********e end of model *******e** ____-__---______--______________________--.-.----------.----------------------------------------------------.---------- 

P 
-4 



Table El.l. This tab le  gives the  
"reactions/sec/cc" that  would ex i s t  i n  the s tee l  p o r t i o n  of  each 1-cm-thick c y l i n d r i c a l  s h e l l  segment o f  the shut ter  (going outward from the 3.5-inch-diam beam hole)  
i f  the densi ty  o f  the nuc l ide was 1.0 atoms/(barn*cm). Because the  outermost s h e l l  segments j u s t  % l i p  the outside cornersg1 o f  t he  s tee l  shutter,  t h e i r  volunes are 
very small. Also note that  the most important segments f o r  a c t i v a t i o n  purposes are the f i r s t  few c losest  t o  the beam hole, where the f l u x  has no t  been at tenuated rruch. 
These resu l t s  are based on Run HE309 where the water tube and co l l ima to r  sect ions were both void, the shut ter  was wide open, and t he  H F I R  was operat ing a t  100 MU. 

Key react ion rates (per u n i t  atom densi ty) ,  and associated fsd's, i n  each segment o f  the r o t a r y  shut ter  under nominal condi t ions.  

D i s t  (cm) from 
Segment cen te r l i ne  o f  
Number big beam ho le  

seg 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

h) 13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

!$ 12 

r m i  n 

4.445 
5.445 
6.445 
7.445 
8.445 
9.445 

10.445 
11.445 
12.445 
13.445 
14.445 
15.445 
16.445 
17.445 
18.445 
19.445 
20.445 
21.445 
22.445 
23.445 
24.445 
25.445 
26.445 
27.445 
28.445 
29.445 
30.445 
31.445 
32.445 
33.445 
34.445 
35.445 
36.445 
37.445 
38.445 
39.445 
40.445 
41.445 
42.445 

rmax 

5.445 
6.445 
7.445 
8.445 
9.445 

10.445 
11.445 
12.445 
13.445 
14.445 
15.445 
16.445 
17.445 
18.445 
19.445 
20.445 
21.445 
22.445 
23.445 
24.445 
25.445 
26.445 
27.445 
28.445 
29.445 
30.445 
31.445 
32.445 
33.445 
34.445 
35.445 
36.445 
37.445 
38.445 
39.445 
40.445 
41.445 
42.445 
43.4433 

Rot.Shutter 
Ce l l  3090 
Segment Vol 

volune (cc) 

1.89858E+03 
2.27981E+03 
2.65511E+03 
3.02744E+03 
3.39342E+03 
3.75537E+03 
4.11 116E+03 
4.45690E+03 
4.79709E+03 
5.12661E+03 
5.44592E+03 
5.75543€+03 
6.05497E+03 
6.33840E+03 
6.60982E+03 
6.86725E+03 
7.10540E+03 
7.32554E+03 
7.53004E+03 
7.70707E+03 
7.851 15E+03 
7.96738E+03 
8.04809E+03 
8.08235E+03 
8.05935E+03 
7.95535E+03 
6.44147E+03 
4.99352E+03 
4.08671E+03 
3.36986E+03 
2.76096E+03 
2.23160E+03 
1.76511E+03 
1.35264E+03 
9.88281E+02 
6.71165E+02 
4.01009E+02 
1.86544E+02 
3.97575E+01 

T a l l y  84 ( t o t a l )  

Mn55(n,g)Mn56 f s d  

1.84169E+10 .0091 
1.25220E+10 .0088 
9.38180E+09 .0091 
5.16367E+09 .0119 
2.77038E+09 .0148 
1.82913E+09 .0187 
1.23859E+09 .0229 
8.55010E+08 .0249 
6.40729E+08 .0308 
5.04035Et08 .0354 
3.92140E+08 .0371 
3.35307E+08 .0439 
2.73264E+08 -0461 
2.27944E+08 -0475 
1.92078E+08 .0497 
1.72462E+08 .0541 
1.58814E+08 .0573 
1.38011E+08 .0627 

9.73559E+07 .0670 
8.52599~+07 .0655 
7.89212E+07 .On1 
7.39348E+07 .OB49 
6.10265E+07 -0807 
6.61182E+07 .0916 
5.89068E+07 .0869 
5.39730E+07 .I029 
3.89956E+07 .1459 
3.61343E+07 .I658 
2.99655E+07 .1641 
3.16423E+07 .2139 
2.99357E+07 .2587 
7.87112E+07 -2298 
1.51089E+07 .3350 
1.29813E+07 .4032 
9.25437E+06 -2696 
4.44866E+06 .3348 
2.29941E+O6 .4291 
2.80385E+05 .4664 

1.10222E+08 -0598 

Tal l y  44 ( t o t a l )  

Fe54(n,p)Mn54 f sd 

1.20292E+07 .OB83 
6.67175E+06 .0923 
5.25048E+06 .0879 
2.58757E+06 .lo29 
1.10414E+06 .lo60 
8.03867E+05 .I161 
6.54756E+05 .I360 
4.41701E+05 .1467 
3.78326E+05 .I912 
2.53326E+05 .I683 
2.03298E+05 .1940 
1.62342E+05 .2430 
9.57636E+04 .2050 
7.33266E+04 .2096 
8.56045E+04 .2967 
5.96741 E+04 .2593 
4.36338E+04 .2540 
3.66938E+04 .2626 
3.31433E+04 .2912 
2.71341E+04 .3215 
1.70733E+04 .3357 
1.25406E+04 .4044 
1.37422E+04 .4058 
6.98949E+03 .3426 
6.42573E+03 .3846 
9.50111E+03 -5646 
2.73547E+03 .4541 
1.59773E+03 .3977 
6.43392E+02 .5962 
1059097E+02 .4057 
1.51799E+02 .5255 
1.80963E+02 .5485 
2.74708E+02 .5738 
3.34009E+02 .6007 
6.53157E+01 .a595 
2.51263E+01 .9904 
7.91661E+00 .9862 
1.51097E-01 .4376 
2.08653E-01 .5825 

T a l l y  74 ( t o t a l )  

Fe56(n,g)Fe57 f s d  

3.36721E+09 .0088 
2.25370E+09 .0084 
1.67026E+09 .0086 
8.73702Et08 .0102 
4.41938E+08 -01 19 
2.69553E+08 .0148 
1.68245E+08 .0167 
1.15170E+08 .0236 
7.62715E+07 .0265 
5.4$814E+07 .0287 
4.23195E+07 .0421 
3.2393SE+O7 .0338 
2.76522E+07 .0523 
2.20551E+07 -0360 
1.76561E+07 .0377 
1.46348E+O7 .0361 
1.27331E+07 .0490 
1 .07375E+07 -0423 
9.74353E+06 .0748 
9.28538E+06 .0908 
8.09216E+06 .0546 
6.72191E+06 .0550 
5.83975E+06 .0625 
5.30684E+06 .0543 
4.89180E+06 -0601 
4.45160E+06 .0613 
3.90635E+06 .0676 
3.36825E+06 ,1242 
2.54684E+06 .I116 
1.98251E+06 .1164 
2.16223E+06 .4136 
1.60233E+06 .3233 
1.60190E+06 .2898 
2.55469E+06 .6223 
1.23464E+06 .2520 
8.49530E+05 .2948 
5.14348E+05 .3658 
2.57386E+05 .5780 
3.11991E+04 .4251 

T a l l y  64 ( t o t a l )  

Fe57(n,g)Fe58 f s d  

3.19633E+09 .0089 
2.14003E+09 .0083 
1 .58950E+09 .0087 
8.45299E+08 .0106 
4.33831E+08 .0125 
2.63626E+08 .0145 
1.69071E+08 .0179 
1.16809E+08 .0227 
7.88794E+07 .0237 
5.81192E+07 .0290 
4.55823E+07 .0414 
3.51442E+07 .0442 
2.91652E+07 .0428 
2.46814E+07 .0426 
2.06657E+07 .0416 
1 .77527E+07 .0472 
1.46638E+07 .0462 
1.31289E+07 .0514 
1.16829E+07 .OS54 
1.13470E+07 .0766 
1 .084 16E+O7 .OM3 
8.76487E+06 -0794 
7.26148E+06 -0592 
6.93971 E+06 .0726 
6.17780E+06 . 0 6 n  
5.27628E+06 .0720 
4.86002E+06 .0683 
5.20521Et06 -1843 
5.25065E+06 .2030 
3.97629E+06 .I772 
2.23946E+06 .I760 
3.02018E+06 .2622 
3.40241E+06 .3999 
1.84750E+06 -4014 
2.21092E+06 .4437 

3.18876E+06 -7137 
3.15490E+06 .4800 
1.33737E+06 .8622 

2.70400~+a6 .5240 

T a l l y  34 ( t o t a l )  

Fe58(n, g)Fe59 f s d  

1.57216E+09 .0145 
1.14615E+09 .0381 
8.48714E+08 .0382 
4.32341E+08 .0248 
2.31799E+08 .0490 
1.50153E+08 .0527 
8.94690E+07 .0424 
6.46687E+07 .0527 
5.18197E+07 .1123 
3.51538E+07 .0922 

3.66566E+07 .2372 
2.40311E+07 .I861 
1.43074E+07 .1336 
1.27613E+07 .I670 
2.23069€+07 .3047 
1.09186E+07 .2040 
6.67290E+06 .0958 
1.23014E+07 .3123 
5.22684E+06 .I065 
5.80662E+06 .I644 
6.27061E+06 .2132 
6.00283E+06 -2449 
5.91870E+06 -2466 
4.47121 E+06 .2185 
2.85362E+06 .I233 
1.96904E+06 .0968 
2.53224E+06 .3466 
4.48026E+06 .6274 
1.98723E+06 .3296 
1.74243E+06 .4104 
7.31046E+05 .I843 
5.80676E+06 .8681 
6.43253E+05 .2049 
4.54047E+05 .2457 
3.32985E+05 -3037 
1.66274E+05 .4020 
5.19141E+04 .3602 

T a l l y  54 ( t o t a l )  

Co59(n,g)Co60 f s d  

5.78845€+10 .0137 
4.06547E+10 .0141 
3.06994E+10 .0151 
1.76769E+10 -0195 
1.04784E+10 -0300 
7.29654E+09 .0345 
5.34792~+09 .0400 
4.09892E+09 .OS13 
3.11880E+09 .0510 
2.74753E+09 .0597 
2.22914E+09 .0620 
1.70038E+09 .065t 
1.43644E+09 .0775 
1.15434E+09 .0727 
1.03716E+09 -0815 
8.20952E+08 .0855 
7.84838E+08 .0866 
6.02624E+08 .0881 
5.61004E+08 .0907 
5.46825E+08 .I045 
4.63993E+08 .1107 
3.46108E+08 .I162 
4.29789E+08 .1420 
3.42289E+08 .I288 
2.56266E+08 .I380 
2.45520E+08 .1258 
2.86070~+08 .2008 
2.64852E+08 .2170 
1 .72396E+08 .2266 
1.17480E+08 .2624 ~~ 

1.87061E+08 -2879 
2.08958E+08 .3084 
2.95190E+08 .3661 
1.55585E+08 .4308 
3.65217E+08 .7534 
1.77113E+08 .a273 
1.06684~+07 .3165 
5.70826E+06 .4472 
1.72262E+06 .a887 



D i s t  (cm) from 
Segment cen te r l i ne  of 
Nunber big beam ho le  

seg rmin rmax 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

4.445 
5.445 
6.445 
7.445 
8.445 
9.445 

10.445 
11.445 
12.445 
13.445 
14.445 
15.445 
16.445 
17.445 
18.445 
19.445 
20.445 
21.445 
22.445 
23.445 
24.445 
25.445 
26.445 
27.445 
28.445 
29.445 
30.445 
31.445 

5.445 
6.445 
7.445 
8.445 
9.445 

10.445 
11.445 
12.445 
13.445 
14.445 
15.445 
16.445 
17.445 
18.445 
19.445 
20.445 
21 -445 
22.445 
23.445 
24.445 
25.445 
26.445 
27.445 
28.445 
29.445 
30.445 
31 -445 
32.445 

29 32.445 33.445 
30 33.445 34.445 
31 34.445 
32 35.445 
33 36.445 
34 37.445 
35 38.445 
36 39.445 
37 40.445 
38 41.445 
39 42.445 

35.445 
36.445 
37.445 
38.445 
39.445 
40.445 
41.445 
42.445 
43.4433 

Rot.Shutter 
C e l l  3090 
Segment Vol 

volume ( C C )  

1.89858E+03 
2.27981E+03 
2.65511E+03 
3.02744E+03 
3.39342E+03 
3.75537E+03 
4.11116E+03 
4.45690E+03 
4.79709E+03 
5.12661E+03 
5.44592E+03 
5.75543E+03 
6.05497E+03 
6.33840E+03 
6.60982E+03 
6.86725E+03 
7.10540E+03 
7.32554E+03 
7.53004E+03 
7.70707E+03 
7.85115E+03 
7.96738E+03 
8.04809€+03 

8.05935E+03 
7.95535E+03 
6.44 14 7E+03 
4. W352E+03 
4.0867lE+03 
3.36986E+03 
2.76096~+03 
2.23160E+03 
1.76511E+03 
1.35264E+03 
9.88281Et02 
6.71 165E+02 
4.01009E+O2 
1.86544E+02 
3.97575E+01 

a.08235~+03 

Table €1.1 (cont)  

T a l l y  94 ( t o t a l )  T a l l y  104 ( t o t a l )  T a l l y  114 ( t o t a l )  T a l l y  124 ( t o t a l )  

Mn54(n,g)Mn55 fsd Fe54(n,g)Fe55 fsd Fe55(n,A)Cr52 fsd Fe59(n,g)Fe60 fsd 

1.26622E+I 0 
8.62084E+09 
6.51046E+09 
3.56730E+09 
1.96939E+09 
1.30528Et09 
9.02419E+08 
6.61735E+08 
4.94689Et08 
3.86573E+08 
3.14478E+08 
2.59155E+08 
2.16017E+08 
1 ,84598Et08 
1.55570E+08 
1.34916€+08 
1.16707E+08 
1.04449E+08 
9.18358E+07 
8.01191E+07 
7.10371 E+07 
6.24565E+07 
5.80331E+07 
5.33454E+07 
4.80855Et07 
4.57404Et07 
4.29561E+07 
3.6981 1E+07 
3.02216E+07 
2.74636E+07 
2.49245E+07 
2.55 141E+07 
2.15737E+07 
1.41898E+07 
1.35236E+07 
1.13716€+07 

5.15752E+06 
1.19179E+06 

7.43682E+06 

.0086 

.0082 

.0086 

.0101 

.0124 

.0147 

.0173 
,0196 
.0226 
.0247 
.0276 
.0299 
.0319 
.0336 
.0358 
.0373 
.0387 
.0409 
-0423 
.0439 
.0459 
.0486 
.OS07 
.OS25 
,0554 
.OS74 
.0624 
.0811 
.OB86 
-1042 
-1301 
.I563 
.I802 
-1794 
-2207 
.2647 
.363 1 
.SO30 
.5172 

.0082 

.0079 

.0082 

.0098 

.0119 

.0141 
-0164 
.0193 
.0210 
.0231 
.0254 
.0275 
.0294 
.0320 
-0344 
.0353 
.0492 
.06?6 
.0414 
.0433 
.0457 
.0469 
.OS14 
.OS22 
. o n 2  
.0602 
.066i 
.0872 
.0992 
.1374 
.I367 
.1587 
.2009 
,2865 
.2695 
.3010 
.3672 
.5332 
.68?5 

1.22644E+05 
5.63003€+04 
7.4 1870E+03 
4.30735E+03 
I.O9205E+03 
5.56648E+02 
2.73019E+02 
1.62800E+02 
1.51162E+02 
5.13810E+01 
8.32803E - 01 
0.00000E+00 
O.O0000E+00 
0.00000E+00 
0.00000E+00 
o.OOOOOE+OO 
0. OOOOOE+OO 
0.00000E+OO 
0.00000E+00 
0.00000E+00 
O.COOOOE+00 
O.OOOOOE+OO 
0.000OOE+00 
0.00000E+00 
0.00OOOE+00 
0.00000E+00 
O.OOOOOE+OO 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.0000OE+00 
0.00000E+00 
0.00000E+00 
0.00000€+00 
0.00000€+00 

.2832 
-3302 
-3433 
.3929 
.5560 
.5923 
.6387 
.8312 
-6480 
.6590 
.8926 
.9188 
'9999 . 0000 
.oooo 
.0000 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo . ouoo 
* 0000 . 0000 
.oooo . 0000 
.oooo . 0000 
'0000 
.oooo 
.oooo 
.oooo 
.oooo . 0000 . 0000 
.oooo 
.oooo 
.oooo 
.oooo 

2.14995 Et09 
1.44126E+09 
1.07228€+09 
5.62506E+08 
2.86986€+08 
1.7465 1 E+08 
l.l0666E+O8 
7.44673E+07 
5.04288E+07 
3.64339E+07 
2.78752E+Of 
2.18257E+07 
1.781 10E+07 
1.49781E+07 
1.23244E+07 
1.05036E+07 
8.8797OE+O6 
7.65916E+06 
6.63824E+06 
5.85553E+06 
5.42374€+06 
4.71597E+06 
4.13551Ei06 
3.84405E+06 
3.52275E+06 
3.19568E+06 
2.88050E+06 
2.25836E+06 
1 .89263E+06 
1.52881E+06 
lS09491E+06 
1.03533E+06 
1.02367E+06 
7.86281 E+05 
9.12764E+05 
7.76966E+05 
4.84942E+05 
2.77516E+05 
9.67132E+04 

.0086 

.0081 

.0085 

.0100 

.0117 

.0137 

.0158 

.0178 

.0203 
,0221 
.0242 
.O253 
.0276 
.0294 
.0312 
,0322 
.0333 
.0358 
-0377 
.0407 
.0424 
,0430 
,0443 
.0470 
.OS20 
.OS20 
.OS85 
.0722 
,0876 
.ow1 
.096 1 
.1168 
.I584 
.I892 
.2023 
.2421 
.284 1 
.3638 
.3551 

T a l l y  134 ( t o t a l )  

Fe59(n,A)Cr56 fsd 

3.321 13E+03 
1.34551E+03 
2.51155€+03 
3.30643E+O2 
1.71738E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000€+00 
0.00000E+00 
0.00000E+00 
O.OOOOOE+OO 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0 - 00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000€+00 
0.00000E+OO 
0.00000E+00 
O.O0000E+OO 
0.00000€+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+OO 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000€+00 

.6430 

.a074 

.902 1 

.7197 

.9999 . 0000 

.oooo 

.oooo 
,0000 
.oooo 
.oooo 
.oooo 
.oooo . 0000 
.oooo 
,0000 
.oooo . 0000 
.oooo 
.oooo 
.oooo 
.oooo . 0000 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
,0000 

T a l l y  144 ( t o t a l )  

Co60(n,g)Co61 fsd 

3.16042E+09 -0094 
2.20321E+09 .0093 
1.69199E+09 .0098 
9.725?3E+08 ,0121 
5.77529E+08 .0158 
4.08203E+08 .0190 
2.97571E+08 -0221 
2.27118E+08 .0245 
7.79749E+08 .0278 
1.45030E+08 .0298 
1.22003Et08 .0331 
1.01511E+08 .0353 
8.67970E+07 .0374 
7.54545E+07 .0394 
6.4622&+07 .0412 
5.65885E+07 .0434 
4.90034E+07 .0440 
4.47282E+07 .0466 
3.87558E+07 .0473 
3.40701E+07 .0491 
3.05252EtO7 ,0517 
2.70076E+07 ,0543 
2.48438E+07 .0561 
2.26819E+07 .OS69 
2.15119E+07 .0615 
2.10725€+07 ,0629 
2.05226E+07 .0692 
1.67992€+07 .Ut351 
1.38844E+07 .0949 
1.38453E+07 .1134 
1.34534E+07 .1408 
1.26163E+07 .I583 
1.0047lE+07 . I740 
6.81065E+06 .1906 
5.00097E+06 .I827 
5.05343E+06 .2388 
4.13671E+06 .3567 
3.52430E+06 .3689 
1.43811E+06 -5618 





Appendix E.2 

ACTSRC-FOR: A n  ad hoc activation program t o  obtain the (activation) decay gama source 
t e r n  (p/s/cc) and (p/s) i n  each of the 39 1-cm-thick cy l indr ica l  shel ls concentr ical ly 
centered around the 3.5-inch-dim beam hole through the HB-3 rotary shutter. 

Sources obtained represent the %quivalentll gama source a t  1.25 MeV due t o  the decay 
of Mn-54, Mn-56, Fe-59, end Co-60, all a t  7 days a f te r  shutdoun fol louing 30 years of 
exposure under normat conditions (a t  100 MU). 

More detai led information i s  also available, by nuciide, for each of the f i r s t  60 days 
a f te r  shutdoun, i f  one runs the program and then examines the detai led resul ts i n  the 
aux i l i a ry  output f i l e  (actsrc.aux). 

Reaction rates ( in  each of the 39 zones, during normal operation) upon uhich t h i s  program 
i s  based, are l i s ted  i n  the various "data statementsn* betou, and are taken d i r e c t l y  from 
volune-averaged estimates for  each of the 12 retevant nuclear reaction rates in  each 
cy l i nd r i ca l  shell, as determined by a rigorous MCNP anatysis ( R u n  HB309). 

Two key assunptions are that the T y p e  1020 carbon steel  rotary shutter i n i t i a l l y  contained: 

0.45 ut% Mn-55 ( T y p e  1020 carbon steel t yp ica l l y  contains 0.30-0.60 ut% Mn-55; 
see page 6.30 of Ref 31) 

0.015 ut% Co-59 (HFIR vessel has t h i s  amount [see page 106 of Ref 61, 
HB-4 nozzles have 0.005 ut%, and the HE-2 and HB-3 nozzles have 0.03 ut%) 

uh i le  the HE-1 and 
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C 

ACTSRC. FOR -- a utility program to obtain the (activation) decay gamma source terms (p/s/cc) and ( ~ / a )  
in each of the 39 1-cm-thick cylindrical ehells concentrically centered around the big 
beam hole thru the HB-3 rotary shutter; sources obtained represent the neauivalentm 
gamma source at 1.25 MeV due to the decay of Mn-54. Mn-56, Fe-59, and Co-60. all at 7 days 
after shutdown (although more detailed info is also available, by nuclide, for each of 
the first 60 days after shutdown, if one digs thru the detailed print statements)j 
reaction rates (during normal operation) upon which this is based, are taken directly 
from volume-averaged estimates of each relevant reaction rata in each cylindrical shell, 
as determined by a rigorous MCNP analysis. 

Two key assumptions are that the Type 1020 carbon eteel rotary shutter initially contained: 

0.45 w t %  Mn-55 (Type 1020 carbon steel typically contains 0.30-0.60 w t %  Mn-551 
see pp 6.30 of "Marke' Standard Handbook for Mechanical Engineers") 

0.015 w t %  Co-59 ( H F I R  veseel has this mount [see pp 106 of ORNL/TM-10444]; 
while HB1/4 nozzels have 0.005 wt%, and H82/3 nozzels have 0.03 w t % )  

implicit double precision (a-h,o-z) 

dimension dn(39),rmax(39),vo1(39) 
dimeneion flxth(39),flxres(39),flxfst(39),flxtot(39) 
dimension xf58ng(39),xf51np(39),~~59ng(39).xf57ng(39) 
dimension xf56ng(39),xm55ng(39),xm54ng(39),xf54ng(39) 
dimension xf55na(39).xf59ng(39),xf59na(39),~~6Ong(39) 

dimension gsrc7(39) 1 (act) decay gamma source terms (p/s/cc) in each of the 39 1-cm-thick cy1 shellsj calculated here 
dimenclion greg7139) I (act) decay ganrma source terms (p/s) in each of the 39 1-cm-thick cy1 shellsj calculated here 

data nuin/ I dist (cm) from centerline of big hole 
4.445d0, 5.44560, 6.44580. 7.44560, 8.44560, 
9.445d0, 10.44560. 11.44560, 12.44580, 13.44560, 
14.44560, 15.44560, 16.445d0, 17.44560, 18.44560, 
19.44560. 20.44560, 21.44580, 22.44560, 23.445d0, 
24.445d0. 25.44560, 26.44560, 27.44560, 28.44560. 
29.44560, 30.44560, 31.445d0, 32.44560. 33.44580, 
34.445d0, 35.445d0, 36.44560, 37.44560. 38.44560. 
39.44560, 40.44560, 41.44560, 42.44SdO/ 

data rmax/ 1 dist (cm) from centerline of big hole 
5.44580, 6.44580, 7.445d0, 8.44560, 9.44560, 
10.44560, 11.44560, 12.44560, 13.44560. 14.44560, 

20.445d0, 21.44560, 22.44560, 23.44560, 24.44540, 
25.445d0, 26.44560. 27.445d0, 28.44560. 29.44560. 
30.44560, 31.44560, 32.44560, 33.44560, 34.445d0, 
35.44560, 36.44560, 37.44560. 38.44580. 39.44560, 
40.44560. 41.445d0, 42.445Q0, 43.443360/ 

15.44560, 16.445do. i7.445ao. ia.44sa0, 19.445d0, 

thru rotary shutter 

thru rotary shutter 

data vol/ 1 volume (cc) of cy1 shell "in; cannot be computed from rmin ti rmax; cannot be computed analytically; calculated statistically 
1.89858d+n3, 2.27981~1+03, 2.655118+03, 3.027446+03, 3.393428+03, 
3.75537 4.111168+03, 4.45690d+03, 4.797096+03. 5.126616+03, 
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5.445926+03,  
6 .867256+03,  
7 .851156+03,  
7 .955356+03,  
2 .760966+03,  
6 .711656+02,  

data f lx th l  
2 .747326+09,  
1 .909776+08,  

5.755436+03, 
7 .105406+03,  
7 .967386+03,  
6 .441476+03.  
2.2316061+03, 
4.01009d+02, 

1 avg thermal  
1 .845666+09,  
1.10171d+08, 

6.054976+03, 6 .338406+03,  6 .609826+03,  
7 .325546+03,  7 .530046+03,  7 .707076+03 ,  
8 .048096+03,  8 .082356+03,  8 .059356+03,  
4 .993526+03,  4 .086716+03,  3 .369866+03,  
1 .76511d+03,  1 .352646+03 ,  9 .882816+02,  
1 .865446+02,  3 .975756+01/  

f l u x  (n/s/cml) be low 0 .41399  eV for shel l  "in from XB309A, T a l l y  24 
1.365936+09, 6 .969656+08,  3 .372676+08.  
6 .721726+07,  4 .037666+07,  2 .628016+07,  

907466+06, 5 .330666+06,  * 1.81081d+07, 1.226596+07, 9 .250396+06,  6 
* 4.355526+06,  3.502626+06, 2.711106+06, 2 

1 .976786+06,  1.633896+06, 1 .382606+06,  1 
1 .229256+06,  1.135516+06, 6 .938886+05,  4 

* i .a6607~1+05,  3 .a55936+04,  t .o4516d+o5, 3 
* 2.427826+04,  O.OOOOOd+OO, O.OOOOOd+OO, 0 

C 

d a t a  f l x r e a /  I avg resonance-range  f l u x  
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ACTSRC.FOR 

314486+06, 2 .158376+06,  
448716+06, 1.417956+06, 
548046+05, 3 .697366+05,  
013276+04, 5 .478626+04,  
00000d+00/ 

n/s / cm2)  for ( 0 , 4 1 3 9 9  eV < E < 1 . 0  MeV) f o r  shel l  from HB309A. T a l l y  24 
2 .027086+091 1 .663416+09,  1 .42750d+09r  1 .053636+09,  8 .089696+08,  
6 .744246+08,  5 .604766+08,  4 .769926+08,  4 .023044+08,  3 .499026+08,  
3 .054666+08,  2 .657276+08,  2 .356196+08,  2 .089036+08,  1 .829576+08.  
1 .632036+08,  1 .451596+08,  1.321356+08, 1 .181286+08,  1 .064606+08,  
9 .470216+07,  8 .529796+07,  7 .890536+07,  7 .242546+07,  6 .514466+07,  
6 .188376+07,  5 .782726+07,  5.261236+07, 4 .75744d+07,  4 .229956+07,  
3.802596+07, 3.510926+07, 3.161876+07, 2 .505386+07,  2 .447446+07,  
2.203086+07, 2.098476+07, 1 .970006+07,  9 .806376+06/  

data f l x f s t l  
7 .737216+08,  
2 .194766+08,  
1 .196696+08,  
7 .138536+07,  
4 .578206+07,  
2 .748786+07,  
1.693966+07, 
1 .233926+07,  

data f lxtot /  
5.54812d+09, 
1 .084886+09,  
4.432436+08, 
2 .389446+08,  
1 .424616+08,  
9 .060076+07,  
5 .509226+07,  
3.43942&+07, 

I svg fast flux ( n / e / d )  

1 .905836+08,  1 .668336+08,  
1 .054166+08,  9 .651056+07,  
6 .489726+07,  6*.133746*07, 
4 .084296+07,  3 .839336+07,  

1.658876+07, 1 .395306+07,  
7 .561206+06,  7 .229056+06,  

5 .908206+08,  5 .116306+08,  

a.49149~1+07, 2 .388016+07,  

for ( 1  MeV < 
3.678966+08,  
1 .48(986+08,  
8 .795226+07,  
5.438736+07, 
3 .303466+07,  
2 .194266+07,  
1 .152566+07,  
1 .159766+07/  

E c 20  MeV) for she l l  "in from HB309A, T a l l y  24 
2.608456+08,  
1 .307616+08,  
7 .826976+07,  
4 .840266+07,  
3.089906+071 
1 .883376+07,  
1 .165996+07,  

I total f l u x  
4.099896+09, 
8.612316+08, 
3 .834096+08,  
2 .135596+08,  
1 .277756+08,  
8 .387776+07,  
5 .173646+07,  
2 .854596+07,  

(n /s /cm2)  for (sunmted over a l l  energies) for shel l  "in from HB309A, T a l l y  24  

7 .110416+08,  5 .911784+08,  5 .069436+08,  
3 .413806+08,  3 .037626+08,  2 .665586+08,  
1 .961846+08,  1 .748296+06,  3 .570216+08,  
1.186816+08, 1 .069096+08,  9 .746166+07,  
7 .719626+07,  6 .997186+07,  6 .150296+07,  
4 .56763d+07,  3,660956+07, 3 .618916+07,  
2 .692906+07,  2 .14040d+07/  

3 .305066+09,  2 .118506+09,  1.407086+09, 

data  xf58ng/  1 T a l l y  34 Fe58(n ,g )Fe59  " r e a c t i o n s / s e c / c c "  i n  a h u t t s r  ssg i f  N(Fe58)= 1 atom/(b*cm)r v a l u e s  ahown below are "totalsn over a l l  e n e r g i s  

1 .572166+09,  1 .14615d+09,  
1 .501536+08,  8 .946906+07,  
2 .676236+07,  3.007516+07, 
1 .276136+07,  2 .230696+07,  
5 .226846+06,  5 .806626+06,  
4.471216+06, 2.853626+06, 
1 .987236+06,  1.742436+06, 
4 .540476+05,  3 .329856+05,  

8 .487146+08,  
6 .466876+07,  
3 .665666+07,  
1 .091866+07,  
6 .270616+06,  
1 .969046+06,  
7 .310466+05,  
1 .663716+05,  

4 .323416+08,  2 .317996+08,  
5 .181976+07,  3 .515386+07,  
2 .403116+07,  1 .430746+07,  
6 .672906+06,  1 .230146+07,  

2 .532246+06,  4 .480266+06,  
5 .806766+06.  6.432536+05, 
5 .191416+04/  

6 .002836+06,  5 .918706+06,  
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1.202926+07, 
8.038676+05, 

5.967416+04, 
1.7 07 33d+ 0 4, 
9.501116+03, 
1.517996+02, 
2.512636+01. 

2.032986+05, 

6.671756+06, 
6.547566+05, 
1.623426+05, 
4.363388+04, 
1.254066+04, 
2.73547d+03, 
1.809636+02, 
7.91661d+00, 

5.250486+06, 
4.417016+05, 
9.57636d+04, 
3.669386+04, 
1.37422d+04, 
1.597736+03, 
2.74708d+02, 
1.510978-01, 

data xc59ng/ i Tally 54  Co59(n,g)Co60 

5.78845d+10, 4.065476+10, 3.069946+10, 
7.296546+09, 5.347926+09, 4.038926+09, 
2.22914d+09, 1.70038d+09, 1.436446+09, 
8.209526+08, 7.84838d+08, 6.026246+08, 
4.639936+08, 3.461088+08, 4.297896+08, 
2.455208+08, 2.860706+08, 2.648526+08, 
1.870616+08, 2.089586+08, 2.95190d+08, 
1.77113d+08, 1.06684d+07, 5.708268+06, 

data xf57ng/ I Tally 64  Fe57(n,g)Fe58 

3.19633d+09, 2.14003d+09, 1.589506+09, 
2.636268+08, 1.690716+08, 1.168096+08, 
4.558238+07, 3.514426+07, 2.916526+07, 
1.775276+07, 1.466386+07, 1.312896+07, 
1.084168+07, 8.164876+06, 7.261486+06, 
5.27628d+06, 4.860026+06, 5.205216906, 
2.239468+06, 3.020186+06, 3.402416+06, 
2.704006+06, 3.188766+06, 3.154908+06, 

data xf56ng/ 1 Tally 74 Fe56(n,g)Fe57 

3.367216+09, 2.253706+09, 1.67026d+09, 
2.695536+08, 1.682456+08, 1.15170d+08, 
4.231958+07, 3.239358+07, 2.765226+07. 
1.463486+07, 1.273316+07, 1.073756+07, 
8.092166+06, 6.721916+06, 5.839756+06, 
4.45260d+06, 3.906356+06, 3.368256+06, 
2.162236+06, 1.602336+06, 1.60190d+O6, 
8.495306+05, 5.143486+05, 2.573866+05, 

data m55ng/ I Tally 84 Mn55(n,g)Mn56 

1.841696+10, 1.25220d+lO, 9.3818Od+O9, 
1.829136+09, 1.238596+09, 8.550106+08, 
3.9214061+08, 3.353076+08, 2.73264d+08, 
P.724626+08, 1.588146+08, 1.380116+08, 
8.52599d+07, 7.892126+07, 7.39348d+07, 
5.890686+07, 5.397308+07, 3.899566+07, 

9.254376+06, 4.448666+06, 2.299418+06, 
3.16423d+07, a.g935m+o7, 1.87112~1+07. 

"reactions/sec/cc~* in shutter seg if N(Fe54)- 1 atom/(b*cm); values shown below are Rtotafs" over all energi.0 

2.58757d+06, 1.10414d+06, 
3.783266+05, 2.533266+05, 
7.332666+04, 8.560456+04, 
3.3 1433d+04, 2.7 1341d+04, 
6.989496+03, 6.425736+03, 
6.43392d+02, 1.590976+02, 
3.340096+02, 6.531578+01, 
2.08653d-01/ 

*#reactions/sec/cc" in shutter seg if N(Co59)n 1 atom/(b*cm); values shown below are "totals" over all energie 

1.76769d+10, 1.047846+10, 
3.11880d+09, 2.74753d+09, 
1.15434d+09, 1.037166+09, 
5.61004d+08, 5.468256+08, 
3.422898+08, 2.562666+08, 
l.72396d+O8, 1.174806+08, 
1.55585d+08, 3.652178+08, 
1.722626+06/ 

"reactions/sec/cc" in shutter seg if N(Fe57)c I atom/(b*cm)i values shown below are "totals" over all eriergi0 

8.45299d+08, 4.338316+08, 
7.887946+07, 5.811926+07. 
2.468146+07, 2.066576+07, 
1.168296+07, 1.134706+07, 
6.939716+06, 6.177806+06, 
5.25065d+06, 3.976296+06, 
1.847506+06, 2.210926+06, 
1.337378+06/ 

"reactions/sec/cc" in shutter seg if N(Fe56)- 1 atom/(b*cm)j values shown below are "totals" over all enet-gie 

8.737026+08, 4.41938d+08, 
7.627156+07, 5.468146+07. 
2.205516+07, 1.76561d+07, 
9.74353d+06, 9.285386+06, 
5.306848+06, 4.89180d+06, 
2.546846+06, 1.98251d+06, 
2.55469d+06, 1.23464d+O6, 
3.119918+04/ 

"reactions/sec/cc" in shutter seg if N(Mn55)- 1 atom/(b*cmfi values shown below are "totals" over a l l  energie 

5.163678+09, 2.770386+09, 
6 . 4  07 2 9d+0 8, 5.04035d+ 0 8, 
2.27944d+08, 1.920786+08. 
3.102228+08, 9.735596+07, 
6.102656+07, 6.611826+07. 
3.61343d+07, 2.996556+07, 
1.51089d+07, 1.298136+07, 
2.80385d+05/ 

data xm54ng/ J Tally 94 Mn54(n,g)Mn55 "reactions/sec/cc" in shutter seg if N(Mn54)=1 atom/(b*cm)j values shown below are "totals" over all energie 

1.2662 , 8.620846+09, 6.51046d+09, 3.567306+09, 1.969396+09, 
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ACTSRC.FOK 
1.305286+09, 9.02419d+OBr 6.617358+08, 4.94689d408, 3.865736408, 
3.144786+08, 2.59155d+08, 2.16017d+08, 1.84598&+08, 1.555706+08, 
1.34916d+O8, 1.167076+08, 1.044496+08, 9.183588907, 8.011916+07, 
7.103716+07, 6.245656+07, 5.803318+07, 5.334546+07. 4.808558+07, 
4.574046+07, 4.295616+07, 3.698116+07, 3.02216d+07, 2.746366+07, 
2.492456+07, 2.551418+07, 2.157378+07, 1.118986407, 1.352366+07, 
1.137166+07, 7.436816+06, 5.15752d+06, 1.191796+06/ 

data xf54ng/ I Tally 104 Fe54(n,g)Fe55 nreactions/sec/ccl* in shutter seg if N(Pe54)-1 atom/(b*cm); values shown below are "totals" over all energie 

5.991986+09, 
6.12330d+OBr 
1.27956&+08, 
5.466058+07, 
2.718156+07, 
1.585716+07, 
5.61515d+06, 
3.458576+06, 

4.14389d+09, 
4.130056+08, 
1.043896+08, 

2.365076+07, 
1.383946+07, 
5.376856+06, 
2.60602d+06, 

4.793916+07, 

3.i3a85d+ogr 
a.95404a+oa1 
8.83i~ia+07, 
4.196086+07, 
2.097316+07, 
1.190156+07, 
5.133096+06, 
1.7 852 ld+O 6, 

1.725648+09, 9.500336+08, 
2.08192&+08, 1.50904d+O8, 
7.626926+07, 6.455176+07. 
3.369666+07, 2.944558+07, 
1.879896+07, 1.869516+07, 
9.085766+06, 8.426916+06, 
4.02939&+06, 4.379016406, 
3.94089d+05/ 

data xfSSna/ 1 Tally 114 Fe55(n,A)Cr52 'reactions/eec/cc" in shutter seg if N(Fe55)ml atom/(b*cm)i values shown below are 'totals" over a l l  energie 

2.02828d+05, 1.351306+05, 1.22644d+05, 5.630036+04, 7.41870d+03, 
4.307356+03, 1.092056+03, 5.566486+02, 2.730196+02, 1.628006+02, 
1.51162d+02, 5.138106+01, 8.328036-01, O.OOOOOd+OO, O . O O O O O d + O O ~  
o.oOOOOd+OO, O,OOOOOd+OO, 0.00000d+00, O.OOO00d+00, O.OOOOOd+OO, 
O.OOOOOd+OO, O.OOOOOd+OO, O.OOOOOd+OO. O.OOOOOd+OO, O.OOOOOd+OO, 
0.00000d+OO, O.OOOOOd+OO, 0.000006+00, O.OOOOOd+OO, O.OOOOOd+OO, 
O.OOOOOd+OO, O,OOOOOd+OO, O.OOOOOd+OO, 0.000006+00, 0.0000Od+00, 
O.OOOOOd+OO, O.OOOOOd+OO, O.OOOOOd+OO, O ~ O O O O O d * O O /  

data xf59ng/ I Tally 124 Fe59(n,g)Fe60 wreactfons/sec/cc'l in shutter seg if N(Fe59)-1 atom/(b*cm); values shown below are "totals* over a P P  energie 

2.14995&+09, 1.441266+09, 
1.746516+08, 1.106666+08, 
2.787526+07, 2=18257d+07, 
1.050368+07, 8.079706+06, 
5.423746+06. 4.71597d+06, 
3.195686+06, 2.880506+06, 

7.769666+05, 4.84942d+05. 
1.09491d+O6, 1.035338+06, 

1.0722861+09, 
7.446736+07. 
1.781104+07, 
7.659166+06, 
4.135516+06, 
2.258366+06, 
1.023676+06, 
2.775168+05, 

5.615066+08, 2.869868+08, 
5.042886+07, 3.643396+07, 
1.4978id+07, i.a3a44a+07. 
6.63824d+06, 5.855536+06, 
3.84405d+06, 3.52275d+06, 
1.892636+06, 1.52881d+06, 
7.86281d+05, 9.127646+05, 
9.671328+04/ 

data xf59na/ 1 Tally 134 Fe59(n,A)Cr56 *reactions/sec/ccM in shutter eeg it N(Fe59)ol atom/(b*cm)r values shown below are "totals" over all energie 

3.32113d+03, 
O.OOOOOd+OO, 
O.OOOOOd+OO, 
O.OOOOOd+OO, 
O.OOOOOd+OO, 
O,OOOOOd+OO, 
0.00000d+00, 
0.00000d+00. 

1.345516+03, 
0.00000d+00, 
O.OOOOOd+OO, 
O.OOOOOd+OO, 
0.000004+00, 
O.OOOOOd+OO, 
O.OOOOOd+OO, 
0.00000d+00, 

2.511556+03, 
O.OOOOOd+OO, 
0.00000d+00, 
O.OOOOOd+OO, 
O.OOOOOd+OO, 
0.00000&+00, 
0.00000d+00, 
0.00000d+00, 

3.306436+02, 1.71738d+OO, 
0.000006+00, 0.00000d+00, 
O.OOOOOd~OO, O.OOOOOd+OO, 
O.OOOOOd+OO, O.OOOOO&+OO, 
O.OOOOOd+OO, O.OOOOOd+OO, 

O.OOOOOd+OO, 0.00000d+00, 
O.OOOOOd+OO/ 

O ~ O O O O O d + O O ~  O~OOOOOd+OO, 

data xc60ng/ 1 Tally 144 Co60(n,g)Co61 "reactions/sec/cci1 in shutter seg f f  N(Co60)=1 atom/(b*cm); values shown below are "totals* over all enet-gie 

3,160428+09, 2.203218+09, 1.691996+09, 9.725736+08, 5.775298+08, 
4.08203d+08, 2.975716+00, 2.271186+08, 1.797498+08, 1.450306+08, 
1,220036+08, 1.015116+08, 8.67970d+07, 7.545456+07, 6.46226d+07, 
5.658856+07, 4.900346+07, 4.472826+07, 3.875588+07, 3,407016+07, 
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* 3.05252d+07, 2.700768+07, 2.484388+07, 2.26819d+07, 2.151196+07, 
2.107256+07, 2.052266+07, 1.679928+07, 1.388d4d+07, 1.384536+07, 
1.345346+07, 1.261636+07, l.O0471d+O7, 6.810656+06, 5.000976+06, 
5.05343d+06, 4.13671d+06, 3.534306406, 1.43011d+06/ 

open (7,file;.'actsr~.aux',Etatus~*unknown') 
open (B,file='actsrc.out',status-'unknown') 

greg77mO.OdO 
write (8,21) 
format ( / , '  Equivalent garma sources (at 1.25 MeV, 7 days', 
' after shutdown) for each of 39',/,' cylindrical shells,', 
' concentric about large beam hole in HE-3 rotary shutter:', 
//, '  Cyl',JBx,'GSRC den GSRC total', /, 
' S h e l l  Rmin Rmax Volume (cc) I ,  

' (D/S/CC) (R/S)'#/l 

do i=1,39 1 loop over each of the 39 cy1 shells: 
call getsrc (ilvol(i)l 

xm55ng(i),xf54np(i 
xc59ng(i),xm54ng(i 
xf59na(i),xc60ng(i 

greg77~greg77+greg7(i 
write (8,22) i,rmin(i 
format (i4,f11.4,f9.4 
enddo 

write ( 8 , 2 3 )  greg77 
format (55xl#-----------' ,/,17x,'Total activation gamma', 

* ' source (p/e)=',l~e13.5) 

StOD 
end 
subroutine getsrc (ishell,vol, 

L w~55ng,xf54np,xf56ng,xf57ng,xf58ng,xc59ng,xm54ng, 
xf54ng,xf55na,xf59ng,xf59na,xc6Ong,gsrc7,greg7~ 

Required input: (all values "double precision") 
_^__-- - - - - - - - - -  

ishell = 
vol P 

xm55ng = 
xf54np I 
xf56ng = 
xf57ng 
xf58ng = 
xc59ng 

xm5dng = 
xf54ng - 
xf55na - 
xf59ng - 
xf59- - 
xc6i 

shell number (1Pclosest to big hole in celter of rotary shutter; 39nfurtheat away) 
volume of cylindrical shell (cc) 

Mn55(n,g)Mn56 "reactions/sec/cc" if Mn55 had a density of 1 atom/(barn*cm) 
Fe54(n,P)Mn54 "reactions/sec/cc" if Fe54 had a density of 1 atom/(barn*cm) 
Fe56(n,g)Fe57 "reactions/sec/cc" if Fe56 had a density of 1 atom/(barn*cm) 
Fe57(n,g)Fe58 "reactions/sec/cc" if Fe57 had a density of 1 atom/(barn*cm) 
Fe58(n,g)Pe59 nreactions/sec/cc*@ if Fe58 had a density of 1 atom/(barn*cm) 
Co59(n,g)Co60 'reactions/sec/cc" if Co59 had a density of 1 atom/(barn*cm) 

m54(n,g)m55 p*reactions/sec/cc" if Mn54 had a density of 1 atom/(barn*cm) 
Fe54(n,g)Fe55 "reactions/sec/cc" if Fe54 had a density of 1 atom/(barn*cm) 
Fe55(n,A)Cr52 "reactions/sec/ccn if Fe55 had a density of 1 atom/(barn*cm) 
Fe59(n,g)Fe60 "reactions/sec/cc" if Fe59 had a density of 1 atom/(barn*crn) 
Fe59(n,A)Cr56 "reactions/sec/cc" i f  Be59 had a density o f  rtom/(barn*cm) 
Co60(n,g)Co61 l*reactions/sec/cc'' if Co60 had a density o itom/(barn*cm) 



C 
C Returned values: (all values "double precision" ) 

I 

ACTSRCFOR 

____-_--__--_--_ 
gsrc7 * equivalent gamma source density in t h i s  shell (~/s/cuI~) at 1.25 MeV, 7 days after shutdown 
greg7 = equivalent total gamma source for this shell ( p / ~ )  at 1.25 MeV. 7 days after shutdown 

****************t*************************************~************************************************ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

imnlicit double precision (a-h,o-r) 
character*3 qa 

c=l.Od-24 I c=l.Od-24 cm2/barn 
C 

xm5 5ngnc *xm5 5ng 
xf54np=c*xf54np 
xf56np=ccxf56ng 
xf57ng=c*xf57ng 
xf58ng=c*xf58ng 
xc59ng=c*xc59ng 

C 

C 

C 

C 

C 

C 

C 

C 

xm54ng=c*m54ng 
xf54ng=c*xf54ng 
xf55na=c*xf55na 
xf59ng=c*xf59ng 
x€59na=c*xf59na 
xc60ng=c*xc60ng 

dt=7. OdO i 
dtndt"6.64d4 1 

tburne30.0dO I 
tburn=tburn*52.OdO 1 
tburnntburn*7,OdO I 
tburn=tburn*8.64d4 I 

delta-t = 1 week = 7 days 
delta-t in seconds 

tburni 30 years (appx) 
tburn in weeks 
tburn in days 
tburn in seconds 

nburn=nint(tburn/dt) I irradiate for this many timesteps 

From here on, all densities will be in "atoms/cc@* and all times will be in "see" 

dcf59=1.80241d-7 I decay constant ("per set"] for Fe-59 (T-halfn44.51 days) 
dcc60r4.16705d-9 1 decay constant ("per sec") for Co-60 (T-half-5.271 years); each decay = 1 gamma at 1.173 MeV + 1 gamma at 1.332 MeV 
dcrn56~7.46861d-5 1 decay constant ("per set") for Mn-56 (T-half4.578 hours) 
dcm514.56968d-8 I decay constant ("per Bet") for Mn-54 (T-halfi312.2 days) 

€or Mn-54. each decay m 1 gamma at 0.8348 MeV 
for Mn-56, each decay I 1 or 2 garmag between 0.8468 MeV and 3.370 MeV; avgal.69 MeV; basically gone after 2-4 days 
for Fe-59, each decay a 1 gamma at 1.099 MeV "ORm 1 gamma at 1.292 MeV, plua nome low energy genunasi avg-1.19 MeV 
for CO-60, each decay = 1 g a m a  at 1.173 MeV "AND" 1 g a m a  at 1.332 M ~ V  

Assumed density of Type 1020 carbon steel = 7.8212 g/cc (99 wt% Fer 1 w t %  C ) :  

amn54=0.OdO 1 initial amt of bfn-54, atorne/cc 
amn55=3.85801d20 I initial amt of Mn-55, atamalcc (assuming: 0.45 w t %  Mn-55 in Type 1020 carbon steel; typ 0,30-0.60 a%) 
m 5 6 - 0 .  OdO 1 initial m t  of Mn-56. atoms/cc 

afe54-4.92617d21 I initial amt of Fe-54, atoms/cc ( 5.9 at% Fe-54 in Fe) 
afe55-0.0d0 I initial amt of Fe-55. atoma/cc 

(always a gammas per disi.ntegration) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



ACTSRC.FOR 

C 

C 

C 

C 

C 

C 

C 

C 

afe56=7.65810d22 1 initial amt of Fe-56, atoms/cc (91.72 at% Fe-56 in Fe) 
afe57-1.75338821 I initial amt of Ea-57, atoms/cc ( 2.1 at% re-54 in Fe) 
afe58~2.33784d20 I initial amt of Fe-58, atoms/cc ( 0.28 at% Fe-54 in Pel 
afe59~0.0dO I initial amt of Pe-59, atoms/cc 

aco59=1.19882d19 I initial amt of Co-59, atoms/cc (assuming: 0.015 w t %  Co-59 in Type 1020 carbon steel) 
aco60-0.0d0 1 initial amt of Co-60, atoms/cc 
__________________________________I_____- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

qa-'on * 1 <-- control flag; needed to see small changes in naturally existing isotopes 
qa='off' I <-- control flag; use this to get normal printout 

if (qa.eq.'on ')write (7,'(//,a20,//,6x,lla21,/)') 1 <-- used to see small changes in naturally existing isotopes 
' DURING IRRASIATION:', 
'amn54','amn55','amn56','afeS4', 

4 'afe5S','afe56','afe57','afe58', 
4 'afe59','ac059~,~aco60~ 

if (qa.eq.'off') write (7,'(//,a20,//,12xrlla10,/)') I <-- used for normal printout 
4 ' DURING IRRADIATION:', 
* 'amn54','amn55', 'amn56','afa54', 

'afe55','afe56','afe57','afe5E8, 
4 1afe59','a~0591,fa~~60' 

do i-1,nburn 
iyrd / 52 
iwk=i-52*iyr 

delm54= afe54*xf54np - amn544xm54ng - dcm54*amn54 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

nmicr0=200 
dtsm=dt/dfloat(nmicro) 1 small timestep required for these 2 nuclides because of small half-life of Mn-56 
do j=l,nmicro 

delm55~ smn54*xm54ng - amn55*wn55ng 
delm56n amn55*m55ng - dcm56*amn56 
call addet(jramnf5,~amnf5',delm55,dtsm) 
call a&der(j,amn56,'amn56',delm56,dtsm) 

enddo 
C 

C 

C 

c 
C 

C 

call 

call 
call 

call 
call 
call 
call 

adder(i,amn54,'amn54',delm54,dt) 

adder(i,amn55,'amn55',delrn55,dt) 1 now done inside short-time loop above instead 
sdder(i,ama56,'amn56f,delm56,dt) I now done inside short-time loop above instead 

adder(i,afe54r'afe54',delf54,at) 
adder(i.afe55, #afe55',delf55,dt) 
ai 'i,afe56,'afe56',delf56,dt) 
at i,afe57,'afe57',delf57,dt) 



ACTSRC.FOR 

C 

C 

C 

C 
11 
12 
C 

C 

C 

C 
C 
C 
C 

C 

C 

save shutdown valuee for future reference: 

P 
00 w 



C 

C 

C 

C 

C 

C 

C 

C 

C 
C 

C 

C 

c 

m54ng=c*xm54ng 
xf54ng=c*xf54ng 
xf55na=c*xf55na 
xf59ng=c*xf59ng 
xf59na=c*xf59na 
xc6Dng=c*xc60ng 

dt-1. OdD 
dt=dth8.64d4 

tdecay=60.0dO 

ACTSRCFOR 

delta-t = 1 day 
delta-t in seconds 

I tdecay= 6 0  days 
1 tdecay in seconds 

ndecay=nint(tdecay/dt) I decay for this many timesteps 

if (qa.eq.'on ')write (7,'(al,//,a16,//.6x,~laZ~,/)') 
* char(l2), 

AFTER SHUTDOWN:', 
1amn54',Jamn55r,8amn56','af854', 
'afe55','afe568,Dafe571,rafe58R, 
'afe59','aco59','aco601 

if (qa.eq.'off') write (7,'(a~,//,a~6,//,12x,~~~l0,/)') 
char(lZ), 

'amn54i,'amn55t,'amn56i,iafe54', 
tafe55','afe56','afe57',~afe58*, 
'afe59', 'aco59',*aco60' 

* ' AFTER SHvTM)WN:', 

do i=l,ndecay 
iday-i 

I <-- used to see small changes in naturally existing isotopes 

! e - -  use& for normal printout 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Note: following block is the same as above, with all reaction rates set to zero 

delm54= afe54*xf54np - amn54*xm54ng - dcm54*amn54 
ninicro=30 
dtsm=dt/dfloat(nmicro) 1 small timestep required for these 2 nuclides because of small half-life Of Mn-56 
do j=l,amicro 

delm55= amn54*m54ng - amn55*xm55ng 
delm56= amn55*xm55ng - dcm56*amn56 
call adder(k,amn55,~amn55',delm55,dtsm) 
call adder(k,amn56,'amn56'rdelmfi61dtsm~ 

enddo 

. .< .  , , < I  .,, , + 

delf54= -afe54*xf54np - afe54*xf54ng 
delf55- afe54*xf54ng - afe55*xf55na 
delf56~ -afe56*xf56ng 
delf57' ce56*xf56ng - afe57*xf57ng 
delf5a. :e57*xf57ng - afs58*xfSBng 



C 

C 

* 
C 

* 

* 
C 
13 
14  
C 

C 

C 

ACTSRCFOR 
delf595 afe58*xf58ng - afe59*xf59ng - afe59fxf59na -dcf59*afe59 
delcS9m dcf59*afe59 - aco59*xc59ng 
delc60= aco59*xc59ng - ac060~xcbOng - dcc60*aco60 
N o t e :  following block is the same as above, with all reaction rates set to zero 

call adder(k,amn54,~amn54',delm54,dt) 

call adder(k,m55,'amn55',delm55,dt) 1 now done inside ehort-time loop above instead 
call adder(k,amn56,'amn56',delm56,dt) I now done inside short-tima loop above instead 

call adder(k,afe54,'afe54',delf54,dt) 
call adder(k,afe55,*afe55' ,delf5S,dt)  
call addsr(k,afeS6,'afe56g,delf56,dt) 
call addor(krafeS7,*afe57',delf57,dt) 
call adder(k.afe58,'afeS8r,delf56rdt) 
call adder (k, af 059, 'af e59', dslf 59,dt) 

call adder(k,ac059~'aco59~,delc59,dt) 
call addsr{k,aco6O.~aco6O',delc60,dt) 

if (aa.ea.'on ' )  write (7.14) idav, I e- -  used to see small chancres in naturally existing isotopes 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

-~ 
amn54,amn55,atnn56, 
afe54, afe55, afe56, afe57,afe56, afe59, 
aco59.aco60 

if (qa.eq.'off' .and. iwk.eu.0) write (7,13) iday, I e-- used for norm41 printout 
ama54,amn55, amn56, 
afe54,afe55,afe56,afe97,af~S6,afe59, 
aco59,aco60 

fonnat ( '  day5',~2,7xrlprlld10.3) I <-- used for norms1 printout 
format f '  day~o,~2,7xrlp,lld21,14) I <-- used to see eaall changes in naturally exie 

enddo 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

BEUIN DECAY ANALYSIS ( t o  get & print disintegrations/sec/cc by nuclide) 

restore shutdown concentrations: 

ann54=amnS4z 

amn5 6=amn5 62 
afeJI=afeSPz 
a€eSS=afe55z 
afs56=afe56z 
afeS7mafe57z 
afe58=afe56z 
afe59mafe59r 
aco59*aco59z 
aco60=aco60z 

OllUL55E~55~ 

c=o. odo 

ing i e c  

1 

39e5 



C 

C 

xm5 Sng=c *xm55ng 
xf54np=c*xf54np 
xf56ng=c*xf56ng 
xf57ng=c*xf57ng 
xf58ng=c*xf58ng 
xc59ng=c*xc53ng 

xm54ng=c*xm54ng 
xf54ng=c*xf54ng 
xf55na=c*xf55na 
xf59ng=c*xf59ng 
xf59na=c*xf59na 
xc60ng=c*xc60ng 

dt=l. OdO 1 
dt=dtz8.64d4 1 

C 

C 

ACTSRC.FOR 

delta-t - 1 day 
delta-t in seconds 

1 tdecay= 6 0  days 
I tdecay in seconds 

ndecay=nint(tdecay/dt) I decay for this many timesteps 
C 

C 

C 

C 

C 

C 

C 

C 

C 

C 
C 
C 

write (7, (01, / I ,  841, //, lax, 4a10, / )  ‘ 1 
char(l21, 
AFTER S m W w N :  disintegreteons/sec/cc‘, 

~del~4’,’delm56’,~delf59~.’delc60’ 

micr0=30 
dtsm=dt/dfloat(dcro) I small timestep required for these 2 nuclides because of small half-life of Mn-56 
do j=l,nmicro 

delm55= amn54*xm54ng - amn55*xm55ng 
delm56= amn55*xm55ng - dcm56+amn56 
call adder (k,ama55, 1~55‘,delm55, dtsm) 
call adder(k,ama56,‘amu56’,delm56,dtsm) 

enddo 

delf54= -afe54*xf54np - afe54*xf54ng 
dalf55= afe54*xf54ng - afe55.xf55na 
delf56m -afe56*xf56ng 
delf57u afe56*xf56ng - afe57*xf57ng 
delf58= afe57.xf57ng - afe50*xf58ng 
delf59- afe58*xf59ng - afe59*xf59ng - afe59*xf59na -dcf59*afe59 
delc59- dcf59*afe59 - aco59*xc59ng 
delc6O- aco59*xc59ng - aco60*xc6Ong - dcc60*aco60 
Note: following block is the same as above, wjth all reaction rates set to zero 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

call a: k,ama54,‘amn54’,delm54,dt) 



, 

ACTSRCFOR 

C call 
C call 

call 
call 
call 
call 
call 
call 

C 

C 
call 
call 

C 
C 

C 

C 

15 
C 

C 

C 

C 

adder(k,amn55,'amn55',delrn55,dt) I now done inside short-time loop above inetead 
addsr(k,amn56,'~56°,delmS6rdt) I now done imide  short-time loop above inetead 

adder(k,afe54,'afe54',delf54,dt) 
ad8er(k,afe55,'afe55'ldelf55,dt) 
adder(k,afe56,'afe56',delf56,dt) 
addar(k,afe57,~afe57',delf57,dt) 
addsr(ktafe58,~afe58',delf58,~t) 
adder(krafe59,'afe59',delf59,dt) 

adder(kraco59,raco59',delc59,dt) 
addar(k,aco60,~aco60',delc6O,dt) 

delm54- -delm54 
delm56m -dah56 
delf59- -delf59 
delc603 -delc60 

if (dslm56.lt.0.001) delm56=0.0 

write (7,151 iday,delm54,delm56,delf59,delc60 
format ( '  day-8riZ,7xr l~,lldlO,3) I <-- used for normal printout 

enddo 

BEQIN DECAY ANALYSIS (to get k print equivalent gs- source at 1.3 MeV): 

restore shutdown concentrations: 

c=O. OdO 



C 

C 

C 

C 

C 

C 

C 

c 
C 

C 

C 

C 

C 
C 

C 

C 
C 

C 

dt=l. OdO 1 delta-t 1 day 
dt=dt*8.64d4 I delta-t in seconds 

tdecay=60.0dO ! tdecayn 60 days 
tdecay=tdecay*8.64d4 1 tdecay in seconae 

ndecay=nint(tdecay/dt) I decay for this many timesteps 

ACTSRC.FOR 

write (7. 
* char(l2), 

' AFTER SHUTDOWN: ', 
* ' Ewivalent Qanmra Source (p/s/cc) at 1.25 MeV', 

and Total Qanur~a Source (p/s) for this shell', 
* '(D/S/CC)','(p/S)' 

(al, //.a19. //,a47. /.a47, //, l3x,alO,a9, / )  ' 1 

do i-1,ndecay 
idayd 
k=O 

Note: following block is the same as above, with all reaction rates set to zero 

delm54~ afe54*xf54np - amn54*~&4ng - dcm54*amn54 
nmicro-30 
dtsmrdt/dfloat(nmicro) I small timestep required for t h e m  2 nucliden because of small half-life of Mn-56 
do j-1,nmicro 

______________oI_____D__________________-- - - - - - - - - - - - - - -~- .~- - - - - - . - - - - - - - - - - - - -  

delm55~ amn54*xm54ng - amn55*xm55ag 
de1m56- amn55*~1455ng - dcm56*sma56 
call adder(k,ama55,'amn55',delm55,dtsm) 
call adder (k, amn56, ' m 5 6  ' ,delmS6, dtsm) 

snddo 

delf54~ -afe54*xf54np - afe54*xf54ng 
delf55- afe54.xf54ng - afe55*xf55na 
delf56- -afa56*xf56ng 
delf57- afe56*xf56ng - afe57*xf57ng 
delf58- afe57*xf57ng - afe58.sf58ng 
delf59- afe58*xf58ng - afe59*xf59ng - afe59*xf59na -dcf59*afe59 
delc59~ dcf59*afe59 - aco59*xc59ng 
delc6O= aco59*xc59ng - aco60*xc60ng - dcc60*aco60 
Note: following block is the same a8 above, with all reaction rates set to zero 

call adder(k,amn54,'amr154~.delm54,dt) 

call adder(k,amn55,'amn558,delm55,dt) 1 now done inside short-time loop above instead 
call adder(k,amn56,'ar~n56~,delm56,dt) 1 now done inaide nhort-ti- loop above instead 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

call adder(kfafe54,'afe54',delf54,dt) 
call adder(k,afe55,'afe55',delf55,dt) 
call adder(k,afe56,'afe56',delf56,dt) 
call a? 'k,afe57, 'afe57' ,delf 57,dt) 
call a( kfafe58,'afe58',de1f58,dt) 



C 

C 

16 
C 

call adder(k,afe59,'afe59',delf59,dt) 

delm54= -delm54 
delrn56- -delm56 

delc60= -delc60 

for Mn-54, each decay 0 

for Mn-56, each decay I: 
€or Pa-59, each decay 
for Co-60, each decay a 

egam.rl.25dO I arbitrary 
gsmsrc-O.Od0 

delf59~ -delf59 

1 gsnnna at 0.8348 MeV 
1 or 2 gammas between 0.8468 MeV and 3.370 MeVf avg-1.69 MeV1 basically gone after 2-4 days 
1 garmaa at 1.099 MeV "OR" 1 gamma at 1.292 MeV, plus rome low energy gammasf avgml.19 MeV 
1 gamma at 1.173 MeV "AND" 1 gamma at 1.332 MeV (always 2 gammas per disintegration) 

energy) midway between two g m  linee 

gamsrc=gamsrc + delc60*1.173dO + delc60*1.332dO 
gamsrcngamsrc + delf59*1.19dO 
gamsrc=gamrrc + delm54fO.8348dO + delm56*1.69dO 
gamerc=gamsrc/egam 1 equivalent number of (p/s/cc) at egaml.25 MeV 
gMveg-gamsrc*vol 

if (i.eq.7) gsrc7-gamarc I save (and report back) value8 7 days after shutdown 
if (i.eq.7) greg7~gamreg 1 save (and report back) values 7 day. after shutdown 

write (7,1.6) iday,gamsrc,gamreg 
format ( '  day=8,i2,7x,lpr2d10.3) 

enddo 
C 

return 
end 
subroutine adder(i,amt,name,diff,dt) 
implicit double precision (a-h,o-z) 
charactere5 name 

E 

C 

C 

11 

C 
CCC 

1 

ACTS RC.FOR 

delta=diff*dt 

if (i.le.5) go to 13 
del=dabs(delta) 

if (amt.gt.O.0 .and. del.gt.amte0.2) then 
write (*,ll.) name,amt,delta 
format ( #  dt too big for ',a5, * at=',lpe13.5, deltar8,lpel3.5) 
stop 

endi f 

if (del.lt.amt*(l.Oe-14)) then . .  
ccc writs (*,la) name,amt,delta 
cccl2 fo-t f 8  Bt too small for ',a5, 
ccc * 8 amt=',lpe13.5,, delta=8,1pe13.5) 
ccc stop 
ccc mndi f 

13 mt=amt+dalta 
C 
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Appendix E.3 

SI.FOR: 
source terms per unit volune (p/s/cc) in each of the 39 1-cm-thick cylindrical shells 
concentrically centered around the 3.5-inch-dim beam hole through the HB-3 rotary 
shutter, 7 days after shutdom (as calculated by the ACTSRC-FOR program)sn and produce 
the si2 and sp2 (source information and source probability) distributions needed for 
use uith the SDEF card in the subsequent HCMP gama-only shielding anatysis (Run HB310) 
based on these ectivation source terns. 

A utiiity program to take the %patially-deperident (activation) decay g a m  

49 1 



SI.FOR 
C 

C 
C 

C 
C 

C 
C 
C 
C 
C 
C 
C 

C 
C 

C 
C 
C 
C 

C 
C 
C 

C 

C 

C 

C 
C 

C 

C 
C 

C 
C 

C 
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SI.FOR -- a utility program to take the "spatially-dependent (activation) decay gamma source terms per unit volume (p/S/CC) 
in each of the 39 1-cm-thick cylindrical shells concentrically centered around the big beam hole thru the HE-3 
rotary shutter 7 days after shutdown (see the QSRC7 array)" and produce the si2 and sp2 (source information and 
source probability) distributions needed for use with the SDEF card in the next MCNP run (Run H8310). 

Sources (p/s/cc) in the (OSRC7(i),i=1,39) array below, from the ACTSRC.OUT file produced by ACTSRC.FOR, 
represent the *eudvalenta gaamra source at 1.25 MeV due to the decay of Mn-54, Mn-56, 10-59. and Co-60, 
all at 7 days after shutdown. 

Role played by ACTSRC.FOR: .......................... 
How obtained: Run HB309A was used to obtain about a dozen key reaction rates for the various isotopes in this material 
(which initially included 0.45 w t %  Mn-55 and 0.015 wt% Co-59), in each of 39 I-cm-thick cylindrical shells concentrically 
located about the big beam hole in the rotary shutter shield plug when the shutter was wide open and operating under 
normal conditions. ACTSRC.FOR is an ad hoc burnup/depletion program that uses those various reaction rates. Material 
was assumed to be irradiated for 30 years at full power (although almost everything except Co-59 reaches saturation in 
just 1 or 2 yeare)) while the detailed ACTSRC.FOR output shows decay gamma sources (from Mn-54, Mn-56, Fa-59, and Co-60) 
for each of the first 6 0  days after shutdown, the results at 7 days after shutdown were selected as typical. 
things don't change much after day 3 or 4 . )  ACTSRC.FOR also shows the corresponding gamma sources (p/s/cc) for each of 
the 39 cy1 shells described above (basad on actual amount [cc's] of material in the rotary shutter [Cell 30901 that lie 
in each of the 39 shells), as well as the total (rea1)volume-integrated source (p/s) in each piece of Cell 3090 in each 
shell, 7 days after shutdown. Most activity comes from Fe-59 and Co-60, both of which have gammas at 1.1 Mew and 1.3 MeV. 
The equivalent gamma source used here (below) is based on an evsrage 1.25 MeV per disintegration (i-e., those at 1.1 MeV 
count for slightly less, and those at 1.3 MeV count for slightly more). 

(In reality, 

How data is transferred: ........................ 
This data (~/s/cc of areal" material in each shell) is printed in the 
the SI.FOR program in the form of the QSRC7 array (gsrc7(i),i-1,39). 
distribution (si2,sp2) to be used with the SDEF card in the next MCNP 

ACRSRC.OUT file by ACTSRC.FOR, and fed manually to 
This program, SI.FOR, creates the radial sampling 
run (Run HB310). 

What SI.FOX does with it to get MCNP source sampling distributions: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
When creating the sampling distribution within the sampling volume (which must fully enclose Cell 3090). it is necessary to 
assume that the source density (p/s/cc of "real" material i n  each shell) is characteristic of the "entire" volume of each shell 
in the sampling volume. That source density (in each radial bin) is therefore multiplied by the "entire* volums of the radial 
shell in each segment of the sampling volume. The fact that it may really only be characteristic of a tiny piece of real 
material in each shell of the sampling volume is accounted for by rejecting any sampled points that are not really inside 
Cell 3090. Moreover, in SI.FOR, we aleo subdivide each of the 39 shells of the sampling volume into 3 pieces of equal volume 
and asswe that the inner piece has a source density that is 6% higher than the average, and that the outer piece has a source 
density that is 6% lower than the average. (While not necessary, this was done simply to help "smooth out" some of the 
discontinuities between shells.) Anyway, that's why the sampling volume below has 117 (-3.39) radial regions instead of 39. 
Lastly, it must be recognized that the final dose rate determination calc for activation aources will be performed with the 
shutter closed. For that reason, the u s  vector for the sampling volume on the MCNP SDEF card must be coincident with the 
axis of 7 big beam hole of the shutter when closed (i.e., 66.75 degrs qff the centerline of the beam tube). -- JAB, 6-30-98 



C 
C 

C 

C 

C 

C 

C 

C 

C 
C 

C 
C 
C 

C 

* 
t 

* 
* 

* 

t 

* 
t 

t 

* 
1 

* 
t 

4 

t 

* 
* 
* 

* 

* 
* 
t 

* 
t 

SLFOR 

i-licit double precision (a-h.0-z) 

dimenaion rmin(39),rmar(39),vol(39) 
dimansfon gsrcl(39) I (act) decay gamma source terms (p/s/cc) in each of the 39 1-cm-thick cy1 sheller calculated here 

data main/ I dist (cm) from centerline of big hole thru rotary shutter 
4.44560, 5.44580, 6.14560. 7.14560. 8.44560,  
9.44560. 10.44560, 11.44560, 12.445dO. 13.44560, 
14,44560. 15.44560, 16.44560, 17.44560, 18.44560, 
19.445dO. 20.445d0, 21.44560, 22.44560, 23.44560, 
24.44560. 25.44560, 26.44540. 21.44560. 28.44560, 
29.44560, 30.44560. 31.44560, 32.44560. 33.44560. 
34.44560,  35.445210, 36.44560. 31.44560. 30.44560, 
39.44560, 40.44560. 41.44Sd0, 42.44560/ 

data rmax/ I dist (cm) from centerline of big hole thru rotary shutter 
5.44560, 6.445d0, 1.44540, 8.445d0, 9.44580, 
10.44560, 11.44560, 12.44560. 13.44560, 14.44560, 
15.445d0, 16.44560. 17.44560, 18.445d0, 19.44560, 
20.44560, 21.44560, 22.44560, 23.44560, 24.44560. 
25.445d0, 26.44560, 27.445d0, 28.44560, 29.445d0, 
30,445d0, 31.44560, 32.44560, 33.44560, 34.44560. 
35.44560, 36.44560. 31.44560, 38.44560. 39.44560, 
40.445d0, 41.44560, 42.44560, 43.4433dOt 

data volt 1 volume (cc) of cy1 shell "in; cannot be computed from d n  (i fmkxi cannot be caopputd analytically3 calculated statistically 
1.898586+03, 2.219816+03, 2.65511&+03, 3.021446+03, 3.393426+03, 
3.155316+03, 4.lll166+03, 4.456906+03, 4.79709d+03, 5.126616+03, 
5.445926+03. 5.159436+03, 6.054976+03, 6,33840d+03, 6.609026+03, 
6,867256+03, 1.105406+03, 7.399546+03, 7.530046+03, 1.101016+03. 
1.851156+03, 1.961386+03, 8.048096+03, 8.082356+03, 8.059356+03, 
7.955356+03. 6.441416+03, 4.993526+03, 4.08671d+03. 3.36986&+03, 

6.711656+02, 4.010096+02, 1.865446+02, 3.975158+01/ 
2.16096a+03, 2.232606+03, i.165116+03, 1.352646+03, 9.misid+oa, 

data g6rc7/ 
1.11804E+06. 1.20939E+06, 9.10533E+05, 5.114623+05, 2.96828E+05, 
2:045273+05, 1.45949E+05, 1.108113+05, 8.503101+04. 1.252283+04, 
5.84760E+04, 4.65858E+04, 4.14990E+04, 3.22381E+04, 2.15541E+04, 
2.20748E+04, 2.31075E+04, 1.64953E+04, 1.464553+04, 1.54328E+O4, 
1.20202E+O4, 9.35205E+03, l.l4168E+O4, 9.28401E+03, 1.24319E+03, 
6.707393+03, 1.31088E+03, 6.62929E+03, 4.56113E+03, 3.66936E+03, 
4.799839+03, 5.26502E+03, l.O8731E+O3, 4.83421E+03, 8.71481E+03, 
4.255033+03, 3.18232E+O2, 1.61852E+02, 5.10060E+01/ 

In the UCNP model of the rotary shield plug, the sampling volume is a 
62-cm-long cylinder, with rmaxOonmcw(39), centered about X-Y-0, 21446.405 cm, 
and rotated so as to be aligned with the big beam hole the rotary ehutter shield plug. 

open (8,file~'si.out',ststue='unkno~') 

&z=62.0 
pbdacos(-l.OdO) 
tilt-0.12dO 
tilt=O.OSdO 



tilt=O.OOdO 
tilt~0.05dO 
tilt-O.06dO 
zero=O.OdO 
ra=rmin( 1) 
write (8,11) ra, zero 

E 

C 

C 

C 

11 
E 

E 

do 1-1.39 

define ra,rb,rc,rd such that Vol{rb-ra)mVol(rc-rb)=Vol(rd-rc) 
ra-rmin( i) 
rd-rmax(i) 
rb=sprt(ra*ra+((rd*rd-ra*ra)/3.OdO)) 
rc~sqrt(ra*ra+((rd*rd-ra*ra)*2.OdO/3.OdO)) 
volsam=dz*pi*(rd*rd-ra*ra)/3.OdO 
srcb~gsrc7(i)*volaam*(1.OdO+tilt) 1 put 6% more source in innermost one-third of cy1 shall 
srcc~gerc7(i)*voleam*(l.Od0) 
srcd~gsrc7(i)*volsam*(l.Od0-tilt) I put 6% less source i n  o u t e m s t  one-third of cy1 ahell 

write (E,'(lx)') 
write (8.11) rb,srcb 
writs (8,111 rc,srcc 
write (8,111 r8,srcd 
format ( l x ,  f 11.5,lpeU. 5 ) 

enddo 

SI.FOR 

P 
\o 
P 

St09 
end 
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Appendix E.4  

Input listing f o r  MCNP Run HE310, a gamna-only shielding calculation used 
to determine the dose rate downstream o f  the closed rotary shutter, seven 
days after shutdown, due to prior activation of the carbon steel rotary 
shutter itself. Source terms used here were determined as noted in Sect 7. 
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message: outp-hb310.o runtpe=hb310.r 

Isolated model of Ha-3 using only activation sources in rotary shutter 
C 
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C 
C 
C 
C 

C 
C 

C 

C 

C 
C 

C 
C 

C 

C 

C 
C 

C 

C 

C 

e 
C 

C 

C 
C 

C 

C 

C 

C 
C 

C 
C 

C 
C 
C 

C 
C 

C 

C 

C 

C 
C 

C 

C 
C 

C 
C 

C 
C 
C 
C 
C 
C 

C 

HB3 10.1 

HE310 is a series of gamma-only calcs to determine the ganuna dose rate downstream of the rotary shutter 
shield plug "due to activation sourcee in the rotary shutter shield plug itself, 7 days after shutdown" 

ok 

ok 

ok 

ok 

ok 
ok 
ok 
ok 
ok 
ok 

ok 
ok 

ok 

ok 

ok 

ok 

ok 

The starting point for HB310A is Run HB308G.I 

Don't u6e the wwinp file developed for H8308G.I; in fact don't use any wwinp file at a119 
(If I here start ganunas with a OR of 1.0 in a region in which the w t  windows in HB308Q had 
an avg w t  of 1.0e-9 (for example), each history would split into a billion pieces right at 
the start, and w e  definitely don't want to do that. 
Thus, the WWP:N h WWP:P cards should be commented out c m l e t e l y  for this run. 

Comment out the SSW card previously used in Run HB308Q to write the boundary source file; 
here we don't need to write any such file, nor do we need to read any such file 

Comment out whatever tallies & detectors there may have been, and add the following to get the 
ganmra fluxes & dose rates "due to activation gammas in the rotary shutter, 7 days after shutdown" . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

- - >  

- -> 

- ->  

--> 

fc35 Q-Flux (p/s/cm2) 0.5 cm past conc box containing shutter, at 100 MW 
fc45 (3-Dose (mrem/hr) 0.5 cm past conc box containing shutter, at 100 m 
fc55 Q-Flux (p/s/cm2) 1.5 feet past conc box containing shutter, at 100 MW 
fc65 Q-Dose (mrsm/hr) 1.5 feet past conc box containing shutter, at 100 MW 
fc75 (3-Flux (p/s/cm2) 3 feet past conc box containing shutter, at 100 MW 
fc85 &Dose (mrem/hr) 3 feet past conc box containing ehutter, at 100 MW 

fc231 Primary G-Leakage (p/s) on downstrem surf of box holding shutter, L(r-) and L(z+) only, 10 spatial regions 
fc232 Primary Q-Dose <mrem/hr) on downstrem surf of box holding ehutter; seg 10 <-- 1st used in HE3080 

In each case, set the value on the J?M card E Total activation gaxrma source (p/s)= 1.61388E+10 

U s e  imp:p=O.O for the infintisimally thin region just upstream of where the boundary source was calculated 
in H8308Q.1, i.s., upstream of the rotary shutter; at least this will keep me from tracking gammas throughout 
the entire model where they are not important in this activation dose assessment. To be mre precise: 
Make Call 9981 (between Surfs 4195 & 4196) a "black void" with imp:n=O & imp:p=O to de-couple everything 
upstream of Surf 4196. TO do this, set imp:n=0 on Cell 9981 below, then run a dummy WCNP calc. go to the 
printed output, strip out the neutron inportances from Table 60, and enter those values as gamma importances 
below, as: 

obtained from WCNP output table when I ran a fake MCNP run with neutrons; here imp:p=iw:a in all 88 cellsi 
in this case I est imp:p=imp:n=O in Cell 9981 (position 64 in this table), just upstream of the rotary shutter 
0 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 2  
2 2 2 1 1 1 1 1 1 1 2 2 1 2 2 2 2 2 2  
2 2 2 2 2 2 2 1 1 1 1 1 1 1 1 1 1 1 1  
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
1 1 0 1 1 1 0  

card, make restart file after every 800000 histories in fixed src calc; 
save only the 4 most recent restart files 

Be prepared to "run the fool out of it"; if I want fsd's on the order of 0.01, I'll need to get 10,000 
histories out of the systemi since last 31 cm of rotary shutter may attenuate gaxrmas by 1.Oe-4, I may need 
as many as 100,000,000 histories (maybe considerably less if streaming kicks in, but "a lot" in any event) 
',eta start out by trying nps-40,000,000 and see what we get1 wld take about 10 hours wallclock on each of 8 nodes) 
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ok 8) On the SDEF card below (for the activation sources), don't mess with the starting weights? leave them as 1.0 

9) On SDEF card for Run H8310, include only the activation sources in the rotary shutter, seven days after 
shutdown, as described below, need new sdef paramaters, and (si1,spl) & (si2,sp2) distributions: 
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--------------------____________I_______----------------------------------------------------------------------------------- 

Description of activation sources within the Type 1020 carbon steel rotary shutter shield plug represented by Cell 3090. 
How obtained: Run HB309A was used to obtain about a dozen key reaction rates for the various isotopes in this material 
(which initially included 0.45 wt% Mn-55 and 0.015 w t %  C0-59)r in each of 39 1-cm-thick cylindrical shells concentrically 
loaated about the big beam hole in the rotary shutter shield plug when the shutter was wide open and operating under 
normal conditions. ACTSRC.FOR l e  an ad hoc burnup/depletion program that uses those various reaction rates. Material 
was.aasumed to be irradiated for 30 years at full power (although almost everything except Co-59 reaches saturation in 
juet 1 or 2 years)) while the detailed ACTSRC.FOR output show6 decay gamma source6 (from Mn-54. Ha-56, Fe-59, and Co-60) 
€or each of the first 60 days after shutdown, the results at 7 days after ehutdown were selected as typical. (In reality, 
things don't change much after day 3 or 4 . )  ACTSRC.BOR also shows the corresponding garimut sources (p/s/cc) for each of 
the 39 cy1 shells described above (based on actual amount [CC'LII of material in the rotary shutter [Cell 30903 that lie 
in each of the 39 shells), as well as the total (realtvolume-integrated source (p/s) in each piece of CeLl 3090 in each 
shell, 7 days after shutdown. Most activity comes from Fe-59 and Co-60, both of which have garanas at 1-1 MeV and 1-3 MeV. 
The equivalent gamma source used here (below) is based on an everage 1.2s MeV per disintegration (i.e., those at 1.1 MeV 
count for slightly less, and those at 1.3 MeV count for eliuhtly more). This data (p/s/cc of *realn material in each 
+---------------------------------"-----*--"-------------------------- 
Results from ACTSRC.FOR are as follows: 

Equivalent ganuna sources (at 1.25 MeV, 7 day8 after shutdown) for each of 39 
cylindrical shells, concentric about large beam hole in Ha-3 rotary shutter: 

CY1 
Shell 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

4.4450 5.4450 
5.4450 6.4450 
6.4450 7.4450 
7.4450 8.4450 
8.4450 9.4450 
9. 4450 10.4450 
10.4450 11.4450 
11.46SO 12.4450 
12.4450 13.4450 
13.4450 14.4450 
14.4450 15,4450 
15.4450 16.4450 
16.1450 17.4450 
17.4450 18.4450 
18.4450 19.4450 
19.4450 20.4450 
20.4450 21.4450 
21.4450 22.4450 
22.4450 a3.4450 
a3.4450 24.4450 
24.4450 25.4450 
25.4450 26.4450 
26.4450 27.4450 
27.4150 28.4450 
28.4450 29.4450 
29.4450 30.4150 
30.4450 31.4450 
31.4450 32.4450 
32.4450 33.4450 

Volume (CC) 

fe89858E+03 
2,27981E+03 
2.65511~+03 
3.027443+03 
3.393423+03 
3.?55373+03 
4,11116E+03 
4.456903+03 
4.79709E+03 
5.12661E+03 
5,44592~+03 
5.755433+03 
6.0549?E+O3 
6.338403+03 
6,60982E+03 
6,86725E+03 
7.105403+03 
7,325548+03 
7,53004~+03 
7.70707E+03 
7.851153+03 
7.967383+03 
8.04809E+03 
8.0823512+03 
8,059353+03 
7.95535E+03 
6,44147E+03 
4.933523+03 
4.086713+03 

GSRC den 
(D/B/CC) 

lQ71804E+06 
1.70939E+06 
9.10533E+05 
5.11462%+05 
2.9682BE+05 
2.04527~+05 
1.45949Ei05 
l.l0877E+05 
B.S0310E+04 
7.252288+04 
5.84760E+04 
4.65858E+04 
4.14990E+04 
3.223813+04 
2.75541E+04 

2.31075E+04 
1.64953E+04 
1.16455E+04 
1.5432%E+04 
1.20202E+04 
9.35205E+03 
1.14168E+04 
9.28401E+03 

6.70139g+03 
7.31088E+03 
6.6292981+03 
4.56713K+03 

2.207483+04 

i.a4319~+03 

GSRC total 
W E )  

3.26184E+09 
2,75717E+09 
2.417573+09 
1.54642E+09 
1.007263+09 
?.68074E+08 
6.0002OE+OI 
1.94166E+OB 
4.07901E+08 
3.71796Ei08 
3.184563+08 
2.68122~+08 
2.51279E+08 
a . 0 ~ 3 8 ~ + 0 8  
lS82l28E+O8 
1.51593E+08 
1.64188E+08 
1.20837E+08 
1.10281E+08 
1.18942E+08 
9.437213+07 
7.45113E+07 
9.18836E+07 
7.503663+07 
5.83754E+07 
5.335971+07 
4.709283+07 
3.31035E+07 
3.866453+07 
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sdef 

si1 
SPl 
si2 

I 3 0  
I 31 
I 32 
I 33 
I 34 
I 35 
I 36 
I 37 
I 38 
I 39 
1 
I 
I 
1 ( * I  
I 
I 
I 
I 
i 
I 

33.4450 
34.4450 
35.4450 
36.4450 
37.4450 
38.4450 
39.4450 
40.4450 
41.4450 
42.4450 

34.4450 
35.4450 
36.4450 
37.4450 
38.4450 
39.4450 
40.4450 
41.4450 
42.4450 
43.4433 

3.369863+03 
2.760963+03 
2.231603+03 
1.765113+03 
1.352643+03 
9.88281E+02 
6.711653+02 
4.01009E+O2 

3.975753+01 
1.86544E+02 

3.669363+03 
4.79983E+03 
5.26502E+03 
7.087313+03 
4.834273+03 
8.714813+03 
4.255033+03 
3.18232E+02 
1.678523+02 
5.10060E+01 

1.236523+07 
1.32521~+07 

1.250993+07 
6.539033+06 
8.612683+06 
2.855833+06 
1.27614E+05 
3.131173+04 
2.02787E+03 

1.174943+07 

-----_____- 
Total activation gamma source (p/s)= 1.613883+10 

Volumes shown/used here are the actual volumefsl corresponding 
to the rotary shutter (Cell 3090) inside each of these radial 
shells. Because these shells have a horizontal axis while the 
shutter has a vertical axis, and also because of the small hole 
thru the shutter which cuts thru all/most of these at an angle, 
these "real" volumes had to be calculated stoichastically, as 
shown in Run W309. 

+--------- - - - - - - - - - - - - - - - - -~-------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
shell) is fed to the SI.FOR program which creates the radial sampling distribution (si2.sp2) shown below. When creating 
the sampling distribution within the sampling volume (which must fully enclose Cell 30901, it is necessary to assume that 
the source density (p/e/cc ob "real" material in each shell) is characteristic of the "entire" volue of each shell in the 
sampling valume. That source density (in each radial bin) is therefore multiplied by the *entire* volume of the radial 
shell in each segment of the sampling volume. The fact that it may really only be characteristic of a tiny piece of rea3 
material in each shell of the sampling volume is accounted for by rejecting any sampled points that are not really inside 
Cell 3090. Moreover, in SI.FOR, we also subdi.vide each of the 39 shells of the sampling volume into 3 pieces of equal volume 
and assume that the inner piece has a source density that is 6% higher than the average, and that the outer piece har a source 
density that is 6% lower than the average. (While not necessary, this was done simply to help "smooth out" some of the 
discontinuities between shells.) Anyway, that's why the sampling volume below has 117 (-3*39) radial regions instead of 39., 
Lastly, it must be recognized that the final dose rate determination calc for activation sources rill be performed with the 
shutter closed. For that reason, the ems vector for the sampling volume shown below must be coincident with the axis of the 
big beam hole of the shutter when closed (i.e., 66.75 degrees off the centerline of the beam tube). -- JAB, 6-30-98 
$ activation sources in the rotary shutter, 7 days aPter shutdown] total activation gaarma source ( ~ / a ) =  1.613883+10 
par-2 $ gamma source 
erg-1.25 $ will use an "equivalent* activation source at 1.25 MeV (see ACTSRC.FOR program) 
ce1-3090 $ exclude any points from samgling distribution that are not in rotary shutter shield plug (Cell 3090) 
DOE= 0 0 446.405 $ reference position here is the midpoint of the rotary shutter shield plug 
a x s m  0 -0.9187912 0.3947439 $ ref vector €or sampling vol points along centerline of big hole (66.75 degrees off beam tube centerl 

............................ 

ext=dl $ use dl to sample uniformly over +/ -  31 cm of sampling volurne centerline 
rad-d2 $ use 82 to sample radial distribution within the sampling volume 
-31.0 31.0 $ axial bins1 used for axial 8ampling probability within sampling volumej 
0.0 1.0 $ sampling probability for each axial bin within sampling volume; uniform 

$ radial bins3 used for radial samD1ing probability within sampling volume! see SX.FOR programi pts outside Cell 3090 will still be re 

4.44500 
6.12982 
7.19260 
9.44500 

11.12166 
12.78703 
14.44500 
1.6.11856 
17.78458 

4.80153 
6.44500 
8.12535 
9.78969 
11.44500 
13.12014 
14.78585 
16.44500 
18.11780 

5.13336 
6.79471 
8.44500 

10.12265 
11.78776 
13.44500 
15.11902 
1 6 . 7 8 4 9 5  
18.44500 

5.44500 
7 .  12727 
8.79098 

10.44500 
12. 12084 
13.78640 
15.44500 
17.11816 
18.78425 

5,79753 
7.44500 
9.12385 
10.78864 
12 .dB500 
14.11954 
15.78537 
17.44500 
19.11748 

C 19.44500 19.78395 20.11719 20.44500 20.78368 
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C 
C 

C 
C 
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C 
C 
C 
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C 
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C 
C 
C 
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c 

I 

HB3 10.1 
21.11693 21.44500 21.78343 22.11669 22.44500 
22.18321 23.11647 23.44500 23.18301 24.11621 
24.44500 24.18282 25.11609 2 5 . 4 4 5 0 0  25.18264 
26.11592 26.44500 26.18248 21.11516 21.44500 
21.18233 28.11562 28.44500 28.18219 29.11548 
29.44500 29.18206 30.11536 30.44500 30.18194 
31.11524 31.44500 31.18183 32.11513 32.44500 
32.18112 33.11502 33.44500 33.18162 34.11492 
34.44500 34.18153 35.11483 3 5 . 4 4 5 0 0  35.18144 
36.11474 36.44500 36.18135 31.11466 37.44500 
31.18121 38.11458 38.44500 38.18120 39.11451 
39.44500 39.18113 40.11444 4 0 . 4 4 5 0 0  40.78106 

42.18036 43.11310 43.44330 

0.00000e+0 1.16938~+9 1.10319e+9 1.03100e+9 9.09634e+8 $ first 4.445 cm represents the big beam hole (void) where sources are ze 

41.11431 41.44500 41.18099 4a.11431 4a.04500 

sp2 $ sampling probability for each radial bin within sampling volume; see S1,FOR programr pts outside C e l l  3090 will still be rejected 

9.33611e+8 
5.59324e+8 
3.24088e+8 
2.01428e+8 
1.51508e+8 
I.. 2 3 4448+8 
9.64558e11 
1.96286e+I 
6,31115e+I 
6.28469e+7 
4.62539~+1 
4.51064e+I 
3.15073e+l 
3.51105e+I 
2.55901e+I 
2.93712e+I 
2.01104a+l 
1.52035e+I 
2.45147e+I 
2.52489e+I 
4.14214e+l 
1.6919Be+6 

, 3.00983e+5 

HB309 war a nsutron-only calc under normal conditions, with shutter open. to get about a dozen nuclear 
reaction rates in 39 1-cm-thick shells concentric about the big beam hole thru the shutter, so that I 
could go off and do an activation analysis of the shutter and calculate (offline fn ACTSRC.FOR and SI.FOR) 
the activation sources to be used in Run HB310. HE309 was created by making a number of small modifications 
to HB308Q. For details on Run H8309, see sect I andlor AppendiK E.I. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
KB3080 was the final (reference) gamma-only shielding analysis for the HB-3 beam tube with the 1998 water tubs 

HB3080 was created and collimator aections both flooded and the rotary shutter in the cloaed position. 
by making a number of smalL modifications to HB304M4. 
The complete input listing for Run HB308Q may be seen in Appendfn D.4. 

Run Hg3080 ie described extensively in Sect 6. 
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C 
C 
C 

C 

C 

C 

C 

C 
C 

C 
C 

C 

C 

C 

C 

C 
C 
C 
C 

C 
C 

C 

C 

C 
C 
1000 
1001 
1002 
1003 
1004 
1005 
C 

HB304M4 was the final reference case for the neutron dosimetry analysis described in Sect 4. 
For a complete listing of this input file, see Appendix 8.1. 

Earlier notes on the HB301, HB302, and HB303 series: 

Used to study shielding effectiveness of water tube (work performed by Jim Bucholz for Mike Farrah, Mar/Apr 1998 

Ref 1: Dwg of HB-1 (e:\ham\ustn\allbeamll97.dgn Jan 29, 1998 12:55:09), where HB-3 is said to be the same. 
Ref 2: Dwg !4-11537-OX-OOl-E, Peb 13, 1998, 10:30:22, dwg of HB-1 (essentially the same as Ref 1, but smaller) 
Ref 3: Dwg E-42027, Sheet 1, Apr 11, 1995, showing location on HB-3 & 1st aluminum window in vessel, as built 
Ref 4: Dwg E-42027, Sheet 2, Apr 11, 1995, showing typical beam tube collimator & rotary shutter, as built 
Ref 5: Dwg 1546-01-M-5022, Rev Sep 18, 1961, showing concrete around HB-3 beam tube collimator & rotary shutter 

Distance from outside of vessel nozzel boss to radial plane 
perpendicular to beam tube (as specifically stated in Ref 3)s 
HB-1: 52.0 inches = 132.08 cm 
HB-2: 54.5 inches 138.43 cm 
HB-3: 54.0 inches = 137.16 cm 
HB-4: 52.0 inches - 132.08 cm 

Notes regarding length of the 1998 water tube: 

The location of the I.& aluminum window relative to the vessel nozzel boss (cf Ref 1 & 2) is believed to be 
correctly modeled here. Likewise, the 2nd aluminum window relative to the beam tube collimator assembly 
(cf Ref 1 & 2) is believed to be correctly modeled here. Uiven the location of the beam tube collimator 
assembly (Ref 1 P 2 )  relative to the concrete biological shield specifically around HB-3 as ahom in Ref 5, 
however, the length of the new HB-3 water tube [from Surf 2154 at 21174.95125 cm, to Surf 4110 at 2=302,1868 cm 
(total length of water when flooded - 127.23555 cm)] is about 2.03 inches shorter than shown for HB-1 on Refs 
1 & 2. and about 89.8 cm shorter than the water tube originally in HE-3. Note, however, that this 2" difference 
in water tube length between HB-1 and HB-3 is wholly consistent with the data in Ref 3 above if the vessel 
flange hardware and collimator hardware are the same for HB-1 and HB-3 -- J. A. Bucholz, 3-21-98 

BEQIN CELLS: 

HB-3 (Tangential tube); sign on some surfs changed to accomodate this local model 

61 -3.2325-4 -1000 -1006 imp:n-l $ endcap void region replaced with He at 2 atm (3.2325-4 g/cc) 
24 -2.7 -1001 1000 -1006 im:n=O $ endcap inner A1 wall (imp0 to kill all inward-directed neutrons) 
5 -0.98465 -1002 1001 -1006 im:n-1 $ endcap water 
24 -2.7 -1003 1002 -1006 img:n=l $ endcap outer A I  wall 
5 -0.98465 -1004 1003 -1006 imp:n=l $ endcap water jacket 
24 -2.7 -1005 1004 -1006 imp:n=l $ endcap AI Be liner 

w 
0 
0 

c Cells 1008 & 1009 should be VOID (61 -3.2325-4) if looking at the 1998 water tube (normal condx or flooded) or the 1960 water tube under norms1 (dw) 

c Cells 1008 & 1009 should contain WATER ( 8  -1.0000) ONLY if looking at 1960 water tube when flooded, 
1008 61 -3.2325-4 -2164 -2163 fmp:n=l $ hemispherical VOID inside tip of "dry" 1960 water tube 
1009 61 -3.2325-4 -2161 2163 -2153 im:n=l $ cylindrical VOID inside 1960 water tube, upstream of where 1998 water tube begius 

conditions. 

C 1008 8 -1.0000 -2164 -2163 imp:n=l $ hemispherical WATER region inside tip of "flooded" 1960 water tube 
C 1009 8 , -1.0000 -2161 2163 -2153 imp:n=l $ cylindrical WATER region inside 1960 water tube, upstream of Where 1998 water tube '-gins 

1010 61 -3.2 4 -2153 -1010 1006 $ tube void region. 'ced with He at 2 atm (3.2325-4 g/cc) 
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C obsolete 1st: #(2151 -2152) $ obsolete (too approximate) $ tube void region 
c obsolete 2nd: #((2161 -2162 2163 -2153):(2164 -2165 -2163)) $ tube void region 
window & cy1 section 

(above) exclu%ing 1st aluminum window in 1960 design (see cell 2100) 
(above) excluding part.-length model of old (1960) water tube: 1st  eyh 

2165 #(-2162 2163) imp:n=l $ tube void region (above)p excluding old aluminum 1960 water tube & everything in fit 
1011 24 -2.7 -2153 -1011 1010 1007 inuJ:n=l $ tube inner A1 wall (ourf 1007 is the "importance cutoff plane") 
10110 24 -2.7 -2153 -1011 1010 1006 -1007 imp:n=O $ tube inner A1 wall (used to kill all neutrons not within most forward-directed cone 
1012 5 -0.98465 -2153 -1012 1011 1006 imp:n=l $ tube water 
1013 24 -2.7 -2153 -1013 1012 1006 im:nml $ tube outer A1 wall 
1014 5 -0.98465 -2012 -1014 1013 1006 irp:n=l $ tube water jacket [now cut off at cage (2012) as it should bel 
1015 24 -2.7 -2012 -1015 1014 1006 imp:n=l $ tube A1 Be liner (now cut off at cage (2012) as it should bel 
C 

C 
C 
C 
2024 
2110 
2120 
C 
C 
2130 

C 
C 
C 

C 
C 

Main cylindrical components outside XB-3: 

108 1.23156-1 -9999 9997 -2010 1005 #(-lo15 1006) 
5 -0.98465 -9999 9997 2010 -2011 1015 imprnnl 
23 -2.7 -9999 9997 2011 -2012 1015 imp:n=l 

7 -0.9899 -9999 9997 2012 -2013 $ large water 
1013 #(-2lOl 2150) $ large water 
2123 2126 $ large water 

#(-2530 2531 -2532) $ large water 
#(-2520 2521 -2522) $ large water 
#(-a510 2511 -2521) $ large water 
#(-2702 1701 2744 -2746 2711 -2710 2720) 

assembly 
C #(-a701 2742 
meter ring 
C #(2533 -2533 
ns 3 
C #(a533 -2531 
ns 8 

imprnnl 
2131 7 -0.9899 1013 -2130 
2132 40 -7.92 2130 -2131 
2133 7 -0.9899 2131 -2101 
C 2121 2126 

#(-a530 2531 
#(-2520 2521 
#(-2510 2511 

-2748) $ large water 

2553 -2554 2543 -2544) 

2564 -2563 2543 -2544) 

$ large water 

imp:n=l $ permanent Be refl (0.123156 atoma/b+uu) typical cow, center ring); exclude KB-3 
$ water between Be refl and aluminum reflector container 
$ aluminum refl container 

region between aluminum refl container and the pressure vessel 
region (above)i excluding beam tube k regions around beam tube near vessel 
region (above)? excluding the two small dosimeter locations (obsolete model) 
region (above)j excluding the dosimeter holder ring (and dosimeters) 
region (above)i excluding thick inner hub of the holder ring 
region (above)# excluding thin inner sleeve of the holder ring 
$ large water region (above); excluding horz spacer plate extension (Cell 2727) on 2-plate cellar 

cn 
0 on 6s sleeve outside heam tube close to dosi CL 

just upstream of dosimeter at Key 3, Posbtiu 

just upstream of dosimeter at Key 3, Positlo 

region (above); excludi.ng bulk of 2-plate  colla^ assy 

$ large water region (above), excluding ss square peg 

i large water region (above). excluding 6s square peg 

reaion (above) 
2150 -2153 imrn=2 $ water between beem tube and re sleeve near vessel 
2150 -2153 i&:n=2 $ us 
2150 -2013 $ water juat 

$ water just 
-2532) $ water just 
-2522) $ water just 
-2521) $ water just 

C # (  2742 -2718) $ water just 
s sleeve outside beam tube close to dosimeter ring 

#(-a702 2701 2744 -2746 2711 -2710 2720) 
assembly 

sleeve around beam tube, near V e E B d  
outside 88 aleeve but inside main pressure v888e1, in vicinity of dosimeters 
outside 6s sleeve (above), excluding dosimeter locations 
outside 6s sleeve (above)i excluding the dosimeter holder ring (and dosimeters) 
outrride as uleeve (above), excluding thick inner hub of the holder ring 
outside SE sleeve (above), excluding thin inner sleeve of the holder ring 
outside 6s sleeve (above), large water region (above); excluding bulk of 2-plate collar assy on 6 

$ large water region (above)j 

#(-2701 2742 -2748) $ large water region (above); excluding bulk 

#(2533 -2531 2553 -2554 2543 -2544) $ water just outside 88 sleeve 

#(2533 -2531 2564 -2563 2543 -2544) $ water just outside 8s sleeve 

meter ring 

3, Positions 3 

3, Positions 8 
iwnprn=2 $ water just outside 66 eleeve (above) 

excludi.ng horz spacer plate extension (Cell 2727) on 2-plate collar 

of 2-plate collar assy on ss sleeve outside beam tube close to desi 

(above), excluding ss square peg just upstream of dosimeter at Key 

(above), excluding 8 s  square peg just upstream of dosimeter at Key 

2134 7 -0,9899 2013 -2016 2100 -2110 2112 imp:n-2 $ water in elliptical cone cham€er ring where hb3 vessel hole penetrates inner wall of vessel 
2135 7 -0.9899 2131 -2100 -2105 2013 imp:n=2 $ water outside 6s sleeve but inside vesrel nozzel 
C 
C 

c Note regarding dosimstsror the two cards shown below clearly define the location of the actual dosimeters presently 
C in use around HB-3. Nevertheless, without further (questionable) changes to the mo&el, the results here are probably 
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c not even worth tabulating. Reason: The equivalent point sources used in this HB-3 analysis (of the voided & flooded 
c water tube) were based on global model point detectors at 2-120.6879, 185.9844. 251.2809 & 316.5774 cm from the radial 
c plane perpendicular to the HB-3 beam tube. Moreover, for the analysis of the HE-3 water tube (the primary purpose of 
C this study), we spray neutron isotropically only over a very narrow forward-directed cone [cos(theta).gt. 0.9653350561 
c that includes this region of interest, and assign the inner wall of the beam tube an importance of 0.0 for all locations 
C below plane 1007 at 2-118.6879 cm (see cell 10110). This is done primarily in the name of efficiency in this water tube 
C analysis, but also because points below this would be outside the axial range where we know our equivalent point sources 
C give good results. Unfortunately, these two dosimeters are located at 2-107.1276 cm and 112.9905 cm respectively (see 
C surfaces 2121 and 2126). Thus, with the present model, these two dosimeters probably won't see any neutrons except for 
c a dew stray ones that might backscatter into this region. If one really wants to check fluxes at these dosimeters, one 
c would have to lower plane 1007 in cell 10110, and open up the angular range on the sdef card to the point where our 
c equivalent point sources may or may not still be valid. At any rate, doing so would greatly decrease the efficiency 
c of the water tube analysis that we originally wanted to focus on. -- J.A.  Bucholz, 3-20-96(a) 
C 
c Updated thoughts: Neutron group 16 in the VELM library goes from 0.907 Mev to 1.108 MeV. Virtually all of the 
c equivalent point neutron sources for these first 16 energy groups lie between Z=31 and 2170 cm (indeed, m e t  lie 
C between 2-45 cm and Z=60 cm). Thus, if we use an energy cutoff card set at 1 MeV (as typically done for dosimetry 
C calcs9, we could probably make the modification8 described above without seriously impacting the quality of the 
C results at the dosimeter locations. [Efficiency of the water tube calc would go t o  pot, but if we uee this ECUT 
c card for the dosimetry, we would (by definition) not be interested in the water tube results in this calc anyway]. 
c Thus, we can probably do the dosimetry study -- at least €or fast neutrons above 1 MeV. Nevertheless, a better 
c course of action might be to take this geometry model, then apply the approach I took last fall with HB-2 (involving 
c a finite line source with all neutrons in a prescribed direction wrt the axis). It gave absolutely excellent reBufts, 
c very quickly. -- J.A.  Buchole, 3-20-98(b) 
C 
C $ obsolete $ 2134 50 -7,8212 -2121 imp:n=l $ dosimeter (modeled as carbon steeli really Charpy V-notch specjmens) just slightly on HB-4 side 
of HB-3 ul 
C $ obsolete $ 2135 50 -7.8212 -2126 imp:n=l $ dosimeter (modeled as carbon steel) really Charpy V-notch specimens) Just slightly on SiI3-2 side 
of HB-3 
C $ obsolete $ 2134 7 -1,0600 -2121 imp:n=l $ dosimeter (now modeled as water; specimens are quite small) just slightly ou HE-4 side of HE-3 
C $ obsolete $ 2135 7 -1.0000 -2126 imp:n=l $ dosimeter (now modeled as water; specimens are quite small) just slightly on HB-2 side of HB-3 
C The above (oversimplified) dosimeter cells have been replaced by Cells 2581 and 2582, along with Cefl6 2591-2593 for the dosimeter holder assembly ( 

ring) 
C 
C 
c Vse the following two if looking at the old 1960 HE-3 design: (must also set options on Cells 4305 & 4380 below) 

................................. 
C $ obsolete $ 2140 23 -2.7 -1010 2151 -2152 imp:n-1 $ aluminumt 1st window at start of water tube (old I960 location) 
C 2140 23 -2.7 (2161 -2162 2163 -2153):(2164 -2165 -2163) imp:nrl $ aluminum: part-length model of old (1960) water tube: 1st spherical window 

C 2141 61 -3.2325-4 -1010 2153 -2154 imp:n=l $ int void: 1st window at start of water tube (new 1998 location) 

c Use the following two if looking at the new 1998 HB-3 design: (must also set options on Cells 4305 & 4380 below) 
C $ obsolete $ 2140 61 -3.2325-4 -1010 2151 -2152 imp:nal $ int void: 1st window at start of water tube (old 1960 location) 
2140 61 -3.2325-4 (2161 -2162 2163 -2153):(2164 -2165 -2163) imp:nrl $ int void: part-length model of old (1960) water tube: 1st apherical window 1 cyl 
indrical section 
2141 23 -2.7 -1010 2153 -2154 imp:n=l $ aluminum: 1st window at start of water tube (new 1998 location) 
C 
C 
2144 24 -2.7 -2136 1010 2153 -2154 inrp:n=l $ aluminum ring joining regular section of beam tube to expanded section 

& cylindrical section 

C 

--_---_-_----^___---I____________ 

C 
C ------___---------_-___I_________ 

c Use the following two if beam tube is void, as in normal operation: 
C 2145 61 -1.0~3-20 -2134 2154 -4110 imp:n=l $ void inside main cavity of expanded beam tube outside vessel (if void, as in nowaX operat 
ion ) 
C 2146 61 -1.09-20 -2135 2134 2154 -4110 imp:n=l $ void in pneumatic tube coils located j u s t  inside outer wall of expanded beam tube outside 
vessel 
C / 

C Use the ,wing two if beam tube is flooded €or maintenance work; 
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2145 8 -1.0000 -2134 2154 -4110 iW:n=l $ water inside main cavity of expanded beam tube outside vessel (if flooded for maintenance) 
2146 8 -1.0000 -2135 2134 2154 -4110 iw:n=l $ water in pneumatic tube coils located just inside outer wall of expanded beam tube outside vessel 
C 
C 
2147 24 -2.7 -2136 2135 2154 -4125 imp:n=l $ aluminum body of expanded section of the new HB-3 beam tube outside vessel 
C 
C 

_____-- - - - - - - - - - - -=- - - - - - - - - - - - - -  

______---------_--_-_____I_____ 

C In the name of simplification, lets combine the inner h outer 65 liners with the main vessel, and treat all as carbon steel 

C 2150 50 8.74142-2 -9999 9997 2014 -2015 2100 izw:n=l $ main pressure vessel (thick carbon steel) 
C 2160 40 8.62373-2 -9999 9997 2015 -2016 2100 imp:nrl $ pressure vessel's outer liner 
C 2150 50 -7.8212 -9999 9997 2013 -2016 2100 imp:n=l $ main pressure vessel (thick carbon steel i inner 6 outer liners) 

C 2140 40 8.62373-2 -9999 9997 2013 -2014 2100 imp:n;.l $ pressure vessel's inner liner 

2150 50 -7.8212 -9999 9997 2013 -2016 2101 inrp:n-l $ main pressure vesseL (thick carbon steel + inner & outer liners) 
2151 50 -7.8212 2100 -a101 -210s 2013 9997 $ vessel nozzel boss around HB-3 

2152 50 -7.6212 -2101 2131 2105 -2106 imp:n=2 $ carbon steel flange on vessel nozzel boss bu HB-3 

2170 8 -1.0000 -9999 9997 2016 -2017 $ water pool between pressure vessel and concrete bioshield 

#(-all0 -2111) imp:n=2 $ vessel nozzel boss around HE-3 (above); excluding HE3 chamfer (surf 2110) 

C _--___---_----------_____I_____ 

#(-2136 2153) #(-2131 -2153) $ water pool (above) excluding expanded section of HB-3 h a m  tube 
#(4100 -4229) $ water pool (above) excluding everything inside ss sleeve (water h beam tube) where be- tube enters 

#(-2101 -2106) in\p:n-l $ water pool (above) excluding vessel boss (and flange) around HB-3 
concrete bioshield 

C 
C 
c Cells associated with dosimeters 6 dosimeter specimen holder at Key 3 around HE-3 (see Dwg E-49953" Rev A, 6-38-65): 
C 

Lh c $ obsolete $ 2581 4 0  -7.92 2531 -2532 2551 -2552 2541 -1542 imp:n=l 8 dosimeter at Key 3, Position 3 #  just slightly on HB-2 side of HB-3 (nlo 

E $ obsolete $ 2582 b0 -7.92 2531 -2532 2562 -2561 2541 -2542 imp:n=l $ dosimeter at K e y  3,  Position 8 ,  juat slightly on HB-4 side Of BB-3 (Bl(t w 
dele& as ss304) 
C 
c $ obsolete $ 2581 50 -7.8212 2531 -2532 2551 -2552 2541 -2542 i ~ r n a 2  $ dosimeter at Key 3, Position 3, just slightly on HB-2 side of HB-3 ( 
modeled ae carbon steel) 
c $ obsolete $ 2582 50 -7.8212 2531 -2532 2562 -2561 2543 -2542 im~,:n=2 $ dosimeter at Key 3, Position 8, just slightly on HB-4 side of HB-3 ( 
modeled as carbon steel) 
C 
c $ added 4-7-98: Use of surf 2534 (instead of 2531) allows the ss304 cover plate of dosimeter holder ring to 

2581 50 -7.8212 2534 -2532 2551 -2552 2541 -2542 imp:n=2 $ dosimeter at Kay 3,  Position 3, just slightly on HB-2 side of HB-3 (modeled aE carbon S 

teel) 
2582 50 -7.8212 2534 -2532 2562 -2561 2541 -2542 imp:n=2 $ dosimeter at Key 3,  Position 8, just slightly on HB-4 aide of HE-3 (modeled as carbon 8 

teel 
C 
2583 40 -7.92 2533 -2531 2553 -2554 2543 -2544 imp:n=2 $ ss aware peg just upstream of doeimeter at Key 3, Position 3 
2584 40 -7.92 2533 -2531 2560 -2563 2543 -2544 imp:n=a $ ss square peg just upstream of dosimeter at Key 3, Position 8 
C 
2591. 40 -7.92 2520 -2530 2531 -2532 $ Key 3 dosimetry specimen holder ring (68304) 

______-_--------_-_-____________I_______--------- - - - - - - - - - - - - - - - - - - - -_----_-------- - - - - - - - - - - - - - - - -~-~-------- - - - - - -  

deled a8 66304) 0 

C $ added 4-7-98: be modeled be separate from the carbon steel. Charpy sDec~mens in 1-cm-thk dosimeter CaDEUleS 

#(a534 2551 -2552 2541 -2542) $ Key 3 doeinrstry apecimen holder ring (ss304), excluding dosimeter at Key 3 ,  Position 3 
#(2534 2562 -2561 2541 -2542) $ Key 3 dosimetry epecimen holder ring (ss304), excluding dosimeter at Key 3, Position 8 
imprnr2 8 Key 3 dosimetry specimen holder ring (~8304) 

2592 40 -7.92 -2520 2521 -2522 2131 imp:n=2 $ short thick as304 cylindrical sleeve on Key 3 dosimetry specimen holder 
2593 40 -1.92 -2510 2131 -2521 2511 imp:nr2 $ long thin ss304 cylindrical sleeve on Key 3 dosimetry specimen holder 
C 
C 
C 
c 
C 
2761. 4 0  -7.92 -2701 2131 2742 -2744 imgan-2 $ 1st (upstream) 8s plate of 2-plate collar asssmbly 

______________________I_________________--------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -"----- - - - - - - - - - - - - - - - - - -  

Cells associated with the 2-plate collar holding cooling tube on 8s sleeve outside beam tube close to dosimeter ring . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



HB3 10.1 
2762 40 -7.92 -2701 2131 2746 -2748 imp:n=2 $ 2nd (downstream) 88 plate of 2-plate collar assembly 
C 
2771 40 -7.92 -2701 2131 2744 -2746 2711 -2712 
2772 40 -7.92 -2702 2701 2744 -2746 2711 -2710 2720 
ssel water (Cell 2130) 
2773 
2774 

2781 
C 

C 

C 
C 
C 

C 
C 
C 
C 
C 
C 

C 
C 

C 

C 

C 
C 

C 

C 
C 

C 

C 

C 
C 
C 

C 

imp:n=2 $ horizontal 8s spacer plates (right h left, top & bottom, treated as one cell1 
imp:n=2 $ horizontal as spacer plate extension (on one side on1y)i must exclude this from ve 

4 0  -7.92 -2701 2131 2744 -2746 2724 -2728 #{2722 -2726) img:n=2 $ vertical 8s spacer plates (right h left, top h bottom, treated as one cell) 
7 -0.9899 -2701 2131 2744 -2746 2722 -2726 im3:n=2 $ water between vertical spacer plates 

7 -0.9899 -2701 2131 2744 -2746 $ water between main upstream & downstream plates of 2-plate collar a66embly 
#(2711 -2712) #(2724 -2728) $ water (above), excluding horizontal & vertical spacers 
imp : 1192 $ water between main upstream & downstream plates of 2-plate collar assembly . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Intermediate notes using COMJOM-like notation to describe the ce1.l~ in and around the HB-3 shield plug: 

boxl = (3083 
box2 - (3082 
box3 (3103 
box4 = (3102 
box5 - (3081 
box6 E (3080 
box7 p. (3101 
box8 0 (3100 

-3073 3023 
-3072 3022 
-3093 3043 
-3092 3042 
-3071 3021 
-3070 3020 
-3091 3041 
-3090 3040 

-3033 3006 
-3032 3005 
-3053 3010 
-3052 3009 
-3031 3004 
-3030 3003 
-3051 3008 
-3050 3007 

-3001) 
-3001) 
-3002) 
-3002) 
-3001) 
-3002) 
-3002) 
-3002) 

cy19 (-3120 3061. -3062) 
cy110 = (-3121 3061 -3063) 
cylll (-3122 3060 -3064) 
cy112 = (-3110) 

Cell 3001 - bconc den (former cell 3001) #box3 #box1 iwin-1 $ revised model of barytes coacrete forming bioshield 
Cell 3010 - 88 den boxl #box2 #box3 i w : n = l  $ ss liner on bioshield near big (downstream) eide of removable block containing shield plug 
Cell 3020 = ss den box3 #box4 #box2 inqp:n=l $ 8s liner on bioshield near small (upstream) side of removable block containing shield plug 
Cell 3030 = 8s den box5 #box6 #box7 #cy112 imp:n=l $ 613 liner on big (downstream) side of removable concrete block containing shield plug 
Cell 3040 - 68 den box7 #box8 #box6 #cy112 iw:n=l $ sa liner on small (upstream) side of removable concrete block containing shield plug 
Cell 3050 - void den (box4 OR box2) #box7 #box5 imp:n=l $ void inmediately upstream of (and around) the'removable concrete block containing sh 

ield plug 
C Cell 3060 - bconc den (box8 OR box6) #cy111 #cy112 imp:n=l $ barytes concrete forming bulk of the removable concrete block containing shield p 
lug 
C Cell 3070 = sa den cylll #cy110 #cy112 imp:n=l $ 8s liner inside the removable concrete block containing shield plug 
C cccc Cell 3080 - void den (box7 OR box51 inside cy112 #cy110 iw:n-l $ void near centerline, upstream and downstream of shield plug, inside 

C Cell 3080 void den (box7 OR box51 inside cy112 #cy19 iw:n=l $ void near centerline, upstream and downstream of shield plug, inside removable 

C Cell 3090 = cstl den cy19 h p : n - l  $ carbon steel forming the actual shield plug 
C Cell 3100 - void den clyl0 #cy19 imp:n-l $ void gap around the cylindrical shield plug 

C Final MCNP description of the cells in and around the HB-3 shield plug: 

removable concrete block 

concrete block 

C 

C 

3000 61 -1.0e-20 -9999 3001 -9998 9990 imp:n=l $ void downstream of the HB-3 shield plug (shutter); excl small sph around pt where Blosser h Tho 
mas made measurements 
C 
c Barytes concrete bioehield from the upstream edge of the cavity containing the removable concrete block containing 
c the XB-3 ahield plug (really surf 30101, out to the downstream edge of the removable block containing the shield plug: 
3001 62 -3.09725 -9999 3010 -3001 $ barytes concrete bioshield (outermost part) 

#(3103 -3093 3043 -3053 3010 - 3 0 0 2 )  $ barytes concrete Ihield (outermost part) 
#(3083 -3073 3023 -3033 3006 -3001) $ baryted concrete ,hiold (outermost part) 



I 

HB3 10.1 
# (4195 -4198) $ barytas concrete (above) excluding the 3 infinitesimal void slab slices by boundary source 
imp:n=l $ barytes concrete bfoshield (outermost part) 

C 
c Barytes concrete bioshield from beyond pool liner (liner not modeled) out to upstream edge of removable block containing shield plug (renlly tiurf 3010 
) 
3002 62 -3.09725 -9999 9997 -3010 2017 2136 $ barytes concrete bioshield (from pool liner to shutter assembly cavity) 

#(4155 -3010 -4265) 4225 $ barytes concrete (above) excluding everything inside ss bioshield liner around collimator assembly 
imp:n=l $ barytes concrete bioshield (from pool liner to shutter assembly cavity) 

C 

C 

C 
3010 40 -7.92 (3083 -3073 3023 -3033 3006 -3001) 

......................... 

#(3082 -3072 3022 -3032 3005 -3001) 
#(3103 -3093 3043 -3053 3010 -3002) 
imp : n= 1 

C 
3020 40 -7.92 (3103 -3093 3043 -3053 3010 -3002) 

#(3102 -3092 3042 -3052 3009 -3002) 
#(3082 -3072 3022 -3032 3005 -3001) 
#(4195 -4198) 
4240 imp:n-l 

of collimator assy) 
C 
3030 40 -7.92 (3081 -3071 3021 -3031 3004 -30011 

%(3080 -3070 3020 -3030 3003 -3002) 
#(3101 -3091 3041 -3051 3008 -3002) 
3110 imp:n=l 

C 
3040 40 -7.92 (3101 -3091. 3041 -3051 3008 -3002) 

#(3100 -3090 3040 -3050 3007 -3002) 
#(3080 -3070 3020 -3030 3003 -3002) 
3110 imp:nil 

C 
3050 61 -1.0e-20 ((3102 -3092 3042 -3052 3009 -3002)s $ 

(3082 -3072 3022 -3032 3005 -300111 $ 
#(3101 -3091 3041 -3051 3008 -30021 $ 
#(3081 -3071 3021 -3031 3004 -3001) $ 
#(-4195 -4245) $ 
#(4195 -4198) 6 
imp:n*l $ 

C 
3060 62 -3.09725 ((3100 -3090 3040 -3050 3007 -3002): $ 

(3080 -3070 3020 -3030 3003 -3002)) $ 
#(-3122 3060 -3064) 3110 im:n=l $ 

C 
3070 40 -7.92 -3122 3060 -3064 3110 3007 -3002 $ 

#(-3121 3061 -3063) imprn=l $ 
C 

liner on bioshield near big (downstream) side of removable block containing shield plug 
liner on bioshield near big (downstream) side of removable block containing shield plug 
liner on bioshield near big (downstream) side of removable block containing shield plug 
liner on bioshield near big (downstream) side of removable block containing shield plug 

liner on bioshield near small (upstream) side of ramovable block containing shield plug 
liner on bioshield near small (upstream) side of removable block containing shield plug 
liner on bioshield near small (upstream) side of removable block containing shield plug 
liner (above) excluding the 3 infinitesimal void slab slices by boundary source 
liner on bioahield near small (upstream) side of removable block containing shield plug (excl end 

liner on big (downstream) side of removable concrete block containing shield plug 
liner on big (downstream) aide of removable concrete block containing shield plug 
liner on big (downstream) side of removable concrete block containing shield plug 
liner on big (downstream) side of removable concrete block containing shield plug 

liner on small (upstream) side of removable concrete block containing shield plug 
liner on small (upstream) side of removable concrete block containing shield plug 
liner on small (upstream) side of removable concrete block containing shield plug 
liner on small (upstream) side of removable concrete block containing shield plug 

void immediately upstream of (and around) the ramovable concrete block containing shield plug 
void immediately upstream of (and around) the removable concrete block containing shield plug 
void immediately upstream of (and around) the removable concrete block containing shield plug 
void immediately upstream of (and around) the removable concrete block containing shield p1.w 
void (above) excluding downstream end of collimator assembly and flange 
void (above) excluding the 3 infinitesimal void slab elice8 by boundary source 
void immediately upstream of (and around) the removable concrete block containing shield plug 

barytes concrete forming bulk of the temovabls concrete block containing shield plug 
barytes concreto forming bulk of the removable concrete block containing shield plug 
barytes concrete f o d n g  bulk of the removable concrete block containing shield plug 

6s liner inside the removable concrete block containing shield plug 
sa liner inside the removable concrete block containing shield plug 

C 

lock 
3080 

3090 
3091 

3100 

C 

C 

C 

3080 61 -1.08-20 -3110 3008 -3001 3121 imp:n=l $ void near centerline, upstream and downstream of shield plug, inside removable concrete b 

61 -1.00-20 -3110 3008 -3001 3120 inrp:n=l $ void near centerline, upstream and downstream of shield plug, inside removable concrete block 

50 -7.8212 -3120 3061 -3062 3131 3132 imp:nnl $ carbon steel forming the shield plug (is, the rotary shutter) 
61 -1.00-20 -3120 1-3341:-3132) imp:n=l $ beam holes thru the rotary shutter)? for orientation, see surfs 3131 & 3132 

61 -1.0e-20 -3121 3061 -3063 3007 -3002 $ void gap around the cylindrical shield plug 
3110 #(-3120 3062 -3062) imp:n=l $ void gap around the cylindrical shield plug .............................................................................................................................................. 



C 
C 
C Cells used 

HB3 10.1 

for the description of the collimator assembly (etc) inside the concrete: 
____________________------------------------------------------------------~---~---~-------~-------------------------------------..---..--------- C 

C 
C 4300 61 -1.0e-20 4130 -4190 4210 -4211 4212 -4213 $ rectangular hole up thru collimator (when void) 
4300 8 -1.0000 4130 -4190 4210 -4211 4212 -4213 $ rectangular .hole up thru collimator (when flooded) 

#(4140 -4145) imp:n-f $ exclusion used to allow simulating 2nd aluminum window in 1960 design (see cells 
4305 & 4380) 

C .......................... 
C 4305 23 -2.7 4140 -4145 4210 -4211 4212 -4213 imp:n=l $ aluminum here IFF simulating 2nd aluminum window in 1960 design (downstream end 
of water tube) 
C 4305 61 -1.0e-20 4140 -4145 4210 -4211 4212 -4213 imp:n=l $ void here IF modeling 2nd aluminum window in 1998 design (downstream end of wate 
r tube not here) 
4305 8 -1.0000 4140 -4145 4210 -4211 4212 -4213 imp:n=l $ water here IF modeling flooded 1998 design (downstream end of water tube not her 
e) 

C 4310 40 -7.92 4130 -4190 -4230 #(4210 -4211 4212 -4213) imp:n=l $ ss body of central collimator with rectangular hole 
C . . . . . . . . . . . . . . . . . . . . . . . . . .  

c 
c Dan Pinkston confirmed that it was Type 1020 carbon steel (here, I just used pressure vessel carbon steel here; close enough) 
c Ron Poor (the draftsman) indicated that existing one had a thin black oxide coating for corrosion protection 
4310 50 -7.8212 4130 -4190 -4230 #(4210 -4211 4212 -4213) imp:n=l $ carbon steel (Type 1020) body of central collimator with rectangular holei 
4315 61 -1.0e-20 4190 -4195 4210 -4211 4212 -4213 imp:n=l $ thin xect void reg (5,5"x2.75") immediately downstream of colimator <-- get a x h  
1 leakage here 
4316 61 -1.0e-20 4190 -4195 -4230 #(4210 -4211 4212 -4213) lYpQ):n=I $ thin void inmediately downstream of steel body of collimator (excl rrct hole) 
4320 24 -2.7 4125 -4195 4230 -4235 irnp:n=l $ aluminum: expanded section of beam tube along side the collimator 
4321 24 -2.7 4125 -4126 2135 -4230 imp:n=l $ aluminum step where beam tube expands again, just upatream of collimator 
4330 40 -7.92 4180 -4195 4235 -4240 Lmp:n-1 $ ss pool seal (E) downstream of collimator 
4335 40 -7.92 3009 -4195 4240 -4245 imp:n-l $ ss flange around pool seal (B) downstream ot coflfmator 
4340 61 -1.0e-20 4170 -3010 4235 -4260 #(4180 -4240) imp:n=l $ void downstream of removable shield and eccentric shield 

4345 40 -7.92 4150 -4170 4235 -4255 #(4250 -4160) imp:n-l $ ss removable shield, radially outside beam tube, next to collimator 
4350 40 -7.92 4160 -4170 4255 -4260 imp:n=l $ ss eccentric shield, radially outside removable shield 
4355 40 -7.92 4160 -3010 4260 -4265 imp:n-l $ 88 bioshield liner, between eccentric shield and concrete bioshield 
4356 40 -7.92 4155 -4160 4220 -4265 imp:n.rl $ 8s liner on step expansion of bioshield, just upstream of removable shiled 
4360 61 -1.0e-20 4135 -4150 4235 -4250 imp:nnl $ void just upstream of removable shield around collimator 
4365 40 -7.92 4120 -4160 4250 -4220 imp:n-1 $ 8s pool seal (A21 upstream of Collimator 
4370 40 -7.92 4105 -4135 2136 -4250 #(4125 -4235) iW;n-l $ 8 8  pool seal (Al) upstream of collimator 

4375 8 -1.0000 4115 -4130 -4230 #(2135 -4126) imp:n=l $ water just upstream of collimator if flooded (before 2nd aluminum window in 1998 

Mike Farrar thought the central collimator might be carbon steel (to get less activation) 

C 4345 41 -7.92 4150 -4170 4235 -4255 #(4250 -4160) imp:n-l $ ss removable shield, radially outside beam tube, next to collimator 

C 4375 61 -1.0e-20 4115 -4130 -4230 #(2135 -4126) imp:n-l $ void just upstream of collimator (before 2nd aluminum window in 1998 design) 

design) 
C _________I______________^_ 

C 4380 61 -1.0e-20 4110 -4115 -2135 imp:n-l $ void here IFF simulating 2nd a l d n u m  window in 1960 design (downstream end of w 
ater tube not here) 
4380 23 -2.7 4110 -4115 -2135 imp:n=l $ aluminum here IF one wants to model 2nd aluminum window in 1998 design (downstre 
am end of water tube) 

4385 8 -1.0000 4100 -4120 2136 -4220 #(4105 -4250) imp:n-1 $ water between beam tube h as sleeve extending from concrete bioshield into pool 
4390 40 -7.92 4100 -4155 4220 -4225 imp:n-1 $ sa sleeve f bioshield liner extending fram bioshield into the pool 
C 
C 
C 

c Cells to facilitate writing (and later reading & using) the internal boundary source1 see explanation above in header info 

9983 61 -1.Oe-20 4195 -4196 -9999 imp:n-O $ in later shielding caYcs where we're reading & using the boundary source 
9982 61 -1.0s-20 4196 -4197 -9999 imp:n=l $ in all cases 
9983 61 -1.0,~-90 4197 -4198 -9999 imp:n=l $ in all cases 
C 

C .......................... 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C 9981 61 -1.0e-20 4195 -4196 -9999 irtrp:n=l $ in early global calc where we#re writing the boundary source 



HR310.1 
C 
9990 
ide 
9999 
C 

C 

C 
C 
C 

C 
C 

C 
C 

C 
C 

C 
C 

C 

C 

C 
1000 
1001 
1002 
1003 
1004 
1005 
1006 
1007 
C 

C 
C 
1010 
1011 
1012 
1013 
1014 
1015 
C 

C 

C 
C 

2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
C 
C 
C 
C 
2100 
2101 
2105 
2106 

61 -1.00-20 -9990 impgnu1 $ small sph around pt where Blosser & Thomas 

0 #(-9999 9997 -9998) imp:n=O $ external voidi everything not inside 

END CELLS (next line must be blank) 

BEQIN SURFACES: 

HB-3 (Tangential tube)] described here as if the 2 axis now corresponds 

The following correspond to the 
1000 sz 28.5369 5.08 
1001 sz 28,5369 6.03250 
1002 sz  28.5369 6.15250 
1003 sz 28.5369 6.3896875 
1004 sz 28.5369 6.5497075 
1005 8 z  28.5369 6.7605275 
1006 pz 28.5369 

made measurements; for illustrative purposes only; may put pt det ana 

the (1.3 m d i m  x 7.0 rn long) cylinder modeled here 

to m-3 

"physical" location of the spherical tip of the HB-3 beam tube: 
Spherical void OD 
Spherical inner A1 wall OD 
Spherical water OD 
spherical outer A1 wall OD 
Spherical water jacket OD 
Spherical A1 Be liner OD 
Plane at end of Cylindrical tube 

Here, the hot tip has been artificially extended inward 18.5369 cm to accomodate innermost equiv point src at Z=lO cm: 
sz 10.0 5.08 $ Spherical void OD 
sz 10.0 6.03250 6 Spherical inner AI wall OD 
sz  10.0 6.15250 $ Spherical water OD 

sz 10.0 6.5497075 $ spherical water jacket OD 
S Z  10.0 6.3896875 $ Spherical outer A 1  wall OD 

t 

62 10.0 6.7605275 $ Spherical A1 Be liner OD v\ 

pz 10.0 $ Plane at end of Cylindrical tube s 
pa 118.6879 $ Plane below which all importances are zero1 located 2 cut upstream of first gt det used to get gt ares 
1009 pz 75.473 $ Plane below which all importances are zero; use this for dosimetry only1 located 31.6546 em upstream of first dosimeter 

Cylindrical part of HB-3; described here as if the 2 axis now corresponds to HE-3 aMi6 
cz 5.08 
cz 6.03250 
cz 6.1515625 
ce 6.3896875 
cz 6.5497075 
cz 6.7605275 

If the 2 axis now corresponds 
sidewall thicknesses from per 
C/X 26.67 0.0 54.61 
c/x 26.67 0.0 55.245 
c/x 26.67 0.0 56.8325 
c/x  26.67 0.0 119.38 
c/x 26.67 0.0 119.6975 
c / x  26.67 0.0 127.0 
C/X 26.67 0.0 127.254 
C / X  26.67 0.0 274.32 

Cylindrical void OD 
Cylindrical inner A1 wall OD 
Cylindrical water OD 
Cylindrical outer A1 wall OD 
Cylindrical water jacket OD 
Cylindrical A1 Be liner OD 

to HB-3, then the main cylinders for core, vessel, etc, are described as: 
corn. with Dick Rothrock (01-11-95)t sidewall dimensions from 1971 report 

$ outer 
$ outer 
$ outer 
$ outer 
$ outer 
$ outer 
$ outer 
$ outer 

radius--permanent Be refl. reg. 
radius--water gap 
radiuu--aluminum reflector cage 
radius--water 
radium--inner pressure vessel clad 
radius--pressure vessel 
radius--outer pressure vessel clad 
radius--H2O pool (poollpool-liner interface at rs274.32 cmt'pool diamp18 ft) 

Note8 for now, will model boss & flange on HB-3, but will ignore EOM of the finer details. Will assume, for examgle, 
that the veeeel is tight against f iB-3 ,  thus ignoring the slightly larger hole actually present la veasel for HB-3, and 
the  sleeve (hydraulic seal) around HB-3 near vessel. These may be added later ( ? ) .  
cz 10.0680 $ inner radius of vessel nozzel (boss) around HB-3 beam tube (see dwg E-42027) 
c z  21.45 $ outer radius of vessel nozzsl (boss) around IiB-3 beam tube (see dwg E-42027) 
pz 137.16 $ plane defining end of boss on pressure vessel around WB-3 (see dwg E-42027)1 in model, UBI 2106 instead 
pz 143.9443 $ plane defining end of thick flange mounted on boss on pressure vessel around HE-3 (see dwg E-42027) 



HB3 10.1 
C 

C wrong: 2110 42 sq 0.9262159 0.9880902 -1.0 0 0 0 0 0 0 0 $ elliptical cone used to define chamfer between HB3 vessel hole and inner B u  

C The above specification was used in Runs HB304G br HB304H. Subsequent graphical analysis of the flare at the midplane (x=Q) 
C showed that this elliptical cone chamfer was NOT a good representation of the rounded corners, and (in fact) cut off too 
C much steel from the vessel and substituted too much water. The graphical analysis was reworked, using some CAD work 
C and some equations this time, and the following was found to be a much more accurate representation. -- JAB, 5 Apr 98 
C (IhJ) were never run  since similar problems were noticed during the graphical checkout step before final submission. 
C Run HB304K (whose correct input is shown below) was the firt run which had this correct. TR42 also changed. -- JAB 6 Apr 98 

rf of pressure vessel 

C Input files for HEt304I & HB304J were also no good. These were failed a t t w t s  to fix the problem. Those two cases 

2110 42 sq 0.928255 1.0 -1.0 0 0 0 0 0 0 0 $ elliptical cone used to define chamfer between HB3 vessel hole and inner surf of pressure vessel 
2111 42 pz -0.001 $ plane used to help define which side of the double elliptical cone we want (cone reduces to a point at z=O, but use Z=-O.OOl to avo 
id roundoff) 
2112 42 pz -15.0 $ plane used to define the upstream axial extent of the elliptical cone we want to consider (must be somewhere beyond z=-12.78829r z= 
-15 is arbitrary) 
C 

2121 s 0.0 -13.480 107.1276 1.48893 $ sphere simulating dosimeter just slightly on HB-4 side of HB-3 (see above note) 
2126 8 0.0 12.284 112.9905 1.48893 $ sphere simulating dosimeter just slightly on HB-2 side of HB-3 (see above note) 
C 
2130 cz 7.16174 $ inner radius of 8s sleeve around HB-3 beam tube, near vessel 
2131 cz 7.9338 $ outer radius of 8s sleeve around HB-3 beam tube, near vessel 
C 
2134 cz 6.08626 $ inner radius of pneumatic tubes/coils inside expanded section of the HB-3 bnam tube outside the vessel 
2135 cz 7.03453 $ pneumatic tube / beam tube interface for the expanded section of the HB-3 beam tube outside the vessel 
2136 c z  7.74573 $ outer radius of the expanded section of the HB-3 beam tube outside the vessel 

2150 pz 96.8375 $ plane defining end of 8s sleeve around beam tube, near vessel 
2151 pz 116.7841 $ upstream side of aluminum window forming start of water tube in original HI3-3 design (as built) 
2152 pz 117.7366 $ downstream side of aluminum window forming start of water tube in original HB-3 design (as built) 
2153 pz 174.27 $ upstream side of aluminum window forming start of water tubs in proposed XB-3 design 
2154 pz 174.95125 $ downstream side of aluminum window forming start of water tube in proposed HB-3 design 

C The following surfaces are used for a part-length model of the old (1960) water tube. 
C In this part-length model, the downstream end is defined by surf 2153 which is the 
C upstream surface of the 1-et aluminum window defining the start of the 1998 water tube. 

C Note regarding dosimeters: these are really Charpy V-notch specimens, measuring 0.75"x0.75"x1.5"; locations were taken Crom dwg E-42027 

C 

C 

2161 cz 3.65125 $ inner radius of cylindrical portion of old (1960) water tube 
2162 cz 4.60375 $ outer radius of cylindrical portion of old (1960) water tube 
2163 pZ 120.30375 $ plane between cylindrical h spherical portion of old (1960) water tube, neab upstream end 
2164 s z  120.30375 3.65125 $ inner radius of Spherical portion of old (1960) water tube, near upstream end 
2165 sz 120.30375 4.60375 $ outer radius of spherical portion of old (1960) water tube, near upstream end 
C 

C 

C Surfaces associated with dosimeters & dosimeter specimen holder at Key 3 around HB-3 

C 2510 cz 8.41005 $ outer radius of thin cylindrical sleeve on Key 3 dosimetry specimen holder 
C 2511 pz 107.056 $ upstream extent of thin cylindrical sleeve on Key 3 dosimetry specimen holder 

C 2520 40 cz 9.36625 $ outer radius of thick cylindrical sleeve on Key 3 dosimetry specimen holder 
C 2521 40 pz -1.5875 $ upstream extent of thick cylindrical sleeve on Key 3 dodmatry specimen holder 
C 2522 40 pz 1.5875 $ downstream extent of thick cylindrical sleeve on Key 3 dosimetry specimen holder 

C 2530 40 cz  18.57375 $ outer radius of K e y  3 dosimetry specimen holder (ring) 
C 2531 40 pz -0.635 $ upstream extent of Key 3 dosimetry specimen holder I upstream surf of all capsule positions in Key 3 
C 2532 4 0  pz 0.635 $ downstream extent of Key 3 dosimetry specimen holder P downstream surf of all capsule positions in Key 3 
C 2533 40 pz -2.54 $ upstream face of small square pegs directly upstream of dosimeters in Key 3, Positions 3 h 8 (downstream face=wrf 2531)  

C 2541 : 1.4732 $ bottom ( - X )  surf of capsules in Key 3, posit 3 P 8 (specifically); no transformation reg'd 

C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C C 

C C 

C C 



HB3 10.1 
C 2542 px 1.4732 
C 2543 px -1.905 
-X location only a guess 
C 2544 px 1.905 
+X location only a guess 
C 

C 

C 
C 
C 
C 
C 

C 
C 
C 
C 
C 

C 
C 
C 
C 

a510 
a511 
C 
2520 
2521 
2522 

2530 
2531 
2532 

C 

C 
2551 40 py 
2552 40  py 
2553 40 DY 
2554 40 py 
C 
a561 ao PY 
a562 40 DY 
2563 40 py 
2564 40 py 

10.993 
16.327 
10.7675 
12.6725 

-10.993 
-16.327 
-13.9075 
-15.8125 

$ top ( + X I  Surf of capsules in K e y  3, positions 3 & E (specifically); no transformation req'd 
$ bottom ( - X I  surf of small square pegs directly upstream of dosimeters in Key 3, Positions 3 h 8; no transformation tey'di  

$ top ( + X I  surf of small spuare pegs directly upstream of dosimeters in Key 3, Positl.ons 3 br 8 

$ innermost ( -Y)  surf of capsule in Key 3, Position 3 (specifically); ie, capsule on XB-2 side of 
$ outermost ( + Y )  surf of capsule in Key 3, Position 3 (specifically); fe, capsule on HB-2 side of 
$ innermost ( - Y )  surf of square peg just upstream of dosimeter at Key 3, Position 3 (specifically 
$ outermost (+Y) surf of square peg just upstream of dosimeter at Key 3. Position 3 (specifically 

40 cz 9,s 
40 DE -2.3 
40 pz 0.8 

40 cz 18.16 

40 PZ 0.50 
40 PZ -0 .8175 

no transformation req'd; 

$ innermost ( + Y )  surf of capsule in Key 3, Position 8 (specifically); ie, capsule on HB-4 side of HB-3 
$ outermost ( - Y )  surf of capsule in Key 3, Position 8 (specifically); is, capsule on HE-4 side of HB-3 
$ innermost (+Y) surf of square peg just upstream of dosimetar at Key 3, Position 8 (specifically) 
$ outermost 1-Y) surf of square peg just upstream of dosimeter at Key 3,  Position 8 (specifically) 

"n1.00075 & thk) 
2533 40 PZ -3.25 
2534 40 PZ -0 .50  
C 

2541 p x  -1.50692 
2542 px 1.50622 
2543 DX -1.50 
tion only a guess 
2544 gx 3.37 
tion only a guess 
C 

HB-3 
HB-3 

Gurfaces associated with dosimeters 4 dosimeter specimen holder at Key 3 around HB-3. (Note: These were all revised 
as followa by JAB on 3 A p r  98 for Run XB304H. based on newly available data shown on Dwg E-49953, Rev A, 6-30-65); 

cz 8.17193 $ outer radius of thin cylindrical sleeve on Key 3 dosimetry apecimen holder 
pz 109.17 $ upstream extent of thin cylindrical sleeve on Key 3 dosimetry specimen holder 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

$ outer radius of thick cylindrical sleeve on K e y  3 doaimetry specimen holder 
$ upstream extent of thick cylindrical sleeve on Key 3 dosimetry specimen holder 
$ downatream extent of thick cylindrical rleeve on Key 3 dosimetry specimen holder VI 

0 
\o $ outer radius of Key 3 dosimetry specimen holder (ring) 

$ upstream extent of Xey 3 dosimetry specimen holder ring (le, just uprrtream ou the 0,3195 CUI cover plate, but no water) 
$ downstream extent of Key 3 dosimetry specimen holaer ring = downstream surf of all capsule gonitions in Key 3 (capsules are 0.394 

$ upstream face of small square pegs directly upstream of dosimeters in Key 3, Positions 3 br 8 (downstream faceusurf 2531) 
$ upstream face of 1-cm-thk dosimeter capsules (Key 3, Positions 3 & 8)  inside doaimeter holder ring 

$ bottom (-X) surf of capsules in Key 3, positions 3 br 8 (specifically); no transformation req'd 
$ top ( + X I  rurf of capsules in Key 3, positions 3 & 8 (specifically); no transformation req'd 
$ bottom ( -X)  surf of small square p8gS directly upstream of dosimeters in Key 3, Positions 3 & 8)  no transformation req'd; -X loco 

$ top (+X) surf of small square pegs directly upetream of dosimeters in Key 3, Positions 3 & 88 no transformation req'd; +X loca 

2551 
2552 
2553 
2554 
C 
2561 
2562 

2564 
2563 

C 
C 
C 
C 
C 

2701 
1702 

40 py 10.10045 $ innermost (-Y) surf of capsule in Key 3, Position 3 (specifically); ie, capsule on HB-2 side of HB-3 
40 py 15.59955 $ outermost (+Y) surf of capsule in Key 3 ,  Position 3 (specificallyJ8 is, capsule on HB-2 side of HB-3 
40 py 11.0475 $ innermost (-Y) surf of square peg just upstream of dosimeter at Key 3, Position 3 (specifically) 
40 py 13,9535 $ outermost (+Y)  surf of square peg just upstream of dosimeter at Key 3, Position 3 (specifically) 

40 py -10.10045 $ innermost (+Y)  surf of capsule in Key 3, Position 8 (specifical1y)i ie, capsule on HE-4 side of XB-3 
4 0  py -15,59955 $ outermost ( -Y )  surf of capsule in Key 3, Position 8 (specifical1y)r Le, capsule on HB-4 side of HB-3 
40 py -14.1475 $ innermost (+Y) surf of square peg just upstream of dosimeter at Key 3, Position E (specifically) 
4 0  py -16.0525 f outermost (-Y) surf of square peg just upstream of dosimeter at Key 3, Position 8 (specifically) 
________l_-________m_^_____^____________-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  



HB3 10.1 
C 
2710 PX 0.0 $ horizontal midplane - top surface of the one spacer plate extension 
2711 px -1.11125 $ bottom surface of the horizontal spacer plates 
2712 px 1.11125 $ top surface of the horizontal spacer plates 

2720 py 0.0 $ vertical plane up middle (needed to uniquely define spacer plate extension) 
2722 py -1.80 $ right surface of vertical spacer plates on left 
2724 py -3.22 $ left surface of vertical spacer plates on left 
2726 PY 1.80 $ left surface of vertical spacer plates on right 
2728 py 3.22 $ right surface of vertical spacer plates on right 
C 
2742 pz 100.3275 $ upstream surface of 1st (upstream) plate 
2744 pz 101.43875 $ downstream surface of 1st (upstream) plate 
2746 pz 105.24875 $ upstream surface of 2nd (downstream) plate 
2748 pz 106.36 $ downstream surface of 2nd (downstream) plate 

C 

C 
C 

C 

______________-__------~----~-------- - - - - - - - -~-------- - - - - - - - -~.------ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -~-------  

C Surfaces describing the cells in and around the HB-3 shield plug (ie, the rotary shutter): 
C 

3001 pz 478.79 $ plane defining end of concrete just past downstream edge of removable concrete block containing HB-3 shield plug (see dwgs 1546-01-M 
-5022 and E-42027) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3002 
3003 
3004 
3005 
3006 
3007 
3008 
3009 
3010 

3020 
3021 
3022 
3023 

3030 
3031 
3032 
3033 
C 
3040 
3041 
3042 
3043 
C 
3050 
3051 
3052 
3053 
C 
3060 
3061 
3062 
3063 
3064 

C 

C 

C 

PZ 
P Z  

92 
92 
P Z  

R z  
RZ 
P Z  

PZ 

PY 
PY 
PY 
PY 

PY 
PY 
PY 
VY 

PY 
PY 
PY 
PY 

9Y 
9Y 
PY 
DY 

477.8375 
447.3575 
446.405 
446.0875 
445.4525 
414.9725 
414.02 
392.7475 
392.1125 

-40.79875 
-41.75125 
-43.4975 
-44.1325 

40.79875 
41.75125 
43.4975 
44.1325 

-36.195 
-37.30625 
-39.6875 
-40.3225 

36.195 
37.30625 
39.6875 
40.3225 

.$ upstream surf of 8s block lines downstream of shutter 
$ downstream side of 8s liner on removable block near midsection of removable concrete block containing shield plug 
$ upstream side of ss liner on removable block near midseqtion of removable concrete block containing shield plug 
$ downstream side of 8s liner on bioshield near midsection of removable concrete block containing shield plug 
$ upstream side of ss liner on bioshield near midsection of removable concrete block containing shield plug 
$ downstream side of ss liner on upstream side of removable concrete block containing shield plug 
$ upstream side of 8s liner on upstream side of rsmovable concrete block containing shield plug 
$ downstream side of 8s liner on bioshield (upstream of removable concrete block containing shield plug) 
$ upstream side of ss liner on bioshield (upstream of removable concrete block containing shield plug) 

$ inner surf (-Y) of ss liner on big (downstream) side of removable concrete block containing shield plug 
$ outer surf (-Y) of 8s liner on big (downstream) side of removable concrete block containing shield plug 
$ inner surf (-Y) of ss liner on bioshield near big (downstream) side of removable concrete block containing shield plug 
$ outer surf (-Y) of us liner on bioshield near big (downstream) side of removable concrete block containing shield plug 

$ inner surf (+Y) of ss liner on big (downstream) side of removable concrete block containing shield plug 
$ outer surf (+Y)  of sa liner on big (downstream) side of removable concrete block containing shield plug 
$ inner surf (+Y) of 88 liner on bioshield near big (downstream) aide of removable concrete block containing shield plug 
$ outer surf (+Y)  of 8s liner on bioshield near big (downstream) side of removable concrete block containing shield plug 

$ inner surf 
$ outer surf 
$ inner surf 
$ outer surf 

$ inner surf 
$ outer surf 
$ inner surf 
$ outer surf 

-Y) of ss lingr on small (upstream) side of removable concrete block containing shield plug 
-Y) of sa liner on small (upstream) side of removable concrete block containing shield plug 
-Y) of 8s liner on bioshield near small (upstream) side of removable concrete block containing shield Qlug 
-Y) of ss liner on bioshield near small (upstream) side of removable concrete block containing shield plug 

+Y) of 8s liner on small (upstream) side of removable concrete block containing shield plug 
+Y) of ss liner on small (upstream) side of removable concrete block containing shield plug 
+Y) of 8 8  liner on bioshield near small (upstream) side of removable concrete block containing shield plug 
+ Y )  of 8s liner on bioshield near s ~ ~ t ~ l l  (upstream) side of removable concrete block containing shield plug 

px -31.27375 $ bot surf of lower ss liner for cylindrical cavity containing shield plug 
px -30.48 $ top surf of lower 8s liner for cylindrical cavity containing shield plug = bottom surf of shield plug 
px 30.48 $ top surf Of shield plug 
p% 31.27375 $ bot surf of upper 8s liner for cylindrical cavity containing shield plug 
px 32.‘ ’5 $ top surf of upper 8s liner for cylindrical cavity cont~ Ing shield plug 



HB310.1 
3070 
3071 
3012 
3013 

3080 
3081 
3082 
3083 

3090 
3091 
3092 
3093 
C 
3100 
3101 
3102 
3103 
C 
3110 

3120 
3121 
3122 

C 

C 

c 

C 
C 
C 
C 
C 
C 
C 
C 

C 

3131 
3132 
C 
C 
C 

C 
C 
C 
C 
4100 
4105 
4110 
4115 
4120 
4125 
4126 
4130 
4135 
4140 
4145 
4150 
4155 
4160 

vx 40.79875 $ inner surf 
px 41.75125 $ outer surf 
px 43.4975 $ innet surf 
px 44.1325 $ outer surf 

-40.79875 
-41.75125 
-43.4975 
-44.1325 

36.195 
37.30625 
39.6875 
40.3225 

$ inner 
$ outer 
$ inner 
$ outer 

$ inner 
$ outer 
$ inner 
$ outer 

surf 
surf 
aur f 
surf 

surf 
surf 
surf 
surf 

px -36.195 $ inner surf 
px -37.30625 $ outer surf 
px -39.6875 $ inner aurf 
px -40.3225 $ outer surf 

cz 8.255 $ cy1 (along 

clx 0.0 446.405 30.95625 
c / x  0.0 446.405 31.75 
cfx 0.0 446,405 32.54315 

(+X I  of sa liner on 
(+X)  of ss liner on 
(+x) of as liner on 
(+x) of sa liner on 

( - X I  of ss liner on 
( -X )  of sa liner on 
( -X)  of a s  liner on 
( -X) of as liner on 

(+X I  of 6s liner on 
(+X)  of ss liner on 
(+x) of IS liner on 
(+X)  of ss liner on 

( - X I  of as liner on 
( -X) of 8s liner on 
( -X I  of sa liner on 
( - X )  of ss liner on 

big (downatream) aide of removable concrete block 
big (downstream) side of removable concrete block 
biorihield near big (downstream) side of removable 
bioshield near big (downstream) side of removable 

big (downstream) side of removable concrete block 
big (downstream) side of removable concrete block 
bioshield near big (downatream) aide of removable 
bioshield near big (downstream) side of removable 

small (upstream) side of removable concrete block 
small (upstream) Side of removable concrete block 
bioshield near small (upstream) side of removable 
bioshield near small (upstream) side of removable 

small (upstream) side of removable concrete block 
small (upstream) side of removable concrete block 
bioshield near small (upstream) side of removable 
bioshield near small (upstream) side of removable 

containing shield plug 
containing shield plug 
concrete block containing 
concrete block containing 

containing shield plug 
containing shield plug 
concrete block containing 
concrete block containing 

containing ahield plug 
containing shield plug 
concrete block containing 
concrete block containing 

containing shield plug 
containing shield plug 
concrete block containing 
concrete block containing 

shield pPUg 
shield plug 

shield plug 
shield plug 

shield plug 
shield pluo 

shield plug 
shield plug 

z axis) defining void in removable concrete block, upstream and downstream of the shield plug 

$ outer radius of carbon steel ahield plug fie, rotary shutter); also sea surfs 3131 P 3132 
$ outer radius of voia around shield plug = inner radius of 8s Liner in removable concrete block 
$ outer radiue o f  sa liner in removable concrete block containing shield plug 

-_-----"--_---------s__________l________~---~----_----~--~---------------~--------------~--------~-~----~------------------------------------- 

3131 11 cz 4.445 $ the big 3.5"diam beem hole in the rotary shutter! use this when big hole ia turned to "open" poaition 
3132 21 cz 1.11125 $ small 0.875"diam beam hole in the rotary shutter; use this when big hole is turned to *open* position 

3131 12 cz 4.445 6 the big 3.5"diam beam hole in the rotary shutterr uae thia when small hole is turned to "open" position 
3132 22 cz 1.11125 $ small 0.875"diam beam hole in the rotary shutter; uae thia when small hole is turned to "open" position 

13 cz 4.445 $ the big 3.5"diam beam hole in the rotary shutter; use this when shutter is turned to "closed" position 
23 cz 1.11125 $ small 0.875"diam beam hole in the rotary shutter# use this when shutter fa turned to "closedw position 

p Z  261,9474 $ 

pt 302.1868 $ 
pZ 302,5043 $ 
pZ 304.0467 $ 
pZ 304.1 $ 

pz 266.385 $ 

pz 304.735 $ 
PX 320.58 $ 
DZ 311.785 $ 
RZ 334.1709 $ 
pZ 335.4756 $ 
pz 335,7967 $ 
pz 341.8292 $ 
pZ 342.1817 $ 

4170 pz 381.9167 $ 

max upstream axial location of narrow sa sleeve extending thru concrete into pool 
upstream axial surf of pool seal (Al) 
upstream surf of 2nd aluminurn window defining end of water tube in 1998 design 
aomstream surf of and aluminum window defining end of water tube in 1998 design 
upstream axial surf of pool seal (A21 
step A for 2nd expansion of beam tube just upstream of collimator 
step B for 2nd expansion of beam tube just upstream of collimator 
upstream surface of collimator 
downstream aurf of pool seal ( A l )  
upstream surf of 2nd aluminum window degining end of water tube in 1960 design 
downstream surf of 2nd aluminum window defining end of water tube in 1960 deaign 
upetream surf of removable shield 
upstream side of sa liner in bioshield near step 
downstream side of BE liner in bioshield near step = upstream surf of eccentric ahield 
downstream surf of removable shield and eccentric shield 



HB3 10.1 
4180 
4190 
4195 
C 

C 

C 
C 
C 
C 

C 
C 

C 

c 
C 

C 

C 

C 

C 
C 

C 
4196 
4197 
4198 
C 

C 
C 

C 
C 

C 
4210 
4211 
4212 
4213 
C 
C 
C 
C 

4220  
4225 
4230 
4235 
4240  
4245 
4250 
4255 
4260 
4265 
C 
C 

C 
C 

C 

C 
C 
5101 
5102 
5103 
5104 

pz 384.1645 $ upstream side of 9001 seal (B) 
pz 399.48 $ downstream side of collimator 
pz 401.9445 $ downstream side of pool seal (B) = downstream side of flange around pool seal (B) 

In 

In 

the early global calc where we write the boundary source: 
(1) Cells 9981, 9982 and 9983, between surfs 4195-4196, 4196-4197, and 4197-4198 are all regular void cells 
(2) the boundary source will be written on Surf 4197 
(3) the F1 surface crossing tallies will be written on Surf 4198 (just upstream of the boundary source) 

later shielding calcs for just the rotary shutter (shield plug), we'll keep the same (complete) basic model, BUT: 
(1) Cell 9981 between Surfs 41954196 will be a black void with imp:n=O to de-couple everything upstream of 
(2) Cell 9982 between Surfs 4196-4197 will be a regular void 
( 3 )  the boundary source will be read & applied on Surf 4197 
( 4 )  Cell 9983 between Surfs 4197-4198 will be a regular void 
( 5 )  the F1 surface crossing tallies will be written on Surf 4198 (just upstream of the boundary source) 

so that we have h printed cross-check that our boundary source reproduces the previous result 

pz 401.9545 $ artificial surf used to create three infintesimal void cells downstream side of pool seal (B)i 
pz 401.9645 $ artificial surf used to create three infintesimal void cells downstream side of pool seal (B); 
pz 401.9745 $ artificial surf used to create three infintesimal void cells downstream side of pool seal (B); 

Box surfaces corresponding to rectangular-shaped hole in collimator: 

Here (like everywhere in this MCNP model of HB-3). 
2-central axis; Y is really horizontali X is really vertical 
py -3.4925 $ p i n  
py 3.4925 $ ymax 
px -6.9850 $ xmin 
px 6.9850 $ xmax 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Radial surfaces used for  the description of the collimator assembly (etc) inside the concrete: 

cz 17.2099 $ inner radius of narrow 8s sleeve extending thru concrete into pool 
cz 17.4742 $ outer radius of narrow s a  sleeve extending thru concrete into pool 
cz 9.21131 $ outer radius of collimator = inner radius of (again) expanded aluminum beam tube 
cz 9.84631 $ outer radius of (again) expanded aluminum beam tube = inner radius of removable shield 
cz 13.97 $ outer radius of pool seal ( 8 )  
cz 33.655 $ outer radius of flange holding pool seal ( 8 )  

cz 14.0339 $ outer radius of pool seal (Al) - inner radius of pool seal (A21 
cz 19.1564 $ outer radius of removable shield = inner radius of eccentric shield 
cz 23.2003 $ outer radius of eccentric shield - inner radius of 8 s  bioshield liner (in this axail section) 
cz 22.9315 $ outer radius of 8s bioshield liner (in this axail section) 

- - - - - - -_____---____-____I_______________--------- - - - - - - - - - - - - - - - - - - - - - - - -~~--------- - - - - - - - - - -  

Surfaces 5100-5130 are used only in (segmented cell) Tally 184 which is used to monitor the 
appx gamma dose rate in each of 30 e ~ u a l  axial segments (dz=4.24119 cm, dVo1-493.55788 cc) 
up thru the water tube (Cell 2145) from 2~174.95125 to 302.1868 cm. These surfaces are used 
only in Tally 184, and are not used in any cell descriptions. 
5100 pz 174.95125 
pz 179.19240 

pz 187. 7 
pZ 183.43360 

pZ 191. J 

Surf 4196 

0.01 cm upstream of boundary source 
boundary source writtenlinserted here 
now used for F1 tallierc 



5105 
5106 
5107 
5108 
5109 
5110 
5111 
5112 
5113 
5114 
5115 
5116 
5117 
5118 
5119 
5120 
5121 
5122 
5123 
5124 
5125 
5126 
5127 
5128 
5129 
C 

C 
C 
C 
C 

C 
C 

5141 
5142 
5143 
5144 
5145 
5146 
5147 
5148 
5149 
5150 
5151 
5152 
5153 
5154 
5155 
5156 
5157 
5158 
5159 
C 

C 
C 

PZ 196.15720 
pZ 200.39840 

pZ 208.88070 
9 2  204.63950 

PZ 213.iai9o 
PZ 217.36310 
p Z  221.60430 
p Z  225.84550 

pZ 234.32780 
p2 238.56900 

pZ 247.05140 
p Z  251.29260 

PZ 230.06670 

pz 242.81020 

pz 255.53380 
pz 259.77500 

px 268.25730 
pz a72.49~50 
pz 276.73970 
92 280.98090 

pz 289.46330 
pz 293.70440 

5130 pz 302.18680 

Surfaces 5140-5160 ure uaed only in (segmented 
appx gamms dose rate in each of 20 equal axial 
up thru the rsctanmlar hole in the collimator 
These eurfacee are used only in Tally 194 ,  an8 
5140 pz 310.58000 

p a  319.47000 

pZ 264.01610 

pZ 285.22210 

Pt 297.94560 

pZ 315.02500 

RE 323.91500 
RZ 326.36000 
p Z  332.80500 

p Z  341.69500 
R Z  346.14000 
p Z  350.58500 
pa  355.03000 
P Z  359.47500 
pZ 363.92000 
DZ 368.36500 

pZ 397.25500 
pZ 381.70000 
P Z  386.14500 
p Z  390.59000 
P Z  395.03500 
5160 92 399.48000 

PZ 337.25000 

92 372.81000 

HB3 10.1 

cell) Tally 194 which Le used to monitor the 
s6gmeets (d~=4.44500 cm, dVo1-433.74510 cc) 
(Cell 4300) from 2*310.58 to 399.48 cm. 
are not used in a5y cell deacriptions. 

9990 B 0.0 0.0 678.1673 1.11125 $ small sph (R=rndius of small 
ORNL-TM-2221) 
C 
9999 pz 0.0 $ External voi& boundary (location corresponds to 

shutter hole ) ,  locntsd at pt where Blosser 

the real radial plane perpendicular to the 

P Thomas mads measurements 

real beam tube) 

in June 1960 (cf 



HB3 10.1 
9998 pz 700.0 $ External void boundary (far enough out to emcompass point where Blosser & Thomas made measurements in 1968) 
9999 cz 65.0 $ External void boundary (radial extent of this model) 
C 

C 
C END SURFACES (next line must be blank) 

C PROBLEM PARAMETERS: 
mode p 
C mode n 9 
C mode n 
C npe 16000 
C nps 40000 
C nps 240000 
C nps 2000000 
C nps 5000000 
nps 40000000 
C npa 60000000 
C nps 80000000 
C nps 120000000 
C cut:n time(shake8) energy(MeV) WCl WC2 SWTM 
C cut:n 1.0~20 0.027 -0.5 -0.25 0.0 $ cutoff: don't track any neutrons below 27 keV 

C p r d w  0 80000 0 4 0 $ make restart file after every 80000 histories in fixed arc calci save only the 4 most recent restart f i l e s  
C prdrnp 0 16000 0 4 0 $ make restart file after every 16000 histories in fixed arc calc; save only the 4 most recent restart files 

print 60 $ Table 60 shows vol, 1 ~ 8 8 ,  n-imp by cell; see pp 3-117 of manual for description of other useful tables you may want 
prbnp 0 800000 0 4 0 $ make restart file after every 80000 histories in fixed arc calcj save only the 4 most recent restart files 

C 
iw:p $ obtained from MCNP output table when I ran a fake MCNP run with neutronsi here imp:p=imp:n in a31 88 cells3 

$ in this case I set imp:p=imgs:n=O in Cell 9981. (position 84 in this table), just upstream of the rotary shutter 
1 0 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 2  
2 2 2 2 1 1 1 1 1 1 1 2 2 1 2 2 2 2 2 2  
2 2 2 2 2 2 2 2 1 1 1 1 1 1 1 1 1 3 1 1  
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
1 1 1 0 1 1 1 0  

C 
C ____-I__________________________________--------~----------------------------------------- 

C To be consistent with the wwinp file 8 the biased source dist 
C (see GETADJ.OUT, a8 printed by the MTWINO.SCR), make sure you have 
C WPN=WTHI= lOO*WTLOW and WTSURV-WTAVU= lO*WTLOW on the WWP:p card, and no WWP:n (in this case) 

C WP:n wupn wsurvn mxspln mwhere switchn 
C wwp:n 100 10 100 0 -1 $ 5th parameter is negative to make UCNPIB read the weight window iwortance file (wwinp) 
C wwp:p 100 10 100 0 -1 $ 5th parameter is negative to make MCNP4B read the weight window importance file (wwinp) 
C wwp:n 100 10 50 0 -1 $ 5th parameter is negative to make MCNP48 read the weight window importance file Iwwinp) 
C wprp:p 100 10 50 0 -1 $ 5th parameter is negative to make MCNPQB read the weight window importance file (wwinp) 
C wwp:n 5 3 5 0 0 $ just use default values for now 
C wwp:p 5 3 5 0 0 $ just use default values for now 
E wwp:n 100 10 390625 0 -1 $ 5th parameter is negative to make MCNP48 read the weight window importance file (wwinp) 
C -:p 100 10 390625 0 -1 $ 5th parameter is negative to make MCNP4B read the weight window importance file (wwinp) 
C wwp:n 100 10 50 -1 -1 $ 5th parameter is negative to make MCNP48 read the weight window importance file (wwinp) 
C wwp:p 100 10 50 -1 -1 $ 5th parameter is negative to make MCNP4B read the weight window importance file (wwinpl 

C wwp:p 100 10 10 0 -1 $ 5th parameter is negative to make WCNPQB read the weight window importance file (wwinp) 

C Use the t'ssw" card below to write a boundary source file for ganmraa travelling downstream (ie, moving in the +2 direction) 
C across Surf 4197 from Cell 9982 to Cell 9983, where Surf 4197 is at 21401.9645 an, just 2.4845 cm downstream of collimator. 
C [Note tL the three infinitesimally thin (0.01-cm-thick) void cells (r * a  9981, 9982, and 9983 defined by Surfaces 4195, 
C 4196, and 4198) cut thru the entire problem geometry in the reg! stween the collimator exit and the rotary shutter 

C -----1------------1--------------------------------------~------.-------------------------- 

E m : n  100 10 10 0 -1. $ 5th parameter is negative to make MCNP48 read the weight window importance file (wwinp) 

C 
C 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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C 
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shield plug.] with this boundary source, we can later come back and set imp:n=O and imp:n=O in Cell 9981 and use this 
boundary source in detailed shielding analyaes of the rotary shield plug, which may (or nlay not) need to be redesigned, 
without having to waste time tracking glMaas  upstream of Surf 4197, even though we’ll retain the complete HB-3 geometry 
in our model. This problem should run much faater. 

E B W  +4197 (9983) $ use this to write the boundary source file 

ACTIVATION SOURCES IN ROTARY SHUTTER, 7 DAYS AFTER SHUTDOWN: 

Description of activation sources within the Type 1020 carbon steel rotary shutter shield plug represented by Cell 3090. 
HOW obtained: Run HB309A was used to obtain about a dozen key reaction rates for the various isotopes in this material 
(which initially included 0.45  w t %  ~ n - 5 5  and 0.015 w t %  Co-59), in each of 39 1-cm-thick cylindrical shells concentrically 
located about the big beam hole in the rotary shutter shield plug when the shutter waa wide open and operating under 
normal conditions. ACTSRC.FQR is an ad hoc burnup/depletion program that use8 those varioue reaction rates. Material 
was assumed to be irradiated for 30 years at full power (although almost everything except Co-59 reaches saturation in 
just 1 or 2 years); while the detailed ACTSRC.FOR output shows decay gamma 6ources (from tun-54, Kn-56, Fe-59, and Co-60) 
for each of the first 60 daya after shutdown, the results at 7 days after ahutdown were selected as typical. (In reality. 
things don‘t chanae much after day 3 or 4 . )  ACTSRC.FOR also shows the corresponding ganhaa sources (p/s/cc) for eacb of 
the 39 cy1 lrhells described above (based on actual amount [cc’s] of material in the rotary shutter [Cell 30901 that lie 
in each of the 39 shells), as well as the total (rea1)volume-integrated source (p/st in each piece of Cell 3090 in each 
shell, 7 days after shutdown. Most activity comes from Fa-59 and Co-60, both of which have g a m m a  at 1.1 MeV and 1.3 MeV. 
The equivalent gamrma source ueed here (below) is based on an everage 1.25 MeV per disintegration (i.e., those at 1.1 MeV 
count for slightly lese, and those at 1.3 HeV count for slightly more). This data (p/s/cc of “realH material in each 

I Results front ACTSRC.FOR are as folfowe: 

I Equivalent garruua sources (at 1.25 MeV, 7 days after ahutdown) for each of 39 
cylindrical shells, concentric about large beam hole in HB-3 rotary shutters 

“-----------------_-__________________II---------------------------------------------------------~----~-------------------- 

+-----~-----------s~------------------~~~--”-------------------------- 

I 

I CY1 GSRC den GSRC total 
&tiax VOlUme (CC) (p/S/CC) (VIS) 

I 
I shell m i n  

4 . 4 4 5 0  5 .4450 1.898583+03 1.718043+06 3.26184E+09 
I 2 5.4450 6.6450 2.279813+03 1.20939E+06 2.75717E+09 

6.4450 7.4450 2.65511E+03 9.10533E+05 2.41757E+09 
7.4450 8.4450 3.027443+03 5.114623+05 1.54842E+09 
8 . 4 4 5 0  9.4450 3.39342E+03 2.968283+05 1.007268+09 I i  6 9.4450 10.4450 3.75537E+03 2.04527E+05 7.680743+08 

1 7 10.4450 11.4450 4.11116E+03 1.45949E+05 6.00020E+08 
I 8 11.4450 12.4450 4.45690C+03 1.10877Et05 4.941663+08 

9 12.4450 13.4450 4.79709E+03 8.50310E+04 4.07901E+08 I 10 13.4450 14.4450 5.12661&+03 7.25228E+04 3.71796E+08 
I 11 14.4450 15.4650 5.445923+03 5.847603+04 3.18456E+08 
1 12 15.4150 16.4450 5.75543C+03 4.65858Et04 2.68122E+08 
I 13 16.4450 17.4450 6.05497E+03 4.14990E+04 2.51275E+08 
I 14  17.4450 18.4450 6.33840E+03 3.22381E+O4 2.043383;+08 
I 15 18.4450 19,4450 6.60982E+03 2.75541E+04 1.82128E+08 
I 16 19.4450 20.4450 6.8672SE+03 2.20748Et04 1.515931~+08 
1 17 20.4450 21.4450 7.1056OE+03 2.310753+04 1.64188E+OB 
I 18 21.4450 22.4450 7.32554E+03 1.64953E+04 1.20837E+08 
I 19 22.4450 23.4450 7.530043+03 1.464553+04 l.l028lE+O8 
I 20 23.44f0 24.4450 7.707073+03 1.543~86+04 1.18942E+OB 
I 21 24.4450 25.4450 7.85115E+03 1.202023+04 9.43721E+07 

25.4450 26.4450 7.96738E+03 9.35205E+03 7.451133+07 I 2”: 26.4450 27.4450 8.04809E+03 1.14168E+04 9.188368+07 
24 27.4450 28.4450 8.08235E+03 9.284013+03 7.50366&+07 I 25 28.4450 29.4450 8.05935E+03 7.243193+03 5.83754E+07 

I 
I 1  
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sdef 

si1 

si2 

I 26 
I 27 
I 28 
I 29 
I 30 
I 31 
I 32 
I 33 
1 34 
I 35 
I 36 
I 37 
I 38 
I 39 
I 

29.4450 
30.4450 
31.4450 
32.4450 
33.4450 
34.4450 
35.4450 
36.4450 
37.4450 
3 8 . 4 4 5 0  
39.4450 
4 0 . 4 4 5 0  
41.4450 
42.4450 

30.4450 
31.4450 
32.4450 
33.4450 
34.44f0 
35.4450 
36.4450 
37 
38.4450 
39.4450 
40.4450 
41.4450 
42 . U S 0  
43.4433 

7.955353+03 
6.44147E+03 
4.99352~+03 
4.086713+03 

2.760963+03 
2.23160E+03 
1.76fllE+03 
1.35264Ei03 
9.882813+02 
6.711653+02 
4.01009E+O2 
1.86544E+02 
3.975753+01 

3.36986E+03 

6.707393+03 
7.310883+03 
6.629293+03 
4.567133+03 
3.669363+03 
4.79983Ei03 
5.265023+03 
7.087313+03 
4.83427Ei03 
8.71481E+03 
4.255033+03 
3.182323+02 
1.678523+02 
5.100603+01 

i Total activation ganuna source (p/s)= 

* )  Volumes shown/used here are the actual volume(s) 
to the rotam shutter (Cell 3090) inside each of 

I 

HB3 10.1 
5.33597Ei07 
4.709283+07 
3.31035E+07 
1.866453i07 
1.236523+07 
1.325213+07 
1.174943+07 
1.250993+07 
6.539033+06 
8.612683+06 
2.855833i06 
1.27 6 14E+05 
3.131173+04 
2.027873+03 

1.613883+10 

corresponding 
these radial 

----------- 

shells. Because these shells have a horizontal axis while the 
shutter has a vertical axis, and also because of the small hole 
thru the shutter which cuts thru all/most of these at an angle, 
these "real" volumes had to be calculated stoichastically, as 
shown in Run W309. 

I 
I 
I 
I +--------------.-----------------------------------.------------------- 
shell) is fed to the SI.FOR program which creates the radial sampling distribution (si2,sp2) shown below. When creating 
the sampling distribution within the sampling volume (which must fully enclose Cell 30901, it is necessary to assume that 
the source density (~/s/cc of nreal* material in each shell) ie characteristic of the "entireu volume of each shell in the 
sampling volume. That source density (in each radial bin) ie therefore multiplied by the "entire" volume of the radial 
shell in each segment of the sampling volume. The fact that it may really only be characteristic of a tiny piece of real 
material in each shell of the sampling volume is accounted for by rejecting any saropled points that are not really inside 
Cell 3090. Moreover, in SI.FOR, we also subdivide each of the 39 shells of the sampling volume into 3 pieces of equal volume 
and assume that the inner piece has a source density that is 6% higher than the average, and that the outer piece has a source 
density that is 6% lower than the average. (While not necessary, this was done siraply to help "smooth out" some of the 
discontinuities between shells.) Anyway, that's why the sampling volume below has 117 (-3*39) radial regions instead of 39. 
Lastly, it must be recognized that the final dose rate determination calc for activation aources will be performed with the 
shutter closed. For that reason, the a x s  vector for the sampling volume shown below must be coincident with the axis of the 
big beam hole of the shutter when closed (i.e., 66.75 degrees off the centerline of the beam tube). -- JAB, 6-30-98 
$ activation sources in the rotary shutter, 7 days after shutdown! total activation gamma eource ( p / ~ ) =  1.61388Ei10 
para2 $ glumma source 
erg= 1.2 5 $ will use an "equi~alent'~ activation source at 1.25 MeV (see ACTSRC.FOR program) 
cel=3090 $ exclude any points from sampling distribution that are not in rotary shutter shield plug (Cell 3090) 
pas= 0 0 446.405 $ reference position here is the midpoint of the rotary shutter shield plug 
a x s -  0 -0.9187912 0.3947439 $ ref vector for sampling vol points along centerline of big hole (66.75 degrees off beam tube centerline 
ext=dl $ use dl to sample uniformly over + / -  31 cm of sampling volume centerline 
rad=d2 $ use 62 to sample radial distribution within the sampling volume 

............................ 

-31.0 31.0 $ axial bins; used for axial sampling probability within sampling volumej 
0.0 1.0 $ samgling probability for each axial bin within s w l i n g  volumat uniform 

$ radial bins) used for radial sampling probability within sampling volume; see SI.FOR programi pts outside Cell 3090 will still be rejected 
4 . 4 4 5 0 0  4 .80153 5.13336 5.44500 5.79753 
6.12982 6.44500 6.79471 7.12727 7.44500 
7.79260 8.12535 8 . 4 4 5 0 0  8.79098 9.12385 
9.44500 9.78969 10.12265 10.44500 10.78864 

11.12166 11.44500 11.78776 12.12084 12.44500 
12.78703 13.12014 13.44500 13.78640 14.11954 
14.44500, '4.78585 15.11902 15.44500 15.78537 
16.11856 44500  16.78495 17.11816 17.44500 



17.78458 18.11780 18.44500 18.78425 19.11748 
19.44500 19.78395 20.11719 20.44500 20.78368 
21.11693 21.44500 21.78343 22.11669 22.44500 
22.78321 23.11647 23.44500 23.78301 24.11627 
24.44500 24.78282 25.11609 25.44500 25.78264 
26.11592 26.44500 26.78248 27.11576 27.44500 
27.78233 28.11562 28.44500 28.78219 29.11548 
29.44500 519.78206 30.11536 30.44500 30.78194 
31.11524 31.44500 31.78183 32.11513 32.44500 
32.78172 33.11502 33.44500 33.78162 34.11492 
34.44500 34.78153 35.11483 35.44500 35.78144 
36.11474 36.44500 36.78135 37.11466 37.44500 
37.78127 38.11458 38.44500 38.78120 39.11451 
39.44500 39.78113 40.11444 40.44500 40.78106 
41.11437 41.44500 41.78099 42.11431 42.44500 
42.78036 43.11310 43.44330 

0.00000e+O 1.16938et9 1.10319et9 1.03700e+9 9.89634et8 $ first 4.445 cm represents the big beam hole (void) where sources are zero 
9,33617e+8 8.77600et8 8.70410~+8 8.21142e+8 7.71873e+8 
5.59324et8 5.276648+8 4.96004et8 3.65461e+8 3.447750+8 
3.24088~+8 2.7997Qe+8 2.64123et8 2.48275~8 2.19874e+8 
2.07428e+8 1.94982et8 1.82299e+8 1.7198Oe+8 1.61661e+8 
1.515080+8 1.42932et8 1.34356st8 1.39203s+8 1.31324e+8 
1.23444et8 1.2029Oe+8 1.13481et8 1.06672et8 1.02243e+8 
9.645588+7 9.06685e+7 9.67911e+7 9.131239+7 8.58336e47 
7.96286e+7 7.51213~+7 7.06140e+7 7.18517~+7 6.77846e+7 
6.37175e+7 6.06020et7 5.717170+7 5.37414e+7 6.66177~7 
6.28469~+7 5.90761et7 4.98255e+7 4.70052et7 4.41849e+7 
4.62539et7 4.36358et7 4.10176e+7 5.08646e+7 4.798558+7 
4.51064et7 4.12716e+7 3.69355et7 3.65993e+7 3.33977e+7 
3.150730+7 2.96168e+7 4.23427et7 3.994606+7 3.75492et7 
3.571050+7 3.368910+7 3.16678at7 2.885760+7 2.72241e+7 
2.55907et7 2.76461at7 2.60812e+7 2.45164e+7 3.11398e+7 
2.93772et7 2.76146et7 2.91492et7 2.74992e+7 2.584938+7 
2.07104et7 1.9538let7 1.83658et7 1.71444~+7 1.61740e+7 
1.52035et7 2.30870e+7 2.17802et7 2.04734e+7 2.60492e+7 
2.45747e+7 2.31002~+7 3.60407e+7 3.400076+7 3.19606et7 
2.52489e+7 2.381970+7 2.239050+7 4.67160et7 4.40717~+7 
4.14274e+7 2.33949e+7 2.207070+7 2.07464e+7 1.79350e+6 
1.69198e+6 1.59046et6 9.69087e+5 9.14233e+5 8.593798+5 
3.00983e+5 2.03947~+5 2.66910~+5 

sp2 $ sampling probability for each radial bin within sampling volume; see SI.FOR program; pts outside tell 3090 will still h rejected 

C _________-_-_--I---_I___________________------~-~---------~---------------------------------------------------------------- 

C 
C ------------------- 
C del for activ calc, 
C del for activ calc, 
E del for activ calc, 

C del for activ calc, 
llE+15 p/s) 

c del for activ calc, 
= f.20830e16 
c del for activ calc, 
c del for activ calc, 
C del for activ calc, 
ce of wgt) 
C de1 f o r  activ calc, 
71-2 
c del for activ calc, 

6-30-98: C 
6-30-98: c 
6-30-98: sdef 

6-30-98: 
6-30-98r c 

6-30-98: c 
6-30-98: 
6-30-98: 

6-30-98: 

6-30-98: c 

EQUIVALENT POINT SOURCESs 

ergnd73 DOS ferg d83 $ source def Cor gaamrae in HB-3 (total p/s = lS35399E+17p source in VELM grps 1-8 .) 7.9842 

par=2 $ par=l for naut, par=2 for photons 
sdef erg=d53 pos ferg 663 Q source de€ €or neutrons in HB-3 (total n/s = 9.64595E+16)~ total n/s above 27 kev 

parml .$ pars1 for neut, parp2 €or photons 
VeC 0 0 1 $ reference vector if directional-dependent source i a  used 
dim83 $ angular distribution wrt vec (Caution: choice of angular distribution sampled will dictate choi 

wgt-1.7332472-2 $ use this with d3; wgt E [mu(max)-mu(min)]/[(tl)-(-1)1 I ~1.00QQQ00000-0 .965335056] /2  = 1,73324 

wgt-0.1 $ use this with mu(min)=0.8 in 63 for dosimetry calc only1 wgt - [mu(max)-mu(min)l/[(+l)-(-l~] - [loo- 



HB3 10.1 
0.81/2 = 0.1 
C del for activ calc, 6-30-98: c 
1 = l1.0-0.8]/2 = 0.145 
C del for activ calc, 6-30-98: c 
C del for activ calc. 6-30-98: c 
C del for activ calc, 6-30-982 si3 
C del for activ calc, 6-30-98: c 
C) 
C del for activ calc, 6-30-98; c 
es wrt vec) 
C del for activ calc, 6-30-98: Sp3 
t be zero 
C 

C 

- -________- - -____- -  

63 for HB304M4 dosimetry calc only? wgt = t m u ~ m a x l - m u ( m i n ) l / ~ ( ~ ~ ~ - ( - ~ )  

Ang Dist: to spray isotropically across central void of HB-3 beam tube 
h 0.965335056 1.0 $ angular dietributionj mu boundaries (ioe, cosine boundaries wtt vec) 
si3 h 0 . 8  1.0 $ open up angular distribution for dosimetry run; mu boundaries (i.e, cosine boundaries wrt ve 

si3 h 0.71 f . . O  $ open up angular distribution for NB304M4 dosimetry run; mu boundaries (i.e, coeine boundanti 

d 0 1 $ angular distribution; particle,emmission probabilities by bin? first value (below lowest bin bound) mus 

C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C Begin distributions needed to describe the neutron sources in the HB-3 h a m  tube 
C - - - - - -_-------- - - - - -___________________^--------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

si53 h l.0000e-11 $ this one Emin(MeV1, followed by Emax(MeV1 for t h e  61 VELM neut grps (lowest to 
4.13998-7 1.12530-6 2.3824e-6 5.04350-6 1.0677s-5 $ VELM n-groups 61, 60, 59, 
2.2603e-5 4.78510-5 1.0130e-4 1.67026-4 2.7536s-4 $ VELM n-groups 56, 55, 54, 
4.5400e-4 7.48520-4 1.23410-3 2.03470-3 2.24870-3 $ VELM n-groups 51, 50, 49. 
2.6126s-3 3.03540-3 3.70740-3 5.53088-3 9.11888-3 $ VELM n-groups 46,  45, 44 ,  
1.50340-2 2.3579e-2 2.47880-2 2.6058e-2 2.7000s-2 $ VELM n-groups 41, 40, 39, 
2.85018-2 3.43070-2 5.24759-2 5.65628-2 8.65170-2 $ VELM n-groups 36, 35, 34, 
1.22770-1 1.49960-1 1.83169-1 2.2371e-1 2.73240-1 $ VELM Il-grOUpS 31, 3 0 ,  29, 
2.94520-1 2.97210-1 2.9849e-1 3.01979-1 3-87740-1 $ VELM n-grOUpS 26, 25, 24, 
4.97870-1 5.2340e-1 6.08lOe-1 7.4274%-1 9.07180-1 $ VELM n-groups 21, 20, 19, 
1.1080e+0 1.3534e+O 1.6530e+0 2.0190e+0 2.2313e+0 $ VELM n-groups 16, 15, 14, 
2.3457e+0 2.4660e+0 3.0119e+O 3.6788e+0 4.4933e+0 $ VELM n-groups 11, 10, 9, 
5.4881e+O 6.70320+0 8.1873e+O 1.OOOOs+l 1.2214e+l $ VELM n-groups 6, 5, 4, 
1.4918e+l $ VeLM n-group 1 

6.30365e+16 2.25679e+15 1.52979e+15 1.30212e+15 1.552740+15 $ VELM n-groups 61, 60, 59, 
1.58981e+15 1.54759e+l5 1.45876e+15 9.03837e+14 9.69821e+14 $ VELM n-groups 56,  55, 54.  

2.76622e+14 2.54975e+14 3.36538e414 7.55438e+14 8.76077e+14 $ VELM n-groups 46, 45. 44. 
9.84217e+14 7.420490+14 6.69650e+13 1.12860~+14 5.24714e+13 $ VELM n-groups 41, 40,  39, 
1.218730+14 3.03507e+14 4.96958e+14 1.29680e+14 8.893978+14 $ VELM n-groups 36, 35, 34, 
5.59006e+14 4.29193e+14 3.63241e+14 4.33245~+14 7.35199e+14 $ VELM n-grOUpS 31, 30, 29, 
2.12040e+14 1.38494e+13 7.68584~+12 3.65651e+13 6.29256e+14 $ VELM n-groups 26, 25, 24, 
5.85513~+14 1.49367e+14 3.61470e+14 5.35177e+14 6.650980+14 $ VELM n-grOUpS 21, 20, 19, 
5.40055~+14 7.09512e+14 8.07055~+14 8.54720e+l4 3.12945e+14 $ VELU n-groups 16, 15, 14, 
2.00073e+14 1.353330+14 2.41078e+14 1.619470+14 2.06360e+14 $ VELM n-grOUpS 11, 10, 9, 
1.36477e+l4 7.32282e+13 3.052420+13 8.642930412 6.92602~+12 $ VELM n-groups 6. 5,  4, 
2.74800e+09 $ VELM n-grOUp 1 

0 0 80.2 0 0 57.3 0 0 65.2 0 0 76.1 0 0 54.5 $ VELM n-groups 61, 60, 59, 

sp53 d 0.0 $ dummy 0, followed by neut src terms (n/s) for HB-3: 

9.50610e+14 8.74122e+14 8.536910+14 8.872450+14 2.04908e+14 $ VELM Il-grOUpS 51, 50, 49, 

de63 1 $ neutron starting positions (x,y,z) in HB-3: 

0 0 48.2 0 0 56.5 0 0 55.4 0 0 56.0 0 0 51.1 $ VELM n-groups 56, 55, 54,  
0 0 53.8 0 0 52.6 0 0 61.2 0 0 60.5 0 0 43.0 $ VELM n-groups 51, 50, 49, 
0 0 49.5 0 0 55.0 0 0 65.1 0 0 53.3 0 0 52.7 $ VELM n-groups 46, 45,  44. 
0 0 50.7 0 0 54.0 0.0 69.0 0 0 46.7 0 0 62.6 $ VELM n-groups 41, 40, 39, 
0 0 67.5 0 0 79.8 0 0 52.9 0 0 56.7 0 0 47.4 $ WLM n-groups 36, 35, 34,  
0 0 4 5 . 7  0 0 45 .6  0 0 42.5 0 0 48.9 0 0 34.2 $ VELM n-grOUpS 31, 30, 29, 
0 0 4 2 . 4  0 0 63.8 0 0 53.7 0 0 42.3 0 0 49.6 $ VELM n-groups 26, 25, 24, 
0 0 5 8 . 8  0 0 5 2 . 9  0 0 50.3 0 0 56.8 0 0 44.1 $ VELM n-groups 21, 20, 19, 
0 0 70.1 0 0 4 6 . 8  0 0 59.7 0 0 50.2 0 0 52.1 $ VELM n-groups 16, 15, 14, 
0 0 4' 0 0 43.5 0 0 65.3 0 0 56.9 0 0 47.9 $ VET' --groups 11, 10, 9, 
0 0  0 0 59.5 0 0 42.9 0 0 68.7 0 0 31.1 $ YE .groups 6, 5,  4, 

highest energy for MCNP): 
58, 57, 
53. 52, 
48 ,  47, 
43, 42, 
38. 37. 
33, 32, 

23, 22, 
18. 17, 
13, 62, 

8, 7, 
3, 2 ,  

28. 27. 

58, 57, 
53, 52, 
48, 47. 
43, 42, 
38, 37, 
33. 32, 
28, 27, 
23, 22, 
18, 17, 
13, 12, 
8, 7, 
3, 2, 

58, 57, 
53, 52, 
48, 47, 
43, 42, 
38. 37, 
33, 32, 
28, 27, 
23, 22. 
18, 17, 
13, 12, 

3. 2. 
8, 7, 
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C 

C 
C 
C 
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C 

C 
C 

C 
C 
C 

C 
C 

C 
C 

E 
C 
C 

0 0 99.9 $ VELM 
Bhift sources 1.6986 cm to right of beam tube centerline to account for 
of more neutrons entering the one side of the beam tube than the other; 

0 1.6986 67.5 0 1.6986 79.8 0 1.6986 52.9 0 1.6986 56.7 0 1.6986 47.4 
0 1.6986 45.7 0 1.6986 45.6 0 1.6986 42.5 0 1.6986 4 8 . 9  0 1.6986 34.2 
0 1.6986 42.4 0 1.6986 63.8 0 1.6986 53.7 0 1,6986 42.3 0 1.6986 49.6 
0 1.6986 58.8 0 1.6986 52.9 0 1.6986 50.3 0 1,6986 5 6 . 8  0 1.6986 44.1 
0 1.6986 70.1 0 1.6986 46.8 0 1.6986 59.7 0 1.6986 50.2 0 1.6986 52.1 
0 1.6986 33.3 0 1.6986 43.5 0 1.6986 65.3 0 1.6986 56.9 0 1.6986 47.9 
0 1.6986 62.6 0 1.6986 59.5 0 1.6986 42.9 0 1.6986 68.7 0 1.6986 31.1 

n-group 1 
the anisotropic effect -- JAB, 4-7-98 

$ VELM n-groups 36, 35, 34. 43, 32, 
$ M W  n-groups 31, 30, 29, 28, 27, 
$ 'VELM n-groups 26, 25, 24, 23. 22, 
$ VEW n-groups 21, 20, 19, 18, 17, 
$ VELM n-groups 16, 15, 14, 13, 12, 
$ MLM n-group6 11, 10, 9, 8, 7, 
$ MLM n-groups 6, 5 ,  4. 3, 2, 

si73 h 

Sp73 d 

sb73 d 
C 
C 
C 

C 

C 

C 
C 
C 
C 
C 
C 
C 

c 

de83 1 

1.00000-2 $ this one Emin(MeV), followed by Emx(MeV)  for the 23 VELM gamma grps ( 

3.OOOOe-1 4,ObOOe-1 5.1000s-1 6.0000e-1 7.0000e-1 $ VELM g-groups 18, 
1.0000e+0 1.5000~+0 2.00OOe+O 2.5000e+0 3.0000e+0 $ M L M  g-groups 13, 

B.OOOOe+O l.OOOOe+l 1.4000e+1 $ ~ L M  g-groups 3, 

8.72837e+12 2.845148+15 1.65029e+16 1.67705e+16 1.82855e+16 $ VgLM g-groups 23, 

7.316368+15 5.37935e+15 4.23989~+15 2.66951e*15 1.42777et15 $ VELM g-groups 13, 
2.34929~+15 1.98361e+l5 6.75453~+14 1.23378e+15 1.60183e+14 I$  MLM g-groups 8 ,  
1.51983e+15 6.19421e+13 1.23250e+ll $ VELM g-groups 3, 

2.0000a-2 4.5000e-2 7.0000e-2 1.0000e-1 1.5OOOS-1 $ VeLM O-grOUDs 23, 

4.0000e+O 5.0000e+0 6.0000e+0 7.0000e+0 7.5000e+0 $ VELM 9-grOUDLI 8, 

0 . 0  $ dummy 0, followed by gamma src terms ( p l s )  for HB-3: 

2.56708~+16 1.03805~+16 7.17665e+lS 4.80LOlet15 4.03975~+15 6 VELM g-grOUpB 18, 

0.0  $ d w  0, followed by "biased* gMgM src tanII6 (pfs) for XB-3% . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Blaaed ganrma sources in MCNP order ( g r p  l=low E, grp 23nhigh E)t 
Calculated using QETWING.SCR and QBANISN in adjoint mode, where the 
adjoint sources at 2478.49 cm were just the gamma flux-to-dose-rate factors! 
Use theee values for the ganana-only calc with a gaxnrna-only source. 
(For a coupled afg calc with a neutron-only sourceI or f o r  a neutron-only 
calc with a neutron-only source, these values would be different). 
Note that this canfshould only be used with the corresponding weight 
window fila prepared by OETWXN(3.SCR where the spaoafenergy weights for 
the g m  groups were calculated using the data in GIETADJ.OUT. 

To work well (or even to work "at all") everything MUST be 6alf-consistent 1 1 1 1 1  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
--------_-----------________I___________----------~----------------------------- 

6.396353-03 2.08498E+00 1.20937E+01 
1.88122E+Ol 3.98199E+08 2.75298&+08 
2.80658E+08 1.616583t14 1.29829E+14 
7.19371E+13 3.75947&+16 1.28016E+16 
2.88048E+16 1.17397E+15 2.33592E+12 

$ garrnna starting positions ( x , y , z )  
0 0 10.01 0 0 61.9 0 0 68.1 
0 0 84.5 0 0 81.6 0 0 84.7 
0 0 86.8 0 0 93.6 0 0 96.9 
0 0 92.6 0 0 93.2 0 0 96.4 
0 0 94.4 0 0 99.9 0 0 97.4 

1.228983+01 
1.84168E+08 
8.17425E+13 
2.338343+16 

in HE-3: 
0 0 82.1 
0 0 88.8 
0 0 99.2 
0 0 93.9 

0 0 83.9 
0 0 83.2 
0 0 96.6 
0 0 96.0 

owest to highest energy for KCNP 
22, 21, 20, 19, 
17, 16, 15, 14, 
12, 11, 10, 9, 
7, 6, 5, 4. 
2, 1 

22, 21, 20, 19, 
17, 16, 15. 14, 
12, 11, 1.0, 9. 
7, 6, 5, 4 r  
2. 1 

$ VELM g-groups 23, 22, 21, 20, 19, 
6 VELM g-groups 18, 17, 16, 15. 14, 
$ vtm g-group6 13, 12..11. 10, 9, 
$ VELM 9-groups 8, 7, 6. 5, 4,  
$ VELM g-group. 3, 2, 1 

----__-__------------------------.----- 
QADD2,FOR analysis has shown that if the water tube br collfmator are BOTH FLOODED, VELK EOUrCe groups 1-8 account for 98-99% 
of the dose rate downstream of the collimator. (By the time they get there, of course, the photons may have lees energy.) 
Thus, "for this particular FLOODED Case*, it is sufficient to include source photons from these first 8 VELM groups only. 
The photon source in VELM. grps 1-8 (above 3.0 MeV) .I 7.984211E+15 pfe (subtotal for these groups). For this particular 
FLOODED case, this value may be used, but the 8173, S~73, BS83, any 5873 card, and "all" pw tally cards must be consistent. 
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C 
si73 h 3.0000e+O $ this one 5dn(KUeV), followed by Emax(MeV) for VELM gamma grus 1-8 (lowest to highest enerw for MCNP): 

SP?3 

de83 

C 

C 
C 
C 
C 

C 
C 

C 
C 

_ -  
4.0000e+O 5.00OOe+O 6.0000e+0 7.0000e+0 7.5000e+0 $ VELM g-groups 8, 

$ Vftw 9-groups 3, 8.0000e+0 1.0000e+1 1.4000e+l 

2.34929e+15 1.98361e+15 6.?5453e+14 1.23378e+15 1.60183e+14 $ 'JEW g-groups 8 .  
1.519830+15 6.19421~+13 1.23250e+11 $ VEI&I 9-groups 3, 

a o 92.6 0 0 93.2 0 0 96.4 0 0 93.9 0 0 96.0 $ Vftm g-groups 8, 
0 0 94.4 0 0 99.9 0 0 97.4 $ g-groups 3, 

d 0 . 0  $ dummy 0, followed by gamma src terms (p/s) for HB-3: 

1 $ gamma starting positions ( x , y , z )  in XB-3: 

...................................... 

BEQIN-TRANSFORMATIONS: 

Transformations that can/should be used for the holes in the beam tube shield plug (ie, 
When big hole is turned to "openn position: use trll for big hole in shutter, and 
When small hole is turned to "open" position: use trl2 for big hole in shutter, and 
When shutter is turned to "off" position: use tr13 for big hole in shutter, and 

the rotary shutter): 
tr21 for ~ m l l  hole 
tr22 for small hole 
tr23 for small hole 

*trll $ use trll for big 
0.0 0.0 446.405 

0 90 9 0  
90 0 90 
90 90 0 

C 
*trl2 $ use tr12 for big 

0 . 0  0.0 446.405 
0 90 90 
90 -46.5 -136.5 
90 03.5 -46.5 

C 
*tr13 $ use tr13 for big 

0.0 0.0 446.405 
0 90 90 

hole in shutter, when big hole is turned to "open" position 
$ location of local origin (center of shutter), relative to the global origin (cm) in HB-3 model 
$ degrees from global x , y , z  axes to local x axis 
$ degrees from global x , y , z  axes to local y axis 
$ degrees from global x , y , z  axes to local z axis 

hole in shutter, when small hole is turned to "open* position 
$ location of local origin (center of shutter), relative to the global origin (cm) in HB-3 model 
$ degrees from global x , y , z  aces to local x axis 
$ degrees from global x ,y ,z  axes to local y axis 
$ degrees from global x ,y .z  axe8 to local 2 axis 

hole in shutter, when shutter is turned to "off" position 
$ location of local origin (center of shutter), relative to the global origin (cm) in HB-3 model 
$ denreas from global x , y , z  axes to local x axis 

C 
*tr21 

C 
*tr22 

C 
*tr23 

C 
C 
C 

90 -113.25 -203.25 $ degrees from global x , y , z  axes to local y a x i n  
90 -23.25 -113.25 $ degrees from global x , y , z  axes to local z axis 

$ use tr21 for small hole in shutter, when big hole is turned to "open* position 
0.0 0.0 446.405 $ location of local origin (center of shutter), relative to the global origin (cm) in HB-3 model 
0 90 90 $ degrees from global x , y , z  axes to local x axis 
90 46.5 -43.5 $ degrees from global x , y , z  axes to local y axis 
90 136.5 46.5 $ degrees from global x , y , z  axes to local z axis 

$ use tr22 for emall hole in shutter, when small hole is turned to "open" position 
0.0 0.0 446.405 $ location of local origin (center of shutter), relative to the global origin (cm) in IiB-3 model 

0 90 90 $ degrees from global x , y , z  axes to local x axis 
90 0 90 $ degrees from global x , y , z  axes to local y axis 
90 90 0 $ degrees fram global x , y , z  axes to local z axis 

$ use tr23 for small hole in ahutter, when shutter is turned to "off" position 
0.0 0.0 446.405 $ location of local origin (center of shutter), relative to the global origin (cm) in HB-3 model 

0 90 90 $ degrees from global x , y , z  axes to local x axis 
90 -66.75 -156.75 $ degrees from global x , y , e  axes to local y axis 
90 23.25 -66.75 $ degrees from global x , y , z  axes to local z axis 

*trdO / ?e tr40 to locate and position the Key 3 dosimetry specimen 'er relative to HB-3 beam tube 
0.0 113.64 $ location of local or ig in  (center of shut , relative to the global origin (cm) in HB-3 model 



C 

C 

C 
C 

HB3 10.1 
0 90 90 $ degrees from global x , y , z  axes to local x axis 

90 14 -76 $ degrees from global x,y,z axes to local y axis 
90 104 14 $ degrees from global x,y,z axes to local z axis 

C *tr40 was revised as follows by JAB on 3 Apr 98 for Run HB304H, based on newly available data shown on DWg E-49953. Rev A, 6-30-65: 
'tr40 $ use tr4O to locate and position the Key 3 dosimetry specimen holder relative to HB-3 beam tube 

0.0 0.0 114.22 $ location of local origin (center of shutter), relative to the global origin (cm) i n  HB-3 model 
0 90 90 $ degrees from global x,y,z axes to local x axis 

90 13 -77 $ degrees from global x , y I z  axes to local y axis 
90 103 13 $ degrees from global x,y,z axes to local z axfa 

C 
C $ incorrect 
of pressure vesml 

C $ incorrect 
m) in HB-3 model 
C 
C 
C 
C 

C 
C 
*tr42 

C 

C 
C 
C 
C 
C 
C 
m5 
mt 5 
C 
C 

m7 
mt7 
C 
C 
m8 
mt 8 
C 
C 
m23 

C 

C 
ma4 

C 

C 
m4 0 

C 

$ incorrect 
$ incorrect 
$ incorrect 

& obsolete: $ use tr42 to locate and position the elliptical cone used to define chamfer between H83 vessel hole and inner surf 

& obsolete: 0.0 -2.14265 128.18364 $ location of local origin (center of elliptical cone), relative to the global origin (c 

& obsolete; 0 90.0000 90.0000 $ degrees from global x , y , z  axes to local x axis 
& obsolete; 90 12.6575 -77.3425 $ degrees from plobaf x,y,z axe8 to local y axis 
k obsolete: 90 102.6575 12.6575 $ degrees from global x , y , e  axes to local e axis 

*tr42 

The following correction to *tr42 was made by JAB on 6 Apr 98, j u s t  prior to sufrmitting Run HB304K: 

$ use tr42 to locate and position the elliptical cone used to define chamfer between HB3 vessel hole and inner surf of pressure vessel 
0.0 -2.02265 127.62367 $ location of local origin (center of elliptical cone), relative to the global origin (cm) in HB-3 model 
0 90.0000 90.0000 $ degrees from global x,y,z axen to local x axis 
90 12.6929 -77.3071 $ degrees from global X,Y,Z Met3 to local y axis 
90 102.6929 12.6929 6 degrees from global x.y,z axes to local 2 axis 

"_____________-__1_-I______^_^__________-------~------------~-~------------~---------------------"----------------- 

END-TRANSFORMWI'IONS 

BEGIN KRTERIAL DESCRIPTIONS: 

Water gaps in removable reflector region --Avg. Density= 0.98465 g/cmA3 
1001.50~ 6.63485-02 8016.50~ 3.31742-02 
1wtr.Olt 

Water Reflector --Density= 0.9899 g/cm*3 

lwtr. Olt 
1001.50~ 6.67022-02 8016.50~ 3.33511-02 

H20 Pool --Density= 1.0000 g/cmA3 

lwtr. Olt 
1001.50~ 6.73828-02 8016.50~ 3.36914-02 

Aluminum reflector container (outside Be reflector; 2.7 g/cc) 
13027.52~ 5.85482-02 1001.50C 3.45716-04 12000.50~ 6.68986-04 
14000.50~ 3.47363-04 22000.50~ 2.54704-05 24000.50~ 6.09789-05 
25055.50~ 2.21974-05 26000.55~ 1.01905-04 29000.50~ 8.74557-05 

Aluminum liners in Be reflectors (2.7 g/cc) 
13027.52~ 5.85482-02 1001.50~ 3.45716-04 12000.50c 6,68986-04 
14000.500 3.47363-04 22000.50~ 2.54704-05 24000.50~ 6.09789-05 
25055.50c 2.21974-05 26000.55O 1.01905-04 29000.50~ 8.74557-05 

sa liner of pressure vessel, bioshield liner, and other canponents -- SCALE 88304 (7.92 g/ccl 69.5 w/o Fe, 19.0 w/o Cr, 9.5 w/o  Ni, 2.0 w / o  Mn) 
26000.55~ 5.93541-02 24000.50C 1.74281-02 
28000.50~ 7.71883-03 25055.50C 1.73629-03 



HB3 10.1 
C 8s (same as above, but diff color on plot) used for removable shield around collimator -- SCALE SS304 (7.92 g/cci 69.5 w/o Fe, 19.0 w/o Clr, 9.5 w/o 
Ni, 2.0 w/o Mn) 
m4 1 

C 
C 

m5 0 
C 

c 
m6 0 
C 

C 
C 

C 
C 
C 
m6 1 
C 

C 
m62 

C 

C 
C 
C 
C 
C 
C 
C 
C 
m7 1 
m7 2 
C 

C 
C 

mlO8 

mt108 
C 
C 
C 
C 

C 
C 
C 

C 

C 
C 
C 
C 

C 
C 

C 
C 
C 

26000.55~ 5.93541-02 2400o.soc 1.74281-02 
28000.50~ 7.71883-03 25055.50~ 1.73629-03 

carbon steel in main body of pressure vessel -- SCALE Carbon Steel (7.8212 g/cci 99.0 w/o Fe, 1.0 w/o C )  

26000.550 8.34929-02 6012.50~ 3.92134-03 

Void in reflector components 
1001.50~ 1.00000-15 8016.50~ 1.00000-15 

Void regions in the HB-l,2,and 3 beam tubes (m60 B 2.0e-15 atoms/b-cm) have been replaced with helium-filled regions 
where m61 = He (void) at T=300 deg.K and P-2 atm, where rho-3.23259-4 g/cc, N(He)-4.86816e-5 atoms/(barn*cm) 
Notet cold source vacuum vessel in HB-4 now has a true void (see m610) as of July 1996. 

Helium void inside beam tubes HB-1.2.3 (He at T=300 Beg.& P=2 atm); cold source vacuum vessel in HB-4 now has a true void (see m610) 
2004.50~ 4.86816s-5 $ add-jab122395: For He at T 4 O O  deg.K and P=2 atm, rho-3.23250-4 g/cc, N(He)-4.86816e-5 atoms/(barn+cm) 

........................ 

Barytes concrete at 3.09725 g/cc (used for biological shield)) shown below are atoms/(barn*cm) by nuclide 
1001.50~ 1.6818-2 5010.50~ 3.378e-4 5011.56~ 1.368s-3 
8016.50~ 4.195s-2 11023.50~ 3.193e-4 12000.50~ 1.5098-4 

13027.52~ 7.5340-4 14000.50~ 1.2600-3 16032.50~ 5.401e-3 
20000.50~ 3.273s-3 22000.50~ 1.336e-4 25055,50c 1.71313-4 

real concentration for ba-138 = 3.8787s-3 atoms/(barn*cm); it is available? 
other nuclide concentrations for which there is no mcn9 xsect data: 1 

ba-134=1.3037e-lt ba-1354.5557a-41 ba-1364.2364e-41 ba-137~6.0575e-4 
total number density for all barium nuclides in barytes concrete: 5.394030s-3 
total number density for all nuclides in barytes concrete: 7.801382e-2 
while this barytes concrete (for ANS project) was 3.09725 g/cc, it can 
sometimes be made as dense as 3.5 g/cc; see book by Schaffer 

26000.55~ 6.8750-4 56138.50~ 5.3940-3 

28058.24~ 1.0 $ NiSBi this material (m71) is used only to get the Ni58(n,p)Co58 reaction rate [(nrp)-l03l in the dosimeters 
26054.24~ 1.0 $ re541 this material (m72) is used only to get the Pe54(n,p)Mn54 reaction rate [(n,p)=103] in the dosimeters 

Typical beryllium used in permanent reflector (with he-3 and 11-6, based in center ring, cell 9024) 
4009.50~ 1.21135-01 1001.50~ 1.34766-03 8016.50~ 6.73828-04 
3006.50~ 4.80664-8 2003.50~ 1.39911-9 
be.0lt 

................................ 
Note: At thia point, the actual HB310 input file has 487 lines of old (legacy) detector tally specifications 
left over from Run HB3080 "in place" but "cormaented out" because they were replaced with the following. For 
the sake of shortening this appendix by about 8 pages, the old legacy detector tally specs that were commsnted 
out are not shown here. Instead, only the new detector tally specs actually used in Run HB310 are shown below. 

For the most.part, these are very much the same as before, and only the values on the "fm" multiplier cards 
were changed to reflect the fact that the new source now COrreSpOnds to the *total activation gamma source 
in the rotary shutter, 7 days after shutdown". Indeed, the "fm- multiplier cards were changed, but I didn't 
bother to change all the tally title cards or comments. Thus, any coanaenta you see about it being "at 100 MWu 
should be disregarded in this case. 
--------________-_--_________I__ 
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C 
C 
fc3S 
C 
C 

C 
f35rp 

calc) I 

fm35 
e35 

C 

C 

C 

fc45 
C 
C 
C 
f45:p 
C 

C d C )  I 
C 

fm45 
e45 

em4 5 
C 

C 

C 

C 
fc55 
C 
C 
C 
f55:Q 
C 
calc) ; 
C 
fm55 
e55 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Q-Flux (p/s/c&) 0.5  cm paat conc box containing shutter, at 100 HW 
Rotary shutter centered at 2446.405 cm; downstream edge of shutter at 21477.36125 cm; 
bownetream surf of 85 liner on concrete box containing ahutter is at Surf 3001 (Zn47B.79 cm); 
This detector is located 0.5 cm downstream of Surf 3001 
0.0 0.0 479.29 0.49 $ Q-Flux ( p / s / d )  midway between collimator & shutter at 100 MW 
fm35 1.35399e+17 $ based on VELM garma groups 1-231 sum of equivalent point sources (p/s) in ?TB-3 for BFIR at 100 MW (9n-7.5573e18 n/a in global 

fm35 7.984211E+15 $ based on WtLM ganuna groups 1-8 only} for FLOODED case only? must be used consistently with 8173. SP73. SB73 h 0983 data 
1.613883+10 $ Total activation gamma source in rotary shutter = 1.61388E+10 ( p / a ) ,  7 days after shutdowni all at 1.25 MeV 
$ nrrsX(t4eeV) €or the 23 VtLn gamma gtps  (lowest to highest energy for MCNP): 
2.0000e-2 4.5OOOe-2 7.0000s-2 1.0000e-1 1.5000e-1 $ VELU g-groups 23, 22, 21, 20, 19, 
3.OOOOe-1 4.OOOOe-1 5.1000s-1 6.OOOOe-1 7.0000e-1 $ VEL& g-groupa 18. 17, 16, 15, 14, 
1.0000e+O 1.50OOe+O 2.0000e+O 2.5000e+O 3.0000e+O $ VEL& g-groups 13, 12, 11, 10, 9, 
4.0000e+0 5.0000e+0 6.0000e+O 7.0000e+O 7.50OOe+O $ VELM g-groups 8, 7, 6, 5, 4, 

will yield fluxes in p/S/cm2 

8.0000e+O 1.0000e+l 1.4000e+l $ VELM g-grOUpS 3 ,  2, 1. 

Q-Dose (mremlhr) 0.5 cm past conc box containing shutter, at 100 MW 
Rotary shutter centered at 25446.405 cm; downstream edge of shutter at 2~477.36125 cmt 
Downatream surf of SS liner on concrete box containing shutter is at Surf 3001 (21478.79 cm); 
This detector is located 0.5 cm downstream of Surf 3001 
0.0 0.0 479.29 0.49 $ O-I)ose  (mrem/hr) midway between collimator k shutter at 100 MW 
fm45 1.35399~+17 $ based on MLM gamma groups 3-23; sum of equivalent point Sources ( p / a )  in HE-3 for H F I R  at 100 MW (Sn=7.5573e18 n/B in global 

fm45 7.98421lt+15 $ based on VELM gamma groups 1-8 only; for FLOODED case only, must. be used consistsntfy with 9x73, SP73, 5873 h D583 data 
1.61388E+10 $ Total activation guuwt source in rotary shutter = 1.61388E+lO fp/s), 7 days after shutdown? all at 1.25 MeV 
$ Oaunna energy boundaries (Emsx, in MeV) from VELM 61nl23g structure: 
1.00000e-02 2.00000e-02 4.5OOOOe-02 7.00000e-02 1.00000e-01 
1.5OOOOe-01 3.OOOOOe-01 4.000006-01 5.10000e-01 6.00000a-01 
7.00000e-01 1.00000e+00 1.500OOs+OO 2.00000e+00 2.50000e+00 
3.00000a+00 4.00000e+00 5.000OOe+OO 6.00000e+00 7.00000e+00 
7.50000e+00 8,OOOOOe+OO 1.000OOe+01 1.40000e+Ol 
$ Qamma flux-to-dose-rate conversfon factors [(mrem/hr)/(p/s/d)] for the VELM 61n/23g xsect library, 
calculated as prescribed in A"BI/ANS-6.1.1-1977, with groups arranged here in Order of "increasingm 
energy for use in IdCNP; first value here Corresponds to non-existant group below 1.0e-2 MeV: 
0.00000e+00 2.14390e-03 5.7761Oe-04 2.746608-04 2.66440e-04 
3.27670e-04 5.66760e-04 8.7594Oe-04 1.0852Oe-03 1.279709-03 

3.959609-03 4.6221Oe-03 5.413600-03 6.190906-03 6.926509-03 
7.47830e-03 7.846808-03 8.77160e-03 1.10200e-02 

will yield fluxes in p/s/Cm2 

1.441706-03 1.756309-03 2.315600-03 2,92700s-03 3.468600-03 

Q-Flux (p/s/Cma) 1.5 feet past cone box containing shutter, at 100 MW 
Rotary shutter centered at Z1446.405 ant downstream edge of shutter at Ze477.36125 cm; 
Downstream surf of SS liner on concrete box containing ahutter is at Surf 3001 (21478.79 cm); 
This detector is located 1.5 feet downstream of Surf 3001 
0.0 0.0 524.51 5 . 0  $ Q-Flux ( p / e / d )  midway between collimator h shutter at 100 MW 
fm55 1.35399e+17 $ based on VELM gsmmLs groups 1-23; sum of equivalent point sources (p/s) in IIB-3 for H F f R  at 100 KW (Snm7.5573e18 n/s in global 

fm55 7.984211E+15 $ bassd on VELM gaamra groups 1-8 onlyp for FLOODED eaae only) must be uasd consistently with 8x73, SP73, 5873 & D983 data 
1.61388E+lO $ Total activation gsnrma aource in rotary shutter = 1.61388E+10 (p/s), 7 days after shutdown; all at 1.25 MeV 
$ Zmax(MeV) for the 23 MU! gsrmna grps (lowest to highest energy for MCNP): 
2.0000e-2 4.5000e-2 7.00000-2 1.0000e-1 1.500Oe-1 $ VELU g-groups 23, 22, 21, 20 ,  19, 
3.0000s-1 4.0000e-1 5.1000e-1 6.0000e-1 7.OOOOe-1 $ VEtM g-groups 18, 17, 16, 15, 14, 
1.0000e+0 1.5000e+O 2.0000e+0 2.5000e+0 3.0000e+O $ VELM g-groupa 13, 12, 11, 10, 9, 
4.0000e+O 5.0000e+O 6.00OOe+O 7.0000e+O 7.5000e+0 $ VELM g-groups 8, 7, 6, 5, 4, 
B.OOOOe+O 1.0000e+l 1.40QOe+l $ VELM g-groups 3, 2, 1 

will yield fluxes in p/S/cm2 
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C 
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fm85 
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C 

C 

em8 5 

a-Dose (mreun/hr) 1.5 feet past conc box containing shutter, at 100 MW 
Rotary shutter centered at 21446.405 cmi downstream edge of shutter at 21477.36125 c m j  

Downstream surf of SS liner on concrete box containing shutter is at Surf 3001 (2-478.79 cm); 
This detector is located 1.5 feet downstream of Surf 3001 
0.0 0.0 524.51 5.0 $ G-Dose (mrem/hr) midway between collimator & shutter at 100 EIW 
fm65 1.35399~+17 $ based on VELM gamma groups 1-23; sum of emivalent point sources (p/s) in HB-3 for HFXR at 100 MW (Sn17.5573e18 n/s in global 

fm65 7.984211E+15 $ based on VELM gdmma groups 1-8 only; for FLOODED case only1 must be used consistently with 9x73. 8373, 5873 h DS83 data 
1.613883+10 $ Total activation gannna source in rotary shutter I 1.613886+10 (p/s), 7 days after shutdown) all at 1.25 MeV 
$ 0anm.a energy boundaries (Emax, in MeV) from VELM 61n/23g structure: 
1.00000e-02 2.00000s-02 4.50000e-02 7.00000e-02 1.00000e-01 
1.50000e-01 3.00000e-01 4.00000s-01 5.10000e-01 6.00000s-01 
7.00000s-01 1.00000e+00 1.50000e+00 2.OOOOOe+OO 2.50000e+00 
3.00000e+00 4.00000e+00 5.OOOOOs+OO 6.00000e+00 7.00000e+00 
7.50000e+00 8.00000e+00 1.OOOOOe+O1 1.40000e+01 
$ Ganmza flux-to-dose-rate conversion factors [(mrem/hr)/(p/s/cm2)] for the VELM 61n/23g xsect library, 
calculated as prescribed in ANSI/ANS-6.1.1-1977, with groups arranged here in order of “increasing” 
energy for use in MCNPi first value here corresponde to non-existant group below 1.0s-2 MeV: 
0.00000e+00 2.14390e-03 5.77610e-04 2.74660e-04 2.664401~~-04 
3.27670e-04 5.66760e-04 8.75940e-04 1.0852Oe-03 1.27970e-03 
1.44170e-03 1.75630e-03 2.31560s-03 2.92700e-03 3.46860e-03 
3.95960e-03 4.62210e-03 5.41360e-03 6.19090s-03 6.926508-03 
7.47830e-03 7.84680s-03 8.77160e-03 1.10200e-02 

will yield fluxes in p/s/cm2 

Q-Flux (p/e/cmZ) 3 feet past conc box containing shutter, at 100 MW 
Rotary shutter centered at 2~446.405 cmi downstream edge of shutter at 21477.36125 cm; 
Downstream surf of 95 liner on concrete box containing shutter is at Surf 3001 (21478.79 cm)j 
This detector is located 3 feet downstream of Surf 3001 
0.0 0.0 570.23 5.0 $ 0-Flux (p/s/cm2) midway between collimator & shutter at 100 MW 
fm75 1.35399~+17 $ based on VELM gamma groups 1-23; sum of equivalent point sources ( p / s )  in HB-3 for H F I R  at 101) MW (Sn=7.5573e18 n/s in global 

fm75 7.9842113+15 $ based on VELM gamma groups 1-8 onlyj for FLOODED case onlyp must be used consistently with SI73. SP73, 5873 P DS83 data 
1.61388E+lO 5 Total activation gamma source in rotary shutter = 1.6138BE+lO (p/s), 7 days after shutdowni all at 1.25 MeV 
$ Emax(MeV) for the 23 VELM gamma gzps (lowest to highest energy for MCNP): 
2.0000e-2 4.5000e-2 7.0000s-2 f.0000e-1 1.5000e-1 $ VELM g-groups 23, 22, 21, 20, 19, 
3.0000e-1 4.0000e-1 5.1000e-1 6.00008-1 7.0000s-1 $ VELM g-groups 18, 17, 16, 15, 14, 
1.0000e+0 1.5000e+0 2.0000e+0 2.5OOOs+O 3.0000e+O, $ VEm g-groups 13, 12, 11, 10, 9 ,  
4.00OOe+O 5.0000e+0 6.0000e+0 7.0000e+O 7.5000e+0 $ WLU g-groups 8, 7, 6, 5, 4, 
8.0000e+0 1.0000e+l 1.4OOOe+l $ VELM g-groups 3, 2, 1 

will yield fluxes in p / s / d  

O-Dose (mrem/hr) 3 feet past conc box containing shutter, at 100 MW 
Rotary shutter centered at 21446.405 cm) downstream edge of shutter at 21477.36125 cm; 
Downstrebni surf of SS liner on concrete box containing shutter is at Surf 3001 (21478.79 cmfi 
This detector is located 3 feet downstream of Surf 3001 
0.0 0.0 570.23 5.0 $ G-Dose (mrm/hr) midway between collimator & shutter at 100 MW 
fm85 1.35399e+17 $ based on VELM gmma groups 1-231 sum of equivalent point eourcee ( p / ~ )  in HB-3 for HFXR at 100 MW (Sn17.SS73e18 n/s in global 

fm85 7.9842113+15 $ based on VELM ganuna groups 1-8 only; for FLOODED case only1 must be used consistently with S173, 5873, SB73 & DS83 data 
1.61380E+10 $ Total activation gannaa source in rotary shutter = 1.61388E+lO (p/s), 7 days after shutdown1 all at 1.25 MeV 
5 Gamma energy boundaries (Emax, in MeV) from VELM 61n/23g structure: 
1.OOOOOe-02 2.OOOOOe-02 4.500000-02 7.00000e-02 1.OOOOOe-01 
1.50000s-01 3.00000e-01 4.00000s-01 5.10000s-01 6.00OOOe-01 
7.00000e-01 1.00000e+00 1.50000e+00 2.000OOe+OO 2.50000e+00 
3.00000e+00 4.00000e+00 5.00000e+00 6.00000e+00 7.00000e+00 
7.50000~ 8.00000e+00 1.00000e+01 1.40000e+01 
$ Garmno -to-dose-rate conversion factors [(mrem/hr)/(p/s/cm2)] for VELM 61n/23g xsect library, 

will yield fluxes in p/s/cm2 

\ 



HB3 10.1 
C calculated as prescribed 
C energy for use in XCNP; 

0.00000e+00 2.14390e-03 

1.44170e-03 1.7563Oe-03 
3.95960e-03 4.622100-03 
7.47830~1-03 7.84680s-03 

3.276700-04 5.667600-04 

C 

C 
fc231 Primary O-Leakage (pis) 

in ANSI/ANS-6.1.1-1977, with 
first value here corresponds 

groupe arranged here in order of *increasing" 
to non-existant group below 1.00-2 MeV: 

5.776100-04 2.7466Oe-04 2.664400-04 
8.7s940e-04 1.08moe-03 i.27970e-03 
2.31560e-03 2.92700~3-03 3.468600-03 
5.41360e-03 6.19090e-03 6.92650s-03 
8.771600-03 1,10200~-02 

on downutrem surf of box holding shutter, 100 Mw 
C 1) Rotary shutter is centered at Z=446.405 cm; downstream edge of shutter is at 2~477.36125 cm; 
C Downstream surf of 58 liner on concrete box containing shutter is at Surf 3001 (Z-478.79 cml; 
C That is the surface where this Fl tally is made. 
C 2 )  Purpose of this tally is simply to see X I  any real QartfCltYS are getting here, and to see WHERE they are coming from. 
C fm231 1.35399017 $ based on MW gamma groups 1-231 use for g-only Calcl = 6um of equivalent point sources ( d e )  in 88-3 for HFIR at 100 MW (Sn 
P7.5573018 n/a in global calc); will yield fluxes in n/a/cm2 
C 
C 
C 
1 yield 
fm231 
f231rp 
fa231 
C 

C 
C 

C 
C 

C 
C 

C 
C 
C 
C 
C 
C 

ad231 
e231 
e231 

fa231 
C 
C 

fe232 
C 
C 
C 

C 
E 

C 

C 
E 
C 
C 

f a 3 1  7.984211E+15 $ baaed on VEm gamma groups 1-8 only; for FLOODED case only; must be use21 consistently with SI73, 5373, SB73 6r DSB3 data 
fc231 Secondary +Leakage (p/s) at downstream exit of collimator hole 
fml3l 9.64595e16 $ Use for n/g calc; = sum of equivalent point source6 (n/s) in HB-3 for HFIR at 100 MW (Snr7.5573e18 n / s  in global ca1c)i wil 

fluxes in n/s/cm2 
1.61388E+10 $ Total activation gamma source in rotary shutter = 1.61388E+10 ( p / s ) ,  7 days after ahutdowni all at 1.25 MeV 
3001 $ downstrem surf of 88 liner on concrete box containing shutter 
3032 -3022 3072 -3082 3031 -3022 3071 -3081 3110 $ the 10th edit ("the remainder") is the leakage (p/s)  thru the central C.S-inch-di8m disk 
Heaning of surface segments (assuming you're outside where mnochrometer drum usually is. looking back towards the shutter): 
-_----*p---"--_-----_________________l_l---------~--------~--~- 

everything to left of concrete box holding the shutter 
everything to right of concrete box holding the shutter 
what remains above the concrete box holding the shutter 
what remains below the concrete box holding the shutter 
void gap just to left of concrete box holding the shutter 
void gap just to right of concrete box holding the shutter 
void gap just above the concrete box holding the shutter 
void ~ a p  just below the concrete box holding the shutter 
face of concrete box holding the shutter, except the central 6.5-inch-diem disk directly in front of shutter 
central 6.5-inch-dfam disk directly in front of shutter 

_--_----------------__________^_________------------------*---- 

1 1 1 1 1 1 1 1 1 1 $ enter area of 1.0 Cma for all uegments (including "remainder") to get "leakage (p/s)" instead of "current (p/s/c1112)" 
0.0 1.0 6 only ~ ( r - 1  and L(z+) - .  
.$ wlax(MeV) for the 23 VeLM gamma g r p s  (lowest to highest energy for MCNP): 

2.OOOOe-1 4.5000e-2 7.0000e-2 1.OOOOe-1 1.5000e-1 5 WLU g-groups 23, 22, 21, 20, 19, 
3.0000e-1 4.0000s-1 5.1000S-1 6.00000-1 7.00000-1 $ VEX&! g-UrOUDE 18, 17. 16, 15, 14, 
1.0000~+0 1.5OOOe+O 2 . 0 0 0 0 ~ + 0  2 . 3 0 0 0 ~ + 0  3.0000e+0 $ VZLM g-grOUpS 13, 12, 11, 10, 9, 
4.00OOe+O 5.OOOOe+O 6.00OOe+O 7.00OOe+O 7.50OOe+O $ Wzm g-groups 8 ,  7, 6, 5, 4, 
S.OOOOe+O 1.0000e+l 1.4000e+l $ g-groups 3, 2, 1 
c e a $ each cosine - new tablet energy grp down vertically; spatial segments acroas horizontally 

Primary (3-Dose (mremlhr) on downstram surf of box holding shutterj seg 10 

Note; 
central 6.5-inch-d~am disk directly in front of the shutter (seg 10) [and perhaps segments 5-9 a1601 
has good statistics, is it possible to have a high degree of confidence in the point d6tector astimatea. 
If F2 Tally 232 is wall convarged in repmentr 5-10, then FS Tallies 45, 65 and 85 will be very accurate# 
if F2 Tally 232 is not well convmrgad, F5 Tallies 45,  65 and 85 may or may not be any good (even if atats are good) 

1) Rotary shutter is centered at 2446.405 cmi 

Only if this boundary crossing eetimate of the primary ganmaa dose rate downstream of the 

- - - ._ - - - - - - - -_ - -_ I - -"_- - - - - -  
downstream edge of shutter is at 21477,36125 cm; 

Downstream surf of SS liner on concrete box containing shutter io at Surf 3001 (2-478.79 C ~ ) J  
That is the surface where this F2 tally is made. 



HB310.1 
C 2 )  Purpose of this tally is simply to see IF any real particles are getting here, and to see.WXERE they are codng from. 
C ........................... 
C 
or HFIR 
C 
3, SB73 
C 
C 
1 yield 
f d 3 2  
f232xp 
f 6232 
C 

C 

C 
C 
C 
C 

C 

C 
C 

C 

C 
C 
C 

C 
ad232 

e232 

en1232 
C 

C 

€1~232 
C 

C 
C 
C 

fm232 1.35399e17 $ based on Pri g-source in VELM: gamma groups 1-231 use for VOID g-Only calc; a sum of equivalent point source8 (p / s )  in HB-3 f 
at 100 MW (Sn-7.5573e18 n/s in global calc); will yield fluxes in n/s/cd 
fm232 7.9842113+15 $ based on Pri g-source in VELM gsrmna groups 1-8 only1 use 1-8 for FLOODED case only; must be used consistently with 8173, SP7 
k D583 data 

fc232 Secndry G-Dose (mrem/hr) on downstram surf of box holding shutter; Beg 10 
f a 3 2  9.64595e16 $ use for n/g calcr = sum of equivalent point sources (n/s) in HB-3 for HFIR at 100 Mw (Sn=7.5573e18 n/s in global talc)] wi1 

fluxes in n/s/cm2 
1.61388E+10 $ Total activation garmna source in rotary shutter = 1.613883+10 ( p / s ) ,  7 days after shutdown; all at 1.25 MeV 
3001 $ downstream surf of SS liner on concrete box containing shutter 
3032 -3022 3072 -3082 3031 -3021 3071 -3081 3110 $ the 10th edit ("the remainder") is the leakage (p/s) thru the central 6.5-inch-dim disk 
Meaning of surface segments (assuming you're outside where monochrometer drum usually is, looking back towards the shutter): . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1) everything to left of concrete box holding the shutter, area a 1438.212778 cm2 
2) everything to right of concrate box holding the shutter, area = 1438.212778 cm2 
31 what remains above the concrete box holding the shutter, area - 1414.336692 cm2 
4) what remains below the concrete box holding the shutter, area = 1414.336692 cm2 
5 )  void gap just to left of concrete box holding the shutter, area - 151.915019 cm2 
6) void gap just to right of concrete box holding the shutter, area 151.915019 cm2 
7) void gap just above the concrete box holding the shutter, area - 145.816241 cm2 
8 )  void gap just below the concrete box holding the shutter, area - 145.816241 cm2 
9) face oL concrete box holding the shutter, except the central 6.5-inch-diam dink; area - 6758,583596 em2 
10) central 6.5-inch-dim disk directly in front of shutter, area = 214.083910 cm2 <-- region of greatest interest 
Total area of all 10 sepments-pi*(65.0**2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

$ enter area of all surface segments (including "the remainder*) to get flux in "p/s/cm2* 
$ area (cm2)  for each of the 10 surface segments at this axial location (sag 10, the nrsmaieder", is of greatest interest) 
1438.212778 1438.212778 1414.336692 1414.336692 151.915019 
151.915019 145.816241 145.816241 6758.583596 214.083910 

$ Garmna energy boundaries (Emax, in MeV) from VELM 61n/23g structure: 
1.00000e-02 2.00000e-02 4.50000e-02 7.00000s-02 1.00000a-01 
1.50000s-01 3.00000e-01 4.OOOOOe-01 5.10000e-01 6.00000s-01 
7.00000s-01 1.00000e+00 1.500OOe+OO 2.000OOe+OO 2.50000e+00 
3.00000e+00 4.000OOe+OO 5.000OOa+OO 6.00000e+00 7.OOOOOe+OO 
7.50000e+00 8.00000e+00 1.00OOOe+Ol 1.40000s+01 
$ Gamma flux-to-dose-rate conversion factors [(mrem/hr)/(p/s/cm2)] for the VELM 61n/23g xsect library, 
calculated as prescribed in ANSI/AN5-6.1.1-1977, with groups arranged hers in order of *increasingn 
energy for use in MCNPi first value here corresponds to non-exintant group b l o w  1.00-2 MeV: 
O.OOOOOe+OO 2.14390e-03 5.77610s-04 2.746600-04 2.664400-04 
3.276700-04 5.66760s-04 8.759400-04 1.085200-03 1.279700-03 
1.44170e-03 1.75630e-03 2.31560e-03 2.927006-03 3.46860e-03 
3.9596Oe-03 4.62210e-03 5.413600-03 6.19090e-03 6.92650a-03 
7.47830e-03 7.846800-03 8.77160e-03 1.102000-02 
e s $ print control: energy g r p  down vertically1 spatial segments across horizontally 
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