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ABSTRACT 

A p r o t o t y p e r e a c t o r c o r e and r e f l e c t o r a s s e m b l y m a n u 

f a c t u r e d for the S N A P 8 E x p e r i m e n t a l R e a c t o r w a s s u b j e c t e d to 

a s e r i e s of d r y c r i t i c a l e x p e r i m e n t s p r i o r to f inal a s s e m b l y and 

p o w e r o p e r a t i o n . E x p e r i m e n t a l r e s u l t s a r e i n t e r p r e t e d in t e r m s 

of: (a) the c r i t i c a l fuel load ing , (b) the ef fects of r e f l e c t o r t h i c k 

n e s s , (c) the c o n t r o l e l e m e n t r e a c t i v i t y w o r t h s , (d) the ef fects of 

v a r y i n g fuel and m o d e r a t o r d e n s i t i e s , (e) the r e a c t i v i t y w o r t h s 

of s p e c i a l fuel and a b s o r b e r r o d s , (f) the r e a c t i v i t y w o r t h s of the 

i n t e r n a l r e f l e c t o r s , (g) the j3 Ji r a t i o , and (h) the p o w e r dens i ty 

d i s t r i b u t i o n s . 
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I. INTRODUCTION 

A, S N A P 8 PROGRAM 

S N A P 8 i s a c o m p a c t n u c l e a r p o w e r p l a n t i n t ended to p r o d u c e a p p r o x i m a t e l y 

35 kw of e l e c t r i c power output for use in s p a c e c r a f t . The s y s t e m , wh ich i s 

be ing deve loped jo in t ly by NASA and A E C , e m p l o y s a n u c l e a r r e a c t o r (being 

d e v e l o p e d by A t o m i c s I n t e r n a t i o n a l u n d e r c o n t r a c t to the A E C ) as a hea t s o u r c e 

for a m e r c u r y - R a n k i n e cyc le p o w e r c o n v e r s i o n s y s t e m (being deve loped by 

A e r o j e t - G e n e r a l C o r p o r a t i o n u n d e r c o n t r a c t to NASA). 

The S N A P 8 r e a c t o r is fueled and m o d e r a t e d by u r a n i u m - z i r c o n i u m h y d r i d e 

and i s cooled by e u t e c t i c NaK. Des ign o b j e c t i v e s for the S N A P 8 r e a c t o r inc lude 

a p o w e r output of 600 kwt a t a NaK coolan t ou t le t t e m p e r a t u r e of 1300 °F for 

10,000 h o u r s o p e r a t i o n . 

B . S8ER PROGRAM 

The S N A P 8 E x p e r i m e n t a l R e a c t o r (S8ER) is the f i r s t of a s e r i e s of t h r e e 

SNAP 8 r e a c t o r s to u n d e r g o n u c l e a r t e s t i n g at A t o m i c s I n t e r n a t i o n a l . The S8ER p r o 

g r a m is a t e s t of the r e a c t o r only , wi thou t p o w e r c o n v e r s i o n . The t e s t ob j ec t ives a r e 

to d e m o n s t r a t e r e a c t o r ope r a t i o n and to d e t e r m i n e r e a c t o r p e r f o r m a n c e c h a r a c 

t e r i s t i c s o v e r a wide r ange of power l e v e l s and c o r e t e m p e r a t u r e s up to and 

inc lud ing d e s i g n cond i t ions of 600 kwt , 1 3 0 0 ° F . R e a c t o r d e s i g n p r i n c i p l e s w i l l 

be v e r i f i e d and d e t a i l e d e x p e r i m e n t a l da ta w i l l be p r o v i d e d upon which to b a s e 

the f ina l d e s i g n of the fl ight r e a c t o r . The S8ER, shown in F i g u r e 1 and d e 

s c r i b e d in R e f e r e n c e 1, i s t h e r e f o r e s i m i l a r to the fl ight r e a c t o r in s i ze and 

con f igu ra t i on . 

P r i o r to the f ina l a s s e m b l y and i n s t a l l a t i o n of the c o r e in the P o w e r T e s t 

F a c i l i t y , a d r y c r i t i c a l e x p e r i m e n t a l p r o g r a m w a s c o m p l e t e d to ob ta in a r e 

a c t i v i t y " c a l i b r a t i o n " of the r e a c t o r c o m p o n e n t s . These e x p e r i m e n t s a r e d e 

s c r i b e d in t h i s r e p o r t . The r e l a t i o n s h i p s of e x p e r i m e n t a l r e s u l t s to d e s i g n 

c a l c u l a t i o n s a r e i n d i c a t e d . 

N A A - S R - 9 6 4 2 
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II. DESCRIPTION 

A. SITE AND FACILITY 

The S8ER D r y C r i t i c a l E x p e r i m e n t s w e r e conduc ted in the S N A P C r i t i c a l 

F a c i l i t y , Bldg 373 , l o c a t e d at the Nor th A m e r i c a n Avia t ion F i e l d T e s t A r e a , 

a p p r o x i m a t e l y 30 m i l e s w e s t - n o r t h w e s t of downtown Los A n g e l e s . The c r i t i c a l 

m a c h i n e , shown in F i g u r e 2, w a s i n s t a l l e d in the t e s t c e l l a s s h o w n i n F i g u r e 3 . 

The c r i t i c a l m a c h i n e c o n s i s t s of two t a b l e s , one a r r a n g e d above the o t h e r . 

The c o r e and r e f l e c t o r a s s e m b l y a r e s u s p e n d e d be low the l ower t a b l e , whi le the 

u p p e r t ab l e s u p p o r t s the d r i v e m e c h a n i s m s for the r e f l e c t o r c o n t r o l e l e m e n t s . 

C o r e loading c h a n g e s w e r e a c h i e v e d m a n u a l l y by i n s e r t i n g o r r e m o v i n g c o r e and 

t e s t c o m p o n e n t s t h r o u g h the opening in the l o w e r t ab l e (see F i g u r e 4 ) , 

P r i o r to fuel load ing , s t r u c t u r e s of p r e v i o u s c r i t i c a l m a c h i n e s w e r e r e 

m o v e d f r o m the t e s t c e l l and the S8ER c r i t i c a l m a c h i n e w a s i n s t a l l e d . The c o m 

ponen t s w e r e t hen c h e c k e d , a d j u s t e d a n d / o r t ho rough ly p e r f o r m a n c e t e s t e d a s 

CONTROL ROOM 

HIGH DENSITY (MAGNETITE) CONCRETE 

ORDINARY CONCRETE 

GAS SEAL LINER,4 WALLS, 
CEILING, AND FLOOR. 

CRITICAL 
MACHINE TV 

CAMERA 
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\ 

SLIDING CONCRETE 
SHIELDING DOOR 

ORDINARY CONCRETE 

- 2"-0"4l-0' 

8 - 2 5 - 6 4 

l l - O " 
I 

Î O" 
I 

7568-01492 

F i g u r e 3 . C r i t i c a l A s s e m b l y T e s t Ce l l 
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n e c e s s a r y to fulfil l e x p e r i m e n t a l and s a f e g u a r d s r e q u i r e m e n t s . E s s e n t i a l l y 

t r o u b l e - f r e e p e r f o r m a n c e of the c r i t i c a l m a c h i n e w a s r e a l i z e d d u r i n g the t h r e e 

m o n t h s r e q u i r e d for e x p e r i m e n t a l o p e r a t i o n s . The p r i n c i p a l e x p e r i m e n t a l c o m 

p o n e n t s , in add i t i on to the c o r e a s s e m b l y , a r e the r e a c t o r v e s s e l and r e f l e c t o r 

a s s e m b l y , the r e f l e c t o r d r i v e m e c h a n i s m s , the n u c l e a r i n s t r u m e n t a t i o n , and 

the n e u t r o n s o u r c e s . 

1. R e a c t o r V e s s e l and R e f l e c t o r A s s e m b l y 

The r e a c t o r v e s s e l i s a t h i n - w a l l e d r i gh t c i r c u l a r c y l i n d e r (9.352 in . OD) 

w h i c h con t a in s the c o r e a s s e m b l y and , for n o r m a l power o p e r a t i o n s , the NaK 

c o o l a n t . (No NaK w a s i n t r o d u c e d du r ing the " d r y " c r i t i c a l e x p e r i m e n t s d e 

s c r i b e d h e r e i n . ) The lovv^er end of the v e s s e l (inlet p l enum ) is a r e v e r s e d i shed 

h e a d a p p r o x i m a t e l y four in . d e e p . The u p p e r head (outlet p l e n u m ) c o n s i s t s of 

an o p e n - e n d e d c y l i n d r i c a l s e c t i o n about 3.5 in . long . The v e s s e l moun t ing flange 

i s w e l d e d to the u p p e r end of t h i s c o m p o n e n t , and a r e f l e c t o r s u p p o r t f lange i s 

w e l d e d to e a c h v e s s e l head s e c t i o n . O v e r a l l v e s s e l he ight i s a p p r o x i m a t e l y 

24 in . The v e s s e l u s e d in t h e s e e x p e r i m e n t s w a s a dup l i ca t e of the power t e s t 

v e s s e l wi th the e x c e p t i o n of the v e s s e l m o u n t i n g flange and out le t nozz le h a r d 

w a r e on the u p p e r h e a d . P e r t i n e n t r e a c t o r da ta and d i m e n s i o n s a r e s u m m a r i z e d 

in Table 1 and c r o s s s e c t i o n e d v i ews of the r e a c t o r a r e shown in F i g u r e 5. 

The e x t e r n a l b e r y l l i u m r e f l e c t o r u s e d to c o n t r o l r e a c t i v i t y c o n s i s t s of 

s ix , equa l ly s p a c e d , r o t a t a b l e e l e m e n t s wh ich a r e s e g m e n t s of a r i gh t c i r c u l a r 

c y l i n d e r . T h e s e s ix c o n t r o l " d r u m s " a l m o s t c o m p l e t e l y s u r r o u n d the c y l i n d r i 

c a l p o r t i o n of the r e a c t o r v e s s e l a s shown in F i g u r e 5. Six t r i a n g u l a r - s h a p e d , 

s t a t i o n a r y b e r y l l i u m r e f l e c t o r s f i l l the s m a l l vo ids b e t w e e n the v e s s e l and the 

r o t a t a b l e e l e m e n t s . The r e f l e c t o r c o n t r o l a s s e m b l y w a s f a b r i c a t e d in two 

h a l v e s . A p h o t o g r a p h of the r e a c t o r v e s s e l and r e f l e c t o r a s s e m b l y i s shown in 

F i g u r e 6 . In t h i s v iew the r e f l e c t o r a s s e m b l y h a l v e s a r e s e p a r a t e d s l igh t ly to 

show the s t a t i o n a r y r e f l e c t o r s , and the r e f l e c t o r s u p p o r t f l a n g e s . 

R e a c t i v i t y c o n t r o l i s a c h i e v e d by r o t a t i n g the d r u m s about t h e i r c e n t e r 

of c u r v a t u r e and t h e r e b y ad jus t ing the r a t e of n e u t r o n l eakage f r o m the c o r e . 

The t h i c k n e s s of the c o n t r o l d r u m s m a y be a d j u s t e d , p r i o r to s t a r t u p , by add ing 

o r r e m o v i n g s h i m m a t e r i a l . These s h i m s a r e iden t i f ied in F i g u r e 1 a s s h i m A 

(nega t ive) and s h i m B (pos i t i ve ) . F i g u r e s 4 , 5, and 6 show both the A and B 

s h i m s i n s t a l l e d . The n o m i n a l 3 - in . ef fect ive r e f l e c t o r t h i c k n e s s i s m a d e up of 

N A A - S R - 9 6 4 2 
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TABLE 1 

S8ER CRITICAL EXPERIMENT CHARACTERISTICS 

Reactor Vessel 
Material 
Outside diameter , m. 
Wall thickness, m. 

Core region 
Lower head 
Upper head 

Approximate heights, in. 
Lower head 
Upper head 
Overall 

External Reflectors 
Material 
Number of drums 
Number of stationary pieces 
Length, m. 
Density, gm/cm-^ 
Drum radius of curvature , m. 
Core vessel — reflector radial 
Shim thickness, m. 

A 
B 
C 

Shim length, m. 
Effective reflector thickness, 

No shims 
A shims 
A + B shims 
A + B + C shims 

Normal Drum Rotation Range, 

ga 

m . 

' 
IN position (maximum reactivi 

3, m . 

ty ) 
OUT position (minimum reactivity) 

Fuel-Moderator Elements 
Numbe r 
Length (minus grid pins), in. 

Outside diameter , m. 

Weight, gm 

Fuel Rods 
Material 

Outside d iameter , m. 
Length, m. 
Weight, gm 

U total weight, gm 

U^^^ enrichment, wt % 

Npj, a toms /cm^ 
Uranium, wt % 
Zirconium, wt % 
Hydrogen, wt % 
H/Zr atom ratio 
Fuel rod density, gm/cm-^ 

Fuel- to-Clad Gaps (0.1 a tm.He 
tempera ture) 

Radial, in. 

Axial, m. 

a t room 

3 16 SS 
9 352 

0.0626 
1/8 
1/4 

4 
3-1/2 
24 

Be 
6 
6 
14.5 
1.84 
4.68 
0 0818 

0.750 
0 880 
1.13 
12 

2.34 
3.08 
3 78 
4.73 
105 
105 
0 

211 
14,469 

(average) 
0.562 

(average) 
367.0 

(average) 

enriched U-Z 
alloy, Zr 
hydrided 

0.532 
14.0 
309.653 

(average) 
30.40 

(average) 
93.15 

(average) 
5.96(average 
9 82 
88.53 
1.65 
1.7 
6.06 

0.0016 
(average) 

0.024 
(average) 

r 

Cladding 
Material 
Outbide d iameter , in. 

Wall thickness , in 

End cap thickness , in. 
Upper 
Lower 

Ceramic Coating 
Material 
Thickness, m. 

Burnable poison, Sm^O^, mg/ in of clad 

Core (Fueled Region, 211 Fuel Elements) 
Equilateral t r iangular lattice spacing, in. 
Diameter ac ros s co rne r s , m. 
Diameter ac ross flats, in. 
Equivalent core d iameter , in. 
Core length, in. 
Volume Fract ions 

Fuel -modera tor rods 
Fuel void (He) 
Cladding — Hastelloy-N 
Ceramic coating 
Void (NaK volume) 

Total uranium, kg 
Total Sm03 , gm 
H/u235 atom ratio 

Core —External Reflector Radial Interface 
Equivalent annular thickness, in. 
Volume fractions 

BeO (Internal Reflectors) 
Hastelloy-N 
Stainless s teel - 316 
Void 

Core Axial Structure 
Lower end cap thickness , in. 
Volume fractions 

Hastelloy-N 
Void 

Lower grid thickness, m. 
Volume fractions 

Hastelloy-C 
Hastelloy-N 
316 stainless steel 
Void 

Upper end cap thickness, in. 
Volume fractions 

Hastelloy-N 
Void 

Upper grid thickness, m. 
Volume fractions 

Hastelloy-N 
3 16 stainless steel 
Void 

Hastelloy-N 
0.562 

(average) 
0.0104 

(average) 

0.08 
0 37 

AI-8763D 
0.0022 

(average) 
2.88 

0.570 
9.25 
9.0 
8.694 
14.0 

0 790 
0.010 
0.067 
0.013 
0.120 
6.44 
8.51 
42.4 

0.382 

0.410 
0.042 
0.191 
0.357 

0.394 

0.737 
0.263 
0.313 

0.830 
0.057 
0.018 
0.095 
0.08 

0.851 
0.149 
0.344 

0.031 
0.794 
0.175 

^Average value denotes as-buil t inspection 
resu l t s . See Reference 3. 

NAA-SR-9642 
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5 - 2 4 - 6 2 7570-5208B 

F i g u r e 6. S8ER C r i t i c a l R e a c t o r V e s s e l and R e f l e c t o r A s s e m b l y 
(Ref lec to r a s s e m b l y h a l v e s s l igh t ly s e p a r a t e d ) 

the six c o n t r o l e l e m e n t s , wi th the A s h i m s a t t a c h e d , and the s ix s t a t i o n a r y r e 

f l e c t o r p i e c e s . Add i t i ona l r e a c t i v i t y m a y be added to the s y s t e m if r e q u i r e d , by 

the B s h i m s . L i k e w i s e the s y s t e m r e a c t i v i t y m a y be r e d u c e d by r e m o v a l of the 

A s h i m s . 

To p r o v i d e a d d i t i o n a l i n f o r m a t i o n on the r e l a t i o n s h i p of r e a c t i v i t y to 

ef fec t ive r e f l e c t o r t h i c k n e s s , a s ing le C s h i m w a s i n s t a l l e d b e t w e e n the A and B 

s h i m of one d r u m for s o m e of the e x p e r i m e n t s . 

The a x i a l " r e f l e c t o r s " c o n s i s t of the c o r e s t r u c t u r a l h a r d w a r e a t t h e e n d s 

of the fuel and the NaK coo lan t , when it is p r e s e n t . I n t e r n a l r e f l e c t o r s a r e d e 

s c r i b e d in Sec t i on I I - B . 

N A A - S R - 9 6 4 2 
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2. R e f l e c t o r D r i v e M e c h a n i s m s 

E a c h of the s i x c o n t r o l d r u m s h a s a n i ndependen t d r i v e m e c h a n i s m to 

p r o v i d e both p o s i t i o n and sa fe ty f u n c t i o n s . A r e v e r s i b l e a - c m o t o r i s c o n n e c t e d 

to the d r u m - d r i v e l inkage t h r o u g h a w o r m g e a r and an e l e c t r o m a g n e t i c r o t a r y 

s c r a m c l u t c h . S c r a m e n e r g y is s t o r e d in a s p i r a l t o r s i o n s p r i n g loaded to 

r o t a t e the d r u m to the fu l l -ou t p o s i t i o n when the c lu tch i s d e e n e r g i z e d . When 

the c lu t ch i s e n e r g i z e d , the e n t i r e d r i v e l inkage inc lud ing the d r u m pos i t i on 

s e n s o r s is t o r s i o n a l l y r i g i d and the fo rce of the s c r a m s p r i n g on the l inkage 

e l i m i n a t e s b a c k l a s h . The d i r e c t coupl ing p r o v i d e s an a c c u r a t e d r u m pos i t i on 

i n d i c a t i o n for the two p o s i t i o n i n d i c a t i o n s y s t e m s . The c o a r s e s y s t e m i n d i c a t e s 

d r u m p o s i t i o n s to ± 0 . 5 ° , and the fine s y s t e m h a s a n o v e r a l l a c c u r a c y of ±0 .07° . 

F o r n o r m a l r e a c t i v i t y c o n t r o l , only one d r u m can be pos i t i oned at a 

t i m e . R o t a t i o n of a d r u m f r o m fu l l -ou t (0°) to fu l l - i n (105°) r e q u i r e s 319 s e c . 

S c r a m a c t i o n vi^ill c a u s e a l l d r u m s to r o t a t e - o u t s im.u l taneous ly wi th a t o t a l 

s c r a m t i m e of l e s s t h a n 0.490 s e c . 

The e x c e s s r e a c t i v i t y a v a i l a b l e to the o p e r a t o r w a s r e s t r i c t e d du r ing 

t h e s e e x p e r i m e n t s . Lockout b r a c k e t s w e r e u s e d a s r e q u i r e d on a l l s ix d r i v e 

s h a f t s . S tops a t i n t e r m e d i a t e d r u m p o s i t i o n s w e r e a l s o p r o v i d e d for d r u m 

c a l i b r a t i o n m e a s u r e m e n t s . 

S e c t i o n s of two of the d r i v e shaf ts w e r e m o u n t e d wi th q u i c k - d i s c o n n e c t 

coup l ings to f ac i l i t a t e a c c e s s to the r e a c t o r c o r e . 

3 . N u c l e a r I n s t r u n a e n t a t i o n 

The I n s t r u m e n t a t i o n and Safety S y s t e m i s e s s e n t i a l l y i d e n t i c a l to t hose 

u s e d in p r e v i o u s e x p e r i m e n t s in t h i s f ac i l i t y . F o r e x p e r i m e n t a l p u r p o s e s , four 

f i s s i o n c o u n t e r c h a n n e l s and two ion c h a m b e r c h a n n e l s w e r e m o n i t o r e d . F i s s i o n 

c o u n t e r m e a s u r e m e n t s w e r e ob ta ined in t e r m s of s e a l e r - t i m e r r e a d o u t s , log 

and l i n e a r count r a t e i n d i c a t i o n s . Ion c h a m b e r s i g n a l s w e r e d i s p l a y e d d i r e c t l y 

and w e r e p r i n t e d a s s u c c e s s i v e counts u s ing a v o l t a g e - t o - f r e q u e n c y c o n v e r t e r , 

c o u n t e r , and p r i n t e r a r r a n g e m e n t . F i g u r e 4 shows the d e t e c t o r l o c a t i o n s . The 

f i s s i o n c o u n t e r s a r e i n s t a l l e d on the four l egs of the c r i t i c a l m a c h i n e and the 

i o n - c h a m b e r s a r e p l a c e d b e n e a t h the c o r e . F o u r n e u t r o n s c i n t i l l a t i o n c o u n t e r s 

a r e shown a r o u n d the opening in the c o r e s u p p o r t t a b l e . These d e t e c t o r s s u p 

p l ied s i g n a l s to the m u l t i - c h a n n e l t i m e a n a l y z e r for p u l s e d n e u t r o n e x p e r i m e n t s 
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and to s p e c i a l i z e d r e c o r d i n g e q u i p m e n t for s u b s e q u e n t pi le no i se a n a l y s i s . 

R e f e r e n c e Z d e s c r i b e s the e x p e r i m e n t a l and a n a l y t i c a l t e c h n i q u e s for the no i se 

m e a s u r e m e n t s . 

4 . N e u t r o n S o u r c e s 

A P u - B e s o u r c e of Z x 10 n / s w a s a d e q u a t e for s u b c r i t i c a l m o n i t o r i n g 

of r e a c t o r p o w e r . F o r pu l s ed n e u t r o n e x p e r i m e n t s a l i n e a r - a c c e l e r a t o r p u l s e d 

n e u t r o n s o u r c e w a s p r o v i d e d . 

B . REACTOR CORE ASSEMBLY 

The S8ER c o r e i s c o m p r i s e d of Z l l f u e l - m o d e r a t o r e l e m e n t s and 18 i n t e r n a l 

r e f l e c t o r i n s e r t s . These c o m p o n e n t s a r e f i t ted a t e a c h end wi th g r i d p la te i n 

dexing pins tha t engage ho les in the u p p e r and lower g r i d p l a t e s to p rov ide the 

r e q u i r e d s u p p o r t and s p a c i n g . In t u r n , the g r i d p l a t e s a r e s u p p o r t e d and s p a c e d 

wi th in the r e a c t o r v e s s e l by s ix a x i a l t ie r o d s even ly s p a c e d a r o u n d the c i r 

c u m f e r e n c e of the c o r e . F i g u r e 7 i s a p h o t o g r a p h looking down on a p a r t i a l l y 

4 - 4 - 6 Z 7570-5Z07C 

F i g u r e 7. SNAP 8 C o r e Mockup 
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fue led m o c k u p -with the u p p e r g r i d p la te r e m o v e d and a p o r t i o n of the l ower g r i d 

p la te e x p o s e d a t the b a s e of the c o r e . The fuel out l ine is a r e g u l a r hexagon 

wi th the fuel e l e m e n t s a t the s ix c o r n e r s of the a r r a y r e p l a c e d by D - s h a p e d 

i n t e r n a l r e f l e c t o r i n s e r t s . The s e g m e n t v o l u m e b e t w e e n the r e a c t o r v e s s e l 

and e a c h h e x a g o n a l f lat b o u n d a r y of the fuel a r r a y i s f i l led wi th two a i r f o i l -

s h a p e d r e f l e c t o r i n s e r t s on e i t h e r s ide of a t ie rod . Add i t i ona l da ta a r e p r e 

s e n t e d in Table 1 and the p a r a g r a p h s be low . 

1. F u e l - M o d e r a t o r E l e m e n t s 

An S8ER fuel e l e m e n t i s i l l u s t r a t e d in F i g u r e 8. The fuel r o d is a r igh t 

c i r c u l a r c y l i n d e r f o r m e d of a fully e n r i c h e d u r a n i u m - z i r c o n i u m a l loy tha t i s 
22 3 

h y d r i d e d to an a v e r a g e N^ of 5.96 x 10 a t o m s / c m of fuel . This a t o m d e n s i t y 
of the h y d r o g e n m o d e r a t o r i s only s l igh t ly l e s s t h a n the h y d r o g e n dens i t y in 

235 w a t e r . T h u s , the U fuel and the h y d r o g e n m o d e r a t o r a r e u n i f o r m l y d i s 

t r i b u t e d t h r o u g h o u t the fuel r o d . 

The f u e l - m o d e r a t o r r o d s a r e c l ad wi th H a s t e l l o y - N tubing ( 0 . 5 6 0 - i n . - O D x 

0.0 1 0 - i n . - w a l l ) and end p l u g s . The ins ide of the tubing i s c o a t e d wi th a c e r a m i c 

h y d r o g e n b a r r i e r m a t e r i a l to m i n i m i z e h y d r o g e n l eakage f r o m the fuel u n d e r 

d e s i g n o p e r a t i n g c o n d i t i o n s . Sea l ing the f inal a s s e m b l y c o n s i s t s of b lend ing the 

coa t ing on the l ower end plug wi th that on the tubing and s e a l we ld ing the plug to 

the tub ing . The coa t ing on the tubing and u p p e r end plug a l s o con ta in s a b u r n a b l e 

n e u t r o n po i son ( S m _ 0 _ ) , whi le the coa t ing on the lower end plug con t a i n s n o n e . 

F i n i s h e d fuel e l e m e n t s a r e qua l i f i ca t ion t e s t e d for an a c c e p t a b l y low h y d r o g e n 

l eak r a t e . Those e l e m e n t s not a c c e p t a b l e a r e r e j e c t e d a s "unqua l i f i ed . " A l 

though t h e s e e l e m e n t s a r e not su i t ab l e for power p r o d u c t i o n , they a r e n u c l e a r 

d u p l i c a t e s of t h e i r qua l i f i ed c o u n t e r p a r t s at r o o m t e m p e r a t u r e s . S e v e r a l u n 

qua l i f ied e l e m e n t s w e r e u s e d to p e r m i t t h e s e e x p e r i m e n t s to be i n i t i a t e d p r i o r 

to c o m p l e t i o n of a full , qua l i f i ed a r r a y of S8ER e l e m e n t s . 

The S8ER f u e l - m o d e r a t o r a r r a y is shown in F i g u r e 9. E l e m e n t s a r e 

s p a c e d on a 0 .570 - in . u n i f o r m e q u i l a t e r a l t r i a n g u l a r g r i d . Ind iv idua l e l e m e n t s 

a r e ident i f ied by r i n g n u m b e r (Roman n u m e r a l s I t h r o u g h IX) and a p o s i t i o n 

n u m b e r in the r ing ( a r a b l e n u m e r a l s ) . 
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Figure 8. S8ER Fuel Element 
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F i g u r e 9. F u e l and D r u m A r r a y 
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2. I n t e r n a l R e f l e c t o r s 

I n t e r n a l r e f l e c t o r s occupy the s p a c e on the p e r i p h e r y of the c o r e b e t w e e n 

the h e x a g o n a l - f u e l - e l e m e n t p a t t e r n and the c y l i n d r i c a l r e a c t o r - v e s s e l s h e l l . 

T h e s e i n t e r n a l r e f l e c t o r s a r e m a d e of a BeO h o t - p r e s s e d to 98% of t h e o r e t i c a l 

d e n s i t y and c lad wi th 0 .010 - in . - t h i c k H a s t e l l o y - N . They ex tend the full l eng th of 

the c o r e b e t w e e n the u p p e r and lower g r i d p l a t e s . 

3 . S t r u c t u r a l H a r d w a r e 

The u p p e r and l o w e r g r i d p l a t e s a r e c i r c u l a r d i s c s 9 - 3 / 1 6 in . in d i a m e 

t e r . The l o w e r g r i d i s m a d e of H a s t e l l o y - C p l a t e , 5 /16 in. th ick ; the u p p e r 

g r i d i s m a d e of Type 316 s t a i n l e s s s t e e l p l a t e , 11 /32 in . t h i c k . Both g r i d p l a t e s 

a r e p i e r c e d by 211 ho le s 9 /64 in . in d i a m e t e r in a t r i a n g u l a r a r r a y to pos i t i on 

and hold the fuel e l e m e n t s in the c o r e . In add i t ion to t h e s e f u e l - e l e m e n t -

pos i t ion ing h o l e s , both g r i d p l a t e s a r e p i e r c e d by 420 coo lan t flow h o l e s 

a r r a n g e d in a h e x a g o n a l a r r a y s u p e r i m p o s e d on the fuel a r r a y . In the u p p e r 

g r i d , the coo lan t flow h o l e s a r e 5 /32 in . in d i a m e t e r , whi le in the l o w e r g r i d 

they a r e 1/8 in . T h i r t y 1 / 8 - i n . - d i a m e t e r ho l e s a r e l o c a t e d on the p e r i p h e r y of 

both g r i d p l a t e s to pos i t i on and hold the 18 i n t e r n a l r e f l e c t o r s . Six m o r e p e r i 

p h e r a l h o l e s a c c o m m o d a t e the t i e r o d s . 

The c o r e t i e r o d s a r e 7 / 3 2 - i n . - O D Type 316 s t a i n l e s s s t e e l . They b e a r 

on the b a s e of the r e a c t o r v e s s e l and s u p p o r t the c o r e wi th in the v e s s e l a s 

shown in F i g u r e 5. 

A coo lan t flow baffle p la te i s l o c a t e d in the l ower p l e n u m of the r e a c t o r 

v e s s e l 5 /8 in . be low the l ower g r i d p l a t e . This baffle i s a 9-3 / l 6 - i n . - d i a m e t e r 

d i s c of 316 s t a i n l e s s s t e e l , l / l 6 in . t h i c k . 

C. E X P E R I M E N T A L TECHNIQUES AND LIMITATIONS 

R e a c t i v i t y a d j u s t m e n t s w e r e m a d e by : (1) changing the fuel load ing ; 

(2) changing the c o n t r o l d r u m s h i m c o n f i g u r a t i o n s ; (3) changing c o n t r o l d r u m 

p o s i t i o n s ; and (4) i n t r o d u c i n g and r e m o v i n g s p e c i a l e l e m e n t s and m a t e r i a l s of 

v a r i o u s m o d e r a t i n g , c a p t u r i n g , and f i s s ion ing c a p a b i l i t i e s . At a l l t i m e s , the 

e x c e s s r e a c t i v i t y a v a i l a b l e to the o p e r a t o r for s u p e r c r i t i c a l m e a s u r e m e n t s w a s 

p h y s i c a l l y l i m i t e d to l e s s t h a n 50^ . This w a s a c h i e v e d by lock ing a d r u m in the 

OUT p o s i t i o n a n d / o r r e s t r i c t i n g the r o t a t i o n of one o r m o r e d r u m s wi th i n t e r 

m e d i a t e s t o p s . 
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The e x c e s s r e a c t i v i t y of a p a r t i c u l a r a s s e m b l y w a s m e a s u r e d in t e r m s of 

the s t a b l e r e a c t o r p e r i o d . The p e r i o d w a s ob ta ined f r o m s e m i l o g p lo ts o r l e a s t -

s q u a r e s f i t t ing of the i n d i c a t i o n vs t i m e f r o m at l e a s t two n u c l e a r i n s t r u m e n t a t i o n 

c h a n n e l s . Conven t iona l i nhour r e l a t i o n s h i p s w e r e u s e d to c o n v e r t the p e r i o d to 

r e a c t i v i t y in c e n t s . An effect ive d e l a y e d n e u t r o n f r a c t i o n of 0.0077 w a s u s e d 

to c o n v e r t d o l l a r s to r e a c t i v i t y (Ak /k ) . 

S u b c r i t i c a l r e a c t i v i t y add i t i ons w e r e m o n i t o r e d in t e r m s of i n v e r s e m u l t i 

p l i c a t i o n ( l / n ) p lo t s vs e i t h e r the n u m b e r of fuel e l e m e n t s added o r ang le of 

d r u m i n s e r t i o n . I n c r e m e n t a l fuel add i t i ons w e r e l i m i t e d to no m o r e t h a n half 

of the e l e m e n t s r e q u i r e d to a c h i e v e c r i t i c a l i t y (based on the s p a t i a l a v e r a g e of 
235 

the e x t r a p o l a t e d l / n p lo t s ) p r o v i d e d the con ta ined U w a s no g r e a t e r t han 

400 g m (12 e l e m e n t s ) . When c r i t i c a l i t y w a s e x t r a p o l a t e d to wi th in two e l e m e n t s , 

only one fuel e l e m e n t w a s added at e a c h s t e p . In a s i m i l a r f a sh ion , d r u m 

r e a c t i v i t y add i t i ons n e a r c r i t i c a l -were l i m i t e d by l / n e x t r a p o l a t i o n s to p r o d u c e 

a pos i t i ve s t a b l e p e r i o d of 20 s e c o r m o r e . 

A t t e m p t s to d i r e c t l y m e a s u r e s u b c r i t i c a l r e a c t i v i t i e s by p u l s e d n e u t r o n and 

" r o d - d r o p " t e c h n i q u e s w e r e u n s u c c e s s f u l . The a v a i l a b l e p u l s e d n e u t r o n g e n e r 

a t o r could not be p o s i t i o n e d c l o s e enough to the c o r e to p r o d u c e a s a t i s f a c t o r y 

y ie ld of f i s s i o n n e u t r o n s for the decay m e a s u r e m e n t . The r e a c t i v i t y i n c r e m e n t s 

a s s o c i a t e d wi th the r o d - d r o p e x p e r i m e n t s w e r e suff ic ient ly l a r g e (> $3) t ha t the 

" p r o m p t j u m p " could not be r e s o l v e d wi th the e q u i p m e n t a v a i l a b l e a t the t i m e of 

the e x p e r i m e n t s . 

A l l of the m e a s u r e m e n t s w e r e ob ta ined wi th the a s s e m b l y a t an e s s e n t i a l l y 

c o n s t a n t r o o m t e m p e r a t u r e ( ~ 7 5 ° F ) . No r e a c t i v i t y v a r i a t i o n s w e r e o b s e r v e d 

t h a t could be a t t r i b u t e d to t e m p e r a t u r e v a r i a t i o n s . 
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III. MEASUREMENTS AND RESULTS 

The i n i t i a l loading a p p r o a c h to c r i t i c a l w a s begun wi th the 211 d u m m y Inci te 

r o d s in the f u e l - m o d e r a t o r p o s i t i o n s and a c o m p l e t e a r r a y of i n t e r n a l r e f l e c t o r s . 

Luc i te r o d s w e r e r e p l a c e d -with f u e l - m o d e r a t o r e l e m e n t s a s the loading w a s i n 

c r e a s e d . Reduc t i ons in load ings w e r e a c c o m p l i s h e d by r e v e r s i n g the p r o c e s s 

and s u b s t i t u t i n g luc i t e for fuel . T h u s , a l l c o r e pos i t i ons w e r e f i l led wi th n o r 

m a l , t e s t , o r d u m m y c o m p o n e n t s d u r i n g a l l m e a s u r e m e n t s e x c e p t i n g void w o r t h 

de te r m i n a t i o n s . 

The c o r e w a s l oaded s t a r t i n g f r o m one s ide of the c o r e and w o r k i n g t o w a r d 

the o t h e r . The r e s u l t a n t c r i t i c a l load ings w e r e s o m e w h a t skewed h e x a g o n a l 

c y l i n d e r s whose v e r t i c a l a x e s w e r e d i s p l a c e d s l i gh t ly f r o m the a x i s of the c o r e 

v e s s e l . P a r t i a l l y fueled c r i t i c a l load ings g e n e r a l l y con t a ined a c r e s c e n t - l i k e 

luc i t e r e g i o n b e t w e e n one s ide of the f u e l - m o d e r a t o r and the r e f l e c t o r s i m i l a r 

to t ha t shown in F i g u r e 10. This loading s e q u e n c e w a s r e q u i r e d to a s s u r e p o s i 

t ive coupl ing b e t w e e n the " u n c o n t r o l l e d " f u e l - m o d e r a t o r r e g i o n and the e x t e r n a l 

r e f l e c t o r w h e r e the c o n t r o l e l e m e n t s a r e l o c a t e d . 

T h e s e g e n e r a l c o r e load ing cond i t ions p r e v a i l e d t h r o u g h o u t the t e s t i n g 

d e s c r i b e d b e l o w . 

A . C R I T I C A L LOADINGS 

In i t i a l c r i t i c a l i t y of the S8ER a s s e m b l y w a s a c h i e v e d on S e p t e m b e r 17, 1962, 

wi th the A and B r e f l e c t o r s h i m s i n s t a l l e d . The c r i t i c a l a r r a y i s shown i n 

F i g u r e 10 and the c o r e cond i t ions a r e s u m m a r i z e d in Table 2 u n d e r c r i t i c a l 

loading C - 1 . F i g u r e 11 shows the t a i l of the i n v e r s e m u l t i p l i c a t i o n vs n u m b e r 

of fuel e l e m e n t s plot of two t y p i c a l c h a n n e l s for t h i s l oad ing . Al l channe l s 

e x t r a p o l a t e d to a c r i t i c a l loading of 172.2 ± 0.1 f u e l - m o d e r a t o r e l e m e n t s . 

Subsequen t c r i t i c a l load ings wi th d i f fe ren t s h i m or d r u m c o n f i g u r a t i o n s a r e 

a l s o d e s c r i b e d in Table 2. As e x p e c t e d , the n u m b e r of f u e l - m o d e r a t o r e l e m e n t s 

r e q u i r e d to ob ta in c r i t i c a l i t y i n c r e a s e d a s the effect ive r e f l e c t o r t h i c k n e s s w a s 

r e d u c e d . H o w e v e r , the e x p e r i m e n t a l l y d e t e r m i n e d c r i t i c a l load ings w e r e 
4 

l a r g e r t h a n t hose p r e d i c t e d u s i n g the FAIM diffusion code . 

The c a l c u l a t i o n a l e r r o r shown in Table 2 i s the r e a c t i v i t y d i f f e rence b e 

t w e e n the t h e o r e t i c a l r e a c t i v i t i e s ob ta ined for the c a l c u l a t e d and m e a s u r e d 
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TABLE 2 

S8ER CRITICAL LOADINGS 

S h i m s i n s t a l l e d 

Effec t ive r e f l e c t o r t h i c k n e s s , in . 

D r u m s locked out 

N u m b e r Inc i te r o d s 

N u m b e r f u e l - m o d e r a t o r e l e m e n t s 

E x c e s s r e a c t i v i t y , <i 

E x t r a p o l a t e d c r i t i c a l loading 

C a l c u l a t e d c r i t i c a l loading 

C a l c u l a t i o n a l e r r o r , %Ak/k 

Load ing D e s i g n a t i o n 

C - l 

A - B 

3.78 

None 

38 

178 

+9.7 

172.2 

152 

3 .0 

C - 2 

A 

3.08 

None 

25 

186 

+14.3 

185.4 

169 

2 .0 

C - 3 

None 

2.34 

None 

0 

211 

- 2 8 

213.2 

196 

1.5 

C - 4 

A - B 

3.78 

No. 6 

20 

191 

+9.3^ 

190.2 

*Crit ical i ty was not achieved with the fully loaded co re . Negative reactivity 
was es t imated from extrapolated c r i t i ca l loading. 

t E x c e s s available to operator if Drum No. 6 were unlocked would have 
been 374^. 

c r i t i ca l loadings. It appears that the e r r o r is sensit ive to ref lector th ickness . 

This sensit ivity is probably exaggerated because the one-dimensional FAIM 

model cannot totally descr ibe the physical a s y m m e t r i e s of the exper iments in

volving less than 211 fuel -moderator e lements . Although FAIM had proved 

remarkab ly successful in predicting the excess react ivi t ies of previous SNAP 

reac tor a s s e m b l i e s , experiment and theory did not closely agree in this c a se . 

It is believed that the discrepancy is due to l imitations imposed by (1) a r e l a 

tively smal l number of t he rma l neutron energy groups, (2) one-dimensional 

geometry approximat ions , and (3) the normal diffusion theory approximat ions . 

After- the-fact calculations of the excess react ivi ty using more sophist icated 

diffusion or t r anspor t theory approaches have reduced the e r r o r s to less than 

1% (Ak/k). 

Cr i t ica l loading C-4 was the reference core condition for measurement s of 

power distr ibut ions and the worths of specia l fuel rods and a b s o r b e r s . With this 

configuration, the excess react ivi ty could be conveniently increased or decreased 

in smal l increments to measu re the react ivi ty changes produced by special m a 

t e r i a l s . Also, at the core positions where the react ivi ty effects were measured , 

the reac tor response was effectively that of a fully fueled co re . 
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B. RADIAL REFLECTOR WORTH 

The incrementa l react ivi ty worths of four reflector shim configurations 

(or effective radia l ref lector th icknesses) were determined. Comparative r e 

sults a r e shown in Table 3. 

B shim worth was determined by measur ing a react ivi ty loss of Abi due to 

the removal of a single B shim from Drum No. 3 with A and B shims on al l 

other d r u m s . The worth of B-sh im configuration was obtained by multiplying 

the single shim worth by six. This assumption that the single B-sh im worth is 

represen ta t ive of the average is not completely r igorous . However, it does 
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TABLE 3 

RADIAL REFLECTOR WORTH 

S h i m con f igu ra t i on 

S h i m m e a s u r e d 

A c t u a l s h i m t h i c k n e s s , in . 

Effec t ive s h i m t h i c k n e s s , in . 

Single s h i m w o r t h , <i. 

S i x - s h i m w o r t h , $ 

S i x - s h i m w o r t h , %Ak/k 

P r e d i c t e d s i x - s h i m w o r t h , %Ak/k 

Effec t ive R e f l e c t o r T h i c k n e s s 
(in.) 

2.34 

None 

3.08 

A 

A 

0.75 

0.74 

58.7 

3.52 

2.71 

3.0 

3.78 

A - B 

B 

0.88 

0.70 

46 

2.76 

2.13 

2.5 

4 .73 4.47 

A - C - B A - B - B 

„ Second 
^ B 

1.13 0.88 

0.95 0.69 

41 28.5 

2.46 1.71 

1.89 1.32 

Not P r e d i c t e d 

provide an evaluation that is within the l imits of uncertainty of the only relat ively 

elegant and expensive calculational techniques avai lable. 

For the A sh ims , the total worth was deduced by subtracting B shim worth 

from the difference between the excess react ivi t ies determined for the no-sh ims 

and A-B shims configurations (see Sec. III-H). The single A shim worth of 

58.7^ l is ted in Table 3 is one-sixth of the total . 

The c r i t i ca l loading determinat ions pointed up the possible need for increased 

effective ref lector thickness to provide sufficient excess react ivi ty for core 

lifetime r equ i r emen t s . Two s ingle-shim worth measu remen t s were obtained 

using methods s imi la r to the B shim worth determinat ions above. A second B 

shim (previously removed from Drum No. 1) was added to Drum No. 3 and a 

react ivi ty gain of 28.5(^ was measu red . The extra thickness of two B shims on 

Drum No. 3 prevented it from being rotated to the full-in (105°) posi t ionbecause 

of mechanical in terference from the adjacent s t ruc tu ra l tie rod. There is one 

such rod between the upper and lower ref lector assembly f rames adjacent to 

each set of d rum bear ings (see Figure 6 for example). The react ivi ty m e a s u r e 

ment was made with Drum No. 3 at 85.83°. F r o m a considerat ion of the drum 

cal ibrat ion m e a s u r e m e n t s , the worth of the second B shim at 85.83° is effec

tively the same as at 105°. The C shim, instal led between the A and B shims 

of Drum No. 4 (which could be rotated in to 105°), added 4 1 ^ . As in the init ial 
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B s h i m m e a s u r e m e n t , the i n c r e m e n t a l w o r t h s of the s e c o n d B s h i m and the C 

s h i m c o n f i g u r a t i o n s w e r e ob ta ined by mu l t i p ly ing the s ing le s h i m w o r t h s by s i x . 

The p r e d i c t e d s h i m w o r t h s l i s t e d in Table 3 w e r e ob ta ined wi th the a id of 

5 

U L C E R —a 4 0 - g r o u p , o n e - d i m e n s i o n a l diffusion t h e o r y c o d e . This code p r o 

v i d e s a m o r e r e f i ned def in i t ion t h a n FAIM of the s p a t i a l t h e r m a l s p e c t r u m 

v a r i a t i o n ef fec ts tha t a r e i m p o r t a n t when the r e f l e c t o r t h i c k n e s s i s v a r i e d . In 

sp i t e of t h e s e r e f i n e m e n t s , the e r r o r in r e f l e c t o r r e a c t i v i t y w o r t h s a p p e a r s to 

i n c r e a s e wi th i n c r e a s i n g r e f l e c t o r t h i c k n e s s a s did the e r r o r r e s u l t i n g f r o m 

the FAIM c a l c u l a t i o n s of c r i t i c a l load ings in Sec t ion I I I -A a b o v e . The r a d i a l 

r e a c t o r m o d e l e m p l o y e d for bo th the FAIM and U L C E R c a l c u l a t i o n s w a s b a s e d 

on a s - b u i l t d i m e n s i o n s and c o m p o s i t i o n s w h e r e they w e r e a v a i l a b l e . H o w e v e r , 

d i r e c t m e a s u r e m e n t s of the d e n s i t y of, and i m p u r i t i e s in , the Be r e f l e c t o r a r e 

l a c k i n g . 

M e a s u r e m e n t s ob ta ined f r o m o t h e r b e r y l l i u m p l a t e s f a b r i c a t e d by the S8ER 

v e n d o r to S8ER s p e c i f i c a t i o n s h a s r e v e a l e d a p o t e n t i a l c a l c u l a t e d d e c r e a s e in 

r e f l e c t o r w o r t h of a p p r o x i m a t e l y 0.5% A k / k . T h e s e d i f f e r e n c e s b e t w e e n the 

a s s u m e d and the deduced " a s - b u i l t " r e f l e c t o r d e n s i t y and i m p u r i t i e s a p p e a r to 

a c c o u n t for the d i s c r e p a n c y b e t w e e n the c a l c u l a t e d and e x p e r i m e n t a l r e f l e c t o r 

w o r t h s . 

C. C O N T R O L E L E M E N T CALIBRATIONS 

C o n t r o l e l e m e n t o r d r u m c a l i b r a t i o n s w e r e ob ta ined wi th t h r e e d i f fe ren t 

s h i m c o n f i g u r a t i o n s and wi th a v a r i e t y of d r u m conf igu ra t i ons to d e t e r m i n e d r u m 

i n t e r a c t i o n s . No c a l i b r a t i o n s of the b a r e , u n s h i m m e d d r u m s w e r e m a d e b e 

c a u s e t h e r e w a s not suff ic ient r e a c t i v i t y to o p e r a t e in t h i s m o d e . Within the 

r e a c t i v i t y l i m i t s — both t o t a l and o p e r a t i o n a l — the ef fec ts of r e f l e c t o r t h i c k n e s s 

and d r u m i n t e r a c t i o n s w e r e d e t e r m i n e d . 

1. E f fec t s of R e f l e c t o r T h i c k n e s s 

C o n t r o l D r u m No. 5 w a s c a l i b r a t e d wi th a n A s h i m and wi th an A - B s h i m 

con f igu ra t i on on a l l d r u m s . The p o s i t i o n s of the ad j acen t d r u m s (Nos . 4 and 6) 

w e r e m a i n t a i n e d c o n s t a n t at the IN l i m i t d u r i n g the c a l i b r a t i o n s . F i g u r e s 12 

and 13 show the d r u m w o r t h s ob ta ined . A t h i r d c a l i b r a t i o n , shown in F i g u r e 14, 

w a s m a d e wi th a n A - C - B s h i m con f igu ra t i on on one d r u m and A - B s h i m s on the 

r e m a i n i n g five d r u m s . M e a s u r e m e n t s of the A s h i m and A - C - B s h i m inc luded 
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Figure 13. S8ER Control Element Worth - Drum No. 5 with A-B Shim 
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drum rotation about 22° beyond the normal OUT position of 0° . The drum 

worths as a function of ref lector thickness a re compared in Table 4. 
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Figure 14. S8ER Control Element Worth — Drums Nos. 4 and 5 
with A - C - B Shim 

TABLE 4 

CONTROL DRUM WORTH 

Shim configuration 

Drum worths , $ 

0° to 105° 

-22° to 0° 

Drum wor ths , %Ak/k 

0° to 105° 

-22° to 0° 

Maximum differential worth , il° 

Effective 

3.08 

A 

3.37 

0.04 

2.59 

0.0308 

5.9 

Reflector 
(in.) 

3.78 

A-B 

3.67 

2.83 

6.0 

Thickness 

4.73 

A-C-B 

3.56 

0.24 

2.75 

0.185 

6.0 
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The c a l i b r a t i o n c u r v e s in F i g u r e s 12, 13, and 14 w e r e deve loped by 

t r a d i t i o n a l t e c h n i q u e s . Stable r e a c t o r p e r i o d s —produced by i n c r e m e n t a l r o 

t a t i o n s of the d r u m be ing c a l i b r a t e d —were m e a s u r e d and r e l a t e d to r e a c t i v i t y 

t h r o u g h the inhour f o r m u l a . C o m p e n s a t i n g r e a c t i v i t y a d j u s t m e n t s w e r e a c h i e v e d 

u s i n g o t h e r d r u m s a n d / o r by ad jus t ing the fuel loading wi th in the 5 0 - c e n t e x c e s s 

r e a c t i v i t y l im i t i m p o s e d on the e x p e r i m e n t s . These a d j u s t m e n t s w e r e m a d e in 

c o r e r e g i o n s r e m o t e f r o m the d r u m being c a l i b r a t e d t h e r e b y m i n i m i z i n g — if not 

e l i m i n a t i n g — any p o t e n t i a l r e a c t i v i t y i n t e r a c t i o n e f f ec t s . The i n c r e m e n t a l i n 

t e g r a l m e a s u r e m e n t s w e r e f i t ted and s m o o t h e d p i e c e w i s e to c o n s t r u c t the i n t e 

g r a l w o r t h c u r v e s , and the d i f f e r en t i a l w o r t h c u r v e s w e r e ob ta ined g r a p h i c a l l y 

f r o m the i n t e g r a l c u r v e s . An e s t i m a t e d m a x i m u m u n c e r t a i n t y of ±10 p e r cent 

in t o t a l w o r t h is a s s i g n e d to the c a l i b r a t i o n s . 

B e c a u s e of the s y m m e t r i e s a s s o c i a t e d wi th the m e a s u r e m e n t s , i . e . , 

ad j acen t d r u m s IN, the c a l i b r a t i o n s ob ta ined a r e a s s u m e d to be va l id for any 

drunn in a s i m i l a r con f igu ra t i on . On t h i s b a s i s , the A - C - B s h i m c a l i b r a t i o n in 

F i g u r e 14 w a s ob ta ined us ing D r u m No. 5 f r o m -22° to +15° and D r u m No. 4 

f r o m 18° to 105° . The m e c h a n i c a l i n t e r f e r e n c e of the s t r u c t u r a l t ie r o d s p r e 

v e n t e d the u s e of a s ing le d r u m o v e r the e n t i r e r a n g e of d r u m r o t a t i o n (see 

a l s o Sec t i on I I - B ) . 

F o r c o m p a r i s o n , the i n t e g r a l c u r v e s f r o m F i g u r e s 12, 13, and 14 a r e 

p r e s e n t e d in F i g u r e 15 to show the ef fects of r e f l e c t o r t h i c k n e s s . A s i m i l a r 

c o m p a r i s o n i s shown in F i g u r e 16 for the d i f f e r en t i a l w o r t h . 

The t o t a l w o r t h of the A - s h i m m e d d r u m w a s p r e v i o u s l y c a l c u l a t e d to be 

2.7% A k / k , wh ich c o m p a r e s f avo rab ly wi th the m e a s u r e d w o r t h of 2.59%. A t w o -

d i m e n s i o n a l t r a n s p o r t c a l c u l a t i o n w a s e m p l o y e d , u s i n g the 2DXY code wi th 

f o u r - g r o u p c r o s s s e c t i o n s . 

2. E l e m e n t I n t e r a c t i o n s 

The w o r t h of a c o n t r o l d r u m is e x p e c t e d to be dependen t upon the c o r e 

r e l a t i v e fliix shape p r o d u c e d by the p o s i t i o n s of the o t h e r d r u m s . This i n t e r 

a c t i o n effect i s qu i te p r o n o u n c e d b e t w e e n ad j acen t d r u m s , p a r t i c u l a r l y when 

t h e s e d r u m s d r i v e in t o w a r d e a c h o t h e r a s do D r u m s N o s . 5 and 6 o r D r u m s 

N o s . 2 and 3 ( see F i g u r e 9). The w o r t h of D r u m No. 5 b e t w e e n the 70° and the 

IN pos i t i on w a s m e a s u r e d wi th t h r e e d i f fe ren t d r u m conf igu ra t i ons and an A - B 

s h i m c o n f i g u r a t i o n . As shown in F i g u r e 17, the w o r t h of D r u m No. 5 i s not 

N A A - S R - 9 6 4 2 
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Figure 17. S8ER Control Element Interact ion 

significantly influenced by the position of Drum No. 1. However, the worth of 

the innermost 35° of Drum No. 5 is reduced by almost one-half when the adjacent 

Drum No. 6 is OUT. 

D. POWER DISTRIBUTIONS 

Axial and radia l power distr ibutions a re shown in Figures 18 and 19. The 

exper imenta l resu l t s a r e indicated by data points and a re normal ized to the 
4 5 

calculated peak power at the center of the co re . FAIM and ULCER codes 
were used respect ively to obtain the calculated axial and radia l power prof i les . 

The axial distr ibution was measu red using a special fuel element at the core 

center position. The fuel-moderator rod consisted of seven two-inch segments 

which, with the exception of the uppermost segment, had essent ia l ly normal 
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235 
u r a n i u m and h y d r o g e n con t en t . The t op s e g m e n t had an N „ of z e r o . U foils 

H 

w e r e p l a c e d b e t w e e n the s e g m e n t s , a c t i v a t e d at low r e a c t o r p o w e r for 30 m i n u t e s , 

and s u b s e q u e n t l y coun ted wi th a s c i n t i l l a t i o n c o u n t e r . S t a n d a r d c o r r e c t i o n s for 

b a c k g r o u n d , d e c a y , and foil we igh t w e r e a p p l i e d . F o r the r a d i a l m e a s u r e m e n t , 
235 

the U foi ls w e r e t a p e d to the c e n t e r of the s i d e s of the fuel e l e m e n t s b e t w e e n 

the c o r e c e n t e r and D r u m No. 3 , wh ich w a s fully i n s e r t e d . 

E . REACTIVITY WORTHS O F S P E C I A L F U E L RODS AND ABSORBERS 

To p r o v i d e b a s i c da ta for fu tu re a n a l y s i s and i n t e r p r e t a t i o n of r e a c t o r p e r 

f o r m a n c e a t p o w e r and t e m p e r a t u r e , the w o r t h s of a r ange of fuel , m o d e r a t o r 

and po i son d e n s i t i e s in e l e m e n t s w e r e m e a s u r e d . S p e c i a l a b s o r b e r s w e r e 

e v a l u a t e d for p o s s i b l e u s e in c r i t i c a l i t y c o n t r o l . 

235 1. V a r i a t i o n in N^T and U D e n s i t i e s 

The a x i a l and r a d i a l v a r i a t i o n s in the r e a c t i v i t y w o r t h of the h y d r o g e n 

m o d e r a t o r w e r e d e t e r m i n e d by m e a s u r i n g the d i f f e r e n c e s b e t w e e n s p e c i a l fuel 

r o d s o r r o d s e g m e n t s hav ing n o r m a l and z e r o h y d r o g e n con t en t . 

A x i a l m e a s u r e m e n t s w e r e ob ta ined at the c o r e c e n t e r (pos i t ion I - l ) 

u s i n g the s e g m e n t e d fuel r o d d e s c r i b e d in Sec t i on I I I -D a b o v e . The w o r t h of the 

z e r o N „ s e g m e n t a t the s e v e n p o s s i b l e e l e v a t i o n s is shown in F i g u r e 20. The 
22 3 

" n o r m a l " fuel s e g m e n t s had a n N^j of 6.3 x 10 a t o m s / c m . 

R a d i a l v a r i a t i o n s w e r e d e t e r m i n e d by c o m p a r i n g c o m p l e t e fuel e l e m e n t s 
22 

hav ing n o m i n a l z e r o , 3.0, 5.0, and 6.0 x 10 N^j d e n s i t i e s a t the c o r e c e n t e r 

(pos i t ion I - l ) , a t one -ha l f the c o r e r a d i u s (pos i t ion V - 2 3 ) , and at the c o r e 

p e r i p h e r y (pos i t ion I X - 4 5 ) . The d i f f e r e n c e s b e t w e e n the N - 0 e l e m e n t and the 

o t h e r e l e m e n t s give the w o r t h of h y d r o g e n in the r e s p e c t i v e r o d s . T h e s e dif

f e r e n c e s a r e p lo t t ed in F i g u r e 2 1 . 

F o r the c e n t r a l c o r e pos i t i on , the w o r t h s of d i f fe ren t v a l u e s of h y d r o g e n 

c o n c e n t r a t i o n w e r e p r e d i c t e d u s i n g the FAIM code to d e t e r m i n e the c a l c u l a t e d 

v a l u e s . T h e s e v a l u e s a r e c o m p a r e d to the e x p e r i m e n t a l m e a s u r e m e n t s in 

Table 5 . 

S t a n d a r d f u e l - m o d e r a t o r r o d s r e p r e s e n t i n g the r a n g e of n o r m a l m a n u 

f a c t u r i n g t o l e r a n c e s w e r e p l a c e d in the c o r e c e n t e r pos i t i on and t h e i r w o r t h s 

r e l a t i v e to a Inc i te rod and a void w e r e m e a s u r e d . Z e r o N^r r o d s w e r e m e a s u r e d 
rl 
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re la t ive to a void at the center , at one-half the core rad ius , and at the core 

per iphery . Table 6 gives the resul ts of the measu remen t s and the composition 

of each rod. 

TABLE 5 

ROD WORTH WITH VARYING N 
AT CORE CENTER 

^ H 

0 

3 

5 

6 

Worth 
U) 

Exper iment 

0 

22.6 

34.1 

39.6 

Calculated 

0 

20.8 

35.1 

41.6 

TABLE 6 

ROD WORTH WITH VARYING U^^^ AND N,, DENSITIES 

Rod 
No. 

Lucite 

E-181 

E-672 

E-669 

E-671 

E-661 

E-660 

E-661 

E-661 

Fuel 
Weight 

(gm) 

70.64 

309.3 

311.5 

317.3 

293.9 

278.0 

278.3 

278.0 

278.0 

^H 

(x 10^2) 

5.97 

6.27 

5.97 

6.15 

0 

0 

0 

0 

Percent 
Uranium 

9.70 

9.95 

10.11 

9.32 

9.54 

9.78 

9.54 

9.54 

Position 

I - l 

I - l 

I - l 

I - l 

I - l 

I - l 

V-23 

V-23 

IX-45 

Worths 
U) 

Relative to Lucite 

1.4 

4.3 

5.8 

3.5 

Relative to Void 

45 

46.4 

49.3 

50.8 

48.5 

11.5 

9.0 

10.0 

14.5 

F r o m the data in Figure 21 and Table 6, the approximate worth of a 

normal fuel rod relat ive to a void can be establ ished for the three radial 

positions measu red . The resu l t s a r e tabulated in Table 7 and compared to 
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T A B L E 7 

RADIAL VARIATION IN ROD WORTH 

C o r e p o s i t i o n 

H y d r o g e n w o r t h , </ 

U r a n i u m w o r t h , 4-

F u e l r o d w o r t h , i 

C a l c u l a t e d w o r t h , i 

C e n t e r 

I - l 

39.6 

11.5 

51.1 ± 3 

60 

1/2 Rad iu s 

V-23 

35.0 

10.0 

45.0 ± 3 

52.5 

P e r i p h e r y 

IX-45 

15.0 

14.5 

29.5 ± 3 

27.5 

the r o d w o r t h s c a l c u l a t e d by the FAIM c o d e . The u n c e r t a i n t y of ±2>i in the 

m e a s u r e d v a l u e s r e p r e s e n t s the e s t i m a t e d r a n g e m a n u f a c t u r i n g and e x p e r i 

m e n t a l t o l e r a n c e s . 

2. B u r n a b l e P o i s o n Coat ing 

The po i son w o r t h of the c e r a m i c S m _ 0 coa t ing i n s ide the fuel e l e m e n t 

c a n s w a s d e t e r m i n e d for one and for two e m p t y c a n s at the c o r e c e n t e r . An 

e m p t y , u n c o a t e d fuel c a n w a s w o r t h -\i, and the c o a t i n g s w e r e w o r t h -2.5«^ and 

-4.3«^ for one and two c a n s r e s p e c t i v e l y . A s t r a i g h t f o r w a r d a v e r a g i n g of the 

m e a s u r e d coa t ing w o r t h s y i e l d s -2.3«5/can at the c o r e c e n t e r . 

3 . S a m a r i u m Wor th 

A s i m p l e e x p e r i m e n t w a s d e v i s e d to ob ta in a rough m e a s u r e m e n t of the 

r e a c t i v i t y coeff ic ient of s a m a r i u m o x i d e , i . e . , w o r t h / g r a m S m _ 0 , . A 0 . 1 0 7 - g m 

s a m p l e of S m ^ O - w a s sandwiched in a th in l a y e r b e t w e e n a l u m i n u m foil and 

Sco tch t ape to m i n i m i z e s e l f - s h i e l d i n g e f f e c t s . This r i b b o n - l i k e s a m p l e w a s 

s u p p o r t e d in an u n c o a t e d fuel can and the w o r t h w a s m e a s u r e d a t two c o r e 

l oca t i ons a s shown in Table 8. 

TABLE 8 

WORTH O F SAMARIUM OXIDE 

C o r e P o s i t i o n 

I - l 

V-23 

0.107 gm 
Wor th 

-2>M 

-2>Ai 

W o r t h / g m S m O 

-33«^ 

-32i 
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A s s u m i n g the w o r t h a t the h a l f - r a d i u s pos i t i on V-23 is r e p r e s e n t a t i v e of the 

c o r e a v e r a g e w o r t h , the i n i t i a l w o r t h of the S m _ 0 b u r n a b l e p r e p o i s o n i s c a l c u 

l a t ed a s fo l lows : 

- 32 cen t s j ; p;— X 8.51 g m S m _ 0 . = -272 ce 
gm S m _ 0 _ '^ 2 3 

n t s 

P r e p o i s o n w o r t h w a s p r e d i c t e d o r i g i n a l l y to be -338 c e n t s b a s e d on an 

i n i t i a l c o r e loading of 10.11 g m S m ^ O . By f u r t h e r a s s u m i n g a l i n e a r r e l a t i o n 

s h i p b e t w e e n c o r e loading and po i son w o r t h , the a s - b u i l t p r e d i c t e d S m _ 0 _ w o r t h 

i s -285 c e n t s . The a g r e e m e n t b e t w e e n the two v a l u e s i s r e m a r k a b l e and m a y be 

fo r tu i t ous c o n s i d e r i n g the s impl i fy ing a s s u m p t i o n s . H o w e v e r , e x t e n s i o n of t h i s 

a n a l y s i s to the coa t ing m e a s u r e m e n t s of Sec t ion I I I - E - 2 above p r o d u c e s a s i m i 

l a r a g r e e m e n t . The a s - b u i l t p r e d i c t e d w o r t h of the c e n t r a l can coa t ing i s 

-2 .2 c e n t s c o m p a r e d to the -2 .3 cen t s m e a s u r e d . 

4 . B o r o n Wor th 

The r e a c t i v i t y coeff ic ient m e a s u r e m e n t d e s c r i b e d above for S m „ 0 _ w a s 

r e p e a t e d to d e t e r m i n e b o r o n w o r t h and , in add i t ion , the w o r t h of a b o r o n - f i l l e d 

r o d a t the c o r e c e n t e r w a s m e a s u r e d . The t e s t cond i t ions and r e s u l t s a r e shown 

in Table 9 be low . 

TABLE 9 

BORON WORTH AT CORE CENTER 

Weight boron, gm 

Measured worth , <i 

Relative to void 

Relative to fuel 

Worth 1 gm boron. i 

Ribbon 

0.1966 

-9.5 

-48 

Rod 

16.04 

-182 

-232 

-11 

The s e l f - s h i e l d i n g e f fec t s of the rod a r e ev iden t . 
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5. Wor th of P o i s o n Sp l ines 

The w o r t h s of s p e c i a l po i son s p l i n e s , p r o p o s e d for c r i t i c a l i t y c o n t r o l 

d u r i n g s u b s e q u e n t e x p e r i m e n t s , w e r e d e t e r m i n e d in s e v e r a l d i f fe ren t a r r a y s . 

The s p l i n e s w e r e l / 1 6 - i n . - O D tubing f i l led wi th 1 to 2 g m of a m i x t u r e of r a r e 

e a r t h o x i d e s . A s ing le sp l ine could be i n s e r t e d in the void r e g i o n b e t w e e n any 

t h r e e a d j a c e n t fuel e l e m e n t s and would p r o v i d e c o n t r o l ove r the e n t i r e l ength of 

the fuel e l e m e n t s . The r e s u l t s a r e t a b u l a t e d in Table 10. C o m p a r a t i v e w o r t h s 

c a l c u l a t e d u s ing the ULCER code a r e inc luded and a r e in good a g r e e m e n t wi th 

the v a l u e s m e a s u r e d . The i n t e r a c t i o n o r shadowing effects of ad j acen t s p l i n e s 

a p p e a r to be n e g l i g i b l e . 

TABLE 10 

WORTH OF POISON S P L I N E S 

Spl ine A r r a y 

1 c e n t e r e d 

6 c l u s t e r e d a r o u n d 
c e n t e r r o d 

6 c l u s t e r e d a r o u n d 
r o d VI-26 

6 d i s t r i b u t e d b e t w e e n 
fuel r i n g s VI and VII 

19 u n i f o r m l y d i s t r i b u t e d 
o v e r the c o r e 

Tota l Weight 
of P o i s o n 

(gm) 

2.05 

12.1 

12.1 

12.1 

34.56 

Wor th 

M e a s u r e d 

- 8 

-52 .5 

-36 .0 

-34 .5 

-146 .5 

C a l c u l a t e d 

-51 .1 

-40 .2 

-130 .5 

A v e r a g e Spline 
Wor th 

U) 

- 8 

-8 .8 

-6 .0 

-5 .8 

-7 .7 

F . R E A C T I V I T Y WORTH O F I N T E R N A L R E F L E C T O R INSERTS 

T h r e e of the BeO i n t e r n a l r e f l e c t o r i n s e r t s a long the flat of the c o r e a d 

j a c e n t to D r u m No. 4 w e r e ind iv idua l ly and c o l l e c t i v e l y r e m o v e d to d e t e r m i n e 

t h e i r w o r t h r e l a t i v e to a vo id . The r e s u l t a n t m e a s u r e m e n t s and the w o r t h s 

c a l c u l a t e d by ULCER a r e shown in Table 11 . 

The r e l a t i v e l y l a r g e d i s c r e p a n c y b e t w e e n m e a s u r e m e n t and c a l c u l a t i o n i s 

a t t r i b u t e d to the d i f f e r e n c e s b e t w e e n the e x p e r i m e n t and the a n a l y t i c a l m o d e l . 

The c o r e - r e f l e c t o r i n t e r f a c e r e g i o n of the m o d e l i s s y m m e t r i c a l in the a n g u l a r 

d i r e c t i o n . T h u s , the effect of r e m o v i n g one o r m o r e i n s e r t s i s u n i f o r m l y 
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TABLE 11 

WORTH O F BeO I N T E R N A L R E F L E C T O R S 

I n s e r t R e m o v e d 

F i r s t f lat i n s e r t 

Second flat i n s e r t 

D i n s e r t 

A l l t h r e e i n s e r t s 

M e a s u r e d 

- 1 2 

- 1 5 

-6 .3 

-34 .7 

Wor th 

U) 
C a l c u l a t e d 

-19 .5 

-21 .1 

-8 .7 

-47 .7 

s m e a r e d ove r the e n t i r e i n t e r f a c e r e g i o n . The a n a l y t i c a l m o d e l does r e v e a l a 

d i s t i n c t n o n - l i n e a r i t y in the w o r t h s of s u c c e s s i v e r e m o v a l s of r e f l e c t o r i n s e r t s . 

The e x p e r i m e n t a l w o r t h of a l l 18 i n s e r t s i s $4 .50 , e x t r a p o l a t e d by m e a n s of the 

ULCER code f r o m the m e a s u r e m e n t of 3 i n s e r t s . 

G. P I L E NOISE M E A S U R E M E N T S 

Us ing the m e t h o d s d e s c r i b e d in R e f e r e n c e 5, the m e a s u r e d |3 rr/H' r a t i o 
-1 - 1 ^ 

w a s 950 s e c ±10% c o m p a r e d to a c a l c u l a t e d va lue of 1060 s e c " . The value 

deduced for the m e a n p r o m p t n e u t r o n l i f e t i m e , I. i s 8.1 x 10 s e c , a s s u m i n g 

the c a l c u l a t e d effect ive d e l a y e d n e u t r o n f r a c t i o n of 0 .0077. 

H. T O T A L EXCESS REACTIVITY 

The e x c e s s r e a c t i v i t y of the S8ER m a y be i n f e r r e d d i r e c t l y for two s h i m 

con f igu ra t i ons f r o m m e a s u r e m e n t s ob ta ined wi th the fully fueled c o r e . The 

f i r s t of t h e s e i s loading C-3 d e s c r i b e d in Table 2, and the s e c o n d m e a s u r e m e n t 

w a s a c r i t i c a l d r u m conf igu ra t i on wi th the A - B s h i m s i n s t a l l e d . 

Load ing C-3 w a s a s u b c r i t i c a l con f igu ra t i on wi th no r e f l e c t o r s h i m s i n 

s t a l l e d . The c r i t i c a l loading e x t r a p o l a t e d to 213.2 fuel e l e m e n t s , 2.2 e l e m e n t s 

m o r e t h a n the fully fueled r e a c t o r . Both c a l c u l a t i o n s and m e a s u r e m e n t s i n d i 

ca te t h a t the a v e r a g e w o r t h of p e r i p h e r a l fuel r e l a t i v e to luc i t e i s a p p r o x i m a t e l y 

13^ p e r e l e m e n t . T h e r e f o r e Loading C - 3 h a s an e x c e s s r e a c t i v i t y of 

- (2 .2 X 13«^) = -ZSi. 

The c r i t i c a l con f igu ra t i on d e t e r m i n e d wi th the A - B s h i m w a s ob ta ined wi th 

D r u m No. 1 locked OUT, D r u m No. 5 a t 4 1 . 4 ° , and the r e m a i n i n g d r u m s IN. 
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A s s u m i n g tha t the D r u m No. 1 and D r u m No. 5 c a l i b r a t i o n s a r e i d e n t i c a l b e c a u s e 

of the a d j a c e n t - d r u m s - I N s y m m e t r y c o n s i d e r a t i o n s , the e x c e s s r e a c t i v i t y is 

deduced a s fo l lows : 

D r u m No. 1 OUT $3.67 

D r u m No. 5 @ 41 .4° 2.33 

A - B Sh im E x c e s s 
R e a c t i v i t y $6.00 

Using t h e s e two m e a s u r e d e x c e s s r e a c t i v i t y v a l u e s and the s i x - s h i m w o r t h s 
of Table 3, the S8ER co ld , d r y e x c e s s r e a c t i v i t y a s a funct ion of effect ive r e 
f l e c t o r t h i c k n e s s i s d e t e r m i n e d a s shown i n Table 12. The m e a s u r e d and c a l c u 
l a t ed v a l u e s of K ^̂  a r e i n c l u d e d . ULCER w a s u s e d to d e t e r m i n e the c a l c u l a t e d 

eff 

v a l u e s wh ich a r e in r e a s o n a b l e a g r e e m e n t wi th the m e a s u r e m e n t s . F o r c o m 

p l e t e n e s s , rough a p p r o x i m a t i o n s of the t o t a l d r u m w o r t h and s u b c r i t i c a l m a r g i n s 

a r e l i s t e d . These t o t a l d r u m w o r t h s a r e s i m p l y the m e a s u r e d s ingle d r u m 

w o r t h s m u l t i p l i e d by s ix wi th no a l l owance m a d e for d r u m i n t e r a c t i o n . 

TABLE 12 

S8ER EXCESS REACTIVITY 

S h i m con f igu ra t i on 

E x c e s s r e a c t i v i t y , $ 

E x c e s s r e a c t i v i t y , %Ak/k 

M e a s u r e d K ^̂  eff 
C a l c u l a t e d K , , 

eff 

A p p r o x i m a t e t o t a l d r u m w o r t h , $ 

A p p r o x i m a t e s u b c r i t i c a l m a r g i n , $ 

Effec t ive R e f l e c t o r T h i c k n e s s 
(in.) 

2.34 

None 

-0 .28 

-0 .22 

0.9978 

1.001 

3.08 

A 

3.24 

2.49 

1.026 

1.033 

20.20 

17.00 

3.78 

A - B 

6.00 

4.62 

1.048 

1.056 

22.00 

16.00 

4.73 

A - C - B 

8.46 

6.51 

1.070 

1.079 

21.35 

12.90 

4.47 

A - B - B 

7.71 

5.94 

1.063 

1.074 
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IV. CONCLUSIONS 

The n u c l e a r c h a r a c t e r i s t i c s of the d r y S8ER c o r e w e r e d e t e r m i n e d to c o n 

f i r m and re f ine the c a l c u l a t i o n a l t e c h n i q u e s u s e d in the d e s i g n of S N A P r e a c t o r s 

and to p r o v i d e da ta to define and i n t e r p r e t s u b s e q u e n t r e a c t o r e x p e r i m e n t s . 

The b e s t c a l c u l a t e d v a l u e s of r e f l e c t o r w o r t h a p p e a r to be t hose ob ta ined 

us ing ULCER r a t h e r t h a n F A I M . H o w e v e r , the FAIM code p r o v i d e s r e l i a b l e 

v a l u e s for the r e a c t i v i t y ef fects of fuel r o d s and a b s o r b e r s wi th in the c o r e . 

As a r e s u l t of t h e s e e x p e r i m e n t s , a modi f i ed A - C - B s h i m con f igu ra t i on 

w a s i n s t a l l e d in the power t e s t fac i l i ty to p r o v i d e suff ic ient e x c e s s r e a c t i v i t y 

p lus s o m e con t ingency for S8ER o p e r a t i o n s at p o w e r . 

F u t u r e b e r y l l i u m - r e f l e c t e d r e a c t o r e x p e r i m e n t s should p r o v i d e for d i r e c t 

d e t e r m i n a t i o n of the we igh t s and i m p u r i t i e s of the Be and BeO c o m p o n e n t s . 

This i n f o r m a t i o n w i l l a id in r e s o l v i n g and u n d e r s t a n d i n g the e x p e r i m e n t a l -

c a l c u l a t i o n a l d i f f e r e n c e s e n c o u n t e r e d h e r e . 
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