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a1 Shield w i l l  also be conser- 
ions of both reactors are 

same for the  StE and HNPF, and the 
are similar, the  conservatism in 



calculations should also be conservative 

Table I lists the co and temperatures for the core, 
reflector., and shie 
The temperatures i n  

to :vary between 712 

he radial directionsof the SRE. 
twqen-the outer half of the core 

an OB-hour t e s t  run at an 

the regions between the 
to be 7000 F. Subsequent 
rature t o  be about 1200 FJ 

found experimentally (3) 

dicated ,react0 . ,Therefore, in the 

cavity, Liner, and concrete 
:150° F, respectively. 

ratures for the core, 
a1 direction of the HNPF. 
XI were assumed on the 

tempe.retures . 

conservative 



B. 

1. orig* 

s for the HNFF (listed in Tab1 
inantal  Neutron Phpicer Group 
constants for the S4.E (listed in 
using the same tsohniques 88 for t he  

This mettflflutilized the Westinghouse Fast 
WJFT-kn . The diffusion coefficients 
nergy groups of the HNFF and for the fourth 

9) -of the SRE We 
L. A. Wilson 

a l a t e d  using four-group 
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The factor & represents the following collection of termsr 

where Vm - volume of the moderator, cd/cm of height, 
and th i s  is, in t u r n  calculated from 

v = v f a ,  
(4) 

m 
where Vf - volume fraction of the moderator, 0.855798 

2 Ah = cross section area of a c e l l ,  cm 

where -4 = distance-across the flats of a ce l l ,  10.910 in. (4) 

For r\ s/L - 0.0226 and<= 0.988(20), %uation (1) gives - 0.217 em-@+, 

-& input data is l i s t e d  i n  Table VII, and the four- 
re constants are listed in Table VIII. 

C. Thermal Neutron Elm Distribution Obtained by Experiment (22) 



where $a = thermal neutron flux at 20 W, n/cm2-soc, 

$.002 * thermal neutron flux at  .002 MWt, n/cm2-sec. 

Va - core volume a t  20 Mwt (a k3 fuel element loading 
is sasumed) 

rt waa Lotad that ~i 22 did not show a 

region between the re f lec tor  and the,stainless s t e e l  core l iner .  
Since t h i s  sodium re  is very hport.t the ~armna-ray heat 
generation c a l  which based upon the them&. neutron 

alter the flux88 presented i n  Fi 
of several  additional regions be 
shield. 

5 of 

- flux d l s t r ibu t  cscr ibd  in t h  account for the existance 
reflector and 

These fluxes were al tered as followst 
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‘The values of 8 . 
calculations (22,zr the values f o r  y are tabulated below 

estimated on the basis of previous 

Inner Sodium 0.0350 
Core Liner .640 
Outer Sodium 
Core Tank .229 .93%2) 

The resul t ing thermal neutron flux dist r ibut ion is plotted 
on Figure 1 of t h i s  report. 

D. Normalieation of the Relative Neutron Flux Distribution Obtained 
from the UANa Code f o r  the SRE. 

1, Introduction 

As mentioned previously, in order t o  determine the adequacy of the 
calculational techniques being used i n  the WlPF rad ia l  heat generation 
analysis, it was deoided t o  perform similar caluulations f o r  the SRE 
and campare the resul ts  with experiment. 

i n  the radial: shielding was anticipated as baing due t o  
gamma rays created i n  the thermal shield regions, the comparison 
made on the basis of calculated and measured thermal neutron 

i n  both cams resu l t s  obtained from the 

first method, the thermal neutron flux 
iz6d t o  the average thermal neutron flux 

od, the fast neutron flux from 
t neutron flux at the core- 

Since the major source of 

flux distributions.  
distribution8 were ,proposed; 

Two methods of calculating the SRE neutron flux 

ts were normalized by two 

. The de ta i l s  of 

a e r e z p  macroscopic f i s s ion  cross section of tb core, a 
0.00342 cmD1 

F = the r a t i o  of the number of f i s s ions  produced 
by thermal neutrons t o  the number of f i s s ions  
produced by nautrom of a l l  energies. 
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I n  a report  by A. R. Vernon (26), the ratio, 3, of the nurnber of 
f iss ions due t o  the thermal neutrons t o  t h e  number of Tissions due 
t o  neutrons a t  all energies was qbout 0.50 a t  the core-reflector 
interface. The specific ac t iv i ty  &f the reactor sodium; based on 
the thermal neutron flux presented i n  the referenced report, (26), 
was 0.27 curi s However, the resu l t s  of e a r l i e r  work by 

curies per gm. 
proportional t o  the r a t i o  F, 0.37 curies per c rresponds t o  F-O.685. 
On the other hand, recent experimental r e su l t s  y27p yielded 8 Na24 
specific ac t iv i ty  of 0.19 curies per gm at a reactor power level of 
13.5 M W t .  The power l eve l  wag measured with gold fo i l s ,  and the estim- 
mated ex imental uncertainty was about 20%. A l inear  extrapolation 
of the N 2 i  spersific a 

ac t iv i ty  t o  be proportional t o  F, a value of F - 0.555 is  obtained. 
It can be seen from the above t h a t  the value of F lies somewhere 
between 0.9 and 0.70, and therefore, fo r  the purposes of this calcu- 
la t ion  it is assumed that F = 0.70, the  uncertainty being about go$. 

Substi tuting i n  Bquation ( 9 )  with F - 0.70 yhelds &, - 2.38 x 1013 
n/cm2- se  c . 
The peak thermal neutron flux a t  the center of the core, go is 
determined i n  the following expressiont 

A. R. Vernon 9 35 rrp* indicated a sodium specif ic  ac t iv i ty  of 0.37 
By assuming t h a t  the spec i f i c  ac t iv i ty  is di rec t ly  

i t y  t o  20 MWt resulted i n  a value 
of 0.30 curies per gm FW . assuming t h i s  l a t t e r  value of the sodium 

adial peak-toraverage thermal 

turn, is determined from the  
* .  

1 neutron f lux i n  the core, 

/@V = integrated thermal neutron flux i n  the core, 
29.23 n-cm/sec. 

V = integrated volwne of the  core, 95.6 cm3 
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3. 

The values of go, /$dV and V were obtained from the same 'JJiLNDA 
output data  that gave t h e  values of the re lat ive neutron fluxes. 

From these values, $0 1 - 1.22. 
R 

p t h  J 
The ratio of the axial peak-to-average thermai neutron flux, 

, was calculated previously(4), and was taken, without change, 

t o  be * 1.236 "I, Pth  

Substi tuting i n  Equation (10) gives 

go - 3.60 x 1013 n/cd-sec 

The preceding ab8Olute peak thermal neutron flux i n  the  core 
region was s e t  equal t o  the re la t ive  peak thermal neutron flux 
i n  the core region, the l a t t e r  having been obtained from the 
WANDA 11: calculations. This normalizes the re la t ive  neutron 
flux dis t r ibu t ion  t o  the absolute neutron f lux dis t r ibut ion,  
The resul t ing ab8Ohte thermal and fast neutron f lux  dis t r ibut ions 
are plotted on Figures 1 and 2, respectively. 

Normalization t o  , calculated from fast 
neutron removal le ctor interface . 

/cm2-aec, at t he  
determined from 

05s section of the core, 
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The 
n/cm5=ssc, is calculated as followat 

roup one neutron volumatric core 80urce strength, %, i n  

where 9 - e.47 fae1,neutrons per  f i sa ion  
C - 3.1 x 10 f iss ions per watt-sac 
P 
V 

- reactor power, 2 x 107 
m core volume, 5.33 x 10 

Substitution i n  Bquation (12) gives 

The preceding abeoluta fast  neutron flux at  the core-reflector 
interface was s e t  equal t o  the re la t ive  fast neutron flux at 
the same position, the l a t t e r  having been obtained from the 
WANDA X I  calculations. This normalizes the relat ive neutron 
flux dist r ibut ion t o  the absolute neutron flux distribution. 
The resul t ing abaoluta thermal neutron flux dis t r ibu t ion  is 
plotted on*Figure 1, 

I 7.10 x 10l2 n/cm2-8ec 

. 

E. Normalization of the Relative Meutron Flux Distribution Obtained 
from the WANDA Code f o r  the WPF 

Comparison of the flux dis t r ibut ions i n  the m, as calculated in 
Sections 111 D.2 and 3, indicates t ha t  the r e su l t s  obtained wing 
the method of Case A are preferable s’hce, from conparison with 
-experiment, C u e  A fluxes are  higher and, hence, w i l l  y ie ld  more 

fore chosen t o  evaluate 

a ,  

ed for HNPF are listed 
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To obtain the peak value? i n  the core, Equation (10) is used wi th  

Substi tution yields #, 
The absolute peak thennal neutron f lux  i n  the core, @, I s  set equal 
t o  the r e l a t ive  peak thermal neutron f lux i n  the core, and the r e l a t ive  
neutron flux d is t r ibu t ion  i n  t h e  reactor adjusted accordingly. 

6.7 x 1013 n/crn2-sec, 

The thermal and fast neutron flux dis t r ibu t ions  i n  the HNPF are 
plot ted on Figures 3 and 4, respectively, f o r  the three cases of 
re f lec tor  thickness. 

F. Discueraion 

In  order to esteiblish both a coneistent calculational procedure f o r  
obtaining the neutron flux dis t r ibu t ion  i n  the HNPF radial shield, and 
t o  determine i t s  accuracy; it was decided t o  apply several different 
calculat ional  methods t o  obtain the thermal neutron flux d is t r ibu t ion  
i n  the SRE and compare the results with experiment. 

- 

a has been published by 
hermal neutron f lux  

in to  the concrete. How@ver, 
d i m  region, located 
i t t e d .  The data reported 

, experiment. 

strument thimble 
ch extrapolates 

faces a 2-3/4 in .  x 12 in.  diameter hole which i s  cut in to  the thermal shield 
r ings BO t h a t  a val id  correlat ion with the  calculated thermal neutron flux 
i n  t h i s  report  cannot be made. 
instrument thimble #8 is  located, t h i s  report gives 1.7 x 109 n/cm2-sec 

A t  the point next to the  vessel wall, 
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f o r  no cutout. 
the data shorn i n  F i v e  1, a rough value of about 2 x 1010 n/cm2-sea 
is obtained. 

From SRE experiments (31s32) performed pr ior  t o  the preceding experiment, 
data  f r o  

value was given with reservqtio T32)  due t o  the somewhat crude 
cal ibrat ion of the-  instruments ?32) and the extrapolations of pta(3h321 
involved. This thermal neutron flux extra  olates  t o  1.19 x 10 n/cm2=sec 

valu giv n ’ 

If 2-3/L in. of the thermal shield is removed, from 

instrument-thimble #5 yielded a thermal neutron flux o f  
1.1 x 10 !9 n/cm*-sec at a power l e  e l  of 10.5 Wt. However, t h i s  

a t  a power level of 20 Mdt, uhi le  1.7 x 10 fr n/cm*-sec is the comparable 

n/cm i? -see e22r: 
t h i s  report, and Fillmore and Doyas report 1.5 x 109 

, there are indications (32333)of an indirect  correlation 
the calculated and experimental thermal neutron f l u x  values. 

The memured gannnaoray dose rate in  the #7 instrument tube, wfiich 
he thermal shield,  and extrapolated t o  831 . The calculated gamma-ray dose r a t e  

does not have a cutout 
20 Mwt was 62,600 r/br 
using the thermal neutron flux dist r ibut ion from this report was 
51,000 r/hr (33). 

In  view of t he  experfmental results obtained from the SRE, as 
discussed e a r l i e r  i n  t h i s  section, there are  indications tha t  the 
thermal neutron flux d is t r ibu t ion  as calculated i n  t h i s  report f o r  
the SRE naajl be coneervative, but the degree of conservatism is not 
a g u a t e l y  known. 

Due t o  the apparent conservatism i n  the SRE thermal neutron flux 
calculations (as determined by the method presented 

r t ) ,  it -is f e l t  that the  calculations f o r  the thermal 
neutron ‘flux distribut3on in the  HNPF will also be conaamratiltg, 

calculational.nethod used f o r  the HNPF is the same as 
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TABLE I - A  (Continued) 

- 
Sodium Tank Wall Insu la t ion  

0774 

(4) 

F) 

: SRE Core Temperature Breakdown 

C ompone n t Temperature, ( 

2 1  - 0 

,' Fuel 932 

S t a i n l e s s  S t e e l  770 

NaK 788 

Zirconium 752 

Sodium 7 34 

Graphite 797 

lavity 
Aner 

0774 

\ 

( 8 )  
I rd inery  
; onc re t e 

.0131 

.00281 

193 0 .. 

a .. 

* 
The re ference  noted by each reg ion ' s  name ind ica t e s  the  o r i g i n a l  source of information from which 
t h e  component d e n s i t i e s  ( m / c c )  were computed. 

. ~. . .  
. .  . .  . . . .  . .  . _  



Region* 

l?emp. OF 

!&dial 
IChickness 

(in.) 

pfiLnium 35 

Uranium238 

Oxygen 
, 

Stainlese 
Steel 

Graphite 

Sodium 

Zirca&og,I 

Iron 

Silicon 

Magnesium 

Aluminum 

Potassium 

Hydrogen 

Sulfur 

.“ TABLE II , 
., . . A: HI!PF Shield ~q&n 'Composition (gm/cc) 

’ 

d 

,’ 
‘Cl 
L. 

, :  

.  .  
/  . -  

_,, 

:  

:  

:  

6 

1 

Calcium * The raf erence:nOtc 
:, .s- : . 
-,:.;i _' <. irifoiYnk*bok f%iii;i 

Sodium 
: ore 
Pank 

776 

Cbntain- 
ment Ta2J 

776 

.2+l") 

7.85 7.85 

Thermal 
Shield 1 

7.85 

Fhermal 
shield: 

7.85 

Insu a- 
tion 9) t 

600 

,181 

-0153 _. _ 
.135 

.0162 

.0108 

Cavit; 
Liner 

200 

7.85 

TzGp 
Concrete 

200 

1.16 

.0400 

.0286 

0734 

.00562 

.106 

.0450 
I 

j.OYfil 
'4 

,00281 

.19i xk.by ,each region's name indicates theioriginal source of, t J 
lrhich the.comDonent densities fnm/r.n> WPTC) pnmA,t*rl i=' . . . '. :1:,. .. .I*-, =_... 

,", _1 ,. . . ~. x . . -:..,I 
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~ROJLCT Reactor StructUre 

b 

F a i t  Neutron Remooe l  Croes Sections 

Core Tank 
Them1 Shield 
Vessel Wall 
Insulation 
Cavity Liner 
Concrete 



TABLE IV 

. *  , Four Group Constants (1'15) f o r  the SRE 

- 7 - 3  Region 

lef l e c t o r  

;odium 

'ore  Liner 

;odium 

lore Tank 

'hermal S h i e l  

'sssbb dall 

:nsu ls t  ion 

lavity Liner 

I onc re  t e 

62 (cm-l) Gz ( c m  ) 
-- I 
000 . 0171 

.0105 ,0111 

000 .0171 

. o n 4  .0090 

.OOOl97 .00187 

. 0105 ,0111 

1.985 o*ooo 

0975 - 0 0 7 7 4  

.533 .0162 

.644 .0129 

9.88 .OOOO5 

.5 I .0162 

-975 -000774 

-533 ,0162 

.644 .0129 

1.26 .000473 
__I 1 - ~ . . . .  . 

0.0291 0.938 

.00353 4.80 

. 0158 371 

.00353 4.80 

-0158 371 

.0162 1361 

.0162 .361 

.00179 1063 

.Ol58 371 

00437 1.33 
- -- 

* 
Values of448re temperature corrected t o  t h e  temperatures l i s t e d  i n  Table I. 

I-- 

0.000255 

. 00774 

. 150 

.00774 

.150 

. 129 

. 129 

.00062 

. 208 

.00636 
---- 

1&4 
0.grgt 

4.71 

. 406 

4.71 

-406 

. 361 

361 

9.35 

. 406 

1 6 5  
--I 

. .  
, _ . .  . I .  . _ ,  



TABLE i I 

z L . " : Four Group Cotistants (1,15) for the HNPF 
.’ 

1 

‘: 
.  

;i- .*_ 

eflector : : .  .'~.I* T I::! 
.( i : . ,  

odium 
i 

'essel Liner 

odium :, 
% ; ;.. 

': ', : _I 

ore Tank . . 
._ .' 

ontainment Taik 

'hermal Shie1d.l.: ‘., 

hermal Shield‘2‘ 

nsulation 

avity Liner 

oncrete ? .  

Average 
I$ffl ctor 
-wi fcm-1) 

0.0184 2 

.00664 

&0615 

.00550 

-0639 

.0603 

00535 

.o535 

.00132 

.0520 

.0103 

!aximum 
Lefl ctof. 
Cf+i. cm t ) 

0.0165 

.00612 

.0610 

.00648 

.0442 

.0670 

.o558 

.0623 

.000468 

00585 

.0102 

Dlb) 

2.02 

4.50 

1.44 

4.50 

1:$#,l& 

1.44 

b.60 

1.60 

11.5 

1.60 

l-73 

-- 

-1 
a2bm > 

~.000062 

.0000678 

.oie5 

.OdoO678 

.0105 

.0105 

.a114 

.0114 

.0001g7 

.0114 

.00104 

-. 

C,(cm -1 

.0263 

.0171 

.Olll 

.01i1- 

.olli 

.Olll 

.ooqo 

.ooqo 

.00187 

.ooqo 

-0372 

g2 (4 

1,Ol 

0975 

l 533- 

,-975 

;533 

-533 

.644 

.644 

9.88 

.644 

1.26 



TABLE V (Continued) 

Region , 5 ' .  

Ref lec to r  ' ' 

Vessel Liner 

Sodium 

Core Tank 

Containment Tank? 

Thermal Sh ie ld  1 

Thermal Shield- 2 

. <  

. .  

I n s u l a t i o n  

Cavity Liner  

Concrete 

1 
Values of f a 4  

. 012 9 I, 

I .0000~11 

.0129 

. 00047 3 

-- 

0..0?74 . I  0.988 

..do353 4.80 

*(21) 
fa4( crn-l) 

0.00127 

. 00746 

. 145 
00746 

. 145 

145 

115 

115 

0005 3 

170 

-00614 

Sr4( cm-l) 

0 0 000 

. 000 

. 000 
0 000 

.ooo . 

000 

e 000 

. 000 
0 000 

000 

000 - 
temperatuke corrected ' t o  t he  temperatures listed i n  Table 11, 

.406 

. 406 

. 361 

. 361 

9.35 

-361 

1.065 

. ,  . . - .  

. -  
..?. . .  . .  
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+ Reactor Structure 

TABLE VI1 

MUFT-4 Input Data forfthe Four Group SRE Core Conetants 

A: Material Densitiee 

Mater l a 1  

Z ir c ondun 

Graphite 

Iron 

Uranium-238 

Sodium 

Uranium-235 

* -1 

0. 000733 

Atomic Density ( fj ) , barns 

,0702 

000248 

.00133 

* Based on the densities listed in Table I 

.00133 

.0000381 
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