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SUMMARY 

Experiments have been performed on a u n i t  shield mockup 

based on the Lid Tank optimization which was used by the ANP 

Shielding Board. 

the Bulk Shielding Reactor through the shield have been 

measured. For a 200-megawatt reactor i n  the shape of a 3- f t  

r i gh t  square cylinder and with a tolerance of 1 r/hr a t  the 

crew position 50 f t  away, the Shielding Board predicted a 

shield weight of 134,000 lb. 

weight of 127,600 lb for  the shield. 

weight for  the lead spacing used. An additional reduction 

i n  weight i s  indicated i f  more boron i s  added t o  the water 

and the lead spacing i s  reoptimized. 

Included a s  appendices are data on the attenuation of 

Attenuation of neutrons and gama rays from 

The present experiments give a 

This i s  the minimum 

neutrons and gama rays through a water shield and an iron- 

water shield. 
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I. DESCRIPTION OF THE EXFERIMXNTS 

A .  Introduction 

For the bet ter  par t  of the year 1950, the e f fo r t  of the goup 

operating the Lid T a l c  a t  the X-10 p i l e  was devoted t o  measuring 

materials suitable for a minimum weight shield for  an a i r c ra f t  

reactor. 

configuration of a " u n i t  shield." The un i t  shield is defined as a 

one-piece shield which not only protects the crew of an airplane 

The trend of study was toward determining the optimum 

during f l i gh t  but a lso reduces the radiat ion 

f ic ien t ly  t o  enable a maintenance crew t o  ser 

the ground within a short time a f t e r  the a i rp  

reactor has been shut down. 

The f i rs t  approach t o  such a shield i s  on 

,and gmma radiations are shielded equally i n  

"ideal" uni t  shield i s  then a spherical sh i e l  

reactor. The departure fYom t h i s  ideal  sh i e l  

reactor i n  the form of a right square cylinde 

radical.  Therefore for  simplicity the work a 

directed toward developing the optimum config 

shield. The r e su l t s  of the L i d  Tank study t o  

spacing of the lead i n  a laminated lead-water 

AKP Shielding Board(l) as ~b basis  for  the des 

(1) A l i s t  of references w i l l  be found a t  t h  

- 11 - 



Since the weight of the shield i s  of extreme importance i n  proving 

the feas ib i l i ty  of the nuclear powered airplane, it was decided tha t  an 

independent measurement on a mockup of a unit  shield should be made 

with the Bulk Shieldin$ Reactor. 

should u t i l i z e  the optimum configuration as determined by the Lid Tank. 

This report describes the experiments made upon a uni t  shield 

mockup and contains an estimate of the weight of the u n i t  shield for a 

200-megawatt a i r c ra f t  reactor 3.8 f t  i n  diameter, using the experimental 

data obtained. 

B .  Procedure 

The mockup should be spherical and 

The Bulk Shielding Fac i l i ty  has been described by Breazeale.(2) A 

reactor is suspended i n  a large pool of water as shown schematically i n  

Fig. 1-1. 

and instrument bridges, 

next t o  the reactor and measure the attenuation of neutron and gamma 

rays with suita%le detectors behind the shield. Two preliminary ex- 

periments were performed pr ior  t o  the measurement of the uni t  shield. 

The f i r s t  was the determination of the attenuation of neutrons and gama 

rays through the water i n  the pool, and the second was a measurement 

through water and about 17 i n  of iron. 

have been described i n  preliminary memoranda but have not received 

wide publication. For t h i s  reason and also because the data are 

interesting as a basis  of comparison with the  present experiments, the 

memoranda are included i n  Appendices E through H. 

Figure 1-2 i s  a photograph of the  pool showing the reactor 

The procedure was t o  erect  a shielding sample 

The resu l t s  of Experiments 1 and 2 

- 12 - 



-1 3
-
 



-11,- 



I- 

C .  The Reactor 

Details of the construction and operation of the Bulk Shielding 

Reactor are  given i n  Ref. 1. 

each approximately 36 in. high and 3 by 3 in. i n  cross section. 

the central  24 in. of each fue l  element contained fissionable material. 

The t o t a l  c r i t i c a l  mass w a s  3.2 kg of U235. Figure 1-3 i s  a photograph 

of‘ the assembled reactor and Fig. 1-4 i s  a plan view of the loading 

pattern.  

the reactor can be made c r i t i c a l  with various loadings. 

used i n  these experiments, the reactor was ref lected on a l l  sides but 

one by the water of the pool (see Fig. 1 -4) .  

the face from which shielding measurements were made, there was a 

beryllium oxide re f lec tor  on which the control chambers for the reactor 

were nounted. 

The reactor was made up of 25 fue l  elements, 

Only 

Since the fue l  elements can be moved mound i n  the grid plate ,  

In  the loading 

On the rear side away from 

A determination of the power dis t r ibut ion of the reactor from 

measurements of the neutron flux dis t r ibu t ion  has been made by Meem and 

Johnson. (3) 

shield mockup next t o  the face of the reactor  a l te red  the power d i s t r i -  

bution i n  the front  row of fuel elements re la t ive  t o  the r e s t  of the 

reactor.  A correction for  t h i s  e f fec t  i s  described l a t e r .  

In  the present shield t e s t  it w a s  found that placing the 

For the measurements described i n  this report  the power of the reactor 

was vmied a t  w i l l  so as t o  provide a desirable counting r a t e  for  the 

detector i n  use during a par t icu lar  run. A l l  measurements were then 

normalized t o  a power of 1 w a t t .  

of the reactor could be repeated within a precision of a few per cent. 

The absolute value of the power of the reactor i s  discussed i n  R e f .  3. 

It was found that a given power se t t ing  

- 15 - 



Fig. 1-3 Photograph of Assembled Reactor 
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D. Detectors 

Three types of measurements were made in these experiments: 

(1) thermal-neutron f l u ,  (2) fast-neutron dosage, and ( 3 )  gama-ray 

dosage. 

1. Thermal-PJeutzon Detectors 

Both U235 fission chambers and boron t r i f luor ide  counters were 

The used for thermil-~eUtmn measurements as described in  Appendix E. 

method of locating a counter w i t h  respect to the reactor i s  also 

described in  this appendix. 

of a detector within a mlllfmeter. To obtain the absolute value of 

the thermal-neutron flux as  measure& w i t h  the above counters,some of 

the experimental points were: &so measured w i t h  indiua foils as described 

in AppendZx F. 

against the foil measurements. 

done in a graphtte p i le  and the exposures were made in water, it was 

necessary Lo increase the water values by 2!&. 

correction i s  described i n  Appendix L. 

It was possible t o  reproduce the position 

All measurements with the counters were then normalized 

Because the calibration of the foils was 

The basis  for t h i s  

2. Fast-Neutron Detectors 

The procedure fox raeasuring fast-neutron dosage is outlined i n  

Appendix G. 

simulates the dos&ge effect of f a s t  neutrons, has been developed by 

B u r s t  (see Appendix W). 

experiments is described in Appendix 1sT. 

?robable error of the measurements w i t h  t he  dosimeter w&6 within +3O$. 

A fast-neutron dosimeter of the integrating type, which 

me calibration of the instrument used i n  these 

It was determined that the 



Fast neutrons were measured by two other independent means i n  

water as a check on t he  measurements obtained by the dosimeter. The 

f i r s t  set of measurements was made with a U238 f a s t  fission counter, 

and the other by using pressed sul- as a threshold detector, 

resu l t s  of these measurements are described iin Appendix 0. 

The 

3+  Gmma-Radiatioon Detectors 

Ganma-ray dosage was measured wit21 graphite-wall ionizat iw 

chrznbers. 

cmefully and was used as a standard chamber. 

used to measure the gama rays *om B radium source obtained R-om the 

National. Bwreau of Standards, the expertmental results agreed with the 

calculated values within 14. 

error of the constants available for the calculation. A l l  other 

ionizatfon chambers were then calibrated against the standard chamber. 

The precision of the gamma-ray measurements l i s t e d  in this report  

should be w e l l  withttn 5$, both in reproducibility and absolu'te magnitude. 

The construction and calSbration of the ionization chambers has been 

One of these chmbers was designed and cons-tructed very 

When thia chamber WEIS 

This accuracy was better than the probable 

described Sn d e t s i i  by Ballweg and Mem. (4) 

In mking shielding measurenents under water it becomes important t o  

determine the center of' detection of the instrument used. For a counter 

on the order of 10 t o  20 centimeters i n  dlameter the radiat ion received 

a t  the front of the  counter i s  greater than tha t  a t  the rear. 

celculat-ian of the centers of detection f o r  the various inst;ruaents w a s  

The 



E .  U n i t  Shield Mockup 

F S w e  1-5 shows the unit shield mockup ins ta l led  in  the pool and 

Fig. 1-6 shows the important dimensions. The shield is a mockup of 

that described i n  the Shielding Board Report. 

the Pollost-ing i t e m  In the order listed: 1. in. of iron a 7-in, a l r  

The mochp consists of 

space, 2 in .  of iron, and nine 1-in. layers of lead separated by varying 

thicknesses of borated water. The purpose of the 8ir void i s  t o  

simulate a spherical reactor. mble 1-1 gives the detailed specifications. 

The 2-411. steel hemisphere, a mild s t e e l  casting, was welded t o  the 

1-3/4-in. steel supporting p la te  md tiested under 25 psi for air leaks. 

The lead hemispheres weFe fabricated by foming 1-in. sheet lead into 

"orange peel" sections over wooden forms and then burning the sections 

together. A photograph of these sections before mounting is shown tn 

Fig. 1-7. These hemispherical shel ls  were fastened t o  the supporting 

p l a t e  with 3/8-in. lag screws. 

place, 1-in. holes were drilled in the top and bottom of the shell to 

permit f i l l i n g  with borated water. 

the outer boundary of the water layer of the  ideal  spherical shield. 

This imaginary surface was 27 in. beyond the last lead layer. 

After each lead shell was secured i n  

The dashed cwve in Fig. 1-6 denotes 

As shown i n  the sketches, the hemispherical lead shel ls  were mounted 

3-nside a lwge aluminum tank f i l l ed  with borated water. 

of this tank was the normal. water of the pool. It can be shown that  

beyond about 12 in. outsiae the last lead layer the gamma production 

from neutrons i n  the water becomes negLigFb1e; therefwe boration of the 

On the outside 

water was unnecessary i n  %he outer regions of the shield. The -hank was 

- 20 - 
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constructed so tha t  the borated water extended 20 in. beyond the last 

lead layer. The f i n a l  7 in. of water for the shield was jus t  the pool 

water i t s e l f ,  and the shield boundary was merely an imaginary surface 

i n  t he  pool. 

Figure 1-8 is a photograph of the assembled nsockup before ins ta l -  

l a t ion  of the aluminum tank. 

- 24 - 



.- 

I
 

-2 5- 



TABLE 1-1 

The Unit Shield Mockup 

Composition as Designed fm the Unit Shield Experiments a t  

The Bulk Shielding Fac i l i t y  

Layer 

1" 

3 

5 

7 

9 

11 

13 

15 

17 

19 

Material 

Iron 

Lead 

Lead 

Lead 

Lead 

Lead 

Lead 

Lead 

Lead 

Lead 

13 

17 

19 

21-1/4 

23-3/4 

27-118 

31-1/4 

34 

36-3/8 

42 

3dius 
(cm.3- 

33.0 

43.2 

48.3 

54.Q 

60.3 

68.9 

79.4 

86.4 

92.4 

106.7 

Thickness 
(cm. 1 
7.62 

2.54 

2.54 

2.54 

2.54 

2.54 

2.54 

2.54 

2.54 

2.54 

* The iron layer was divided in to  a 1-in. flat layer and a 2-in. spherical 

layer of 14 in. inner radius, as shown i n  Fig. 2-6, t o  f u r m  an airspace. 

The intervening layers consisted of water or borated water. 
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A .  General 

The measurements behind the unit  shield mockup comprised two 

separate experiments, desigrmted as Bulk Shielding Facility Experiments 

3 and 4. 

the lead hemispheres along the centerline, with water filling the spaces 

between the hemispheres. 

an aluminm tank as shorn i n  Fig, 2-5. The tank was f i l l e d  with water 

of various boron concentrations, which permeated the spaces between 

the hemispheres. 

instruments to approach the last lead shell closer than 48.6 om. 

Experiment 3 consisted of measurements i n  pure water behind 

For Experiment 4 the shield was encased i n  

The presence of the tank made it impossible for 

With the excepkion of t w o  garnma-ray traverses around the periphery 

of the shield, a l l  measurements for Experiments 3 and 4 were made along 

the reactor centerline. Table 2-1 suwmrizes the type of rpeasurements 

made and detectors used i n  the experiments. 

- 27 - 



TABU 2-1 

Detectors Used for Various Eleasurements in 

Experiments 3 and 4 

TYPE OF MEASUREDEN!? 

Thermal-neutron flux 

Fast-neutron dosage 

Gamma-ray dosage 

Fast-neutron dosage 

Gamma-ray dosage 

DETFXTOR USED 
EXPT. 3 

Indium foils 

3-in. fission counter 

8-in. BF3 counter 

12-in BF3 double 
chamber counter 

Fast-neutran dosimeter 

Stm&d 5 0 - c ~  1Q12 
ionization chamber 

900-cc lo1' ionization 

gw-cc 1012 ionization 

chamber 

chamber 

EXPT. 4 

3-in. fission couylter 

&in. B F ~  counter 

12-in BF3 double 
chamber c o u t e r  

12-ia BF3 single 
chmber counter 

Fast-neutron dosimeter 

900-cc lo1* ionization 
charaber 

G-M counter 



B. Results 

Before making the centerline measurements it was necessary t o  

determine whether streaming from around the sides of the shield would 

affect these measurements. 

with an ion chamber was made around the shield in  unborated water a t  a 

radius of 175 cm, as shown in  Fig. 2-1. 

indicated that there wa5 some atreaming a% large aagles. 

block shield was than erected around the reactor (see Fig. 2-1) and 

another traverse was made. The traverses showed that within an angle 

of 30' on each side of the centerline there was negligible effect f'rom 

streaming. 

data of Table I i n  Appendix A .  

Accordingly, a horizontal gamma-ray traverse 

The results of th i s  traverse 

A concrete 

These traverses are sham i n  Fig. 2-2 plotted from the 

The centerline measurements i n  unborated water (Experiment 3) are 

The data are given i n  Tables 2, 3, shown in  Figs. 2-3, 2-4, and 2-5. 

and 4 of Appendix A .  

a power of 1 watt a s  determined From the power calibration of the 

The data of Experiment 3 have been normalized to  

water -reflected reactor. (3 1 

After installation of the alurninwn tank around the shield, it was 

f i l l ed  with borated water of various concentrations (Exgeriment k ) ,  

and. gamma-ray centerline measurements were made behind the tank. 

sh0wn i n  Fig. 2 - 3 ,  the boron concentrations tesLed were 0.0, 0.1, 0.2, 

and 0.4$ by weight. 

the water beyond a boron concentration of 0.45; therefore heavier 

concentrations were not tested, Thermal-neutron and dosirneter measure- 

ments were made a t  the 0.4% concentration as shown i n  Figs. 2-4 and 2-3. 

As 

It was di f f icu l t  t o  dissolve additional B203 i n  
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FIG. 

HIND 0.4% BORAT 

DISTANCE FROM REACTOR, cm 
2 -5  BULK SHIELDING FACILITY- FAST NEUTRON DOSAGE CURVES FOR THE UNIT SHIELD 

EX PER I M ENTS 
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The data obtained i n  Experiment 4 were normalized t o  a power of 1 watt 

according t o  the power calibration of the unit  shield reactor as  

described i n  Appendix C .  

5 ,  6, and 7. 

The data are tabulated in  Appendix A ,  Tables 

A more complete discussion of the boron problem i s  given i n  Appendix B. 

C .  A Rote on Power Normalization 

The nominal power of "1 watt" has been shown t o  be* 

1. 0.738 watts for the water-reflected reactor, and 

2 .  0.715 watts for the reactor i n  place against the borated-water 

shield. 

A new determination of the power of the reactor i n  i t s  position against 

the borated-water shield became necessary when discrepancies in  the data 

between Experiments 3 and 4 became evident. As noted i n  Appendix C, the 

new power determination gave a power about 3$ lower fu r  the reactor i n  

i t s  position against the borated shield than the power determined 

previously. Calculations of the leakage, a s  shown in  Appendix D, i n  the 

two cases showed a lowering of the leakage of high-energy neutrons by 

approximately 7-1/2$ when the reactor was against the borated-water shield. 

When the appropriate power corrections were applied the discrepancies 

were accounted for .  To i l lus t ra te ,  the 746 discrepancy between the 

thermal-neutron curves of Experiments 3 and 4 can be accounted for by 

the difference in  the leakage values for  the two reactors. 

Since there seemed t o  be no effect  upon the reactor due t o  -the presence 

of the shield i t s e l f  during Experiment 3,  the original power correction 

factors were assumed t o  be valid. 

* See Reference 3 and Appendix C. 
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The power correct-ions used in the preparation of the data of these 

exper inents were : 

No boron - 0.738 

0 .  I$ baron - 0.732 
0.2% boron - 0.726 

0.4% boron - 0.71.5 
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111. CALCUJ;CITIOW OF AIRCRAFT RFACTOB SHIELD WEIGElTS 

A .  Shield Weight Calculations for C r e w  Tolerance of lr/hr a d  1/4 r/hr. 

1. Specifications 

Sefore embarking upon detai led calculations of the size  of the 

shfeld for the a i r c r a f t  reactor ,  it will be well t o  r e c a l l  the specifications 

for  the a i r c r a f t  reactor and idea l  un i t  shield as  set for th  in  AMP-53. (1) 

a. Aircraf t  Reactor Specifications 

Power 200 megawatts 

coozanpr Sodium, primary and 
secondary systems 

Reflector S tee l  or Be0 

Shape Right cylinder,  3 f t .  
di met ar* 

Power Density Radially uniform; 
longitudinally represented 
by a constant plus a 
cosine term 

Composition: Moderator 7 6  by volume 

Structure 3% 

Coolant 2 8  

Fuel (UO2) 100 lb 

b. Unit Shield Specifications 

Fe-Pb-%O shield such t h a t  a t  50 ft separation 

between crew eornpartnent and reactor  the radiation 

dosage a t  crew w i l l  not exceed Xr/W during flight 

1/4 r/hr i s  t o  be taken i n  neutron dosage and 

3/4 r/hr in gamma dosage. Details of the shield &-'e 

given Zn Table 1-1 of C h a p .  I. 

* A 3.8-ft spherical reactor i s  regarded as i t s  equivalent for  the 
purpose of calculating shield thickness md weight (see Ref. 1). 
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There i s  a necessity f o r  mentioning three  reactors  during the course 

To avoid eonfuslon, they are defined a s  follows: of these calculations.  

a. The Bulk Shielding Reactor (BSR) 

This reactor i s  the experimental 10-kw reactor 

now i n  use a t  the Bulk Shielding Fac i l i ty .  

The Aircraft  Reactor (AB) 

This i s  the theoret ical  reactor  specified by 

Am-53, which w i l l  power %he nuclear airplane 

and f a r  which these present calculations are 

being made. 

The Unit Shield Reactar (US31 

For purposes of these calculations the US€t i s  

the reactofi that  extends Into the a i r  void of 

the experimental shield mockup, as shown in 

Fig. 3-1. The one-inch thickness of iron t o  

the left of the air  void is imagined pressed 

close t o  the 2 in .  of iron on the right t o  

simulate a 3-in. pressure shell about the 

reactor.  The reactor i t s e l f  i s  assumed t o  be 

a sphere 13 in .  in d-larneter with a power of 

10 kw. The pressure shell i s  assumed t o  be 

p a r t  af the shield, so that  measurements l is ted 

below i n  djstances from the USR w i l l  mean 

measurements f”rm the inside edge of the pressure 

she l l .  

b . 

c .  
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FIG. 3-1 THE UNIT SHIELD R E A C T O R  
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2. Leakage from the Aircraf t  Reactor 

Leakage fYom the aircraf t  reactor may be estimated as follows. 

The probability that nuclear radiations produced From fission within 

a reactor w i l l  escape from i t s  surface i s  assumed t o  be proportional 

t o  is 

the relaxation length within the reactor of the type of radiation 

under consideration. 

those fas t  neutrons which leave the reactor w i t h  essentially all of 

their  i n i t i a l  energy. 

as 

, where Z i s  the distance inward from the surface, and 

I n  the present case A i s  chosen so as t o  represent 

The leakage *om a given surface may be expressed 

0 

where F is a factor converting power t o  the appropriate type of radiation 

leaking out (this factor does not need t o  be evaluated since leakage 

ra t ios  acre t o  be used), and P1(Z) i s  the power density, which i s  pro- 

portional t o  the fission ra te  per u n i t  volume. 

For a right circular cylinder Pl i s  assumed t o  be uniform 

radially and hence a constant. If i\ i s  small compared t o  the integration 

distance, the upper l i m i t  of the above integral becames of small conse- 

quence and for convenience may be set  a t  infinity.  Thus the leakage from 

the aircraf t  reactor i s  given closely by 
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where Pl = P/V, the t o t a l  power o f  the reactor  divided by i t s  volume. 

Substi tuting numerical values, the leakage r'rom the AR" i s  

L,/F = (2 x lo8 watts) (9.2 cm> 
a(43.7 cm}2 (91.4 cm) 

= 3.07 x 103 watts/em*, 

3 .  Leakage from the Unit Shield Reactor 

It will be assumed that, except for a small attenuation correction, 

the leakage from the IJSR was the  s m e  as from the BSR. 

correction was necessary because it was physically impossible t o  place 

the experimental reactor against the s t e e l  p l a t e  tha t  held the shield 

when the  alimirzua tank which surrounded the  shield was i n  place. 

from the reactor had to  pass through a slight amount of water Fhnd aluminum 

t o  reach the air void which represented the USR. 

out t o  be one inch and the corresponding attenuation of neutrons i n  water 

for t h a t  distance was 0.826. 

Appendix D give the value of L/F escaping from the experimental face of 

the reactor as 7.35 x 10-5 watts/cm2/watt power, where P i s  the same 

conversion factor mentioned above. 

The attenuation 

Radiation 

This separation turned 

The leakage calculations described i n  

Thus f o r  the US3 the  leakage i s  

~- 

* 2 is  given as 9.2 cm for  the AR fn ABP-53. 
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4. The Dosage Uni.t, D 

It i s  convenient for p q o m s  o f  these calculations t o  def-bne a 

The D-unit i s  the maximurn dosage r a t e  that nay be taken dosage unit, D. 

by military personnel duplyrg 8 25-1?p flight of a nuclear-powered aircraf t . .  

I n  accordance with th i s  definit ion,  the D - u n i t  ts equivalent t o  the 

following dosages of nuclew radiatioiis: 

1 D = 1 r/tr of gmp,  rPadiRtion 

1 D = 0.1 re-p/h- of fast neutrons 

The tolerance dose o f  I. D is not t o  be exceeded for a combination of f a s t  

neubrons and ganzma racliation. 

specified by the ANP Shielding Board as the proper tolerance comblnatiorn: 

Tha following m o u n t s  of radiation w e  

D, = i/4 p = 23 mep/lup of f a s t  neutrons 

Dy = 3/4 I) .= 0.75 s/hr of gams. radiation 

1 D  = D, -+- Dy 
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5 .  The Allowed Dose a t  the Surface of the Shield 

The dose Da allowed a t  the surface of the USR s h i e d  i s  given by 

Da = 1 D x ( s / R ) ~  x ( % h a )  x , 
where 

S is the crew separation of' 50 f t ,  

R i s  the outside radius of the shield required 
around the USR, 

L, a d  La m e  the leakages glven above, 

ru = the radius of the USR = 33 cm, and 

rEL =L the radius of the AR = 58 cm. 

The significance of" each of the terms o f  the above expression is: 

1, D is the dosage allowed a t  the crew cwprtmen%, 

( s h )  

(kha) is leakage r a t i o  of the two reactors, and 

(ru/ra) i s  a factor correcting f o r  geomebicd 

2 1.s the inverse-square correction due t o  
rea6 tor -cr ew separat ion, 

attenuation in  a shield with spherical surfaces. 

Substitution of numerical values gives the following allowed doses 

as  specified: 

a. Total dose (neutrans or gamma says) 

* Formula by E .  P. B l i za rd ,  private communication. 
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b. A_.Eportionerl neutron dose 

Dn = 1 260 
I II 

R2 

c .  Apportioned ganuna dose 

Table 8 i n  Appendix A presents values of the doses Da, Dn, and 

Dy for  various radi i  €4 of the  USR shield. Table 9 in Appendix A presents 

a swnmasly of the measured values of' the neutron and gamma doses i n  D 

units for various thicknesses of shield. The to ta l  experimental dose 

is the sum of the experimental neutron and gamma doses. 

6 .  The Proper Thickness t of the Unit Shield 

Figure 3-2 shows curves of the allowed and measured dosage ra tes  

as 8. function of shield thickness. The interseetion points sf interest  

are encircled on the graph. For convenience the pertinent data are 

tabulated in  Table 3-1. 
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TABLE 3-1 

Intersect ion Points of Figure 3-2 

In te r  section 
~ Point 

_.I 

A 

B 

e 

l D 

I E 

Type of 
Radiation 

Fast neutrons 

Gamma rays 

Fast neutrons 

Total dose 

Total dose 

Thi ckne s s 
of Shield, t 

( c d  

Outer Radius 
of Aircraf t  
Shield (cm) 

179 9 5 

180 

194 

188 

217 

Total Dose 
for  Shield 

Calculation 
Weight 

1 D  

1/4 D 

The minimum shield thickness indicated by point A (121.5 em) i s  tha t  

point a t  which the t o t a l  dose i s  taken i n  neutrons. Point 3 is only of 

academic in te res t .  Prac t ica l  shield weights may be calculated for  thicknesses 

t of shield indicated by intersect ion points C , D, and E. 

7. Evaluation of Shield Weights 

8 .  

For t h i s  shield the t o t a l  tolerance i s  1 D, but the neutron dose 

Wei&t €'OF t o t a l  thickness of shield of 130 c m  (Point D )  

comprises 44 per cent of the t o t a l  dose instead of 25 per cent as specified. 

The shield specifications given i n  Table 3-2 are calculated on t h i s  basis. 
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Layer 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Total 

TABLE 3-2 

Specifications for Shield No. 1 

Outer radius, 188 cm 

Shield thickness, 130 cm 

Total lead thickness, 22.9 cm 

Mater i a1 

Fe 

Pb 

Pb 

Pb 

Pb 

Pb 

Pb 

Pb 

Pb 

Pb 

Density 
5 g/cm3) 

7.6 
1.0 

11.3 

1 .o 

11.3 

1.0 

11.3 

1.0 

11.3 

1.0 

11.3 

1.0 

11.3 

1.0 

11.3 

1.0 

11.3 

1.0 

11.3 

1.0 

Inner 
Radius (cm) 

58.0 

65.6 

68.2 

70.8 

73.3 

75.9 

79.0 

81.6 

85.4 

87.95 

94 05 

96.6 

104.6 

107.1 

111.6 

114.1 

117.6 

120.1 , 

131.9 

134 5 

Thickness 
(cm> 

7.62 
2.6 

2.54 

2.56 

2.54 

3.18 

2.54 

3.83 

2.54 

6.10 

2.54 

7.98 

2.54 

4.46 

2.54 

3.49 

2.54 

11.8 

2.54 

5345 

130.0 

Weiet 6 (-1 
2.78 
0.146 

1.74 

0.167 

2.01 

0.240 

2.33 

0.335 

2.71 

0.635 

3.28 

1.01 

4.04 

0.670 

4.59 

0 * 589 

5.09 

2.36 

6.40 

17.6 

58.7 





Results of Lid Tank experiments(5) mentioned in Chap. I indicated an 

experimental value of about 3 em for d f o r  shields of 136-cm thickness 

for the outer lead layer .  

lead Lo be renoved i s  gfven by 

Using this value of A? , the thickness A t of 

At/3 = 1.66 
or e 

A t  = 1.52 CIII = 19/32 in. 

Thus, it is specified to remove 19/32 in. of lead f'rom layer 19 to obtain 

Shield Wo. 2 (see Table 3-3 ) .  

TABLE 3-3 

Specifications for Shield No. 2 

Outer radius, 194 cm 

Shield thickness, 136 cm 

Total lead thickness, 21.3 cm 
-.-.__ 
Layer 

1-18 

19 

20 

Total 

- 
Material 

Identical wil 

Pb 

0.4$B -QO 

IllnC2,- 
Radius( em> 

t Shield No. 1 

132 - 9 

73.9 

1.02 

61.1 

136.0 

The weight of Shield No. 2 is 

58.0 metric tons 

63.8 short tans 

127,600 lb. 
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T h i s  shield has the sme  amount of lead as t h a t  predicted by the AM? 

Shielding Board f i s m  Lid Tank data but has 6 ern less water thickness 

and therefore weighs less. The predicted shleld weighed 134,000 lb ,  

only 5 per cent higher than Shield No. 2. 

s ignif icant  result of' t h i s  regort .  

This fact i s  the most 

e.  Wei@t for shield wZth tolerance of 1/4 D a t  crew compartnient 

Reduction of the tolerance leve l  a t  the crew compartment t o  1/4 D 

raquixes a thickness of shield indicated by point E (t = 139 cn) of Fig. 3-2. 

A t  t h i s  paint  the gamma dose camprises about 80 per cenC of the t o t a l  dose, 

so t ha t  %hfs shield (see Table 3-4) approximately s a t i s f i e s  the recpiremerzt 

thrzt, throe-fourths of the t o t a l  dose be taken as gnmrnas. 

TABLE 3-I- 

Specifications for  Shield No. 3 

Outer radius, 217 cm 

Shield thickness, 159 cm 

Total lead thickness, 21.3 ern 

Layer Material Inner Thic b e  5 s Weight 
Radius (cm) ( c 4  (g x 1061 

1-19 Identlcal with Shield No. 1 76.5 41.1 

32.6 

Total 159 * 0 73.7 

- 20 0.4@ -QO 134.5 82.5, 

The weight of Shield N o .  3 i s  

73.7 metric tons 

81.1 short tons 

162,000 Ib. 
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The weight of t h i s  shield may be reduced somewhat by allowing a greater 

proportionate mount  of the dose i n  neutrons. 

B. Variation of Shield WeZght with Shield Thickness 

O f  prime consideration i n  the design of n reactor and shield for  a 

iiuclear-propelled a i r c ra f t  m e  low w1@t and small size. I t  i s  Smportmt 

then t o  know what relationship exis ts  between shield thickness m d  shield 

weight for given tolerance conditions. 

relationship i s  t o  be found from a study of Fig,  3-2. A shield designed 

fo r  8 thickness indicated by point A would be very heavy because of the 

considerable amount of lead required t o  reduce the gama radiation to 

negligible proportions. Thicker shields would require l e s s  lead but more 

water and would weigh less. For very thick shtelds the excess amount of 

water necessary would make the shields heavier again. 

a t  some point there i s  a minimwn-wei&t shield. 

A f a i r  understanding of t h i s  

It i s  clear tha t  

A ser ies  of shield weight calculations was cmried out for a tolerance 

of 1 D  and for  various thicknesses of shield, using the method outlilied i n  

connection with Shield No. 2 (see preceding section, 7(b) .) These are 

summarized i n  Table 9 i n  Appendix A and presented graphically i n  Fig, 3-3. 

It i s  of in te res t  t o  note the points on the figure indicating the 

positions of Shield Bos. 1 and 2. Shield No. 1 i s  soaewhat thinner than 

Shield No. 2, but because it contains more lead it weighs more. 

that  Shield No. 2 falls on the minimum point of the curve shows tha t  it i s  

optimlzed for  a neutron-to-gamma ratio of l / 3 .  

appears a dashed l ine  showing what percentage of the t o t a l  dose can be 

expected t o  be taken i n  neutrons. 

The f a c t  

On t he  sane graph there 

It i s  evident t ha t  t h e  thinner the shield, 
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FIG. 3-3 
BULK SHIELDING FACILITY 
ONIT SHIELD EXPERIMENTS 

ILLUSTRATING THE DEPENDENCE OF THE WEIGHT OF THE UNIT SHIELD 

- 

UPON ITS THICKNESS FOR TOLERANCE RADIATION DOSAGES 



the greater i s  the percentage neutron dose. Thus, a th in  shield can be 

designed only a t  the expense of increased neutron leve l  and excess w e i g h t .  

There i s  an incentive other than weight for  keeping the neutron dose as 

low a s  possible. 

well-known than tha t  of gamma radiation, and the uncertainty i s  l e s s  

important when the neutron leve l  i s  kept low. 

The r e l a t ive  biological e f f e c t  of f a s t  neutrons i s  l e s s  

The point labeled "predicted shield" i n  Fig. 3-3 i s  a l so  of in te res t .  

As mentioned above, t h i s  shield, based on L i d  Tank studies, i s  only 5 

per cent higher i n  weight than Shield No.  2 measured i n  the present 

experiments. 

It should be noted tha t  the most accurate point on the curve i s  the 

measured Shield No. 1. 

an average value of 1 as  chosen for  the calculations.  

d i rec t ly  with the amount of extra lead introduced, so t h a t  the error  

becomes greater a t  the extremes of the curve. A t  the  point indicated by 

Shield No. 2, a change of 20 per cent i n  the  value of 

error  of about 1 per cent i n  the weight of the shield. 

C .  

A poss ib i l i ty  of e r ro r  is introduced by the use of 

Actua l lyR varies 

gives only an 

Effects of Boration of Water upon Shield Weights 

The r e s u l t s  of the unit shield experiments described i n  t h i s  report  

Indicate tha t  the boration of the water great ly  reduced the gamma radiat ion 

in t ens i t i e s  behind the shield but had no e f f e c t  upon the fast-neutron dose. 

It was observed t h a t  a s  the boron concentration increased, the rate of 

reduction in  gamma intensi ty  w i t h  change i n  boron concentration decreased. 
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An analysis of the effectiveness of the boron i n  reducing gamma 

Lntensities has been given separately i n  ilppen&ix B. 

established the f ac t  t ha t  the 0.4% boron concentration usen i n  the 

experiments was 

of the water would reduce the gmm i n t ens i t i e s  a t  the smface of the 

shield by small amounts, 

This analysis 

en t i r e ly  adequate ruld predicted tha t  further boration 

It i s  of  i n t e re s t  at this point to inquire what e f fec t  does vmylng 

the araount of boron i n  the shield have upon i t s  weight, i f  the shield i s  

designed i n  every case for tolerance conditions. 

t o  which a shield weight could be lowered by increasing the boron eon- 

centration becomes an important considerati on. 

The boron content of the water may be increased only t o  i t s  l i m i t  

Bowever, it i s  possible t o  dissolve 

Die theoreti.ca1 limit 

of so lubi l i ty ,  0 . 6 % ~  using B201. 

boric oxide and other boron compounds t o  a much greater extent i n  other 

solutions, such as potassiim hydroxide. 

Suppose, for  example, t ha t  a l$ boron concentration could be ackicveie 

by di ssolviiig boric acid i n  potassiim hydroxide, or perhxps a concentration 

as high as lo$ boron could be reached by some means. There w i s e s  the 

question as t o  whether the reduction i n  weight would be enough t o  ju s t i fy  

study of such a system. 

On the bas i s  of the calculations which follow, an estimate of savings 

of shield w i g h t  w i l l  be made, and a t en ta t ive  answer t o  Yne above question 

w i l l  be given. 

(Shield Bo. 2 ) .  

the boron concentration i s  changed. 

These calculations are based upon the optiniizod shield 

They show what happens t o  the w e i g h t  of t h i s  shield a s  
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Table 2 of Appendix B l i s ts  the experimental gama intensi t ies  i n  

re la t ive uni ts  at any point behind the unit  shield for various con- 

centrations of boron. 

where 

and 

Worn the value of &/ fa the thicki1e66 of lead t o  be added or removed is 

calculated, f'rm which the shield weight for the boron concantration 

being considered i s  obtained. Allowance I s  mde f o r  the increase fn 

weight due t o  increased boron cancentx-ation. 

From this table the ratio c/ pa is determined, 

i s  the value of the gamma intensity for t h e  0.4% boron solution, 

the value of the g m a  radiation a t  other concentpations of boron, 

Calculations of shield wei&ts are na&e for B2O3 solution i n  water 

up t o  1$ B concentration and for B2O3 i n  KQI1 solution (K$3$4 solution) 

up t o  5$ B concentration. The borated water was assumed t o  extend. only 

1 f t  beyond the last lead layer i n  order t o  minimize the weight increase. 

These calculations are  swmmized i n  Table 11 i n  Appendix A .  The results 

are plotted i n  Flg. 3-4. The reductforms i n  weight; fo r  Shield No. 2 m e  

shown i n  Table 3-5. 
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TABLE 3-5 

Variation of Sh.ield Weight w i t h  Boron Concentration 

Solution 

B2O3 i n  
R2O 

B2O3 i n  
KOE 
so1ut.l on 

Boron C om entr a t  ion 
(") 

0.6 

0.6 

1 

1.25 

1.5 

2 

5 

deight of Shield 
(170) 

126,100 

122,500 

126,800 

l24,5QO 

124,300 

124,400 

124,800 

129,kOO 

4& Reduction i n  weight 
over Shield No. 2 

1.2 

4 

1 

2.5 

2.7 

2.6 

2.2 

(I$ increase) 

It is evident f'rom Fig. 3-4 that with the given layer configination 

the greatest reduction i n  weight attainable over Shield Bo, 2 i s  2.746 a t  

a boron concentration of 1.25%. 

offset  by the higher denstty of solutions needed. 

Attempts t o  further reduce the w e i g h t  i s  

A further reductlon in  w e i g h t  may be accomplished by reoptimizing the 

shleld for higher boron concentrations. 

progress a t  the L i d  Tank. 

Such an experhent  i s  now in 
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D. Errors i n  the Estimation of Shield Weights 

The nature of the calculations involved i n  determining shield 

weights is such that relatively large errors i n  the measurements and 

calculated constants may be tolerated without their  producing important 

errors i n  the final results. 

the Shielding Board(’) the main uncertainties appear i n  the following 

For the a i rc raf t  reactor considered by 

factors : 

1. Calibration of the detectors used for  determining neutron 

and gamma dosage. 

The power of the reactor (see reference 3 ) .  

The value of Aused in  calculating the core leakage 

(see Appendix D) and in  the value of Aused i n  calculating 

2. 

3. 

the lead removal (see pages 48 and 53). 

4.  The geometric transformations; these are 

a. The assumptions used in  transforming f r o m  the BSR 

t o  the USR (see page 38), and 

b. The inverse s q u e  correction i n  determining the allowed 

dose a t  the crew (see page 43) .  

The geometric transformations are conservative and the errors 

involved are small. 

Table 3-6 lists the effects of the f i r s t  three factors on the 

weight of Shield Mo. 2 (see Fig. 3-3). 

produces an error of no more than 35 i n  the shield w e i g h t ,  and the 

combined uncertainties produce a root mean square error of less  

than 4$. 

The largest uncertainty 
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Source 
of 

IJnc er t a i  n t  y 

Fast  Neutron 
Dosimeter 

Gamma Ion 
Chamber 

Reactor Power 
Calibration 

Leakage 
Constant, 

Lea& Removal 
Constant, 

TABIX 3-6 

Errors in Shield Weight 

Msximun 
Error  
(k 1 

30 

5 

20 

10 

20 

Error In  
Shield 
Thickne 8 s 

( c d  

2.7 

0.17 (Pb) 

f . 0  (E$) 
0.24 ( b) 

(1.0 (H Q) 
’ c 0.1 (Pilj) 

0.25 (Pb) 

Zhange i n  
Shie ld  
Weight 
(lb) 

2800 

800 

3 300 

1500 

1400 

4700 

I__ 

Error  In  
Shield 

2.2 

0.6 

2.6 

1.2 

1.1 

3 -7 
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IV. COprCLUSIONS ANI (7I8SERVATIONS 

The most important resu l t  of these unit  shield measurements has 

been the confirmation of the earlier L i d  Tank t e s t s  by means of 

independent measurezuen-ts. Further, &e validation of the shielding 

principles involved i n  the design. of the ideal uni t  shield has been 

accomplished. These princlples include the use of siraple theoretical  

relationships, the extrapolation of fast-neutron dosage measurements 

by means of thermal-neutron measurements, and the enrployment of the 

necessary geometric tmmsformations. 

Specifically, a minimum-weight shield was obtained fo r  Ir/hr 

tolerance a t  the crew which had the same lead configuration as the 

shield predicted by the Awp Shielding Board and vazied only i n  that the 

water thickness behind the lead proved t o  be 6 cm l e s s  than originally 

estlmated. The minimum-weight shield was obtained by calculation from 

the shield as rneasured. The numerical resu l t s  m e  tabulated i n  Table 

4-1 e 

Other resu l t s  t o  be noted are tha t  for a tolerance of Ir/hr a t  crew 

no lead-water shield may be thinner than 121.5 cm for the given s i z e  

and power of the a i r c re f t  reactor. Reduction of the radiation level  at 

the crew compartment %o 1/4 r/hr increases the shield weight to 162,000 

lb. 

duced somewhat by increasing the boron concentration of the water i n  

the shield. 

m e  weight of the shield i n  i t s  present configuration rosy be re -  
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Shield Weights 

Shield Total Thickness Lead Thickness 
( c d  CEl) 

The shield as measured 130 22.9 

Wei&t 
(lb) 

129,200 

The minimum weight sh.ield 

Shield predicted by Lid 
Tank tests 

13 6 

142 

21.3 

21.3 

127,600 

134,000 
I I I 
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APPEKDIX h 

Tables for the Unit Shield Experiments 
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APPEBDPX_I1 

This appendix contains tables o f  the expe~imen-tzal &La obtarned 

during the unft  shield experiments plus tables smaiz iw the vwious 

shield-weight calculations, 

body af the report  i n  wBes not to destcpoy i t s  continuity. 

'riese tables were renotred from the nata 

Fm handy referenee a list o f  the tables i s  gtven, 

Table Z 

Experineiit 3 

TEcble 2 

Table 3 

Table 4 

Experiment 4 

Table 5 

Table 6 

Table 7 

G a n m  Radiation Traverses behind the  Unit Shield 
Mockup to Detemine the E f f e c t  of Streasring 

C'kmma Radiation Measurements behind the Unit Shield 

Themal-ReuWon Measwexnents behind the Wnlt Shield 

@ma Radiation Measm)emen%s behind %he Borsted-Water 
Unit Shfeld with Various Concentrations of Boron 

lizlepraal -ZtTeutson Mea sur  ement s behind the Borated -Vat er 
Unit Shfeld 

Fa st-Beutron Dose Nfeasmements behind the Borated-Water 
Unit Shfeld 

ShIeld Weight CaPculati ons 

Table 8 Tolerance Dosages of Badiatlon Allowed a% t h e  Surfme 
of %he U S  Shfeld 

Table 9 Experiaental Dosage Rates i n  D-imits a t  the Surface 
of %he USW Shfeld far Various Shfeld Thicknesses 

Table 10 Calculation OS Shield Weights for Various Thicbesses 
of Shield for Radiation Tolerance of 1 x"/& at Crew 

Table 11 Vartat,ion? of" Shield Weight w i t h  Boron Concen-kation, 
Based upon Shield 8 0 ~  2. 
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Gamma Radiation Traverses Behind the Unit Shield 
Mockup To Determine the Effecti of Streaming 

erses ma& on , 

Descrlption 

Measixrement 
of g m a  
8 tr earning 
mound the 
wit shield 

Mea smement 

s tr earning 
around the 
unit shield 
with reactor 
walled In 
with con- 
crate blocks 

of g m  

I radius of 175 ( 

xp Diskance 
from Centerlim 

0.0 

-45 e 3 

-57.5 

-123.7 

-155.6 

0.0 

+45 " 3 

+e7 5 

4-123 -'7 

+155 6 

-45.3 

-87.5 

-123 7 

0.0 

-155 6 

0.0 

4-45 * 3 

+87 9 5 
+ ~ 2 3  7 

+155 e 6 

-- (cra) 

171.0 

~ 1 9 ~ 8  

83.5 

165 0 

147.6 

119.8 

83.5 
171 0 

119.8 

83.5 

171.0 

165 Q 

147.6 
119 8 

83.5 

la;t.d 50-cc c 
Angle of 
Chamher 
with 2-axiE 

O0 

-1p 
-300 

- 4 p  

-6ao 

oo 

+1p 
+30° 

c 4 p  

+60° 

00 

-15' 

-3oO 

-4y 

-60° 

O0 

+15O 

-1-30" 
+450 

+goo 
I__ 

mber 1 

R adi at- ion 
Intensity 
(r/hr/wattl 

G m a  

1.18oxLo-6 

Note Data plotted in Fig. 2-2 
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DZstance 
fY0m 

lieactor 
(em) 

Plottill& 

99.9 

101. I 

102.3 

105.0 

110 t 0 

112.9 

120.0 

122 e 9 

130-0 

132 3 

140.0 

150 e 0 

152.3 

160 e 0 

170. c 
172.9 

180 * 0 

190 e 0 

TABU3 2 

Experiment 3 

Gamma Badi ation Measureraents Behind Unit Shield Mockup 
(Centerline Data) 

li s t a l c  e 

2hield 
Rim 14A, 

Standard 

Chamber 
jymbols 

2.0 

3 0 ' 2  

5.0 

7.1 

12.1 

15-0 

22.1 

25.0 

32.1 

35.0 

42.1 

52.1 

55.0 

62.1 

72.1 

75.0 

82.1 

92.1 

4. '791x10 

3.752~10 

2.846~10 

i.608~10 

9.161~10 

5.500~10 

3.277~10 

1.921~10 



TABLE 2 (Cont'd) 

m 

P l o t t i n  Symbols 

200 

210 " 0 

220 " 0 

230.9 

240 a 0 

250.0 

260.0 

270.0 

280.0 

290.0 

102.1 

112.1 

122 1 

132. I 

142 * 1 

152.1 

162.1 

172. z 

182, I. 

192 e 1 

E r n :  

c 
Kaiq- 

1012 

50-cc 
Standard 

Chamber 
0 

MMA WIA 
R u n  14B, 
900-cc 
1010 
Chamber 

lata plot ted in Fig, 2-3 
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TABLE 3 

Experiment 3 

R u n  15 
12-in. BF3 

ber Counter 

A 

Double Cham- 

1 

Summary 

Plo-bting Symbol 

97.9 

99.1 

107 9 9 

117 * 3 

117.9 

119.2 

122 * 3 

127.3 

127 9 

129.2 

132 * 3 

137-9 

138.3 

142.3 

0.0 

1.2 

10.0 

20.0 

20.0 

21.3 

24.4 

29.4 

30.0 

31.3 

34.4 

40.0 

45.4 

44.4 
-- 

Thermal  Neutron Flux Measurements 
Behind Unit Shield Mockup 

(Centerline DBta) 

THERMAL -NEXJTRON FLUX (nvtJwa;t t ) 
__. 

Run 5 

sion Counter 
3-in. F i s -  

_IC-- 

-@ - 

3.120x101 

5 0272 

1.178 

1.. 178 

3.183~10 -1 

9.400~10 -* 

Run 11 

Caunter 3 8-in. BF 

- 
El 

6 .. 618x10 -1 

3.464~10-1 

1.872~15 

8.965~10 -2 

5.603~10 -2 

- 67 - 

R U ~  13 
1nill.m 
F a i l s  * 

X 

2 . 4 3 6 ~ 1 0 ~  

1.017 

2 538x10 

I 3.120x101 

1.178 

1.178 

1.017 

I 

C ontintied 



Table 3 (Con't.) 

Df s t ante 
from 

Reactor 
kd 

Distance 
from 
Shield 
(cm) 

147 3 

147.9 

152-3 

155.1 

157.3 

162 .. 3 

165.1 

167 3 

175 * 1 
185. I 

195.1 

205.1 

215.1 

225.1 

235.2 

245 -2 

255-2 

49 * 4 

50.0 

54.4 

57.9 

59.4 

64.4 

67.2 

69.4 

77.2 

87.2 

97.2 

107.2 

117.2 

127.2 

137.3 

147 3 

157-3 
__1_- 

R u n  5 
3-in. F i s -  
sian Counter 

-0 - 

2.850~20 -2 

TlBRMAL -NEUTRON FLUX (nvth/watt ) 

NOTE: Data plotted in Fig. 2-4. 

RUD 13 
Indium 
Fo i l s  

x 

RUI 15 
12-in. I3F3 
Double Cham- 
ber Counter 

A 

1.289~10 -* 

4.236~10 -3 

1 438x10-3 

'j.008~10 -' 
1.751~10 -4 

6 257x10 -5 

2.265~10 -5 

a. 600~10 -6 

3 . 3 l . 0 ~ 1 0 ~ ~  

i.29x10 -6 

6,59x10 -7 
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D i  s t anc e 
from Reactor 

104.6 

112.8 

114.6 

1.22.8 

124 a 6 

132.8 

134 6 

142 8 

152.8 

164.6 

TABLE 4 

Experiment 3 

Fast -Neutron Dosage Measurements 
Behind Unit  Shield Mockup 

(Centerline Data) 

Plot t ing Symbol, 0 

Distance 
from Shield 

7.7 

13.4 

17.7 

23.4 

27.7 

33.4 

37.7 

43.4 

53.4 

67.7 

FAST IBFDTRON DOSAGE (mep/hr/watt ) 

Run 19 

4.0lxlO -3 

1.17~10 -3 

3.67~10 -4 

i.25x10 -4 

4.12~10 -5 

-- 

Run 21 

NOTE: Data p lo t ted  i n  Fig. 2-5. 
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TaBLE 5 - 
Experiment 4 

Garmna Radiation Intenai ty  Measurements 
Behind Borated-Water Unit Shield Mockup 
with Various Concentrations of Boron 

(Center l i n e  Measurements) 

A. O.O$ Boron Concentration 
(Pure HoO) 

Plo t t ing  Symbol 

159.9 

160.0 

160.9 

169.9 

170.0 

1-70 * 9 

179.9 

180.0 

180 * g 

189.9 

190.9 

199.9 

200 * 0 

200.9 

209.9 

- 

62.0 

62.1 

63 .o 
72.0 

72.1 

73 -0 

82.0 

82.1 

83.0 

92.0 

93 *o 
102.0 

102.1 

103.0 

112.0 

GAMMA RADIATION INTENSITY (r/hr/watt ) 
Run 1 A  

Std. Chamber 
50-cc 1012 

e 

R u n  1B 

Chamber 
goo-cc 1012 

1.694~10 -6 

I. 081x10 -6 

6.926~10 -7 

Run 2 

Chamber 

m 

goo-cc 1012 

II 

R u n  3 

Chamber 
goo-cc 1012 

1 * lOOxlO -6 

6.844~10 -6 

1.816~10 -7 

Con% inued 

summary 
and 

Average 



Table 5 (Can't.) 

A .  O.O$ Boron Concentration (Conit .)  

P l o t t i n g  Symbol 

210.9 

219 9 

220.9 

229 9 

239 9 

249 9 

259.9 

269.9 

113 .o 

122.0 

123 .o 

132.0 

142.0 

152.0 

162.0 

170.0 

NOTE: 

I_.._..x 

Run 1A 

Std. Chamber 
50-cc 1012 

GAMMA W I A T I O N  IJYCENSITY (r/hr/watt)  

Run IB 

Chamber 
! x O - C C  1012 

1 

Data p l o t t e d  i n  F i g .  2-3. 

Run 2 

Chamber 
goo-cc 1012 

m 

1.689~10 -7 

1. agxio -7 

3 
goo-cc 1012 

Chamber 

111 

1.197~10 -7 

7.983~10 -8 

5.378xlO -8 

3.714~10 -8 

2.561~10 -8 

1.751~10 

S-Y 
and 

Average 

1.689~10 -7 

- 71 - 



Table 5 (Con't.) 

B . 0.16 Boron Concentration 

R u n  4, 9OO-cc 10l2 Chamber 
Plot t ing  Symbol, I 

Distance from 
Reactor 
( c d  
159.9 

169 9 

179.9 

189 9 

199 - 9 

204.9 

209 9 

219 * 9 

229 9 

239 9 

249.9 

245 9 

Shield r/hr/wat t ) 

62.0 

72.0 

82.0 

92.0 

102.0 

107.0 

119.0 

122.0 

132 0 

142.0 

152.0 

162.0 

NOTE: Data plot ted i n  Fig.  2-3. 
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Table 5 (Const.) 

c . o .2$ Boron Concentmtfon 

Run 5 ,  900-cc 10l2 Chamber 
Plotting S p b o l , S  

-I- 

Distance from 
Reactor (cm) - 

Dfstance from y In t ens i ty  
Shfeld (cm) 

D 0 4% Boron Concentration 
Run 5> 9 0 0 - c ~  1012 Chamber 

Plott fng Symbol, 

I 

7 INTENSITY r $ h r / w a t t  1 1 
Distance Distance ---- 

from from Run 6 Run 7 
Reactor Shield G -M goo-cc 1012 
(4 (cm) Counter c hamher 

--.-- 

3.817~10 -7 

2.360~10 -7 

2. 00OxlO -7 

1 472x10 -7 

1 .278x10 -7 

9.481.xlO 

8.164~10 -8 

6.220x10 -8 
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from Reactor 

153 "2  

154.9 

158.2 

159.7 

163.2 

164 I 9 1 174.9 

TABLE 7 

Experiment 4 

Fast -Neutron Dosage Measwentent s 
Behlnd 0.4% Borated-Water Unit  Shield Mockup 

(Centerline Data) 

Plotting Symbol, e 

--- 
Distance 

from Shield 

55.3 

57.0 

60.3 

62.0 

45.3 

67.0 

77.0 

82.0 

FAST -NE 

R u n  20 

2.06~13 -5 

1.22xlO -5 

5 - 37x10 -6 

RON DOSAGE (mrej 
__. 

RU 23 

4.03~10 -5 

2 - 39x10 -5 

~.48xio -5 

4 s 03x10 -5 

3.25~10 -5 

2.39~10 -5 

2.06~10 -5 

1 48x10 -5 

1.22xlo -5 

5.37~10 -6 

3 70x10 -6 

NOTE: Data plotted in Fig. 2-5. 



0u.tside Radius 
of USR Shield 

c c d  

90 

100 

110 

120 

1.30 

140 

150 

160 

170 

180 

190 

200 

TABLE a 
Tolerance Dosages of Radiation Allowed 

at the Surface of the USR Shield 

Thickness 
of" ShSeld 

(CFiI 

Maximum Allowed 
Radiation Dose 

(D -Unit s) 

0320 

* 0259 

.021.4 

. or80 

- 0153 

.ox32 

. 0115 

.OlOZ 

.00896 

* 00799 

I) 00717 

.00622 

Apportioned 
Neutron Dose 

(B-Uni t s )  

.00800 

.00648 

eo0535 

,00450 

00383 

.00330 

a 00287 

.002 52 

,00224 

.00200 

- 0 1 7 9  

.00156 

ApportSoned doses: 

Neutrons, 25% of t o t a l .  

Geumnas y 75% of total. 

NOTE: D a t a  ploteed in Fig* 3-2. 

.00863 

.00-?58 

.00672 

.m599 

00538 

00466 

- 7 7 -  



.... . 

Experimental Dosage Rates 1n D-Units 
at the Surface of the USR Shield 
for Various Shield Thicknesses 

-- 
Distance 
Prom BSR 

(Clll? 

Shield 
Thicknes 8 

b> 

77.8 

87.8 

97.8 

107.0 

117.8 

127.8 

137 8 

147 1 R 

157 * 8 

Outside 
Radius of 
USR Shield 

G c d  

110.8 

120.8 

130.8 

140.8 

150.8 

160.8 

170.8 

180.8 

190. I) 
..._ .-- - 

F W t  N ~ u -  
tron Dose 
(D -Unit a ) 

2.32 

e 610 

- 175 

os32 

.a60 

,00545 

.001g2 

-00077 

00034 

G a m a  Radia- 
t i o n  Dose 
(D -Unit s) 

- 09%) 

-0530 

-0295 

.0171 

.0102 

.00613 

* 00375 

. ooe3g 

.OQ157 

2.42 I 
.663 

.205 i 
I 

NOTE: Data plotted in Fig. 3-2. 
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TABLE 10 

Calculations of Shield We 3 ts 
f o r  Various Thicknesses of Shield 

( A l l  weights are based on a t o t a l  radia%,ion tolerance of 1. r/hr. ) 

Tot a1 

Dose, 
D ( a )  
D - U n i t s  ) 

0 0107 

.0106 

.om3 

LO101 

.oog84 

. ow68 

. OC960 

‘00937 

.Of391 5 

-00903 

.o0896 

I 00872 

,00852 

.00837 

.00818 

00800 

.00760 

.00720 

,00680 

a 00675 
* A I1 + indicates add 

sHc Shield No. L 
Shield Bo. 2 

.IIHwc 

Exp’l. 
Neutron 
Dose, 
Dn(e) 
QD -Units) 

.0107 

I) 00910 

e 00735 

- 00590 

,00478 

.00423 

.0038g 

.00317 

00257 

e 00223 

,00209 

. O O l r / l  

.00143 

.00120 

. 000gg 

.00078 

,00054 

e 00036 

.0002$ 

.00018 

indfct T I  -w 

Allowed 
y Dose, 

(D-Units) 
DY (a) 

0 

.00150 

00295 

.00420 

e 00 506 

00545 

* oar71 

* 00620 

-00658 

.00680 

00687 

- 00701 

00709 

* 0071*( 

. os719 

.00722 

. ooqo6 

00684 

.00655 

a 00637 

3 9  remove- 

Expala 
y Dose, 

(D -Units ,  Drfe) 3 

00830 

-00768 

.00700 

00640 

* 00579 

.005=&5 

00522 

00474 

.00430 

00410 

.O0390 

- 00355 

00323 

.00295 

.00248 

.00245 

6 00198 

.00162 

I( 00135 

-00112 

C h w e  in 
Lead 

T h i  c h e  6 s 
fcm) 

i- 4.90 

4- 2.59 

f 1.26 

f a 3 9  

0 

- .27 

- .81 

- 1.28 

- 1.52 

- 1-70 
- 2.04 

- 2.35 

- 2.67 

- 2*96 

..’ 3.25  

- 3.82 

- 4-32 

- 4474 

- 5 - 2 2  

14332%: Data ,  plotted i n  Fig. 3-3. 
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... 

TABLE 11 

Variation of Shfeld WeSght 
wfth Boyon Concentration 

... 

Boron Con- 
centration 

0.0 

0.1 

0.2 

0.4 

0.6 

1.0 

1.25 

1.5 

2.0 

5.0 

10.0 

(Based upon Configura-l;iorn of Shield goo 2 )  

y Radiation 
Tnt ensity 

G? 
(Relative 

Unf-ts 1 

1 

42 

30 

.22 = Pa 

9 193 

* 155 

119 

,115 

., 541 

523 

* 'fe is the y fntenstty of a given boron concentration; is the 7 intensity at 
O e 4% boron concentratton e 

*+ "+'* indicates add, " -'' indicates remove. - Values enclosed en parentheses are int.erpo1.at;eds 

NOTE 1: T o  find weight, of borated-water shield add the proper value of either col~unrl 6 
OF colunrn 7 to the weigbt given f n  column 7. 

NOTE 2: Data plotted 14n Fig. 3-4, 
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Effectiveness of %he Boron Solutim 

H. E .  Eungerford 



APFEKDIX B 

!IXE EFFECTIVEEESS OF THE BORON SOLUTIOH 

Boration of the water within the shield suppresses the production 

of secondary g8m.m.s by virtue of the relatively large cross-section 

boron has for the (n,r) reactfon. 

mission of a single 0.49-laIev gamma ray which I s  readily absorbed 

by t h e  shield; hence neutrons are  removed which could otherwise generate 

Thi.5 process i s  accmpanied by the 

hard gmnnas by other ;processes such 86 capture or inelastic scatt;ering. 

It has now to be determined what i s  the correct amount of baration 

Th i s  e m  be done by extrapolation of the for a lead-water un i t  shield. 

experimental data. 

One m y  r e g a d  the gamma radiation emerging f'rom the shield as 

conposed of two parts: (1) radiation generated within the reactor, 

and (2) radiation generated within the shield. 

Let; r the sadiatios enrerging 

PR = the radiation produced 

(primary kwmlasf 

Ts = the radiation produced 

( secondary ga;aanas> 

Then, i f  there is no borntian, 

*om shield 

within t he  reactor 

within the shield 

I f  there i s  boration of the waLer, then &, the secondary g w m  radiation 

w i l l  be reduced by the amomt 



where: &E is t f ie ntacroscopic t h e m 1  neutron absosption cross-section 

for hydrogen, and 

i s  the macroscopic thermal neutron absorption cross-section 

for boron 

!Phe r a t i o  f B /  ,$E may be evaluated as follows: 

L e t  P = the percentage by weight of boron. Then, since the weight 

percent of oxygen in B2O3 is 2.2 times the weight percent of boron, 

100 - P - 2.2 P = 1 - -032 P = the percentage by weight of water. 
100 

Then 

where 
No = 

P =  

M =  

6 =  

densfty of the solution 

moleculw we i &I% 

thermal neutron cross-sectiarrs 



Substituting nmsricaf. values 

= 18h P 
1 - ,032 P 

U s i n g  this foms.la, the ESF gamma. radiation data at v ~ i _ o u s  con- 

centrations was analyzed for several distances f ion  the shield. 

vdues  of r w e r e  plotted against m e  value of 1 - .032 P for the con- 

centrations 0 ,  0.1, 0.2, and 0.4 percent B.  A straight line was &awn 

Experimental 

i + 18A 

through the points  to represent the function, The value of was 

determined by extrapolation of the curve to 0 .  

w ~ t s  determined by subtracting fR from %he value of Po at P = 0.  

C U X V ~ S  representing these fuurc;tions m e  shapn in Fig, 3-3,. 

Froan this the value of rs 

%e 

me average ra t io  r,/ ps, rEi'cio of g-s produces  react^ 

t o  the gmma,s produced within %he shiel.d, %tarns out t o  be 0.13, which means 

that the g m a s  from the reactcr are contributing only 11 per cent t o  the 

total emergent gamma f l u x  f"rm the shield. 

To deLermins how effect ive tilie boron i s  in reducing .the garma m&iation, 

it; is necessary an17 to p lo t  the r a t io  

This r a t io  w i l l  be smallesd at 0 per cent of boron a d  w i l l  increase t o  a 

&/ r for  various ccwmrtmtions, 



value of 1 when the concentratlon of boron i s  infinite, A p l o t  of 

'E/Pagainst P i s  shown in  Fig. 33-2. On the sane graph is shown 

a plot  of tke ratio p/po, where Po is %he g a m a  f lux without, boron. 

The wximm cancentratiun physically possible i s  0.6 pes cent* 

At, t h f ~  point the reduction of ganmas over that accomplished. by 

using a 0.4 per cent solution is or&- 12 per cent. 

possible to achieve Inf in i te  comentrations the ~ed.trct3 on of 

gemas would only ba by araotber Pactor of 2 .  

~f it were 

Thus it seeras 

the experiment was 

this concentration 

ent i re ly  adequate, 

i s  nearly a f a c t a  of 5 .  

The reduction of garmas by 

Increasing the con- 

centration by 50 per cent would give only 12 per cent nore 

reduction in gammns, 8 s  was already pointed out;, which did not 

justre  its use i n  the experiment, 

Moreover, fl-1318 -the point of view of settllng and sedhenta t lon  

problems, the 0.4 per cent solution was best. 

th i s  point indicated that 0.4 per cent solution was as high a 

Experiments made on 

c oncenbat ion 

the berm m d  

such as ison. 

as could be used without excessive settl-lng out of 

excem chemical reactions w i t h  stimctmal eEenenpi:; 
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WHERE: 
r -TOTAL GAMMA INTENSITY AT A GIVEN 

rR = PPIMARY GAMMAS FROM REACTOR 
- POINT BEHIND UNIT SHIELD 

I 

I NUMERICAL VALUES 
To= GAMMAS (TOTAL) FOR NO BORON 

I I 

c, = MACROSCOPIC THERMAL NEUTRON 
CROSS-SECTION FOR HYDROGEN 

= MACROSCOPIC THERMAL NEUTRON 
CROSS-SECTION FOR BORON 

- 

p = BORON CONCENTRATION, % 

EXPERIMENTAL POINTS 

X DATA AT 1 6 0 c m  FROM REACTOR 
A DATA AT 180 cm FROM REACTOR 
0 DATA AT 200 cm FROM REACTOR 

- 

0 DATA AT 250  cm FROM REACTOR 

I I I 
~ 

I 

0 0.4 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 t.0 

1-0.032 P 
18.6~ + 1 

F I G  B-1 GAMMA - INTENSITIES A S  A FUNCTION OF BORON CONCENTRATION, EXPERIMENTAL DATA 
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0.9 0 

,/' I I I l l 1  I I I I  

FIG. 5 - 2  GAMMA FLUX RATIOS AS A FUNCTlQhl OF B0FiON CONCENTQAT10YI - 
EXTRAPOLATION OF EXPERIMENTAL DATA 
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AIJPENDIX c 

Power Calculations of the Unit Shield Reactor 

E. B. Johnson 

(This memorandum has appemed as CI? 51-9-112) 

- 88 - 



Intra-Laboratory Correspondence 

OAK RIDGE ~~~~~~ IABCBATBRY 

To : J. L. Meem 

From: E. B. Johnson 

Re: Power Calculations of' the Unit Shield Reactor 

Neutron flux measurements have been mi 9n t he  water reflected reaetsr 
md the power distribution calculated". Ira %he process of takfng ~~~~~~~~~~ 

on the unit shield with the various instruments;, it b e ~ m  obvious that, 
another measmemen% of the  flux and power dist r ibut ion i n  the reactor at i t s  
position %sinst the unit shield mock-up would be necessary. These neasure- 
mnts have been completedl and the results w e  reps~ked herefn, 

The reactor loading was the same as when the prevfopls deter 
made; a 4 x 5 l a t t l ce  of fuel elements M t h  water rsflectm on f f  
a permanent beryllium-oxide reflector on %he back (south) sitla. 
the reactor was i n  place agafnst t he  unit  shield, there was oglly absut o m  Inch 
of water between i t s  north face a d  the baratecl 61 of the shiela, As wllb 
be seen, t h i s  made a difference i n  the neutron flux patterns with in  the reactor, 
particularly along the north face. 

Bowe~er,  when 

Since the method of expasing the gold f o i l s  has been t o  fasten the f o i l s  
on the outer surfaces of the fue l  elements where  flux measwraments are desired, 
it W&6 necessary t o  substitute "coldV' elements of essentially the same W-235 
content far those which had been i n  the reactor since the earlier calibrations. 
fJo such elements were available to replace those in positions 6 and 'j' i n  the 
lattice, therefore it had to be Bste 
dist r ibut ion was aymmetrfcal around 
the measurements made in positions 3 
those tn 6 and 7. Table 1 shows %be results of this check 
foils were exposed on the fuel element$ In positions 3 9  4, 
saturated activities compare 
positions 5, 6, and 7 .  m e  e ~ n t  was good. 

d experimentally whether the $lux 

4 could be used interch 
n-s centerline of the reactor so that 

iQh those observed i n  prev%ou~ exposures in 
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SECRET 

Table 3 shows the  thermal. neutron flux at. the indicated pasitions 
w5t;h-ln the  reactor ,  
theses),  it was necessary to assme a cad~fw3n ratto for each pasftion. 
of the  c a b i m  ratios not ly In  pmenthesee were obtained ~ ~ ~ ~ ~ . ~ ~ ~ t ~ ~ ~ y  efther 
in the  present or the previous ~ a l . E b ~ & i ~ n ,  

To obtain nost of these values; (a l l  values in paren- 
Values 

Sfnce the le e calculations require the average thermal. f lux for each 
plane perpendfeular t o  the north-south centerline, these m e  given for both 
reac%ors i n  T a b l e  7. 
mal. neutron .flux through the plane at the nor%h face of the f u e l  elements i n  
Row 00; while nvm for Row 00 refers to the average flux through the plane at 
the  center of the  fuel i n  this row, 
the two reactors. 

I n  t h i s  table, nvo for  Row 00 refers t o  the average ther-  

Fig. 2 i s  a c a q m i s o n  of these values in 

?ale t o t a l  power of the ~ e a c t ~ r  as calculated fn t h i s  experbent I s  appr?oxi- 
mately 3% below the previous calfbratfon, while the  power generated 1n the  
north row sf fuel elements: is l6$ below its value when the reactor vas not 
against, the unit shield. 
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Assenlbl y 
Face 

North 

--- 

South 

South 

North 

South 

TAI3LE I 

Comparison of East and West Sides of Reactor - 100% H20 

Vertical 
Poa i t ion 

Assembly 

CL 
6" above CI, 

1.2" above CI, 
6" below CL, 
12" below CL 

CL 

CL 

CL 
6" above CI, 
1.2'' above CL 
6" below CL 

L2" below CL 

On 

CL 

West Side 

As 
Total 

- gn - 



TABLE: 2 

Summasry of Gold Foil  Nea,susrments in Lattice 

LattZce Assembly an S As Cahi 11m A Posit ion 

-PI Posit f on Face Assembly Total .-- EpPca&fiiurai T l l E n i a l  Rat. i o 

north 

South 

North 

South 

Rorth 

South 

North 

5.666x105 4.06 

--- _I--- 
-.-..--- 

( con ' t . ) 
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TABLE 3 (Con't,) 

.e.. 

North Side 
of Lattlce A s  AS A, Cal3Zllum 
Pos E t i. on Total Ep I C  admi urn Thermal. nvt h Ratio c 

06 -12 
16 -1.2 
26-12 
36 -12 

36 -12 

07-0 
17-0 
27-8 
37-0 
47 -0 

57 -0 

07 -6 
17 -6 
27-6 
37-45 

57-6 

07-12 
17-12 
27-12 
37 -12 
47-12 
5?-= 

46 -1% 

47-6 

( ) Interpolated from curves. 

* Froni 2nd l a t t i c e  measuremmts. 
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10 0 

REACTOR WITHOUT UNIT SHIELD \ 

FIG. C - I  - POWER DISTRIBUTION THROUGH THE 
BULK SHIELDING REACTOR 

-101- 



8 

7 

(D 
I 
0 6  - 
X 

3 
0 
0’ 
\ 

AZ 4-5 > z 
W 
0 c 
t3i 
w 
4 
> 4  

3 

DWG 12511 
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DISTANCE FROM SOUTH FACE OF ACTIVE LATTICE, in. 

FIG. C - 2  -THERMAL NEUTRON FLUX DISTRIBUTION 
THROUGH THE BULK SHIELDING REACTOR 
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APPFXDIX D 

Calculations of Leakage from the Bulk Shielding Reactor 

H. E. Hungerford 
J. L. Meem 

(This memorandum has appeased as CF 51-10-94) 
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OAK RIDGE NATIONAL TABORATORY 

To : E. P .  Blizard 

From: H. E. Hungerford and J, L. Meem 

Re: CALCUIIATIONS OF LEAKAGE FROM TIIE BULK SHIELDING REL4CTOR 

I. Outline of the Method - .  

The thermal neutron f lux  pa t te rns  throughout t h e  water r e f l e c t e d  Bulk 
Shielding Reactor at the  Bulk Shielding Facil . i ty have been determined by 
Meem and Johnson(l-). 
leakage of nuclear radiations from any face of the reac tor .  
below are f o r  t h e  north face since all measurements are made away from t h i s  
face. Figure 1 i s  a schematic view of the  north face of the Bulk Shielding 
Reactor showing t h e  first 2 of the 5 rows of f u e l  elements. 

The leakage from a reac tor  i s  given closely by(2): 

From these  measurements one i s  able t o  c d c u l a t e  the 
Calculations 

where F i s  a f a c t o r  converttng from power produced t o  the appropriate 
tyye of radiation dosage escaping, 

2 is the distance inwwd from a given surface af t h e  reactar, 

P(2) i s  the power per unit distance produced along Z, 

Zo and Z1 axe appropriate l i m i t s  of integrat ion,  

), i s  t h e  relaxat ion length of the escaping radia;tion. 

(1) Meem, J. L. and Johnson, E. B. ,  "Determination of the  Power of .the 
Shield Testing Reactor", ORWL-1027. 

(2) Method due t o  E. P .  Blizard i n  Shlel-ding Board Report, ANP-53, 
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In the folbwing crlculrtiolrs the fmctioo P(Z) i r  represra td  so a strsiet 

P(Z) 
line iuncfian for each ruw of f i e1  elemnts. 
t h e m 1  neutron flux and the amount of fissionable IPsterial vithin the row. 
takes the form: 

This hrnctian depends upon the 

(2) P(Z) = Po + BE, 
where P, i r  the pmer per unit distance a t  the north side of the row, and 

m 2s the slope of the power production within the row. 

The leakage far each row is calculated and rurped over a l l  row8 t o  obtain 
the tatal leakage, 

If. The Effect  of the Presence of the Bor8ted Water Shield on tho Besetor 

During the experiments upon the borated water unit  ehield mock-up, it soon 
became appaPent that the proximity of the borated water t o  the reactor wa8 af- 
fecting the operation of %he reactor and the measlul.tments on the abield. The 
boron was absorbing lpe~ny neutrons which nornaally would be reflected back i n  t o  
the reactor, thus lowering the powe~ production near the edge ai the reactor. 
There arose the necessity of obtaining new nreasuraments of the thermal neutron 
flux distribution within the reactor *cas wMch a ne wer celanlstioo could 

effect of the berated water upon the flux pattern along the x-axis in the first 
row of fuel elements. 

be aade. Thoee Ilreasmements are reported by Johneon Y37 . Figure 2 rhows the 

111. h a l a t i o n  of the Function P(Z1 

The p m r  produced i n  each row Pr, is  knovn. The power/unit distance a t  
the oenter of the row, pM, i s  obtained by tllvlding Pr by the thickneor of the 
row, 7.62 omI ~hus, 

The power produced yplthln the resctctr is given by 

where K is a constant, 

nvth i s  the thermal neulran flux, and 

G is the nusber of grams of fissionable material. 

For any given row G is a cOnutm%, and the following relation~hip i6 -%: 

where the subscripts o and M re fer  t o  the north face end the center of the 
rov respectively. 

(3) Johnson, E. B. t o  Meem, J. L., "Pmr Calculations for  the Unit Shield 
Reactor", C .F. #51-9-112 - rc16 I 
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DIG. 12605 

X. TRAVERSE FOR 
WATER REFLECTED 
RE4CTOR. ROW 00 

X-TRAVERSE FOR 
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F 1 G . D - 2  - COMPARISON OF THERMAL NEUTRON TRAVERSES ALONG X - A X I S  I N  MAGNITUDE AND 
SHAPE FOR THE WATER-REFLECTED AND U N I T - S H I E L D  REACTORS, FOR ROW 00 
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Table 1, which i s  reproduced from Reference 3 f o r  convenience, shows t he  
experimental values of (nvt 
is found from relat ionship 457 above. The slope of the  power production 
i s  found from 

and ( n v t h ) ~ .  Since PM i s  a l so  known, Po 

( 6 )  m =  'M - ' 0  = 'M - ' o  

L/2 3.81 

Figure 3 i l l u s t r a t e s  t he  method of evaluating P(Z). 
the  calculat ions fo r  PO and m for  each row of f u e l  elements. 
shows the power per un i t  distance by rows inward from north face of reac tor .  

Table 2 shows 
Figure 4 

IV . Evaluation of A , the  Relaxation Length of Escaping Radiation f o r  
Fast  Meutrons 

In  order t o  evaluate A it is  necessary t o  calculate  t he  percentage 
by vo.lume of each component within the  f u e l  assembly. 
calculat ions were taken from Table 3, which i s  reproduced i n  par t  from 
ORNL-951(4). 
of water around each assembly, as there  i s  approximately 1/16 inch space 
between each element when the  elements are i n  posi t ion i n  the  reactor .  

Values for these 

Included as pa r t  of t h e  fue l  assemblies i s  a 1/32 inch layer  

A l i s t  of the  calculated values of the  volumes of each com-ponent of a 
f u e l  assembly i s  given i n  Table 4. 
ta ined by adding the  volumes of each par t ,  i s  3828 cm3. This checks w e l l  
with the  value obtained by using the  outside dimensions of a f u e l  element 
(adding 1/32 inch water thickness t o  each s ide) :  

The t o t a l  volume of a f u e l  element, ob- 

V = (62.55)(7.70)(7.90) = 3805 cm3 . 
From the  amount of uranium i n  the  core of a f u e l  plate ,  the  volume of 

uranium is found by the  following calculation: 

Volume of U i n  f u e l  element = 8.10 g/plate x 18 p la t e s  7,7 cm3 . 
18.9 g / c d  

The t o t a l  volume of 18 f u e l  p l a t e s  i s  therefore  composed of the  
following volumes: 

Al 1232.3 cm3 

U 7.7 cm3 

74) Smith, C e D., Drosten, F. W.  , and Kerze, F., "Production of Fuel Assem-  
blies f o r  the  Materials mesting Reactor Mock-Up C r i t i c a l  Experiments", 
ORNL -951. 
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INTERFACIAL PLANES 
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The t o t a l  percentage by volume of each component of a f u e l  element i s  
now determined from Table 4 and the  above tabulations.  
scopic cross sections and t h e  relaxat ion length h f o r  fast neutrons may be 
calculated.  

From these,  t he  macro- 

The calculat ions are presented i n  the  following tableC5). 

Material Volume/ Percent P, g/cm3 Mol.Wt. Mols/cm3 b,bwns d,cm-l 
Element by 

Volume 

Al 1588.3 41.5 2.7 27 .Ob1 5 1.4  * 0350 
E20 2232 58.3 1.8 18 .0324 3.44 .0671 

U 7.7 0 -2  18.9 23 5 a 0002 4.2 .001 

Therefore )I 

Evaluation of t he  Leakage 2 

FOP each row of f u e l  elements 

= 1/.103 = 9.7 cm. 

t h e  leakage formula 

&T = -103 

zakes the  form 

where 2 is  the  distance from the north face of reactor,  

Zo i s  the  distance of north s ide  of row from north face of reactor,  

Z1 is the  distance of south side of row from north face of' reactor .  

Integrat ion and subs t i tu t ion  of t he  limits gives 

The numerical calculations of the  leakage from each row of the  water- 
reflected and uni t  sh ie ld  reactors  are l is ted i n  Table 5. 
uni t  area f o r  these reactors  are ( for  each w a t t  of power produced): 

The leakages per 

Water Reflected Reactor - 7.94 x 10-5 watts/cm2 

Borated Water Unit Shield Reactor - 7.35 x lo-* watts/cm 2 . 
The prcximity Df the sh ie ld  lowers the leakage from the  reactor  by 

approximately 7.4%. 

It is t o  be noted that the  constant F does not need t o  be evaluated, 
since these calculat ions are t o  be used for corrrparison purposes only, i n  con- 
junction w2Lk calcul&tions 011 the unit  shield experiinents at the  BSF. 
s i m i l a r  constant w i l l  be found i n  xhe leakage expression f o r  t he  a i r c r a f t  
reactor .  

A 

(5) For values of 6, see ANP-53, Appendix F. 
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TABLE 1 

Values of (nvth)o and (nvth)# for  t h e  Water Reflected and Unit Shield Reactors 

Water-Reflected Reactor 

ROW - (nvtb) 0 ( nvt h) M 

00 4. 8Q2x106 4.7381~10~ 

10 4 .674~10~  5 5 3 7 ~ 1 0 ~  

20 6.399~10~ 6.844~10~ 

30 7 . 2 8 9 ~ 1 0 ~  6.678~106 

40 6.067~10~ 5.787~106 

Borated Water Unit Shield Reactor 
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Composition and Dinpnsions for Bulk Shielding Reactor Fuel,h$embl%es 

Fuel Assembly.: Pert8 18 curved plates  c a n t a i a i  f fgsionablt? material 
2 side plates of 25 tilurninum 

Fuel P la tes :  Core D-Emelnsions: Length 24-518 in. = 62.55 cm, 
Width before curving 2.50 in. =: 6.350 cm. 
Thiches 6 0.021 in. = .OF334 cm. 

Composition: Total  U In U-AI Alloy 13.391, 
U-235 enrfchment 95$ 
U-235 contentlplate 7-70 a. 
core A l  99.75% Pure 

Si de Plates: Dimensions: Length (over aetlve core) 24-.5/8 in. t= 62.j5 cm. 
Width 3.07 in. -- 7.80 cm. 
Thickness 3/16 in. I ... .47Q ern* 

Groove Dimensions: Length 
(approximcite) Width 

Depth 

Slots Between Fuel Plates f o r  Cooling Water: - 
Dimensions: Length 

width 
Thi chne s s 

24-518 in. =: 62.55 

0,117 in. = a*2gq em, 
2.595 in. = 6.591 em, 





TABLE 5 

00 

10 

20 

30 

40 

&eat OS North Face: 2318 cm2 



APFENDIX E 

Thermal Reutran Counter Measurements in Water at the Bulk ShieldZng Ficility 

H. E. Hungerford 

(This uemorandun bas appeared as CF 31-5-62) 



Intra-Laboratory Correspondence 

OAK RIDGE NATIOWAL LABORATORY 

To : 

From: 

Re : 

J. Lawrence Meem, Jr. &Y 4, 1951 

H. E. Hungerford, Jr. 

Thermal Neutron Measurements i r i  Water cut; the Bulk Shielding F a c i l i t y  

1. Description of Experiment 

Experiment 1 i n  the Bulk Shfelding F a c i l i t y  conslsted of measure- 

ments of the radiation from the reactor in pure water along the  center- 

l i n e  as shown in Figure 1. A rectetngul.ar coordinate system wfth i t a  

origin at the north face of the reactor  was adopted for  posit ioning. 

The p o s i t i v e  direct ions Prom the  or ig in  are  as follows: 

X - Horizontal, t o  the  west 

Y - Vertical, upward 

Z - Horizontal, t o  the north 

Thus the centerline measurements aeswibed i n  t h i s  report  ere 

along the posl t ive 2 axis. 

The thermal neutron detecting instruments used i l r e  similar t o  the 

instruments employed at t h e  L i d  Tank, which have been descrt'beci pre- 

viously . They are as follows: 1 

1. 

2. A 3 inch Fission Counter 

3. A 1 x 8 inch BF3 Counter 

A 1/2 inch Fission Counter 

1. ORNL-402, "The ORNL Shield Testing Faci l i ty" ,  C .  E ,  Clifford. 

CF-50-1-153, "Measurements of Neutron and Gamma Distr ibut ion i n  
100$ Water from a 28" Diameter Ffssion SOUI 'C~ ' '~  C. E ,  Cl i f ford.  
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REACTOR BRIDGE 
\FIXE 0)  

INSTRUMENT BRIDGE 
(VAR l ABL E 1 

REACTOR D E T E C T O R ~  

FIG. E-t 
- BULK SHIELDING FACILITY 

METHOD OF OBTAINING_ 
CENTERLINE: MEASUREMENTS 

DWG.' 11201 
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COUNTER DOLLY 

J ~ I O ~ ~ ~ ~ ~  PLUMB-LINE 

a 8 -  

--TRANSIT PLUMB-L INE 

A B - IDENTICAL READINGS OF TAPES 
C-TRANSIT CROSSHAIRS FOCUSED 

0- PLUMB-LINE IN COINCIDENCE WITH 

ON COUNTER PLUMB-LINE 

KNOWN POINT OM COUNTER 

FIG. E -2  
BULK SHIELDING FACILITY -_ 

METHOD OF 'INDING 
Z POSfTlON OF COUNTERS 
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Distance 
from 

Reactor 

20.0 cm 

30.0 cm 

40.0 cm 

50.0 cm 

60.0 cm 

70.0 cm 

80.0 cm 

89.9 cm 

90.0 cm 

.OO.O cm 

10.0 cm 

20.0 cm 

30.2 cm 

TABU 1 

3” Fission Chamber Measurements - Experiment 1 

“hemal Neutron Flux,  mw 
I, 

‘watt 

Run 44 

3 4 m w  

- E 4  - 



TABLE 2 - 

Distaace 
from 

Reactor 

0.0 cm 

5.0 cm 

10.0 cm 

15.0 CID. 

20.0 cm 

25.0 em 

30,O ern 

35.0 Qn 

R u n  27 

1. O79X1O7 1.Opxl.07 

6 4 e 139x10 
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12" €33'3 Double Chamber Centerline Me 91p"ementa - Bcperlmnt 1 

Dfstace 

Reactor 
Average 

263.6 6x1 

283.6 cm 

303.6 cm 
I 

53 

1.976~10 -5 
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Distance 
from 

React o r  

0.0 cm 

5.0 em 

10.0 CFIl 

15.0 cm 

20.0 em 

25.0 cw 

30.0 cm 

35.0 cm 

40.0 cm 

50.0 cm 

b0.0 cm 

70.0 c18 

80.0 cm 

89.9 cm 

g o e s  em 

108.6 crn 

104.4 cm 

110.0 cm 

114.5 cm 

120.a cm 

124.5 cm 

130.2 em 

134.4 ern 





APPENDIX F 

Foi l  Measurements of Thermal Neutron Intensities; in Yater 
at the Bulk Shielding F a c i l i t y  

E. B. Johnson 
G. McCammon 
M. P. Haydon 

(This memorandum has appeared as CF -51 -4-156 a ) 
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OAK RIDGE NATIONAL LABORATORY 

To : J. L. Meem April 18, 1951 

From: E. 13. Johnson, C. McCamnon, M. P. mydon 

Re: Fo i l  Measurements of Thermal Neutron In tens i t ies  i n  Water 
at the  Bulk Shielding Facility 

The attentwition of thermal neutrons from the BSF reactor, described 

in Om-991, has been measured fn w a t e r  along the north-south centerline. 

the ANP Quarterly Report, Februay 19!51. 

various dlstmces from the north face of the reactor. 

has been normalized t o  a power level af 1 w a t t .  

Indium f o i l s  were exposed at 

The resul t ing data 

Indium foils 25 cm* i n  area and 5 m i l  th ick  were exposed i n  both 

aluminum and 30 mil ea&ntum covers. 

The resulting a c t i v i t i e s  were meceswed on t w o  counters, one PL thin-walled 

glass G.M. tube, the other R mfca window tube whose counting rate had been 

nomal.ized t o  the G.M. tube. I n  order t o  eliminate the current component; 

of the flux both sides of every foe1 were counted and the saturated ac t iv i -  

ties averaged. 

The maximum weight variation was 4.6%. 

Since a m a x i m  of 5 f o i l s  could be exposed in one run, it was 

necessary t o  do tp ser ies  of runs t o  obtain the  entire c u ~ c .  

P"WS W ~ S  corrected for rfsta~upff by the  equation derived by E .  e .  c w b e i i  

Each of these 

of the ORNL Physics: Division, 
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TABLE I 

Centerline Foil Data - Ekperiment 1 

8 

0 

7.62 

8.454 

10. oo* 

17 70 

20. oo* 

27 0 74 

28-57 

30. o+ 

37 74 

38.57 

40.0+ 

47 74 

48.6 57 

50. o* 

57-82 

60 o* 

6 7 , s  

67 -90 

70. o* 

77 94 

M . O *  

87.94 

Cd 
Ratio 

5.14 

12.3 

15.5 

15.1 

9.93 

(C onl; iniied ) 
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TABLE 1 (Coxal%.) 

Centerline Fo i l  Data - Experhent 1 

go.O* 

97.94 

98 D 82 

1QO.OJt. 

108 * 06 

108 II 10 

110 e a* 

118.06 

118.14 

120.0" 

128.06 

128.14 

128.22 

130.0" 

138. I4 

138.26 

1 t O .  o* 

148.26 

150 * 0" 

1~8.26; 

160 0" 

4.58 

1,866 

1.50 





DISTANCE ALONG Q FROM NORTH RCE OF REACTOR (cm) 
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APPEmDIX G 

Fast Neutron Dosimeter Measurements i n  Water 
at the Bulk Shielding Facility 

R. 0 .  Cochran 
H. E. Hungerford 

(This memorandum has appeared as CF-51-5-61.) 
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Intra-Laboratory Correspondence 

OAK RIDGE NATION& LABORATORY 

To: J. I;. Meem 

From: R. G. Cochan. md IT. E. Eungseord 

Re: Fast  Neutron Dosineter Measurements in Water 
at the Bulk Shialdfng Facility 

Fast  neukron dosage measurements were taken i n  water t o  near ly  

170 cm. with the 'bulk ehialding f a c i l i t y  dosimeter. 

Sever81 experimental d i f f i c u l t i e s  were encountered dmilng t,he 

expesiment. 

fields mound the  reactor would cause considerable trouble, thus an 

experiment was performed t o  determine the upper limit of y-radiation 

t ha t  could be tolerated. 

lowing m y .  

the proportional counter and remlingij: taken of the neutron source. 

Then a Co6* y-r@y source was brought up t o  various distances Prom 

the counter and any change i n  counting rate noted. 

T t  was realized tha t  y-ray pile-up i n  the intense y-my 

The experiment was conducted 16 the f o l -  

A Po-Be source was placed at a distance of 20 cm. from 

By this scheme 

it W ~ S  found tbt  the dOsfm&er Would fUct%on in y-Terdiatiam riel-ds 

up to 10 r /hr .  

Since the neutron to gamma ra t io  decreases rapidly with distance 

Tromthe reactor, it was found necessary t o  adJust the r e a c l m  pawer 

SO t ha t  the y-ray in tens i ty  was below the 18 r/hr l i m i t  f o r  each 

point taken. The y-radiation was constantly monitored i n  this 

- 140 - 









TABLE 2 

Dosimeter Measurements for Experiment 1 

3" Pb Shleld Located. 32 cw0 Prom Dosimeter 

DiStFLl2Cf? 
from 

React or 

46,2 em 

51.2 cm 

61.2 CIIl 

71.2 crn 

81.2 cm 

91.2 

101.2 cm 

111.2 cm 

121.2 em 

126.2 cm 

131.2 cm 

136.2 CEI 

1h1.2 cm 

146.2 em 

159.2 em 

156.2 cm 

1612 cm 

166-2 cm 

Past Ni 

Run 61 

itran Dosage, mr 

RW 62 



FIG. G-1 ! BULK SHIELDING FACILITY 
EXPERIMENT I 

FAST NEUTRON DOSIMETER 
CENTERLINE MEASUREMENTS 

SOLID LINES: 0 S F  DATA 
HEY TO PLOTTING SYhrROLS' 

MEASUREMENTS TAKEN WITH 
a- SHIELD 

A MEASUREMENTS MADE WITH f P b -  
SHIELD 32 CM. IN FRONT OF W S I M T E R  

DASHED LINES' LID TANK DATA REWCED 8V A 
FACTOR OF 0 

--MEASUREMENTS TAKEN WrfH A 3. pb 
y SHIELD 3 2 c m  IN FRONT OF WSIMmR,  
RCACTOR AT HIGH POWERS 
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APPENDIX H 

Gamma Radiation Measurements i n  Water 
at the Bulk Shielding Faci l i ty  

L. H. Ballweg 

(This memorandum has appeared as CF-51-4-110.) 
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To: J, L. Meem 

Intra-Labomtory Correspondence 

OAK RIDGE HATPO'MAL IJV~ORATORY 

From: L. H. Ballweg 

Re: Gamma Radiation Measurements i n  Water 
at the  Bulk Shielding Fac i l i t y  

Centerline measurements were made of the  g r&iat ion 

of the bulk shielding reactor 2n lOO$ water (Experiment 1) at 

100 w a t t s  and at 10 kilowatts, 

The reactor had water as a ref lec tor  on a l l  sZ&s but the  

rear as &scribed under Reactor Conftgwatton MQ. 2 fn the February 

The ionization chaba r s  used t o  measure the gama rays 

me described i n  a pending report, "A Stmdmd Gamma Ray Ionization 

Chamber for Shfelding MeasurementsY', L. H. Ballweg and J, L. Meem. 

The 

Report, 

The measurements were a l l  converted t o  r/hr/watt. 

following tables w e  a summary of' %he data, 

i n  Figure 1. 

The results are  plot ted 
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Experiment 1-1 Run #8 

2 Distance (em) 

2.4 
7.4 

17.4 
27.4 
37.4 
47.4 
57.4 
67.4 
77.4 
87.4 
97*.4 
107 4 
117.4 
127.4 

147 4 
137 0 4 

15744 
167 4 
1-77 4 

Experiment 1 -I R u n  #38 Reactor at 100 w anld 10 k.w 

100 watts 

Z Distmce (em) r/hour/watt 

101 85 
152 0 1 
162 a 1 
172.1 

10 kw 



Experiment I -T #39 Reactor at 10 k x  

100% water. 1% was obtained by aver ing Experiment 5 

13 (to be published). The data was normalized to 1 w a t t  

because the lid tank S Q U C ~  is 6 watts in p~wer.  

L. H. Eallweg 
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APPENDIX I 

Thermal Neutron Measurements Behind an 
Iron-Water Shield a t  the Bulk Shielding 

Fa c f 1 i t y  

E. E. Hungerford 
E. B. Johnson 

(This memorandum has appeared as CF 51-5-72) 
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Intra -'Laboratory C orre spondenc e 

QAK B I N E  E A T P O W  LAl3QMTORY 

To: J. Lawrence Meem9 JP. 

Prom: H, E.  Iiungerford, Jr, and E.  B. Johnson 

Subject E Thermal Neutron Measurements Behi.nd an Irom-F?a+,er Shield a t  the 
Bulk  Shield3 ne Fac i l i ty  

Experiment 2 consisted of measilrements of nuclear rad-istioris along 

the centerline behind an i ron shield approxiaately 17 i n  thick. The 

shield was made up of 18 iron slabs borrowed *om the Lid Tank. 

were placed adjacent t o  each other to farm a, continuous shield 43.75 cm 

thick. Since warpage of the slabs prevent& a t i g h t  fit, tiiere w a s  a 

s l igh t  amount of" water within the shield. 

crn :in front of the shield. 'Thus the shield extended t o  a point 53.75 cm 

from the reactor.  Measurements were taken from t h i s  point outward along 

the centerline.  A sketch of the experimental setup i s  shown in Fig .  1. 

They 

The reactor w a s  located 10.0 

In  order t o  measure the neutron adtenim,tion through t h i s  shiela, 

five bare lndium f o i l s  were exposed &Long centerline behind the ison. 

Calculations were done by the method described for Experiment 1. (1) 

Since only bare f o i l s  wera exposed t o  the f l u  connlrag tb011.gh tne iron, 

it w a s  necessary t o  assinme a cadreiunr r a t i o  i n  order t o  calculate the 

thermal flux. Because the cadntfwa r a t i o  in water did not change 

appreciably between 10 CY& and 120 cm Pram the 1-eactor, the assmaption 

was made tha t  the presence of the iron. and its resu l t ing  s h i f t  in the 

(1) E .  B.  Johnson t o  J. L. Mea, Centerline Foil Measurements of Therm1 
Neutron In tens i t ies  forExperiraent 1, CF #51-4-lg6. 
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neutron spectrum would. not a f fec t  the cadmiurn rat  i o  a 

Thermal neutron xmeasurements were taken also with the TolLowing 

counters: 

BF3 Double Chamber Counter. 

(1) 1/2" Fission Chamber, (2)  3'" Fission Chantber, Euldk (3) 12'' 

The counter data were nomaltzed(*) t o  -the f o i l  measmeimrmts t o  

obtain values of the thermal neutron f l u .  

The data of %his experiment me presented in Tables 1 through 5 in 

terms of nvth/watt against distance from reactor,  and distance Pfm t h e  

shield. The f o i l  data and calculations are shown in Table 1. The neutrm 

counter data a re  given i n  Tables 2 through 4.  

these measurements. 

Table 'j gives a simmary of 

A curve showing the results i s  plotted i n  Fig.  2. The lo@ water 

data of Experiment 1 i s  shown as a dashed curve. 

E. E .  Hungerford, Jr, 

(2) H. E. Hungerford to J. L, Meem, Thermal Neutron Measweiaents for 
Experiment 1 in the Bulk Shlelding Facility, CF #91-9-62. 
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TABU 5 

A Sumnary of the ThexlaalNeu%ron Data for Experiment 2 
-_I___ 

D € s'canc e 
f i e  GIM 

Shf =Id 
Cm.. -- 

0.0 

1.8 

1.22 

2.0 

3 -0  

1c.O 

5.0 

6.0 

8.0 

19.0 

1.3.. 3 

12.5 

17.0 

17 .T 
20.0 

21.34 

22.3 

25.0 

30.0 

30.0 

33- 34 

35.0 

35.0 - 

_.-- 

Di ~ L a m e  
*om 

Reactar 
CrR 

I__ 

93 -75 

93.75 

95 14  

103 075 

1-09.45 

113 75 

1X9.45 

123.8~ 

129.45 

139 4: 

149.45 

159. '1.5 

169.45 

3-79 45 
189.45 

--.-XI- 

--- 
Distance 

from 
Shi eLd 

_. cm . 
40.0 

40,O 

41.34 

30,O 

55.7 

60,o 

65J  

70 005 

75 07 

85.7 

95.7 

105 * 7 

115. r r  

125 * *r 
135 7 

- 
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DWG. NO. I I22 0 

!DETECTOR 

F r  SHIELD USING 
18 SLABS 

L R E ACTO R 

FIG. 1-1 

BULK SHIELDING FACILITY 

IRON SHIELD ARRANGMENT 

FOR EXPERIMENT 2 
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THERMM NEURON CEMERLINE MEASUREMENTS 
BEHIND 17 INCH IRON SHIELD I 

T 
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APPENDIX J 

Fas t  Beutron Dosimeter Measurements Behind 
831 Iron-Water Shield a t  the Bulk Shielding 

Faci l i ty  

R .  G. Cochran 
H. E.  Hungerford 

(Th i s  memorandum has appeared as CF 51-5-73) 
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Intra -Lab or at or y Cor P e spnndenc e 

OAK RIDGE NBTIOWL IIA330RATORY 

May 12, 2952 

410: J. Lawrence Meem, Jr. 

From: B. G. Cockran and E. E. Nimgerfol-d 

Subgect: Fast Neutron Dosimeter Mllaasuremeri-t;s behind an Iron-Water Shield 
at the Bulk Shielding Faci l i ty  

Hcasurements of fast neutron dosage have been made behind a. 

17 i n  iron shield a t  the Bulk Shielding Faci l i ty .  

with the Facility's dosimeter outward along the centerline t o  aore 

than 130 cm From the reactor and. 75 cm from the shield, 

experimental setup and position of shield has been described in  

CF #51-5-72. 

Data was obtained 

The 

The procedure followed for taking the data during t h i s  experiment 

was the same as that for Experiment 1. 

was used t o  constantly monitor the 7 - m ~  fields t o  prevent use of' the 

dosimeter i n  excessive 7-radiation. The experimental points obtained 

were converted t o  dosage rates by means of calibrations before ana 

a f t e r  each run with a Po-Be source. (2) 

7-shield, tt was not found necessary t o  Parther shield the covnter with 

I%, as was done in Experiment 1. 

During m s  an ion chanber 

Since iron i s  a fairly effective 

(1) 

(2) 

E. E. Hungerford to 5 .  E. Meem, Thermal I1Seutron Heasurernents for 
Experiment 2 i n  the Bulk Shieldina Faci l i tx .  

R. G. Cochran -to J. L, Meen, Calibration of the Fast Neutron 
Dosiaeter pending, 

- E62 .. 
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DWC. NO 11219 

BULK SHIELDING FACILITY 
EXPERIMENT 2 

FAST NEUTRON DOSAGE 
MEASUREMENTS BEHIND 
17 INCH IRON SHIELD 

POSITION OF FE. SHIELD 

! I  SOLID LINE EXPERIMENT 2 

DASHED LINE -----loo% WATER DATA 
EXPERIMENT I 
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APPENDIX E; 

Gamma Radiation Measurements Behind an Iron-Water 
Shield at the Bulk Shielding Facil i ty 

L. H. Ballweg 

(This memorandum has appeared a s  CF 51-5-16) 
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Intra -Lab oratory C or r e sp ondenc e 

To: J. Lawrence Heem, Jr. 

Subject: G m  Ray Measurements Behlnd an Iron-Water Shield at the 
Bulk Shielding Facility 

Centerline measmsnermts weye mde of the gasma radiation for the Bulk 
Sh-ielding Xeactolp i n  an iron-water mixture (Experiment 2) .  
had water as a reflector on all sides but the rear as  described under 
Re~cLor Configuration No. 2 i n  the February, l95lAHF report. 

The reactor 

The rear face of the iron was 10 cllz Worn the face of the reactor and 
was 43.83 e m  thick. 

"he aeaswexuents were a l l  converted t o  r/hr/watt. The following table 
is a s- of the data. The results are plotted i n  Fig. 1. The dashed 
cmve i s  the 10% water data (CF 51-4-110). 

Z distance (em) 
Reactor to Chamber 

55 89 
60 * 
62-5 
65 
70 * 
75 .' 
80. 
YO * 
100 . 
110 * 
120 
130 
zlco. 
150. 
160 
170. 
180. 
190. 
200 
2x0 * 
220 " 
230. 
240. 
250. 
260 E 

270. 

r /how / w a t t  

2.308 x LO-' 
1.816 x 
1.511 x 
1.247 x 10-! 
8.500 10-3 

2.400 10-3 
1.388 x 10-3 
8.383 10-4 
5.3.09 x 10-4 
3.253 10-4 

1.380 10-4 
9.218 x 10-3 

1.979 x 10-3 

6.113 x 10'3 
4.346 x 10'3 

2.098 x LOs4 

6.236 8: 1.0-5 
4.22 x 10-5 

1.396 x 10-5 
9.896 x lom6 
7.036 x 
4.948 x 

2.481 x 
1.735 x 

2.92 8 x 10-3 

3.525 x 10-6 
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Preliminary Results on the Determination of 
Thermal Neutron Flux in Water 

E. D. Klema 
R. H. Ritchie 

(This memorandum has appeared as CF 51-4-103) 
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A Froportiorial Counter Method of Measuriw 
The Fast Neutiron Dose 

0. S. H u r s L  
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Introd~dc ti on 

Tlie problem xuder eonsidem%-iou i s  %lmt of aeasuring the amount of 

e n e r a  abswbed per gram of animal tissue fmirci a given bean of fzst  neutx--c?mis, 

If the nzutmm energy is above about 100 Kew, nost of the energy Wmsfe r r& 

to tissue is transferred as a result of clast ic  collisions o f  the nau t~ons  

with %he hydl‘of?enJ O q f p n ,  nit??ogenJ a d  carbon C O n l p W X l t S  Of GiSSUt3. These 

recoiling atom then lose their energy by ionization and excitation. 

wount; of energy lost by a par t i c l e  i n  producing aa ion pair i s  very ne,arly 

independent of the pas t ic le  energy? SO %hat a measure of the nunber of ions 

produced in a %issue equivalent gas gives the amount of energy absorbed 

from %he bean. 

basis for dose measurements ‘md the roentgen equivalent physical (rep) has 

been defined as that  mount  of radiation of any ty-pe that produces 95 erg6 

per @rm sf tissue, 

“re 

The energy absoybed per @;ran af tissue has been adqjked 88 a 

For he3lth physics mid experimental biologlcal  work it is desirable to 

~ Q S U T ~  the cPose in units of reps for each t n e  of radiation separately, 

f o r  it is ZZnotn that the effectfveness of radiat ion 2n pro&xj.ng dwage $0 

cells rLepsnds on the density 0-9 iolzizatlcln as w e l l  as the t o t a l  maouat of 

e~iw-gy absorbed. For exmple, one rep of garma or x-ray expos-033 producos 

O A ~ Y  ten or twenty p r  cent D I X ~  dGiiagc 8 6  OKE rep of protons. 

The following discussion w i l l  show B O ~ J  an ionization chanber raet;hod. 

developed by L. H. G p a g ( 1 )  c a n  be Etpplied to a propmWona1 counter % h k  

enables one to neasure the dose due to f a s t  neutrons In %he presence of high 

inkensjt-ies of j p m s  GT x-radiation. 

(I) 
p- -.I_ 

G X ~ ,  L .  ET., Proceedings OP the CarnhriQe Philosophical Society ,  4-0, 72 
(1944) . 

- 173 - 



Inagine a beam of fast neutrons to s t r i k e  a metal chmber fillled with 

a hydrogenous gas. Becoil protons m e  formed throughout the gas volwne, 

and i f  the pressure is not made exeesdingly large mny of the protons escape 

inko the raetal surface and can produce no ionization current in the clw.mber. 

Therefore tho current produced by the remining ions would not represent 

this  discrepancy would be greater as the energy of the neu.t;p"ons iac'~e~bse. 

If t h i s  g&s cavi ty  i s  swrounded by a so l id  hydrogenous material t&is loss 

of ionization from the gas will be exact ly conpensated for by the amount of 

ionization that %he solid material contributes t o  the g36, provided the 

ataraic composition 0 P  the so l id  i s  the 6tme as the gas pavided the 

t h i cbess  of the solid is  greater %ban the maxinun protan ranges. 

The tissue dose per neutron varies with energy as the quaslti-by 

xi rifiQf9 where E is  the neutron energy, 0"i is the scattering cross section 

of the 2'Lh kind of atom, fi is  the average loss  of energy per cohEision with 

absorbed per u n i t  mass of methane (CH4)varoies as E %.,WifiQi. The ratio 
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f o w d  the effect i s  about t b c c  par cent when the counter i s  mbjectel! 



I 



G. S. Hurst' 
Health Physics Division 
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APPEEJDIX N 

Calibration of the Fast b u t r o n  Dosimeter 
Used at the Bulk Shielding Facility 

R .  G. Cochran 

(This memorandum has appeared as CF 51-5-74) 
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DWG. NO. 11465 

DISTANCE - S O U R C E  T O  COUNTER 
(CENTIMETERS) 

FIG. h l - 2  
AIR CALIBRATION FOR DOSIMETER USING A PO-Bt SOURCE 
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So at  35 emo, we have 730 o m t s  per nfn. or C/S = 12.1. 

According to Central Files letter #50-10-168, the source #F%-168 enitted 

3 .I9 X lo7 neUt3.OnS Pasp 88e o Q l l  CbtQbaP 25, 1950. 

For exaqpPe, on March 1, 1991@ the source ha& deoqyed far 1.26 dqw. 

T O 

80 n/80Cm = 3019 X lo7 

n/sec. = 1.69 x 107 

Now the neutrons per square 

I 

G o  S o  

4.0 x 

neutrorns/eec . 
centimeter per 

Hurst of the Health Phyrics Division 
* 

see. at 35 om. is:  

has calculated B figure of 

as the m i l l i r e p  conversion figme far 8 Po-Be source. 

~ h u s  millireps/secr 

= 4.0 x low6 x 1.11 x 103 mlUirep/sec. 

= 4.44 x 10-3 millirep/seco 

and the millireps/count figure is: 

Then, using the above nillireps per oount ccmstant and k n w  the  reactor 

power, the data obtained flma shielding meaauremnts were plotted as the 

centimeter distance fiaa the shield vs. the nillirep/watt. 

Acemding t o  a letter fpcm MP, E, S o  Reed, tX30, dated June 1, 1951, the 

standard source E-665, used $0 sdibrate the Po-Be soupee pB-168, is known to 

an acou~aey of t 

eaarpa~fng W-168 to E-665 that the introduction of an additional error of 

only about 22$ was posefble, 

In addition, the techniques were sufficiently good fn 

Thus the neutron flux f”rm the PB-168 calibrating 
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APPENDIX 0 

Fast Neutron Measurements at the Bulk 
Shielding Facility 

H. E. Eimgerford 
R .  Cr. Cochran 

(This nemoran.durn has appeared as CF 51-11-96) 
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Until recently 81% o f  %he 9as% neutron weasureneuts 5% the BSF w i x e  

These nieaswmepts are of considerable importance to t he  
iirade with a fast neutron &simeter d e s i s e d  by 0.  S .  Xwst and F. G l a s s  

designers of moblle reactar shields,  BO St was consi&ered advisable to 
check the results by uthw methods. 

. 

n 4  3332 P 

1-99 - 



Sample plates to hold the sulfur foils were xmde so %hut after 
exposure they could be placed directly in  the shelves of a mica-w5ndaw 
counter. 
1/1-6" wlth a 2 i n  diameter slot 1/32" deep counter-swk into m e  face. 

meg consisted of almuinwa plates about 3-5/16'' x 2-7/16" x 

Sulfur powaex- was pressed into the shallow molds thus famed by 
mans of' a heat press designed fcw the purpose, 
at r2 temperatme of 95' c at at pressme OP a r m &  ~O,OOO psi. TOT a 
period. of 10 minutes, and allowed to cool i n  812 air  s.txpcazrt imder pressure 
urtll the temperaline reaebed 6ooc. Then the presswe was released and 
the sample cooled quickly t o  r o m  %era-perature by imersing the press in 
cold water. 
polished 20 mil tantalum disk  had t o  be used betveen &he pressing syllnder 
and Vne sulfur .bo prevent sticking. 

Each sample yas pressed 

Since sulfur reac ts  with steel  a t  hi& pressire, a highly 

The samples vere placed between tvo 4 0 - m i l  thicknesses of cadmium to 

The U230 fission chamber consisted of 14 plates with a%oz;lt 6 grams 

;prevent -thermal reactions durtlng exposuse. 

total of ~ 2 3 8  plated on them. me 1~238 -was pure to about. 1 parti in 
100,Q00, T'ne Tissisn chmber with an A-1-A preamp was enclosed in a 
water tight housing and kept at about 10 lbs/in2 pressure of argon., 
prerurap was connectedto an A - 1  amplifier -t;hl;ough 3Q ft of c~ble. Bxa 
A t m l c  scalar was connected ta %he P.H.S, of the mplifier. Fig. 2 shows 
a p lo t  af B.H,S. vsI counting rata  for vml0us TTQLSEJ~~S on %he chamber. 
me chamber did not seem to be vary semsltilre t o  voltage, 80 a voltage of 
247 volts was selected as the operatfng point .  

the chmber w a s  unaffected by y-rays fa.0~1 o, C!o% s o ~ r c e .  

The 

Fig. 3 gives ct%~ves of 
P.B,S. YS. counting rate for  a Po-Be source. iS C1U"QE: ShOWS that 

When instrments am? exposed t o  the BSB, neutron measursrien%s m e  
made in a high gmna radiation f ie ld .  
performaace of the neutron detecting instruneats is an inportant con-- 
sf derati  on, 

Thus %he effects  o f  y-rays on the 

Conclnsion 

The resu1f;s of these experiments are s?xmmaP*ized in Fig. I. The 
thresholds of t e various inshments  are 200 kv. for  the dosime%er, 1.9 

de tec tm.  The doslmter  was calibrated against PB-168 Pa-Ee sowee. %e 
Us38 fission chamber and the siilfur were cal ibrated against Po-Be soxrce, 
PB-2x7. Experiments indicate tha t  there i s  8 discrepancy :XI c d i b r a t i o n  
between these two smrces slnce there i s  soae cl-iffererace i n  their spzctl-a. 

Mev POT the W23 8 fission chmber, and 3 Mev for the sulfur threshold 



The dosimeter is ustaably run behind 3 in of lead f r" r-rag shielding. 
It was found adv-lsable to ao the 6 m e  thing for the U 2313 fission omter. 
The curves in Fig. 1 indicate what eSPact the lead has on the U 238 . 
change in slqpe is probably due to phQtof5ssion in the U 2% . The plIotO- 

"rbi.8 may explain tkie change in slope of the curve %or the U23 8 counter. 

At large distances %he U238 fission chamber curve ch ges slope. 

fission threshold is about 5.76 Nev fieom 7-ray spectral  mes,swements. 
There is a peak at 6 OS 7 &lev in the gamma ray speetxm from 

Concidering all the uncertaintfes involved, the agreement of' %be three 
curves I s  fa i r ly  good, both in mgnftude and slope. 

This 

e seaetor, 
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TABLE J 

U238 Fission Chamber 

__I 
stance 

6.7 

11.7 

21. .7 

21  *7 

31.7 

41.7 

41.7 

51 $7 

6 ~ 7  

61.7 

71.7 

a1 J 

81.7 

91.7 

101.7 

Ill ', *7 

121.7 

141.7 

161.7 

181.7 

201. 7 

1 watt 

1 watt 

l N  

10 

10 'I 

10 (' 

100 " 

100 t' 

100 

1000 

1000 ' 
1000 " 

10,000 " 

10 m 
I$ 

11 

?I 

W 

II 

11 

n 

21,586 

8,018 

1,297 

1,342 

254 

59.0 

64.4 

17 .O 

5.53 

5.94 

2.415 

1.17 

1.53 

7w 

.482 

.289 

188 

. os7  

.042 

0219 

. o n  



TABU 2, 

U238 Fission Chmber 

Distance f’rm 
Reactor 

clg . 
Reactor Power Average 

c t s/kinhatt 

25.Q 

31 -7 

41.7 

51 *7 

61.7 

1 w a t t  

10 mtts 

10 mtta 

100 wat ts  

100 W a t t s  

1000 wat ts  

1000 watts 

10,000 w a t t @  

10,000 wat ts  

10,000 w a t t s  

10,000 watts 

93 9 

299 * 4  

64.0 

11r.a 

3 e 6 5  

1.014 

110 

035 

.0071 

.00159 

,00053 

,.. . 



Dia.t;sn6a fran Rarctar 

2.4 

7.4 

17.4 

21.7 

28.7 

32.5 

41.7 

50.2 

60.2 

70.2 

80.2 

90.2 

100.2 

110.2 

120.2 

130.2 

140.2 

160.2 

163.2 



14.7 

19.7 

24.7 

29.7 

30.0 

34.7 

35.0 

40.0 

30.0 

60.0 

70.0 

80.0 



104 

io3 

io2 

to 

too 

to-' 

(0 -2  

FAST FISSION CHAMBER, NO BORON OR 
ADMIUM LINER, NO Pb SHIELD 

*- 
r-- 0 u238 FAST FISSION CHAMBER WITH BORON-CADMIUM 

LINER, 3 INCHES OF Pb IO cm IN FRONT OF COUNTER 

__ 

1- 
I 

__ 
0 DOSIMETER 

A SULFUR THRESHOLD 
= Z I P  ' -  

1 I 
, 

I 1 1 1 ~ j -  I 
I I 1 

(0-4 

80 100 120 140 160 ! 80 200 0 20 40 60 
DISTANCE FROM REACTOR (cm) 

FIG 0-1 - BULK SHIELDING FACIL ITY 
FAST NEUTRON DATA 
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APPERDIX P 

Center of Detection Calculations for Neutron 
Counters end Ion Chambers 

H. E. Hungerford 
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APPEXDIX P 

CEIV'I'EH OF DETECTIOH CALCULATIONS FOR IEXJ!PROIT COmmS AF113 I O N  C~~~ 

This appendix contains a brief swmnary of the contents 09 OBNL 

CF 51-5-173, a nemormdm describing %be? calculations an the cester 02 

detection far each of the Bulk Shielding Fac i l i t y  radistion measuring 

itsstrumnts. Because of ace 1irnit;cttions BPQ rrrsthematical theory OF 

detailed calculations involved are given here. 

1. General 

Ftar measurements sf neutrons and gewamez, rays in air, +&e d l e t m e e  f i c f k a  

e5~wcre Go counter can be approximted rather ~ l ~ ~ ~ ~ y  by taking the ~~~~0~~~ 

center of the chaabsr ars the point of msasuraaent of" the radlatisd. 

Wen necessary only t o  apply correetiono ~ O P  attenuation 09 t he  radtalion 

.%;~~J.Qu& t h e  outer ease ana wta l l s  of the chanber, if required. Howezre~, if 

rueasurements are being Ilaade in B highly attenuatlag mdiua,  such 86 watm, 

then an entirely dEPferent p€c=ture is presented. 

appreciable attenuation within the counter itself, aPGer wall corrections, 

9% %s 

Since there 1 s  no 

e tc .  have been m a d e ,  the counter sees radiation of greater intensfty 

entering from its periphery nearer the source than radiation eatering frm 

the rear. Eenee, for 8 collimated beam the point 08 measurement of the 

radiation moves forward to t h e  interface between the attenuating medim 

and the counter, and for non-collimated radiatloa the point o f  measweruent 

i s  shffted from the geornstric center slightly near the GOUSCO dire to the 

effects of attenuation. This point is defined as the center af detectlong 
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2 ,  L i s t  of Calculated Centers of Detection for the Bulk S h i e l d 3  
3ac i li ty Instrwnents 

Center of Deter& ion 
Radiation Detected Distaszce f rom Front 

of Counter 

Themrral neu%rons 2.1 cm. 

12" BF3 Single-Chamber 
C! o u t e r  Thermal neutrons 3.33 CM. 

Uesime t ET Faot neutrons 1.7 em. 

0 - M  f ibe Gamma radialion 0.9 cm. 
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