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FINAL REPORT OF THE 
HFIR IRRADIATION FACILITIES IMPROVEMENT PROJECT 

B. H. Montgomery 
K. R. Thoms 
C. D. West 

ABSTRACT 

The High-Flux I so tope  Reactor (HFIR)  has ou t s t and ing  
neu t ron ic s  c h a r a c t e r i s t i c s  f o r  m a t e r i a l s  i r r a d i a t i o n ,  but some 
r e l a t i v e l y  minor aspects of i t s  mechanical des ign  s e v e r e l y  
l i m i t e d  i t s  use fu lness  f o r  t h a t  purpose. In  p a r t i c u l a r ,  
though the  f l u x  t r a p  reg ion  i n  the  c e n t e r  of t h e  annular  f u e l  
elements has a very h igh  neut ron  f l u x ,  i t  had no p rov i s ion  f a r  
i n s t rumen ta t ion  access t o  I r r a d i a t i o n  capsules .  The i r r a d i a -  
t i o n  p o s i t i o n s  i n  t h e  bery l l ium r e f l e c t o r  o u t s i d e  t h e  f u e l  
elements a l s o  have a high f l u x ;  however, a l though i n s t r u -  
mented, they were too  small and too  few t o  r ep lace  the  f a c i l i -  
t i es  of a m a t e r i a l s  t e s t i n g  r e a c t o r .  

t i e s  Improvement P r o j e c t  cons i s t ed  of mod i f i ca t ions  t o  the  
r e a c t o r  v e s s e l  cove r ,  i n t e r n a l  s t r u c t u r e s ,  and r e f l e c t o r .  
Two instrumented f a c i l i t i e s  were provided i n  the  f l u x  t r a p  
r eg ion ,  and t h e  number of materials i r r a d i a t i o n  p o s i t i o n s  i n  
t h e  removable bery l l ium (RB) w a s  increased  from four  t o  e i g h t ,  
each wi th  almost twice the  a v a i l a b l e  experimental  space of t h e  
prev ious  ones. The instrumented t a r g e t  f a c i l i t i e s  were com- 
p l e t e d  i n  August 1986, and t h e  RB f a c i l i t i e s  were completed 
i n  June 1987. This r e p o r t  covers  on ly  t h e  t a s k s  mentioned 
above t h a t  were funded by the  Of f i ce  of Fusion Energy and t h e  
Basic Energy Sc iences  Program through a Department of Energy 
approved OR-638-86-ORNL-2, Mod 1; i t  does not cover the  HFIR 
exper imenta l  c o n t r o l  room upgrade nor the  Fusion materials 
i r r a d i a t i o n  experiments. 

To address  these  drawbacks, t h e  HFIR I r r a d i a t i o n  F a c i l i -  

1. BACKGROUND 

The High-Flux I so tope  Reactor (HFIR) i s  a p r e s s u r i z e d ,  l i g h t - w a t e r -  
coo led ,  beryll ium-ref l e c t e d  , 100-MW r e a c t o r .  It was designed f o r  t he  
product ion  of i s o t o p e s ,  p a r t i c u l a r l y  transuranium i s o t o p e s ,  which 
r e q u i r e s  h igh  thermal and ep i thermal  neutron f l u x e s ;  indeed ,  t he  W F I R  
t a r g e t  reg ion  ( t h e  c y l i n d r i c a l  space  i n s i d e  the  two concen t r i c  annu la r  
f u e l  elements) has the h ighes t  s t eady  s ta te  thermal-neutron f l u x  i n  the  
world. The high thermal f l u x  a l s o  makes t h e  r e a c t o r  a good source of 
neut rons  f o r  s c a t t e r i n g  experiments,  and a number of beam tubes  e x i s t  
f o r  t h a t  purpose (Fig. 1). The r e l a t i v e l y  high r e a c t o r  power and power 
d e n s i t y  l e a d s  t o  a h igh  fas t -neut ron  f l u x ,  so t h a t  the  HFIR is a l s o  used 
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Fig. 1. Plan view of H F I R  showing r e a c t o r  components, f u e l ,  and 
beam tubes.  

f o r  materials i r r a d i a t i o n  experiments.  The H F I R  i s  thus  a mult ipurpose 
f a c i l i t y ,  but t h e  f i x e d  loading  of t h e  aluminum-clad, U308 f u e l  element - 
c o n s i s t i n g  of invo lu te  p la tes  - ks much less f l e x i b l e  than  a genera l -  
purpose materials tes t  r e a c t o r  i n  which the  loading  and arrangement of 
t h e  f u e l  e lements  can be va r i ed  w i t h i n  q u i t e  wide l i m i t s .  

Small (16-mm-diam) i r r a d i a t i o n  capsules  can be placed i n  the  t a r g e t  
reg ion ,  brut wi th  no pressure. vesse l  p e n e t r a t i o n s  provided f o r  access, 
t hese  experiments could not be instrumented.  It was poss ib l e  t o  i r r a d i -  
a te  somewhat l a r g e r  (37-mm-dim) capsules  i n  fou r  positions i n  t h e  
be ry l l i um r e f l e c t o r  surrounding the  c o n t r o l  p l a t e s  o u t s i d e  the  o u t e r  f u e l  
element.  This  p a r t  of the  r e f l e c t o r  i s  designed t o  be r e a d i l y  removable 
because r a d i a t i o n  damage necessttates f requent  replacement (every 2.5 
y e a r s ) ;  t hus ,  the i r r a d i a t i o n  f a c i l i t i e s  i n  i t  are c a l l e d  the removable 
bery l l ium (RB) p o s i t i o n s  Pene t r a t ions  through t h e  p re s su re  v e s s e l  a l low 
access f o r  capsule  instrui i ientat ion and temperature-control  gas l i n e s  i n  
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t h e  RB p o s i t i o n s ,  but the access  f langes are not d i r e c t l y  above the 
i r r a d i a t i o n  f a c i l i t i e s  so that i n  s i t u  v e r t i c a l  and r o t a t l o n a l  
ad jus tments  of the  instrumented i r r a d i a t i o n  capsules  us ing  t h e s e  pene t ra -  
t i o n s  are d i f f i c u l t  (Fig. 2).  

Fig.  2. Old exper imenta l  f a c i l i t i e s  i n  HFIR. 
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IAT LON FACILITIES IMPROVEMENT PROJECT 

I n  1984, an ad hoc committee was e s t a b l i s h e d  by the  Oak Ridge 
National. Laboratory (OWL) Executive Committee t o  "...consider and recom- 
mend changes and improvements t o  the  Labora tory ' s  f a c i l i t i e s  f o r  mate- 
r ia l s  i r r a d i a t i o n  testimg,"l  The committee's r epor t  included recommen- 
d a t i o n s  f o r  c e r t a i n  modl f ica t ions  t o  t h e  HFIR t h a t  would s i g n i f i c a n t l y  
enhance the number and va lue  of materials i r r a d i a t i o n  experiments t h a t  
could be accommodated by t he  r e a c t o r .  The H F I R  I r r a d i a t i o n  F a c i l i t i e s  
Improvement (HIFI) P r o j  ect was e s t a b l i s h e d  t o  implement these  recommen- 
d a t i o n s  wi th  support  from the  Of f i ce  of Fusion Energy (OFE), t he  Bas ic  
Energy Sciences (BES) Program, and the  Labora tory ' s  General Purpose 
Equipment ( W E )  funds. The GPE funds are c u r r e n t l y  being used t o  upgrade 
t h e  experiment c o n t r o l  room con ta in ing  t h e  u t i l i t i e s  f o r  t h e  instrumented 
experiments;  t h i s  r epor t  does not cover t h a t  work. 

The H I F I  P ro jec t  e f f o r t s  were div ided  i n t o  two phases: phase 1 - t o  
provide  a t  l e a s t  two instrumented t a r g e t  reg ion  f a c i l i t i e s  and phase 2 - 
to provide l a r g e r  and a d d i t i o n a l  i r r a d i a t i o n  p o s i t i o n s  i n  the  RB wi th  
s t r a i g h t - l i n e  access  p e n e t r a t i o n s  through t h e  p re s su re  v e s s e l .  

A conceptual des ign  showing t h e  new components i n  t h e  r e a c t o r  was 
completed in September 1985. A des ign  r e p o r t  con ta in ing  f in i t e - e l emen t  
stress ana lyses  of t h e  p re s su re  boundary components ( i s sued  on November 5 ,  
1985, by C. W. C o l l i n s )  and a hydrau l i c s  a n a l y s i s  of t h e  new r e f l e c t o r  
( i s sued  on June 15, 1987, by W, E. Thomas) are a t t ached  as Appendix A, 
Figure  3 shows the  new exper imenta l  f a c i l i t i e s  layout .  

2.1 Phase 1 

The instrumented t a r g e t  f a c i l i t i e s  requi red  newly designed and 
f a b r i c a t e d  cotnponents from t h e  bottom t o  t h e  top of t he  r e a c t o r  "stack." 
These components included a f u e l  g r i d ,  t a r g e t  ho lde r ,  o u t e r  shroud, tar- 
ge t  tower,  t a r g e t  hole plug ,  quick-access ha t ch ,  r a b b i t  f a c i l i t y  U-bend, 
and s e v e r a l  in-pool t o o l s  f o r  removing and r ep lac ing  each component. 
PhoLOgKaphS were taken of each i t e m  and are shown i n  Figs. 4-11. A 
diagramrriatic s i d e  view of  she H F I R  components is shown i n  Fig. 11. The: 
t a r g e t  tower ex tends  upward from t h e  t a r g e t  reg ion  t o  a quick-access 
ha t ch  and t a r g e t  ho le  plug i n  t h e  p re s su re  v e s s e l  l i d .  The tower houses 
t h r e e  guide  tubes  - one f o r  t he  hydrau l i c  r a b b i t  f a c i l i t y  and the  o t h e r  
two f o r  t h e  instrumented t a r g e t  f a c i l i t i e s .  

To u t i l i z e  funds a l l o c a t e d  by the  U.S./Japan f u s i o n  materLals prs-  
gram t o  measure t empera tures  i n  the t a r g e t  reg ion  experiments,  t he  proj-  
e c t  scheduled t h e s e  f a c i l i t i e s  t o  he ready f o r  an instrumented t a r g e t  
capsu le  experiment by August 1986. Even wi th  a de lay  i n  funding (over 3 
months) dur ing  FY 1986, t h e  commitment w a s  m e t .  The f i r s t  instrumented 
t a r g e t  capsule  was i n s e r t e d  on August 14;  t h e  r e a c t o r  went t o  power on 
August 1 7  1986; and t h e  experiment was s u c c e s s f u l l y  completed.2 
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2.2 Phase 2 

The new RB facilities required a new design for the reflector, re- 
placing the four 37-mm-diam positions with eight holes, each with a 
diameter of 48 mu. This change increased the total experimental volume 
available within the RB by a factor of 3 to 4. The new positions are 
referred to as the RB Star (RB*) facilities, and they can accommodate 
most of the irradiation work previously undertaken in the core of the O a k  
Ridge Research Reactor (ORR), taking only one-third to one-half the time 
to accumulate the same damage level. 

Some other components mounted above the beryllium reflector were 
also replaced with new designs. Specifically, the track assembly and the 
shroud flange (part of the systems that locate and guide the control 
plates) were replaced to provide clearance for the new facilities. In 
addition, the new quick-access hatch (Fig. 12) with more penetrations 
provides straight-line instrumentation access to each of the RB* posi- 
tions. The straight-line access will permit rotation (for radial flat- 
tening of the flux) and vertical relocation of irradiation capsules 
during the course of an experiment as well as allowing capsules to be 
interchanged among any of the eight positions. Photographs of the RB 
ref lector, track assembly, and shroud flange are shown in Pigs. 13-15. 

2.3 Project Reporting 

Monthly progress reports beginning in September 1985 and continuing 
through June 1987 were written and distributed to all interested person- 
nel. All of these reports are attached as a record of the conduct of the 
project (Appendix B). Also, monthly costs and schedule assessment re- 
ports were transmitted to DOE (copies attached to the progress reports). 

2.4 Project Milestones 

During the August 13-17, 1986, refueling shutdown of the HFIR, 
Phase 1 of the project was completed on schedule with the installation of 
the equipment necessary to operate instrumented irradiation experiments 
in the target region. At the same time the first capsule was installed 
to utilize this facility. This capsule insertion, one of the U.S. Japan 
Fusion Materials Collaboration Program milestones, had been planned for 
this shutdown period since mid-1985. The Martin Marietta Energy Systems 
Achievement Report forms, recording successful completion of the mile- 
stone, are attached as Appendix C. 

milestone for Martin Marietta Energy Systems: 
tions to allow conduct of instrumented experiments in the RB positions - 
June 1987." The milestone was met with optical alignment completed on 
June 19, 1987, confirming the functional use of all components. The 
notification of completion is also attached in Appendix C. 

In October 1986, Phase 2 of the project was established as a DOE 
"Complete HFIR modifica- 

L 

7 
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3. NEUTRON FLUX, FUEL CYCLE LENGTH, 
AND DOSIMETRY MEASUREMENTS 

As i n d i c a t e d  e a r l i e r ,  t he  HFIR i s  a multipurpose r e a c t o r ,  and t h e r e  
was a n a t u r a l  concern about t h e  p o s s i b l e  e f f e c t s  of more and l a r g e r  mate- 
r ia l s  i r r a d i a t i o n  experiments on o t h e r  u se r s .  Two important ques t ions  
concern t h e  e f f e c t  of neut ron  abso rbe r s  i n  t h e  RB p o s i t i o n s  on beam-tube 
thermal f l u x  and on the  f u e l  cyc le  du ra t ion .  To answer these  q u e s t i o n s ,  
a series of experiments and f l u x  measurements was c a r r i e d  out .  

As a worst-case experiment,  t he  e f f e c t  of a 3.8-mm-thick hafnium 
sleeve placed i n  each of t h e  fou r  RB p o s i t i o n s ,  i n  t u r n ,  was i n v e s t i -  
ga ted .  Such a th i ckness  of hafnium should be adequate f o r  most s p e c t r a l -  
t a i l o r e d  i r r a d i a t i o n  experiments and w i l l  absorb almost a l l  of t h e  the r -  
m a l  neu t rons  f a l l i n g  on i t ;  i t  i s ,  t h e r e f o r e ,  a n e a r l y  complete absorber  
and r e p r e s e n t s  t h e  most extreme case t o  be encountered i n  p r a c t i c e .  The 
change i n  the  f l u x  i n  t y p i c a l  neu t ron - sca t t e r ing  experiment p o s i t i o n s  a t  
t h e  va r ious  beam tubes  w a s  measured as t h e  hafnium was placed i n  each RB 
p o s i t i o n  i n  turn .  The r e s u l t s  are shown i n  Table 1. The e f f e c t  i s  less 

Table 1. Change i n  f l u x  a t  the  H F I R  b e a m  tubes 
as a 3.8-mm-thick, 31.6-mm-diam 

hafnium s h i e l d  i s  placed i n  
RB i r r a d i a t i o n  p o s i t i o n s  

Changea i n  thermal f l u x  a t  beam tubes  
Hafnium 
p o s i t i o n  

HB- 1 HB-2 HB-3 HB-4 

b HB-1 through HB-4 

RB-~ '  -3 0 +1 +2 

RB-2 +4 d +1 +4 

RB-3' +1 -1 -6 +2 

RB-4' +1 0 +2 4 

" 

~~~~ ~~~~~ 

%'he base case has t h e  usua l  i r i d i u m  ( i s o t o p e  

bMeasurements taken a t  a r e a c t o r  power of 100 kW. 

'The i r i d i u m  i n  each of t h e s e  p o s i t i o n s  i n  t u r n  

product ion)  capsu le s  a t  a l l  RB p o s i t i o n s  except RB-3. 

was rep laced  by the  hafnium s l e e v e  t o  make t h e  
measurements. 

dThis combination is considered i m p r a c t i c a l  f o r  
heav i ly  absorb ing  materials i r r a d i a t i o n  experiments 
because of t he  very c l o s e  proximity of RB-3 t o  t h e  
HB-2 beam tube (100-mm s e p a r a t i o n ) .  The l o s s  of f l u x  
w a s  a c t u a l l y  13%. 
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than about f 5 %  i n  a l l  cases l i k e l y  t o  be permi t ted  i n  p r a c t i c e .  The 
i n c r e a s e  i n  f l u x  t h a t  i s  observed i n  some p o s i t i o n s  may mer i t  a f u r t h e r  
explana t ion .  P u t t i n g  an absorber c l o s e  t o  t h e  f u e l  reduces the  thermal 
f l u x  i n  t h a t  reg ion  and, t h e r e f o r e ,  the  l o c a l  power l e v e l  i n  t h a t  p a r t  of 
t h e  core .  With the  same o v e r a l l  power, t h e  l o c a l  power d e n s i t y  on t h e  
oppos i t e  s i d e  of t h e  core must i nc rease  t o  conpensate,  l ead ing  t o  a 
h ighe r  l o c a l  f l u x  i n  t h a t  zone. The r e s u l t s  are presented  g r a p h i c a l l y  i n  
Fig. 16. 

o r  a t  least  less a c c u r a t e ,  because of t h e  core-to-core v a r i a t i o n s  i n t r o -  
duced by manufacturing t o l e r a n c e s  and because the  loading  of experiments 
and i so tope  production capsu le s  i s  changed from cyc le  t o  cyc le ;  t h e s e  and 
o t h e r  e f f e c t s  i n t roduce  a cycle-to-cycle l eng th  v a r i a t i o n  of up t o  -1 d. 
Reactor t i m e  is too va luab le  t o  perform a c o n t r o l l e d  experiment w i th  no 
o t h e r  experiments allowed t o  change t h e i r  loadings  over many cyc le s .  
Carefu l  measurements and comparison with h i s t o r i c a l  d a t a  on the  r e l a t i o n -  
s h i p  between i n i t i a l  co re  r e a c t i v i t y  and f u e l  c y c l e  l e n g t h  have r e s u l t e d  
i n  c a l c u l a t i o n s  showing t h a t  t he  e f f e c t  of t h e  hafnium absorber  is t o  
sho r t en  the  f u e l  c y c l e  by 21 k7 h o r  4% of a t y p i c a l  cyc le .  The co r re -  
sponding a d d i t i o n a l  f u e l  c o s t s  are only  about $100,00O/year. 

r i a l s  damage rate t o  be expected i n  the  new RB f a c i l i t i e s .  Analys is  of 
t h e  f l u x  showed t h a t  t h e  displacements-per-atom (dpa) ra te  expected i n  
316 s t a i n l e s s  s teel  i n  the  RB p o s i t i o n s  i s  10.5 dpa/year.  Even wi th in  
t h e  s h i e l d i n g  provided by a 3.8-mm hafnium s l e e v e ,  t h e  r a t e  i s  8.3  
dpa/year 

Measurements of t he  e f f e c t  on f u e l  cyc le  l eng th  are more d i f f i c u l t  

Dosimetry experiments were c a r r i e d  ou t  t o  provide d a t a  on t h e  mate- 
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4. FUNDING AND COSTING 

The H I F I  P ro jec t  w a s  cap i ta l  funded by the  OFE and the  BES Program 
through a DOE-approved OR-638-86-OKNL-2 Mod 1 ( a t t ached  as Appendix D). 
The i n i t i a l  OR-638 only covered t h e  funds t h a t  were a v a i l a b l e  f o r  FY 1986 
($710,000), whereas the  r ev i sed  Mod 1 inc luded  the. a d d i t i o n a l  funds 
($242,000) needed t o  complete the  p r o j e c t  i n  FY 1987 f o r  a t o t a l  of 
$952,000, which i s  $160,000 under Lhe i n i t i a l  estimate. The es t imated  
c o s t s  vs t h e  a c t u a l  c o s t s  are shorn i n  Table 2. The gamma heat exper i -  
ment, l i s t e d  under Neutronic Analys is ,  w i l l  avoid the  need f o r  gamma hea t  
c a l c u l a t i o n s  t h a t  were prev ious ly  requi red  under t h i s  task .  

Table 2. Estimated vs  ac tua l  c o s t s  f o r  t he  
H F I R  i r r a d i a t i o n  f a c i l i t i e s  upgrade 

D i  s c i  p 1 i ne 

Cost ($K) 

10/29/85 Actual Under run/ 
E s t  imat e (over run)  

Design 233.0 182.8 50.2 

Procurement /Fabr i ca t iona  603.0 424.5 178.5 

Assembly 63.0 83.5 (20.5) 

Inspec t ion  0 40.2 (40.2) 

S u r v e i l l a n c e  144.0 162.9 (18.9) 
4 

69.0 27.1 11.0 
30.9 h 

Neutronic a n a l y s i s  
Gamma h e a t  capsule  

- 
Tota l  $1,112.0 $952.0 $160.0 

aDoes not inc lude  t h e  c o s t  a s s o c i a t e d  wi th  t h e  scheduled 
RB replacement t h a t  was, as always, funded by Opera t ions /  
Research Reactors Div is ion  ope ra t ing  funds, 

assemble a proposed experiment to measure gamma hea t ing  r a t e s  
i n  the  new RB* f a c i l i t i e s .  These exper imenta l  r e s u l t s  will 
avoid the  need f o r  gamma heat c a l c u l a t i o n s  t h a t  were p rev ious ly  
r equ i r ed  under Neutronic Analysis funding. 

bThese funds are t o  be used t o  des ign ,  f a b r i c a t e ,  and 

The $160,000 underrun r e s u l t e d  from the  p r o j e c t  s t a f f  being a b l e  t o  
reduce t h e  es t imated  f a b r i c a t i o n  c o s t s  of par ts  and assembl ies  through 
innova t ive  procurement from o u t s i d e  vendors. A t a b u l a t i o n  of c o s t s  
a s s o c i a t e d  with f a b r i c a t i o n  is  shown i n  Table 3. One i t e m  exceeded not 
on ly  the  es t imated  c o s t ,  but a l s o  the  es t imated  d e l i v e r y  t i m e ;  H F I R  Job 
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Table 3. HIFI  Project  reac tor  components f a b r i c a t i o n  and 
assembly d a t e s  and f i n a l  c o s t s  

Vendor 
cost  
(SK) 

7012 
COS t 

( S K I  

Final  
cost  
( S K I  

Fabr i c a t  ion Assembly/ p a r t s  
f a b r i c a t i o n  S t a r t  Complete 

IN-HS 
cost  
(SKI 

Remarke 

Phase 1 

5/9/86 
6/6/86 
6/6/86 
5/9/86 
5/7/86 
6/1/86 
5/8/86 

6/16/86 
6/25/86 
6/25/86 

7/1/86 
7/1/86 
7/1/86 

7/15/86 
8/15/86 
81 15/06 

84 
91 
93 
9 38 
96 
968 
96C 
98 
99 

100 
101 

Target holder 
Fuel g r i d  
Outer shroud 
Shroud d r i l l  316 
Rabbit f a c i l i t y  
Rabbit hydro f i x t u r e  
dP Target f a c i l i t y  
Target tower 
Quick-opening hatch 
Target hole plug 
Tool - in-pi le  
Tool - t a r g e t  hole 
Stand - t a r g e t  s torage  
Tool - t a r g e t  holder 
Stand - exp. s torage  
Tools - miscellaneous 

3/17/86 
4/7/86 

1/20/86 
4/16/86 

4/7/06 
4/17/86 
4130186 

3/7/86 
3/4/86 
3/4/86 

6/17/86 
611 7/86 
6/17/86 
6/23/85 
7/15/06 

5.0 

1.5 

7.6 
2.9 

61.7 

12.6 
20.3 
68.0 

1.5 
15.5 
0.5 
0.7 

38.5 
33 .3  
11.3 

1.5 
6.7 

3.4 
1.3 
1.9 

6.1 

a, b 
a 
a 

17.4 
24.8 

1.5 
9.5 
0.5 
0.7 
9.5 

27.2 
9.1 
0.9 
6.7 
5.4 
2.7 
1.3 
1.9 

6.0 a, b 

b 

a 
B 

a 

29.0 
5.1 
2.0 

1.0 
0.2 
0.6 

0.7 
0.7 b 

Reactor mckup 8/2/86 8120186 
Reactor in-pool 81211a6 8/23/86 

Tota l  

43.0  63.8 

__ 
59.5 
- 
119.1 88.3 266.9 

Phase 2 
6130186 9/16/86 
8/15/86 5/8/87 

11/15/86 1/5/87 
9/2/86 5/13/87 

8/15/86 9/5/86 
3/3/87 51 7/07 
3/3/87 5/7/87 

5120187 6/10/87 
5120187 6/15/87 

5/15/87 6/22/87 
(unknown) 

94 
95 
95B 
97 
97B 

116 
117 
118 
119 

I21 

Shroud f lange 
Removable r e f l e c t o r  
Reflector  par t s  
Track assembly 
Track assembly parts 
Dummy quick-access hatch 
Dummy t a r g e t  hole plug 
Stand - exp. s torage  
Miscellaneous pins  and 

Reactor mockup 
Reactor in-pool 

f i x t u r e s  

26.1 
184.0 

5.4 
150.4 
12.8 
7.2 
6.4 
4.0 
2.0 

26.1 
184.0 

150. 4 
14.8 
7.2 
6.4 
4.0 
5.0 

5.4 

a 
a, e 

d 
a 2.0 

3.0 

22.0 22.0 

- 
24.0 

83.5 

398.3 

517.4 

3.0 

91.3 

425.3 

692.2 

Total  

Fabr ica t ion  and assembLy grand t o t a l  

%xcludes material coat. 

%odi f ied e x i s t i n g  component s , 
‘Costed by Operattons Division; not included i n  the H I P I  Project  funding. 

dFabricated by Y-12 General Machine Shop using e x i s t i n g  segments ( s i x  segments p a r t i a l l y  
f i n i s h e d ) .  
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No, 97, Track Assembly, was es t imated  a t  $102,000 with a d e l i v e r y  d a t e  of 
March 1987 by the  Y-12 General Machine Shop. The a c t u a l  cos t  was 
$150,000, and t h e  assembly w a s  d e l i v e r e d  on May 13, 1987. This w a s  t h e  
excep t ion ,  and c a r e f u l  planning and rescheduling of o the r  t a s k s  allowed 
t imely  completion of the  p r o j e c t  d e s p i t e  t h e  delay.  

. 
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APPENDIX A 

DESIGN REPORT FOR REDESIGN OF QUICK-OPENING HATCH AND 
TARGET HOLE PLUG FOR THE HIGH FLUX ISOTOPE REACTOR 
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D e c i  gri Repor t  

f a r  



1,the undersigned, being a Registered Professional Engineer 
competent i n  the applicable f i e l d  of d e s i g n  a n d  using the Design 
Specification and the drawing5 identified below as the basis 
for design, do hereby certify that to the best of my )::nowledge 
and belief this Design Report complies with the requirements 
of the ASME Boiler and Pressure Vessel Code, Section 111, 1983 
Edition with Addenda to and including Summer 19135. 

Drawiny and Revision: 

M 115C~b-OH-02(:~ Rev. (1) Quick: Opening Hatch 
021 Rev. 0 Detai 1s 
Cl.3C) Rev. (1) Target Hole P l u g  
0:3 1 Rev. 0 Detai 1s 
032 Rev. 0 Details 
()33 Rev. 0 Detai 1 5  

A1 1 i 5 Chalmers 43-561-063 Quick Opening Hatch 
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I n s t a l l a t i o n  of t h e  H I F I  E: . :per iment  iinto t h e  H i g h  F ~ U X  
I s o t o p e  Reactor requires mors! h o l e s  t l n r ~ i ~ g h  % h s T a r g e t  Hole 
P l u g  a n d  t h e  K!!cricL: C lpening  h a t c h  f o r  i n s e r t i o n  o f  e : : p e r - i m e n t e .  
i n t n  t h e  reac tor .  These . teto p r e s s u r c  components were a n a l y z e d  
for t h e  new c i7r i f iy i - i re<3t ion .  I t  W A S  o r i g i n a l l y  p l a n n e d  
t u  inadif;. .  t h e  U u i c k  Opening Hstcl-I Tiiiny. b u t  it was .;uL-?se- 
c p e r i t . l y  f o u n d  t h i s .  H ~ Z  n o t  necessary .  S i n c e  t h e  a n a l y s i s  
o f  t h e  b a s i ( 1  I i 3 t c l i  K inq  W ~ S  c ~ o n p l e t c x i .  the resi..iltF .3re 
i n c l u d e d  i n  the r e p o r t  For r e . i e r ence .  
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T h e  C o d e  buctridary ut t h e  compnnentr  e : : t e n d r  t o  t h e  o i t t e r  

slurf ace o f  each o f  tihe campoi ients but di?e-, n o t  inclr.ide 
t h e  i-JracI:'etZ i3r attachmenti.. 



I n  a d d i t i o n  t o  t h e  SAP 86 . f i n i t e  e l e m e n t  a n a l y s i s ,  a n  i n d e p e n d e n t  
a n a l y s i s  w a 3  d o n e  u s i n g  t h e  PATRAM t h r e e  d i m e n s i o n a l  f i n i t e  
e l e m e n t  a n a l y s i s .  T h i s  m e t h o d  used larger s i z e d  e l e m e n t s  t h a n  
SAP Ej6. For t h i s  r e a s o n ,  i t  is f e l t  t h a t  m a s t  of  t h e  c a l c u l a t e d  
stresses were n o t  q u i t e  a5 accr.!rate as t h e  SAP 86 c a l c u l a t e d  
stresses. tkwever- I t h e  stressec a r o u n d  t h e  h o l e s  i n  t h e  c o m p o n e n t s  
ai-e p r o b a b l y  m a r e  accc i ra . te  t h a n  t h e  met.hod used, w h i c h  w a s  t o  
a p p l y  a =tre?,e. i n t e n s i f  a c a t i o n  f a c t o r  t o  t h e  Si'iF' 86 stresses 
w h i c h  w e r e  cal  cc i l  a t e d  w i  t h o c t t  m n d e l  i n g  t h e  h i l l e 5 *  The  F'GTRRN 
p r o g r a m  calcc.!l a t e d  c . t . resce~.  were l o r r c r  t h a n  t h o s e  f ram a p p l y i n g  
stres-; i n t e n c - i f  i c a k i m  t o  t h e  SGF' 8h rer,zcrlt.;, i n d i c a t i n g  c o n s e r -  
v a t  i 5 rn i n t he a ri a 1 y C i c A 1 a p p r cs B c h ernp I. a y  e d  I 

v . Eval..%? L.i2x:l-.. .!? f-_SXC.?.?3!?.5. 

ICE 
~=,rr,rs_t_,iol e r;'lu~j - Di-;A,.Ji:iy 1.1--1 l ~ i ~ j ~ - ~ l ~ - - i : l ~ l : ! - - ~ . - ~ : ~ ~ , , .  ____-I_- _I-. !j 

'The 'Targc.t H a l e  F'lcry 1.2 a 17.5" d i a m e t e r  d i s c ,  6" t h i c k ,  
w i t h  t h r e e  e x p e r i m e n t a l  h n l e c  n e a r  t h e  c e n t e r  a n d  a s h e a r  
b a r  1xkc:hinq meclha.nism l o c a t e d  w i t h i n  t h e  pli-1'3 t o  c o u p l e  
i t  t o  t h e  B u i c k  O p e n i n g  H a t c h .  T o  s i m p l i f y  t h e  i i n i t e  
E l e m e n t  a n a l y s i s ,  t h e  c e n t e r  r e g i o n  i 2  r e p r e s a n t e d  b y  cine 
4 "  d i a m e t e r  h o l e  a n d  t h e  metal a b o v e  t h e  l a t c h i n g  m e c h a n i 5 m  
hac, b e e n  e l i m i n a t e d  a n d  t h i s  p a r t i o n  o f  the p l u g  a n a l y z e d  
b y  a s i m p l e  h a n d  c a l c u l a t i o n .  T h e  1 O C K b  p5.i d e s i g n  p r e s s u r e  
a c t s  ??n t h e  b n t t o m  f a c e  o f  t h e  p l i ! q  w i t h  an a d d i t i o n a l  
p r e s c u r e  u n  t h e  f i r s t  e l e m e n t  t o  a c c o u n t  f o r  t h e  presr-ctre 
t r a n s f e r r e d  t o  t h e  p l u g  f r o m  t h p  c n m p a n c n t s  i n  the c e n t e r  
tIGle5.. 

E x a m i n a t i o n  of t h e  f . i n i t e  r l r m e n t  a n a l y s i s  s h o w s  t h e  h i c j h e s t  
stresses ncciur a t  t h r e e  p r e d i c t a b l e  p l a c e s ,  e l e m e n t s  1.67, 
arid 72, as chnt.rn i n  t h e  t ab l e  below.  The tat>i.ilat.ed Smax 
a n d  S in in  v a l c t e s  a r e  t h e  p r i n c i p a l  stresses a c t i n g  o n  t h e  
2 p l a n e ,  w h i l e  533 1 5  t h e  t h i r d  p r i n c i p a l  5.trees.. 

Lablc .... 1 ..._ ~ : ~ ~ ~ ~ - e  ~ ~ . ~ . ~ ~ . . .  l-~...~~~~e~...ti~l.~.-.~~l~~~.~ 

!%A.K!!?L! !!!.;!!Et.F.re 

69 
473') 
193 

3y71:t 

- 269 
4755 

1 7 7  
4755 
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PLANT OAK RIDGE, TENNESSEE 

REF. O W Q .  NO. JOO 



38 

PLANT OAK RIDGE, TENNESSEE 

REF. DVG. NO. Joll 

U C N - I O I O A  
( 1  0-011 
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PLANT OAK RIDGE, TENNESSEE - 
REF. OYG. NO. 

NO. COYPUT A T  ION 
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P L A N T  OAK RIDGE. P E N H E S E E  

Jo81 REF. DWG. NO. 



~ ~ ~ r . c . ~ U p _ e L ? - ~ r ~ s . . . ~ t _ - h - - .  .~...Dr-~.w L ~ ~ ~ . . . M ~ ~ ~ H ~ ( ~ ~ ~ - ~ - - ~ - ~ ~ ~ - ' ~  
T h e  tkicl:.  O p e n i n g  H a t c h  is. a 36.25'' d i a m e t e r  d i s c ,  15.875" 
t h i c k ,  w i t h  a 17.7" d i a m e t e r  c e n t r a l  h a l e  w h i c h  c o n t a i n s  
t h e  t a r g e t  p l u g .  E: . :per imer i ta l  h n l e c ,  1.875'' d i  ametsr I 

are  l o c a t e d  v e r y  n e a r  t h e  c e n t r a l  h o l e ,  i n  c l o s e l y  spaced 
p a i r s  at f o u r  e q u a l l y  s p a c e d  p o s i t i o n s .  L-odds on t h e  L k t i c k  
O p e n i n g  H a t c h  are a 24!:),528 112 l o d d  a p p l i e d  t i o  t h e  i n n e r  
g r o o v e  b y  t h e  T a r g e t  P l u g  a n d  a n  a d d i t i o n a l  presri..tre l a a d  
a n  t h e  b o t t n m  of t h e  h a t c h ,  r e s u l t i n g  i n  a total l o a d  o f  
706,HhC! l b  r e s i e t e d  b y  t h e  H a t c h  R i n g  l o a d  a p p l i e d  t o  t h e  
t o p  o u t e r  s u r f a c e  of t h e  h a t c h .  

T h e  f i n i t e  e l e m e n t  a r i a l y 5 i 5  i n d i c a t e s  t h e  h i g h e s t  stresses 
a t  the i ~ p p e r  c o r n e r -  a t  t h e  j u n c t i o n  of t h e  h a t c h  hndy a n d  
f l a n g e ,  e l e m e n t  1 l O 3  a n d  t h e  r e s t r a i n t  at: t h e  o u t e r  c o r n e r r  
el e t n e n t  19 7. 
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P L A N T  OAK R1(10&. TENNESSEE 

COMP UT A T  (OH NO. 
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PLANT OAK RIDGE. TENNESSEE 

REF. DUG. NO. 

COUP WTATlON NO. 
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P L A N T  OAK RIDGE, TENNESSEE 

REF. D I G .  htO. 

P A G E  3 OF 

COMPUTATION WO. 
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PLANT OAK RIDGE, TENNESSEE 

REF. D W G .  NO. J O E  

SUEJCCT 9 U ; L . L  ope- PAGE 4. OF 

COYPUT A T 1 0  W HO. 
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CQMP UT A T  BOW NO. 

COMPUTED BY &$- CHECKED B Y  
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S h e  t i n i t e  e l e m e n t  5 t r . r - s  anal ys.ic i n d i c a t e d  t h e  two arcas  
af h i g h e s t  stress +a b e  + h e  insidp c w - n e r -  0.f t h e  r i n y  a.t 
e l e m e n t s  21 and 5 7 .  

1.47 
-48 10 
-2915 

8 0 
1 4 8  

-481 1 
---4E31 1 

- 
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COMPUTATION PIO. 
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PLANT OAK RIDGE. TENNESSEE 

REF. OWG. no. 

COMPUTATION UO. 

U C N - 1 0 7 O A  
I I  8.. SI 
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ELEMENT 'NW~BEF2.S 

F l 5 .  A-3  
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COYPUT AT ION 

J 

1 

5.250 " -------Lj 
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1 t t t ~ ~ Z t i ~ P € E P t E P l l ~ t ~ ~ ~ l ~ ~ ~ ~ ~ t P ~ ~ ~  
t t 
t SAP86 t 

t IC1 Copyright 1983, 1984 t 

t * 
t t 

I b y  t 
t t 

I WLlfiBER CRUKER t 
t HIC405Y5TE%, 1% t 
t t 
t t 

t A l l  Rights  Reserved t 
t t 

t Version 1.03 * 
t t 

t t t t t f r f ~ i t f t f t f t i t t I t 4 ~ ~ € ~ f ~ ~ t t * f  

IHFIR TARGET HOLE PLUG 

C O N T R O L  I N F O R R R T I O I  

WIIBER OF NOOK POINTS = 133 
NUNBEH Of ELEnEHT TYPES = 1 
RUfiBER OF LOR0 CRSES = 1 
NUH6ER OF FREQUENCIES = 0 
RhALYSlS CDDE (NUN) = 0 

EQ.0, STATIC 
EL'. I, MODAL ElIAACTIOH 
EQ.2, FORCED RESPONSE 
ER.3, RESPONSE SPECiRUfi 
ER.4, DIRECT INIEGRATIOH 

EQ.0, EXECUTION 
EQ. 1 ,  DbTA CHECK 

lUHBER OF S U W d C E  
ITERATIOH VECiORS (WRDJ = 0 
EQ!IAT10?45 PER BLOCK = 0 
TRPElO SAVE FLAB IIIOSVI = 0 

SDbUilON RODE IWDDEII = 0 

NOI!RL POINT INPUT DATA 

NUHllER X V I XI: V Y  2 1  
I t  0 0 1  1 I 
? I  0 0  I 1  1 
3 1 0 0 1 I l  
4 1  0 0 1 I 1  
5 1  0 0  1 I 1  
6 1  0 0 1 I 1  
7 1  0 0 1 I I 
8 1  0 0  I I I 
9 1  0 0  1 I 1  

1 0 1  0 0 1 I 1  
1 1 1  0 0 1 1  1 
1 2 1  0 0 I 1  1 
1 3 1  0 0 1 1  I 
1 4 1  0 0 1 1  1 
1 5 1  0 0 I 1  I 
I 6 1  0 0 1 1  1 
1 7 1  0 0 1 I 1  
1 8 1  0 0 I 1  1 

GIIODE NLN~OPJ~CDNRI7ICH CODE9 

.^  . . . . . , 

N O ! M  POiHT CliORDINATES 
X Y 

.Ob0 2.000 . 000 2.542 

.000 3.083 

.aoo 3. b25 . 000 4.167 . 000 4.708 

.ooo 5.250 

.OOO 5.8:: . 000 6.417 
,000 7.000 . 000 7.583 
.PO0 B.167 . 000 8. is0 
,000 2.000 
.ooo 2.542 . 000 3.983 
.ow 3. b25 
.OQO 4.lb7 . _._ 

1 T 
.000 0 . 000 
.ooo 0 .000 
,000 0 . 000 
.ooo 0 . 000 
,000 0 . 000 
.QOo 0 .000 
.ooo 0 .coo 

.000 0 .ooo 
,000 0 .ow 
.OD0 0 .OQQ 
.000 0 .e00 
. o w  0 ,000 
.so0 0 .d00 
.5UO 0 . 000 
.500 0 . 000 
.so0 0 .ooo 
.500 0 .000 

.a00 0 . aoo 

. 



1 7 1  U U 1 1  I 
2 0 1  0 0 1 1  I 
2 1 1  0 0 1 1  1 
2 2 1  0 0 1 1  I 
2 3 1  0 0 1 1  I 
2 4 1  0 0 I 1  I 

2 6 1  0 0 1 1  I 
2 7 1  0 0 1 1  1 
2 8 1 0 0 1 1 1  
2 9 1  0 0 1 1  1 
3 0 1  0 0 1 1  I 
3 1 1  0 0 1 1  1 
3 2 1  0 0 I 1  1 
3 3 1  0 0 1 I 1  
3 4 1  0 0 1 1  1 
3 5 1  0 0 1 1  1 
3 6 1  0 0 I 1  I 
3 7 1  0 0 1 1  1 
3 8 1 O O l l l  
3 9 1  0 0 1 I 1  
4 0 1  0 0 1 1  1 
4 1 1  0 0 1 1  1 
4 2 1  0 0 1 1  1 
4 3 1  0 0 1 I 1  
4 4 1  0 0 1 1  I 
4 5 1  0 0 1 I 1  
4 6 1  0 0 1 1  1 
4 7 1  0 0 1 I 1  
4 8 1  0 0 1 1  1 
4 9 1  0 0 I 1  1 
5 0 1  0 0 1 1  I 
5 1 1  0 0 I 1  1 
5 2 1  0 0 1 I 1  
5 1 1  0 0 I 1  1 
5 4 1  0 0 1 1  1 
5 5 1  0 0 I I 1  
5 6 1  0 0 1 I t  
5 7 1  0 0 1 1  1 
5 8 1  0 0 1 1  1 
5 9 1  0 0 1 1  1 
6 0 1  0 0 1 1  1 
6 1 1  0 0 1 1  1 
6 2 1  0 0 I 1  1 
6 3 1  0 0 1 1  1 
6 4 1  0 0 I 1  1 
6 5 1  0 0 1 1  1 
6 6 1  0 0 1 I 1  
6 7 1  0 0 1 1  1 
6 0 1  0 0 1 1  1 
6 9 1  0 0 1 1  1 
7 0 1  0 0 1 1  1 
7 1 1  0 0 1 1  1 
7 2 1  0 0 I I 1  
7 3 1  0 0 I 1  1 
7 4 1  0 0 1 I 1  
7 5 1  0 0 1 1  1 
7 6 1  0 0 1 1  1 
7 7 1  0 0 1 1  1 
7 8 1  0 0 1 I 1  
7 9 1  0 0 1 1  1 
8 0 1  0 0 I 1  1 
8 1 1  0 0  1 1  1 
8 2 1  0 0 I 1  I 
8 3 1 0 0 1 1 1  
8 4 1  0 0 1 1  1 

n i o o i i i  

1 . .  . . 

. uuu . 000 . 000 . 000 . 000 

.OW 
.ooo . 0 0  . 000 . 000 . 000 
.ooo 
* 000 
.ooo . 000 
.ooo . 000 
.ooo . 000 . 000 . 000 
.ooo . 000 
.ooo . 000 
* 000 . 000 
.ooo 
.OM1 
.000 . 000 . 000 . 000 
-000 
.OOO . 000 . 000 
.ooo 
.ooo 
.OM1 . 000 . 000 . 000 
.OW . OM1 
.OR0 
.ooo 
.009 
.000 
.000 
.OW . 000 
.ooo 
.000 
.000 
.OM1 
.OW 
.OW . 000 
.DO(. 
.OW 
.OM 
.000 
.000 
.O@O 
.000 ... 

4. IUB .SOU 
5.250 .500 
5.833 .500 
6.417 .so0 
7.000 .500 
7.583 .500 
8. I67 .500 
8.750 .so0 
2.000 1.000 
2.542 1.000 
3.083 1.000 
3.625 1.000 
4.167 1.0w 
4.708 1.000 
5.250 1.000 
5.833 1.000 
b.kl7 1.000 
7.000 1.000 
7.583 1.090 
0.167 1.000 
8.750 1.000 
2 I000 1.500 
2.542 1.500 
3.083 1.500 
5,625 1.500 
4. I67 1.500 
4.700 1.500 
5.250 1.5M) 
5.833 1.500 
6.117 I .500 
7.000 1.500 
7.583 1.500 
8.167 1.500 
8.750 1.500 
2.000 2.000 
2,542 2.000 
3.083 2.000 
3.625 2.000 
4.167 2.000 
4.708 2.000 
5.250 2.000 
5.833 2.000 
6.417 2.000 
7.000 2.000 
7.583 2.000 
8.161 2.000 
8.750 2.000 
2.000 2.500 
2.542 2.5M 
3.983 2.500 
3.625 2.500 
4.167 2.500 
4.708 2.500 
5.250 2.500 
5.833 2.5011 
6.417 2.500 
7.000 2.500 
7.583 2.500 
8. I67 2.500 
8.750 2.500 
2. e00 3.000 
2.542 3.090 
3.083 3.000 
3.625 3.000 
4.167 3. OCO 

3.009 4, 708 - ... - .-. 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
e 

.ow 
0 OM) 
.OW 
.OW 
.OW 
.000 
.OM 
.OW 
.OM 
,000 
.OM 
.OW 
,000 . 000 . 000 
.900 . 000 . 000 
,000 
.OW . 000 
,090 . 000 . 000 . 000 . 000 . 000 . 000 
.OM 
.000 . 000 . 000 . 000 
* 000 . 000 . 000 . 000 
.ooo 
.0m1 . 000 . 000 
.OM) 

. 000 . 000 

.ooo . 000 . 000 . 000 
* 000 . 000 . 000 
.ooo 
.OM . 000 . 000 
,000 . 000 . 000 . 000 . 000 
.009 . 000 . 000 . 000 . 000 

. aoo 

... 
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I 3 1  u u I I I 

8 6 1  0 0 1 I 1  
8 7 1  0 0 1 1  1 
8 R 1  0 0 1 I 1  
E 9 1  0 0 1 I I 
9 0 1  0 0 1 I 1  
9 1 1  0 I 1  I 1  
9 2 1  0 0 I I I 
9 3 1  0 0 1 I 1  
9 4 1  0 0 I I I 
9 5 1  0 0 I 1  1 
9 6 1  0 0 1 I 1  
9 7 1  0 0 I I 1  
9 8 1  0 0 1 I I 
9 9 1  0 0 1 I 1  

1 0 0 1  0 0 1 I 1  
1 0 1 1  0 0 1 I 1  
1 0 2 1  0 0 1 I I 
l 0 ; I  0 0 1 I 1  
1 0 4 1  0 0 I 1  I 
1 0 5 1  0 0 1 I 1  
1 0 6 1  0 0 I I I 
1 0 7 1  0 0 1 I I 
1 0 8 1  0 0 I 1  I 
1 0 9 1  0 0 1 1  1 
1 1 0 1  0 0 1 I 1  
1 1 1 1  0 0 1 I 1  
1 1 2 1  0 0 1 I I 
1 1 3 1  0 0 1 I 1  
1 1 4 1  0 0 1 1  1 
1 1 5 1  0 0 1 I 1  
I 1 6 1  0 0 1 I 1  
1 1 7 1  0 0 1 1  1 
1 1 8 1  0 0 I I 1  
1 1 9 1  0 0 1 I 1  
1 2 0 1  0 0 1 I I 
1 2 1 1  0 0  1 1  I 
1 2 2 1  0 0 I I I 
1 2 5 1  0 0 1 1  1 
1 2 4 1  0 0 1 I 1  
1 2 5 1  0 U I 1  I 
1 2 6 1  0 0 I I 1  
1 2 7 1  0 0 1 I 1  
1 2 8 1  0 0 1 I 1  
1 2 9 1  0 0 1 1  1 
1 3 0 1  0 0 1 1  I 
1 3 1 1  0 0 1 1  1 
1 3 2 1  0 0 I I I 
1 X I  0 rl 1 1  I 

16ENERATEO NODAL DATA 
OHODE BOUNDARY COWDITIDN CODES 
NUNBER X Y Z X X  YY 11 

1 1 0 0 1 I I  
2 1 0 0 1 1 1  
3 1 0 0 1 l 1  
4 1 0 0 1 1 1  
5 1 0 0 1 1 1  
b l O O l 1 I  
7 1 0 0 1 1 1  
8 1 0 0 1 1 1  
9 1 0 0 1 1 1  

10 I O  0 1 I 1  
I1  I O  0 1 1  I 
1 2 l O O l l l  .- 

.uuu 3.15u 

,000 5.833 . 000 6.417 
,000 7,000 
.090 7.583 
.ooo 8.167 
.OQQ 8.750 
.ooo 2.000 
.ooo 2.542 
.ooo 3.083 
.COO 3.625 
a 000 k. 167 
.ow 4.700 
.000 5 .250  . 000 2.000 
.ooo 2.542 . 000 3.083 . 000 3.625 
.000 4.167 
.ooo 4.708 . 000 5.250 . 000 2.000 
.3ou 2.542 . 000 3.083 
. 000 3.625 . 000 4.167 

.004 5.250 

.coo LOO0 

.000 2.512 
.OD0 3.083 . 000 3.625 
.000 4.167 . OCO 4. io8 . 000 5 .250  
.ooo 2.000 . 000 2.542 

. OGO 3.625 . 000 4.167 . 000 4.708 

.no0 5.250 

.OOO 2.000 . 000 2.542 
, 000 3.083 
.GOO 3.625 
. 000 4.167 . 000 4.703 . UOO 5 .250  

.ow 4.708 

.GO@ 5.083 

NODAL PUINl  COORDINATES 
x Y 

. 000 2.000 

.004 2.542 

.000 3.625 

.coo 4.167 

.OMJ 4.708 

.ooo 5.250 . 000 5.833 . 000 6.41? . 000 7.0@0 

. oeo 7.535 . 000 8. I67 

.000 3.083 

L O O V  0 
3.000 0 
3.000 0 
3.000 0 
3.000 0 
3.000 0 
3.001) 0 
5.500 0 
3.500 0 
3.500 0 
3.500 0 
3.500 0 
3.500 0 
3.500 0 
4.000 0 
4.000 0 
4.000 0 
4.000 0 
4.000 0 
4.000 0 
4.000 0 
4.500 0 
4.500 0 
4.50@ 0 
4.500 0 
4.500 0 
4.590 0 
4.500 0 
5.000 0 
5.000 0 
5.0QQ 0 
5.000 0 
5.000 0 
5.000 0 
5.000 0 
5.500 0 
5.5GO 0 
5.500 0 
5.500 0 
5.500 0 
5.500 0 
5.500 0 
6.000 0 
6.000 0 
6.000 0 
6.OCO 0 
6.000 0 
6.000 0 
6.000 0 

z . 000 . 000 
.ooo . 000 . 000 . 000 . 000 
.000 . 000 
. 000 
.COO 
.ooo 

.coo . 000 

.om . 000 . 000 . 000 
,000 . 000 
.ooo 
.ooo 
.om . 000 . 000 
. O M  . 000 
. 000 
.oca . 000 . 000 
.ooo 
.OQO . 000 
.ooo 
. 000 . 000 . 000 
.ow . 000 . 000 
.a09 . 000 
. OB0 
.OM . 900 
.ooo 
.ooo 
.ooo . 000 . 000 
.ow . 000 . 000 
,000 
. O M  
. 000 
.000 . 000 
.oco 

. 000 

T 
.ooe 
. 000 
. O M  . M)o 
* 000 . 000 . e00 
,000 
,000 
.000 
.NO 
.ow 



I J l U U l l l  
14 1 0  0 1 1  1 
1 5 1 0 0 1 1 1  
lb 1 0  0 1 1  1 
17 1 0  0 1 1  1 
I8 I O  0 1 1  1 
19 1 0  0 1 1  1 
2 0 1 0 0 1 1 1  
21 1 0  0 1 1  1 
22 1 0  0 1 1  1 
23 1 0  0 1 1  1 
24 1. 0 0 1 1  I 
2 5 1 0 0 1 1 1  
26 1 0  0 1 1  1 
2 7 1 0 0 1 1 1  
2 8 1 0 0 1 1 1  
29 1 0  0 1 I 1  
3 0 1 0 0 1 1 1  
31 1 0  0 1 1  1 
3 2 1 0 0 1 1 1  
3 3 L 0 0 1 1 1  
34 I O  0 1 1  1 
35 I O  0 1 I 1  
36 1 0  0 1 I 1  
37 1 0  0 1 1  1 
3 8 1 0 0 1 1 1  
39 I O  0 1 1  1 
40 1 0  0 1 1  1 
41 1 0  0 1 1  I 
42 1 0  0 1 I 1  
43 1 0  0 1 1  1 
44 1 0  0 I 1  1 
45 1 0  0 1 1  1 
46 1 0  0 1 1  1 
4 7 1 0 0 1 1 1  
48 1 0  0 I 1  1 
49 1 0  0 1 1  1 
5 0 1 0 0 1 1 1  
51 1 0  0 1 1  I 
52 L O  0 I 1  1 
5 3 1 0 0 1 1 1  
5 4 1 0 0 1 1 1  
5 5 1 0 0 1 1 1  
5 6 1 0 0 1 1 1  
57 1 0  0 1 I 1  
5 8 1 0 0 1 1 1  
5 9 1 0 0 1 1 1  
60 1 0  0 1 1  I 
61 1 0  0 1 1  1 
b2 I O  0 1 1  I 
63 1 0  0 1 1  1 
64 I O  0 1 1  1 
65 1 0  0 1 I 1  
b b l O O l l l  
67 I O  0 1 1  1 
68 1 0  0 I 1  1 
b 9 1 0 0 1 1 1  
70 I O  0 1 1  1 
71 I O  0 1 1  1 
72 I O  0 1 1  1 
7 3 1 0 0 1 1 1  
74 1 0  0 1 1  1 
75 1 0  0 1 1  1 
76 1 0  0 1 1  1 
7 7 1 0 0 1 1 1  
7 8 1 0 0 1 1 1  

.UW . 000 

.000 

.ooo . 000 . 000 
,000 
.ooo 
,000 
.ooo 
.ooo 
.ooo 
.OM) 
,000 . 000 
.ooo 
.ooo 
.000 . 000 
1000 . 000 . 000 . 000 . 000 
.000 
.ooo . 000 
.ooo . 000 . 000 . 000 
.OW 
.ooo 
.ooo 
.ooo 
.ooo . 000 . 000 
.O# 
.000 
.OM) 
,000 . 000 
.000 . 000 . 000 
.600 
.no0 . 000 
.ooo 
,000 . 000 . 000 . 000 . 000 
.ooo . 000 
.ooo 
.OQO 
.OM) 

.om 

.OM)  

.OD0 . 000 

.OW . 000 

0.150 
2.000 
2.542 
3.083 
3.625 
L l b 7  
4.708 
5.250 
5.833 
6.417 
7.000 
7.583 
8.167 
8.750 
2.000 
2.542 
3.083 
3.625 
4.167 
4.708 
5.250 
5.833 
6,417 
1.000 
7.583 
8.167 
8.750 
2.000 
2.542 
3.083 
3.625 
4.167 
1.708 
5.250 
5.833 
6.417 
1.000 
7.583 
8.167 
8.750 
2.000 
2.542 

3.625 
4.167 
4.708 
5.250 
5.833 
6.417 
7.000 
7.503 
8.lb7 
8.750 
2.000 
2.542 
3.083 
3.625 
4.167 
4.108 

5.833 
6.417 
7.000 
7.503 
8.167 
8.150 

3.083 

5.250 

.OW 
SO0 
,500 
.500 
.500 
,500 
.500 
.500 
.500 
,500 
,500 
.500 
.500 
.so0 

1.000 
1.000 
1.000 
1”OOO 
1.000 
1.oGQ 
1.000 
1.000 
1. 000 
1.000 
1.000 
1.000 
1.000 
1.500 
1.500 
I. 500 
I. 500 
1,500 
1.500 
1.500 
1.5GO 
1.500 
1.500 
1.500 
1.500 
1.500 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 

2.000 
2.000 
2.000 
2.000 
2.500 
2.500 
2.500 
2.500 
2.500 
2.500 
2.500 
2.500 
2.900 
2.500 
2.500 
2.5W 
2.500 

2. no0 

a000 
.ooo . 000 . 000 
,000 . 000 . 000 . 000 . 000 
.OM 
,000 
.NO 
.ooo 
.ooo . 000 . 000 . 000 
e000 . 000 . 000 
.a00 
.000 
.000 . OQO . 000 . 000 . 000 
.ooo . eo0 . 000 
* 000 
.ooo . 000 
.ow 
.OM) 
,000 . OQQ 
.000 
.000 . 000 . GQQ . 000 . 000 . 000 . 000 . 000 
‘000 
* 000 . 000 . 000 . 000 
* 000 
.ooo 
,000 . 000 
.OQO 
,000 . 000 
.d00 . 000 . 000 
.a00 . 000 
.000 . 000 . 000 



I Y l U O I I I  
80 1 0  0 I 1  1 
81 1 0  0 1 1  1 
8 2 1 0 0 1 1 1  
83 1 0  0 1 1  1 
8 4 1 0 0 1 1 1  

Bb 1 0  0 I 1  1 
8 7 1 0 0 1 1 1  

59 1 0  0 1 1  1 
90 1 0  0 I 1  1 
9 1 1 0 1 1 1 1  
92 I O  0 1 I 1  
9 3 1 0 0 1 1 1  
9 4 1 0 0 1 1 1  
9 5 1 0 0 1 1 1  
9 6 1 0 0 1 1 1  
97 1 0  0 1 I 1  
98 I O  0 1 1  1 
91 1 0  0 I 1  I 

100 1 0  0 1 1  1 
101 1 0  0 1 1  1 
102 1 0  0 1 1  1 
103 1 0  0 1 1  1 
104 1 0  0 1 1  1 
105 1 0  0 1 1  1 
106 1 0  0 1 1  I 
107 I O  0 I 1  1 
108 1 0  0 1 I 1  
109 1 0  0 1 I 1  
110 1 0  0 I 1  1 
111 1 0  0 1 1  1 
112 1 0  0 1 I 1  
113 I O  0 I 1  I 
114 1 0  0 1 1  1 
115 1 0  0 1 I I 
116 1 0  0 1 I 1  
117 1 0  0 1 1  1 
118 1 0  0 I 1  1 
119 1 0  0 1 1  1 
120 1 0  0 1 1  I 
121 1 0  0 1 1  1 
122 I O  0 1 1  1 
123 1 0  0 1 1  1 
124 1 0  0 1 1  1 
125 1 0  0 1 1  1 
l?b 1 0  0 1 1  1 
127 1 0  0 1 I I 
128 1 0  0 1 1  1 
129 1 0  0 1 1  1 
130 I O  0 I 1  1 
131 1 0  0 1 1  1 
132 1 0  0 1 I 1  
133 1 0  0 I 1  1 

a s i o o i i i  

t i e 1 0 0 1 1 1  

lEQUBTION NURBERS 
N X Y 1 X X  YY ZI 
1 0 1 2 0 0 0  
2 0 3 4 0 0 0  
3 0 5 6 0 0 0  

5 0 9 1 0  0 0 0 
6 0 1 1 1 2  0 0 0 
7 0 1 3 1 4  0 0 0 

4 0 7 a o o o  

- . .- ., - ~ 1 

.OW 
,000 
.ooo 
.ooo 
.ooo 
.000 . 000 
* 000 
.ooo 
.000 
.OW 
* 000 
" 000 
,000 
,000 . 000 . 000 . 000 
.000 
.000 
.a00 . 000 
,000 . 000 
.OOQ 
.ooo 

. 000 

.500 . 000 

.a00 . 000 

.000 

.ooo 

.500 

.OM 

.a00 

.om 

.000 

.ooo 
,000 . 000 
,000 
.OGO 
.boo 
.000 
.000 . 000 
.PO0 
.OM 

.ooo . 000 . 000 

. no0 

.om 

. ooa 

2.000 
2.542 
3.083 
3.625 
4.167 
4.703 
5.250 
5.833 
4.417 
7.000 

8.147 
8.756 
2.000 
2.542 
3.083 
5.625 
4.lb7 
4.708 
5.250 
2.000 
2.542 
3.083 
3.425 
4.167 
4.708 
5.250 
2.000 
2.542 
3.033 
3.625 
4.147 
4.708 
5.250 
2.000 
2.542 
3,083 
3.625 
4.lb7 
k.705 
5.250 
2.000 
2.542 

3.625 
4,167 
4.708 
5.250 
2.000 
2.542 
3.083 
3.625 
4.1b7 
4.708 
5.250 

r.583 

3.085 

3.090 
3.000 
3.000 
3.009 
3.0W 
3. DO0 
3. GO0 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.500 
3.500 
3.500 
3.500 
3.500 
3.509 
3.500 
4.000 
4.000 
4.000 
4.000 
4 I 000 
4.000 
4.000 
4.500 
4.500 
4.500 
4.500 
4.500 
4.500 
4.500 
5.000 
5.000 
5.000 
5. GOO 
5.0W 
5.000 

5.500 
5.500 
5.500 
5.500 
5.500 
5.500 
5.500 
6.000 
6.006 
6.000 
4.000 
6.009 
6.000 
6. 000 

5. oao 

,000 . 000 
* 000 
.ooo . 000 . 000 . 000 
.ooo 
.OM) 
.ma . 000 
.NO 
a 0 0 0  
.900 
.d00 
,000 
,005 . 000 
.om 
.0d0 
* 000 
.000 . 000 . 000 
,000 . 000 
,009 . WO . 000 
,000 
.a00 
,000 
,000 
.090 . 000 
,000 . 000 
a 000 
.a00 
a000 . 000 
1000 
* 000 
,000 . 000 
.a00 . oo0 . 000 . e40 
,000 
,000 
,008 
.600 
,000 
,000 
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U U 1 3 1 8  U U U 
9 0 1 7 1 8  0 0 0 

10 0 1 9 2 0  0 0 0 
I1 0 ?I 22 0 0 0 
12 0 23 24 0 0 0 
13 0 25 26 0 0 0 
I4 0 27 28 0 0 0 
15 0 29 30 0 0 0 
I6 0 31 32 0 0 0 
17 0 33 34 0 0 0 
18 0 35 36 0 0 0 
19 0 37 38 0 0 0 
20 0 39 40 0 0 0 
21 0 41 42 0 0 0 
22 0 4 3 4 4  0 0 0 
23 0 95 46 0 0 0 
24 0 47 I E  0 0 0 
25 0 19 50 0 0 0 
2b 0 51 52 0 0 0 
27 0 53 51 0 0 0 

29 0 57  58 0 0 0 
50 0 59 bo 0 0 0 
31 0 61 42 0 0 0 
32 0 65 b4 0 0 0 
33 0 65 66 0 0 0 
34 0 67 68 0 0 0 
35 0 69 70 0 0 0 
36 0 71 72 0 0 0 
37 0 1 3  74 0 0 0 
38 0 75 76 0 0 0 
39 0 77 76 0 0 0 
40 0 79 80 0 0 0 
41 0 81 82 0 0 0 
42 0 83 54 0 0 0 
43 0 85 86 0 0 0 
4 4  0 87 88 0 0 0 

I 6  0 ?I 92 0 0 0 
47 0 93 94 0 0 0 
48 0 95 76 0 0 0 
49 0 97 98 0 0 0 
50 0 99 100 0 0 0 
51 0 101 102 0 0 0 
52 0 103 104 0 0 0 
53 0 105 IO6 0 0 0 
54 0 107 I08 0 0 0 
55 0 109 110 0 0 0 
56 0 111 112 0 0 0 
57 0 113 I14 0 0 0 
58 0 I15 I16 0 0 0 
59 0 117 110 0 0 0 
60 0 119 120 0 0 0 
61 0 121 122 0 0 0 
62 0 123 124 0 0 0 
63 0 125 126 0 0 0 
64 0 127 128 0 0 0 
65 0 129 I30 0 0 0 
bb 0 131 132 0 0 0 
67 0 153 134 0 0 0 
68 0 135 136 0 0 0 
b9 0 157 138 0 0 0 
70 0 139 140 0 0 0 
71 0 141 142 0 0 0 
72 0 143 144 0 0 0 
73 0 145 146 0 0 0 

ze o 55 SA o o o 

45 o a9 90 o o o 
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14 
15 
i 6  
77 
78 
7 9  
80 
81 
82 
E3 
84 
E5 
E6 
87 
sn 
89 
70 
91 
92  
93 
94 
95 
96 
97 
98 
79  
100 
101 
102 
103 
1Ok 
105 
106 
101 
108 
109 
110 
I l l  
112 
113 
114 
115 
1 16 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 

U 141 I48 
0 149 150 
0 151 152 
0 153 154 
0 155 156 
0 157 158 
0 159 160 
0 I61 162 
0 163 164 
0 165 lbb 
0 167 168 
0 169 170 
0 111 172 
0 173 174 
0 175 176 
0 171 178 
0 179 180 
0 181 0 
0 182 183 
0 184 185 
0 186 187 
0 188 189 
0 190 191 
0 192 193 
0 191 195 
0 196 191 
0 I98 199 
0 200 201 
0 202 203 
0 204 205 

0 208 209 
0 210 211 
0 212 21: 
0 214 215 
0 216 217 
0 218 219 
0 220 221 
0 222 223 
0 224 225 
0 226 227 
0 228 229 
0 230 231 
0 232 233 
0 234 235 
0 236 237 
0 238 239 
0 240 241 
0 742 245 
0 244 215 
0 246 217 
0 248 249 
0 250 251 
0 252 253 
0 254 255 
0 256 257 
0 258 259 
0 2IO 261 
0 262 263 
0 264 265 

o 206 207 

4 108 1 I 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 0 0 0 0 0 0 0  

1 ill I SY flflETR LC RHRLYSl S 

MUMBER DF ELEMENTS = 108 
NUNBER OF NRTERIOLS = I . . . - - - -_ - - - - 



6 1  

nrmnun I tmmiuw 
PER #ATERIAL = I  
RNALYSIS CODE = o  
COOE FOR lHCLUSlON 
OF BEIDIN6 HOES = 0 

EQ.0, IHCLUE 
61.0, SUPPRESS 

NATERIAL I . D .  WLIHIBER I 
NUMBER OF TEkPERATURES = I 
YEIGHT DENSITY = .0000E+00 
H&SS DENSITY = .0000Et00 
BETA RWGLE = .O@O 

TENPERRTURE E!NI E(S) E ( T i  NUINS) NU(WT) NU(ST) 6(%) ALPHAIN) ALPHAIS) RLPWIIT) 
.On .283?E+98 .2830E+OE .2830E+QB .3000 .3000 ,5000 .120M1.08 ,9300E-05 ,930M-05 .93ME-@5 

ELEHENT LOAD KULILTIPLIERS 

LORD CASE TEWERkTURE PRESSURE X-GRBVITV V - G R I V I T Y  I-GRAVITY 

A ,000 1.009 .009 . 009 .ooo 
B .000 .ooo . 000 .ooo .@DO 
C ,000 .QOO .aoo . 000 .DO0 
D ,005 .ooo . O M  .ow . 000 

1ELEAENT HAT1 REFERENCE I-J FACE STRESS 
WtifiEA I J K L TYPE TEHPERATURE PRESSURE OPTION #6 THICKHESS 

I I 2 1 5 1 4  I 
2 2 3 1 6 1 5  I 
3 3 4 1 7 1 6  I 
4 4 5 I 9 1 7  I 
5 5 6 1 9 1 8  I 
b 6 7 2 0 1 9  I 
7 7 8 2 1 2 0  I 
8 8 9 2 2 2 1  I 
9 9 10 23 22 1 
10 10 1 1  24 23 1 
11 1 1  12 25 24 I 
12 12 13 26 25 1 
13 14 15 28 27 I 
14 15 16 29 28 I 
15 I6 17 30 29 I 
16 17 16 31 30 I 
17 18 19 32 31 1 
18 19 20 33 32 1 
19 20 21 34 33 1 
20 zi 22 35 34 1 
21 22 23 36 35 I 
22 23 24 31 36 I 
23 24 25 38 37 I 
24 25 26 39 38 i 
25 27 28 41 40 I 
2b 28 29 42 41 I 
21 29 $0 $3 42 1 
28 30 31 44 43 I 
29 31 32 45 44 I 
30 32 33 (6 45 1 - . . . -. . - . 

. 000 . 000 . 000 . 000 

.ooo 

.OD0 

.OM 

.ooo . 000 

.OM . 000 

.009 . 000 . 000 . 000 . 000 
,000 . 000 . 000 
.a00 . 000 . 000 . 000 . 000 
.ooo . 000 
.ow 
.OM) . 000 . 000 

.263E*O4 . lOOEI.04 

.lOOEI.OI 
,100Et04 
, I00EtOri 
.10OEt04 
.100E+04 
,100EI.04 
.10M+04 . l O O E 6 4  
I IOOE+04 . lOOEtO4 . OPOEtOO 
.000Et(10 

' . OI)OE+00 
.000Et00 
.000Et@0 . OOOE*OO . MOEtOO 
.000€+00 
.000EtO0 
.GQMI.00 
.OBOEI.OO 
.000E+00 
.00OEt00 
. OOOEtOO 
.00'3E+OO 
.000Et00 
.MOE+OO 
,000EI.00 

4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  

.woo 

.MOO 

.0000 . 0000 

.oooo 

.OOM 
a 0000 
.oooo 
* 0000 
.oooo 
.a000 . OOUD 
.oooo 
.oooo . 0000 . 0000 
IO000 
.woo 
.DO00 . 0000 
.0006 
* 0000 . 0000 
'0000 
.0000 . 0000 . 0000 . Mtoo 
.M)oo . 0000 
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31 
32 
33 
34 
35 
3b 
31 
38 
37 
40 
4 1  
42 
43 
114 
45 
46 
47 
4s 
49 
50 
51  
51 
53 
54 
5s 
56 
57 
33 
59 
60 
b l  
62 
43 
b4 
b5 
hb 
67 
68 
69 
70 
71 
72 
13 
74 
75 
16 
17 
78 
79 
80 
01 
82 
83 
84 
e5 

87 
88 

90 
91 
92 
93 
94 
95 

a6 

a9 

JS 
34 
35 
36 
37 
38 
40 
41 
(2  
43 
44 
45 
4b 
17 
48 
49 
50 
51 
53 
54 
55 
56 
57 
5E 
59 
60 
b l  
b2 
63  
b4 
66 
67 
bE 
b9 
70 
71 
72 
73 
1 4  
75 
7h 
71 
79 
80 
81 
e2 
e3 
84 
92 
93 
94 
95 
96 
97 
99 

100 
I01 
102 
I03 
104 
106 
107 
108 
109 
I10 

J4 
35 
56 
37 
38 
39 
41 
42 
13 
44 
45 
Ih 
47 
48 
4? 
50 
51 
52 
54 
55 
56 
51 

59 
60 
61 
b2 
65 
b4 
b5 
b7 
bR 
69 
70 
71 
72 
73 
74 
75 
l b  
71 
78 
30 

82 
83 
84 
85 
?3 
94 
95 
96 
97 
98 
LOO 
101 
102 
I03 
104 
105 
107 
108 
109 
110 
111 

se 

e1 

4 1  
4E 
49 
50 
51 
52 
54 
55 
56 
57 
58 
59 
60 
61 
b2 
b3 
bl 
65 
67 
68 
69 
70 
71 
72 
7; 
74 
75 
76 
71 
78 
80 

82 
83 
84 
05 

87 
88 
89 
90 
91 
93 
94 
95 
96 
91 
78 

100 
101 
102 
103 
104 
105 
107 
I08 
109 
110 
111 
112 
I14 
115 
116 
117 
11s 

e1 

a4 

44 
I7 
48 
49 
50 
51 
53 
54 
55 
56 
57 

59 
bO 
hl 
62 
6; 
h4 
bb 
h7 
68 
b9 
70 
71 
1 2  
15 
74 
75 
76 
77 
79 
80 
81 
E2 
83 
E4 
85 
Eb 
87 
E8 

90 
92 
93 
94 
95 
Yh 
97 
99 

100 
101 
102 
103 
104 
106 
107 

I 09 
110 
111 
113 
114 
115 
I16 
117 

58 

a9 

I oe 

96 111 112 119 118 

I 
I 
I 
I 
I 
1 
I 
I 
1 
1 
I 
I 
I 
I 
1 
I 
1 
I 
I 
I 
1 
1 
I 
1 
1 
I 
1 
I 
I 
I 
1 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 

.OW .000E100 

.000 .000E+00 

.ow .000&+00 

.OW .000Et00 

. O W  .000E+OO 

.OW .000E+G0 . 000 . OOQEt00 

.GOO .000€+00 

.000 .'300Et00 
.OOO .000E*00 
.OCO .000E+00 
.OW .000E+OQ . 000 I OOOE+OO . 000 OOOEtOO 
.ooo .000Et00 
.OOO .@00E+00 
.e00 . OOOE+OO 
.000 .000E+00 . 008 . OOOEtOO 
. N O  .000Et00 
.OOO .000E+00 
.COO .Q00E+00 
.OOO .QOOE+00 
.090 OOOEIOO 
.009 .000Et00 . 000 . OOQEtOO . 000 .000E+00 
. 000 . O00E+OO . 000 . OOOEIOO . 000 . OOOEtOO . 000 . OOQEtOO 
.000 .Q00E+OO 
,000 . OOOE4OO 
.OW .DOQ€+OO . 000 . OOOE+OO 
.OG0 . OOOE+OO . 000 a OOOEtOO 
.OOO .000E+QO 
.OD0 .000EtOO 
A00 .000Et00 . 000 . OOOEIOC 
.oeo .000E+00 

.OGU .QOOEtOO 

.OOO .GOOEt00 

.ooo .000E+0@ 
.ooo .OO0E+OO 
.OOO .000E+00 
.ooo .000€+00 
.OCO .000Et00 
.ooo .OOOEtOO 
. O M  .00OEt00 
.ooo .000E+00 
.OM, .DOOEtOO 
. o w  .000E+00 
.OOO ,000EtOO 
.ooo .000E+00 
.OOO .000E+00 
. O W  .OQOE+QO 
.OOO .000Et00 
.ooo .000€+00 
.OCO .OOOEtOO 
.OOO .00OEt00 
.OCO .00OE+OO 
.OOO .O0OE+OQ 
.ooo .000E+00 

.cor, .mo~too 

4 
4 
4 
4 
4 
I 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
k 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

I 
1 
I 
I 
1 
I 
I 
I 
1 
I 
I 
1 
1 
I 
I 
I 
1 
I 
1 
I 
1 
1 
I 
1 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

.OOOO 
,0000 
.0000 . 0000 
,0000 
.WQO 
.moo 
,0000 
,0000 
.OQOO 
,0000 
.oooo 
,0000 . 0000 . 0000 
.a900 
,0000 . OB00 
.oooo 
.OOOO 
,0000 
.00W 
.oooo . 0000 
,0000 . 0000 . 0000 
,0000 . 0000 
.oooo . 0000 
.0000 
,0000 . 0000 
,0000 . 0000 . ooco 
.oooo 
,0000 
.d000 . 0000 . 0000 . 0000 
.MOO . 0000 
,0000 . 0000 
,0000 
,0000 . 0000 
,0000 
,MOO 
.0000 . 0000 . 0000 . 0000 
,0000 
. 0000 
.oooo 
.woo 
,0000 . 0000 
.oooo . 0000 
,0000 
.0000 
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Y I  113 11) 121 IZU 1 
96 114 115 122 121 1 
99 115 116 123 122 1 

100 I16 117 124 123 1 
101 117 118 125 124 1 
102 118 119 126 125 1 
103 120 121 128 127 1 
104 121 122 129 128 1 
105 122 123 130 129 1 
106 123 124 131 130 1 
107 124 125 132 131 1 
108 125 126 133 132 1 

1 E P U A T I O N  P A R A H E T E R S  

TOTRL WUMBER OF EQUIITIONS = 2b5 
BANOYIDTH = 30 
NUBBER OF EQUATLONS I N  R BLOCK = 124 
MUHBER OF BLOCKS 5 3  

. uoo 

.ooo . 000 . 000 
.ooo 
.OW 
.OW 
.ooo . 000 
.OM) 
1000 
.OM) 

. WOttOQ 

.000E+00 
,000Et00 
.oooE+oo 
.000E+00 
.WE100 
.000E+00 . OOOEtOO . OOOEtOO 
.OOOE+OO 
.OOOEW)O . OOM+00 

NOOE LORD x - A x i s  Y-AXIS Z-AXIS 14x15 
NMBER CRSE FORCE FORCE FORCE RUltENT 

STRUCTURE ELEMENT LOR0 RULTIPLIERS 
LORD CASE R B C I) 

1 
I W O O E  

NODE 
NUIlUER 

0 133 

0 132 

0 131 

0 130 

0 129 

0 128 

0 127 

0 126 

0 125 

0 171 

0 123 

0 122 

0 121 

0 120 

0 119 

1.000 ,000 ,000 .ooo 
D I S P L A C E ~ E ~ T S I R O T R T I O N S  

LOAD 
CASE 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

X- 
TRANSLRTIDN 

.00000E+00 

.00000E+00 

.OOOOOE+OO 

.00000E+1)0 

.000GOEt00 

.00000E+00 

.09000E+00 

.000@0E+00 

.00000E+00 

. OOOOOE+OO 

.00000E+OO 

.00000€+00 

.OOOOOE+OO 

.00M)OEt00 

.0000OE+00 

Y- 
IRRNSLRTIDH 

.24415E-03 

.25364E-O3 

.2b643E-03 

.27az.x-o3 

.?8665E-03 

.?92!3E-03 

.30!75E-03 

.23224E-O3 

,24054E-03 

.24974E-03 

.25746E-03 

.2627?E-O3 

.26789E-93 

,281 18E-03 

.2254kE-03 

I- 
TRANSLRTION 

,30327.E-02 

.30469E-02 

.30b71E-O2 

.30969E-02 

.313?1E-@2 

.31662E-02 

. 3  l998E-02 

,50397E-02 

.3053 1 E -02 

.3075bE-02 

.31094E-02 

.31497€-02 

.318a7~ -02 

.32193E-02 

.304b?E-02 

X- 
ROTATIOH 

.0000~+00 

.00000€+00 

.00000E+00 

.oI)oooE+oo 

.0009OEtOO 

.000OOE+00 

.00000E+00 

.001)1)OE+00 

.00000E+OO 

.00000Et00 

. OOOOOEtOO 

. OOM)OE+OO 

.00000E+00 

. OOOOGEtOO 

1 .woo 
1 .oooo 
1 .0000 
1 .OOOO 
1 .oooo 
1 .oooo 
1 .OOOO 
1 .ooM) 
1 .ooM) 
1 .oooo 
1 .oooo 
1 .oooo 

Y - A X I S  
HORENT 

Y- 
RRT AT I ON 

. OOOOOE+OO 

.00000E+00 

.00000€+00 

. O O M ) ~ + O O  

.0000E+00 

.O(IOOM+00 

.00000E COO 

. 00OOO€+QO 
.00000E+00 

.000GOEtUO 

. M)oooEcoo 

. 0000oE*00 

.0000OE+00 

.0000M+00 

.@0000Et00 .0000M+00 

I - R X l S  
HOAEWT 

I- 
ROTRTION 

.OOOOOE+OO 

.0000Mt00 

. oooooE+oo 

. oooooE+oo 

. OOOOOE+OO 

.OQOOOE+OO 

.00000E+UO 

.M)OOoE+00 

.00000€t00 

. oo00oE+oo 

.00000Et00 

.0000OE+00 

, 0000M+OO 

. OOOOoE+OO 

. OODOOE+OO 



u i i n  

0 117 

0 I16 

0 11s 

0 I 14  

0 113 

0 112 

0 111 

0 110 

0 109 

0 108 

0 107 

0 I06 

0 105 

0 104 

0 103 

0 IO? 

0 101 

0 100 

0 99 

0 88 

0 97 

0 9L 

0 95 

0 94 

0 93 

0 92 

0 91 

0 90 

0 89 

0 E8 

0 E7 

0 E6 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

I 

I 

1 

1 

I 

1 

I 

I 

1 

I 

1 

1 

1 

1 

1 

.UUOUlit+UO 

.00000E+00 

.0000@E+00 

.0000OE+00 

,09000E to0 

. 0 0 0 0 0 ~ 4 ~ 0  

.00000E+00 

.0000GE+00 

.00000E+0@ 

.00000E+00 

.@0000E+-@G 

.00000E+00 

.0000@E+00 

. FOOOOE+OO 

. OO@OOE+OO 

. o o o o o ~ w  

.00000E+00 

.00000E+00 

. OOOGOE+OO 

.00000E+00 

.00000E+00 

.0000FE+OO 

.OOOQOE+90 

.00000E+CO 

. O O O O O E N O  

.00000E+0o 

.00000E+00 

.00000E+00 

.00OOOE+00 

.00000E+00 

.00000E~00 

.00000E+00 

.000'30€+00 

. Z S k > X - O J  

.24499€-03 

.25143E-43 

.25388E-05 

.251?1€.-03 

,26324E-05 

.225E19E-03 

.23971E-03 

.25049E-03 

.25SZlE-03 

.25170E-03 

.24726E-03 

.248a9~-03 

.24144€-03 

,254EbE-03 

.26424E-93 

.26004E-03 

.24749€ -03 

.23629E-93 

.23047€-03 

.26 1 J7E-03 

.30185€-03 

.27975E-03 

.2535SE-93 

,23073E-03 

.21?90E-03 

.19972E-03 

.11433E-02 

.98934E-O3 

. E 7 4 0 2 5 4  

.78865E-03 

.7028X43 

.59450E-03 

.305blE-02 

.30818E-02 

.31221E-02 

.31b97E-02 

.321rl TE-02 

.32445E-02 

.36478E-O2 

.30535E-02 

.30852E-02 

.31368E-G2 

.31?58€-02 

.32484E-02 

.328 L 7E-02 

,30414E-02 

.30417E-02 

I 30876E-02 

,51596E-02 

.32302E-02 

.32?23E-02 

.3334OE-O2 

.30121E-O? 

.30165E-02 

.31070E-0? 

Sl925E-02 

.32744€-02 

.33157E-02 

.3400fiE-02 

.00r)00Et00 

,970'35E-03 

.14047E-02 

.IE145E-O? 

,21462E-02 

.25333E-02 

.00000E+00 

.00C00E+00 

.00000E+00 

.00000E+GO 

.00000E+00 

.09000E*Q0 

. OOOOOE+OO 

.0000OE+OO 

.OODOOE+QQ 

. OOOOOE+OO 

.0GGOOE+00 

.00000E+00 

.00000E+00 

.00000E+OS 

. OOOOOEtOO 

* OOOOOEtOO 

.0000GE+00 

.0000M+00 

. OOGQOEiOO 

.0000OEt00 

.00Q00E+00 

.00000E+00 

. 00000EN0 

.000CO€+OO 

.0000oE+Oo 

.OOOOOEt00 

.00000€+C0 

.00000Etd0 

.000@0€+00 

.00000E+G@ 

. OOOQOE toa 

.00000E+00 

.00000€+00 

.00QQ(1E+00 

.00GOOE*OO 

. OOOOM+OO 

,OOOOOE+QO 

.0000M+OQ 

. OOOOOE+OO 

.oooosE+r)o 

.00000FI+Q0 

.0000QE+00 

.OI)OOGE+00 

.00000€+00 

.00000~400 

.00005E+00 

.00000E+00 

.0000oE+QQ 

.00000€+00 

.QQCOQE+00 

.00000EtQ0 

.OQQOBE+00 

.00QaQE+00 

.OO00OE+OQ 

.00000Ew! 

.00000€~00 

.00QOQE+00 

.00000€+00 

,00000E400 

.00QQ@E+OO 

. OOCQOE+OQ 

. OOOOOE+QO 

. @@@00E+00 

.0@80@EtG0 

. 00000E+09 

.0000@EtOQ 

.OQOO@E+O9 

. COOOOE+00 

. OOOOOE~OO 

,00000Ec00 

.00ooo0E~00 

,00000~400 

.000QM+00 

. O O ~ ~ O E P O O  

.00000€+00 

. OOQOOE+@O 

.OOOOOF+90 

. O0000Et05 

.00000Et00 

.00000E+00 

.000oQE+00 

.OOOOi)E+OO 

. OOOOGEWI 

.0000QE+00 

.00@00E+00 

.00000E+00 

.00000€+00 

.00000E+OO 

OOOOCEaQQ 

. OOOOOE+QO 

.00000E*00 

.00000E*00 

.COoQOE+00 

.0000QE+00 

.0000e~400 

, OOOOQEtOO 

.000@0E*00 

,00000~400 

,00000E400 



v 13 1 

0 84 1 

0 83 1 

0 82 1 

0 E l  1 

0 EO 1 

0 79 1 

0 'I'd 1 

0 77 1 

0 76 1 

0 75 1 

0 14 1 

0 73 1 

0 72 1 

0 71 1 

0 70 1 

0 b9 1 

0 $8 1 

0 67 1 

0 66 1 

0 65 1 

0 64 1 

0 63 1 

0 62 I 

0 61 1 

0 6O 1 

0 59 1 

0 58 1 

0 57 1 

0 56 1 

0 55 1 

0 54 1 

0 53 1 

.uuuuw+uu 

. OOOOMtOO 

.00000Et00 

.00000Et00 

.00000E+OO 

.00000E+00 

. OOOOOE+@O 

. OOOOOE+OO 

.00000E+OO 

.@0000Et00 

.0@0OOE+00 

.00000E+00 

.00000E+00 

.00000E+O0 

.OGOOOE+OO 

.0000~~400 

.00000E+@0 

.00000Et00 

.~0OOOEt00 

.0000@E+00 

.@0000E+00 

.00000E+~IO 

. OOOOOE (00 

.00000E+00 

.00000E+00 

. OOOOOE to0 

.00000E+OO 

.00000E+00 

.00000E+@0 

. @0000E+00 

.0000M+00 

. ooeocctco 

. O@OOOEtOO 

.JYL5OE-U3 

. Sl471E-03 

.259bPE-03 

.22118E-03 

.191SEE-03 

.16928E-03 

.149IXE-O3 

.5227bE-O3 

,49105E-03 

,508RE-03 

,16377E-03 

,406EOE-03 

.3247ZE-O3 

.28067E-03 

.a3?38E-03 

,19060E-03 

.15254€-03 

.12399E-03 

.10078€-03 

.769?5E-O4 

.19247E-OJ 

.1545BE-03 

,1585TE-03 

,16153E-03 

,13674E-03 

.11443E-03 

.9713?E-04 

,87258E-011 

,6?417E-04 

.47543€-04 

.27270E-04 

,73028E-03 

-. 1893M-04 

29 1 bE-02 

,30383E-02 

.31391E-Q2 

.32367E-02 

.33253E-02 

.34057E-02 

.34771E-02 

.36291E -03 

.9522QE-03 

.14551E-02 

,19545E-02 

.22317E-02 

.25970€-02 

.28993E-02 

.3@657E-62 

.31807E-02 

.3?833E-02 

.53117E-02 

.34665E-02 

.35553E-02 

.55892E-O3 

.983bBE-03 

.1453pE-O2 

.18743E-02 

.2?568€-02 

.26030€-02 

.28846E-02 

.30763E-02 

.32126E-02 

.33235E-02 

.34239E-42 

.35213E-O2 

.3626bE-Q2 

. O O M ) ~ E ~ O O  

.0000M+00 

e 0000oE~00 

.OO00M+00 

. OOOOOEtOO 

.00000Et00 

. WM)MtOO 

.OoOOOE+OO 

.00000E+00 

. OOOOOE+QO 

.00WMt00 

.00000E+O@ 

. OOOOOEtee 

.QOOOOEtOO 

I oooooi+o0 

. 000OOE+00 

. OOOOOEtOO 

. 00000€+00 
* OOOOMtOO 

.OOOOOE+00 

,00000Et00 

9 00000E+@0 

.0000OE+00 

.OO000Et00 

. @0000E+00 

. OOot)DE+OQ 

. @OOOOE~OO 

.00000Et@0 

.000OOEcOO 

. OOOOOEtOO 

.00OOM+00 

.oooooE+oo 

. OOOOOEtOQ 

.00000Et00 

M)ooOE*OO 

.00000Et00 

, OOM)OE+Or) 

.0000Mt00 

.00000Et00 

a 00M)M+00 

.O@OO0E+00 

. ooo0oE+oo 

, oooooE+oo 

, OOOOOEtOO 

. W E t O O  

.00M)OEt00 

. @OOOOE+OG 

.WOOOE+OO 

.OOOOOE+OO 

,00000E+00 

,00OOOE+UO 

* O O O O E t O O  

. OOOOOE+OO 

, OOOOOEtOO 

.M)QOOf+OO 

.000(~0E+00 

.OO000E+OO 

.0000GE+00 

.0000Mt00 

.00000EtOD 

. M)00OE+00 
.00009Et00 

. OOooMtoO 

. OOOOOE+OO 

. WOOOEtO0 

.oooooE+0o 

. QOOOOEiOO 

.0000M*OO 

. OOOQE+O@ 

. WOOOE+OQ 

.00000E+00 

.00000~400 

.~ooOcs+oo 

.00000E~00 

. OOOOOEtOO 

.OOWOE+OO 

, oooooE+oo 

.OMH)oE+OO 

.DOOOOE+OQ 

. OOOOOEtOO 

.OSWOE~OO 

.00OOOE+OO 

. M)oooE+I)o 

* ~ 0 0 0 E + 0 0  

.OOoooE+oo 

. OOCOM+OO 

.00~0E+OO 

.00000E+00 

.000OG€+00 

. OOOOOEcOO 

.00OOOE+00 

.OOOOuE~GO 

.OOOOOEtFO 

.OOOOOE+O@ 

.00OOOEt00 

.0000M+OO 

.000boE+00 

.OOoooE+oo 

. WOOOE+OO 



u 3L 1 

0 51 1 

0 50 1 

0 47 1 

o a I 

0 k7 1 

0 46 1 

0 15 I 

0 4 1  1 

0 43 1 

0 42 1 

0 41 1 

0 40 1 

0 3') 1 

0 3 1 

0 37 1 

0 36 1 

0 :5 1 

0 34 1 

0 33 t 

0 32 I 

0 31 1 

0 39 1 

0 29 1 

0 ?B 1 

0 27 1 

0 26 1 

0 25 1 

0 24 1 

0 23 1 

0 22 1 

0 21 1 

0 20 1 

, OVVVUttW 

.00000EtOO 

.oooooE+oo 

.Oa000EtOo 

.00OOOEt00 

.00000€+OO 

.00000EtOO 

. OOOOOE+OO 

.000OOEtOO 

.00000€+00 

.00000E+QO 

.000UOE+00 

.00000E+00 

.00000EtQO 

.00000E+00 

. WOOOE+00 

.00000E+00 

.0000FEf00 

.oooooE+oo 

.00000E+OO 

.00000E+00 

.oooooE+oo 

.00000E+00 

.00000E+00 

. DOOOM~00 

.QOOOOE+00 

. OOOOOE+OO 

.OOOOOE+OO 

. DOOOOE+~OO 

.0000OE+00 

.0000M+00 

. @3000€+00 

.09000E+00 

-.ti/sr&-oi 

-. 11697E-03 

-.12404€-03 

-. ll787E-OS 

- . l l l l M - 0 3  

-. 10678E-03 

-. 97697E-04 

-.8?632E-04 

-.85079E-04 

-. 86555E-04 
-.93145E-04 

-. lQ673E-OS 

-. 13401E-03 
-. 35214E-03 

-. 37521E-OS 

-.33427E-03 

-.3759(1€-03 

-.357?Oi-o3 

-.33?07€-05 

-.30372€-03 

-.27677E-03 

-. 25376E-03 

-.23684E-03 

-,228$2€-0$ 

-.2336bE-O3 

-.26170E-03 

-.623OOE-O3 

-. 44281E-03 

-.65077E-03 

-. b37SE-03 

-. b103!E-03 

-.566F?E-03 

-.51547E-03 

.bh47E-03 

.lOJIZE-Ot 

.14551E-02 

.18725€-02 

.2255bE-O2 

.25935E-02 

.28723E-02 

.30731E-02 

.J2263€-02 

.33465€-02 

,34578E-02 

,35642E-02 

,36836E-02 

,71842i-53 

,10650E-02 

,14603E-02 

.18626E-02 

.22414E-O2 

.257&4E-O2 

.Z8599E-02 

.30614€-02 

.32234E-02 

.33548E-92 

.3472?E-02 

.35?11E-02 

.S?229E-02 

,75883E-OS 

,10818E-02 

,14597E-rJZ 

. i a w - 0 2  

.22201E-O? 

.25515E-02 

.?8296€-02 

.00000Et00 

.00m0€+00 

.M)00M+00 

.00G90€+00 

.M)OOM+OO 

. OOOOOEtOO 

.0000OEt00 

. OOOOOEtOO 

.000OOE+00 

. OOOOOEtOO 

. a#OOM+00 

.000(JOE+00 

,00060EtO0 

. O6OOM+OO 

. OOOBOEtOO 

.00000E+OO 

. OOOFOEt00 

. OOOOOE+OO 

. OOOOMt0O 

.00000E+00 

.00000E+O0 

.00000E+00 

.00OOOE+00 

.00;300E+00 

.00006E+00 

. OOOoOEWO 

.00000E+00 

.00000Et00 

.00000E+00 

.00000E+00 

.00000Et00 

. OOOOOE+OO 

.OUOOOE+00 

.0000E+00 

. oo#ooE*oo 

. Oo00M+00 

.oooooEtoo 

* 0#00~+00 

. G#000E+00 

.0000M+00 

.00OOOE+00 

.00006Et00 

.0000M+Oi) 

.oooooE+oo 

.00000E+00 

.OOOOOE+OO 

.00000E+OO 

, OOOOOEtOO 

.00000E+00 

.0oa@0Et00 

* 000OM+00 

.#OGQG€tOO 

.0000M+00 

.00000E+00 

. OOOOOE+GO 
~ #OOOOE+OO 

.00000E+00 

.OOOOOEtOO 

.00000E*OO 

.00000E+OO 

. OOOQOEtOO 

.0000#E+00 

. OOOOOEtGO 

.00000EtO0 

.00000E+00 

.oaooo~+oo 

.00000E+00 

. OOOOOE+OO 

.0O00c€+00 

.0000#E*00 

.00000Et0# 

, oooooE+oo 

.00OOO€+00 

.0000oE+00 

.OCOO0E+00 

. DOOOOE+OO 

.00OOOE+00 

.00000Et00 

. OOOOOEtOO 

.0000OE+00 

. G#OOOE+OO 

, OOOOOE+OO 

.00000E+00 

.OO@OOE~OO 

. 0000M+00 

.0000oE+00 

. OOWOE NO 

.00#oMt00 

.OQOo#E+00 

.000#0E+00 

.00000E+'JO 

.000OOEt00 

.00OOOEt00 

rn M)OOOEtOO 

.oaooo~too 

,009OOE+00 

. OOOOOEtFO 

. OOOOOEtOO 

.0000OEt00 

-. . . . . . . I ' - 
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U 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

17 

I8 

17 

I6  

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

1 

1 

1 

1 

1 

1 

I 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

.U~!UUOt+UO -.4bb/Yt-OJ 

.00000Et00 -.42324E-03 

.00000E+00 -.389b7E-03 

.0000OE+00 -, 36873E-03 

.00000E+00 -.36632€-03 

.0000M+00 -.39732E-03 

.00000E+00 -.?0623E-03 

.OOOQOE+OO -.93?57E-03 

.00000E+00 -.?4829E-03 

.00000E+OQ -.93497E-43 

.00000E+00 -.88865E-03 

.00000E+00 -.8162bE-93 

.00000Et00 -.73033E-03 

.00000E+L'O -.6497?E-03 

.00000E+00 -. 57916E-03 

. OOOOCEtCO -. 52718E-Q3 

.00000EtO0 -.54143E-03 

.00000E+00 -.5061M-03 

.00000E+00 -.55011E-03 

~ T ~ ~ - D I ~ E N S I O N ~ L  F I N I T E  

, sv3atjt-w 

,32059E-02 

.33130E-02 

.3467E-O? 

.3599BE-OZ 

.37482E-O2 

.7427CE-03 

.10849E-Q2 

.14511E-02 

.18273E-02 

.21683E-02 

.25 I36E-02 

.27898€-0? 

.3001 OE-02 

. S L ~ Z ~ E - ~ Z  

,33163E-02 

,34458E-62 

,3592bE-bZ 

.37674E-02 

.00000E+OO 

.00000€+01) 

,00000EtOQ 

.00000E+00 

.00000€+00 

.00000Et00 

.00060E+00 

.00000E+00 

.OOCOO€t00 

.00000Et00 

.80000E+00 

.00000€+00 

WOOOEtOO 

.0000'1E+00 

. OOWOEtOO 

.00000Et00 

.000OOE+00 

.00000E+00 

.00000E+00 

E L E M E N T S  

1. 
2. 

CENTRDID STRESSES REFERENCED TO LOCAL 'I-2 COORDINATES. 
NID-SIDE STRESSES RAE NORRiaC AND PRAALLEL TO ELEENT E06E5. 

OELEHENT ( I )  

LORI1 LOE S l l  522 533 512 

I CEN -.7247?E+03 -.?4856€+04 -.61295E+04 -.6349?€+02 
0 
OELEREHT [ 2)  

L a m  LOC S l l  522 533 s12 

1 CEN -.19136Et04 -. 13410EtO4 -.52657Et04 .17662E+03 
0 
OELEflENl ( 31 

LOR0 Lac S l l  522 533 512 

1 CEN -.30000€+04 -. 10120Ee04 -.19219E+04 . l j242Et03 
0 
OELENEltT [ 41 

LOAD LOC SI1 s22 533 512 

.0009M+O0 

. OOOOGE+OO 

. OOOOOEtOO 

. OOOOOEt00 

. MlOOOEtOO 

.00000E+OQ 

. OOOOOEtOO 

.QOOOE+OO 

, 0OOOOEKlO 

.0000M+OG 

. OOOOOE+OO 

, 00OOOEt00 

.00000E+40 

.00000E+OO 

.OOOOOE+00 

.00000Et00 

.00000Ec00 

.oooow+oo 

. OOOOOEIOO 

S-MAX 

-.72?50E+03 

s-nhx 

-.12909Et04 

s-tw 

-. 92 19?€+03 

5-ha1 

.00GOMtQ0 

.00000E#I) 

. OOOOOEtOO 

. M)OOOE+OO 

.0000MtOQ 

. OOOOOEtOO 

, OOODOEtOO 

. OOOOOEtOO 

.OQOOQEtQO 

.0000UE+00 

.00000E+OO 

. OOW0€+00 

~ OOOOOEtOO 

e 0000OE+00 

.00000Et00 

.00000E+00 

.00OOOE+00 

OrNOOEt00 

. QO000Ec00 

S-FIN 

-.24879EtO4 

S-t!IN 

-.19637E+Oi 

s-niN 

-.30900Et04 

S-HIN 

ah61e 

-2.06 

WGLE 

74.17 

RHGLE 

78.25 

RNGCE 



I CEN -.40207E?04 
0 
OELENENT ( 51 

LORQ l i l C  511 

1 CEN -.41935E+04 
0 
OELEKEMT I 6 )  

LOAD LUC 511 

I LEN -.S2034€+04 
0 
GELENEMi t 71 

L09D LOC 511 

I CEN -.51499E+04 
e 
OELiPiCWT ( 81 

LORU LOC SI 1 

I CEN -.45537E+OI 
0 
O E L E K H T  ( 91 

LORD LOC !ill 

I CEH -.34741€+04 
0 
OELEMEMT ( IO) 

LOAD !.at SI 1 

1 CEN -.20812EtO4 
0 
OELERENi ( I f )  

LOAO Lnc 511 

I CEH -.78?33E+03 
0 
OiLEflEHi ( I21 

LORO Lac SI! 

I CEN -.10098E+G3 
0 
OELEIlEHT ( 131 

LOPlD M E  511 

1 LEN -.65967Et03 
0 
OELEflEHT ( 141 

LOAD 1OC 511 

I LEN -.16554Et04 
0 
OELEREMT ( 151 

LUAQ LOC 511 

$22 533 

-.91778E+03 -.51756E+04 

522 s33 

-. 892?5€+03 -.51585E+04 

522 533 

-.89531E+OS -.495&4E+Od 

522 s3r: 

-.?029rlit03 -.95534Et04 

SZ? 533 

-. 11035E+O’l -.3dlBbE+Q4 

522 553 

-. 1 I141EtO4 -.29565Et04 

sz2 533 

-. ?5849E*01 -.47520EtO4 

522 533 

-. 17940E+0+ -.59710Et04 

. 4 1 m ~ t a 3  

SI2 

.30735E+03 

SI2 

.11915E@5 

512 

-. 13395Et03 

512 

-.41402E+03 

512 

-.L550bEt03 

SI2 

-.7h335E+Oi 

512 

-.59790EtOJ 

SI2 

-. 1757iEtd3 

512 

.11572E+UJ 

SI2 

.48845Et03 

-.94307E+03 

S-841 

-.92901E+03 

s-nAx 

-. 9IM7Et03 

s-nAX 

-.88814&+03 

S-I(AX 

-.8312SE*03 

S-RRX 

-.74553E+03 

W A X  

-.5827IE+03 

S-RAX 

-. 32415Et53 

5-flAX 

-.7136lE+02 

S-fl4X 

-.65274Et03 

S-HAX 

-. i z m t e 4  

-.4077UE+Od 

5-HIM 

-.18178Et01 

S-RIW 

-.S2067E+O4 

5-NlN 

-. 51541E+04 

S-MIH 

-. 4bQ47EtOl 

s-m 

-.3b31bE+OS 

S-#lN 

-.24700EtO4 

s-BIN 

-. 15622Et04 

s-nrn 

-. 11437Et04 

S - M N  

-.25917Et04 

S-!lIN 

-. 22181Et04 

82.30 

dH6lE 

85.45 

RMCLE 

M.41 

ANGLE 

-89.20 

AMLE 

-83. b5 

fiM6I.E 

-76.49 

AHSLE 

-63.00 

AMELE 

-37.49 

RHGLE 

-9.51 

RXGLE 

3.43 

ANGLE 

4@.?b 

522 533 SI2 5-RRX S-HtN ANGLE 



69 

I CEN -.22246E+04 
0 
DELEMNT ( I61 

LOAD LOC SI1 

-. 12702Et04 -. 359MIEtO'i .891?3Et03 -.78024E+03 -.27146Et04 59.78 

512 

,89606EtO3 

S-BIN 

-.303$?Et04 

ANGLE 

bb.33 

S2? 

-.99573€+03 

533 

-.34337E+04 

S-HRX 

-.60294E+O3 1 EM -.26471E+04 
0 
MLEMIT  ( 17) 

LOAD LOC SI1 

I CEN -.29847E+04 
0 
OELEffENT ( 181 

522 

-.77314E+03 

533 

-. 33729E404 

512 

.66426EtO3 

S-HRX 

-. 56896E403 

S-HIM 

-.31689€+04 

WGLE 

74.50 

LOAD IOC SI1 555 

-. 33284E+04 

RNGLE 

85.16 1 CEH -.31488E+04 
0 
OELEnENT ( 191 

LOR# LOC SI1 

I CEN -.30499E+04 
0 
OELEffEII 201 

522 

-. 16832E+03 

533 

524 14Et01 

512 

-.36906E+03 

s-nhx 

-.41660Et03 

5-MN 

-.3lOIMtO4 

ANGLE 

-82.02 

LOAD LOC SI1 522 

-. 44454Et43 

533 

-.31034E+04 

512 

-.98998Et03 

S-HAX 

-.7IBb5E+02 

S-HKN 

-.3095bE+04 

an61e 

-69.52 1 LEN -.27260E+04 
0 
OELERNT ( 211 

LOAD LOC s i1  522 

-.54442E+O3 

553 

-.291blE+04 

512 

-.1515OEtG4 

5-ha1 

.35281E*03 

MGLE 

-59.36 I CEN -.?2052€+04 
0 
OELEIlENl L 221 

LOAD LOC SI1 

I CEH -.15485E+04 
0 
OELERHT ( 231 

533 

-. 27?00€+04 

512 

-. 17802Et04 

S-HAX 

.601 15E+Oj 

ANGLE 

-50.37 

s22 

-. 14482Et04 

533 

-. ?5183E+04 

SI? 

-. 15352Et04 

S-MX 

.45845E+03 I CEN -.7777?E+03 
0 
OELEHENT ( 24) 

LOAD LOC SI1 S?? 

-. 17784Et04 

533 

-.22480E+04 

512 

-. b3526E403 
S d R W  

.53044E+02 

s-nru 

-. 19967EtO4 

RRfiLE 

-19.13 I CEH -.lb731E+63 
0 
OELEWEWT ( 251 

LOAD LOC Sll 

I CEN -.402Z?E+03 
0 
GELEHENT 26) 

LORD LOC SI1 

s22 

-.?9544E+94 

533 

-. SZOO?E+04 
512 

.2747BEt03 

5-ha1 

-.57??7€+03 

5-h1h 

-.27837E+Q4 

ANGLE 

6.08 

522 533 SI? S-HAX s-nrw ANGLE 



70 

1 CEN -.9529SE+03 
0 
OFLEMMT 1 27) 

Lam LOC Sl l  

-, 22476Et04 . 63897Et03 22.31 

533 

-. 21 672Et04 

522 

-. lb132E*04 
S-tlAX 

-. 44667E+03 

RNSLE 

38.44 I CEH -.IlEl5i+O% 
0 
OELEWENT ( 28) 

LOBD LOC SI1 522 

-. 10434€+04 

533 

-. lR770Et04 

ANGLE 

k8.31 I CEN -.12799E+04 
0 
OELEMEYT I 29) 

LObD LOC 51 I 

1 CEN -.13714E+01 
0 
OELEHEMT ( 301 

52? 

-, k99b2EtOS 

533 

-. IbhBOE+04 

SI2 

.7755 IEt03 

5-HA1 

-.4591IEt02 

s-nrn 

-. 18252E904 

ANGLE 

59.67 

512 

.20817€+05 

S-flRX 

-.92997E+01 

5-FIIM 

-. 14091Et04 

RNGIE 

01.35 1 CEN -.1378;Et04 
0 
OELEREW ( 311 

LORD LOC 511 

I CEW -.1?7:aE+M! 
0 
OELEHit tT  I 321 

s33 

-. 13995Et04 

s-nex 

. jOb93€+03 

4 M E  

-71.17 

533 

-. 13092Et04 

SI? 

-. 12569Et04 

S-NRX 

.9hXOEt03 

RNGLE 

-38.07 I CEN -.105iSE+O4 
0 
OEbEiliWT ( 331 

533 

-. 13282Et04 

SI? 

-. 17923Et04 

5-RAY 

.13392Et04 

RWSLE 

-52.79 I CEH -.10?16E+04 
0 
OELEIlEHT ( 341 

LOR5 LOC SI 1 522 

-. 59232Et03 

ANGLE 

-47.40 

s12 

-.22169€+04 

S-HAY 

.Ik461Et04 

S--UIH 

-. 30032Et04 I CEH -.96480E+05 
0 
OELEaEWT 1 35) 

LOBI) Lac SI 1 522 

-. 17892Et04 

533 

-.lb418E+01 

512 

-.21951Et04 

S-HIN 

-.34831E+04 

RNGLE 

-37.66 I CEN - . A S B ~ ~ E + Q B  
0 
OELEEHT ( 36) 

Lorn Lac SI1 

1 CEN -.lh270Et03 
0 
OELEWHT ( 371 

RNGLE 

-18.17 

533 

-.17517EtQ4 

512 

-. 10624Et04 

S- IAX 

.18599Ei03 

522 533  SI? S-HAX S-HIN RHGLE 



I CEH -.16500E+03 
0 
OELEHEHT ( 381 

LOAD LDC s11 

I CEN -.28030E+03 
0 
OELEHEIT ( 39) 

L a m  LOC SI I 

1 CEN -.12130E+03 
0 
OELEHENT ( 401 

LOAD LOC 511 

I EN .14129Et03 
0 
OELEHEHT ( 41) 

LORD Lac S l l  

I CEN .?9149E+03 
0 
OELEREHT ( 42) 

LORD LOC s11 

I CEN .32:36Et03 
0 
OELERENT I 43) 

LOB5 LOC s11 

I CEN .63128E+03 
0 
OELEBEHT ( 44)  

LOAD LOC 511 

I CEH .77693E+03 
0 
OELEBEHT ( 451 

LOA5 LOC 511 

I CEN .68547Et03 
0 
OELEHENT ( 461 

LOAD LOC SI1  

I CEN -.24289EtO3 
0 
OELEHENT ( 471 

LORD LOC s i  1 

1 CEU -.67386E+03 
0 
OELEHENT ( 48) 

7 1  

-.34130€+04 -. 17870€+04 

522 533 

-.26111E+04 -. 12485Et04 

522 533 

-.19ZEOEt04 -.81575E+03 

522 533 

-. llb96E+O4 -.3897bE+05 

S?? 533 

-.20378E+03 .16835E+02 

522 533 

.62744E+03 .28918E+03 

s22 533 

,95777Et03 .48230E+03 

s2z 533 

,67518EtG3 .966'?7E+03 

52? 533 

.41713€tO3 .40414E+03 

522 553 

-.544'?1E+02 -. 15725E402 

522 s33 

-. 17923Ec04 -.70?41Et03 

.26355€+03 

512 

,512B7Et03 

512 

.74167E+05 

512 

.88224Et03 

512 

.76633Et03 

512 

.11762E+03 

512 

-.77678E+Q3 

512 

-.13999Et04 

512 

-. 15494EW 

512 

-. 18911Et01 

512 

-. 25357EtO4 

LOAD LOC SI1 522 S33 SI2 

-.14176Et03 

S-HAX 

-.l6006E+03 

5-MX 

.1441SE+93 

S-IIRX 

.58492E+O3 

5-HAX 

.849b9Et03 

S-HAX 

.66752EtO3 

5-HAX 

.15683E+04 

S-tlRX 

.2ltbOE+G4 

5-RAX 

.21065E+04 

SdAX 

.17349E+04 

s-nnx 

.13636E+04 

-.34542E+OI 

S-HIN 

-. 27313Et04 

5-HIN 

-. 2193fEt04 

w i n  

-.lb132EtO1 

S-HlH 

-.76197Et03 

s-nin 

.28?28E+03 

5-HIN 

. n7S?E+00 

S-HIM 

-. 6738hEi03 

S-NIN 

-.l0039E+Oli 

5-BIN 

-.20322E+r)l 

S-HIH 

-. 38297E+04 

4.hl 

ANGLE 

12.49 

MGLE 

19.69 

ANGLE 

Zb.70 

ANGLE 

36.05 

ANGLE 

71.18 

ANfiLE 

-50.93 

MGLE 

-43.96 

RNLLE 

-12.5: 

ANGLE 

-4b.43 

RNGLE 

-38.78 

S-HAX 5-HIM ANGLE 



72 

I CEH -.24728E+03 
0 
OELEHENT I 49) 

LOAD Lnc 511 

1 CEN .24b87Et02 
0 
OELEtlEWT ( 501 

LORD i ac  511 

I CEN .25774E+03 
0 
OELEHENT ( 511 

LORD LOC 511 

1 CEN .75971E+03 
0 
OELEnEHT ( 52) 

LORD Lac S I  1 

I CEN .I4165EtOl 
0 
OELEHEWT I 531 

LORD I O C  511 

1 CEN .2129cJEtOl 
0 
OELEfiENT I 541 

LOAD LOC SI1 

1 CEN .25185Et04 
0 
OELEKEMT I 551 

LOAD I.0C 511 

1 CEN .27316Et04 
0 
OELENENT ( 5 6 )  

LOAD LOC 511 

1 CEN .3:414Et04 
0 
OELERENT ( 571 

LOAD LOC 511 

1 CEN .?6907Et04 
0 
OELEflEHT I 581 

LOR0 LOC 511 

I CEH .17117E+04 
0 
OELEHEHT ( 591 

LORD LOC S l l  

-.48445Eh04 

522 

-.37265€+04 

522 

-. 2BIOlEt01 

522 

-.21189Et09 

s22 

-. 13558EtO.1 

522 

-.979hOEt02 

522 

.15550E+01 

522 

.177i?E+O4 

522 

, 9 1 9 x t 0 3  

522 

.15455E+O3 

s22 

.58114EtO3 

-.1438?E+04 

533 

-.51393Et03 

553 

-.9491 lEtO2 

535 

.33570Et03 

533 

.86168E+03 

s33 

.15506Et04 

533 

.2?330Et04 

533 

.237 1OE +04 

533 

.?4552E+04 

S33 

.20852E+04 

533 

.19625Et04 

-. 15259Et04 

SI2 

.12492€+03 

512 

-21  699: +Os 

S I 2  

.26454€+03 

512 

.35G53E+03 

SI? 

. ~ ~ E + o I  

512 

.42670€+02 

512 

-. 12855EtOl 

512 

-. 15460Et04 

512 

-. 93625Et03 

512 

-.60743Et03 

.21308E+03 

S-HRX 

.28843E+O? 

S-!!AX 

.27302E+O3 

s-mr 

.7 b398EtO3 

5-HRK 

.1460LE+O4 

S-MI  

.22235E+O4 

5-HAX 

.25204E+04 

S-MAX 

.362SBE+04 

S-MA1 

.42514E+04 

5-#AX 

.29898Et04 

S-IIAX 

.2001SE+04 

-.53019€+04 

5-I IN 

-.3730bE+04 

S-flIN 

-. 23254Et04 

S-!IN 

-. 2 LK2EtO4 

5- i l lH 

-. 13994Et04 

5-1111 

-.1?249€+03 

S-RIM 

.15531EtOI 

s-nin 

.87898€+03 

S-HlN 

,2033PE603 

S-NIN 

-.15461E+03 

5-HiH 

.32135Et03 

-1b.79 

RXGLE 

1.91 

ANfiLE 

4.03 

RNS1.E 

5.21 

ANG1.E 

7. 10 

RNGLE 

11.41 

AH6G 

2.48 

ANGLE 

-31.76 

RN61E 

-24.05 

ANGLE 

-18.27 

RRGLE 

-23.16 

522 533 512 S-ilk1 s - n i ~  AWSLE 



73 

I EN -.51044E+O~ 
0 
MLEKENT 1. 60) 

LORD LOC s11 

I CEN -.83640E+03 
0 
OELEtlEHT 1. 611 

LORD LOC 511 

I CEH .15939€+03 
0 
OELEHENT ( 621 

LOAD LOC 511 

1 CEN .60763E+03 
0 
OELERENT 1. b3) 

LOAD LOC 511 

I CEN .l?b57E+O4 
0 
OELEEENT ( 641 

LORD LOE s11 

1 CEN .21134Et04 
0 
OELEREHT ( b51 

LOAD LOC S l l  

I CEN .33844E+04 
0 
OELENEWT ( 661 

LOR0 LOC S l l  

1 CEN .52528E+04 
0 
OELERENT 1. 67) 

L a m  LOC S l l  

I CEH .81761€+04 
0 
OELEHENT ( 681 

LORD LOC s11 

1 CEN .57843Et04 
0 
OELEAENT I 6 9 )  

LORD LOC SI 1 

I CEN .47388€+09 
0 
OELEHENT ( 701 

LOAD LUC 511 

-.77675E+03 

522 

-. 70883Et01 

522 

-.37324E+04 

522 

-.27717E+04 

522 

-.?05BbE+04 

522 

-. I3447E194 

522 

-. lb568EtOj 

522 

.25138E+04 

522 

.2738i?E+M 

522 

-. 14209Et03 

S 2  

.1'?305EtD3 

522 

.77074E+03 

533 

-. 13309Et04 

533 

.50370E+03 

513 

,82937Et03 

533 

.12lb9EtO4 

533 

.17261Et04 

533 

.25719E+04 

553 

. i l  105Et04 

533 

.52654E+04 

533 

.40451E+04 

533 

.39701E+04 

533 

-. 176bSEtO4 

512 

-.24350E+04 

512 

-.7669X+O2 

512 

-.24334E+O3 

512 

-.3701bEt03 

512 

-.56441Et03 

512 

-.63667E+03 

512 

-. 87369Et03 

512 

-.24263E+04 

512 

-. 52846E 103 

SI? 

-.26856E+03 

SI? 

.11277E+04 

5-MAX 

.722 ISE-01 

s-nnx 

.1609QE+03 

s - w  

.62506E+03 

5-MRX 

.13108E+04 

S-IIRX 

.22032E+04 

S-IIRX 

.34951E+04 

5-1rx 

.55077Et04 

S-MAX 

.91888€+04 

s-MAX 

.58311E+04 

S-IIAX 

.1754bE+04 

S-MAX 

-.24149Et04 

S-IIlN 

-.7924EEtO4 

S-MIN 

-. 37339Et04 

S-AIN 

-.27892E+01 

S-AIN 

-.2103EEt04 

s-nrw 

-. l4345Et04 

S-MlN 

-.27640E+O3 

S-MIN 

.22588E+04 

5-H 1 N 

.1B?blE+04 

S-IIIN 

-. 18884Et03 

5-h1n 

.177?3E+03 

-42.04 

MGLE 

-18.96 

ANGLE 

-I. 13 

RNGLE 

-4.10 

ANGLE 

-6.61 

ANGLE 

-9.0u 

MGLE 

-9.87 

rn61e 

-1b.27 

RIFLE 

-20.61 

ANGLE 

-5.06 

ANGLE 

-3.37 

5-MIN MGLE 



I CEM .41949Et0$ 
0 
OELEflEMT I 71) 

LORD LOC 511 

1 LEN .41942E*04 
0 
OELEfiEWT I 72) 

LORD LOC 51 I 

I CEN .10417Et04 
0 
OELENEWT 73) 

LOAD Lac s11 

I CEN .23952Et03 
0 
OELEtlENT I 741 

LOA0 LOC S l l  

1 CEN .76818EtO3 
0 
GtLEflENT ( 751 

LnRa LOC SI1 

I CEN .13777E+O4 
0 
0EI.ERENT ( 7 b l  

LrJFIO LOC SI 1 

I CEN .?0933Et04 
0 
OELEflEMI ( 171 

LOR0 LOC s1 I 

1 CEN .28995Et04 
0 
OELEnEHT ( 78) 

LOAD LOC s1 I 

I CEN .3763EEt04 
0 
OELENENT I 79) 

LOAD LOC s11 

1 CEN ,27647Et03 
0 
OELEHENT ( 80) 

LOAD LOC SI1 

1 CEH .7690YE+Oj 
0 
OELEKNT I e l )  

LOAD LOC SI1 

-. 17653Et03 

522 

.16714Et04 

522 

-.91171E+O4 

522 

-. 33815Et04 

522 

-.24537EtOk 

522 

-. 17457E204 

522 

-. 86864€+03 

5 2  

,17482Et03 

522 

.45451E+64 

522 

-.272?5EtOk 

522 

-. 19399€+04 

S?? 

74 

,315llEt04 

533 

.43AEE+04 

533 

,2331 lEtQ3 

513 

.13427E+04 

533 

.15153C+O4 

533 

.17782E+01) 

535 

.22132EtO4 

533 

.276&8EtOJ 

53; 

.44054EtG4 

533 

. lP89TEtOll 

533 

.197?5Et04 

S j 3  

-. 50U2Et02 

5i2 

.74792E+03 

512 

-.26310E+04 

SI? 

-. 27798Ec03 

512 

-.6905AE+03 

512 

-. 10286€+04 

512 

-. 13939E+04 

Sl? 

-. 20349E404 

512 

-. 31750E+04 

512 

-, 12272E103 

512 

-.99777E+03 

512 

.41955E+04 

S-RRX 

.43993E+04 

S-HAX 

.24407€+04 

s-ner 

.26074E+03 

5-HRX 

.90975E+03 

S-HAX 

, l6fl6OEk04 

S-MAX 

.26495E+04 

S-flAX 

.39960E+04 

S-flRX 

.73535E+04 

s-nhx 

.3349iEt03 

5 - R R X  

.10970E+O4 

-. 1771 lE tQ3  

S-HIN 

.14663E+04 

S-HIM 

-. 97160EtO4 

S-NlN 

-.310?7E+O4 

5-r1n 

-. 25955Et04 

s - m  

-. 20540EW 

s-nin 

-I  14248EW 

S - H I #  

-. 91169EtQ3 

s-niH 

.95569E+03 

S-HIM 

-.27809E+04 

S-!flH 

-. 2267REt04 

-. bb 

m61e 

15.33 

ANGLE 

-12.82 

am61e 

- 4 . 3  

AfifiLE 

-11.60 

RNGLE 

-16.69 

RIGLE 

-21.68 

ABLE 

-28.10 

M L E  

-48.51 

ANGLE 

-7.01 

RNGLE 

-18.19 

M6LE 



75 

I CEN .11900E+04 
0 
OELEKENT ( 821 

LORD LOE 511 

1 CEN .14700E+O4 
0 
OELEHENT ( 831 

LOR0 LOC S I 1  

I CEN .1438?€+04 
0 
OELEKHT ( 841 

LOAD LOC S I 1  

1 CEN -.14028E+G3 
0 
MLEHENT ( 851 

LOA0 LOC 511 

I CEN .?8459E+03 
0 
OELEKENT ( 86) 

LOAD LOC s11 

1 CEN .b9083E+Oj 
0 
OELERENT ( 871 

LOAD LOC 51 I 

I CEW .86404Et03 
0 
OELENENT ( E91 

LOAD LOC 511 

1 CEN .80111E+03 
0 
OELEREWT ( 89) 

LOAD LOC S l l  

I CEN .23744E+03 
0 
OELEMENT ( 9 0 )  

LORD LOC s11 

1 CEN .12174E+03 
0 
OELEHEllT ( 911 

LOAD LOC $1 1 

I CEN .28137€+05 
0 
MLEilENT ( 921 

-. 11?78E+04 

522 

-. 35958Et03 

522 

.13899E+04 

s22 

.21274E+04 

522 

-. 18P53€+04 

522 

-. 13272EtO4 

522 

-.70523E+03 

SZ? 

.18581E+03 

522 

.92907E+03 

522 

. IO664EtO4 

522 

-. 1062PEt01 

.20887Et04 

533 

.22645E+04 

533 

.2b464E+04 

533 

.2ii9S?E+04 

533 

.?4786E+04 

533 

.22b70E+04 

533 

.21851Et04 

533 

.21840€+04 

533 

.19695E+04 

533 

.1709EE+04 

533 

.?e571~+04 

-. 14090E+04 

512 

-.18034E+O4 

512 

-. 22147Et04 

Sl? 

-.E5543Et03 

512 

-.47780E+03 

512 

-. 10694Et04 

512 

-. 14433Et04 

512 

-. Ib380E+O4 

512 

-. 1256bEt04 

512 

-.43402E+03 

512 

-.43592Et03 

.18429E+0$ 

S-RRX 

.25774E+04 

s-mx 

.3629?E+04 

s-mx 

.24139E+04 

S-IRK 

.38472E+03 

s-nax 

. 11667Et04 

s-wx 

.17227E+04 

s-tw 

.21593€+04 

s-Max 

,18865Et04 

S-HAX 

.12356E+04 

S-HAX 

.40927E+03 

-. 18507Et04 

S - M N  

-.14669E+O4 

S-BIN 

-.80048E*03 

S-MIN 

-.42678E+03 

S-HIN 

-. 1995WO4 

S-RIN 

-. 18031Et04 

5-h1n 

-.15619Et04 

S-RlN 

-.11744E+04 

s - m  

-.72003E+O3 

S-BIN 

-. 47385Et02 

S-nIN 

-. ll907E+O4 

-21.86 

ANGLE 

-31.55 

ANGLE 

-44.68 

ANGLE 

-71.48 

MGLE 

-11.84 

ANGLE 

-23.60 

ANGLE 

-30.75 

RWGLE 

-39.66 

ANBLE 

-52.69 

ANGLE 

-68.71 

ANGLE 

-16.42 

LOAD LOC 511 522 553 512 s-nax S-nitl ANGLE 



76 

I CEH .55357E+03 
0 
OELEHENT I 931 

LOAO Lac S l l  

I CEH A O O ~ ~ O S  
0 
OELEkENT I 94i  

LrlRD LOC SI I 

I CEN .36234Et03 
0 
OELEdENT i 95) 

LORD LOC SI1 

1 LEN .15226E+Oj 
0 
OELEHENT I 96) 

LOAD LOC SI 1 

1 CEN -.34757E+O? 
0 
OELEKNT I 97) 

LORD LOC SI1 

1 CEN .28083i+03 
0 
OELEHEHT I 98)  

LORD LOC S l l  

I CEH ,527IbEtG3 
0 
OELEHEHT ( 99) 

LORD LOC s11 

1 CEN .43?63E+Oj 
0 
OELEHENT ( 1001 

LOR0 LOC SI1 

I CEH .246?5Et03 
0 
OELEHENT ( 1011 

l0RL-I LOC SI1  

I CEN .42919E+02 
0 
OELEHENT ( 1021 

LOAD LOC s11 

1 CEH -.IObbfl€t0? 
0 
OELEFIEHT i 103) 

LORD LOC s1 I 

-.77724E+03 

SI? 

-.30794E+03 

522 

.19278€+03 

522 

. m a ~ t o 3  

522 

.450iJ2E+03 

522 

-.3963OEt03 

522 

-.349?5€+03 

522 

-. 12406E+03 

S?2 

.11@97E+03 

522 

.233??E+63 

522 

. i ? a i ~ ~ + o 3  

522 

.2158?:+04 

533 

. 2 2 i m t o 4  

533 

.19858E*01 

S S  

.17459E+04 

533 

.142BbEtO'i 

53: 

.Xl4!€+04 

533 

,26407Et04 

53; 

.?2ai4 IE+@4 

533 

,19214Et04 

533 

. Ib?26€+04 

533 

.13507€+04 

5s: 

-.9635PE+03 

512 

-. 12002Et04 

512 

-.11276E+01 

512 

-.76422E+03 

512 

-.24032E+03 

512 

-.2?731€+03 

512 

- . 6 m o ~ + o 3  

SI? 

-. 79189Et03 

512 

-. b9017Et03 

512 

-. 104E$E+OS 

512 

-.1054K*03 

SI? 

,10906EtO4 

S-HRX 

. i w a ~ t 0 4  

s-nRx 

.14084E+04 

S-RAX 

,1130hEt04 

s-nm 

.51965EtQ3 

S-RAX 

.39tBREtO: 

s-RAX 

,88812Et03 

S-#AI 

.9?65OE+O3 

S-HAX 

.a68aOE+O3 

S-RRX 

.55396E+03 

S-RAX 

.18590E+03 

s-nRX 

-. i z m 1 0 4  

S-#IW 

-.11369EtO4 

S-BIN 

-.85325€+03 

S-t I IH 

-.45?75E+03 

S H I N  

-. lj353E+O3 

S-HlN 

-. 5ON3SE+O3 

S-BIN 

-.71091Et(i3 

5-#1n 

-. 68793Et03 

S-NIN 

-. 51757E+O3 

S-nIN 

-.27782E+03 

5-n1n 

-. b7482E402 

-27.29 

ANGLE 

-31.63 

RHGLE 

-42.85 

RNGLE 

-52.57 

ANGLE 

-67.65 

ab61e 

-20. b5 

ANGLE 

-29.31 

ANELE 

-35.35 

ANSLE 

-42.32 

m61e 

-51.61 

ANGLE 

-b1.68 

S-!IN ANELE 



I CEN .30887Et03 
0 
OELEtlENT ( 104) 

-. 2655 1 Et02 .3574EEt04 -. 10168Ec03 .33728E+03 -15.61 

s22 

-.10771Et03 

553 

.?8870E+04 

512 

-.240b4E+03 

s - I X  

.&2175Et03 

S-HlN 

-. 18727Et03 

161e 

-19.25 

LORD LOC Sl l  

I CEN .54239EtO3 
0 
MLERENT ( ,105) 

LOLO LOC S l l  522 

-.32902E+02 

533 

.23&83Et04 

512 

-. SOB4OE+03 

5-RAX 

.52b89E+03 

S-HlN 

-. 2028 1 E t03 

ah61e 

-28.85 I CEN .35698E+03 
0 
O E L E I I W  ( 10b) 

Lam toc 511 

1 CEN .73157E+0? 
0 
OELERENT 1071 

LOAD Lac S l l  

522 

,15370EtO2 

533 

.19263Et04 

512 

-. 25109Et03 

S-HRX 

.2?701EtOS 

S-HlH 

-.20848Et03 

RNGLE 

-41.72 

s22 

,4b715Et0? 

533 

.1:92OEt04 

512 

-. 11903Et03 

5-h1n 

-.15414€+03 

ANGLE 

-5P.35 1 CEN -.83608E+02 
0 
OELEIENT ( 108) 

L a m  LOC S I 1  

1 CEN -.57270€+@2 
0 

52? 

.?0097E+01 

533 

,13514Et04 

SI? 

-. 11231Et02 

ANGLE 

-79.61: 
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C O N T R O L  I N F O R l ! t ? T I O N  

NURSER OF NODAL POINTS = 231 
NUil8ER OF ELEWEHT T W E S  = 1 
1UU8kiR OF LOAD CASES = 1 
MJWF! OF FRERUEHCIES = 0 
ANbLYSlS rODE (MDYNI = 0 
E9.0, ST4TlC 
€0. I ,  NODAL EXTRACTIO# 
ER.2, FORCED RESPOKjE 
ER.3, RESPONSE SPECTRUpi 
EQ.4, DlRECT 18TEGRRT16?N 

EQ.0, EXECUTION 
EQ. I ,  DATA CMECK 

RUflBER OF SURSPLCE 
I E R A T I O I  VECTORS (MAD1 = 0 
EBURTlOMS PER BLOCK = 0 
TAPEID SRVE FLAG INl0SVl = 0 

SOLLITIDN 8OCE (WODEII 0 

HOURL POtHT I l F M  OAT4 

NURBEFc x i 2 x x  YY z z  
1 1  0 0 l !  I 
2 1 0 0 1 1 1  
3 1 0 0 1 1 1  
4 1 0 0 1 I 1  
5 1 0 0 1 1 1  
6 1  0 0 1 I 1  
7 1 0 0 1 1 1  
8 1  0 0  1 1  1 
9 1  0 0  I 1  1 

1 0 1  0 0 I I 1  
1 1 1  0 0 I I I 
1 2 1  0 0 I 1  I 
1 3 1  0 0 1 1 1  
1 4 1  0 0 I 1  1 
1 5 1  0 0 1 I 1  
I 6 1  0 0 1 I 1  
1 7 1  0 0 I 1  I 

ONODE BOUNDBHY CONEITION c u m  NODRL POINT COORDINATES 
w Y 

.000 8.750 

.ow 9.375 
.oou 10.000 
.OOi! 10.530 
.OD0 11.250 
.OOO 11.830 
.OW 12.500 
.OOO 13.130 
.OCO 13.750 
.OOO 14.580 
.OOU 15.000 . 000 8.750 
.owl 9.37; 
.ooo 10.000 
.COO 10.630 
.09? 11.250 
.ODO 1i.m 

1 
.000 
.a00 
.OW 
.000 . 000 . 000 . 000 
.000 . 000 . 000 
. 000 

1.000 
I. at0 
I .  000 
1.000 
1.000 
1.000 

T 
0 . O M  
0 . 000 
0 . 000 
0 * 000 
0 . 000 
0 . 000 
0 . 000 
0 . 000 
0 .ooo 
0 . 000 
0 . 000 
0 . 000 
0 .0d0 
0 . $00 
0 .d00 
0 . 000 
0 . 000 
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1 9 1  0 0 I 1  I 
1 9 1  0 0 1 1  1 
2 0 1  0 0 I 1  I 
2 1 1  0 0 1 1  I 
2 2 1  0 0 1 1  1 
2 3 1  0 0 I 1  I 
2 4 1  0 0 1 1  I 
2 5 1  0 0 1 I 1  
2 6 1  0 0 I I 1  
2 7 1  0 0 1 I 1  
2 8 1  0 0 1 1  I 
2 9 1  0 0 1 I 1  
3 0 1  0 0 1 1  I 
3 1 1  0 0 1 I 1  
3 2 1  0 0 1 I 1  
3 3 1  0 0 1 I 1  
3 4 1  0 0 1 I 1  
3 5 1  0 0 1 1  1 
3 b I  0 0 1 I 1  
3 7 1  0 0 1 I 1  
3 8 1  0 0 1 I 1  
3 9 1  0 0 1 1  I 
4 0 1  0 0 1 1  1 
4 1 1  0 0  1 1  1 
4 2 1  0 0 I 1 1  
4 3 1  0 0 I 1  1 
1 4 1  0 0  I I 1  
4 5 1  0 0 1 1  1 
4 6 1  0 0 I I 1  
4 7 1  0 0 1 1  1 

4 9 1  0 0 1 1  I 
5 0 1  0 0 I 1  1 
5 1 1  0 0  1 1  1 
5 2 1  0 0 1 I 1  
5 3 1  0 0 1 1  I 
5 4 1  0 0 1 1  1 
5 5 1  0 0 1 I I 
5 6 1  0 0  1 I 1  
5 7 1  0 0  I I 1  
5 8 1  0 0 I I 1  
5 9 1  0 0 1 1  I 
60 1 ' 0  0 1 1 1 
61 I O  0 I 1  1 
6 2 1  0 0 I 1  1 
6 3 1  0 0 1 1 I 
6 4 1  0 0 I I 1  
b 5 1  0 0 I 1 1  
b b l  0 0 1 I 1  
6 7 1  0 0 I 1  1 
5 8 1  0 0 I I 1  
6 9 1  0 0 1 I 1  
7 0 1  0 0 1 I 1  
7 1 1  0 0 I I 1  
7 2 1  0 0 1 I 1  
7 3 1  0 0 1 1  1 
7 4 1  0 0 1 1  1 
7 5 1  0 0 I 1  1 
7 6 1  0 0 1 I 1  
7 7 1  0 0 I I 1  
7 8 1  0 0 1 I 1  
7 9 1  0 0 I I 1  
8 6 1  0 0 1 I 1  

8 2 1  0 0 1 I I 

) a i  o o I t 1 

a 1 1  o o I I 1 

8 3 1  o o i I 1 

.ooo 

.OM . 000 

.OM . 000 

.ow) 

.ow 

.OW . 000 

.OM 

.Ooo 

.om 

.OD0 

.om 

.OM 

.ooo 

.000 . 000 

.OGO 

.0OQ 

.ooo . OPO . 000 
,000 . 000 . 000 . 000 . 000 . 000 

. 000 . 000 

.OFQ . 000 
* 000 . 000 
.ooo . 000 . 000 
1 000 
.ooo . 000 
.000 . 000 
.ooo 
* 000 
.a00 . 000 
,000 
.ooo 
,900 
,000 
,000 
.ooo 
,800 . 000 
.ooo 
.ooo 
.octo . 000 
.a00 
.!IO0 
.ooo 
.GOO 

.000 

. ooa 

. oao 

12.500 
13.130 
13.750 
lk.380 
1s.000 
8.750 
9.375 

1O.M)Q 
10.630 
11.250 
11.880 
12.500 
13. I30 
13.1% 
1 ~ 3 8 0  
15.000 
8.750 
9.375 
10.000 
10.630 
11.250 
11.880 
12.500 
13.130 
13.750 
14.380 
15.000 
8.750 
9.375 

16.b30 
11.250 
11.880 
12.500 
13.150 
13.750 
14.380 
15.000 

E. 750 
9.315 

10.0Ijo 
10.630 
11.250 
11.880 

13.130 
13.750 
14.380 
1S.WO 
8.J50 
9.375 

10.630 
11.250 
11.800 
12.500 
13.130 
13.750 
14.500 

8.750 
9.375 

10.630 
11.250 

io. eoo 

12.500 

io.oeo 

15.000 

i o m o  

1 i . m  

1.000 
1.000 
1.000 
1.000 
1.000 
2.000 
2 s 000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 

2.000 
2.000 
3.000 
3 . m  
3.000 
3 . 0 M  
3.000 
3.000 
3.000 
3 . 0 M  
3.000 
3.000 
3.000 

4.000 
4.000 
4.000 
4.000 
4.000 
4.0GO 
.(.GOO 
4.000 
4.m 
4.000 
5.w0 
5.000 
5.000 
5.wo 
s.ooiJ 
5.000 
5.009 
5.000 
5.000 
5.600 
5.000 
6.000 
b. 000 
6.OIjo 
6.006 
6.000 
5.000 
6.006 
4.000 

b. 000 
6 .  OGO 

7.600 
7.000 
7.000 
7.000 
7.000 

z.eoo 

4,000 

6. oeo 

7.008 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
9 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5 
0 
0 
0 
0 
0 
0 
0 
0 

. 000 . 000 
"000 
000 
,000 . a00 . QM) 
,000 
000 . 000 . 000 

.OM . 080 . 000 

. 000 

.OW 

.d00 
.0d0 
.ow . 000 
.0b0 . 000 . 000 . 000 
.ouo . 000 
.ooo . 000 . 000 
.ooo 
.a00 
.ooo 
.OGO 
.ooo 
.ooo 
,000 . 000 . 000 
1000 . 000 . 000 . 000 
.ooo . 000 
.ooo 
.ooo 
.000 . 000 . 000 . 000 . 000 
,000 
* 000 . 000 
.OW . 000 
.OM . 000 . 000 . 000 
.OM . 000 . 000 . 000 

. oeo 

. oeo 
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9 4 1  0 0 1 I 1  
D 5 1  0 0 I I I 
B b I  0 0 1 I 1  
8 7 1  0 0 1 1  1 

8 9 1  0 0 1 I 1  
9 0 1  0 0 1 I 1  
9 1 1  0 0 1 I 1  
9 2 1  0 0 1 I 1  
9 3 1  0 0 1 I 1  
9 4 1  0 0 I I I 
9 5 1  0 0 1 I 1  
9 6 1  0 0 I I I 
9 7 1  0 0 1 I I 
9 8 1  0 0 1 I I 
9 9 1  0 0 1 I 1  

10ir 1 0 0 I 1 I 
1 0 1 1  0 0  I 1  1 
1 0 2 1  0 0 I I 1  
1 0 j I  0 0 1 1  1 
1 0 4 1  0 0 I I 1  
1 0 5 1  0 0 1 I 1  
1 0 6 1  0 0 I I 1  
1 0 7 1  0 0 1 I I 
1 0 8 1  0 0 1 I 1  
1 0 9 1  9 u 1 I 1  
I 1 0 1  0 0 I I 1  
1 1 1 1  0 9 1 I 1  
1 1 2 1  0 0 I 1  I 
! I : !  0 0 1 1  1 
1 1 4 1  0 0 I I I 
1 1 5 1  0 0 1 I 1  
I l b I  0 0 I I I 
I l i I  0 0 1 1  I 
1 1 8 1  0 0 I 1  I 
1 1 9 1  0 0 1 1  I 
1 2 0 1  0 0 1 I 1  
1 2 1 1  0 0 I 1  I 
1 2 2 1  0 0 1 I 1  
1 2 3 1  0 0 1 1  I 
1 2 4 1  0 0 1 I 1  
1 2 s 1 0  0 1 1  1 
1 2 6 1  0 0 1 I I 
1 2 7 1  0 0 1 I 1  
1 2 8 1  0 0 I 1  1 
1 2 9 1  0 0 I I 1  
1 3 0 1  0 0 I I I 
131 I 0 IJ 1 1 1 
1 3 2 1  0 0 1 I I 
1 3 3 1  0 6 I !  1 
1 3 4 1  9 0 1 I 1  
1 3 5 1  0 0 I 1  I 
1 3 6 1  0 0 I I I 
1 3 7 1  0 0 1 I I 
1 7 8 1  0 0 1 I 1  
139 I 0 IJ 1 1 1 
1 4 0 1  0 0 1 I 1  
1 4 1 1  0 0  1 I I 
I 4 2 1  0 0 I I 1  
14; 1 0 I) 1 I I 
I 4 4 1  9 0 1 I 1  
1 4 5 1  0 0 I I 1 
l 4 b 1  0 0 1 I I 
I 4 7 1  0 0 I 1  I 
1 4 8 1  0 0 1 I I 
1 4 g I  0 0 1 1  I 

m i  o o I I I 

. 000 

. 000 

. o m  . 000 . 000 

.00O 

.OW 
,000 . 000 
.ow . 000 
.ooo 
.coo 
.000 . 000 
.<roo 
. 000 . 000 
.ooo 
.000 
.000 . 000 . 000 
.OM 
.ooo 
.000 
.OM . 090 . 000 
,000 
.ow 
.OQO 
. O M  
.ooo 
.OQO 
,009 
. 000 . 000 . oco 
.coo 
.ooo . 000 
.003 . PO0 
. ow  
.ooo 
. 000 
.ow! 
.COO 
.ooo 
.090 
,000 
.ooo . 000 
.ooo . 000 
. 000 . 009 
.GO0 
.000 
. o w  
. o w  
,900 
.ow 
. '900 

.aao 
12.500 
13.130 
13.750 
14.380 
15.000 
8.750 
9.315 
10.000 
10.630 
11.250 
11.830 
12.500 
13.150 
13.750 
11.530 
15.000 
8.750 
9.315 
IO.000 
10.630 
11.250 

12.500 
13.130 
13.759 
14.380 
15.000 
8.750 
9.375 
10.000 
10.650 
11.250 
11.880 
12.500 
13.130 
13.150 
14.580 
15.000 
8.750 
9.375 
IO. 000 
10.630 
11.250 
11.980 
12.500 
13.130 
13.750 
14.580 
15.0~~0 
1 5 . m  
16.250 
16.880 
17.500 
18.130 
9.31s 
10.009 
19.6;O 
11.250 
11.880 
I?.500 
15.130 
13.!50 
14.%0 
15.OOO 
15.630 
16.250 

i i . m o  

1.000 
7.000 
7.000 
7.000 
7. 9CO 
8.000 
8.000 
8.000 
8.000 
8.000 
8.000 
8.000 
8.000 
8.000 
8.000 
8.OCO 
9.900 
9.000 
9.000 
9.090 
9. BOO 
9. 000 
9.000 
9.000 
9.090 
9.00w 
9.090 
10.000 
10.000 
I0.UOO 
10.000 
IO.000 
10.000 
10.000 
1o.oon 
lO.000 
10.000 
10.0DO 
11.000 
11.009 
1l.OCO 
11.000 
11.000 
11.000 
11.000 
11.000 
11.000 
II.0CO 
I1.000 
11 .oeo 
11.000 
11.000 
11.000 
11.000 
11.150 
11.750 
11.750 
11.75U 
11.750 
11.753 
11.750 
11.750 
11.73 
11.759 
11.75u 
11.750 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
o 
0 
0 

. 000 . 000 . 000 . 000 . 000 

.009 

.GOO . 000 . 000 

.OW . 000 . 000 

.000 . 000 

.090 

. N O  

. O h  
,000 
. 000 
,000 . 000 
.000 
.ooo . 000 
. occ 
.oou 
.00Q . 000 
.coo . 000 . 000 . 000 
.@00 . 000 . 000 
.OOO 
. eo0 
.ooo . 000 
,009 
.ooo . 000 . 000 . 000 
.oco 
.0b0 
. o w  . 000 . 000 . 000 
. 000 
.ooo . 000 
. 0ou 
.900 
. 000 . 000 . 000 
.000 
.oca 
.900 . 000 . 000 
.ooo 

,coo 

. ooa 
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150 
151 
152 
15.3 
154 
155 
156 
157 
I5B 
159 
I60 
161 
I62 
163 
164 
165 
l b b  
I67 
I bE 
169 
170 
171 
172 
173 
174 
115 
17h 
I77 

179 
180 
181 
182 
1% 
184 
185 
186 
187 
1 BE 
189 
I90 
191 
192 
19: 
I94 
195 
196 
19? 
I98 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
21 I 
212 
213 
211 
215 

178 

1 0 0 1 1 1  
1 0 0 1 1 1  
1 0 0 1 1 1  
1 0 0 1 1 I  
1 0 0 1 1 1  
1 0 0 1 1 1  
l a 0 1 1 1  
1 0 0 1 1 1  
1 0 0 1 1 1  
l O O l l 1  
1 0 0 1 1 1  
1 0 0 1 1 1  
1 0 0 1 1 1  
1 0 0 1 1 1  
1 0 0 1 1 1  
I O O l l I  
I O O l l l  
1 0 0 1 I I  
1 0 0 1 1 1  
1 0 0 1 I I  
1 0 0 1 1 1  
1 0 0 1 l I  
1 0 0 1 1 1  
1 0 0 1 1 1  
1 0 0 1 1 1  
1 0 0 1 I I  
1 0 0 1 1 1  
1 0 0 1 1 1  
1 0 0 1 1 1  
1 0 0 1 1 1  
1 0 0 1 1 1  
1 0 0 1 1 1  
L O O l l l  
1 0 0 1 1 1  
1 0 0 1 1 1  
1 0 0 1 I l  
I O O I l l  
1 0 0 1 l l  
L O O l l l  
1 0 0 1 1 1  
I O O l l l  
1 0 0 1 1 1  
1 0 0 1 1 1  
1 0 0 1 1 1  
1 0 0 1 1 1  
1 0 0 1 1 1  
1 0 0 1 I I  
1 0 0 1 I l  
1 0 0 1 I I  
1 0 0 1 1 1  
1 0 0 1 1 1  
1 0 0 1 1 1  
I O O l I I  
1 0 0 1 1 1  
1 0 0 l l l  
l 0 O l l l  
1 0 0 1 1 1  
l O O l I 1  
l 0 O l l l  
1 0 O l l I  
1 0 0 1 1 1  
l 0 O l I I  
l O O l 1 I  
1 0 0 1 1 1  
1 0 0 1 1 1  
1 0 0 1 1 1  

.009 . 000 

.000 . 000 
* 000 . 000 
.ooo 
,000 
* 000 . IO00 . 000 . 000 
.ooo . 000 . 000 
.OM . (100 
. O M  
.ooo . 000 . 000 . 000 
.000 . 000 

. 000 . 000 
,000 . 000 . 000 
. 000 
. N O  
.OM . 000 . 000 . 000 
.ow . 000 
.000 
.ooo . 000 
.Ob0 
.ooo 

.oeo 

.OM 

.000 

.no3 . 000 

. O N  . 000 . 000 . 000 . 000 . 000 

.OD0 . 000 

.000 

.003 

.000 . 000 

.OW 

. O M  . 000 . 000 

.ooe 

. OWJ 

.ooa 

16.8eo 
17.SGO 
18.130 
9.375 

10.630 
11.250 
11.380 
12.500 
13.150 
13.750 
14.380 
15.000 
15.630 
16.?50 
16.880 
17.500 
18.130 
8,750 
9.37: 
10.000 
10.630 
11.250 
11.880 
1?.:00 
13.150 
13,750 
14.380 
15.000 
15.610 
16.250 
16.880 
17.500 
18.ljO 
8.750 
9.375 
10.000 
10. G O  
11.250 

12.500 
13.130 
13.750 
14.JB0 
15.000 
15.670 
lb.250 
16.880 
17.5110 
18.130 
8.750 
9.375 

10,000 
10.630 
11.250 
11.880 
12.500 
13.130 
13.750 
14.360 
15.600 
15.630 
16.250 
16.880 
17.500 
18.130 

10.~00 

ii.oao 

11.750 
11.750 
11.750 
32.500 
12.500 
12.500 
12.500 
12.500 
12,500 
12.500 
12.500 
12.500 
b2.500 
12.500 
12.500 
12.500 
12.500 
12.519 
13.250 
13.250 
13.250 
13.250 
13.250 
13.250 
13.250 
13.250 
13.250 
13.250 
13.250 
13.250 
13.250 
13.253 
13.250 
13.250 
14.130 
14.130 
14.130 
14.130 
14.130 
14.130 
14.130 
14.130 
14.130 
14.130 
14.130 
14.130 
14.ljO 
14.130 
14. I30 
14.130 
15.000 
15.000 
15.000 
15.000 
15.000 
15.000 
15.000 
15.000 
15.000 

15.000 
15.000 
15.000 
15.000 
15.000 
15.000 

15.000 

0 
0 
0 
0 
0 
e 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
e 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

.000 . 000 

. O M  

.ooo 

.0d0 

.ooo 

.ooo 

.ooo 

.ooo . 000 

.ooo 
,000 
.000 
.006 
* 000 
,000 . OB0 
.000 . 000 . 000 
.000 
.ooo . 000 . 000 
.ooo 
,000 
,000 
.coo . 000 
.000 
.ooo 
.ooo . 000 
.ow . 0GO . 000 
.OM 
.OM,  . 000 
.coo . 000 . 000 . 000 
.ooo 
.e00 
.ooo 
.OW . 000 
.000 
.000 . 000 . 000 
.000 
.ooo 
. O N  
,000 . 000 
.ooo 
.000 . 000 
.OW . 000 . 000 . 000 
.000 

.oeo 



216 
217 
218 
219 
220 
221 
122 
223 
224 
225 
226 
227 
22R 
229 
230 
231 

1 0 0 1 1 1  
1 0 0 1 1 I  
1 0 0 1 1 1  
1 0 0 1 1 1  
l 0 O l I I  
1 0 0 1 1 1  
1 0 0 l l l  
1 0 0 1 1 1  
1 0 0 1 1 1  
1 0 0 1 1 1  
1 0 0 1 1 1  
1 0 0 1 1 I  
1 0 0 1 1 1  
1 0 0 1 1 1  
1 0 0 1 1 1  
1 0 1 1 1 1  

16ENERRTiD WODWI. DATR 
ONODE mtmu CONGITIDN c a w  

IU?lBER X Y 2 X X  Y Y  Z Z  
1 1 0 0 1 1 1  
2 1 0 0 1 1 1  
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192 
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0 291 282 
0 283 281 
0 285 286 
0 287 288 

0 '91 292 
0 293 294 
0 295 296 
0 297 298 
0 299 300 
0 301 302 
0 303 304 
0 305 306 
0 307 308 
0 309 310 
0 311 312 
0 513 314 
0 315 316 
0 517 318 
0 319 520 
0 321 322 
0 323 324 
0 325 326 
0 327 328 
0 329 330 
0 331 332 
0 333 334 
0 335 336 
0 357 338 
0 339 310 
0 341 3k2 
0 343 344 
0 345 3k6 
0 347 3k8 
0 349 350 
0 351 352 
0 353 354 
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0 357 358 
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0 361 362 
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0 365 366 
0 367 360 
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0 313 374 
0 315 37b 
0 511 378 
0 379 389 
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0 383 384 

0 387 388 
0 389 390 
0 391 392 
0 393 394 
0 395 396 
0 397 398 
0 379 400 
0 401 402 
0 403 404 
0 405 404 

0 409 k10 
0 4 1 1  412 

o 289 290 

o 385 385 

o 407 koa 

0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
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0 0 0  
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0 0 0  
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0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
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0 0 0  
0 0 0  
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0 0 0  
0 0 0  
0 0 0  
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207 0 413 414 
208 0 415 416 
209 0 417 419 
210 0 419 420 
211 0 421 422 
212 0 423 424 
213 0 425 426 
214 0 427 428 
215 0 429 430 
216 0 431 432 
217 0 433 434 
218 0 435 436 
219 0 437 438 
220 0 439 440 
221 0 441 442 
222 0 443 444 
223 0 145 44b 
224 0 447 448 
225 0 449 456 
226 0 451 452 
227 0 453 454 
228 0 455 456 
219 0 457 458 
230 0 459 460 
231 0 461 0 

4 197 1 I 
IAXISYMETRIC AMALYSlS 

0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
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0 0 0  
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WIRER DF ELEMNTS = 197 
NUHBER OF HRTERIALS = 1 
HAXIHUI TEnPERATUHES 
PER tlRTERIlL = I  
ANdLfSIS CODE = o  
C O E  FOR IHCLUSION 
OF BEttOIM6 ADDES - 0 

EQ.0, IMCLUDE 
61.0, SUPPRESS 

NATERIRL 1 . D .  NUMBER = 1 
NLIHeER DF TEHPERATURES = 1 

HAS5 DENSITY = .000OEt08 
BETA A W E  = ,000 

HEIGHT DENSITY = .ooao~too 
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ALPHR(N) ALPHAIS) 
.9300€-05 .93OGE-O5 

RLPHA(1) 
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1 E U U R T I O W  P l R d R E T E R S  

TOTAL WtlBER OF EQUATIONS = 461 
B a w D w i ~ i ~  = 36 
WHBER OF EQUATIONS I N  A BLOCK = 105 
NUHBER OF BLOCKS = 5  

I N O D A L  L O A D S  ( S T A T I C )  O R  n n s s ~ s  

NODE LOA0 X - M I S  Y-4x1s Z-AXIS 
HUHBER CASE FORCE FORCE FORCE 

STRUCTURE ELEnEHT LUAU HULTIPLIERS 
LOAD CASE A B C D 

1 
I N O D E  

NODE 
NUnBER 
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D I S P L A C E ~ E N T S I R O T R T I O N S  

t m  
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1 

1 
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{D Y N R H I Cl 

X-MIS Y-AXIS Z-AXIS 
NIHENT HOHENT nomi 

X- 
ROTATlON 

.0000E.E+110 

.OOC0MtOO 

.00000E+O5 

.O?POGEtO@ 

.000UOEtOO 

. MlGOOEcOO 

,0@00@Et00 

.OI)OOOEc0@ 

.ooeoo~too 

. 00OOOEt00 

.60060E+30 

,00I)FOE+90 

.0000GEi?O 

.00@00E+@0 

.0@@0OE+00 

.000@0E+?@ 

.000@0E+00 

.00000E+00 

.00000Et?@ 

.ofioo(rEtoa 

Y- 
ROTATION 

. OOG6GEtOO 

.@000OEt90 

.@@000Et00 

.00000E+00 

. O6@0@EtOO 

.00000EtOO 

. DOOOMtOO 

. OOOOOEtOO 

.00000E+b(l 

.OOOOOEtOO 

. OUOOMtOO 

WOOGEtOO 

.0000@F.+OF 

.@000QE+00 

.00000Etr)O 

.00000E+OO 

.O@@OOEt00 

.@OOOOF?E+OO 

. @OOQOE+OQ 

.OQOO@E+OO 

1- 
ROTATION 

.00@00Et00 

.Dri000E+00 

.0000M~OO 

. OO@@OE+OO 

.090@0E400 

. OOCOOEtOO 

.000@0ENO 

.000OGE+09 

.0000OE+OO 

.OO000E 4 0  

. M)OOOE+OO 

. O@OOOE+FO 

.0000@EtOD 

.@O?OOEtl,O 

.M1000E+00 

.OO@@OEtO@ 

.00000Et0@ 

. O0000E+00 

.00000Et00 

, @@@@M+0B 

.0000MtOO 



98 

0 210 

0 209 

0 208 

0 507 

0 206 

0 205 

0 201 

0 2e3 

0 202 

0 201 

0 200 

0 199 

0 199 

0 197 

0 196 

0 195 

0 194 

0 193 

0 192 

0 191 

0 190 

0 189 

0 le9 

0 187 

0 186 

0 185 

o i s 4  

0 183 

0 182 

0 181 

0 180 

0 179 

o 178 

1 

1 

I 

1 

I 

1 

1 

I 

1 

I 

I 

I 

1 

I 

1 

1 

1 

I 

I 

1 

1 

1 

1 

1 

1 

I 

I 

1 

1 

.00000Et00 

.00000Et00 

. OO@OOE+OO 

.0000GE+00 

.00000E+00 

.000@@Et00 

. OOOOOEtOO 

.~0GOGE+@0 

.CO@OOE+?O 

.0000@E+O0 

.O@@OJE+flO 

. G@OOOEtO@ 

. GOC30Et30 

.00GOOEtOO 

.OOO@OE'W 

.OOF0OE+?O 

.09CB@E+?O 

.00000Et0@ 

. OOGOGE tO0 

.0?@00E+00 

,@?OOFE+00 

.@OOQOE~OO 

.OB@WEt@O 

.0@@@0E+90 

.!?1:,@00Et@O 

.00000Et(i0 

.@0@FOE~10 

.0000OE+G 

.0@00OEt00 

.0@0CiOE+00 

.00000Etm 

.@0000Et0O 

.0@.3@0€+00 

. 17?a9~-02 

.17415E-0? 

, lhE34E-02 

. I630bE-O? 

,15848E-02 

.15495E-0? 

.35254E-42 

,15150E-92 

,15157E-02 

,15151E-62 

,15092E-F? 

.13478€-02 

.13 1 ObE -02 

. lX?2E-02  

. I 3  I70E-o! 

.131jlE-0? 

.12937E-OZ 

,12b59E-42 

,12??4E-O2 

,11958E-0: 

.1165jE-0? 

,114@?E-@2 

.11238E-O2 

. l l lb7E-02 

,11270E-0:' 

, I15O?E-U2 

.11591€-0? 

.83?4?E-43 

. B I154E-03 
, Bll9BE-03 

.81441E-@3 

.82N9E-M 

.BLWOE-!\3 

I 32091€-0? 

.35592E-U2 

.~~~?IE-oz 

.4lb32E-@? 

,442BOE-02 

.46751E-02 

.1?219€ -02 

.51KdE-O2 

,54651E-CC 

.57547E-u2 

. bO?5bE-02 

.9975bE-07 

.14257E-02 

.191?8E-6? 

.?4204E-0? 

,28588E-02 

.3?6ZBE-U? 

,36166E-0? 

.3?359E-02 

,42153E-02 

.447?6€-02 

.4710iiE-@2 

.4?488E-(C! 

.51914E-O? 

.5469?E-0? 

.57%2E-0? 

. b1077E-82 

,1139CE-02 

.1537?E-O2 

.1?82@€-02 

.2453€-rJ2 

.Z?02?E-02 

,33174E-02 

. OFOOOE tOO 

. 0@00@Et00 

.00CO@EtO0 

.00000E+O@ 

OOOQOEtOO 

.0@000Et00 

.OOOOOEt00 

.0000.3EE+O@ 

. @00oOEt00 

.00000E+OO 

,0000QEt00 

.00000ft00 

,OOhWE+90 

.00GOOE+OO 

. 0000OE+00 

.00000Et0@ 

,OOW~E+GO 

.W)O(OE+00 

.00@00Et00 

.000OOEt00 

.0@000Et00 

.0000@Et00 

.OOOOG€tO@ 

.@~O0GE+OO 

.OPOOOEt00 

.0@000E+00 

. O~OOOE+@O 

.PO@OOEtOO 

.OOGOOE+OO 

. 00OOOEt00 

. O@OOOE+00 

.06@0GEt00 

. OOOOOE too 

.DOOOOE+OO 

.00000€+00 

.00@00€+0G 

.0000OE+00 

.OFOOOE+90 

.0000@€+6O 

.00000E+@0 

.oooooE+oo 

.000@GE*@I' 

.0000GE+@O 

, DGOOOEt90 

.@00OOEW! 

.GO@0G€+OO 

.00@00€+0G 

.O@@@?YtOO 

. OOOOOEtOO 

. O ( M E + G O  

.GO)oOtE+@O 

. 69000€+00 

.0(lG00E+90 

.OOOOFE+00 

.OOCO@€+00 

.000O@EtOO 

. OO@O@Et@O 

. 01XOOEt00 

.O0000E+O@ 

. OOQOOE+OG 

.OOOOOE~OQ 

.OOOOOEtO@ 

. @OOOOE+d@ 

. FOOOOEtOO 

.OO@WE~0@ 

,D000E+FO 



99 

b 

0 111 

0 176 

0 175 

0 174 

0 173 

0 172 

0 171 

0 170 

0 I69 

0 168 

0 167 

0 146 

0 165 

0 164 

0 163 

0 Ib? 

0 161 
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.?9464E-(I? 

.36@8bE.-02 

.399EOE-02 

, 4l?b?E-0? 

,43314E-02 

.15215E -02 

.47b4?E-O? 

,48798E-02 

.50402E-@2 

.51890E-02 

,527ilE-02 

.5?188E-92 

.5995hE-#J2 

.40?;1?E-$? 

.4196?E-?2 

.4358?E-02 

.45?23E-02 

.46771E-02 

.48?5iE--@2 

.4?5?8E-O? 

.51?7;8E-1)2 

.S1552E-0? 
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0 104 1 

0 103 1 

0 102 1 

0 101 1 

0 100 1 

0 99 1 

0 98 1 

0 97 1 

0 96 1 

0 95 1 

0 94 1 

0 93 1 

0 92 1 

0 91 1 

0 ?O 1 

0 a9 1 

0 88 1 

0 E7 1 

0 Ob 1 

o es I 

0 a4 1 

0 83 1 

0 a2 1 

0 6 1  1 

0 80 1 

0 79 1 

-. l l j85E-03 

-,30783E-03 

-.3362?E-03 

-. 36759E-03 

-. 37753E-03 

-. 374b4E-05 

-.3638P-O3 

-.34748E-03 

- .3?b94i-03 

-.50402E-03 

-.28455€-03 

-.?6628E-O3 

-.351?1E-03 

-.37739E-03 

-. 39841E-03 

- ,41533E-03 

-. 42277E-03 

-.42191E-03 

-.41465E-(13 

-. 40353E-03 

-. 39005E-(13 

-.37654€-93 

-.35974E-O3 

-.37809E-03 

-.39874E-03 

-. 418 IOE-03 

-.43285€-03 

-.4433E-03 

-. 44806E-03 

-.44?70E-03 

-. 44346E-05 

-. 436WE-03 

-.4?bj3E-03 

.52480E-02 

. llb28E-0? 

.42164E-42 

.429?1E-0? 

.44017E-02 

.45331€-02 

.46577E-02 

.47787E-02 

.488b8i-02 

.4981?€-0? 

.50654E-O? 

.514;7E-02 

.43@jeE-1,2 

.433bX-O? 

.4j94bE-O? 

.44678E-0? 

.45586E-02 

.46529E-0? 

.47475€-02 

.48343E-02 

.49141E-02 

,49824E-02 

.50359E-02 

. 4 4  127E-02 

.443;9E-02 

.443?BE-0? 

.45263E-02 

.45905E-'1? 

.46604E-02 

.47525E-02 

.48005E-')? 

.4962SE-Q? 

,49127E-O? 

.ooooG€+oo 

.0000oE+00 

.00000E+OO 

.0000MtNJ 

, OOOOM+OO 

.00000€t00 

. OUOOOEtOO 

* OOOOOEtOO 

.OO@OoEt00 

.000nOEt00 

.00000Et00 

.0000oEt110 

.00000E+OG 

.00000EtO0 

.0000C.E+00 

.DUOWE+00 

.@0000E+00 

.000OOE+@0 

,00000EtOO 

. W000Et00 

.OOOOQE+~)O 

.00M0E+00 

.00000E+0O 

.OOOOOE+00 

.OOM)OEtOO 

.000@oE+00 

.00000E+~O 

.00oooEtoo 

.Or)000E+00 

, OOOOOE+OO 

.00@00E+00 

, OOOOOEtOO 

.00000E+00 

.00000E+00 

.00M)OE+00 

.0000@E+00 

, OOGOOE+OO 

. woooE+oo 

0000OEt00 

.00000E+00 

.00M)OE+OO 

. OOOOOEtOO 

.i)OM@E+OO 

.000UOEt00 

.00M)OE+00 

,00000E~00 

.000OOE+00 

* @@WOE+OO 

. OOOOOE+OO 

.Od000Et00 

. OOOOOEtOO 

.00000E+00 

.Of?000Et00 

.00000E+00 

, M i 0 @ ~ + 0 0  

.ooooc€+oo 

.00@6@E+O0 

.00000EtO@ 

.00000E+00 

. OOOOOEtOO 

. OOOOOEtOO 

.@0@6OEt00 

.0000oEt00 

.OO0OM+OO 

. OOOOOE+O@ 

. OOOOM+OO 

.0000M+00 

.000BOEt00 

. 00000Et00 

.00000E+OO 

.00000E+00 

.000@0E+OO 

.oooooEtoo 

.0000@Et00 

.DOOOOE+OO 

.00OOGE+OO 

.000'~oE+00 

.M)OmE+OO 

.WO~@EtOO 

. w o a w B o  

.00000E+00 

. OOO0OEtOO 

.M)OOOE+00 

. 000OOE+00 
, OOOOOEtOO 

. OO00OEtOO 

.00000€+00 

.O@#OOEtOO 

.00000€+00 

.00000E+N 

.00000E+00 

.00000Et0@ 

.OOOOOE+00 

.00000€tBO 

.00000E+00 

. WOOOE+QO 

.000~0E~0 

. OOOBOEtOD 

.0000M+00 



0 

e 

0 

0 

0 

0 

0 

0 

il 

0 

0 

0 

0 

0 

0 

e 

0 

e 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

78 

77 

76 

75 

14 

73 

72 

71 

70 

b9 

6B 

b7 

Lb 

b5 

b4 

b3 

b? 

61 

bo  

59 

53 

57 

5b 

55 

5C 

53 

52 

51 

50 

49 

40 

41 

46 

I 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

.494&6&42 

.44989E-0? 

, 6 1 1  IE-O? 

,45380E-e2 

. 4 5 7 s a ~ - ~ z  

. db230E-O? 

. l b lkbE-02  

, ~ ~ Y E - o ?  

.1780?E-02 

. 18?blE-O? 

.4Bb13E-02 

.18EOiE -02 

.45611E-02 

,457BE-02 

.45919E-0? 

.4616?E-02 

.46534€-02 

.4h??@E-0? 

.473?5E-0? 

.47706E-O? 

A~OWE-O; 

.48?80€-0? 

.183a5~-02 

.4blBOE-O? 

, (+,?3E-$? 

.4h35;E-0? 

.4b556E-O2 

.4&81!E-O? 

.4710?E-O? 

.4741E -02 

.47697E-62 

.47?4?€-02 

.481IIE-O? 



103 

0 45 1 

0 44 1 

0 43 1 

0 42 1 

0 41 1 

0 40 1 

0 39 1 

0 36 1 

0 37 I 

0 36 1 

0 35 1 

0 ;4 1 

0 33 1 

v 52 1 

0 31 1 

0 50 1 

0 29 1 

0 28 1 

0 27 1 

0 ?b 1 

0 25 1 

0 24 I 

0 23 1 

0 22 1 

6 21 1 

0 2c 1 

0 19 1 

0 16 I 

0 17 1 

0 16 I 

0 L5 1 

0 14 I 

6 13 1 



0 12 1 .00000EcOO -. 15901E-03 .48346E-02 .00000E+00 .0000OE+00 ,00000E~00 

0 11 1 .00000E+(,Q -. 11500E-+3 ,47363E-02 .00000EtUO .00000E+OO .OOGr)OE+OO 

0 9 1 .00000Et00 -.430?1E-K .47537E-02 .01)0OOE+OO .000OOEt00 .00000EtOO 

0 8 1 .00000EtOO -.13R59i-03 .47644E-02 ,00000EtO0 .00000E+00 .OOOOOE+OO 

0 7 1 .OOCOOEtctO -. 4 4 0 4 % 4  ,47773E-02 .00CUOE+00 .0009OEtO0 .000uUE+00 

0 6 1 .00GOOE+60 -.45283€-03 .17913E-02 .0001)OE+OO .00000E+00 .00000€+00 

I T Y O - D l l i E N S l G N d L  F I N I T E  E L E H E H T S  

1 .  CENTW!! STRESSES REFEF:EHCi;l T O  LOCAL Y - Z  COOR?I#AIES. 
2.  HID-SIP€ STRESSES AEE NOTc5AL fit40 PARALLEL T O  ELEifENT EDGES. 

OELEMENT ( I! 

LOLD LOC 511 S:? 53; SI? S-MAX S-HlN 

1 CEN -.5?811€+02 -. IOl?:EiOS -. 1711OEt04 -. 14500EtO? -.5?592E+0? -. 10125EtO4 
0 
OELEMENT i 2) 

LDAO LOC SI 1 S2? 533 512 5-MA1 5-#1n 

1 CEH -. 1?;!7E+03 -.9bb4iEt!X -. lb244Et04 -.31961Et02 -. 12233Et03 -.967P?E+?3 
0 
OELEHEHT ! 31 

LOAD LOC 511 5 2  533 S I ?  5-m S-HIN 

1 CEI -.14463Et0: -.9715;Et03 -. 15;hlE+?4 -.69560Etil? -. 138UEtO3 -.??7;8Et03 
il 

3ELthEHT < 4!  

LORE LOC S I 1  S 2  533 512 5-HbX 5-N1N 

1 CEY -. l?Z95E+03 -.9EO:lE+03 -.145?;E+@4 -.94156EtU? -. 1137?€+03 -.99054E+03 
0 
OELEkENT i 5 ,  

LOAD LOC S I 1  S?Z S33 Sl? 5-HRX S-HlN 

1 EEN -.77??IEt0? -.??lbBEt03 -. Lj897Et04 -. lii494Et03 -.b6097Et0? -.1033bE+04 
0 
OELEMENT ! b l  

LOAD LOC SI I 522 533 SI? 5-#AX S-niN 

ANGLE 

-.8? 

m61e 

-2.37 

ANfiLE 

- 4 . 7 7  

RNSLE 

-b.20 

RNGLE 

4.U 

RHGLE 
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0 
OELEHENT ( 71 

. LOAD LOC SI1 

1 EEH .22025E+G2 
0 
OELEHENT E l  

LOAD LOC S l l  

1 CEH .48?40Et0? 
0 
OELEflENT ( 91 

LOAD LOC s1 I 

I CEN .4&04E*O? 
0 
OELEflENT i 101 

LORD LUC SI! 

I CEN .194!3EtG? 
0 
OELEtlENi ( 111 

LORD L K  SI 1 

1 CEN -.46?09EtO2 
0 
OELEHENT ( I ? )  

LOAD LOC S l l  

I CEN -.10114Et03 
0 
OELEIENT i 13) 

LOAD LOC s1 I 

I CEN -.11344E+03 
0 
OELEflENT i 141 

LORrI LOC S l l  

I CEN -.79545Et02 
0 
OELEHENT ( 151 

LOR0 LOC s11 

I CEN -.720i?E+02 
0 
OELEMEHT [ 16) 

LOAD LOC SI1 

1 CEN -.Yi5ObE+02 
0 
OELEIIEHT ( 171 

LOAD LUC Sll 

SZ? 

-.10133E+O4 

522 

-. 1020bEt04 

s22 

-. lO?!aEt!l4 

S?? 

-.9?>4ZE+oS 

S?? 

-.91?87itO3 

S22 

-. 871 14Et03 

522 

-.ea;?e~to: 

S?? 

-.9?11 :E103 

522 

-.96802EtOj 

S?? 

-.10159EtOI 

522 

s 53 

-.12632E+04 

833 

-. 1205OE+04 

53; 

-.1149YEt04 

533 

-.10912E+04 

53 3 

-. 16794EtOl 

533 

-. 15664Et04 

533 

-. 11E3Et04 

533 

-. 1415OEiO4 

533 

-. 1358?E+04 

533 

-. 1 3 W E t 0 4  

533 

51: 

-.84063EtO? 

SI? 

-. 5 6 7 3 X t i X  

SI? 

-. ?490ift'?2 

Sl? 

-.53465Et01 

Sl? 

-.48466E+O? 

S i ?  

-. 13825EtO5 

Si? 

-.20919E+03 

512 

-.?5889EtO3 

S I 2  

-.2795?E+03 

S!? 

-.26?9EE+O3 

SI? 

S-HkX S-NlN 

.28BObEt02 -. 10201Et04 

S-HAX s-Hin 

.51242E+02 -. 10236Et04 

S-NAX S-~IH 

.4718bEtOZ -. 10?31t04 

s-nax S-AIR 

.19501E+02 -.99645E+O3 

S-HAY s-nin 

-. 45997Et02 -. 91558Et03 

s-nax S-HIN 

-.60209Et0: -.93551E+03 

S-RAW S-NIN 

-, 24769Et02 -. 9?569E*03 

S- IAX s-n in 

.799?11E+Ol -. 10461E+04 

S-WAY s-Ria 

.50175E+02 -.10856Et04 

S-HAI S-RlN 

RR6LE 

-4.61 

ANGLE 

-3.03 

RNGLE 

- 1 . 3  

ANGLE 

-.SO 

ANGLE 

-3.20 

1 6 L E  

-9.91 

AWGLE 

-19.28 

ANGLE 

-1b.11 

ANGLE 

-15.98 

M6LE 

-11.4T 

ANGLE 
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0 
OELEHEHT [ 29) 

LOAD LOC SI1 

I CEN .30b88E+O? 
0 
OELEMENT ( 30) 

LOAD LOC SI! 

I CEN .16274E+02 
0 
OELEENT ( 31) 

LakR Lac s t t  

I CEN -.41582E+0? 
0 
OELEHENT 32) 

LORD LOC 51 I 

I CEN -.91668Et0? 
0 
OELEKHT i 33) 

LORD LiJC s11 

I CEH -.98758EtbZ 
0 
OELEHENT ( 34) 

LOAD LOC si1 

I CEN -.809?9€+02 
0 
OELEKHT ( 35) 

LORD LOC SI1 

I CEN -.5064Xt02 
0 
6ELERENT ( 36) 

CURD L K  511 

1 CEN -.15>19E+O? 
0 
OELEHENT t 37)  

LOAD LOC 511 

1 CEN .15455EtO? 
0 
OELEHEhT i 38! 

toao LDC 511 

I CEN .3515?EtO? 
0 
DELEHENT i SP! 

LoaG LOC 511 

I CEN , .3??6SEt0? 

522 

-. 1?362E+04 

522 

-. i z i a z ~ t 0 4  

$22 

-.33b5EtO3 

522 

-. 40921Eti’J 

S?? 

-.53549E+03 

S?? 

-.69713EtU3 

522 

-.875Q3€+1)3 

S22 

-. 10523EW 

522 

-. 12144€+04 

522 

-.l34i8Etb4 

s22 

-.14382E+04 

533 

-. IIB?lE+O’l 

533 

-.11314€+04 

533 

-. 1501bEt64 

533 

-. 14305E104 

53; 

-. II876EtQ4 

533 

-.13b14EtO4 

833 

-. 13437E+04 

533 

-. 132KEt04 

533 

-. 13107EW4 

533 

-. 12872Et04 

55j 

-.1?54?E+?4 

Sl? 

- . I ? l l iE *O j  

SI? 

-.67555E+K! 

S t ?  

-. 129S?E+OJ 

S l ?  

-.3407@+03 

SI? 

-.48697EttJ3 

SI? 

-.5?332Et03 

Sl? 

-. b0477Et03 

SI? 

-. 5858BE tU3 

512 

-. 521 15Et03 

$12 

-. 41554El.03 

Sl?  

-.27556€+03 

5-HRX S-HlN 

.1996QEtQZ -. 1??19E+O4 

S-Hhl s-nIH 

.2165?E+@3 -. 85051Et03 

S-HGX S-HIN 

.?b183Et03 -. 10399El04 

S-MAX s-nIH 

.?b951€+03 -.1194SEt04 

S-HRX S-HIN 

.?Ob59Et63 -. 14055Et04 

S-tlhl s-nIn 

.15lS2E+O3 -, 11630Et04 

ANGLE 

-8.39 

ANGLE 

-3. I2 

ANGLE 

-20.56 

RtiGLE 

-32.51 

ANGLE 

-32.92 

ANGLE 

-50.87 

ANGLE 

-27. a5 

ANGLE 

-24.24 

RNSLE 

-20.14 

ANGLE 

-15.49 

bn61e 

-I?. I6 
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0 
OELENENT ( 401 

LORD LOC SI1  

I CEN .18992E+02 
0 
OELEiIENl ( 411 

LOAD LOG 51 I 

I CEH -.38151E+02 
0 
OELEKBl I 421 

LORD LOC 51 I 

I CEN - .a?i30~402 
0 
OELEHEHT ( 431 

tom LOC s1 I 

1 CEN -.8824b€+02 
0 
OELEllENT ( rll! 

LORD LOC 511 

1 CEH -.70fib4E+02 
0 
OELEHENT I 451 

LOAD LOC 51  1. 

I CEH -.39:a!E+02 
0 
OELEBENT I 461 

LOAD LOC 511 

I CEN -.4374?€+01 
0 
OELEtiENT 47! 

LOAD LOC 51 I 

I CEN .?768?Et0? 
e 
FELEflEHT ( 4EI 

LORD LOC Sll 

I CEN .46405Et02 
0 
OELEflEaT ( 491 

LORD LOT, SI1 

I CEN .46919E+O? 
0 
D E L E W T  ( 50) 

LOAD LOC 511 

I CEN .?l??bE+O? 

522 

-. 14730E44 

S?? 

.1228?E+03 

S?? 

-.46a47E+@2 

S?? 

- .27351€+0Z 

522 

-.55233E+03 

522 

-. 8943iEt03 

522 

-. 10736Et04 

522 

-. l X 0 E + 0 4  

522 

-. 15390Et04 

522 

-, 17074Et04 

S?? 

533 512 

-. 12089Ete4 -.9797bEW 

533 512 

-. 13h96Et04 -. lb717Et03 

533 512 

-. 1336bEt04 -.43754€+03 

533 512 

-. 13277E104 -. b2307Et03 

533 512 

-. l3326Et04 -. 75206Et03 

533 512 

-. 13541Et04 -.75@bOE+03 

533 512 

-. lib01Et04 -.66961Et03 

533 SI? 

-. 13579EtM -.536?OE+93 

S S  512 

-. 13441E~G4 -.3534?E+03 

S3j 512 

-. 18178Et04 -. 131!i!E+04 -. 12b37Et07 

5-RRI 

.2539?E+02 

5-SAX 

.2?787EtO3 

s-nhx 

.373ZlEt03 

5-HAX 

,44904EI.03 

S - M X  

.4b6lbEt03 

5-MAX 

.4400BEt@3 

5-ilRX 

.36?55E+O3 

5-NRX 

.3031?E+O3 

S-RRX 

.2107?EtOJ 

5-HGX 

.11544E+03 

5-HAX 

S-#IN 

-. 1 4 i P B E t O 4  

S-NlN 

-. 143?OE+03 

.S-t!IN 

-.5@24'?€+03 

S-RlN 

-. BlOBOEtOj 

5-HlN 

-. 10691EtO4 

5-HIN 

-. 1?838Et?4 

S-!IN 

-. 146OSEt04 

S-RIN 

-. 1596iEt31 

S-NlN 

-.17033E+04 

5 - n i l  

-. 17759Et04 

S-IilH 

.?9719Et[l? -. 18265Et04 

IIH6I.E 

-3.74 

ANGLE 

-57.85 

ANGLE 

-kb.Lb 

ANGLE 

-40.77 

RN6LE 

-36.25 

ANGLE 

-31.83 

RNGLE 

-27.27 

RISLE 

-??.;a 

ANGLE 

-17.04 

ANGLE 

-10.97 

RMGLE 

-5.91 
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0 
OELEHENT ( 511 

LORD LOC 511 

1 CEN -.33679Et02 
0 
OELEENl t 5 2 )  

LORO LOC 511 

I CEN -.75130Et02 
0 
OELENEHT ( 53) 

LORD LOC SI1 

1 CEIl -.8!26lE+O? 
0 
OELENENT ( 54! 

LORO Lac SI1 

1 CEN -.75551E+6? 
0 
OELEWNT ( 55) 

LORD LOC s1 I 

I CEH -.48&?4EtO? 
0 
OELEtlEHT ( 5 6 )  

LOAD LOC s1 I 

I CEN -,1119bEtO? 
0 
OELEHENT I 57) 

LOIIF LOC s11 

I CEN .2319UEtO? 
0 
OELEHENT I 56! 

LOAD LUG SI1 

I CEH .50638EtU? 
0 
GELEflEHT I 5 9 )  

LOA0 LOC SI I 

I CEN .50085E+0? 
0 
OELEHENT ( bO! 

LORD LOC 511 

1 CEN .24?84EtO? 
0 
DELEIIEIlT I b l I  

LOAD LOC SI1 

522 

.701 LOEN3 

522 

.398%E+03 

522 

.504;iE+02 

S?? 

-.323?5Et03 

522 

-.710?7€+03 

522 

-.1091EE+04 

522 

-. 14547Et04 

522 

-.17793€+01 

522 

-. ?C17EEt(J4 

S?? 

-. ??XBE+l i l  

522 

533 

-. !1902E+O4 

533 

-. 12063€+04 

533 

-.1?40?E+01 

533 

-. IZ835EtO4 

533 

-.13307EW 

$33 

-. 13754Et04 

553 

-. 14139Et04 

533 

-.14104EtC4 

533 

-. 1452;EtOll 

533 

-. I44EEtU4 

533 

512 

-. 20107€+03 

512 

-.5246EEt03 

512 

-.7474jEt?3 

512 

-.88343E+03 

512 

-. 94003E+B3 

512 

-. 91935EN3 

512 

-.8275AEN3 

512 

-.bb?YPE+i)3 

512 

-.4j7lEEt03 

512 

-, 1554!E+03 

512 

1 LEN -.?852?E+U? .135h5€+04 -.94661E+3; -.2?303Et8: 

M A X  5-i4 t N 

.75253Et03 -.851?4Et02 

S-HRX S-HIN 

.73767EtQ3 -.41382Et03 

s-HGX 5-k1n 

.59205Et03 -. 10919Et04 

5-MAX 5-n1u 

.514B5EtOj -* lA179Et04 

5-KAK S-RIN 

.39369E+05 -. 18252EtG4 

S-NhX S-MN 

.?bSbSEtK -.1993EtO4 

S-MX s-niw 

.13754E+03 -.?1353Et01 

s-nfix S d I N  

.14013€+04 -.63313E+02 

RNELE 

-75.65 

ANGLE 

-57.16 

AHGLE 

-4i.b3 

GHGLE 

-41.03 

ANGLE 

-35.31 

ANGCE 

-29.78 

ANGLE 

-24.12 

RIGLE 

-17.97 

ANGLE 

-11.31 

GNGLE 

-3.89 

WGLE 

-81.13 
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0 
OELERENT I 6 2 )  

LOAO l a c  511 

I CEN -.80083E+02 
0 
OELEnEHT ( 631 

LOhD LOC s11 

1 CEN -.1!379Et03 
0 
BELEWENT ( 641 

LORD LDC 511 

1 LEN -.12575E+6: 
0 
OELEIENT ( 6 3  

LORD LOC SI1 

1 EEN -.11065E+O; 
0 
OELERENT ( 6 6 )  

LORD LUC 51 I 

1 CEH -.67?4XtO? 
0 
OELEHENT ( 67) 

LOAD LOC 51 I 

1 CEH -.1524'?E+Ol 
0 
OELERENT 6 8 )  

LORD LOC 51 1 

I CEN .?7347€+01 
0 
OELEflENT ( 69) 

LORD LOC SI1 

I LEN .5424;EW 
0 
OELEMEHT ( 70) 

LOAD LOC 511 

1 CEH .2?UlrlE+@2 
0 
OELEtlEI4T ( 71) 

LOAD LOC 511 

1 CEN -.31488E+0? 
0 
OELEtlEWT I 72) 

LOkO LO[: s1 I 

1 CEN -.10S?E+03 

522 

.91176€+03 

522 

.4379OEtO3 

S22 

-.5544OEtO2 

522 

-. 568 19E4.03 

522 

-. 10947E+O4 

522 

-. 16000Et04 

52? 

-. 20717EtO4 

522 

-. 24599EtOI 

SZ? 

-.27837E+@4 

522 

. ?05'?Et04 

522 

.14568EW 

533 

-. 10214EtQ4 

533 

-. 11035Ei.QP 

53: 

-.11916EtiJ4 

533 

-. I2857EtO4 

533 

-. Ij!bbEt04 

s3: 

-. 1458;E+04 

553 

-.15?78E+@4 

55; 

-. 157XEt04 

$5; 

-.15756E+04 

s3; 

-.6?64fiE+OZ 

S3i 

-.76?3SEcG 

SI2 

-. 57970Ei03 

SI2 

-.83575E+05 

SI2 

-. 1007.(EtOI 

512 

-. 10989Ei.34 

s12 

-. 1105jEW4 

512 

-. 10027EtO4 

512 

-. 81 677EW3 

S I ?  

-. 533b5EtC17 

SI? 

-. 18??7E+O3 

SI? 

-.21195Et03 

SI2 

-.56h?LiEtfJ3 

5-NAX 

.11787Et04 

s-nRX 

.104?lC+D1 

s-mx 

,91745Fi-03 

s-aar 

.783@4E+Oj 

5-NAX 

.63b@bEtO; 

S-NAX 

.476bOE+O3 

5-HRI 

.3077?E+05 

5-3RX 

. lb?4;Ei.03 

5-nnx 

.35719E+02 

s-nki 

.20745Et04 

s-nRY 

.154@7E+@4 

' S-nlN 

-.34705E+03 

5-HIN 

-. 7 n n l E  103 

S-MH 

-. 10P85EtOll 

s-nrH 

-.14619E+?4 

5 - H I N  

-. 17980€+04 

s - w  

-.208JlEt0$ 

5-HIN 

-. 2352OE+O4 

S-t t lN 

-. 25781Ed14 

5-H I N 

-.?7964EtO4 

W I N  

-.5578SE+0? 

s - m  

-.?A7?@E+i?3 

bHSLE 

-65.27 

RIIGLE 

-54.13 

RMELE 

-46.00 

ANGLE 

-39. I ?  

CIHGLE 

-32.52 

RNGLE 

-25.77 

hN6LE 

-18.95 

RMGLE 

-11.46 

ANGLE 

-3.84 

A r n w  

-84.26 

RHSLE 

-72.01 
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0 
OELEHENT I 73) 

LObD LOC SI1 522 

.88232E+O3 

533 

-.8914bEt03 

5!2 

-.83788EtO3 

s-niH 

-.64657E+03 

RNGLE 

-61.31 I CEN - . i a w a ~ c o 3  
0 
OELEHENT I 74) 

LORD LOC SI1 522 

.30501Et03 

533 

-. 10222EtG4 

512 

-. 10604E+04 

S-RRX 

.11202€+04 

s-RIM 

-. 10743EtO4 

MGLE 

-52.45 I CEN -.25918EtO3 
0 
OELEMEWT I 751 

LOAD LOC SI I S?? 

-. 3??.9?EtO3 

533 

-. llb64€+04 
512 

-. 12323EtQl 

S-HRX 

.93653E+G3 

RNGLE 

-44.35 1 CEN -.2b825E+03 
0 
GELENEHT ( 76) 

LOkD LOC SI1 

I CEN -.?1BbSEt03 
0 
OELEflENT I 77) 

S?? 

-. 10193Et04 

533 

-, IJ?33E+Q4 

S-RAI 

.748GYE+OS 

S-RIH 

-. 19871Et04 

RNfiLE 

-36.49 

LORD L K  SI I 522 

-. 17616EtM 

553 

-. 14850Et04 

s-mx 

.5490?E+03 

S-IIIN 

-.?1357EtO4 

RNELE 

-2tl.ii I CEN -.125OirEtO3 
0 
OELERENT ( 78) 

LOAD LOC si I S?? 

-.?4171Et04 

533 

-. 16079Et04 

Sl? 

-. 100?1E+04 

s-ttiw 

-.27783E+04 

RHGLE 

-19.85 I CEH -.24443EtOl 
0 
OELEMNT ( 791 

LOAD LOC SI1  5.22 

-.?9971Et04 

533 

-. 170bbE+r)4 

512 

-. b797SEt03 

S-RRY 

.1549[1E+O; 

S-RIN 

-. 314?iEt04 

ANGLE 

-12.17 I CEN .83159EtOl 
0 
OELEtiEHT ( 80) 

LORD LOC s11 

I CEN .X1327E+0? 
0 
OELEBENT ( a i )  

533 

-. 17599Et04 

512 

-. 2 X l E t 0 3  

ANGLE 

-3.80 

LOAD LOC SI1  

I CEN -.60708E+01 
0 
OELENENT ( E ? )  

LOAU LOC SI1 

522 

.?6?65E+04 

533 

- .?33lEt03 

512 

-. 1519IEtO3 

S-nlN 

-.14807€+02 

ANGLE 

-06.71 

ANGLE 

-79.84 

5-22 

1946Et04 

s 33 

-. 4153iEt03 1 CEN -.17628E+b3 
0 
OELEHENT L 83i 

LOAD LOC SI1 

I CEhl -.38141EtOj 

522 

.14Q91E+04 

533 

-.5621bEtO3 

S-UtN 

-. 6 li!30E+03 

AWGLE 

-71.39 
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0 
OELEIIEMT I 04) 

LOR0 LOC s1 I 

1 CEH -.47578€+03 
0 
OELEWENT ( E51 

LOk0 I.0C 511 

I CEN -.5078a~+os 
0 
OELEREHT ( E61 

LORD LOL 511 

1 CEN -.5DWEt03 
0 
OELEREIIT I E71 

LOA0 LOT. 511 

1 CEN -.42663Et@3 
0 
OELEHEIT ( BE! 

LObn LOC 511 

1 CEN -.25:83€+03 
0 
UELEMENT ( E?! 

LO84 LOC 511 

1 CEN .?3029€+0? 
0 
OELEMEHT ( 90) 

LOAD I.0C S l l  

I CEN -.41127E+02 
0 
OELEHENT ( 91) 

LOAD LOC S l l  

1 CE# -.?34?!Et03 
0 
OELEHENT ( ??! 

LORD LOC s: 1 

1 CEN -.5@705E+03 
0 
OELiriENT I 931 

LORD LOC SI1 

I CEN -.54508E+0: 
0 
OELEHEMT ( 941 

LORD LOC 51 I 

1 LEN -.57198€+0; 

522 

.8?25EF+03 

S!? 

.76423E+02 

S?? 

-.795iBEti,3 

S22 

-.17674E+04 

522 

-.28890€+04 

Si? 

-. 36POhE+04 

S!: 

-. 4?868€+04 

522 

.?7303E+S4 

s 21 

, ?45?5Et(l4 

52: 

. ?163lEtO4 

s2z 

.1435!E+04 

573 512 

-.72910E+O3 -. 10231E+OI 

533 512 

-.93629E+OJ -. 13013EtOl 

533 S I ?  

-. 117lIE+O4 -. l(B17E+O4 

53: SI? 

-. 14??5€+04 -. 15442Et04 

513 S I ?  

-. 17044E*04 -. 14146Et04 

533 SI?  

-. 18530Et04 -.84417€+03 

533 512 

-. 19SJZEt04 -.32625Et03 

53; 512 

.13771E+02 .23856EtO? 

533 512 

-.60?70Et02 -.51152E+03 

5-mix 5-HIM ANlLE 

.13851Et04 -.10383Et04 -61.20 

5-nrx 5-\ IN ANGLE 

.lIIEOE+Ol -.154?1E+O4 -51.35 

5-HA1 5-61% ANGLE 

.5851?E+03 -.27808E+04 -33.28 

5-#AX S-HlH ANSLE 

.3617bEtQ3 -. 3501bEt04 -23.52 

s-wftx 5 - n i ~  ANGLE 

.?5413E+Oj -.3Bbl7E+04 -12.11 

S-RAX 5-8IN AH6l.E 

-.15898E+02 -.43121E+O4 -4.39 

s-mx 5-NlN AMELE 

.273b3E+04 -.22975E+U: 87.54 

S-#RX S-#IN ANGLE 

.24527E+04 -.50?2SE+@S 89.54 

5-1rx s-nrw ANGLE 

.22565E+04 -.63847E+U3 -7S.65 

S-hrlX 5-MW ANGLE 

.1B007E+04 -.936?2€+03 -68.59 
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0 
MLENEHT ( 951 

LOAD LOC Sll 

I CEN -.68Eb5E+03 
0 
OELEMEHT ( 961 

LOR0 LUC s1 1 

1 CEM -.83bb5E+03 
0 
OELEHEHT ( 971 

LORD LOC S l l  

1 CEN -.97517EtO: 
0 
#ELEMENT ( 99) 

Lon0 LOC 51 I 

I CEN -.9645iE+03 
0 
DELEnENT ( 991 

LOAll LOC 51 I 

I LEN -.73;35E+O; 
0 
OELEHENT ( 100) 

LORD LUC SI 1 

I CEN ,33996EtO; 
0 
OELEHEflT ( 1011 

LOR0 LOC SI I 

I CEW .2103ZE+03 
0 
OELEAEHT ( IO?! 

LORD LOC S l l  

I CEH -.122:GEtO? 
0 
OELEhEHT i lo;! 

LOAD LOC s11 

1 CEH -.10461E+OS 
0 
OELEKNT ( 1041 

LOAD LOC SI1 

I CEH -.30768E+03 
0 
OELEREWT [ 1051 

LOAD LOC SI1 

1 CEN -.57651E+03 

522 

.56137E+03 

522 

-.38732E+03 

s22 

-. 1504lEt04 

522 

-. 29163Et04 

522 

-, 4 a 5 o i ~ t ~  

522 

-.55711E+04 

SZ? 

.1?323E+O4 

522 

.35965EW 

522 

.29014E+04 

522 

.18751E+04 

S?? 

.95697E+33 

533 

-.57679E+03 

533 

-.86478E+03 

533 

-. 11970E+04 

533 

-. 15746E+O4 

533 

-.?1587E+04 

533 

-.?231E+O4 

533 

. 4 4 e m 0 3  

533 

.6?339E+O3 

S33 

.551 35Et03 

533 

.21159€+03 

533 

512 

-. IZ025€+04 

512 

:. 14348Et04 

s12 

-. lbSI7Et04 

S l?  

-. 18%5E+04 

512 

-. 18062Et04 

512 

-.34717€+03 

SI2 

.8015?E+O3 

512 

.17041€+03 

512 

-, 46728Et03 

SI? 

-.6607ElEtOJ 

Sl? 

s-tw 

I 12916004 

S-HRX 

.81035E+03 

s-HAX 

.43514E+03 

s-nhx 

.14817€+03 

s-nnx 

-.53?9?E+O? 

s-HAY 

.36028Et03 

S-tIRX 

.22476E+O4 

S-tIRX 

.36045EtO4 

s-nAx 

.?9723E+04 

S-tIkX 

.20595Et04 

5-RAY 

5-RIM 

-. 14189Et04 

5-urn 

-.20643E+@4 

S-RIN 

-.29l?d,E+l?i 

S-RIM 

-.3%510Et04 

s - m  

-. 55307Et04 

5-HIM 

-.55914E+OOI 

S - ~ I I N  

-.10501E+03 

S-HlN 

-.?0?79EW 

S-MItl 

-. 11557Et03 

S-MIM 

-.49?1XtO3 

S-M 1 N 

,1302EEtO4 -.92?;8€+03 

RIIGLE 

-36.73 

ANGLE 

-19.45 

RNGLE 

-40.45 

UNGLE 

-31.78 

MGLE 

-20.63 

RNGLE 

-3.35 

ANGLE 

68.52 

ANGLE 

87.30 

1 6 L E  

-81.37 

AIIGLE 

-74.40 

M6LF 

-66.78 
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0 
OELERFIQT L 106) 

LOAD LOC SI1 

1 CEN -.95727EtOS 
0 
OELEREMT I 107) 

LORD LOC SI1 

I CEN -.14IIBE+O4 
0 
OELEEEWT I 108) 

LOAQ LOC S I1  

I E N  -.1?397EtO4 
0 
OFILEKMT I IO?! 

LOR0 LOC SI1 

I LEN -.2480?C+O4 
0 
OELEREHT I 1101 

Lam LOC SI1 

I CEH -.2?534EtOd 
0 
OElEnEaT I 1111 

LORD LOC SI I 

I CEN .6762/E+03 
0 
OELEMEMT I 1121 

LORD toe s1 I 

1 CEN .42747Etr)3 
0 
OELENEHT t 113) 

LORD LOC s1 I 

1 C H  .21E14E+03 
0 
OELERE'41 1 114) 

LOAD LOC SI1 

I CEN -.20772EtOj 
0 
OELEMtNT I 115) 

LOAD LUC SI1 

I C E I  -.7078SEt03 
0 
OELEHEWT I 1161 

LOA0 LOC SI1  

I CEN -.1296;Et04 

522 

.158?6E+U2 

522 

-.9915BEt03 

522 

-.231??Et04 

S?? 

-.39853E+O4 

522 

-.909?9Et04 

522 

.5696!€+04 

S?? 

.3?168EtO4 

S?? 

.2il?98E+@4 

57.2 

.10768E+04 

S?? 

.2?444Et03 

S?? 

-.68994€+@3 

533 

-.39697E+O3 

533 

-. 73132Et03 

53 i 

-. I lb88Et01 

533 

-. 17084Et04 

533 

-.33424tt04 

533 

.1?150EtO4 

533 

.11463E+04 

535 

.77358E+03 

s33 

.4ib21E+03 

533 

.14382EtOj 

533 

-. IEQ%E+r)j 

SI2 

-.9459dE+03 

SI2 

-. 11573E104 

SI? 

-. 14E7JEtO4 

SI? 

-. 20907Et04 

SI? 

-. 278b?€tO4 

SI? 

.59408€+03 

SI2 

-.4b62OEt02 

SI2 

-.??6;?EtO3 

s12 

-. 19098Ec03 

512 

-. 19643Et03 

Sl? 

-.25706E+03 

S-RRX 

.5930bEt03 

S-bAA 

-.?523tlit02 

S-HA1 

- .6?663€+03 

s-tw 

-.IOll?Et04 

S-HAX 

-. I8715Et04 

S-MAX 

.576b?E+04 

S-RAX 

.32L76E+04 

5-NRX 

.212bbE+04 

S-HRX 

.10987Et@4 

S-MAX 

.I541 (Et03 

S-lhX 

-. 5956TEt03 

S-#IM 

.. 15344Et04 

S-HIN 

-.23777E+04 

5 4  I H 

-. 36255Et114 

s-nIN 

-. 5455OEt04 

S-NIN 

-.101h9E+05 

S-HIN 

. bOb93Et03 

S-MN 

.4266?EtO:! 

S-I I IN 

.1?160€+07 

s-tm 

-.23561€+03 

5-HIY 

-. 74751EtK 

S-IIIN 

-. 1391!6EtOil 

6N6iE 

-58.61 

A n m  

-50.14 

ANGLE 

-11.43 

MSLE 

-35. I 1  

GNfiLE 

-21.11 

ANGLE 

85.34 

RNGLE 

-69.04 

PtMGLE 

-83.24 

RRGLE 

.-El. 68 

ANGLE 

-78.58 

RNGLE 

- 6 9 . 8 5  



115 

0 
OELEilENT ( 1171 

LOAD LUC SI1 

1 CEN -.19770Et04 
0 
ELEWENT ( l l B l  

LORD LIIC si1 

1 CEN -.16595€+04 
0 
MLEHENT ( 119) 

LOCiD LOC 51 1 

I CEH -.366lOE+O4 
0 
OELEHENT ( 120) 

LOAD LOC 51 I 

1 CEN -.57595E+04 
0 
OELEHEHT ( 121) 

LORD LDC SI1 

I CEH -.2800bEt04 
0 
OELEHENT ( I2il 

1UAO l l l C  SI1 

1 CEN -.1?677E+04 
0 
OELEMENT ( 1231 

LOAD L E  SI1 

1 EN -.39238€+03 
0 
OELEKNT ( 121) 

L a m  Lac 511 

1 CEN -.5G689E+Q? 
0 
OELEHENT ( 125) 

LORD LOC S l l  

I CEN .11749E+O: 
0 
OELEKENT ( 126) 

LaRo Lac 61 1 

I CEH .9038b€+G 
0 
OELERENT ( 121) 

LOAD LOC SI1  

I CEN .63115E+03 

522 

-. 1737Xt04 

522 

-.35095€+04 

522 

-. 6009UE104 

sz2 

-. l lb74Et09 

522 

-. 141 47Et.03 

SI? 

-. 26850EtOS 

522 

-. l6944E+(t3 

522 

-, 81 4?6E t42 

S22 

.53714Et04 

S?? 

.36?1@E+04 

Si2 

,16?07€+04 

533 

-.SS567Et03 

5.33 

-. 11687Et0.1 

533 

-.1993hE+O.I 

$53 

-.1484:E+B4 

535 

-.47806E+03 

533 

-.571.18€+03 

533 

-.547??E+03 

533 

-.5064?Et03 

S33 

.24787Et04 

633 

.1840iE+04 

553 

.12?43E+O4 

512 

-. 59186Et03 

SI2 

-.46597E+Oj 

SI? 

-. 1434OE+O4 

512 

-.J7253€+04 

512 

-. 12502Et04 

512 

-.69546E+iJ3 

512 

-.32346Etr)3 

Sl? 

-.42737EtO? 

512 

-.23219E+OI 

512 

.735?4E+01 

512 

.2726BEtO3 

s-tw 

-, 14J74EP04 

s-sax 

-. ?61b4E+O4 

5-m 

-. 29817EtG4 

5-nnx 

-1  115'1UE+04 

s-nhx 

.35322E+O3 

S-NRX 

.72119E+OZ 

S-NAX 

.6 121 4Et02 

S-?IAX 

-. 20774EtG2 

S - I A X  

.53714€+04 

s-aar 

.36240E+04 

S-HAX 

a 1?47?E+09 

saKn 

-, 226bPEt04 

S-BIN 

-. 37526Et04 

S-tl1N 

-.66483EtOQ 

S-H!N 

-.8772SE+O4 

S-WIN 

-. 331?E@4 

s-nin 

-.162EbE+@4 

S-AIN 

-I b2304E+OS 

S-#IN 

-. 11154Et03 

S-NIN 

.11749E+GS 

s - w  

.90SBI€+OJ 

5-HlH 

.57465E+Oj 

M6LE 

-53.50 

RN6LE 

-21.55 

aN6LE 

-25.35 

ANGLE 

-51.03 

AN6.E 

-68.41 

RH6l.E 

-b2.57 

RWLE 

-54.51 

AWiiLE 

-35.17 

AWii1.E 

-89.18 

RIIGCE 

89.85 

ANGLE 

78.29 



116 

0 
OELEilEIdT I 1281 

LOAD LOC 511 

1 CEN .2?993€+03 
0 
OELEREH I 12% 

LOAD LOC 511 

I CEH -.21&95Et03 
0 
OELEHEHT ( 130) 

Laha Lac 511 

1 CEN -.bS665Et03 
0 
OECEEHT ( 1311 

LOAD LOC 51 I 

I CEN -.IO642€+04 
0 
OtLENEHi ( 132) 

LOAD Lac 51 I 

I CEN -.1?3!@E+04 
0 
OELE8EHT I 133) 

C a m  coc 511 

I CEN -.12179E+04 
0 
OELEflERT I 134) 

LOAD LOC 511 

I CEH -.lJ277E+04 
0 
o E L E m i  1551 

LoaD LOC 511 

1 CEH -.21583Et09 
0 
OELEREtlT ( 13bi 

LOAD LOC s1 I 

1 CEN -.14156E+04 
0 
OELEREHT ( 157) 

LOAD LUC 51 1 

1 E N  -.67?02EtK 
0 
OELEHENT I 1%) 

LOAD LOC SI1 

522 533 

.101??EtOd .99?85€+03 

522 533 

.20740E+03 .70821E+03 

522 S3J 

-.60096Et03 .4150lEt03 

522 533 

-. 162?9E+@1 .53317Et02 

522 S33 

-.?9?70EtO4 -.38553EtOS 

522 533 

-.37537E+04 -.6537?€+03 

522 S33 

-.3208?E+04 -.50550Et03 

522 s33 

-.8189SEt05 .74?23Et02 

S?? 533 

-.8117?E+@3 .2743lE+O? 

522 533 

512 

.1097Lt03 

SI? 

,47074E103 

SI? 

.45963Et03 

s12 

.38378E+O3 

SI? 

-. 1Eb35E+01 

s12 

-. 11320Et04 

512 

-. 24593Et04 

512 

-. 28286E+04 

512 

-.18712E+Q4 

512 

-. lLZ85€+04 

st2 

I LEN -. 144?8E+O3 -.6*085Et03 .873Z€.N -.37034E+?3 

5-MAX 5-H1N 

.51178E+03 -.5?104E+03 

S-HAW 5-nin 

12370Et04 -.2927OE+Q4 

s-mx S-H1N 

-.78QI!E+O3 -.ilR55E+04 

5-URX 5-HlH 

.36197Et03 -. 49@0EE+O4 

s-tw 5-RIH 

.8;17lEt?3 -.48;43Et04 

s-tw 5-HIH 

.7775RE+03 -. 301 ?E404 

RMiiLE 

56.95 

AHGLE 

57.14 

RNGLE 

4b.73 

RHGLE 

26.98 

A W E  

-.Ob 

ANGLE 

-20.8R 

AiiG1.E 

-34.54 

ANSLE 

-46.59 

LNGLE 

-49.53 

AWELE 

-42.85 

RIIGLE 

.6?177E*O? -.80762Et03 -29.17 



117 

0 
OELEKNT ( 1391 

LORD LOC 51 1 

I CEN . i m ~ t e 4  
0 
WEHfNT ( 1401 

L o w  LOC SI1 

1 CEI .104t30E+04 
0 
OELEENT 141) 

LOAD LOC $11 

1 LEN .81365EtOj 
0 
MLEXENT i 1421 

LORD LOC s11 

1 CEN .5RlblEtOS 
0 
OELEHENT 143! 

LOAD LOC 511 

I CEH .3417jEt03 
0 
OELEHEHT ( 144) 

Lam LOC st1 

I CEN .13210€+03 
0 
OELENEUT L 145) 

Lam LOC s11 

I FEN .lbE?!iE+O? 
0 
OELEWENT ( 146) 

LOAD LOC S l l  

1 CEH -.18446E+02 
0 
OELEHENT ( 147) 

LORD LOC S I 1  

1 CEN -.lb443E+03 
0 
OELEtlEHT ( 1481 

LORD LUC 511 

1 CEN -.58;45Et@j 
0 
OELENENT ( 1491 

LOAD Lac s1 I 

1 CEH -.9&78EtOj 

522 

S9678Et04 

522 

.25461E+04 

522 

.16777Et04 

522 

. e 2 8 7 6 ~ t o ~  

522 

.1563?Et03 

$22 

-.54660E+03 

522 

-. 13099Et04 

522 

-.lYY44€+04 

522 

-.22543EtM 

$22 

-.205;X+i)4 

522 

-.lbSa?Et@4 

553 

.334$0E+04 

533 

.2284BE+04 

533 

.195?8Et04 

533 

. lb422Et04 

533 

.13855Et04 

533 

.11254€+04 

533 

.85025EtO3 

533 

. 6169!E+@3 

533 

.513?6E+03 

533 

.53988EtO3 

533 

S9583Et03 

512 

-. 10947Et04 

s12 

.?4087EtO3 

51? 

.73277E+oj 

512 

.89602E+03 

512 

.94635E+03 

512 

.88635E+03 

512- 

.63228E+03 

512 

.??901E+02 

s1z 

-. 91420Et03 

s12 

-. 18250Et0.I 

512 

-. 243446Et04 

5-nex 

.b213EE+04 

S-nM 

.25838E+09 

S-HRX 

.?103LiE+64 

5-HAX 

.16097E+04 

s-nAx 

.11798E+O4 

S-#AX 

.74184E+03 

S-HAX 

.2699?Et03 

S-MAX 

-. 18179Et02 

s-mx 

.17903E+03 

S-HAX 

,64914Et03 

s-wx 

.litOlE+O4 

E R I N  

.10%9E+O4 

5-nrw 

.10102E+O4 

S-HIM 

.41755i+03 

S-AIN 

-. 19932EtO3 

S-HIN 

-. 70202E+03 

s-niH 

-. 1 1563Et09 

S-RIN 

-.156jOEt01 

S-RIN 

-.19847E+?4 

5-HIN 

-. 25976+04 

w i n  

-.3285irE+04 

S- I IN  

-, 3767 I E W  

ANGLE 

-77.34 

RNGLE 

81.09 

flW6l.E 

59.82 

M6LE 

48.93 

ANGLE 

42.20 

M6LE 

34.53 

MNGLE 

21.81 

hN6Lf 

.b l  

RNGLE 

-20.59 

RNGLE 

-34.03 

MGLE 

-40.26 



118 

0 
OELEREWT; ( 1501 

LOAD LOC 511 

I CEH -.93?15E*03 
0 
OELEREMT ( 151) 

LORO LOC 511 

I CEN -.50714E+O3 
0 
OELEnE%T I 1511 

Lam Lac 51 1 

I CEB -.1?874Et05 
0 
OELEfiEMT ( 153) 

L04D LOC 51 I 

I CEN .5!R57Fc03 
0 
DELEIIEIT ( 1511 

LOAD LOC SI I 

I CEN .36105E+03 
0 
OELEfiEIT ( 155! 

LaBa LOC SI I 

I CEN .5Y42SEt03 
0 
OELERE?U ( 156) 

LOAD LOC 511 

I GEM .7235bE+03 
0 
OELEilENT ( 1571 

LOAD LOC 51 I 

I CEH .WAbE+03  
0 
OELEHEXT ( 158) 

LOAD LOC SI1 

1 CEN .87443Et03 
0 
OELE,SENT I 1591 

Lofin LOC 51 1 

I CFH .9091?E+Oz 
0 
OELERENT f 1601 

LOAD Lac 5 1 1  

S?? 

-. 15597EW4 

522 

-. 1716XC04 

S?? 

-. 184?5€+04 

S’.? 

-. 29?50E+04 

522 

,1?85oE*O4 

S?? 

,19985E201 

522 

. I?ObOE+O4 

572 

.6405EE+03 

522 

. IO42BEt03 

522 

-.3753iE+03 

S?: 

I LEN .93368Et03 -.793?5E+03 

533 

.57109E+O5 

533 

.41769i+03 

535 

.41641Et03 

53; 

. 2  1073Et04 

53: 

.32867Et04 

533 

.508 IPEtOB 

553 

.27?64E+04 

553 

.?456EE+04 

533 

.22197EtO4 

533 

. m i ; ~ 4 0 i  

SI5 

.1841EEt04 

512 

-.24723E+04 

SI? 

-.17975E+O4 

SI? 

-.7?665EtgS 

SI? 

-. 16037Et04 

SI? 

-.58519Eri13 

SI2  

.60726E+O3 

SI? 

.92b25EtO3 

SI?  

. l l l3?E+OI 

SI? 

.11489Et04 

SI? 

.10288Et01 

S I ?  

.71024E+?5 

RXGLE 

-41.53 

&%LE 

-35.70 

ANGLE 

-20.15 

RWGLE 

-21.24 

AIGLE 

-72.12 

RHGLE 

b9.57 

ANGLE 

52.30 

RWGLE 

k2.57 

RWSLE 

35.74 

AWELE 

29.01 

RNGCE 

19.67 



119 

0 
OELEKNT ( 1b1) 

LOAD LOC 511 

I CEN .88375E+03 
0 
OELEHENT ( lb21 

LOAD L E  511 

1 CEN .67031E+O3 
0 
OELEHEHT ( 1631 

LOAD Lot si1 

I CEH .27950E+03 
0 
OELEHENT ( 1641 

LOAD LM: s1 I 

1 CEN -.?9516E+03 
0 
OELEMENT ( 165) 

Lake LOC 511 

1 CEH -.79i9?Et03 
0 
MLEENT L lbbl 

LOAD Lnc s11 

I CEN -.488biEtOJ 
0 
OELEHENT ( lb71 

LOAD LOC SI1 

I CEN - . ~ P W E ~ O I  
0 
OELEKNT ( lb8! 

Lano LDC SI1 

1 CEN -.34554E+03 
0 
MLERENT ( lb91 

LORD LUC 51 1 

I E N  -.43704Et03 
0 
OELENENT I 170) 

LORD Lac SI1 

1 EN .43730E+O? 
0 
OELEHENT ( 1711 

LOAD Lac 811 

1 CEN .61865E+03 

522 

-. 10797El04 

522 

-. 11457Et04 

S?? 

-.1@165E+04 

522 

-.841@6E+03 

S2? 

-. 13698E+Oi 

522 

-.ZbE55E+O4 

522 

-.391WE+O4 

522 

-.9&563EtQ3 

522 

.?848bE+Q3 

522 

.96655E+03 

522 

.7357bE+03 

533 

.17210E+04 

s33 

. lb650E+O4 

s33 

. lb554Et04 

533 

.lb428E+P4 

s3s 

.15905E+04 

s33 

.92273E+03 

533 

.525 16E+03 

S3j 

. W853EtCI4 

533 

.3974OE+Q4 

S33 

,38950Et09 

533 

.36201E+04 

512 

.18707€+03 

512 

-.46425E+03 

s12 

-. 11595EtO4 

512 

-. 18OZZE+O4 

512 

-.?4827EtO4 

512 

-. 23829Et04 

SI? 

-. 10091EtO4 

SI? 

-.&54?9€+'?3 

512 

-.7456'fE*Q3 

512 

.89151EtO2 

Sl! 

.675?6E+03 

s - w  

.90141E+03 

5-WAX 

.78211E+03 

S-HRX 

.95307E+03 

S-HAW 

.1254bE+04 

S-URX 

.14152E : 

s-#AX 

.103b8€+04 

S-IIRX 

.23668Et03 

S-HRX 

.6844bE+O? 

5-MAX 

.75236€+03 

5dRX 

.97508E+0: 

S-UAX 

.1355E+Ol 

s-ain 

-.1097iE+04 

s-nrn 

-.12575€+04 

S-IIIN 

-. lb99lEtO4 

S-IIN 

-.239OK+O4 

5-fllH 

- -0k 

S-NIN 

-. 12110E+O4 

S-HlN 

-.41605E+04 

S-RIN 

-. 13796Et04 

s-ntw 

-. 90455E+03 

5-HIN 

.3519iE+02 

S-fi1N 

-.58801€+00 

ANGLE 

5.39 

ANBLE 

-15.54 

ANGLE 

-30.48 

RNGLE 

-40. b? 

ANGLE 

-41.72 

ANGLE 

-32.63 

AWGLE 

-13.53 

MGLE 

-32.52 

ANGLE 

-57.91 

ANGLE 

84.53 

W6LE 

17.48 



120 

0 
OELERENT I 1721 

LOAD LOC S l l  

I CEN .10346Et04 
0 
OELEHENT I 1731 

LOAD LOC SI1 

1 CEN .137?5E+04 
0 
OELEllEH? ( 1741 

LOAD Lac SI1 

I CEN .16644E+04 
0 
OELElENT ( 1751 

LOAD Lnc SI1 

I CEN .187?OEt04 
0 
SELEFIENT i 1761 

LOAD LOC SI1 

1 CEN .1955?E+04 
0 
@EI.€#ENT ( 1771 

LOAD LOC SI 1 

I CEN .187?1E+O4 
0 
OELEflENl i 1781 

LORD LOC SI1 

1 LEN ,15695Et04 
0 
OELEnENT i 1791 

Lofin LOC s1 I 

1 CEN .9907?EtOl 
0 
OELEHENT 190) 

LORD LOC S l l  

I CEN .73432E+02 
0 
OELEflEl41 ( 1811 

LORD LOC SI1 

1 CEN -.146!bEt04 
0 
OELEREIIT ( 182) 

tom LOC s1 I 

522 

.3571EE+O3 

522 

.64858EtOZ 

SZ? 

-.l6781Et03 

522 

-.33342Et03 

522 

-.41485E+O3 

522 

-. 3YS71Et03 

s22 

-.24835E+03 

522 

-. 14843Et03 

S?? 

-. 9b199Et01 

S?? 

-. 255ilfEtO4 

522 

I CEN -.92?7bE+03 -.!I!SOE+Ol 

SI2 

.93?2PE+03 

SI? 

.10183€+04 

SI? 

.91942Et03 

SI? 

.67744E+03 

512 

. S3779Et03 

SI2 

-. 384 I 4 E W  

SI2 

-. 383bOEt05 

SI? 

-. 7158GE+03 

Sl? 

-, ll646E+O1 

Sl? 

- ,?73?3EtOI 

SI? 

-. IBj??E+Ol 

S-BAX 

.16944E+04 

5-HRX 

.19342E+04 

s-nRX 

.?O46?E+O4 

5 - ~ R X  

.206SSEtl14 

s-nfix 

.20031E+04 

5-HA1 

.18727E+04 

5-fiAX 

. 16472Et04 

W A X  

.13jS9E+04 

s-ntv 

.119!3E+04 

5-RRX 

.7!867E+Oj 

S-#AX 

-. 43 lb7Et03 

S-HIN 

-.30259E+03 

S-BIN 

-.48988€+03 

S-HIM 

-.54962E+O3 

S - I [ N  

-.52488EtO3 

S-nIN 

-.4bZOK+03 

S-WIN 

-. jP434Et03 

S-HIN 

-.32597Et03 

S-BIN 

-. 49561Et03 

S-HIN 

-. 11335E+01 

S-HIN 

-.47931E+01 

S-AIN 

-. 7b7ilFfo4 

BM61E 

35.09 

RHSLE 

28.58 

ANGLE 

2 2 . 5 5  

RKLE 

15.78 

A n w  

7.95 

ANSLE 

- .97 

ANGLE 

-11.44 

ANGLE 

-25.75 

ANGLE 

- 4 3 . m  

A K L E  

-39.37 

6116LE 

-15.20 



121 

0 
MLEMHT ( 1831 

LOAD LOC SI1 

1 CEU .13512E+03 
b 
ELEMENT ( IS41 

LOAD LOC SI1 

1 CEW .12023E+03 
0 
OELEENT ( 1851 

ioau inc 511 

1 CEN .14111E+B3 
0 
MLEnENT ( 186) 

LOAD LOC SI1 

I EEN .51169Et03 
0 
OELERENT ( 187) 

LoRe LOC 51 I 

I CEH .11932E+04 
0 
OELEHEHT ( 188) 

LOkD LOC 51 1 

1 CEN .1850,3E+04 
0 
MLEHENT ( 1891 

LORD LOC SI1 

1 CEN .25131Et01 
0 
OELERENT f 1901 

WAN L E  S l l  

I CEN .30457Et04 
0 
OELEHENT 191) 

LOA0 LOG S l l  

I CEN .33984Et04 
0 
OELEMNT I 192) 

LOllIl LOC s11 

I LEN .55636E44 
0 
0ELEnEHT ( 1931 

LOGO LOC s11 

I CEN .3570?€+04 

522 

- .88ib4EtO2 

522 

-. 49357Et02 

522 

.18578E+N 

S?? 

.2O?PM+03 

522 

.9969irEtOZ 

522 

.15984Et02 

S?? 

-.3468?E+O? 

522 

-. 70901i+O? 

S?2 

-.83244Et02 

522 

-.6155SEtO2 

522 

-.28145E+O? 

$33 

.52bW+O4 

s33 

J9573Et04 

533 

.47?84€+04 

s53 

.44776Et04 

553 

.42505€+64 

S3j 

.408bOEtO4 

533 

.59790EtO4 

533 

.5? 14X+O$ 

533 

.38813E+04 

S35 

.38720€+04 

533 

.X%57E+M 

S I 2  

-.12341E+03 

s12 

-.27876E+03 

512 

-. 12 IbaEt03 

512 

.20293€+03 

512 

.41382€+@3 

512 

,4727OEt03 

512 

,43415Et03 

512 

.3333?EtOj 

SI2 

.20370E+03 

SI2 

,83359Et02 

512 

s - w  5-nin 

.18989Et03 -. 14293Et03 

S-IIAX S-MN 

.32681EtO3 -. 25594Et03 

5-MRX s - m  

.?8711Et03 .39752EH)? 

S-MAX 5-MN 

.61228E+03 .10231E+03 

S-tIAX 5-HIN 

.12874EtO4 -.4453OEtO2 

S-MAX S-MIH 

. L9b49EtM -.90bbbE+02 

S-HAX 5-MIN 

.25650Et04 -. 10858E+03 

S-MAY 5-MIW 

,30609Et04 -. lBc15Et03 

S-MAX S-BIN 

.34103EtO4 -.'?5120EtO? 

5-MAX S-MIN 

.35655Et04 -.637?E+O? 

5-MAX S-MIN 

ANGLE 

-23.93 

ANGLE 

-36.54 

ANGLE 

-SO.20 

ANGLE 

26.37 

ANGLE 

19.21 

ANGLE 

13.63 

ANGLE 

9.40 

AN6LE 

4.04 

ANGLE 

3.34 

ANGLE 

1.32 

RNGCE 

.15518E+O? .35703Et04 -.2851bEt01 .25 
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0 
OELERENT I 194) 

LQRD LOC S l l  522 

I CEW .34927Et04 .1351EEt03 
0 
OELENEHT ( 1951 

LORD LOC SI1 522 

1 CEN .33511Et04 -.75194E+02 
0 
OELERENT I l $ b )  

LORD LOC s1 I S?? 

1 CEN .310i?Et04 .?b976Et03 
0 
FELEflENT ( 1971 

LObD LOC SI1 S?? 

I CEN .119j7Et04 -.10977E+05 
0 
I O V E R A L L  T I M E  L O 6  

NOOAL POINT I W U T  = .oo 
ELEENT STIFFNESS FORtli+T!OH = .OO 
NODAL LOAD INPUT = .oo 
TOTRL STIFFNESS FORtifiTION = .OO 

EIGENYBLUE EXTRACTION = .oo 
FORCED RESPONSE BNBI.YSI5 = .OO 
RESPONSE SPECTRUH ANALYSIS = .OO 
STEP-81-STEP INTESRITIDM = .OO 

S T a T I C  ANALYSIS ' = t € € O f t . t C  

533 

.j9077EtC4 

553 

.3817EIEt04 

533 

.41;ai~to4 

533 

.?911iEt03 

Sl? s- tw S-MIN RMGLE 

.56453E+02 .31935Et04 .13423Et03 .% 

SI? S-HRX S-NIN AMSLE 

.209flK+03 .SXPE+O4 -.98002Et02 3.49 

512 S-i iAI  S-HIN RWE1.E 

.41S3SEt4j .31851E+04 ,89169EtO; 10.62 

Sl? s-nax S-HIN RNGLE 

-.33937€+04 .?0760E+O4 -. 11859E+O: -14.57 

t TOTAL SOLUTION TIRE =ttttit*i 
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E L E M E N T  NUMBERS 

FIG.  C - 3  
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PLANT OAK RIDGE, TENNESSEE 

J!X REF. OWO. HO. 

P A G E  OC SUUdLtT 

NO. COMPUTATIOM 

COL1PUTE:D m y  CHECKEO 8 Y  $ L a  DATE 
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t t t ) i t t t i t t t O t t ( . ) ~ ~ t ~ ~ t t ~ ~ t ~ ~ t ~ i ~  
t I 

t SAP86 t 
t t 

t IC) Copyright 1963, 1984 t 
i f 
€ by t 

i t 
t NUHBER CRUKHER I 

t !4ICROSYSTEIS, INC. t 
t t 
t t 

t 111 Rights Reserved t 

t Version 1.03 t 
t I 

I t 
t f f t t i t ) t € t ~ i I f H t f t t ~ € t f f ~ ~ t t ~ i ~ f ~  

IHFIR WICK OPENING HATCH-BAYONET RIN6 

C O N T R O L  I N F O R N ~ T I O I  

NUHIER OF NODRL POINTS = 115 
NUtlBEE OF ELUENT TYPES = I 
NUtlPEX OF LOAD CASES = I 
YUHEER OF FRERUENCIES = 0 
ANALYSIS CODE i#I)YNl = 0 

EQ.0, STATIC 
E L  I ,  NODAL EXTRLCTION 
EQ.2, FORCE0 RESPONSE 
Ee.3, RESPONSE SPECTRUn 
EQ, 4 ,  DIRECT INTEGRATION 

EQ.0, EXECUTION 
ER.1, DATd CHECK 

WUHBER OF SUBSPACE 
ITERATION VECTORS (NAD1 = 0 
EQUATlOl PER BLOCK = 0 
TRPElO SAVE FLAG (NIOSVJ = 0 

SOLUTION HODE (NODEX) = 0 

NODAL POINT INPUT U41A 
OHODE BOUHDARY C0NL)ITIOI CODES 
NUHbER Y Y 1 X X  Y Y  I1 

1 1  0 0  1 1  1 
2 1  0 0 1 I I 
3 1  0 0  1 1  1 
4 1  0 0 I 1  1 
5 1  0 0  I 1  1 
6 1  0 0  1 I 1  
7 1  0 0 1 1  1 

9 1  0 0  1 I I 
1 0 1  0 0 1 1  1 
i l l  0 0 1 1  1 
1 2 1  0 0 1 I 1  
1 3 1  0 0 I I 1  
1 4 1  0 0 1 1  1 
1 5 1  0 0 1 1  1 
1 6 1  0 0 1 1  1 
1 7 1  0 0 1 1  I 

1 9 1  0 0 1 I I 
2 0 1  0 0 1 1  1 

a t  0 0  i I I 

i a i  o o I 1 I 

NODRL POllll  CWRDINATES 
x 1 

.000 19.250 

.@Oil 19.750 

.OOO 20.250 
,000 20.750 
.OW 21.250 
.OOO 21.750 
.OOO 19.090 
.Ob0 19.630 
.OD0 20.160 
.OOD 20.690 
.OQO 21.20 
.000 21.750 
.OOU 18.940 
. O M  19.500 
.OOO 20.065 
,000 20,630 
.ooo 21.190 
.000 21.750 
.000 18.790 
. O M  IP.7RO 

1 
.OW 
.ooo 
.006 
.ooo . 000 . 000 
1.000 
1.000 
I .  000 
1.000 
1. DO0 
1.000 
2.000 
2.009 
2.000 
2.000 
2.000 
2.000 
3.000 
7. Ildh 

T 
0 .OW 
0 ,000 
0 ,000 
0 . 000 
0 0 000 
0 0 000 
0 . 000 
0 .Ob0 
0 . 000 
0 . Wb 
0 . wo 
0 . OWJ 
0 ,000 
0 .ow 
0 .om 
0 . 000 
0 .OQO 
0 .ooo 
n .om 

0 . oao 
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2 1 1  0 0 1 I I 
2 2 1  0 0 1 I 1  
2 3 1  0 0 1 1  1 
2 4 1  0 0 I I I 
2 5 1  0 0 1 I 1  
2 6 1  0 0 I I I 
2 7 1  0 0 1 I 1  
2 8 1  0 0 I 1  I 
2 9 1  0 0 I I I 
3 0 1  0 0 I 1  I 
3 1 1  0 0 1 I 1  
3 2 1  0 0 1 I I 
3 3 1  0 0 I I I 
3 4 1  0 0 1 I 1  
3 5 1  0 0 1 1  I 
, ? A 1  0 0 1 I 1  
3 7 1  0 0 1 1  1 
3 8 !  0 0 1 1  1 
3 9 1  0 0 I I 1  
4 0 1  0 0 1 I I 
4 1 1  0 0 1 1  1 
4 2 1  0 0 1 I 1  
4 3 1  0 0 I I 1  
4 4 1  0 0 1 I 1  
4 5 1  0 0 1 I 1  
4 6 1  0 0 1 I 1  
4 7 1  0 0 1 I 1  
M I  0 0 I 1  1 
4 9 1  0 0 1 I 1  
5 0 1  0 0 I I 1  
5 1 1  0 0 1 I I 
5 2 1  0 0 1 I 1  
5 3 1  0 0 1 I 1  
5 4 1  0 0 I 1  I 
5 5 1  0 0 1 1  1 
5 6 1  0 0 I I 1  
5 7 1  0 0 1 I 1  

5 9 1  0 0 1 1  1 
6 0 1  0 0 I I I 
6 1 1  0 0 1 I 1  
6 2 1  0 0 1 1  1 
b 3 1  0 0 1 1  I 
6 4 1  0 0 1 I 1  
6 5 1  0 0 1 1  1 
6 4 1  0 0 I 1  1 
6 7 1  0 0 I 1  1 
6 3 1  0 0 1 I 1  
6 9 1  0 0 1 I 1  
7 0 1  0 0 1 I 1  
7 1 1  0 0 1 I 1  
7 2 i  0 0 I I I 
7 3 1  0 0 1 I 1  
7 4 1  0 0 I 1  I 
7 5 ' 1  0 0 I I 1  
7 6 1  0 0 I 1  1 
7 7 1  0 I I I 1  
7 8 1  0 0 I 1  1 
7 9 1  0 0 I I I 
8 9 1  0 0 1 1  1 
8 1 1  0 0 1 1  1 
8 2 1  0 0 1 I 1  
8 3 1  0 0 1 I 1  
8 4 1  0 0 I I I 
8 5 1 .  0 0 1 I I 
8 6 1  0 0 1 I I 

5 e 1  o o I i I 

. oc0 

.coo . 000 . 000 . 000 
. O M  . 000 
.GOO 
.ooo 
* 000 
.OOQ . 000 
.%lo 
.oco 
.000 . 000 
.0QO . 000 . 000 . 000 . 000 . 000 
.ooo . 000 . 000 . 000 
.000 . 000 
. 000 
.OM 
.eo0 
.OOQ 
.om 
.000 
.040 
,000 . 000 
a 000 
.OQ0 
.ooo . 000 
.ooo 
.OW 
.000 
.ooo 
. O M  
. 000 . 000 
.GO3 
.0OQ 
.OM 
.ooo 
.e00 
.004 . 000 . 000 . 000 
.OGO 
. O W  . 000 
. 000 . 000 
. 000 
,000 

.ooo 

. oao 

19.910 

21.140 
21.750 
18.630 
19.250 
19.880 
20.500 
21.130 
21.150 
19.250 
19.880 
20. 500 
21.130 
21.150 
19.250 

20.500 
21.130 
21.750 
19.250 

20.500 
21.130 
21.750 
19.250 

20.500 
21.130 
21.750 
19.250 

20.50F 
21.130 
21.750 
19.250 

20.500 
21.130 
21.735 
19.250 
19.EflO 
20.500 
21.130 
21.730 
19.250 
19.880 
20.560 
21.130 
21.750 
19.250 

20.500 
21.130 
21.150 

18.000 
18.630 
19.250 
19.880 
20.500 
21.130 
21.750 
17.330 
18.000 
IA.h;O 

20.560 

1 9 . ~ 0  

19.~80 

19.080 

19.880 

19.880 

19.8ao 

17.3ao 

3.000 
3.000 
3.000 
3.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.001) 
4. 675 
4.675 
4.675 
1.675 
4.675 
5.350 
5,350 
5.350 
5.350 
5.350 
6,025 
6.025 
6.025 
6.025 
6.025 
6.140 
4.700 
6.700 
6.700 
6.700 
7.375 
7.375 
7.375 
7.375 
7.375 
8.050 
8.050 
8.050 
8.050 
8.050 
8.725 
8.725 
8.725 

8.725 
9.400 
9.400 
9.400 
9.400 

10.080 
10.080 
10.080 
10.084 
IO.080 
10.710 
10.750 
10.756 
10.750 
10.750 
10.750 
10.758 
10.7%~ 
11.500 
11.500 

8.725 

9.400 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

t i . r n n  n 

.OGO 

.ooo 

.ow . 000 

.OM) 

.OW . 000 

.coo 

.OM) . 000 

.COO . 000 
,000 . 000 . 000 
.OQO . 001) 
,900 
.ooo . 000 
.OOO . 000 
,000 
.ooo 
.0c0 
,000 
.OW 
,000 
.OW 
.ooo 
.COO 
.a00 
.000 . 000 . 000 . OGO . 000 . 000 
.080 
.GOO . 000 . 000 . 000 . 000 . 000 . 000 . 000 
.ooo . 000 
.om . 000 
. O M  
.080 . 000 
. O M  . O0Q . 000 
.OW 
.00q 

.000 . 000 . 000 
,050 
.OM 
.d00 
. nno 
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8 7 1  0 0 1 1  I 
8 8 1  0 0 I I 1  
8 9 1  0 0 I 1  I 
9 0 1 0 0 1 1 1  
9 1 1  0 0 1 1  1 
9 2 1  0 0 1 I 1  
9 3 1  0 0 1 1  1 
9 4 1  0 0 1 1  1 
9 5 1  0 0 1 1  1 
9 b I  0 0 I 1  I 
9 7 1  0 0 1 1  I 
9 8 1  0 0 I I 1  
9 9 1  0 0 1 1  I 
1 0 0 1  0 0 1 1  1 
1 0 1 1  0 0 1 1  1 
1 0 2 1  0 0 1 I 1  
1 0 3 1  0 0 1 I 1  
1 0 4 1  0 0 1 I 1  
1 0 5 1  0 0 1 I I 
1 0 6 1  0 0 I 1  1 
1 0 7 1  0 0 1 1  1 
1 0 8 1  0 0 I 1  I 
1 0 9 1  0 0 I 1  I 
I 1 0 1  0 0 1 I 1  
1 1 1 1  0 0 1 1  1 
1 1 2 1  0 0 1 1  1 
1 1 3 1  0 0 1 1  1 
1 1 4 1  0 0 1 1  1 
1 1 5 1  0 0 1 1  1 

IGENERRTED NOOK ORTA 
WOE BOUNDARY C0NI)lTION COI)ES 
NUHBEI! X Y Z X X  VY ZI 

1 1 0 0 1 1 1  
2 1 0 0 1 1 1  
3 1 0 0 1 1 1  
4 1 0 0 1 1 1  
5 1 0 0 1 1 1  
6 1 0 0 1 1 1  
7 1 0 0 1 1 1  
8 1 0 0 1 1 1  
9 1 0 0 1 1 1  
10 1 0  0 1 1  I 
1 1  1 0  0 1 1  1 
12 I O  0 I 1  1 
13 1 0  0 1 1  1 
1 4 1 0 0 1 1 1  
1 5 1 0 0 1 1 1  
16 1 0  0 I 1  I 
1 7 1 0 0 1 1 1  
18 I O  0 I 1  I 
19 I O  0 1 1  I 
2 0 1 0 0 1 1 1  
2 1 1 0 0 1 1 1  
2 2 1 0 0 1 1 1  
2 3 1 0 0 1 1 1  
24 1 0  0 1 1  I 
2 5 1 0 0 1 1 1  
2b I O  0 I 1  1 
27 I O  0 1 1  I 
28 I O  0 I I I 
2 9 1 0 0 1 1 1  
3 0 1 0 0 1 1 2  
3 1 1 0 0 1 1 1  
32 I O  0 I 1  1 

. 000 . 000 . 000 
,000 
* 000 . 000 
'000 
.OM) 
.OM) . 000 
.Ooo 
.000 
.000 
,000 . 000 . 000 . 000 . 000 
,000 
.OW 
.OD0 . 000 . 000 
,000 . 000 
.ooo 
.Ob0 

.ooo 

.a00 

NODAL POI 
x 

.000 
.a00 
.ooo . 000 
.ow 
,000 . 000 
,000 
.ooo 
.Ooo 
.ooo . 000 . 000 
,000 
.ooo 
.OM 
.006 . 000 
.000 
.OD0 . 000 
.000 
.ooo . 000 
.OW . 000 
. 000 . 000 
. oou . 000 
.000 
. oon 

19.2'50 

20.500 
21.130 
21.750 
17.380 
18.000 
18.630 
19.250 
IP.880 
20.500 
21.130 
21.750 
17.380 
10.000 
18.630 
19.250 
19.860 
20.500 
21.130 
21.750 
17.380 
18.000 
18.b;O 
19.250 
19.880 
20.500 
21.130 
21.750 

19.8ao 
11.500 
11.500 
11.500 
11.500 
11.500 
12.250 
12.250 
12.250 
12.250 
12.250 
12.250 
12.250 
12.250 
13.000 
13.000 
13.000 
13.000 
13.000 
13.000 
13.000 
13.000 
13.750 
13.75(3 
13.750 
13.750 
13.750 
13.150 
13.750 
13.750 

[UT COORDINATES 
Y 

19.250 
19.750 
20.250 
20.750 

21.750 
19.090 
19.630 
20.160 
20.690 
21.220 
21,750 
19,940 
19.SDO 
20.Qb0 
20.630 
21.190 
21,750 
19.780 
19.380 
19.970 
20.560 
21.160 
21.750 
18. b30 
19.250 
19.880 
20.500 
21.130 
21.750 
19.2'50 
1 9. RRi) 

21.2'50 

z . 000 
.OM 
.ooo 
,000 
.OM 
.OW 
1.000 
1.OOO 
1.000 
1.000 
1.000 
I.OG?, 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
4.000 
4.000 
4.000 
4.600 
4.000 
4.000 
4.675 
8.Al5 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

m 000 
.OW 
.OW . 000 
.OW . 000 
* 000 
a 000 . 000 
.ooo 
.OW 
.000 . 000 
.ooo 
.WO 
.a00 . 000 
,000 

,000 
.006 . 000 
.ow 
* 000 
.w 
.OM 
"000 . 000 
,000 

oeo 

1 
.OM 
,000 
.ooo . 000 
. 000 
.000 . 000 . 000 
* 000 
.Ooo . 000 . 000 
.ooo . 000 

. 000 . 000 
,000 
,000 
,000 
,000 
.000 . 000 
. 000 
a 000 
,006 . 000 
.ow . GQO 
. 000 
Mrt 

.we 

,000 



3s I O  0 1 I 1  
34 I O  0 1 I 1  
35 1 0  0 1 1  1 
3 6 1 0 0 1 1 1  
3 7 1 0 0 1 1 1  
38 I O  0 I I I 
39 1 0  0 1 I 1  
1 0 1 0 0 1 1 1  
41 I O  0 1 I 1  
42 I O  0 1 I I 
43 L O  0 1 I 1  
4 4  I O  0 1 I 1  
4 5 1 0 0 1 1 1  
4 b 1 0 0 1 1 1  
47 I O  0 1 1  I 
48 I O  0 I 1  I 
4 9 1 0 0 1 1 1  
5 0 1 0 0 1 1 1  
5 1 1 0 0 1 1 1  
5 2 1 0 0 1 1 1  
5 3 1 0 0 1 1 1  
5 4 1 0 0 1 1 1  
55 I O  0 1 I 1  
56 L O  0 1 I I 
5 7 1 0 0 1 1 1  
5 8 1 0 0 1 1 1  
59 1 0  0 1 1  I 
60 I O  0 1 1  I 
6 1 1 0 0 1 1 1  
62 I O  0 I I I 
63 I O  0 1 I 1  
b 4 1 0 0 1 1 1  
6 5 1 0 0 1 1 1  
t b  1 0  0 1 1  1 
67 1 0  0 I I I 
6 8 l O O l l l  
b9 1 0  0 I 1  I 
7 0 1 0 0 1 1 1  
71 I O  0 1 1  I 
72 I O  0 I 1  I 
73 1 0  0 1 1  1 
74 I O  0 I 1  1 
i 5 1 0 0 1 1 1  
7 6 1 0 0 1 1 1  
77 I O  1 1  I I 
7 8 1 0 0 1 1 1  
79 I O  0 1 I 1  
B O l O O l l l  
El 1 0  0 I I I 
8 2 1 0 0 1 1 1  
E3 1 0  0 I 1  I 
E4 I O  0 I I I 
E5 I O  0 I I 1  
86 1 0  0 1 I 1  
E 7 1 0 0 1 1 2  
B 8 1 0 0 1 1 1  
E9 1 0  0 1 1  I 
9 0 1 0 0 1 1 1  
91 I O  0 1 1  1 
9 2 1 0 0 1 1 1  
9 3 1 0 0 1 1 1  
94 1 0  0 I I I 
93 I O  0 I 1  I 
96 I O  0 1 I I 
97 I O  0 1 I 1  
9 ~ 1 0 0 1 1 1  

.QO0 
,000 . OQQ 
.000 
.ow 
.005 . 000 . 000 
.ow . 000 . 000 
.ooe 
.OW . 000 
.QOO 
,000 . OCO . 000 
.OM 
.QOO 
.OW . 000 
.ooo 
.ooo 
,000 
,000 
.ooo 

. 000 . 000 
* 000 
.a00 
,000 
,000 . 000 . 000 
.QQ0 
,000 
,000 
,000 
.OD0 . 000 
.OM . 000 
.000 
,009 
.ooo 
,000 
.000 
,000 . 000 
,000 
.000 
.OM 
.OG0 
,000 
.000 
,000 
.PO0 
.boo 
.OQO 
.OQO 
.000 
.000 . 000 
.ooo 

. aoo 

20.500 
21.130 
21.150 
19.250 
19.880 
20.500 
21.130 
21.150 
19.250 
19.880 
20.500 
21.130 
21.150 
19.250 
19.880 
20.500 
21.130 
21.756 
19.250 
I?. 891) 
20.500 
21.130 
21.750 
19.250 

20.500 
21.130 
21 I 750 
19.250 
lP.880 
20.W 
21.130 
21.750 
19.25D 

20.500 
21.130 
21.750 
19.250 
19,880 
20. sori 
21.l50 
21.750 
17.380 
16.000 
18,639 
1 9 . 3 0  
19.880 
20.500 
21.130 
21.750 
17.380 
18.000 
18,630 
19.250 
19.E80 
20.500 
21.130 
21.750 
17.380 
18.000 

19.250 
19.980 
20.500 
21.130 

19.8~10 

1 9 . m  

ie.630 

4.675 
4.675 
4.615 
5.350 
5.350 
5.350 
5.350 
5.350 
6.025 
6.025 
b .a25 
6.025 
6.025 
b.700 
6.700 
6.700 
6.700 
b.7M 
7.375 
7.375 
7.315 
7.375 
7.375 
8.090 
8.050 
8.050 
8.050 
8.050 
8.725 
8.725 
8.725 
8.725 
R.725 
9.400 
9.400 
s.aw 
9.400 
7.400 

10.080 
10.080 
LQ.Q80 

10.080 
10.750 
10.750 
10.750 
10.750 
10.750 
10,750 
10.150 
10.750 
11.500 
11.500 

11,500 
11.500 
11.500 
11.500 
11.500 
12.250 
12.250 
12.254 
12.290 
12.250 
12.250 
12.250 

i o m o  

i m o  

* WO . 000 
* 000 
,040 . cwo . 000 . 000 . 000 . 000 . 000 . Dco 
* 000 
.ooo 
.Goo 
I 000 . 000 
.009 . 000 . 000 . 000 . 000 
,000 
,000 
.0q0 . 000 . 000 . 000 
.e00 . 000 . 000 . 000 . 000 . 000 . 000 
.om 
. O M  . 000 . 000 
.Dc0 . OOQ 
.GOO . 000 
.GQ0 
,000 
.OCP 
.we . 000 . 000 
,000 
.wo . MO 
* oao 
.OOO . 000 . 000 
.d00 
,000 
,000 
.a00 
,000 . 000 
,000 
* a00 
,000 
,000 
. (Mo 



131 

9'1 1 0  0 1 1  1 
100 1 . 0  0 1 I 1  
I01 1 0  0 1 1 1  
102 1 0  0 1 I 1  
103 1 0  0 1 1  1 
104 I O  0 1 1  1 
105 L O  0 1 1  1 
106 I O  0 1 I 1  
107 1 0  0 1 1  1 
108 1 0  0 1 I 1  
109 I O  0 1 I 1  
110 I O  0 1 1  1 
111 1 0  0 1 1  1 
112 1 0  0 1 1  1 
113 I O  0 1 I 1  
114 1 0  0 1 1  1 
115 I O  0 1 I 1  

IERUATION NUHBERS 
N x v 2 x x  vv 2 2  
1 0 1 2 0 0 0  
2 0 3 4 0 0 0  
S O 5 6 0 0 0  
4 0 7 8 0 0 0  
5 0 9 1 0  0 0 0 
6 0 1 1 1 2  0 0 0 
7 0 1 3 1 4  0 0 0 
8 0 1 5 1 6  0 0 0 
9 0 1 7 1 8  0 0 0 

10 0 1 9 2 0  0 0 0 
I t  0 21 22 0 0 0 
12 0 23 24 0 0 0 
13 0 25 26 0 0 0 
I4 0 27 28 0 0 0 
15 0 29 30 0 0 0 
16 0 31 32 0 0 0 
17 0 33 34 0 0 0 
I8 0 35 36 0 0 0 
19 0 3 7 3 8  0 0 0 
20 0 59 40 0 0 0 
21 0 41 42 0 0 0 
22 0 43 44 0 0 0 
23 0 45 kb 0 0 0 
24 0 47 48 0 0 0 
25 0 49 50 0 0 0 
26 0 51 52 0 0 0 
27 0 53 54 0 0 0 
28 0 55 56 0 0 0 
29 0 5 1 5 8  0 0 0 
30 0 59 60 0 0 0 
31 0 61 62 0 0 0 
32 0 6 3 6 4  0 0 0 
33 0 65 bb 0 0 0 
34 0 67 bE 0 0 0 
35 0 69 70 0 0 0 
36 0 71 72 0 0 0 
37 0 75 74 0 0 0 
38 0 75 76 0 0 0 
39 0 17 18 0 0 0 

41 0 81 82 0 0 0 

43 0 85 86 0 0 0 
44 0 87 88 0 0 0 
45 0 89 90 0 0 0 

40 o 79 eo o o o 

42 o a3 54 o o o 

.OM) 

.MH) . 000 . 000 . 000 

.OM) . 000 

.ow 

.OM) . 000 

.ooo 

.OM) 

.ooo 

.000 . 000 
.OM) 
.000 

21.750 
17.380 
18.000 
18.630 
19.250 
19.880 
20.500 
21.130 
21.750 
17.380 
10.000 
18.630 
19.250 
19.800 

21.130 
21.750 

20. sa0 

12.2w 
13.000 
13,001) 
13.000 
13.000 
13.000 
13.000 
13.000 
13.000 
13.756 
13.750 
13.750 
13.750 
13.750 
13.750 
13.150 
13.750 

.om . 000 
,001) . 000 . 000 
.000 
.ooo 
.NO 
.d00 . 000 
.m 
.wi, 

.000 

. 000 

. 000 
0 000 . OOQ 
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16 
47 
4B 
49 
50 
51 
52 
53 
5k 
55 
56 
57 
58 
51 
LO 
61 
L2 
h3 
6k 
65 
b6 
b7 
68 
69 
70 
71 
72 
73 
7k 
75 
7h 
77 
78 
79 
80 
81 
82 
83 

85 
06 
87 
38 
89 
90 
91 
92 
93 
94 
95 
96 
97 

99 
100 
101 
102 
103 
104 
105 
105 
107 
108 
109 
I10 
111 

e4 

sa 

0 91 92 
0 93 74 
0 95 96 
0 97 98 
0 99 100 
0 io1 102 
0 103 104 
0 105 104 
0 107 108 
0 109 110 
0 i l l  112 
0 113 114 
0 115 I16 
0 117 118 
0 119 120 
0 121 122 
0 123 124 
0 125 126 
0 127 128 
0 129 130 
0 131 132 
0 133 134 
0 135 L3b 
0 137 198 
0 159 la0 
0 141 142 
0 143 144 
0 145 146 

0 149 150 
0 151 152 
0 153 0 
0 1 3  155 
0 156 157 
0 158 151 
0 IBO 161 
0 162 163 
0 I64 165 
0 I66 lb7 
0 148 169 
0 170 171 
0 172 I73 
0 17k 175 
0 176 177 
0 178 179 
0 180 181 
0 182 183 
0 I84 I95 
0 186 187 

0 190 191 
0 192 I93 
0 194 195 
0 196 197 

0 200 2QL 
0 202 203 
0 204 205 
0 206 207 
0 208 209 
0 210 211 
0 212 215 
0 214 215 
0 216 217 
0 218 219 
0 220 221 

o 147 148 

o le8 189 

o isa 199 

0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
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112 0 212 223 0 0 0 
113 0 224 225 0 0 0 
114 0 226 227 0 0 0 
115 0 228 229 9 0 0 

4 6 a  1 I O 0  0 0 0 0 0 0 0 0  
I~YMHETRIC WYSIS 

NMBER OF ELEENTS = 88 
NMBER OF MhTERlALS = 1 
MAXIHUM TEMPERATWIES 
PER llhTERlAL = I  
MCILYSIG COX = o  
CODE FOR lNCLUSlnN 
!IF BENDING MODES = 0 

Efi.0, LWCLUOE 
6T.0, SUPPRESS 

HATERIAL I.D. NMBER = I 
NMBER IF TEIERATURES = 1 
WEIGHT DERSITY = .0000E+00 
nfiss DENSITY = .0000EtOO 
BETA ANELE = .ooo 

TEMPERATURE E M  E W  E(T) NU(NS! MINT)  W E T )  6(NS) ALPHAIN) ALPHAW kLPWI1T) 
.DO .2830E+08 . 2830EtDB .2830E+1)8 .IO00 .3009 .3000 .lZOOEtOB .9300E-05 ,9300E-05 .930M-05 

ELEHENT LORD MULTIPLIERS 

LOAD CASE TEMPERATURE DRESSURE X-GRAVITY Y-GRAVITY I-BRAVITY 

.wo 1.000 ,000 .a00 .OW 
B .MO .ooo . 000 . 000 .OW 
C ,000 .ooo . 000 . 000 . 000 
D .OOO .GOO . 000 . 000 . 000 

1ELEMENT n m  REFERENCE I-J FACE STRESS 
NUHBER I J K L TYPE TEMPERATURE PRESSURE WTiON K6 THICKMESS 

1 1 2 8 7 1  
2 2 3 9 8 1  
3 3 4 1 0 9  I 
4 4 5 1 1 1 0  I 
5 5 6 1 2 1 1  I 
b 7 E 1 4 1 3  1 
7 E 9 1 5 1 4  I 
8 9 10 I6 15 1 
9 10 11 17 16 I 

10 11 12 18 17 I 
11 13 14 20 19 1 
12 14 15 21 20 1 
13 15 I6  22 21 I 
14 16 17 23 22 1 
15 17 IS 24 23 I 
16 19 20 26 25 I 
17 20 21 27 26 1 
18 21 22 28 27 1 
19 22 23 29 28 I 
20 23 24 30 29 I 

,000 
.ooo 
.a00 
.a00 
. 000 . 000 . 000 
. 000 
.OW 
.OW 
.NO . 000 
.600 
* 000 
.OW . 000 . 000 . ooa 
.ooo 
.noo 

.oow+oo 
, rJO@E+00 
.000€+0O 
.001*+00 
.#OEt00 . 000€+00 
.OOOE+OO 
.000EtOO 
.00M+00 
.OI)OE+OO . OOOE+OO 
.M)M+OO . OOOEtOO . OI)OE+00 
.000E+00 
-.%Et04 . OOOEtOO 

.OOOE+OO 

.oowtoo 

. 0fli)Ftoo 

4 1  
k I  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  

.oooo 

.001)0 

.OOOG 

. WOO 

.ooM) 

.w 
*moo 
.ooM) 
,0090 
.woo 

. 0000 . OOM) 

.0000 . o@oo 
, ooo!l . 0000 
.Ow0 . 0000 
nnnn 

.woo 
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21 
22 
23 
24 
15 
2b 
27 
26 
19 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
64 
15 
4b 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
b3 
b4 
65 
66 
b7 
68 
69 
70 
71 
72 
13 
74 
75 
76 
77 
78 
19 
BO 
01 
82 
83 
84 
85 
86 

26 
27 
28 
29 
31 
32 
33 
31 
36 
37 
SR 
39 
4 1  
42 
43 
44 
46 
67 
48 
k9 
51 
52 
53 
54 
56 
57 
5G 
59 
61 
62 
b3 
b4 
6b 
b7 
b8 
69 
71 
12 
73 
74 
76 
77 
78 
19 
so 
81 
82 
84 
85 
86 
E7 
88 
E9 
9 0  
92 
93 
94 
P5 
96 
?7 
96 
LOO 
101 
102 
103 
104 

21 
28 
29 
so 
32 
33 
34 
35 
37 
38 
39 
40 
42 
43 
14 
45 
41 
4E 
49 
50 
52 
53 
54 
55 
57 
58 
59 
b 0 
62 
h3 
b4 
65 
67 
be 
69 
70 
72 
73 
14 
75 
77 
78 
79 
80 
81 
62 
83 
85 

E7 
E6 
E9 
PO 
91 
9: 
94 
95 
96 
97 
98 
99 

101 
102 
I03 
104 
105 

a6 

32 
33 
34 
35 
57 
38 
39 
40 
42 
43 
44 
45 
41 
4a 
47 
50 
52 
5; 
54 
55 
57 
59 
59 
60 
62 
63 
b4 
b5 
67 
b8 
b9 
70 
72 
13 
14 
75 
EO 
81 
02 
83 

e6 
81 
88 
89 
90 
91 
93 
94 
95 
9b 
97 
96 
91 

101 
102 
103 
104 
105 
lob 
107 
IO9 
110 
I l l  
112 
113 

a5 

31 
32 
33 
34 
36 
31 
38 
39 
41 
42 
IS 
44 
46 
(7 
4a 
49 
51 
52 
53 
54 
56 
57 
53 
59 
61 
b2 
63 
64 
b6 
b l  
b8 
bS 
71 
72 
13 
74 
79 
80 
81 
82 
81 
85 
86 
E7 
88 
E9 
90 
92 
93 
94 
95 
96 
97 
98 

1011 
101 
102 
103 
104 
10: 
IO6 
I08 
IO? 
110 
I l l  
112 

1 
I 
1 
I 
1 
I 
I 
I 
I 
1 
I 
I 
I 
1 
I 
1 
I 
I 
1 
I 
I 
I 
1 
1 
I 
I 
I 
I 
I 
I 
I 
1 
I 
1 
I 
1 
I 
1 
1 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
1 
1 
1 
1 
1 
1 
1 
I 
I 
1 
1 
1 
I 

.ooo .OOOEtOD 

.ow .000Et00 . 000 * 00oE,OO 

.OOO .00CE+Q0 . 000 * OOOE+OO 

.OOO .000E+00 

.000 .OOOE+O@ 
.OM) ,000EtOQ 
.OOO .OOOE+QO 
.om .00oE+oo 
.OOO .OOOE+QO 
.ooa .ooo~too 
.aoo .OOOE+OO 
.om .000~400 

.oca . O O O E ~ O O  

. 000 .00@E+00 

.000 .GQOE+00 

.000 .500E+O0 . 000 . 09@E+OO 

.OOO .OCOE+OG . 000 .000E*00 

.OOO .000E+00 . 000 * OoOEcOO 

.ooo .000E+O0 

.OOO .000E{00 

.OOO .00OE+Q0 . 000 . OOOE+OO 

.000 .000E+00 

.e00 .000E+O0 . 000 . OCOE+OO 

.Ob0 .000Et00 
.ooo .@00E+OO 
.OW .000E+00 
.OOO ,000E400 
.OOO .(XIOE+CO 

.ooo .OOOE+OO 

,000 .aooEcoc 
.aoo .WENO 

.coo .000~400 

.OOO .000E+00 

.COO .000€+00 

.oao .000E+00 

.ooo .000E+90 

.000 .OOOE+OP . oeo . OOOE too 

.COO .000E+OO 

.000 .000E+r)@ 

.ON .oooE+ao 
.ooo .000€+00 
.OW .@00Et@0 
.OCO .050~4ca 
A00 .000E+a0 
.ooo .000E+OO 
.OOO .COOE+00 
.OOO ,000Et00 
. O M  . OOOEIOO 
.OD0 .000E+00 . 000 . OOOE+OO 
.OOO . OOOE+CO 
.a00 . OOOEcOB 
.OW .OOOE+00 
.OOO .00FE+00 
.ooo .000E+00 
.ooo .acoEtoa 
.ooo . O O O E + O ~  
.boo . O ~ O E + Q O  

4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  

. ooao . QOM . OO@O 

. ooeo . 0000 
, Do00 

.oooo . BO00 
,0000 . 0000 . 0000 
.oooo . 0000 
. 0000 

,0000 
,0000 

,0000 
. 0000 
,0000 

. DOGO 

. 0000 . e000 . 0000 . 0000 
,0000 
.0000 . 0000 
.OOOO . 0000 . DO00 . 0000 
.oooo . 0000 . BOM) . 0000 
,0060 
.oooo 

.0000 

.0000 . 0000 
.OoOO 
. 0000 
.0900 . 0000 . 0000 . OCQO . 0000 . 0000 . 0000 
. 0000 
.O@OO 
. 0000 
.00@0 
.0500 . 0000 . 0000 
.OOQO 
. nnnn 

, oooa 

. o w  

, oaoo 

. oooa 

. eo00 

, oooa 

. oooa 

.eoeo 
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87 105 106 111 113 I .OM) .OM)E+OD 4 1 .a000 
88 106 107 115 114 I .ooo .OOM+00 4 1 .oooo 

I E R U A T I O M  P d R A H E T E R S  

TOTAL NWIBER OF ERUATIDWS = 229 
BANDWlDTH = 20 
HUlEER OF EPWITIWS I N  d BLOCK = 181 
NUHER OF BLOCKS = 1  

M O D A L  L O A O S  ( S T A T I C )  O R  H R S S E S  ( D Y N A ~ I C )  

MODE LORD X - A X I S  Y-AXIS Z-AXIS X-AXIS Y-AXIS I - A X I S  
NUHBER CASE FORCE FORCE FORCE ROtKNT HOMNT BOilENT 

STRUCTURE ELEtKHT LORD RULTIPLIERS 
LOAD CASE A B C D 

I 1.000 .ooo ,000 .ooo 
1 l O O E  O I S P L R C E H E N T S I R O T L T I O N S  

MODE LDAD X -  Y- 1- 
NUHEER CASE TRRNSLRTION TRANSLATION TRblSLATION 

0 115 1 .M)OOM+DO .27b99E-02 -,47561E-02 

0 114 I .00000E+00 .2797bE-02 -.40774E-0? 

0 113 1 .00000E+00 .28418E-02 -.33876E-02 

0 112 1 .00000€+00 .29048E-C2 -.2&9?7E-0? 

0 111 I .00000E+00 .29798E-02 -.19538€-02 

0 110 1 .00000E+00 .30457E-02 -.11935E-02 

0 109 1 .00000E+OO .30?3bE42 -.4ObOM-03 

0 I08 1 .00OOOE+00 ,31282E-02 .36717E-03 

0 107 1 .00000Et00 .1945bE-02 -.47247€-92 

0 106 1 .C0000E+00 .1%2bE-02 -.40523E-02 

0 105 1 .00000E+90 .19951E-02 -.3377M-02 

0 104 1 .0(3000€+00 .20421E-O2 -.26893E-3? 

0 103 1 .OQCOOE+00 .20937E-C2 -.19491E-02 

0 102 1 .00000E+00 .21432E-02 -.I1777E-02 

0 to1 I .00000E+00 .21797€-02 -.3b943E-03 

0 100 1 .0000OEt00 .22015E-02 .40876E-133 

0 99 1 .OOG00€+00 .11189E-02 -.46739E-02 

0 98 1 .OOOOOE+OO .1115EE-02 -.40?;3E-O? 

0 97 1 .O@DOMt00 .113;9E-O? -.33809E-02 

0 9b 1 .OOOOOE+OO .11755E-02 -.2717GE-02 

X- 
ROTATION 

,00000E+00 

.000GOE+00 

.00000E+OG 

.0000@Et00 

.00000E+00 

.00000E+00 

. OOOOOE+OO 

.00OOOE+00 

.00000E+00 

.00000E+00 

.00000E+00 

.@0000EtO0 

. OOOOOEt60 

.0000Mt00 

.ODWOE+OO 

.00000Eii~O 

.00000E+O0 

.OODOOE+OO 

.00000E+00 

.00000E+CfO 

V- 
ROTRTIOU 

. OOOOOE+OO 

. oaooxtae 

.00000Et00 

.OOO()DE+OO 

.0000@E+00 

.00000E+00 

, OOWE+OO 

" OOOOM+OO 

.00000€t00 

.oooocE+oo 

.00000E+00 

. OOOOMtOO 

.OGOOM+OO 

.00000E+OO 

.0006Mt00 

. oooooE+oo 

.00000E+60 

.00OOOEt00 

. ooo0oE+oo 

. OWM+OO 

Z- 
ROFRTIDN 

, OOOOOE+OO 

.GOO0OE+OO 

. OOOaOE+OO 

.0000oE+00 

.00000E*00 

.00000E+OO 

, OOOOOE+OO 

.00000E+00 

,000QOEt00 

. OOOOOE+00 

,00GOOE+90 

.0001rOEt00 

,000GOEt00 

.00000E+00 

.OGWOE+OO 

.00000E+00 

. OOOOOE+OO 

.00000Et00 

.00000E+00 

.00000E+00 
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0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

95 

94 

93 

92 

91 

so 

a9 

88 

87 

Eb 

85 

84 

a3 

E2 

81 

80 

79 

78 

77 

76 

75 

74 

73 

72 

71 

70 

b9 

68 

b7 

b6 

b5 

b4 

63 

1 

I 

1 

1 

1 

1 

1 

1 

1 

1 

1 

I 

.00000ir00 

.00000E+00 

.00000E+OO 

.00000€+OO 

.00000E+00 

.000@0E400 

.00000E+00 

.00000E+00 

.Oi!O@OEt90 

. OOOOOE rO0 

.0?000E+O0 

.00000E+00 

. FOOOFE toe 

.0000OEtL'O 

,00000EtOO 

.OO@OOE+OI' 

.00000E+00 

,000OOEt00 

.00060E+O0 

.00000E+00 

. OO?F@Et60 

, POOOOEtOO 

.00000Et00 

.00000E+00 

, OWOOE+00 

.0?00OE+00 

. OOOOOEtOO 

. OOOOOE+~OO 

.00000E+(10 

.00000Et00 

.ooooo~+oe 

.0000OE+O6 

.00000Et00 

.12322E-02 

.12643E-0? 

.12844E-02 

.12805E-02 

,3272JE-03 

,30139E-03 

.29192E-03 

.31371E-03 

.36179E-O5 

,41397E-03 

.34047€-03 

.26309E-03 

-.37741E-03 

-.42255€-03 

-. 44918E-03 

-. 4727 1E-03 

-.50378i-03 

-. b358?E-03 

-.66684E-03 

-. 6441 1E-03 

-.8?6S?E-03 

-.?5236E-O3 

-.98151E-0; 

-. 98786E-03 

-.90?96E-03 

-. lX86E-02 

-. 15628E-02 
-. 1383!E-02 

-. 13574E-02 

-. 129b2E-02 

-. lb007E-02 

-.165?lE-S? 

-. IhbbjE-02 

-. 19679E-02 

-. 11733E-02 

-. 33373E-03 

.48714€-03 

-. 15827E-02 

-.39826E-OZ 

-.35963€-02 

-. 27064E-02 

-. 20551E-O? 

-. 116bOE-02 

-.246b3E-03 

.6067?E-03 

-. 44486E -02 

-.39307E-02 

-.34119E O? 

-. 28835F-02 

-.??051E-O? 

-. 1 Ib l lE -02  

.06000E40 

.547b?E-O3 

-.43073E-0? 

-.3RT'dbF-4? 

-.34404E-02 

-.29?hX-O2 

-.25550E-O2 

-. 41bl?E-O? 

-.38335E-O! 

-. 34845E-02 

-.31175E-02 

-. ?8??7E-V2 

-. 10290:-02 

- . m a ~ - a 2  

-. 355 I1E-02 

.00000E+00 

.00000E+00 

.0000QE+00 

.0000QEt00 

.00000E+GO 

.00000E+OO 

.0000@Et00 

, OOOOOE b o 0  

.000OOE+?O 

.00000E+00 

.00090E+O0 

.00@0@E+00 

.00000E+00 

.00000E+1)0 

. 00000i+00 

.00000E+00 

. OOOOCE tOO 

.09000Et00 

.00000E+00 

.OOOOOEtOO 

.0@000E+00 

.00000E+OO 

.00000EtQ0 

.00000Et00 

.00000E+00 

.oeooe~too 

.00GO@E+00 

.00000€+00 

.@0000Em 

.0000OE+O0 

.00000~40~ 

.0000OE+OP 

.0000@E+00 

.00000E+09 

. 0OOOOEtOO 

.0000OE+00 

.00000Et00 

. OOO00EtOO 

. OOOOOE b o o  

. OOOOOE+OO 

.00000E+00 

.0000OEtCO 

.00000Et00 

.00OOOE+00 

.C0000E+00 

. OOOOOEeOO 

.00COOE400 

. o o ~ o e ~ + o o  

.OOOOOE+OO 

.00000Et00 

.0000OE+00 

, DOOOOE400 

.OOOOFE+00 

.000?OEt00 

~ 0000OEt00 

.00000E+00 

.00000Et00 

. OQOOOEtOO 

.00000Et00 

.00GO@E+OO 

.0000OEt00 

. OOOOOEtQO 

.0000OE+0O 

. OOOO@E+OO 

.000QOEt00 

.00000Et00 

90000EtOO 

.00000Et00 

.00000E+00 

.00000E+00 

.0@01)OEtOO 

.00000E+00 

.00000EtOQ 

.0@00OE+00 

.OC'QC9E+OO 

.00000E+OO 

. OOOOCEtOO 

.00060€+00 

.00000EtO0 

.0000QE+00 

. O O O O O E t O O  

.00900E+O0 

* OOOOOEtoO 

, OOOOFEtOO 

.00000E+00 

.0000OE+O9 

,90000Et00 

.OQOOQE+QO 

. OOOOCE450 

. O@OOOE+OO 
.OOOOOE+GO 

.00000E+Q0 

.OOOOOE+O0 

.000GOE+@0 

.0000OE+00 

.OOO00E+00 

, @OOOOEtO@ 

.00000E+VO 

. OOOOOE+OO 
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0 62 1 

0 b l  I 

0 60 1 

0 59 1 

0 58 I 

0 51 1 

0 56 1 

0 55 1 

0 54 1 

0 53 1 

0 52 1 

0 51 I 

0 50 1 

0 49 I 

0 48 1 

0 47 1 

0 46 1 

0 45 1 

0 44 I 

0 43 I 

0 4: 1 

0 41 I 

0 40 I 

0 3 1 

0 38 1 

0 37 1 

0 3b 1 

0 35 1 

0 34 I 

0 33 1 

0 52 1 

0 51 1 

0 30 1 

-. i644r~-o? 
-.15843E-02 

-. li?O?E-!)? 

-. ia385~-02 

-. 18541E-02 

-. 18345E-02 

-. i7e04~-02  

-. 18879E-02 

-.l935E-02 

-. 19501E-02 

-. 1Fj32E-02 

-. 1882bE-02 

- . i w ~ - a :  

-. 19457E-02 

-. I?b08E-1!2 

-. 19445E-02 

-. 189b7E-02 

-. lB332E-02 

-, 187bE-02 

-. 18899E-02 

-. 18740E-O? 
-.18?7OE-O2 

-. lb!33?E-0? 

-. 17?50E-0? 

-.1731?E-02 

-. li?57E-i)2 

-. 16BOIE-0? 

-. 14535E-92 
-.14913E-02 

-. 151 14E-02 

-.15117E-02 

-. 14693E-02 

-. 11489E-01 

-.33098€-02 

-.3075SE-02 

-. 39127E-02 

-, 37729E-02 

-. 36190E-02 

-. 34674E-GZ 

-. 33222E-02 

-.38lOFE-O? 

-, 37539E-$12 

-.36871E-02 

-.36206E-O2 

-. 3560bE-02 

-.3?18X-Ol 

-.3739bE-O? 

-. 37552E-02 
-. 37695E-02 
-. 37908E-(1: 

-.3b307E-02 

-. 57285E-02 

-. 38234E-02 

-. 3 m E - O ?  

-.40131E-0? 

-.35461E-u? 

-. Zi173E-O? 

-. 38BYE-02 

-. 40581E-O? 

-. 422EE-02 

-.34bbGE-0? 

-.37056E-O? 

-.39439E-O2 

-.41978E-U2 

-. 44432E-02 

-.3;97bE-0? 

.0000E+OD 

.00000Et00 

.00000E+O0 

. oooooE+oo 

. OOOOOE+OO 

. 0 0 0 0 I t 0 0  

.aoooo~toa 

,OOOOOEt00 

. OOOOOEtOO 

. DWNE HID 

. G@OO@f t0Q 

.0000@E+00 

. o e o o ~ o  

.0000GE+00 

.00000E+00 

.00OOOE+OO 

.0000OE+G0 

. OOO0OEtOO 

.0000OE+00 

.00000E+O0 

, 00000Et00 

. M@Ot~EtOO 

.00000E+I)O 

,00000Et00 

.06000E+O0 

.00300€+00 

.0@OOOE+00 

. DOOOOEtOO 

.00000E+OO 

.OOOO@E+OO 

.OOO(JOE*0@ 

.OBWOE+UO 

. O~OOOOE to0 

.6om€+oO 

.0000OE+00 

.00000E+00 

.OOOOOE+OO 

. OOOOOEMO 

. DOOOOEtOO 

. oooooE+oo 

.00GOOE+00 

.0000OE+OO 

.00000€+00 

.0000M+OO 

.00000E+00 

. OOOOOE+'JO 

,00000E+00 

. ~ u m + 0 0  

.00O00E+OO 

.00000E+OO 

. OOOOOE~O~ 

.OUOO0Et00 

.00000E+OO 

.OOOOOE+00 

* 000DGE+00 

.0000oE~00 

. OOOOoE+0O 

.WOOE+I'O 

.OQOOGEtOO 

.O00OOE+OO 

.G000OE*QO 

. 0OOOoE+OO 

.00OOOE*OO 

.00000E+UO 

. M~OOQEtOO 

.000UOE+UO 

.m6oOE+oo 

.OOOOM*OO 

.00000EtBO 

. OOObOE+OO 

.00000Et00 

.00000Et00 

. Of)0OOE+00 

.00000E+00 

.00000E+G? 

. W300Et00 

.000OOEc00 

. 00OOOEtOO 

. o0oooE+oo 

.0000M+00 

.00000Et00 

.00000EtO@ 

, OOOOOE+OO 

.00000EtO0 

. OO@OOE+OO 

. OOOOMtOO 

.OU~OOEtOO 

, @09@OE+O@ 

,00000EtOO 

. 00600Et00 

. UO0OOE+00 

.OOOOM+00 

. OOOOOEtOO 

. OOfiOOE+DO 

. OOfiOOE+UO 

. oooooE+oo 

. o m m o o  

.0000OE+OO 

,@0000E+00 



0 29 1 .DOOOOEtOO 

0 28 1 .00@0GEt00 

0 27 1 .@OC.OOEt@O 

0 26 1 .0@009€+90 

0 25 1 .00@00E+00 

0 24 1 .00COOE+00 

0 23 1 .OOOOOEtOO 

0 22 1 .@000@E+0@ 

0 21 1 .000005+90 

0 29 1 .0@0@0E+00 

0 19 1 .OOCOOE+@O 

o 18 i .enoooE+oo 

0 17 1 .000@GEt00 

0 I b  1 .@uCO@Et00 

0 15 1 .OLIODO€tW 

0 I4 1 .@0000EtuO 

0 13 I .OwWEt90 

0 I ?  I .@000@E+oO 

0 I1  1 .0000OE+0@ 

0 10 1 .@0@0C.EI")O 

@ 9 1 .@0000Et00 

0 E 1 .00600Et00 

0 7 1 .00DOOE~OO 

0 b 1 .00COOEtO@ 

0 5 I .OI?[IU0€+09 

0 4 1 .0000@EtuO 

0 3 I .000n@E+0@ 

0 2 1 .0?000EtO@ 

0 I 1 .00000Et00 

i T u a - D I n E N s I o N i L  

-. 11777E-02 -.36947E-02 

-. 11942E-02 -.399bbE-02 

.*. 12Q33E-02 -.42961E-02 

-. 11929E-02 -.469EbE-0? 

-. 11903E-02 -.52416E4? 

-.$9519E-03 -.33333€-@2 

-.60715€-03 -.35719E-42 

-.606?3E-@3 -.40039E-0? 

- . ~ w ~ E - o :  -.4;5i4~-5? 

-.5504X-03 -.4790bE-@? 

-.52?12E-03 -.5?01BEi? 

.151@6€-04 -.33121E-02 

.16@77E-04 -. 365';9E-<l? 

.24OEBE-Ol -. 39957E-92 

.4@4?'E-64 -. 4353E-02 

.5@161E-04 -. 4708GE-02 

,420lbE-04 -.50589E-02 

,628?1E-03 -.SX86E-@? 

.63458E-03 -.36338E-Q? 

, b4143E-03 -.39632€-0? 

.64730E-01 -.4291?E-02 

.65267E-03 -.46185E-02 

.5(1080E-@5 -. 4951iflE-02 

.12374E-0? -.329?1E-02 

I l?lbDE-9? -.36037E-W 

,12535E-02 -.3911?E-0? 

,124OBE-02 -.42198E-02 

,12587E-02 -.45?86€-4? 

.12768E-0? -.4831i)E-02 

F I N I T E  E ~ E ~ E N  

.00000E+QO 

.0@000E+OO 

.00@00E+00 

.@0000E+00 

.00000E400 

.0000M+00 

.00@00Et00 

, OOOODEtOO 

. 000@0E+00 

.00000E+00 

.OO@@@Et00 

.00@00E+00 

.00@90E+00 

.000@0E+O@ 

.0@000Et90 

.0000@E+00 

. @@O@@EtO@ 

.00000E+00 

, OOOOOEt90 

.00000E+OO 

I OOOO@E+O@ 

.0000@E+00 

.0000GEt0@ 

. O9@OFE+00 

. OOOOOEt00 

.@00@0E+00 

.00000E+00 

. OO@@OE+O@ 

.GOOOOEtOO 

.C000@EtOO 

, @ O C O ~ E + ~ O  

.000@0E+00 

. OOOO@E+O@ 

. OOOOCEtOQ 

.00OQQE+00 

.00L100E+00 

.00000E+00 

.0@900E+00 

. o c ~ o a ~ m  

.@0@00EtO@ 

.00000EtO0 

.0@000E+@O 

.00000E+@@ 

.000fiQE+O@ 

.000@0Et00 

I O@OO@E too 

. @OOOOEtOO 

.0@00CEt00 

. OOOOCEtOO 

.00@00E+0@ 

.00000Et0@ 

.0@000E+@0 

.0nouo;+oo 

.00G0[lEt00 

.00000E+00 

.000OCE+00 

.0@0COEt0@ 

.00000Et00 

I .  CENTROID STRESSES REFERENCED TO LOCAL Y - l  CODRBIRBTES. 
2. RID-SlIX STRESSES ARE I U F M L  BNB PRRRLCFC TO ELEHEMT EKES. 
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LOAO Lac 

I CEN 
0 
MLEllENT ( 

LUAD LOC 

I CEN 
0 
OELEHENT ( 

LOAD LOC 

I CEN 
0 
OELEHEMT ( 

LOAD LOC 

1 CEN 
0 
OELEMENT ( 

LORD LOC 

I CEN 
0 
MLERENT ( 

LOAD LOC 

I CEN 
0 
OELENENT ( 

LOliO LOC 

I CEN 
0 
OELENENT ( 

LOAD LOC 

1 CEN 
9 
OELEREHT ( 

LOA0 LOC 

I CEN 
0 
MLEHENT ( 

LOfiD LOC 

I CEN 
0 
OELEflENT ( 

LORD LOC 

1 CEH 
0 
OELEnENf ( 

511 

-.17836&+02 

21 

S l l  

.3+477E+O2 

3)  

511 

.21127E+02 

4) 

SI1 

-. 13849Et02 

5) 

51 1 

-. 10256Et02 

b )  

SI 1 

.10474€+03 

7) 

511 

-.30859Et03 

8) 

SI I 

-.13990E+@3 

9 )  

51 1 

-.22726E+03 

101 

511 

-.3bEbQEt02 

111 

511 

-. 10157E+04 

12) 

522 

.10445€+0? 

522 

-. 29436Et02 

522 

-.35221€+02 

SZ? 

.36175E+01 

S?? 

.478JSEtO? 

522 

-. 15439tQ3 

S?? 

-.9726OE+O2 

S?? 

,751 7 6 E W  

S 2  

.11?34E+03 

522 

.41?99Et1)2 

522 

-. 122XEtO4 

533 

.14006Et04 

533 

.13587E+04 

533 

.13101E+E4 

s3; 

.1?70bE+O4 

SS3 

. l2439EI.04 

533 

,50325Et03 

533 

.37684E+O3 

533 

.3b?31E+O3 

$53 

.4@93OEt03 

S3j 

.4?7O?E+O? 

533 

-. 1045JE+04 

512 

-. 32470Et01 

s12 

,17738Et02 

SI2 

.524b4E+02 

Sl? 

.71 I44EtO2 

512 

.34764E+02 

s12 

.12434E+03 

Si2 

,?27?6E+03 

SI2 

I 14264E+03 

512 

- .5497Et02 

SI2 

-.50257Et02 

512 

.7755SEc03 

S-HRX 

.10813E+02 

s-mix 

.j9070E+OZ 

5-MAX 

.5?50jE+02 

S-tIR1 

.6658?E+G? 

S-?IAX 

.640?1E+02 

S-HAX 

.15475EtGj 

5-HAW 

.47701€+0? 

S-MAX 

.11?@4E+03 

5 - i ~  

.1?785E+03 

S-MAX 

.66147E+R 

s-tinx 

-.37063Et03 

S-nIw 

-. IBMR to2 

5-HIN 

-.340?9Et02 

S-MIN 

-. b6598EW 

S-NIN 

-.76814E+O? 

S - M H  

-. 2651 I E N !  

5-#IN 

-.?0437E+O3 

S-flIN 

- .4535SE+O3 

S-UIH 

-.47bibE+OJ 

WIIN 

-. 23577E+!t3 

S-ItIN 

-. bl j l lE+0Z 

S-HlN 

-.19?83E+O4 

RNGLE 

-83.53 

RN6LE 

14.52 

MGCE 

50.89 

ANGLE 

48.50 

ANGLE 

64.94 

RNGLE 

21.91 

RNELE 

57 " 47 

ANGLE 

75.51 

RNGLE 

-81.20 

RNGLE 

-64.06 

ANGLE 

42.28 
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L@AO LOC 51 I 

I CEN -.10754E+O4 
0 
OELEElEHT ( 151 

LOA0 LOC S l l  

I CEN -.62615E+03 
0 
OELEHENT ( 14) 

LOAD LOC 511 

1 CEN -.25757E+03 
0 
OELEtlENT ( 1 3  

LOAD LOC 51 I 

I CEN -.327?0Et02 
0 
OELEREHT ( I61 

LORI LOC SI1 

I CEN .5b:42E+O3 
0 
OELEIENT ( 17) 

LOAD LOC 51 I 

I CEN .340?0Et03 
0 
OELEKNT ( 18) 

LORD LOC 51 1 

1 CEN .24291Et03 
0 
OELERENT ( 191 

LORE LOC 511 

I CEN .11340E+Oj 
0 
O E L E H E H T  ( ?5! 

LOAD LOC 511 

I CEW ,16408E-02 
0 
OELEftENT I 21) 

LORD LOC 51 I 

I CEN . i z m t o 4  
0 
DELEIlENT ( ??! 

LORD LOC 511 

I CEN .89?1EE+03 
0 
OELEPlENT t 231 

S?? 

.12870E+03 

522 

.97585E+?3 

522 

. ??78bEW 

S2? 

-.4677BE+O5 

522 

.4087SE+01 

522 

.4368BE+OI 

S?? 

.20794E+OI 

522 

.25683E+03 

522 

-. 150?IEt04 

S?? 

.EOZ17EtO4 

S?? 

. 2 m ~ + o i  

533 

-.51931E+03 

533 

-.29174E+03 

$33 

-.41bBlE+O3 

533 

-.54301E+@3 

533 

.17536E+05 

53; 

.I1525E*03 

533 

-. 57762~ tes  

533 

-.112jSEt03 

553 

-. l6?67Et04 

533 

.80227E+03 

553 

-.74585Et03 

512 

.81662E+03 

512 

-.27023E+03 

512 

-.57383€+03 

SI? 

-.3054FE+03 

512 

. I ~ E + O ~  

SI?  

.72961E+03 

512 

-.70042i+03 

512 

-.E4720E+03 

SI? 

- . 4 4 1 0 0 ~  to3 

Sl? 

.1@483E+04 

512 

-. 1085lEt03 

5-RRX 

.78b8lE+03 

s-nsx 

.10397Et04 

5-NAX 

.50N?OE+03 

s-nm 

.12465E+@J 

S-RRX 

.47079Et04 

s-nkx 

.41965€+04 

S-MAX 

. ?3IbOEW 

S-flRX 

.10353E+04 

S-fllll 

.13519E+03 

5- a1 

.8189bE+04 

S-W?X 

.3005X+04 

S-HIN 

-. 14335Et04 

S-BIN 

-.66499E+03 

S-HIN 

-.63791E+03 

5-h1n 

-. 62518Et03 

S-HIM 

.43197Et52 

s-nIn 

.2  I281 E tQ3 

S-RIN 

.62b53E+OI 

S-IIIN 

-. 66512Et03 

S-HIN 

-. l6209Et04 

5-r1n 

.10951E+01 

5-h1n 

.8E65OEt03 

RNGLE 

bb.32 

RN6I.E 

-80.79 

AHSLE 

-5b.46 

RNGLE 

-27.27 

AWSLE 

68.61 

ANGLE 

80.04 

ANGLE 

-71.53 

RIIGLE 

-47.42 

ANGLE 

-15.07 

RNGLE 

81.41 

RWGLE 

-87.06 



LORD LUC 51 I 

I CEN .42792E+03 
0 
OELEnENT ( 241 

LOR0 LOC SI1 

I CEN . 7 a ~ ~ t o z  
0 
OELEKENT [ 251 

LOAD LOC SI1 

I LEN .32910E+02 
0 
OELEHENT ( 261 

LORD Lac 511 

I CEH .54002E+Oj 
0 
OELEKENT I 27) 

LOAD LUC SI I 

I CEN .34456Et03 
0 
OELEREIIT ( ?E! 

LOAD LOC s1 I 

I LEY .97308E+O2 
0 
OELEMEKNT ( 291 

LUAU LOC S t 1  

I CEN .4823hE+02 
0 
OELEMENT ( 301 

LORD LOC SI1 

I CEN .80511EtO? 
0 
OELENEWT L 311 

LORD L E  511 

I CEN . I b X E + 0 3  
0 
MLEilENT L 32! 

LOBD LOC S l l  

I LEN .57986E+02 
0 
OELEKElT ( 3 3  

LORD LUC SI 1 

I CEN -.Zi?9FE+01 
0 
OElFflENT t 341 

522 

.30975E+03 

522 

-. 23694EtOii 

522 

,74 189Et04 

S22 

,59381E404 

S?2 

.3928?E+03 

S?? 

-. 27b91Et04 

512 

.74074Et01 

S?? 

.4*108E+04 

S1? 

.5?905Et03 

522 

-.2?609E+04 

522 

.7571bE+O4 

s33 

-. 16lElE+O4 

s 33 

-. 24397Et04 

533 

-.90997E+G? 

533 

-.95271E+03 

533 

-. 19932Et04 

553 

-.29137E+O1 

533 

-. 35256€+Oj 

s 3s 

-. 13257Et04 

533 

-.22689E+04 

533 

-.3236;€+04 

533 

-. 47673Et.03 

1 4  1 

512 

-.55736E+Oj 

512 

-.30!54EtOS 

SI2 

.96550E+02 

512 

,15585Et03 

SI2 

- . 2  1 1 %€+OS 

512 

-. 14860Et03 

512 

-.67btOE+02 

SI2 

-. 1164bEl.03 

SI? 

-.11194E+03 

SI? 

-. 6561 IE+O? 

512 

-. 115as~ tas  

S-tIRX 

.92931€+03 

s-nAx 

.11521Et03 

s-nai 

.74?QZE+04 

S-RAY 

.39435E+O4 

S-1AX 

. 5&'IPIE+Oj 

S-nRW 

.10499E+03 

s-nnx 

.71080€+04 

$-nu 

.40 I12Et04 

S-RRX 

.560blEtO3 

SdAX 

.59420E+G2 

s-nRX 

.75734EtO4 

S-MN 

-.191bSE+03 

S-BIN 

-.24059E+04 

5-1111 

.3164BE+OZ 

S-nIN 

.53460E+03 

5-HIH 

.15546€+03 

S-HIN 

-.2776BE+04 

5-MN 

.17615E+02 

6-BIN 

.7iObP+02 

5-RIN 

.13198E+03 

S-nlN 

-.29623E+04 

5-HIN 

-.40007E+01 

RIGLE 

-41.97 

ANGLE 

-b. 92 

ANGLE 

89.25 

ANGLE 

87.71 

ANGLE 

-48.25 

ANGLE 

-2.9b 

RHGLE 

-89.47 

WGLE 

-88.30 

AHGLE 

-74.26 

RNGLE 

-1.25 

RNGLE 

-89.12 
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LORD LQC SI1 

I CEH .36509E+02 
0 
OELEIEHT I 351 

522 

.40477E+04 

5i2 

-. 22k0?€+03 

S-HAX 

.40502Etb4 

AHGLE 

-85.80 

LORD Lac SI I s22 

. k6842Et03 

533 

-. 2k709EtGB 

512 

-. 197PEE+03 

s-mx 

.546b5E+03 

S-IIIN 

-.28044Et02 1 CEN .50169€+02 
0 
OELENEHT ( 36) 

LOAD LOC s11 533 

-.34266E+04 

512 

-.7%4lE+02 

s-nAX 

.36347EtG2 

S-HIN 

- I 30891Et04 

ANSLE 

-1.35 1 CEN .346llE+02 
0 
MLEnENT I 37) 

LOAD LOC 511 

1 CEN .312k5E+OI 
b 
OELEtlENT ( 38) 

553 

-.41296E+03 

512 

-.14551E+03 

S-NAx 

.78?36Et04 

RRGLE 

-88.93 

LORD LOC SI1 S2? 

.k1100EtO4 

533 

-. 15104Et04 

512 

-. 30691Et03 
S-MRX 

.41329€+04 

S-HlN 

-.23298Et01 

ANGLE 

-85.73 1 CEH .20576E+02 
0 
OELENENT ( 39)  

LOAD LOC s I1 533 

-.254G5E+G4 

512 

-.29??5E+03 

S-RAX 

.54?4?Et03 

kHSLE 

-60.00 I CEN .43196€+0? 
0 
OELEMEHT I 40) 

LOAD LOC Sl I  

1 CEH .?8147EtG2 
0 
OELEREHT t 41\ 

522 

-,3?8?EEt04 

512 

-. 1265bEtO3 

S-RRX 

.32966Et02 

5-MW 

-.3?946€+04 

RHSLE 

-2. LB 

LOAD Lac SI1 

I CEH .b7lKE+Ol 
0 
OELEHERT 421 

s 33 

-.25919E+LlS 

SI? 

-.16979EtQ3 

S-HdX 

.81326E+b4 

S-NIN 

.31706€+01. 

RHGLE 

-BB.BO 

RNSLE 

-114.89 

S?? 

. k2?95Et04 

53; 

-. 14050Et04 

512 

-.37952Et03 

S-ilIN 

-.22087E+02 I CEN .11827E+G2 
0 
OELEHENT ( 431 

LOAD Lac SI1 

I CEH .387!4E+02 
0 
OELEHENT ( 44) 

l O A D  LOC SI1 

I CEN .231?6EtO? 
0 
OELENENT ( 45! 

522 

. ?91bOEt03 

533 

-.?4970Et04 

SI? 

-.39511Et03 

ANGLE 

-53.87 

522 

-. 3590PEt04 

533 

-.:547TEt@4 

5-HAX 

.32513Et02 

h#fiLE 

-2.90 
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LORD LOC 511 

I CEN -.lb173Et02 
0 
OELEMEMT ( 461 

LOAD LOC S l l  

1 CEN .36179€+02 
0 
OELEENT ( 47) 

Lobe LOC SI 1 

I CEN . z a m t o z  
0 
OELEREHT I 481 

LOAD Lac SI1 

I CEh .34677€+92 
0 
OELERENT 1 49! 

LOA0 LOC 511 

I CEN .10105E+liJ 
0 
MLERNT ( 501 

LORD LOC 511 

I CEN .6214lE+02 
0 
OELEMENT ( 911 

LOAD LOU s11 

1 CEN .23211&+05 
0 
OELEMENT ( 521 

LORD LOC SI1 

I CEN .72701€+02 
0 
OELEHENT ( 531 

LORD LOC SI I 

1 CEN -.86113E+02 
0 
OELEMENT ( SI! 

LOA0 LOC S l l  

I LEN .10028€+04 
0 
OELEflENT ( 551 

LDRD LOC 511 

I LEN .57?15E+03 
0 
MLEKNT ( 561 

522 

.84816Et04 

522 

,439 lBEtO4 

s22 

.?0!38f+Oj 

522 

-. 39944Et04 

SZ? 

.88977E+O4 

522 

.45933Et04 

522 

.1243@Et03 

SZ? 

- .WbSEtOi 

522 

.94977E+04 

SZ? 

.4@OllE+O4 

S22 

-. jO9IEtO3 

533 

.4100SE+O? 

533 

..11472E+04 

533 

- .?3XEt04 

533 

-.34796EtO4 

S33 

.54803Et03 

533 

-. 74865Et02 

533 

- . l9 l? lEt04 

533 

-. XO14EtO4 

533 

.11531EtO4 

533 

.57503E+02 

553 

-. 15356Et04 

512 

-. 18328E+03 

s12 

-. +45Xi&t03 

512 

-. 1884bEt03 

512 

-.24992Et03 

512 

-. 2O981Ec(J3 

512 

-. 5314BEe03 

SI? 

-.Ja944E+03 

s12 

-.21114?E+?3 

512 

-. 39j01€+03 

512 

-.944lOEt03 

512 

-. 32684Et03 

S-MRX 

.8485SEtOI 

5-HRX 

.4436JEtOl 

s-ar 

. b1462EtOj 

S-HAX 

.49997Et02 

S-)IRX 

.89027E+04 

s-nRX 

.46519E+O4 

S-HRX 

.7bP14E+03 

5-HRx 

,85418EtOZ 

5-nnw 

.95138E+04 

s-tw 

.5022BE+F4 

S-RRW 

.68011E+Q3 

S-RIM 

-.201?4E+02 

S-MH 

-. 88908Et01 

S-HIM 

-.3784?E+03 

s-nrw 

-. 40047E+04 

5-H IN 

.96052E+02 

S-MIN 

. b37?OE+00 

s-MlW 

-.41260E+(r3 

5-N1W 

-. 1499bEt04 

5-#IN 

-.1025M+O3 

S-iIrN 

,78109Et03 

5-RIM 

-. 417 lOEtO3 

RkGLE 

-88.77 

ANGLE 

-89.22 

ANGLE 

-50.18 

ANGLE 

-5.52 

RNGCE 

-88.63 

ANBLE 

-85.40 

BN6LE 

-42.38 

ANGLE 

-3.02 

ANGLE 

-a7. bb 

AW6LE 

-76.78 

RNRE 

- m a  
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Loea LOC SI1 

I CEN .l466REtO3 
0 
OELEhEH ( 57) 

533 

-. 29147Et04 

512 

-.80043E+O? 

ANGLE 

-. 92 

533 

.31786Et04 

512 

-. 23015€+04 

S-NRX 

.117?1E+05 

ANGLE 

-75.17 

522 

.11182E+05 I CEN .30?91E+04 
0 
OELEHENT ( sa1 

LORO LOC SI I 

I CEN .1892IE+O(I 
0 
OELEt l iHT ( 591 

$22 

.32483E+OI 

SI? 

-, 2?351EtO? 

R#SLE 

-81.41 

LOAD LOC 511 533 

-. 87277Et03 

S-tlAX 

.9k754€+03 I CEN .R3952E+03 
0 
OELEKEIIT I 60) 

RNSLE 

2.9k 

LORD LOC SI I szz 

- . 4 i  101 Et04 

533 

-.22580Et04 

SI2 

. is1 12EtO3 

S-RlN 

-. 47230Et04 I CEH .lbE5?E+03 
0 
0ELEHEHT ( 611 

LOAD LOC SI1 

I CEN -.57980E+03 
0 
OELERENT ( 62)  

S12 

-.42bOEEtQ4 

533 

-. 18?95E+04 

s-niN 

-. 47657Et04 

RHGLE 

21.85 

L a m  ?UC 511 

I CEN .31?1EE+O3 
0 
OELEHEMT ( 43) 

522 

-. 51 142EtO4 

553 

-. 1569fii+04 
512 

-.33578E+04 

S-PiRX 

.19404E+04 

S.-HIN 

-.67124Et04 

ANGLE 

-25.45 

LOAD LOC 51 I S?? 

,46897Et04 

533 

.25102Et04 

SI2 

-.33872E404 

5-NRX 

.77118E+04 

RMGLE 

-47.98 I CEN .39827EtO4 
0 
OELEflENT ( 641 

LORO LOC 511 S?? 

.59896Et04 

ss; 

.23039Et04 

5-HIN 

.20949Et04 

ANGLE 

-86.96 I E N  .21057EtOI 
0 
OELEHEMT ( 65) 

LOAD LOC SI I 

I CEN .12997E+04 
0 
OELEIlENT ( 661 

LOAD Lor. SI1 

I CEN .53457E+03 
0 
OELEREHT ( 6?) 

533 

. llOk1EtOl 

SI? 

.12254€+01 

5-#AX 

.35096€*94 

ANGLE 

61.10 

533 

-.I??7OE+Q3 

512 

.12232E+04 

5-HAX 

.13235E+04 

S-I I IN 

-.13621E+04 

RXGLE 

32.82 
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LORD LOC 511 

I CEH .11129EtO3 
0 
OELEHEMT ( 68) 

LORD LOC s11 

I CEH .9,rl42E+03 
0 
OELEHEHT ( 691 

LOAD LOC S I1  

1 CEN .13285EtO4 
0 
OELEHEHT ( 701 

LORD LOC 511 

I CEN -.99767Et03 
0 
OELEHENT I 71) 

LUGD LOC 511 

I CEH -.82634E+Oi 
0 
OELEREHT ( 72) 

LOAli LflC SI 1 

I CEN -.35810E+03 
0 
OELEHEHT ( 73) 

LOAD LOC s i  I 

1 CEH -.593EEtO? 
0 
OELEHEhT ( 741 

LOAD LOC SI1 

I CEH -.93078E+01 
0 
IOELEtlENT ( 751 

LOAD LOC 511 

I CEN -.19091E+O3 
0 
OELEHENT L 76) 

LOAD 1DC SI1 

I CEN -.60976EtOj 
0 
OELEENT ( 771 

LDGD LOC s i 1  

1 CEN -.8?718E+O: 
0 
OELEtiFhT ( 7Rl 

522 

-.38347E+04 

522 

-.3424bE+04 

522 

-. 95350Et03 

522 

.lb437Et04 

522 

,3259PEi44 

522 

,194bbEt04 

522 

-, ?ZbOBE+O? 

522 

-. 24334Et04 

5-22 

-. 15418E+09 

S2? 

-.?ll.S7E+Q3 

522 

.74361E+03 

s33 

-. 11942Et04 

533 

.517OOE+O3 

533 

.14147E+G4 

83; 

.144?7Et04 

533 

.18385€+04 

53; 

.11834E+04 

533 

.Bbb17E+03 

533 

.198?OE+O3 

533 

.2270 1 Et04 

533 

.24 142Et04 

$3; 

.24743Et04 

S l?  

. b0932Er03 

SI2  

-.5182DEtOS 

512 

-.?3974E+04 

SI? 

-.25277E+04 

512 

-.241?MtnS 

512 

.12715Et04 

SI? 

,15?57E+O4 

512 

.74501Et03 

512 

-.95179E+O3 

SI2 

-. 15004Et04 

SI? 

-.12316E+64 

S-NAX 

,20524Et03 

5-n4x 

10514E+04 

S-HRI 

. ?849a~ t04  

s-w 

.31749€+04 

5-HAX 

.3273?E+04 

S-IIGX 

.25 IO3Et04 

S-IRX 

.13652E+04 

s-nai 

201 S5Et03 

S-ilRX 

.30075Et03 

5-HGX 

.11001E+04 

S-HAI 

14031Et04 

S-NIN 

-. 3926M+01 

s-nrw 

-.31846E+04 

S-HIN 

-. 24647Et04 

S-IIH 

-.25289E+04 

S-RIM 

-.840?9Et03 

S-BIN 

-.92173Etn3 

s-nin 

-. 1biOiEtOl 

HIN 

-. 26441Et01 

S-BIN 

-.203;5€+94 

S-nIH 

-. 1??64E+04 

5-HIN 

-. 15567Et64 

RN6LE 

8.58 

GHSLE 

-4.60 

RNGLE 

-32.23 

ANGLE 

-58.79 

RXGLE 

-86.63 

RWSLE 

64.09 

RHGLE 

43.44 

ANGLE 

15.79 

I\#fiLE 

-27.32 

WGLE 

-48.73 

RHCLE 

-61.83 
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LOAD LOC si1 

I CEN -.14041E+04 
0 
OELEilENI ( 79) 

LOAD LOC S l i  

1 CEN -.11133E+Q4 
0 
OEtEtlEHT ( 80) 

LOAD LOC Sli 

I CEN -.57771E+O; 
0 
OELtttEEll ( 81) 

LOAD LGC s11 

1 CEN -.1?767E+03 
0 
OELEREMT ( 82) 

LOAD LOC SI1 

I CEN -.137iYE+O; 
0 
OELEHENT t a:) 

LOAD LOC si1 

I CEN -.78704E+Oj 
0 
OELEIIEMT ( 84’ 

LOAD l a c  si1 

1 CEN -.15552E+04 
0 
OELEHEHT ( 851 

LOAD LOC SI! 

1 CEN -.18?56EtOl 
0 
OELEKHT ( 8 0 )  

LORD LOC SI 1 

i CEH -.i5566E+O4 
0 
OELEHENT ( 871 

LoAn Lac SI I 

I CEN -.82819E+0; 
0 
OELEHEHT ( 881 

LOAD LOC S I1  

1 CEN -.18166E+O; 
0 

522 

.11445E+04 

522 

.90?14E403 

522 

-.75780E+O? 

522 

-. 1041PEt04 

522 

-. ?81iEE+03 

$22 

-.i78?27E+O? 

S?? 

,17434Et03 

5-22 

.242@4€+01 

522 

, 17164EtOS 

S12 

-.1?813E+O? 

S?? 

-. 21!24E*93 

I O V E R A L L  T I f l E  L O 6  

si2 

-.35887Et03 

si2 

,74642Et03 

S t ?  

.11172€+04 

SI? 

.58440E+@; 

512 

-. ?8836E+03 

SI? 

-.65b74E+O3 

512 

-.514;7E+05 

si2 

-.9719GE+0? 

si2 

.2?509E+Q3 

SI? 

,15290€+03 

Si? 

.19867EtILi 

s - w  

.11941E+04 

S-HRX 

.11518E+04 

S -HbX 

.E 1764Et03 

S-IihX 

.15597E+Oj 

S-kAX 

.87799E+O? 

S-nhX 

.31512E+03 

S-t iRI  

.3157SE*Oj 

S-ilkX 

.24139E+G3 

S-HRX 

.22064E+Oi 

s-nu 

.18??bEt03 

S-1M 

.i?i19E-01 

S-fl I N 

-. 14537E+01 

S-HlN 

-. l;589E+tPl 

S-HII 

-. 147?1EtO4 

S-NiN 

-, 13?75E+n4 

s-nir 

-.50675EtO3 

s-niH 

-.119FIE+04 

s-nIw 

-. 16?OSE+Ok 

S-HIN 

-, 1S;liEt04 

S- i I lM 

-. l6056€+01 

s-nin 

-. IOiIOEtO4 

s-niN 

-, 3?a9 2E to?: 

RHGLE 

-82. I 4  

ANELE 

71.78 

RKLE 

51 .2  

RHiLE 

5 9 7  

AlSLE 

-S7.9b 

ANGLE 

-56.83 

AMBLE 

-74.53 

ANGLE 

-8!.;2 

ANGLE 

80.57 

RHGLE 

65.83 

RNGLE 

42.44 
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MOOAL POINT INPUT 
ELUENT STIFFNESS FORflATIOW 
NODAL LOAD INPUT 
TOTPL STIFFNESS FlrRMATION 
S T l T f C  ANALYSIS 
EIMHVALUE EXTRRCTIOH 
FORCED RESPONSE ANALYSIS 
RESPOMSE SPECTRM ANALYSIS 
STEP-6Y-STEP INTEGRAIIOM 

= .oo 
= .oo 
= .OQ 
= .oo 
= .oo 
= .oo 
= .oo 
= .oo 
= .oo 

t TOTAL SOLUTIDN TIHE = .oo 
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HFIR MODEL-E REMOVABLE REFLECTOR HYDRAULICS 
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A HYDRAULICS ANALYSIS O f  THE HFIR MODEL-D 
VERSUS MODEL-E REMOVABLE REFLECTOR 

In t roduc t i on 

The "current" o r  "present" removable r e f l ec to r  i s  the Model-D design. 
The Model -E, "modified" removable r e f l ec to r  was designed t o  accommodate 
future experiments planned for the HFIR. Basically, the modification 
consisted of replacing the four 1.5-in.-diam experiment f a c i l i t i e s  w i t h  
e igh t  l a rge r  (Z-in.-diam) Fac i l i t i e s .  Each of the four pa i r s  of la rger  
f a c i l i t i e s  a r e  located adjacent t o  a control rod access plug (CRAP). 

A r e f l e c t o r  coolant inlet temperature o f  120'F and a nominal 40'F coolant 
temperature rise across the r e f l ec to r  was assumed. Fluid spec i f ic  volume 
was obtained from the Fourth Edition of the ASME Steam Tables (1979); 
dynamic v i scos i ty  of water was taken from Table 23, Section 9.1, of the 
Nuclear Engineers Handbook, 

Reflector coolant red is t r ibu t ion  within the removable r e f l ec to r  and the 
e f f e c t s  of the r e f l ec to r  modification on access plug flow ra t e s  a re  
subjec ts  discussed below. Experiment coolant requirements a re  excluded 
from the  ca lcu la t ions .  

The f igures  and t ab le s  of data have been placed a t  the end o f  the report .  

Removable R e f l e a o r  Hydraulics 

Coolant enters the removable r e f l ec to r  by passing across the e ight  
b e l l v i l l e  springs and flowing through the o r i f i c e  located a t  the back of 
each spring (shown by the arrows in Fig. 1) .  The "gFbove coolant 
passage" shown on the r i g h t  s ide  o f  Fig. 1 i s  located a t  .the in te r face  
between the  removable r e f l ec to r  and the  access plug. Those coolant 
passages a r e  discussed l a t e r .  

Test results from a flow ca l ibra t ion  of the "spring" o r i f i c e s  was 
reported in a letter from R.  M. Hjlly.Jr., t o  J. R. McWherter (April 8, 
1964). These o r i f i c e s  a re  0.5 i n .  wide and 2.2 i n .  long. We used the 
method of l e a s t  squares t o  f i t  Hi l l ' s  data,  from those mockup flow t e s t s ,  
t o  the following equation f o r  t h i s  analysis:  

where: 

Q = o r i f i c e  flow r a t e ,  gpm, and 
AP = o r i f i c e  pressure d i f f e r e n t i a l ,  psi. 

The  aluminum u p p e r  containment ring and i t s  proximity t o  the beryllium o f  
the r e f l e c t o r  i s  a l so  shown in Fig. 1. Figure 2.1 i s  a horizontal 
sec t ion  through t h a t  upper containment r ing ,  looking down on the various 
coolant passages within the removable r e f l ec to r .  Although not shown i n  
Fig. 2.1, the "spring" o r i f i c e s  a r e  located rad ia l ly  inward from each 
thru-bol t .  Each o r i f i c e  s t raddles  a containment ring cross-member, and 
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each o r i f i c e  admi ts  coo lan t  i n t o  two ad jacent  p lena.  For example, one 
" s p r i n g "  o r i f i c e  a l l o w s  coo lan t  t o  e n t e r  plenum A and plenum 0, and a 
second " s p r i n g "  o r i f i c e  passes coo lan t  t o  plenum C and plenum 0. 
H o r i z o n t a l  f l o w  from plenum B t o  plenum C i s  v i r t u a l l y  zero s ince  t h e  
cross-member which separates those p lena con tac ts  the  t o p  sur face  o f  t h e  
b e r y l l i u m  and because t h e r e  i s  no o r i f i c e  a t  t h a t  l o c a t i o n .  The coo lan t  
i n s i d e  a plenum f l o w s  downward through t h e  var ious  passages t o  coo l  t h e  
removable r e f l e c t o r  b e r y l 1  ium. The coo lan t  passages o f  plenum A c o n s i s t s  
o f  18 "s tandard  grooves" p l u s  a 0.005- in.  annulus which surrounds t h e  
1 /2 - in .  exper iment f a c i l i t y  l i n e r  tube; plenum t has 13 grooves p l u s  a 
0.020- in.  annulus around t h e  1 1 /2- in .  expr iment f a c i l i t y  l i n e r ;  plenum B 
and plenum D each have 18 s tandard  grooves. 

Each "s tandard  groove" has a coun te rs ink  a t  t he  i n l e t  ( t o p  o f  passage) t o  
min imize  t h e  coo lan t  en t rance losses .  Mockup f l o w  t e s t s  f o r  t he  
r e f l e c t o r  1 /8 - in .  coo lan t  passages was repo r ted  May 1, 1963, i n  a l e t t e r  
by R. M. H i l l ,  Jr., and a l s o  i n  a subsequent l e t t e r  from R.  J. Ked1 t o  J .  
R. McWherter on August 27, 1961. Those exper imental  r e s u l t s ,  co r rec ted  
f o r  d i fFe rence  i n  f l u i d  p r o p e r t i e s  and equ iva len t  diameters was used t o  
o b t a i n  the  en t rance and e x i t  l o s s  c o e f f i c i e n t s  f o r  t he  "s tandard  
grooves." Standard groove f l o w  r a t e s ,  us ing  those c o e f f i c i e n t s ,  was a l s o  
compared aga ins t  H. A .  McLain's unpubl ished design c a l c u l a t i o n s  f o r  
agreement. 

Aluminum l i n e r  tubes f o r  t he  c u r r e n t  l a r g e  (1 .5 - i n . )  and small  ( 0 . 5 - i n . )  
exper iment f a c i l i t i e s  extend v e r t i c a l l y  upward through t h e i r  respec t i ve  
p lena t o  the  r e g i s n  above t h e  upper containment r i n g .  Hence, coo lan t  f o r  
an exper iment i s  ob ta ined from a separate source, above the  removable 
r e f l e c t o r ,  r a t h e r  than from a plenum. No t i ce  t h a t  the  d i w e t e r  o f  t he  
l i n e r  tube i n  plenum C i s  sma l le r  than t h e  r a d i a l  th ickness  o f  t h a t  
plenum (F ig .  2.1). Hence, w a t f r  can f l ow  h o r i z o n t a l l y  around the  1 .5 - in .  
l i n e r  tubes t o  reach those s tandard  grooves l oca ted  ad jacent  t o  t h e  upper 
containment r i n g  cross-member. The mod i f i ed  r e f l e c t o r  (F ig .  2.2) has 
dua l ,  l a r g e r ,  exper iment f a c i l i t y  l i n e r  tubes. Those l i n e r  tubes a re  SO 

l a r g e  (Z- in . -d iam)  t h a t  they  essentia-! ly b locked the  h o r i z o n t a l  coo lan t  
f l o w  i n t o  the  grooved passages nex t  t o  t h e  cross-member. That i s ,  
w i t h o u t  an a1 t e r n a t e  coo lan t  f l o w  pa th  the re  would be a smal 1, 
e s s e n t i a l l y  uncooled, b e r y l l i u m  r e g i o n  between the  dual  l a r g e  f a c i l i t y  
l i n e r  tubes o f  t h e  m o d i f i e d  r e f l e c t o r .  Two small  (0.414-in.-diarn) 
o r i f i c e s  were s i z e d  t o  admit wa te r  from above the  r e f l e c t o r  i n t o  the  
r e g i o n  between t h e  l i n e r  tubes (F ig .  3 ) .  Space l i m i t a t i o n  prec ludes  
s p e c i f y i n g  a s i n g l e ,  l a r g e r ,  o r i f i c e  f o r  t h a t  reg ion .  Each o r i f i c e  i s  
p o s i t i o n e d  d i r e c t l y  above a containment r i n g  cross-member; t he re fo re ,  i t  
was necessary t o  reshape t h a t  cross-member t o  e f f i c i e n t l y  admit  coo lan t  
i n t o  t h e  r e g i o n  (F ig .  3 ) .  O r i f i c e  pressure drop i s  g iven  by t he  
f o l l o w i n g  de r i ved  equat ion:  

A P  = O.0263(Qr)* 

The cons tan t  i nc ludes  a 0.6 o r i f i c e  c o e f f i c i e n t  and the  q u a n t i t y  Q' i s  
t he  t o t a l  f l o w  r a t e  (gpm) th rough bo th  o r i f i c e s .  O r i f i c e  pressure drop 
( A P )  i s  expressed i n  u n i t s  o f  p s i .  Once the  coo lan t  has passed the  
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o r i f i c e ,  i t  i s  then r e d i s t r i b u t e d  among t h e  f o l l o w i n g  f l o w  passages: (1) 
f o u r  s tandard  grooves, (2 )  t h e  0.020-in. annulus which surrounds t h e  
f a c i l i t y  l i n e r  tubes, and (3) two t r i a n g u l a r  "groove" passages. The t.op 
o f  t h e  b e r y l  l i u m  has been recessed t o  ensure u n r e s t r i c t e d  c o o l a n t  f l o w  
i n t o  t h e  two s tandard  grooves l o c a t e d  a t  t h e  i n n e r  r a d i u s  o f  t.he 
r e f l e c t o r  (F ig .  2.2). 

N o t i c e  t h a t  t h e r e  a r e  two 1/4- in.-wide s l o t s  shown a t  t h e  o u t e r  r a d i u s  o f  
t h e  r e f l e c t o r  (F ig .  2.2).  These s l o t s  a r e  machined i n  t h e  b e r y l l i u m  
o n l y .  The s l o t s  were added t o  s a t i s f y  a s t r e n g t h  o f  m a t e r i a l s  problem 
and n o t  f l u i d  f l o w .  A s lo t  w i d t h  o f  1/4 i n .  was the  sma l les t  which would 
guarantee  a t  l e a s t  1/8 i n .  minimum b e r y l l i u m  th ickness .  B e r y l l i u m  i s  a 
b r i t t l e  meta l ,  and t h e  concern was t h a t  smal l  fragments migh t  b reak  o f f  
t h e  r e f l e c t o r  and become wedged i n  the  c learance between the  r e f l e c t o r  
and a c o n t r o l  r o d  access p lug .  Metal  fragments i n  t h a t  r e g i o n  cou ld  make 
access p l u g  removal d i f f i c u l t .  Access p l u g  removal i s  necessary t o  
disengage t h e  upper c o n t r o l  p l a t e s .  It i s  not necessary t o  remove t h e  
access p lugs  t o  r e p l a c e  t h e  f o l l o w i n g  r e a c t o r  components: (1) the  
t a r g e t ,  ( 2 )  t h e  i n n e r  f u e l  assembly, (3)  t h e  o u t e r  f u e l  assembly, ( 4 )  t h e  
shroud f lange,  (5) t h e  i n n e r  shroud, and (6)  t h e  i n n e r  c o n t r o l  c y l i n d e r .  
Furthermore, a l l  exper iments can be removed from the  r e f l e c t o r  and t h e  
access p l u g  independent o f  CRAP removal. 

Wi th  t h e  exper iment l i n e r  tubes  centered, t h e r e  i s  a 0 .020- in .  c learance 
between each tube and t h e  r e f l e c t o r .  Hence, i t  i s  p o s s i b l e  f o r  coo lan t  
f rom a plenum t o  e n t e r  t h e  0 .020- in .  annulus, f l o w  c i r c u m f e r e n t i a l l y  
around t h e  annulux, and empty i n t o  one o f  t h e  1/4- in.  s l o t s  along the  
r e f l e c t o r  o u t e r  sur face .  To p reven t  t h i s  undes i red  l o s s  o f  plenum 
coo lan t ,  f u l l  l e n g t h  l a b y r i n t h s  have been machined i n  t h e  b e r y l l i u m .  As  
i l l u s t r a t e d  i n  F i g .  2.2, t h e  l a b y r i n t h s  a r e  on bo th  s i d e s - o f  each 1/4- 
i n . -w ide  s l o t .  Coo lan t  f l o w  paths  a t  t h e  r e f l e c t o r  o u t s i d e  r a d i u s  and 
t h e  access p l u g  f l o w  r a t e s  a r e  d iscussed i n  t h e  nex t  sec t i on .  A t  t h i s  
p o i n t ,  i t  shou ld  be s u f f i c i e n t  t o  s ta te :  (1) access p l u g  coo lan t  i s  
ob ta ined  by a separa te  f l o w  p a t h  and (2)  o u r  c a l c u l a t i o n s  i n d i c a t e  t h a t  
d u r i n g  normal r e a c t o r  o p e r a t i o n  a sma]] d i f f e r e n t i a l  p ressure  may e x i s t  
across  t h e  l a b y r i n t h s  and i n  t h e  d i r e c t i o n  t o  promote plenum t o  acces's 
p l u g  f low.  

R e f l e c t o r  d i f f e r e n t i a l  p ressure  versus o r i f i c e  p ressure  drop  f o r  t h e  
v a r i o u s  " o r i f i c e s "  a r e  shown i n  F ig .  4. There i s  approximately a 10-ps i  
p ressu re  d i f f e r e n c e  across t h e  removable r e f l e c t o r  d u r i n g  normal r e a c t o r  
ope ra t i on ,  i . e . ,  when t h r e e  p r imary  c o o l a n t  pumps a r e  i n - s e r v i c e .  
Pressure i n s i d e  a plenum i s  equal  t o  t h e  pressure  above t h e  r e f l e c t o r  
minus t h e  o r i f i c e  p ressure  drop. The i n l e t  pressure i s  i d e n t i c a l  f o r  a l l  
" o r i f i c e s "  i l l u s t r a t e d  i n  F i g .  4 ,  and t h e  r e f l e c t o r  coo lan t  passages a l s o  
d i scha rge  t o  a common l o c a t i o n  below the  r e f l e c t o r .  A t  a g i ven  r e f l e c t o r  
d i f f e r e n t i a l  pressure,  t h e r e  i s  expected t o  be l e s s  than about 0 .1  p s i  
d i f f e r e n c e  i n  plenum pressures  (see curves  1, 2, and 3 ) .  I n  o t h e r  words, 
t h e r e  shou ld  be v e r y  l i t t l e  c ross  f l o w  from plenum 8 o r  plenum C i n t o  the  
r e g i o n  between t h e  l i n e r  tubes ( v i a  c i r c u m f e r e n t i a l  f l o w  i n  a l i n e r  tube 
annu lus)  o r  v i c e  versa. The " s p r i n g "  o r i f i c e s  (curves 1 and 2) a re  
i d e n t i c a l .  The smal l  p ressure  d i f f e r e n c e  i s  caused by a s l i g h t  
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d i f f e r e n c e  i n  t h e  f l o w  r a t e  th rough t h e  two o r i f i c e s .  The f l o w  r a t e s  a r e  
d i f f e r e n t  because plenum A con ta ins  t h e  smal l  exper iment f a c i l i t y ,  i .e . ,  
has s l i g h t l y  more f l o w  area than i t s  counterpar t ,  plenum D. The 
magnitude o f  t h e  pressure  d i f f e r e n c e  across a l a b y r i n t h ,  a t  t he  t o p  o f  
t h e  r e f l e c t o r ,  i s  i n d i c a t e d  by comparing t h e  da ta  i n  curve  4 (F ig .  4 )  
w i t h  t h e  o t h e r  th ree  curves. 

Average c o o l a n t  v e l o c i t i e s  i n  t h e  va r ious  coo lan t  passages o f  t he  
m o d i f i e d  r e f l e c t o r  i s  g i ven  i n  F ig .  5. Turbu len t  f l o w  e x i s t s  i n  a l l  o f  
these coo lan t  passages d u r i n g  normal r e a c t o r  opera t ion .  A c o n t r o l  room 
a la rm sounds (annunc ia to r  A-13)  i f  the  r e f l e c t o r  d i f f e r e n t i a l  p ressure  
shou ld  decrease below 6.5 p s i .  Procedures r e q u i r e  the  opera to r  t o  
immedia te ly  shut  down t h e  r e a c t o r  when a r e f l e c t o r  low pressure alarm 
occurs d u r i n g  power ope ra t i on .  'Ihe l o c a t i o n  o f  t he  b o l t  coo lan t  passage 
(cu rve  4 )  i s  shown on F ig .  1. 

l o t a l  f l o w  r a t e s  f o r  t h e  c u r r e n t  (Model-D) r e f l e c t o r  and the  mod i f i ed  
(Model-E) r e f l e c t o r  a re  compared i n  Table 1. A l l  f l o w  passages except 
the  grooves on t h e  ou ts ide  su r face  o f  t he  r e f l e c t o r ,  t h e  t h r u - b o l t  (1/8 
i n . )  coo lan t  passages, and exper iment coo lan t  requirements a re  i nc luded  
i n  t h e  Tab le  1 da ta .  No t i ce  t h a t  t h e  coo lan t  f l o w  r a t e s  f o r  t he  mod i f i ed  
r e f l e c t o r  a re  w i t h i n  1% o f  t h e  f l o w  r a t e s  f o r  t h e  c u r r e n t  des ign  
r e f l e c t o r ,  ;.e., t hey  have decreased o n l y  about 1%. Changing t h e  s i z e  
and number o f  exper iment f a c i l i t i e s  i nvo l ved  about 10% o f  t he  r e f l e c t o r  
volume. Now, s ince  what goes i n t o  a f a c i l i t y  tube w i l l  be coo led  by a 
separa te  f l o w  pa th  and s ince  t h e  heat source i s  p r o p o r t i o n a l  t o  the  
r e f l e c t o r  volume: one can i n f e r  t h a t  t h e  coo lan t  f l o w  r a t e s  f o r  t he  
m o d i f i e d  r e f l e c t o r  have decreased 1% b u t  t h e  heat t o  be removed by t h i s  
c o o l a n t  has been reduced approximately 10%. Remember, o n l y  t h e  coo lan t  
passages which p r e v i o u s l y  were l o c a t e d  i n  t h e  voluiiie now occupied by t h e  
l a r g e  f a c i l i t i e s ,  and i n  t h e  r e g i o n  between those f a c i l i t i e s ,  were 
a f f e c t e d  by t h e  m o d i f i c a t i o n .  A l l  o t h e r  coo lan t  passages remained 
unchanged. 

Access Plug H f i r a u m  

I I F I R  has f o u r  c o n t r o l  r o d  access p lugs .  Each b e r y l l i u m  access p l u g  (F ig .  
6 . 2 )  i s  suspended from t h e  o u t e r  shroud by a component c a l l e d  the  access 
p l u g  hanger. The hanger i s  accu ra te l y  p o s i t i o n e d  by two l o c a t i n g  p ins ,  
as i l l u s t r a t e d  i n  F ig .  6.1. The hanger and i t s  access p l u g  i s  separated 
by spacers and h e l d  together ,  as a u n i t ,  w i t h  a b o l t .  Access plenum i s  
t h e  name g i ven  t h a t  volume between t h e  p l u g  and i t s  hanger. There are  
two 1 /2- in . -d iam exper iment f a c i l i t i e s  i n  each access p lug .  Al though n o t  
shown i n  F ig .  6.1, t h e  b o l t  and each exper iment assembly penet ra tes  the  
hanger. Experiment assemblies have an o u t e r  tube which i s  concen t r i c  
w i t h  t h e  i n n e r  tube t h a t  con ta ins  the  exper iment m a t e r i a l .  The annulus 
between the  i n n e r  and o u t e r  tube forms the  coo lan t  passage f o r  c o o l i n g  
the  exper iment m a t e r i a l .  Water en te rs  t h e  annulus f rom above the  hanger. 
Hence, exper iment coo lan t  i s  ob ta ined by a separate, independent, f l o w  
p a t h  and i s  n o t  i nc luded  i n  t h i s  ana lys i s .  
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A l l  coolant which flows in to  the access plenum must f i r s t  pass through 
e i t h e r  the  clearance between the  hanger and outer shroud, o r  the  
clearance between the  hanger and the outer  surface of the  upper 
containment ring (Fig 6.1).  No coolant was assumed t o  en ter  the access 
plenum where the experiments, and the  bol t ,  penetrate the  hanger. The 
top edge o f  the hanger has been rounded, and there i s  a countersink a t  
the  entrance t o  each "standard" groove of the upper containment ring, 
both f o r  the purpose of minimizing the  coolant entrance losses.  

Figures 6.1 and 6.2 were draws f o r  the  current (Model-D) re f lec tor .  As 
can be seen in Fig.  6.1, there  a re  11 "standard" grooves which in t e r f e re  
w i t h  the hanger. Enlarging the  removable r e f l ec to r  experiment f a c i l i t i e s  
made i t  necessary t o  de l e t e  two of these grooves. Material s t r e s s  
consideration was the reason f o r  t he  change. As a r e su l t  of deleting two 
grooves, the  hanger pressure drop (curve 4, Fig. 4 )  i s  approximately 0.1 
psi o r  about 5%, higher with the  modified re f lec tor .  This change i s  not 
se r ious ,  since the  hanger pressure drop i s  only a b o u t  20% of the overall 
r e f l ec to r  diff-erential  pressure and, a s  shown l a t e r ,  makes very 1 i t t l e  
d i f fe rence  in access plug to t a l  flow ra te .  

Coolant inside the  access plenum is  red is t r ibu ted  (Fig. 6.2) among the 
following para l le l  flow paths: 

1. the  annulus formed by an experiment outer tube and the beryllium, 

2.  the  0.062-in. gap between the access plug and the  permanent and 

3 .  the  four segments between the c i r cu la r  hole through the beryllium and 

semipermanent r e f l ec to r s ,  

the access plug square bo l t ,  and 

the  inner surface of the access p l u g .  
4 .  the clearance between the outer  surface of the  removable r e f l ec to r  and 

Modification t o  the removable r e f l ec to r  a f f ec t s  only Item 4 above. The 
or ig ina l  11 groves in the r e f l e c t o r  beryllium (Fig. 6.2) was changed t o . 5  
grooves plus two 1/4-in. wide s l o t s  f o r  the modified re f lec tor .  The 
nominal 0.062-in. clearance remained unchanged. Total interface flow 
cross-sectional area i s  only about 1% less than i t  was with the Model-D 
r e f l e c t o r .  

lhe  beryllium of  the access plug i s  the same length as the r e f l ec to r  
beryllium ( 2 4  i n . ) .  Notice tha t  the upper containment ring (Fig. 1) 
overlaps the r e f l ec to r  beryllium about 1/2 i n .  Also notice tha t  there i s  
a small circumferential gap where the  containment ring jo ins  the 
r e f l e c t o r  beryllium a t  the outs ide  radius (right-hand s ide  of Fig. 1). 
From the above discussion, i t  should be apparent t ha t  the access plug 
beryllium in te r faces  with a 5hort length of the upper containment ring. 
A s imi la r  arrangement a l so  e x i s t s  a t  the bottom with the lower 
containment ring, however, there  were no changes made to  the lower 
containment ring which would a f f e c t  the  coolant passages, i . e . ,  there a re  
s t i l l  11 grooves in  the lower containment ring which interface an access 
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p lug .  An al lowance o f  about 1 1/2 v e l o c i t y  head has been inc luded  i n  t h e  
c a l c u l a t i o n s  t o  s p e c i f i c a l l y  account f o r  f l o w  area d i s c o n t i n u i t i e s  f o r  
t h e  f l o w  passages a long t h e  r e f l e c t o r - a c c e s s  p l u g  i n t e r f a c e .  

Average coo lan t  v e l o c i t i e s  i n  t h e  va r ious  coo lan t  passages o f  an access 
p l u g  at-e shown i n  F ig .  7. These da ta  were c a l c u l a t e d  f a r  an access p l u g  
i n t e r f a c i n g  a m o d i f i e d  r e f l e c t o r .  The d i f f e r e n c e  i n  average v e l o c i t i e s  
o f  curves  2, 3, and 4 r e s u l t ,  p r i n c i p a l l y ,  f rom the  d i f f e r e n c e  i n  f l o w  
area a long t h e  r e f l e c t o r  and access p l u g  i n t e r f a c e ,  discussed above. The 
hanger v e l o c i t i e s  a r e  t h e  h ighes t  and a l s o  t h e r e  i s  more coo lan t  f l o w i n g  
th rough t h e  hanger passage than any o t h e r  on the  f i g u r e .  Refer  t o  F i g .  
6.2 f o r  t h e  l o c a t i o n  o f  t he  remain ing  coo lan t  passages (curves 5, 6, and 

A s  s t a t e d  p r i o r ,  o n l y  t h e  coo lan t  passages formed by t h e  access p l u g  t o  
r e f l e c t o r  i n t e r f a c e  was a f f e c t e d  by t h e  m o d i f i c a t i o n .  Coolant f l o w  r a t e s  
f o r  t h a t  passage are  compared w i t h  the  present  (Model-D) r e f l e c t o r  des ign  
i n  F ig .  8. N o t e  t h a t  d u r i n g  noriiial r e a c t o r  ope ra t i on  (10 p s i ) ,  t h e r e  i s  
o n l y  about 0.3 gpm d i f f e r e n c e  ( o r  about 1.3% change) i n  f l o w  r a t e  between 
t h e  two r e f l e c t o r  designs. To ta l  f l o w  sa te  f o r  a l l  passages o f  t he  
access p l u g  (exc lud ing  exper iment coo lan t )  i s  compared i n  F ig .  9. These 
r e s u l t s  i n d i c a t e  t h a t  access p l u g  coo lan t  f l o w  r a t e s  a re  expected t o  
change no more than approx imate ly  0.6% (0.3 gpm per  p lug )  as a r e s u l t  o f  
t h e  r e f l e c t o r  m o d i f i c a t i o n .  Roughly, t h i s  t r a n s l a t e s  i n t o  an inc rease o f  
b u l k  coo lan t  temperature o f  about 0.2'F, which i s  i n s i g n i f i c a n t .  

-~ Cool an t  Flow Rates, - Removabl.e_Refl ector..a.?d Access Pluqs 

Gross coo lan t  f l o w  r a t e s  f o r  t h e  c u r r e n t  (Model-D) and *the mod i f i ed  
(Model - E )  des ign  removable r e f l e c t o r s  a re  compared i n  Table .2. Coolant 
passages on t h e  o u t s i d e  su r face  o f  t h e  removable r e f l e c t o r  which 
i n t e r f a c e  w i t h  t h e  semipermanent r e f l e c t o r  were una f fec ted  by t h e  
m o d i f i c a t i o n .  L ikewise ,  t h e  1 /8 - i n .  t h r t r - b o l t  passages were unchanged. 

The ana lys i s  based on nominal dimensjons, i n d i c a t e  t h a t  t h e  r e f l e c t o r  
m o d i f i c a t i o n  t o  accommodate t h e  l a r j e r  exper imental  f a c i l i t i e s  . i5  
expected t o  cause o n l y  a minor  d i f f e r e n c e  i n  the  coo lan t  f l o w  r a t e s  
e x t e r n a l  t o  t h e  experiments. No r e f l e c t o r  c o o l i n g  problems a re  ev iden t  
f rom t h e  ana lys i s .  

7 ) .  
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-__ Internal Correspondence -_ 
October 2 ,  1985 MARTIN MARIETTA ENERGY SYSTEMS, INC. 

Distribution 

HIFI Project Nonthly Progress Report f o r  September 1985 

On September 3, 1985, A .  Zucker chaired a meeting with L .  A .  Berry, 
E .  E. Bloom, B .  H .  Montgomery, N. W .  Rosenthal, J .  H .  Swanks, K .  R .  Thorns, 
R .  S.  Wiltshire, and C .  0. West to discuss a proposal, prepared a t  the request 
o f  DRNL's f u s i o n  program, for accelerating the HFIR modifications. Minutes of 
t h a t  me t ing ,  along w i t h  main issues relating t o  the project and a sign-off 
agreement sheet, are attached a s  Appendix A .  To date,  only J. H. Swanks has 
signed o f f .  

L .  R .  Greenwood of A N L  completed analysis o f  the flux dosimetry experiments 
performed i n  early August a t  low power i n  the RB positions. The experiments 
were to be conducted a t  10 M W  reactor power and were analyzed under tha t  
be l ie f .  Upon independent investigation by Ken Thorns o f  the actual operating 
conditions recorded by Operations Oivi sion personnel f o r  the dosimetry runs, 
i t  was discovered that the reactor had actually been a t  10.8 M W  for the f i r s t  
pair  of dosimeters and 11.0 M W  for the second pair. Glhile i t  was not 
necessary that the reactor run a t  exactly 10.0 MU, i t  was of  course c r i t i ca l  
tha t  the actual power be known by the experimenters so that the data could be 
properly extrapolated t o  100 operation. Since the information was n o t  
volunteered t o  us e i ther  a t  the time of the experiment or l a t e r .  the analysis 
of r e su l t s  has had tu  be redone t o  account for  the 10% difference between the 
actual and the nominal power, 

The dosimeter experiments were very worthwhile and indicate t h a t  the dpa ra te  
i n  316 s ta in less  steel i n  the R B  f a c i l i t i e s  i s  an excellent 10.4 dpa/year i n  
a n  unshielded f a c i l i t y ,  and 8.7 dpa/year even inside a 3.8-mm-thick hafnium 
sleeve. Each of these values assumes the usual 92% on-stream tine for HFIR 
operation. A t  8.7 dpa/year, i t  would require only 30 weeks t o  achieve 5 dpa 
in a spectral tai lored RB* position. The HIFI Project accelerated schedule 
has now been revised accordingly; our original version, prepared before the 
measured dosimetry data were available, had been based on a conservative e s t i -  
mate of 7.9 dpa/year which would have resulted i n  an eight month irradiation 
schedule for each type of MFE specimen capsule t o  obtain by July 1988 the 10 
dpa needed t o  f u l f i l l  the OFE US/Japan agreement. With th i s  change, and cer- 
tain other improvements i n  ou r  planning, the revised schedule ( F i g .  1) allows 
u n t i l  June 1987 f o r  the new HFIR RB f a c i l i t i e s  t o  be available,  an extra,  and 
welcome, allowance of three months over the f i rs t  proposal for accelerating 
the project. In  f ac t  the accelerated schedule can be achieved w i t h  the same 
beryllium changeout date as the original,  more relaxed, proposal. 

The HIFI project, and certain other RB f ac i l i t y  users, suffered some unde- 
served verbal abuse from other experimenters a t  the HFIR d u r i n g  this reporting 
period. F i r s t ,  the SANS f ac i l i t y  i n  HB-4 complained of a 20% reduction i n  
f lux,  blaming an HTGR experiment (HRB-18) placed i n  RB-7 a t  the same time the 
hafnium was placed in R B - 1 .  Further investigation by the HB-2 users revealed 
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t h a t  the problem was a c t u a l l y  caused by a i r  leak ing  i n t o  t h e i r  beam tube; when 
the  taube was evacuated and b a c k f i l l e d  w i t h  hel ium, the f l u x  re tu rned t o  normal 
expected values. The experimenters apologized handsomely. 
Second, the users o f  the pneumatic f a c i l i t y  i n  VXF-7 repor ted  a 20% reduc t ion  
i n  thermal f l u x  a f t e r  the hafnium and HRB experiments were placed i n  the reac- 
t o r .  However, according t o  our c a l c u l a t i o n s  our experiments, i f  they had any 
e f f e c t  a t  a l l  on VXF-7, should a c t u a l l y  have increased the f l u x  there because 
they are on the opposi te s ide o f  the reac tor ,  so t h a t  the r e s u l t a n t  f l u x  t i l t  
should have increased the f l u x  i n  VXF-7. Hore than l i k e l y ,  the reduced f l u x  
i n  VXF-7 i s  r e a l l y  due t o  the unpub l ic ized  placement by Operations o f  588 
grams of Cobal t  i n  VXF-8, which i s  on ly  about 3 . 3  cm from VXF-7 - t h i s  place- 
ment was discovered a c c i d e n t a l l y  by Ken Thorns. 

Reactor components design i s  on schedule. Th i r teen o f  f i f t e e n  design drawings 
f o r  the t a r g e t  tower and access hatch ( I tems 1.2.1 & 1.2.2 i n  F ig .  1) have 
been completed except f o r  f i n a l  checking and signatures.  A design r e p o r t  
showing t h a t  a l l  the pressure boundary components are w i t h i n  the ASME B o i l e r  
and Pressure Vessel Code, Sect ion 3,  Class 1, i s  i n  p repara t ion .  

The Reactor Operations Review Committee requested a b r i e f i n g  on the intended 
m o d i f i c a t i o n s  t o  the HFIR t h a t  were o u t l i n e d  i n  the CIIFIC r e p o r t  
(ORNL/TF1-9709, i n  press)  and discussed i n  the var ious  meetings on the H I F I  
P r o j e c t .  Dur ing  the b r i e f i n g  g iven on September 26, C.  0.  West presented the 
MIFIC background and recommendations, and B. H. Montgomery and C. N. C o l l i n s  
prcscnted the HIF I  p r o j e c t  schedule w i t h  a present design update. One o f  the 
quest ions t h a t  evolved from t h i s  meeting was the e f f e c t  o f  r e a c t i v i t y  when 
bo th  f u e l  elements are withdrawn from the r e a c t o r  through a smal ler  s t a i n l e s s  
s t e e l  access hatch. T h i s  quest ion w i l l  have t o  be i n v e s t i g a t e d .  
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Attachments 

D i s t r i b u t i o n  

S .  J .  B a l l  
L .  A .  Berry 

D.  W .  Burton 
B .  L. Corbet t  
G .  R. H icks 
S .  S .  H u r t  
R .  V .  14cCord 
D .  1.1. McGinty 

E .  E .  Blooin 

F. K .  Mynatt  
E. Newman. Jr. 
i4. W .  Rosenthal 
J .  L. S c o t t  
3.  H. Swanks 
W. E. Thomas 
K .  R .  Thoms 
C. D. West 
R.  S. W i l t s h i r e  
A .  Zucker 



173 

Reactnr T Z r n i i z Y  

1.0 Design 
1.1 Conceptual 
1.2 DCtailS 

1.2.1 Target tower 
1 . 2 2  Acctrs hatch 
1.2.3 Removable Bc 
1.2.4 Track assy. 
1.2.5 Outer shroud 
1.2.6 Shroud flang, 
1.2.7 n i x .  

1.3  Stress  Analysis 

2.0 Fabrication 
2.1 Accc%s Hatch 
2.2 Target T a e r  
2.3 R m v l b l c  8+ 
2.1 M i s c .  
2.5 Outer Shroud 
2.6 Shroud Fllnge 
2.7 Track Arsy. 

3.0 ET0 

4.0 I n s t a l l a t l o o  
4.1 Access Hatch 
4.2 Targt t  Twcr 
4.3 Track, Shroud. RB 
4.4 Mlrc. 

Experiments 

5.0 Desian 
5 . 1  -RE* I n r t r .  F a c i l i t y  
5.2 r ~ p t  r q .  cqs. 
5.3 M E  i 4 t O  cq.. 
5.4 Y E  60 
5.5 M.V no 
5.6 X E  SUO 
5.7 m 400 

6 .0  Procure (RE* Facflityj 

7.0 Fabrication I Assy. 
7.1 F a c i l i t i e s  

7.1.1 Inst. target  
7.1.2 Inrtr. 

7.2.1 T q r t  tao. 
7.2.2 .WE proto 
7.2.3 #E? 50 
7.2.4 WO 
7.2.5 UFE NO 
7.2.6 470 

7.2 Capsules 

11.0 I e r u l l  I ,  Operate 
8 .1  rsrssr r"p. 

1.4 m wa 
8.5 m ma 
n.6 MZ roo 

8.2 m -0 

8.3 .%?E 60 

9.0 Mcutronfcs Analysis 
9.1 F a c t l l t y  AM1ysiS 
9.2 T4rqct Ttsp. Effects 
9.1 Ream Tube Effacfi 

FIscal Year Casts 
(FY-E5 Dol lars)  I 1000 

F I G U R E  1 

HIFI PROJECT - COST 6 SCHEJULE E S i I H Z T E S  

15 5 

I_ 

1124 I O L 9  

P sr 

05 
so - - 

... ... 
IO 

53s 

cost 
IS 10003 
___I 

33 

25 
2s 
50 
so 
25 
2s 

5 
55 

80 
64 

275 

100 
83 

198 

132 

5 
5 

50 

SO 
$5 
so 
so 
60 
SO 
so 
75 

10 
2.5 

55 
BO 
21 0 
260 - 190 . 190 

2.5 - 175 

I10 

76 
25 
26 

3163 



174 

APPENDIX A 

I .. ... . . . . . -. ... . __I 

Internal Correspondence 
. - _._ 

MARTIN MARIETTA ENERGY SYSTEMS. i w .  September 6,  1985 

L .  A .  Berry 
M. W .  Rosenthal 
3. H. Swanks 
R .  S.  W i l t s h i r e  
A .  Zucker 

I n  a d d i t i o n  to the o r i g i n a l  schedule and cos t  est imate f o r  HFIR mod i f i ca t ions .  
which i s  s t i l l  be l ieved t o  be va l i d ,  a new proposal has been prepared a t  the 
reques t  o f  ORNL's fus ion  program. The new proposal removes the U.S./Japan 
fus ion  experiments from the ORR i n  September 1986, when the specimens w i l l  
have been i r r a d i a t e d  to 5 dpa, and then t r a n s f e r s  them t o  the new HFIR remov- 
ab le  b e r y l l i u m  pos i t i ons .  I r r a d i a t i o n  o f  the U.S./Japan specimens would be 
resumed, a t  the HFIR, beginning March 1987 on a schedule lead ing  t o  a l l  speci-  
mens rece iv ing  10 dpa by Ju l y  1988, as indeed they must t o  f u l f i l l  the mi le -  
stones of the agreement between the Un i ted  States and Japan. Table 1 shows 
the  funding assumptions associated w i t h  the o r i g i n a l  schedule. 
the  same in fo rma t ion  f o r  the accelerated schedule. The p lan  and schedules f o r  
g e t t i n g  the  work done are a l so  at tached (Tables 3, 4 and f i g u r e s  1, 2 ) .  

Our present est imate, based on an i n i t i a l  experiment, i s  t h a t  the operatiom o f  
a s ing le  hafnium shielded capsule shortens the HFIR fue l  cyc le  by l e s s  than 5%. 
On t h a t  basis,  the add i t i ona l  HFIR fue l  costs f o r  two cont inuous ly  opera t ing  
hafnium sh ie lded capsules would amount t o  l e s s  than $175,000 per year. 

The cos t  savings to the fus ion  program f o r  FY 1987 and 1988 are  almost cer-  
t a i n l y  underestimated i n  Table 5 and F igure  3 because the ac tua l  cos t  to OFE 
o f  ORR opera t ions  i n  those years i s  expected t o  be higher,  by $0.5 m i l l i o n  to 
$1.0 m i l l i o n ,  than the $2.0 m i l l i o n  f i g u r e  taken from the cu r ren t  f us ion  F i e l d  
Task Proposals. These increased ORR cos t  savings w i l l  more than o f f s e t  any 
poss ib le  charges t o  OFE f o r  HFIR i r r a d i a t i o n s  ( the  present r a t e  f o r  an RB 
pos i t i on .  t o  those programs t h a t  must pay f o r  i r r a d i a t i o n s  a t  the HFIR, i s  
t y p i c a l l y  $350,000 per year ) .  
s h u t t i n g  down the ORR and of ma in ta in ing  su rve i l l ance  on it. Th is  i s  t r u e  
whichever schedule i s  chasen b u t  i s  a matter o f  p a r t i c u l a r  urgency under the  
acce le ra ted  schedule i n  which the ORR would c lose down about one year from now. 

A dec is ion  about whether t o  proceed w i t h  the acce le ra ted  schedule needs to be 
made i m e d i a t e l y ,  i f  the schedule i s  t o  be met, although the a d d i t i o n a l  funds 
(over and above the funds for the i n i t i a l  schedule, which are needed on 
October 1) do n o t  need ta be i n  hand u n t i l  A p r i l .  

A t  the September 3 m e t i n g ,  there  seemed to be a consensus on the  main issues  
r e l a t e d  t o  t h i s  p r o j e c t ,  and I was asked t o  d r a f t  a l e t t e r  l i s t i n g  those 
issues  and the steps needed t o  reso lve  them; t h i s  i s  t h a t  l e t t e r  and the l i s t  
i s  appended. 
s ign -o f f )  y o v  agreement - or .  o f  course, t o  i d e n t i f y  a l t e r n a t i v e s .  

Table 2 gives 

The major remaining unce r ta in t y  i s  the  c o s t  of 

I was d i r e c t e d  to send i t  t o  you and ask you to i n d i c a t e  (by 

A t tac  time n t s  

pc: E .  E.  Bloom E. H. Montgomery K .  R.  Thorns 
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APPENDIX 
---fs%<-e Ac t ion  

1986 and 1987 A R I M  funding o f  
$25O,OGO in each year i s  essen t ia l  
f o r  e i t h e r  schedule 

New 1986 OFE fund ing  o f  $380,000 i s  
essen t ia l  f o r  the o r i g i n a l  schedule, 
and spending must begin on Oct. 1 

A d d i t i o n a l  new 1986 OFE funding of 
$299,000 i s  needed f o r  the accele- 
r a t e d  schedule 

OF€ funds o f  $238,000 (1387 d o l l a r s  
a re  needed i n  1987 f o r  the accele- 
r a t e d  schedule 

$80,000 o f  GPE funding i s  needed 
i n  1986, on e i t h e r  schedule 

A d d i t i o n a l  Japanese funds o f  
$246,000 (1987 d o l l a r s )  - o r  an 
a l t e r n a t i v e  source - are  needed i n  
FY 1987 f o r  the  acce le ra ted  schedule 

The c o s t  o f  mothba l l ing  the ORR and 
keeping i t  under survei7lance must 
be est imated, on e i t h e r  schedule 

The expected neutron charges t o  OFE 
f o r  ope ra t i ng  experiments i n  the 
HFIR must be es t imated  (OFE i s  n o t  
p r e s e n t l y  charged f o r  HFIR i r r a d i a -  
t i o n s )  

I n  o rder  t o  meet the acce le ra ted  
schedule, the  p r o j e c t  must be given 
a h igh  p r i o r i t y  f o r  resources, 
e s p e c i a l l y  i n  the  Operat ions and 
P&E D i v i s i o n s  

J .  H. Swanks to ge t  DOE commitment 
by October 4 

M. W .  Rosenthal t o  ob ta in  money i n  
the f i n a n c i a l  p lan  through John 
Clarke (by Oct. 1) 

M. W ,  Rosenthal t o  seek John 
C la rke ' s  commi tment f o r  t h i s  addi-  
t i o n a l  maney t o  be a v a i l a b l e  no l a t e r  
than Apr. 1, 1986 (Note n e t  savings 
t o  the fus ion  programs in 1987 are  
approximately $1.6 m i l l i o n )  

M. W ,  Rosenthal t o  seek John 
C la rke ' s  commi tment 

C. D. West to submit a formal 
reques t  by Oct. 31 f o r  funding t o  be 
a v a i l a b l e  by Jan. 1 

E. E, Bloom t o  discuss w i t h  Japanese 

J. H. Swanks t o  prepare a p lan  by 
November 1 

J. H. Swanks t o  propose a cos t  
schedule by October 1 

Monthly progress r e p o r t s  t o  be 
copied t o  R. S. ' u l i l t sh i re  and 
appropr ia te  D i v i s i o n  D i r e c t o r s  by 
the P r o j e c t  Manager 

J. H. Swanks t o  prepare a p lan  by 
November 1 

The mechanism and funding f o r  
con t inued opera t ion  o f  the BSR must 
be worked out,  on e i t h e r  schedule 

Approved: L. A .  Berry  

M. W .  Rosenthal l_l 

J. H. Swanks 

R .  S. W i l t s h i r e  

A .  Zucker ..______I_ 
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Table 1 

I n i t i a l  Funding Prospectus f o r  HFIR Upgrade on Or ig ina l  Schedule 

Cur ren t  year $,a00 
s_l____ ___^ 

1986 1987 

Reactor f a c i l i t y  rnod i f i ca t ions  

A R I M  

ORNL-GPE 

U.S./Japan c o l l a b o r a t i o n  

New BES funds 

New Japanese fllnds 

New OFE funds 

-. Fu s i on ex pe r i  n~!-~t;s 
U ,S . /Japan col 1 a b o r a t i  on 

New Japanese funds 

Sub t o  t a l  

BES be ry l  1 i urn 

Total  

250 250 

80 

70 

54 57 

86 

393 380 843 - 

134 

162 

977 555 

__ - 

- 225 
__I 

1202 555 

BHM/9-4-85 
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Table 2 

Funding Prospectus for HFIR Upgrade on Accelerated Schedule 
I 

Current year $.OOO 

1986 1987 1988 
I_-- 

Reactor f ac i l i t y  modifications 

ARIM 250 249 

ORNL-GPE 80 

U .S ./Japan collaboration 70* 

New 6ES funds 54 58 

New Japanese funds 69* 

376 395* 849 - New OFE funds 

Fu s i on ex per imen ts 

U.S./Japan collaboration 134 374 607 

New OFE funds 284 238 48 

New Japanese funds - 177 - - 
Sub t o  t a l  1267 1165 655 

- _I 

225 - BES beryl 1 i um 

Total 1492 1165 655 

* 
Should be capital funding 

BHM/9-4-85 
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Fig. 1 

HIFI PROJECT - COST 6 SCHEDULE E S T I U T E S  
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Table 3 

Funding of Tasks from Original Schedule 

FY 1986 

(FY 85 S,OOO) 

Task C o s t  A R I M  GPE U.S./J New BES New J New OFE 

1.2.1 
1.2.2 
1.2.3 
1.2.4 
1.2.5 
1.2.6 
1.2.7 
1.3 
2.1 
2.2 
2.3 
2.7 
3.0 
4.1 
4.2 
5.1 
5.2 
6.0 
7.1.1 
7.2.1 
9.1 
9.2 

30 
30 
25 
25 
25 
25 

5 .  

60 
50 

5 
55 

60 
50* 
198 198 
52 52 

a0 

5 
5 
50 50 
50 50 
25 25 
10 
50 50 
40 
25 25 - - - - 

920" 250 75 190 

FY 1987 
2.5 100 100 
2.6 a3 83 
3 .O 67 67 
4.3 50 
5.3 15 0 
6 .O 50 

50 

30 
30 
25 
25 
25 
25 

55 
a0 

5 
5 

10 

50 
150 
50 

7.1.2 25 25 
7.2.2 
8.2 - - -  - - _I - 

525 250 0 0 50 225 0 

* ..._ ..I- 

P l u s  $225 K f o r  removable Be 
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H I F l  PROJECT - COST b SCI!EDUI.E ESTIMTES 
ACCELERATED XFE SCHEDULE 
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Tab le  4 

-- 
Task Cost 
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3.0 
4.1 
4.2 
5 .1  
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6 .O 
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5 
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Funding o f  Tasks from Accelerated Schedule 

A R I M  

198 
52 

250 

- 
GPE 
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75 
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5 

60 

50 
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0 
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30 
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25 
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25 
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80 

14 
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5 
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60 

80 
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25 
40 
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* 
Plus $225 K f o r  RB 

From U.S./J Program Agreement ( foo tno tes  9 through 13) 
** 

BMM/9-4-85 
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Table 4 ( c o n t ' d )  

Funding of Tasks from Accelerated Schedule 

Task Cost  

2 . 5  100 
2 .6  83 
3.0 66 
4 .3  50 
5 . 6  50 
5 . 1  so 
6.Q 60 
7.1.2 25 
7 . 2 . 3  105 
7 . 2 . 4  95 
7.2P 130 
7 . 2 . 6  130 
8.3&.4 105 

1049 

7.2.3 105 
7 . 2 . 4  130 
7.2.5 60 
7.2.6 60 
8.38.4 70 
8.58r.6 110 

535 

3-yr. 
tatal 2783* 

A R I M  

100 
83 
66 

- 
249 

- 

499 

I___ 

GPE 

FY 1987 

(FY 85 $,ooo) 

0 

U.S. /J  

50 
50 

97 
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327** 
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71 
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60 
25 
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8 
95 

10 5 
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39 

39 

881 

* 
P l u s  $225 K f o r  removable beryllium 

From V . S . / J  Program Agreement ( footnotes  9 t h r o u g h  13)  
** 
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Fig. 3 
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2 

0 . 9  (+ 0.3)  days. I f  we assume an average cycle l ifetime of 22 days the Hf 
sleeve should r e su l t  in 4% reduction, very close to the 5% estimate made a t  
the beginning of the HIFI project. 

Engineering design and analysis for  the ta rge t  tower and access hatch (Tasks 
1 . 2 . 1 ,  1 . 2 . 2 ,  and a major portion of 1 .3)  are considered t o  be 70% complete. 
A purchase requisit ion has been submitted for the access-hatch forged material 

I t  was noted in the previous monthly tha t  a question was raised in the RORC 
briefing concerning the e f f ec t  of reac t iv i ty  when b o t h  fuel elements are 
withdrawn from the reactor through a small s t a in l e s s  steel  access hatch. 
Operations Division's solution t o  t h i s  problem under the present configuration 
i s  to add s t r i p s  of  cadmium, coated w i t h  aluminum, between the inner and outer 
fuel elements t h u s  poisoning the fue l .  This would also be their solution for 
the new design. 

B .  H. Montgomdy, Y-12/9108, MS-1 (4-0258) 

BHM: kfr 
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t ' IMJR% 1 

HIFI PROJECT - U)ST 6 SCHEOULE ESiI t lAiES 
ACCELERATEO WE SCHEOIJLE 

p e a c t o r  Components 

1.0 Design 
1.1 Conceptual 
1.2 C e t a i l s  

1.2.2 hccess  hatch 
1.2.3 Removable 
1.2.4 Track assy .  
1.2.5 Outer shroud 
1.2.6 Shroud f lange  
1.2.7 M i x .  

1.3 S t r e s s  Analys is  

2.0 f a b r i c a t i o n  
2 . 1  Access Hatch 
2.2 Targe t  Tower 
2.3 Remavable Be 

2.4 N i x .  
2.5 Outer Shroud 
2.6 hhrodd Flange 
2.7 Track Assy. 

3.0 ET0 

4.0  I n s t a l l a t i o n  
4 . 1  Access HdtCh 
4.2 Target  Tower 
4.3  Track ,  Shroud, REI 
4 . 1  Misc. 

il Experiments 

Fac i l  1 t v  'I 5.0  Oe5ip 
5 . 1  25' Instr. 
5.2  Target Temp. C a p s . . d - -  
5 . 3  MFE Proto  Caps. .+ 4 
5 .4  MFE 60 
5.5 XFE 200 64 
5.6 l lFE 300 
5 .7  :WE 400 

6.0 Procure (RB* F a c i l i t y )  

7.0 F a b r i c a t i o n  ; Assy. 
7 . 1  F a c i l i t i e s  1 

7 .1 .1  I n s t .  t t r g e t  1 

7.1.2 Instr .  RE* 
7.2 Capsules 

7.2.1 Ttrget temp. I 
7.2.2 NFE p r o t o  
7.2.3 MFE 60 1 
7.2.4 FIFE 200 1 
7.2.5 NFE 300 
7.2.6 IIFE 400 

~ 

- 
8.3 I n s t a l l  6 Ooerdte II 

8 . 1  Targe t '  Temp. 
8.2 !,IFE Proto  
8 .3  :IF€ 66 
8.4 IlFE 200 
8 . 5  :IFE 300 
8.6 MFE 400 

9.0 !ieutronics Analys is  
9 . 1  F a c i l i t y  Analys is  
9 . 2  Targe t  Temp. E f f e c t s  

9.3 Beam Tube E f f e c t s  

(FY-86 D o l l a r s )  i lCO0 ' -+-,a 
i s -  T Y e a r  cosr; 

i 1496 I/ 1115 

- 
c o s t  

( 5  ICOO)  

5 
5 

53 
53 
21 
27 

5 
5a 

95 
64 

278 

106 
88 

210 

140 

5 
5 

53 

53 
53 
48 
32 
64 
53 
53 

80 

I! 
27 

53 
e5 

222 
276 
202 
202 

27 

L 185 

117 

L 

42 
27 

P l u s  5155 K s p i n t  i n  FY-1985 on slerlgn and w u r T o n I c  a n a l y s i s  
Rev.  
3HM/10-29-85 
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Task Cost 

1.2.1 
1.2.2 
1.2.3 
1.2.4 
1.2.5 
1.2.6 
1.2.7 
1.3 
2.1 
2.2 
2.3 
2.5 
2.7 
3.0 
4.1 
4.2 
5.1 
5.2 
5.3 
5.4 
5.5 
6.0 
7.1.1 
7.2.1 
7.2.2 
7.2.4 
8.2 
9.1 
9.2 

5 
5 
53 
53 
27 
27 
5 
58 
85 
64 
53 
10 6 
102 
70 
5 
5 
53 
53 
48 
32 
64 
16 
11 
53 
85 
37 
27 
42 
27 
- 
1271* 

Tab1.e L 

Funding o f  Tasks from Accelerated Schedule 

FY 1986 

(FY 86 S,OOO) 

ARIM 
.. 

106 
102 
42 

250 

GPE 

53 

16 
11 

II_ 

80 

U.S./J 

5 

64 

53 

53 

27 
_.._.I._..-. 

202** 

New BES 

53 

53 

New J 

0 

New OFE 

5 
5 
53 
53 
27 
27 

58 
85 

28 
5 
5 

48 
32 
64 

85 
37 
27 
42 

686 

* 
P l u s  $225 K f o r  RB 

From U.S./J Program Agreement (footnotes 9 through 13) 
** 

BHN/ 10-29-85 
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GPE Task Cost 

2.6 88 
2.7 108 
3.0 70 
4.3 53 
5.6 53 
5.7 53 
6.0 64 
7.1.2 27 
7.2.3 111 
7.2.4 101 
7.2-5 138 
7.2.6 138 
8.3&.4 111 

U.S . /J  

53 
53 

103 

1115 

New BES I New J 

7.2.3 111 
7.2.4 138 
7.2.5 64 
7.2.6 64 
8.3&.4 74 
8.5h.6 117 

1 New OFE 

568 

3-yr. 
t o t a l  2954* 

Table I (cont’d) 

Funding of Tarjks from Accelerated Schedule 

A R I M  

88 
108 
54 

- 
250 

- 

500 

FY 1987 

(FY 86 $,000) 

1 138 

- I _ _  

0 347** 

FY 1988 

111 
138 
64 
64 
74 
76 

- -  
527** 

80 1076 

53 

64 
27 

138 

64 
27 

138 

- -  
53 229 

New OFE 

16 16 

8 
10 1 
8 

10 1 

111 111 
- - -  

53 229 236 236 

41 
- - -  

41 

106 229 963 
* 
PI us $225 K f o r  reinovabl e beryl 1 i um 

From U.S. /J  Program Agreement (footnotes 9 through 13) 
** 

BHM/lO-29-85 
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1986 and 1587 ARiN f u n d i n g  o f  
$250,000 i n  each y e a r  i s  e s s e n t i a l  
f o r  e i t h e r  s c h e d u l e  

Ned 1986 CFE f u n d i n g  o f  5380,000 i s  
e s s e n t i a l  f o r  t h e  o r i g i q a l  scnedule,  
and spending m u s t  b e g i n  on Oct .  1 

A d d i t i o n a l  new 1986 W E  f u n d i n g  o f  
5299,030 i s  needed f o r  t h e  a c c e l e -  
r a t e @  s c h e d u l e  

OF: funds of  8238,000 (1587 d o l l a r s  
a r e  needed i n  1987 f o r  t h e  a c c e l e -  
r a t e d  scnedule 

580,000 o f  GPE f u n d i n g  i s  needed 
i n  1986, on e i t h e r  s c h e d u l e  

Addi  t i c n a l  Japanese Funds o f  
$246.000 (1987 d o l l a r s )  - o r  an 
a l t e r n a t i v e  source - a r e  needed i n  
FY 1367 f o r  t h e  a c c e l e r a t e d  s c h e d u l e  

The c o s t  o f  n o t h b a l l i n g  t h e  ORR and 
keepiQg i t  under  s w v e i l l a n c e  m u s t  
be e s t i n a t e b ,  on e i t h e r  s c h e d u l e  

Tne e x p e c t e d  n e u t r a n  charges t o  OFE 
f o r  o p e r a t i n g  e x p e r i m e n t s  i n  t n e  
HFiR n u s t  be e s t i m a t e d  i O F E  i s  n o t  
p r e s e n t l y  c h a r s e n  f o r  i i F i2  i r r a d i a -  
t i o n s )  

11 o r d e r  t o  mect  t h e  a c c e l e r a t e d  
s c h e d u l e ,  t h e  ?reject m s r  36 S i v c n  
a h i g h  p r i o r i t y  f o r  r e s o u r c e s ,  
e s p e c i a l l y  i n  t h e  O p e r a t i o n s  and 
?:E I i v i s i o n s  

Tne w c n a n i s - n  and f u n d i n g  f o r  
c 3 n t i n u t . c  o p e r a t i o n  of  t h e  BSR must  

__ 
... 

3. H. Swanks t o  g e t  30E commitment 
by O c t o b e r  4 

M. W .  R o s e n t h a l  t o  o b t a i n  money i n  
t h e  f i n a n c i a l  p l a n  t h r o d g h  John 
C l a r k e  ( b y  O c t .  1) 

3. W .  R o s e n t h a l  to seek John 
C l a r k e ' s  commitment f o r  t h i s  a d d i -  
t i o n a l  money t o  be a v a i l a b l e  no l a t e r  
t h a n  A p r .  1, 1986 ( N o t e  n e t  s a v i n g s  
t o  the f u s i o n  programs i n  1907 a r e  
a p p r o x i m a t e l y  $1.6 m i l l i o n )  

14. W .  R o s e n t h a l  t o  seek .John 
C l a r k e ' s  c o n n i t i n e n t  

C .  0 .  West t o  s u b m i t  a f o r m a l  
r e q u e s t  by Oct .  31 f o r  f u n d i n g  t o  be 
a v a i l a b l e  by Jan. 1 

E .  E.  Bloom t o  d i s c u s s  w i t h  Japanese 

J .  H. Swanks t o  p r e p a r e  a p l a n  by 
Uovember 1 

J. H .  Swanks t o  propose a c o s t  
s c h e d u l e  by O c t o b e r  1 

; :onth ly  p r o g r e s s  r e p o r t s  t o  be 
c o p i e d  t o  R .  S. ' W i l t s h i r e  and 
a p p r o p r i a t e  D i v i s i o n  D i r e c t o r s  by 
t h e  P r c j e c t  Manager 

J .  H .  Swanks t o  o r e p a r e  a p l a n  by 
'IovemDer 1 

Under 
a d v i s e m e n t  

L e t t e r  s e n t  
t o  John C l a r k e  

Same as 
I t e n  2 

Request  
s u b m i t t e d  

E s t i m a t e  b e i n g  
p r e p a r e d  

C o s t  s c h e d u l e  
b e i n g  p r e p a r e d  

Second i n  t h e  
s e r i e s  

P l a n  b e i n g  
p r e p a r e d  

......... 
~ 

be d o r k e d  ouz, on either_-;cheduie ....... 

A ? p r o v r d :  L .  A .  B e r r y  I j g n e d  c f f  10/23!65 

I!. $1. Rosenthal  S i g n e d  o f f  10/8/85 _- 
J .  H. Swanks S i g n e d  o f f  9 /15/85 

__ .......... R .  8 .  W i l t s n i r e  

A .  Zucker  ... ......... 
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Internal Correspondence 
December 3 ,  1985 MARTIN MARIETTA ENERGY SYSTEMS, INC. 

Distribution 

HIFI Project Monthly Progress Report for November .__..___I 1985 

As a r e s u l t  of the technical review w i t h  the Office of F u s i o n  Energy (DOE 
Headquarters) on November 1, 1985, the fusion program i s  transfering $610,@00 
( c a p i t a l )  for  the HIFI Project work. T h i s  money w - i l l  be i n  the December 1985 
financial  plan. Already on hand i s  $100,000 ( cap i t a l )  from BES. A Request 
and Approval for E q u i p m e n t ,  Maintenance, and Experimental Projects (OR-638) 
was submitted on November 19, 1985, for $710,000 to ta l  capital  funding. The 
attachpd table shows the funding committed t o  the HIFI Pra jec t  this  year w i t h  
the shdr t fa l l  for which funding sources are s t i l l  to  be found. 

W i t h  the commitment to  the HFIR modification project made, the Irradiation 
Engineering Group is i n  need of additional manpower t o  oversee the design and 
construction of the fusion materials i r rad ia t ion  experiments tha t  will be per- 
formed i n  the new f a c i l i t i e s .  Also, additional potential sponsors, such as  
the HTGR program, have expressed i n t e r e s t  i n  some new HFIR experiments and 
have requested conceptual designs and estimates. A request for another 
engineer has been submitted, locally,  and a job l i s t i n g  posted. A t  this time, 
the l i m i t i n g  resource has changed from money to e f f o r t  i n  the Irradiation 
Engineering Group. 

Design of the ta rge t  tower and access hatch i s  95% complete. Preliminary 
drawings have been sent out for review and comment w i t h  minor changes 
expected. The engineering design and analysis report  has been approved and 
issued. Design i s  continuing on other reactor components a t  an accelerated 
r a t e  to  maintain schedule. Material orders have been placed for the forging 
fo r  access hatch and aluminum for the ta rge t  tower. 

The RERTR Program Managers a t  A N L ,  i n  discussion w i t h  their sponsors a t  DOE,  
now feel t h a t  i t  will not be possible to meet t he i r  program goals for i r r a -  
d ia t ion  by mid-FY 1987 even i f  the reactor is dedicated to  the i r  work a f t e r  
the end of FY 1986. The reason for this i s  tha t  the original idea held by ANL 
of an accelerated schedule was based on an assumption tha t  the l i m i t i n g  factor 
i s  the number of core measurements to be taken, and the out-of-pile time 
needed to make then. I t  has now been realized t h a t  the l imitation is  i n  f a c t  
the number of d i f f e ren t  fuel elements t ha t  are,  i n  the present program plan, 
to  be taken to h i g h  b u r n u p .  Unless a reduced number i s  accepted, the RERTR 
full-core i r rad ia t ion  ser ies  will n o t  be completed u n t i l  sometime i n  (ear ly)  
FY 1988. Presumably, DOE m u s t  decide whether to change the program goals or, 
i f  not, how to fund continued operation of the ORR a f t e r  the US/Japan fusion 
experiments are removed 

B. H .  'Montgomery, Y-12, 9108, MS-1 . (4-0258) 

BHM: kfr  

Attachment 
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HIFI  Project Funding f o r  FY 1986 

Source Capital Expense Total 

OFE 

BES 

US/ Japan 

GPE 

Total 

$610,0001 610,000 

100,0001 54,000 154,000 

202,000 202,000 

80, 0002 80 000 

790,000 256,000 1,046,000 

Funding needed in FY-86 $1,271,0003 

Funding committed 1,046,0003 

Shortfall 225,000 

1 

2 

3 

OR-638 submitted 11/19/85 

G P E  request submitted  10/29/85 

Excluding costs of new removable beryllium, 
scheduled for replacement a t  th i s  time indepen- 
dently of the HIFI  project. 

12/3/85 
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_c___ ___........ Internal Correspondence 
January 2 ,  1986 MARTIN MARIElTA ENERGY SYSTEMS, INC. 

D i s t r i b u t i o n  

_ _ ~ _ _ _ _ . .  H I F I  P r o j e c t  Monthly . Progress-Report for-December J985 
- 
I he Request and Approval f o r  Equipment, Maintenance, and Experimental P ro jec ts  
(OR-638, P r o j e c t  86-ORNL-2, HFIR I r r a d i a t i o n  F a c i l i t i e s  Upgrade) was approved 
on December 20, 1985, and was rece ived by the P r o j e c t  Leader on December 31, 
1985. Ins tead o f  the $710 K t h a t  was scheduled, on ly  $610 K was provided i n  
the December FY 86 F inanc ia l  Plan ($510 K Proyrarn AT (Fuslon) and $100 K 
Program KC (Basic Energy Sciences) w i t h  the remaining $100 K to be provided by 
the  O f f i c e  o f  Fusion Energy i n  a f u t u r e  f i n a n c i a l  p lan.  The l a t e  approval and 
d e l i v e r y  o f  t h i s  document caused a delay i n  opening work orders p e r t i n e n t  t o  
the  p r o j e c t  schedule: t he  e f f e c t  on the schedule (which was dependent on 
fund ing  being ava i l ab le  on October 1 )  w i l l  be f u r t h e r  analyzed f o l l o w i n g  the  
placement o f  purchase orders f o r  c e r t a i n  fab r i ca ted  i tems. 

The General Purpose Equipment funds o f  $80 K f o r  the f a c i l i t y  ins t rument  and 
c o n t r o l  package were approved by the Laboratory Execut ive Commi t t c e  i n  
December 1985. Word o f  t h i s  approval was n o t  rece ived by the P r o j e c t  Leader 
u n t i l  December 31, 1985. and the re fo re ,  no procurement a c t i o n  has y e t  taken 
p lace .  

The neut ron ics  ana lys is ,  which was deemed a very impor tan t  task i n  the HIFI 
P ro jec t ,  w i l l  be delayed f o r  some unknown t ime due to  l ack  o f  a v a i l a b l e  per -  
sonnel i n  Operations D i v i s i o n .  As prev ious l y  found by the Ma te r ia l s  
I r r a d i a t i o n  F a c i l i t i e s  Improveinent Committee (MIFIC), the Operations D i v i s i o n  
and reac to r  experimenters w i l l  be severely handicapped by the lack  o f  a 
neu t ron i c  computational c a p a b i l i t y  t o  c a l c u l a t e  the e f f e c t  on the reac to r  and 
on o the r  experiments o f  i n t roduc ing  neutron absorbers, espec ia l l y  spec t ra l  
t a i l o r i n g  sh ie lds ,  i f  t h i s  task i s  n o t  completed. 

The issue and ac t i ons  t h a t  were agreed t o  a t  the beginning o f  t h i s  p r o j e c t  a re  
shown i n  Table 1 and inc lude an updated s ta tus  o f  each i tem. Please note t h a t  
there  i s  no A R I M  funding designated f o r  t h i s  p r o j e c t  i n  1986 or i987 and a lso ,  
according to E. E. Bloom, there  w i l l  be no a d d i t i o n a l  Japanese funds a v a i l a b l e  
f n  1987. 

A rev ised cos t  and schedule est imate i s  shown i n  F ig .  1. Table 2 shows the 
fund ing  f o r  each task i n  the schcfdiile. 

Eng inew ing  design o f  the reac to r  components i s  cont inu ing .  The t a r g e t  tower 
design was rev i sed  f o l l o w i n g  thermal hyd rau l i c  c a l c u l a t i o n s  t o  a l l ow  addi-  
t i o n a l  coo l i ng  water f low. Ihe t a r g e t  tower and access hatch drawings are 
scheduled to be released a t  t h ~  end o f  January. 

I - -  

B.  H. Montgomery, P r o j e c t  Leader, 9108, MS-1 (4-0258) 

BHM: k f r  
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1 

2 

3 

4 

5 

6 

7 

8 

9 

IO 

1986 and 1987 ARIM funding of 
$250,000 i n  each year i s  essent ia l  
f o r  e i t h e r  schedule 

New 1986 OFE fundlng o f  $380.000 i s  
e s s r n t l a l  for the or ig ina l  schedule. 
and spending must begin on Oct. 1 

Adrlitlonal new 1986 OFE flsndfng Qf 
$299,000 i s  needed for  the accele- 
ra ted  schedule 

OFE funds o f  $238.0013 (1987 d o l l a r s  
a r e  weded in 1987 for me accele- 
ra ted  schedule 

$Rf l ,OOO o f  GPE funding Is needed 
in  1986. on e i t h e r  schedule 

Addiiional Japanese funds o f  
$246,000 (1987 d o l l a r s )  - or an 
a l t e r n a t i v e  source - are weded I n  
FY 1987 f w  the accelerated schedule 

The Cos t  o f  mathballing Flae ORR and 
keeping i t  under eusv-?lllance mist 
be ettiriiat2.d. on e i t h e r  schedule 

The expected neuwoa charges fo CFE 
f o r  operat lng experiments i n  ?he 
HFIR nust  be estimated (OF€ i s  not  
present ly  charged for  HFIR irradia- 
t i o n s )  

In order to meet thc accelerated 
schedule, ihe p r o j e c t  mst be given 
a high p r l o r i t y  for  resources .  
espec ia l ly  i n  the nperatlona and 
P I E  Oduisions 

The imchanism and funding far 
continued wera?lon o f  the 0% n u ~ t  

J .  H .  Swanks to get  WE commitment 
by October 4 

M. Y. Rosenthal to cbtain mney i n  
the Financial plan through John 
Clarke (by Oct. 1) 

El. W. Rosenthal to reek J o b  
Clarke ' s  c o m l t m n t  for  M l s  addl- 
t iona l  money to be avai lab le  no l a t e r  
than Apr. 1, 1985 (Note net savings 
t o  the fusion programs i n  1987 a r e  
approximately 11.6 mi l l ion)  

M. W. Rasenthal tc seek .John 
Clarke ' s  commitment 

C. D. West fo subait T. formal 
request  by Oct. 31 for  firnding to be 
ava i lab le  by Jan. 1 

E. E. Blocm to discuss  w l t h  Japanese 

J. H. Swanks to prepare a plan by 
November 1 

J. H. Swanks Ta propose a c o s t  
schedule by October 1 

Xonthly progress repor t s  ta be 
copSed toi R. 5. Wtltshire  and 
appropriate Division Directors  by 
Me Project  Manager 

3. H. Swanks to prepare a plan by 
November 1 

No ARIM 
funding for 
1986 or 1987 

See Note 1 

See Note 1 

See !io& 2 

Request 
approved by 
Executive 
Corn4 t t e e  

No addf ti onal 
Japanese funds 

See Note 3 

See Note 3 

Fourth f n  the 
s e r i e s  

See l0Ee 3 

....-...._-I ..._ .-.- be worked out,  on e i t h e r  schedule 

fiyroy6-C: L .  A .  Berry Signed off 10/23/85 

M. W. Rasenthal L'psd-9ff 10/8/85 

J .  H .  Swanks Signed o f f  9/19/85 

R.  S .  Wiltshire  _-_ 
A .  Zucker 

. ... . 

...... _.I- 

Mote I :  ( I t e m f  263) Received $510 K ( c a p f t a l )  from OFE with an aadi t ional  $100 K promised. 
Note 2: Requested $465 K ($358 K expense I $107 K c a p i t a l )  in the Fusion Energy Mini-189 f o r  FY 87. 

This includes Items 466. 
Note 3: Per telecon w i t h  J. H. SwanKs on 12-31-85. es t imates  have been prepared for I t m i  768 and are  

awai t ing discussion.  On I ten  10, several  plans have been prepared. including a cos t  es t imate  
f o r  r@WtP apepatian of the 8% by HFIR personnel. 
the  O2R i s  shut Gawn. 

The plan implemented will depend on when 
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Figure 1 

HIFI PROJECT - COST & SCHEDULE ESTIMATES 
ACCELERATED HFE SCHEDULE 

Reactor Components 

1.0 Design 
1.1 Conceptual 
1.2 D e t a i l s  

1 . 2 . 1  Target  tower 
1.2.2 Access hatch 
1.2.3 Removable Be 
1.2.4 Track assy. 
1.2.5 Outer shroud 
1.2.6 Shroud g a n g  
1.2.7 M i x .  

1.3 S t r e s s  Analysis 

2.1 Access Hatch 
2.2 Target Tower 
2.3 Removable Be 
2.4 Mlsc. 
2 5 O u t e r  Shroud 
2.6 Shroud Flange 
2.7 Track Assy. 

2.0 Fabricat ion 

3.0 ET0 

4.0 I n s t a l l a t i o n  
4.1 Access Hatch 
4.2 Target  Tower 
4.3 Track, Shroud. R8 
4.4 Mlsc.  

Exper fmnt s  

5.0 Oesign 
5 . 1  RB* I n s t r .  F a c i l i t y  
5.2 Target  Temp. Caps. 
5.3 MFE Proto Caps. 
5.4 MFE 60 
5.5 MFE 200 
5.6 W E  300 
5.7 W E  400 

6.0 Procure (R8* F a c i l i t y )  

7.0 Fabricat ion 1 ~ s s y .  
7.1 F a c f l i t i e s  

7 . 2  Capsules 

7.1.1 I n s t .  t a r g e t  
7.1.2 I n s t r .  RB* 

7 . 2 . 1  Target t e m p .  
7.2.2 MFE proto 
7.2.3 MFE 60 
7.2.4 MFE 200 
7.2.5 WE 300 
7.2.6 MFE 400 

8.0 I n s t a l l  & Operate 
8.1 Target  Temp. 
8.2 MFE Proto 
8.3 HFE 60 
5.4 MFE 200 
8.5 MFE 300 
8.6 MFE 400 

9.0 Neutronfcs Analysis 
9.1 F a c i l i t y  Analysis 
9.2 Target  Temp. E f f e c t s  
9.3 Bean Tube Effec ts  

Fiscal  Year Costs 
(FY-86 Dollars)  x 1000 

5 
5 
I '  
"-I 
27 

t-- - 
58 

I - - 
- 
10: 
7c - 

- - 
32 - 

16 

11 

53 
--i 

27 

42 
27 
L 

I 

r 

1421 

!35 

I 

.08 

- 

.-  - 

1 
I 

4 

- 

- - 
38 
38 

11 

1250 

c o s t  
( 5  1000) 

5 
5 
53 
53 
27 
21 
5 
58 

85 
64 
339 

10 5 

210 

140 

aa 

5 
5 

53 

53 
53 
48 
32 
64 
53 
53 

ao 

11 
27 

53 
85 
222 
276 

I 202 
, 202 

27 - 185 
117 

42 
27 

3239* 

P l u s  5155 K spent  i n  FY-1985 en aeslgn and neutronfc ana lys i s  

Rev. 
B H M f  12-17-85 
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Table 2 

Funding of Tasks from Accelerated Schedule 

FY 1986 

(FY 86 $,OOO) 

Task Cost 

1 . 2 . 1  
1.2.2 
1.2.3 
1.2.4 
1.2.5 
1.2.6 
1.2.7 
1.3 
2.1 
2.2 
2.3 
2,5 
2.7 
3.0 
4.1 
4.2 
5.1 
5.2 
5 .3  
5.4 
5.5 
6.0 
7.1.1 
7.2.1 
7.2.2 
7.2.4 
8.2 
9 . 1  
9.2 

5 
5 

53 
53 
27 
27 

5 
58 
85 
64 

105 
10 2 
70 

5 
5 

53 
53 
48 
32 
64 
16 
11 
53 
85 
37 
27 
42 
27 

541 

1271l  

GPE 
-- 

53 

16 
11 

80' 

____I__ 

U.S./J 
..... 

53 

32 
64 

53 

2022 

New BES 

54 
l 0 O C  

154 

1 

__ 

New OFE 

5 
5 

53 
53 
27 
27 

5 
58 
85 
61 

102 
47 

5 
5 

42 
27 

6103 

Shortfall 

5 

23 

48 

85 
37 
27 

-.___ 

225 

Plus $150 K for removable beryllium material (expenditure 

From U.S./J Program Agreement (Tasks 9 through 13).  

$510 K (cap i ta l )  received in December Financial Plan w i t h  

c o s t e d  t o  Operations Division). 
2 

3 

$100 K promised i n  a future plan. 
c 

C a p i  t a  1 

BHM/1-2-86 
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Table 2 (continued) 

Funding of Tasks from Accelerated Schedule 

FY 1987 

(FY 86 $,OOO) 

Task cost 

2.3 3 
2 . 6  88 
2.7 108 
3.0 70 
4.3 53 
5.6 53 
5.7 53 
6.0 64 
7.1.2 27 
7.2.3 111 
7.2.4 10 1 
7.2.5 138 
7.2.6 138 
8.3&.4 111 

11153 

7.2.3 111 
7 .2 .4  138 
7.2.5 64 
1.2.6 64 

8.58.6 117 
8.36.4 74 

5 68 

3-yr, 
total 2954l 

GPE 

- 
0 

80 

U.S . /J  

53 
53 

10 3 

138 

-I_ 

3472 

New EES 

FY 1988 

111 
138 
64 
64 
74 
76 

5272 

1076 

53 

53 

_I 

207 

New OFE 

16c 

64c 
27C 
a 

10 1 
138 

111 

4654 

41 

Shortfall 

88C 
108C 
54c- 

250 

41 

1116 475 

1 

2 

3 

Plus 285 K for removable beryllium. 

From U.S./J Program Agreement (Tasks 9 through 13). 

Plus $135 K for removable beryllium fabrication (expenditure 
costed to Operations Division). 

4 
Fusion Energy Mini-139. 

Capital. 
C 

BHM/1-2-86 
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Internal Correspon 
MARTIN MARIETTA ENERGY SYSTEMS, INC. 

January 31, 1986 

D i  stri bu ti on 

HIFI Project Monthly Pi--gress Report for January 1986 ____.. 

Revisions have been completed on design drawings for the target  tower 
following the f l u i d  flow calculations which showed tha t  m r e  coolant f l o w  
paths were required. The drawings are now awaitl'ng review and approval. 
Release of these drawings for fabrication i s  expected by February 14. 
Materials for construction have been ordered and are expected ta be on hand 
prior t o  t ha t  date. Approved drawings for the quick opening hatch and the 
t a rge t  hole plug were issued on January 31. The forged material needed for 
these two items was shipped from the vendor's plant on January 23. 
Fabrication orders will  be subml'tted as soon as  the material i s  i n  hand. 
Fabrication i s  continuing on the upper plenum and outer shroud assembly. 
Design i s  continuing an other reactor components. 

There has been a change i n  the fund ing  expected for FY 1986 from the US/Japan 
agreement. 
now known t o  be (including the e f f e c t  of Gram Rudman) $180,000 thus 
increasing our shortfal l  by $22,000 (as  shown i n  Table 1). 
changes i n  the f u n d i n g  since the l a s t  repar t  period. 

The HIFI Project Schedule (Figure 1) has been revised to show some minor 
changes i n  the reactor component design e f f o r t  and delays i n  the experimental 
tasks.  
w i t h  revisions from Table 1. 

Originally,  $202,000 was shown as the amount expected, b u t  t h i s  i s  

There are no other 

Table 2 shown the fund ing  for each of the tasks listed i n  the schedule 

A sui table  applicant from outside Martin Marietta Energy Systems, whs IS 
w o r k i n g  a t  the Laboratory as a contractor,  responded t o  the job l i s t i n g  for  an 
additional engineer for the Irradiation Engineering Group. No suitable in t e r -  
nal applicant having come forward, a requisit ion was submitted b u t  was not 
approved, thus ending the second attempt to acquire additional 
Group for this task. 
dates from w i t h i n  Martin Marietta Energy Systems have since been proposed and 
will be considered. Meanwhile, shortage of e f f o r t  has forced a four-month 
delay i n  beginning Task 5.3. a three-month delay i n  beginning Task 7.2.2,  and 
a one-month delay i n  beginning Task 5.5 (although not  a l l  of t h i s  work could 
have been accomplished anyway with the delays i n  making funding available to 
the project) .  A l l  of these are  tasks associated w i t h  RB* capsule design and 
fabricat ion;  tasks related t o  the reactor mdi f i ca t ions  and the temperature 
experiment remain w i t h i n  schedule (and w i t h i n  budget). 

With increased pressure on laboratory budgets, candi- 

AJj/T&:L ? + l # K  "/ 
B .  H .  Montgomery, Pro$& Leader, 9108, MS-P (4-0258) 

6HM:kfr 

A t t a c  hments ( 3 
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FIGURE 1 

H I F I  PROJECT - COST 8 SCHEDULE ESTIWTES 
ACCELERATED WE SCHEDULE 

........ 
R e a c t o r  Components 

1.0 D e s i g n  
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86 

1250 568 

Cos t  
( f  1000)  
I-I__ 

5 
5 

53 
53 
27 
27 

5 
58 

85 
64 

339 

105 
8a 

210 

140 

5 
5 

53 

53 
53 
48 
32 
64 
53 
53 

80 

11 
27 

53 
85 

222 
276 

P 202 - 202 

27 

0 105 

117 

)1 

42 
21 

3239* 

P l u s  $155 K s p e n t  i n  FY-1985 on d e s i g n  and n e u t r o n i c  a n a l y s i s  Rev. 
RHR/1-29-86 
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OFE 
US/ Japan 

BES 
GPE 

Table 1 

HIFI PROJECT FUNDING 

(FY 86 $,OOQ) 

FY 1986 FY 1987 

Source of 
committed funding Capital  Expense Capital Expense 

6101 107 358 .?? 
1803 3473 

Total 790 + 234 = 1024 160 + 705 = 865 

Funding committed 1,024 
Funding needed 1,271 (excluding beryllium) 
Shortfal l  24T4 

865 
1115 
250' 

1 
$510.000 i n  December Financial Plan - short $1OQ,OOO, w h i c h  has 

2 
As shown i n  the mini-189 dated 12/20/85. 

3 
A s  shown i n  the US/Japan Agreement ( tasks  2, 9 and 1 2 ) .  

4 
Expense money needed. 

been promised i n  an FY 1986 financial  plan. 

(Was or iginal ly  t o  have been A R M  money; i n  
the event ARIM funding was n o t  made available,  b u t  OFE fundAng was 
switched from operating to cap i t a l . )  

commitment subsequently withdrawn. ) 

5 
Capital  money needed. (Was original ly  committed from A R I M  funds; 

BHM-1/29/86 
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Table 2 

Funding o f  Tasks from Accelerated Schedule 

FY 1986 

(FY 86 $.OOOI 

Task 

1.2.1 
1.2.2 
1.2.3 
1.2.4 
1.2.5 
1.2.6 
1.2.7 
1.3 
2.1 
2.2 
2.3 
2.5 
2 7  
3.0 
4.1 
4.2 
5.1 
5.2 
5.3 
5.4 
5.5 
6.0 
7.1.1 
7.2.1 
7.2.2 
7.2.4 
8.2 
9.1 
9.2 

cost  

5 
5 
53 
53 
27 
27 
5 
58 
85 
64 

105 
102 
70 
5 
5 
53 
53 
48 
32 
64 
16 
11 
53 
85 
37 
27 
42 
27 

541 

___ 

12711 

6PE 

53 

16 
11 

__ 

80' 

U.S./J 

53 

42 

53 

1802 

-_I 

New BES 
_____. ..... 

54 
loot 

154 

Mew OF€ 

5 
5 
53 
53 
27 
27 
5 
58 
85 
64 

102 
47 
5 
5 

42 
27 

6103 

ihortfall 

5 

23 

48 

22 

85 
31 
27 

247 

P1 us $150 K for removable beryl 1 i urn mteri a l  (expend4 ture 

From U.S./J Program Agreement (Tasks 9 through 13). 

$510 K (capital)  received in December Financial Plan with 

costed to Operations Division).  
2 

3 

$100 K promised in an FY 1986 financial plan. 
C 

Capi ta l  

BHM/ 1- 29-86 
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Table 2 (continued) 

Funding of Tasks from Accelerated Schedule 

FY 1987 

(FY 86 S.000) 

Task cost  

2.3 3 
2.6 88 
2.7 108 
3.0 70 
4.3 53 
5.6 53 
5.7 53 
6.0 64 
7.1.2 27 
7.2.3 111 
7.2.4 101 
7.2.5 138 
1 . 2 . 6  138 
8.3t5.4 111 

l__. 

GPE 
-- 

-__c_ 

U.S./J 
___-_.. 

53 
53 

103 

138 

11--- 

New BES 
--I__ 

53 

7.2.3 111 
7.2.4 138 
7.2.5 64 
7.2.6 64 
8.36r.4 14 
8.5&.6 117 I 

-I_ I_ 

568 

3-yr . 
total 2954l 80C 

111 
138 
64 
64 
74 
76 

5272 

1054 

--_ 
New OFE 

16 

64 
27 
8 

101 
138 

111 
-- 

4654 11153 0 53 

FY 1988 

207 

41 

41 

1116 

--- 
Shortfall 

88 

54 
10BC 

250 

__--- 

497 
- - 1 

2 

3 

Plus 285 K for removable beryllium. 

From U.S./J Program Agreement {Tasks 9 through 13).  

Plus $135 K for removable beryllium fabrication (expenditure 

Fusion Energy Mini-189. 

Capital. 

costed to Operations Division). 
4 

c 

BHM/l-29-86 
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Internal Correspondence 
MARTIN MARIETTA ENERGY SYSTEMS, INC. 

March 5, 1986 

D i s t r i b u t i o n  

H IF I  P r o j e c t  Monthly Progress Repor t  f o r  February 1986 

Eng ineer ing  design o f  a1 1 the r e a c t o r  components necessary f o r  the  
ins t rumented t a r g e t  capsule f a c i l i t i e s  has been completed and an eng ineer ing  
design r e p o r t  has been approved and issued. 

Design o f  the  remain ing  r e a c t o r  components assoc ia ted  w i t h  the  RB* f a c i l i t i e s  
i s  on schedule and w i t h i n  cos ts .  

F a b r i c a t i o n  cont inues  on the  Outer Shroud and Upper Plenum Assembly and no 
problems are  foreseen i n  meet ing the  scheduled d e l i v e r y  date. F a b r i c a t i o n  o f  
the Qu ick  Opening Hatch and Ta rge t  Hole P lug  w i l l  begin n e x t  week w i t h  a 
d e l i v e r y  date o f  May 1, 1986, f o r  both o f  these i tems. The Ta rge t  Tower 
f a b r i c a t i o n  w i l l  beg in  by mid-March. 

An engineer has been added t o  the  I r r a d i a t i o n  Eng ineer ing  Group f o r  t he  H IF I  
P r o j e c t  tasks  assoc ia ted  w i t h  m a t e r i a l  i r r a d i a t i o n  capsules. The t r a n s f e r  
w i l l  be e f f e c t i v e  on March 1, 1986, and work on these tasks  w i l l  beg in  immedi- 
a t e l y .  

Owing t o  the  e a r l i e r  de lays  i n  o b t a i n i n g  fund ing  and s t a f f ,  t he  MFE p ro to type  
capsule has been canceled, w i t h  the  concurrence o f  MFE sponsors, which w i l l  
r e s u l t  i n  an MFE capsule design completely dependent on a d d i t i o n a l  thermal and 
neu t ron i c  analyses o f  the  RB* p o s i t i o n s .  The n e t  sav ing  r e a l i z e d  from the  
cance la t i on  o f  Tasks 5.3, 7.2.2, and 8.2, w i t h  the  a d d i t i o n  o f  Task 5.8 ( t h e  
a d d i t i o n a l  a n a l y s i s ) ,  w i l l  be $113,000. The s h o r t f a l l  f o r  FY 1986 has there- 
f o r e  been reduced froin $247,000 t o  $134,000 (as  shown i n  Table 1). A r e v i s e d  
schedule, shown i n  F i g u r e  1, r e f l e c t s  these changes and Table 2 shows the  
fund ing  f o r  each o f  the tasks  l i s t e d  i n  the  schedule. 

I n  response t o  the requirements s e t  f o r t h  i n  the  approval  l e t t e r  f o r  t he  OR- 
638 from DOE-ORO, a b r i e f  monthly cost /schedule assessment r e p o r t  was sent  t o  
M. J .  Gouge, ORO, on February 12, 1986 ( l e t t e r  a t tached) .  The "bad charge" 
mentioned i n  the l e t t e r  was found t o  be cos ts  i n c u r r e d  by Eng ineer ing  Design 
i n  November 1985, t h a t  cou ld  n o t  oe t r a n s f e r r e d  t o  the  c a p i t a l  work o rder  
u n t i l  t he  work o rders  were opened. Th is  d i d  n o t  occur u n t i l  January o f  t h i s  
year. Mr. Gouge was informed o f  t h i s  f i n d i n g  on February 19, 1986, by t e l e -  
phone, and r a i s e d  no ob jec t i ons .  

r, 9108, MS-1 (4-0258) 

BHM: r l  t 

A t t a c  hments(4) 



D i s t r i b u t i o n  

D i  s tr i  bu t i  on 
--_1_-- 

S .  $1. B a l l  
L. A.  Ber ry  
E. E. B loon~ 
D .  W .  Bur ton  
B. L. C o r b e t t  
G.  R. H i cks  
S. S. Hurt 
A. bl .  Longest  
R. Y .  McCord 
0.  I.1. McGinty 
F. R. F lynatt  
E. Newman, Jr. 
11. W. Rosenthal 
J .  L. S c o t t  
R .  L. Senn 
I .  I .  Siman-Tov 
J .  H .  Swanks 
W. E. Thomas 
K. R. Thorns 
H. E .  Trammel1 
C. D .  West 
R. S .  W i l t s h i r e  
A .  Zucker 
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Tab le  1 

HIFI PROJECT FUNDING 

(FY 86 $ , O O O )  

FY 1986 FY 1987 
--.- 

Source o f  
cornmi t t e d  f u n d i n g  C a p i t a l  Expense C a p i t a l  Expense 

OFE 
US/Japan 

BES 
GPE 

6101 
1803 

107' 3582 
3473 

- ro t a ]  790 + 234 = 1024 160 4- 705 = 865 

Fund ing  comni t t e d  1,024 
Fund ing  needed 1,158 ( e x c l u d i n g  b e r y l l i u m )  
S h o r t f a l l  13J4 

865 

250 
11155 

1$510,000 i n  December F i r t a n c i d l  P l a n  - s h o r t  $100,000, wh ich  has been 

* A s  shown i n  t h e  min i -189 da ted  12/20/85. 

3 A s  shown i n  the  US/Japan Agreement ( t a s k s  2, 9 and 1 2 ) .  

4Expense money needed. 

promised i n  an FY 1986 f i n a n c i a l  p l a n .  

(Was o r i g i n a l l y  t o  have been A R I M  money; i n  
t h e  e v e n t  A R I M  f u n d i n g  was n o t  made a v a i l a b l e ,  b u t  OFE f u n d i n g  was 
sw i t ched  f rom o p e r a t i n g  t o  c a p i t a l .  1 

5 C a p i t a l  money needed. (6.las o r i g i n a l l y  commit ted f rom A R I M  funds; 
commitment subsequent ly  w i thdrawn. )  

Rev. BHM/2-28-86 
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FIGURE 1 

HIFI PROJECT - COST h SWEOULE ESTIWTES 
ACCELERATED WE SCHEDULE 

. -. 
_I_-_.__ 

Reactor Components 

1.0 Design 
1.1 Conceptual 
1 2  D e b f l r  

1.2 .1  Targe t  toner  
1 . 2 . 2  Access hatch, 
1 2.3 Removable Be 
1 2 4 Track assv. 
1 2.5  Outer shrbud 
1 2 . 6  Shroud f langc 
1 .2 .7 H i r c  . 

1 3 Stress Analys is  

2.0 F a b r i c a t i o n  
2 . 1  Access Hatch 
2 2 Target Tower 
2 3 Removable Be 
2 4 Misc.  
2 . 5  Outer Shroud 
2 . 6  Shroud f lange 
2 . 7  Track ASSY. 

3.0 ET0 

4.0 I n s t a l l a t i o n  
4 . 1  Access Hatch 
4 . 2  Target Touer 
4.3 Track, Shroud, RB 
4.4 Misc.  

5.0 Design 
5.1 RE* tnstr  F a c i l i t y  
5 . 2  Target Tcsp Caps. 
5 3 HFE Proto Caps. 
5 4 MFE 60 
5 5 MFE 200 
5 6 MFE 300 
5 7 WE 400 
5.8 Thermal L G a m  Anal 

6 . 0  Procure [RE* F a c i l i t y 1  

7.0 F a b r i c a t i o n  1 Ansy. 
7 . 1  F a c f l i t i e s  

7 . 1 . 1  I n s t .  target 
7.1.2 I n s t r .  RE* 

7 . 2 . 1  Taraet tam. 
7 2 Capsules 

7.2.2 MFE-pTQtO ' 
7 2.3 XFE MI 
7 . 2  4 CFE 200 
7.2.5 MFE MO 
7.2.6 AFE 400 

8 . 0  I n s t a l l  4 operate 
8 . 1  Target Temp. 
8 . 2  MFE Proto 
8.3 MFE 60 
8 . 4  MFE 200 
8 .5  MFE 300 
8 . 6  MFE 400 

9.0 Neutronics Ana lys is  
9 . 1  F a c i l i t y  Ana lys is  
9 . 2  Target Temp. E f f e c t s  

9.3 Beam Tube E f f e c t s  

(FY-86 Do:larsl x 1000 
7 C c n l  Year cost5  

1308 1 1250 

Plus $155 K merit i n  FY-1Y85 on desian and neut ron ic  a n a l v r i s  

568 

s 
cost  

(I  1000) 

5 
5 

53 
53 
27 
27 

5 
58 

a5 
64 
339 

105 
88 

210 

140 

5 
5 

$3 

53 
53 

32 
64 
53 
53 
47 
80 

11 
27 

53 

222 
275 . 202 . 202 

. 185 

117 

42 
27 

3126* 

Rev. 
8HH/2 -28 -e6 "fidditiunal neutronlcs, gamma heating, and thermal analyses I n  the  absense 

af the Prototype capsule. 
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Task Cost  

1.2 .1  
1 2.2 
1.2.3 
1.2.4 
1.2.5 
1.2.6 
1.2.7 
1.3 
2.1 
2.2 
2 .3  
2.5 
2 .7  
3 .O 
4 .1  
4.2 
5 .1  
5.2 

5 
5 

53 
53 
27 
27 

5 
58 

64 

105 
102 
70 

5 
5 

53 
53 

a5  

541 

5 .3  canceled 
5.4 32 
5 .5  64 
5.8 47 
6 .O 16 
7.1.1 11 
7 . 2 . 1  53 
7.2.2 canceled 
7.2.4 37 
8.2 canceled 
9.1 42 
9.2 27 

1158' 

Table 2 

Funding o f  Tasks  f rom Accelerated Schedule 

FY 1986 

(FY 86 9.000) 

G? E 

53 

16 
11 

80' 

U.S./J 

53 

42 

53 

New BES 

54 
l0OC 

New OFE 

5 
5 

53 
53 
27 
27 

5 
58 
85  
64 

102 
47 

5 
5 

42 
27 

- 

6103 

S h o r t f a l l  

5 

23 

22 
47 

37 

- 
134 

'Plus $150 K f o r  removable b e r y l l i u m  m a t e r i a l  (expend i tu re  

'From U.S . / J  Program Agreement (Tasks 9 through 1 3 )  ~ 

3$510 K ( c a p i t a l )  r e c e i v e d  i n  December F i n a n c i a l  P lan  w i t h  

'Capi ta l  

cos ted  t o  Operat ions D i v i s i o n ) .  

$100 K promised i n  an FY 1986 f i n a n c i a l  p lan.  

Rev. BHM/2-28-86 
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Task Cos t  

2.3 3 
2 .6 88 
2.7 108 
3 .O 70 
4.3 53 
5.6 53 
5.7 53  
6 .O 64 
7.1.2 27 
7 .2 .3  111 
7.2.4 101 
7.2.5 130 
7.2.6 138 
8 .38 .4  111 

Table  2 ( c o n t i n u e d )  

Funding o f  Tasks from Accelera ted  Schedule  

FY 1987 

(FY 86 $,000) 

GPE 
-- 

-_I 

111s3 0 

7.2 .3  111 
7.2.4 138 
7 2.5 64 
7.2.6 64 
8.38.4 1 4  
8 58.6 117 

568 

3-yr.  
t o t a l  2841' 

53  
53  

103 

138 

3472 

111 
138 
64 
64 
74 
76 

-~ 
5272 

80' 1054 

New BES 

53 

53 

FY 1988 

207 

New OFE 

16' 

64 
27' 
8 

101 
138 

111 

46!i4 

41 

S h o r t f a l l  

88 

54 
108C 

250' 

41 

1116 38 4 

'Plus  285 K f o r  removable beryl l ium. 

'From U . S . / J  Program Agreement (Tasks 9 through 13) .  

3Plus  $135 K f o r  removable bery l l ium f a b r i c a t i o n  ( e x p e n d i t u r e  c o s t c d  t o  

4Fusion Energy Mini-189. 

%api  t a l .  

Opera t ions  D i v i s i o n ) .  

Rev. BHM/2-28-86 
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Internal Correspondence 
March 31, 1986 MARTIN MAFslETTA ENERGY SVSTEMS. INC. 

D i s t r i  bit ti on 

-I HIFI Project Monthly Progress Report for- Plarch 1986 

All engineering design drawings for the instrumented target  capsule f a c i l i t i e s  
have been issued, and a l l  fabrication orders for  the parts and assemblies have 
now heen submitted w i t h  a requested delivery date o f  May 1, 1986. T h i s  del i -  
very date i s  necessary to  devote t i m e  for assembly of the reactor components 
i n  the HFIR mockup stand prior t o  i n s t a l l i ng  in the reactor i n  l a t e  July. 
Design of the remaining reactor components associated w i t h  the RB* f a c i l i t i e s  
i s  continuing on schedule. 

The HIFl Project F u n d i n g  (shown on Table 1) has been revised to show t h a t  a l l  
of the OFE funding for FY 1986 - $610 K capital  - has been received ( the  
remaining $100 K was in the March Financial Plan).  The shortfal l  o f  $134 K 
has  been ident i f ied as needed by July 1. 1986, to maintain the Project 
schedule. 

A revised schedule, shown in Figure 1, r e f l e c t s  the cancellation of the MFE 
Prototype capsule (see February monthly), and Table 2 shows the funding f o r  
each o f  the tasks l i s t ed  i n  the schedule. 

The Operations Division i s  actively pursuing additional inanpower for Tasks 9.1 
and 9 . 2  INeutronics Analyses) ~ Interviews have been held and are continuing. 

The OR-638 monthly cost/schedule report  was sent t o  M. J.  Gouge, DOE-ORO, on 
March 12, 1986. A copy of this r e p o r t  i s  attached for  your information. 

B .  H. Montgomery, e r ,  9108, MS-1 (4-0258) 

B HM : k f r 

Attachments(4) 

Distri  but- ion 

S .  J .  Ball 
L. A .  Berry 
E. E. Bloom 
D. iJ. Burton 
B .  L. Corbett 
G. R. H i c k s  
S. S. Hurt 
A .  W. Longest 
R .  V .  llcCord 
D. f.1. McGinty 
F. R. Mynatt 
E .  Newman, J r .  

M. W. Rosenthal 
J .  I - *  Scott 
R. I..* Senn 
I .  I. Sitiian-Pov 
J .  H. Swanks 
1.I. E. Thomas 
K. R. Thorns 
H .  E. Trammel1 
C. D. West 
R .  S. Wiltshire 
A .  Zucker 
F i l e (  2 )  



213 

Table 1 

HIFZ F ' W I J E C T  FIJNDING 

A- 

GF'E El 0 

Funding c u m m i  t t e c !  1 024 63 .L. "; 

F c i n c l i  ng needed 1 , 1 3 3  1,115 

Shortfall 1-34" 25i:) 4 

------------------- 

' - A s  shew i n  the mini-199 dated 12/zcs/85. 
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OAK RlDGE NATIONAL LASORATORY 
OPERATED BY MARTIN LMRIElTA ENERGY SYSTEMS. INC 

POST OfFlCC ROX Y 
OAK RIDGE, TENHESSEE J7W1 

blarch 12 ,  1986 

Mr. M. J .  Gouge 
Nuclear Research and Developrent 
Department o f  Energy, Oak Ridge 

Opera ti on s 
Post O f f i c e  Box E 
Oak Ridge, Tennessee 37831 

Dear Mr. Gouge: 

Attached i s  the February monthly cos ts  and schedule assessment report on t h e  
OR-638-86-ORNL-2, HIFI Project. 
items covered by t h i s  funding. 

I f  further information is needed please contact me a t  534-0258. 

Sincerely , I 

The schedule and costs oniy pertain ta those 

B. H. Montgomery _I/ 

BH14: kfr  

A t  tachmen t 

c c l a t t :  0. W. B u r t o n  
K .  R. Thorns 
C. 0. West 
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MAR71AI MARIETTA 

Internal Correspondence 
May 2, 1986 MARTIN YIRlETTA ENERQY SYSTEMS. INC. 

D i s t r i b u t i o n  

H I F I  P r o j e c t  Monthly Progress Report f o r  A p r i l  1986 

Shop f a b r i c a t i o n  o f  r e a c t o r  components, p a r t s  and assemblies, f o r  the t a r g e t  
inst rumented f a c i l i t i e s  i s  approximately 75% complete w i t h  no problems fo re-  
seen i n  making their scheduled d e l i v e r y  dates. The r e a c t o r  mockup i n s t a l l a -  
t i o n  i s  scheduled to begin i n  mid-May w i t h  i n s t a l l a t i o n  i n  the r e a c t o r  a t  the 
end o f  July.  The design and f a b r i c a t i o n  o f  a l l  remaining r e a c t o r  components 
f o r  the RB* f a c i l i t i e s  remains on schedule and w i t h i n  costs. 

Photographs taken dur ing  f a b r i c a t i o n  o f  some o f  the assemblies are at tached 
(F igures  1 through 4). Figure  1 shows the quick-access hatch dur ing  the pre- 
heat  p r i o r  to s t e l l i t e  over lay.  F igures  2 and 3 show the t a r g e t  tower f lange 
and tower tube p r i o r  to assembly. F igure  4 shows the outer  shroud dur ing  
arsent i ly .  It i s  n i ce  to see some ac tua l  hardware. 

The H IF I  P r o j e c t  Funding (shown on Table 1) has been r e v i s e d  to show a 
decrease i n  the S h o r t f a l l  fo r  PI 1986 with an increase i n  S h o r t f a l l  f o r  FY 
1987. T h i s  change i s  necessary due to the  delay i n  WE 200 capsule design, 
and the consequent ia l  delay i n  p a r t s  f a b r i c a t i o n  and assenbly (Task 7.2.3 on 
F i g u r e  5, H I F I  P r o j e c t  Schedule). It should be noted t h a t  the $37 K expen- 
d i t u r e  has on ly  been POSTPONED, from Ju ly  1, 1986 to October 1, 1986 - any 
de lays  beyond October 1 m l d  inmed ia te ly  have ser ious e f f e c t s  on the P r o j e c t  
Schedule. Table 2 shows the funding f o r  each o f  the tasks on Figure  5 and 
r e f l e c t s  these changes. 

Operat ions D i v i s i o n  has been a c t i v e l y  pursu ing a d d i t i o n a l  manpower f o r  the 
de lay  o f  Tasks 9.1 and 9.2 (Neutron ics Analyses).  I n t e r v i e w s  have been he ld  
and are  cont inu ing.  One job o f f e r  has been refused. Task 5.7, a d d i t i o n a l  
thermal ana lys is ,  i s  con t ingent  upon o b t a i n i n g  t h i s  manpower f o r  t h i s  f i s c a l  
year, and i t  w i l l  be remembered t h a t  these a n a l y t i c a l  tasks have assumed even 
g r e a t e r  importance and urgency f o l l o w i n g  the c a n c e l l a t i o n  o f  the pro to type 
capsule. 

The OR-638 m n t h l y  cost /schedule r e p o r t  was sent  to M. J. Gouge, DOE-ORO, on 
A p r i l  10, 1986. A copy o f  t h i s  r e p o r t  i s  a t tached f o r  your in fo rmat ion .  

p/i m J w  . H. Montgomery, r o  c eader, 9108, MS-1 (4-0258) 

Attachments 
c c / a t t :  S. 

L. 
E. 
D. 
B. 

(81 
J. B a l l  R. \ 
A. Berry D. b 
E. Bloom F. F 
W. Burton E. I 
L. Corbet t  M. b 

6. R. Hjcks J. 1 
S. S. Hur t  R. 1 
A. W. Longest I. 1 

1 .  McCord J. I 
1. McGinty w. I 
I. Mynatt  K. I 
Sewman , Jr . H. I 
1. Rosenthal c. I .. S c o t t  R. _. Senn A. : 
[. Siman-Tov F i lc  

H. Swanks 
E. Thomas 
R. Thorns 
E. T r a w l 1  
D. West 
S. W i l t s h i r e  
Zucker 
e-BHM(2) 
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F i g .  2 .  Target Tower Flange. 
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Table 1 

HIFI PROJECT FUNDING 

OFE 

US/ Japan 

BES 

GPE 

Total 

Funding committed 

Funding needed 

610 

100 

80 

1, 024 

1,121 

1801 

54 

107' 3581 

347= 

53 

---- 
160 

865 

1,152 

Shortf  a1 1 975 287. .................................................................... 
~ - A S  shown i n  the mini-189 dated 12/20/85. 

=-As shown i n  the US/Japan Agreement ( tasks 2, 9, and 12). 

=-Expense money needed. NOTE: Was o r i g i n a l l y  t o  have been ARIM 
money; ARIM funding not avai lab le - OFE funding was switched 
from operating t o  cap i ta l .  

.-8250 K of Capital money and 837 K of Expense money needed. 
N0TE:The Capital  money was o r i g i n a l l y  committed f r o m  ARIM funding; 
commitment subsequently withdrawn. 

a 

Rev. EHM/5-1-86 

t 
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F i g u r e  5 

H I F I  PROJECT 
ACCELERATED MFE SCHEDULE 

SCHED. CAL 

, , , , , . , I  
, , , , , I I I  

, , , I , I I I  
, , , , , I I I  

, , . , , I I I  

REACTOR COMPONENTS 

1. CI DESIGN , , , I , I I I  

Icampleted I I I : : 1.1 CONCEPTUAL 
1 . 2  DETAILS , , , I I I * I  

1 .2 .1  TARGET TOWER --:---!---I' . a Icampleted I : 
1. 2 .  2 ACCESS HATCH - - !  ----:--I ' , 5 Icampleted I I 

I [-:--..I-] 5;: I I 
I [ - I - - - ' -  

1.2.3 REMOV HE 
1.Z.4 TRACb ASSY , 1 I 531 : I I 
1 .2 .5  OUTER SHROUD Z7:campleted I : : 

, , , 1 1 1 1 1  

c- 
J .. 
5; 
z7 
z7 
5 

58 

85 
6 4  
;;9 
105 
88 

I, 1 ,-, 
- I .  

1 4 I:) 

5; 

d, 

53 
2.2 
b 4  
53 
53 
47 

80 

11 
27 

1 . 2 . 6  SHROUD FLANGE 
1 . 2 . 7  MISC 

1 . 7  STKESS ANALYSIS 

Z.IJ FABRICATION 
2.1 ACCESS HATCH 
&._ TAKCET TOWEK -.. KEMOV BE 
Z . 4  OUTEK SHKOUD 
2.5 SHROUD FLANGE 
1.6 TRACY ASSY 
2.7 MISC 

3.11 ETD SURVEL. 

4 . 0  INSTALLLATION 

- - .  - -  

I : 51 [ - I - ]  : I : : I 

4.4 MISC 

EXPERIMENTS 

3.0 DESIGN 
5 .1  RE(* INST F O C I L I T Y  
5.2 TARGET TEPP car ~~ 

5 . 7  MFE 60 
5 . 4  MFE 200 
5.5 NFE 300 
5.6 MFE 4 0 0  
5.7 ADD ANALYSES 

6 . 0  PROCURE RB+INST F A C I L I T Y I  

7.0 FABRICATION t. ASSY 
7.1 F A C I L I T I E S  

7.1.1 INST TARGET 
7.1.2 INST RB+ 

7.2.1 TARGET TEMP 
7 . 2 . 2  MFE 60 

7.2 CAPSULES 

I 11:c-- : -1 I I I I : 

7.2.3 PlFE 200 
7.2.4 PlFE 50c.I 
7.2.5 MFE 4 0 0  

I delaved C--- 

8.0 INSTALL & OPERATE 
8 . 1  TARGET TEMP .~ 
8.2 PlFE 60 
8.5 MFE 200 
8.4 MFE 300 
8.5 MFE 4 0 0  
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T a b l e  2 

FUND I: NE OF TASKS FROM ACCELERATED SCHEDULE 
F Y  1986 

5.7 

7.1.1 
7.2.1 53 I 
9.1 42 I 42 I 
9.2 27 ; 27 : 

_ - - - - - *  - _ -_ - I  ________'__________'__________I___________ 

97 1121a: 80cI 18Ob : 154 I 610c I 

a-Plus 8150 t:: f o r  removable b e r y l l i u m  m a t e r i a l  (expend i tu re  
costed t o  Operat ions D i v i s i o n ) .  

b-From U.S. /J Program Agreement (Tasks 9 through 13). 

L 

,- 

c-Capi t a l  
Hev/BHM 
5- 1-86 

4 
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Table 2 (cont inued)  

FUNDING OF TASCrS FROM ACCELERflTED SCHEDULE 
FY 1987 

7.2.2 1 1 1  I 1 1 1  I I I 

7.2.3 138 I 138 I 
7.2.4 64 I 64 I 
7.2.5 h4 I : 64 I 
8.3%. 4 74 I 74 I I I 

8.5%.6 117 I I 76 I I 41 I 

I ' I 

0 I 

I 

I , 

a-Flus $285 I.: f o r  removable b e r y l l i u m .  

b-From U.S. / J  Program Agreement (Tasks  9 th rough 13). 

d - P l u s  $135 t::: f o r -  removable b e r y l l i u m  f a b r i c a t i o n  (expend i tu re  
costed to Operat ions D i v i s i o n ) .  

e-Fusion Energy Mini-189. 

c--Cap i t a l  

cx-Capi ta l  ( f o r m e r l y  planned CAS CIRIM money) 
Fc P v / BH M 
5--- 1 -- 86 
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POST OFF!€€ B O X  V 
C%W. R!DGE, TENNESSEE 37a31 

A p r i l  10, 1986 

Flr. M. J. Gouge 
Nuclear Research and Development 
Department o f  Energy, Oak Ridge 

Opera ti ~ n s  

Oak Ridge, Tennessee 37831 
Post O f f i c e  BOX E 

Dear MI-. Gouge: 

Attached i s  the !.larch monthly c o s t s  and schedule assessment report on the 
OR-638-86-ORNL-2, tiIFI Pro jec t .  The schedule and costs only pertain to those 
i tems coveyed by t h i s  funding. 

I f  f u r t h e r  information i s  required please contact me a t  574-0258. 

Sincere1 y , 

Attachment 

c c / a t t :  D. W, Burton 
K. R. Thorns 
C. D. Weest 
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HIFI PROJECT COSTS (OR-638-E&-DRNL-2 Only) 

ESTIHATE 
--I----- 

DESIGR $136,000 
FAER I CAT I ON 370 300 
INSPECTION 42, bOO 
SURVEILLANCE 9E, 100 
I#S;TRLLRTION 63,000 

TOTAL $710 JOOO 
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Internal Correspondence . . . . . . . . . . ... _. - 
MARTI?*. ?&PRKTTA 5MthGV SVSTEUT, IMC May 30, 1986 

D i s tr i b II ti on 

H I F I  P r o j e c t  I b n t h l y  Progress Report f o r  May 1986 

There apt" ten new r e a c t o r  coaanpwient i tems associated w i t h  the inst rumented 
t a r g e t  f a c i l i t i e s  t h a t  were o u t  f o r  f a b r i c a t i o n  - f i v e  have been completed and 
t h e  remain ing p a r t s  are scheduled to be complete by Jbne 10, 1986. Work i s  
p rogress ing  on modi fy ing  the e x i s t i n g  spare parts f o r  LISP. Design i s  con- 
t i n u i n g  on the RB* f a c i l i t i e s  and some m a t e r i a l  has been ordered. 

0perat;iQns D i v i s i o n  had a l l o c a t e d  $150 X f o r  the purchase o f  the raw m t e i t i a l  
f o r  t h e i r  schcdi i led replacemefit o f  the b e r y l l i u m ,  However, a cos t  inc rsase of 
410% over the last  purchase ( e i g h t  years ago) has mi& it necessary f o r  
Oper-aii'ons to seek a d d i t i o n a l  funding before th? r c q g i s i t i o n  can be re leased:  
the  delay ;n the d e l i v e r y  o f  the b e r y l l i u m  can have a d e f i n i t e  iwpact  on the 
H I F I  P r o j e c t  schedule as v e l 1  as t he  opesat jon o f  the HFIR so t h a t  t h e i r  addi- 
t i o n a l  funding requirements i t be addressed urgent ly .  

Operat ions D i v i s i o n  i s  i n t e - n a l l y  s h i f t i n g  personnel i n  o ~ d e r  to p u t  mnposcr 
on t he  delayed t a s k s  9.1 and 9.2 (Nev t ran ics  Analyses - scc schedule o f  tasks 
i n  the A p r i l  1985 Monthly Progrrss Repost). Work on these t a s k s  should begin 
i n  approx imate ly  th ree  weeks. They are s t i l l  a c t i v e l y  pursu ing a d d i t i o n a l  
mdnpower fo r  t h e i r  own weds,  b o t  the immedfaie concerii :?om the HIFI P r o j e c t  
v iewpo in t  has somewhat eased. 

The ta rge t  t m p e r a t u r e  capstale, scheduled f o r  i n s e r t i o n  i n  the cew a'astptj- 
inrnted target f a c i l i t y  i n  August o f  t h i s  year, has beer designed, pasts  f a b r i -  
cated, and i s  c u r r e n t l y  being assembled. It i s  rcheduled t o  09 deliv~red to 
t h e  H F l R  by tht? f i r s t  o f  J u l y  f o r  a t ra 'a l  i n s e r t i o n  i n  the r e a c t o r  mockup 
p r i o r  to actua l  t s t i n g .  

The H F I K  r e a c t o r  operators  have been g iven b r i e f i n g s  on the HIF I  Project-,. 
D iscuss ions were he ld  p e r i a i n i f i g  t o  the new componect designs and how they 
would e f f e c t  a change i n  the  ci irrcnt  procedures. 
once a week over a per iod  o f  f i v e  weeks i n  o rde f  t o  C O M C ~  a l l  s h i f t s .  

The OR-538 m6nsthly cost/schedule r e p o r t  YES sent t o  M. J. Gouge, DOE-OXO, on 
May 13, 1986. A copy o f  t h i s  report. i s  a t tached f o r  your informatSon. 

These b r i e f i n g s  wwe he ld  

Aljiflh&75y) 
B. H. Montgome-y, P i%Xc t  Leade?, Y-12, 9108, MS-1 (4-0258) 
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Distribution 

S .  J .  Ball 
L. A. Berry 
E. E. Bloom 
D. W. Burton 
B.  L. Corbett 
G. R. Hicks 
S .  S. Hurt 
A .  W. Longest 
R. V .  McCord 
D .  bL McGinty 
F. R. Mynatt 
E. Newman, Jr. 
M .  W. Rosenthal 
J .  L. Scott 
R .  L. Senn 
I .  I .  Siman-Tov 
J .  H. Swanks 
W .  E. Thomas 
K. R .  Thorns 
H .  E. Trammel1 
C .  D.  West 
R. S. Miltshire 
A .  Zucker 
F i  le-BHM( 2 )  



___.. .....__I_____-...--- ....... _~ .......... 

msr ~ C E  m0)i v 
OAX RlaGE. TENNESSEE 37831 

OPERATED RY MARTIN VAARIElTA ENERGY SYSIEMS, ;NC 

May 13, 1986 

MP. bl. J. Gouge 

Department of Energy, Oak Ridge 
Operations 

Post Office Box E 
Oak Ridge, Tennessee 33831 

Nuclear Research and D2velQpNllO: 

Dear bk". Gouge: 

Attached i s  the April m n t h l y  costs and schedule assessment report on the 
OR-638-86-ORNL-2, HIFX Project. The schedule and costs only pertain ta those 
items covered by this funda'ng. 

I f  further information i s  required please contact m at  574-0258, 

s i  ncerel y , 

BHM:kfr 

ccjatt:  D. W. Burton 
K. R. Thorns 
c. 0. Nest. 
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HIFI PROJECT SCHEDULE 
IOR-638-86-ORNL-? Only) HIFI1 .CAL 

Last Update= 5/15/86 BHR 
................................................................................................... 

I FY-1996 FV-1987 , 
I O N D  : J F H  i ~ n ~  : J R S  : O N D  I J F H  i ~ n ~  : J A S  : 
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HIFI PROJECT COSTS (OR-638-86-OR&-2 Only) 

ESTIHATE "-------- 
DESIGN 5136,000 
FAERICAT ION 370,300 
IffSPECTION 42,600 
SURVEILLANCE 98,100 
I#STILLATION 63,000 

TOTAL $710,000 

APRIL COSTS 
.----- --_- _-- 

$26,197 
35,130 
4,803 
24,973 
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..._ Internal Correspondence .- 
MARTIN MARIETrA ENCRGV SYSTEMS. IMC 

July 2 ,  1986 

Distribution 

HIFI Project Monthly Progress R?11t For June 1986 

Fabrication of a l l  the reactor components necessary for f i r s t  phase of the 
project ( t he  instrumented tavget  f a c i l i t y )  has been completed on time and 
w i t h i n  costs. Fi t t ing and checking of the parts in the reactor mockup i s  pro- 
ceeding. Instal la t ion of the components i n  the reactor i s  scheduled d u r i n g  
the Infd-August shutdown. The target temperature capsule i t s e l f ,  scheduled for  
inser t ion in the new instrumented target  f a c i l i t y  i n  August of this year. i s  
in the final stages of assembly. A t r l a l  insertiora in the reactor mckup 
p r i o r  t o  actual instal la t ion i s  scheduled for mid-July. 

Design i s  continuing on the RB* f a c i l i t i e s  and some fabrication has already 
been in i t i a t ed .  Operations Division has released the purchase requisit ion for 
the raw mtera’al for their  scheduled replacement of !&e bery7Tiusn. No delay 
i n  delivery i s  foreseen a t  thfs time. 

Work has begun, by Bill Thomas o f  Operations D i v i s i o n ,  on the neutronics ana- 
lyses (Tasks 9.1 and 9.2 - Figure l ) ,  w i t h  
these calculations are necessary t o  complete the thermal analysis for the cap- 
sules scheduled for instal la t ion i n  June 1987. 

phasis on the RB* f a c i l i t i e s :  

The HIFI Project Funding  (shown in Table 1) has been revised to show a 
decrease i n  the Shortfall  for FY 1986 w i t h  an increase i n  Shortfall  i n  FY 
1987. T h i s  change was caused by the e a r l i e r  delay i n  p rov id ing  
costed t h i s  f i s ca l  year and a consequential delay i n  fabrlcatioii scheduling o f  
RB* capsule parts. I t  should be noted tha t  the $27 K expenditure i s  only 
postponed from July 1, 1986 t o  October 1, 1985 - delays beyond October 1 would 
have serious effects  an the Project Schedule. I t  should also be noted tha t  
the revised $70 K Shortfall  for  t h i s  f i s ca l  year should real ly  have been mde 
available by now (July 1) .  Table 2 shows the funding for each o f  the tasks on 
Figure 1 and r e f l ec t s  these changer. 
al located by OFE. only $590,000 has yet  been placed in the HIFI Project firran- 
cia1 plan. 

The OR-638 monthly cost/schedule report  was sent t o  VI. 3. Gouge, DOE-ORO, on 
June 10, 1986. A copy of t h i s  report I s  attached for your information. 

In addition, of the $610,080 capital  

8. H.  Montgomery, Y-12, 9108, MS-1 (4-0258) 

BHM:kfr 

A ttachments 
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2 

cc /a t t :  S. J. Ball 
L. A .  Berry 
E. E. Bloom 
B. L. Corbett 
'rl. 6.  Craddick 
G. R. Hicks 
S. S. Hurt 
A .  W. Longest 
R. V. McCord 
0. M. McGinty 
F. R. Yynatt 
E. Newman, Jr. 
M. W. Rosenthal 
J.  L. S c o t t  
R. L. Senn 
I .  I. Siman-Tov 
J. H. Swanks 
W .  E. Thomas 
K .  R. Thoms 
H. E. Trammel1 
c. D. West 
R. S. W i l t s h i r e  
A .  Zucker 
File-BHM 
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OFE 

IJ S / J a p a n 

BE5 

GFE 

Total 

F u n d i n g  c o m m i t t e d  

Ftincli.ng n e e d e d  

S h o r t f a l l  

.. .. -. . -- - --.- - ~ 

F Y  1'?87 

-- - .. .. . -. _ _  . . .~ .... 

C a p i t a l  Expense i i h p i  t a l  Experisc- 
-~ --- ~ 

"--As shown i n  t h e  U S / J a p a n  Agreement ( tasks  2 ,  9? a n d  12). 

+-Expense money n e e d e d .  NOTE: Was o r i g i n a l l y  t o  h a v e  b e e n  FlFiIM 
m r j n e y :  A R T M  f u n d i n g  not .  a v a i l a b l e  - O F €  f u n d i n g  w a s  s w i t c h e d  
f r a m  a p e r a t i n g  to c a p i t . a l .  

5-$350 C::: o-F C a p i  t . a I  mone.y* a n d  $64 k:: o f  E x p e n s e  mcney needed.. 
NnTF:Ttie C:api,t.al money w a s  o r i g i n a l l y  c o m m i t t e d  f r o m  A R I M  fc . inding;  
commi t m e n t  s u b s e q u e n t l y  w i t h d r a w n .  
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C i y u r - : ?  1 

HIFI PROJECT 
ACCELERATED MFE SCHEDULE 

SCHED. CAL HHM 
Rev. 7/1/86 

REACTOR CClMPnNENTS 

l . V  DESIGN 
1.1 (:ONCE[ 7 UAL 
1.2 DETAILS 

1.2 .1  TAfiGE? TOWER 
1.2.2 ACCESS HATCH 
1.2.3 REMOV HE 
1.2.4 TRACY ASSY 
1.2.5 OUTEK SHROUD 
1.2.5 SHROUD FLANGE 
1.2.7 MISC 

1.T STRESS ANALYSIS 

2 . 0  FABRICATION 
2 . 1  ACCESS HATCH 
7.2 TARGET TOWER 
2.3 REMOV BE 
2.4 OUTER SHROUD 
2.5 SHROUD FLANGE 
2.6  TRACK ASSY 
1.7 MISC 

3.0 ETD SURVEL. 

4.0 INSTALLLATION 
4.1 FICCESS HATCH 
4.2 TARGET TOWER 
4.3 TRACY t RE 
4.4 MISC 

EXPERIMENTS 

5 . 0  DESIGN 
5.1 RB* INST FACILITY 
5.2 TARGET TEMP C W  
5.3 MFE 60 
5.4 MFE 200 de 
5.5 MFE 300 
5.6 MFE 400 
5.7 ADD ANRLYSES 

6 . 0  PROCURE RbrINST FACILITY 

7.0 FABRICATION t ASSY 
7.1 FACILITIES 
7.1.1 INST TARGET 
7.1.2 INST RB* 

7.2.1 TARGET TEMP 
7.2.2 MFE 60 
7.2.3 MFE 200 
7.2.4 MFE 300 
7.2.5 MFE 400 

8.0 INSTALL S. OPERATE 
8.1 TARGET TEMP 
8.2 MFE 60 

8 . 4  MFE 500 
13.5 MFE 400 

7.2 CAPSULES 

a. z MFE 200 

9.0 NEUTRONICS ANALYSES 
9.1  FRCILITY 
9.2 TARGET TEflP EFFECTS 
9.5 BEAM TUAE EFFECTS 

_________---_____--______I__ 

FISCFIL YEAR COSTS 
(FY-86 DOLLARS) X 1000 

Flus $155 K s p e n t  in F 
_____--_--________-__________ 

: I :  
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339 
105 
88 
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32 
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53 
53 
47 

80 

1 1  
27 

53 
222 
276 
:202 
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> 105 
117 

42 
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3126* 
-__-_ 
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TA5:I 
. .. .. ~- 

1 . 2 . 1  
1 ~ 2.2 
1.2.3 
1.2.4 
1.2.5 
1.2.b 
1.2.7 
1.1; 
2.1 

2. .z 
2.4 
2. h 
5 .  I3 
4.1 
4.2 
5. 1 
5.2 

5.4 
5.7 
6 I 0 
7.1.1 
7.2.1 
9.1 
9. 'If 

? 7  
i. L 

r; -- 
cl . -'a 

! X S T  I 

, 

42 
27 

4 2 

a-Plus; $150 I.::: for r e m o v a b l e  beryl1 iuin material  ( e x p e n d i t u r e  
cooted  t o  O p c r a t i o n s  D i v i ! S i o n ) .  

b-From U. S ,  /;I Iz'ragram A g r e e m e n t  (Task-,  9 through 131 . 
I: - - C a p i  ka.1 
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2.: 
2.5 
2.  h 
3. Cl 

4.3 
5.4 
5.5 
3. c, 
5.7 
6. 0 
7.1.2 
7.2.2 
7.2. :3 
7.2.4 
7.2.5 
5.3%. 4 

7.2.2 
7.2.3 
'7. 2 m 4 
7.2.5 
9. 2&. 3 
a. 4 . ~ .  s 

3-yi.- 
1-ol-FIL 

F Y  1988 

lbc : 
I 

I 

I 

I 

64c I 
27c I 

3 :  
1 0 1  I 
1.38 : 

1 1 1  I 

I 

4.552 I 3L4 

- -.-..- .-.-.---._-___---.-.____.._._II I_ --._-I- ~ ................................................................................................. 
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OAK BlllDGE NATION 
WFRAIFU BY MARTIN MARltTrA ENERGY SYSTEMS. 1% 

POST OFFICE B O X  Y 
OAK RIDGE. TENNESSEE 37m1 

June 10, 1986 

M r .  M. J. Gouge 
Nuclear Research and Development 
Department of Energy, Oak Ridge 

Operations 
P o s t  Office Box E 
Oak Ridge, Tennessee 37831 

Dear Wr. Gouge: 

Attached i s  the May mnthly costs  and schedule assessment report on the 
OR-638-85-QRML-2, WIFl Project. The schedule and costs only pertain to those 
i terms covered by uli s funding . 
If further information i s  r e g ~ j ~ e d  please contact me a t  574-0258. 

S i  nceo-e 1 y , 

A ttinchnent 

c c l a t t :  D. W. Burton 
K. R. Thorns 
c,  D. West 



HIFI PROJECT COSTS (OR-b38-86-ORNL-Z Only) 

EST I HATE 

DESIGN J 136 , 000 
FRRRICBTION 370,300 
INSPECTION 42,600 
SURVEILLANCE 98,100 
INSTALL AT1 ON 63,000 

TOTAL $710,000 

- ------- - 

TO RE SPENT 

S 3,238 
271,593 
27,216 
40,912 
58,b19 

___I____-__ 
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Internal Carrespan 

J u l y  31, 1986 
w w i m  MARIETTA ENERGY SYSTEMS, INC. 

D i s t r i b u t i o n  

HIFI P r o j e c t  Monthly Progress Report f o r  Ju l y  1986 

A l l  of the new r e a c t o r  components f o r  the f l r s t  phase o f  the P r o j e c t  ( t h e  
instrumented t a r g e t  f a c i l i t i e s )  have been f i t t e d  and checked ou t  i n  the reac- 
t o r  mckup.  
T h i s  tape can be used to t r a i n  operators  as w e l l  as a s s i s t  i n  the p repara t i on  
of i n s t a l l a t i o n  and removal procedures f o r  the rev i sed  HFIR Operat ing Manual. 
Assembly o f  the t a r g e t  temperature capsule was completed and a t r i a l  i n s e r t i o n  
i n  the r e a c t o r  mckup proved the al ignment o f  the f a c i l i t y  t o  De co r rec t ,  The 
r e a c t o r  components and the capsule w i l l  be i n s t a l l e d  du r ing  the nex t  shutdown, 
which i s  scheduled i n  mid-August,. 

The b e r y l l i u m  r e f l e c t o r  design was completed t h i s  manth and design f s  con- 
t i n u i n g  on the t r a c k  assembly and miscel laneous p a r t s  and too l s .  F a b r i c a t i o n  
i s  con t inu fng  on the shroud f lange w i t h  d e l i v e r y  scheduled i n  e a r l y  September. 
Design o f  the Fusion Energy RB* capsules i s  cont inu ing.  There has been a 
change made i n  the opera t i ona l  schedule o f  these fou r  MFE capsules: the f i r s t  
p a i r  o f  capsules w i l l  be the 60°C and 300°C ins tead  of the 60°C and 200°C. 
T h i s  swi tch was made e0 g ive  e x t r a  t i m e  f o r  design and develapflent work on the 
more d i f f i c u l t  200°C capsule (on which development work was e a r l i e r  delayed).  
No o v e r a l l  delays are foreseen due t o  t h i s  change i n  the order  o f  f r r a d i a t i o n s .  

A new funding prospectus f a r  1987 was d i s t r i b u t e d  on July 23, 1986 (copy 
at tached) .  By r e d i r e c t i n g  some o f  t h e  funding to o the r  tasks and request ing 
GPE funds, the 1987 s h o r t f a l l  would be g r e a t l y  reduced. The HIFI P r o j e c t  
Funding (shown i n  Table 11, the W E  Accelerated Schedule (shown i n  F igure 11, 
and the Funding of Tasks (shown i n  Table 2 )  have k e n  rev i sed  ix r e f l e c t  these 
changes. Please note t h a t  the tables and f i g u r e  have been changed from 
constant  FY 1986 d o l l a r s  t o  c u r r e n t  d o l l a r s  to agree w i t h  the funding prospec- 
t u s  and the fus ion  energy mini-189 - a 5% e s c a l a t i o n  per year was used. 

I t  i s  a l so  noted t h a t  the a r r i v a l  o f  the new removable b e r y l l i u m  r e f l e c t o r  is 
behind schedule, so t h a t  the machining work planned f o r  t h i s  year cannot now 
be done u n t i l  FY 1987, reducing the funding s h o r t f a l l  i n  FY 1986 from $70,000 
t o  on ly  $16,000. 

The 08-638 monthly cost /schedule r e p o r t  was sent t o  M. J. Gouge, DOE-ORO, on 
J u l y  4 ,  1986. A copy o f  this r e p o r t  i s  at tached f o r  your i n fo rma t ion .  

A video tape Has made as each p a r t  was i n s t a l l e d  and removed. 

/ 

BHM: k f r  / 

A ttachments 
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D i s t r i b u t i o n  

S. J. Ball 
L. A. Berry 
E. E. Blaom 
B. L. Corbett  
W .  G. Craddick 
C.  J. Cromwell 
J .  R. HIckey 
G. R. Hicks 
S. S. Hurt  
A .  W. Longest 
R.  V. McCord 
0. M. PlcGinty 
F. R. Mynatt 
E. Newman, Jr .  
M. W. Rosenthal 
J .  L. Scott  
R. L. Senn 
I .  I. Siman-Tov 
J .  H. Swanks 
W. E. Thomas 
K. R. Thorns 
H. E. T r a m e l l  
C. A. Watson 
C. 0. West 
R. S. Wiltshire 
A .  Zucker 
Fi 1 e-BHM( 2) 
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_I_.I.._ 
Internal Correspondence 

July 23, 1986 Y4RTlW MARIETTA ENERGY SYSTEMS, INC. 

Distribution 

The HIFI P r > ~ e c t  - A Me% Funding Prospectus and Some Good News 

The funding for additional machining of the removable ref lector  to the new 
design will  n o t  be ~eeded by Operations Division this financial year because 
delivery of the beryllium material wdll be delayed. That reduces the short- 
f a l l  of funding 607 FY 1906 from the $70,000 previously reported ta only 
$16,000 (assuming tha t  the $54,000 of operating funds already available and 
presently allocated for the mchining i s  redirected) .  

In the meactrime, much progress has been mde j n  obtaining the new B"ei\Ctor com- 
ponents for the project,  The access hatch, target tower and outer shroud have 
been received, and an  uts si de contract i s  in place for the shroud flange w i t h  
delivery expected i n  September. These items are within budget and have n o t  
needed the contingency funding included d m  the original estimates for them- 
As a result, the 67P0,OOO of capital  already committed and c~vered  by BUY" 
QR-638 is expected complete a l l  those components as m l l  as same i n s t a l l a -  
t i o n  and related work altliough completing the instal la t ion and mchining Une 
track assembly a t  Y-12 will s t i l l  require, as previously planned, some FY 1987 
funds'ng. This a l l  has tvao very good consequences: f i r s t ,  Use new capital  
requirements for FY 1987 are reduced by some $93,000 and second, that  new 
capital  funding id11 no t  now be needed before the December 1986 financial 
plan. 

By rescheduling some expenditure on fabrication o f  the second pair o f  RB* cap- 
sules (Tasks 7.2.4 and 7.2,5) from l a t e  FY 1957 into early FY 1988, the 
funding shar t fa l l  for FY 1987 can be s t i l l  further reduced without adverse 
e f f ec t  on the overall project schedule. 

The spending projections, t a k i n g  i n t o  account a l l  of these changes, are as 
shown -in Table 1. 
mates or w i t h  actual experience, b u t  i f  you want t o  make a direct  comparison 
with the tables i n  past monthly reports you must convert the figures shown in 
those reports from FY 1986 dol lars  to current dollars:  on the advice of John 
Hickey, we i m d  a 5% escalation From SY 1986 to FY 1987. 

Table 1. Updated HIFI Project Cost Estimates, $000 

These figures are completely consistent w i t h  previous e s t i -  

Previous Previous 
est .  Mew es t .  es t .  New est .  -- 

Retctor mds, Cap. 1 335 24 2 0 0 
I, 0 54n D 0 

Instrument faci 1 i t y  (Cap 1 96 96 0 0 

Capsule W Q T ~  ( O P . )  807 717 7 26 
__I__ - - 626 

625 726 Total 1,238 1,109 
U For Operations Division extra machining costs on the? new beiylliun 

ref lector  (pa r t  of Task 2.3). 
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These new estimates provide considerable r e l i e f  from the FY 1987 shortfal l  
( t he  "shortfal l"  is the difference between the planned expenditures and the 
funding sources already committed). Specifically,  the previous capital  'short- 
f a l l  of $268,000 ( i n c l u d i n g  escalation).  representing ARIM mney that was or i -  
ginally considered b u t  then dropped, i s  reduced to $175,000. The projected 
operating shortfal l  i s  reduced from $90,000 t o  $54,000, a l l  of which i s  for 
the beryllium machining. 

These changes prompt a new prospectus for funding, i n  which GPE money i s  
s o u g h t  for completion of the instrumentation f a c i l i t y  work in FY 1987. If the 
laboratory management supports and grants a request for GPE, and assuming that  
the capital  money already allocated by the fusion program can be redirected 
from f a c i l i t y  work to reactor components, the 1987 capital  shortfal l  would be 
reduced t o  only $79,000 - see Table 2 for a description o f  these changes. 

Table 2. New Funding Proposal for the HIFI Project in FY 1987 

All f igures i n  thousands of 1987 dol lars  

Previous figures New prospectus 

Need Source Need Source 
Cap1 tal 43 1 338 

GPE 
0 FE 
BES 

0 
107= 
56 

961 
107a 

56 

Shortfall  268 791 

Opera t ing  807 77 1 

US/Japan fusion 359 359 b 
358& - 358a - OFE 

Shortfall  90 54 

'1551 - - 358 - Total shortfal l  

a 
Source: Fusion Energy Mini-189. 

b 
.Source: Tasks 9 and 11 from USIJapan fusion 

materials program plan. 
C 

For berylTium mach in ing  by Operations Division. 

' /f .- 
r i  

Colin 0. West: Y712, 9'd8, MS-1 (4-0370) 

CDW: kfr 
L L  
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F i g u r s  1 

H i F I  PROJEC? 
ACCELERATED MFE SCHEDULE 

( C u r r e n t  year W0'3) SCVED1. C A i  BHW 
Rev .  7/25/36 

REACTOR COMPONENTS 

1.O D C S I S N  
I. 1 CONCEFTUAL- 
1.2 D E T A I L S  
1.2.1 TARGET TOWER 
1 .2 .2  ACCESS HATCH 
1.2.3 REEOV BE 
1.2.4 TRACK ASSY 
1.2 .5  CUTER SHROUD 
1.2. b SHROUD FLANGE 
1.2.7 MISC 

1.1 STRESS A w L Y s I s  

2.0 F R B H I C A T I O N  
2.1 ACCESS HATCH 
2.2 TARGET TOWER 
2.3 EXTRA YE MACH. 
2.4 OUTER SHROUD 
Z.3  SHROUD FLANGE 
2.6 TRACK ASSY 
2.7 nric 

T. 0 ETD SUf iVEL.  

I 
I 

: 

5 
5  

5 .: 
53 
27 
27 
F 

58 

85 
64 
5 4  
105 

153 
73 

129 

8.0 I N S T A L L  t OPERATE 
3.1 TARGET TEPP 
8.2 MFE 40 
13.4 MFE 300 
3.: MFE 200 
a. 5 UFE 4 0 ~  
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- .- - . . . . .. ... 
COST I U . S . / J  I 

.. .. ~ 
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FY 1997 

FY 1988 
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OAK RIDGE NATIONAL LABORATORY 
OPERATED BY MARTIN M A R I E U A  ENERGY SYSTEMS INC 

W S T  OFFICE Do* Y 

OAK RIOGE. TENMESSES 31831 

J u l y  14, 1906 

Mr. M. J .  Gouge 

Operat ions 

Nuclear Research and Development 
Department o f  Energy, Oak Ridge 

Post  O f f i c e  Box E 
Oak Ridge. Tennessee 37831 

Dear Mr-. Gouge: 

At tached i s  the June mslthly c a r t s  and schedule assessment r e p o r t  an the 
OR-638-$6-ORNL-2, H I F I  P ro jec t .  The schedule and costs  on l y  p e r t a i n  to those 
i t ems  covered by t h i s  funding. A s  re layed i n  our telephone conversat ion,  the 
engineer ing design est imate was increased to cover a d d i t i o n a l  costs  for 
opera t i ng  procedures and mnua? ,  and f o r  changes requ i red  i n  t4ne p l a n t  
assembly drawings. 

A t  the same time, the fabr icatdon cos t  est imate was reduced; cas t i ng  
exper ience has shown t h a t  t h i s  new estlmate should cover %he E m l i n i n g  reactor 
components. These two changes compensate each other ,  and the o r i g i n a l  o v e r a l l  
c a s t  est imate fs unchanged, 

I f  f u r t h e r  i n f o r m a t i o n  i s  requ i red  please con tac t  me a t  574-0258. 

S incere ly ,  

B. H. Montgorner 

BHM:kfr 

Attachment 

c c / a t t :  W. 6. Craddick 
K. R. Thorns 
c. 0. West 
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(O=Qesign; FrFabricate: I-Install; x=Completedl 
timbers i n  ( 1 are HFIR Job nuibwr 

HlFI PROJECT MISTS (OR-638-Eb-DRllC-2 Only1 

ESTIHATE JUNE COSTS SPENT TO DBTE 

DESIGN $1 7?, SOOa 

IIISPECTION 42,600 
SURVEILLAICE 98,100 

FABRICATION 326, Boob 

IISTALLRTION 63,000 -------- 
TOTftL $710,000 

I1 46,012 
1 8 3 , ~ s ~  

I?,  075 
b6,565 

9,325 

$424,230 
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Internal Correspondence - .......... 
Septerbcr 2, 1986 WART!"I MARIETTA ENERGY SYSTEMS. IN': 

D i s t r i b u t i o n  

-Î --- H I F I  P r o j e c t  I4anthly Progress Report  f o r  August 1986 

Phase 1 o f  the H I F I  P r o j e c t  has been completed on schedule and under costs.  
The new coinpanents and the t a r g e t  temperature capsule were i n s t a l l e d  du r ing  
the  r e a c t o r ' s  r e f u e l i n g  shutdown i n  m i d d u g u s t  thanks i n  l a r g e  measure to %he 
perseverance o f  Gene Hicks o f  the Operat ions D i v i s i o n ,  
mented exper iment i n  the t a r g e t  reg ion o f  the HFIR cont inues to operate 
smaothly y i e l d i n g  data t h a t  are l a r g e l y  con f i rm ing  expectat ions.  

Work i s  con t lnu ing  on Phase 2 ( t h e  RB* f a c i l i t i e s ) .  Design o f  the t r ack  
assembly should be completed i n  e a r l y  September. Purchase orders f o r  f a b r i c a -  
t i o n  o f  some o f  the p a r t s  have a l ready been l e t  w i t h  d e l i v e r y  expected i n  
e a r l y  September, The f i n a l  assembly o f  the t racks  w i l l  be done i n  Y-12 
General Machine Shop because o f  the spec ia l i zed  equipment l oca ted  there and 
r e q u i r e d  f o r  t h i s  job. Design o f  the Fusion Energy RE* capsules cont inues on 
the  new, delayed schedule. 

Funding Froin the U.S, Fusion M a t e r i a l s  Program i s  a v a i l a b l e  to complete cer-  
t a i n  ETD tasks r e l a t i n g  t o  the HFIR mod i f i ca t i ons .  This, together w i t h  the 
r e c e n t  a l l o c a t i o n  o f  the l a s t  $20,000 o f  the planned $610,000 o f  c a p i t a l  
funding f o r  the P ro jec t ,  prov ides s u f f i c i e n t  fundjng f o r  our FY 1986 needs. 
F i g u r e  1 and Tables 1 and 2 r e f l e c t  these changes. 

The f i r s t - e v e r  i n s t r u -  

November 1986. I f  
December f i n a n c i a l  
f a c i  1 i t i e s .  

It should be noted t h a t  FY 1986 fundfng f o r  the reac to r  components has been 
est imated to be s u f f i c i e n t  t o  cont inue work on the P r o j e c t  through the end o f  

the a d d i t i o n a l  funds f o r  FY 1987 are n o t  a v a i l a b l e  i n  the 
plan,  a l l  work will have to cease thus delay ing the RB* 

The OR-538 monthly 
DOE-OR(%, on August 
i n fo rma t ion .  

cost /schedule r e p o r t  for J u l y  1986 was sent to M. J. Gouge, 
13, 1986. A copy o f  t h i s  r e p o r t  i s  at tached f o r  your 

Y-12, 9108, MS-1 (4-0258) 

BHM: k f r  

A ttachrnen t s 

c c / a t t :  5.  J. B a l l  G ,  R. Hicks E. W. Patton K. R. Thorns 
L. A. Berry S. S. H u r t  M. W. Rosenthal H. E. Trammel1 
E. E. Bloom A. W. Longest J. L. Sco t t  C. A. Matson 

W. C. Craddick D. M. McGinty I. I. Siman-Tov R. S. W i l t s h i r e  
C. Cromwell F. R. Myna:: J. H. Swanks A. Zucker 
J .  Hickey E. KPwman, ,.: h'. C. Thomas F i l e ( 2 )  

B. L. Corbe t t  R. V. McCord R. L. Senn C. D. West, 
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196 

54 

=-As s h o w n  i n  t h e  US/Japan Agreement (taslks 2, 9 ,  and 12). 

"-67? E of  Capital money a n d  $54 K o f  Expense money needed. 
NOTE: T h e  $54 K: is f o r  a d d i t i o n a l  b e r y l l i u m  m a c h i n i n g  by O p e r a t i u n s  

D i v i s i o n .  

REV. BHM 8/22/85 
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.;E'FL I-Llh 5OMF"flNENrS 

! . ! LI '? I EN 
I. : C U N C L F T U A L  
i . :  U C T A I L S  

1 .  ?. 1 TnRGET TOWER 
! . 2 ~  2 ACCESS HATCH 
I .  L'. 1 REMOV R E  
! . 2 . 4  T l l A C t  ASSY 
i . Z .  5 OlJTER SHRCIUD 
1.2.  & SHRUUD F L A N G E  
1 . 2 . 7  M I S C  

1.  : S T R E S S  I ~ N A L Y S I S  

1.f:) F A E I H I C A T I O N  
2 .  1 ACCESS HATCi-1 _._ TARGET TOWER 
I l . l  EXTRA BE MACH. 
T. 4 OLJTER SHROUD 
2.5 SHROUD FLANGE 
2.b TRACK ASSY 
2.7 MISC 

7 .  IC1 E T D  SIJRVEL.  

_ - l  

4.  (:I I N E T A L L ~ L L A T I O N  
-1. 1 ACCESS HATCH 
4 . 2  TAFiGET TOWER 
4. Y TRACK P, RE 
4 . 4  I I I S C  

5.C DESIGN 
5.1  RE!* I N S T  F A C I L I T Y  
5.2 TARGET TEMP C A P  
'5. T MFE 60 
9.5 M F E  7.1:>,:1 

5 . 4  MFE 201.1 

5.  t. MFE 400 
.,. , ADD A N A L Y S E S  e -  

I I , , , , , , ,  
I I I , I I I , I  

l . 0  FROCURE R B r I N S T  F A C I L I T Y :  : 16 [ - - - I - - - : - - -  1 67: I : 

7.0 F A B R I C A T I O N  % ASSY I I , < , , I , ,  

7.1 F A C I L I T I E S  I I I I I S I , ,  

7.1.1 I N S T  TARGET :completed 1 1  : I : : : 
8 9 I I * E - - : - - - *  *-I :29 : 7.1.2 I N S i  RB* b I I I I  

7 .2  C A F S U L E S  I t , , , , , , ,  

:completed 53 : : : : : , . -. 1 TARGET TEMF' 
7. 2.2 MFE 60 0 I S , ,  3 I I [--- :---:-I :117; 

I I delayed [---:---:-I :147: I .  -. 4 MFE I00 

I I I I I I I I I  
I I I I I I , , ,  

I I , , , , , , .  

I I I I I I I 1 ,  

I I I I , , , , ,  - -  
I ,  7 -  

c -  -112;: 

c 

c 

c- 
J _. 
J 1 
c7 

27 
I17 

58 

5 

85 
6 4  
51 
BO 

156 
73  

179 

_r 
-;I 

c 

c 

56 

c- 

c7 r 

J i 

32 
65 
56 
56 
4 7  

81: 

1 1  
29 

53 
240 
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1.2.1 
1.2.2 
1.2.3 
1.2.4 
1.2.5 
1.2.6 
1.2.'7 
1.3 
2.1 
2.2 
2 .4  
2.9 
2 .4  
3 .  0 
4.1 
4.2 
5.1 
5. 2 
5.3 
5.5 
5.7 
b . 
7.1.1 
7.2. t 
9 . 1  
9.2 

I I I I ----.."-' -----I 

t 
I I 

I 

104C)a: 8Oc I 1 9 6 b  I 154 I bloc  : 
~~l~l--l-----'--ll--'-l~--~~~~'l--_ -.------I __________  I -.-l..._.__ll_ll __ 
a-Does not i n c l u d e  funding f a r  removable b e r y l l i u m  material. 

( E x p e n d i t u r e  cos ted  t o  O p e r a t i o n s  Division). 

b - F r o m  U. S.  /J P r o g r a m  A g r e e m e n t  (Tasks  9 t h r o u g h  13). 

c-Capi t a l  
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Table 2 ! c o n t . i n u e d )  



257 

I 
_. ........... 

OAK RIDGE NATlONAL LABORATORY msT OFFICE BOX Y 

OhK RlOGE lFNNtSSEE 37811 
WERATED BY MARTIN MhRIETTh ENERGY SYSTEMS. I&€ 

August 13, 1986 

M r .  M. J. Gouge 
Nuclear Research and Development 
Department o f  Energy, Oak Ridge 

Operat ions 
Post  O f f i c e  Box E 
Oak Ridge, Tennessee 37831 

Dear Mr. Gouge: 

At tached i s  the J u l y  monthly costs and schedule assessment r e p o r t  an the 
OR-638-86-ORWL-2, HIFI Pro jec t .  
i terns covered by t h i s  funding . 
I f  f u r t h e r  i n f o r m a t i o n  i s  r e q u i r e d  please c o n t a c t  me a t  574-0258. 

The schedule and costs  on ly  p e r t a i n  to those 

Sincere ly ,  

BHM : k f r  

Attachment 

c d a t t :  U. G. Craddick 
K. R. Thms 
C. 0. West 
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(DzDr5i gn; F=Fabricate; I=Install; x-Caapl eted)  
Nuesbers i n  ( 1 are MFlR Jab nusbers 
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Internal Correspondence 
MARTIN MARIETTA ENERGY SYSTEMS. INC. 

September 30, 1986 

D i  strli bution 

HIFI Project Monthly Progress Report for  September 1906 

The instrumented target  capsule continues to operate smoothly. Reactor opera- 
t ions personnel removed and reinserted the capsule d u r i n g  the l a s t  scheduled 
refueling shutdown i n  early September without any problems or any special 
tool s. 

Work i s  continufng on Phase I1 (the RB* f a c i l i t i e s ) .  Design of the track 
assembly has been completed, and fabrication has already begun in the Y-12 
General Machine Shop. Fabrication of the outer shroud flange was completed, 
and i t  has been delivered to the HFIR. Purchase orders for additional 
miscellaneous parts and tooling are awaiting the arr ival  of FY 1987 money. 
In i t i a t ion  of these purchase orders m u s t  be s tar ted in December i n  order to 
stay on schedule. 

A DOE/ORNL Award Fee Milestone has been placed on the completion of the HIFI 
Project Phase I1 (RB* f a c i l i t i e s ) .  The milestone date was set as July 1987, 
which i s  actually one month too l a t e  f o r  our  US/Japan milestone (June) on 
beginning i r radiat ion of the Fusion Energy RB* capsules. The June date has 
been comfortably i n  the project‘s schedule for over a year now, and the only 
foreseeable delay tha t  could a f f ec t  the schedule would be the l a t e  delivery of 
the removable ref lector .  

A request for GPE funds has been submdtted through Alex Zucker’s office for 
$96 K as par t  of the HIFI Project funding for FY 1987. 
taken on the 5133 K “shor t f a l l ”  for the coming year (see figure 11, although 
i t  i s  understood tha t  Zucker will be arranging a meeting between himself, 
Rosenthal and others to discuss the issue shortly. 

The neutronics analysis schedule (Tasks 9.1 and 9.2 i n  Table 1) has been 
fur ther  delayed due to other work i n  the Operations Division ( i n c l u d i n g  the 
new HFIR safety analysis) .  A new schedule i s  b e i n g  prepared that will take 
account of the urgent need for heating and neutronics data to  design the new 
RB* experiments scheduled to begin operation next summer; t h i s  need remains 
urgent and important because o f  the deletion o f  the prototype test capsule 
from the program (see April Monthly Progress Report), and the n e w  schedule for 
neutronics work will r e f l e c t  this c r i t i c a l  path. 

Programmatic funding for each of the tasks i s  shown i n  Table 2. 

No action has been 
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2 

The OR-638 math ly  cost/schedule report for  August 1986 was sent to M. J. 
Gouge, DOE-ORO, on September 16, 1986. A copy of t h i s  Pegart i s  attached for 
your informatSon. 

BHM: k f r  

A t t a c h e  6a t s 

Di Strj b U t i  OR 

S. J. Ball 
b o  A.  Berry 
E, E. Bloom 
B o  b, Corbett 
H a  G .  Craddick 
c. Cromnwelil 
G .  R. Hicks 
M. A. Holtzclav 
5 .  S. H~rt 
A. W. langest 
R. V. &Cord 
D. M. Mcfinty 
F. R. Mynatt 
E. Wewmanaa, Jr. 

J. L. S c o t t  
R. L. Sesln 
I. I .  Siman-Tov 
J. H. Swanks 
kl, E, Thomas 
K. R. Thorns 
M. E. Tramel3 
C. A. Watson 
C. D. Hest 
R. S. Wiltshire 
A. Zucker 
F i  IPBHW( 2) 



CIS / J a.p a n Tp 176 :55? 335 

BE5 l(30 54 5.5 

Funding committed 1 9  940 975 526 

Funding needed 1 , 040 1 109 726 

Shortf  a1 1 13.33 1 CJ 

* - A 5  shown i n  the  mini-189 dated 12/20/85. 

*-As shown i n  the  UEi/Japan Agreement (ta5,C:s 2, 7, and 12). 

3-$7L3 E o f  Capital money and $54 k' uf Expense money needed. 
NOTE: The 654 K is f o r  add i t iona l  bery l l ium machining by Operations 

D iv i  sion. 

Rev. BtiM 9/16/86 
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S C H E D l  . C A L  BHM 
Hev. 9/26/86 

HEkCTOF-' COMFONENTS 

1.1:) DESIGN 
I .  1 CONCEPTUAL 
1. 2 DET!AIL!; 

1. 2 .  1 TARGET TUNER 
1.2.1 :ACCESS HATCH 
1.2. 1, KEllOV RE 
i . z . 4  TRACb ASSY 
1 .2 .5  OUTER SHROUD 
1.2.6 SIiFrOUD FLONOE 
1.2.7 M I S C  

1.1 S T R E S S  A N A L Y S I S  

2.  e.) F C I B H I C A T I G N  
2.1 ACCESS HATCH 
2.2 TCIHtiET 1OWER 
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4 .1  ACCESS W T C H  
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4 . 3  TRACb % RB 
4.4 M I S C  

EXPER I M E N I S  
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5.1 R B +  INST F A C I L I T Y  
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5.1. MFE 60 
5.5 ElFE 300 
5.4 MFE 20Q 
5.6 MFE 41Xl 
5.7 ADD A N A L Y S E S  
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7.1.1 I N S T  TARGET 
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7.2. 1 1 A R G E T  TEPIF 
7.1.2 MFE 60 
7.Z.4 MFE 300 
7 . 2 . 3  MFE 200 
7.2.5 M E  400 
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8.0 INSTRLL % arEwTE 
8. 1 TPlRGEl- TEPlP 
8.2 WFE &O 
8.4 W E  300 
8.3 MFE 200 
8.5 MFE 400 

9. Cl NEUTRQNXCS PlNRLYSES 
9.1 F A C I L I T Y  
9.2 TARGET TEMP E F F E C T S  
9.3 HEWI TUUE E F F E C T S  
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1.2.1 
1.2.2 
1.2.3 
1.2.4 
1.2.5 
1.2.6 
1.2.7 
1 . -5 
2.1 
2 . >? 
2.4 
2.5 
2.6 
2.7 
3 .  CI 

4.1 
4.2 
4.1 
5.2 
,.I. .7; 

5.5 
5.7 
b . 0 
7.1.1 
7.2.1 
7.1 
7.2 

c 

r 

a-Daes n o t  i n c l u d e  funding f o r  romavabl .e h e r - y l l i u i n  material. 
(Expendi ture costed t o  Operat ions DI vi91 on).  

b-From U . S . / J  Program Ayreement ( T a s l s  Y through 13). 

c-Capi tal  
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........................................................ , . ., ................................................ 

TASK C C I U  I GF'E I IJ,, E. /J ! I\ICW BE.5 I NEW W E  I SI-IO~TFALI.. 
............................................................................................. 

&-. > :< 54.3 I 5 4 
2 "  6 54 I 54c :  ; 
2.7 73  I s.:c I 2::)c 
3 . (:I '1;9 I ..I 7 c 
4 "  3 : 

56 I 56 i J .  4 
5 . 5  23 I 
5 "  h 56 I %-!A ~ 

J. 7 
6 . C t  67 I 67i 
7.1.2 23 I 2vc 
7.2 .2  1.17 I 1.17 I 
7 .2 .3  90 I 98 : 

7 . 2 . 5  98 I 5'9 I 
8.2%.4 117 I 11'7 I 

c i 

c- 
.JbC I c- , 

c 

c 

C I  
d I 

$ 7 ,  
L J I  

c 

7 .2 .4  1 4 7 I 4 1  143 I 

- _  I______.__-_ 

1109 I 9617 I 359b I 56c I 4 5 m  I 135 

F Y  1988 

.................................................................... 

726 I 585b I 41 I 1 CICl 

.>-Yr- 
TOTAL 2075 i 76c 1124h 2 1 1:) 1116 249 
.................................................................................. ........................................................................................ 

a-Cost f o r  e x t r a  machining o f  n e w  removable b e r y l l i u m  desiyn 
( o l d  design expend i tu re  costed t o  Operat ions D i v i s i o n ) .  

b--From U.S. / J  F'royram Agreement ( T a s k s  c7 thr-ough 13) .  

d.--Fuc,inn Energy M i n i  -1139. 

c-Capi t a l  
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OAK RIDGE NATIONAL LABORATORY 
OPERATED BY MARTIN MARIETTA FNtHCjY SYSTEMS IYC 

POST OFFICC BOX Y 

OAl< RlDGF TLNNESSEC 37031 

September 16. 1986 

M r .  M. J.  Gouge 
Nuclear Research and Development 
Department o f  Energy, Oak Ridge 

Operat ions 
Pos t  O f f i c e  Box E 
Oak Ridge, Tennessee 37831 

Dear Mr .  Gouge: 

At tached i s  the August monthly cos ts  and schedule assessment r e p o r t  on the 
OR-638-86-ORNL-2, H IF I  P r o j e c t .  The schedule and cos ts  on ly  p e r t a i n  to those 
i t ems  covered by t h i s  funding. 

For  your i n fo rma t ion ,  the f i r s t  phase o f  the p r o j e c t ,  p r o v i d i n g  two i n s t r u -  
mented t a r g e t  f a c i l i t i e s ,  was completed on August 17, 1986, and the f i r s t - e v e r  
inst rumented exper iment i n  the HFIR t a r g e t  r e g i o n  was i n s t a l l e d  and cont inues 
t o  operate smoothly. Th is  phase o f  work was completed on schedule and w i t h i n  
costs ,  thus meet ing an i n t e r n a l  mi lestone.  The at tached schedule r e f l e c t s  
t h i s  complet ion o f  work. 

I f  f u r t h e r  i n f o r m a t i o n  i s  r e q u i r e d  please con tac t  me a t  574-0258. 

S ince re l y ,  

8. H. Montgomery 
P r o j e c t  Leader 

BHM: k f r  

At tachment 

c c l a t t :  W. G. Craddick 
K. R. Thoms 
C. 0. West 
F i  1 e- BHM 
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Internal Correspondence 

October 30. 1986 
MARTIN MARIETTA ENERGY SYSTEMS, INC. 

D i  s t r i  b u t i o n  

HIFI P r o j e c t  Monthly Progress Report  f o r  October 1986 

The inst rumented t a r g e t  capsule cont inues to operate smoothly. 
c u r r e n t l y  i n  the f o u r t h  o f  a scheduled f i v e  cyc le  i r r a d i a t i o n  w i t h  removal 
expected du r ing  the f i r s t  week o f  December. 

Work i s  con t inu ing  on Phase two ( t h e  RB* f a c i l i t i e s ) .  There are two major 
assemblies s t i l l  outs tanding f o r  t h i s  phase: ( 1 )  the removable r e f l e c t o r  
assembly and (2) the upper t rack  assembly. A c o n t r a c t  f o r  the removable 
r e f l e c t o r  machining has been placed by Operat ions D i v i s i o n  through Purchasing 
w i t h  Speedring D i v i s i o n  of the Rexham Corporat ion.  I n  order  t o  o b t a i n  a 
d e l i v e r y  date o f  A p r i l  17, 1987, the c o n t r a c t  conta ins a premium charge anid a 
pena l t y  c lause which was agreeable to both the vendor and the company. An 
Operat ions D i v i s i o n  rep resen ta t i ve  i s  c u r r e n t l y  a t  the vendor 's p l a n t  
rev iew ing  the manufacturing plan. 
progress r e p o r t  w i t h  mi lestone dates. 

The capsule i s  

The vendor has agreed to submit a monthly 

The upper t r a c k  assembly work i s  i n  
f a c t u r i n g  p lan  has been w r i t t e n  and 
shop has agreed to submlt a monthly 
p r o j e c t  r e p r e s e n t a t i v e  w i l l  p rov ide  

The DOEIORNL Award Fee Mi lestone to 
d u c t  o f  instrumented experiments i n  
o f f i c i a l l y  moved up to June 1987 as 
f rom H. Postma, dated September 29, 

the Y-12 General Machine Shop. The mnu-  
approved, and machining has begun. The 
s ta tus  r e p o r t  w i t h  mi lestone dates. A 
s u r v e i l  l ance  du r ing  the f a b r i c a t i o n .  

"Complete HFIR m o d i f i c a t i o n s  to a l l ow  con- 
the RB p o s i t i o n s "  i n  J u l y  1987 has been 
s t a t e d  i n  a l e t t e r  to J. Lenhard (DOE) 
1986. Th is  June date i s  necessary to meet 

t he  US/Japan mi lestone to complete the i r r a d i a t i o n  o f  the Fusion Energy 
m a t e r i a l s  capsules by Ju l y  1988. 

The schedule, shown i n  F igure 1, has been rev i sed  to show the ac tua l  costs  o f  
t he  tasks du r ing  FY 1986 along w i t h  the carryover  money to be spent i n  FY 
1987. Table 1 shows the funding suppor t  dedicated to each o f  the tasks i n  the 
schedule. A summary o f  a l l  HIFI P r o j e c t  cos ts  and sources f o r  the three-year 
p e r i o d  i s  shown i n  Table 2. It must be noted again t h a t  the s h o r t f a l l  for FY 
1987 s t i l l  e x i s t s ,  and no a c t i o n  has been taken t o  date. 

A new schedule for neu t ron i cs  a n a l y s i s  by Operat ions D i v i s i o n  has been pre- 
pared w i t h  expected complet ion o f  the gamma heat ing r a t e  est imates by January 
1, 1987. While t h i s  i s  much l a t e r  than desired, i t  should prov ide s u f f i c i e n t  
t ime to make l a s t  minute changes to the 330°C capsule which w i l l  be i n  the 
f a b r i c a t i o n  stage a t  t h a t  t i m e  and, m r e  impor tan t l y ,  w i l l  p rov ide i n p u t  to 
t h e  200'6 capsule which i s  much more s e n s i t i v e  ta accurate knowledge o f  gamma 
hea t ing  rates.  The o r i g i n a l l y  es tab l i shed  schedule o f  complet ing development 
of the c a p a b i l i t y  to p r e d i c t  e f fec ts  t h a t  proposed experiments have on o the r  
exper iments and core power d i s t r i b u t i o n  remains a t  A p r i l  1, 1987. 
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2 

.The OR-638 monthly cost/schedUle 
M. J. Gouge, DOE-ORO, on October 
f o r  your information. 

repor t  f o r  September 1986 was sent to 
15, 1986. A copy o f  t h i s  repor t  i s  attached 

9108, MS-1 (4-0258) 

BHM: k f r  

Attachments 

O i s t r i  bution 

S.  J. Ball 
L. A .  Berry 
E. E. Bloom 
E. L. Corbett 
W .  G. Craddick 
C. Crornwell 
G.  R. Hicks 
M. A .  Holtzclaw 
S.  S. Hurt 
A .  W. Longest 
R .  V .  McCot-d 
D. M. McGinty 
F. R. Mynatt 
E. Newman, 3r. 
E. W. Patton 
N. W. Rosenthal 
3. L. Scott  
R .  L. Senn 
1. I .  Siman-Tov 
J .  H. Swanks 
W .  E. Thomas 
K. R. Thoms 
H .  E. Trammel1 
C. A .  Watson 
c. 0. West 
R. S. W i l t s h i r e  
A .  Zucker 
File( 2 )  
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POSl OFFICE BOX Y 

OAK R1DS.E. TENNESSEE 37831 OAK RIDGE NATIONAL LABORATORY 
OPERATED BY MARTlM MARIETTA ENERGY SYSTEMS. INC 

October 15, 1986 

M r .  M. 3.  Gauge 
Nuclear Research and Development 
Department o f  Energy, Oak Ridge 

Operat ions 
Pos t  O f f i c e  Box E 
Oak Ridge, Tennessee 37831 

Dear Mr. Gouge: 

At tached i s  the September monthly cos ts  and schedule assessment r e p o r t  on the 
OR-638-86-ORNL-2, HIFI Pro jec t .  The schedule and cos ts  on l y  pertain to those 
i terns covered by t h i s  funding. 

I f  f u r t h e r  i n fo rma t ion  i s  requi red,  please contac t  me a t  574-0258. 

S incere ly ,  

Lf/&mJm B. H. Montgomery 

P r o j e c t  Leader 1 
BHM: k f r  

Attachment 

c c i a t t :  bl. G. Craddick 
K. R. Thorns 
C. D. West 
Fi 1 e-BHM 
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HIFi PROJECT SCHEDULE 
~04-b;8-36-!?RNi-2 O n l y )  H I F I  1 .&AL 

Last  Updatc=l9/lS/E6 BHR 

lD=Design; F=Fabricate; IrInstall; x=Caapletedl 
Moarbeas in ( 1 are WFIR Jeb nuabeis 

HIFI PROJECT COSTS (OR-639-9h-ORNL-7 IfnlyJ 
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Internal Correspondence 
December 1, 1986 MARTIN MARIETTA ENERGY SYSTEMS, INC. 

Distribution 

HIFI Project Monthly Progress Report for  November 1986 

Work i s  contfnuing on Phase I1 (the RB* f a c i l f t i e s ) .  The manufacturing plan 
fo r  the machin.a’ng of the removable beryllium assembly has been submitted for 
approval : Operatdons OSvfsion personnel have already approved the preliminary 
machining plans. The  track assembly work i n  the V-12 General Machine Shop is 
continuing on schedule. 

A review of the capsule work planned for  FY 1988 revealed tha t  the schedule 
fo r  reencapsulation of the MFE-200 and MFE-400 speciimens for the-ir second 
i r rad ia t ion  i n  the RB* positions had been unnecessarily accelerated. The two 
capsules are  scheduled to be reinserted a f t e r  the second i r radiat ion period of 
the MFE-60 and MFE-300 capsules. b u t  t ha t  second i r rad ia t ion  is a 14-month one 
as  or iginal ly  assumed (10 dpa), and not a 7-months ( 5  dpa) .  In  fac t ,  the 
second reencapsulation need not be performed i n  FY 1988 b u t  can be carried out 
en t i r e ly  i n  FY 1989, reducing the funding needed i n  FY 1988 by $120,000. On 
this corrected schedule, there is no funding shor t fa l l  i n  FY 1988, and the new 
OFE funding needed i n  1988 is reduced from $41,000 to only $21,000. 
ule shown i n  Figure 1 and the fundSng for each t a s k  (Table 1) r e f l e c t  these 
changes. 

Partla1 funding for  FY 1987 has been received or promised. Most o f  the 
expense money (excepting only the $54,000, par t  of the shor t fa l l ,  needed by 
Operations Divislon for beryllium machining) has been committed. 

W i t h  regard to  the capi ta l  money. we have been told tha t  the $107,000 capi ta l  
expected from OFE is i n  the November financial plan. The  $96,000 GPE funding 
has a lso been approved, although i t  has not ye t  appeared i n  the accounts. 
T h i s  s t i l l  leaves $56,000 capi ta l  expected from BES, for ins ta l la t jon  of the 
track and RB assemblies, and the shortfal l  of $79,000 capi ta l  which must be 
addressed i n  the near future. W i t h  the funds available a t  present, the pro- 
j e c t  can continue u n t i l  February 1987; the remainder of the capi ta l  funding 
must be avai lable  no l a t e r  than the January 1987 financial plan i f  work i s  not 
t o  stop. Table 2 shows the support funding for  the reactor modifications, 
instrumentation f a c i l i t y ,  and US/Japan experiments over the three-year period. 

The OR-638 monthly cost/schedule report for  October 1986 was s e n t  to M. J. 
Gouge, DOE-ORO, on November 18, 1986; a copy of t ha t  report i s  attached for  
your information. 

The sched- 

B. H. Montgomery, Projdkt Leader, Y-12, 9108, MS-1 (4-0258) 

BHM:kfr 

A tt a c hme n t s 
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Distribution 
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E, E .  Bloom 
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W .  G .  Craddick 
C .  J .  Cromwell 
6 ,  R. Hicks 
M. A. Holtzclaw 
S .  S.  Hurt 
A .  W. Longest 
R. V .  McCord 
0.  14. McGinty 
F .  R. Mynatt 
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J .  1. S c o t t  
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I .  I .  Siman-Tov 
J .  H .  Swanks 
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K. R .  Thorns 
H .  E. Trammel1 
C .  A .  Watson 
C. 0. West 
R .  S .  Wiltshire 
A .  Zucker 
F i  le-BHM 
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Figure 1 

HIFI PROJECT 
SCHEDULE 

(CURRENT YEAR 1000) 
SCMED10.CAL 3t-m 

Rev. l1/20/8& 
_________________----------------------------------------------.--------- 

I FY-€t6 #I FY-%TI I FY-BB I TOTAL 
I ACTUCK. I Q l I  B2I Q3: 84: P i t  Q2I Q3: Q4: EST 
I COSTS :DND:JFM:AMJ:JAS:OND:~~UIAMJ:JA~: COSTS 

-__-_______---____-_---------:--------:---:---:---:---:---:---:---:---:------- 
I I :  I I I I I I  l 

: I  : : I : :  a I 
1.0 DESIBN I 233.3 I I I I I I I I I233 

I 1 : : : : :  : I :  
2.0 FfiERICATION I 270.2 : I I I I I I I I 5 5 6  

I [ --- I --- I354 I I I I I !54 2.3 EXTRA 3E MACH. 
2.6 TRACK &SSY : (47) ---- I--- 1 5 4 c  I I I I I 54 
2.7 MISC [ --- I---] 73c I I I I 73 

3.0 ETD SURVEILLANCE ; 72.5 _-_-I--- :-59~-3 I I I I I 129 

4.0 INSTALLATION 1 7 1 . 0 1  I I I I I I I I 10 
4.3 TRACK b RE I I I t--- 3:§6cI I I I I 56 
4.4 M I X  I 

a I 
REACTOR COMPONENT8 

a a 

I I : :  I I I I I I  

I (13): I I I I I I I I 

:--I: I I I I I E --- I --- 
I 1 1 1 1 1 1 I I 1  
I 1 1 1 1 I I 1 I I  

EXPERIMENTS I : 1 : : 1 : : 1 :  
: I : I : I t : : :  

5.1 RE* INST FXILITY I (53) ---]I I I I : : I :  
5.3 MFE 60 - - I :  I I I : I :  
5.5 WE 300 : 
5.4 UFE 200 
5.6 UFE 400 I 

I 5.7 ADD. WALYSES 

5.0 DESION I 149.0 I I t I I I I I 1 2 2 2  

I I 

3231 I : I I I I 23 
f-3 56 I : I :  I 56 [ --- I --- 
1-3 36 i I I I I 36 --- ; --- 

3 5 :  I I I I I : 3 

6.0 PRUCURE RB*INST. FAG. : (16) E---:---] 67c : : ! : I 8 3  

7.0 FABRICATION lk ASSY 1 5 3 . 0 1  I I I I I I I I 64 
7.1.2 RB+ 1NST.FAC. I (11) IE--I---:-3 1 2 9 ~ :  I I I I 29 

a 11231 240 7.2.2 W E  (50 
7.2.4 MFE 300 I [ --- I #---;-I 11471 C---I---1152: 299 
7.2.3 W E  200 I ; I 98: E-;--;--- 160 I I I 158 
7.2.5 MFE 400 I I I 98: E-:--- :---360 I I I 158 

---- 
a 

---- 
a : I :  I I I I I I  

: : I l l : :  I :  I 

7.2 CAPSULES I I I I I I I I I I  
I --- ; --- :-I 1117; E---’--- 

I I : : I 1 : : 1 :  
8.0 INSTALL t OPERATE : : : : : : 1 : :  a 

8.2 WE 150 I ; ; Cn:=a%a%:P==] f C n r s E ; n )  
8.4 MFE 300 I I 11171 C=I==i===11S I 64t===:=>199 
8.3 WE 200 I I I I I I C==-I===I I 
8.5 MFE 400 I I I I I 1129E-=I===l I 129 

I I I I I I I I I I  
9.0 NEUTRONICS ANALYSES I 20.01 I I I I I I I I 69 

9.1 FACILITY I (201 ----:--Y I I I I I I  
9.2 TARGET TEMP EFFECTS I (11) ----:---J S I : : : :  

-----------------------------:--------(---I---D---:---:---:---I---~---~------- 

FISCAL YEfW TOTALS I 869.0 I 1109 -t (171) I 606 I 2755* 
I (171) I I I 

.DPP==*P~~p.PPP==~~======~~===;==~=~=~~;==============~~=========~==-==;===~~~~ 

i b  - Plus 9155 K spent in FY-198s on design and neutronic analyses. 
( 1 - Capital money carryover: *EO K of 6PE and S91 K of OR-&S8 funds, 
c - Capital funding. 
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Tablr 1 (continued) 

FUNDIND OF TASKS FROM ACCELERATED t3M.IEDl.U-E 
(Current Year WOO) 

FY 1988 

EX PER I BENTS 
7.2.2 123 I I 123 ! I I 

LO I I 60 I 7.2.3 I 8 

7.2.4 152 : I 152 : I I 
7.2.5 6 0 :  I 60 I I I 
8.26t.4 82 I I 8 2 :  I I 
8.38t.5 1 2 9  I 1 0 8  : I 21 I 

I I I I I 
(roc,! I 5- : I 21d I 

I I I I I 

I 

_-----I ----I ------ I --------- I -----_--- I -I-------- 

3-Yr 
TOT& 2755 17&c 1140b 210 1096 133 

a-kst f o r  extra machining of new removable beryllium design 
( o l d  design expenditure costed to Operations Diviston) . 

b-From U.S./J Program Agreement (Tasks 9 through 13). 
d-Fusion Energy Mini-189. 
c-Cap i t al 

S I I P t ~ e P ~ P e P P P i t = a = ~ P = = ~ ~ = r n r n w - ~ n m ~ ~ ~ ~ ~ P ~ ~ ~ r n ~ a ~ = e ~ = = = = P =  



G - Capital funding. 
* - Shorfall i s  aXX in F Y  1987. 
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Internal Correspondence 
January 30, 1987 MARTIN MARIETTA ENERGY SYSTEMS, INC. 

D i s t r i b u t i o n  

HIFI Project Monthly Progress Report for January 1987 

Work i s  continuing on Phase I1 (the RB* f a c i l i t i e s ) .  
beryllium segments and inner cylinder has begun. 
and inspection plans have been submitted by the vendor for approval. The 
manufacturing and inspection plan for the track assembly has already been 
approved and fabrication has begun. All components for Phase I1 are on 
schedule to meet t h e  June Award Fee Milestone. 

The OR-638-86-ORNL-2 has been revised to include f iscal  year 1987 capital  
funding and has been submit ted for approval. The previously mentioned capital  
sho r t f a l l  o f  $79,000 has been eliminated through funding provided by BES and 
i s  reflected as such i n  Tables 1 and 2. As soon as  DOE approval has been 
granted  for  the OR-638 request, revised work orders will be issued to  r e f l e c t  
the estimated total  costs for completion of the project. The expense short- 
f a l l  of $54,000 for additional machining o f  the removable beryllium, followed 
by Operations Division, has not been addressed a t  t h i s  time. 

The Phase I1 schedule could be impacted by the work involved i n  Operations 
D i v i s i o n  participation i n  the various committees concerned w i t h  the HFIR 
pressure vessel i n t e g r i t y  problem. Some of the vessel problem work i s  be ing  
done by the same people responsible for the HIFI Project design and in s t a l l a -  
t ion,  i n  par t icular ,  Gene Hicks and h i s  s t a f f .  T h i s  additional work, added on 
t o  an already heavy work load, w i l l  have an impact on the project schedule. 
A decision will have to be made i n  the very near future as t o  what work load 
can be maintained to meet a l l  the required schedules, keeping in mind t ha t  
HIFI Phase I1 i s  a Martin Marietta Energy Systems Award Fee Milestone. 

A s  reported i n  the l a s t  monthly report, the experiment schedule has already 
been impacted by the HFIR shutdown. A revised schedule will not be issued 
unt i l  reactor s tar tup i s  known. The old schedule, shown i n  Fig .  1, is 
attached for information only. 

The OR-638 monthly cost/schedule report  for December 1986 was sent to 
M. J. Gouge, DOE-ORO, on January 20, 1987. A copy of t h i s  report is attached 
fo r  your information. 

Final machining on the 
The  complete manufacturing 

B. d/fld=. H. Montgomery ro’ t L der, FEDC, Rm. 146 (4-0258) 

6HM:kfr 

Attachments 
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W. G .  Craddick 
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6. R. Hicks 
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C.  A .  Watson 
C .  D. West 
R. S. W i l t s h i r e  
A .  Zucker 
File-BHM 
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d--Fusicm Energy Mit-ii-18Ci. 
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c - Capital f u n d i n g .  
* - Sharfall is all i n  F Y  iYE17. 
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OAK RIDGE NATIONAL ~ 5 Q R A ~ Q ~ ~  
OPERATED BY MARTIN MARIETTA ENERGY SYSTEMS. IMC 

POST OFFICE BQX Y 
OAK RIDGE. TENNESSEE am: 

January 20, 1987 

Mr. M. 3. Gouge 
Nuclear Research and Development 
Department o f  Energy, Oak Ridge 

Operatjons 
Post Office Box E 
Oak Ridge, Tennessee 37831 

Dear Mr. Gouge: 

Attached I s  the December month ly  costs and schedule assessment veport on the 
OR-638-86-ORNL-2. HIFI Project. The schedule and costs only pertafn to those 
i tens covered by thl s funding. 

I f  further information i s  required, please contact m a t  574-0258, 

Sincerely, 

8/61 m 
B. 61. Montgomery 
Project Leader 

BHM: k f r  

A t t achmnt  

cc / a t t :  W. G .  Craddick 
K.  R. Thorns 
C. D. West 
File-BWM 
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INSPECTION 42,M)O 
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Match 2, 1983 MARTIN MARIETTA E m m w  SYSTEMS, IMC. 

D i s t r i b u t i o n  

H I F I  P r o j e c t  Monthly Progress Report  f o r  February 1987 

Work i s  con t i nu ing  on Phase I 1  ( t h e  RB* f a c i l i t i e s ) .  
t he  removable b e r y l l i u m  assembly i s  con t inu ing  on schedule. 
t he  r e a c t o r  mock-up have k e n  designed and are c u r r e n t l y  i n  the Purchasing 
cha in  f o r  awarding contracts .  
June Award Fee l i l j lestone. 
General Machine Shop, i s  n o t  on schedule, c o n t r a r y  tf~ the a s s e r t i o n  i n  the 
prevdous monthly. On February 19, 1987, a meet ing was he ld  w i t h  the Y-12 Shop 
personnel  to  discuss the schedule. Fo l l ow ing  t h a t  meeting, a l e t t e r  was w r i t -  
t e n  on February 23 (copy at tached)  ask ing Rosenthal and W i l t s h i r e  f o r  
ass i s tance  i n  dea l i ng  w i t h  Y-12, As o f  t h i s  date, no a c t i o n  has been 
repo r ted .  

The r e v i s e d  OR-638-86-ORNL-2, which i nc ludes  the FY 87 c a p i t a l  funding t o  
complete the H I F I  P ro jec t ,  was received a t  DOE-OR0 on February 13, 1987. 
Accord ing t o  Susan Waddle (DOE), i t  i s  i n  the s igna tu re  approval chain and 
should be rece ived  a t  ORNL e a r l y  nex t  month. The delayed approval will  pre- 
sent  no funding problem i f  the f i n a l  approval  i s  indeed rece ived  a t  ORNL i n  
March. 

The OR-638 monthly cost /schedule r e p o r t  f o r  January 1987 was sent t o  
S. S. Waddle, DOE-QRO, on February 12, 1987. A copy o f  t h f s  r e p o r t  i s  
a t tached f o r  your i n fo rma t ion .  

The f i n a l  machining o f  
C ~ m p o ~ e ~ t §  f o r  

The t rack  assembly, be ing f a b r i c a t e d  a t  the Y-12 
A l l  o f  these i tems are on schedule tQ meet the 

Leader, FEDC, Rm. 146 (4-0258) 

BHI.1: k f r  

Attachment 

D i s t r i b u t i o n  

S. J. B a l l  
L. A. Berry 
E. E. Bloom 
B. L. Corbe t t  
W. G. Craddick 
C. J. Cromwell 
G. R. Hicks 
M. A. Hol tzc law 
S. S. H u r t  
A. W. Longest 
R. Y. McCord 
D. M. NcGinty 
F. R. Mynatt  

E. Newman, J r .  
B. W, Pat ton 
M. M. Rosenthal 
J. L. S c o t t  
R. L. Senn 
I .  I. Siman-Yov 
J. H. Swanks 
W. E. Thomas 
K. R. Thorns 
H. E, T r a m e l l  
C. A. Watson 
C. D. ldest 
R. S. W i l t s h i r e  
A. Zucker 
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Internal Correspondence 
February 23, 1987 WLARTIW MARIETTA EMERGK SKSTEUS. MIC. 

M. W. Rosenthal 
R.  S .  Wiltshire 
A.  Zucker 

Fabrication Delay of HIFI Track Assembly by Y-12 Shops 

A meeting was held on February 19, 1987 i n  the Y-12 General Machine Shop 
(9201-1) concerning a three-month delay on the delivery of the track assembly 
fo r  the HIFI Project. Attendees a t  t h i s  meeting were: T. R. Webber, 
R. L,  McIlwain, C. H. Linginfelter ( a l l  from the Y-12 General Machine Shop), 
S. E. Burnette, G. R. Hicks, S. S. Hur t  ( a l l  from ORNL Operatjons Division], 
0. L. Aubuchon (ORNL Quality Department), and myself. A n e w  schedule was pre- 
sented by the shop ' s  supervision that. s ta ted a revised delivery date o f  
June 1, 1987, three months past the original scheduled date of !larch 1, 1987 
as estimated on Augus t  29, 1986. 

For background information, the following past events have taken place: ( 1 )  
telephone c a l l s  and personal contacts between G. R. Hicks and T. Irl. Compton, 
Y-12 Shops, were in i t i a t ed  requesting an estimate for the track assembly 
followed by a l e t t e r  dated August 26, 1986 (Attachment A ) ;  ( 2 )  a General Shops 
Work Request, No. 2841, dated Augus t  29, 1986 w i t h  a scheduled delivery date of 
March 1, 1987, was received by Hicks (Attachment B); (3)  a l e t t e r  from Hjcks 
t o  Compton, dated October 9, 1986, advising h im of the Award Fee rlilestone and 
u r g i n g  h i m  to maintain schedule t o  deliver by April 1, 1987 - gs'v3ng a one- 
month relaxation from requested date (Attachment C); (4) discussions by the 
Project Staff were he ld  on February 4, 1987 concerning work loads imposed on 
the HFIR s t a f f  as a r e su l t  of the vessel i n t e g r i t y  problems and the impending 
HIFI Project milestone. 
D. L. Aubuchon to serve as lfaison between the Y-12 Shops and the HFIR i n  an 
e f f o r t  to minimize any fabrication delays due to lack o f  communication. Thjs  
was documented i n  a l e t t e r  to  Compton from Hicks dated February 9, 1987 
(Attachment D); and (5) Hicks received a Completion Date Revision form wa ' th  no 
date and no signature s ta t ing the three-month delay because of " n o t  enough 
working hours u n t i l  March 2 to  work 2100 hours" (Attachment E ) .  Hicks called 
T. R. Webber, Department Superintendent of the Y-12 General Shops, to ask 
about this "form" and was to ld  tha t  as soon as Webber got his people together 
and worked out a c r i t i c a l  path schedule, a meeting would be called. Thds  was 
the f i r s t  not i f icat ion tha t  the Project Staff  had tha t  there was a scheduling 
problem. A s  you may recal l  i n  the l a s t  HIFI Project monthly dated January 30, 
1987, I related t h a t  the track assembly was on schedule. 

The February 19 meeting w i t h  Y-12 personnel progressed with discussions as t~ 
how we could speed up delivery. The most feasible  solution is this:  
segments out of a cylinder are  required for t h i s  assembly. 
suggested using Wo existing segments thereby reducing machining time as  well 
a s  accelerating the inspection time. T h i s  should reduce the delay by 4-5 
weeks - 18 days o f  machining and accelerating inspection by a few days. 
Therefore, on an optimistic schedule, delivery could be accelerated to 
approximately May 1, 1987. Shop personnel and Hicks were a l l  very pessl'mistic 

I t  was decided to request the services o f  

four 
Gene Hicks 
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which could be encountered 

June, a "drop-dead" del i very 

about this date because o f  the unknown problems 
d u r i n g  the poeassembly. 

I n  order to complete the Award Fee Nilestone i n  
date was determined ta be May 15, 1987. This  would allow for the necessary 
hardware t o  be added ta the assembly an3 the mckup work prior to i n s t a l l a t ion  
i n  the reactor,  There 1s no contingency - should there k a conf l ic t  i n  the 
work load o f  the HFIR s t a f f  because o f  the vessel problem or a problem i n  
obtaining the necessary crafts, we would m-lss the June mjlestone. 

I t  seems t h a t  the Y-12 Shops have control over the one ?tern tha t  will cause us 
t o  be delinquent: you will recall  t h a t  a t  the meting i n  Hiltshire's of f ice  
on October 7 .  1986 to ddacuss t h i s  Award Fee Hs'lestone, I was instructed to 
contact you fo r  assistance l n  resolving such problems w i t h  Y-12. 

e c t  Leader, FEDC, Rm. 146 (4-02581 

RHM:kfr 

Attachments( 5) 

cc / a t t :  D. L. Aubuchon 
L ,  A .  Dean 
G, R. Hicks 
K .  R. Thorns 
H .  E. Trammel: 
T. R. Nebbet- 
C.  D. West 
File-BblM 
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.Attachment A 

Internal Correspondence 
-, .-5 

manN MARIETTA ENERGY SYSTEMS. INC. 

August 26, 1986 

T. W. Compton, JK.,  Building 9201-1, Y-12 

Fabrication of BPXR Upper Tracks Set No. 7 

Please fabricate one W I R  upper track assembly in accord n e vlth 
drawings and specifications listed on Docunent Cont ro l  Tabulation 
OP-RO-JN-5-1-97, 

Material for this fabrication will be supplied to yau as specified on 
Bill of  Material OP-RO-BM-5-1-97. 

Each group of parts is t o  be serialized beginning with 86-1. 

Your technical contacts for this fabrication Vi11 be the writer ( 6 - 4 9 9 3 ) ,  
S. E. Burnette (6-0214). o r  B. J. Ward ( 6 - 4 9 9 4 ) .  

This work is to be charged to K-8883W-41 and must be completed by 
March 1, 1987. 

G. R. Hicks, 7910, ORNL (6-4993) - RC 
GRH:mca 

cc: S. E. Burnette 
E. E. Hill 
R. V. McCord 
B. E. Montgomery 
B. J. Ward 
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Attachment 5 

W O R K  ORQER 

K-88839-jk-a 31 

fl19a-6a 
SHQP QRDEd"-" 

M. P. STATION 
.X...-____ll_ 

D C L i V E W  TO 

28 Prec.Shop 
----q__ .- 

SHORT 6)ESCRIPTIQM OF W S R K  FOR IBM USE PRINCIPAL DRAWING 
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Internal CorresDondence 
UARTIN MARIETTA ENERGY SYSTEMS. INC. 

Attachment C 

October 9, 1986 

T. W. Compton, Jr., 9201-1, Y-12 

HFIR Upper Tracks 

T h i s  is to advise you of the urgency of the upper track fabrication you 
are now performing. 
it is necessary to have your part of the fabrication completed by 
April 1, 1987. 

Your assistance in maintaining this schedule vlll be appreciated. 

To meet a Martin Marietta Energy Systems mlleatone, 

G. R. Hicks, 7910, MS-387, ORNL (6-4993) 

CBA: rc 

cc: S. E. Burnette 
E. E. Hill 
R. V. &Cord 
B. L. HcIlwain, 9201-1, Y-12 
B. E. Montgomery 
B. J. Ward 
Pile 
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Infernal Csrrespandence 
UARTIM MARIETTA ENERGY SYSTEMS. INC. 

February 9,  1987 

Attachment D 

T. W. Compton, J r .  

HFIR Upper Track Fabrication 

Wr. 0. L. Aubuchon (Don) i s  hereby authorized t o  serve a s  ORNL's l i a i son  
between the  Y-12 Fabrication Shop and the HFIR on the  HIFI upper track 
assembly. This represents an e f f o r t  t o  minimize any fabrication delays 
due t o  lack of communication between ORNL and Y-12. In th i s  capacity,  
Mr. Aubuchon will a s s i s t  w i t h  both o n - s i t e  qual i ty  and fabr ica t ion  SUP- 
veil lance.  He can be reached a t  Building 9201-3, MS-002, phone 4-0401. 

The upper- t r a c k  fabrication must  be complete by April 1987, t o  meet a 
Martin [ b r i e t t a  Energy System, Inc., Awards Fee Milestone. 

&q&A> 
6 .  R. Hicks, 9910, MS-387, ORNL (6-4993) - RC 

GRH :mca 

cc: D .  L. Aubtichon 
P. B. Burn  
S .  E. EIurnette 
S .  5. H u r t  
C .  N. l i n g i n f e l t e r  

B .  J. Ward 
T .  R. Webbet- 

B. H. M~~tgomery 
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Attachment E 



OPEWED BY MARTIN MAFIIETTA ENERGY SYSTEMS. INC 

UGSl OFFICE SOX V 
OM( AIDCE. TENNESSEE 37831 

February 12, 1987 

Ms. Susan S. Waddle 
Fusion and Basic Sciences Branch 
Department o f  Energy 
Oak Ridge Operat ions 
Post  O f f i c e  Box E 
Oak Ridge, Tennessee 37831 

Dear Ms. Waddle: 

At tached i s  the January monthly costs  and schedule assessment p@pOrt on 
OR-638-86-ORNL-2, HIFI Project .  
i tems covered by t h i s  funding. 

A r e v i s e d  OR-638 was submit ted from my o f f i c e  on January 6. 1987, which w i l l  
cover the remaining cos ts  associated w i t h  t h i s  p r o j e c t .  
been granted, the at tached t a b l e  w i l l  be rev ised.  

I f  f u r t h e r  i n f o r m a t i o n  i s  requi red.  please con tac t  me a t  574-0258. 

The schedule and cos ts  on l y  p e r t a i n  t o  those 

When approval has 

Sincere ly .  

P r o j e c t  Leader - 

BHM:kfr 

A t t a  c hme n t 

c c l a t t :  W .  G. Craddick 
K. R. Thorns 
C. D. West 
F i  le-BHI4 
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HlFI PROJECT COSTS (OR-633-86-DRNL-2 Only) 

ESTIMTE 

DESIGN $179,500 
FRBRICATIOU 326,360 

SURVEILLANCE 96,100 
INSTALLAT IOU 63,000 

TOThL $710,000 

INSPECTION 42,600 

-------- - 

JMUARY COSTS SPENT TO BATE TO BE SPENT 

$ -2,558 
11,468 
10,304 
-22,151 
14,690 

$ 11,753 

__------_-- 
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.. Internal Correspondence 
1__1_ 

MARTIN MARIETTA ENERGY SYSTEMS INC. March 31, 1987 

D i s t r i b u t i o n  

H I F I  P r o j e c t  Monthly Progress Report  f o r  March 1987 

F a b r i c a t i o n  o f  the  r e a c t o r  components f o r  Phase I 1  ( t h e  RB* f a c i l i t i e s )  i s  
con t inu ing .  
j e c t s  a complet ion da te  o f  May 19, 1987. While t h i s  i s  % month l a t e r  than 
o r i g i n a l l y  scheduled, the new d e l i v e r y  da te  wlll s t i l l  a l l o w  s u f f i c i e n t  t ime 
f o r  mockup i n s t a l l a t i o n .  

The p r o b l e m  assoc ia ted  w i t h  f a b r i c a t i o n  o f  the t r a c k  assembly by Y-12 General 
Machine Shops have hope fu l l y  been resolved. They now p r o j e c t  a complet ion 
da te  o f  May 15, 1987, which will  s t i l l  m e t  the mockup i n s t a l l a e l o n  schedule. 
They have r e v i s e d  t h e i r  o r i g i n a l  es t imate  f rom 3327 hours tQ 4530 hours, an 
inc rease o f  35% o r  $35,000. He are  c u r r e n t l y  l o o k i n g  a t  ways t o  fund t h i s  
a d d i t i o n a l  cost, probably by r e d i r e c t i n g  some o f  the funds Operat ions D i v i s i o n  
have been unable t o  spend on neu t ron i cs  ana lys i s  due t o  reassignment o f  t h e i r  
s t a f f .  

The vendor f o r  the removable b e r y l l i u m  assembly p resen t l y  pro- 

The r e v i s e d  OR-638-86-ORNL-2 was approved by DOE on March 23, 1987 and 
rece ived  a t  ORNL on March 26. The delayed approval, a lmost th ree  months, 
caused a b i t  o f  concern due t o  con t inu ing  cos ts  being accrued on overvun 
accounts dur-ing the month o f  March. Work orders  will be rev l sed  e a r l y  nex t  

The 04-638 monthly cost /schedule r e p o r t  to DOE-OR0 has been d iscont inued a t  
t h e  reques t  o f  Susan Waddle, DOE. 

month. 

8. H. Nontgomery. FEDC, Rm, 146 (4-0258) 

BHN: k f r  
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R. V. 
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R. L. Senn 
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J. H. Swanks 
W. E. Thomas 
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H. E. Tramme 1 
C. A. Watson 
c. 0. West 

re D. M. McGinty R. S. WI l t sh  
F. R. HyRatt A. Zucker 
E. Newman, Jr. File-BHM ( 2 )  
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Internal Correspondence 
MARTIN MARIETTA ENERGY SYSTEMS, I N .  May 1, 1987 

Distribution 

HIFI Project  Monthly Progress Report fo r  April 1987 

Fabrication of a l l  the removable beryllium ref lec tor  par t s  i s  completed. 
Inspection documents have been reviewed and approved, and the ref lec tor  i s  
current ly  i n  t h e  f inal  stages of assembly a t  the vendor site. 
of May 20, 1987 (i.e., on schedule) has now been projected. 

The problem associated w i t h  timely fabricat ion o f  the track assembly by the 
Y-12 General Machine Shop to meet a completion date o f  May 15 appears t o  have 
been resolved during the l a s t  month. 

T h e  problem i n  the Y-12 shops is  now w i t h  money, not schedule. Their original 
estimate was $102,000. A revised, and sharply increased, estimate of $137.000 
was received i n  March. Now, on May 1, another large increase has &en 
requested, t o  $181,000. 

The  project  had, only l a s t  m o n t h ,  reallocated $35,000 t o  cover the increased 
cost  ($137,000) estimated a t  tha t  time. By stopping work on the replacement 
segments tha t  were "borrowed" from the HFIR stockpile,  we can save $25,000, 
but even so we are  faced w i t h  finding an additional $19,000 for  the job. We 
a r e  currently looking a t  ways t o  a l locate  this funding. 
tegy also leaves the HFIR without spare segments fo r  the track assembly. 

A delivery date 

Note tha t  this stra- 

B. .dJmdym~ H. Montgomery, r o j e c t  L ader, FEDC, Rm. 146 (4-0258) 

BHM: kfr 
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I Correspondenc 
MARTIN MARIETTA ENERGY SYSTEMS, INC. May 29, 1987 

D i  s t r l  bution 

HIFI Project Monthly Progress Report for  May 1987 

All hardware and components associated w i t h  the second and flnal phase of work 
on the HIFI Project have been delivered to the HFIR and are currently being 
in s t a l l ed  i n  the mockup. 
May 8, 1987 (one week ea r l i e r  than scheduled); the track assembly was deli-  
vered on May 13, 1987 (two days e a r l i e r  than scheduled); and the mockup stand 
dummy access hatch and hole plug were delivered on May 6, 1987 (on schedule). 
The track assembly required additional hardware (bearings, p i n s ,  etc.)  to be 
i n s t a l l ed  a t  the HFIR s i t e .  This was accomplished i n  l e s s  time t h a n  estimated 
and, as a resul t ,  ckup work began a t  an e a r l i e r  date, 

Visual alignment and f i t  i n  the mckup will confirm the functional use of a l l  
items. Optical alignment equipment i s  i n  place, b u t  i t s  use has been delayed 
because of room temperature fluctuations due to a lack of building a i r  con- 
d i  t iming .  The temperature varfations cause movement (expansion and contrac- 
t i o n )  of the components in the mockup making precise alignment d i f f i c u l t  to 
achieve. 

Optical alignment i s  an additional confirmation of the functional use of the 
two components (track assembly and ref lector  assembly) needed to complete 
phase 2 of the HIFI Project. We could, i n  a l l  honesty, report t ha t  the award 
fee milestone i s  met as soon as the mockup i n s t a l l a t ion  i s  complete; however, 
the additional confirmation using optical alignment i s  double assurance. That 
work will proceed and should be completed i n  June, thus meeting the DOE/ORNL 
award fee milestone. 

The two instrument and control cabinets required for the experimental control 
room upgrade were checked out  and delivered in April. Craft Work to  t i e  i n  
instruments and hardware has begun.  Sound proofing and other environmental 
control hardware i s  scheduled for delivery and instal la t ion i n  June. 

On a personal note, I should l i ke  ta  congratulate Gene Hicks on his retirement 
and t h a n k  h i m  for the support he gave the HIFI Project. If i t  were n o t  for 
Gene's knowledge, early support, and d i l i gen t  work on this project we would 
s t i l l  be looking a t  ways to complete the job. He will be missed by a l l  people 
associated w i t h  the HFIR. 

The removable beryllium ref lector  was delivered on 

Repair of the A / C  is underway. 

FEOC, Rm. 146 (4-0258) 

BHM: kfr  
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I.I._ - --- Internal Correspondence 
MRRslN MARIETTA ENERGY SVSTEMS INC Ju ly  10, 1987 

D i  stri bu ti on 

H I F I  Project Monthly Progress Report for June 1987 - Final Report 

T h i s  i s  the final monthly progress report on the HTFI Project - the 22nd i n  a 
s e r i e s  that  began i n  September 1985. On June 19, 1987, optical alignment of 
the new reactor components was completed i n  the HFIR mockup. This was addi- 
tional confirmation of the functional use of the components needed t o  complete 
the madifications for the eight  new removable beryllium ( R P )  f a c i l i t i e s .  The 
reactor components are now ready for in s t a l l a t ion  i n  the reactor t h u s  met ing  
the DOE award fee milestone and completing Phase 2 of the HIFI Project. 

Phase 1 and Phase 2 of the project were capital  funded by the Office o f  Fusion 
Energy and the Basic Energy Sciences Program through a Department o f  Energy 
approved OR-638-86-ORNL-2, Mod. 1, for a t o t a l  of $952,000 which i s  $160,000 
under the i n i t i a l  estimate. The estimated costs vs the actual costs are shown 
i n  Table 1. The funds remaining ($31,000) are allocated to  the design,  fabr i -  
cation, and assembly of an experiment to measure gamma heating rates  i n  the 
new RB* positions: the experimental r e su l t s  will  negate the need for gamma 
heat calculations tha t  were previously scheduled, b u t  never completed, under 
the neutronic analysis task. 

The experimental control room upgrade, which contains the u t i l i t i e s  for the new 
instrumented experiments, was scheduled to be completed this month ;  however, 
lack of c r a f t  personnel will delay t h i s  task. The delay will cause no problem 
unless the reactor startup is imminent. 

A f i n a l  report  covering the completion of Phase 1 and Phase 2 (ORNL/TM-10505) 
i s  currently be ing  reviewed and, hopefully, will  be distributed i n  early 
August 1987. 

The HIF I  Project was a team effort comprising personnel from several d i f f e ren t  
ORNL divisions including their Associate Directors and Division Directors. 
Thanks are extended to a l l  those people who contributed thelr  e f fo r t s  to 
maklng t h i s  project a success. 

d/d MJ* 
B. H.  Montgomery, Project Leader, FEDC, Rm. 146 (4-0258) 

BHM: kfr 



303 

2 

Distribution 

S .  J .  Ball 
L .  A .  Berry 
E .  E. Bloom 
S .  E. Burnette 
B .  L. Corbett 
W. G .  Craddick 
C .  J .  Cromwell 
T. L .  Dah1 
M. A.  Holtzclaw 
S .  S .  Hurt 
A .  W. Longest 
A .  L. Lotts 
R. V. McCord 
D. M .  McGinty 
J.  R. Merriman 
F. R .  Mynatt 
B. W. Patton 
M. W. Rosenthal 
J. L. Scott 
1. I. Siman-Tov 

W .  E .  Thomas 
K .  R .  Thorns 
H .  E. Trammel1 
C.  A.  Watson 
C. D. West 
A .  Zucker 
File-2 



THE H F I K  IRRADIATION FGrGILITIES UPGRADE (OR-638-8&-OKML.-2, Mod. 1 )  
WAS GQMPLETED ON SCHEDULE QNU %1&0,000 UNDER ESTIMATE. 

( $ (3 0 0 ) 

c DESIGN 253.0 182.8 do. 2 

P K O C U R E M E N T / F A U R I C A T I O N  *. 603.0 424.5 178.5 

ASSEMBLY 53. 0 83.5 (20.5) 

I mmx ION 0 40.2 (40.2) 

StJRVE I LLANCE 144.0 162.9 (18.9) 

NEUTKDN I C  A N A L Y S I  S 
GAMMA H m - r  EXPERIMENT ** 

TOTAL 

_________.____-__-I_______I________________.----- 

* Daes not include t h e  cast associated w i t h  the  scheduled 
removable beryllium replacement which was? a5 alwa-ys, funded 
by Operations Divisian operating funds. 

** 'These d u n d s  are to bc u s e d  to design, fabricate, and assemble 
a proposed experiment t o  measure gamma heating ra te5  in the 
new HB* facilities,. These experimental results will avoid 
the  need for gamma heat calculations that w e r e  previously 
s h o w n  under  Neutronic Anal. y s i  5 funding. 

E .  H. Mantgunery 
June 30, 1987 
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ORIGINATOR ( N A M E )  

Colin D. West 
TELEPHONE NO 
4-0370 

Significance 

The completion of Phase I gives the nation a new research capability by allowing the irra- 
diation o f  instrumented experiments in the highest continuous neutron flux presently avail- 
able in the world. The new facility provides accelerated irradiation damage rates f o r  the 
testing, under controlled conditions, of materials for the construction of fusion and fission 
reactors. The neutron flux available at the test positions is twice as high as the best 
instrumented positions previously ava-ilable at the HFIR, and higher than the flux in the 
mterials Open Test Assembly at the Past Flux Test Facility (FFTF). New experiments are 
already planned by the Magnetic Fusion Energy Program and the Gas-Cooled Reactor Program to 
take advantage of this additional capability, 

C. D. West was the manager of this project; B. H. Montgomery, K. R. Thoms and G. R. Hicks 
played an essential part in planning and implementing the facilities work. 
and J. E. Wolfe were responsible for the irradiation capsule work. 

I. I. Siman-Tov 

P L A N T  
ORNL 

Engineering Technologp/HFIR Irradiation Facilities Improvement (HIFI)  Project 
DtVlSlON AND P R O G R A M  

New Program a Report for Award Fee 

Greatly Reduced Costs  

0 University/lndustry 

0 Other' 

Developed/Funded' 

0 Other: 

Outside Liaison wit; 

-. I_ - -- _- - - 
NOTE: Send to Appropriate Site Vice President 

*SendcapytaOTA,-WE3 4500Ni  K251 
UCN-1SLZO i l Z 3 S 6  !-ah) 
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MARTIN MARIETTA ENERGY SYSTEMS, INC. 

ORi6lNATOR INAhllEl 

Colin D.  est 

Achievement 

k d i f i c a t i o n s  t o  the High Flux Isotope Reactor (HFIR) for  the new removable beryllium (RS*) 
i r radiat ion posit ions - Phase 2 of the HFIR Irradiat ion F a c i l i t i e s  Improvement (HIFI) 
Project - Haas completed June 19, 1987 on schedule and below the estimated cost .  
functional use of each new component was confirmed i n  the reactor mckup using optical  
alignment eqilipiiient. The completion o f  Phase 2 has met an ORNL/Energy Systems Award Fee 
Sllilestone - "complete HFIR modifications t o  allow conduct of instrumented experiments in 
the RB posit ions,  June 1987". 

BRlCF CEGCFt?PTT!O+4. 

The 

atli f i  tance 
The modifications increased the number 3 f  RB posit ions from four t o  e i g h t ,  each w i t h  almst 
t M c e  the  available experimental space o f  the previous ones. 
previously carried o u t  in the ORR can now be moved t o  the HFIR and obtain the same mdia t ion  
damage in one-half the i r radiat ion t im and a t  lower cost.  

C. D. West was m-indger o f  this project; K. 8. Thom~, S. E. Burnette and 6 .  R. Hicks played 
an essential  par t  i n  planning and implementing the f a c i l i t i e s  work, under the leadership 
of B. 61. Montgomery. 

I r radiat ion tests t h a t  were 

h- 
DlVlSiOM AND PROGRAM 
Enainewinq Te@hnology/HFIR Irradiat ion Fac i l i t i e s  Irnpwvewnt (HIFI) Pmjec t  

Significant Technical 
Achievement 

El Impcrtant Honor OF 

_ _ _  

..-.... . 



309 

APPENDIX D 

DOE APPROVAL OR-638-86-ORNL-2-MOD 1 
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Department of Energy 
o a k ~ o p e r a t m s  

P. 0. Box E 
Oak Ftidge. Temessee 37831 

March 23, 1987 

DIST. by 1. 8. WILTSHIRE 

0.te 

Bsrker 
Eeda ' P;li;.yck 

Shank? 

I __-- 
dllphant 

__I- 

-. . _~&-_ 

. 
__c_ 

asrren 

Uvykond-ll V,t .f^;id'.'. 

Urlaa T m r r C l l n l ~  --/ - 

. - ~. ___ 
Olhrr 

..___- Or. Herman Postma, Director MetrQ" .... 

Martin Marietta Energy Systems, Inc. Cam sy9t ......... 

P. 0. Box X 
Oak Ridge, Tennessee 37831 

Dear Dr. Postma: 

Oak Ridge National Laboratory A s i o r  nlr .......... . 

_ _ ~ _  

OR-638 - HFIR IRRADIATION FACILITIES, PROJECT 86-OWL-2, HOD, 1 

Enclosed i s  the approved original o f  Form OR-638 f o r  the  HFIR 
I r rad ia t ion  F a c i l i t i e s  Upgrade, Project 86-ORNL-2, Modification 1. 
This modification increases the to t a l  cost  by $242,000 (from $710,000 
t o  $952,000) t o  provide fo r  equipment previously proposed f o r  
inclusion i n  the FY 86 and FY 87 Reactor Improvement and Modification 
Projects.  
86-ORNL- 2. 

Funds f o r  the increased costs a r e  t o  be charged t o  35-AT-15, 35-KC-01, 
and 35-K$-02, a s  shown on the Form OR-638. 

We agree t h a t  these items are  appropriately 

/ 

questions, please c a l l  J. W. Nehls o f  my s t a f f  on 
extension 6-0743. 

Sincerely, 

s s i s t a n t  Manager f o r  Energy 
Research and Development ER-112:Nehls 

Enclosure 

cc w/encl : 
J. Penry, AD-46 
W. A.  Hampton; CE-52 
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Form 01-638 

(Rev. 4/76) AND ~ X P ~ R ~ ~ ~ ~ T A ~  PROJECTS 
REQUEST AND APPROVAL FOR EQUIPMENT,  TEN^^@^^ 

l%Gd Year Authorized & Consecutive Numtwf of Project 86-ORNIr2 - 
Modification Na. L.- - 

8. BREAKDOWN OF ESTIMATED COST 240 ooo 
1. Engineering Design 8 Inspec. 

2. Direct Cost : 

I 

A. Equipment 1222.000 
8. Inse. of Equip. &OOO 

5 0 , 0 0 0  
C. mint. 6 Related 

Expense 
D. OWI (Speccity) 4LOQ.O 348.000 

(Neutronics  c a l c u l a t i o n s )  
3. lndirect Cost 364 .ooo 

0 4. Contingency .._.__ 

Gross Total S 952,000 

5. Salvage Credits 

Net Total 

0 

$952,000 

I 

@. NET'COST BY ACTIVITY 
Activity No Net COSt ...- 

__.___ 35-KC-01 t.109,000 OQud747 
-. 35-AT-15-03 717,000 rtl&ky 
3 5 - KC- 02 1 35 OOJ *hf/@ __ _- 

Total s 952,000 

B. FINANCIAL PLAN 
Change Required : Y e 5 2  N o O  
(If "Yes" attach explamtion followtog 
items and amount involved ) 

ff 

E. TIMING 
1 Estimated Starting Date __ 

(If other than when approved.) 

2 Estimated Time TQ C~i=i~plste ~ M o s .  

F. MODIFICAT10M~ (Complete i f  applicable and use ieverse side for explanation ) 
1. This action inmlves change (increase or 2. T h i s  action involves an 

Extenslan Advancement I-J 
of -months from previous 
esltmaiied time to complete 

J. OlSTRlBUTlON (Check one b ~ x )  
2- Contractor (After approval. by Contract Administrator) 
- Contract Administrator (Ccncurrences rewired w, this copy) 
___ b d g e t  Division 
___ Daws-Barn Committee (6) - Contractor (Suspense file) 
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FORM OR438 6-79) 

NARRATIVE DESCRIPTION AND JUST1 FlCATlON FOR PROJECT 
(If Ihe proposed item has been fully described and justified in a budget document or correspondence to DOE, a reference to the 
documents containing the information should be included, i n  which case a brief narrative description and justification will suffnce.) 

Reference Documents: 
1. 
2. Letter t o  Dr. M. W .  Rosenthal from John F. Clarke, April 5,..1985 
3. Letter to  Mr. Robert J. Dowling from Lee A .  Berry, October,lO, 1985 
4 .  Letter to Dr. John F. Clarke from F1. W. Rosenthal, October 21, 1985 
5 .  C. W. Alexander, e t  a l ,  "Report of the Materials Irradiation Fac i l i t i e s  

Letter t o  Dr. John F. Clarke from W. M. Rosenthal, March 22,, 1985 

Improvements Committee," ORNL/TM-9709, October 19 , 1985 

Description: 
This request includes design, engineering analysis,  procurement and/or fabr i -  
cation and i n s t a l l a t ion  of the following reactor components for  the HFIR 
Irradiation Fac i l i t i e s  Upgrade (HIFI) Project: hydraulic rod actuator,  top 
plug, beryllium re f l ec to r ,  and grid assembly. 

Just i f icat ion:  
The HIFI Project will increase the s ize  and number of the removable beryllium 
penetrations-for materials i r radiat ion studies. 
ta t ion capabi l i t ies  for the target  i r radiat ion f a c i l i t i e s .  

by u t i l i za t ion  of these f a c i l i t i e s .  

I t  will also add instrumen- 
A cost saving of 

$3 million t o  the DOE-OFE will be realized over the next three f i s ca l  years 

Method of Acconpl i shment: 
Pnerqy Systems Engi neeri ng wi 11 provide design and analysi s under the super- 
vision of ORNL Operations-Division HFIR Technical Group. ' Procurement and/or 
fabr icat ion will follow established practice involving the ORNL Engineering 
Technology Division and Energy Systems Purchasing Division. 
be provided by ORNL Operations Division personnel and associated craf ts .  

Instal la t ion will 

Direct Costs 

Original 

Outside machinists 0 5,000 
Riggers 5.000 
Shop fabrication 50,000 

Total $60,000 

Total Estimate 

Direct labor $246,000 
Procurement 193,000 
Overhead 236,000 
Con ti ngency 35,000 

Total  5- 

Modi f i ed 

$ 20,000 

$Kim7 

16,000 
50,000 

$366,000 
222,000 
364,000 

D 
$,ooo 

Safety Assessment: 
The HIFI P r o j e c t  will have no adverse e f f ec t s  on the operational safety of the 
reactor.  

NOTE: The capital  equipment  funds necessary for t h e  HIFI Project will be i n  
accordance with DOE/CR-0009 Part 6, Paragraph 4.6(4). 
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JUST1 F I CAT ION FOR JO I WT FUND I NG 

Basic Energy Sciences (BES) i s  responsible for the monetary Support of the 
HFIR. 
diation f a c i l i t i e s  fo r  an increase in isotope production capabi l i t ies .  m r e  
places t o  in se r t  experiments ( resul t ing in l e s s  e f f e c t  on beam tubes),  and 
more space available for future sponsors of engineering materials tes t lng;  the 
income from these n e w  f a c i l i t i e s  by other sponsors will reduce the monetary 
support required of BES. 

The Office of Fus ion  Energy (OFE-DOE) would conduct irradfation experiments of 
the type done i n  the ORR w i t h  damage r a t e s  two t o  seven times larger i n  the 
upgraded HFIR f a c i l i t i e s  and r ea l i ze  a cost  savings of $3 million over the 
next three f iscal  years. 

The general upgrade o f  the HFIR w i l l  provide bigger  and more i r ra-  

JUSTIFICATION FOR REVISION 

This project to upgrade the HFIR which began i n  M 1986 i s  one of several con- 
current tasks to improve the i r radiatfon surface area and qpality i n  HFIR. 
Related tasks, fabricatSon of new and improved outer shroud, shroud flange and 
track assembly for the HFIR, were t o  have been funded - w i t h  $250’K of FY 86 and 
$250 K of FY 87 ARIM funds. Due to program decisions w i t h i n  DOE-ER, those 
funds were allocated to higher p r lo r i ty  t a s k s  w i t h i n  the accelerator/reactor 
community. A review o f  the work to have been performed w i t h  ARIM funding 
inda’cates that  i t  i s  appropriate t o  include some of these e f fo r t s  in the scope 
of the present OR-638, which i s  funded w i t h  Basic Energy Sciences and magnetic 
fusion equipment funds. Therefore, a funding.<and TEC increase i s  requested 
fo r  Project 86-ORNL-Pin the amount of $242 K. 
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APPENDIX E 

REPORT ON CORE-LIFE EXPERIMENT: "HAFNIUM SHIELDS 
I N  THE RB POSITIONS ARE OK" 



\ 
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HAFNIUM * * * * * *  SHIELDS IN THE REI POSITIONS ARE O.K. * * * * *  
The Materials Irradiation Facilities Improvement Committee 
recommended, inter alia, certain modifications to the HFIR. 
?!he recommendation was accepted by the Executive Committee, 
and I was instructed to take responsibility for the work. 

A major technical reservation concerned the effect that 
experiments in the new removable beryllium (FU3) lpositions 
would have on the slow neutron flux in the beam tubes; in 
particular, there was concern that spectral tailored irra- 
diation capsules, involving a hafnium absorber shield, might 
unacceptably reduce the beam tube flux. 

Preliminary calculations, presented to all concerned at a 
meeting on May 10, indicated that with the new RB positions 
shielded capsules need not be placed closer than about 200 mm 
from the nearest beam tubes, and that the maximum flux 
depression effect at the beam tubes would be in the range of 
4% to 10%. All agreed that a 4 %  to 10% reduction would be 
acceptable. 

The calculations, although simplistic, were sufficiently 
convincing for us to justify the expense of some experimental 
measurements to verify the viability of the proposed 
modifications, and the first results of some low power 
experiments in the HFIR are now available; the measured loss 
of beam tube flux when a hafnium tube, 3.8 mm thick, is 
placed in RB positions 200-400 mm away is less than 5%. The 
more distant beam tubes are affected less; in fact, as 
expected the tubes on the opposite side of the core from the 
hafnium see a slightly (up to 4 % )  increased flux due to power 
tilting in the core. Naturally, at shorter distances - which 
would not be used in practice - the depression is higher (13% 
at 100 mm). The results are shown in the attached table and 
graph, which compare flux levels with a base case in which 
the usual iridium loadings were placed in all RB positions 
except RB-3. All combinations of hafnium position and beam 
tube use except one (RB3 and HE321 are acceptable, as 
expected, showing a loss of 6% or less. RB3 will be reserved 
for experiments without hafnium shielding. 

Preliminary estimates, based on the extra control plate with- 
drawal needed to compensate for the hafnium, show that the 
loss of reactivity is less than twice that caused by the 
iridium that is usually placed in the RB positions, and 
should shorten the fuel cycle only a matter of hours; we 
shall have a better measurement of this after the full power, 
full cycle run that will begin shortly. We are also making 
flux and spectrum measurements in the RB positions. 
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Ken Thorns designed the experimental program; Dave McGinty 
coordinated the Operations Division effort; Bab Nicklaw 
coordinated the beam tube measurements. 

c. D. w ~ ~ t / a - a - v i  
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EFFECT OF HAFNIUM ON BEAM TUBE F L d  
~ 

% change in thermal f lux  at beam tubes2 
~~ 

HB1 HB2 HB3 HB4 

Hafnium position 

R B I ~  - 3  0 +1 +2 

+4 RB3 

RB5 +1 -1 -6 +2 

RB7 +1 0 +2 -4 

+4 -13% +1 

1 
Measured at a reactor power of 100 kW 

2The base case has the usual iridium (iso- 
tope production) capsules at all RB positions 
except RB3 

3The iridium in these positions was replaced 
by the hafnium sleeve to make the measurement. 
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