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I PROGRAM OBJECTIVES 

The ob jec t ives of the SNAP 8 r e a c t o r p r o 

g r a m a r e to a s s e m b l e and t e s t the 600-kwt , 

1300°F SNAP 8 r e a c t o r and to cont inue the d e 

ve lopmen t of technology to p rov ide a r e a c t o r 

capabi l i ty at t h e r m a l power l eve l s up to a p p r o x i 

m a t e l y 1 Mwt for both m a n r a t e d and i n s t r u m e n t -

r a t e d s p a c e e l e c t r i c power app l i ca t ions . The 

SNAP 8 r e a c t o r p r o g r a m is being p e r f o r m e d 

for the Atomic E n e r g y C o m m i s s i o n (AEC). The 

p e r f o r m a n c e ob jec t ives of the r e f e r e n c e des ign 

SNAP 8 r e a c t o r a r e s u m m a r i z e d m Tab le 1. 

TABLE 1 

SNAP 8 REACTOR P E R F O R M A N C E 
OBJECTIVES 

T h e r m a l P o w e r 

NaK Outlet T e m p e r a t u r e 

R e a c t o r Opera t ing P e r i o d 

Re l iab i l i ty 

I n s t r u m e n t - R a t e d R e a c t o r 

M a n r a t e d R e a c t o r 

600 kwt 

1300°F 

10,000 h o u r s 

>96% 

>99% 

II PROGRESS SUMMARY 

A. R E F E R E N C E SYSTEM DESIGN 

Layouts of 4̂ ^ sh i e lded m a n r a t e d concep t s 

w e r e p r e p a r e d . V a r i o u s r e f l e c t o r m a t e r i a l s , 

sh ie ld cool ing c o n c e p t s , and r e a c t o r - r e f l e c t o r -

sh ie ld mount ing concep t s w e r e i nves t i ga t ed . 

The use of l iquid lead as a p r i m a r y g a m m a 

sh ie ld m a t e r i a l in the v ic in i ty of the r e a c t o r 

w a s a l s o i n v e s t i g a t e d . The concep t s us ing 

l iquid l ead and a shaped 477 sh i e ld showed s ign i f i 

can t weight s a v i n g s . 

B. F U E L D E V E L O P M E N T 

The N A A - 1 1 5 - 1 , NAA-115-2 , and NAA-117-1 

i r r a d i a t i o n t e s t s of sublength SNAP 8 fuel e l e -

mients cont inued ope ra t ion at des ign condi t ions 

at Hanford . 

A cladding tube c h r o m i z i n g p r o c e s s c a p a b i l 

ity run was succes s fu l l y comple ted . Th i s run 

d e m o n s t r a t e d an abi l i ty to ma in t a in the c h r o 

m i z e d l a y e r witliin r e q u i r e d l i m i t s . 

P r o c e s s i m p r o v e m e n t s tud ies have r e s u l t e d 

in 100% i m p r o v e m e n t m p e n e t r a t i o n v a r i a b i l i t y 

m the e l e c t r o n - b e a n i - w e l d e d S8DS cup-p lug 

c l o s u r e . 

C. COMPONENT D E V E L O P M E N T 

The p la t inum r e s i s t a n c e t e m p e r a t u r e d e t e c 

to r (RTD) being developed for the NaK t e m p e r a 

t u r e sens ing systemi h a s dr i f ted an equivalent of 

a p p r o x i m a t e l y 2 ° F after over 8500 h o u r s of en

d u r a n c e tes t ing at 1300°F. 

Tv-elve S8DS des ign a c t u a t o r s have been op 

e r a t i ng s a t i s f a c t o r i l y at S8DS des ign condi t ions 

(1025°F and 10~ torr) for m o r e than 3000 h o u r s . 

Two of the twelve a c t u a t o r s have been d e l i v e r e d 

to the Ba t te l l e M e m o r i a l Ins t i tu te as a p a r t of 

the H F - 1 0 i r r a d i a t i o n capsu l e . 

A developmiental t e s t a s s e m b l y of the S8DS 

c o n t r o l - d r u m d r i v e and s c r a m m e c h a n i s m h a s 

success fu l ly comple t ed 170 s imu la t ed s c r a m s 

and over 2600 h o u r s of e n d u r a n c e unde r s i m u 

la ted S8DS ope ra t ing cond i t ions . 

D. SYSTEM D E V E L O P M E N T 

1. SNAP 8 E x p e r i m e n t a l R e a c t o r (S8ER) 

The s e c o n d a r y coolant s y s t e m was d r a i n e d 

and d i s a s s e m b l e d . D i s a s s e m b l y of the p r i m a r y 

NaK coolan t s y s t e m e x t e r n a l to the reactor con

t a i n m e n t v e s s e l was comple t ed . 

NAA-SR-11492 
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iMMi^ 
The S8ER fuel e l e m e n t s w e r e r e m o v e d f rom 

the c o r e v e s s e l on July 28, 1965 using the un i 

t i zed c o r e r e m o v a l method. The c o r e was 

t r a n s f e r r e d without inc ident to the A t o m i c s 

In t e rna t iona l Component Deve lopment Hot Cel l 

for d i s a s s e m b l y and de t a i l ed examina t ion . 

2. SNAP 8 Ground P r o t o t y p e (S8DS) 

The final a s s e m b l y of the S8DS r e a c t o r was 

s t a r t e d June 17, 1965 under "c l ean r o o m " 

condi t ions . 

F a b r i c a t i o n of the neu t ron sh ie ld was comple t ed 

Five a c t u a t o r s have been m a n u f a c t u r e d and 

two have success fu l ly comple t ed accep tance 

t e s t s . The r e m a i n i n g t h r e e a r e await ing t e s t 

ing. Ten l im i t sw i t ches have success fu l ly 

p a s s e d accep t ance tes t ing and s ix a r e m t e s t . 

T h r e e s c r a m k i t s w e r e d e l i v e r e d to the assemi-

bly a r e a for a ccep t ance t e s t i ng . Twelve snub 

b e r s success fu l ly p a s s e d accep t ance t e s t i ng . 

All work on Ground P r o t o t y p e Tes t Fac i l i t y 

(Building 059) modi f i ca t ions to the vacuum s y s 

t e m ins t a l l a t i on was comple ted . 

NAA-SR-11492 



II. REFERENCE DESIGN 

A, DESIGN DESCRIPTION 

1. I n s t r u m e n t - R a t e d Sys tem 

The SNAP 8 n u c l e a r s y s t e m for unmanned 

app l i ca t ions (F igu re 1) c o n s i s t s of a sh ie lded 

c o m p a c t n u c l e a r r e a c t o r m o d e r a t e d by 

z i r c o n i u m - h y d r i d e and cooled by l iquid NaK-78 . 

The r e a c t o r is con t ro l l ed by movab le b e r y l l i u m 

r e f l e c t o r s which , by t he i r pos i t ion , c o n t r o l the 

amoun t of l eakage flux. E a c h m a j o r a s s e m b l y 

of the i n s t r u m e n t - r a t e d SNAP 8 n u c l e a r s y s t e m 

i s d e s c r i b e d in the following p a r a g r a p h s . 

Tab le 2 l i s t s the d e t a i l e d c h a r a c t e r i s t i c s , a 

weight s u m m a r y is given in Tab le 3, and the en 

v i r o n m e n t a l c r i t e r i a a r e s u m m a r i z e d in Tab le 4. 

The des ign r e l i a b i l i t y goal for the i n s t r u m e n t -

r a t e d n u c l e a r s y s t e m has been t en t a t ive ly e s 

t a b l i s h e d at 96 .3%. 

a. Fue l E l e m e n t s 

The SNAP 8 r e a c t o r c o r e con ta ins 211 fuel 

e l e m e n t s m a d e of Zr — 10.5 wt % U al loy hy -
22 d r i d e d to a h y d r o g e n content of 6 x 10 hydrogen 

a t o m s / c c of ( U - Z r ) H , The u r a n i u m i s 93% en 

r i c h e d . The e l e m e n t s a r e clad in 1 0 - m i l - t h i c k 

H a s t e l l o y - N tubing, coated i n t e r n a l l y with a hy 

d r o g e n p e r m e a t i o n b a r r i e r . The ac t ive length 

of the fuel e l e m e n t i s 16.825 in . Other dinnen-

s ions and c h a r a c t e r i s t i c s a r e l i s t ed in Table 2. 

b . C o r e V e s s e l and I n t e r n a l s ( l e s s fuel 
e l e m e n t s ) 

The c o r e v e s s e l i s 0 .105- in . - th ick s t a i n l e s s 

s t e e l . The c o r e v e s s e l con ta ins an upper gr id 

p la t e of 316 SS, a lower gr id p la t e of H a s t e l l o y - C , 

a coolant baffle p l a t e of 316 SS, i n t e r n a l BeO 

r e f l e c t o r s c lad in 316 SS, and the 211 fuel e l e 

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

c . I n s t r u m e n t a t i o n and Ref lec tor A s s e m b l i e s 

The b e r y l l i u m c o n t r o l r e f l e c t o r a s s e m b l y i s 

m a d e in two h a l v e s so that it f o r m s a hol low 

2 - 9 - 6 5 7568-01300-3 

F i g u r e 1, SNAP 8 Nuc lea r S y s t e m 

r i g h t - c i r c u l a r cy l inder comple t e ly s u r r o u n d i n g 

the ac t ive c o r e length . The b e r y l l i u m r e f l e c to r 

IS a nomina l 3 m. th ick with the abi l i ty to s h i m 

both pos i t ive ly and nega t ive ly 1 in . E a c h r e 

f lec tor d r u m is d r i v e n by i ts own d r ive m e c h a 

n i s m . T h r e e r e f l e c t o r d r u m s a r e used as 

s t a r t u p d r u m s and a r e d r i v e n by s p r i n g s . The 

o the r t h r e e r e f l e c to r d r u m s a r e u s e d as c o n t r o l 

d r u m s and a r e d r i v e n by l o n g - t e r m b i d i r e c t i o n a l 

c o n t r o l - d r u m a c t u a t o r s . A s t a r t u p p r o g r a m m e r 

and c o n t r o l l e r a r e p rov ided to ach ieve p r o p e r 

o p e r a t i o n a l s equence of the d r u m s . A p la t inum 

r e s i s t a n c e t e m p e r a t u r e s e n s o r is u sed to m e a 

s u r e the coolan t outlet t e m p e r a t u r e . 
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TABLE 2 

SNAP 8 R E F E R E N C E INSTRUMENT-RATED NUCLEAR SYSTEM CHARACTERISTICS 

R e a c t o r D e s i g n 

F u e l E l e m e n t s 

N u m b e r 
F u e l a l l o y , wt % U in Z r 
U r a n i u m e n r i c h m e n t , a t . 7o U ^ ^ ^ 
D e g r e e of h y d r i d i n g , Np[, 1 0 ^ ^ a / c m ^ 
F u e l r o d d i a m e t e r , i n . 
A c t i v e fuel l e n g t h , i n . 
F u e l e l e m e n t l e n g t h , m . 
C l a d d i n g m a t e r i a l 
C l a d d i n g I D , in . 
C l a d d i n g t h i c k n e s s , in . 
C e r a m i c b a r r i e r m a t e r i a l 
C e r a m i c b a r r i e r t h i c k n e s s , m . 
D i a m e t r a l h y d r o g e n g a p , i n . 

S o u r c e 
T y p e 
S t r e n g t h , c u r i e s 
L o c a t i o n 

I n t e r n a l R e f l e c t o r s 
C o m p o s i t i o n 
C l a d d i n g m a t e r i a l 
C l a d d i n g t h i c k n e s s , i n . 

I n l e t P l e n u m G r i d P l a t e 
M a t e r i a l 
T h i c k n e s s , i n . 
D i a m e t e r , in . 
N u m b e r of c o o l a n t h o l e s 
D i a m e t e r of c o o l a n t h o l e s , i n . 
P i t c h of c o o l a n t h o l e s , i n . 

O u t l e t P l e n u m G r i d P l a t e 
M a t e r i a l 
T h i c k n e s s , i n . 
N u m b e r of c o o l a n t h o l e s 
D i a m e t e r of c o o l a n t h o l e s , i n . 
P i t c h of c o o l a n t h o l e s , i n . 

C o o l a n t 
M a t e r i a l 
M e l t i n g p o i n t , " F 

C o r e V e s s e l 
M a t e r i a l 
I n t e r n a l d i a m e t e r , i n . 
T h i c k n e s s , in . 
L e n g t h , m . 
D i s t a n c e b e t w e e n g r i d p l a t e s , i n . 

R e f l e c t o r C o n t r o l E l e m e n t s 
M a t e r i a l 
N u m b e r of s t a r t u p d r u m s 
N u m b e r of l o n g - t e r m c o n t r o l d r u m s 
T o t a l n u m b e r of d r u m s 
R a d i u s of c u r v a t u r e of d r u m s , i n . 
N o m i n a l t h i c k n e s s of d r u m s , in . 
S h i m m i n g c a p a b i l i t y , i n . 
E n v e l o p e , d r u m s full o u t , i n . 
O v e r a l l l e n g t h , m . 
D r u m l e n g t h , i n . 

R e a c t o r P a r a m e t e r s 

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 
R e a c t o r t h e r m a l p o w e r , kwt 
N e t e l e c t r i c a l p o w e r , k w e 
C o o l a n t i n l e t t e m p e r a t u r e , " F 
C o o l a n t o u t l e t t e m p e r a t u r e , " F 
C o o l a n t f low r a t e , l b / s e c 
O p e r a t i n g p r e s s u r e , p s i a 
C o r e p r e s s u r e d r o p , p s i 
M a x i m u m ho t s p o t fuel t e m p e r a t u r e " F 
M a x i m u m h o t s p o t c l a d d i n g t e m p e r a t u r e , ° F 
O p e r a t i n g l i f e t i m e , h r 
P e a k h e a t f lux , B t u / h r - f t ^ 
NS p r e s s u r e d r o p , p s i 

R e a c t i v i t y R e q u i r e m e n t s , $ 
X e n o n 
S a m a r i u m b u i l d u p 
F i s s i o n p r o d u c t p o i s o n 
U235 b u r n u p 
T e m p e r a t u r e a n d p o w e r d e f e c t 

H y d r o g e n r e d i s t r i b u t i o n 
H y d r o g e n l o s s 
C o n t i n g e n c y 
C o l d C l e a n E x c e s s R e a c t i v i t y 
S a m a r i u m B u r n o u t 
T o t a l C o n t r o l D r u m W o r t h 
S h u t d o w n M a r g i n 

T e m p e r a t u r e C o e f f i c i e n t s , H ' F ( a t d e s i g n 
p o w e r l e v e l ) 
S p e c t r u m 
A x i a l e x p a n s i o n 
U p p e r g r i d p l a t e 
L o w e r g r i d p l a t e 
R e f l e c t o r ( p r o m p t , l o w e r p l e n u m ) 
R e f l e c t o r { p r o m p t , u p p e r p l e n u m ) 
T o t a l i s o t h e r m a l ( s U O C F ) 
T o t a l i s o t h e r m a l ( ' r o o m t e m p e r a t u r e ) 

211 
10 5 
9 3 . 1 5 
6 , 0 5 
0 . 5 3 0 
1 6 . 8 2 5 
1 7 . 1 4 5 
H a s t - N 
0 .540 
O.OiO 
S C B 
0.0O2 
O.OB A 

P o - B e 
0.1 
t o p h e a d of v e s s e 

B e O 
316 SS 
0 . 0 3 0 

H a a t - C 
0 . 6 5 0 
9 . 1 8 6 
3 7 2 
0 . 1 5 6 
0 . 5 7 0 

316 S S 
0 . 8 5 0 
372 
0 .156 
0 . 5 7 0 

N a K - 7 8 

12 

3 1 6 S S 
^ . 2 1 4 
0 . 1 0 5 
2 6 . 2 4 
1 7 , 2 2 4 

B e 
3 
3 
6 
4 .5 
3 , 1 2 5 
+ 1 . 5 , - l . O 
2 7 . 6 
1 8 . 5 
1 5 . 3 7 5 

600 
35(w 470 k w t ) 
1100 
1300 
13 .6 
45 
4 .8 (@ 600 k w t ) 
1520 
1430 
1 0 , 0 0 0 
— 100 ,000 
<8{(5 600 k w t ) 

- l . O S 
- l . O Z 
- 1 . 1 7 
- 0 . 6 6 
- 2 . 1 5 

- 0 . 5 5 
- 2 . 0 0 
- 2 . 4 0 
+ S . 0 0 
+ 3 . 0 0 
$ 2 1 . 0 6 
- 1 3 . 0 6 

-0.01 1 
- 0 . 0 4 8 j 
- 0 , 0 2 6 
- 0 . 0 1 9 ! 
- 0 . 0 4 
- 0 . 0 4 
- 0 . 2 0 
- 0 . 1 5 

N u c l e a r P a r a m e t e r s 
A v e r a g e t h e r m a l n e u t r o n flux 

n / c m ^ - s e c 
M e d i a n f i s s i o n e n e r g y , e v 

<1 e v , 

iviean p r o m p t n e u t r o n i i i e t i m e , ^ - s e c 
U r a n i u m l o a d i n g , kg U 2 3 5 
H y d r o g e n r e a c t i v i t y w o r t h , % A k / k 

p e r % Z i H / H 
V o l u m e f r a c t i o n s in c o r e 

F u e l 
C l a d d i n g 
N a K 

L - e r a m i c 
Void 

R a d i a l p e a k to a v e r a g e p o w e r 
A x i a l p e a k to a v e r a g e p o w e r 
A v e r a g e p o w e r d e n s i t y , w a t t s 

R e l i a b i l i t y G o a l s , % 
O v e r a l l 
C o r e a s s e m b l y 
R e f l e c t o r a s s e m b l y 
S h i e l d a s s e m b l y 
S a f e t y a s s e m b l y 

C u m u l a t i v e P r o b a b i l i t y of S u c c e 
T h r o u g h l a u n c h 
T h r o u g h s t a r t u p 
T h r o u g h 10 ,000 h o u r s 
C o m p l e t e m i s s i o n 
N o n p u n c t u r e p r o b a b i l i t y 

C o n t r o l S y s t e m P a r a m e t e r s 
S i n g l e c o n t r o l d r u m w o r t h , $ 

c c 

S S 

F u l l - i n d r u m p o s i t i o n , d e g r e e s 
F u l l - o u t d r u m p o s i t i o n , d e g r e 
D r u m m o v e m e n t p e r s t e p , d e g 
M a x i m u m d r u m r o t a t i o n r a t e s 

d e g r e e s / s e c 
S t a r t u p d r u m s ( s i m u l t a n e o u s 
C o n t r o l d r u m s 

e s 
r e e s 

m o t i o n ) 

M a x i m u m d i t l e r e n t i a i d r u m w o r t h . 
^ / d e g r e e ( n o m i n a l s h i m ) 

K i n e t i c P a r a m e t e r s 
N u m b e r of d e l a y e d n e u t r o n g r o u p s 

u e c a y c o n s t a n t s , s e c " ' 
XI 

X3 
X4 
X5 
X6 

h - l l e c t i v e d e l a y e d n e u t r o n t r a c t i o n 
O r o u p d e l a y e d t r a c t i o n s 

a l 
Q 2 

Q3 
Q 4 

a 5 
Q 6 

T r a n s p o r t d e l a y t i m e s (g 35 kv> 
N u c l e a r s y s t e m t o b o i l e r 
B o i l e r 
B o i l e r to n u c l e a r s y s t e m 
N u c l e a r s y s t e m 

T y p i c a l S h i e l d P a r 

e ) , s e c 

a m e t e r s 
I n s t r u m e n t e d P a y l o a d D i m e n s i o n s 

D i a m e t e r , ft 
A x i a l d i s t a n c e f r o m r e a c t o r c o r e 

c e n t e r , ft 

S h i e l d M a t e r i a l s 
C l a d d i n g 
G a m m a 
N e u t r o n 

S h i e l d D i m e n s i o n s 
O v e r a l l s h i e l d l e n g t h , i n . 
N e u t r o n s h i e l d t h i c k n e s s , i n . 
G a m m a s h i e l d t h i c k n e s s , m . 
M a x i m u m d i a m e t e r of c o n i c a l 

s h i e l d , i n . 
M i n i m u m d i a m e t e r of c o n i c a l 

s h i e l d , i n . 

R a d i a t i o n L e v e l s D u e to R e a c t o r 
F a s t n e u t r o n d o s e a t p a y l o a d . 
G a m m a d o s e a t p a y l o a d , r a d s 

S h i e l d A s s e m b l y W e i g h t , lb 
N e u t r o n s h i e l d 
G a m m a s h i e l d 
S h i e l d v e s s e l a n d s t r u c t u r e 
T o t a l s h i e l d a s s e m b l y w e i g h t 

w i t h o u t a r m o r 

S o u r c e s 
nv t 
(C) 

3 x 1012 

0 .21 
8.4 
7 .65 

0 .50 

0 . 7 8 2 
0 .061 
0 . 1 2 3 

0 . 0 1 3 
0 .021 
1.22 
1.44 
36 .6 

9 6 . 8 5 
9 8 . 9 6 
9 8 . 5 0 
9 9 . 9 7 
9 9 . 4 4 

9 9 . 7 4 
9 8 . 8 7 
9 7 . 2 3 
9 6 . 8 5 
9 9 . 9 

3.90 
0 
154 
0 .26 

0 .086 
0 . 0 5 3 

7.0 

6 

0 . 0 1 2 4 
0 . 0 3 0 5 
0 .111 
0 .301 
1.13 
3.0 

0 . 0 0 8 0 

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

1.0 
6 .8 
4 .5 
1.7 

20 

40 

347 SS 
W 
L i H 

3 4 . 3 
3 3 . 3 
1.0 

5 1 . 5 

3 9 . 2 

1 X l O l l 
1 X l O ' 

1365 
115 
450 

1930 

7-23-65 7568-01790C 
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T A B L E 3 

S N A P 8 N U C L E A R S Y S T E M W E I G H T S U M M A R Y 

S y s t e m C o m p o n e n t 

C o r e A s s e m b l y 

C o r e v e s s e l 

O u t l e t p l e n u m g r i d p l a t e 

F u e l e l e m e n t s 

I n t e r n a l r e f l e c t o r s 

I n l e t p l e n u m g r i d p l a t e 

F l o w baff le p l a t e 

I n l e t NaK pipe (16 in long) 

Ou t l e t NaK pipe (54 in . long) 

NaK in v e s s e l 

NaK in p ipe 

R e f l e c t o r A s s e m b l y 

C o n t r o l d r u m a c t u a t o r s 

S t a r t u p d r u m d r i v e s 

R e e n t r y a c t u a t o r a s s e m b l y 

U p p e r d r u m s u p p o r t a s s e m b l i e s 

F i x e d e x t e r n a l r e f l e c t o r s 

E n d - o f - l i f e s h u t d o w n a c t u a t o r 

C o n t r o l a n d s t a r t u p d r u m s 

S h e a r and load lugs 

D r u m r e l e a s e a c t u a t o r s 

L o w e r d r u m s u p p o r t a s s e m b l i e s 

R e f l e c t o r e j e c t i o n s p r i n g s 

D r u m p o s i t i o n i n d i c a t o r s 

D r u m key lock b r a c k e t s 

M i s c e l l a n e o u s b r a c k e t s a n d 
f i t t ings 

S h i e l d A s s e m b l y 

M i s c e l l a n e o u s 

S u p p l e m e n t a l r e f l e c t o r d r u m 
s h i m s 

E n v i r o n m e n t a l c o v e r 

P a y l o a d i n s t r u m e n t a t i o n 

D i a g n o s t i c i n s t r u m e n t a t i o n 

I n t e r c o n n e c t i n g c a b l e s 

Q u a n t i t y 

1 

1 

1 

211 

42 

1 

1 

1 

1 

-
-

1 

3 

3 

1 

6 

2 

1 

6 

8 

6 

6 

4 

3 

4 

_ 

1 

6 

1 

-

-

Weigh t 
P e r 

I t e m 
(lb) 

-

45.2 

5.9 

0.8 

-
6 5 

7 0 

1.8 

8.4 

18 7 

10 4 

-
20 0 

0.8 

6.0 

2 0 

22 5 

1 8 

19.9 

1 0 

0.6 

2.0 

1 0 

0.5 

0.9 

_ 

1930 

6.2 

- 6 5 

-17 

- 5 0 

- 2 0 

T o t a l 
We igh t 

(lb) 

310 3 

45.7 

5.9 

193.9 

12.0 

6.5 

7.0 

1 8 

8 4 

18.7 

10 4 

284 .6 

60 0 

2 4 

6 0 

12 0 

45.0 

1 8 

119.5 

8.0 

3.6 

12 0 

4.0 

1 5 

3.6 

5.2 

1930 

37 1 

- 6 5 

-17 

- 5 0 

- 2 0 

C e n t e r of G r a v i t y 
( i n . ) 

X 

26.0 

24.5 

16 1 

25.1 

25.0 

33 4 

34.6 

40 0 

25.0 

26 9 

27 9 

22 8 

11.5 

14.0 

16 5 

16.5 

25.0 

16 5 

25.0 

31.2 

33.5 

33.8 

36 0 

36 4 

15.3 

34.9 

58.1 

25 0 

- 4 4 

-
-

- 4 4 

Y 

0.0 

0.0 

0.0 

0.0 

0.0 

0 0 

0 0 

13 5 

10 0 

0.0 

11 2 

+ 0.1 

0.0 

0 0 

- 1 1 2 

0 0 

0.0 

11 2 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

+ 0 3 

0.0 

0.0 

-
-

-

z 

0.0 

/ 

\ 

V 

1 

0.0 

-
-

-

^Weight expressed to the neares t 0 1 lb 
tX axis — is the center l ine of the nuclear sys tem. X = 0 is a point 25.000 m. forward of the midpoint 

between the upper and lower grid plates . The positive direct ion is toward the nuclear 
sys tem. 

Y axis —is perpendicular to the X axis with the positive direction being toward the side of the 
reac tor where the coolant outlet pipe c r o s s e s over the side of the reac tor . 

Z axis — IS orthogonal to the X and Y axes with the positive direction being 90° clockwise from the 
positive Y axis when viewing the nuclear sys tem from the reac tor end. 
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T A B L E 4 

SNAP 8 NUCLEAR SYSTEM ENVIRONMENTAL CRITERIA 
( P a g e 1 of 2) 

Envi ronment 
Ground Handling 
and Prelaunch"^ 

L.aunchT 

2 
> 
> 
I 

c/i 

1 P r e s s u r e 

2 T e m p e r a t u r e 

3 Humidity 

4 Rain 

5 Sand and dust 

6 . Ssilt spray 

7 Fungus 

8 Shock 

Ex te rna l p r e s s u r e s sea level to 
50,000 ft with m a x i m u m change 
±1 25 p s i / m m 

+ 50 to 4 l 6 0 ' F 

a P ro t ec t ed during shipment and 
s torage (RH <70%)** 

b During vehicle in tegra t ion 6 hr 
at 65% RH and 106 "F 6 hr of 
dec reas ing t e m p e r a t u r e to 91 °F 
and inc reas ing RH to 100% 8 hr 
of d e c r e a s i n g t e m p e r a t u r e to 8 1 "F 
with r e l e a s e of 4 4 g r a i n s 
H^^O/it^ 4 hr of i nc rea s ing t e m 
p e r a t u r e to 106 "F and d e c r e a s i n g 
RH to 50% 

a P ro t ec t ed during shipment and 
s torage 

b During vehicle in tegra t ion 
Anticipated p rec ip i t a t ion 

Rate Amount _ 
(in / h r ) (in ) ^'""^ 

0 6 7 1 12 hr 
6 0 5 5 m m 

12 0 2 1 min 
0 34 4 0 12 hr 

a P ro t ec t ed dur ing shipment and 
s torage 

b Applicable components tes ted with 
140-mesh s i l i ca flour for 3 h r at 
77 "F and RH < 30% sand and dust 
dens i ty , 0 1 to 0 25 g r a m s / f t ^ 
with a i r veloci ty 2500 ± 500 f t / m m 

a P r o t e c t e d during shipment and 
s to rage 

b Applicable components tes ted to 
d e m o n s t r a t e abi l i ty to withstand 
exposure to salt s p r a y for 6 wk 
a s exper ienced at coas ta l r eg ions 
of continental U S A 

Applicable components tes ted per 
MIL-E-52720(ASG), Fungus 
R e s i s t a n c e T e s t s P r o c e d u r e 1 

Drop of 18 m m e a s u r e d at e i ther a 
c o r n e r or a su r f ace , onto a con
c r e t e surface 

Ex te rna l s ta t ic p r e s s u r e envelope as 
a function of t ime (To be d e t e r m i n e d ) 

-

" 

Sys tem 
Three shocks of 18 g ' s in each of 3 
mutual ly pe rpend icu la r axes (18 
tota l ) of one of the following pu l se s 

a Tr iangu la r pulse 10 m s e c 
b Half-sine pulse 8 m s e c 
c Rec tangu la r pulse 5 m s e c 

Component 
Three shocks of 35 g s in each of 3 
mutual ly pe rpend icu la r axes (18 total) 
of one of the following pu l ses 

a Tr iangu la r pulse 10 m s e c 
b Half sine pulse 8 m s e c 
c Rec tangula r pulse 5 m s e c 

Exte rna l p r e s s u r e 10 m m Hg 

-

• • 

NonoperatingTt capable of withstanding 3 
shocks on each of 3 mutual ly perpendicul 
axes at one of the following wave forms 

a Tr iangu la r pulse 10 m s e c 
b Half sine wave 

pulse 8 m s e c 
c Rectangular pulse 5 m s e c 

Operat ing withstand 3-g peak, half sine 
wave pulse of one m s e c at mounting in te r 

-g 
a r 

face 



T A B L E 4 

SNAP 8 NUCLEAR SYSTEM ENVIRONMENTAL CRITERIA 
(Page 2 of 2) 

2 
> 
> 
I 
01 
?3 

9 

1 0 

11 

12 

13 

14 

15 

16 

17 

E n v i r o n m e n t 

V i b r a t i o n 

Wind 

S t o r a g e life 

Rad io f r e q u e n c y 
g e n e r a t i o n and 
i n t e r f e r e n c e 

A c o u s t i c no i se 

A c c e l e r a t i o n 

M a g n e t i c f ie lds 

G r a v i t a t i o n a l 
f ie lds 

E x t e r n a l 
r a d i a t i o n 

G r o u n d Hand l ing 
and P r e l a u n c h * 

Sweep app l i ed to t r a n s p o r t a t i o n 
c o n t a i n e r on 3{30-min log) 
m u t u a l l y p e r p e n d i c u l a r a x e s 
2 to 5 c p s at 1 m double a m p l i 
t u d e , 5 to 27 5 cps at 2-g peak 
27 5 to 43 5 cps at 0 05 17 in 
double a m p l i t u d e , 43 5 to 500 cps 
at 5-g peak , then a 5 - m i n dwell 
a t e a c h r e s o n a n t f r e q u e n c y noted 
at above a m p l i t u d e 

W i t h s t a n d s t e a d y - s t a t e wind force 
of 54 mph wi th w e d g e - s h a p e d 
g u s t s of 75 mph 

Two y e a r s {except s o u r c e ) 

_ 

-

-
-

-

Launch^ 

S y s t e m 
Sweep f rom 5 to 16 cps at 0 368 in 
double a m p l i t u d e and 16 to 2000 cps 
at 5-g peak on each of 3 mutua l ly 
p e r p e n d i c u l a r a x e s , then 5 -min dwell 
at each m a j o r r e s o n a n t f r equency at 
the above ampl i t ude 

Componen t 
16 to 100 c p s at 6-g peak 100 to 180 cps 
at 0 0118 in double a m p l i t u d e , 180 to 
2000 cps at 19-g peak , then dwel l at 1/2 
above a m p l i t u d e for 5 min at each majo r 
r e s o n a n t f r equency 

Randoxn Vib ra t ion — C o m p o n e n t s 
A r a n d o m v i b r a t i o n sweep t e s t over a 
f r equency i n t e r v a l of 20 to 2000 cps for 
5 min m e a c h of 3 mutua l ly p e r p e n d i c 
u l a r a x e s a c c o r d i n g to the following 
schedu le 

20 to 200 cps at +2 d b / o c t 
200 to 700 cps at 0.64 g ^ / c p s 
700 to 900 cps at -17 5 d b / o c t 
900 to 2000 cps at 0 lb g 2 / c p s 

-

-
Des igned and t e s t e d t o M I L - S T D - 8 2 6 

(USAF) d a t e d 20 J a n u a r y 1964 

Tota l i n t e g r a t e d sound p r e s s u r e l eve l 
of 148 db , Re 0.0002 m i c r o b a r over a 
spec i f ic f r equency s p e c t r u m 

Long i tud ina l a x i s +7 g for 5 m i n , -3 g 
for 5 min , l a t e r a l and n o r m a l axes 
±4 5 g for 5 min 

-
-

-

Orbi t§ 

Capable of wi ths tand ing v i b r a t i o n s of 
0 25-g peak over a f r equency of 5 to 
2000 cps for 5 mm at the NS mount ing 
i n t e r f ace 

-

-
Des igned and t e s t e d to MIL-STD-826 

(USAF) dat€d 20 January 1964 

-

O p e r a t i - g +1 g along ax i s of s y m m e t r y 
and ± 1 / 4 g r a d i a l l y inc luding r o t a 
t ional e f fec ts 

N o n o p e r a t m g t l + 3 - 1 / 2 g a long l o n g i 
tudina l a x i s in combina t ion wi th ±1 g 
on any l a t e r a l ax i s for a p e r i o d of 
t ime l e s s than 5 m m 

To be d e t e r m i n e d 

To be d e t e r m i n e d 

To be d e t e r m i n e d 

^Environment to which the nuclear system may be subjected without any detrimental effects during shipment from Atomics International up to 
the time of encapsulation in the launch vehicle nose cone 

fEnvironment to which the nuclear system nnay be subjected without any detrimental effects after exposure to the ground handling and 
prelaunch environment up to the time of separation from the launch vehicle 

§Environment to which the nuclear system may be subjected without any detrimental effects after exposure to the launch environment 
=.-*RH - Relative humidity 
ft Nonoperatmg Defined as prohibiting operation of the reflector-control system, i e , control drums are held stationary 
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d. Shield 

A typica l neu t ron shadow shie ld des igned to 

l imi t the dose at the payload is m the shape of 

a t r u n c a t e d cone whose cone angle c o m p l e t e l y 

h ides the payload f rom the r e a c t o r a s s e m b l y . 

The neu t ron sh ie ld is m a d e of l i t h i u m hyd r ide 

(LiH) c a s t m a s t a i n l e s s - s t e e l c o n t a i n e r . B e 

tween the neu t ron shield and the r e a c t o r a s s e m 

bly IS a c i r c u l a r p l a t e of tungs ten des igned to 

l imi t the g a m m a dose at the pay load . The d e 

sign p a r a m e t e r s for a typ ica l 600-kwt sh ie ld 

a r e given m Table 2. 

e . Safety Sys tem 

The safety s y s t e m inc ludes a r e e n t r y a c t u 

a t o r , r e f l e c t o r e jec t ion s p r i n g s , a d e s t r u c t 

c h a r g e , an end-of - l i fe s c r a m a c t u a t o r , a 

t e l e m e t r y s c r a m a c t u a t o r , a r e f l e c to r unlocking 

a c t u a t o r , and a s s o c i a t e d c i r c u i t r y . In addi t ion, 

void f i l ler b locks and a d r u m lockout s y s t e m a r e 

furn ished a s p a r t of the ground handl ing safe ty 

equ ipmen t . 

The r e e n t r y ac tua to r is des igned to hold the 

r e f l e c to r a s s e m b l y in p lace at the top of the 

c o r e v e s s e l . The ac tua to r i s des igned and l o 

ca ted so tha t It wi l l be m e l t e d by r e e n t r y h e a t . 

Heat ing of th is a c tua to r a l lows the r e f l e c t o r 

e jec t ion s p r i n g s to r e m o v e the r e f l e c t o r a s s e m 

bly f rom the v ic in i ty of the c o r e v e s s e l . 

The d e s t r u c t c h a r g e is a shaped explos ive 

c h a r g e su r round ing the c o r e v e s s e l . It can be 

f i red p r i o r to r e a c t o r s t a r t u p to p r e c l u d e r e 

ac to r c r i t i c a l i t y in the event of an u n s u c c e s s f u l 

l aunch . The d e s t r u c t c h a r g e is opt ional and i t s 

u s e will be eva lua ted for each p a r t i c u l a r m i s s i o n . 

The r e f l e c t o r unlocking ac tua to r is des igned 

to hold the r e f l e c t o r a s s e m b l y to the c o r e v e s s e l 

du r ing l aunch . Thus , it i s not n e c e s s a r y for 

the r e e n t r y ac tua to r a s s e m b l y to hold the r e 

f lec tor a s s e m b l y unde r launch cond i t i ons . 

The void f i l ler b locks a r e n e u t r o n po i son 

b locks des igned to be s l ipped into the c a v i t i e s m 

the 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 n o r m a l l y 

occupied by the r e f l e c t o r d r u m s when in t h e i r 

fuU-in pos i t i on . The d r u m lockout s y s t e m is a 

k e y - o p e r a t e d locking s y s t e m des igned to p r e v e n t 

r e f l e c t o r d r u m m o t i o n . 

An e n v i r o n m e n t a l cove r i s suppl ied to p r o 

t ec t the n u c l e a r s y s t e m f rom the n a t u r a l en 

v i r o n m e n t s , e . g . , r a i n , sand , and d u s t . The 

c o v e r , us ing a s ide e jec t ion concept , i s s u p 

p o r t e d f rom the b a s e r ing of the sh i e ld . View 

p o r t s a r e p rov ided for a c c e s s to the p i n p u l l e r s 

and the key l o c k s . The cover i s m a d e of 5 -mi l 

a l u m i n u m h o n e y c o m b . The d e s t r u c t c h a r g e , if 

u s e d , IS mounted on the cove r and is e jec ted 

with the c o v e r once s t a r t u p i s i n i t i a t ed , 

B . MANRATED SYSTEM 

Design concept s tud ies w e r e cont inued on 

both the s h a d o w - s h i e l d e d and 4Tr-shielded s y s 

t e m concep t s T h e s e s tud ies a r e b a s e d on the 

following b a s i c c r i t e r i a 

R e a c t o r t h e r m a l power 600 k i lowat t s 

R e a c t o r coolant 
t e m p e r a t u r e s 

R e a c t o r life 

Reac to r con t ro l 
me thod 

Radia t ion shadow 
d i a m e t e r at payload 

Radia t ion d o s e r a t e 

Inlet 1100°F, out le t 
1300°F 

10,000 h o u r s to 
3 y e a r s 

Rotat ing con t ro l 
d r u m s 

60 ft d i a m e t e r at 
150 ft f rom c o r e 

Within shadow zone 
at payload -
1.6 m r e m / h r , 
e l s e w h e r e -
100 r e m / h r (47T-
sh ie lded c a s e s 
only) . 

The goal of t h e s e s tud ies is to des ign a s ing le 

r e a c t o r and r e f l e c t o r s y s t e m concept which can 

be u s e d with both s h a d o w - s h i e l d e d and 477-

sh ie lded s y s t e m conf igu ra t ions . 
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1. Shadow-Shie lded Concept 

The m o s t r e c e n t s h a d o w - s h i e l d e d concept i s 

shown m F i g u r e 2. It is de s igned for a 10,000-

hour l i fe . The m a j o r a s s e m b l i e s a r e d e s c r i b e d 

be low. 

a . C o r e and V e s s e l A s s e m b l y 

The c o r e a s s e m b l y i n t e r n a l s a r e i den t i ca l to 

t h o s e of the i n s t r u m e n t - r a t e d des ign . T h e s e 

c o m p o n e n t s a r e mounted within a 316 s t a i n l e s s -

s t e e l v e s s e l . At the u p p e r end of the v e s s e l , 

four p ipes supply NaK at 1100°F which flows 

t o w a r d the shadow shie ld and out at 1300°F 

t h rough four p ipes connec ted to the lower end of 

the v e s s e l . A baffle p l a t e a t t he in le t p r o v i d e s 

the p r o p e r flow d i s t r i b u t i o n . Also a t t ached to 

the sh ie ld end of the v e s s e l a r e b r a c k e t s which 

suppor t the r e f l e c to r a s s e m b l i e s . 

b . Ref lec to r A s s e m b l i e s 

Eight t a p e r e d con t ro l d r u m s and eight f i l l e r 

p i e c e s , a l l m a d e of b e r y l l i u m , s u r r o u n d the 

r e a c t o r v e s s e l . E a c h d r u m is a por t ion of a 

t r u n c a t e d cone with a flat s u r f a c e 1/4 m c h f r o m 

and p a r a l l e l to i t s a x i s . The d r u m t h i c k n e s s at 

the c o r e m i d p l a c e is about 3 - 1 / 4 i n c h e s . The 

f i l l e r p i e c e s a r e of i r r e g u l a r c r o s s sec t ion as 

r e q u i r e d to fill m the s p a c e s be tween con t ro l 

d r u m s . 

Each con t ro l d r u m is d r i v e n by a s tep output 

type of a c t u a t o r in 1/4° i n c r e m e n t s . T h e s e 

a c t u a t o r s a r e mounted above the c o r e v e s s e l a s 

shown m F i g u r e 2 to p l ace t h e m m the m o s t 

f a v o r a b l e pos i t ion for r a d i a t i o n of t h e i r heat to 

s p a c e and to e l i m i n a t e any i n t e r f e r e n c e with the 

piping at the lower end. To m i n i m i z e r ad i a t ion 

s c a t t e r i n g to the pay load , the a c t u a t o r s a r e set 

i n w a r d f r o m the d r u m axes and d r i v e the d r u m s 

by a su i t ab le g e a r t r a m . The a c t u a t o r s a r e a l so 

s t a g g e r e d m height to p r e v e n t i n t e r f e r e n c e . 

Bui l t into each a c t u a t o r is a p n e u m a t i c a l l y 

p o w e r e d o v e r r i d e d e v i c e . In the event of an 

a c t u a t o r f a i l u r e , the o v e r r i d e d e v i c e can be 

e n e r g i z e d to d r i v e the con t ro l d r u m to the fuU-

m pos i t ion , thus making it p o s s i b l e to obta in 

the full r e ac t i v i t y con t r ibu t ion of that d r u m for 

the r e a c t o r o p e r a t i o n . Since the con t ro l d r u m 

a c t u a t o r is r e v e r s i b l e , no " s c r a m " ac t ion i s 

p rov ided . Shutdown i s a c c o m p l i s h e d by dr iv ing 

the d r u m s to t h e i r ful l -out pos i t ion . Shutdown 

can be a c c o m p l i s h e d by dr iv ing out only four 

d r u m s . 

c. Con t ro l I n s t r u m e n t a t i o n 

The r e f e r e n c e des ign i n s t r u m e n t - r a t e d c o n 

t r o l concept IS used b e c a u s e of i t s s imp l i c i t y 

and i n h e r e n t r e l i ab i l i t y . In th is concept , r e a c t o r 

coolant out le t t e m p e r a t u r e is s ensed and m a i n 

ta ined be tween p r e s e t l i m i t s ( 1280 and 1330°F) 

by m e a n s of an on-off d ig i ta l con t ro l s y s t e m . 

In a m a n r a t e d s y s t e m , howeve r , the c i r c u i t r y 

IS s impl i f ied by e l imina t ing c e r t a i n m e m o r y 

funct ions and m a d e m o r e f lexible by the addit ion 

of m a n u a l o v e r r i d e s . 

d. Shield As s emb ly 

The sh ie ld m u s t p rov ide a t t enua t ion of the 

g a m m a and neu t ron r ad i a t ion f rom the r e a c t o r 

to an a c c e p t a b l e l eve l for both equipment and 

m e n . Since the sh ie ld is the l a r g e s t c o n t r i b u t o r 

to the to ta l weight of the n u c l e a r s y s t e m , i t s 

des ign and m a t e r i a l m u s t be o p t i m i z e d . 

The shadow shie ld is s e p a r a t e d into two s e c 

t ions by the p r i m a r y loop g a l l e r y . P r i m a r y 

loop c o m p o n e n t s such a s the pumps and heat e x 

c h a n g e r s wi l l be loca ted m th i s g a l l e r y . The 

sec t ion of the shadow shie ld n e a r e s t the r e a c t o r 

p r o v i d e s the n e c e s s a r y shie lding to p r e v e n t a c t i 

vat ion of the s e c o n d a r y loop coolant as it c i r 

c u l a t e s t h rough the equipment m the p r i m a r y 

loop g a l l e r y . The second sec t ion of the sh ie ld , 

t o g e t h e r with the f i r s t sec t ion c o m p l e t e s the 

sh ie ld ing n e c e s s a r y to p r o t e c t the s p a c e c r a f t 

and a s t r o n a u t s . 

Each sec t ion of the shadow shie ld con ta ins 

two r e g i o n s , a g a m m a shie ld of tungs ten o r 
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RETRACTABLE 
SHIELD 

N O T E S 

I. REACTOR THERMAL POWER - 6 0 0 kw 

2. RADIATION SHADOW CONE DIA = 6 0 f t 

( a 150 f t . FROM CORE (^ 

3 . RADIATION DOSE RATE = l . 5 m r / h r 

( a 1 5 0 f t FROM CORE (J. 

8 - 2 - 6 5 

(inches) 
10 
L_ 

15 20 
L_ 

25 30 
I 

35 
I 

40 
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F i g u r e 2. SNAP 8 Manrated Shadow-Shi elded N u c l e a r Sys t em Concept 
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dep le t ed u r a n i u m and a neu t ron sh ie ld of l i th ium 

h y d r i d e . F o r m i n i m u m o v e r a l l sh ie ld weight , 

t he t h i c k n e s s and the m a t e r i a l of each g a m m a 

and n e u t r o n sh ie ld r eg ion a r e o p t i m i z e d . 

The p r i m a r y and s e c o n d a r y coolant p ipes a r e 

rou ted th rough the ou te r p e r i p h e r y of each s e c 

t ion . In each c a s e , t he ou te r p e r i p h e r a l po r t i on 

f o r m s a m e t e o r i t e p r o t e c t i v e s h e l l . T h u s , the 

m a m p a r t of each sh ie ld sec t ion is we l l p r o 

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

of hydrogen f r o m the o u t e r p e r i p h e r a l po r t i on 

due to m e t e o r i t e p u n c t u r e of the shie ld skin wil l 

not a d v e r s e l y affect the o v e r a l l sh ie ld ing c a p a 

b i l i ty . 

A t yp i ca l m a n r a t e d shadow shie ld a s s e m b l y 

we ighs a p p r o x i m a t e l y 5135 lb. It sh i e lds a 

6 0 - f t - d i a m e t e r payload loca ted 150 ft f r o m c o r e 

c e n t e r to 1.5 m r e m / h r when the r e a c t o r is o p e r 

at ing at i t s r a t e d power of 600 kwt. 

2. 47T-Shielded Concep t s 

Since any 4Tr-shielded n u c l e a r s y s t e m wil l be 

m u c h h e a v i e r than a c o m p a r a b l e shado 'w-shie lded 

s y s t e m t h e r e i s a l a r g e r incen t ive to i n c r e a s e 

the des ign life of the r e a c t o r C u r r e n t d e s ig n s 

a r e b a s e d on a 3 - y e a r (26,300 hr) l i fe. 

At the p r e s e n t t i m e , two di f ferent r e f l e c to r 

and con t ro l d r u m d e s i g n s a r e being c o n s i d e r e d 

c o n c u r r e n t l y . One des ign u s e s con ica l b e r y l 

l i um d r u m s s i m i l a r to t hose u s e d on the shadow-

sh ie lded des ign . The o the r u s e s c y l i n d r i c a l , 

b e r y l l i u m - o x i d e , p o i s o n - b a c k e d d r u m s . Nine 

d i f ferent concep tua l de s igns have b e e n m a d e . 

The two l a t e s t ones a r e shown m F i g u r e s 3 

and 4. Br ief d e s c r i p t i o n s of the m a j o r a s s e m 

b l i e s of each des ign a r e given be low. 

a . C o r e and V e s s e l A s s e m b l y 

In o r d e r to ach i eve the 3 - y e a r ope ra t i ng l i fe , 

the n u m b e r of fuel e l e m e n t s h a s been i n c r e a s e d 

f r o m 211 to 241 and the ac t i ve fuel length has 

been i n c r e a s e d by about one inch. As noted m 

Sect ion I I I - C - l the spac ing of the fuel e l e m e n t s 

i s v a r i e d to m i n i m i z e both the coolant p r e s s u r e 

l o s s and the r e a c t i v i t y l o s s . Eight p ipes c a r r y 

ing 1100°F NaK a r e connec ted to the top end of 

the v e s s e l . A baffle p la te in the uppe r p l enum 

p r o v i d e s the p r o p e r flow d i s t r i bu t i on . The NaK 

flows downward th rough the c o r e , into the lower 

p l e n u m , and out at 1300°F th rough eight p i p e s . 

Heavy fins a t t ached to the inlet (1100°F) NaK 

p ipes s u r r o u n d the e n t i r e r e f l e c t o r a s s e m b l y 

and f o r m a "cold w a l l " which a b s o r b s the hea t 

r a d i a t e d f r o m bo th the r e f l e c t o r a s s e m b l y and 

the i n n e r s u r f a c e of the sh ie ld . 

b . Ref l ec to r A s s e m b l i e s 

In the conica l d r u m des ign ( F i g u r e 3) the 

d r u m s and f i l le r p i e c e s a r e m a d e of b e r y l l i u m 

and a r e s i m i l a r m shape to t h o s e d e s c r i b e d for 

the shado \« - sh ie lded des ign . The p r i n c i p a l dif

f e r e n c e s a r e that they a r e s l ight ly longer and 

the m i d p l a n e t h i c k n e s s h a s been i n c r e a s e d to 

4 i n c h e s . 

In the c y l i n d r i c a l d r u m des ign the f i l ler 

p i e c e s a r e m a d e of b e r y l l i u m oxide and the 

4 - i n c h - d i a m e t e r d r u m s a r e c o m p o s i t e s of 

2.8 inches of b e r y l l i u m oxide , 0.4 inch of n icke l 

al loy ( Incone l -X) , and 0.8 inch of b o r o n c a r b i d e . 

The d r u m s a r e c lad in m e t a l a s a p r e c a u t i o n 

aga in s t f laking or powder ing r e s u l t i n g f r o m 

r a d i a t i o n d a m a g e . 

In both c a s e s , the d r u m s and f i l l e r p i eces 

a r e suppo r t ed f r o m the r e a c t o r v e s s e l . The 

a c t u a t o r s used a r e the s a m e a s t hose d e s c r i b e d 

e a r l i e r for the s h a d o w - s h i e l d e d des ign . 

c . Shield A s s e m b l y 

In in i t i a l des ign s tud ies on 47T-shield c o n c e p t s , 

e i t h e r t ungs t en or dep le ted u r a n i u m w e r e used 

for g a m m a sh ie ld ing . Both of t h e s e m a t e r i a l s 

p roduce a l a r g e n u m b e r of high e n e r g y g a m m a s 

due to neu t ron c a p t u r e , r e s u l t i n g in a s igni f i 

can t i n c r e a s e m the g a m m a dose leve l a t the 

pay load . To a l l ev i a t e the s e c o n d a r y g a m m a 

p r o b l e m , d e s i g n s us ing lead conta ined in 
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.VOID BACK Be CONTROL DRUM 
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4 7r NEUTRON SHIELD (LiH) 

477- GAMMA SHIELD { Pb 

> 
> 

I 

w 
CO >3 
4^ I 

MATERIALS LEGEND 

STAINLESS STEEL 
BERYLLIUM 
LEAD 
COLUMBIUM 
LITHIUM HYDRIDE 

E a THERMAL INSULATION 

5 0 5 
( i n c t i e s ) M.I.I.I.I I 

US SHIELD 

W SHIELD 

SUPPORT STRUCTURE AND 
PIPE LABYRINTH 

2nd SHADOW SHIELD 

5700 

3600 

4800 

8 4 0 0 

TOTAL 2 2 5 0 0 lb 

8 - 2 - 6 5 7568-02315 

F i g u r e 3. SNAP 8 M a n r a t e d 4T-Shie lded N u c l e a r S y s t e m 
Concept with Void Back C o n t r o l D r u m 
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SHIELD DIAMETER AT 
REACTOR CORE 
MIDPLANE 

REACTOR 

CORE/PAYLOAD 
PROJECTION 

EQUIPMENT 
GALLERY 

477 GAMMA SHIELD (Pb) 

rzzzz STAINLESS STEEL 
czsa LITHIUM HYDRIDE 

LEAD (GAMMA SHIELD) 
DEPLETED URANIUM 
BERYLLIUM OXIDE 
BORON CARBIDE IPOISON) 
INSULATION 

4 77 NEUTRON SHIELD ( U N ) 

czzz 

EazJ COLUMBIUM 

8 - 2 - 6 5 

10 15 20 25 30 
SHIELD WEIGHT 13,2001b 
REACTOR AND SHIELD WEIGHT 14,100 lb 

inches) 

7568-02316 

F i g u r e 4. SNAP 8 M a n r a t e d 47T-Shielded N u c l e a r S y s t e m Concept 
with P o i s o n - B a c k e d Cont ro l D r u m 
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F i g u r e 5. S8DS Dif ferent ia l D r u m Worth vs 
D r u m P o s i t i o n , 3 . 1 2 5 - i n . - T h i c k D r u m 

o> 80 

30 60 90 
DRUM POSITION (deg) 
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7568-02319 6-10-65 

F i g u r e 7. S8DS Dif ferent ia l D r u m Wor th vs 
D r u m P o s i t i o n , 4 . 1 2 5 - i n . - T h i c k D r u m 

30 60 90 

DRUM POSITION (deg) 

120 150 

6-10-65 7568-02318 

F i g u r e 6. S8DS I n t e g r a l D r u m Worth vs 
D r u m P o s i t i o n , 3 . 1 2 5 - i n . - T h i c k Drura 

30 60 90 
DRUM POSITION (deg) 

120 150 

6-10-65 7568-02320 

F i g u r e 8. S8DS I n t e g r a l D r u m Worth vs D r u m 
P o s i t i o n , 4.1 2 5 - i n . - t h i c k D r u m 

S?80 

6-10-65 

60 90 
DRUM POSITION (deg) 

150 

7568-02321 

F i g u r e 9. S8DS Dif ferent ia l D r u m Worth vs 
D r u m Pos i t i on 5 . 1 2 5 - i n . - T h i c k D r u m 

6-10-65 

30 60 90 120 

DRUM POSITION (deg) 

150 

7568-02322 

F i g u r e 10. S8DS I n t e g r a l D r u m Worth vs 
D r u m Pos i t i on , 5 .1 2 5 - i n . - T h i c k D r u m 
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c o l u m b i u m have been i nves t i ga t ed . P r e l i m i n a r y 

r e s u l t s ind ica te t h e r e m a y be a s igni f icant 

vi'eight sav ing m th is l a t t e r 477-shield des ign 

concept 

It wi l l be noted tha t in the con ica l d r u m d e 

s ign the l i th ium hyd r ide t h i c k n e s s m the s ide 

por t ion of the r e n d e z v o u s sh ie ld is un i fo rm, 

w h e r e a s , m the c y l i n d r i c a l d r u m des ign the 

t h i c k n e s s v a r i e s f rom th ick at the bo t tom to 

thin at the top . In both c a s e s the sh ie ld ing is 

des igned for a s o m e w h a t a r b i t r a r y but r e a s o n 

ab le midp lane dose r a t e of 100 r e m / h r a t 100 ft 

f r o m the r e a c t o r c e n t e r l m e . Since the c o r e 

neu t rons con t r ibu te only about 20% of th is dose 

r a t e , m o d e r a t e v a r i a t i o n s in the neu t ron dose 

r a t e r e s u l t i n g f r o m the l i th ium hydr ide t h i c k 

n e s s v a r i a t i o n do not affect the p r e l i m i n a r y 

s t u d i e s . 

The t e m p e r a t u r e of the lead i m m e d i a t e l y 

s u r r o u n d i n g the r e a c t o r is wel l above i ts 62 1°F 

m e l t i n g t e m p e r a t u r e and p robab ly sufficiently 

high that a c o l u m b i u m (or t a n t a l u m ) con ta in 

m e n t shel l is r e q u i r e d r a t h e r than a s t e e l she l l 

tha t would be adequa te at a m o r e m o d e r a t e t e m 

p e r a t u r e . L i th ium hydr ide t e m p e r a t u r e s a r e 

below the m e l t i n g point of 1270° F . 

C. ANALYSIS 

1. Nuc lea r Ana lys i s 

T A B L E 5 

SNAP 8 CONTROL-DRUM WORTH FOR 
VARIOUS SHIM CONFIGURATIONS 

a. SNAP 8 C o n t r o l - D r u m Wor ths 

The expec ted c o n t r o l - d r u m w o r t h s of the 

S8DS a r e shown in Table 5 for v a r i o u s poss ib l e 

sh im con f igu ra t i ons . Ca lcu la t ions v /e re based 

on m e a s u r e m e n t s obtained f rom the SNAP 

C r i t i c a l A s s e m b l y 4A (SCA-4A)' modif ied to 

accoun t for g e o m e t r i c a l and compos i t i ona l dif

f e r e n c e s . The va lues a r e e s t i m a t e d to have a 

m a x i m u m e r r o r band of ±10%. 

D r u m 
T h i c k n e s s 

( i n . ) 

3.125 

4. 125 

5.125 

Drum 
Worth 

($) 
3.90 

4.31 

4.20 

E x p e r i m e n t a l l y obtained i n t e g r a l and d i f ferent ia l 

d r u m w o r t h s a s a function of d r u m pos i t ion for 

the t h r e e s h i m conf igura t ions a r e shown in 

F i g u r e s 5 th rough 10. 

b . Effect of Nickel m S ta t iona ry R e f l e c t o r s 
(Manra ted Sys t em) 

Ca lcu l a t i ons w e r e m a d e to d e t e r m i n e the r eac -

t iv i ty loss a s s o c i a t e d with using a s t r u c t u r a l l y 

s t r o n g e r m a t e r i a l for the s t a t i o n a r y r e f l e c to r 

p i e c e s to s t r e n g t h e n the r e f l e c t o r . Subs t i tu t ion 

of n ickel for canned BeO m the s t a t i o n a r y r e 

f lec tor p i eces of a t a p e r e d d r u m des ign concept 

r e s u l t s in a l o s s of $2 50 m r e a c t i v i t y . 

c . Re la t ive Wor ths of V a r i o u s Ref lec to r 
M a t e r i a l s (Manra t ed System) 

The r e l a t i v e wor th of v a r i o u s r e f l e c t o r m a 

t e r i a l s for m a n n e d a p p l i c a t i o n s , e. g. , n i cke l , 

b e r y l l i u m , and va ry ing d e n s i t i e s of canned 

b e r y l l i u m oxide was d e t e r m i n e d . Unc lad b e r y l 

l ium was found to be the m o s t effect ive r e 

f l ec to r for a l l t h i c k n e s s e s of i n t e r e s t . Nicke l 

was found to b e the l e a s t effective and b e r y l l i u m 

oxide of i n t e r m e d i a t e va lue . Although p r e v i o u s 

s tud ies have shown p u r e BeO of full t h e o r e t i c a l 

dens i ty to b e s u p e r i o r to b e r y l l i u m , the s tud i e s 

r e v e a l e d that the canned BeO of lower dens i ty 

i s l e s s effect ive than b e r y l l i u m . The r e s u l t s 

a r e shown m F i g u r e 11. 

NAA-SR-11092 , C. E J o h n s o n , "SNAP 8 P r o g r e s s R e p o r t , F e b r u a r y - A p r i l 1 9 6 5 , " June 15 ,1965, 
pp 23-25 
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NOTE; 

BEO DENSITY IS INDICATED IN PERCENT 
OF THEORETICAL DENSITY 

HASTELLOY-N CANNING THICKNESS IS 
GIVEN IN UNITS OF mils 

6 8 10 

BERYLLIUM REFLECTOR THICKNESS (cm) 

14 16 

4 - 2 2 - 65 

F i g u r e 11. 
7568-02323 

Clad BeO Ref lec to r T h i c k n e s s vs T h i c k n e s s of B e r y l l i u m Ref lec tor 
with Equal Reac t iv i ty 
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mirai 
d. F u e l E l e m e n t Spacing m M a n r a t e d SNAP 8 

S y s t e m 

The r e a c t i v i t y penal ty a s s o c i a t e d with in 

c r e a s i n g the fuel e l e m e n t spac ing to d e c r e a s e 

the NaK p r e s s u r e d r o p a c r o s s the c o r e was c a l 

cu la t ed . The r e a c t i v i t y l o s s as a function of fuel 

e l e m e n t spac ing is shown in F i g u r e 12. B e c a u s e 

of the amount of r e a c t i v i t y l o s s , a s tudy was 

m a d e with 3 0 - m i l spac ing m the inner five r i n g s 

of fuel e l e m e n t s and 10-mil spac ing m the outer 

t h r e e r i n g s . The r e s u l t a n t r e a c t i v i t y penal ty 

was -$1 .27 . The s a m e r e a c t i v i t y l o s s would be 

a s s o c i a t e d wi th a un i fo rm spac ing of about 

20 m i l s th roughout the c o r e . 

in 
in 

o 
X 

^ 

REFERENCE . 
SNAP 8 DESIGN | 
FUEL ELEMENT , 
SPACING 1 

_ \. 

- . 

EXCESS REACTIVITY FOF 
3 0 - m i l SPACING IN FIRS 
5 RINGS, 10-mi l SPACINC 

. IN LAST 3 RINGS 

NO ATT SHIELD 

NO PREPOISON 

17 8 2 5 - i n ACTIVE CORE LENGTH 

241 FUEL ELEMENTS 

NH - 6 25 

4 - i n BeO REFLECTOR THICKNESS 

1 

T 

— 

0 20 

FUEL ELEMENT SPACING (mils) 

4-16-65 

30 

7568-02324 

F i g u r e 12. E x c e s s Reac t iv i ty of M a n r a t e d 
SNAP 8 R e a c t o r vs F u e l E l e m e n t Spacing 

e. Reac t iv i ty R e q u i r e m e n t s for M a n r a t e d 
SNAP 8 S y s t e m 

The r e a c t i v i t y r e q u i r e m e n t for a m a n r a t e d 

600-kwt SNAP 8 r e a c t o r for a l i f e t ime of t h r e e 

y e a r s has been ca l cu l a t ed to be $17.15. The 

s y s t e m u t i l i zed a t r i t i u m - h e l i u m inhe ren t shu t 

down d e v i c e . Table 6 shows the con t r ibu t ions 

to the r e q u i r e d r e a c t i v i t y . 

TABLE 6 

REACTIVITY REQUIREMENTS OF THE 
MANRATED SNAP 8 REACTOR FOR A 

3-YEAR L I F E T I M E AT 600 kwt 

Hydrogen Lo^s 

T r i t i u m - H e l i u m Shutdown 

Xenon Buildup 

S a m a r i u m Buildup 

F i s s i o n P r o d u c t Buildup and 
U r a n i u m Burnout 

H y d r j g e n Red i s t r ibu t ion 

T e m p e r a t u r e and Power 
Defect 

M i n i m u m Cont ingency 

Total 

$ 4 

2 

0 

1 

3 

0 

2 

1 

$17 

15 

50 

90 

20 

85 

60 

15 

80 

15 

f W j r t h of M a n r a t e d 47 Shield 

The r e a c t i \ i t y wor th of tlie 4 " sh ie ld p r o 

posed for the m a n r a t e d SNAP 8 r e a c t o r was c a l 

cu la ted us ing a combina t ion of o n e - d i m e n s i o n a l -

t r a n s p o r t - t h e o r y ca l cu l a t i ons and an a lbedo t e c h 

nique . The m a x i m u m wor th of the sh ie ld was 

found to be $1.50 when p laced aga in s t the r e 

f l e c to r . This is m g e n e r a l a g r e e m e n t with ex 

p e r i m e n t s p e r f o r m e d on the SNAP C r i t i c a l 

A s s e m b l y (SCA-4A). The v a r i a t i o n of the shie ld 

w o r t h a s it is moved away f rom the r e a c t o r is 

shown m F i g u r e 13. The two c u r v e s in the f ig

u r e w e r e ca l cu l a t ed us ing g e o m e t r i c a l view 

f a c t o r s for an infinite cy l inder and a s p h e r e . 

Both c u r v e s a r e normial ized to a to ta l sh ie ld 

va lue of $1 .50. It is expec ted that the a c t u a l 

w o r t h would be w i thm the va lues shown by the 

tw o c u r v e s . 

g. Wor th of P o i s o n - T y p e Con t ro l D r u m s for 
M a n r a t e d SNAP 8 S y s t e m 

A c o n t r o l - d r u m conf igura t ion of eight p o i s o n -

backed b e r y l l i u m c o n t r o l d r u m s has been found 

to p rov ide adequa t e c o n t r o l for a m a n r a t e d 4Tr 

sh ie lded SNAP 8. P r e l i m i n a r y ca l cu la t ions 

showed the eight d r u m s to be wor th $15.50. 

B,C was s e l e c t e d as the poison m a t e r i a l for 

s tud ies of the o p t i m u m ra t io of po i son t h i c k n e s s 

to d r u m d i a m e t e r . 
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INFINITE CYLINDER VIEW FACTORS 

BeO CONTROL DRUM THICKNESS 4 in 

/3 (REFLECTION PARAMETER OR ALBEDO) 0 6 

0 2 4 6 8 10 

DISTANCE FROM REFLECTOR TO SHIELD (in) 

4 6 65 7568 02325 

F i g u r e 13. V a r i a t i o n of 477 Shield Wor th 
wi th Loca t ion 

2. T h e r m a l Ana lys i s for M a n r a t e d 4T-Shielded 
SNAP 8 S y s t e m 

The s t e a d y - s t a t e ope ra t i ng t e m p e r a t u r e s of 

the SNAP 8 m a n r a t e d 47r-shielded s y s t e m was 

d e t e r m i n e d . F i g u r e 14 shows a typ ica l des ign . 

The des ign point of r e a c t o r ope ra t i on is 600 kwt 

wi th 1100°F in le t and 1300°F out le t coolant t e m 

p e r a t u r e s . The n e u t r o n c o n t r o l d r u m con ta ins 

BeO and B.C m a Inconel c o n t a i n e r . The tung

s t e n g a m m a sh ie ld g e n e r a t e s -80 to 90% of the 

hea t r e l e a s e d m the sh ie ld . The LiH neu t ron 

sh ie ld t e m p e r a t u r e l im i t a t i on was se t a t 1000° F 

to prov ide an adequa te m a r g i n f rom i t s 1270°F 

me l t ing t e m p e r a t u r e . T h e r m a l insu la t ion s e p a 

r a t e s the high t e m p e r a t u r e t ungs t en f r o m the 

LiH. 

Cooling of the sh ie ld is a c c o m p l i s h e d by 

rout ing the p r i m a r y coolant th rough p i p e s , con

ta in ing a l u m i n u m f ins , loca ted be tween the n e u 

t r o n con t ro l d r u m s and the tungs t en sh i e ld a s 

shown m Sect ion A - A of F i g u r e 14. In F i g 

u r e 15, the expec ted m a x i m u m n e u t r o n r e f l e c t o r 

t e m p e r a t u r e s for the r e a c t o r ope ra t i ng a t des ign 

condi t ions a r e ind ica ted . With the tungs t en 

t h e r m a l l y i n su l a t ed f r o m the LiH n e u t r o n sh ie ld , 

the m a x i m u m LiH t e m p e r a t u r e for 600-kwt c o r e 

o p e r a t i o n in a n o min a l z e r o ° F space t e m p e r a 

t u r e is about 800° F . Th i s m a x i m u m t e m p e r a 

t u r e o c c u r s a t the c e n t e r l m e of the f i r s t shadow 

sh ie ld n e a r e s t the r e a c t o r . 

3. Cont ro l Ana lys i s 

The UPSTART dig i ta l s y s t e m s imu la t i on p r o 

g r a m IS being deve loped for a n a l y s i s of the 

t r a n s i e n t c h a r a c t e r i s t i c s of r e a c t o r s y s t e m s . 

The p r o g r a m is c o m p o s e d of s e l f - con t a ined 

modu le s which s i m u l a t e the d y n a m i c s of each 

m a j o r componen t of the r e a c t o r and p r o c e s s 

l oops . T h e s e componen t s inc lude the r e a c t o r 

c o r e , the c o n t r o l l e r , the safe ty s y s t e m , a 

l i qu id - to - l i qu id counterf low hea t e x c h a n g e r , a 

t h r e e - r e g i o n boi l ing coolant hea t e x c h a n g e r , a 

l i q u i d - t o - s p a c e - a n d / o r - a i r hea t e x c h a n g e r , a 

p a r a s i t i c load r e s i s t o r , a t h e r m o e l e c t r i c pump , 

and piping s e g m e n t s . 

The r e a c t o r s imu la t i on inc ludes the neu t ron 

k ine t i c s and the t h e r m a l k ine t i c s of the fuel 

c ladding , and coolant . Two 6 -g roup neu t ron 

k ine t i c s ca l cu la t ions a r e a v a i l a b l e . The f i r s t 

IS an " e x a c t " ca lcu la t ion using the convent ional 

m o n o - e n e r g e t i c k ine t i c s equa t ions . This c a l c u 

la t ion would be used for r e l a t i v e l y rap id changes 

m neu t ron flux l eve l s such a s those which would 

occur m inc iden t s which involve l a r g e r e a c t i v i t y 

i n s e r t i o n s . The second n e u t r o n i c s ca lcu la t ion 

u s e s an a p p r o x i m a t i o n to the exac t equa t ions . 

This a p p r o x i m a t e equat ion , which r e d u c e s c o m 

puter t i m e , can be used m s lower t r a n s i e n t s 
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EQUIPMENT 
GALLERY 

CONTROL 
COMPONENTS 

LOCATION OF MAXIMUM 
LiH TEMPERATURE ( 8 0 0 ° F ) 

A - A 0 5 10 15 20 
i-i I . . 1 . I I I I I . I I I 

( inches) 

LEGEND 

LITHIUM HYDRIDE 
PSS3 DEPLETED URANIUM 
C=3 STAINLESS STEEL 
c = i INSULATION 
1ZZ2 TUNGSTEN 
1777a BERYLLIUM OXIDE 
^ BORON CARBIDE 
nmn ALUMINUM 

F i g u r e 14, SNAP 8 M a n r a t e d 4rr Shield Des ign 
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30° SYMMETRICAL SECTION 

\//'/'y\ BORON CARBIDE 

INCONEL 

CORE POWER eOOKwt 

INLET COOLANT TEMPERATURE IIOO°F 

€ ( ALL SURFACES ) 0 8 
MOVABLE REFLECTOR 

FIXED 
REFLECTOR 

8 - 1 8 - 6 5 7 5 6 8 - 0 2 3 2 7 

F i g u r e 15, SNAP 8 Manra t ed 47T Shield, P o i s o n - B a c k e d 
Con t ro l D r u m Deta i l 

such a s those induced by changes m t e m p e r a t u r e , 

flow, and s m a l l r e a c t i v i t y i n s e r t i o n s . The r e a c 

t o r t h e r m a l k ine t i c s s imu la t i on c o n s i s t s of 

d i f f e ren t i a l -d i f f e rence equa t ions ' d e s c r i b i n g 

the fuel, fuel c ladd ing , and flowing coolan t . As 

many a s 20 ax ia l nodes m a y be u s e d in the fuel, 

fuel c ladding , and coolant . 

The c o n t r o l l e r s i m u l a t i o n is a f lex ib le , 

g e n e r a l pu rpose module which conta ins the logic 

of the con t ro l s y s t e m . The d e c i s i o n s m a d e in 

the c o n t r o l l e r d e t e r m i n e the d i r e c t i o n and r a t e 

of d r u m m o v e m e n t which m a y be e i t h e r con t inu

ous or m o v e m e n t m d i s c r e t e s t e p s . Up to seven 

changes m the r a t e of d r u m m o v e m e n t a r e 

ava i l ab l e dur ing a t r a n s i e n t . The r a t e changes 

a r e in i t i a ted when p r e s e l e c t e d r e f e r e n c e points 

of two s y s t e m v a r i a b l e s a r e exceeded , e . g . , 

d r u m angle and coolant t e m p e r a t u r e . C u r r e n t 

s y s t e m s u s e the r e a c t o r outlet coolant t e m p e r 

a t u r e as the con t ro l l ed p a r a m e t e r , h o w e v e r . 

R. W. Winson , " T h e r m a l Model of a SNAP R e a c t o r C o r e with Flowing Coolant , " NAA-SR-9443 , 
November 26 , 1963 

t R . W , Winson, " T h e r m a l Model for Use m S N A P Sys tem Simula t ion , " N A A - S R - 1 0 9 6 1 , M a r c h 2 , 1965 
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any v a r i a b l e m a y be used . It is poss ib l e to 

s i m u l a t e u n i d i r e c t i o n a l or b i d i r e c t i o n a l dead -

band con t ro l wi th a z e r o or finite deadband 

wid th . Con t ro l concep t s not us ing r e f l e c t o r 

d r u m s could be ea s i l y s i m u l a t e d . 

The safety s y s t e m is r e p r e s e n t e d by the s i m 

ula t ion of a s e n s o r and a c t u a t o r . T h e r e a r e 

four v a r i a b l e s which a r e s e n s e d to d e t e r m i n e 

if the safe ty s y s t e m wil l o v e r r i d e a l l o ther 

m o d e s of c o n t r o l . One of t h e s e v a r i a b l e s is 

flow and the o ther t h r e e a r e a r b i t r a r y . When 

the safe ty s y s t e m is m con t ro l of the r e a c t o r , 

the d r u m m o v e m e n t may be cont inuous or d i s 

c r e t e a t any p r e s e t r a t e wi th an a r b i t r a r y r e a c 

t ivi ty w o r t h a s a function of angu la r d r u m p o s i 

t ion . This safe ty s y s t e m s i m u l a t e s s c r a m 

ac t ion , s e tback ac t i on , or hold ac t ion dur ing any 

t r a n s i e n t . 

The t h r e e hea t exchange r s i m u l a t i o n s and the 

p a r a s i t i c load r e s i s t o r s imu la t i on a r e d e s c r i b e d 

by d i f f e r en t i a l -d i f f e r ence equa t ions for flowing 

coolan t s i m i l a r t o t h o s e u s e d m the r e a c t o r c o r e 

m o d e l . ' The hea t exchanger s imu la t i ons a r e 

f lexible and m a y be used wi th any s y s t e m 

conf igura t ion . 

The l i qu id - to - l i qu id hea t exchange i m o d e l 

c o n s i s t s of a s ingle ax i a l node and two r a d i a l 

nodes whi le the bo i l e r mode l c o n s i s t s of t h r e e 

ax ia l nodes and two r a d i a l n o d e s . T h e s e ax ia l 

bo i l e r nodes r e p r e s e n t the p r ehea t i ng r eg ion 

( l i qu id - to - l iqu id ) , the boil ing reg ion ( l i qu id - to -

2 phase ) , and the s u p e r h e a t r eg ion ( l i qu id - to -

v a p o r ) . 

The t h e r m o e l e c t r i c pump s imu la t i on c o n s i s t s 

of t h r e e m a j o r componen t s a d-c e l e c t r o m a g 

ne t ic pump, t h e r m o e l e c t r i c e l e m e n t s , and hea t 
§ 

t r a n s f e r f ins . The s imu la t i on of t h e s e t h r e e 

componen t s is a c c o m p l i s h e d by solut ion of the 

equat ions d e s c r i b i n g hea t flow, e l e c t r i c a l c u r 

r e n t flow, and p r e s s u r e - m o m e n t u m flow. 

The piping s e g m e n t s a r e s i m u l a t e d us ing the 

d i f f e ren t i a l -d i f f e rence equa t ions d e s c r i b i n g 

flowing coo lan t , pipe wa l l , and pipe hea t l o s s e s 

T h e s e piping s e g m e n t s a r e the connect ing l inks 

be tween the component modu le s of the p r o g r a m . 

All componen t modu le s have been checked 

individual ly with r e s p e c t to c o n s e r v a t i o n of 

e n e r g y and with r e s p e c t to t r a n s i e n t s obtained 

by o ther m o d e l s . In addi t ion , the SNAP 

lOA and SNAP 8 s y s t e m s have been s i m u l a t e d 

and t r a n s i e n t and steady—state c a l cu l a t i ons have 

a g r e e d v e r y wel l with t e s t data and data f r o m 

o ther m o d e l s . .tt 

The c o m p u t e r t i m e r e q u i r e d for an a v e r a g e 

n u c l e a r s t a r t u p t r a n s i e n t cove r ing -8000 second 

IS about one m i n u t e . 

The m o d u l a r i z a t i o n of the p r o g r a m m a k e s it 

p o s s i b l e to S imula te any a r b i t r a r y s y s t e m by 

s imply connect ing the s y s t e m m o d u l e s in a 

c l o sed loop(s) . This type of s y s t e m s i m u l a t i o n 

h a s the advan tage tha t a m i n i m u m amount of 

p r o g r a m m i n g t i m e is r e q u i r e d and that the 

s y s t e m modu le s a r e v i r t u a l l y unchanged f rom 

one s y s t e m to an o th e r . 

' R, W. Winson, " T h e r m a l Model of a SNAP R e a c t o r C o r e with Flowing Coolant , " 
N A A - S R - T D R - 9 4 4 3 , N o v e m b e r 26, 1963 

t R . W. Winson, " T h e r m a l Model for Use m SNAP S y s t e m Simula t ion , " NAA-SR-TDR-1096 1, 
M a r c h 2, 1965 

§R. W. Winson and P . M. Magee , " T h e r m o e l e c t r i c P u m p Digi ta l S imula t ion , " N A A - S R - T D R - 1 1409, 
May 27, 1965 

-•!-'-C, E . Johnson , "SNAP 8 P r o g r e s s R e p o r t , N o v e m b e r 1 9 6 4 - J a n u a r y 1 9 6 5 , " NAA-SR-10792 (CRD), 
Marcj i 15, 1965 

T t C . E . Johnson , " P r o g r e s s R e p o r t , SNAP 8, A u g u s t - O c t o b e r 1964, " NAA-SR-10492 (SRD), 
D e c e m b e r 23, 1964 
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4. Shielding A n a l y s i s 

a. I n s t r u m e n t - R a t e d S y s t e m 

A p r e l i m i n a r y a n a l y s i s was m a d e to d e t e r 

mine the s igni f icance of g a m m a - r a y s c a t t e r i n g 

m the i n s t r u m e n t - r a t e d r e f e r e n c e des ign . In

c luded •was s c a t t e r i n g f rom the l i t h i u m - h y d r i d e 

shadow sh ie ld a s a r e s u l t of photons which by

p a s s the g a m m a sh ie ld and f rom NaK p ipes and 

e l e c t r i c a l cable a s s e m b l i e s which l ie outs ide of 

the LiH shadov/ sh ie ld . T h e s e r e s u l t s show tha t 

for 600-kwt o p e r a t i o n , s c a t t e r i n g f rom the LiH 

wil l p roduce at the 2 0 - f t - d i a m e t e r payload ( lo

ca t ed 40 ft f rom the r e a c t o r ) a r e l a t i v e l y uni form 
5 

p a t t e r n of a p p r o x i m a t e l y 5 x 1 0 r a d s in 1 0 ,000 hr 

o r about 50% of the t o l e r a n c e dose of 10 r a d s / 
4 

10 h r . When added to the con t r ibu t ion of s c a t 
t e r i n g f rom the NaK p ipes and e l e c t r i c a l c a b l e s , 

the to t a l g a m m a s c a t t e r e d dose wi l l a p p r o a c h 
5 

7 to 8 X 10 r a d s n e a r the outer r a d i u s of the 

2 0 - f t - d i a m e t e r pay load . 

b . M a n r a t e d S y s t e m 

P r e v i o u s 4Tr sh ie ld de s igns have used tungs ten 

o r deple ted u r a n i u m as g a m m a shie ld m a t e r i a l . 

U s e of t h e s e m a t e r i a l s r e s u l t e d m d o s e s c o i n -

p r i s e d main ly of s e c o n d a r y g a m m a r ad i a t i on . 

In o r d e r to r e d u c e the p r i m a r y - s e c o n d a r y dose 

i m b a l a n c e , lead was inves t iga t ed for u s e a s a 

g a m m a shie lding m a t e r i a l . Seconda ry g a m m a 

r ad i a t i on f r o m lead is 5 to 10 t i m e s l e s s than 

that f rom tungs ten o r dep le ted u r a n i u m . 

T a b l e 7 shows c o m p a r a b l e t h i c k n e s s and weight 

saving p o s s i b l e with l ead for two typ ica l shadow 

shie ld d e s i g n s . The sh ie lds a r e des igned for a 

dose r a t e of 1.5 m r e m / h r at 150 ft f r o m the 

r e a c t o r . 

Nuc lea r heat ing r a t e s for a n u m b e r of r e f l e c 

t o r and sh ie ld conf igura t ions w e r e d e t e r m i n e d . 

T h e s e r e s u l t s a r e shown m F i g u r e s 16 th rough 20 

as d e s c r i b e d below: 

1) F i g u r e 16 shows n u c l e a r hea t ing r a t e s 

m the n e u t r o n sh ie ld por t ion of the f i r s t 

shadow shie ld sec t ion vs d i s t ance into the 

neu t ron sh ie ld . The n e u t r o n sh ie ld begins 

i m m e d i a t e l y below the 2 - 1 / 2 - i n tungs ten 

g a m m a sh ie ld . 

2) F i g u r e s 17 and 18 show n u c l e a r heat ing 

r a t e s vs r e a c t o r r a d i u s m 4 - i n . - d i a m e t e r 

B e O - B .C po i soned con t ro l d r u m s s u r r o u n d e d 

by a 4TT sh ie ld c o m p o s e d of 2 - 1 / 2 m. W and 

12 m. LiH The d r u m s a r e c o m p o s e d of 

3 - 1 / 2 m. BeO, 1/2 m. Ni , and 1 m. B C. 

TABLE 7 

T Y P I C A L SHADOW SHIELD DESIGNS 

1st g a m m a sh ie ld 

1st neu t ron sh ie ld 

2nd g a m m a sh ie ld 

2nd neu t ron sh ie ld 

Re la t ive weight 

Design 1 
(W, U2 3B, LiH) 

T h i c k n e s s 
( i n . ) 

2 7 

22 

4 1 

12.5 

-

M a t e r i a l 

W 

L i H 

^238 

L i H 

-

Rela t ive 
Weight 

-
-

-
-

1 0 

Design 2 
(Pb , LiH) 

T h i c k n e s s 
(m ) 

4 . 5 

17 4 

6 5 

13 2 

-

M a t e r i a l 

P b 

L i H 

P b 

L i H 

-

Rela t ive 
Weight 

-
-

-
-

-0 875 

l=C. E . Johnson , S N A P S P r o g r e s s R e p o r t , F e b r u a r y - A p r i l 1 9 6 5 , " NAA-SR-1 1092 (CRD), 
June 15, 1965 
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F i g u r e 16. N u c l e a r Heat ing in Shadow Shield 

D r u m s - m (poison out) and d r u m s - o u t (poison 

m) condi t ions a r e shown m F i g u r e s 17 and 18, 

r e s p e c t i v e l y . The va lues shown a r e a v e r 

a g e s t aken over the c o r e length . The d a s h e d 

l i nes show the hea t ing r a t e s m the BeO cusp 

r e g i o n s be tween the d r u m s . 

3) F i g u r e 19 shows n u c l e a r hea t ing r a t e s 

vs r e a c t o r r a d i u s m a 4 m. b e r y l l i u m r e f l e c 

t o r s u r r o u n d e d by a 477 sh ie ld c o m p o s e d of 

2 - 1 / 2 m . W and 12 m . LiH. The va lues 

shown a r e aga in a v e r a g e s t aken over the c o r e 

l eng th . 

4) F i g u r e 20 shows n u c l e a r heat ing vs 

r a d i u s m a 477 sh ie ld c o m p o s e d of 6 cm W 

and 30*cm LiH. The sh ie ld e n c l o s e s a r e a c 

t o r c o r e and 4 - in . b e r y l l i u m r e f l e c t o r . 

A l s o i nves t i ga t ed was the n u c l e a r hea t ing m 

the l iquid l ead r eg ion of a P b - L i H 477 sh ie ld . 

The 477 sh ie ld i nves t iga t ed e n c l o s e d a r e a c t o r 

c o r e and a r e f l e c t o r with 4 - i n . po i son-backed 

10 

< 
tr. 

UJ 

I 
01 

0 01 

4-27-65 

-

-

-

1 1 1 1 

BeO Ni 

1 

M 
" B^C 

NOTES 

1 HEATING RATES ARE 

AXIALLY AVERAGED-AXIAL DISTRIBUTION 

IS GIVEN BY 1 0 9 cos ^ ^ 

Z AXIAL DISTANCE FROM REACTOR 
MIDPLANE (cm) 

2 MANRATED SNAP 8 REACTOR AT 6 0 0 kwt 

3 WITH Air SHIELDING 

1 1 

-

-

-

18 20 

RADIUS (cm) 

22 24 26 

7 5 6 8 - 0 2 3 2 9 

F i g u r e 17. Nuc lea r Heat ing Rates m P o i s o n -
Backed Con t ro l D r u m s , With the Con t ro l 

D r u m In 

d r u m s . The m a x i m u m heat ing r a t e m the lead 

was d e t e r m i n e d to be 0.9 w a t t s / c c and the i n t e 

g r a t e d hea t load m the c y l i n d r i c a l annulus s u r 

rounding the r e a c t o r was d e t e r m i n e d to be 

-12 kw. 

5. S t r e s s A n a l y s i s 

The a c c e l e r a t i o n r e s p o n s e of the SNAP 8 

DRM-1 componen t s to the Apol lo v ib ra t ion en 

v i r o n m e n t has been ca l cu l a t ed . The ca l cu la t ions 

w e r e b a s e d on the s impl i f ied equat ions of mot ion 

s i m u l a t e d f r o m the S8DRM-1 e x p e r i m e n t a l data 

and p r e d i c t e d r a n d o m v i b r a t i o n s p e c t r a of the 

Apol lo s p a c e c r a f t . 

The p r e d i c t e d power s p e c t r a l dens i ty of 

Apol lo r andom v ib ra t ion input for a s y s t e m 
2 

•whose m a s s is r e l a t i v e l y l a r g e is 0.001 g / c p s 
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NOTES 
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IS GIVEN BY 109 c o s - ^ 

Z = AXIAL DISTANCE FROM REACTOR 
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2 MANRATED SNAP 8 REACTOR AT 6 0 0 kwt 

3 WITH An SHIELDING 
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18 20 

RADIUS (cm) 
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7568-02330 

F i g u r e 18. N u c l e a r Heat ing R a t e s in P o i s o n -
Backed Cont ro l D r u m s , With the Cont ro l D r u m Out 
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F i g u r e 19, Nuc lea r Heat ing m 4- in , T a p e r e d 
B e r y l l i u m Ref lec tor 
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20. Nuc lea r Hea t ing in a 47T Shield 

T A B L E 8 

ACCELERATION LOADING ON MAJOR 
STRUCTURAL COMPONENTS DUE 
TO COMBINED A P O L L O RANDOM 

VIBRATION ENVIRONMENT 

Component 

R e a c t o r Top 

R e a c t o r C e n t e r of 
Grav i ty 

R e a c t o r B a s e 

Uppe r Grid P l a t e 

Lower Grid P l a t e 

Ref l ec to r Top 

Ref l ec to r C e n t e r of 
Grav i ty 

Con t ro l D r u m Top 

Con t ro l D r u m C e n t e r 
of Gravi ty 

S ta r tup D r u m 

Con t ro l D r u m Ac tua to r 

Axis 

Y 

Z 

Y 

Z 

X 

X 

X 

X 

Y 

X 

Z 

Y 

Z 

X 

X 

A c c e l e r a t i o n 

^ r m s 

7.95 

7.32 

3.06 

3.52 

5.65 

5.00 

1.96 

3.07 

3.42 

2.05 

2.37 

4.67 

4.86 

3.04 

5.65 

8max (Opera t ing) 

23.85 

21.96 

9.18 

1 0 . 5 6 

1 6 . 9 5 

15.00 

5.88 

9.21 

10.26 

6.15 

7.01 

14.01 

14.58 

9.12 

16.95 
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f r o m 10 to 2000 cps m t h r e e mu tua l ly p e r p e n 

d icu la r d i r e c t i o n s . Th i s input app l i ed at the 

base of the r e a c t o r wi l l p roduce a c c e l e r a t i o n 

loading on the s t r u c t u r a l e l e m e n t s of the r e a c t o r 

s y s t e m . Th i s r e s u l t a n t loading is p r e d i c t e d by 

the r e l a t i o n s h i p 

^ a,.(w) H(w)rdw 

1 

w h e r e 

a...(W) = power s p e c t r a l dens i ty of the r a n d o m 

v ib ra t ion input , 

H(W) = t r a n s m i s s i b i l i t y function, 

W - f r equency , and 

g - r o o t - m e a n - s q u a r e output a c c e l e r a -
° r m s 

t ion . 
Since e r e p r e s e n t s the s t a n d a r d devia t ion 

' ' r m s 

( l a va lue) of the output a c c e l e r a t i o n , the m a x i 

m u m a c c e l e r a t i o n wil l be t aken to be 3 e 
° r m s 

(3C7 va lue ) . Combined loading w a s a s s u i n e d to 

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

Table 8 r e v e a l s the p r e d i c t e d r e s p o n s e of 

m a j o r s y s t e m c o m p o n e n t s . The ax is ind ica ted 

IS the d i r e c t i o n of the r e s u l t a n t loading due to 

combined load ing . 

Analog s imu la t i on of a longi tudina l s inuso ida l 

v ib ra t ion t e s t , longi tudina l r a n d o m v ib ra t ion 

t e s t , and a longi tudinal shock t e s t has been c o m 

ple ted for a typ ica l SNAP 8 i n a n r a t e d 477 sh ie ld 

s y s t e m . A moda l s e a r c h ind ica t e s that the 

l owes t two n a t u r a l f r e q u e n c i e s m the long i tud i 

na l d i r e c t i o n a r e 61 cps and 193 c p s . The m a x i 

m u m shock t r a n s m i s s i b i l i t y m the longi tudinal 

d i r e c t i o n i s 1.2 and m the l a t e r a l d i r e c t i o n , 1.9. 

Midpoint def lect ion of the SNAP 8 m a n r a t e d 

p o i s o n - b a c k e d con t ro l d r u m with an Inconel -X 

c y l i n d r i c a l c ladding (4 m. d i a m e t e r ) has been 

ca l cu l a t ed for the following condi t ions d r u m s -

m pos i t ion , power l eve l of 600 kw, and c ladding 

t e m p e r a t u r e va r i a t i on only m the d i r ec t ion of 

an ax i s of syiTimetry The c e n t e r l m e deflect ion 

of the Inconel -X cladding due to the t h e r m a l 

g r a d i e n t and r a d i a l expans ion is 0.079 inch 

including a fac to r of safety of 1.4 Allowing for 

the ou tward c r e e p of the v e s s e l wal l (0.2% m 

3 y e a r s ) and the to ta l inward deflect ion of the 

d r u m , the in i t ia l gap be tween the v e s s e l wal l 

and the d r u m should be g r e a t e r than 0.095 inch. 

6 Rel iab i l i ty 

The r e l i a b i l i t y goal of the unmanned SNAP 8 

n u c l e a r s y s t e m is R - 0 962 This object ive 

inc ludes the p robabi l i ty that the s y s t e m wil l not 

fail due to the pene t r a t ion of the c r i t i c a l s u b 

s y s t e m s by m e t e o r o i d s dur ing flight That is 

R = [ P J o ) ] [ R ] 

w h e r e 

R = 0 962, the to ta l n u c l e a r sys t e in goal , 

P (o) = p robab i l i ty of nonpene t r a t ion by 

m e t e o r o i d s , and 

R = re l i ab i l i ty of s y s t e m not including 

m e t e o r o i d nonpene t r a t ion 

The p robab i l i ty of no c r i t i c a l damage due to 

m e t e o r o i d p e n e t r a t i o n is a function of the m o d 

ulus of e l a s t i c i t y , the dens i t y , the exposed a r e a , 

and the t h i c k n e s s of the a r m o r and the length of 

t ime of e x p o s u r e of the s u b s y s t e m s to m e t e o r o i d 

h a z a r d An a n a l y s i s has been comple t ed op t i 

miz ing the s y s t e m probab i l i ty of no c r i t i c a l 

damage due to m e t e o r o i d pene t r a t i on with m i n i 

m u m a r m o r weight The a r m o r m a t e r i a l is the 

s a m e a s the e x t e r n a l m a t e r i a l of the component 

m each c a s e . The c o m p o n e n t s , h o w e v e r , func

t ion m different t e m p e r a t u r e e n v i r o n m e n t s which 
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T A B L E 9 

SYSTEM OPTIMIZATION ANALYSIS 

Subsys t em 

Neu t ron Shield 

T o p 

Side 

NaK Piping 

Inlet 

Outlet 

Core Upper 
P l e n u m 

No. 1 A c t u a t o r and 
Brake Housing 
A s s e m b l y 

No. 2 A c t u a t o r and 
Brake Housing 
A s s e m b l y 

No . 3 A c t u a t o r and 
B r a k e Housing 
A s s e m b l y 

Surface 
A r e a , 

(ft2) 

6.2 

26.8 

2 . 1 

3 .7 

1.0 

0 . 4 

0 . 4 

0 . 4 

Design 
T e m p e r a t u r e 

( °F) 

1000 

8 0 0 

1150 

1350 

1350 

1000 

1000 

1000 

Dens i ty , 

Pti 

485.6 

488.7 

483.3 

480.2 

480.2 

485.6 

485.6 

485.6 

Young 's 
Modu lus , 

20.6 

22.1 

19.4 

17.7 

17.7 

20.6 

20.6 

20.6 

Th i cknes s for 
P (o) = 0.999 

^ (in.) 

0.2751 

0.2695 

0.2800 

0.2876 

0.2876 

0.2751 

0.2751 

0.2751 

Total weight for above conditions = 454.25 lb 

0.99999 

0.9999 

0.999 

0 99 

0.9 

1 I I I 

y 

u 

u 

F 1 1 i / 

1 I I I 

1 1 11 

/ ' ' ' ' 

-

-

-

1 1 1 ri 
10 100 1000 

WEIGHT ( lb ) 

7- 23 - 6 5 

10,000 

7 5 6 8 - 0 2 3 3 3 

F i g u r e 2 1 . A r m o r Weight vs P r o b a b i l i t y 
of Nonpene t r a t ion of M e t e o r o i d s 
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influence the dens i ty and Young 's modu lus of the 

s y s t e m . Table 9 is a l i s t ing of the SNAP 8 c o m 

ponents c o n s i d e r e d , the value of the p a r a m e t e r s 

involved in the s tudy, and the r e s p e c t i v e a r m o r 

t h i c k n e s s r e q u i r e d for e ach componen t us ing the 

c r i t e r i a d i c t a t ed by the a n a l y s i s for a p robab i l i ty 

of nonpene t r a t i on P (o) = 0.999 F i g u r e 21 is a 

g r a p h r e p r e s e n t i n g the to t a l s y s t e m a r m o r 

Vv^eight a s a function of the p robab i l i ty of non

p e n e t r a t i o n . The change m the s y s t e m r e l i a 

bi l i ty r e q u i r e m e n t s for any change m the to ta l 

a r m o r weight can be d e t e r m i n e d . F o r e x a m p l e , 

the 110 lb i n c r e a s e in the a r m o r weight f rom 

345 to 455 lb i m p r o v e s the P (o) f rom 0.997 to 

0.999. This i m p r o v e m e n t of P (o) due to the 

i n c r e a s e m the weight of a r m o r wil l d e c r e a s e 

the r e l i ab i l i t y r e q u i r e m e n t for the s y s t e m oper 

at ion by 5.7%. 

F o r P (o) = 0.999, R' = 0 963, and for P (o) 

0.997, R"«= 0.965, 

R" - R' 0.965 - 0.963 _ 0 002 0 002 
1 - R" " 1 - 0.965 ' 0.035' 0 035 X 100 = 5 7% 

w h e r e 

R' = r e l i a b i l i t y r e q u i r e m e n t for s y s t e m 

opera t ion when P (o) = 0.999, and 

R" = r e l i ab i l i t y r e q u i r e m e n t for s y s t e m 

ope ra t ion when P (o) = 0.997. 
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IV FUEL ELEMENT DEVELOPMENT AND FABRICATION 

A. INTRODUCTION AND SUMMARY 

The objec t ive of the fuel e l emen t p r o g r a m is 

to develop fuel e l e m e n t s for the 600-kwt SNAP 8 

r e a c t o r tha t m e e t the following p e r f o r m a n c e r e 

q u i r e m e n t s 

1 ) A peak power dens i ty of the fuel of 

a p p r o x i m a t e l y 5.0 kwt / f t of fuel rod length at 

a peak c e n t r a l t e m p e r a t u r e of 1 5 5 0 ° F . A 

peak fuel bu rnup of about 0.3 m e t a l a t o m 

p e r c e n t m 10,000 h o u r s . 

2) Hydrogen l o s s f rom the fuel e l e m e n t s 

of l e s s than 5% of that in the fuel a l loy dur ing 

10,000 h o u r s of r e a c t o r o p e r a t i o n . The hy 

d r o g e n b a r r i e r coat ing and c l o s u r e s ea l m u s t 

wi ths tand t h e r m a l and m e c h a n i c a l checkout 

of the r e a c t o r , t h e r m a l shock dur ing s t a r t u p , 

and a peak c ladding ope ra t ing t e m p e r a t u r e of 

1450°F . The fuel e l e m e n t c ladding a l so m u s t 

r e s i s t c o r r o s i o n m the NaK e n v i r o n m e n t and 

m a i n t a i n d i m e n s i o n a l i n t eg r i t y over the life 

of the c o r e . 

3) A fuel e l e m e n t with 99% r e l i a b i l i t y at 

the 50% conf idence leve l of m e e t i n g t h e s e p e r 

f o r m a n c e g o a l s . Redundant fuel e l e m e n t s a r e 

p rov ided m the c o r e so that f a i lu re of the hy

d rogen b a r r i e r in a few e l e m e n t s will s t i l l 

p e r m i t succe s s fu l o p e r a t i o n of the r e a c t o r . 

Signif icant i m p r o v e m e n t s w e r e d e m o n s t r a t e d 

m S8DS fuel e l e m e n t c h r o m i z m g and c l o s u r e 

weld ing p r o c e s s e s . P r o c e s s e s w e r e developed 

for c h r o m i z m g lots and for c h r o m i z m g v i rg in 

tube a s s e m b l i e s . SSDS c o r e p roduc t i on c a p a 

bi l i ty for c h r o m i z m g and s t r a igh t en ing c ladding 

tube a s s e m b l i e s was d e m o n s t r a t e d . Machining 

m e t h o d s w e r e e s t a b l i s h e d for improv ing the fi t-

up and c l e a n l i n e s s of SSDS cup-p lug c l o s u r e 

w e l d m e n t s . Signif icant i m p r o v e m e n t s in welding 

yield and p r o c e s s capab i l i t y for weld p e n e t r a t i o n 

w e r e ach i eved . 

In n o n d e s t r u c t i v e t e s t deve lopmen t , the fea 

s ib i l i ty of an e d d y - c u r r e n t t e s t for d e t e r m i n i n g 

h y d r o g e n d i s t r i b u t i o n m fuel r ods was e s t ab l i shed 

A new x - r a y t echn ique was developed for qua l i ty 

a s s u r a n c e of SSDS c l o s u r e w e l d m e n t s . 

P e r f o r m a n c e t e s t s of deve lopmen ta l SSDS fuel 

e l e m e n t s cont inued to d e m o n s t r a t e a subs t an t i a l 

i m p r o v e m e n t in SSDS p e r f o r m a n c e over the S8ER 

fuel e l e m e n t s . 

The NAA-115-1 and NAA-117-1 fuel e l e m e n t 

i r r a d i a t i o n s cont inued at Hanford . A s s e m b l y of 

the NAA-115-2 fuel e l e m e n t was comple ted and 

the i r r a d i a t i o n t e s t c o m m e n c e d . F a b r i c a t i o n of 

the NAA-121 fuel e l emen t t e s t cont inued . Hot 

ce l l p r e p a r a t i o n s for the S8ER c o r e s c r e e n i n g 

examina t ion w e r e c o m p l e t e d . 

B , F U E L E L E M E N T D E V E L O P M E N T 

1. Fue l 

a. Fue l N o n d e s t r u c t i v e Tes t i ng 

E d d y - c u r r e n t t echn iques have been developed 

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

content of fuel e l e m e n t s m the SSER c o r e . 

Specia l annu la r co i l s w e r e f ab r i ca t ed for mak ing 

hydrogen m e a s u r e m e n t s of the fuel e l e m e n t s m 

the hot ce l l be fo re r e m o v a l of the c ladd ing . E x 

p e r i m e n t s have shown that the p r e s e n c e of c l ad 

ding c a u s e s no s ignif icant d i f fe rence m r e l a t i v e 

e d d y - c u r r e n t r e s p o n s e m the fuel. In p r a c t i c e , 

the SSER c o r e fuel e l e m e n t s will be t r a v e r s e d 

ax ia l ly th rough one coi l while a r e f e r e n c e fuel 

e l e m e n t of known h y d r o g e n content will be p laced 

m the second or s t a n d a r d co i l . 

E x p e r i m e n t s on the s tab i l i ty and l i n e a r i t y of 

the n e u t r o n s c a t t e r me thod of m e a s u r i n g h y d r o 

gen m fuel e l e m e n t s w e r e con t inued . New B E , 

n e u t r o n d e t e c t o r s w e r e p r o c u r e d and s u c c e s s 

fully t e s t e d . Eight SNAP S fuel r o d s which w e r e 

hydr ided to v a r i o u s p e r c e n t a g e s w e r e t e s t e d . 
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An a v e r a g e of s ix s e p a r a t e counting p e r i o d s was 

d e t e r m i n e d for each r o d . This a v e r a g e was then 

s u b t r a c t e d f rom the background count , which 

IS the a v e r a g e count r a t e with no fuel rod i n t e r 

posed be tween the n e u t r o n s o u r c e (Pu, Be — 

1 c u r i e ) and the B F , de tec t ion c h a m b e r . A 

lower value of the d i f fe rence be tween a v e r a g e 

count r a t e for a rod and the background count 

r a t e i nd i ca t e s a lower hyd rogen conten t m the 

r o d . 

F i g u r e 22 shows the l i nea r r e l a t i onsh ip ob 

ta ined be tween count r a t e d i f fe rence and weight 

p e r c e n t h y d r o g e n for each fuel rod t e s t e d , i . e . , 

the fuel rod weight g a m af ter h y d r i d m g . Data 

t aken with two dif ferent B F , c o u n t e r s , F -1058 

and F - 1 0 6 0 , for the s a m e eight fuel r o d s a r e 

plot ted m F igu i e 22. 

3 
O 
o 

8-16-65 

0 5 10 15 

HYDROGEN CONTENT (wt %) 

F i g u r e 22, Neu t ron Sca t t e r 
E x p e r i m e n t a l Data 

2 0 

7568-02285 

b . P h y s i c a l P r o p e r t y M e a s u r e m e n t s 

The fuel t e n s i l e - c r e e p p r o g r a m h a s been 

c o m p l e t e d . It was concluded tha t 

1) At ope ra t ing t e m p e r a t u r e s of 1300 and 

1 400 ° F and s t r e s s l eve l s of 3000 and 4000 p s i , 

fuel m a t e r i a l with a h y d r i d e c o m p o s i t i o n of 

1,72 H / Z r i s m o r e r e s i s t a n t to c r e e p than 

e i t he r the 1,60 H / Z r or 1,80 H / Z r fuel , 

2) The s t r a i n - t i m e r e l a t i o n s h i p for the 

1,80 H / Z r fuel m a t e r i a l exhibi ts a p a r a b o l i c 

c r e e p c u r v e m c o m p a r i s o n to a l i n e a r r e 

la t ionsh ip o b s e r v e d for the 1.60 H / Z r fuel. 

This behavior sugges t s that the m e c h a n i s m 

of c r e e p changes with compos i t i on . This 

change is a t t r i bu ted to the c r y s t a l l o g r a p h i c 

d i f f e rences be tween the f a c e - c e n t e r e d - c u b i c 

de l ta p h a s e (1.60 H / Z r ) and the highly 

twinned f a c e - c e n t e r e d t e t r a g o n a l eps i lon 

p h a s e (1.80 H / Z r ) . 

Tens i l e c r e e p t e s t s w e r e comple t ed on nine 

s p e c i m e n s of 1,60 H/ Zr - SNAP fuel . The c a r 

bon l eve l s inves t iga ted w e r e 0,05 and 0,30 wt %, 

T e s t s w e r e conducted at two s t r e s s e s 3000 

and 4000 p s i , and t h r e e t e m p e r a t u r e s , 1400, 

1500, and 1600°F , C r e e p r a t e data ca lcu la ted 

f rom the s t r a i n - t i m e c u r v e s for each s p e c i m e n 

a r e s u m m a r i z e d in Tab le 10, T h e s e da ta a r e 

p r e s e n t e d as A r r h e n i u s p lo ts m F i g u r e s 23 and 

24 for the 3000 and 4000 p s i s t r e s s l e v e l s , r e 

spec t ive ly . The 0,15 wt % c a r b o n addi t ion ex

hib i t s the be s t c r e e p r e s i s t a n c e at both s t r e s s 

l e v e l s . 

Mechan ica l t e s t s in the b e t a - d e l t a t w o - p h a s e 

r eg ion w e r e con t inued . T e s t s w e r e conducted 

m which an ax ia l t e m p e r a t u r e g rad ien t was i m 

posed on the t e s t s p e c i m e n s , s i m i l a r to tha t 

e x p e r i e n c e d in an ope ra t ing fuel e l e m e n t . It 

was r e a s o n e d that m a t h e r m a l g r a d i e n t , the 

two p h a s e s would s e g r e g a t e into d i s t i nc t r e g i o n s . 

Since the be ta p h a s e has a h igher dens i ty than 
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< 
"^10-^ 
a. 

o 

z 

10 

10 

"FT 
o 
o o 

o 

PREVIOUS DATA 1 
O 0 05 w 

A o 015 w 
0 0 30 w 

% C 

t % C 
t % C 

CURRENT REPORT PERIOD 
A 0 05 wt 

• 0 30wt 

% C 

% C 

12 

TEMPERATURE, -~ x lO'"* (°K) 

7-12-65 7568-02286 7-12-65 

TEMPERATURE, ^ x 10 "^C 

7568-02287 

F i g u r e 23. M i n i m u m C r e e p Ra te vs R e c i p r o c a l 
Abso lu te T e m p e r a t u r e for 1.60 H / Z r SNAP 

Fue l at an Applied S t r e s s of 4000 ps i 

F i g u r e 24. Min imum C r e e p Rate vs R e c i p r o c a l 
Absolu te T e m p e r a t u r e for 1.60 H / Z r SNAP 

Fue l at an Applied S t r e s s of 3000 ps i 
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TABLE 10 

TENSILE CREEP DATA FOR 1.60 H/Zr FUEL 

T e s t 
N u m b e r 

21122 

21132 

21142 

21141 

23121 

23131 

23132 

23142 

23141 

Compos i t i on 

H / Z r 

1.60 

1.60 

1.60 

1.60 

1.60 

1.60 

1.60 

1.60 

1.60 

Carbon 
(wt %) 

0.05 

0.05 

0.05 

0.05 

0.30 

0.30 

0.30 

0.30 

0.30 

T e m p e r a t u r e 
( °F) 

1400 

1500 

1600 

1600 

1400 

1500 

1500 

1600 

1600 

S t r e s s 
( p s i ) 

3000 

3000 

3000 

4000 

4000 

4000 

3000 

4000 

3000 

S t r a i n 
(m . / m . ) 

0.0039 

0.0135 

0.0169 

0.0220 

0.0072 

0.0433 

0.0289 

0.0597 

0.0360 

A v e r a g e 
M i n i m u m 

C r e e p Ra te 
(m. / m . / h r ) 

3.4 x 10"^ 

4.4 X 10"^ 

5.5 X 10"'^ 

8 X 10'-^ 

3.9 X 1 0 ' ^ 
-4 

4 X 10 

1.4 X 1 0 ' ^ 

1 X 1 0 ' ^ 

1.1 X 10""^ 

d e l t a , i t was pos tu l a t ed that high i n t e r n a l s t r e s s e s 

could develop to c a u s e c r a c k i n g of the fuel at 

the b e t a - d e l t a i n t e r f a c e . 

The t e m p e r a t u r e p ro f i l e of the t e s t s p e c i 

m e n s was ad jus ted to obta in a longi tudina l t e m 

p e r a t u r e g r a d i e n t a s shown m F i g u r e 25 . The 

c e n t e r of the t e s t s p e c i m e n s was held a t i 4 0 0 ° F , 

while the ends w e r e about 100°F c o o l e r . The 

hydrogen p r e s s u r e in the r e t o r t was then ad 

j u s t e d to p l ace the b e t a - d e l t a equ i l ib r ium t e m 

p e r a t u r e w i thm the t e s t l eng th . As s een in 

F i g u r e 25 , the ho t t e r p o r t i o n of the rod was 

be ta p h a s e , whi le the co lde r ends w e r e de l ta 

p h a s e . 

After equ i l i b r ium was r e a c h e d , the s a m p l e s 

w e r e p laced m tens ion and s t r a i n e d at a con

s tan t r a t e to f a i l u r e . The fa i lu re o c c u r r e d at 

the h o t t e s t point of the be ta p h a s e m a t e r i a l and 

the u l t i m a t e t e n s i l e s t r e n g t h w a s 4250 p s i . The 

s a m p l e s e longated about 36%, with a l l of the 

e longat ion o c c u r r i n g in the be ta p h a s e m a t e r i a l . 

Me ta l log raph ic examina t ion of the p o s t - t e s t 

s p e c i m e n s ind ica ted that the b e t a - d e l t a i n t e r f a c e 

was pos i t ioned a s p r e d i c t e d m the p r e s s u r e -

t e m p e r a t u r e r e l a t i o n s h i p s ( F i g u r e 25). 

Conc lus ions r e a c h e d f rom t h e s e t e s t s a r e : 

(1) The be ta p h a s e m a t e r i a l is quite duct i le as 

c o m p a r e d to de l t a p h a s e . (2) The beta-del ta i n t e r 

face is s t r o n g e r than the be ta p h a s e m a t e r i a l . 

1300 

Q: 
7 6 5 4 3 2 

THERMOCOUPLE NUMBER 
[-•PREDICTED /3-S INTERFACE*-! 

[-•MEASURED/3-S INTERFACE^ 
^ 

7-12-65 7568-02288 

F i g u r e 25 . T e m p e r a t u r e P r o f i l e for 
B e t a - D e l t a I n t e r f a c e 
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c. Fue l Coat ing I n t e r a c t i o n Studies 

P r e v i o u s s tud i e s on the f u e l - c o a t m g i n t e r 

ac t ion have included a mach in ing o p e r a t i o n to 

al low i n s e r t i o n and r e m o v a l of the fuel rod b e 

tween p e r m e a t i o n t e s t s . In addi t ion to the p o s s i 

bi l i ty of m e c h a n i c a l d a m a g e to the coa t ing , 

opening the c ladding r e s u l t e d m e x p o s u r e of the 

coat ing to a i r . The a i r migh t d e s t r o y any r e 

ac t ive film on the coa t ing p roduced when the fuel 

rod was p r e s e n t . A new tes t ing p r o c e d u r e was 

adopted to e l i m i n a t e this u n c e r t a i n t y in the fuel-

coa tmg i n t e r a c t i o n s t u d i e s . A double length 

m e m b r a n e was employed w h e r e b y the fuel rod 

was loca ted m the unheated zone of the m e m 

b r a n e dur ing the in i t i a l p e r m e a t i o n t e s t i n g . 

Then , af ter the in i t i a l m e m b r a n e p e r m e a t i o n 

t e s t s , the fuel rod was sl id into the hea ted t e s t 

zone of the m e m b r a n e by a m a g n e t i c coupling 

dev ice without opening the m e m b r a n e or r e m o v 

ing it f rom the t e s t a p p a r a t u s . The fuel rod 

can a l so be r e m o v e d f rom the t e s t a r e a in the 

s a m e m a n n e r . 

Hydrogen p e r m e a t i o n t e s t s w e r e conducted 

with the fuel rod wi thdrawn to the unheated zone 

(equivalent of empty m e m b r a n e s ) at 1200, 1300, 

and 1400°F and h y d r o g e n p r e s s u r e s of 1 to 6 a t m . 

N o r m a l p r e s s u r e r e l a t i o n s h i p s w e r e o b s e r v e d 

(p " ) for the SCB coat ing m a t e r i a l . Ac t iva t ion 

e n e r g i e s w e r e d e t e r m i n e d for c o m p a r i s o n with 

the fueled p o r t i o n of the e x p e r i m e n t . One da ta 

point h a s been obtained on the m e m b r a n e with 

the fuel rod m p l ace at 1400°F and 6 a tm H , . 

The hydrogen p e r m e a t i o n r e s u l t s with and wi th

out a fuel rod are* 

V> (fuel) = 1 X 10"^ c c / h r - c m ^ and 

ip (without fuel) = 2.8 x 10"^ c c / h r - c m ^ . 

This behavior is c o n s i s t e n t with p r e v i o u s t e s t s 

w h e r e the fuel rod was i n s e r t e d by cut t ing open 

the m e m b r a n e . 

2 . Hydrogen B a r r i e r 

a. Coat ing E n d u r a n c e T e s t s 

T h r e e S C B - c o a t e d c ladding tubes have been 

t e s t e d for 17,500 h o u r s at 1500°F m 1 a tm hy 

d r o g e n , i n t e r n a l p r e s s u r e . Hydrogen p e r m e a 

t ion r a t e s th rough the m e m b r a n e s have been 

m o n i t o r e d cont inuous ly as an a v e r a g e of the 

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

t o r y is shown m F i g u r e 26. Each m e m b r a n e h a s 

a l s o been p e r m e a t i o n t e s t ed ind iv idua l ly . The 

r e s u l t s a r e c o m p a r e d with the in i t i a l p e r m e a t i o n 

va lues in Tab le 1 1 . The p e r m e a t i o n r a t e s of 

a l l t h r e e m e m b r a n e s have i n c r e a s e d over the i r 

in i t i a l v a l u e s . This i n c r e a s e is a t t r i bu t ed to a 

slow c r y s t a l l i z a t i o n of the coat ing dur ing e n d u r 

ance t e s t . 

< 

z • 

2 ; 
UJ • 

OlO" o 
40 

7 - 1 2 - 6 5 

— I 1 1 1 r 
5 MEMBRANE AVERAGE TO THIS 
POINT, ONE CRYSTALLIZED SCB 
MEMBRANE INCREASED IN 
RATE AND ISOLATED FROM 
TEST 

T T 1 

4 MEMBRANE AVERAGE TO THIS POINT, 
THE SECOND CRYSTALLIZED SCB 
MEMBRANE INCREASED IN RATE 
AND ISOLATED FROM TEST 

1 1 1 1 [ 

THIS SECTION OF TIME USED FOR 
TEMPERATURE vs PRESSURE 
MEASUREMENTS AT 1000, 1100, 
1200, 1300, 1400, AND I500°F 

2 0 0 0 4 0 0 0 6 0 0 0 8000 10,000 

TIME(hr) 
12,000 14,000 16,000 18,000 

7568-02290 

F i g u r e 26, A v e r a g e P e r m e a t i o n Rate vs T i m e for F ive 
M e m b r a n e s Tes t ed at 1500°F 
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- 1 2 - 6 5 

12,000 

7568-02291 

F i g u r e 27, A v e r a g e P e r m e a t i o n Rate vs T i m e for F ive M e m b r a n e s Tes t ed at 
1500°F ( fabr ica ted with s h o r t f ir ing cycle for SCB coat ing) 

TABLE 11 

INDIVIDUAL PERMEATION RATES OF LONG-
TERM TEST MEMBRANES, LONG FIRING 
CYCLE - S C B , 3 -MEMBRANE CLUSTER 

M e m b r a n e 
N u m b e r 

E -835 

E -848 

E-809 

P r e s e n t Ra t e , (p, at 
1500°F, 1 a t m 

r c c ( S T P ) / h r - c m 2 ] 

5.87 X 10"^ 

3.94 X 1 0 ' ^ 

3.25 X 10"^ 

T ime 
(hr) 

15,345 

1 

Ini t ia l Ra te , c/j, at 
1500°F, 1 a t m 

[ c c ( S T P ) / h r - c m 2 ] 

1.2 X 1 0 ' ^ 

1.7 X 1 0 ' ^ 

2.5 X 1 0 ' ^ 

TABLE 12 

INDIVIDUAL PERMEATION RATES OF LONG-
TERM TEST MEMBRANES, SHORT FIRING 
CYCLE - S C B - 1 , 5 -MEMBRANE CLUSTER 

M e m b r a n e 
N u m b e r 

2092 

2052 

RD-86 

RD-14 

2308 

P r e s e n t Ra te , <p, at 
1500°F, 1 a t m H2 

[ c c ( S T P ) / h r - c m 2 ] 

6.5 X 1 0 ' ^ 

4.89 X 10"^ 

3.09 X 10 ' ^ 

3.36 X 10'-^ 

4.15 X 10"^ 

T i m e 
(hr) 

8,922 

In i t ia l Ra te , f, at 
1500°F , 1 a tm Hg 
[ c c ( S T P ) / h r - c m 2 ; ] 

0.81 X lO"'^ 

1.0 X lO''^ 

1.5 X lO''^ 

1.24 X 10'-^ 

3.0 X 10'-^ 
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A f i v e - m e m b r a n e c l u s t e r of SCB-coa t ed 

c ladding t u b e s , p r o c e s s e d by the s h o r t f i r ing 

cycle (SSDS p r o c e s s ), has exceeded 10,000 h o u r s 

on e n d u r a n c e t e s t at 1500 °F and 1 a tm hydrogen , 

i n t e r n a l p r e s s u r e . The p e r m e a t i o n h i s t o r y of 

th i s c l u s t e r i s g iven m F i g u r e 27 . Individual 

p e r m e a t i o n r a t e s w e r e m e a s u r e d on each tube 

and the r e s u l t s a r e g iven m Tab le 12. Again , 

the p e r m e a t i o n r a t e of each tube h a s i n c r e a s e d 

over the in i t i a l va lue be fo re endu rance t e s t . 

The a v e r a g e p e r m e a t i o n r a t e was a fac tor of 

t h r e e h ighe r a s a r e s u l t of dev i t r i f i c a t i on . 

b . Coat ing P r o c e s s Deve lopment 

(1 ) I n - H o u s e C h r o m i z m g 

Dur ing th is r e p o r t p e r i o d , the deve lopmen t 

effort was d i r e c t e d toward i m p r o v e m e n t and 

b e t t e r c o n t r o l of the c h r o m i z m g p r o c e s s for 

SSDS cladding t u b e s . Effor ts to develop a p r o c 

e s s for sa lvag ing v e n d o r - c h r o m i z e d c ladding 

tube a s s e m b l i e s by r e c h r o m i z m g w e r e d e f e r r e d 

to p e r m i t c o n c e n t r a t i o n pn the deve lopmen t of 

a capab i l i ty for c h r o m i z m g v i r g i n c ladding 

m a t e r i a l . Dur ing the l a s t half of the r e p o r t 

p e r i o d , effor ts w e r e exc lus ive ly d i r e c t e d toward 

sca l ing the p r o c e s s up to a p roduc t ion capac i ty 

for c h r o m i z m g five tubes in each fu rnace c h a r g e . 

E x p e r i m e n t a l r e s u l t s of deve lopmen t of a 

capab i l i ty for c h r o m i z m g v i rg in H a s t e l l o y - N 

cladding tubes a r e p r e s e n t e d in T a b l e s 13 through 

16. The m a j o r i t y of the c h r o m i z m g e x p e r i m e n t s 

w e r e conducted at two t e m p e r a t u r e s for va ry ing 

p e r i o d s of t i m e , e . g . , 12 to 90 m i n at 2 1 3 5 ° F 

and 120 m m at 1900 ' 'F . 

R e s u l t s of the c h r o m i z m g e x p e r i m e n t s at 

1900°F a r e t abu la ted m Tab le 13, C e r a m i c 

a d h e r e n c e af ter c h r o m i z m g was s a t i s f a c t o r y m 

m o s t c a s e s , but nonunifornn over the length of 

the tube f rom the open end to the c losed end of 

TABLE 13 

CHROMIZING OF WHOLE VIRGIN TUBES AT 1900°F 

R u n 

N u m b e r 

1 

2 

3 

4 

5 

6 

7 

8 

Tube 
N u m b e r 

3190 

4 5 4 - 1 

3192 
4 5 9 - 3 

3197 
4 6 5 - 3 

3963 
3965 

3962 
3964 

3974 
3975 
3976 

3977 
3978 
3979 

C h r o m i z 
mg T i m e 

(min) 

1 2 0 

1 2 0 

90 
90 

60 
6 0 

1 2 0 
1 2 0 

1 2 0 
1 2 0 

1 2 0 
1 2 0 
1 2 0 

1 2 0 
1 2 0 
1 2 0 

C h r o m e 
L a y e r 

T h i c k n e s s 
( m i l s ) 

0 3 

0 3 

0 31 
0 55 

0 31 
0 47 

0 28 
0 20 

0 20 
0 20 

0 35 
0 35 
0 24 

0 30 
0 20 
0 20 

T o t a l I nd i ca t ed Read ing 

A s 
R e c e i v e d 

19 

2 5 

11 
2 7 

61 
4 1 

_ 
-

2 7 

-
2 8 
2 0 
2 0 

02 
16 

0 

(TIR) 

( m i l s ) 

Af te r 
C h r o m i z 

mg 

75 

52 

75 
5 3 

4 4 
6 4 

8 3 
5 8 

9 7 
8 1 

6 6 
1 6 0 

8 1 

2 1 
75 
9 7 

Afte r 
Sti a i g h t -

ening 

3 

8 

_ 
-
_ 
-

15 
7 

8 
10 

6 
11 
11 

2 
1 
3 

Afte r 
Coa t ing 

16 

13 

_ 
2 4 

5 4 
8 5 

10 
3 

2 3 
14 

2 
14 
13 

10 
9 
6 

A d h e r e n c e 
N u m b e r of 

F l e x e s up to 11 
(or) un t i l 50% of 

Coa t ing L o s t 

1 

7 

1 

<1 
<1 

<1 
<1 

3 
1 

11 
11 

11 
11 

7 

3 
11 

4 

2 

5 

2 

<1 
<1 

<1 
<1 

5 
<1 

. 
-
7 

<1 
1 

2 
3 

<1 

3 

7 

2 

<1 
<1 

<:l 
<1 

<1 
<1 

-

6 
<1 

1 

<1 
<1 

1 

4 

4 

<1 

5 
<1 

<1 
<1 

<1 
<1 

. 
-
7 

<1 
1 

3 
11 

4 

5 

11 

<1 

11 
<1 

<1 
<1 

. 
-
. 
-
. 
_ 
-
. 
_ 
-

Cup plug coa t ing p u l l e d 
a w a y P e r m e a t i o n 
r e a d i n g w a s o f f - s c a l e 

-
. 
-

H e a t - T r e a t e d 
2 h r 1 9 0 0 ° F 

. 
-
. 
-

-
-
. 
_ 
-

Columns refer to ineasurements inade along the tube from the open to the closed end 
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T A B L E 14 

INITIAL CHROMIZING O F WHOLE VIRGIN TUBES AT 2135 ' 'F 

R u n 

Number 

1 

2 

3 

4 

5 

6 

7 

Tube 
Number 

889-2 

3189 
3200 

3933 
3936 

3947 
395 1 

3959 

3960 

3934 
3961 

Chromiz 
mg Time 

(min) 

30" 

90 
90 

90 
90 

90 
90 

20 

30 

12 
12 

Chrome 
Layer 

Thickness 
(mils) 

0.79 

0.63 
0.80 

1.34t 
1.26 

1.26 
1.26 

0.80§ 

0.70 
0.70 

Total Indicated Reading 
(TIR) 

(mils) 

As 
Received 

46 
99 

17 
12 

32 

12 

55 
14 

After 
Chromiz 

mg 

250 

66 
122 

81 
250 

341 
289 

29 

110 

22 
35 

After 
S t ra ight 

ening 

4 

6 

5 

19 
16 

5 

10 
9 

After 
Coating 

23 

60 
10 

28 

18 
26 

24 

4 

21 
15 

Adherence^ 
Number of 

F lexes up to 
fori until 5 0% 

11 
nf 

Coating Lost 

1 

3 

7 
11 

5 
11 

5 
11 

1 

11 

4 
5 

2 

<1 

<1 

11 
<1 

<1 

8 

3 

1 

5 

11 
<1 

<1 

5 

4 

5 

3 

11 
<1 

4 

6 

5 

<1 

11 

3 

Permea t ion , 

[cc(STP)/hr] 

1.54 

Crazing of Surface 

Quenched in Water 
Crazing of Surface 

Quenched m Water 
Quenched m Water 

Chromized on Inside 
only 

Chromized on Inside 
only 

Cooled slowly {3 hr) 
to 1200°F 

T e m p e r a t u r e , 2 100''F 
tSandblasted down to 1.02 
§Sandblasted down to 0.47 
*'-Columns refer to m e a s u r e m e n t s made along the tube from the open to the closed end. 

T A B L E 15 

CHROMIZING O F WHOLE VIRGIN TUBES AT 2 1 3 5 ° F FOR 12 MINUTES 

Run 
Number 

1 

2 

3 

4 

5 

6 

Tube 
Number 

3950 
3952 

3948 
3949 

3957 
3958 

300-1 
473-2 
417-6 

377-1 
261-1 
417-4 

4068 
4069 
4070 

Chrome 
Thickness 

(mils) 

0.32 
0.32 

0.31 
0.31 

0.29 
0.31 

0.39 
0.40 
0.36 

0.41 
0.40 
0.41 

0.32 
0.30 
0.39 

Total Indicated Reading 
(TIR) 

(mils) 

As 
Received 

25 
36 

4 1 
14 

14 
6 

42 
32 
13 

12 
2 1 
24 

8 
35 
32 

After 
Chromiz -

mg 

120 
62 

120 
79 

2 4 0 
75 

68 
93 

192 

75 
91 

149 

173 
43 
62 

After 
S t ra ight 

ening 

32 
12 

_ 
-
_ 
-
13 
7 
4 

3 
12 
16 

9 
2 

13 

After 
Coating 

_ 
-
_ 

_ 
-
16 
4 
7 

5 
9 

16 

17 
18 
16 

Adherence ' 
Number of 

F lexes up to 11 
With Less Than 

50% of 
Coating Lost 

1 

8 
2 

3 
2 

6 
2 

<1 
11 

5 

11 
<1 
<1 

< 1 
< 1 
< 1 

2 

_ 
-
_ 
11 

_ 
-
< 1 
11 

-

3 
< 1 

< 1 
< 1 
< 1 

3 | 4 

_ 
-
_ 
< 1 

_ 
-
< 1 
< 1 

-
4 

< 1 
3 

5 
2 
1 

_ 
-
_ 

3 

_ 
-

8 
8 

-
4 
5 
6 

11 
5 
3 

5 

_ 

_ 
3 

_ 
-

-

• 

' 

Permea t ion , 
"P 

[cc(STP)/hr] 

1st 

0.46 
0.45 

0.47 

-
1.39 
0.37 

_ 
_ 
-
_ 
_ 
-
_ 
_ 
-

2nd 

0.49 
0.47 

0.46 

-
1.38 
0.41 

_ 
_ 
-
_ 
_ 
-
_ 

-

Furnace 

E lec t r i c 

E lec t r ic 

E lec t r ic 

G a s 

G a s 

G a s 

i'No adherence spec imen with this number . 
tColumns refer to m e a s u r e m e n t s made along the tube from the open to the closed end. 
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the tube (the a d h e r e n c e va lues a r e g iven m 

Table 13), The p r e s e n t t e s t ing me thod c o n s i s t s 

of m a n u a l l y bending a spl i t tube s a m p l e over a 

m a n d r e l of the s a m e d i a m e t e r a s the c ladding 

tube unt i l 50% of the c e r a m i c coat ing i s l o s t . 

It is i n t e r e s t i n g to note that e x p o s u r e of c h r o 

m i z e d tubes to a 2 - h r hea t t r e a t m e n t a t 1900°F 

r e s u l t e d in poor a d h e r e n c e , conf i rming da ta 

p r e v i o u s l y obtained on a s h o r t s p e c i m e n . 

R e s u l t s of the c h r o m i z m g e x p e r i m e n t s at 

2 1 3 5 ° F a r e s u m m a r i z e d m Table 14, As ex 

p e c t e d , a t h i cke r c h r o m i z e d l a y e r r e s u l t e d m 

these e x p e r i m e n t s than in the lower t e m p e r a t u r e 

runs of equal d u r a t i o n . At f i r s t , a g r e a t amount 

of difficulty was e x p e r i e n c e d in s t r a i gh t en ing 

t h e s e tubes due to t he i r e x t r e m e h a r d n e s s . M o r e 

r ap id cool ing f rom the c h r o m i z m g t e m p e r a t u r e , 

ach ieved by using individual r e t o r t s of s m a l l 

d i a m e t e r , r e d u c e d the h a r d n e s s and g r e a t l y i m 

p roved the duc t i l i ty of the c h r o m i z e d t u b e s . 

Quenching of the c h r o m i z e d tubes m w a t e r was 

a t t emp ted with the expec ta t ion that the quenching 

would m a k e the tubes sof ter , h o w e v e r , th is p r o 

c e d u r e r e s u l t e d m i n c r e a s i n g the to ta l indica ted 

r e a d i n g (TIR) of the t ubes and was t h e r e f o r e 

d i scon t inued . 

In one 2135°F c h r o m i z m g run , the tubes w e r e 

slowly cooled to 1200°F m o r d e r to d e t e r m i n e 

whe ther the i n c r e a s e d h a r d n e s s was due to e i the r 

p r e c i p i t a t i o n of m t e r m e t a l l i c compounds or a 

t r a n s i t i o n f rom a d i s o r d e r e d to an o r d e r e d p h a s e . 

Since no difficulty was e x p e r i e n c e d in s t r a i g h t e n 

ing t h e s e t u b e s , it was concluded tha t the p r e 

c ip i t a t ion of m t e r m e t a l l i c s was not o c c u r r i n g . 

F r o m th i s e x p e r i m e n t and the i m p r o v e d duc t i l i ty 

obtained by r ap id cool ing, it is be l ieved that the 

i m p r o v e d duct i l i ty was brought about by the 

s u p p r e s s i o n of the o r d e r e d C r N i , p h a s e , i e . , 

r ap id cooling i s r e q u i r e d only th rough the c r i t i 

ca l t e m p e r a t u r e r a n g e of a p p r o x i m a t e l y 1000°F 

for the C r - N i s y s t e m . 

Though the duc t i l i ty of the tubes was i m 

proved by rap id cool ing , the c h r o m e l aye r was 

too thick and th is r e s u l t e d m c r a z i n g or c r a c k i n g 

of the su r f ace dur ing the s t r a igh ten ing o p e r a t i o n . 

It was dec ided to m a i n t a i n the c h r o m i z m g t e m 

p e r a t u r e at 2135 ' 'F but to s h o r t e n the t i m e a t 

t e m p e r a t u r e m o r d e r to d e c r e a s e the c h r o m i z e d 

l a y e r t h i c k n e s s to a p p r o x i m a t e l y 0,4 m i l . No 

c r a z i n g or c r a c k i n g was o b s e r v e d with th is dif

fusion l aye r t h i c k n e s s . Tab le 15 p r e s e n t s the 

r e s u l t s of e x p e r i m e n t s conducted under t h e s e 

condi t ions m both e l e c t r i c and g a s - f i r e d fu r 

n a c e s . In six e x p e r i m e n t s with a to ta l of 15 

t u b e s , the c h r o m i z e d l a y e r t h i c k n e s s a v e r a g e d 

0,35 m i l with a r a n g e of 0.12 m i l f rom m i n i m u m 

to m a x i m u m t h i c k n e s s . 

Based on t h e s e r e s u l t s , effort was in i t i a ted 

to sca le the p r o c e s s up to c o r e p roduc t ion c a p a c 

ity Table 16 p r e s e n t s r e s u l t s which show that 

a c h r o m i z e d l a y e r t h i c k n e s s of 0,4 ±0.15 m i l s 

can be obtained unde r p roduc t ion cond i t i ons . 

In o r d e r to exp lo re in m o r e de ta i l the dif

f e r e n c e s m the c h r o m i z e d l a y e r obtained unde r 

d i f ferent cond i t ions , n u m e r o u s s a m p l e s of tubes 

and cup plugs c h r o m i z e d at A t o m i c s In t e rna t i ona l 

have been ana lyzed with an e l e c t r o n m i c r o p r o b e . 

The m o s t i m p o r t a n t p r e l i m i n a r y r e s u l t is that 

the c h r o m i u m content of the A l - c h r o m i z e d m a 

t e r i a l is much h igher on the s u r f a c e . It runs 

a p p r o x i m a t e l y f rom 70 to 85%, c o m p a r e d to 

30 to 40% for the vendor m a t e r i a l , 

(2) Vendor C h r o m i z m g 

During the p r e v i o u s r e p o r t i n g p e r i o d , p r e 

l i m i n a r y work by Vendor C on a tube c h r o m i z m g 

p r o c e s s with 4 - in . open-end tubes was v e r y 

p r o m i s i n g . This work was cont inued on full-

s c a l e , c l o s e d - e n d m e m b r a n e s . Four s e p a r a t e 

lo ts of m e m b r a n e s (six 20 - in . c l o s e d - e n d m e m 

b r a n e s p e r lot) w e r e p r o d u c e d , t h r e e with C r I 

a s pack m a t e r i a l and one with C r C l , . 
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Of the t h r e e pi lot r u n s m a d e by the vendor 

us ing the C r l ^ p r o c e s s , one r u n was los t b e 

c a u s e of a leak which deve loped in the r e t o r t , 

ano ther d i sp layed a c c e p t a b l e coat ing p e r f o r m 

ance but poor a d h e r e n c e , and the t h i rd was 

succes s fu l f rom the s tandpoint of both coat ing 

and a d h e r e n c e b e h a v i o r . Tab le 8 s u m m a r i z e s 

the r e s u l t s of t h e s e pi lot r u n s . 

The pi lot r un us ing a C r C l , pack m i x was 

u n s u c c e s s f u l and a l l t ubes w e r e r e j e c t e d b e c a u s e 

of e x c e s s i v e flaking of the c e r a m i c coat ing at 

or n e a r the blind ends of the tubes ( see Tab le 17). 

Ne i the r p r o c e s s developed by the vendor m e t 

the c h r o m i z e d l a y e r t h i c k n e s s spec i f i ca t ion of 

T A B L E 16 

0.40 ±0.15 m i l . T h e s e p r o c e s s e s could conform 

to the t h i c k n e s s spec i f ica t ion with i m p r o v e d 

p r o c e s s i n g p a r a m e t e r s . 

This c h r o m i z m g work was conducted to p r o 

vide a backup p r o c e s s for the i n - h o u s e effort . 

In th is r e s p e c t , the ob jec t ives w e r e m e t . 

(3) Effects of P r e - A n n e a l i n g on C h r o m i z e d 
S t r u c t u r e s 

Two s e p a r a t e t e s t s w e r e conducted to d e t e r 

m i n e the effects of a solut ion annea l on the s u b 

sequen t depos i t ion and s t r u c t u r e of the c h r o 

m i u m diffusion l a y e r on H a s t e l l o y - N tube and 

CHROMIZING OF VIRGIN TUBES AT 2135°F FOR 12 MINUTES USING A 
RACK IN A GAS-FINNED FURNACE 

Run 

Number 

6 

8 

9 

Tube 
Number 

4107 

4055 

4060 

4065 

4066 
4094 

4109 

4110 

4111 

4106 

Position 
on Rack 

13 

3 

7 

9 

12 

14 

3 

7 

9 

12 

Average 
Temper

ature 
of Run 
("F) 

2115 

2120 

2100 

Chrome 
Thick

ness 
(mils) 

0.33 

0.37 

0.35 

0.35 

0.50 
0.34 

0.26 

0.25 

0.36 

0.33 

Total Indicated Reading 
(TIR) 
(mils) 

As 
Received 

49 

9 

7 

16 

8 

10 

17 

5 

16 

11 

After 
Chromizmg 

78 

73 

91 

72 

161 

38 

61 

10 

40 

136 

After 
Straight

ening 

3 

4 

6 

8 

9 

4 

8 

-
11 

13 

After 
Coating 

-

-
-
-
-
-
-
-
-

Remarks 

(Research Organic 
i Chem. Corp. 
I CrCl3 used 

F i she r ' s CrClj 
used 

) F i she r ' s CrCl3 
j usea 
1 Research Organic 
< Chem. Corp. 
( CrCL used 

TABLE 17 

ADHERENCE AND P E R F O R M A N C E OF ENAMEL COATINGS TO SNAP 8 
MEMBRANES CHROMIZED BY VENDOR C 

P i l o t 
R u n 

1 

2 

3 

4 

C h r o m i z m g 

T y p e 
of 

P a c k 

C r l ^ 

C r L 

C r l ^ 

C r C l j 

T i m e 
( h r ) 

7 

12 

8 

10 

P r o c e s s 

T e m p e r -
a t u r e 
( ° F ) 

2 0 0 0 

2 0 0 0 

2 0 5 0 

1850 

A d h e r e n c e I n d i c i e s 

R e c h r o m i z e d 
T u b e s 

O p e n 
E n d 

R 

3 5 

1 

3 

C e n t e r 

2 t o r t L e a 

3 8 

12 

2 

B l i n d 
E n d 

ked ; T u 

63 

63 

3 

C l i r o m i z e d 
T u b e s 

O p e n 
E n d 

b e s n o t 

3 5 

1 

62 

C e n t e r 
B l i n d 
E n d 

1 
P r o c e s s e d 

63 

36 

48 

53 

39 

56 

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

5 0 

C o a t i n g 
P e r f o r m a n c e 

6 of 6 A c c e p t a b l e 

5 of 6 A c c e p t a b l e 

6 of 6 R e j e c t e d 



end s e c t i o n s . Both annealed and unannea led 

tube sec t ions w e r e s en t to Vendor B for c h r o -

m i z m g . After c h r o m i z m g , the tube sec t ions 

w e r e coa ted and t e s t e d for a d h e r e n c e . The r e 

su l t s of t h e s e t e s t s w e r e i n c o n c l u s i v e , a s both 

poor and good a d h e r e n c e i nd i ce s w e r e obta ined 

m both c a s e s . 

(4) Effect of C h r o m i z e d S u b s t r a t e C o m p o s i t i o n 
on C e r a m i c A d h e r e n c e 

Diff icul t ies in obtaining accep t ab l e d e g r e e s 

of a d h e r e n c e of c e r a m i c coa t ings to cup -p lugs 

w e r e e x p e r i e n c e d a t v a r i o u s t i m e s dur ing the 

p a s t y e a r . The c e r a m i c a d h e r e n c e was found 

to be exce l len t m s o m e lots of cup p l u g s , while 

o t h e r s exhibi ted ex tens ive chipping on the r i m 

and the s i d e s . 

To d e t e r m i n e the effect upon coa tab i l i t y of 

compos i t i ona l d i f f e r ences of the s u b s t r a t e 

s ec t ions f rom five d i f ferent lots of plugs w e r e 

s e l e c t e d for s tudy by x - r a y f l u o r e s c e n c e and 

e l e c t r o n m i c r o p r o b e t e c h n i q u e s . The c h r o m i u m 

l a y e r t h i c k n e s s e s and d e g r e e s of coa tab i l i ty of 

the five di f ferent lo ts of cup p lugs s e l ec t ed a r e 

shown m Tab le 18. 

The ou t s ide s u r f a c e s of a cup plug f rom each 

lot (two f rom Lot 0603) w e r e scanned for Ni and 

Cr in s e v e r a l p l a c e s with an x - r a y f l u o r e s c e n c e 

s p e c t r o m e t e r and the C r / N i r a t i o s w e r e c o m 

puted on the b a s i s of the peak i n t e n s i t i e s ob ta ined . 

Based on t h e s e da ta , those p lugs exhibit ing 

C r / N i r a t i o s be tween 0.56 and 1.24 w e r e found 

to have the be s t coa t ab i l i t y . P l u g s with C r / N i 

r a t i o s above t h e s e va lues a p p e a r e d to exhibi t 

the p o o r e s t p e r f o r m a n c e ( see Tab le 19). Each 

plug was subjected to e l e c t r o n m i c r o p r o b e a n a l 

ys i s for C r , Ni, and Mo. The C r , Ni, and Mo 

con ten t s for t h r e e of the cup p lugs ( F l , M2, 

and E l ) a t m a x i m u m d e n s i t i e s w e r e found to 

to ta l l e s s than 100%. Since such de f i c i enc ies 

w e r e be l i eved to be the r e s u l t of d i s c r e p a n c i e s 

m t echn iques of m e a s u r e m e n t or s p e c i m e n p r e p 

a r a t i o n , the da ta w e r e n o r m a l i z e d on the b a s i s 

of a 100% al loy c o m p o s i t i o n . 

Me ta l log raph ic and m i c r o p r o b e examina t ions 

r e v e a l e d a l a m m a r - t y p e s t r u c t u r e m the c h r o 

m i z e d r eg ion c o m p o s e d of a c h r o m i u m - r i c h 

l a y e r va ry ing f rom 0.03 to 0.64 m i l m depth and 

a n i c k e l - r i c h l a y e r va ry ing m depth f rom 0.43 

to 2 . 7 0 m i l s . F ive of the six cup -p lugs exhibi ted 

th is l a m i n a r s t r u c t u r e , while the sixth was 

c h a r a c t e r i z e d by a g lobula r or a g g l o m e r a t e d 

a p p e a r a n c e . 

The c h r o m i u m content on the edges of t he se 

cup -p lugs was found to va ry f rom 37 to 90%. 

Based on these da ta , cup -p lugs with C r / N i 

r a t i o s of about 1.5 w e r e found to exhibit the 

TABLE 18 

CHROMIUM LAYER THICKNESS AND P E R F O R M A N C E DATA FOR 
FIVE LOTS OF END PLUGS 

L o t 
N u m b e r 

M T 

M0201 

M0302 

0603 

0603 

MOlOl 

Sample 
Number 

T 

M2 

M 3 

F l 

E l 

M l 

C h r o m e Laye r 

T h i c k n e s s 
(mi l s ) 

0.25 

0„40 

0,50 

0.53 

0.76 

0.80 

S t r u c t u r e 

L a m i n a r 

L a m i n a r 

L a m i n a r 

L a m i n a r 

L a m i n a r 

A g g l o m e r a t e d 

Number 
Coa ted 

5 

8 

10 

1 '^ 
14 

P e r f e c t 

100 

100 

-

-

-

Yield 
(%) 

Accep tab le 

-
-

100 

\ 
1 40 

-

Rejec t s 

-
-
-

) 60 

100 
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T A B L E 19 

C r / N i RATIOS O F C U P - P L U G S AS DETERMINED BY 
X-RAY F L U O R E S C E N C E 

Sample 
Number 

T 

M 2 

M 3 

F l 

E l 

M l 

C r / N i Ra t ios 

A v e r a g e 

0.89 

0.66 

0.81 

2.49 

5.31 

0.38 

Range 

0.56 to 1.24 

0.65 to 0.66 

0.80 to 0.82 

2.19 to 2,81 

4.91 to 5.75 

-

P e r f e c t 

100 

100 

-

-

Yield 
(%) 

Accep tab le 

100 

I 40 

-

Rejec t s 

-
-
-

\ 60 

100 

bes t coa tab i l i t y . Cup-p lugs with c h r o m i u m 

content above and below this value a p p e a r e d to 

exhibi t the w o r s t p e r f o r m a n c e . 

c . N o n d e s t r u c t i v e T e s t s Re la t ed to Coat ing 

(1) C h r o m i z e d Coat ing M e a s u r e m e n t s 

Addi t ional eva lua t ion of the x - r a y f l u o r e s c e n c e 

method of m e a s u r i n g the quant i ty or t h i c k n e s s 

of c h r o m i z e d coa t ings has con t inued . The x - r a y 

f l u o r e s c e n c e method u t i l i ze s a s t a n d a r d l a b o 

r a t o r y i n s t r u m e n t with ro t a t i ng s a m p l e ho lde r 

into which end caps or tube s a m p l e s a r e p l a c e d . 

The ca l cu la t ed r a t i o s of the amp l i t udes of the 

c h r o m i u m and n icke l l i n e s a r e ind ica t ive of the 

quant i ty of c h r o m i u m diffused into the s u r f a c e 

of the H a s t e l l o y - N c o m p o n e n t s . This h a s been 

ver i f ied with m i c r o p r o b e r e a d i n g s and m e t a l 

l og raphy . To p r o v i d e an i n d i r e c t group of 

r e f e r e n c e s t a n d a r d s , a g roup of end caps was 

e l e c t r o p l a t e d with va ry ing t h i c k n e s s e s of 

c h r o m i u m . 

(2) B u r n a b l e P o i s o n Ana lys i s 

The p r e c i s i o n of the neu t ron ac t iva t ion a n a l 

y s e s method of m e a s u r i n g the tota l and i n c r e 

m e n t a l b u r n a b l e po i son content of coated c l a d 

ding tubes h a s been s t ead i ly i m p r o v e d . This 

h a s been m an t i c ipa t ion of the u s e of th is method 

to rou t ine ly i n spec t S8DS coa ted c ladding t u b e s . 

To da te , al l dynamic i r r a d i a t i o n s have been 

p e r f o r m e d m the L-77 l a b o r a t o r y r e a c t o r o p e r 

at ing a t 10 w a t t s . The l i n e a r r a t e through the 

r e a c t o r h a s been 18 m . / h r . Approva l to p e r 

f o r m dynamic i r r a d i a t i o n s m the A E - 6 r e a c t o r 

h a s been obta ined . Stat ic i r r a d i a t i o n s show tha t 

th is r e a c t o r m a y be o p e r a t e d at 500 wat ts with 

tubes being d r a w n th rough the c o r e at a l i nea r 

r a t e of about 6 in, / m m . Radia t ion l eve l s will 

be about 10 t i m e s those obtained m the L -77 

which will p e r m i t m o r e a c c u r a t e r a d i a t i o n 

m e a s u r e m e n t s to be m a d e in a f r ac t ion of the 

t i m e r e q u i r e d with the L-77 i r r a d i a t e d t u b e s . 

B e c a u s e of the i n c r e a s e d neu t ron e x p o s u r e , 

spec i a l r ad i a t i on safe ty p r e c a u t i o n s a r e being 

p lanned for p e r s o n n e l handl ing i r r a d i a t e d tubes 

f rom the A E - 6 r e a c t o r . P r e l i m i n a r y r a d i a t i o n 

s u r v e y s of tubes t aken 2 h o u r s after i r r a d i a t i o n 

ind ica te that con tac t m e a s u r e m e n t s a s high a s 

300 m i l l i r e m / h r (/3, "/) m a y be expec ted . After 

24 h o u r s , the r a d i a t i o n l eve l h a s d ropped to 

5 m i U i r e m / h r (^, y ) , ind ica t ing that no h a z a r d 

to counting p e r s o n n e l should be expec ted ( s a m 

p les a r e counted about 24 h o u r s af ter i r r a d i a t i o n 

to p e r m i t the decay of s h o r t - l i v e d i so topes m 

the c ladding and s l ip ) . 

Deve lopmen t of the p r e - i r r a d i a t e d s l ip 

me thod of n o n d e s t r u c t i v e l y m e a s u r i n g b u r n a b l e 

po i son h a s been in i t i a ted unde r the SRIP P r o 

g r a m . P o i s o n - c o n t a i n m g s l ip is to be i r r a d i -
153 ated to ac t iva t e the Sm p r i o r to coat ing the 

c ladding t u b e s . While s o m e r a d i a t i o n safe ty 
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p r e c a u t i o n s a r e an t i c ipa ted , the me thod shows 

p r o m i s e of being m o r e r a p i d , m o r e a c c u r a t e , 

and l e s s cos t ly than the p r e s e n t ana ly t i ca l 

m e t h o d s . 

d. Advanced Coa t ing Deve lopmen t 

The objec t ive of th i s p r o g r a m is to develop 

i m p r o v e d h y d r o g e n p e r m e a t i o n b a r r i e r m a t e r i a l s 

as developed f rom the SNAP 8 r e f e r e n c e b a r 

r i e r m a t e r i a l (SCB). T h r e e a p p r o a c h e s to this 

p r o b l e m have been unde r s tudy 

1) C r y s t a l l i n e oxides a r e being in t roduced 

into the s l ip du r ing the f r i t mi l l i ng o p e r a t i o n . 

The e f fec t iveness of th i s a p p r o a c h depends 

on the r e l a t i v e h y d r o g e n p e r m e a t i o n p r o p 

e r t i e s of the m i l l addi t ion oxide and of the 

m a t r i x m a t e r i a l , on the vo lume f rac t ion of 

the c r y s t a l l i n e oxide that can be added to the 

s l ip , and on any change m the hydrogen p e r 

m e a t i o n p r o p e r t i e s of the m a t r i x g l a s s tha t 

m a y r e s u l t f rom the d i s so lu t i on of the c r y s 

ta l l ine oxide in the g l a s s dur ing the f i r ing 

o p e r a t i o n , 

2) The c o m p o s i t i o n of the fr i t is being 

adjus ted m an effort to s u p p r e s s c r y s t a l 

l i za t ion of the coat ing m a t e r i a l and t h e r e b y 

extend the l o n g - t i m e h i g h - t e m p e r a t u r e u s e 

capabi l i ty of the coa t ing , 

3) Methods for improv ing the a d h e r e n c e 

of the coat ing to the c ladding a r e being 

deve loped . 

T h e s e s tud ies have r e s u l t e d m a new coa t ing , 

ident if ied a s S C B - 2 , with i m p r o v e d p r o p e r t i e s , 

and a me thod for improv ing SCB-1 or SCB-2 

coat ing by adding 10 wt % A l ^ O , dur ing mi l l ing 

of the f r i t . The p r o p e r t i e s of the new coat ing 

m a t e r i a l s a r e l i s t ed m Tab le 20 and 2 1 . 

T A B L E 20 

IMPORTANT P R O P E R T I E S O F NEW COATINGS MATERIALS 

S C B 

1 

2 

3 

4 

6 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

Composi t ion 
(wt %) 

SiO^ 

46 7 

44 0 

38 2 

53 7 

51 7 

50 0 

41 8 

39 6 

43 6 

42 7 

43 0 

39 0 

43 0 

44 0 

43 8 

39 0 

29 0 

43 8 

43 7 

43 5 

43 7 

B a O 

32 7 

45 0 

39 1 

37 7 

36 3 

35 0 

42 8 

40 4 

44 5 

43 6 

45 0 

45 0 

44 0 

44 1 

42 2 

45 0 

45 0 

40 5 

38 5 

35 6 

39 5 

^h°3 

7 5 

11 0 

9 6 

8 6 

12 0 

8 0 

10 4 

10 0 

10 9 

10 7 

11 0 

11 0 

10 8 

11 0 

11 0 

11 0 

11 0 

11 0 

11 0 

10 9 

11 0 

Modifier 

TiO^ 13 1 

none 

T1O2 13 1 

none 

none 

TiO 7 0 

CaO 5 0 

CaO 10 0 

CaF^ 1 0 

CaF^ 3 0 

B2O3 1 0 

B^Oj 5 0 

B2O3 2 2 

BaF^ 1 0 

BaF^ 3 0 

^ 2 ° 5 ^ ° 
V^Oj 15 0 

B a F j 5 0 

BaF^ 7 0 

B a F ^ 10 0 

BaF 6 0 

Color 

A m b e r 

none 

Amber 

none 

none 

G r e e n 

Green 

Green 

G r e e n 

G r e e n 

Green 

G r e e n 

none 

none 

G r e e n 

G r e e n 

none 

none 

none 

none 

T h e r m a l 
Expans ion 
Coefficient 
(x 1 0 6 / - F ) 

3 1 

3 7 

ND^t 

3 0 

\ D 

3 2 

3 9 

4 1 

N D 

2 5 

N D 

3 5 

N D 

3 6 

3 6 

3 9 

3 9 

3 6 

ND 

ND 

3 5 

Softening 
T e m p e r a 

t u r e t 
( •F) 

1480 ± 20 

1435 

N D 

1475 

N D 

1400 

1500 

1500 

N D 

1360 

N D 

1475 

N D 

1500 

1460 

1485 

1450 

1400 

ND 

ND 

1400 

Rela t ive 
Fus ion 
FlowS 

1 0 

0 6 

0 4 

0 2 

0 0 

0 0 

0 0 

0 2 

0 6 

0 9 

0 8 

1 4 

1 0 

0 6 

0 8 

0 4 

0 0 

0 9 

0 9 

1 1 

1 0 

Incipient 
C r y s t a l 
l i za t ion 

T e m p e r a 
tu re 

(°F) 

1625 

none 

1800 

none 

1600 

1600 

1800 

1800 

none 

none 

none 

none 

none 

1900 

1900 

1750 

1400 

ND 

ND 

ND 

1900 

F i r i ng 
T e m p e r a 

tu ro 
C F ) 

2100 

>2150 

2100 

N D 

N D 

N D 

N D 

N D 

2100 

2100 

>2100 

>2100 

2100 

N D 

N D 

N D 

N D 

ND ) 

ND f 

ND j 

2100) 

S8DS r e f e r ence hydrogen p e r m e a t i o n b a r r i e r 

Resis+s devi t r i f ica t ion T i 0 2 - f r e e h igher 
coetficient expansion 

N S S 

N S 

N S 

N S 

N S 

N S 

NS 

N S 

N S 

NS 

N S 

N S 

N S 

NS 

N S 

N S 

^ Contains TiO^ too r e f r ac to ry 

Too r e f r ac to ry 

Too r e f r ac to ry 

Too r e f r ac to ry 

Too r e f r ac to ry 

Too r e f r ac to ry 

Too r e f r ac to ry 

Expans ion coefficient too low 

Could not be applied to a cladding a s s e m b l y 

Could not be applied to a cladding a s s e m b l y 

Could not be applied to a cladding a s s e m b l y 

Too r e f r a c t o r y 

Too r e f r ac to ry 

Too r e f r ac to ry 

Too r e f r ac to ry 

All w e r e sa t i s fac to ry but SCB-23 had the 
best firing p r o p e r t i e s The use of these 
coat ings is pending compat ibi l i ty t e s t s 
The fluorine content may have u n d e s i r a 
ble effects on the fuel-coat ing s y s t e m 

All m a t e r i a l s w e r e t r a n s p a r e n t g l a s s e s 
"fSoftenmg t e m p e r a t u r e is defined as the m a x i m u m on the t h e r m a l expansion vs t e m p e r a t u r e cu rve 
§At Z I O O T Based on SCB 1 a s uni ty . 
~^After anneal ing m a i r for 5 h r in a 1400 to ZZOOT gradien t 

t t N D not d e t e r m i n e d 
§§NS not sui table 
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TABLE 21 

PROPERTIES OF HYDROGEN BARRIER MATERIALS MILL ADDITIONS 

B a s i c 
Coating 

M a t e r i a l 

S C B - 1 

S C B - 1 

S C B - 1 

S C B - 1 

SCB-2 

Mill Addi t ions 

Amount 
(wt %) 

none 

10 

20 

20 

none 

Oxide 

none 

^l2°3 

C r ^ O j 

CeO^ 

none 

F i r i n g 
T e m p e r a 

t u r e 
( °F) 

2100 

2100 

2150 

2100 

2150 

Softening 
Po in t 

( °F) 

1480 

>1900 

1800 

1835 

1435 

Coefficient 
of 

T h e r m a l 
Expans ion 
(x 106 / °F ) 

3.1 

3.3 

3 .1 

3.9 

3.7 

Spec imen 
N u m b e r 

(3103 

)3157 

(2296 

3159 

3175 

3107 

3153 

3181 

3145 

3148 

3152 

Hydrogen P e r m e a t i o n 
Rate at 15 00° and 

1 a t m P r e s s u r e 
[x 1 0 - 3 c c ( S T P ) / c m 2 - h r ] 

1.6^ 

2.0 

2.0 

0.7 

1.6 

4.0 

1.5 

10.0 

3.0 

6.0 

0.6 

0.9 

*• Softening point is defined as the temperature at the maximum 
fAverage for many tes t s . 

of the thermal expansion curve. 

TABLE 22 

RELATIVE DEVITRIFICATION TENDENCY OF SCB-1 AND SCB-2 GLASSES 

G l a s s 

S C B - 1 

SCB-2 

T e m p e r a t u r e at 'Which 
In i t ia l Sur face 
C r y s t a l l i z a t i o n 

IS O b s e r v e d 
(»F) 

After 
5 H o u r s 

1625 

None 

After 
20 Hours 

1625 

After 
24 Hours 

1760 

T h i c k n e s s of 
C r y s t a l l i n e Rmd 
F o r m i n g at the 

Sur face at 1800°F 
(m.) 

After 
5 Hours 

0.001 

None 

After 
20 Hours 

0.005 

After 
24 Hours 

Insignif
icant 

T e m p e r a t u r e at Which 
In i t ia l I n t e r n a l 
C r y s t a l l i z a t i o n 

i s O b s e r v e d 
(°F) 

After 
5 H o u r s 

1700 

None 

After 
20 H o u r s 

>1650, 
<1700 

After 
24 H o u r s 

None 
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c 
SCB-2 r e p r e s e n t s an i m p r o v e m e n t over 

S C B - 1 , the S8DS r e f e r e n c e coa t ing , for t h r e e 

r e a s o n s . The m o s t i m p o r t a n t r e a s o n i s that it 

IS m u c h m o r e r e s i s t a n t to dev i t r i f i ca t ion than 

SCB-1 m a t e r i a l ( see Tab le 22). R e s i s t a n c e to 

dev i t r i f i ca t ion i s i m p o r t a n t s ince it h a s been 

found tha t dev i t r i f i ed SCB-1 coat ing h a s a p e r 

m e a t i o n r a t e a fac to r of 2 h ighe r and is l e s s 

r e s i s t a n t to t h e r m a l shock af ter l o n g - t e r m aging 

than v i t r e o u s SCB-1 c o a t i n g s . SCB-2 m a t e r i a l 

a l s o h a s a h ighe r t h e r m a l expans ion coeff icient 

which r e d u c e s s t r e s s e s dur ing cool ing . F ina l ly , 

SCB-2 m a t e r i a l does not conta in T i O , whi le the 

o ther SNAP r e f e r e n c e coa t ings (S14-35A, 

AI-8763D, and SCB-1 ) conta in about 10 wt % of 

th i s c o n s t i t u e n t . Since TiO_ m a y be p a r t i a l l y 

r e d u c e d by hydrogen at 1500°F under c e r t a i n 

cond i t i ons , it m a y c o n t r i b u t e to the fue l -coa t ing 

r e a c t i o n o b s e r v e d in fuel e l e m e n t s . 

Some of the m a t e r i a l p r o p e r t i e s obtained with 

m i l l add i t ions to SCB-1 a r e noted m Tab le 2 1 . 

Al O T m i l l add i t ions i m p r o v e d the SCB-1 coa t 

ing by i n c r e a s i n g the softening t e m p e r a t u r e m o r e 

than 4 0 0 ° F wi thout a c o r r e s p o n d i n g i n c r e a s e in 

the f i r ing (appl ica t ion) t e m p e r a t u r e . A h ighe r 

softening t e m p e r a t u r e r a n g e is be l i eved to in 

d i c a t e tha t the coat ing will be s igni f icant ly 

m o r e v i scous dur ing s e r v i c e and the h ighe r v i s 

cos i ty m a y r e d u c e the r a t e of u n d e s i r a b l e dif

fusion p r o c e s s e s ( e . g , , dev i t r i f i ca t ion or 

c h e m i c a l r e a c t i o n s ) . 

The in i t i a l p e r m e a t i o n r a t e s for m e m b r a n e s 

coated with t h e s e new m a t e r i a l s a r e g e n e r a l l y 

c o m p a r a b l e to or b e t t e r than the r a t e s for 

S C B - 1 - c o a t e d m e m b r a n e s as noted in Table 2 1 . 

The p e r m e a t i o n r a t e s for t h r e e S C B - 2 - c o a t e d 

m e m b r a n e s t e s t e d at 1400°F and 2 a tm p r e s s u r e 
- 3 2 

w e r e 0.6, 0.9, and 6.0 x 10 c c ( S T P ) / c m - h r . 

F o r c o m p a r i s o n , the r a t e s for two m e m b r a n e s 

coa ted with SCB-1 + 10% Al O , w e r e 1 and 
2 2 c c ( S T P ) / c m -h r and the a v e r a g e r a t e for 

_3 
S C B - 1 - c o a t e d m e m b r a n e s i s 1.6 x 10 c c ( S T P ) / 

2 , cm - h r . 

As a p a r t of the work on deve lopmen t of 

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 s , l imi t ed 

t e s t s of a l t e r n a t e c ladding m a t e r i a l s w e r e p e r 

f o r m e d . T h e s e a l t e r n a t e c laddings included 

H a s t e l l o y - X and H a s t e l l o y - X - 2 8 5 . The a d 

h e r e n c e and a p p e a r a n c e of SCB-1 coat ing to 

s a m p l e s m a c h i n e d f rom H a s t e l l o y - X bar s tock 

and to H a s t e l l o y - X shee t m a t e r i a l s w e r e ex

c e l l e n t . F u r t h e r m o r e , t h e s e p r o p e r t i e s did 

not d e t e r i o r a t e af ter 4,000 h o u r s aging at 1500°F 

m hydrogen at 1 a tm p r e s s u r e (see Table 23). 

Exce l l en t a d h e r e n c e of SCB-1 coa t ings to 

H a s t e l l o y - X - 2 8 5 was obta ined but only af ter 

p r e c o a t i n g oxidat ion of the s u b s t r a t e . Some of 

the p r e c o a t i n g oxidat ion t r e a t m e n t s used and the 

r e s u l t s obta ined a r e shown in Table 24. Ad

h e r e n c e t e s t r e s u l t s along the length of two 

fu l l - length c l o s e d - e n d m e m b r a n e s a r e p r e s e n t e d 

in Tab le 25 . Shor t s e c t i o n s of S C B - 1 - c o a t e d 

H a s t e l l o y - X - 2 8 5 w e r e aged at 1500°F m h y d r o 

gen at 1 a t m p r e s s u r e for 1,000 h o u r s without 

d e t e r i o r a t i o n of the a d h e r e n c e or a p p e a r a n c e of 

the coa t ing . 

H a s t e l l o y - X - 2 8 5 m e e t s publ i shed c o m p o s i t i o n r e q u i r e m e n t s for H a s t e l l o y - X - 2 8 0 , h o w e v e r , i t h a s 
been found that the c o n c e n t r a t i o n of the e l e m e n t s m a n g a n e s e , p h o s p h o r u s , tungs ten , su lphu r , c a r 
bon, and s i l i con a r e unusua l ly low due to the vacuum m e l t i n g p r a c t i c e employed . As a r e s u l t , 
c e r t a i n 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 of the a l loy , such a s welding b e h a v i o r , have been a l t e r e d 
r e l a t i v e to those of H a s t e l l o y - X or H a s t e l l o y - X - 2 8 0 . 
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T A B L E 23 

ADHERENCE OF S C B - 1 - C O A T E D H A S T E L L O Y - X A F T E R AGING IN 
HYDROGEN AT 1500°F 

Subst ra te 
Configuration 

1 in. by 2 in. by 0.015 in. 
sheet 

S8DS 

Cup-plugs 

Welded 5/8 in. 
tubing 

Aging 
Time 

(hr) 

0 

500 

1500 

2400 

4000 

0 

1000 

0 

500 

1500 

Coating 
Adherence 

Excellent 

Excel lent 

Excel lent 

Excellent 

Excellent 

-
-

Excellent^ 

Excel lent 

Excel lent _ 

> 

Remarks 

Many flexes w e r e requ i red to b reak 
off the coat ing. The exposed me ta l 
was covered with adherent g lass 
(or oxide) f r agmen t s . 

t 
No coating was broken off after 
flexing 11 t i m e s around a 1/2-in.-
d i ame te r m a n d r e l . 

The re is no adherence tes t for cup-p lugs , but the coating wi l l spall if adherence is poor . 
tNo change m appearance except in co lor . It is n o r m a l for the color to change from green 

to dark grey . 

T A B L E 24 

PREOXIDATION STUDY DATA O F HASTELLOY-X-285 ' ' 
COATED WITH S C B - 1 

T 

Pre -ox ida t i 

e m p e r a t u r e 
(°F) 

-

1900 

1900 

1900 

2000 

2000 

2000 

2100 

2100 

2100 

on ' 

T ime 
(hr) 

-

1/2 

1 

2 

1/2 

1 

2 

1/2 

1 

2 

Oxide 

Appearance§ 

-

U 

U 

u 

u 

U-NU 

NU 

NU 

NU 

NU 

Weight Gain 
(104gm/cm2) 

-

1.6 

2 .2 

2.6 

3.8 

3.9 

5.8 

5.5 

5.7 

7.8 

Metal G 

Before 
Coating 
(ASTM) 

5 

4 

4 

3 

4 

3 

4 

4 

4 

3 

rain Size 

After 
Coating 
(ASTM) 

4 

4 

5 

4 

5 

4 

5 

4 

4 

4 

SCB-1 
Coating 

Adherence 

none 

Excellent 

Excel lent 

Excel lent 

Excel lent 

Excellent 

Excel lent 

Excellent 

Excellent 

Excel lent 

R e m a r k s on 
Adherenc e 

L e s s than one flex ''' 
was requ i red to b reak 
off 50% of the coat ing. 

Eight flexes were r e 
quired to b reak off 50% 
of the coat ing. 

Eight flexes were r e 
qui red to break off 50% 
of the coat ing. 

No coating broke off 
after 11 flexes 

No coating broke off 
after 11 flexes 

No coating broke off 
after 11 flexes 

No coating broke off 
after 11 flexes 

No coating broke off 
after 11 flexes 

No coating broke off 
after 11 flexes 

No coating broke off 
after 11 flexes 

*Specimens were 8-in. double-open-end tubes . 
tSpec imens were p re -ox id ized in air at a flow ra t e of 110 c m ^ / m i n with a dew point of 32° F . 
§U = uniform, NU = not uniform. 
•= One flex consis ted of bending a 3 / 4 - i n . - l o n g sect ion around a 1 / 2 - i n . - d i a m e t e r m a n d r e l . 

NAA-SR-11492 
56 



TABLE 25 

ADHERENCE O F S C B - 1 ON P R E - O X I D I Z E D 
H A S T E L L O Y - X - 2 8 5 SNAP 8 MEMBRANES 

S p e c i m e n 
N u m b e r 

X - 2 3 - 4 

X - 4 0 - 1 

D i s t ance 
f rom 

Blind End 
(m. ) 

1/2 

4 

8 

12 

15-1 /2 

1 7 - 1 / 2 

1 

17-1 /2 

R e m a r k s 

on 
A d h e r e n c e 

E x c e l l e n t - No 
b roke off af ter 

E x c e l l e n t - No 
b roke off a f te r 

Exce l l en t - No 
b roke off a f te r 

Exce l l en t - No 
b roke off af ter 

coat ing J. 
11 f l e x e s ' 

coat ing 
11 f lexes 

coat ing 
11 f lexes 

coat ing 
11 f lexes 

E x c e l l e n t - 5 0% of the 
coat ing b roke c 
9 f lexes 

ff af ter 

E x c e l l e n t - 5 0% of the 
coat ing b roke c 
9 f lexes 

E x c e l l e n t - No 
b roke off af ter 

ff af ter 

coat ing 
11 f lexes 

Exce l l en t - 50% of the 
coat ing b r o k e c 
6 f lexes 

ff af ter 

' M e m b r a n e s w e r e oxid ized by i n s e r t i n g a qua r t z 
p r o b e extending to wi thm one inch of the b l ind -
end and purg ing with bot t led a i r at a flow r a t e 
of 110 c c / m m and a dew point of 3 2 ' ' F . 

fOne flex i s a complex bend a round a 1 /2 -m. -
d i a m e t e r m a n d r e l . 

3 . C l o s u r e s 

a . C l o s u r e Deve lopment and Tes t ing 

F ive S8DRM-1 c l o s u r e s e a l s have been on 

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

16,990 h o u r s The c l u s t e r p e r m e a t i o n r a t e is 

0.79 cc (STP)h r at 1300°F and 2 a tm for an 

a v e r a g e of 0.16 c c ( S T P ) h r / s a m p l e . This is an 

i n c r e a s e of 0.05 c c / h r f rom the r a t e r e p o r t e d 

at the end of the p r e v i o u s r e p o r t i n g pe r iod but 

r e p r e s e n t s no change wi thin e x p e r i m e n t a l e r r o r . 

F ive S8DS c l o s u r e s e a l s have a c c r u e d 

14,563 h o u r s on t h e r m a l e n d u r a n c e t e s t . The 

c l u s t e r p e r m e a t i o n r a t e is 0.37 c c ( S T P ) / h r at 

1 4 0 0 ° F a n d 2 a t m for an a v e r a g e of 0.07 

c c ( S T P ) / h r . 

b . C l o s u r e Welding 

P r o c e s s i m p r o v e m e n t s tud i e s w e r e conducted 

to i m p r o v e the S8DS c l o s u r e weld p r o c e s s c a p a 

b i l i ty . While the c u r r e n t p r o c e s s had been 

qual if ied for c o r e p roduc t ion and yield had been 

a c c e p t a b l e , m e t a l l o g r a p h i c examina t ion of r e 

j e c t e d c l o s u r e welds ind ica ted tha t the c h r o m e 

s u b s t r a t e on the c ladding decreased weld y ie ld . 

C h r o m i u m h a s a me l t ing point a p p r o x i m a t e l y 

lOOO'F h ighe r than the H a s t e l l o y - N cladding 

and h a s a c o m p a r a t i v e l y high vapor p r e s s u r e . 

The p r e s e n c e of the c h r o m e s u b s t r a t e in the 

weld zone t ends to inhibi t me l t i ng of the p a r e n t 

m e t a l and p r o b a b l y enhances bubble defects or 

p o r o s i t y . 

Mockup we lds w e r e m a d e m which the c h r o m e -

r i c h s u b s t r a t e was m a c h i n e d f rom the cup-p lug 

weld jo in t s u r f a c e s . Me ta l log raph ic eva lua t ion 

of the mockup we lds showed tha t the p r o c e s s 

v a r i a b i l i t y was r e d u c e d by a factor of 2 for 

a v e r a g e weld p e n e t r a t i o n . T h e s e welds a l s o 

showed an i m p r o v e d su r f ace condi t ion as in 

d ica ted by dye p e n e t r a n t t e s t s . T h e s e t e s t s 

ind ica te that a 90% yield of S8DS c l o s u r e welds 

m a y be expec ted . 

c . N o n d e s t r u c t i v e T e s t s Re la ted to C l o s u r e s 

A new c o m m e r c i a l l y ava i l ab l e , high r e s o 

lut ion, s ing le e m u l s i o n x - r a y film h a s m a d e it 

f eas ib le to i n spec t c l o s u r e welds for f i t -up p r i o r 

to weld ing , and pos s ib ly to i n spec t for weld 

p e n e t r a t i o n af ter we ld ing . S8DS butt weld 

m o c k u p s w e r e r a d i o g r a p h e d both be fo re and 

af ter weld ing . The be fo re -we ld ing r a d i o g r a p h s . 

F i g u r e 28, show ev idence of m i s m a t c h and in 

c o r r e c t f i t -up , which w e r e not defined dur ing 

v i sua l e x a m i n a t i o n . 

M e a s u r e m e n t s have been m a d e of weld p e n e 

t r a t i o n s of both butt we lds and the edge weld 

which IS being eva lua ted for SNAP fuel e l e m e n t s . 
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8-19-65 (b ) 7568 02292 

F i g u r e 28 . Butt Weld Joint Rad iog raphed P r i o r to Welding to D e t e r m i n e Weld F i t - u p . 
The u p p e r r a d i o g r a p h (a) shows a 0 .005- in . m i s m a t c h be tween c ladding tube and end 

c a p . Rad iograph (b) shows a 0 .006-m. gap be tween end of c ladding tube 
and end cap shou lde r . 
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8-19-65 7568-02293 
F i g u r e 29. Edge Weld Rad iog raphed with C o r r e c t i o n F o r m . Weld 

p e n e t r a t i o n and cladding wall thinning a r e r e a d i l y m e a s u r a b l e 
wheneve r t h e r e i s a s l ight r ad i a l gap be tween cladding tube 
and end cap. Weld p e n e t r a t i o n i s 0.015 m . and the cladding 

wal l t h i c k n e s s has been r e d u c e d to 0.006 in. 

Whenever a r a d i a l gap g r e a t e r than 0.001 in . is 

p r e s e n t , sufficient x - r a y s will p e n e t r a t e this gap 

to p r o d u c e an i m a g e as shown in F i g u r e 29. At 

p r e s e n t , f i lms a r e examined and m e a s u r e m e n t s 

a r e m a d e with a lOX m i c r o s c o p e equipped with a 

m i c r o m e t e r e y e p i e c e . M e a s u r e m e n t s can be 

m a d e to the n e a r e s t 0.001 in . 

C o r r e l a t i o n s tud i e s be tween weld m e a s u r e 

m e n t s m a d e by the r a d i o g r a p h i c t echn ique and 

subsequen t m e t a l l o g r a p h i c examina t ion a r e m 

p r o g r e s s . P r e l i m i n a r y da ta show good c o r r e 

la t ion be tween the two m e t h o d s , d e m o n s t r a t i n g 

the a c c u r a c y of the n o n d e s t r u c t i v e r a d i o g r a p h i c 

t echn ique . 

4. P e r f o r m a n c e T e s t s 

a. S8ER Fue l E l e m e n t s 

During this r e p o r t p e r i o d , nonnuc lea r p e r 

f o r m a n c e t e s t s (qual i f ica t ion and e n v i r o n m e n t a l ) 

of fuel e l e m e n t s of the S8ER des ign w e r e con

c luded . Data obtained p r i o r to th is r e p o r t pe r iod 

have been d i s c u s s e d p r e v i o u s l y . T h e s e da ta 

led to the following c o n c l u s i o n s : 

1) Hydrogen p e r m e a t i o n r a t e s i n c r e a s e d 

dur ing p r e - e n d u r a n c e t e s t s (damage) , d e 

c r e a s e d dur ing endu rance t e s t ( gene ra l l y a s 

a function of p r e s s u r e ) , and i n c r e a s e d dur ing 

tes t ing af ter endu rance (addi t ional d a m a g e ) . 

- C . E . Johnson , "SNAP 8 P r o g r e s s Repor t F e b r u a r y - A p r i l , 1965, "NAA-SR-11092 (SRD), 
J u n e 15, 1965, pp 61-67 
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A S8ER QUALIFICATION TEST PROGRAM 
AVERAGE OF II ELEMENTS AT I400°F 

D S8DS QUALIFICATION TEST PROGRAM-

AVERAGE OF 10 ELEMENTS AT I400°F 

• S8FS QUALIFICATION TEST PROGRAM 

AVERAGE OF 10 ELEMENTS AT I400°F 

A ENVIRONMENTAL PROGRAM (VIBRATION, 

SHOCK, AND ACCELERATION) AVERAGE 

OF 6 ELEMENTS AT I300°F 

O ENVIRONMENTAL PROGRAM (RAMP HEAT) 

AVERAGE OF 13 ELEMENTS AT I300°F 

7-31-65 

4000 6000 

TIME AT TEMPERATURE(hr) 

Figure 30. Average Hydrogen Permeation Rates of S8ER Design 
Fuel Elements During Thermal Endurance Test 

10,000 

7568 - 02294 

2000 4000 6000 

T I M E ( h r ) 
7-31-65 

8000 10,(X)0 

7 5 6 8 - 0 2 2 9 5 

Figure 31. Average K ^ J ^ D ^^ Time at 
1300°F for 18 Environmental S8ER 

Design Fuel Elements 

TABLE 26 
PERMEATION SCAN DATA OF SEVEN 

S8ER FUEL ELEMENTS 

N u m b e r 

E - 8 1 4 - N 

E - 9 6 0 - N 

E - 9 1 6 - N 

E - 8 8 4 - N 

E - 9 7 2 - N 

E - 9 6 3 - N 

E - 1 0 1 7 - N 

A v e r a g e 

Hydrogen F 
(%) 

1 - 1 / 8 - i n . 
C l o s u r e 

End 

55 

66 

44 

72 

46 

51 

46 

54 

12- in . 
C e n t e r 
Sect ion 

20 

14 

37 

7 

16 

22 

35 

22 

ow 

1 - 1 / 8 - m . 
Blind End 

25 

20 

19 

21 

38 

27 

19 

24 

Tota l 
Hydrogen 

P e r m e a t i o n 
in Scanner 

[ c c ( S T P ) / h r ] 

2.6 

2.4 

1.6 

2.5 

1.9 

2.8 

2.4 

2.3 
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2) The g r e a t e s t h y d r o g e n l o s s is f rom the 

c l o s u r e end of the fuel e l e m e n t . 

3) Fue l e l e m e n t d i m e n s i o n s i n c r e a s e d 

s l ight ly dur ing p e r f o r m a n c e tes t ing due to the 

re l i e f of r e s i d u a l s t r e s s e s i n c u r r e d dur ing 

p roduc t i on s t r a i g h t e n i n g of the c ladding t u b e s . 

Addi t ional da ta obta ined dur ing th i s r e p o r t 

p e r i o d a r e d i s c u s s e d in the following p a r a g r a p h s . 

T h e r m a l e n d u r a n c e t e s t s r e s u l t s for the 

qua l i f ica t ion and the e n v i r o n m e n t a l e l e m e n t s 

a r e s u m m a r i z e d m F i g u r e 30. Six of the env i 

r o n m e n t a l e l e m e n t s had p r e v i o u s l y been s u b 

j e c t e d to high l eve l s of v i b r a t i o n , shock , and 

a c c e l e r a t i o n while the r e m a i n i n g 13 e n v i r o n 

m e n t a l e l e m e n t s had p r e v i o u s l y r e c e i v e d high 

r a t e s of r a m p h e a t i n g . The da ta shown in F i g 

u r e 30 for t h e s e two g roups of e l e m e n t s ind i 

ca te that the r e l a t i v e effects of t h e s e two t e s t s 

•were a l m o s t i den t i ca l In c o m p a r i s o n , in i t i a l ly 

t h e r e is a wide r a n g e m the p e r f o r m a n c e of the 

t h r e e g roups of qua l i f ica t ion e l e m e n t s , h o w e v e r , 

th is v a r i a t i o n was r e d u c e d to a m i n i m u m value 

with cont inued t e s t i ng at 1400°F . 

The r educ t ion in hyd rogen p e r m e a t i o n with 

t i m e for both the qua l i f ica t ion and the e n v i r o n 

m e n t a l e l e m e n t s was not e n t i r e l y due to the r e 

duc t ion in h y d r o g e n d i s s o c i a t i o n p r e s s u r e s . 

P a r t of the p e r m e a t i o n d e c r e a s e was due to an 

a p p a r e n t i m p r o v e m e n t m the h y d r o g e n b a r r i e r , 

ind ica ted by a d e c r e a s e d K ( F i g u r e 31). 

This d e c r e a s e m K_- _,, a p a r a m e t e r which 

d e s c r i b e s the r e l a t i v e wor th of h y d r o g e n b a r r i e r , 

i m p l i e s an i m p r o v e d c e r a m i c . A s i m i l a r d e 

c r e a s e m K _ . _ for the qual i f ica t ion e l e m e n t s 

was shown p r e v i o u s l y . 

Seven addi t ional fuel e l e m e n t s w e r e t e s t ed 

m the p e r m e a t i o n s c a n n e r . The da t a , given in 

Tab le 26, suppor t the second conc lus ion above . 

F u r t h e r c o n f i r m a t i o n was found by t e s t i ng four 

fuel e l e m e n t s at g r a d i e n t t e m p e r a t u r e . The 

da ta f rom t h e s e t e s t s , shown in F i g u r e 32, 

ind ica te that h igher p e r m e a t i o n r a t e s g e n e r a l l y 

occur when the c l o s u r e end i s at the h ighe r t e m 

p e r a t u r e while lower p e r m e a t i o n r a t e s occur 

when th is end is c o o l e r . 

Upon comple t i on of the p e r m e a t i o n t e s t s of 

the fuel e l e m e n t s m the qual i f ica t ion and env i 

r o n m e n t a l t e s t p r o g r a m s , a l l e l e m e n t s w e r e 

d i s a s s e m b l e d . D i m e n s i o n a l and weight m e a s 

u r e m e n t s w e r e t aken on each fuel rod p r i o r to 

p e r f o r m i n g d i s s o c i a t i o n p r e s s u r e t e s t s . Tab le 27 

p r e s e n t s a c o m p a r i s o n of the h y d r o g e n l o s s of 

the 31 qua l i f i ca t ion e l e m e n t s dur ing tes t ing 

based on (a) i n t e g r a t e d p e r m e a t i o n - t i m e da t a , 

(b) weight l o s s of the fuel du r ing t e s t i n g , and 

(c) final h y d r o g e n content b a s e d on p r e s s u r e 

m e a s u r e m e n t s . Fo r each ca l cu la t ion , the in i t ia l 

amount of h y d r o g e n p r e s e n t is based on qua l i ty 

a s s u r a n c e da ta which included the in i t ia l weight 

and wt % of h y d r o g e n in the fuel r o d . The i n i 

t ia l wt % h y d r o g e n was based on c h e m i c a l a n a l 

y s e s . C o m p a r a b l e da ta for the 19 e n v i r o n m e n t a l 

e l e m e n t s a r e l i s t ed in Table 28 . 

T h e r e i s , g e n e r a l l y , good a g r e e m e n t be tween 

the a v e r a g e va lues of hyd rogen l o s s as c a l c u 

la ted by the t h r e e m e t h o d s for both the qua l i f i 

ca t ion and the e n v i r o n m e n t a l e l e m e n t s . The 

l a r g e s t i n c o n s i s t e n c i e s o b s e r v e d w e r e for t h r e e 

e n v i r o n m e n t a l e l e m e n t s , E - l O l l - N , E-IOOO-N 

and E - 1 0 5 4 - N . The qual i f ica t ion e l e m e n t s , 

which w e r e t e s t ed at 1400°F , had an a v e r a g e 

h y d r o g e n l o s s over 10,000 h o u r s of 14%. In 

c o m p a r i s o n , the e n v i r o n m e n t a l e l e m e n t s , which 

w e r e t e s t e d at 1300°F , had an a v e r a g e h y d r o 

gen l o s s over 10,000 h o u r s of about 6%. 

Res idue was o b s e r v e d when the fuel r o d s 

w e r e r e m o v e d f rom the c ladding a s s e m b l i e s 

dur ing d i s a s s e m b l y . The quant i ty of r e s i d u e 

v a r i e d c o n s i d e r a b l y l i t t l e was found in the 

Ibid, p 62 
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Figure 32. Permeation-Gradient Temperature Relationships 
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T A B L E 27 

H Y D R O G E N L O S S O F 31 Q U A L I F I C A T I O N E L E M E N T S 

E l e m e n t 
Number 

Ini t ial 
Hydrogen 

(wt %) 

Fuel Weight 
(gm) 

Ini t ia l F ina l 

H y d rogen Loss at M O C F 
(%) 

Through 
Hours 

(Method 

10-̂  

l)t 
Through P o s t - E n d Test ing 

Method 1 Method 2§ Method 3""' 

E - 7 6 0 - N 

E - 8 1 1 - N 

E - 8 8 1 - N 
-802 
-886 

R e t o r t Average 

E - 8 0 4 - N 
-821 
-897 

R e t o r t Average 

E - 8 8 0 - N 
-841 
-810 

R e t o r t Average 

E - 9 3 9 - N 
-858 
-887 

Re to r t Average 

E - 9 6 0 - N 
-962 
-814 

R e t o r t Average 

E - 9 1 6 - N 

E - 8 7 0 - N 

E - 9 5 1 - N 
-918 

R e t o r t Average 

E - 8 6 1 - N 
-884 
-1012-N 

R e t o r t Average 

E - 1 0 0 7 - N 

E - 9 7 2 - N 
-987 
-992 

R e t o r t Average 

E - 9 6 3 - N 
-1047 
-1017 

Re to r t Average 

Tota l E l e m e n t 

1.655 

1.680 

1.640 
1.640 
1.670 

1.650 

1.710 
1.710 
1.700 

1.707 

1.695 
1.680 
1.690 

1.688 

1.700 
1.680 
1.675 
1.685 

1.680 

1.680 

1.680 

1.685 
1.680 

1.682 

1.710 
1.715 
1.705 

1.710 

1.695 

1.715 
1.715 
1.710 

1.713 

1.685 
1.695 
1.695 

1.692 

1.689 

308.889 

308.638 

309.570 
309.190 
309.820 

309.527 

309.020 
308.678 
309.122 

308.940 

308.912 
308.970 
307.578 

308.487 

308.851 
308.243 
309.035 

308.710 

308.642 
308.679 
308.663 

308.661 

309.415 

309.146 

309.685 
309.349 

309.517 

304.711 
305.081 
304.938 

304.910 

305.376 

305.130 
304.770 
304.881 

304.927 

305.096 
305.072 
304.806 

304.991 

307.676 

307.780 

307.808 

308.872 
308.610 
309.120 

308.867 

308.101 
307.958 
308.329 

308.159 

308.119 
308.383 
307.018 

307.840 

307.750 
306.898 
307.962 

307.537 

307.833 
307.304 
307.658 

307.598 

308.719 

308.474 

308.969 
308.414 

308.692 

304.005 
304.390 
304.161 

304.185 

304.614 

304.182 
303.920 
303.982 

304.028 

304.385 
304.256 
303.872 

304.171 

306.837 

9.8 

18.0 

12.3 
10.6 
15.9 

12.9 

8.3 
9.9 

11.4 

9.9 

8.4 
8.6 

12.8 

9.9 

18.3 
18.9 
12.6 

16.6 

11.2 
21.7 
15.6 

16.2 

15.6 

15.0 

16.5 
14.9 

15.7 

13.6 
15.8 
16.6 

15.3 

13.7 

17.5 
14.6 
17.8 

16.6 

12.2 
9.7 

16.5 

12.8 

14.0 

11.6 

18.4 

14.0 

11.3 

10.8 

17.6 

16.9 

15.8 

15.7 

16.8 

16.1 

14.8 

17.1 

13.3 

15.0 

21.7 

17.0 

13.7 
11.4 
13.5 

12.9 

15.7 
13.6 
15.1 

14.8 

15.1 
11.3 
10.8 

12.4 

20.9 
25.6 
20.5 

22.3 

15.6 
26.6 
19.3 

20.5 

13.4 

12.9 

13.7 
18.0 

15.9 

13.5 
13.2 
14.9 

13.9 

14.7 

18.1 
16.3 
17.2 

17.2 

13.8 
15.8 
18.1 

15.9 

16.1 

15.5 

16.1 

11.2 
10.6 
14.1 

12.0 

14.6 
14.2 
17.9 

15.6 

13.4 
12.0 
12.9 

12.8 

18.8 
17.8 
15.8 

17.5 

16.9 
16.6 
15.7 

16.4 

13.1 

14.3 

16.9 
16.9 

16.9 

16.6 
17.4 
16.4 

16.8 

17.4 

18.4 
19.2 
18.2 

18.9 

16.0 
13.8 
17.6 

15.8 

15.7 

'i^Initial hyd rogen p r e s e n t i s based on the weight of the hydr ided f ina l -mach ined fuel rod and the 
weight % hydrogen . The final hydrogen p r e s e n t i s d e t e r m i n e d as fol lows: 

t Method 1. In tegra t ion of pernneat ion - t ime da ta . 

§ Method 2. M e a s u r e d fuel rod weight after decanning. Weight loss is all a t t r ibu ted to hydrogen 
l o s s . 

**Method 3. F ina l hydrogen compos i t ion based on i s o c h o r e da ta (assuming a one - to -one ca rbon 
to z i r con ium combinat ion) . 
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T A B L E 28 

HYDROGEN LOSS O F 19 ENVIRONMENTAL E L E M E N T S 

Element 
Number 

Initial 
Hydrogen 

(wt %) 

Fuel Weight 
(gm) 

Initial Final 

Hydrogen Loss at 1300°F 
(%) 

Through 104 
Hours 

(Method 1) 
Through P o s t - E n d Test ing 

Method 1 Method 2 Method 3 

E -947-N 
-1011 
-1009 

Retor t Average 

E - 9 9 6 - N 
-1000 
-1029 

Retor t Average 

E - 9 9 0 - N 
-1019 
-1033 

Retor t Average 

E- lOOl -N 

E-1054-N 
-1008 
-907 

Retor t Average 

E - 9 9 3 - N 
-904 
-940 

Retor t Average 

E-984-N 

E-1032-N 

E-1052-N 

Element Average 

1.69 
1.70 
1.69 

1.69 

1.65 
1.66 
1.67 

1.66 

1.66 
1.67 
1.66 

1.66 

1.68 

1.68 
1.68 
1.68 

1.68 

1.68 
1.67 
1.66 

1.67 

1.64 

1.72 

1.69 

1.67 

308.184 
309.230 
308.332 

308.582 

309.431 
309.594 
309.906 

309.644 

309.529 
309.288 
309.926 

309.581 

309.863 

308.891 
309.541 
309.592 

309.341 

309.529 
309.752 
310.212 

309.831 

309.708 

308.207 

308.304 

309.316 

307.656 
308.936 
308.119 

308.237 

309.103 
309.577 
309.548 

309.409 

309.176 
308.960 
309.750 

309.295 

309.312 

309.856 
309.205 
309.182 

309.081 

309.171 
309.361 
309.961 

309.498 

309.301 

307.860 

307.940 

308.998 

6.3 

7.0 

5.6 

5.7 

5.9 

6.5 

6.5 

6.6 

6.3 

6.3 

6.3 

7.4 

6.5 

5.7 

6.6 

6 

6 

7 

7 

5 

5 

8 

6 

6.6 

10.0 
1.2 
4.0 

5.1 

6.3 
0.3 
6.8 

4.5 

6.7 
6.7 
3.4 

5.6 

10.4 

0.6 
6.4 
7.7 

4.9 

6.8 
7.4 
4.8 

6.3 

7.9 

6.4 

6.9 

6.5 

5.8 
4.4 
6.2 

5.5 

6.6 
5.4 
3.4 

5.1 

6.7 

3.5 
7.0 
8.0 

6.2 

5.3 
6.2 
3.6 

5.0 

6.4 

6.1 

6.2 

7.5 
9.4 
2.6 

5.8 

e n v i r o n m e n t a l e l e m e n t s (1300°F t e s t s ) , w h e r e a s 

it a p p e a r e d tha t the m a j o r i t y of the c e r a m i c of 

al l the qua l i f i ca t ion e l e m e n t s had spa l led f rom 

the c ladding (1400°F t e s t s ) . 

The typ ica l a p p e a r a n c e of the e n v i r o n m e n t a l 

e l e m e n t componen t s af ter t e s t comple t i on is 

shown by F i g u r e 33 . D i s c o l o r a t i o n of both the 

fuel rod and the c e r a m i c was noted al though 

no s ignif icant amount of spa l led c e r a m i c was 

o b s e r v e d . This d i s c o l o r a t i o n and a d a r k 

co lo red powder m a t e r i a l w e r e found on both 

the e n v i r o n m e n t a l and qua l i f ica t ion e l e m e n t s . 

The r e s u l t of c e r a m i c spa l lmg i s i l l u s t r a t e d m 

F i g u r e 34, which shows a s ec t ion of c ladding 

f rom a typ ica l qua l i f ica t ion e l e m e n t . Equal ly 

s ignif icant is the fact that none of the d i s a s 

s e m b l e d e n v i r o n m e n t a l e l e m e n t s had c laddings 

which exhibi ted " b a r e m e t a l . " This d i f fe rence 

m c e r a m i c a d h e r e n c e i s fur ther i l l u s t r a t e d by 

p h o t o m i c r o g r a p h s of c ladding sec t ions f rom 

e n v i r o n m e n t a l and qua l i f ica t ion e l e m e n t s ( F i g 

u r e s 35 and 36, r e s p e c t i v e l y ) . Except for d i s 

c o l o r a t i o n , t h e r e was l i t t le a p p a r e n t change in 

the c e r a m i c of the e n v i r o n m e n t a l e l e m e n t s . 

A l so , the c e r a m i c - m e t a l bond a p p e a r s to be 

r e l a t i v e l y unchanged due to 1300°F t e s t i n g . 
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F i g u r e 3 3 . Fue l E l e m e n t Componen t s After Comple t ion of E n v i r o n m e n t a l T e s t i n g 

r 

7-31-65 7568-02289 
F i g u r e 34. Cladding Sec t ion 
f r o m a Qual i f ica t ion E l e m e n t 

(E-810-N) 

P h o t o m i c r o g r a p h s of two sec t ions f rom a q u a l i 

f icat ion e l e m e n t a r e shown in F i g u r e 36, The 

f i r s t is a c ladding sec t ion which shows an a b 

sence of c e r a m i c . The second shows a cladding 

sec t ion to which s o m e c e r a m i c had a d h e r e d . 

This l a t t e r sec t ion shows s igns of a weakened 

c e r a m i c - m e t a l bond. 

B e s i d e s c e r a m i c , the qual i f ica t ion e l e m e n t s 

a l so yielded s o m e thin , b r o w n i s h , t r a n s l u c e n t 

f l akes . T h e s e f lakes w e r e not found upon d i s 

a s s e m b l y of the e n v i r o n m e n t a l e l e m e n t s . Some 

of the t r a n s l u c e n t f lakes f rom the qua l i f ica t ion 

e l e m e n t s w e r e c o v e r e d on one s ide with an ad 

h e r e n t s i l v e r y , m e t a l l i c - l i k e f i lm. Care fu l 

decanning r e v e a l e d that the s i l v e r y film was 

fo rmed aga in s t the c e r a m i c b a r r i e r while the 

b r o w n i s h , t r a n s l u c e n t f lakes w e r e fo rmed 

aga ins t the fuel r o d s . Tes t ing of t h e s e f lakes 

r e v e a l e d that the b rownish s ide was e l e c t r i c a l l y 

nonconduct ing whi le the s i l v e r y s ide showed 

s igns of e l e c t r i c a l conduct ion . Both film and 
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f lakes w e r e s tab le when hea ted in a i r to a p p r o x -

ii-nately 1 5 0 0 ° F . C h e m i c a l a n a l y s i s r e v e a l e d 

that the t r a n s l u c e n t f lakes a r e p r e d o m i n a n t l y 

z i r c o n i u m oxide (Z rO^) exhibit ing both t e t r a g o n a l 

and monoc l in ic s t r u c t u r e s . X - r a y f l u o r e s c e n c e 

ind ica ted that the m a j o r cons t i tuen t of the s i l v e r y 

film is s i l i con , while s p e c t r o g r a p h i c a n a l y s i s 

showed it to be high in z i r c o n i u m con ten t . In 

examina t ion by x - r a y f l u o r e s c e n c e , the c e r a m i c 

f lakes exhibi ted no s ignif icant d i f fe rence f rom 

the o r ig ina l AI-8763D c e r a m i c . R e s u l t s of the 

s p e c t r o g r a p h i c a n a l y s i s (wt %) a r e shown in 

Tab le 29. AH m e t a l s a r e in the oxide f o r m . 

TABLE 29 

S P E C T R O G R A P H I C ANALYSIS O F 
RESIDUE FROM DECANNED 

S8ER F U E L E L E M E N T S 

Element 

Al 

B 

Ba 

C a 

Cr 

Cu 

F e 

Mg 

Mn 

Ni 

P b 

Si 

T i 

Z r 

Ceramic 

3 

0.001 

30 

2 

2 

0.2 

0.3 

1 

0.03 

25 

8 

4 

Residue 
(wt %) 

Translucent 
Flakes 

T 

T 

T 

T 

T 

T 

T 

M 

Metallic 
Film 

T 

T 

T 

T 

T 

S 

T 

M 

b . S8DS Fue l E l e m e n t Eva lua t ion T e s t s 

Tes t i ng of 6 1 S8DS deve lopmenta l fuel e l e m e n t s 

was cont inued. In addi t ion , t e s t ing of 37 fuel 

e l e m e n t s , which w e r e f ab r i ca t ed for p r o c e s s 

ve r i f i ca t ion , was begun. The t e s t s , conducted 

to eva lua te fuel e l e m e n t p e r f o r m a n c e , inc lude: 

1) Vibra t ion at di f ferent input l eve l s 

2) Ramp Heat ing 

Type A: 3 0 0 ° F / m i n to 8 5 0 ° F , 

1 5 0 ° F / m i n to 1400°F , cooled to 2 0 0 ° F at 

SO^F/min . Th i s s equence r e p r e s e n t s one 

r a m p hea t c y c l e . 

Type B: 300 °F/min to 1 400° F m a x i m u m , 

cooling (about 270 °F/min peak) to 2 00 ° F . Th i s 

sequence r e p r e s e n t s one r a m p hea t cyc l e . 

3) T h e r m a l e n d u r a n c e — cont inuous o p e r 

a t ion at i s o t h e r m a l t e m p e r a t u r e s (1300, 

1350, 1400, 1350, 1400 or 1450°F) . 

4) D e s t r u c t i v e a n a l y s i s — p o s t - t e s t 

examina t ion of the fuel e l e m e n t c o m p o n e n t s . 

The effect of any one t e s t , or s e r i e s of t e s t s , 

on fuel e l emen t p e r f o r m a n c e i s m e a s u r e d by the 

r e s u l t a n t change in h y d r o g e n p e r m e a t i o n ( loss ) 

r a t e at a r e f e r e n c e t e m p e r a t u r e , n o r m a l l y 

1400 ' 'F . Each e l e m e n t r e c e i v e d a p e r m e a t i o n 

t e s t p r i o r to and after comple t ing each of the 

d e s c r i b e d t e s t s . In addi t ion , p e r m e a t i o n m e a s 

u r e m e n t s w e r e t aken p e r i o d i c a l l y while the e l e 

m e n t s w e r e undergo ing t h e r m a l e n d u r a n c e . 

R e s u l t s of t e s t s p e r f o r m e d through this r e 

p o r t pe r iod a r e s u m m a r i z e d in the following 

s e c t i o n s . 

(1 ) P r e - E n d u r a n c e T e s t s 

T = a t r a c e cons t i tuen t 
S = a mino r cons t i tuen t 
M = a m a j o r cons t i tuen t 
All m e t a l s a r e in the oxide fo rm. 

F o u r t e e n S8DS d ev e lo p men ta l fuel e l e m e n t s 

w e r e subjec ted to t h e r m a l soak , r a m p hea t ing , 

and t h e r m a l cyc le t e s t s . P e r m e a t i o n t e s t r e 

su l t s a r e l i s ted in Tab le 30. The o v e r a l l r e s u l t 
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TABLE 30 

THERMAL TEST E F F E C T S ON HYDROGEN PERMEATION 
O F 14 S8DS D E V E L O P M E N T A L F U E L E L E M E N T S 

E l e m e n t 
N u m b e r 

RD-17 

RD-2211 

RD-2241 

RD-33 

RD-2267 

RD-2271 

RD-2443 

RD-94 

RD-97 

RD-3323 

RD-54 

RD-3302 

RD-3309 

RD-2269 

Average 

A v e r a g e A 

P r e - T h e r m a l 
Soak 

0.53 

0.18 

0.55 

0.52 

0.60 

0.33 

0.31 

0.46 

0.25 

0.95 

0.46 

0.42 

0.45 

0.35 

0.45 

- 0 . 

Hydrogen P e r m e a t i o n at 1400 °F 
[ c c ( S T P ) / h r ] 

P o s t - T h e r m a l 
Soak 

0.48 

0.11 

0.42 

0.47 

0.39 

0.35 

0.33 

0.49 

0.20 

0.57 

0.24 

0.40 

0.46 

0.52 

0.39 

P o s t - R a m p Heat 
(50 C y c l e s , Type A) 

0.47 

0.17 

0.35 

0.53 

0.41 

0.40 

0.41 

0.64 

0.17 

0.73 

0.33 

0.42 

0.61 

0.61 

0.45 

06 +0.06 +0 

P o s t - T h e r m a l 
Cycle 

0.51 

0.30 

0.55 

0.57 

0.65 

0.75 

0.43 

0.32 

0.30 

0.67 

0.39 

0.40 

0.59 

0.66 

0.51 

06 

of t h e s e t e s t s was a 13% i n c r e a s e m p e r 

m e a t i o n , a s m a l l e r i n c r e a s e than g e n e r a l l y h a s 

been o b s e r v e d for e l e m e n t s which had r e c e i v e d 

s i m i l a r t e s t s . F o r e x a m p l e , 34 p r e v i o u s l y 

t e s t e d S8DS d e v e l o p m e n t a l e l e m e n t s i n c r e a s e d in 

p e r m e a t i o n r a t e f rom 0.39 to 0.82 c c ( S T P ) / h r at 

1400°F af ter comple t ing a s i m i l a r t h e r m a l t e s t 

s e r i e s . No s a t i s f a c t o r y c o r r e l a t i o n h a s been 

d e t e r m i n e d to explain the v a r i a t i o n m the p e r 

f o r m a n c e of t h e s e e l e m e n t s . 

(2) T h e r m a l E n d u r a n c e T e s t s 

After comple t ion of the t h e r m a l t e s t s e r i e s , 

the 14 fuel e l e m e n t s ( l i s ted m Table 30) w e r e 

loaded into t h e r m a l e n d u r a n c e fu rnaces for t e s t 

ing . S imi l a r t e s t s w e r e a l so begun on the 34 

S8DS deve lopmen ta l fuel e l e m e n t s p r e v i o u s l y 

m e n t i o n e d . Half of the e l e m e n t s f rom each group 

w e r e t e s t e d at 1300°F for 1400 h o u r s . The r e 

ma in ing e l e m e n t s w e r e t e s t ed at 1350°F , a l s o 

for 1400 h o u r s . After the 1400-hour t e s t s , the 

t e m p e r a t u r e of al l e l e m e n t s was i n c r e a s e d to 

1 4 0 0 ° F . After 900 h o u r s at 1400°F , the t e m 

p e r a t u r e was i n c r e a s e d to the p r e s e n t 1450°F 

t e s t t e m p e r a t u r e . The a v e r a g e of the p e r m e 

at ion r a t e s m e a s u r e d dur ing th is s equence of 

t es t ing i s shown m F i g u r e 37. The p e r m e a t i o n 

r a t e s shown for t i m e z e r o w e r e m e a s u r e d j u s t 

p r i o r to loading the e l e m e n t s into the e n d u r a n c e 

f u r n a c e s . 

*Ibid . , p . 56 
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As ind ica ted by the da ta of F i g u r e 37, p e r 

f o r m a n c e af ter the f i r s t 1400 h o u r s of t e s t ing is 

independent of the f i r s t t e s t t e m p e r a t u r e , e i the r 

1300°F or 1 3 5 0 ° F . A be t t e r c o m p a r i s o n of the 

fuel e l e m e n t p e r f o r m a n c e c a n be m a d e by ob 

se rv ing the change in the p a r a m e t e r , K _ . _ '' 
B 1_,U 0 

This p a r a m e t e r i s a ca l cu la t ed quant i ty which 

ad jus t s for the v a r i a t i o n s m fuel d i s s o c i a t i o n 

p r e s s u r e a n d / o r t e s t t e m p e r a t u r e . M o r e s i m p l y , 

it IS an i n v e r s e function of the e f fec t iveness of 

the h y d r o g e n b a r r i e r of the e l e m e n t s . A plot of 

a v e r a g e K _ va lues as a function of t i m e dur ing 

e n d u r a n c e t e s t is shown m F i g u r e 38. If the 

e f fec t iveness of the h y d r o g e n b a r r i e r w e r e un 

affected by the e n d u r a n c e t e s t i n g , K_- _ would 

r e m a i n cons t an t with t i m e . If the b a r r i e r ef

f ec t i venes s d e c r e a s e d , K-,- _ would i n c r e a s e . 

If the b a r r i e r i m p r o v e d K _ . _ would d e c r e a s e . 

The da ta p lo t ted m F i g u r e 38 ind ica t e tha t en

d u r a n c e t e s t i ng a t e i t h e r 1300 or 1 3 5 0 ° F h a d 

l i t t l e effect on the h y d r o g e n b a r r i e r . Subsequent 

e n d u r a n c e t e s t ing at 1400°F , h o w e v e r , caused 

a r e l a t i v e l y l a r g e in i t i a l i n c r e a s e m Kp,T i-, for 

both e l e m e n t g roups — indica t ing d e c r e a s e d ef

f ic iency of the h y d r o g e n b a r r i e r or a t e m p e r a t u r e 

dependency of K _ . „ . Tes t i ng at 1450°F h a s 

not as yet p roduced ind ica t ions of i n c r e a s e d 

^BLD° 

In c o m p a r i s o n , da ta obtained dur ing endu rance 

t e s t ing of 12 o ther SNAP 8 fuel e l e m e n t s ( F i g 

u r e 34) showed a s i m i l a r i n c r e a s e m K_- „ 

af ter the t e m p e r a t u r e was i n c r e a s e d f rom 1300 

to 1 4 0 0 ° F . In addi t ion , the m a g n i t u d e of the 

K _ . _ va lues i s a p p r o x i m a t e l y the s a m e (at 

equal t e m p e r a t u r e ) for both g roups of e l e m e n t s . 

T h e r m a l e n d u r a n c e t e s t s w e r e cont inued on 

t h r e e g roups of S8DS d e v e l o p m e n t a l fuel e l e 

m e n t s , A d e s c r i p t i o n of the fuel e l e m e n t s and a 

t abu la t ion of the p r e - e n d u r a n c e da ta w e r e r e 

p o r t e d e a r l i e r . ' T h e s e fuel e l e m e n t s r e c e i v e d 

only p r e - e n d u r a n c e p e r m e a t i o n t e s t s p r i o r to 

beginning t h e r m a l e n d u r a n c e . One g roup of 

five fuel e l e m e n t s was f ab r i ca t ed with a s p a c e r 

a s s e m b l y be tween the fuel rod and the blind end 

c a p . T h e s e 5 fuel e l e m e n t s w e r e t e s t e d , m 

s ingle r e t o r t s , at 1 4 0 0 ° F f o r 10,600 h o u r s . The 

p e r m e a t i o n r a t e s m e a s u r e d dur ing this t e s t a r e 

p r e s e n t e d in F i g u r e 39, which shows h y d r o g e n 

p e r m e a t i o n a s a function of t i m e at 1400°F . 

T h e s e da ta w e r e fit to the equat ion: 

I n L = K K ^ T 

w h e r e 

L = p e r m e a t i o n r a t e [cc(STP ) /hr ] , 

T = t i m e (h r ) , and 

K, and K^ a r e c o n s t a n t s . 

The r e s u l t i n g equa t ions a r e shown with the r e 

spec t ive p e r m e a t i o n - t i m e c u r v e s of F i g u r e 39. 

T h e r m a l e n d u r a n c e da ta of a second group 

of five fuel e l e m e n t s a r e shown m F i g u r e 40. 

T h e s e five fuel e l e m e n t s w e r e f ab r i ca t ed m 

May 1964 to S8DS fuel e l e m e n t s p e c i f i c a t i o n s . 

After 2900 h o u r s of t e s t i ng at 1400°F , the fuel 

e l e m e n t s w e r e r e m o v e d f rom the e n d u r a n c e 

f u r n a c e , p e r m e a t i o n t e s t e d , r a m p hea ted for 

five c y c l e s (Type A) , then given ano the r p e r 

m e a t i o n t e s t The r e m a i n i n g da ta r e s u l t i n g 

f rom th i s sequence of t e s t s w e r e r e p o r t e d m an 

e a r l i e r p r o g r e s s r e p o r t . The o v e r a l l a v e r a g e 

p e r m e a t i o n of the fuel e l e m e n t s i n c r e a s e d fronri 

0.55 to 0.74 c c ( S T P ) / h r dur ing th is s e r i e s of 

t e s t s I m m e d i a t e l y af ter the e n d u r a n c e t e s t s 

w e r e r e s u m e d , the a v e r a g e r a t e d ropped to 

0.63 c c ( S T P ) / h r . Subsequent p e r m e a t i o n m e a s 

u r e m e n t s ind ica ted a cont inued r e d u c t i o n m 

p e r m e a t i o n , a s shown m F i g u r e 40. 

The d e r i v a t i o n of KgLj^ was p r e s e n t e d m a p r e v i o u s p r o g r e s s r e p o r t C. E. Johnson , "SNAP 8 
P r o g r e s s R e p o r t , November 1964 - J a n u a r y 1 9 6 5 , " NAA-SR-10792 (CRD), M a r c h 15, 1965, p . 73 

t i b i d . , p . 67 
§C. E. Johnson , "SNAP 8 P r o g r e s s R e p o r t , F e b r u a r y - A p r i l 1965, " NAA-SR-1 1092 (CRD), p . 57 

NAA-SR-11492 

71 



r - - 1 1 

/ 1 "»—»-

1 1 1 

1 1 

a) RD-2056 
L-nL = -0 1971 - 0 6766 x 10"" t 

1 1 

-

D-
I-
a 

1 1 1 

1 1 1 

1 1 

b)RD-206l 
LnL = -0 1758 - 0 4286 x 10 *t 

1 i 

-

o 
o 

z 
o 

UJ 

a: 
UJ 
Q-

z 
UJ 
IS o 
tr 
Q 
>-
X 

r-^ 
1 1 

1 

1 

1 

1 

0 RD-2044 
LtiL = -0 2983 

1 

1 

- 0 8720 X IQ-" f 
-

1 

-1 

1 1 1 

,.^^~jy^ ~^-V-V>v 

1 

d) RD-2057 
LnL = -04007 -

1 1 1 1 — 

1 

0 2070 X 10"") 

1 

-

7 - 3 1 - 6 5 

2000 

1 

1 

1 

1 

1 

1 

1 

e) RD-2074 
LnL = -0.2156 

1 

1 

- 0 7340 X lO'^t 

1 

-

4000 6000 8000 

ENDURANCE TIME, t (hr) 

10,000 

Figure 39. Hydrogen Permeation of Fuel Elements With 
Spacers During 1400° F Endurance Test 

12,000 

7568-02301 

NAA-SR-11492 

72 

I i l M 1 • « • 

Ufa 



^mPiL 
The th i rd group inc ludes t h r e e spec ia l S8DS 

des ign fuel e l e m e n t s with the fuel n icke lp la ted 

to inhibi t p o s s i b l e c e r a m i c - f u e l r e a c t i o n . The 

e n d u r a n c e da ta for t he se e l e m e n t s a r e shown 

m F i g u r e 4 1 . 

A v e r a g e K,-,- „ v a l u e s for each of the t h r e e BLD 
g roups of fuel e l e m e n t s a r e shown as a function 

of t i m e m F i g u r e 42. Appa ren t l y , the t h r e e 

spec ia l S8DS e l e m e n t s with n i cke lp la t ed r o d s 

have the b e s t h y d r o g e n b a r r i e r tending to s u b 

s t an t i a t e the concept of an i n t e r m e d i a t e b a r r i e r 

for s u p p r e s s i o n of fuel coat ing i n t e r a c t i o n . 

(3) V ib ra t ion T e s t s 

Work was cont inued to d e t e r m i n e (a) if low-

l eve l v ib ra t ion t e s t s should be inc luded with the 

ex i s t ing a c c e p t a n c e t e s t i ng and (b) v ib r a t i on 

f a i lu re t h r e s h o l d . 

P r e v i o u s fuel e l e m e n t p e r f o r m a n c e da ta show 

that the fuel e l e m e n t s , a f ter p a s s i n g al l a c c e p t 

ance t e s t s , cove red a r a n g e m p e r f o r m a n c e 

( p e r m e a t i o n r a t e ) dur ing subsequen t t e s t i n g . 

T h e r e f o r e , i t was d e s i r a b l e to e s t a b l i s h a t e s t 

w h e r e i n fuel e l e m e n t s which would not p e r f o r m 

as wel l a s o t h e r s could be cul led f rom the r e 

main ing e l e m e n t s . Such a t e s t , l ow- l eve l v i 

b r a t i o n ( see Table 31), had been indica ted by the 

da ta obtained f rom the t e s t i ng of 1 3 S8DS pilot 

TABLE 3 1 

LOW L E V E L VIBRATION INPUT 

Magni tude 

3/16 m double ampl i tude 

3.4 g 

5 g 

F r e q u e n c y 
(cps) 

5 to 13 

13 to 400 

400 to 2000 

Vibra t ion inputs w e r e the s a m e for each of 
t h r e e mutua l ly p e r p e n d i c u l a r a x e s , with a 
cons tan t oc tave sweep r a t e r e q u i r i n g 
5 minu t e s for each a x i s . 

f ab r i ca t ion fuel e l e m e n t s bui l t m F e b r u a r y 1965. 

This work was r e s u m e d , us ing 32 fuel e l e m e n t s 

which had been fab r i ca ted m June 1965, p r i 

m a r i l y for a qua l i ty check of a modif ied c h r o 

m i z m g p r o c e s s . T e s t r e s u l t s of t h e s e e l e m e n t s 

should ind ica te (a) if v i b r a t i o n tes t ing is an 

app l i cab le cul l ing t e s t and (b) if the modif ied 

c h r o m i z i n g p r o c e s s affected fuel e l e m e n t p e r 

f o r m a n c e . Tes t ing of the l a t t e r g roup is m 

p r o g r e s s . 

Another g roup of five weld ve r i f i ca t ion e l e 

m e n t s was subjec ted to mu l t i p l e p e r m e a t i o n 

t e s t s p r i o r to l o w - l e v e l v ib ra t ion t e s t s . T h e s e 

a r e d e v e l o p m e n t a l e l e m e n t s with s t and ing -edge 

c l o s u r e w e l d s . Ava i l ab le da ta for t h e s e e l e 

m e n t s a r e l i s t ed m Tab le 32. A p p a r e n t l y , 

t h e r m a l effects due to p e r m e a t i o n tes t ing caused 

a g r a d u a l i n c r e a s e m p e r m e a t i o n unt i l , af ter 

the eighth t e s t , the a v e r a g e r a t e was about twice 

the in i t i a l va lue . After v ib ra t ion t e s t i n g , E l e 

m e n t N-3297 exhibi ted e x t r e m e h y d r o g e n 

b a r r i e r d a m a g e . T h e s e e l e m e n t s a r e being 

subjec ted to Type B r a m p h e a t i n p u t s . 

F o u r t e e n S8DS e l e m e n t s m a n u f a c t u r e d p r i o r 

to M a r c h 1965 a r e being sub jec ted to v ib ra t ion 

t e s t s for d e t e r m i n i n g the input l eve l at which 

s ignif icant hydrogen b a r r i e r d a m a g e o c c u r s . 

Eight of t he se e l e m e n t s a r e the p r e v i o u s l y 

m e n t i o n e d pilot p roduc t ion e l e m e n t s which r e 

ce ived l o w - l e v e l v i b r a t i o n , r a m p hea t ing , and 

p e r m e a t i o n t e s t s . The r e m a i n i n g s ix e l e m e n t s 

w e r e f r o m in i t i a l S8DS c o r e p roduc t ion and had 

r e c e i v e d only p e r m e a t i o n t e s t s To f ac to r out 

p o s s i b l e effects of t h e s e p r e v i o u s t e s t s , the 

e l e m e n t s a r e g rouped a s shown m Table 33 

Vibra t ion t e s t s at the l eve l s ind ica ted a r e being 

r e p e a t e d f o r e a c h g roup of e l e m e n t s . Af ter e ach 

t e s t , x - r a y s a r e taken to d e t e r m i n e fuel r od d a m a g e . 

Th i s e x a m i n a t i o n is fol lowed by two p e r m e a t i o n 

t e s t s of the e l e m e n t . This t e s t p r o c e d u r e should 

•^Ibid. 71-73 
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• " • 



T A B L E 32 

M U L T I P L E P E R M E A T I O N TEST RESULTS O F FIVE S8DS F U E L E L E M E N T S 
( C h r o m i z m g Ver i f ica t ion) 

E l e m e n t 
Number 

N-3297 

N-3320 

N-3307 

N-3256 

N-3328 

A v e r a g e 

Hydrog en P e r m e a t i o n at 1400 °F 
[ c c ( S T P ) / h r ] 

P r e - L o w Level Vibra t ion 

1 

0,55 

0.60 

0.25 

0.56 

0.30 

0.45 

2 

0.59 

0.66 

0.30 

0.60 

0.34 

0.50 

3 4 

0.71 

0,77 

0.37 

0.63 

0.35 

0.57 

0.79 

0.78 

0.45 

0.65 

0.35 

0.60 

5 

0.86 

0.78 

0,44 

0.71 

0.37 

0.63 

6 1 7 8 

0,94 

0.83 

0.46 

0.74 

0.38 

0,67 

0.96 

0,84 

0.47 

0.73 

0.45 

0.69 

1.1 

0.86 

0.57 

0.87 

-

0.8 

P o s t - L o w 
Leve l Vibra t ion 

1 

5 .8 

0.91 

0.69 

0.92 

0.56 

1.8 

2 

5 .5 

-
0.73 

-

-

* P o s t - r a m p - h e a t p e r m e a t i o n t e s t gave a r a t e of 5.8 [ c c ( S T P ) / h r ] at 1 4 0 0 ° F . 

TABLE 33 

PERMEATION DATA OF S8DS E L E M E N T S UNDERGOING VIBRATION 
FAILURE THRESHOLD TESTING 

E l e m e n t 
N u m b e r 

N-2712^ 

N-2789 

N-2724^ 

N-3525 

N-3246^ 

N-2748^ 

N-2808 

N-2882 

N-2992^ 

N-2733^ 

N-3534 

N-3222^ 

N-2941^ 

N-3528 

Be fo re 1st 
Vibra t ion 

T e s t 

1 

0.37 

0.24 

0.31 

0.23 

0.74 

0.44 

0.21 

0.37 

0.33 

0.30 

0.40 

0.40 

0.29 

0.36 

2 

0.43 

0.67 

0.38 

0.19 

0.86 

0.40 

0.37 

0.38 

0.39 

0.30 

0.56 

0.50 

0.27 

0.48 

Low 
Leve l 

V i b r a 
t ion 

Y e s 

N o 

Y e s 

No 

Y e s 

Y e s 

No 

No 

Y e s 

Y e s 

No 

Y e s 

Y e s 

No 

Hydrog 

After Low 
Leve l 

Vibra t ion 

1 

0.94 

-
0.43 

-
1.0 

0.72 

-

-
0.61 

0.39 

-
0.70 

0.28 

-

z 

0.78 

-

0.39 

-
0.85 

0.62 

-

-
0.56 

0.36 

-
0.66 

0.25 

-

en P e r m e a t i o n , <p, at 1400°F 
Lcc(ST 

After 
Ramp Heat 
(25 cyc l e s 
of Leve l A) 

1 

0.87 

-
0.50 

-
1.1 

0.64 

-

-
0.72 

0.46 

-
0.72 

0.30 

-

2 

1.0 

-
0.52 

-
1.3 

0.76 

-

-
0.76 

0.48 

-

0.79 

0.35 

-

P ) / h r ] 

1st 
V i b r a 

tion 
Level"!" 

(%) 

125 

125 

150 

150 

150 

165 

165 

165 

175 

175 

175t t 

185 

185 

185 

After 1st 
V ib ra t ion 

1 

0.93 

0.93 

0.63 

0.34 

1.5 

0.77 

0.61 

1.2 

0.65 

0.52 

0.83 

0.91 

0.56 

0.70 

2 

-

" 
0.80 

0.56 

1.7 

-
-

-

0.79 

0.61 

0.61 

-

-
-

2nd 
V i b r a 

t ion , 
L e v e l ' 

(%) 

-

-
150 

150 

150 

-
-

-
-
-
-

-
-

After 
2nd 

V i b r a 
t ion 

1 

-

-
0.76 

0.60 

1.6 

-
-

-
-
-
-
-

-
-

Inputs for l o w - l e v e l v ib ra t ion t e s t a r e given m Table 34. 
t R e f e r s to p e r c e n t a g e of v ib ra t ion l eve l a s given m NASA Specif ica t ion 4 1 7 - 2 . 
§Pilot p roduc t ion e l e m e n t s . 

* ' ' X - r a y examina t ion ind ica ted loose m a t e r i a l p r e s e n t m the c l o s u r e ax ia l gap . 
t t F u e l r od chipped at c l o s u r e end. 
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T A B L E 34 

CHANGE IN F U E L ROD DIAMETER DUE TO HYDROGEN LOSS 

E l e m e n t 
No. 

RD-2074 

RD-2044 

RD-2057 

RD-2056 

RD-2061 

Ini t ia l 
(H/Zr )^^ j 

1.777 

1.757 

1.704 

1.652 

1.782 

In i t ia l 
D i a m e t e r 

(m. ) 

0.529 

0.529 

0.529 

0.529 

0.529 

A D i a m e t e r 
(m. ) 

-0 .002 

-0 .003 

-0 .003 

-0 .003 

-0 .003 

A H / Z r 

-0 .106 

-0 .159 

-0 .159 

-0 .159 

-0 .159 

F i n a l 

(H/Z^ 'ef f 

1 671 

1.598 

1.545 

1.493 

1.623 

Ca l cu l a t ed f rom the equat ion A ( H / Z r ) = 
100(AD/D ) 

3.57 

T A B L E 35 

HYDROGEN LOSS O F F U E L E L E M E N T S WITH SPACERS 
DURING ENDURANCE TESTING 

E l e m e n t 
Number 

RD-2074 

RD-2044 

RD-2057 

RD-2056 

RD-2061 

A v e r a g e 

In i t i a l H2 
(wt %) 

1.71 

1,69 

1.64 

1.59 

1.71 

1.67 

Fue l Weight 
(gm) 

In i t ia l 

348.327 

348.034 

348.600 

348.898 

348.757 

F ina l 

346.874 

345.245 

346.040 

346.895 

347.249 

Method 1 

6.1 

9 .7 

9 .8 

10.0 

9.2 

9 .0 

Hydrogen L o s s Throu j 
10,600 H o u r s at 1400°] 

(%) 
Method 2 

9 . 4 

8 .3 

10,4 

10.1 

11.7 

10.0 

Method 3 

N o t 

C a l c u 
la ted 

5h 

Method 4 

7 .0 

10.6 

8.5 

8 .2 

14,6 

9.8 

Ini t ia l h y d r o g e n conten t is based on the weight of the hyd r ided , f m a l - m a c h m e d fuel 
rod and the weight % h y d r o g e n . The final hyd rogen content is d e t e r m i n e d as fol lows: 

Method 1. By d i m e n s i o n a l change of the fuel r o d s . 
Method 2. I n t e g r a t i o n of p e r m e a t i o n - t i m e c u r v e s . 
Method 3. M e a s u r e d fuel rod weight l o s s . 
Method 4. Based on i s o c h o r e da t a , a s s u m i n g a o n e - t o - o n e c a r b o n to z i r c o n i u m 

combina t ion . 
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p r o v i d e the da ta n e c e s s a r y for d e t e r m i n i n g h y 

d rogen b a r r i e r d e g r a d a t i o n as a function of 

v ib r a t i on leve l and a c c u m u l a t i v e t ime at tha t 

l e v e l . 

The da ta l i s t ed m Table 3 3 show tha t none 

of the e l e m e n t s have suffered c a t a s t r o p h i c hy 

d rogen b a r r i e r d a m a g e to d a t e . The fuel rod 

of E l e m e n t N-3534 was badly chipped at the 

c l o s u r e end af ter comple t i on of v i b r a t i o n t e s t s 

at 175% of the NASA 417-2 l e v e l . N e v e r t h e l e s s , 

subsequen t p e r m e a t i o n t e s t s of th is e l e m e n t 

ind ica te no s e v e r e d a m a g e to the c e r a m i c , 

( 4 ) D e s t r u c t i v e Ana lys i s 

After comple t ing the e n d u r a n c e t e s t s d e 

s c r i b e d in Sect ion I V - B - 4 - b - ( 2 ) above , the five 

e l e m e n t s with s p a c e r a s s e m b l i e s ( endu rance 

da ta m F i g u r e 42) w e r e d i s a s s e m b l e d for c o m 

ponent a n a l y s i s . Some r e s i d u e , in the fo rm of 

f lakes and powde r , was o b s e r v e d when the fuel 

rods w e r e r e m o v e d f rom the c ladding a s s e m 

b l i e s . Ana lys i s of the r e s i d u e ind ica ted the 

f lakes w e r e of a c o m p o s i t i o n s i m i l a r to the 

S8ER c e r a m i c hydrogen b a r r i e r (AI-8763D). 

The powder was p r e d o m i n a n t l y z i r c o n i u m d i 

oxide (Z rOp) . V i sua l examina t ion fai led to 

r e v e a l any b a r e m e t a l p r e s e n t m any of the 

1500 -

O AVERAGE OF 5 ELEMENTS 
WITH SPACERS 

a AVERAGE OF 5 REFERENCE 
DESIGN ELEMENTS 

A AVERAGE OF 3 ELEMENTS CONTAINING 
NICKEL PLATED FUEL RODS 

7 - 3 1 - 6 5 

2000 4000 6000 8000 10,000 12,000 

ENDURANCE TEST TIME (hr) 
7568-02304 

F i g u r e 42. A v e r a g e K ^ L J - , Va lues of F u e l 
E l e m e n t s Dur ing T h e r m a l E n d u r a n c e T e s t 

a t 1400°F 

cladding a s s e m b l i e s . Four of the a s s e m b l i e s 

have been m a d e into m e m b r a n e s for addi t iona l 

p e r m e a t i o n t e s t s . The fifth a s s e m b l y was cut 

into s ec t i o n s for m i c r o s c o p i c examina t i on . 

F i g u r e 43 shows a p h o t o m i c r o g r a p h of a typica l 

sec t ion taken f rom the c ladding of E l e m e n t 

RD-2074 . This f igure shows the c e r a m i c to be 

r e l a t i v e l y unchanged f rom i t s in i t ia l a p p e a r a n c e . 

A l so , t h e r e a p p e a r s to be an exce l l en t bond 

be tween the c e r a m i c and the m e t a l tube . 

D i m e n s i o n a l and weight m e a s u r e m e n t s w e r e 

taken on the fuel r o d s f rom the d i s a s s e m b l e d 

e l e m e n t s . Fue l rod d i a m e t e r m e a s u r e m e n t s 

a r e l i s t ed m Tab le 34, with the o b s e r v e d d e 

c r e a s e m d i a m e t e r s being a t t r i bu ted to h y d r o 

gen l o s s . With t h e s e data and the equat ion, 

100(AD/D ) 
A ( H / Z r ) = ^757 

w h e r e 

AD = change m d i a m e t e r , 

D = in i t ia l d i a m e t e r , and 
1 

A H / Z r = change m effective hydrogen to z i r 

con ium r a t i o s , 

it was p o s s i b l e to ca lcu la t e the tota l h y d r o g e n 

p r e s e n t in each fuel r o d . 

T h r e e addi t ional m e t h o d s a r e ava i l ab le for 

d e t e r m i n i n g hydrogen con ten t . The r e s u l t s of 

ca lcu la t ing h y d r o g e n l o s s by t h e s e m e t h o d s a r e 

l i s t ed m Tab le 35 along with r e s u l t s f rom d i 

m e n s i o n a l change c a l c u l a t i o n s . Fue l rod weight 

m e a s u r e m e n t s w e r e not u sed to d e t e r m i n e hy

d r o g e n l o s s for t h e s e e l e m e n t s b e c a u s e of add i 

t ional mach in ing of the fuel r o d s af ter the final 

hydr id ing weight m e a s u r e m e n t . 

(5)Input S imula t ion 

Ten S8DS fuel e l e m e n t s , c h r o m i z e d by Ven

dor B, a r e undergo ing t h e r m a l e n d u r a n c e t e s t 

ing at 1 4 0 0 ° F . T h e s e fuel e l e m e n t s have 

a c c r u e d 1944 h o u r s of a scheduled 5000-hour 

t h e r m a l e n d u r a n c e t e s t pe r Step 11 of Table 36. 
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Table 37 shov/s the hydrogen p e r m e a t i o n r a t e s 

of t h e s e fuel e l e m e n t s f r o m a c c e p t a n c e th rough the 

1944 h o u r s of t h e r m a l e n d u r a n c e . Al though the 

a v e r a g e p e r m e a t i o n r a t e s i n c r e a s e af ter e ach input 

p r i o r to e n d u r a n c e , the i n c r e a s e is l e s s than that 

found for S8ER e l e m e n t s . The behav io r t r e n d of 

these fuel e l e m e n t s du r ing t h e r m a l endu rance is 

s i m i l a r to the S S E R f u e l e l e m e n t s . This i s , the 

r a t e s g e n e r a l l y d e c r e a s e with ex tended t ime at 

t e m p e r a t u r e . The i n c r e a s e m hydrogen p e r m e a 

t ion r a t e s p r i o r to th i s e n d u r a n c e t e s t i ng ind ica te s 

some hydrogen b a r r i e r d e g r a d a t i o n . 

I MOUNTING MATERIAL 

2 CERAMIC 

3 HASTELLOY-N TUBE 

NOTE ETCHED WITH MARBLES REAGENT 

7-31 -65 7 5 6 8 - 0 2 3 0 5 

F i g u r e 43 . P h o t o m i c r o g r a p h of a Typical Sec t ion f rom the Cladding Tube of E l e m e n t RD-?074 

T. G. P a r k e r , J r . and S. J . Veeck , " P e r f o r m a n c e Tes t ing SNAP 8 E x p e r i m e n t a l R e a c t o r F u e l 
E l e m e n t s I n t e r i m R e p o r t , " NAA-SR-9896 (SRD), Augus t 15, 1964 
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T A B L E 36 

SEQUENCE OF TESTS FOR SIMULATION 
OF S8DS REACTOR OPERATION 

Test 

1 

2 

3 

4 

5 

6 

7 

8a 

8b 

8c 

9 
10 

11 

12 

13 

14 

15 

16 

17 

Permeation Test 

5 Thermal Soaks 

Permeation Test 

Ramp Heat 
(25 cycles) 

Permeation Test 
Thermal Endurance 

Permeation Test 

Ramp Heat 
(same as above) 

Thermal Cycle 1 
(2 cycles) 

Thermal Cycle 11 
(12 cycles) 

Perform Step 8 
Permeation Test 

Thermal Endurance 

Permeation Test 

Repeat Step 8 

Thermal Endurance 

Thermal Endurance 
Permeation Test 

Destructive Analyses 

Condition 

1400°F 

Heat at 300°F/hr £rom 400 to 
1300-F Dwell at 1300°F for 
10 hr cool at 300°F/hr to 
400"F 

1400°F 

Heat at 300°F/mm from 400 
to 850°F at 150"F/min 
from 850 to 1400 °F Cool at 
50 F/min from 1400to400°F 

1400 F 

1400'F for 1000 hr 
1400 F 

1 cycle 

1400 to 1350°F at 300°F/min 
1350 to 1450°F at 150"F/mm 
1450 to MOOT at 300"F/min 

1400 to 1450 to 1400 °F at 
50°F/min Cool 1400 to 
400°F at 50°F/min 

15 times 

1400°F 

MOO-F for 5000 hr 

MOOT 
10 times 

HOO'F 

MOOT for 5000 hr 
1400 F 

T A B L E 37 

PERMEATION RATES OF S8DS F U E L E L E M E N T S 

Element 
Number 

N-2679 

N-2807 
N-2815 

Cluster 
Total 

N 2827 
N-2831 

N 2833 

Cluster 
Total 

N-2835 

N-2914 

N-2918 

Cluster 
Total 

N 2939 

Average 

Acceptance 

0 60 

0 57 
0 49 

1 7 

0 35 

0 59 
0 32 

1 3 

0 39 

0 35 

0 62 

1 4 

0 45 

0 47 

Pre 
Thermal 

Soak 

0 56 

0 69 
0 65 

1 9 

0 61 
0 72 

0 48 

1 8 

0 48 

0 41 

0 71 

1 6 

0 66 

0 60 

Perr 
[ 

Post-
Thermal 

Soak 

0 69 

0 80 
0 64 

2 1 

0 52 

0 79 
0 60 

1 9 

0 29 

0 46 

0 89 

! 6 

0 73 

0 63 

neation Rate tp 
cc(STP)/hr] 

Post 
Ramp 
Heat 

0 63 

0 61 
0 76 

2 0 

0 49 

0 84 

0 38 

1 7 

0 49 

0 43 

0 96 

1 9 

0 76 

0 64 

Post-
Thermal 

Endurance 
(1000 hr) 

0 75 

0 98 
0 60 

2 3 

0 51 

0 96 

0 48 

2 0 

0 55 

0 39 

1 0 

1 9 

1 1 

0 74 

Post-
Thermal 

Cycle 

0 92 

1 4 
0 70 

3 0 

0 47 
1 0 

0 64 

2 1 

0 70 

0 65 

1 2 

2 6 

1 5 

0 93 

Thermal ^ 
Endurance 

1 36 

-

1 64 

-
-
-

1 49 

0 74 

0 52 

Average of last 3 readings during thernnal endurance (final reading taken at 1944 hours) 
Schedule is for 5000 hours of thermal endurance 
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lOOO 2000 3000 

TIME(hr) 

7-31-65 7568-02306 

Figure 44. Average K-gr p) of 24 Fuel Elements Undergoing Endurance Test 
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(6 )Othe r T e s t s 

Twenty- four fuel e l e m e n t s of the S8DS d e 

sign, 12 with AI-8763D coat ing and 12 with SCB 

coa t ing , a r e undergo ing t h e r m a l e n d u r a n c e t e s t . 

T h e s e e l e m e n t s (0.56 in . OD x 14.63 m . long, 

excluding end p i n s ) w e r e bui l t for S8DRM-1 

t e s t ing and had p r e v i o u s l y been sub jec ted to the 

following p r e - e n d u r a n c e inpu ts : 

1) Accep t ance p e r m e a t i o n t e s t (1400 ' 'F) , 

2) T h e r m a l soak (1300°F) , 

3) Vib ra t ion , shock , and a c c e l e r a t i o n on 

a c o r e mockup on a shake t ab l e , 

4) R a m p hea t (1300°F) , 

5) T h e r m a l cyc le (1350°F) , 

6) Squib fir ing (6 AI-8763D and 7 SCB), 

and 

7) R e a c t o r a s s e m b l y v ib ra t ion and shock 

(6 AI-8763D and 7 SCB). 

The da ta f rom t h e s e inputs w e r e d i s c u s s e d m a 

p r e v i o u s p r o g r e s s r e p o r t . 

The in i t i a l e n d u r a n c e t e s t t e m p e r a t u r e was 

1 3 0 0 ° F . The hydrogen p e r m e a t i o n s tab i l i zed 

a t I S O C F i n 2100 h o u r s and the t e m p e r a t u r e 

was then i n c r e a s e d to 1400 ° F . A to ta l of 

3300 h o u r s at t e m p e r a t u r e have been a c c r u e d 

with 1200 h o u r s at 1 4 0 0 ° F . 

The hydrogen p e r m e a t i o n da ta dur ing the 

1300°F t e s t ing show that the 12 SCB-coa ted 

fuel e l e m e n t s have r e m a i n e d r e l a t i v e l y s t ab le 

with a n o r m a l i z e d ax ia l hyd rogen p e r m e a t i o n 

r a t e (1300°F and 1 a tm hydrogen d i s s o c i a t i o n 

p r e s s u r e ) of about 0.25 c c ( S T P ) / h r . The 

n o r m a l i z e d a v e r a g e p e r m e a t i o n r a t e of the 

12 AI -8763D-coa ted fuel e l e m e n t s i n c r e a s e d 

f rom about 0.4 to a m a x i m u m of about 0.7 

c c ( S T P ) / h r af ter 650 h o u r s , and then s t ab i l i zed 

at about 0.5 c c ( S T P ) / h r . P r i o r to the i n c r e a s e 

in t e s t t e m p e r a t u r e , the 12 SCB-coa ted fuel 

e l e m e n t s d e m o n s t r a t e d exce l len t p e r f o r m a n c e 

b a s e d on the n e a r z e r o a v e r a g e s lope of K.,- _̂  

vs t i m e , a s shown on F i g u r e 44. Although the 

da ta f rom the 12 AI -8763D-coa t ed fuel e l e m e n t s 

a r e b i a sed upward due to one r e l a t i v e l y high 

leaking fuel e l e m e n t , e x a m i n a t i o n of t e s t r e 

su l t s (even excluding the da ta f rom the high 

leaking fuel e l emen t ) s t i l l shows tha t the S C B -

coated fuel e l e m e n t s a r e p e r f o r m i n g b e t t e r than 

the fuel e l e m e n t s with AI-8763D coa t ing . The 

i n c r e a s e m K_- _ with t i m e a s shown on F i g 

u r e 44 (for the AI -8763D-coa ted fuel e l e m e n t s 

f rom the s t a r t of endu rance t e s t , and for the 

SCB-coa ted fuel e l e m e n t s after the i n c r e a s e in 

t e s t t e m p e r a t u r e ) i nd i ca t e s fuel e l e m e n t d a m a g e . 

The i m m e d i a t e i n c r e a s e in K_- _ exhibi ted 
- D L D 

when the t e s t t e m p e r a t u r e was r a i s e d to 1400°F 

m a y ind ica te a t e m p e r a t u r e dependency of 

K , „ based on the p r e s e n t t h e o r e t i c a l hyd rogen 

p e r m e a t i o n equa t i ons . Subs tan t i a t ion of th i s 

t heo ry will be a t t empted by lower ing the t e s t 

t e m p e r a t u r e to 1300°F for a sho r t p e r i o d of 

t i m e and c o m p a r i n g p a s t and p r e s e n t 1300°F 
va lues of K_,. _ . 

B L D 

5. I r r a d i a t i o n T e s t s 

a M a t e r i a l s I r r a d i a t i o n 

[1) NAA-116 S e r i e s , L o w - T e m p e r a t u r e F u e l 
M a t e r i a l s I r r a d i a t i o n 

The object ive of the low t e m p e r a t u r e fuel 

m a t e r i a l s i r r a d i a t i o n p r o g r a m is to p rov ide 

i r r a d i a t e d fuel s a m p l e s for u s e m the c o r r e 

la t ion of p o s t - i r r a d i a t i o n anneal ing s tud ies with 

m p i l e p e r f o r m a n c e s at h igher t e m p e r a t u r e s . 

The p u r p o s e of the anneal ing t e s t s i s to s tudy 

the swel l ing behav io r of the fuel as a function 

of annea l ing t e m p e r a t u r e and t ime and as a 

« C E. Johnson , "SNAP 8 P r o g r e s s Repor t , F e b r u a r y - Apr i l 1 9 6 4 , " NAA-SR-11092 (CRD), 
June 15, 1965, pp 68-70 
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TABLE 38 

POST-IRRADIATION ANNEALING 
RESULTS OF NAA-1 16-2 

MATERIAL 

7 -30 -65 7 5 6 8 - 0 2 3 0 7 

F i g u r e 45 . M i c r o c r a c k s m T h e r m a l l y Cycled 
SNAP 8 Fue l (lOOOX) 

Note that the c r a c k s a p p e a r to follow and join 
the l a r g e r u r a n i u m p r e c i p i t a t e s which a r e in 
the g r a in b o u n d a r i e s . This is in a g r e e m e n t 
with the hypo thes i s that the a lpha u r a n i u m 
growth a c t s as s t r e s s r i s e r s caus ing the z i r 
con ium m a t r i x to c r a c k . 

Sample 
Number 

24 

26 

28 

32 

Dens i tv 
( g m / c m ) 

P o s t -
I r r a d i a t e d 

(Pl) 

5.857 

5.853 

5.812 

5.794 

Annea led 
(P3) 

5.880 

5.842 

5.774 

5.768 

C h a n g e , ' 
A p / p , 

(%) 

-0 .39 

+ 0.19 

+ 0.66"' 

-0.42 

'^ 'Percent change has been e x p r e s s e d as 
Ap/p-i in compl i ance with p r e v i o u s r e s u l t s 
w h e r e AV/Vj could be c o m p a r e d d i r e c t l y . 

t S a m p l e los t hydrogen f rom 1.80 to 1.32 wt% 

T A B L E 39 

N A A - 1 1 6 - 2 HYDROGEN LOSSES 

Sample 
N u m b e r 

24 

26 

28 

32 

Hydrogen Content 
(wt %) 

P r e -
Annealed 

1.71 

1.63 

1.80 

1.70 

Annealed 

1.58 

1.62 

1.32''' 

1.68 

• 'Probable leak that developed at t e m p e r a t u r e 

T A B L E 40 

DIMENSIONAL CHANGES OF THERMALLY 
CYCLED F U E L 

F u e l Slug 
N u m b e r 

624D3-1 

624D3-2 

628B2-3 

Densi ty 
( g m / c m ^ ) 

Before 
Cycl ing (pl ) 

6.291 

6.064 

5.846 

After 
Cycling (p2) 

5.548 

5.424 

5.218 

Change, 
A p / p l 

(%) 

-11 .8 

-10 .5 

-10.7 
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function of the m e t a l l u r g i c a l p a r a m e t e r s of the 

m a t e r i a l s . T h e s e data a r e a l so expec ted to 

y ie ld i n fo rma t ion on the b r e a k a w a y swel l ing 

b e h a v i o r of the fuel . 

Anneal ing s tud ies w e r e concluded on the 

m a t e r i a l s f r o m the NAA-116-2 c a p s u l e (0.4 m e t . 

a t . % bu rnup) . This c o n s i s t e d of hea t ing the 

fuel to 1650 °F for 50 h o u r s . The r e s u l t i n g 

dens i ty changes a r e shown m Table 38. 

Hydrogen a n a l y s e s w e r e c o m p l e t e d to d e t e r 

m i n e if hydrogen l o s s e s had o c c u r r e d s ince t h i s 

could a l s o r e s u l t m a dens i ty change (see Table 

39). With the excep t ion of an a p p r o x i m a t e 2% 

dens i ty change m fuel s a m p l e No. 28, the h y d r o 

gen l o s s e s w e r e neg l ig ib le m t e r m s of affecting 

dens i ty c h a n g e s . 

Smal l dens i ty changes w e r e expec ted and 

p r o b a b l y r e s u l t f rom the cance l l i ng effect of 

two a c t i o n s , n a m e l y 

1) Dens i ty i n c r e a s e due to co l l apse of 

s u b s u r f a c e m i c r o c r a c k s as r e p o r t e d in e a r l y 

lower t e m p e r a t u r e p o s t - i r r a d i a t i o n anneal ing 

s t u d i e s , and 

2) Dens i ty d e c r e a s e due to fuel swel l ing 

r e su l t i ng f rom c o a l e s c e n c e of f i s s ion g a s e s 

as a r e s u l t of the h igher annea l ing t e m 

p e r a t u r e s . 

In an effort to exp la in the u n u s u a l swel l ing 

behav io r of the NAA-116 fuel m a t e r i a l s (10 to 

15 vol % as n o r m a l i z e d to 1 m e t . a t . % burnup) , 

t h e r m a l cycl ing s tud ies w e r e conducted out-of-

pi le to d e t e r m i n e w h e t h e r alpha u r a n i u m growth 

could be r e s p o n s i b l e . Cycl ing p a r a m e t e r s 

l ead ing to m a x i m u m growth w e r e taken f r o m the 

l i t e r a t u r e and adapted to ex i s t ing equipment 

c a p a b i l i t i e s . The cyc le chosen w a s 

1) Heat f rom 50 to 590°C at n°C/min, 

2) Hold for 20 m m at 590 °C, 

3) Quench to 50°C ( 4 9 0 ° C / m m ) , 

4) Hold for 2 m m at 50 °C, and 

5) Repea t . 

The t e s t was t e r m i n a t e d af ter comple t ing 

518 c y c l e s , the fuel m a t e r i a l had e x p e r i e n c e d 

a dens i ty d e c r e a s e of app rox ima te ly 11% (see 

Table 40). Me ta l log raph ic examina t ions of the 

cyc led fuel r e v e a l e d the p r e s e n c e of m i c r o 

c r a c k s that w e r e not p r e s e n t before t h e r m a l 

cycl ing (see F i g u r e 45). Though the r e s u l t s 

a r e not c o n c l u s i v e , t h e s e dens i ty changes a r e 

a s t r o n g ind ica t ion tha t a lpha u r a n i u m growth 

can take p lace at condi t ions of l o w - t e m p e r a t u r e 

i r r a d i a t i o n s . The fuel s a m p l e s f rom the t h e r 

m a l cycl ing t e s t w i l l be annea led at 1300 °F for 

200 h o u r s to d e t e r m i n e w h e t h e r the dens i ty can 

be r e c o v e r e d s ince th i s was the o b s e r v e d b e 

hav io r wi th the fuel s a m p l e s f rom the NAA- 116-1 

c a p s u l e . The fuel wi l l then be examined m e t a l -

log raph ica l ly to s e e if the m i c r o c r a c k s a r e 

co l l aps ing . 

(2)NAA-77 S e r i e s , Inpile P e r m e a t i o n T e s t s 

The NAA-77 capsu l e s e r i e s was des igned to 

m e a s u r e hydrogen p e r m e a t i o n r a t e s of b a r r i e r 

m a t e r i a l s dur ing r e a c t o r o p e r a t i o n . Advantages 

of th i s a p p r o a c h a r e (1) the r a t e of r ad i a t i on 

d a m a g e to the hydrogen p e r m e a t i o n b a r r i e r 

m a t e r i a l , if any, can be r ead i ly d e t e r m i n e d 

and (2) the effect of ioniz ing r ad i a t ion field on 

the p e r m e a t i o n r a t e can be m e a s u r e d . 

Studies of the effect of r e a c t o r r ad ia t ion on 

the p e r f o r m a n c e of SCB-1 p e r m e a t i o n b a r r i e r 

m a t e r i a l have been c o m p l e t e d . F o u r c a p s u l e s 

(NAA-77-1 th rough -4) conta in ing S C B - 1 - c o a t e d 

m e m b r a n e s have been i r r a d i a t e d and d e s t r u c 

t ive ly e x a m i n e d in the hot c e l l . The p o s t -

i r r a d i a t i o n e x a m i n a t i o n of NAA 77-2 and -3 

e x p e r i m e n t s was c o m p l e t e d . 

The i r r a d i a t i o n h i s t o r y of the four c a p s u l e s is 

s u m m a r i z e d m Tab le 41 The conc lu s ions d r a w n 

f rom the NAA-77 i r r a d i a t i o n e x p e r i m e n t s a r e : 
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TABLE 41 

NAA-77 SERIES IRRADIATION HISTORY 

Capsu le 

NAA-77-1 

NAA-77-2 

NAA-77-3 

NAA-77-4 

SNAP 8 Des ign 
P a r a m e t e r s , 
600-kwt c o r e 

I r r a d i 

S t a r t ed 

8-63 

3-64 

3-64 

6-64 

a t ion 

Ended 

6-64 

2-65 

2-65 

6-64 

M e m b r a n e 
T e m p e r a t u r e 

( °F) 

1500 

1300 

1500 

1700 

-1400 

Tota l 
T i m e 
(hr) 

4,343 

4,638 

4,638 

100 

10,000 

Neu t ron 

E s t i m a t e d 

2.56 X 10^^ 

1.39 X 10^^ 

1.39 X 10^^ 

~6 X l o j ^ 
13 X 1 0 ^ 

1.4 X 10^^ 

Dosage 

D o s i m e t r y 

1.54 X 10^^ 

1.78 X 10^^ 

1.44 X 10^^ 

n o t 
m e a s u r e d 

F i s s i o n F r a g m e n t 
Do s a g e / E l e m e n t -

Inch 

-
1.44 X 10^^ 

1.44 X 10^^ 

7 x l O ^ ^ 
( m e m b r a n e 
rup tu red ) 

7.6 X 10^"^ 

1 T T 1—r 

If) 
<f) 
Mi 

o o 
I 

10^ 

1 TT 

I400°F 

I500°F 

J L 

D 0 

INOR-8 DATA 

ORNL-2780 

O IRRADIATED NAA-77- I 
AND -3 I500°F, 3 atm 

D IRRADIATED NAA-77-2 
I300°F, 3 atm 

A TWO UNIRRADIATED MEMBRANES 
I 500°F , I o tm 

J \ L^ J L_L J \ LU. 
IQ-* 10 " ' 10"' ' l O " ' I0"2 10 ' 

AVERAGE DIAMETRICAL CREEP RATE (%/hr) 

7-12-65 7566-02308 

Figure 46. Creep Studies of Irradiated and Nonirradiated SNAP 8 Cladding Assemblies 
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T A B L E 42 

ADHERENCE TEST RESULTS OF NAA-77-2 AND -3 

M e m b r a n e 
Sect ion 

Top 

Middle 

Bot tom 

I r r a d i a t i o n 
T e m p e r a t u r e 

(°F) 

>500 

1500 

1400 

N A A - 7 7 - 2 

G e n e r a l 

P o o r 

Exce l l en t 

Exce l l en t 

Index 

>7 

77 + 

77 + 

NAA-77-3 

G e n e r a l 

P o o r 

Exce l l en t 

Exce l l en t 

Index 

>7 

77 + 

77 + 

77+ m e a n s no coat ing spa l l ed off af ter 11 bends o v e r a 1 / 2 - i n . - d i a m e t e r m a n d r e l . 

1) The ionizing r ad i a t i on field in a r e a c t o r 

does not s igni f icant ly a l t e r the hyd rogen p e r 

m e a t i o n th rough SNAP 8 fuel c ladding a s s e m 

b l ies . 

2) Radia t ion a p p e a r s to a c c e l e r a t e the 

dev i t r i f i ca t ion p r o c e s s m the SCB-1 hydrogen 

b a r r i e r m a t e r i a l , p r e s u m a b l y by enhancemen t 

of se l f -d i f fus ion . Inpile annea l ing of S C B - 1 -

coa ted m e m b r a n e s c a u s e d the ac t iva t ion 

e n e r g y for the p e r m e a t i o n p r o c e s s to change 

f r o m 25,000 ±2000 c a l / m o l e to about 

14,000 ±2000 c a l / m o l e . This change has 

a l so been o b s e r v e d in ou t -o f -p i l e annea l ing 

t r e a t m e n t s . 

3) Inpile annea l ing of S C B - c o a t e d m e m 

b r a n e s does not a l t e r the p r e s s u r e depend 

ence for hyd rogen p e r m e a t i o n . The p r e s s u r e 

dependence r e m a i n s d i r e c t l y p r o p o r t i o n a l 

a f te r e i t he r mp i l e or ou t -o f -p i l e annea l ing 

w i t h m l i m i t s of the p r e s s u r e r ange s tud ied . 

The p o s t - i r r a d i a t i o n examina t ion of NAA-77-2 

and -3 r e v e a l e d an a c c e l e r a t e d H a s t e l l o y - N 

c r e e p r a t e s i m i l a r to that o b s e r v e d wi th 

N A A - 7 7 - 1 . F i g u r e 46 shows that the c r e e p 

r a t e s for NAA-77-1 and -3 w e r e i den t i ca l 

(10 % / h r for a hoop s t r e s s of a p p r o x i m a t e l y 

1200 p s i and t e m p e r a t u r e of 1500 °F) . The c r e e p 

r a t e for NAA-77-2 was 3.3 x lO" % / h r for a 

hoop s t r e s s of a p p r o x i m a t e l y 1200 ps i and a 

t e m p e r a t u r e of 1300°F . Thus the i r r a d i a t e d 

s a m p l e s show that the c r e e p r a t e s for m e m 

b r a n e s t e s t e d at lo-w s t r e s s e s for long t i m e 

p e r i o d s a r e a c c e l e r a t e d c o m p a r e d to e x t r a 

po la ted c r e e p va lues obta ined f r o m high s t r e s s 

s h o r t - t e r m t e s t s . 

The d i s a s s e m b l y of NAA-77-2 and -3 -was 

rou t ine except tha t NAA-77-3 had to be "worked" 

out of the t h e r m a l expans ion jo in t . Visual e x 

amina t ion of NAA-77-3 showed that s o m e of the 

SCB coat ing f rom the capsu l e g a m m a h e a t e r 

w a s bonded to the ou te r s u r f a c e of the m e m b r a n e 

m the t h e r m a l expans ion jo int . Since the t e m 

p e r a t u r e m the t h e r m a l expans ion joint w a s 

below 7 0 0 ° F , the t r a n s f e r of the SCB coat ing i s 

be l i eved to have been a c c e l e r a t e d by the r a d i 

a t ion. This o b s e r v a t i o n is in a g r e e m e n t wi th 

that m a d e on the NAA-77-4 capsu l e w h e r e 

" f r e e z i n g " of the m e m b r a n e m the t h e r m a l 

expans ion joint led to p r e m a t u r e r u p t u r e of the 

m e m b r a n e . 

A d h e r e n c e t e s t s a m p l e s shown m F i g u r e 47 

w e r e cut f r o m the top , c e n t e r , and bot tom s e c 

t ions of each m e m b r a n e . The r e s u l t s of the 

a d h e r e n c e t e s t s a r e shown m Table 42 and 

d e m o n s t r a t e that the SCB coat ing a d h e r e n c e 

i m p r o v e d dur ing the i r r a d i a t i o n . The top s e c 

t ion of the m e m b r a n e w a s i r r a d i a t e d at 500 °F 

and exhib i ted the a d h e r e n c e ra t ing of SCB coat ing 

tha t ex i s t ed m the a s - f i r e d condi t ion . 

F i g u r e 48 shows the SCB coat ing p o r o s i t y at 

the blind end of the m e m b r a n e . The l a r g e 

bubble at the s u r f a c e is a t yp ica l pit defect that 

deve lops dur ing the f i r ing of the SCB coa t ing . 

Table 43 shows the t h i c k n e s s of the SCB coat ing 
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MIDDLE BOTTOM TOP MIDDLE BOTTOM 

ADHERENCE: 

POOR EXCELLENT EXCELLENT 

a) NAA 77-2 ADHERENCE SAMPLES 

7 - 3 0 - 6 5 

ADHERENCE: 

POOR EXCELLENT EXCELLENT 

b) NAA 7 7 - 3 ADHERENCE SAMPLES 

7 5 6 8 - 0 2 3 0 9 

F i g u r e 47. I r r a d i a t e d Cladding S a m p l e s a f te r A d h e r e n c e Tes t i ng 

T A B L E 43 

SCB COATING THICKNESS MEASUREMENTS 
FOR NAA-77-2 AND -3 MEMBRANES 

M e m b r a n e 
Sect ion 

Top 

Middle 

Bo t tom 

Coat ing T h i c k n e s s 

NAA-77-2 

A v e r a g e 
(mi ls ) 

2.6 

1.9 

1.1 

N / 

Range 
(mils) 

2.0 to 3.1 

1.6 to 2.8 

0.6 to 1.6 

i .A-SR-1149; 
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NAA-77-3 

A v e r a g e 
(mils) 

2.3 

2.2 

1.1 

J 

Range 
(mi ls ) 

2.2 to 2.5 

0.8 to 1.7 
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IRRADIATED 

NAA 7 7 - 2 MEMBRANE COATING 

THREE 15-MINUTE COATING FIRINGS 
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UNIRRADIATED 

MEMBRANE COATING 

PIT DEFECT 

PIT DEFECT 

THREE 15-MINUTE COATING FIRINGS 

7-12-65 

THREE COATING FIRINGS 21/2, 2 1/2, AND 5 MINUTES 

7568-02310 

Figure 48. SCB-1 Coating Porosity m Irradiated and Unirradiated Membranes 
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for the two capsu l e m e m b r a n e s . The coat ing 

t h i c k n e s s for NAA-77-2 and -3 w a s l e s s than 

the spec i f ied m i n i m u m r e q u i r e m e n t for p r o 

duct ion fuel e l e m e n t s of 1.0 m i l m the blind end 

F i g u r e 49 shows the p r e c i p i t a t e s that w e r e 

f o r m e d dur ing TIG welding of the bl ind end cap 

to the tube for both i r r a d i a t e d and u n i r r a d i a t e d 

m e m b r a n e s . Tubes E -822 and E-808 in F i g 

u r e 50a and b , and m F i g u r e 51 show the n o r 

m a l g r a m s t r u c t u r e , whi le that s een m F i g u r e 49 

for NAA-77-2 and -3 is r a t h e r u n u s u a l . The 

five we ld zones sho^wn m F i g u r e s 49 , 50, and 

5 1 , show the n o r m a l v a r i a t i o n m cladding t h i c k 

n e s s at the TIG we ld zone . 

The conc lus ions f r o m the NAA-77 i r r a d i a t i o n 

e x p e r i m e n t s a r e 

1) The SNAP 8 c ladding a s s e m b l i e s coa ted 

wi th SCB o p e r a t e d s a t i s f a c t o r i l y m an i r r a d i 

at ion e n v i r o n m e n t at 1500 °F for over 

4600 h o u r s . 

2) The h y d r o g e n b a r r i e r m a t e r i a l suf fered 

sl ight r ad ia t ion d a m a g e dur ing the i r r a d i a t i o n 
21 

to a neu t ron e x p o s u r e of 1.4 x 10 nvt 

(E > 1 Mev) and f i s s ion f r a g m e n t b o m b a r d -
18 

men t of 1.44 x 10 F F / e l e m e n t - i n c h 
17 2 

(1.31 X 10 F F / c m ). The p e r m e a t i o n r a t e 

at 1500 °F and 1 a t m H^ p r e s s u r e i n c r e a s e d 

fo r N A A - 7 7 - 2 f rom 1 x l O ' ^ to 2.8 x l O ' ^ 

c c ( S T P ) / h r and for NAA-77-3 f r o m 0 . 8 8 x lO" 

to 2.7 X 10 c c ( S T P ) / h r . The p r e s s u r e d e 

pendence r e m a i n e d the s a m e th roughout the 

i r r a d i a t i o n . 

3) Me ta l l og raph i c examina t ion of the SCB 

hydrogen b a r r i e r m a t e r i a l did not r e v e a l 

ev idence of d e t e r i o r a t i o n of the coa t ing due 

to the i r r a d i a t i o n . The a d h e r e n c e of the 

c e r a m i c to the H a s t e l l o y - N ranged f r o m 

poor m the 700 °F i r r a d i a t i o n t e m p e r a t u r e 

zone to exce l l en t in the 1400 and 1500 °F 

i r r a d i a t i o n t e m p e r a t u r e z o n e s . 

4) The lo'w s t r e s s c r e e p de fo rma t ion of 

both i r r a d i a t e d and u n i r r a d i a t e d m e m b r a n e s 

w a s found to be s ignif icant ly g r e a t e r than 

would be p r e d i c t e d f r o m high s t r e s s t e s t 

r e s u l t s . 

5) The H a s t e l l o y - N g r a m b o u n d a r i e s b e 

c a m e d e c o r a t e d wi th a p r e c i p i t a t e as a r e s u l t 

of long t i m e t h e r m a l annea l ing . 

6) No ev idence w a s found to ind ica te 

a c c e l e r a t i o n of g r a m growth m the H a s t e l l o y -

N due to i r r a d i a t i o n . The bulk of the m e m 

b r a n e s , h o w e v e r , con ta ined g r a i n s wi th 

d i a m e t e r s of 0.005 inch or g r e a t e r af ter the 

SCB coat ing f i r ing c y c l e . 

b . E n g i n e e r i n g I r r a d i a t i o n s 

The e n g i n e e r i n g i r r a d i a t i o n t e s t s a r e d e 

s igned to eva lua te the effects on fuel e l e m e n t 

p e r f o r m a n c e of fuel c o m p o s i t i o n a l v a r i a b l e s , 

power dens i ty , t e m p e r a t u r e , and bu rnup . The 

t e s t s a r e s t a t i s t i c a l l y des igned m an a r r a y of 

p a r a m e t e r l eve l s which span the 600-kwt , 

1300°F , 10 ,000-hour , SNAP 8 c o r e p a r a m e t e r s . 

The p r o g r a m inc ludes both sublength and ful l -

sca le fuel e l e m e n t i r r a d i a t i o n t e s t s and p o s t -

t e s t eva lua t ion of ground t e s t r e a c t o r c o r e s . 

The i r r a d i a t i o n t e s t p lan inc ludes redundan t 

p a r a m e t e r l eve l s to a s s u r e m a x i m u m t e s t r e 

l i ab i l i ty . Des ign d e t a i l s have been p r e s e n t e d 

m p r e v i o u s p r o g r e s s r e p o r t s . The NAA-115-1 

and NAA-117-1 fuel e l e m e n t i r r a d i a t i o n s con

t inued i r r a d i a t i o n at Hanford . I r r a d i a t i o n of 

the NAA-115-2 fuel e l e m e n t t e s t •was begun. 

F a b r i c a t i o n and a s s e m b l y of the NAA-121 t e s t 

w a s in i t i a t ed . F i n a l hot c e l l p r e p a r a t i o n c o n 

t inued for the p o s t - t e s t eva lua t ion of the S8ER 

c o r e . 

(1) NAA-115-1 F u e l E l e m e n t E n g i n e e r i n g 
I r r a d i a t i o n 

The N A A - 1 1 5 - 1 i r r a d i a t i o n a s s e m b l y con ta ins 

twelve sublength fuel e l e m e n t s m six s e p a r a t e 
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a) NAA-77 -2 WELD ZONE 

m itm(imfmrrMt-m 

HASTELLOY-N TUBING-

Ib) N A A - 7 7 - 2 WELD ZONE 

HASTELLOY-N BAR STOCK 

7 - 1 2 - 6 5 7568-02311 

F i g u r e 49. P r e c i p i t a t e s in TIG Weld A r e a 
of I r r a d i a t e d N A A - 7 7 - 2 and N A A - 7 7 - 3 

M e m b r a n e s 
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a) TUBE E - 8 2 2 b) TUBE E - 8 0 8 

7-12-65 

TIG WELD ZONES OF AGED UNIRRADIATED HASTELLOY-N TUBING 

SCB COATING APPLIED OVER CHROMIZING IN A 45-MINUTE TOTAL FIRING (THREE 15-MINUTE FIRED COATS). 

BOTH TUBES WERE AGED FOR 14,000 HOURS AT I 5 0 0 ° F WITH I ATM INTERNAL PRESSURE. 

Figure 50. Precipi tates Formed in TIG Weld Area of Unirradiated SNAP 8 Cladding Tubes 
7568-02312 
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t e m p e r a t u r e - c o n t r o l l e d c a p s u l e s . This t e s t i s 

des igned to ach ieve the equiva lent bu rnup of the 

SNAP 8 c o r e o p e r a t i n g at 600 kwt for 10,000 

h o u r s . Data obta ined f r o m th i s t e s t wi l l be 

u s e d in the S8ER c o r e p e r f o r m a n c e eva lua t ion 

and wi l l p r o v i d e de ta i l ed da ta on fuel e l e m e n t 

p e r f o r m a n c e capab i l i t y . 

Dur ing this r e p o r t p e r i o d , t e m p e r a t u r e s 

w e r e r e d u c e d on two of the 12 t e s t fuel e l e m e n t s 

af ter t h e r m o c o u p l e a n o m a l i e s w e r e d e t ec t ed . 

T h e s e two e l e m e n t s a r e now opera t ing at peak 

fuel t e m p e r a t u r e s of 1100 and 1150"F. The 10 

r e m a i n i n g fuel e l e m e n t s cont inued o p e r a t i o n at 

des ign cond i t i ons . B e c a u s e of the redundancy 

in the e x p e r i m e n t a l p lan and the fact tha t the 

i r r a d i a t i o n is n e a r i n g comple t i on , it is e s t i 

m a t e d that at l e a s t 95% of the t e s t ob jec t ives 

w i l l be ach i eved . T h i r t y of the o r i g i n a l 38 

t h e r m o c o u p l e s in NAA-115-1 cont inued to d e m 

o n s t r a t e s a t i s f a c t o r y p e r f o r m a n c e . 

(2) NAA-115-2 F u e l E l e m e n t I r r a d i a t i o n 
E x p e r i m e n t 

The NAA-115-2 i r r a d i a t i o n t e s t plan inc ludes 

the s a m e p a r a i n e t e r s as the NAA-115-1 except 

tha t N A A - 1 1 5 - 2 con ta ins sublength S8DS fuel 

e l e m e n t s and it wi l l be i r r a d i a t e d to the equ iva 

lent of two y e a r s of S8DS o p e r a t i o n . 

The NAA-115-2 i r r a d i a t i o n a s s e m b l y is 

iden t i ca l wi th the NAA-115-1 a s s e m b l y but in 

c ludes i m p r o v e d t h e r m o c o u p l e s . The t h e r m o 

couples u s e d in th i s e x p e r i m e n t w e r e f a b r i c a t e d 

to a spec i f i ca t ion which w a s deve loped as a p a r t 

of the eng inee r ing i r r a d i a t i o n p r o g r a m . Deta i l s 

of the t h e r m o c o u p l e r e l i ab i l i t y i m p r o v e m e n t 

effort have been p r e s e n t e d in p r e v i o u s p r o g r e s s 

r e p o r t s . 

Dur ing th is r e p o r t p e r i o d , the a s s e m b l y of 

the NAA-115-2 w a s c o m p l e t e d and the e x p e r i 

m e n t w a s i n s e r t e d in the r e a c t o r at Hanford. 

S t a r tup and o p e r a t i n g da ta ind ica te tha t the 

e x p e r i m e n t , the gas c o n t r o l s y s t e m , and the 

da ta acqu i s i t ion s y s t e m a r e functioning as d e 

s igned . In i t ia l p e r f o r m a n c e da ta for the a s s e m 

bly shows that a l l s ix e x p e r i m e n t s a r e ope ra t i ng 

wi th in 5% of des ign p o w e r . F i g u r e 52 shows a 

t yp i ca l fuel e l e m e n t u s e d in the NAA-115-2 

e x p e r i m e n t . F i g u r e 53 shows a typ ica l s i n g l e -

f u e l - e l e m e n t c a p s u l e and F i g u r e 54 shows a 

typ ica l 4 - f u e l - e l e m e n t c a p s u l e . Two of the 

4 - e l e m e n t type and four of the s i n g l e - e l e m e n t 

type e x p e r i m e n t s -were a s s e m b l e d into an e x p e r i 

m e n t a l t r a i n , 32 ft long exc lus ive of the f lexible 

lead h a r n e s s . F i g u r e 55 shows the c o m p l e t e 

a s s e m b l y as it was p r e p a r e d for sh ipment to 

the r e a c t o r . 

CUP-PLUG CLAL-DiriG ASSEMBLY 

FUEL SPECIMEN 

i—••*ii*.B"r J ^.amwi WWimfc 

1 - 2 6 - 6 5 7568-5l4IOa 

F i g u r e 52. Typica l F u e l Spec imen Used in 
NAA-115-2 I r r a d i a t i o n E x p e r i m e n t 

(3) NAA-117-1 F u e l E l e m e n t E n g i n e e r i n g 
I r r a d i a t i o n 

The N A A - 1 1 7 - 1 i r r a d i a t i o n t e s t p lan is d e 

s igned to eva lua te the effect of i n c r e a s e d pov/er 

dens i ty on fuel e l e m e n t p e r f o r m a n c e o v e r a 

r ange of t e m p e r a t u r e and fuel compos i t i ona l 

p a r a m e t e r s . The 16 sublength fuel e l e m e n t s 

cont inued i r r a d i a t i o n at Hanford t oward the 

equ iva lence of two y e a r s of SNAP 8 r e f e r e n c e 

des ign o p e r a t i o n at 1.2 Mwt. I r r a d i a t i o n of the 
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8-19-65 7568-51562CNA 
Figure 53. Typical Smgle-Fuel-Element Experiment, NAA-115-2 

3-19-65 7568-5I563CNA 

Figure 54. Typical 4-FueI-Element Experiment, NAA-115-2 
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9-9-65 
F i g u r e 55. NAA-115-2 E x p e r i m e n t , Comple t e A s s e m b l y 

75e8-5l568CNB 

t e s t cont inued at Hanford wi th al l fuel e l e m e n t s 

wi th in 2% of des ign t e m p e r a t u r e . All t h e r m o 

coup les cont inued to d e m o n s t r a t e s a t i s f a c t o r y 

p e r f o r m a n c e . De ta i l ed r e s i s t a n c e and e m f d a t a , 

m e a s u r e d p e r i o d i c a l l y t h r o u g h the long i r r a d i 

a t ion p e r i o d , ind ica te that t h e r m o c o u p l e r e l i a 

b i l i ty i m p r o v e m e n t has been ach ieved . 

(4) NAA-121-1 P r o t o t y p e F u e l E l e m e n t 
I r r a d i a t i o n 

P r o t o t y p e f u l l - s c a l e fuel e l e m e n t p e r f o r m 

ance w i l l be s i m u l a t e d in t h e s e e x p e r i m e n t s 

wh ich a r e des igned for i r r a d i a t i o n in the Hanford 

p roduc t ion r e a c t o r s . D e t a i l s of the e x p e r i m e n t s 

have been d e s c r i b e d in p r e v i o u s p r o g r e s s 

r e p o r t s . 

The heat t r a n s f e r a n a l y s i s of th is e x p e r i m e n t 

has been c o m p l e t e d . All of the des ign d rawings 

have been c o m p l e t e d wi th the except ion of the 

r e a c t o r i n s t a l l a t i on d rawing which is in p r o c e s s . 

F a b r i c a t i o n of c apsu l e p a r t s con t inued . 

(5)S8ER P o s t - I r r a d i a t i o n Eva lua t ion 

Effort has been c o n c e n t r a t e d on h o t - c e l l 

p r e p a r a t i o n s for the S8ER c o r e examina t ion 

wi th e m p h a s i s on the deve lopmen t of capab i l i t i e s 

which a r e r e q u i r e d for s c r e e n i n g the 211 fuel e l e 

m e n t s for de t a i l ed e x a m i n a t i o n . Se lec t ion of 

e l e m e n t s for de t a i l ed e x a m i n a t i o n is to be b a s e d 

upon: 

1) Visual i n spec t ion to d e t e r m i n e su r f ace 

condi t ion; 

2) E d d y - c u r r e n t i n spec t ion to ind ica te the 

d e g r e e of hydrogen loss and d i s t r i bu t i on ; and 

3) P r e c i s e m e a s u r e m e n t of e l e m e n t s to 

r e v e a l s ignif icant c h a n g e s , if any, in c ladding 

d i m e n s i o n s . 

E l e m e n t s wi l l be v i sua l ly s c r e e n e d us ing 

conven t iona l h o t - c e l l equipment such as p e r i 

s cope , c a m e r a s , s t e r e o magn i f i ca t ion , and 

window viewing. I n - c e l l i n s t a l l a t i on of the 

s t e r e o equ ipment and the p e r i s c o p e is c o m p l e t e . 

F a b r i c a t i o n of tool ing and f ix tu res r e q u i r e d to 

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

ing o p e r a t i o n has been c o m p l e t e d . This e q u i p 

men t is c o m p o s e d of holding f i x t u r e s , r e m o t e 

t r a n s f e r t o o l s , pos i t ion ing and m a r k i n g t o o l s , 

and s p e c i a l tools for s e p a r a t i o n of g r id p l a t e s 

and d i s a s s e m b l y of the c o r e . 

Addi t ional t e s t s w e r e conducted to eva lua te an 

e d d y - c u r r e n t t echn ique for d e t e r m i n i n g h y d r o 

gen d i s t r i b u t i o n in the fuel e l e m e n t s . T e s t s 

w e r e c o m p l e t e d wi th an i n s t r u m e n t a t i o n unit 

m a t c h e d to th is app l ica t ion and wi th spec i a l l y 

wound co i l s which c lo se ly fit the fuel e l e m e n t . 

The t e s t s w e r e conducted with s e v e r a l non-

i r r a d i a t e d c lad fuel s a m p l e s , a c c u r a t e l y hy

d r ided to r a t i o s of H / Z r rang ing f rom 0.50 to 
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Figure 56. Tube Straightening Equipment 
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1.85. A n o n i r r a d i a t e d c lad fuel rod wi th an 

ax ia l HIZT g r ad i en t w a s a l so t e s t e d . R e s u l t s 

ind ica te a l i n e a r r e l a t i o n s h i p of e d d y - c u r r e n t 

r e s p o n s e to H / Z r wi th a change of s lope at 

po in t s of p h a s e change It w a s d e m o n s t r a t e d 

tha t the t e s t r e s u l t s a r e r e p r o d u c i b l e . The 

t e s t s a l s o showed that the p r e s e n c e of the 

c ladding does not s igni f icant ly a l t e r the eddy-

c u r r e n t r e s p o n s e of the fuel rod . 

C. S8DS F U E L E L E M E N T FABRICATION 

A group of e l e m e n t s •was p r o d u c e d f r o m 

c ladding t ubes c h r o m i z e d by Vendor B which 

had been r e c h r o m i z e d m - h o u s e . Dur ing this 

p r o g r a m , an m - h o u s e tube s t r a i g h t e n i n g c a p a 

bi l i ty w a s deve loped and qual i f ied for p roduc t ion . 

A tube c h r o m i z m g p r o c e s s spec i f i ca t ion was 

i s s u e d , equ ipment and p r o c e s s i n g r e f i n e m e n t s 

w e r e c o m p l e t e d , and the tube c h r o m i z m g p r o c 

e s s capab i l i t y r un w a s in i t i a t ed at the c lo se of 

the r e p o r t i n g p e r i o d . 

The r e c h r o m i z m g p r o c e d u r e w a s an ex t en 

sion of the t echnology developed to c h r o m i z e 

c u p - p l u g s ( r e p o r t e d m the p r e v i o u s p r o g r e s s 

r e p o r t ) . Var ious p a r a m e t e r s w e r e examined 

to a t t a in i m p r o v e d coat ing a d h e r e n c e on the 

r e c h r o m i z e d tubing [Sec t ion I V - B - 2 - b - ( 2 ) ] . The 

r e c o m m e n d e d p a r a m e t e r s w e r e 2100°F for 30 

j n i n u t e s . A group of t ubes was p r o c e s s e d 

t h r o u g h the p roduc t i on fac i l i ty to the r e c o m 

m e n d e d e l e c t r o p o l i s h m g and r e c h r o m i z m g 

spec i f i ca t ion . Ten of t h e s e t ubes w e r e a s s e m 

bled into n o r m a l u r a n i u m fuel e l e m e n t s and 

p e r m e a t i o n t e s t e d . P e r t i n e n t da ta i s t abu la ted 

m Table 44. It i s s ignif icant to note that a l l 

t en e l e m e n t s had a c c e p t a b l e p e r m e a t i o n r a t e s 

and that the coa t ing a d h e r e n c e was defini tely 

i m p r o v e d ove r tha t ob ta ined f r o m v e n d o r -

c h r o m i z e d m a t e r i a l . 

1. Tube S t ra igh ten ing 

The tube r e c h r o m i z m g p r o c e s s p r o d u c e d 

bowed tubing which r e q u i r e d s t r a i g h t e n m g p r i o r 

TABLE 44 
FUEL ELEMENT DATA -
RECHROMIZED TUBING 

E l e m e n t 
N u m b e r 

298 1 

3422 

3483 

3487 

3432 

3438 

3439 

3444 

3476 

3477 

End Sample 
A d h e r e n c e 

Index 

7 

35 

3 5 

21 

4 9 

3 5 

4 9 

21 

-
3 5 

End Sample 
C h r o m e 

Th icknes s 
(m ) 

0 00055 

0 00034 

0 00055 

0 00071 

0 00091 

0 00106 

0 00080 

0 00060 

0 00111 

0 00083 

Ave rage 

P e r m e a t i o n Rate 
at 1400°F 

[ c c ( S T P ) / h r ] 

1st T e s t 

0 54 

0 69 

0 57 

0 87 

0 93 

0 82 

0 44 

0 89 

0 57 

0 32 

0 66 

2nd T e s t 

0 53 

0 62 

0 55 

0 94 

0 97 

1 00 

0 47 

0 93 

0 73 

0 33 

0 71 

to app l i ca t ion of the c e r a m i c coa t ing . This was 

not a new condi t ion m that vendor c h r o m i z e d 

tubing a l s o r e q u i r e d s t r a i g h t e n i n g . An m - h o u s e 

s t r a i gh t en ing p r o c e s s was deve loped af ter 

v e n d o r - s u p p l i e d p r o c e s s e s fa i led to p roduce 

the r e q u i r e d tube a s s e m b l y s t r a i g h t n e s s . 

The new s t r a igh t en ing p r o c e s s c o n s i s t e d of 

i n s e r t i n g a t u n g s t e n - c a r b i d e m a n d r e l into the 

tube to e n l a r g e the m s i d e d i a m e t e r to 0.5405 m . 

A fu l l - length m a n d r e l , p r e c i s i o n ground to 

0.5395 m . , w a s then p l aced m s i d e the tube 

a s s e m b l y . A load was appl ied f r o m a hydrau l i c 

r a m s t r e t c h i n g the tube beyond the y ie ld point 

and down o v e r the s t r a i g h t e n i n g m a n d r e l The 

s t r a i g h t e n i n g equ ipment i s shov^^n in F i g u r e 56. 

E a r l y lots of m - h o u s e c h r o m i z e d c ladding 

tube a s s e m b l i e s w e r e m o r e difficult to s t r a i g h t e n 

b e c a u s e of an e x t r e m e l y h a r d , th ick , c h r o m e 

l a y e r . Subsequent r e f i n e m e n t s m the c h r o m i z 

m g p r o c e s s r educed the c h r o m e t h i c k n e s s and 

i m p r o v e d the duct i l i ty of the tubing . With t h e s e 

changes the s t r a i gh t en ing p r o c e s s w a s capab le 

of p roduc ing high qual i ty m a t e r i a l on a r e p e t i t i v e 

b a s i s . F o r a t y p i c a l g roup of tubing s a m p l e s , 

the TIR r anged f rom 0 042 to 0.253 m . m the 

a s - c h r o m i z e d condi t ion . After s t r a i gh t en ing 

the T l R ' s r anged f r o m 0.001 to 0.010 m . wh ich 
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T A B L E 45 

F U E L E L E M E N T DATA - I N I T I A L PROCESS CAPABILITY 

Capabi l i ty 
Study 
Tubing 

P o s t -
Capabi l i ty 
Tubing 

E l e m e n t 
N u m b e r 

4002 

3996 

4014 

4026 

4042 

4032 

4035 

4003 

4006 

4011 

4034 

4038 

4039 

4036 

4037 

4014 

4026 

4042 

End 
Sample 

A d h e r e n c e 
Index 

15 

-
7 

28 

<7 

20 

<7 

7 

17 

23 

-

<7 

<7 

10 

14 

7 

28 

<7 

E n d 
Sample 
C h r o m e 

T h i c k n e s s 
(in.) 

0.00023 

0.00017 

0.00035 

0.00064 

0.00075 

0.00051 

0.00044 

0.00018 

0.00030 

0.00046 

-

0.00042 

0.00043 

0.00046 

0.00039 

0.00035 

0.00064 

0.00075 

P e r m e a t i o n Rate 
a t 1400°F 

[ c c ( S T P ) / h r ] 

1st T e s t 

0.34 

0.68 

0.26 

0.39 

0.44 

0.27 

0.53 

0.22 

7.48 

0.26 

0.41 

0.35 

0.96 

0.44 

0.30 

0.26 

0.39 

0.44 

2nd T e s t 

0.33 

0.67 

0.28 

0.50 

0.47 

0.32 

0.63 

0.29 

-

0.25 

0.35 

0.33 

1.02 

0.50 

0.35 

0.28 

0.50 

0.47 
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IS w e l l wi th in the 0.015 m . spec i f ied for S8DS 

fuel e l e m e n t s . 

2. C h r o m i z m g 

B a s e d on r e s u l t s of the deve lopment p r o g r a m 

a p r e l i m i n a r y spec i f i ca t ion was i s s u e d for 

c h r o m i z m g v i r g i n S8DS cladding tube a s s e m b l i e s . 

A p r o c e s s capab i l i ty s tudy w a s des igned to e v a l u 

ate c o n t r o l of the c h r o m e l a y e r t h i c k n e s s , 

l eve l of coa t ing a d h e r e n c e , and fuel e l e m e n t 

p e r f o r m a n c e . A group of 45 tubes was c h r o m 

ized . Each tube w a s m an indiv idual t u b u l a r 

r e t o r t , and five r e t o r t s w e r e f i r ed p e r fu rnace 

load. The f i r ing p a r a m e t e r s w e r e 2 135 °F for 

12 m i n u t e s . The 1 2 - m i n u t e s - a t - t e m p e r a t u r e 

r e q u i r e m e n t was t r a n s l a t e d to a t o t a l fu rnace 

cyc le t i m e of 28 m i n u t e s , and al l 45 tubes w e r e 

t e s t e d m th i s m a n n e r . 

The 45 t ubes w e r e sub jec ted to ex tens ive 

eva lua t ion , inc luding taking 381 coa t ing a d h e r 

ence t e s t s a m p l e s and 66 s a m p l e s for c h r o m e 

t h i c k n e s s examina t i on . S t a t i s t i c a l an a ly s i s of 

the data p r o d u c e d the following c o n c l u s i o n s : 

1) At the 90% conf idence l eve l , 99% of 

the tubes p r o c e s s e d m th i s m a n n e r would 

have an m s i d e d i a m e t e r c h r o m e th i cknes s 

of 0.0001 to 0.0007 m . 

2) The c h r o m e t h i c k n e s s p r o d u c e d w a s 

un i fo rm down the length of the t ube . 

3) Significant v a r i a b i l i t y was noted f rom 

fu rnace load to fu rnace load. 

4) No c o r r e l a t i o n ex i s t ed be tween the end 

s a m p l e coa t ing a d h e r e n c e and coat ing ad 

h e r e n c e down the length of the tube . 

Eva lua t ion of t h e s e r e s u l t s and r e s u l t s 

obta ined m d e v e l o p m e n t a l c h r o m i n g e x p e r i 

m e n t s ind ica t ed that the p r o c e s s capab i l i ty 

could be s ignif icant ly i m p r o v e d by c l o s e r c o n 

t r o l of the p r o c e s s i n g t e m p e r a t u r e and t i m e . 

The p r o c e s s spec i f i ca t ion was r e v i s e d and 

equipment and i n s t r u m e n t a t i o n r e f i n e m e n t s 

w e r e in i t i a t ed to ach ieve the r e q u i r e d p r o c e s s 

c o n t r o l . 

A fu rnace loading dev ice w a s c o n s t r u c t e d to 

p e r m i t al l five c h r o m i z m g r e t o r t s to be p r e -

a s s e m b l e d into a r a c k ou ts ide the f u r n a c e . The 

r a c k loading p a t t e r n was des igned to be c o m 

pat ib le wi th the op t imum fu rnace t e m p e r a t u r e 

prof i le cond i t i ons . 

The i m p r o v e d c h r o m i z m g p r o c e s s is a t w o -

s t ep o p e r a t i o n to ach ieve b e t t e r t e m p e r a t u r e 

un i fo rmi ty The furnace t e m p e r a t u r e is se t at 

1960°F and the r e t o r t loading r a c k is c h a r g e d 

into the f u r n a c e . When al l five r e t o r t s have 

e q u i l i b r a t e d at 1900 ° F , the fu rnace t e m p e r a t u r e 

IS r ap id ly b rough t up to 2150°F After a l l r e 

t o r t s fall m the r ange of 2135 ± 50 ° F , the 

12-minute t i m e cyc le b e g i n s , af ter which the 

r a c k IS w i t h d r a w n f rom the fu rnace and the 

r e t o r t s a r e rap id ly coo led . Checkout o p e r a t i o n s 

have d e m o n s t r a t e d that the p r o c e s s can be 

fol lowed on an a c c u r a t e , r epe t i t i ve b a s i s and a 

f o r m a l p r o c e s s qual i f ica t ion p r o g r a m has been 

in i t i a t ed to ach ieve a c h r o m i z e d l a y e r of 

0.00040 ±0.00015 m . 

3. F u e l E l e m e n t F a b r i c a t i o n 

A g roup of 18 n o r m a l u r a n i u m fuel e l e m e n t s 

w e r e a s s e m b l e d f r o m tubing c h r o m i z e d dur ing 

the in i t i a l tube c h r o m i z m g capabi l i ty s tudy . 

Ten of the tubes w e r e c h r o m i z e d dur ing the 

s tudy, the r e m a i n i n g eight w e r e c h r o m i z e d 

i m m e d i a t e l y a f t e r the s tudy, but to the s a m e 

p r o c e s s . P e r t i n e n t data for t h e s e e l e m e n t s is 

shown m Tab le 45 . 
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V COMPONENT DEVELOPMENT 

A. C O N T R O L - D R U M DRIVE AND SCRAM 
MECHANISM 

P e r f o r r a a n c e mapping and des ign ve r i f i ca t ion 

t e s t s wil l be conducted on t h r e e c o n t r o l - d r u m 

d r i v e and s c r a m un i t s of the S8DS des ign under 

s i m u l a t e d ope ra t ing condi t ions of vacuum and 

t e m p e r a t u r e . 

Des ign ve r i f i ca t ion t e s t ing i s cont inuing on 

one s c r a m d r i v e m e c h a n i s m (SN 001) . The unit 

IS mounted on a t e s t f ix ture which s i m u l a t e s the 

S8DS c o n t r o l d r u m and b e a r i n g s , a s shown on 

F i g u r e 57 . R e s u l t s of the bench t e s t which 

showed succes s fu l m e c h a n i c a l and e l e c t r i c a l 

p e r f o r m a n c e w e r e r e p o r t e d p r e v i o u s l y . 

An e n v i r o n m e n t a l p e r f o r m a n c e t e s t on unit 

SN 001 h a s been unde rway for 1900 h o u r s at 
-5 -7 

1 x 1 0 t o l x l O m m Hg and a con t ro l l ed 

e l e c t r o m a g n e t i c - c l u t c h t e m p e r a t u r e of 7 7 5 ° F . 

The c lu tch t e m p e r a t u r e i s con t ro l l ed to m a i n 

ta in the p r e d i c t e d S8DS opera t ing t e m p e r a t u r e 

s ince i t IS c o n s i d e r e d the m o s t c r i t i c a l functional 

p a r t m the c o n t r o l - d r u m d r i v e and s c r a m s y s 

t e m . F i g u r e 58 i s a m a p of the ac tua l m e a s u r e d 

t e m p e r a t u r e s of SN 001 with the c lu tch t e m p e r a 

t u r e con t ro l l ed at 775 ° F . Due to the l i m i t a t i o n s 

of t e s t f ix ture and h e a t e r d e s i g n , the effects of 

g a m m a hea t ing cannot be exac t ly s i m u l a t e d . 

Consequen t ly the c r i t i c a l componen t , the c lu t ch , 

i s con t ro l l ed and t e m p e r a t u r e s of o ther p a r t s 

a r e con t ro l l ed by vary ing the t h e r m a l r e f l e c t o r 

to ach i eve the b e s t c o m p r o m i s e . 

Ten s u c c e s s f u l t h e r m a l c y c l e s f rom 7 7 5 ° F 

to a m b i e n t and back to 775° F have been p e r 

f o r m e d dur ing th i s r e p o r t p e r i o d with 140 to ta l 

s c r a m c y c l e s being r e c o r d e d . All s c r a m t i m e s 

have been l e s s than the m a x i m u m a l lowable s y s 

t em d e s i g n r e q u i r e m e n t of 2 sec for 109° d r u m 

r o t a t i o n and 0.5 sec for 23° d r u m r o t a t i o n at 

e n v i r o n m e n t a l cond i t i ons . Actual m e a s u r e d 

s c r a m t i m e s for the c r i t i c a l shutdown angular 

r o t a t i o n (23°) r ange f rom 169 to 210 m i l l i s e c . 

A c o u n t e r c l o c k w i s e d r i v e uni t (SN 002) h a s 

been a s s e m b l e d p r i o r to bench p e r f o r m a n c e and 

e n v i r o n m e n t a l t e s t i n g . 

Manufac tur ing p r o c e s s e s for f ab r i ca t i on of 

the c l o c k - t y p e s c r a m power sp r ing w e r e d e 

ve loped . Th i s sp r ing i s a s p i r a l of flat n icke l 

c h r o m e al loy s t r i p (Rene' '41) and i s des igned 

with l i m i t s on output t o r q u e c h a r a c t e r i s t i c s to 

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

A 0 . 0 0 1 - m . t o l e r a n c e on the m a t e r i a l t h i c k n e s s 

i s r e q u i r e d to con t ro l the output t o r q u e which 

v a r i e s as the 3rd power of t h i c k n e s s . Since the 

nomina l t o l e r a n c e of s t anda rd s t o c k ' i s 0.006 m . , 

the r e q u i r e d t h i c k n e s s and t o l e r a n c e a r e obtained 

by r e - r o l l m g th i cke r m a t e r i a l . The p r o c e s s d e 

veloped c o n s i s t s of s l i t t ing 0 , 0 9 0 - i n . - t h i c k by 

4 ft by 8 ft shee t along the m a j o r aixis, p r o g r e s 

s ive ly ro l l ing down m t h i c k n e s s , and anneal ing 

be fo re the f inal 0 .004- to 0 .007 - in . r e d u c t i o n in 

t h i c k n e s s . The s t r i p fo rmed i s then f in i sh -

ground along the s l i t edges to r e m o v e any c r a c k s 

fo rmed m the s l i t t ing and ro l l ing o p e r a t i o n s . 

The s t r i p i s then wound into a sp r ing and the 

length cut to ach ieve the r e q u i r e d t o r q u e 

c h a r a c t e r i s t i c . 

T h r e e d e v e l o p m e n t a l s p r i n g s have been f a b r i 

ca ted us ing this t echn ique and a r e being used m 

the t h r e e des ign ve r i f i ca t ion t e s t u n i t s . A d a p 

t a t ion of t h i s p r o c e s s to p roduc t i on uni ts was 

in i t i a ted and S8DS s y s t e m s p r i n g s a r e now in 

f a b r i c a t i o n . 

C . E . J o h n s o n , "SNAP 8 P r o g r e s s R e p o r t , F e b r u a r y - A p r i l 1 9 6 5 , " NAA-SR-11092 (CRD), 
J u n e 15, 1965 

tAMS5545 p l a t e , shee t , and s t r i p a l loy n icke l b a s e — solut ion h e a t t r e a t e d 
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POSITION SENSOR 

% i # . SCRAM RELEASE CLUTCH 

SCRAM SPRING HOUSING 

POSITION INDICATING 
SWITCHES 

CONTROL DRUM ACTUATOR 

CABLE HARNESS 

TEST FIXTURE 

7-7-65 7568-551501A 

Figure 57. S8DS Scram Drive Mechanism Test Assembly 
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S 

5 »- i= 5r 

1 ACTUATOR STATOR CASE 

2 ACTUATOR BRAKE HOUSING 
3 CLUTCH COIL HOUSING 
4 POSITION SENSOR 

5 DRIVE GEAR 
6 DRIVE BELLOWS HOUSING 

TEST 
TEMPERATURE 

(°F) 
945 

960 
775 
490 
930 
870 

EXPECTED 
OPERATING 
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F i g u r e 58 . S8DS S c r a m M e c h a n i s m Unit No. 1 T e m p e r a t u r e Map 

B. CONTROL-DRUM ACTUATORS 

The SNAP 8 r e a c t o r is con t ro l l ed by ro ta t ing 

the e x t e r n a l b e r y l l i u m con t ro l d r u m s to i n c r e a s e 

or d e c r e a s e the f rac t ion of l e akage n e u t r o n s . 

The c o n t r o l - d r u m d r i v e i s m e c h a n i c a l l y con 

nec ted to an e l e c t r o m a g e n t i c a c t u a t o r which 

r o t a t e s and pos i t i ons the r e f l e c t o r d r u m s in 

0.26° s t eps th rough a g e a r t r a m upon c o m m a n d 

f rom a c o n t r o l l e r . The a c t u a t o r i n c o r p o r a t e s 

a b u i l t - m m e c h a n i c a l b r a k e which locks the 

c o n t r o l d r u m du r ing the nonope ra t iona l p e r i o d . 

The r e l e a s e of the b r a k e and the ac tua to r o p e r 

a t ion a r e sequenced to p r e v e n t f ree wheel ing of 

the con t ro l d r u m . 

The r e f e r e n c e des ign S8DS a c t u a t o r i s a 

d i r e c t - c u r r e n t , v a r i a b l e - r e l u c t a n c e s tepping 

m o t o r . The m o t o r is ene rg i zed with d -c vol t 

ages m d i s c r e t e p u l s e s which c a u s e the r o t o r 

to t u r n m s t eps of 1.8°. The r o t a t i o n m a y be 

in e i the r d i r e c t i o n a s r e q u i r e d . The c o n t r o l l e r 

i s de s igned to p r o d u c e two a c t u a t o r s t eps of 

1.8° o r a to ta l of 3.6° for each o p e r a t i o n . The 

g e a r e d d r i v e r e d u c e s the 3.6° a c t u a t o r output 

to 0,26° c o n t r o l - d r u m r o t a t i o n . The tee th on 

the b rak ing s u r f a c e . F i g u r e 59, s e r v e to p r o 

vide a c c u r a t e pos i t i on a l ignment af ter each s tep

ping s e q u e n c e , 

1, Bench T e s t and A s s e m b l y 

T h i r t e e n d ev e lo p men ta l and t h r e e S8DS a c t u 

a t o r s have been succes s fu l l y a s s e m b l e d and 

bench t e s t e d . The output t o r q u e t e s t da t a . 

F i g u r e 60, ver i fy that the a c t u a t o r s can pro^' ide 

r e p e a t a b l e t o r q u e outputs when m a n u f a c t u r e d in 

a c c o r d a n c e with r ig id d i m e n s i o n a l and qua l i ty 

s t a n d a r d s . The t o r q u e output exceeds the d e 

sign r e q u i r e m e n t s with an adequa te m a r g i n of 

safety and is m a g r e e m e n t with d e s i g n 

c a l c u l a t i o n s , 

2. H i g h - T e m p e r a t u r e and Vacuum T e s t s 
( Insula t ion and E n d u r a n c e ) 

S e v e r a l a c t u a t o r s a r e p r e s e n t l y m v a r i o u s 

s t a g e s of l o n g - t e r m endu rance and eva lua t ion 

t e s t s . A typica l h i g h - t e m p e r a t u r e and vacuum 

t e s t s tand and f ix ture i s shown m F i g u r e 6 1 . 

The load is a fixed weight which m a y be ro t a t ed 

th rough 360° dur ing a cont inuous s e r i e s of s t e p 

ping s e q u e n c e s . The m a x i m u m load will occur 
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BRAKE SOLENOID ASSEMBLY 

BRAKE TOOTHED RING 

ROTOR TOOTHED DISK 

TEETH MESH WHEN BRAKE IS DE-ENERGIZED 
PHASES "A" a "C" ALIGN ROTOR PRIOR TO 
RELEASE OF BRAKE 
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F i g u r e 59. S8DS Rotor and B r a k e A s s e m b l y 

when the weight p a s s e s th rough the 90° or 270° 

p o s i t i o n s . The m i n i m u m c u r r e n t and vol tage 

r e q u i r e d to s tep the load is m e a s u r e d at t h e s e 

pos i t i ons to m o n i t o r the t o r q u e output . Min i 

m u m c u r r e n t to r e l e a s e the b r a k e i s a l s o m e a s 

u r e d as a m e a n s of m o n i t o r i n g b r a k e sp r ing 

f o r c e . 

a. Nonope ra t i on or Dwell 

Two a c t u a t o r s w e r e sub jec ted to l o n g - t e r m 

p e r i o d s of nonope ra t ion in the h i g h - t e m p e r a t u r e 

and vacuum e n v i r o n m e n t to inves t iga t e the effect 

of l o n g - t e r m dwel l . This was done af ter the 

f i r s t 1000 h o u r s of o p e r a t i o n on a c t u a t o r SN 001 

and 640 h o u r s of o p e r a t i o n on a c t u a t o r SN 002. 

After 500 h o u r s of dwel l , a c t u a t o r SN 001 

s tepped and p e r f o r m e d as r e q u i r e d with no 

change in p e r f o r m a n c e or c h a r a c t e r i s t i c s . This 

uni t is p r e s e n t l y undergo ing addi t ional l o n g - t e r m 

dwel l . 

b . Coi l and Insu la t ion R e s i s t a n c e 

T h e r e h a s been no ind ica t ion of change in 

co i l or p h a s e r e s i s t a n c e as a r e s u l t of the long-

t e r m e x p o s u r e to the 1025° F env i ronmen t on the 

a c t u a t o r s t e s t ed to d a t e . 

T h e r e have been , h o w e v e r , changes in the 

in su la t ion r e s i s t a n c e - t o - g r o u n d . The m a x i m u m 

and m i n i m u m p h a s e r e s i s t a n c e - t o - g r o u n d vs 

t i m e , i s shown for t h r e e a c t u a t o r s in F i g u r e 62 . 

The c u r v e for a c t u a t o r SN 001 i l l u s t r a t e s the 

c h a r a c t e r i s t i c behav ior of the insu la t ion r e s i s t 

ance with t i m e at t e m p e r a t u r e . The in i t i a l 

r a p i d i n c r e a s e in r e s i s t a n c e i s a t t r i b u t e d to 

ou tgas s ing of the i n s u l a t i o n . The s teep 

d e g r a d a t i o n s lopes af ter the in i t i a l i n c r e a s e a r e 

due to the c a r b o n i z a t i o n of the s u r f a c e c o n t a m i 

nat ion of the connec to r pin i n su l a to r and the 

lead i n su l a t i on . The c o n t a m i n a t i o n i s due to 

s l ight b a c k s t r e a m i n g of vacuum p u m p oil into 
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TEST DATA TAKEN AS AVERAGE PERFORMANCE 
CHARACTERISTICS OF TEN ACTUATORS 

I NDICATES RANGE OF TEST POINTS 

STATIC PEAK TORQUE 
(NON-STEPPING-SINGLE 

PHASE ON) 

DYNAMIC OR STEPPING TORQUE 
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Figure 60. Static and Dynamic Torque vs Field Current 
for S8DS Design Control-Drum Actuator 
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F i g u r e 6 1 . Viewof S8DS C o n t r o l - D r u m A c t u a t o r 
H i g h - T e m p e r a t u r e and V a c u u m T e s t Stand 

Showing Rota tab le Load 

the vacuum e n v i r o n m e n t . The s p r e a d be tween 

p h a s e s and a c t u a t o r s m a y be a t t r i bu t ed to the 

wi r ing and lead a r r a n g e m e n t wi thin the s t a t o r , 

w h e r e i n the l e a d s of one p h a s e a r e p h y s i c a l l y 

c l o s e r to ground than in ano ther p h a s e . 

Ac tua to r SN 006 was con t amina t ed by oil 

b a c k s t r e a m i n g due to f a i lu re of the t e s t s y s t e m 

dur ing in i t i a l v a c u u m pumpdown. I t s p e r f o r m 

ance h a s d e m o n s t r a t e d that a c t u a t o r s p e r f o r m 

s a t i s f a c t o r i l y with the low va lues of i n su l a t i on 

r e s i s t a n c e . The s t eep i n su l a t i on d e g r a d a t i o n 

s lope i s aga in an ind ica t ion of i n s u l a t i o n 

c on t amina t i on . 

c . Consecu t ive S ta r tup and T h e r m a l Cyc le 
T e s t 

The s t a r t u p cyc le i s the m o s t s e v e r e cond i 

t ion unde r which an ac tua to r m u s t p e r f o r m . The 

ac tua to r m u s t s tep with 28 vol ts appl ied con

t inuous ly for 1863° of r o t a t i o n (135° of d r u m 

ro t a t i on ) . The e x t r e m e l y high c u r r e n t dens i ty 

in the w i r e a s wel l as the rap id i n t e r n a l t e m 

p e r a t u r e i n c r e a s e i s conducive to the fo rma t ion 

of i n t e r n a l hot spots and w i r e b u r n o u t s . After 

the ful l - in s tepping cyc l e , the ac tua to r windings 

a r e sub jec ted to the e x t e r n a l l y induced t e m p e r a 

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

T h e s e condi t ions a r e s imu la t ed and combined 

in the c o n s e c u t i v e s t a r t u p and t h e r m a l cyc le 

t e s t . The cold a c t u a t o r i s s tepped with 28 volts 

appl ied for a p e r i o d of t i m e equiva len t to the 

s t a r t u p . Within 90 m i n u t e s af ter comple t ing the 

s imu la t ed s t a r t u p s tepping cyc l e , the a c t u a t o r 

i s r a i s e d to 1025° F with e x t e r n a l h e a t . After 

s e v e r a l h o u r s at th is t e m p e r a t u r e , the ac tua to r 

i s aga in o p e r a t e d for two c o m p l e t e r evo lu t ions 

with 28 vol t s app l i ed . This t e s t i s conducted 

dur ing the day with a cooling p e r i o d at n ight . 

F i g u r e 63 i l l u s t r a t e s the t e m p e r a t u r e i n c r e a s e 

of the coi l dur ing the s t a r t u p t e s t in vacuum at 

85 and 1 0 0 0 ° F a m b i e n t s . One t e s t a c tua to r h a s 

comple t ed 25 s t a r t u p and t h e r m a l c y c l e s with 

no s ignif icant change in the output t o r q u e , b r a k e 

r e l e a s e c u r r e n t , coi l r e s i s t a n c e , or i n su la t ion 

r e s i s t a n c e . 

C. E L E C T R I C A L COMPONENTS 

1. Cab le H a r n e s s 

The objec t ive of the cab l e h a r n e s s d e v e l o p 

m e n t p r o g r a m i s to t e s t , eva lua t e , and r e c o m 

mend cab le m a t e r i a l and a s s o c i a t e d h a r d w a r e 

for u s e in an i n t e g r a t e d h a r n e s s which i s c a p a 

ble of t r a n s m i t t i n g power and e l e c t r o n i c s igna l s 

be tween v a r i o u s c o m p o n e n t s of the s y s t e m . 

Methods for t e r m i n a t i o n and f ab r i ca t i on 

of the S8DS h i g h - t e m p e r a t u r e cab le h a r n e s s e s 

have been r e v i s e d to inc lude the cont inuous 

welded c i r c u i t c o n c e p t . F i g u r e 64 shows a 

s h o r t cab le length being welded to an S8DS con

t r o l d r u m a c t u a t o r . The o ther end of th is cab le 

*C. E . J o h n s o n "SNAP 8 P r o g r e s s R e p o r t , F e b r u a r y - A p r i l 1 9 6 5 , " NAA-SR-11092 (CRD), 
J u n e 15, 1965 
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Figure 62. Phase Insulation Resistance-to-Ground vs Time for S8DS 
Design Control-Drum Actuators 
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F i g u r e 63 . T e m p e r a t u r e Rise Dur ing S t a r t up Opera t ion of S8DS 
Des ign C o n t r o l - D r u m Ac tua to r 
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F i g u r e 64. Welding of P ig t a i l Cable to Component Connec to r 

is t e r m i n a t e d to r ing lugs ( F i g u r e 65) for con

nec t ion to a t e r m i n a l b lock . The t e r m i n a l block 

jo ins the componen t cab le to the r e a c t o r cab le 

h a r n e s s . 

On two o c c a s i o n s componen t s have failed to 

o p e r a t e m t e s t b e c a u s e of high c o n n e c t o r -

s p r i n g - c o n t a c t r e s i s t a n c e . The h e a t c lean ing 

p r o c e s s for the h a r n e s s a s s e m b l y (800°F m 

a i r ) was suspec ted of caus ing the high r e s i s t 

a n c e . T e s t s ver i f ied the i n c r e a s e m con tac t 

r e s i s t a n c e up to 7 o h m s . The i n c r e a s e was 

a t t r i bu ted to oxidat ion of the con t ac t . This 

p r o b l e m was r e s o l v e d foi S8DRM-1 by r e v i s i n g 

the t e r m i n a t i o n p r o c e s s to p rov ide for a s s e m b l y 

of the connec to r to the h a r n e s s af ter the h a r n e s s 

i s hea t c l e a n e d . An S8DRM-1 h a r n e s s t e r m i 

nat ion with the b a c k s h e l l r e m o v e d is shown m 

F i g u r e 66. Hea t c lean ing is not a p r o b l e m on 

the S8DS h a r n e s s s ince the sp r ing con tac t con

n e c t o r s a r e not u sed . The cab le c o n d u c t o r s a r e 

welded to m a l e connec to r p ins and r ing l u g s . 

The r e l i a b i l i t y of the h i g h - t e m p e r a t u r e cab le 

h a r n e s s a s s e m b l y was improved by changing the 

m a t e r i a l of the insu la t ion c lamping s l e e v e . The 

p r e v i o u s s l eeve conta ined 1 5 to 20% zinc which , 

unde r the h a r n e s s ope ra t ing e n v i r o n m e n t , could 

sub l ime and depos i t on the cable insu la t ion 

t h e r e b y reduc ing i ts e l e c t r i c a l r e s i s t a n c e . A 

new s t a i n l e s s - s t e e l s l eeve is used for insu la t ion 

c lamping ( F i g u r e 65), 

C. E . J o h n s o n , SNAP 8 P r o g r e s s Repor t , November 1 9 6 4 - J a n u a r y 1 9 6 5 , " NAA-SR-10792 (CRD), 
M a r c h 15, 1965 
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F i g u r e 65 . Component P i g t a i l Cab le End 
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F i g u r e 66. Cab le H a r n e s s with Connec to r 
(S8DRM-1 des ign) 

The e n t i r e t e r m i n a t i o n p r o c e s s was ver i f ied 

by making m o r e than 80 h i g h - t e m p e r a t u r e cable 

a s s e m b l i e s of v a r i o u s types including m o r e than 

400 w i r e t e r m i n a t i o n s . T h e s e c a b l e s a r e used 

in h i g h - t e m p e r a t u r e and vacuum tes t ing of d e 

ve lopmen ta l S8DS c o n t r o l - d r u m a c t u a t o r s , 

pos i t ion s e n s o r s , l im i t s w i t c h e s , and comple t e 

sc rann-k i t a s s e m b l i e s . They a r e a l s o used m 

the H F - 1 0 i r r a d i a t i o n capsu le t e s t a s s e m b l y of 

a c t u a t o r s , pos i t ion s e n s o r s , and l i m i t s w i t c h e s . 

2. Coil Techn iques 

Meta l bobbins with an ino rgan ic insu la t ion 

coat ing a r e being c o n s i d e r e d for use on SNAP 

e l e c t r o m a g n e t i c c o i l s . The m e t a l bobbins a r e 

des igned to i n c r e a s e the s t r e n g t h p r o p e r t i e s of 

the coi l a s s e m b l y . 

Two addi t ional coa t ings have been eva lua ted at 

1000°F and 10 t o r r , f l a m e - s p r a y e d a l u m i n u m 

oxide and s p r a y e d A l l e n P B X C e m e n t . The i n s u 

la t ion r e s i s t a n c e was m o n i t o r e d dai ly on t h r e e s a m 

p les of each coat ing at 50, 100, 300, and 5 00 vdc at 

1000°F . The va lues of insu la t ion r e s i s t a n c e ranged 

be tween 1 and 10 m e g o h m s at 50 vdc . The r e s i s t a n c e 

d e c r e a s e d at h ighe r v o l t a g e s . At 500 vdc the r e 

s i s t a n c e s w e r e a p p r o x i m a t e l y 607o of the 50-vdc 

v a l u e s . The PBX coating has a d v a n t a g e s , m 

that (1) it IS e a s i e r to apply than the a l u m i n u m 

oxide which m u s t be appl ied by a f l a m e - o r 

p l a s m a - a r c - s p r a y m g p r o c e s s , and (2) it is l e s s 

su scep t i b l e to chipping than the a l u m i n u m oxide . 

*C. E . Johnson , "SNAP 8 P r o g r e s s R e p o r t , November 1964 - Janua ry 1 9 6 5 , " NAA-SR-10792 (CRD), 
M a r c h 15, 1965 

t C E . Johnson , "SNAP 8 P r o g r e s s R e p o r t , F e b r u a r y - A p r i l 1965, " NAA-SR-11092 (CRD), 
June 15, 1965 
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E l e c t r o m a g n e t i c co i l s w e r e p roduced us ing 

p r e v i o u s l y developed ' ^ and i m p r o v e d ' we t -

w m d m g t echn iques and in s t a l l ed m S8DS pos i t i on 

s e n s o r s . In i t i a l ly , p r o b l e m s w e r e encounte red-

with the p h y s i c a l conf igura t ion of the s e n s o r 

housing which r e s u l t e d m shor t ing of the coi l 

lead w i r e s . The conf igura t ion was modif ied to 

p rov ide addi t iona l space for rout ing the lead 

w i r e f rom the coi l to the connec to r p i n s . No 

fu r the r p r o b l e m s have been e n c o u n t e r e d s u b 

sequent to t h e s e r e v i s i o n s . T h e s e d e s i g n m o d i 

f ica t ions have been i n c o r p o r a t e d m the S8DS 

pos i t ion s e n s o r . 

D. MECHANICAL COMPONENTS 

1. Spr ings 

The spr ing deve lopmen t p r o g r a m p r o v i d e s 

des ign ve r i f i ca t ion of r e a c t o r sp r ing des ign , 

e s t a b l i s h e s spr ing c h a r a c t e r i s t i c s at e leva ted 

t e m p e r a t u r e s and r e a c t o r e n v i r o n m e n t s , and 

g e n e r a t e s sp r ing m a t e r i a l da ta for des ign op t i 

m i z a t i o n . T e s t s a r e being conducted to eva lua te 

load l o s s a s a function of ope ra t i ng t e m p e r a t u r e 

and t i m e , to p e r m i t e s t i m a t e s of safe ope ra t ing 

s t r e s s e s and r e l a x a t i o n behav io r at the SNAP 8 

e n v i r o n m e n t a l t e m p e r a t u r e and i r r a d i a t i o n dose 

l e v e l . 

L o a d - r e l a x a t i o n t e s t s of t h r e e 88% Ta — 

12% W al loy s p r i n g s (Stauffer-880) in vacuum 

env i ronmen t w e r e t e r m i n a t e d af ter 2350 h o u r s 

of t e s t at t e m p e r a t u r e . P r e l i m i n a r y r e s u l t s 

a r e s u m m a r i z e d in Tab le 46. T h e s e t e s t s w e r e 

conducted at the s a m e loads and t e m p e r a t u r e s 

a s t h r e e s i m i l a r s p r i n g s which have comple ted 

mpi l e i r r a d i a t i o n t e s t s . Deta i led c o m p a r i s o n 

of the mpi l e and ou t -o f -p i l e t e s t da ta h a s been 

s t a r t e d to d e t e r m i n e the effect of i r r a d i a t i o n 

dose r a t e s on sp r ing r e l a x a t i o n b e h a v i o r . 

A 3000-hour sp r ing c o m p a r i s o n t e s t h a s 

been c o m p l e t e d . In th is t e s t , Rene 41 and 

Stauffer -880 s p r i n g s w e r e subjec ted to iden t i ca l 

s t r e s s , t e m p e r a t u r e , and i r r a d i a t i o n (--^S x 

10 nvt^). The Rene '41 and Stauffer -880 spr ing 

w e r e loaded in s e r i e s and the to ta l combined 

spr ing length was kept cons t an t th roughout the 

t e s t . B e c a u s e the s p r i n g s w e r e not individual ly 

ma in ta ined at cons t an t length , and b e c a u s e 

t e m p e r a t u r e s w e r e al lowed to v a r y f rom 400 to 

900 ° F , the t e s t was qua l i t a t ive and the da ta 

obta ined cannot be c o m p a r e d with s t a n d a r d 

sp r ing l o a d - r e l a x a t i o n t e s t s . T h r e e nonquan-

t i t a t ive conc lus ions m a y be d r a w n : 

1) Rene 41 he l i ca l c o m p r e s s i o n s p r i n g s 

w e r e s u p e r i o r to (exhibi ted l e s s load r e l a x 

at ion than) i den t i ca l S tauffer -880 s p r i n g s 
19 

nvt , neu t ron i r r a d i a t i o n at af ter 3 x 1 0 

•^ 700 ° F m vacuum 

2) The amount of r e l axa t i on was signifi

cant ly g r e a t e r for both m a t e r i a l s than was 

TABLE 46 

LOAD RELAXATION TEST DATA, 
S T A U F F E R - 8 8 0 SPRINGS IN VACUUM 

T e s t T e m p e r a t u r e 
( ° F ) 

In i t i a l S t r e s s (psi) 

In i t ia l Load (lb) 

F i n a l Load at 
2350 H o u r s (lb) 

Load Re laxa t ion at 
2350 H o u r s (%) 

Spring A ^ 
(S/N 26) 

1075 

40,000 

33.1 

29.64 

10.45 

Spring B T 
(S/N 28) 

1150 

40,000 

32.0 

12.98 

28.2 

Spring C§ 
(S /N 27) 

1050/670 ' 

40,000 

32.6 

31.01 

4.87 

Spring A — Wire diameter 0.125 in. with seven active 
coils, 0.818 in, mean diameter, total length 
2.065 in. 

tSpring B — Wire diameter 0.125 in. with seven active 
coils, 0.808 in, mean diameter, total length 
2.075 in. 

§Spring C — Wire diameter 0.125 in. with seven active 
coils, 0.815 in, mean diameter, total length 
2.050 in. 

Temperature variation simulated conditions experienced 
in HF9 irradiation capsule. 

*C. E . Johnson , "SNAP 8 P r o g r e s s R e p o r t , November 1964- Janua ry 1 9 6 5 , " NAA-SR-10792 (CRD), 
M a r c h 15, 1965 

t C . E. Johnson , "SNAP 8 P r o g r e s s R e p o r t , F e b r u a r y - A p r i l 1 9 6 5 , " NAA-SR-11092 (CRD), 
June 15, 1965 

§C. E, Johnson , P r o g r e s s R e p o r t , SNAP 8, A u g u s t - O c t o b e r 1964, ' NAA-SR-10492 (SRD), 
D e c e m b e r 23, 1964 
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expected b a s e d on p r e v i o u s ou t -o f -p i l e t e s t s . 

The i n c r e a s e d d e g r a d a t i o n is a t t r i bu ted to 

the r a d i a t i o n e n v i r o n m e n t . 

3) Under t h e s e t e s t condi t ions the in i t i a l 

r e l a x a t i o n r a t e was g r e a t e r for Rene' '41 than 

for S t au f fe r -880 , but wi thin 3,000 h o u r s the 

r e l a x a t i o n r a t e and to ta l r e l a x a t i o n of S tauf fer -

880 exceeded that of R e n e ' 4 1 . 

2. B e a r i n g s 

The S8DS ground t e s t r e a c t o r wi l l o p e r a t e m 

the s l ight ly oxidizing a t m o s p h e r e of 10 t o r r 

p r e s s u r e for over 10,000 h o u r s . T h r e e c o n t r o l -

d r u m b e a r i n g s s e t s of d i f ferent m a t e r i a l s c o m 

b ina t ions a r e being eva lua ted at 1150°F and 
-5 

10 t o r r p r e s s u r e . 

Two of the b e a r i n g s e t s have c a r b o n - g r a p h i t e 

bush ings and Incone l -X monoba l l s coated with 

A 1 _ 0 . on the s p h e r i c a l d i a m e t e r . The t h i r d 

b e a r i n g se t h a s sol id c a r b o n - g r a p h i t e m o n o b a l l s . 

The Al^Oo-coa ted su r f ace of one bea r ing set 

was coated with a d r y - f i l m l u b r i c a n t , s o d i u m -

s i l i c a t e -bonded mo lybdenum d isu lph ide p lus 

g r a p h i t e . Th i s se t h a s been t e s t e d for 

2144 h o u r s . A m a x i m u m t o r q u e va lue of 2.2 i n . -

lb was m e a s u r e d dur ing the t e s t with the a v e r a g e 

value being a p p r o x i m a t e l y 1.2 i n . - l b . M a x i m u m 

des ign to rque for the b e a r i n g i s 2.5 in . - l b . 

The second A L O _ - c o a t e d Incone l -X m o n o -

ba l l b e a r i n g set was t e s t ed without a d r y - f i l m 

lub r i can t for 5050 h o u r s . To rque va lues w e r e 

' - 1 . 5 m . - l b . 

The t e s t of the solid c a r b o n - g r a p h i t e n iono-

ba l l b e a r i n g se t was t e r m i n a t e d af ter 2230 h o u r s 

of success fu l t e s t i n g . M a x i m u m t o r q u e was 

1.6 m . - l b . 

A b e a i m g set with d r y - f i l m l u b r i c a n t on the 

A L O ^ - c o a t e d Incone l -X is being t e s t ed under 

condi t ions s i m i l a r to t hose above , except that 

-9 

the vacuum leve l is 4 x 10 t o r r . Th i s se t h a s 

a c c u m u l a t e d 2250 h o u r s and shown a m a x i m u m 

to rque value of 1,4 i n . - l b . The a v e r a g e running 

t o r q u e is a p p r o x i m a t e l y 1.0 in . - l b . 

T h e s e t e s t s con f i rm the p e r f o r m a n c e of the 

SNAP 8 b e a r i n g d e s i g n and show that if the d r y 

film i s lo s t , which does occur to s o m e d e g r e e 

by sub l ima t ion , the b e a r i n g s function w i thm d e 

sign t o r q u e l i m i t s . 

3 . G e a r Mockup T e s t s 

The r e f e r e n c e des ign for the SNAP 8 c o n t r o l -

d r u m d r i v e s y s t e m spec i f i e s a pinion gear t r a i n 

to t r a n s m i t a c tua to r t o r q u e to the r e f l e c to r 

d r u m s . 

In a space e n v i r o n m e n t , the phenomenon of 

su r f ace adhes ion migh t occur w h e r e t h e s e 

" c l e a n " s u r f a c e s a r e m con tac t under load and 

a t e l eva ted t e m p e r a t u r e . The n a t u r e of the 

adhes ion can be by diffusion, c h e m i c a l r e a c t i o n 

of m t e r m e t a l l i c f o rma t ion , a n d / o r m e c h a n i c a l 

i n t e r l o c k . T h e r e f o r e , i t is n e c e s s a r y to p r e 

vent the o c c u r r e n c e of t h e s e cond i t ions , or if 

they should o c c u r , the type of i n t e r f ace bond 

fo rmed should be so weak tha t shea r ing can 

r e a d i l y occur with a m i n i m u m of su r f ace 

d a m a g e . 

The a p p r o a c h to the solut ion of th i s p r o b l e m 

h a s been to u s e known d r y - f i l m l u b r i c a n t s such 

as g r a p h i t e , MoS^, MoSe^, and m i x t u r e s of 

t h e s e which a r e s o d i u m - s i l i c a t e bonded so that 

a low vapor p r e s s u r e , low s h e a r s t r e n g t h , 

s u r f a c e - c o a t i n g s y s t e m is ach i eved , 

A t e s t p r o g r a m to eva lua te the p e r f o r m a n c e of 

specif ic d r y - f i l m l u b r i c a n t s at gea r opera t ing 

e n v i r o n m e n t s i s in p r o g r e s s . In t h e s e t e s t s , 

300 s e r i e s s t a i n l e s s - s t e e l s p e c i m e n s , coated 

with the l u b r i c a n t , s l ide aga ins t one ano the r 
5 - 8 

at 1150°F and l O ' to 10 t o r r p r e s s u r e . N o r 

m a l load on the s p e c i m e n s i s 40 p s i . The t e s t 

C. E . Johnson , "SNAP 8 P r o g r e s s R e p o r t , F e b r u a r y - A p r i l 1 9 6 5 , ' NAA-SR-11092 (CRD), 
June 15, 1965 

NAA-SR-11492 
112 

. . . ; •• 



p r o c e d u r e i s to load the s u r f a c e s and in i t i a t e 

the vacuum pumpdown and the h e a t u p . When 

the t e s t e n v i r o n m e n t i s s t ab i l i zed , the s l iding 

ac t ion be tween the s a m p l e s i s in i t i a ted a t a 

r a t e of 7 m . / m m over 0.5 m . t r a v e l . Approx i 

m a t e l y 70 m . of t r a v e l in 140 s t r o k e s a r e a c 

cumula t ed each h o u r . The tota l t e s t t i m e i s 

a p p r o x i m a t e l y 150 h o u r s . 

T e s t s w e r e conducted to d e t e r m i n e the c a u s e 

for high s t a r t i n g f r i c t ion encoun te r ed when f r i c 

t ion s u r f a c e s w e r e hea ted to t e s t t e m p e r a t u r e 

under load . Methods of reduc ing the high s t a r t 

ing f r i c t ion w e r e sought . It had p r e v i o u s l y been 

e s t a b l i s h e d that an ou tgas s ing t r e a t m e n t and 

bu rn i sh ing r e d u c e d the s t a r t i n g f r i c t ion of 

MoSp + g r a p h i t e - c o a t e d s t a i n l e s s s t e e l . 

T e s t 9US, MoSo + g r a p h i t e - c o a t e d s t a i n l e s s 

s t e e l vs M O S T + g r a p h i t e - c o a t e d s t a i n l e s s s t e e l , 

was given an ou tgass ing cycle of two h o u r s a t 

10 t o r r p r e s s u r e and 1150°F. The t e s t s p e c i 

m e n s w e r e then cooled to r o o m t e m p e r a t u r e , 

i n s t a l l ed m the f r i c t ion t e s t s y s t e m , and b rough t 
-7 

to 1150°F and 10 t o r r . The s l iding could not 

be s t a r t e d a u t o m a t i c a l l y b e c a u s e the coeff ic ient 

of f r i c t ion viras g r e a t e r than 1 (due to l i m i t a t i o n s 

of the equ ipment ) . After m a n u a l in i t ia t ion of 

s l id ing , the t e s t o p e r a t e d s u c c e s s f u l l y . 

T e s t lOUS, a s i m i l a r combina t ion except tha t 

only the s l ide r was coated with MoS^ + g r a p h i t e , 

was next i n i t i a t ed . It a l s o had to be s t a r t e d 

m a n u a l l y b e c a u s e the coefficient of s t a r t i n g 

f r i c t ion exceeded 1, af ter which it o p e r a t e d 

s a t i s f a c t o r i l y . 

A s i m i l a r high s t a r t i ng f r ic t ion condi t ion 

was e x p e r i e n c e d m T e s t s 11 US and 12US. 

T e s t I IUS used a MoSe^ d r y film on both p i e c e s 

and 12US used a modif ied MoS^ + g r a p h i t e on 

both p i e c e s . T e s t 13US was p r e p a r e d us ing 

MoS^ + g r aph i t e coa t on s t a m l e s s - s t e e l s p e c i 

m e n s . Th i s s a m p l e was in s t a l l ed in the t e s t 

r ig and bu rn i shed by sl iding the s a m p l e s under 

load a t r o o m t e m p e r a t u r e m a i r for t h r e e m i n 

u t e s . The t e s t s p e c i m e n s w e r e then r e m o v e d , 

blown c l ean with d r y n i t r ogen , r e i n s t a l l e d , 
_7 

b rought to 10 t o r r and 1150°F , and sl iding 

in i t i a t ed . The m a x i m u m value of both the 

s t a r t i ng and dynamic coeff ic ients of f r i c t ion 

was 0 .45. T h e s e va lues d e c r e a s e d to the 0.3 

to 0.4 r a n g e dur ing the t e s t . 

T e s t 16GS, a s i m i l a r s y s t e m to 13US, was 

p r o c e s s e d iden t i ca l ly including the b u i n i s h m g . 

The t e s t condi t ions w e r e a l so s i m i l a r except 

-5 
tha t t e s t p r e s s u r e was 10 t o r r . It a l s o e x 
hibi ted a s t a r t i n g coefficient of f r ic t ion of about 
0.45 and a dynamic coeff icient of 0.25 to 0.35 
throughout the t e s t . 

F r o m these t e s t s , and f rom t e s t s that w e r e 

run e a r l i e r m the p r o g r a m , it is concluded that 

p r e - t e s t ou tgass ing is not r e q u i r e d but tha t b u r 

nishing of the d r y - f i l m l u b r i c a n t wil l m i n i m i z e 

high s t a r t i n g f r i c t ion . Tab le 47 s u m m a r i z e s 

g e a r mockup t e s t s p e r f o r m e d dur ing th i s r e 

por t ing p e r i o d . 

A p a t t e r n of behav io r was d i s c o v e r e d f rom r e 

su l t s of the t e s t s of MoS^ + g raph i t e coat ing on 
-7 s t a i n l e s s s t ee l at 10 t o r r and 1 1 5 0 ° F . The 

weight l o s s of the d r y - f i l m lub r i can t i s depend

ent on the to ta l s l iding t r a v e l and independent 

of the t e s t t i m e . A p p r o x i m a t e l y the s a m e 

weight l o s s e s w e r e r e c o r d e d on two t e s t s m 

which the s a m e to ta l s l iding t r a v e l ( '~23,000 m . ) 

w e r e obtained m 210 h o u r s and 785 h o u r s . 

T h r e e 10 ,000-hour t e s t s w e r e in i t ia ted for 

d e s i g n ve r i f i ca t ion of the S8DS c o n t r o l - d r u m d r i v e 

g e a r , cons i s t ing of H i p e r c o 27 s l iding aga ins t 

I ncone l -X , both s u r f a c e s coated with MoS^ + 

g r a p h i t e . Two of the t e s t s have been d i s c o n 

t inued due to vacuum s y s t e m f a i l u r e . Data for 

t h e s e t e s t s as wel l a s for the t h i rd t e s t , which 

i s cont inuing , a r e given in Table 48 . 
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T A B L E 47 

D R Y - F I L M LUBRICANT EVALUATION TESTS 

T e s t 
N u m b e r 

9US 

lOUS 

11 US 

12US 

13US 

I I G S 

12GS 

13GS 

16GS 

B a s e 
M e t a l 

(SS) 

3 1 6 / 3 1 6 

3 1 6 / 3 0 3 

3 1 6 / 3 1 6 

3 1 6 / 3 1 6 

3 1 6 / 3 1 6 

3 1 6 / 3 1 6 

3 1 6 / 3 1 6 

3 1 6 / 3 1 6 

3 1 6 / 3 1 6 

D r y - F i l m 
C o a t i n g 

M o S ^ + g r a p h i t e 

MoS-, + g r a p h i t e 

M o S e ^ 

M o d i f i e d M o S , 
+ g r a p h i t e 

M o S , + g r a p h i t e 

M o S e ^ 

MoSp + g r a p h i t e 

MoSj , + g r a p h i t e 

M o S , + g r a p h i t e 

T e s t 
T e m p e r a 

t u r e 
( ° F ) 

1150 

1150 

1150 

1150 

1150 

1150 

1150 

1150 

1150 

T e s t 
P r e s s u r e 

( t o r r ) 

1 X 1 0 " ^ 
to 

7 X 1 0 - 7 

9 X 1 0 - 7 

1 X 1 0 - 7 

2 X 1 0 - 8 

*° 7 8 X 1 0 - 7 

2 x 1 0 " ^ 

9 X 10"** 

1 X 1 0 - 5 

1 X 1 0 - 5 

1 X 1 0 - 5 

1 X 1 0 - 5 

D i s t a n c e 
T r a v e l e d 

( m . ) 

2 1 , 8 7 6 

70 

0 

2 2 , 5 0 5 

6 ,089 

10 ,100 

3 4 , 0 2 0 

10 ,100 

T i m e a t 
T e s t 
( h r ) 

340 

0 .1 

71 

748 

210 

215 

170 

552 

170 

R e m a r k s 

S a m p l e s o u t g a s s e d b e f o r e r u n . 
n o t b u r n i s h e d . M a n u a l s t a r t 
n e c e s s a r y . T e s t t e r m i n a t e d 
w h e n c o e f f i c i e n t of f r i c t i o n < 1 . 

O n l y s l i d e r c o a t e d — no t b u r 
n i s h e d . M a n u a l l y s t a r t e d , t e s t 
t e r m i n a t e d d u e to s t i c k - s l i p 
o p e r a t i o n . 303 u s e d u n i n t e n 
t i o n a l l y , no t d i s c o v e r e d u n t i l 
t e s t c o m p l e t e d . 

Not b u r n i s h e d . T e s t c o u l d n o t 
b e s t a r t e d d u e t o e x c e s s f r i c t i o n . 

A u t o m a t i c d i s c o n n e c t a c t u a t e d . 
i n d i c a t i n g c o e f f i c i e n t of f r i c t i o n 
< 1 . No b u r n i s h i n g . 

C o a t i n g b u r n i s h e d by s l i d i n g a t 
r o o m t e m p e r a t u r e . S l i d i n g c o n 
t i n u e d fo r 8 - h r p e r i o d s , l a r g e 
t r a v e l , m i n i m u m t i m e . 

B u r n i s h e d t e s t , t e r m i n a t e d w h e n 
v a c u u m f a i l e d . 

Not b u r n i s h e d . T e s t h a d to b e 
s t a r t e d m a n u a l l y . S y s t e m 
c o o l e d , e x p o s e d t o a i r , e v a c u a t e d 
a n d r e h e a t e d . I t t h e n s t a r t e d 
a u t o m a t i c a l l y . 

H a n d b u r n i s h e d . T e s t t e r m i n a t e d 
w h e n c o e f f i c i e n t of f r i c t i o n e x 
c e e d e d 1. 

B u r n i s h e d by o p e r a t i n g a t r o o m 
t e m p e r a t u r e . T e s t d i s c o n t i n u e d 
a f t e r p r o g r a n a m e d c y c l e . 

TABLE 48 

DESIGN VERIFICATION TEST O F S8DS DRIVE GEAR LUBRICANT 

T e s t 
N u m b e r 

8R 

9R 

lOR 

B a s e 
M a t e r i a l 

H i p e r c o 27 
I n c o n e l X 

H i p e r c o 27 
I n c o n e l X 

H i p e r c o 27 
I n c o n e l X 

D r y - F i l m 
C o a t i n g 

MoS^ + g r a p h i t e 

M o S , + g r a p h i t e 

MoS^ + g r a p h i t e 

T e s t 
T e m p e r a 

t u r e 
( ° F ) 

1000 

1000 

1000 

T e s t 
P r e s s u r e 

( t o r r ) 

9 X 10"^ 

*° -7 
6 X 10 ' 

2 X 1 0 " ^ 
to 

8 X 1 0 ' 

4 X 10"^ 

D i s t a n c e 
T r a v e l e d 

( m . ) 

146 

180 

198 

T i m e at 
T e s t 
( h r ) 

3796 

4647 

4761 

R e m a r k s 

H a n d b u r n i s h e d . T e s t 
a b o r t e d d u e to v a c u u m 
f a i l u r e . 

Hand b u r n i s h e d . T e s t 
a b o r t e d d u e t o v a c u u m 
f a i l u r e . 

Hand b u r n i s h e d . T e s t 
c o n t i n u i n g . 
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Me ta l log raph ic examina t ion of the s a m p l e s 

i s u n d e r w a y and to d a t e , i t h a s been e s t a b l i s h e d 

that a su r face r e a c t i o n at the i n t e r f a c e did occur 

in the Incone l -X , but not with the H i p e r c o 27 . 

This IS being fu r the r i n v e s t i g a t e d , 

E . SENSORS AND INSTRUMENTATION 

1. I n s t r u m e n t a t i o n 

a. D r u m P o s i t i o n - S e n s i n g Sys t em 

The d r u m p o s i t i o n - s e n s i n g s y s t e m m e a s u r e s 

the r e a c t o r c o n t r o l - d r u m angu la r pos i t ion and 

p r o v i d e s an output s ignal for d iagnos t i c p u r p o s e s . 

The d e s i r e d s y s t e m a c c u r a c y i s ±1% of full 

s c a l e . Since the s e n s o r i s mounted on the r e 

f lec tor a s s e m b l y , i t m u s t be capab le of o p e r a 

ting m the r e a c t o r e n v i r o n m e n t th roughout the 

10 ,000-hour life of the n u c l e a r s y s t e m . 

(1 ) T r a n s m i t t e r 

A r o t a r y v a r i a b l e - r e l u c t a n c e (di f ferent ia l 

t r a n s f o r m e r ) type of s e n s o r i s being deve loped 

for t h i s app l i ca t ion . The s t a to r conta ins one 

p r i m a r y and two s e c o n d a r y wind ings . The 

m a g n e t i c s e n s o r r o t o r i s shaped so that the 

coupling to one s e c o n d a r y winding, hence i t s 

output vo l t age , i s at a m a x i m u m when the out 

put vol tage f rom the o ther s e c o n d a r y winding i s 

a t a m i n i m u m . The demodu la to r i s des igned 

m such a m a n n e r that the output vo l t ages a r e 

added m s e r i e s - b u c k i n g , changing p o l a r i t y at 

the c e n t e r of the r a n g e of r o t a t i o n . 

F a b r i c a t i o n and p r e - i r r a d i a t i o n t e s t ing was 

comple t ed on two s e n s o r s (SN 006 and SN 008) . 

T h e s e two s e n s o r s wil l be o p e r a t e d m a high 

t e m p e r a t u r e - v a c u u m - r a d i a t i o n e n v i r o n m e n t 

(HF-10 c a p s u l e ) . 

Insu la t ion r e s i s t a n c e of the two s e n s o r s was 

somewha t h ighe r than that of the f i r s t two. The 

lowes t r e s i s t a n c e - t o - g r o u n d , m e a s u r e d at 

800 ° F m v a c u u m , was 200 m e g o h m s . Shaft 

t o r q u e was 0.7 o z - m . and was not affected by 

the t h e r m a l vacuum cyc l ing . L imi t ed m e a s 

u r e m e n t s of s e n s o r output vs shaft angle w e r e 

m a d e . The g e n e r a l c h a r a c t e r i s t i c s w e r e v e r y 

s i m i l a r to t hose shown m the p r e v i o u s p r o g r e s s 

r e p o r t for s e n s o r SN 2702, including the t e m 

p e r a t u r e s ens i t i v i t y a s s o c i a t e d with one s t a to r 

p o l e . The sens i t i v i t y to t e m p e r a t u r e of one 

po le IS equiva lent to 10° of a r c over the r a n g e 

of 100 to 800 ° F . The output a s s o c i a t e d with the 

o the r s t a to r pole h a s p r a c t i c a l l y no change over 

the t e m p e r a t u r e r a n g e . T e s t s have been i n i t i 

ated on o ther s e n s o r s to pinpoint the c a u s e for 

th is u n s y m m e t r i c a l t e m p e r a t u r e s e n s i t i v i t y . 

The output change vs t e m p e r a t u r e is r e p e a t a b l e , 

h e n c e m a y be accounted for by c a l i b r a t i o n at 

ope ra t ing t e m p e r a t u r e . 

The d e s i g n of a s p r i n g - l o a d e d shaft s ide 

loading dev ice was c o m p l e t e d . Th i s dev ice i s 

de s igned to i m p r o v e the abi l i ty of the s e n s o r 

to m e a s u r e s m a l l mo t ion ( ~ 6 m i n u t e s of a r c ) , 

a r e q u i r e m e n t for the p r e c i s i o n d r u m - p o s i t i o n 

indica t ing s y s t e m . 

The c r i t i c a l b e a r i n g a s s e m b l y p r o c e s s was 

p e r f e c t e d dur ing f a b r i c a t i o n of s e n s o r s SN 006 

and SN 008, and was used on the r e m a i n i n g s ix 

s e n s o r s which a r e m v a r i o u s s t a g e s of f a b r i 

ca t ion and a s s e m b l y . The amount of i n t e r f e r 

ence be tween the g raph i t e bushing OD and the 

r e t a i n e r ID was modif ied when di f f icul t ies w e r e 

e n c o u n t e r e d dur ing the s h r i n k - f i t t m g p r o c e s s . 

The t o l e r a n c e s on the b e a r i n g p a r t s had to be 

he ld to ±0.0002 m . Spec ia l gages w e r e d e 

veloped to m e a s u r e g r a p h i t e b e a r i n g d i m e n s i o n s 

to the r e q u i r e d t o l e r a n c e s . I m p r o v e d m e t h o d s 

of a s s u r i n g p r o p e r a l i g n m e n t and sea t ing dur ing 

sh r ink- f i t t i ng w e r e deve loped . Since the b e a r i n g 

s h r i n k - f i t t m g p r o c e s s r e q u i r e s that the r e t a i n e r s 

- C , E . J o h n s o n , "SNAP 8 P r o g r e s s R e p o r t , F e b r u a r y - A p r i l 1 9 6 5 , " NAA-SR-11092 (CRD), 
June 15, 1965 
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PRINTED CIRCUIT 
BOARD SUBASSEMBLY 

OUTPUT 
MAGNETIC 
AMPLIFIER 

7 - 2 1 - 6 5 7568-551460A 

F i g u r e 67. I n t e r n a l C o n s t r u c t i o n of S8DS 
P r o t o t y p e Demodu la to r 5-6-65 7568-551446 

F i g u r e 68. S8DS P r o t o t y p e D e m o d u l a t o r , 
P a c k a g e d Unit 

6 - 8 - 6 5 7568-551462CN 

F i g u r e 69 S8DS S h o r t i n g - B a r L i m i t Switch 
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be hea ted to 1300°F p r i o r to i n s e r t i n g the 

g r aph i t e b e a r i n g s , the p r o c e s s m u s t be c a r r i e d 

out m an i n e r t a t m o s p h e r e . Drybox p r o c e d u r e s 

and equ ipment w e r e p e r f e c t e d , e . g . , dependab le 

oxygen r e m o v a l and oxygen warn ing d e v i c e s . 

(2) Demodu la to r 

Two deve lopmen t d e m o d u l a t o r s of the S8DS 

des ign w e r e a s s e m b l e d for u s e with the s e n s o r s 

to be t e s t e d m the H F - 1 0 i r r a d i a t i o n c a p s u l e . The 

S8DS des ign IS e l e c t r i c a l l y iden t i ca l to the p r o t o 

type but d i f fe rs m e c h a n i c a l l y a s follows (1) The 

package d i m e n s i o n s and mount ing p r o v i s i o n s 

w e r e modif ied for compa t ib i l i t y with the S8DS 

s y s t e m i n s t r u m e n t a t i o n i n s t a l l a t i on . (2) I n t e r 

nal c i r c u i t r y u t i l i z e s a p r i n t e d c i r c u i t boa rd for 

m o s t connec t i ons , i n s t ead of round w i r e . 

(3) L e a d s w e r e b rought out f rom the r e g u l a t o r 

output to the s e n s o r p r i m a r y and f rom the d e 

m o d u l a t o r output ahead of the f i l ter to p r o v i d e 

s igna ls to be used m the S8DS s tep count ing and 

ve r i f i ca t ion s y s t e m ( see Sec t ion V - E - 2 be low) . 

F i g u r e s 67 and 68 a r e p h o t o g r a p h s of an S8DS 

d e m o d u l a t o r . 

The H F - 1 0 s e n s o r - d e m o d u l a t o r s y s t e m s 

w e r e c a l i b r a t e d and then subjec ted to v a r i o u s 

t e s t s . Typ ica l r e s u l t s a r e l i s t ed below 

L i n e a r i t y 

Line r e g u l a t i o n with 
±5% input v a r i a t i o n 

S h o r t - t i m e output 
s tab i l i ty 

L o n g - t e r m r e p e a t 
abi l i ty (4 d a y s ) , 
m a x i m u m dev ia t ion 
f rom m e a n output 

±2% 

0.2% 

1 mi l l i vo l t 

10 m i l l i v o l t s (0.2% 
full s ca l e ) 

A s s e m b l y of subcomponen t p a r t s on the p r i n t e d 

c i r c u i t b o a r d s for nine S8DS demodu la to r uni ts 

has been s t a r t e d . 

b . L i m i t Switch 

Static t h e r m a l - v a c u u m t e s t s cont inued on 

four d ev e lo p men ta l m o d e l s h o r t m g - b a r s w i t c h e s . 

T h r e e uni t s have now a c c u m u l a t e d 4300 h o u r s 

at 1000°F and 10" t o r r and 140 t h e r m a l c y c l e s 

(300 to 1000°F at 6 ° F / m i n ) dur ing an addi t ional 

1700 h o u r s for a to ta l of 6000 h o u r s of e n v i r o n 

m e n t a l t e s t i n g . At the end of 4200 h o u r s at 

1000°F and 50 t h e r m a l c y c l e s ( total h o u r s , 

4900) t h e s e swi t ches w e r e r e m o v e d f rom the 

v a c u u m - f u r n a c e and c a l i b r a t e d for the th i rd 

t i m e . No m e a s u r a b l e changes w e r e found m 

switch point or fo rce vs p lunger t r a v e l ( s p r i n g ) 

c h a r a c t e r i s t i c s. 

Two swi tches of the S8DS des ign w e r e a s 

s e m b l e d , c a l i b r a t e d , and subjec ted to 5 t h e r m a l 

c y c l e s and 50 h o u r s at 1000°F m v a c u u m . A 

pho tograph of an a s s e m b l e d switch i s shown m 

F i g u r e 69. T h e s e swi t ches 'will be ope ra t i ona l l y 

t e s t e d for 2200 h o u r s m the S8DS v a c u u m -

i r r a d i a t i o n - t e m p e r a t u r e e n v i r o n m e n t ( H F - 1 0 ) . 

The b a s i c d i f f e r ences be tween the S8DS d e s i g n 

and the d e v e l o p m e n t a l m o d e l swi tch have been 

d e s c r i b e d p r e v i o u s l y . Addi t ional mod i f i ca t ions 

have been i n c o r p o r a t e d , cons i s t ing of (1) a 

change m the me thod of s taking the m o v a b l e con

t a c t adjust ing nut f rom a h e l i a r c weld to a p e r 

c u s s i v e a r c weld and (2) a change m the m a t e r i a l 

of the snap r ing which m a i n t a i n s p r e - l o a d on 

the o v e r t r a v e l sp r i ng , for b e t t e r compa t ib i l i t y 

with the ope ra t ing t e m p e r a t u r e . 

I m p r o v e m e n t s have a l so been m a d e in a s 

s e m b l y p r o c e d u r e s , including ( I ) deve lopmen t 

of an opt ica l c o m p a r a t o r me thod of e n s u r i n g 

a l ignmen t of the g r a p h i t e con tac t face and con

t ac t ho lder be fore the adjust ing nut is t ightened 

and (2) addi t ion of a w e a r - m p r o c e d u r e , to r e 

m o v e e x c e s s d r y - f i l m l u b r i c a n t ins ide the 

swi tch b a r r e l , cons i s t ing of 25 m a n u a l o p e r a 

t ions of the swi tch followed by a i r - c l e a n i n g . 

C. E . Johnson , ' SNAP 8 P r o g r e s s R e p o r t , F e b r u a r y - A p r i l 1965, ' NAA-SR-11092 (CRD), 
J u n e 15, 1965 
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SCRAM 
CLUTCH 

7-20-65 7568-551525A 

Figure 70. Actuator Step-Counting and Verifying System Used During System Tests 
with S8DS Developmental Scram Kit 

NAA-SR-11492 

118 

^EttUCI 
I^Ltl<i 

s « * a V « « 

• 4 • « • 



• • • • • ^ • • > l i 

The S8DS d e s i g n sw i t ches w e r e found to e x 

h ib i t h ighe r con tac t r e s i s t a n c e ( '^15 ohms) than 

the d e v e l o p m e n t a l sw i t ches (~-2 o h m s ) , a p 

p a r e n t l y due to s u r f a c e oxida t ion of the fixed 

c o n t a c t s . Since the c i r c u i t s m which they a r e 

u s e d a r e of r e l a t i v e l y high i m p e d a n c e , p r o p e r 

o p e r a t i o n i s expec t ed . A l so , a w e a r - i n effect 

was o b s e r v e d m that the lower value of r e s i s t 

ance v/as obta ined af te r 100 o p e r a t i o n s of switch 

ing a 2 5 - m a , d - c induc t ive load . 

2 . P r e c i s i o n P o s i t i o n Sensor 

The S8DS s y s t e m r e q u i r e s s ix p r e c i s i o n 

d r u m - p o s i t i o n - s e n s i n g channe l s for u s e in r e 

a c t o r e x p e r i m e n t s to be conducted th roughout 

the r e a c t o r t e s t . S y s t e m a c c u r a c y of ±0,1° i s 

d e s i r e d . 

The s tep counting and ver i fying s y s t e m 

u t i l i z e s a pos i t i on s e n s o r d e m o d u l a t o r , and 

d ig i t a l v o l t m e t e r to ver i fy d r u m mot ion when 

the a c t u a t o r i s pu l sed by the c o n t r o l l e r , and to 

p r o v i d e a d ig i t a l d i sp l ay of pos i t ion by counting 

t h e s e s t e p s . 

A s s e m b l y of the p r o t o t y p e s y s t e m was c o m 

p l e t e d . Bench checkout of the e l e c t r o n i c s p o r 

t ion was c o m p l e t e d , and s y s t e m t e s t s (using 

the d e v e l o p m e n t a l s c r a m kit to s i m u l a t e the 

c o n t r o l - d r u m d r i v e s y s t e m ) w e r e in i t i a t ed . 

T i m e r e s p o n s e m e a s u r e m e n t s w e r e m a d e on 

the e l e c t r o n i c s p o r t i o n and on the c o m p l e t e 

s y s t e m . 

R e s u l t s of t h e s e t e s t s ind ica ted that the t i m e 

r e s p o n s e of the s y s t e m i s too slow to al low 

ve r i f i ca t ion and counting of individual 0 . 1 3 -

d e g r e e s t e p s . This would have to be a c c o m p 

l i shed m 400 m i l l i s e c o n d s , the s h o r t e s t t i m e 

be tween s t eps for both the au tomat ic and m a n u a l 

c o n t r o l l e r s . A l s o , the s i g n a l - t o - n o i s e r a t i o 

for m i n i m u m d r u m r o t a t i o n for a s ingle s tep 

(0 .03°) was found to be m a r g i n a l . 

Good r e s u l t s w e r e obtained m ver i fying and 

counting t w o - s t e p g ro u p s (0,26° nomina l pe r 

o p e r a t i o n ) , such as a r e g e n e r a t e d by the S8DS 

au toma t i c c o n t r o l l e r . The s y s t e m ver i f ied and 

counted 385 u n i d i r e c t i o n a l t w o - s t e p g roups with 

only one e r r o r , and 47 g ro u p s at r e v e r s a l of 

d i r e c t i o n with no e r r o r . F i g u r e 70 is a pho to 

graph of the s tep counting and ve r i f i ca t ion s y s 

t e m p ro to type and the S8DS deve lopmen ta l 

s c r a m k i t . 

F . CONTROLS 

I . C o n t r o l l e r 

The r e a c t o r c o n t r o l l e r i s r e q u i r e d to p rov ide 

p r o p e r l y sequenced outputs to t h r e e c o n t r o l -

d r u m a c t u a t o r s which m t u r n , con t ro l the r e 

ac t iv i ty of the r e a c t o r . The d i r e c t i o n , r a t e , 

and o r d e r of c o n t r o l - d r u m ro t a t i on is con t ro l l ed 

by the s ta te of the input s igna l s to the c o n t r o l l e r . 

The des ign goal for the c o n t r o l l e r is a m i n i m u m 

of 10,000 h o u r s o p e r a t i o n over which it will r e 

ce ive a s ignif icant to ta l i n t e g r a t e d r a d i a t i o n 

d o s a g e . The p r i m a r y p u r p o s e of this p r o g r a m 

IS the deve lopmen t of a c o n t r o l l e r of r e l i a b l e 

p e r f o r m a n c e under t h e s e cond i t i ons . 

The des ign app roach se l ec t ed u t i l ized m a g 

net ic c o r e - t r a n s i s t o r c i r c u i t r y . F ive ba s i c 

m o d u l e s a r e r e q u i r e d a logic m o d u l e , shift 

d r i v e r , o s c i l l a t o r , r e l a y d r i v e r , and r e l a y . 

The magne t i c a p p r o a c h p e r m i t s a r e d u c t i o n of 

g r e a t e r than 50% in s emiconduc to r d e v i c e s a s 

c o m p a r e d to an a l l - t r a n s i s t o r a p p r o a c h . This 

IS a v e r y s igni f icant fac tor m i n c r e a s i n g the 

o v e r a l l r e l i a b i l i t y of the c o n t r o l l e r . 

a. P r o t o t y p e C o n t r o l l e r 

A m o d u l a r c o r e - t r a n s i s t o r logic a s s e m b l y 

was des igned and c o n s t r u c t e d for u s e in an 

i r r a d i a t i o n t e s t . This a s s e m b l y c o n s i s t s of an 

o s c i l l a t o r , a shift c u r r e n t d r i v e r , s ix t een logic 

C. E . J o h n s o n , ' S N A P 8 P r o g r e s s Repor t , N o v emb er 1 9 6 4 - J a n u a r y 1 9 6 5 , ' NAA-SR-10792 
(CRD), M a r c h 15, 1965 
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c 
m o d u l e s , seven r e l a y d r i v e r s , and eight r e l a y s . 

The o s c i l l a t o r and six logic m o d u l e s connec ted 

as b i n a r i e s fo rm a t i m e b a s e g e n e r a t o r which 

e v e r y 5 seconds p u l s e s a p h a s e s e q u e n c e r con 

s i s t ing of ten logic m o d u l e s and seven r e l a y 

d r i v e r s . This s u b a s s e m b l y is capab le of con 

t ro l l ing one ac tua to r and d e m o n s t r a t e s a l l of 

the bas ic p e r f o r m a n c e functions of a c o m p l e t e 

c o n t r o l l e r . The block d i a g r a m for th is a s s e m 

bly IS shown in F i g u r e 7 1 . 

This a s s e m b l y was i r r a d i a t e d in the AI shield 

t e s t and i r r a d i a t i o n r e a c t o r to a p p r o x i m a t e l y 
1 4 4.4 x 10 nvt, to ta l d o s e . Only p r e l i m i n a r y 

d o s i m e t r y and p e r f o r m a n c e in fo rmat ion i s 

ava i l ab le at th is t i m e . The en t i r e a s s e m b l y 
1 3 ope ra t ed s a t i s f a c t o r i l y up to 5 x 10 nvt to ta l 

d o s e . At the end of the t e s t only the o s c i l l a t o r 

r e m a i n e d o p e r a t i v e . 

A l a b o r a t o r y t e s t c o n t r o l l e r was c o n s t r u c t e d 

to check the ope ra t i on of the r e f e r e n c e d e s i g n . 

Successfu l ope ra t i on was achieved ut i l iz ing 

r e f e r e n c e d e s i g n packaged r a d i a t i o n - h a r d e n e d 

m o d u l e s , r a d i a t i o n - h a r d e n e d r e l a y s , and 

p r in t ed c i r c u i t boa rd i n t e r c o n n e c t i o n s . 

The r e l i ab i l i t y t e s t b r e a d b o a r d c o r e - t r a n s i s t o r 

logic a s s e m b l y h a s o p e r a t e d without fa i lu re for 

6500 h o u r s . The p u r p o s e of this t e s t is to ob

ta in component p e r f o r m a n c e da ta unde r ac tua l 

ope ra t ing cond i t i ons . T h e r e a r e seven of the 

bas ic c o r e - t r a n s i s t o r - l o g i c m o d u l e s in th i s a s 

s emb ly so that over 45,000 m o d u l e - h o u r s have 

been a c c r u e d without f a i l u r e , 

b . S8DS C o n t r o l l e r 

The S8DS c o n t r o l l e r is a nonflight, r a c k 

mounted unit des igned p r i m a r i l y for use in the 

S8DS s y s t e m t e s t . The unit p r o v i d e s four d i s 

c r e t e s tepping r a t e s , t h r e e of which a r e v a r i a b l e 

over a wide r a n g e . The unit p r o v i d e s v i sua l 

s t a tus in fo rma t ion and a v a r i a b l e s e t p o m t c a p a 

bi l i ty which IS used to v a r y the point a t which 

s tepping r a t e changes a r e m a d e . Manual r a t e 

HIGH 

LOW 

28v REGULATED^ 

28v UNREGULATED 

7-15-65 

OSCILLATOR 

i k 

INPUT LOGIC 
( 2 RELAYS) 

i i 

LINE 
FILTERS 

SHIFT 

SHIFT CURRENT 
DRIVER 

i 

IN/OUT 

I2v REGULATED 

k 

fc. 

28v UNREGULATED 

1 ' 

TIME BASE 
GENERATOR 

(6 LOGIC MODULES) 

i k 

T-5sec 

^ ' 

PHASE SEQUENCER 
(10 LOGIC MODULES) 
(7 RELAY DRIVERS) 

i k 

SEQUENCE 

POWER RELAYS 
(6 RELAYS) 

TO ACTUATORS 

7 5 6 8 - 0 2 2 8 3 

F i g u r e 7 1 . Modular C o r e - T r a n s i s t o r Logic A s s e m b l y Block D i a g r a m 
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se l ec t i on and m a n u a l o v e r r i d e s a r e included 

w h e r e r e q u i r e d . Th i s c o n t r o l l e r will be used 

to s tudy and d e t e r m i n e the op t imum r e a c t o r 

s t a r t u p c y c l e . The r e s u l t s f rom th is s tudy will 

p r o v i d e the final p e r f o r m a n c e r e q u i r e m e n t s for 

a r e f e r e n c e d e s i g n . 

F a b r i c a t i o n of th i s c o n t r o l l e r was c o m p l e t e d . 

F i n a l checkout h a s been in i t i a ted and minor c o r 

r e c t i o n s a r e being m a d e a s n e c e s s a r y to c o m 

ple te the a c c e p t a n c e t e s t . 

2. T e m p e r a t u r e De tec to r 

The t e m p e r a t u r e de t ec to r p r o v i d e s vol tage 

s igna l s to the t e m p e r a t u r e switch which a r e p r o 

p o r t i o n a l to the r e a c t o r out le t coolant t e m p e r a 

t u r e . The d e t e c t o r , in conjunct ion with the 

swi tch , e s t a b l i s h e s the l i m i t s of the r e a c t o r 

deadband and c o m m a n d s the c o n t r o l l e r to d r i v e 

the d r u m s wheneve r the out le t coolant t e m p e r a 

t u r e p a s s e s ou ts ide th is deadband . 

a. R e f e r e n c e Des ign 

The r e f e r e n c e des ign is a p l a t inum r e s i s t a n c e 

t e m p e r a t u r e d e t e c t o r (RTD) which f o r m s one leg 

of a t h r e e - w i r e S i emens b r i d g e . As the r e s i s t 

ance of the d e t e c t o r changes with t e i n p e r a t u r e , 

the output of the b r i d g e to the con t ro l winding of 

a h i g h - g a i n m a g n e t i c ampl i f i e r m the switch 

v a r i e s a c c o r d i n g l y . The b r idge is adjus ted to 

null at tha t d e t e c t o r r e s i s t a n c e c o r r e s p o n d i n g 

to the t e m p e r a t u r e at the midd le of the deadband . 

T h e r m a l t e s t ing at 1300°F of eva lua t ion R T D ' s 

con t inued . T h e s e d e t e c t o r s a r e cont inuous ly 

m a i n t a i n e d at 1300°F to s i m u l a t e l o n g - t e r m 

opera t ing c o n d i t i o n s . They a r e checked for drif t 

e v e r y 500 h o u r s by c a l i b r a t i o n m a t r i p l e point 

ce l l (0.01 °C) u t i l iz ing p r e c i s i o n l a b o r a t o r y r e 

s i s t a n c e m e a s u r i n g t e c h n i q u e s . A c c u r a c y of 

th is c a l i b r a t i o n c o n v e r t e d to equiva lent t e m 

p e r a t u r e at 1300°F IS ± 0 . 2 ° F . F ive d e t e c t o r s 

out of an o r i g i n a l 25 r e m a i n with accep t ab l e 

l i m i t s ( - 4 ° F shift in 10,000 h o u r s ) . The i r dr i f t 

m t e r m s of equiva len t s e tpomt shift is shown m 

F i g u r e 72, All data is r e f e r e n c e d to z e r o af ter 

an in i t ia l 1000-hour s tab i l iz ing p e r i o d . This 

s t ab i l i za t ion will oe p e r f o r m e d on al l uni ts p r i o r 

to a c c e p t a n c e . P r o t o t y p e d e t e c t o r s being p r o 

c u r e d a r e s i m i l a r in des ign to the R T D ' s eva lu 

ated m t h e s e t e s t s . RTD No, 6 exhibi ted a 

l a r g e d e c r e a s e in r e s i s t a n c e at 6500 h o u r s and 

was r e m o v e d f rom t e s t . RTD No, 3 was p r e 

v ious ly damaged dur ing hand l ing . R T D ' s No. 3 

and No. 6 a r e shown for r e f e r e n c e only. 

T h r e e p ro to type S8DS d e t e c t o r s w e r e r e 

ce ived and p laced on l o n g - t e r m dr i f t t e s t ing at 

1335°F m a i r . C a l i b r a t i o n p r o c e d u r e s a r e a s 

above . A p p r o x i m a t e l y 500 h o u r s of the in i t ia l 

1000-hour s tab i l i ty t e s t have been a c c u m u l a t e d . 

S8DS d e t e c t o r s a r e en te r ing des ign v e r i f i c a 

t ion t e s t ing which inc ludes a 1000-hour s tabi l i ty 

t e s t p r i o r to a c c e p t a n c e and d e l i v e r y . 

The t e m p e r a t u r e de t ec to r NaK t e s t loop was 

filled and p r e l i m i n a r y o p e r a t i o n at 1000°F e s 

t a b l i s h e d . The loop was f lushed unt i l plugging 

runs ind ica ted that a pu r i t y of l e s s than 50 ppm 

had been a t t a ined . The loop was then moved to 

the l a b o r a t o r y and hookup to u t i l i t i e s i n i t i a t ed . 

Th i s loop will be used for t h e r m a l cycl ing and 

vacuum e n d u r a n c e t e s t s of d e t e c t o r s , 

b . Backup Des ign 

The backup d e s i g n i s a t h e r m o c o u p l e s e n s o r 

which a l s o o p e r a t e s into a high gain magne t i c 

a m p l i f i e r - s w i t c h . In addi t ion , th i s des ign r e 

q u i r e s a r e f e r e n c e po ten t ia l s o u r c e and an 

a s s o c i a t e d highly r egu l a t ed , low vol tage supply . 

No effort was expended on th is t a sk and it 

has been de le ted for GFY 1966. 

--C. E . Johnson , "SNAP 8 P r o g r e s s R e p o r t , F e b r u a r y - A p r i l 1 9 6 5 , " NAA-SR-11092 (CRD), 
June 15, 1965 
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Figure 72. Resistance Temperature 
Detector Drift Data 

TABLE 49 
RESULTS OF LONG-TERM TESTS ON 

EMITTANCE COATINGS ON BERYLLIUM" 

Number 
of 

Samples 

10 

5 

3 

3 

4 

Type of Coating 

Anodized 
Beryll ium 

Anodized 
Beryll ium 

Bare -Na tu ra l 
Tarnish only 

Fused Silicon 
Berylliunn 

Graded, P l a s m a -
Sprayed Chrom
ium Oxide 

Initial 
Emittance 

0.76 to 0.87 

0.15 to 0.23 

0.63 to 0.84 

0.88 to 0.90 

Total 
Test 
Time, 

(hr) 

5000 

2000 

2000 

3000 

2000 

Final 
Emittance 

0.55 to 0.68 

0.53 to 0.58 

0.12 to 0.13 

0.70 to 0.84 

0.89 to 0.90 
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Figure 73. Anodized Beryllium Emittance 
Character is t ics 

I^Total normal emittance measured at 800°F. 
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3 . T e m p e r a t u r e Switch 

The t e m p e r a t u r e switch r e c e i v e s the output 

f r o m the R T D ' s and p r o v i d e s s igna l s to the con

t r o l l e r whenever the r e a c t o r out le t coolant t e m 

p e r a t u r e p a s s e s ou ts ide the deadband l i m i t s as 

defined by two p r e s e t p o i n t s . 

Two p ro to type S8DS swi t ches w e r e c o n s t r u c t e d 

and p e r f o r m a n c e t e s t e d to con f i rm the d e s i g n . 

O p e r a t i o n v/as w i thm spec i f ica t ion l i m i t s . 

P r o c u r e m e n t of p a r t s for the S8DS swi t ches 

IS wel l u n d e r w a y . P r e l i m i n a r y a c c e p t a n c e t e s t s 

w e r e conducted on the f i r s t se t of vendor -wound 

m a g n e t i c a m p l i f i e r s p r i o r to app rova l for final 

p r o d u c t i o n . 

G, MATERIALS 

I . E n v i r o n m e n t a l Tes t ing 

The ob jec t ive of th i s s tudy i s the eva lua t ion 

of coa t ings for the SNAP 8 b e r y l l i u m neu t ron 

r e f l e c t o r s which will p r o v i d e high in f r a r ed r a d i a 

t ion e m i t t a n c e over long p e r i o d s in high v a c u u m . 

The p e r f o r m a n c e of s e v e r a l types of coa t ings is 

being t e s t e d by m e a n s of a l o n g - t e r m e n v i r o n -
-7 

m e n t a l t e s t o p e r a t e d at 1150°F and 10 t o r r 

p r e s s u r e . E m i t t a n c e of coa t ings on b e r y l l i u m 

s a m p l e s h a s been m e a s u r e d p e r i o d i c a l l y dur ing 

the c o u r s e of the t e s t p e r i o d . The t e s t was t e r 

m i n a t e d af ter 5 0 0 0 - h o u r s e x p o s u r e on the a n o 

dized b e r y l l i u m s a m p l e s , 

A to ta l of 25 b e r y l l i u m s a m p l e s was inc luded 

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

shown m Tab le 49, T h e s e da ta (a lso shown on 

F i g u r e 73) ind ica te tha t the e m i t t a n c e of the 

anodized b e r y l l i u m (the S8DS r e f e r e n c e coat ing 

for the b e r y l l i u m r e f l e c t o r s ) d e g r a d e s below 

accep t ab l e va lues with h i g h - t e m p e r a t u r e u s e . 

Under the above cond i t ions , m 10,000 h o u r s 

the m i n i m u m e m i t t a n c e i s expec ted to d e g r a d e 

to l e s s than 0,55 f rom an in i t ia l a v e r a g e of 0 .82. 

Under c u r r e n t S8DS ope ra t ing cond i t i ons , an 

e m i t t a n c e of 0.8 would r e s u l t in b e r y l l i u m t e m 

p e r a t u r e s of 1300°F , w h e r e a s an e m i t t a n c e of 

0.5 would r e s u l t m a t e m p e r a t u r e of 1 4 0 0 ° F . 

Subs t i t u t e s for the anodized coat ing a r e being 

i nves t i ga t ed to find a coat ing of h ighe r e m i t t a n c e 

which will not d e g r a d e with u s e . 

2. S8DS Ref lec to r Shim Coat ing 

A r e v i e w of p o s s i b l e a l t e r n a t e s to the anodized 

coat ing was conduc ted . Two of the coa t ings 

eva lua ted w e r e c o n s i d e r e d to be su i tab le c a n d i 

da t e s and addi t ional t e s t ing and eva lua t ion h a s 

begun. Both of t h e s e coa t ings have e m i t t a n c e s 

b e t t e r than 0.85 and appea r to be s t a b l e . The 

two coa t ings a r e (1) the p l a s m a - s p r a y e d , t h r e e -

p h a s e , g raded c h r o m i u m - o x i d e coat ing which 

was used on the SNAP 1OA re f l ec to r s h i m s , but 

at m u c h lower t e m p e r a t u r e s ( ' ^700°F) , and 

(2) the a l u m i n u m - p h o s p h a t e , c h r o m i u m -

n i c k e l - c o b a l t oxide sp ine l , known as AI -90 , 

which has r e c e i v e d about 5000 h o u r s of t es t ing 

a t 1450°F . 

3 . P o s t - T e s t Eva lua t ion of Anodized B e r y l l i u m 
S a m p l e s T e s t e d at 1300°F m He l ium 

Ten s a m p l e s of anodized b e r y l l i u m w e r e ex 

posed m an e n v i r o n m e n t a l t e s t at 1300°F m a 

he l ium a t m o s p h e r e conta in ing 100 ppm oxygen 

and with a dew-po in t of l e s s than - 4 0 ° F . F ive 

of t h e s e s a m p l e s w e r e exposed for 5709 h o u r s 

and the o the r five for 3169 h o u r s . Th i s t e s t was 

o r i g i n a l l y planned to eva lua te the anodized c o a t 

ing p e r f o r m a n c e unde r the S8ER o p e r a t i o n a l 

cond i t i ons . The p u r p o s e of the coat ing on the 

S8ER re f l ec to r was to p rov ide both oxidat ion 

p r o t e c t i o n of the b e r y l l i u m and high e m i t t a n c e . 

The coat ing on t h e s e s a m p l e s i s being ca re fu l ly 

examined to l e a r n the m o d e of d e g r a d a t i o n of 

anodized c o a t i n g s . Me ta l log raph ic e x a m i n a t i o n s 

a r e being m a d e on both damaged and undamaged 

s ec t i o n s of the anodized coa t ing . The e m i t t a n c e 

of the coat ing i s about 16% lower than ex 

pec ted on the b a s i s of the r e s u l t s f rom the 
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e n v i r o n m e n t a l t e s t i ng d i s c u s s e d above . The 

m o r e r ap id d e g r a d a t i o n in t e s t s is be l i eved to 

be the r e s u l t of slow oxidat ion f rom the 100 ppm 

oxygen m the t e s t . 

Tab le 50 s u m m a r i z e s the t e s t d a t a . 

T A B L E 50 

EMITTANCE O F ANODIZED BERYLLIUM 

Number 
of 

S a m p l e s 

T e s t 
T i m e 
(hr ) 

E m i t t a n c e 

(at 8 0 0 ° F ) (at 1100°F) 

5 

5 

3169 

5709 

0.509 

0.525 

0.524 

0.535 

Tes t ed at 1300°F , 100 p p m O^, - 4 0 ° F 
dew poin t . 

H. SAFETY COMPONENTS 

The e l e c t r i c a l l y ac tua ted band r e l e a s e dev ice 

(EABRD) i s a v e r s a t i l e e l e c t r i c a l l y f i red fusible 

l ink r e l e a s e ac tua to r app l i cab le to m a n y r e a c t o r 

shutdown s i t ua t ions such a s d e s t r u c t c h a r g e 

shel l r e l e a s e , r e f l e c t o r e jec t ion , e t c . S e p a r a 

t ion IS a c c o m p l i s h e d by r a i s i n g the t e m p e r a t u r e 

of the tubula r s t r u c t u r a l housing with an i n t e r n a l 

h e l i c a l r e s i s t a n c e h e a t e r unt i l the tube wal l 

s t r eng th i s exceeded by the t e n s i l e load appl ied 

to the hous ing . 

Deve lopment of the EABRD has p r o c e e d e d 

along s e v e r a l c o n c u r r e n t pa ths c o n c e r n e d with 

both the s t r u c t u r a l p r o b l e m s and the e l e c t r i c a l 

e n e r g y r e s t r i c t i o n s . 

1. Housing 

T e n s i l e t e s t s and c r e e p - r u p t u r e t e s t s have 

been conducted to op t imize the s t r u c t u r a l con

f igura t ion and to e s t a b l i s h d e s i g n p a r a m e t e r s to 

fac i l i t a te the s izing of a c t u a t o r s for a v a r i e t y of 

u s e s . T e s t s have ind ica ted tha t the s h o r t - t e r m 

yield s t r eng th of the t h m - w a l l e d (0 .012- in . ) 

tubula r hous ings a t 900° F i s well below the long-

t e r m c r e e p - r u p t u r e s t r eng th and should be u t i 

l ized for des ign p u r p o s e s . 

2 , H e a t e r 

H e a t e r conf igura t ion and power dens i ty s tud ies 

w e r e in i t i a t ed . Bobbins w e r e f ab r i ca t ed to a c 

c o m m o d a t e a n u m b e r of v a r i a t i o n s in w i r e s i z e , 

n u m b e r of t u r n s , and t u r n spac ing . Ten h e a t e r s 

w e r e a s s e m b l e d and a r e r e a d y for t e s t . 

3 . A s s e m b l y T e s t 

Two EABRD a s s e m b l i e s (0 ,012- in , wal l 

hous ing) w e r e subjec ted to shock and v i b r a t i o n 

a t the SNAP 8 componen t qua l i f i ca t ion t e s t l e v e l s 

(35 g shock and 19 g m a x i m u m v i b r a t i o n ) . No 

e x t e r n a l phys i ca l d a m a g e was o b s e r v e d and 

e l e c t r i c a l r e s i s t a n c e r ead ing ind ica ted no change 

m c i r c u i t cont inui ty or i n su l a t i on r e s i s t a n c e 

d e g r a d a t i o n . Subsequen t ly , p e r f o r m a n c e t e s t s 

showed the s e p a r a t i o n t i m e s and e n e r g y r e 

q u i r e m e n t s a g r e e d with t e s t da ta f rom s i m i l a r 

EABRDs not sub jec ted to the launch l o a d s . One 

EABRD h e a t e r bobbin p a r t e d on s e p a r a t i o n which 

migh t ind ica te tha t the bobbin was weakened or 

c r a c k e d dur ing the shock and v ib ra t ion s w e e p s . 

This condi t ion wil l be inves t iga t ed f u r t h e r . 

I . SHIELD 

1. S u m m a r y 

The examina t ion of the s t r u c t u r a l mockup 

(No. 1) was c o m p l e t e d . Some buckl ing of the 

suppor t l egs and c r a c k i n g m the l egs n e a r the 

p e r f o r a t i o n w e r e noted and a r e a t t r i bu ted to 

t ens ion loading dur ing shock and v i b r a t i o n . 

T h e s e c r a c k s did not, h o w e v e r , c a u s e i n t e r n a l 

c a t a s t r o p h i c f a i lu re dur ing t e s t i n g . The r ib 

t e s t s p e c i m e n was d e s t r u c t i v e l y ana lyzed and 

showed an i n t e r n a l s t r u c t u r e s u p e r i o r to p r e v i 

ous sh i e ld s as a r e s u l t of us ing a c r i s s - c r o s s 

type of honeycomb m a t r i x . The No. 3 m o c k u p , 

a s t ee l wool s t a b i l i z e r and a g g r e g a t e cas t ing to 

eva lua te pipe p a s s - t h r o u g h , was c o m p l e t e d . 

The r e f e r e n c e t e s t s to be used m evaluat ing 

t h e r m a l conduct iv i ty of insu la t ion m a t e r i a l s 
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w e r e i n i t i a t ed . A t e s t was a s s e m b l e d to d e t e r 

m i n e the h y d r i d m g r a t e s of l i th ium m e t a l a s a 

function of t i m e , t e m p e r a t u r e , and su r f ace 

a r e a . 

A 2000-hour t e s t , to eva lua te a b r a z i n g a l loy 

a s to compa t ib i l i t y with 1300°F l i th ium h y d r i d e 

(LiH), IS m p r o g r e s s . I n t e r a c t i o n t e s t s be tween 

Li and LiH at 600, 900, and 1200°F for 4000 

h o u r s a r e m p r o g r e s s and ano ther i n t e r a c t i o n 

t e s t of 2000 h o u r s d u r a t i o n at t he se condi t ions 

i s r e p o r t e d be low. 

T e s t s w e r e a l s o run to eva lua te the u s e of 

t i t an ium as a con ta ine r or coat ing of a con ta ine r 

du r ing cas t ing of LiH to effect r e l e a s e f rom the 

con ta ine r wa l l s when the LiH is so l id i f ied . The 

in i t i a l t e s t s gave v e r y encourag ing r e s u l t s . 

2 . Shield S t r u c t u r a l Mockup No. 1 

P o s t - t e s t examina t ion of Mockup No. 1, was 

c o m p l e t e d . The e n t i r e o p e r a t i o n was conducted 

m the l a r g e shield examina t ion d rybox fac i l i ty . 

After c l eavage of the block of l i th ium h y d r i d e 

and r e m o v a l of one suppor t l eg , as p r e v i o u s l y 

d e s c r i b e d , the suppor t leg was washed c lean 

of l i th ium h y d r i d e and examined for d a m a g e . 

P a r t i a l buckl ing and f la t tening of the leg was 

o b s e r v e d on the s ide oppos i te the Z - r i n g , shown 

m F i g u r e 74. C l o s e r examina t ion r e v e a l e d 

c r a c k s o r ig ina t ing at the p e r f o r a t i o n s in the l eg . 

F i g u r e 75 shows a c l o s e - u p of a typ ica l c r a c k . 

T h e s e c r a c k s a r e be l i eved to be t e n s i o n - i n d u c e d 

fat igue c r a c k s p roduced du r ing v i b r a t i o n t e s t i n g . 

The r e m a i n i n g half of the block was washed 

c l ean of l i th ium h y d r i d e and it was found that 

the middle leg (No. 5 of F i g u r e 76), 90° f rom 

the leg shown m F i g u r e 74, had a l so suffered 

s e v e r e c r a c k i n g at the p e r f o r a t i o n s . The l o c a 

t ions of t h e s e two l e e s co inc ided with the l a t e r a l 

p l a n e s in which the s p e c i m e n had been v ib r a t i on 

t e s t e d . C o m p l e t e eva lua t ion and r e p o r t i n g of 

t e s t r e s u l t s is c u r r e n t l y m p r o g r e s s , 

3, Rib T e s t S p e c i m e n 

The r ib t e s t s p e c i m e n was f ab r i ca t ed to 

s tudy the effect of r i b t h i c k n e s s on bonding 

be tween the c a s t l i th ium hyd r ide block and the 

i n t e r n a l r i b s , to eva lua te the u s e of the c r i s s 

c r o s s m a t r i x as a c r a c k - c o n t r o l l m g m e d i u m , 

and to s tudy the effect of a cas t ing cyc le on the 

t i t an ium dioxide p o r c e l a i n ename l high e m i s -

s iv i ty coa t ing . 

P o s t c a s t i n g x - r a y s , including l a t e r a l views 

and end-on v i ews , show the s p e c i m e n to be f ree 

of l a r g e i n t e r n a l c r a c k s and lacking in the c e n -

t e r l m e l o w - d e n s i t y a r e a , which is c h a r a c t e r i s t i c 

of the un id i r ec t i ona l honeycomb m a t r i x and the 

s t e e l - w o o l m a t r i x c a s t i n g s . The c r i s s - c r o s s 

m a t r i x d i f fe r s f rom the u n i d i r e c t i o n a l honey

comb in tha t a l t e rna t i ng l a y e r s of the m a t r i x 

a r e r o t a t ed 9 0 ° , giving t w o - d i r e c t i o n a l s t a b i l 

i ty . The t e s t a s s e m b l y was subjec ted to two 

t h e r m a l c y c l e s f rom r o o m t e m p e r a t u r e to 

1000° F . The t e m p e r a t u r e vs t ime data a r e 

being ana lyzed to d e t e r m i n e the bulk t h e r m a l 

conduct iv i ty of the l i th ium hydr ide b lock . A 

void vo lume t e s t was run on the r i b t e s t can 
3 

showing 0.0673 ft of void vo lume and a bulk 

dens i ty of 93.7%, which i s m exce l l en t a g r e e 

m e n t with the bulk dens i ty a v e r a g e of 93.9% 

±1.1% for a l l p r e v i o u s sh ie lds c a s t . 

Visua l examina t ion of the t i t an ium dioxide 

coat ing af ter cas t ing showed good a d h e r e n c e 

and da rken ing of the coa t ing . Skin s p e c i m e n s 

w e r e r e m o v e d dur ing p o s t m o r t e m e x a m i n a t i o n 

and e m i s s i v i t y d e t e r m i n a t i o n s a r e being m a d e . 

C. E . Johnson , SNAP 8 Q u a r t e r l y P r o g r e s s Repor t M a y - J u l y 1 9 6 4 , " NAA-SR-9992 (SRD), 
S e p t e m b e r 22, 1964 

t C . E . Johnson , ' S N A P 8 P r o g r e s s R e p o r t , F e b r u a r y - A p r i l 1 9 6 5 , " NAA-SR-11092 (CRD), 
J u n e 15, 1965 
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PARTIAL BUCKLING OPPOSITE Z RING-

Z-RING 

3-26-65 7568-551377A 

Figure 74. Support Leg Removed and Cleaned of Lithium Hydride. Cracks are circled in black. 

V ! • • •!• Illll 

3-26-65 7568-551378 

Figure 75, Closeup of Crack at 
Perforation m Leg 

5-4-65 7568-56441 
Figure 76, Trio of Support Legs 

Removed from Mockup No. 1, 
Showing Fatigue Cracks 
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The t e s t a s s e m b l y was d i s s e c t e d to a l low 

v i sua l eva lua t ion of l i t h i u m - t o - r i b bonding, 

r i b - t o - c a s i n g - w e l d bonding, and p e r f o r m a n c e 

of the c r i s s - c r o s s m a t r i x . E x a m i n a t i o n of the 

hyd r ide block ( F i g u r e 77), af ter r e m o v a l of the 

can head and s e v e r a l v e r t i c a l s t r i p s of c a s i n g , 

r e v e a l e d e x t r e m e l y l a r g e LiH c r y s t a l s t h rough

out the e n t i r e b lock . The l a r g e c r y s t a l s a r e due 

to a s low cooling r a t e dur ing the cas t ing cyc le 

and r e s u l t in poor bonding and low m a t e r i a l 

s t r e n g t h . L a r g e c r a c k s along the c r y s t a l 

b o u n d a r i e s a r e a l so shown th roughout the b lock . 

Rib t h i c k n e s s e s s tudied w e r e 0 .005, 0,010, 

0 .015, and 0,020 in . The can conta ined two r i b s 

of each t h i c k n e s s , 180° a p a r t . One r i b of each 

t h i c k n e s s was r e m o v e d by mak ing two v e r t i c a l 

c u t s , r e s u l t i n g in a p i e - s h a p e d p i e c e of h y d r i d e 

su r round ing each r i b ( F i g u r e 78). S e v e r a l l ight 

blows with a s m a l l h a m m e r f r ac tu r ed the hy

d r i d e c o m p l e t e l y and b r o k e i t l oose along the 

full length of each r i b . The low s t r eng th of the 

h y d r i d e was p r o b a b l y due to the l a r g e c r y s t a l s 

and no quan t i t a t ive a n a l y s i s of bonding be tween 

the r i b s and the h y d r i d e could be m a d e nor could 

a r e l a t i o n be tween r i b t h i c k n e s s and bonding be 

m a d e . 

After r e m o v a l of the LiH f rom the r i b s ( F i g 

u r e 79), v i sua l examina t ion of the r i b s and the 

r i b - t o - c a n we lds was m a d e . Ex t ens iv e w a r p a g e 

of the r i b s was noted and the th inner r i b s showed 

g r e a t e r w a r p a g e than the th i cke r o n e s . No c o r 

r e l a t i o n be tween h y d r i d e bonding s t r eng th and 

w a r p a g e could be d r a w n . The tab we lds be tween 

the r i b s and the can showed exce l len t bonding 

and no ind ica t ion of c o r r o s i o n f rom the m o l t e n 

LiH dur ing c a s t i n g . Pu l l t e s t s , to obta in quan 

t i t a t ive va lues for weld jo in t s s t r e n g t h , wil l be 

p e r f o r m e d . 

After r e m o v a l of the four r i b s f rom the t e s t 

can , the LiH in the r e m a i n i n g p o r t i o n of the can 

was washed out to enable v i sua l inspec t ion of 

the in tac t can and m a t r i x a s s e m b l y . The m a t r i x 

showed s o m e w a r p a g e , but had wi ths tood the 

cas t ing cyc le without l o s s of shape and without 

l o s s of the spo t -we ld jo in t s be tween l a y e r s of 

the m a t r i x . 

Eva lua t ion of the c r i s s - c r o s s m a t r i x was 

h a m p e r e d by the p r e s e n c e of l a r g e c r y s t a l s , but 

u s e of the m a t r i x was highly success fu l in e l i m i 

nating the c e n t e r l i n e l ow-dens i t y a r e a and the 

l a r g e c r a c k s p r e s e n t in p r e v i o u s s h i e l d s . 

Mechan i ca l bonding of the m a t r i x l a y e r s was 

exce l l en t , 

4. Shield Mockup No. 3 

This mockup i s des igned to e s t a b l i s h the 

feas ib i l i ty of i n t e r n a l NaK l ines and of cas t ing 

a l aye r of tungs ten a g g r e g a t e within the l i th ium 

h y d r i d e . 

The shield a s s e m b l y was comple t ed except 

for the ac tua l cas t ing of the l i th ium h y d r i d e . 

F i g u r e s 80 and 81 show the t e s t shie ld in the 

final s t a g e s of a s s e m b l y p r i o r to welding on of 

the upper head . F i g u r e 80 shows the l a y e r of 

g r a n u l a r W — 2 wt % Mo al loy g a m m a shie ld ing 

p r i o r to cover ing with a l aye r of s t a i n l e s s - s t e e l 

s c r e e n and s t a i n l e s s - s t e e l wool m e s h ( F i g u r e 81), 

5. NaK P ipe Insu la t ion T e s t s 

As p a r t of advanced shie lding concep ts the 

p r o p o s a l to p a s s h i g h - t e m p e r a t u r e fluids th rough 

the neu t ron shield r a i s e s the p r o b l e m of hea t 

t r a n s f e r f rom the fluids to the l i th ium hyd r ide 

and p o s s i b l y r a i s i n g the t e m p e r a t u r e of the LiH 

above i t s me l t i ng po in t . The NaK pipe in su la t ion 

t e s t was in i t ia ted to s tudy s u p e r i n s u l a t i o n m a 

t e r i a l s in high vacuum with a 1300°F hea t s o u r c e 

s imula t ing a NaK flow. 

A t e s t a s s e m b l y to eva lua te i n su la t ion m a t e 

r i a l was des igned and f a b r i c a t e d . The t e s t c a p 

sule c o n s i s t s of a 1-in. d i a m e t e r x 10- in . long 

copper c o r e , with h e m i s p h e r i c a l ends and an 

i n t e r n a l 50-wat t h e a t e r . The c o r e i s s u r r o u n d e d 

with a 1 /4- in . - th ick wal l copper j a c k e t of 3 in . 

ID. The insu la t ion m a t e r i a l to be s tudied is 

t .T.'M 1 
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5-5 -65 7568-56445 

F i g u r e 77 Rib T e s t Spec imen— Head and 
P o r t i o n of Wall Removed to Show Li th ium 

Hydr ide C r y s t a l S t r u c t u r e 
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7568-56467A 

F i g u r e 78 Ribs Removed F r o m Rib T e s t 
Spec imen for Eva lua t ion of L i H - t o - R i b 

Bonding S t reng th 

6 -10 -65 7568-56472A 

F i g u r e 79 Rib Removed F r o m Rib T e s t 
Spec imen Showing Warpage of Rib 

and Rib T a b - t o - C a n Bonding 

5-14-65 7568-56450 

F i g u r e 80 Mockup No 3 Tes t Spec imen 
with W - 2 wt % Mo Alloy Ins ta l led 

NAA-SR-11492 

128 

^ > 



5 - 1 8 - 6 5 7568-56452 

F i g u r e 8 1 . Mockup No. 3 T e s t S p e c i m e n 
S t a in l e s s -S t ee l Wool Mesh P r i o r to 

Welding of Upper Head 

p l aced be tween the c o r e and j a c k e t . C h r o m e l -

a l u m e l t h e r m o c o u p l e s , 0.003 and 0.005 m . 

d i a m e t e r , a r e embedded at the ends and c e n t e r 

of the j a c k e t and c o r e w a l l s . The a s s e m b l y is 

p laced m an ion pump s y s t e m and, af ter c o m 

p le te o u t g a s s m g , a s t e a d y - s t a t e t e m p e r a t u r e 

d i f fe rence i s e s t a b l i s h e d be tween the c o r e and 

j a c k e t . The t h e r m a l conduct iv i ty of the i n s u l a 

t ion IS then ca l cu la t ed on the b a s i s of the t e m 

p e r a t u r e d i f fe rence and the power input r e q u i r e d 

to m a i n t a i n the t e m p e r a t u r e d i f f e r ence . As a 

check , the t h e r m a l conduct iv i ty i s r e c a l c u l a t e d , 

based on the t ime vs t e m p e r a t u r e decay c u r v e , 

when the c o r e h e a t e r i s t u rned off and the c e n t e r -

l ine t e m p e r a t u r e al lowed to r e a c h equ i l i b r i um 

with the j a c k e t t e m p e r a t u r e . A s e r i e s of in 

su la t ions a r e to be s tud ied . An insu la t ion tape 

with a known t h e r m a l conduct iv i ty is being used 

for s y s t e m checkou t . The t ape was wrapped 

a round the c o r e unt i l a snug fit with the j a c k e t 

was ob ta ined . The a s s e m b l e d t e s t a p p a r a t u s 

( F i g u r e 82) was sea led m the ion pumped v a c 

uum t e s t c h a m b e r and o u t g a s s m g was s t a r t e d 

with the c o r e t e m p e r a t u r e at 1300°F and the 

4 - 2 2 - 6 5 7568-4026 

F i g u r e 82 . Insu la t ion T e s t A p p a r a t u s 

j a c k e t t e m p e r a t u r e at 2 9 0 ° F . The s y s t e m i s 
_ o 

opera t ing under a vacuum of 5 x 10 t o r r . The 

t e s t r un wil l begin when o u t g a s s m g i s c o m p l e t e d . 
6. L i th ium Hydr id ing T e s t s 

A s e r i e s of t e s t s to d e t e r m i n e the effective 

r a t e of h y d r i d m g l i th ium m e t a l a s a function of 

t e m p e r a t u r e , su r f ace a r e a , and hydrogen o v e r 

p r e s s u r e has been in i t ia ted m the A.inswoith 

vacuum ba lance s y s t e m . 

The ba lance s y s t e m was modif ied for the 

t e s t s by addi t ion of a new s p e c i m e n s u s p e n s i o n 

t h e r m o c o u p l e and baffle p l a t e s and the i n c o r 

p o r a t i o n of a p r e s s u r e r egu la t ion s y s t e m . The 

s y s t e m will be capab le of studying s a m p l e s at 

t e m p e r a t u r e s up to 1400°F , p r e s s u r e s at 2 a tm 

a b s . , and su r f ace a r e a s to 10 m . 

C. E . Johnson , "SNAP 8 P r o g r e s s Repor t , November 1 9 6 4 - J a n u a r y 1 9 6 5 , ' NAA-SR-10792 (CRD), 
M a r c h 15, 1965, F i g u r e 86, p 126 
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T A B L E 51 

OBSERVATIONS ON THE INTERACTION O F LITHIUM AND LITHIUM HYDRIDE 

T e m p e r a 
t u r e 
( °F) 

O b s e r v a t i o n s 

500 h r 1000 h r 2000 hr 4000 hr 

600 

900 

1200 

Li m e t a l had d r a i n e d 
c l ean when capsu l e 
was i n v e r t e d at 
6 0 0 ° F . LiH a p p e a r e d 
unchanged al though 
s tuck to cap&ule. 

Li did not d r a i n 
f rom LiH s a m p l e 
when i n v e r t e d at 
9 0 0 ° F . Sur face of 
LiH a p p e a r e d un 
changed . 

The L i - L i H a p p a r 
ent ly i n t e r a c t e d to 
f o r m a liquid which 
flowed when the 
c a p s u l e was i nve r t ed 
and d ra ined at 
1 2 0 0 ° F . 

Li m e t a l d r a i n e d f rom 
LiH s a m p l e . A p p a r 
ent ly no change in the 
LiH p e l l e t . 

S a m e as 500-hour t e s t 
although c a p s u l e was 
kept i nve r t ed at 6 0 0 ° F 
for 3 d a y s . 

The Li did not d r a i n 
when i n v e r t e d at 
6 0 0 ° F . LiH s a m p l e 
comple t e ly i n t e r a c t e d 
except for a s m a l l 
t r a c e adhe r ing to the 
c a p s u l e w a l l s . 

Li did not d r a i n f rom 
Li H s a m p l e at 600° F . 

C a p s u l e leaked a i r — 
a p p a r e n t l y c o r r o s i o n 
of pinch-off tube at 
edge of lower p inch . 
The wa l l s of the c a p 
sule w e r e coa ted with 
a 1 / 8 - i n . - t h i c k l a y e r 
of h a r d m a t e r i a l . 

Only s m a l l f lecks of 
LiH could be found m 
the Li m a t r i x m a t e r i a l . 
Did not d r a i n at 600 ° F . 

I n 
p r o g r e s s . 

I n 
p r o g r e s s . 

In 
p r o g r e s s . 

WEIGHT MATERIAL 
PERCENT 

20 TUNGSTEN 

9 LiH 

TUNGSTEN 

LiH 

46 

13 

DEPLETED 
URANIUM 

LiH 

SHIELD 
REGION 

GAMMA SHIELD 

NEUTRON SHIELD 

GAMMA SHIELD 

NEUTRON SHIELD 

NaK GALLERY 
(220 curies NaZ'') 

GAMMA SHIELD 

NEUTRON SHIELD 

CORE NEUTRONS 2% 

7-9-G5 

NaK COOLANT 
ACTIVITY 20''» 

CORE NEUTRONS 8°» 

CORE GAMMAS 6°o 

F i g u r e 83. 477 Shield Weight and Dose Con t r ibu t ions 
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The s y s t e m is now undergo ing in i t i a l check 

out , and h y d r i d m g t e s t s will beg in when the 

checkout is conc luded . 

7. B r a z e Compa t ib i l i t y with LiH 

The s e a r c h for a c o m m e r c i a l b r a z e a l loy , 

c o m p a t i b l e with m o l t e n l i th ium h y d r i d e (mel t ing 

point about 1268°F or 686°C) dur ing the shie ld 

cas t ing o p e r a t i o n , r e v e a l e d that the Haynes 

S te l l i t e 157 al loy (70.5 Co, 21 C r , 4.5 W, 2.4 B, 

and 1.6 Si) p o s s e s s e d outs tanding c o r r o s i o n r e 

s i s t a n c e for 100 h o u r s . * A s p e c i m e n i s c u r 

r e n t l y under t e s t a t 1300°F and wil l be examined 

af ter 2000 h o u r s of e x p o s u r e . 

8. L i - L i H I n t e r a c t i o n Study 

The benef ic ia l effect of the addi t ion of Li 

m e t a l on the c a s t LiH shie ld p r o p e r t i e s d i c 

ta ted addi t ional s tud ies to define the l o n g - t e r m 

i n t e r a c t i o n of Li m e t a l on LiH at e leva ted t e m 

p e r a t u r e s . Twelve s t a i n l e s s - s t e e l c a p s u l e s 

w e r e p r e p a r e d , each conta ining a s m a l l cy l in 

der of c a s t LiH and an a p p r o x i m a t e l y equal 

vo lume of m e t a l l i c L i . The cy l inder of LiH 

v/as held in the bo t tom of the c a p s u l e by a 

s t a i n l e s s - s t e e l s c r e e n to p e r m i t the m o l t e n Li 

m e t a l to d r a m f rom the s p e c i m e n when i n v e r t e d . 

The c a p s u l e s w e r e o u t g a s s e d , evacua ted , b a c k 

filled with h y d r o g e n to p r o v i d e 1 a tm i n t e r n a l 

p r e s s u r e at the t e s t t e m p e r a t u r e , and h e l i a r c 

welded . The c a p s u l e s w e r e p laced m a t e s t 

f u r n a c e , hea t ed for the specif ied t i m e , and in 

v e r t e d . Tab le 51 s u m m a r i z e s the o b s e r v a t i o n s 

m a d e when the c a p s u l e s w e r e sec t ioned 

l e n g t h w i s e . 

9. G a m m a Shield Deve lopmen t 

The p roduc t i on of c a p t u r e g a m m a r a y s m 

g a m m a shie ld ing m a t e r i a l s , such a s t ungs t en 

and deple ted u r a n i u m , i s an u n d e s i r a b l e fac tor 

if m i n i m u m weight sh i e ld s a r e to be ach i eved . Th i s 

IS i l l u s t r a t e d in F i g u r e 83 which shows a r e c e n t 

m a n r a t e d shie ld layout with the p o i s o n - b a c k e d 

c o n t r o l - d r u m r e f l e c t o r . The r e n d e z v o u s shie ld 

IS t ungs t en while the g a l l e r y shie ld i s dep le ted 

u r a n i u m . The f igure i nd i ca t e s g r a p h i c a l l y what 

the s ignif icant s o u r c e s a r e which m a k e up the 

tota l dose behind the shadow shield and ou ts ide 

the r e n d e z v o u s shield for th i s d e s i g n . It is 

c l e a r that a m a t e r i a l with low c a p t u r e - g a m m a -

r a y p roduc t i on can r e s u l t m lower shie ld 

w e i g h t s . Th i s has d i r e c t e d a t t en t ion to g a m m a 

shielding m a t e r i a l s , such a s lead or z i r c o n i u m 

h y d r i d e , v/hich have a low c a p t u r e - g a m m a - r a y 

p r o d u c t i o n . 

F o u r r e n d e z v o u s sh ie ld concep t s w e r e a n a 

lyzed to d e t e r m i n e which would r e s u l t m the 

l i gh t e s t to ta l shie ld we igh t . The r e s u l t s , shown 

m F i g u r e 84, i nd i ca t e tha t the l iquid lead r e n 

dezvous shield r e s u l t s m a 23% weight saving 

over the tungs ten r e n d e z v o u s sh i e ld . L e s s 

weight saving was found for the z i r c o n i u m h y 

d r i d e and the z i r c o n i u m h y d r i d e / l i t h i u m h y d r i d e 

a g g r e g a t e . Fo r th i s c o m p a r i s o n , the m a t e r i a l s 

and r e g i o n t h i c k n e s s of the s h a d o w - s h i e l d p o r 

t ion w e r e held the s a m e . 

Liquid lead sh ie lds used m v a r i o u s con

cep tua l s t ud i e s of m a n r a t e d s h i e l d s , both m the 

r e n d e z v o u s shie ld p o r t i o n and the shadow sh ie ld , 

have shown s ignif icant weight s av ing . 

The low a b s o r p t i o n c r o s s s ec t ion of p u r e 

lead r e d u c e s the c a p t u r e - g a m m a - r a y p r o d u c t i o n 

by a fac tor of about 100 over m a t e r i a l s such a s 

t ungs t en or dep le ted u r a n i u m . B e c a u s e lead 

does not have any r e s o n a n c e s , the u s e of p o i 

s o n s , such a s bo ron , can r e d u c e t h e n e u t r o n 

c a p t u r e s even f u r t h e r . Liquid lead a l s o h a s a 
3 

r e a s o n a b l y high dens i ty of about 10.0 g m / c m , 

which i s an advan tage m shadow s h i e l d s . 

* C . E . J o h n s o n , "SNAP 8 P r o g r e s s Repor t , F e b r u a r y - A p r i l 1 9 6 5 , " NAA-SR-11092 (CRD), 
J u n e 15, 1965 
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- - Z r H LiH 
(AGGREGATE) 

M_iH ' " / ^ Z r H 
-^TUNGSTEN 

GAMMA SHIELD 

NEUTRON SHIELD 

RELATIVE WEIGHT 
(INCLUDING SHADOW 
SHIELD) 

ESTIMATED DEGREE OF 
DEVELOPMENT EFFORT 

ESTIMATED UNIT 
PRODUCTION COST 

o 
2 6 111 

118 in 

100 

10 

10 

& 
2 3 in 

9 6 in 

77 

1 5 

09 

© 
1 0 in 

9 l i n 

91 

30 

25 

TUNGSTEN 

o 
1 0 in 

9 7 in 

1 5 

0 95 

7-12-65 7569-02100 

F i g u r e 84. Rendezvous Shield Concep t s 

M^f 'M "̂**•'-*•''• 

6-21-65 7568-56480 

F i g u r e 86. L i H - Z r H Aggrega t e Cas t in 
a T i t a n i u m Tube 

•r.i'-iih;ariiiia^.rit*'''''!...aj--

6-21-65 7568-56479 

F i g u r e 87. R e l e a s e d Cas t ing and T i t a n i u m -
Coated , S t a i n l e s s - S t e e l Mold 

4 - 1 3 - 6 5 7568-47255 

F i g u r e 85 . L i th ium Hydr ide Cas t m a 
T i t an ium Tube 
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Using c u r r e n t t echnology , a con ta ine r can 

be des igned tha t wil l a c c o m m o d a t e the change 

of p h a s e and t h e r m a l expans ion of the lead d u r 

ing r e a c t o r s t a r t u p . Lead h a s a low vapor p r e s 

s u r e at high t e m p e r a t u r e (1.0 m m of Hg at 

1809°F) , so the shie ld wil l not be a p r e s s u r e 

v e s s e l . The c o r r o s i o n p r o p e r t i e s of l iquid lead 

a r e wel l d o c u m e n t e d . A p a r t i c u l a r l y l a r g e 

amount of da ta ava i l ab le at 1800°F i nd i ca t e s 

that su i t ab le c o r r o s i o n - r e s i s t a n t con ta ine r 

m a t e r i a l s a r e ava i l ab l e for l iquid lead shie ld 

f a b r i c a t i o n s a t th i s t e m p e r a t u r e . 

Eva lua t ion of the lead g l a s s s a m p l e , c a s t in 

the l a b o r a t o r y , showed no weight saving advan

tage over a m a t e r i a l such a s dep le ted u r a n i u m 

for a m a n r a t e d spl i t shadow sh ie ld . The c o m 

pos i t i on of the lead g l a s s s a m p l e c o r r e s p o n d e d 

to 4 P b O - l B 2 0 or about 11 wt % B^O . The 

low d e n s i t y of the m a t e r i a l (6.91 g m / c m ), p lus 

the amount of oxygen and b o r o n vi^hich a r e i n 

efficient g a m m a a t tenua t ing m a t e r i a l s , offset 

the m a t e r i a l s advan tage of v e r y low c a p t u r e -

g a m m a - r a y p r o d u c t i o n . 

10.Mold R e l e a s e T e s t s 

When LiH is c a s t m s t a m l e s s - s t e e l con 

t a i n e r s , a bond is fo rmed be tween the con ta ine r 

and LiH m a s s . This bond has been u t i l i zed m 

shield cas ing and suppor t s t r u c t u r a l de s ign . On 

the o the r hand, it is s o m e t i m e s advan tageous 

to have the LiH m a s s r e l e a s e d f rom the con

t a i n e r wal l when the ca s t i ng c o o l s . E x a m p l e s 

a r e the cas t ing of t e s t b a r s or m cas t ing blocks 

of LiH for u s e m sec t iona l a s s e m b l y of l a r g e 

s h i e l d s . The abi l i ty to s e l e c t i v e l y con t ro l the 

bonding be tween l i th ium h y d r i d e and the shield 

cas ing and i n t e r n a l s t r u c t u r e should be useful 

m opt imiz ing the shield d e s i g n . 

C o n t a i n e r s or coat ing m a t e r i a l s that r ap id ly 

fo rm b r i t t l e h y d r i d e s dur ing the LiH cas t ing 

p r o c e s s -were chosen s ince the LiH will not bond 

to the hyd r ide s u r f a c e . T i t an ium and z i r c o n i u m 

w e r e the cand ida te m a t e r i a l s and feas ib i l i ty 

t e s t i ng h a s been done with t i t a n i u m . LiH h a s 

been c a s t under a hyd rogen a t m o s p h e r e m a 

t i t an ium tube and found to r e l e a s e r e a d i l y at 

r o o m t e m p e r a t u r e ( F i g u r e 85). T r a n s v e r s e 

r u p t u r e t e s t s r e s u l t e d in a modu lus of r u p t u r e 

of 4010 ps i for one s p e c i m e n , c o m p a r e d to 

133 ps i m publ i shed v a l u e s . The h igher va lues 

a r e p r o b a b l y due to a b s e n c e of i n t e r n a l c r a c k s 

u s u a l l y f o rmed dur ing cooling of c a s t s p e c i 

m e n s m n o n r e l e a s m g m o l d s , A L i H - Z r H 

a g g r e g a t e was a l so c a s t m a t i t an ium tube and 

was ea s i l y r e m o v e d ( F i g u r e 86). 

Addi t ional t e s t s w e r e conducted w h e r e i n 

t i t an ium was depos i t ed on s t a m l e s s - s t e e l and 

m i l d - s t e e l mold s u r f a c e s by vapor depos i t i on . 

T h e s e c a s t i n g s w e r e a l so r e a d i l y r e m o v e d f rom 

the m o l d . F i g u r e 87 shows the r e l e a s e d cas t ing 

and t i t a n i u m - c o a t e d , s t a i n l e s s - s t e e l m o l d . 

One s a m p l e of LiH c a s t into a z i r c o n i u m 

mold could not be eas i ly r e m o v e d . 
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VI. SNAP 8 EXPERIMENTAL REACTOR (S8ER) 

A. INTRODUCTION AND SUMMARY 

The ob jec t ives of the S8ER a r e to d e m o n 

s t r a t e r e a c t o r o p e 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 at both 450 and 

600 kwt . The t e s t s a r e r e q u i r e d to ver i fy the 

SNAP 8 des ign and to p rov ide e x p e r i m e n t a l data 

upon which to b a s e the r e f e r e n c e des ign . 

The o p e r a t i o n a l phase of the S8ER t e s t p r o 

g r a m has been c o m p l e t e d and al l ob jec t ives have 

been a c c o m p l i s h e d . P r e s e n t l y , the s y s t e m is 

unde rgo ing d i s a s s e m b l y and p o s t - o p e r a t i o n s 

examina t ion . Both the p r i m a r y and s e c o n d a r y 

NaK s y s t e m s have been d i s a s s e m b l e d All 

componen t s w e r e v i sua l ly s c r e e n e d upon r e 

m o v a l . Se lec ted componen t s have been s u b 

m i t t e d for d e t a i l e d m e t a l l o g r a p h i c examina t ion . 

The r e s u l t s of p r e l i m i n a r y examina t ion p e r 

f o r m e d to date ind ica te that componen t s and 

piping of both NaK s y s t e m s a r e m good condi t ion . 

B. SYSTEM DISASSEMBLY 

Soon af te r final shutdown of the S8ER on 

A p r i l 15, 1965, the s e c o n d a r y coolant s y s t e m 

w a s d r a i n e d and d i s a s s e m b l e d . C i r cu l a t i on of 

the NaK p r i m a r y coolant cont inued for six w e e k s 

a f te r shutdov/n to r e m o v e shutdoTvn decay hea t , 

a f ter which t ime the p r i m a r y coolant s y s t e m 

w a s d r a i n e d and f lushed twice wi th NaK to m i n i 

m i z e r a d i o a c t i v e con tamina t ion w i t h m the piping. 

The p r i m a r y coolant s y s t e m piping w i t h m the 

p r i m a r y vault w a s then d i s a s s e m b l e d . 

D i s a s s e m b l y of both p r i m a r y and s e c o n d a r y 

piping p r o c e e d e d m a s i m i l a r m a n n e r , wi th the 

excep t ion of the con tamina t ion c o n t r o l r e q u i r e d 

m d i s a s s e m b l y of the p r i m a r y piping. F i r s t , 

i n su la t ion was r e m o v e d and e x t e r n a l s u r f a c e s 

and t h e r m o c o u p l e s w e r e i n s p e c t e d . P i p e s w e r e 

then m a r k e d for ident i f ica t ion and to ind ica te 

cut l o c a t i o n s . 

As pipe s e c t i o n s w e r e cut and r e m o v e d , they 

w e i e i n spec t ed for a b n o r m a l i t i e s . They w e r e 

then c l eaned with an o rgan ic c l e a n e r and p a c k 

aged for m o r e de ta i l ed examina t ion if r e q u i r e d . 

Visual e x a m i n a t i o n s r e v e a l e d that the piping 

was m s a t i s f a c t o r y condi t ion . Dur ing d i s a s 

s emb ly of the s e c o n d a r y piping two g r a n u l a r 

depos i t s ( F i g u r e 88) w e r e d i s c o v e r e d . The 

depos i t s had the v i sua l a p p e a r a n c e of NaK oxide . 

T h e s e depos i t s a r e now undergo ing de ta i l ed 

c h e m i c a l a n a l y s i s . No such depos i t s w e r e o b 

s e r v e d m the p r i m a r y s y s t e m . 

FoUov/mg p r i m a r y piping d i s a s s e m b l y in the 

vaul t , c o n t r o l - d r u m - d r i v e m o t o r s , c o n t r o l -

d r u m pos i t ion i n d i c a t o r s , and p r i m a r y piping 

w e r e r e m o v e d f rom above the shutdown shie ld 

m the con ta inmen t v e s s e l . 

C. CORE REMOVAL 

A c o r e lifting tool (F igu re 89), to be u s e d to 

engage the S8ER c o r e as a un i t ized package for 

r e m o v a l f rom the r e a c t o r v e s s e l , w a s des igned , 

f a b r i c a t e d , and t e s t e d with mockup equ ipment . 

The c o r e wi l l be lifted into the c o r e t r a n s p o r 

ta t ion c a s k , shown m F i g u r e 90 being fi t ted to 

the 14 - in . - t h i ck sh ie ld wh ich wi l l p rov ide sh i e ld 

ing and tool a c c e s s du r ing c o r e r e m o v a l . R e 

h e a r s a l s w e r e conducted of c o r e r e m o v a l and 

of c a s k t r a n s p o r t a t i o n to the AI hot l a b o r a t o r y 

w h e r e the c o r e package wi l l be d i s a s s e m b l e d 

and fuel e l e m e n t s wi l l be examined . 
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7-24-65 7568-02334 

F i g u r e 88 . G r a n u l a r Depos i t s m NaK P ipe 

6 -17-65 7568-18671 

F i g u r e 89. Core Lifting Tool 
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7 - 1 5 - 6 5 7568-56490 

F i g u r e 90. Core T r a n s p o r t a t i o n Cask 
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• VII. SNAP 8 DEVELOPMENTAL REACTOR MOCKUP (S8DRM-1) 

A. INTRODUCTION AND SUMMARY 

The SNAP 8 deve lopmen ta l r e a c t o r mockup 

(S8DRM-1) IS a n o n n u c l e a r p ro to type s y s t e m 

u s e d to ver i fy the r e f e r e n c e des ign . As th i s 

Sys t em i s the f i r s t a t t empt to ver i fy the SNAP 8 

n u c l e a r s y s t e m , s o m e mal func t ions a r e expec ted . 

F a i l e d componen t s a r e r e p l a c e d or r e d e s i g n e d 

as n e c e s s a r y foUo'wing the t e s t i n g . 

The m a m ob jec t ives of the S8DRM-1 p r o g r a m 

a r e to (1) p rov ide t e s t i n fo rma t ion useful for 

the deve lopmen t of the r e f e r e n c e c o m p o n e n t s 

and r e a c t o r s y s t e m s , (2) t e s t t he adequacy of 

the f ab r i ca t ion t echn iques of the r e a c t o r c o m 

p o n e n t s , (3) deve lop and p r o v e the r e a c t o r and 

s y s t e m a s s e m b l y and checkout p r o c e d u r e s ; and 

(4) d e m o n s t r a t e that the r e a c t o r and componen t s 

can wi th s t and the launch condi t ions and o p e r a t e 

subsequen t ly m s i m u l a t e d space e n v i r o n m e n t s . 

The f o r m a l t e s t p r o g r a m for the S8DRM-1 

inc ludes an a s s e m b l y t e s t , a s t a r t u p r e l i ab i l i t y 

t e s t , a p r e l a u n c h en\ i r o n m e n t a l t e s t , a launch 

e n v i r o n m e n t a l t e s t , an o r b i t a l s t a r t u p t e s t , and 

an e n d u r a n c e t e s t unde r s i m u l a t e d s p a c e v a c u u m . 

The t e s t p r o g r a m has been c o m p l e t e d th rough 

the launch e n v i r o n m e n t t e s t . The modi f i ca t ions 

of the r e a c t o r to add r e v i s e d c o m p o n e n t s and to 

r e p l a c e the fa i led componen t s w e r e c o m p l e t e d . 

The de s igns and p lans to modify the e n v i r o n -
-9 -10 

m e n t a l t e s t faci l i ty to m a i n t a i n 10 to 10 t o r r 

p r e s s u r e dur ing e n d u r a n c e t e s t ing w e r e a l so 

c o m p l e t e d . At this point , the t e s t p r o g r a m was 

t e r m i n a t e d . The r e a c t o r s y s t e m , sh i e ld , t e s t 

equ ipment , and faci l i ty a r e be ing p r e p a r e d for 

s t o r a g e . 

B . REACTOR COMPONENTS 

The accep t ance t e s t of the modif ied des ign 

c o n t r o l d r u m a c t u a t o r s •was success fu l ly c o m 

p le t ed . The r e v i s e d des ign i n c o r p o r a t e d the 

l a r g e r d i a m e t e r field and b r a k e coi l w i r e s 

(27 gage vs 30 gage) as we l l as o the r i m p r o v e 

m e n t s to i n c r e a s e the p e r f o r m a n c e r e l i ab i l i t y . 

A new se t of cab le h a r n e s s e s was f ab r i ca t ed 

and a c c e p t a n c e t e s t e d . T h e s e cab le h a r n e s s e s 

u t i l i zed the l a t e s t t echn ique of t e r m i n a t i n g the 

cab le conduc to r to the connec to r pm as d e v e l -
S 

oped for the S8DS. 

C. REACTOR ASSEMBLY 

The S8DRM-1 r e a c t o r a s s e m b l y was c o m 

p le te ly rebu i l t us ing the following p a r t s of 

modi f ied des ign (1) c o n t r o l d r u m a c t u a t o r , 

(2) cab le h a r n e s s , and ( 3 ) c o n t r o l - d r u m b e a r i n g . 

Those p a r t s which had been d a m a g e d dur ing the 
§ 

launch e n v i r o n m e n t t e s t w e r e a l so r e p l a c e d . 

The c o m p a r i s o n of the m e a s u r e d t o r q u e s of the 

c o n t r o l d r u m w^ith the old and the new c o n t r o l -

d r u m b e a r i n g s a r e shown m Table 52. 

t 

C. E. Johnson , ' S N A P 8 P r o g r e s s R e p o r t , F e b r u a r y - A p r i l 1965," NAA-SR-11092 (CRD), 
June 15, 1965 

t C . E. J o h n s o n , "SNAP 8 Q u a r t e r l y P r o g r e s s R e p o r t , May-Tuly 1964, NAA-SR-9992 (SRD), 
S e p t e m b e r 22, 1965 

§C. E . J o h n s o n , " P r o g r e s s R e p o r t , SNAP 8, A u g u s t - O c t o b e r 1964, NAA-SR-10492 (SRD) 
D e c e m b e r 23, 1965 
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TABLE 52 

CONTROL-DRUM TORQUE DATA 

D r u m 
N u m b e r 

1 

2 

3 

4 

5 

6 

Torque Out 
( m . 

N e w 
B e a r i n g 

44 

30 

36 

37 

20 

18 

-oz) 

O l d 
B e a r i n g 

192 

58 

58 

112 

58 

28 

Torq 
(m.-

N e w 
B e a r i n g 

4 8 

25 

35 

39 

28 

28 

ae In 
o z ) 

O l d 
B e a r i n g 

208 

48 

4 9 

94 

48 

40 

D. TEST FACILITY 

A modif ied des ign of the NaK h e a t e r a s s e m 

bly u s e d as an i n - c o r e - v e s s e l hea t s i m u l a t o r 

w a s c o m p l e t e d . The f ab r i ca t ion of the new 

h e a t e r a s s e m b l y is p a r t i a l l y c o m p l e t e d . 

The e n d u r a n c e t e s t v a c u u m s y s t e m was 

modif ied by adding a 16-in. diffusion p u m p . 

The vacuum c o n t r o l conso le was a l so modif ied 

to add an a l a r m s y s t e m as w e l l a s the c o n t r o l 

for the new p u m p . The p l ans to modify the 

vacuum t e s t c h a m b e r fu r the r to obtain and 

m a i n t a i n e n d u r a n c e t e s t p r e s s u r e of below 

_9 

10 t o r r w e r e c o m p l e t e d . As shown on F i g 

u r e 9 1 , the modi f ica t ion c o n s i s t s of the addit ion 

of an ion p u m p , t i t an ium sub l ima t ion g e t t e r 

p u m p , liquid n i t r o g e n , c ryogen ic pane l , and a 

new sec t ion of the vacuum v e s s e l . The de ta i l 

de s igns and the equipnnent spec i f i ca t ion to i n 

c o r p o r a t e t h e s e modi f i ca t ions have b e e n 

c o m p l e t e d . 

NAA-SR-11492 

wmM. 



V I E W PORTS 

r n 7 T n T n r q T r i ~n-i -i 
' ' 1 I I I I 11 M I I I I ' I I ] 

U J I U X U - L I U J J L L I 
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Figure 91. S8DRM-1 Vacuum Test Chamber Modification 
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VIII. SNAP 8 GROUND PROTOTYPE (S8DS) 

A. INTRODUCTION AND SUMMARY 

The c u r r e n t ob jec t ives of the S8DS p r o g r a m 

a r e - to d e t e r m i n e the s t e a d y - s t a t e and t r a n s i e n t 

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 of a SNAP 8 r e 

a c t o r at a v a r i e t y of ope ra t i ng condi t ions i n 

c luding h i g h e r - t h a n - r a t e d power and t e m p e r a t u r e , 

to d e m o n s t r a t e s a t i s f a c t o r y o p e r a t i o n of the 

i m p r o v e d fuel e l emen t des ign and the au tomat i c 

r e f l e c t o r con t ro l f e a t u r e s , to develop and d e m 

o n s t r a t e t e chn iques of au toma t i c s t a r t u p and 

c o n t r o l , to d e t e r m i n e the n u c l e a r and t h e r m a l 

ope ra t i ng c h a r a c t e r i s t i c s of SNAP 8 sh ie ld ing 

m a t e r i a l s m a t yp i ca l r ad ia t ion and t e m p e r a t u r e 

e n v i r o n m e n t , and , if p o s s i b l e to t e s t the r e 

a c t o r as a componen t of a n u c l e a r e l e c t r i c power 

gene ra t i ng s y s t e m . 

Anodized b e r y l l i u m t e s t s a m p l e s for the 

b e r y l l i u m r e f l e c t o r y ie lded lower than des ign 

point e m i s s i v i t i e s wh ich wi l l i n c r e a s e the o p e r 

at ing t e m p e r a t u r e of the r e f l e c t o r . R e - a n a l y s i s 

of t h e a s - b u i l t cab le h a r n e s s r e m o t e c o n n e c t o r 

i nd ica t ed tha t o p e r a t i n g t e m p e r a t u r e could be 

h igher than the des ign capabi l i ty of the connec to r 

and the t h e r m a l effects of v a r i o u s des ign p a 

r a m e t e r s a r e being eva lua ted to d e t e r m i n e what 

mod i f i ca t ions m u s t be m a d e to the connec to r 

de s ign . The r e a c t o r c o r e v e s s e l f i tup, c o m 

p le ted s c r a m ki t , a c t u a t o r s , l imi t s w i t c h e s , 

and a s s e m b l y and a c c e p t a n c e t e s t f ix tu res a r e 

shown m a s e r i e s of p h o t o g r a p h s . 

B. THERMAL ANALYSIS 

1. Component T e m p e r a t u r e s 

The S8DS componen t t e m p e r a t u r e an a ly s i s 

was r e v i s e d to re f lec t m o r e r e c e n t i n fo rma t ion 

on the a s - b u i l t conf igura t ion of the S8DS r e a c t o r 

a s s e m b l y . 

Recen t t e s t i n g of S8DS anodized b e r y l l i u m 

t e s t s a m p l e s ind ica ted tha t the e m i s s i v i t y of the 

anodized b e r y l l i u m r e f l e c t o r s would be s ign i f i 

cant ly lower (f = 0.5) than the value used m the 

o r i g i n a l a n a l y s i s (e - 0.8). M e a s u r e m e n t s w e r e 

a l so m a d e on the vacuum c h a m b e r as i n s t a l l ed 

for the S8DS t e s t and it w a s found to have a 

r o o m t e m p e r a t u r e e m i s s i v i t y of a p p r o x i m a t e l y 

0 .15. The r e d u c e d e m i s s i v i t y of the r e f l e c t o r s 

and high re f l ec t iv i ty of the v a c u u m c h a m b e r 

combined to p roduce t e m p e r a t u r e s 25 to 100°F 

h igher than the nomina l va lues p r e v i o u s l y 

r e p o r t e d . 

In o r d e r to m a i n t a i n component t e m p e r a t u r e s 

at a p p r o x i m a t e l y the s a m e leve l as r e p o r t e d m 

the p r e v i o u s component t e m p e r a t u r e a n a l y s i s , 

it IS r e q u i r e d that (1) the S8DS vacuum c h a m 

b e r be coa ted to r e d u c e i ts re f lec t iv i ty and 

(2) that a spec i a l high e m i s s i v i t y coat ing be 

used on the e x t e r i o r su r f ace of the S8DS r e f l e c 

t o r s h i m s . A c o m p a r i s o n of t e m p e r a t u r e s 

c o r r e s p o n d i n g to the o r ig ina l a s s u m p t i o n s , the 

a s - b u i l t conf igura t ion , and the r e c o m m e n d e d 

modif ied des ign is shown m Table 53 . 

2. Shield T e m p e r a t u r e s 

Ini t ia l a n a l y s i s of the S8DS shie ld t e m p e r a 

t u r e s a s s u m e d v e s s e l wa l l e m i s s i v i t y of 0.6. 

With the e m i s s i v i t y of the v e s s e l wa l l - 0 . 2 , the 

heat load on the s ide of the shie ld is s ignif icant 

due to t h e r m a l r ad i a t ion f rom the c o r e r e f l ec t ed 

f rom the low e m i s s i v i t y w a l l s . A p r e l i m i n a r y 

a n a l y s i s t ak ing t h e s e changes into account ind i 

ca ted that the m a x i m u m sh ie ld t e m p e r a t u r e for 

600-k:wt, 1300°F out le t coolant t e m p e r a t u r e s 

should be l e s s than 900 ° F , indica t ing that no 

p r o b l e m s should ex is t due to shie ld t e m p e r a 

t u r e s . A s u r v e y of the sh ie ld t e m p e r a t u r e s for 

v a r i o u s c o r e power l eve l s and NaK t e m p e r a 

t u r e s is being ana lyzed . 
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TABLE 53 

COMPONENT TEMPERATURE COMPARISON 

> 

i4̂  

Component 
Descr ip t ion 

D r i v e Ac tua to r , Lower 
End P la t e 

Actuator Rotor , Lower 
Shaft (at Bear ing) 

Actuator Rotor (Center) 

Actuator S ta t e r (Center) 

Actuator Case 

Actuator Upper End P la te 

Actuator Ro to r , Upper 
Shaft (at Bear ing) 

Actuator Brake Housing 

Actuator Brake Teeth 

Actuator B rake Spring 

Drive Pinion 

Drive Gear Teeth 

Drive Gear Shaft Bear ing 

Drive Bellows 

Upper Ref lec tor Bear ing 
Bracket at Ref lector 

Upper Ref lec tor Bear ing 
Housing at Race 

Upper Ref lec tor Bear ing 
Socket 

Upper Ref lec tor Bear ing Ball 

Upper Ref lec tor Bea r ing 
Bushing 

Upper Ref lec tor Dr ive Shaft 

Upper Cont ro l Drum Bracke t 
at Drum 

Maximum Bery l l i um, Cusp 

Maximum Bery l l i um Drum, 
Inner F a c e 

P r e v i o u s 
Nominal 

Opera t ing 
T e m p e r a t u r e 

(°F) 

9 3 0 

9 3 0 

9 4 0 

8 8 5 

8 8 0 

8 3 5 

905 

7 8 0 

8 8 0 

8 8 0 

9 0 5 

8 6 0 

8 5 5 

8 7 5 

1180 

1025 

1025 

1030 

1030 

1045 

1215 

1295 

1245 

C u r r e n t 
As-Bui l t 

T e m p e r a t u r e 
CF) 

1010 

1035 

1040 

9 9 0 

9 8 5 

9 7 5 

1020 

9 0 0 

1010 

1010 

1015 

985 

9 8 0 

1005 

1260 

1155 

1155 

1160 

1160 

1170 

1310 
1370 

1340 

T e m p e r a t u r e With 
Recommended 

Changes 
(°F) 

985 

1005 

1015 

965 

9 6 0 

9 5 0 

995 

8 7 0 

985 

9 8 5 

985 

955 

945 

9 7 0 

1215 

1120 

1120 

1120 

1120 

1125 

1230 
1315 

1250 

Component 
Descr ip t ion 

Maxim.um Bery l l i um D r u m , 
Outer F a c e 

Lower Be ry l l i um Stat ionary 
Ref lec tor at Bear ing Bracke t 

Upper Be ry l l i um Sta t ionary 
Ref lector at Bear ing Bracke t 

Reflector Sys tem Hinge P in 
Mounting Bracke t 

Lower Ref lector Bear ing 
Bracke t at Reflector 

Lower Ref lector Bear ing 
Housing at Race 

Lower Ref lector Bear ing 
Socket 

Lower Ref lector Bear ing Ball 
Lower Ref lector Bear ing 

Bushing 

Lower Ref lector Drive Shaft 

Lower Control Drum Bracke t 
at D r u m 

S c r a m Kit Upper Drive Shaft 
Bea r ing 

S c r a m Clutch Coil Housing 

S c r a m Clutch Teeth 

S c r a m Opera t ing Spring 

S c r a m Clutch Coil 
(With E l e c t r i c a l Heating) 

Pos i t ion Sensor Shaft Coupling 

Pos i t ion Sensor Rotor 

Pos i t ion Sensor Case 

Pos i t ion Sensor Lower 
Bear ing 

P rev ious 
Nominal 

Operat ing 
T e m p e r a t u r e 

(°F) 

1140 

1105 

1205 

1130 

1083 

1006 

1007 

1023 

1023 

1072 

1210 

590 

730 

735 

570 

7 7 0 

605 

-
-

-

Curren t 
As-Bui l t 

T e m p e r a t u r e 
("F) 

1265 

1195 

1285 

1185 

1155 

1085 

1085 

1105 

1105 

1165 

1310 

755 

8 5 5 

8 6 0 

7 4 0 

8 9 0 

790 

715 

675 

675 

T e m p e r a t u r e With 
Recommended 

Changes 
(°F) 

1160 

1160 

1240 

1160 

1125 

1055 

1055 

1075 

1075 

1120 

1230 

710 

835 

8 4 0 

695 

8 7 5 

745 

675 

630 

630 



. • . « V . d • • • * • • • • • • • 

• a > • • • • • • • • • • 
• • • • • • • f^ * • e • • • 

w A l H 

• •• • • • • • • « • 
« • * s 

.VM4 

3 . Cable H a r n e s s Remote Connec to r A s s e m b l y 

R e - a n a l y s i s of the a s - b u i l t S8DS cable h a r 

n e s s r e m o t e c o n n e c t o r a s s e m b l y ind ica ted that 

the m a x i m u m t e m p e r a t u r e could be ove r 500 °F 

o r 100 °F h ighe r than the des ign t e m p e r a t u r e 

(400°F) . P r e l i m i n a r y ca l cu l a t i ons showed that 

the t h e r m a l r ad i a t ion f r o m the r e a c t o r e x t e r i o r 

and the p r i m a r y NaK p ipes to the r e m o t e con

n e c t o r a s s e m b l y w a s the p r i n c i p a l heat s o u r c e . 

The a n a l y s i s of the r e m o t e c o n n e c t o r t e m p e r a 

t u r e s ind ica ted that the u n c e r t a i n t y m the s u r 

face con tac t hea t t r a n s f e r coefficient be tween 

s u r f a c e s m v a c u u m p roduced a l a r g e v a r i a t i o n 

m the p r e d i c t e d m a x i m u m t e m p e r a t u r e and that 

the effect of t h e r m a l r ad i a t ion t r a n s f e r f rom the 

hot r e a c t o r e x t e r i o r and NaK p ipes could be 

s ignif icant ly r e d u c e d by in s t a l l i ng r a d i a t i o n 

b a r r i e r s . By i n s e r t i n g two po l i shed p l a t e s 

(C ~ 0.2) be tween the r e m o t e c o n n e c t o r and the 

hot s u r f a c e s , the t h e r m a l flux to the r e m o t e 

connec to r can be r e d u c e d by a p p r o x i m a t e l y a 

f ac to r of 3 . 

The s u r f a c e con tac t hea t t r a n s f e r coefficient 

of the r e m o t e c o n n e c t o r a s s e m b l y is being d e 

t e r m i n e d e x p e r i m e n t a l l y by m e a s u r i n g the 

t r a n s i e n t t e m p e r a t u r e r e s p o n s e of v a r i o u s c o m 

ponen t s of an S8DS r e m o t e connec to r hea ted m 

v a c u u m . The va lues of the s u r f a c e con tac t 

heat t r a n s f e r coeff ic ients a r e ob ta ined by c o m 

p a r i n g the t r a n s i e n t t e m p e r a t u r e r e s u l t s at 

v a r i o u s t i m e s us ing an analog m o d e l s i m u l a t i o n . 

The t e m p e r a t u r e s of the r e m o t e connec to r o p e r 

a t ing u n d e r v a r i o u s p h y s i c a l condi t ions a r e being 

d e t e r m i n e d us ing the s a m e analog se tup modif ied 

to s i m u l a t e the r e a c t o r e n v i r o n m e n t . 

The effect of va ry ing the following i t e m s is 

be ing i nves t i ga t ed to d e t e r m i n e t h e i r effect on 

the c o n n e c t o r t e m p e r a t u r e s and to d e t e r m i n e 

what modi f i ca t ions need to be m a d e to the c o n 

n e c t o r des ign (a) t h e r m a l b a r r i e r , (b) r e 

des ign ing c e r t a i n c o m p o n e n t s , (c) us ing duct i le 

m a t e r i a l to s igni f icant ly i n c r e a s e conduct ion 

betv/een s u r f a c e s , and (d) s e l ec t i ve ly coat ing 

componen t s u r f a c e s wi th high or low e m i s s i v i t y 

c o a t i n g s . 

C REACTOR CORE VESSEL AND INTERNALS 

The c o m p l e t e d r e a c t o r c o r e componen t s a r e 

shown m F i g u r e 92 and the t r i a l f i t -up of the 

c o r e i n t e r n a l s (with d u m m y fuel e l e m e n t s ) is 

shown m sequence m F i g u r e s 93 (flow baffle), 

94 ( lower g r id p la te ) , 95 (half c o r e of i n t e r n a l 

r e f l e c t o r s and dummy fuel e l e m e n t s ) , 96 (full 

c o r e ) , and 97 (upper gr id p la te) The t r i a l f i t -

up of the r e a c t o r c o r e and suppor t s t r u c t u r e i s 

shown m F i g u r e 98. 

D NEUTRON SHIELD 

The sh ie ld void vo lume m e a s u r e d af ter 

ca s t ing the l i th ium hydr ide r e v e a l e d a dens i ty 

of 94 .1% of the t h e o r e t i c a l m a x i m u m The 

sh ie ld was sub jec ted to a t h e r m a l cycle t e s t , 

as a r e s u l t , the conica l sec t ion d i s t o r t e d s l ight ly 

leaving a c o r r u g a t i o n effect with the lower head 

bulged down. T h e s e d i s t o r t i o n s should have no 

effect on the end u s e . Rad iograph ic examina t ion 

of the sh ie ld r e v e a l e d a low dens i ty r eg ion down 

the c e n t e r cons i s t i ng of mul t ip le c r a c k s and 

s o m e s e p a r a t i o n of l i th ium hydr ide f rom the r ib 

s t r u c t u r e . 

E R E F L E C T O R AND DRIVES 

The S8DS r e f l e c to r des ign was modif ied to 

u s e a 3-in - th ick sh im (a 2 m . i n c r e a s e ) The 

in i t i a l s y s t e m wi l l u t i l i ze s ing le 3 - in . - t h i ck 

s h i m s and the s tandby r e f l e c t o r s y s t e m will 

u t i l i ze t h r e e l - m . - t h i c k s h i m s for a to t a l s h i m 

t h i c k n e s s of 3 m . added to the 2- in . d r u m . This 

change was m a d e to p rov ide addi t iona l r e a c t i v i t y 

m a r g i n for i n c r e a s e d life o r for p o s s i b l e o p e r a 

t ion at h i g h e r - t h a n - r a t e d power and t e m p e r a t u r e 

(above 600 kwt, 1300°F) . The new s h i m s wil l 

have a s p e c i a l high e m i t t a n c e coa t ing . A t e s t 

and eva lua t ion p r o g r a m of the high e m i t t a n c e 

coat ing has been in i t i a t ed ( s ee Sect ion V-G) . 
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7-15-65 7568-12190 
Figure 92 S8DS Reactor Core Components 
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7-15-65 75bt.-12185 

F i g u r e 93 . I n t e r i o r of S8DS Core V e s s e l 
Showing Flow Baffle P l a t e 

7 -15-65 7568-12184 

F i g u r e 94. I n t e r i o r of S8DS Core V e s s e l 
wi th Lower Grid P l a t e Ins ta l led 

7 -15-65 7568-12188 

F i g u r e 95 . S8DS C o r e Vesse l P a r t i a l l y F i l l e d 
wi th I n t e r n a l Re f l ec to r s and Dummy F u e l 

E l e m e n t s 

7 -15-65 7568-12187 

F i g u r e 96. S8DS C o r e Fu l ly Loaded with 
I n t e r n a l R e f l e c t o r s and Dummy F u e l 

E l e m e n t s 
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7-15 -65 7568-12186 

F i g u r e 97. S8DS C o r e V e s s e l with Upper 
Grid P l a t e m P l a c e 

T h r e e s c r a m d r i v e m e c h a n i s m s (shown on 

c lean bench m F i g u r e 99 wi th 12 s c r a m s n u b b e r s ) 

have been a s s e m b l e d and have p e r f o r m e d s a t i s 

f ac to r i ly m p r e o p e r a t i o n a l t e s t s . The p r e o p e r 

a t iona l t e s t s inc luded the m e a s u r e m e n t s of the 

s c r a m c lu tch holding f o r c e , p u l l - m f o r c e , and 

r e s i d u a l m a g n e t i c f o r c e . One of the s c r a m 

dr ive m e c h a n i s m s i s shown m F i g u r e 100. 

F i g u r e s 101 and 102 show one of the twelve 

S8DS s n u b b e r s and a d r ive g e a r a s s e m b l y . 

F . SYSTEM INSTRUMENTATION 

T h r e e a c t u a t o r s and 20 l imi t swi t ches a r e 

shown on the c l ean bench m F i g u r e 103 af ter 

comple t ion of a s s e m b l y . 

G. ASSEMBLY AND A C C E P T A N C E 
TESTING 

The objec t ive of th is function is to a s s e m b l e 

the S8DS r e a c t o r and to conduct n o n n u c l e a r 

component and a s s e m b l y a c c e p t a n c e t e s t s p r i o r 

to d e l i v e r y of the r e a c t o r to the Ground P r o t o -

^ M ^ i 

7-15-65 7568-12181 

F i g u r e 98 . S8DS R e a c t o r Core and 
Support S t r u c t u r e F i t - u p 

type N u c l e a r Tes t F a c i l i t y . Accep tance t e s t i ng 

inc ludes t h e r m a l - v a c u u m t e s t s to ver i fy that the 

S8DS componen t s and final a s s e m b l y wi l l p e r f o r m 

m a c c o r d a n c e wi th final des ign c r i t e r i a . 

1. F a c i l i t y 

All n o n n u c l e a r r e a c t o r a s s e m b l y o p e r a t i o n s 

wi l l be p e r f o r m e d w i t h m a 20 ft by 28 ft p r e 

f ab r i ca t ed l a m m a r - f l o w c lean r o o m ( F i g u r e s 104 

and 105). The r o o m s u r p a s s e s r e q u i r e m e n t s of 
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7568-12179 
F i g u r e 99 S8DS S c r a m M e c h a n i s m s and S c r a m Snubber s 

A s s e m b l e d on Clean Bench 

7 - 2 0 - 6 5 7568-55153f 

F i g u r e 101. S8DS Snubber A s s e m b l y 

> I 
7-20 -65 7568-55143 

F i g u r e 100. S8DS S c r a m Dr ive A s s e m b l y 

7 -20-65 7568-55140 

F i g u r e 102. S8DS Gear Housing 
A s s e m b l y 
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7-14-65 7568-12178 

Figure 103. S8DS Limit Switches and Actuators Assembled on Clean Bench 

6-24-65 7568-52194 

F igure 104. Prefabricated Lammar-Flow Clean Room 
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a C l a s s 10,000 c l ean r o o m ( F e d e r a l S tandard 

No. 209) as d e m o n s t r a t e d dur ing in i t ia l a c c e p t 

ance t e s t s and subsequen t ly du r ing a c t u a l o p e r 

a t i o n s . The air f low i s d i r e c t e d ho r i zon t a l l y , at 

l a m i n a r v e l o c i t i e s , a c r o s s the r o o m f r o m one 

w a l l to the oppos i te w a l l (see F i g u r e 106). This 

i s ach ieved t h r o u g h the u s e of nine p r e a s s e m -

bled b l o w e r - f i l t e r m o d u l e s which a r e bol ted 

t o g e t h e r to f o r m one end w a l l . The oppos i te 

w a l l , which IS the a i r exit w a l l , c o n s i s t s of a 

g r i d - t y p e s t r u c t u r e containing e ighteen l a m i 

na t ed s c r e e n p r e f i l t e r s . The p r e f i l t e r s a r e u s e 

to c r e a t e a i r r e s i s t a n c e to p r o d u c e a i r f low u n i 

fo rmi ty within the c lean r o o m . A r e t u r n - a i r 

p l enum is loca ted be tween the u p p e r and lower 

c e i l i n g s . 

6 - 2 4 - 6 5 7568-52196 

F i g u r e 105. P r e f a b r i c a t e d L a m m a r - F l o w Clean Room, I n t e r i o r View 

BLOWER FILTER 
MODULES 

8-23 65 
RETURN AIR PLENUM 

F i g u r e 106. Hor i zon ta l Airf low P a t t e r n 
m L a m m a r - F l o w Clean Room 

7568-02336 
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8 30 1 ' CONTROL DRUM ROTATING FIXTURE ^ K 7568-18664 a 

F i g u r e 107. S8DS C o n t r o l - D r u m Rotat ing F i x t u r e 

CONTROL DRUM 

CONTROL-DRUM ROTATING 
FIXTURE 

STATIONARY REFLECTORs. 

STATIONARY 
REFLECTOR 

m 
CONTROL DRUM — 

^m^/. 

I^DIAL DEPTH GAGE 

' CONTROL DRUM ROTATING 
FIXTURE 

G 
DIAL DEPTH GAGES 

-^ B 

8 23-65 

A + B = CONTROL DRUM-TO-
VESSEL CLEARANCE 

7568 02337 

F i g u r e 108. S8DS C o n t r o l - D r u m Gap 
MeasureiTient Tool 

DRIVE GEAR 
BACKLASH MOUNTING 

FIXTURE 

8 - 3 0 - 6 5 CONTROL-DRUM ALIGNMENT RODS 

LOWER GRID PLATE 

HANDLING TOOL 

7568-1^600 

0 008 in 
SHIM STOCK 

8-23-65 7568-02338 

F i g u r e 110. S8DS C o n t r o l - D r u m Gap Sh ims 

ACTUATOR DRIVE GEAR 
ADAPTER ASSEMBLY 

•u* 
CONTROL - DRUM BRACKET 

SHAFT ALIGNMENT 
BUSHING 

* • 

ACTUATOR CENTERING BUSHING 

8 - 3 0 - 6 5 

PROTRACTOR ' f l H 
INDEX HOLDER ^ H 

«S« 1 

CONTROL-DRUM BRACKET 
ADAPTER ASSEMBLY 

• _ 

>'ING 

SHAFT ASSEMBIY 

7p^$-m§u, 

F i g u r e 111. S8DS A s s e m b l y Tools 

F i g u r e 109. S8DS Dr ive G e a r B a c k l a s h Mount
ing F i x t u r e , Lower Gr id P l a t e Handling Tool , 

and C o n t r o l - D r u m Al ignmen t Rods 

NAA-SR-114g2_ 
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2. A s s e m b l y Tools 

The tools f a b r i c a t e d for a s s e m b l i n g the S8DS 

r e a c t o r and s c h e m a t i c s depic t ing t h e i r funct ions 

a r e shown m F i g u r e s 107 th rough 117. The 

c o n t r o l - d r u m ro ta t ing f ix ture (F igu re 107) is 

u s e d to d e t e r m i n e the p h y s i c a l c l e a r a n c e b e -

tvifeen a con t ro l d r u m and the r e a c t o r v e s s e l 

(F igu re 108). The lower gr id p la te tool ( F i g 

u r e 109) IS used for i n s e r t i n g the gr id p la te into 

the r e a c t o r v e s s e l and to al ign the gr id p la te 

wi th r e s p e c t to the v e s s e l . C o n t r o l - d r u m a l ign

m e n t rods (F igu re 109) e s t a b l i s h the gap be tween 

a ro ta t ing r e f l e c t o r and a s t a t i o n a r y r e f l e c to r 

(see F i g u r e 110) 

The d r ive g e a r back l a sh mount ing f ix ture 

(F igu re 109) is u sed m conjunct ion with the 

p r o t r a c t o r index ho lde r (F igu re 111) and the 

a c t u a t o r d r i v e g e a r a d a p t e r a s s e m b l y ( F i g 

u r e 111) to d e t e r m i n e d r ive g e a r - p i n i o n b a c k 

l a sh (see F i g u r e s 112 and 113) The c o n t r o l -

d r u m b r a c k e t shaft a l ignment bushing ( F i g 

u r e 111) a l igns the uppe r and lower c o n t r o l -

d r u m shafts wi th r e s p e c t to each o the r and the 

b e r y l l i u m con t ro l d r u m (see F i g u r e 114). The 

a l ignment of an a c t u a t o r d r i v e shaft pmion with 

r e s p e c t to the c o n t r o l - d r u m d r ive shaft is 

a c c o m p l i s h e d by us ing the a c t u a t o r c en t e r i n g 

bushing (F igu re 111) m conjunct ion with the 

a c t u a t o r c e n t e r i n g shaft a s s e m b l y (F igu re 111) 

as dep ic ted m F i g u r e 115 

The c o n t r o l - d r u m b r a c k e t a d a p t e r a s s e m b l y 

(F igu re 111) locks onto the c o n t r o l - d r u m upper 

shaft sp l i ne . A t o r q u e gage is i n s e r t e d m the 

socke t end. The c o n t r o l d r u m is then ro t a t ed 

to d e t e r m i n e b e a r i n g f r ic t ion . 

The h a l f - r e f l e c t o r r e t a in ing c l a m p ( F i g 

u r e 116) locks the r e f l e c t o r a s s e m b l y to the r e 

a c t o r v e s s e l for h a l f - r e f l e c t o r a s s e m b l y and 

t e s t s (see F i g u r e 117) The r e f l e c to r ho ld ing-

f ix ture suppor t a s s e m b l y (F igu re 116) i s a safety 

dev ice wh ich , when u s e d wi th the r e f l e c to r hold

ing f i x tu r e , p r e v e n t s a c c i d e n t a l t ipping of a r e 

f l ec to r dur ing a s s e m b l y o p e r a t i o n s The 

p o s i t i o n - s e n s o r b r a c k e t c e n t e r i n g f ix ture ( F i g 

u r e 1 16) IS u s e d t o a l ign the p o s i t i o n - s e n s o r d r i v e 

shaft with r e s p e c t to the s c r a m d r ive a s s e m b l y 

23 65 7568 02339 

F i g u r e 112. S8DS S c r a m - D r i v e B a c k l a s h 
M e a s u r i n g Tool 

ACTUATOR AND GEAR 
HOUSING ASSEMBLY 

PROTRACTOR 

BASE PLATE 

8 23 65 7568 02340 

F i g u r e 113. S8DS C o n t r o l - D r u m - D r i v e 
Pos i t ion M e a s u r i n g Device 
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CONTROL DRUM BRACKET 
SHAFT ALIGNMENT 
BUSHING 

LOWER CONTROL-
DRUM BRACKET 

UPPER CONTROL / 
DRUM BRACKET^ / / 

,15 1/2 in 

6 in V BLOCK 

8 23 65 

CONTROL DRUM 

CONTROL DRUM 
REST BLOCK 

CONTROL DRUM BRACKET 
SHAFT ALIGNMENT 
BRACKET 

I 1/2 in xl 1/2 in )(24in 
PARALLEL BAR 

7568 02341 

F i g u r e 114. S8DS C o n t r o l - D r u m B e a r i n g 
A s s e m b l y Tooling 

CONTROL DRUM 
UPPER BRACKET 

8 23-65 7568 02342 

F i g u r e 115. S8DS S c r a m - D r i v e Al ignment Tool 

HALF-REFLECTOR 
RF^ IN t G CLAMP 

F i g u r e 116. S8DS Ref l ec to r Holding F i x t u r e 
Support A s s e m b l y , P o s i t i o n - S e n s o r B r a c k e t 

Cen t e r i ng F i x t u r e , and Ha l f -Re f l ec to r 
Reta ining C l a m p 

F i g u r e 117. S8DS Tooling V e s s e l , Z-Half 
Ref lec to r C l a m p e d t o R e a c t o r Core V e s s e l 
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F i g u r e 118. S8DS F l igh t Pos i t i on Senso r T h e r m a l - V a c u u m Tooling F i x t u r e 

3. Component Accep tance Tes t Tools 

F i x t u r e s for a c c e p t a n c e t e s t i ng S8DS R e a c t o r 

c o m p o n e n t s a r e shown in F i g u r e s 118 th rough 124. 

F l igh t p o s i t i o n - s e n s o r a c c u r a c y , r e p e a t a b i l i t y , 

d i e l e c t r i c p r o p e r t i e s , and b e a r i n g f r i c t ion unde r 

ambien t and t h e r m a l - v a c u u m condi t ions a r e d e 

t e r m i n e d on the f ix ture shown in F i g u r e 118. 

The des ign of the f ix ture p e r m i t s t e s t i ng o f t h r e e 

s e n s o r s s i m u l t a n e o u s l y . The l i m i t - s w i t c h 

ambien t t e s t f ix ture (F igu re 119) is u sed to 

d e t e r m i n e the following switch p a r a m e t e r s 

unde r a m b i e n t cond i t ions : (1) contac t r e s i s t a n c e , 

(2) d i e l e c t r i c p r o p e r t i e s under ac tua ted and 

unac tua ted cond i t i ons , (3) swi tch p r e - t r a v e l and 

o v e r t r a v e l , and (4) fo rce r e q u i r e d to d e p r e s s 

the p lunge r to the ac tua t ion poin t . The c o n t r o l -

d r u m a c t u a t o r is t e s t e d on an a c t u a t o r t o r q u e -

d i s p l a c e m e n t dev ice (F igu re 120) to d e t e r m i n e 

s t a t o r p h a s e c h a r a c t e r i s t i c s ; i . e. , angu la r 

d i s p l a c e m e n t vs t o r q u e output . 

The snubber a b s o r b s the k ine t ic e n e r g y of a 

c o n t r o l d r u m af ter a s c r a m . The f ix ture shown 

in F i g u r e 121 is used to d e t e r m i n e snubbe r 

p lunger c o m p r e s s i o n loads and snubber pawl 

r e l e a s e fo rce in ambien t cond i t i ons . 

The c o n t r o l - d r u m d r i v e a c t u a t o r is t e s t e d on 

the f ix ture shown in F i g u r e 1 22, to eva lua te t o r q u e 

and v o l t a g e - c u r r e n t c h a r a c t e r i s t i c s , both s t a t i c 

and dynamic . The holding capabi l i ty of the a c t u a t o r 

b r a k e is a l s o d e t e r m i n e d on th is t e s t f ix ture . 

The function of the a c t u a t o r t h e r m a l - v a c u u m 

f ix ture ( F i g u r e 1 23) is to t e s t the a c t u a t o r in tena-

p e r a t u r e and vacuum opera t ing condi t ions . The 

ro t a t iona l a c c u r a c y , d i e l e c t r i c s t r e n g t h , a n d t o r q u e 

c h a r a c t e r i s t i c s of each a c t u a t o r a r e m e a s u r e d . 

L inn i t - swi tch contac t r e s i s t a n c e and d i e l e c 

t r i c s t r e n g t h in t h e r m a l - v a c u u m condi t ions a r e 

d e t e r m i n e d on the f ix ture shown in F i g u r e 124. 

The des ign of th is f ix ture p e r m i t s s imu l t aneous 

t e s t of ten sw i t ches . 

The hinge and b r a c k e t a s s e m b l i e s i n s t a l l ed on 

the f i r s t r e f l e c to r half a r e shown in F i g u r e 125. 

The tool ing v e s s e l used to e s t a b l i s h v e s s e l -

r e f l e c t o r phys i ca l c l e a r a n c e (gap) is shown in 

F i g u r e s 126 and 117. The r e f l e c to r half is 

s h i m m e d to m e e t gap r e q u i r e m e n t s in F i g u r e 1 27 . 
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8-30-65 7568-18666a 

F i g u r e 120. S8DS Ac tua to r Torque 
D i s p l a c e m e n t Device 

8-30-65 7568-:8706 a 

F i g u r e 119. S8DS L i m i t Switch Ambien t 
T e s t F i x t u r e 

CONTROL-DRUM-DRIVE 
ACTUATOR TEST DYNAMOMETER 

8 - 3 0 - 6 5 7568-18658a 

F i g u r e 121. S8DS Snubber Ambient 
Tes t F i x t u r e 

-30-65 7568-18662a 

F i g u r e 122. S8DS C o n t r o l - D r u m - D r i v e 
Ac tua to r Tes t D y n a m o m e t e r 
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7 - 1 4 - 6 5 7568-18712 

F i g u r e 123. S8DS A c t u a t o r T h e r m a l -
Vacuum T e s t F i x t u r e 

7 - 1 4 - 6 5 7568-18711 

F i g u r e 124. S8DS L i m i t Switch 
T h e r m a l - V a c u u m T e s t F i x t u r e 

F i g u r e 125. S8DS Ref l ec to r Half 
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6 - 2 9 - 6 5 7568-52199 

F i g u r e 126. S8DS Tooling V e s s e l , 
Z-Hal f Re f l ec to r 

7-9 

F i g u r e 128. S8DS Seconda ry Heat 
T r a n s f e r S y s t e m 

F i g u r e 127. S8DS Half R e f l e c t o r , Bot tom View 



i^ l 
H. TEST S U P P O R T E Q U I P M E N T 

1. Heat T r a n s f e r S y s t e m 

The spool ing of the n u c l e a r shakedo^vn s y s 

t e m is c o m p l e t e . I n s t a l l a t i on of equipment m 

Building 059 w a s s t a r t e d . The p r i m a r y fill t ank , 

the s e c o n d a r y cold t r a p suppor t and b lower , 

s e c o n d a r y suppor t s t r u c t u r e , s e c o n d a r y fill tank, 

s e c o n d a r y EM p u m p , and 22 s u p p o r t s have been 

i n s t a l l e d m the high bay a r e a . The s e c o n d a r y 

fi l l t ank , the s e c o n d a r y p u m p and the s e c o n d a r y 

suppor t s t r u c t u r e , which inc ludes the 150-kw 

h e a t e r and s e c o n d a r y s u r g e tank a r e shown on 

F i g u r e 128. The a i r b l a s t heat e x c h a n g e r and 

two s u p p o r t s have been i n s t a l l e d on the outs ide 

pad . The vent gas s t o r a g e tank and p r e s s u r e 

re l ief holdup tank w e r e we lded m pos i t ion m the 

vau l t . F i g u r e 129 i s a view of the vau l t . It 

shows the r e a c t o r con t a inmen t v e s s e l , the p r i 

m a r y p a l l e t , w h i c h c o n s i s t s of the p r i m a r y s u r g e 

t ank , the i n t e r m e d i a t e heat e x c h a n g e r , and the 

p r i m a r y p u m p . 

The p r i m a r y s u r g e tank has been r e p l a c e d 

wi th a l a r g e r s i z e d tank . The new s u r g e t ank 

i s capab le of a c c o m m o d a t i n g expans ion of NaK 

to a s y s t e m ope ra t i ng t e m p e r a t u r e of 1400 ° F . 

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

Wir ing of the g raph ic pane l and the conso le 

m Building 059 w a s s t a r t e d . Ins t a l l a t ion of the 

a - c power to the i n s t r u m e n t c ab ine t s cont inued . 

I n t e r c o n n e c t w i r e i s be ing in s t a l l ed m the unde r 

f loor v / i r ing t r a y s . The i n s t r u m e n t w i r i ng m 

the c o n t r o l r o o m is p r o g r e s s i n g on s c h e d u l e . 

The c o n s o l e , g raph ic pane l , and some i n s t r u 

m e n t r a c k s can be s een on F i g u r e 130. 

I. FACILITY MODIFICATION 

The c o n t r a c t o r c o m p l e t e d the in s t a l l a t i on of 

the v a c u u m s y s t e m and o t h e r faci l i ty mod i f i 

c a t i o n s on June 4 , 1965. 
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7-19-65 

6/2/65 

7568-57150 
Figure 129 S8DS Vault 

7561-5720 
Figure 130. S8DS Console and Instrumentation 
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