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B R E E D I N G - G A I N S P E C I M E N S FOR E B R - I CORE IV 

by 

A. B. Shuck, A. G. H i n s , W. R. B u r t , and R. A. B e a t t y 

INTRODUCTION 

A l a r g e n u m b e r of j a c k e t e d p lu ton ium, e n r i c h e d u r a n i u m and d e 
p l e t e d u r a n i u m foi ls a r e r e q u i r e d for b r e e d i n g - g a i n s t u d i e s wi th the p l u 
t o n i u m C o r e IV in E B R - I . T h e s e s p e c i m e n s wil l be i r r a d i a t e d in s p e c i a l 
fuel r o d s and in c a r r i e r t u b e s t e r m e d " b a s k e t s . " J a c k e t e d p l u t o n i u m o r 
d e p l e t e d u r a n i u m s l u g s wil l be b e t w e e n the fo i ls so tha t the t e s t a s s e m b l i e s 
h a v e n u c l e a r s i m i l a r i t y to s t a n d a r d fuel r o d s . Blind t u b e s , t e r m e d " t h i m 
b l e s , " a r e p r o v i d e d such tha t they have the s a m e ou t s ide d i a m e t e r a s a fuel 
o r b l a n k e t r o d . T h e s e wil l be a s s e m b l e d in the E B R - I fuel rod c l u s t e r s 
and wi l l e x t e n d to the top of the r e a c t o r . The t h i m b l e s wil l f o r m w e l l s into 
which the b a s k e t s , l o a d e d with the t e s t fo i l s and s l u g s , wil l be l o w e r e d . 

The p u r p o s e s of P r o g r a m 7.2.23 w e r e ( l ) to f a b r i c a t e the p l u t o n i u m 
and u r a n i u m s p e c i m e n s , and s p a c e r s l u g s , and (2) to f u r n i s h the t h i m b l e s , 
b a s k e t s , and o t h e r m a t e r i a l s r e q u i r e d for the e x p e r i m e n t s . S t a i n l e s s s t e e l 
tub ing , u r a n i u m fo i l s , and u r a n i u m s lugs w e r e f u r n i s h e d by the F o u n d r y and 
F a b r i c a t i o n G r o u p . The f a b r i c a t i o n of p l u t o n i u m s p e c i m e n s , f inal m a c h i n 
ing , a s s e m b l y and we ld ing of t h i m b l e s and b a s k e t s , and the a s s e m b l y of the 
s p e c i a l fuel and t h e r m o c o u p l e r o d s w e r e done by the P l u t o n i u m F a b r i c a t i o n 
G r o u p . 

A t o t a l of 240 a l u m i n u m - c l a d p l u t o n i u m foi ls and 102 a l u m i n u m -
j a c k e t e d p l u t o n i u m s lugs w e r e m a d e . C a r e w a s t aken to p r e v e n t e x t e r n a l 
a l p h a c o n t a m i n a t i o n of t h e s e s p e c i m e n s , so tha t they could be u s e d without 
g lovebox p r o t e c t i o n . Nine h u n d r e d (93.5%) e n r i c h e d u r a n i u m foi ls and the 
s a m e n u m b e r of (0.22% U^^^) d e p l e t e d u r a n i u m foi ls w e r e p r e p a r e d . A to t a l 
of 441 d e p l e t e d u r a n i u m b l a n k e t s l u g s w e r e f u r n i s h e d . The c o m p o s i t i o n s , 
q u a n t i t i e s r e q u i r e d , and d i m e n s i o n s of p l u t o n i u m and u r a n i u m b r e e d i n g -
ga in s p e c i m e n s a r e shown in Tab le I . 

The E x p e r i m e n t a l B r e e d e r R e a c t o r I, M a r k IV, i s l o a d e d with two 
t y p e s of b l a n k e t r o d s . The o u t e r s e c t i o n s u s e r o d s f r o m the M a r k - I l l l o a d 
ing, e a c h r o d hav ing a j a c k e t d i a m e t e r of 0.413 in . The i n n e r r o d s a r e of 
the s a m e d i a m e t e r , 0.297 in . , a s the C o r e - I V fuel r o d s . Two s i z e s of b a s k e t s 
and t h i m b l e s w e r e t h e r e f o r e r e q u i r e d . Nine 0 . 4 1 3 - i n . - d i a m e t e r x 10- f t - long 
t h i m b l e s and e i g h t e e n 0 . 3 3 4 - i n . - d i a m e t e r x 2 - f t - long b a s k e t s w e r e supp l ied 
for the o u t e r b l a n k e t p o s i t i o n s . T w e n t y 0 . 2 9 7 - i n . - d i a m e t e r x 10- f t - long 
t h i m b l e s and t h i r t y - f o u r 0 . 2 3 7 - i n . - d i a m e t e r x 2 4 - i n . - l o n g b a s k e t s w e r e m a d e 
for the c o r e and i n n e r b l a n k e t p o s i t i o n s . The d i m e n s i o n s and c o n s t r u c t i o n of 



the s p e c i m e n s , t h i m b l e s and b a s k e t s a r e shown in F i g u r e 1. The b a s k e t 
p lugs w e r e s e c u r e d by a bead which was r o l l e d in to the t u b e s by a tool 
modi f i ed f r o m a tubing c u t t e r . T h i s too l w a s f u r n i s h e d to a l l ow r e u s e of 
the b a s k e t s . 

Table I 

PLUTONIUM AND URANIUIVl BREEDING-GAIN SPECI/VIENS 

Item 

A 

1 

2 

3 

B 

C 

D 

E 

1 

2 

3 

4 

5 

6 

7 

8 

Al -c l3d Pu Slugs 

Al -c lad Pu Foils 

Enr iched U Foils 

Depleted U Foils 

Depleted U Slugs 

Drawing 

No 

PF1427 

PF1427 

PF1427 

PF1418 

PF1414 

PF1415 

EB5581A 

EB5582A 

EB5583A 

EB5584A 

EB5585A 

EB5586A 

EB5587A 

EB5588A 

No 

77 

11 

11 

220 

900 

900 

144 

8 

8 

8 

6 

17 

17 

218 

Core or Spec 

Composition 

P u - 1 2 5 w / o A I 

P u - 1 2 5 w / o A I 

P u - 1 2 5 w / o A I 

P u - 1 2 5 w / o A I 

93 5 w/o U235 

0 22 w/o U235 

0 22 w/o U235 

0 22 w/o U235 

0 22 w/o U235 

0 22 w/o U235 

0 22 w/o U235 

0 22 w/o U235 

0 22 w/o U235 

0 22 w/o U235 

Nominal Size, in 

Core 

Dia X Length 

0 164 X 0 900 

0 164 X 0 900 

0 164 X C 384 

0 150 X 0 003 

0 200 X 0 005 

0 200 X 0 005 

0 306 X 0 995 

0 306 X 0 735 

0 3 0 6 x 0 4 8 4 

0 306 X 0 292 

0 1 % X 0 995 

0 196 X 0 735 

0 196 X 0 484 

0 196 X 0 292 

Jacket 

Dia X Length 

0 199 X 0 990 

0 199 X 0 980 

0 199 X 0 464 

0 200 X 0 009 

-

-

Desired Weight g 

Core 

4 20-4 40 

4 20-4 40 

1 70-1 80 

0 0125-0 0135 

0 05 

0 05 

22 55 

16 65 

10 97 

6 62 

9 25 

6 83 

4 49 

2 71 

SFWt 

4 20-4 35 

4 20-4 35 

1 70-1 76 

0 0123-0 0133 

0 046 U235 

-

-

F o u r C o r e - I V - t y p e fuel j a c k e t s and two C o r e - I I I - t y p e fuel j a c k e t s 
w e r e l oaded with s p e c i a l l o w - g e n e r a t i o n - t i m e p lu ton ium c a p s u l e s supp l i ed . 
The load ing p lan for t h e s e s p e c i a l r o d s is shown in F i g u r e 2. The e l e 
m e n t s w e r e NaK fi l led and we lded by s t a n d a r d m e t h o d s deve loped for 
E B R - I C o r e - I V fuel r o d s . 

P L U T O N I U M S P E C I M E N S 

E a c h p lu ton ium s p e c i m e n was s e a l e d in a c l o s e - f i t t i n g m e t a l j a c k e t 
to p r e v e n t oxidat ion of the s p e c i m e n and to a l low hand l ing without c o n 
t a m i n a t i o n of the s u r r o u n d i n g s . T ight m e c h a n i c a l con tac t b e t w e e n the 
s p e c i m e n s and j a c k e t s w a s r e q u i r e d for h e a t t r a n s f e r . Both a l u m i n u m 
and z i r c o n i u m w e r e judged su i t ab l e for the j a c k e t i n g m a t e r i a l . Z i r c o n i u m 
w a s s t r o n g e r and p r o v i d e d g r e a t e r p r o t e c t i o n , and a l u m i n u m fac i l i t a t ed 
the r a d i o c h e m i c a l s t e p s in the b r e e d i n g - g a i n e x p e r i m e n t . Both j a c k e t i n g 
m a t e r i a l s w e r e t r i e d . A l u m i n u m was c h o s e n b e c a u s e it was m o r e e a s i l y 
f a b r i c a t e d and we lded . 

All s p e c i m e n s w e r e we ighed with e x t r e m e c a r e b e f o r e j a c k e t i n g . 
The s lug s p e c i m e n s w e r e we ighed on a M e t t l e r T y p e - B 5 b a l a n c e to the 
n e a r e s t m i l l i g r a m . The foil s p e c i m e n s w e r e weighed on a M e t t l e r T y p e - S 6 
m i c r o b a l a n c e to the n e a r e s t 0.005 m g . E a c h b a l a n c e w a s f r e q u e n t l y z e r o e d 
and c h e c k e d a g a i n s t c a l i b r a t i o n we igh t s in the m a s s r a n g e of the s a m p l e s 
we ighed . 
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F 2 
F 3 
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0 , 2 9 2 
0 . 7 3 5 
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NO. 
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17 
17 
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20 
18 

218 

PF-1408 

L-0.196 

e-
H. CLAD P u - 1.25 "% AL FOILS 

220.REQ'D - 2 4 0 SUPPLIED 

T 

0.005 AL 
JACKET 

0 L 

0.306 J" 

6 . MARK m NATURAL U - 2 % 2r 
BLANKET SPECIMENS 

I . 9 3 ^# U - 2 3 5 FOILS 
900 SUPPLIED 

0.005 

J . DEPLETED URANIUM FOILS 
9 0 0 SUPPLIED 

G I 
G 2 
6 3 
G 4 

0.005 
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NO. 

8 
8 
8 

1 4 0 
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8 
8 
8 

1 4 6 

F i g u r e 1 . S c h e m a t i c S u n i i T i a r y of M a t e r i a l s R e q u i r e d f o r 

E B R - I M a r k I V B r e e d i n g - g a i n S t u d i e s 
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Slug S p e c i m e n s 

All b r e e d i n g - g a i n s l ugs w e r e m a c h i n e d f r o m a s ingle b a t c h of 
i n j e c t i o n - c a s t E B R - I C o r e - I V s tock . The t echn ique of in jec t ion ca s t i ng 
the C o r e - I V fuel i s d e s c r i b e d in A N L - 6 6 2 2 . \ / The m a t e r i a l s u s e d , the 
c h a r g e c a l c u l a t i o n , and the a n a l y s i s of th i s b a t c h a r e shown in Table II . 
The c a s t i n g s p r o d u c e d w e r e n o m i n a l l y 0.235 in. in d i a m e t e r by 17 in. long. 
They w e r e i n s p e c t e d for s u r f a c e de fec t s and c l e a n e d of y t t r i u m oxide . The 
r o d s w e r e then p a r t e d in to l e n g t h s -^ in. l o n g e r than t h e i r a s - m a c h i n e d 
l eng th . 

Table I 

CHARGE CALCULATION FOR INJECTION-CAST EBR-I CORE-Iff BREEDING-GAIN SLUGS Batch No 3-775 
Melt No R-74 

Date 12-21-61 

Item 
No 

1 

2 

3 

4 

5 

6 

Material 

Pu-125w;oAI 
M46 Remelt 

Pu-125w/oAI 
R53 Remelt 

Pu-125w/oAI 
R53 Remelt 

Pu-125w/oA! 
R55 Remelt 

Plutonium 

Aluminum 

Batch 
No 

423-751 

423-753 

423-753/1 

423-755 

423-634/6 

Reagent 
Grade 

Total Weights (gl 

Weight 

(gl 

22 11 

60 85 

489 16 

775 91 

918 28 

1162 

2277 93 

Calculated Composition w/o 

Source and Fissionable Elements 

Pu 

98 60 
2180 

98 60 
60 00 

98 60 
482 32 

98.62 
765 21 

99 85 
916 90 

-

2246 23 

98 61 

Composition by Analysis 

Pu239 

94 82 
20 67 

94 82 
56 89 

94 82 
457 34 

94 83 
725 64 

94 79 
869 13 

-

2129 67 

94 81 

94 82 

Pu240 

4 68 
102 

4 68 
2 81 

4 68 
22 57 

4 71 
36 04 

4 68 
42 91 

-

105 35 

4 69 

4 71 

Pu241 

0 50 

on 
050 
030 

050 
2 41 

0 46 
3 52 

0 53 
486 

-

1120 

0 50 

0 451 
+0 019% Pu^''^ 

Alloying Elements 

AI 

125 
0 28 

125 
0 76 

125 
6 11 

123 
9 54 

99 70 
1159 

28 28 

124 

1 15 t 0 11 

Impurities 

0 15 
0 03 

0 15 
0 09 

0 15 
0 73 

0 15 
1 16 

0 15 
138 

030 
0 03 

3 42 

0 15 

Spectrochemical 

Ag 
<5 

Ni 
400 

AI 

Hf 
<5 

As 

P 

Analysis 

B 
<10 

Pb 
S 

- Minor Constituents 

Ba 
<5 

Sb 
<20 

Be 
<002 

SI 

Bi 
<5 

Sn 
<20 

Ca 
<10 

Tl 
< 5 

Cd 
<10 

Sr 
<0 05 

Co 
<5 

V 
<5 

Cr 
50 

Zn 
<20 

Cu 
200 

2r 
<5 

Fe 
200 

Eu 
<2 

Hg 

La 
< 1 

K 
<5 

Ga 
150 

LI 

<0 05 

Rb 
<10 

Mg 
<5 

Rh 
<10 

Mn 
8 

Ru 
<10 

Mo 
50 

W 
<20 

Na 
<5 

Y 
30 

The b r e e d i n g - g a i n s lugs w e r e m a c h i n e d in a modi f ied Hard inge 
T y p e - H V L la the to a n o m i n a l d i a m e t e r of 0.156 in. Owing to f lex ib i l i ty 
of the s tock , m o s t of the s lugs showed a t a p e r of about 0.0010 in. It w a s 

-0 .0000 
p o s s i b l e to hold the slug d i a m e t e r r a n g e to 0.156 in. An a t t e m p t 

w a s m a d e to face the s lugs to length by m e a n s of a co l l e t s top and a f ixed-
p o s i t i o n facing tool . The 0 .005- in . v a r i a t i o n in l eng th p r o d u c e d by th i s 
m e t h o d w a s u n a c c e p t a b l e . A length v a r i a t i o n v/ithin dP.OOl in . w a s a c h i e v e d 
by facing the s lugs about 0.010 in. too long by the above m e t h o d . They w e r e 
then m e a s u r e d with a d ia l c o m p a r a t o r , and the p r e c i s e a m o u n t w a s faced 
off to n o r m a l i z e the l eng th . 



J a c k e t i n g p l u t o n i u m s p e c i m e n s wi thou t c o n t a m i n a t i n g the e x t e r i o r 
of the j a c k e t o r we ld zone i s a p r i n c i p a l p r o b l e m in p r o d u c i n g such s p e c i 
m e n s . An a t t e m p t w a s m a d e to j a c k e t the p l u t o n i u m s l u g s in Z i r c a l o y - 2 by 
m e a n s of t u n g s t e n - i n e r t - g a s s h i e l d e d (TIG) a r c w e l d s and c a p a c i t o r -
d i s c h a r g e a r c w e l d s . Both m e t h o d s have g iven diff icul ty in p r o d u c i n g 
c o n t a m i n a t i o n - f r e e w e l d s . A l u m i n u m j a c k e t s s e a l e d by a p r e s s u r e we ld 
t echn ique w e r e then deve loped . B e c a u s e t h e s e m e t h o d s did no t e m p l o y h e a t , 
c o n t a m i n a t i o n w a s m o r e e a s i l y c o n t r o l l e d . 

The p r e s s u r e we ld m e t h o d w a s d e v e l o p e d wi th A l u m i n u m Alloy 
N u m b e r 1061 -T4 s lugs in p l a c e of p l u t o n i u m s l u g s . The a l u m i n u m al loy 
s l ugs had a p p r o x i m a t e l y the s a m e h a r d n e s s a s the p l u t o n i u m - 1 . 2 5 w / o a l u 
m i n u m a l loy . The slug j a c k e t s and ciaps w e r e m a c h i n e d f r o m Type 1100 
a l u m i n u m a l loy . The j a c k e t i n g o p e r a t i o n s and d i m e n s i o n of the c o m p o n e n t s 
be fo re j a c k e t i n g a r e shown in F i g u r e 3. The j a c k e t p a r t s w e r e s l igh t ly 
e t c h e d in a t en p e r cen t n i t r i c ac id so lu t ion con ta in ing ten d r o p s of h y d r o 
f luo r i c ac id p e r 50 c c . They w e r e n e u t r a l i z e d in a ten p e r cen t a m m o n i u m 
h y d r o x i d e so lu t ion , r i n s e d t h r o u g h d i s t i l l e d w a t e r , a l coho l and a c e t o n e , and 
then o v e n - d r i e d at 80°C for 15 m i n to one -ha l f h o u r . The j a c k e t s w e r e p l a c e d 
hot in a d e s i c c a t o r . The d e s i c c a t o r w a s e v a c u a t e d and t r a n s f e r r e d to the 
h e l i u m a t m o s p h e r e g lovebox . Only the n u m b e r of j a c k e t s wh ich could be 
u s e d the s a m e day w e r e p r e p a r e d at a t i m e . 

The p l u t o n i u m - a l u m i n u m a l loy s l u g s w e r e l o a d e d in to f r e s h l y c l e a n e d 
j a c k e t s t h r o u g h a 0 . 0 0 2 - i n . - t h i c k p o l y e t h y l e n e funnel to p r e v e n t c o n t a m i n a 
t ion of the j a c k e t l i p . Th i s o p e r a t i o n is shown in F i g u r e 4 . The plug c a p s 
w e r e p l a c e d on the top of the p l u t o n i u m s lugs and the a s s e m b l y f o r c e d 
t h r o u g h a ny lon die to d r a w the j a c k e t t igh t ly onto the p l u t o n i u m s lug and 
c a p . An a m m u n i t i o n - l o a d i n g toggle p r e s s , mod i f i ed a s shown in F i g u r e 5, 
w a s u s e d for t h i s o p e r a t i o n . 

The d r a w n a s s e m b l y w a s p l a c e d in a sp l i t co in ing die and p r e s s e d 
a t 130,000 to 140,000 p s i b e t w e e n two p l u n g e r s . The top p l u n g e r w a s s h a p e d 
to r o l l the j a c k e t r i m down t igh t ly onto the cap and , a s the p r e s s u r e w a s i n 
c r e a s e d , to e x t r u d e the j a c k e t m a t e r i a l up a r o u n d the p r o j e c t i o n on the c a p . 
A holddown p in in the c e n t e r of the top p l u n g e r p r e v e n t e d the e x t r u s i o n of 
the p r o j e c t i o n . The m o v e m e n t and s h e a r i n g f o r c e s b e t w e e n the e x t r u d e d 
j a c k e t m a t e r i a l and the p r o j e c t i o n on the top of the cap c a u s e d a f r i c t i o n 
we ld to be m a d e . The sp l i t co in ing die w a s then i n v e r t e d and p r e s s e d f r o m 
i t s t a p e r e d c o n t a i n e r . The s l u g s w e r e k n o c k e d out and the e x t r u s i o n 
iv s p e c t e d . 

Af te r i n s p e c t i o n , the s p e c i m e n s w e r e r e p l a c e d in the die and w e r e 
co ined b e t w e e n f l a t p l u n g e r s a t a p r e s s u r e of 175,000 to 185,000 p s i . (The 
final p r e s s i n g o p e r a t i o n i s shown in F i g u r e 6.) T h i s p r o d u c e d the r i g h t -
c y l i n d r i c a l s p e c i m e n s in t h e i r f inal f o r m . An a s s e m b l e d s p e c i m e n , two of 
the ex t rus ion -"we lded s p e c i m e n s , and two co ined s p e c i m e n s a r e shown in 
F i g u r e 7. 
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A p p r o x i m a t e l y 300 a l u m i n u m a l loy s lugs w e r e j a c k e t e d and d e s t r u c 
t i v e l y t e s t e d b e f o r e j a c k e t i n g the p l u t o n i u m s l u g s . Many of t h e s e w e r e 
t e s t e d by cu t t ing the b o t t o m f r o m the j a c k e t , e x t r a c t i n g the s lug , and v a c u u m 
l e a k d e t e c t i n g with a m a s s s p e c t r o m e t e r l e a k d e t e c t o r . A n u m b e r of s p e c i 
m e n s -were s e c t i o n e d and e x a m i n e d m e t a l l o g r a p h i c a l l y . F i g u r e s 8 and 9 
show t y p i c a l p h o t o m a c r o g r a p h s of p r e s s u r e w e l d s a f t e r e x t r u s i o n and a f te r 
co in ing . Dur ing the j a c k e t i n g and we ld ing of the p l u t o n i u m s lug spec innens , 
a l u m i n u m c o n t r o l s p e c i m e n s w e r e p e r i o d i c a l l y j a c k e t e d , s e c t i o n e d , and 
l e a k d e t e c t e d . 

The c o r r e c t con tou r of the e x t r u s i o n die and a b s o l u t e c l e a n l i n e s s 
of the c o m p o n e n t s w e r e found to be c r i t i c a l in m a k i n g p r e s s u r e w e l d s . 
Once c l e a n e d and e t c h e d , it w^as n e c e s s a r y to hand le j a c k e t s wi th c l e a n 
s t a i n l e s s - s t e e l t o n g s . S e p a r a t e t o n g s w e r e u s e d for hand l ing the p l u t o n i u m 
s l u g s . A f i n g e r p r i n t o r c o n t a c t wi th a s l i gh t ly o i ly s u r f a c e would n e a r l y 
a l w a y s c a u s e a l e a k y we ld . S e v e r a l e x t r u s i o n p u n c h e s w e r e m a d e , and a l 
though t h e s e gaged to be i d e n t i c a l , only two of t h e m c o n s i s t e n t l y p r o d u c e d 
good w e l d s . 

The t o o l s u s e d for u p s e t t i n g and hand l ing the j a c k e t s w e r e wiped 
a f t e r e v e r y fifth s p e c i m e n w a s j a c k e t e d . The w i p e s w e r e r e m o v e d f r o m 
the g lovebox with the s p e c i m e n s and w e r e c a r e f u l l y coun t ed for a l p h a c o n 
t a m i n a t i o n . If s u r f a c e c o n t a m i n a t i o n w a s found on the s p e c i m e n s , the t o o l s , 
d i e s , and p u n c h e s w e r e c h e c k e d for c o n t a m i n a t i o n . If c o n t a m i n a t i o n w a s 
found, the t oo l s w e r e r e p l a c e d or d e c o n t a m i n a t e d . 

The j a c k e t e d p l u t o n i u m s l u g s w e r e v i s u a l l y i n s p e c t e d and m e a s u r e d 
to the n e a r e s t 0.001 in . They w e r e t hen e l e c t r o e t c h e d wi th an iden t i t y 
n u m b e r and p l a c e d in p l a s t i c h o l d e r s for s t o r a g e and s h i p m e n t . The d i 
m e n s i o n s , w e i g h t s , and c a l c u l a t e d i so top i c c o n t e n t s a r e l i s t e d in Append ix A 
of t h i s r e p o r t . 

P l u t o n i u m F o i l S p e c i m e n s 

The d e s i r e d p l u t o n i u m fo i l s w e r e 0.140 in . in d i a m e t e r and 0.004 in. 
t h i c k . The j a c k e t s w e r e 0.200 in . in d i a m e t e r and 0.015 in . t h i ck . F i v e -
m i l m a t e r i a l w a s u s e d for the c o v e r f o i l s , and only 0.030 in . was a l l owed 
for edge weld ing or m i s l o c a t i o n of the p l u t o n i u m foi l . 

A 206-g p l u t o n i u m - 1 . 2 5 w / o a l u m i n u m m e l t w a s m a d e and c a s t into 
a t o p - p o u r y t t r i u m o x i d e - c o a t e d c a r b o n book m o l d . The c h a r g e c a l c u l a t i o n s 
and a n a l y s e s for t h i s m e l t a r e shown in Table III . E B R - I r e m e l t s t o c k was 
u s e d , and the c h a r g e w a s double m e l t e d to ob t a in m a x i m u m h o m o g e n e i t y . 

A-—x 1— x 3 - i n . c a s t i n g w a s p a r t e d f r o m the s p r u e . The e d g e s of 
t h i s c a s t i n g w e r e t r i m m e d and the flat s u r f a c e s s c a l p e d by fac ing in a 
l a t h e . The r e s u l t i n g - ^ x -i|- x 2 — - i n . s l a b w a s c o l d - r o l l e d into s i x p i e c e s 
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350M100 5% NaOH Etch 

Figure 8. Extruded Jacket Closure Section 

25x 

350M101 5% NaOH Etch 25x 

Figure 9- Coined Jacket Closure Section 



m e a s u r i n g a p p r o x i m a t e l y 4 x 1 x 0.010 in. T h e s e p i e c e s w e r e v a c u u m a n 
n e a l e d a t 450°C fo^ one h o u r and w e r e then f la t t ened by r o l l i n g to 0.008 in. 
and s a n d w i c h e d b e t w e e n p o l i s h e d 0 . 0 2 0 - i n . - t h i c k h o t - r o l l e d s t e e l s t r i p s . 
The r e s u l t i n g p a c k s w e r e r o l l e d f r o m 0 .070- in . to 0 . 0 3 0 - i n . t h i c k n e s s . The 
p a c k s w e r e s h e a r e d open and the 0 .0040- in . to 0 .0044 - in . by l i - i n . p l u -
t o n i u m foi ls w e r e r e m o v e d . E n d s and e d g e s w e r e s h e a r e d to r e m o v e th inned 
a r e a s . Twelve p i e c e s m e a s u r i n g 1 in . wide and 4 to 5 in . long w e r e r e c o v 
e r e d which had a t h i c k n e s s v a r i a t i o n of l e s s than ±0.0002 in. 

Table I E 

CHARGE CALCULATION FOR PLUTONIUM-1 25 w/o ALUMINUM ALLOY FOR BREEDING-GAIN FOILS „ . , ., , „ „ 

Melt No R-66 
Date 11-30-61 

Item 
No 

1 

2 

3 

4 

IVlaterial 

Pu-125w/oAI 
M46 Remelt 

Pu-125w/oAI 
R57 Remelt 

R64 Remelt'^' 

Aluminum 

Batch 
No 

423-751 

3-759 

3-767 

Reagent 
Grade 

Weight 
(gl 

5916 

90 56 

59 29 

0 75 

Total Weights (g) 209 76 

Source and Fissionable Elements 

Pu 

98 60 
58 33 

98 60 
89 29 

99 85 
59 20 

-

206 82 

Calculated Composition'^'w/o 98 60 

Composition by Analysis"'' w/o 

Pu239 

94 82 
55 31 

94 82 
84 66 

95 16 
56 33 

-

196 30 

94 91 

Pu240 

4 68 
2 73 

4 68 
4 18 

4 41 
2 61 

-

9 52 

4 60 

Pu241 

0 50 
0 29 

0 50 
0 45 

0 42 
0 25 

-

0 99 

048 

Alloying Elements 

Al 

125 
0 74 

125 
113 

-

99 70 
0 75 

2 62 

125 

106 

Impurities 

015 
0 09 

015 
014 

0 15 
0 09 

030 

0 32 

0 15 

Spectrochemical Analysis - Minor Constituents 

Ag 
<5 

Mn 
8 

Al 

-
Mo 
30 

As 

-
Na 
<5 

B 
<10 

Ni 
200 

Ba 
<5 

P 

-

Be 
<002 

Pb 
8 

Bl 

-
Sb 
<20 

Ca 
<10 

Si 

-

Co 
<5 

Sn 
<20 

Cr 
30 

Sr 
<0 05 

Cu 
100 

Tl 
<5 

Fe 
350 

V 

-

Hq 

Zn 
<20 

K 
<5 

Zr 

-

LI 
< 0 05 

Ga 
70 

Mg 
<5 

W 
<20 

Remarks 'a'Plus 0 01% Pu238 

'Wsix foil samples one from each segment were submitted for analysis The results were as follows 
1 03 w/o 1 07 w/o 1 04 w/o 1 05 w/o 1 07 w/o and 1 06 w/o 

A 0 . 1 4 0 - i n . - d i a m e t e r punch and die w e r e u s e d in a h a n d - o p e r a t e d 
p r e s s to punch out a p p r o x i m a t e l y 450 d i s k s . T h e s e w e r e w a s h e d t h r o u g h 
a b s o l u t e a lcoho l and a c e t o n e , and w e r e d r i e d and c a r e f u l l y i n s p e c t e d . 
Some d i s k s w e r e r e j e c t e d for rough or b u r r e d e d g e s . The r e m a i n d e r w e r e 
t r a n s f e r r e d to the m i c r o b a l a n c e g lovebox . A to ta l of 250 d i s k s weigh ing 
be tween 0.01200 and 0.01400 g w e r e s e l e c t e d . Weights a r e r e p o r t e d to the 
n e a r e s t 0.05 mg in Append ix B. E a c h we ighed foil was p l aced in a s e p a r a t e 
c o m p a r t m e n t in a n u m b e r e d t r a y . 

Fo i l J a c k e t i n g 

Both Z i r c a l o y 2 and a l u m i n u m w e r e i n v e s t i g a t e d for j a c k e t i n g . D ie s 
w e r e m a d e for an a m m u n i t i o n - l o a d i n g p r e s s which s i m u l t a n e o u s l y punched 
a d i sk and f o r m e d a d e p r e s s i o n to hold the p l u t o n i u m foil (see F i g u r e lO). 
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F i g u r e 10 

Punch ing and F o r m i n g 0 . 0 0 5 - i n . -
t h i ck F o i l C o v e r s 

350-289 

An effort w a s m a d e to u s e Z i r c a l o y - 2 j a c k e t s b e c a u s e of t h e i r 
g r e a t e r s t r e n g t h . The 0 . 1 4 0 - i n . - d i a m e t e r p lu ton ium foi ls w e r e sandwiched 
b e t w e e n 0 . 0 0 5 - i n . - t h i c k Z i r c a l o y - 2 foi ls he ld b e t w e e n coppe r chi l l pads in 
a v e r t i c a l - a x i s l a t h e . A s l id ing gage r i n g w a s u sed to c e n t e r the s a n d 
wich be fo re c l a m p i n g . The o v e r h a n g i n g e d g e s w e r e then s e a l e d by m e a n s 
of a t u n g s t e n - i n e r t - g a s s h i e l d e d ( T I G ) a r c weld . 

F i g u r e 11 shows an a c c e p t a b l e TIG e d g e - w e l d e d c r o s s s e c t i o n . 
A v a r i a t i o n of m o r e t han — a m p p r o d u c e d u n d e s i r a b l e e f f ec t s . When 
too m u c h weld ing c u r r e n t was u s e d , the weld t ended to bunch up in d r o p 
l e t s s p a c e d at m o r e or l e s s r e g u l a r i n t e r v a l s a r o u n d the edge of the s p e c i 
m e n . When weld ing c u r r e n t w a s — a m p too low, fusion w a s inconnple te . 
P l u t o n i u m c o n t a m i n a t i o n of the TIG weld p r e s e n t e d a s e r i o u s p r o b l e m . 
Al though the m e t h o d w a s d e m o n s t r a t e d to be f e a s i b l e , it was m o r e diffi
cul t than the a l u m i n u m p r e s s u r e weld t echn ique d e s c r i b e d be low. 

P r e s s u r e - w e l d e d A l u m i n u m - c l a d S p e c i m e n s 

F i v e - m i l a l u m i n u m foil w a s p r e p a r e d by c lean ing with e thyl 
a l coho l and a c e t o n e . One s ide w a s then t ho rough ly a b r a d e d with a w i r e 
b r u s h . The foil was cut into s t r i p s and d i s k s w e r e punched out. 
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F i g u r e 11 . TIG E d g e - w e l d e d Z i r c a l o y - 2 
Fo i l (Section) 

A c o m b i n a t i o n edge weld ing and t r i m m i n g die w a s m a d e which was 
u s e d in a h a n d - o p e r a t e d l a b o r a t o r y h y d r a u l i c p r e s s . The l ower foil with 
the a b r a d e d s ide up was p l aced on the l o w e r d i e . The 1 4 0 - m i l - d i a m e t e r 
p l u t o n i u m d i sk was then p l aced in the d e p r e s s i o n on the exac t c e n t e r of 
the l o w e r foi l . A v a c u u m p ipe t te was u s e d to handle the fo i l s , a s shown 
m F i g u r e 12. The top foil was pos i t i oned The uppe r one -ha l f of the die 
was p l aced and the a s s e m b l y i n s e r t e d b e t w e e n the p r e s s p l a t e n s . The 
p r e s s was c l o s e d to 6000- lb load . The die was d e s i g n e d to r e d u c e a 



0 . 0 2 0 - i n . - w i d e e d g e f r o m a 0 . 0 1 0 - i n . c o m b i n e d t h i c k n e s s to 0 . 0 0 4 - i n . 
t h i c k n e s s . A s h e a r r i n g m o u n t e d on a t h r e a d e d c o l l a r w a s t h e n a c t u a t e d 
w h i c h t r i m m e d off t h e f l a s h , l e a v i n g a j a c k e t e d s p e c i m e n of 0 . 2 0 0 - i n . d i 
a m e t e r . T h e foi l a n d c o v e r s b e f o r e a s s e m b l y , a f t e r p r e s s u r e w e l d i n g , a n d 
a f t e r t r i m m i n g a r e s h o w n in F i g u r e 1 3 . 

350-290 350-353 

Figure 12. Placing Plutonium Foils with Vacuum Figure 13. Plutonium Foils before Assembly, 
Pipette Pressure Welded, and Trimmed 

T h e w e l d s p r o d u c e d in t h i s m a n n e r w e r e i n s p e c t e d b y s e v e r a l 
m e a n s . D i e p e n e t r a n t w a s i n j e c t e d i n t o t h e c a v i t y . M a n y w e l d s w e r e 
s e c t i o n e d a n d e x a m i n e d m e t a l l o g r a p h i c a l l y . A t y p i c a l w e l d c r o s s s e c t i o n 
i s s h o w n in F i g u r e 14. S o m e of t h e w e l d s w e r e s u b j e c t e d to a t e a r t e s t 
w h i c h , w h e n t h e w e l d w a s p r o p e r l y m a d e , i n v a r i a b l y t o r e o u t s i d e t h e w e l d . 
S i m i l a r w e l d s w e r e l e a k d e t e c t e d . A f t e r c o n s u l t a t i o n w i t h t h e E B R - I r e p 
r e s e n t a t i v e s t h e m e t h o d w a s j u d g e d a c c e p t a b l e . 

34781 2% NaOH Etch lOOx 

Figure 14. Pressure-welded Aluminum Foil Section 
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The 250 foi ls w e r e j a c k e t e d be tween 5 - m i l a luminunn foils a s d e 
s c r i b e d a b o v e . Only t h r e e showed e x t e r n a l c o n t a m i n a t i o n . A p p r o x i m a t e l y 
s even m o r e w e r e r e j e c t e d by m i c r o s c o p i c i n s p e c t i o n for edge weld i r 
r e g u l a r i t i e s . A to ta l of 240 foi ls w e r e packed in p l a s t i c t r a y s , a s shown 
m F i g u r e 15, n u m b e r e d and w e r e sh ipped The we igh t s and c o m p o s i t i o n a l 
da ta for t h e s e foi ls a r e given in Appendix B, a t t a c h e d . 

F i g u r e 15. T r a y of J a c k e t e d P u - 1 . 2 5 w / o Al F o i l s 

S P E C I A L E B R - I C O R E - I V F U E L , B L A N K E T , AND 
T H E R M O C O U P L E ROD J A C K E T ASSEMBLIES 

The s p e c i a l j a c k e t s w e r e s i m i l a r in des ign and c o n s t r u c t i o n to 
t h e i r E B R - I C o r e - I V c o u n t e r p a r t s . M a t e r i a l s r e q u i r e d for the s ix a s 
s e m b l i e s w e r e a v a i l a b l e a s e x c e s s s tock f r o m the p r e v i o u s p r o d u c t i o n 
run . P r o c u r e m e n t , p r o c e s s i n g , and i n s p e c t i o n da ta for th i s m a t e r i a l 
supp l ied e a r l i e r wi l l be r e p o r t e d m A N L - 6 6 2 l ( ^ ) and not be t r e a t e d in 
de t a i l h e r e . 

304 S t a i n l e s s Stee l and U r a n i u m R e q u i r e m e n t s 

Table IV ou t l i nes the s t a i n l e s s tubing r e q u i r e m e n t s . All tubing 
was c o m m e r c i a l l y p r o c u r e d . Upon r e c e i p t the m a t e r i a l was i n s p e c t e d 
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v i s u a l l y and d i m e n s i o n a l l y . I t e m s 1 , 3 , and 5 (see Table IV) w e r e e d d y -
c u r r e n t i n s p e c t e d . Of 560 ft of tubing so i n s p e c t e d , 468 ft (84 p e r cent ) 
w e r e f r e e of f i s s u r e s d e e p e r than 0.0015 in. Th i s m a t e r i a l of b e t t e r q u a l 
i ty w a s a s s u r e d by a m o r e s t r i n g e n t spec i f i ca t ion (see Appendix C). The 
b a s k e t tubing did no t r e q u i r e l e a k - t i g h t i n t e g r i t y and, a c c o r d i n g l y , the 
s p e c i f i c a t i o n s w e r e l e s s r e s t r i c t i v e ( see Appendix D ) . R e p o r t s on Tubing 
I t e m s 1, 3, and 5 , p r o v i d e d by the v e n d o r s (see Table V), gave the c h e m i c a l 
a n a l y s i s of the ingo t s f r o m which the tubing w a s m a d e . They a l s o inc luded 
c e r t i f i c a t i o n by the v e n d o r s t h a t the tub ing c o n f o r m e d to the s p e c i f i c a t i o n s . 

Tab le IV 

T Y P E 304 STAINLESS S T E E L TUBING 

I t e m 

1 

2 

3 

4 

5 

Quant i ty 

8 

16 

17 

34 

2 

OD, in. 

0.413 

0.344 

0.297 

0.237 

0.404 

Wal l , in. 

0.016 

0.010 

0.017 

0.010 

0.021 

Length , ft 

10 

2 

10 

2 

2 

Type 

C o r e III 

C o r e III 

C o r e IV 

C o r e IV 

C o r e III 

Use 

Th imb le 

B a s k e t 

Th imb le 

B a s k e t 

Spec ia l 
Blanket Rod 
J a c k e t 

Tab le V 

INGOT ANALYSIS O F STAINLESS S T E E L TUBING (%) 

I t e m 1 
( 0 . 4 1 3 - i n . - O D x 0 . 0 l 6 - i n . wal l ) 

I t e m 3 
( 0 . 2 9 7 - i n . - O D x 0 .017 - in . wal l ) 

I t e m 5 
{0 .404- in . -OD x 0 .021 - in . wal l ) 
(Same ingot a s I t e m 1) 

C 

0.050 

0.058 

0.050 

Mn 

1.40 

1.68 

1.40 

P 

0.025 

0.019 

0.025 

S 

0.030 

0.016 

0.030 

Si 

0.58 

0.51 

0.58 

Ni 

10.50 

9.50 

10 50 

Cr 

18.47 

18.10 

18.47 

Cu 

0.24 

0.22 

0.24 

Mo 

0.20 

0.32 

0.20 

I N S P E C T I O N C E R T I F I C A T I O N 

I t e m No. 

1 

3 

5 

H y d r o s t a t i c 
T e s t 

OK 

OK 

OK 

F l a n g e , F l a r e , and 
F l a t t e n i n g T e s t s 

OK 

OK 

OK 

E d d y - c u r r e n t 
T e s t 

OK 

OK 

OK 

H a r d n e s s 

R B 

5 8/64 

60 /65 

67 /72 

R e p o r t 
No. 

6550 

6551 

6673 

Date 

4 - 1 8 - 6 2 

4 - 1 8 - 6 2 

5 - 1 4 - 6 2 

After i n s p e c t i o n and a c c e p t a n c e . I t e m s 1 t h r o u g h 4 w e r e d e l i v e r e d 
to Bui lding 350 for f u r t h e r p r o c e s s i n g , in the l eng ths i nd ica t ed in Table IV. 

The b l a n k e t r o d j a c k e t tubing ( i t em 5) w a s f u r t h e r p r o c e s s e d be fo re 
d e l i v e r y . The j a c k e t t u b e s w e r e c o m b i n e d with r i b s p a c e r w i r e s and s t a i n 
l e s s s t e e l t i p s to f o r m j a c k e t a s s e m b l i e s by equ ipmen t and m e t h o d s c o m m o n 
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to the e a r l i e r E B R - I C o r e - I V p r o d u c t i o n and d e s c r i b e d in A N L - 6 6 2 1 . ^ ^ ' 
C o m m e r c i a l Type 308L s t a i n l e s s s t e e l w i r e of - ^ - i n . d i a m e t e r w a s u sed 

16 

for the s p a c e r r i b s tha t w e r e l o c a t e d p a r a l l e l to the tube a x i s , 120 a p a r t . 
Before we ld ing , the r i b - w i r e s tock w a s v a c u u m a n n e a l e d for 15 m i n at 93 0°C. 
The t i p s w e r e m a c h i n e d f r o m Type 304 s t a i n l e s s - s t e e l s tock on hand . 
Welded j a c k e t a s s e m b l i e s w e r e m a c h i n e d to final s i z e , i n s p e c t e d , and d e 
l i v e r e d to Bui ld ing 35 0. 

The u r a n i u m c o m p o n e n t s p r o v i d e d by the Foundry and Fabr icat ion 
Group a r e ou t l ined in Tab le VI. 

Table VI 

URANIUM COMPONENTS 

I tem 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Quantity 

8 

8 

8 

144 

6 

17 

17 

218 

900 

900 

Dia, in. 

0.306 

0.306 

0.306 

0.306 

0.196 

0.196 

0.196 

0.196 

0.200 

0.200 

Length or 
Th icknes s , 

in. 

0.292 

0.484 

0.735 

0.995 

0.484 

0.292 

0.735 

0.995 

0.005 

0.005 

Type 

Core III 

Core III 

Core III 

Core III 

Core IV 

Core IV 

Core IV 

Core IV 

Enr i ched U 

Depleted U 

U s e 

Breed ing -ga in Sample 

Breed ing -ga in Sample 

Breed ing -ga in Sample 

Breed ing -ga in Sample 

Breed ing -ga in Sample 

Breed ing -ga in Sample 

Breed ing -ga in Sample 

Breed ing -ga in Sample 

Breed ing -ga in Sample 

Breed ing -ga in Sample 

Slugs 

Slugs 

Slugs 

Slugs 

Slugs 

Slugs 

Slugs 

Slugs 

Foil 

Foi l 

The C o r e - I l l and C o r e - I V dep l e t ed u r a n i u m s lugs ( i t e m s 6-13 in 
Table Vl) w e r e m a c h i n e d f r o m p r e v i o u s l y b e t a - t r e a t e d 0 .316 - and 0 .235- in . 
d i a m e t e r s tock , r e s p e c t i v e l y . The m a t e r i a l was f r ee of p o r o s i t y and of 
u n i f o r m g r a i n s i z e a s d e t e r m i n e d by ANL n o n d e s t r u c t i v e t e s t i n g m e t h o d s 
d e s c r i b e d in ANL-6632 . (3 ) 

To p r o v i d e s tock for the e n r i c h e d foil d i s k s , 0 . 0 1 0 - i n . - t h i c k m a 
t e r i a l w a s co ld r o l l e d to 0.0075 in. F o r the dep l e t ed d i s k s , 0 . 2 0 0 - i n . -
th ick m a t e r i a l w a s r o l l e d in a s t e e l j a c k e t a t 600°C to the s a m e t h i c k n e s s . 
Both m a t e r i a l s w e r e a n n e a l e d fol lowed by cold ro l l i ng to the 0 .005- in . 
final t h i c k n e s s . The 900 d i s k s , of each type , w e r e punched f r o m the c o l d -
w o r k e d foil to the spec i f i ed s i z e . 

ASSEMBLY O F S P E C I A L F U E L , B L A N K E T , AND 
T H E R M O C O U P L E RODS 

T h i r t y - n i n e h i g h - g r a d e U and 41 l o w - g e n e r a t i o n - t i m e p lu ton ium 
s a m p l e s in a l u m i n u m c a p s u l e s w e r e f u r n i s h e d by the Idaho D iv i s ion . T h e s e 



w e r e l o a d e d with Type 304 s t a i n l e s s s t e e l s p a c e r s into s p e c i a l fuel and 
b l anke t r o d s by the load ing s c h e m e shown in F i g u r e 2. T h e s e r o d s w e r e 
N a K f i l l e d to s p e c i f i c a t i o n by p r o c e d u r e s d e s c r i b e d i n R e p o r t A N L - 6 6 2 2 . ^ ' 
The a d v i s a b i l i t y of NaK bonding a l u m i n u m s p e c i m e n s was q u e s t i o n e d . The 
r o d wil l o p e r a t e be low 450°C and, s i nce t h e r e is p r e c e d e n t for NaK bond
ing a l u m i n u m c a p s u l e s in E B R - I j a c k e t s , it was felt tha t t h e r e was l i t t l e 
r i s k . 

One s p e c i a l t h e r m o c o u p l e rod was loaded a s shown in Table VII. 
Th i s r o d w a s not NaK bonded . I ts p u r p o s e is to m o n i t o r the ana logous 
t e m p e r a t u r e of fuel s l ugs and s p e c i m e n s in the C o r e - I V t h i m b l e s . 



Table VII 

EBR-I CORE-IV THERMOCOUPLE FUEL ELEMENT 

BG PT-669 

c 

URANIUM , 
•BLANKET—f— 
SECTION 

PLUTONIUM 
— FUEL — 

SECTION 

SLUG A 
31; 

, URANIUM 
*\^ BLANKET-

I SECTION 

im=> 
SLUG B SLUG C SLUG SLUG SLUG SLUG 

D E F G 
SLUG H 

Slug No . 

Slug Type 

S P M B a t c h No. for 
P u : 4 2 3 - 7 0 l / 

Slug Met . No. 

Al loy 
Conten t , 

w / o 

P u 
I so top ic 
Conten t , 

% 

Blanke t 
Slug 

Weight , g 

F u e l 
Slug 

Weight , g 

D i m e n s i o n s , 
in . 

Pu 

Al 

I m p 

p^239 

p^240 

p^E41 

Pu242 

G r o s s 

^235 

G r o s s 

P u 

P u " ^ 

p^240 

p^241 

p^242 

Avg. 
Body 
Dia . 

Avg. 
R ibbed 

Dia . 

Leng th 

A 

Blk t . 

6-7 

-

-

-

_ 

-

-

_ 

. 

47 .7 

0.10 

_ 

-

_ 

-

_ 

_ 

N o m . 
0.235 

N o m . 
0.245 

Nomi . 

3.552 

B 

F u e l 

R 7 4 - 1 

98 .61 

1.24 

0.15 

94 .81 

4 .69 

0.50 

„ 

-

-

22.43 

22,12 

20.97 

1.04 

0.11 

„ 

0.232 

0.243 

2.122 

C 

F u e l 

R 7 4 - 2 

98 .61 

1.24 

0.15 

94.81 

4.69 

0.50 

. 

-

-

21.93 

21.63 

20.50 

1.01 

0.11 

_ 

0.233 

0.243 

2.122 

D 

F u e l 

R74-3 

98.61 

1.24 

0.15 

94.81 

4 .69 

0.50 

. 

-

-

9.52 

9.39 

8.90 

0.44 

0.05 

_ 

0.232 

0.241 

1.061 

E 

F u e l 

R 7 4 - 4 

98.61 

1.24 

0.15 

94.81 

4.69 

0.50 

. 

-

-

9.58 

9.45 

8.96 

0.44 

0.05 

« 

0.232 

0.244 

1.060 

F 

F u e l 

R 7 4 - 5 

98.61 

1.24 

0.15 

94.81 

4 .69 

0.50 

-

_ 

9.56 

9.43 

8.94 

0.44 

0.05 

_ 

0.232 

0.242 

1.060 

G 

F u e l 

R 7 4 - 6 

98 .61 

1.24 

0.15 

94.81 

4 .69 

0.50 

-

_ 

9.45 

9.32 

8.83 

0.44 

0.05 

_ 

0.232 

0.243 

1.059 

H 

Blk t . 

6-7 

-

-

_ 

_ 

_ 

-

. 

82.3 

0.18 

. 

-

_ 

_ 

. 

_ 

N o m . 
0.235 

N o m . 
0.245 

N o m . 
7.745 

Tota l 

130.0 

0.28 

82.47 

81.34 

77.10 

3.81 

0.42 

_ 

R e m a r k s : _l_^ 

_9. 

10. 

NaK L e v e l : no NaK in t h i s r o d . 

T h e r m o c o u p l e Well T u b e : n u m b e r unknown. 

C o n n e c t o r - S l e e v e Weld: we lded twice , a c c e p t a b l e . 



A C K N O W L E D G M E N T S 

The fol lowing p e r s o n s d i r e c t l y a s s i s t e d in the p r e p a r a t i o n of the 
s p e c i m e n s d e s c r i b e d in t h i s r e p o r t : Tool d e s i g n , R. F r a n k ; p r e p a r a t i o n 
of p l u t o n i u m a l l o y s , T . B r i g h t ; foil r o l l i n g , A. C a r r and L. Kocenko ; c o m 
ponent m a c h i n i n g , B . M i k o l a j e s k i , G. F l a n i g a n , and J . T a m a y o ; e n c a p s u l -
ing and we ld ing , J . S u m m e r s and D. C a r p e n t e r ; NaK bonding , F . M a l l i e ; 
e v a l u a t i o n , X r a y s and m a c r o p h o t o g r a p h y , S. Smi th . 
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A P P E N D I X A 

Clad P u - A l B r e e d i n g - g a i n Slugs 

I den t . 
H o l d e r / 
C a p s u l e 

N o . 

1 
2 
3 
4 
5 
6 
7 
8 

9 
10 
11 

12 
13 
14 
15 

16 
18 

19 
21 

22 
23 

25 
26 
27 
28 

29 
30 
33 

34 
36 
37 
38 

39 
40 
41 
42 
43 
44 

45 
46 
52 
56 
57 

59 
61 
62 
63 
65 
66 

67 
68 

69 

D i m e n s i o n s 

C a p s u l e 
L e n g t h 

( i n . ) 

0.993 
0 .994 
0 .994 
0 .994 
0 .994 
0.993 
0 .994 

0 .991 
0 .992 
0 .992 
0 .994 
0.993 
0 .992 
0.993 

0.987 

0 .991 
0 .991 
0 .994 
0 .992 
0 .994 
0 .986 
0.993 
0 .994 
0.987 
0.985 
0.993 

0 .994 
0.993 
0 .994 
0 .994 
0.993 
0 .994 
0.987 

0.987 
0.993 
0 .994 
0 .994 

0 .986 

0 .991 
0 .991 
0.987 
0.985 
0.987 
0.985 
0 .994 
0 .994 
0 .994 
0 .994 
0 .994 
0 .994 
0 .994 
0 .994 

C a p s u l e 
M e a n 

D i a m e t e r 
( in . ) 

0.199 
0.199 
0.198 
0.198 
0. 198 
0 .198 

0.199 
0.198 

0.199 
0.198 
0.200 
0.198 
0.198 

0.198 
0.198 
0.198 

0.199 
0.199 
0.198 
0.200 

0.199 
0.199 
0.199 
0.199 
0 .196 
0.200 

0.199 
0.200 
0.198 
0.198 
0.200 

0.199 
0.198 
0.198 

0.199 
0 .200 
0.198 
0.198 
0.198 
0.198 
0.200 

0.198 

0.199 
0.198 
0.200 

0.199 
0.199 
0.198 

0.199 
0.198 
0.200 
0.200 

S lug 
W e i g h t 

(g) 

P u 
(98 .61 w / o 

o f 
S lug Wt ) 

(g) 

Ca 

P u " ' 
( 9 4 . 8 1 % 

of 
P u Wt) 

(g) 

N o m i n a l L e n g t h : 0 .990 

4 .288 
4 .308 
4 .328 
4 .287 
4 . 2 8 1 
4 .288 
4 .335 
4 .277 
4 .282 
4 .292 

4 . 3 1 6 
4 . 2 9 2 
4 . 2 9 6 
4 .305 
4 . 2 9 4 
4 .260 
4 .312 
4 .255 

4 . 2 9 8 
4 . 3 0 4 

4 .242 
4 .258 

4 . 3 0 8 
4 .292 

4 .307 
4 .298 
4 . 3 2 8 
4 .302 
4 . 3 3 1 
4 .290 
4 . 3 2 1 
4 .335 
4 . 2 1 
4 .330 
4 . 3 0 8 
4 . 2 5 6 
4 .298 
4 .305 
4 .273 
4 .272 

4 .297 
4 .314 
4 . 3 1 2 
4 .327 
4 . 2 6 8 
4 .305 

4 .307 
4 .303 

4 .303 
4 .335 
4 .295 
4 .268 

4 .228 
4 .248 
4 .268 
4 .227 
4 . 2 2 1 
4 .228 
4 .275 

4 .218 
4 .222 
4 .232 

4 .256 
4 .232 
4 . 2 3 6 
4 .245 
4 . 2 3 4 
4 . 2 0 1 

4 .252 
4 .196 
4 .238 

4 .244 
4 .183 

4 .199 
4 .248 

4 .232 
4 .247 
4 .238 
4 .268 

4 .242 
4 . 2 7 1 
4 .230 

4 . 2 6 1 
4 .275 
4 .15 
4 .270 
4 .248 
4 .197 
4 .238 
4 .245 
4 .214 
4 .213 

4 .237 
4 .254 
4 .252 

4 .267 

4 .209 
4 .245 

4 .247 
4 .243 
4 .243 
4 .275 
4 .235 

4 .209 

4 .009 
4 .028 
4 .046 
4 .008 
4 .002 

4 .009 
4 .053 

3.999 
4 .003 
4 .012 
4 .035 
4 .012 
4 .016 
4 .025 
4 .014 
3.983 
4 . 0 3 1 

3.978 
4 .018 
4 .024 
3 .966 
3 .981 
4 .028 
4 .012 

4 .027 
4 .018 
4 .046 
4 .022 

4 .049 
4 .010 
4 .040 
4 .053 
3.93 

4 .048 
4 .028 

3.979 
4 .018 
4 .025 

3.995 
3 .994 

4 .017 
4 .033 
4 . 0 3 1 

4 .046 

3 .991 
4 .025 

4 .027 

4.023 
4 .023 
4 .053 
4 .015 

3 .991 

I c u l a t e d 

Pu^ " " 
(4 .69% 

of 
P u Wt ) 

(g) 

in . 

0.197 

0.199 
0.200 
0.198 
0.198 
0.198 
0.200 
0.198 
0.198 
0.198 
0.200 
0.198 

0.199 
0.199 
0.199 
0.197 

0.199 
0.197 

0.199 
0.200 

0.196 
0.197 

0.199 
0.198 

0.199 
0.199 
0.200 

0.199 
0.200 
0.198 
0.200 
0.200 

0.19 
0.200 

0.199 
0.197 

0.199 
0.199 
0.198 
0.198 

0.199 
0.200 

0.199 
0.200 
0.197 

0.199 

0.199 

0.199 
0.199 
0.200 

0.199 
0.197 

G o m p o s i t 

Pu^^ ' 
(0 .50% 

of 
P u Wt) 

(g) 

0 .021 
0 .021 
0 .021 
0 .021 
0 .021 
0 .021 
0 .021 
0 .021 
0 .021 
0 .021 
0 .021 
0 .021 
0 .021 

0 .021 
0 .021 
0 .021 
0 .021 
0 .021 
0 .021 
0 .021 

0 .021 
0 .021 
0 .021 
0 .021 
0 .021 
0 .021 
0 .021 
0 .021 
0 .021 
0 .021 
0 .021 
0 .021 
0.02 
0 .021 
0 .021 
0 .021 
0 .021 
0 .021 
0 .021 
0 .021 

0 .021 
0 .021 
0 .021 
0 .021 
0 .021 
0 .021 
0 .021 

0 .021 
0 .021 
0 .021 
0 .021 
0 .021 

i o n 

A l 
(1 .24 w / o 

of 
S lug Wt) 

(g) 

0.053 
0.053 
0 .054 
0.053 
0.053 
0.053 
0.054 
0.053 
0.053 
0.053 
0 .054 
0.053 
0.053 

0.053 
0.053 
0.053 
0.053 
0.053 
0.053 
0.053 

0.053 
0.053 
0.053 
0.053 
0.053 
0.053 
0 .054 
0.053 

0 .054 
0.053 
0 .054 
0 .054 
0.05 
0.054 
0.053 
0.053 
0.053 
0.053 

0.053 
0.053 

0.053 
0.053 
0.053 

0 .054 
0.053 
0.053 

0.053 

0.053 
0.053 
0 .054 
0.053 
0.053 

I r n p u r i t i e s 
(0 .15 w / o 

of 
S lug Wt ) 

(g) 

0.006 
0.006 
0.006 
0.006 
0.006 
0 .006 
0.007 
0.006 
0.006 
0.006 
0 .006 
0 .006 
0.006 

0.006 
0 .006 
0 .006 
0.006 

0.006 
0.006 
0.006 
0 .006 
0 .006 
0.006 
0.006 
0.006 
0 .006 
0 .006 
0 .006 
0.006 
0.006 
0.006 
0.007 
0 .01 
0.006 
0.006 
0.006 
0 .006 
0 .006 
0 .006 
0.006 

0 .006 
0.006 
0.006 

0.006 
0.006 

0 .006 
0 .006 

0 .006 
0.006 
0 .006 
0 .006 
0 .006 



28 

Went 
Holder/ 
Capsule 
No 

72 
73 
75 
76 
77 
78 

79 
81 
82 
83 
84 
85 
86 
87 
88 

89 
90 

91 
92 
94 
95 
96 
97 
98 

99 
100 

20 
24 
35 
47 

49 
50 
53 
60 
70 
71 
93 

101 
102 
103 
106 
107 
108 
110 
112 
113 
115 
116 

119 
120 

Dimensions 

Capsule 
Length 
(m) 

0 988 

0 989 
0 993 
0 994 
0 994 

0 991 
0 993 
0 993 
0 992 
0 993 
0 992 
0 993 
0 994 
0 994 
0 985 
0 987 
0 993 

0 989 
0 994 
0 994 
0 987 

0 991 
0 987 
0 994 
0 994 
0 987 

0 981 
0 981 
0 976 
0 980 
0 980 

0 979 
0 976 
0 976 

0 979 
0 977 
0 976 

0 469 
0 466 
0 469 
0 469 
0 469 
0 462 

0 469 
0 469 
0 465 
0 468 
0 469 
0 469 
0 468 

Capsule 
Mean 

Diameter 
( m ) 

0 198 
0 198 
0 198 

0 199 
0 200 
0 198 
0 199 
0 198 
0 200 
0 199 
0 199 
0 198 

0 199 
0 198 
0 198 
0 198 
0 198 
0 198 
0 197 
0 198 
0 198 
0 198 
0 198 
0 198 
0 198 
0 198 

0 198 
0 196 
0 196 
0 196 
0 198 
0 198 
0 200 
0 196 
0 198 
0 198 
0 197 

0 198 
0 200 
0 198 
0 200 
0 200 
0 198 
0 198 
0 198 
0 198 

0 199 
0 198 
0 198 
0 198 

Slug 
Weight 

(g) 

Pu 
(98 61 w/o 

of 
Slug Wt) 

(g) 

Nominal Length 

4 318 
4 278 
4 313 
4 260 
4 287 
4 290 
4 316 
4 309 
4 324 
4 278 
4 308 
4 271 
4 245 
4 293 
4 299 
4 314 
4 285 
4 321 
4 306 
4 280 
4 313 
4 290 
4 330 
4 310 
4 289 
4 342 

N 

4 313 
4 277 
4 278 
4 286 
4 275 
4 320 
4 290 
4 307 
4 304 
4 281 
4 306 

N 

1 768 
1 771 
1 770 
1 758 
1 770 
1 768 
1 745 
1 773 
1 772 
1 771 
1 760 
1 786 

1 756 

4 258 
4 219 
4 253 
4 201 
4 227 
4 230 
4 256 
4 249 
4 264 
4 219 
4 248 
4 212 
4 186 
4 233 

4 239 
4 254 
4 225 
4 261 
4 246 
4 221 
4 253 
4 230 
4 270 
4 250 

4 229 
4 282 

ommal Leng 

4 253 
4 218 

4 219 
4 226 
4 216 
4 260 
4 230 
4 247 
4 244 
4 221 
4 246 

ommal Leng 

1 743 
1 746 
1 745 
1 734 
1 745 
1 743 
1 721 
1 748 
1 747 
1 746 
1 736 
1 761 
1 732 

Ca 

Pu"' 
(94 81% 

of 
Pu Wt) 

(g) 

0 990 m ( 

4 037 
4 000 
4 032 
3 983 
4 008 
4 010 
4 035 
4 028 
4 043 
4 000 
4 028 
3 993 

3 969 
4 013 
4 019 
4 033 
4 006 
4 040 
4 026 
4 002 
4 032 
4 010 
4 048 
4 029 
4 010 
4 060 

th 0 980 

4 032 

3 999 
4 000 
4 007 
3 997 
4 039 
4 010 
4 027 
4 024 
4 002 
4 026 

th 0 464 

1 653 
1 655 
1 654 
1 644 
1 654 
1 653 
1 632 
1 657 
1 656 
1 655 
1 646 
1 670 

1 642 

Iculated Composition 

Pu^^° 
(4 69% 
of 

Pu Wt) 

(g) 

Contd ) 

0 200 
0 198 

0 199 
0 197 
0 198 
0 198 
0 200 
0 200 
0 200 
0 198 

0 199 
0 198 
0 196 

0 199 
0 199 
0 200 
0 198 
0 200 

0 199 
0 198 
0 199 
0 198 
0 200 

0 199 
0 198 
0 201 

m 

0 199 
0 198 
0 198 
0 198 
0 198 
0 200 
0 198 

0 199 
0 199 
0 198 
0 199 

m 

0 082 
0 082 
0 082 
0 081 
0 082 
0 082 

0 081 
0 082 
0 082 
0 082 
0 081 
0 083 

0 081 

Pu^*^ 
(O 50% 

of 
Pu Wt) 

(g) 

0 021 
0 021 
0 021 
0 021 
0 021 
0 021 
0 021 
0 021 
0 021 
0 021 
0 021 
0 021 
0 021 
0 021 
0 021 
0 021 
0 021 
0 021 
0 021 
0 021 
0 021 
0 021 
0 021 
0 021 
0 021 
0 021 

0 021 
0 021 
0 021 
0 021 
0 021 
0 021 
0 021 
0 021 
0 021 
0 021 
0 021 

0 009 
0 009 
0 009 
0 009 
0 009 
0 009 
0 009 
0 009 
0 009 
0 009 
0 009 
0 009 
0 009 

Al 
(1 24 w/o 

of 
SlugWt) 

(g) 

0 054 
0 053 
0 053 
0 053 
0 053 
0 053 
0 054 
0 053 
0 054 
0 053 
0 053 
0 053 
0 053 
0 053 
0 053 
0 053 
0 053 
0 054 
0 053 
0 053 
0 053 
0 053 
0 054 
0 053 
0 053 
0 054 

0 053 
0 052 
0 052 
0 052 
0 052 
0 053 
0 052 
0 053 
0 053 
0 052 
0 053 

0 022 
0 022 
0 022 
0 022 
0 022 
0 022 

0 022 
0 022 
0 022 
0 022 
0 022 
0 022 
0 022 

Impurities 
(O 15 w/o 

of 
Slug Wt) 

(g) 

0 006 
0 006 
0 006 
0 006 
0 006 
0 006 
0 006 
0 006 
0 006 
0 006 
0 006 
0 006 
0 006 
0 006 
0 006 
0 006 
0 006 
0 006 
0 006 
0 006 
0 006 
0 006 
0 006 
0 006 
0 006 
0 006 

0 006 
0 006 
0 006 
0 006 
0 006 
0 006 
0 006 
0 006 
0 006 
0 006 
0 006 

0 003 
0 003 
0 003 
0 003 
0 003 

0 003 
0 003 
0 003 
0 003 
0 003 
0 003 
0 003 

0 003 



APPENDIX B 

Clad Pu-Al Breeding-gain Foils 

Iden t i f i ca t ion 

H o l d e r / 
C o l / 
Row 

1 A 1 
1 A 2 
1 A 3 

1 A 4 

1 B 1 
1 B 2 
1 B 3 
1 B 4 
1 C 1 
1 C 2 
1 C 3 
1 C 4 
1 D 1 
1 D 2 
1 D 3 
1 D 4 
1 E 1 
1 E 2 
1 E 3 
1 E 4 
1 F 1 
1 F 2 
1 F 3 
1 F 4 
1 G 1 
1 G 2 
1 G 3 
1 G 4 
1 H 1 
1 H 2 
1 H 3 
1 H 4 
1 1 1 
1 1 2 
1 I 3 
1 I 4 
1 J 1 
1 J 2 
1 J 3 
1 J 4 
1 K 1 
1 K 2 
1 K 3 
1 K 4 
1 L 1 
1 L 2 
1 L 3 
1 L 4 
1 M 1 
1 M 2 
2 A 1 

F o i l 
No 

1 

2 

3 

No 
F o i l 

4 

5 

6 

7 

8 

9 
10 

11 

12 

13 

14 

15 

16 

17 

18 

19 
20 

21 

22 

23 

24 

2 5 

26 

27 

2 8 

29 
30 

3 1 

32 

33 

34 

35 

36 

37 

38 

39 
4 0 

4 1 

4 2 

4 3 

4 4 

4 5 

4 6 

4 7 

4 8 

4 9 
50 

F o i l 
Wt 
(g) 

0 012770 
0 012930 
0 012940 

0 012325 
0 012915 
0 012875 
0 012600 
0 012565 
0 012685 
0 012625 
0 012790 
0 013050 
0 012670 
0 012290 
0 013150 
0 012640 
0 012785 
0 012555 
0 012975 
0 012760 
0 012675 
0 012735 
0 012965 
0 012000 
0 012560 
0 013005 
0 012335 
0 013185 
0 012045 
0 012745 
0 012790 
0 012540 
0 012645 
0 012730 
0 013710 
0 013860 
0 013200 
0 012975 
0 012785 
0 012685 
0 013820 
0 013150 
0 013105 
0 013080 
0 012970 
0 012835 
0 013220 
0 013325 
0 013560 
0 012820 

C a l c u l a t e d Comp 

P u 
(98 60 w/o 

of 
F o i l Wt) 

(g) 

0 012591 
0 012749 
0 012759 

0 012152 
0 012734 
0 012695 
0 012424 
0.012389 
0 012507 
0 012448 
0 012611 
0 012867 
0 012493 
0 012118 
0 012966 
0 012463 
0 012606 
0 012379 
0 012793 
0 012581 
0 012498 
0 012557 
0 012783 
0 011832 
0 012384 
0 012823 
0 012162 
0 013000 
0 011876 
0 012567 
0 012611 
0 012364 
0 012468 
0 012552 
0 013518 
0 013666 
0 013015 
0 012793 
0 012606 
0 012507 
0 013627 
0 012966 
0 012922 
0 012897 
0 012788 
0 012655 
0 013035 
0 013138 
0 013370 
0 012641 

P u " « 
(0 0 1 % 

of 
P u W t ) 

(g) 
1 0 x 1 0 - 6 

P u " ' 
(94 9 1 % 

of 
P u Wt) 

(g) 

0 011950 
0 012100 
0 012110 

0 011533 
0 012086 
0 012049 
0 011792 
0 011758 
0 011870 
0 011814 
0 011969 
0 012212 
0 011857 
0 011501 
0 012306 
0 011829 
0 011964 
0 011749 
0 012142 
0 011941 
0 011862 
0 011918 
0 012132 
0 011230 
0 011754 
0 012170 
0 011543 
0 012338 
0 011272 
0 011927 
0 011969 
0 011735 
0 011833 
0 011913 
0 012829 
0 012970 
0 012353 
0 012142 
0 011964 
0 011870 
0 012933 
0 012306 
0 012264 
0 012241 
0 012137 
0 012011 
0 012372 
0 012469 
0 012689 
0 011998 

p^240 

(4 60% 
of 

P u W t ) 

1 Ox 10 ' 

5 7 9 
5 8 6 

587 

559 
5 8 6 

5 8 4 

5 7 2 

570 

5 7 5 

5 7 3 

580 

5 9 2 

5 7 5 

557 

5 9 6 

5 7 3 

5 8 0 

569 
5 8 8 

579 
5 7 5 

5 7 8 

5 8 8 

5 4 4 

5 7 0 

590 

5 5 9 
5 9 8 

5 4 6 

5 7 8 

5 8 0 

5 6 9 
5 7 4 

577 

6 2 2 

629 

5 9 9 
5 8 8 

5 8 0 

5 7 5 

627 

5 9 6 

5 9 4 

5 9 3 

5 8 8 

5 8 2 

600 

6 0 4 

6 1 5 

5 8 1 

as i t ion 

P u " ' 
(0 48% 

of 
P u W t ) 

1 Ox 10 ' 

60 

61 

6 1 

58 

6 1 

6 1 

60 

59 
60 

60 

60 

62 

60 

58 

62 

60 

61 

59 
61 

60 

60 

60 

61 

57 

59 
62 

5 8 

62 

57 

60 

6 1 

59 
60 

60 

65 

66 

62 

61 

61 

60 

65 

62 

62 

62 

61 

61 

63 

63 

64 

61 

A l 

(1 25 w/o 
of 

F o i l Wt) 

(g) 
1 0 x 1 0 " ' 

160 

162 

162 

154 

161 

161 

157 

157 

159 
158 

160 

163 

158 

154 

164 

158 

160 

157 

162 

159 
158 

159 
162 

150 

157 
163 

154 

165 

151 

159 
160 

157 

158 

159 

171 

173 

165 

162 

160 

159 
173 

164 

164 

163 

162 

160 

165 

167 

169 
160 

I m p u r i t i e s 
(0 15 w/o 

of 
F o i l Wt) 

1 0 X 10" ' 

19 

19 

19 

18 

19 

19 

19 

19 

19 

19 

19 
20 

19 
18 

20 

19 

19 

19 

19 

19 

19 

19 

19 
18 

19 
20 

19 
20 

18 

19 

19 

19 

19 

19 
2 1 

2 1 

20 

19 

19 

19 
2 1 

20 

20 

20 

19 

19 

20 

20 

20 

19 



Iden t i f i ca t ion 

H o l d e r / 
Col . / 
Row 

2 A 2 
2 A 3 
2 A 4 
2 B 1 
2 B 2 
2 B 3 
2 B 4 
2 C 1 
2 C 2 
2 C 3 
2 C 4 
2 D 1 
2 D 2 
2 D 3 
2 D 4 
2 E 1 
2 E 2 
2 E 3 
2 E 4 
2 F 1 
2 F 2 
2 F 3 
2 F 4 
2 G 1 
2 G 2 
2 G 3 
2 G 4 
2 H I 
2 H 2 
2 H 3 
2 H 4 
2 I 1 
2 I 2 
2 I 3 
2 I 4 
2 J 1 
2 J 2 
2 J 3 
2 J 4 
2 K 1 
2 K 2 
2 K 3 
2 K 4 
2 L 1 
2 L 2 
2 L 3 
2 L 4 
2 M 1 
2 M 2 
3 A 1 
3 A 2 
3 A 3 
3 A 4 
3 B 1 
3 B 2 

F o i l 
No. 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 

F o i l 
Wt 
(g) 

0.012460 
0.011905 
0.013055 
0.013670 
0.013710 
0.013890 
0 .013445 
0.013365 
0.013235 
0.013490 
0.012865 
0.013230 
0.013070 
0.013125 
0.013570 
0.013675 
0.013195 
0.012935 
0.013205 
0.013090 
0.013535 
0.012710 
0.013510 
0.013310 
0.012410 
0.013275 
0.013320 
0.012660 
0.013730 
0.013900 
0.011940 
0.013390 
0.013340 
0.013155 
0.013320 
0.013430 
0.013520 
0.013430 
0.013840 
0.013860 
0.013960 
0.013355 
0.013575 
0.013710 
0.013685 
0.013995 
0.013725 
0.013890 
0.013720 
0.013765 
0.013200 
0.012560 
0.012905 
0.012675 
0.013240 

C a l c u l a t e d C o m p o s i t i o n 

P u 
(98.60 w/o 

of 
F o i l Wt) 

(g) 

0 .012286 
0 .011738 
0.012872 
0.013479 
0 .013518 
0 .013696 
0.013257 
0 .013178 
0.013050 
0 .013301 
0.012685 
0.013045 
0.012887 
0.012941 
0.013380 
0.013484 
0.013010 
0 .012754 
0.013020 
0.012907 
0 .013346 
0.012532 
0.013321 
0.013124 
0 .012236 
0 .013089 
0 .013134 
0 .012483 
0 .013538 
0 .013705 
0.011773 
0.013203 
0.013153 
0.012971 
0.013134 
0 .013242 
0 .013331 
0.013242 
0 .013646 
0 .013666 
0.013765 
0.013168 
0.013385 
0.013518 
0.013493 
0.013799 
0.013533 
0 .013696 
0 .013528 
0.013572 
0.013015 
0 .012384 
0.012724 
0.012498 
0 .013055 

P u " » 
(0 .01% 

of 
P u W t ) 

(g) 
1 . 0 x 1 0 " ' 

P u " ' 
(94 .91% 

of 
P u W t ) 

(g) 

0 .011661 
0 .011141 
0.012217 
0.012793 
0.012830 
0.012999 
0 .012582 
0.012507 
0 .012386 
0 .012624 
0.012039 
0 .012381 
0 .012231 
0.012282 
0.012699 
0 .012798 
0.012348 
0 .012105 
0.012357 
0.012250 
0.012667 
0 .011894 
0.012643 
0.012456 
0.011613 
0 .012423 
0 .012465 
0 .011848 
0.012849 
0.013007 
0 .011174 
0 .012531 
0.012484 
0.012311 
0 .012465 
0.012568 
0.012652 
0.012568 
0 .012951 
0.012970 
0.013064 
0 .012498 
0 .012704 
0.012830 
0 .012806 
0.013097 
0 .012844 
0.012999 
0.012839 
0.012881 
0 .012353 
0 .011754 
0.012076 
0.011862 
0 .012391 

Pu^^° 
(4.60% 

of 
P u W t ) 

l .Ox 10 ' 

565 
540 
592 
620 
622 
630 
610 
606 
612 
584 
582 
600 
593 
595 
615 
620 
598 
587 
599 
594 
614 
576 
613 
604 
563 
602 
604 
574 
623 
630 
542 
607 
605 
597 
604 
609 
613 
609 
628 
629 
633 
606 
616 
622 
621 
635 
623 
630 
622 
624 
599 
570 
585 
575 
601 

P u ^ " 
(0.48% 

of 
P u W t ) 

(g) 
l .Ox 10" ' 

59 
56 
62 
65 
65 
66 
64 
63 
63 
64 
61 
63 
62 
62 
64 
65 
62 
61 
62 
62 
64 
60 
64 
63 
59 
63 
63 
60 
65 
66 
57 
63 
63 
62 
63 
64 
64 
64 
66 
66 
66 
63 
64 
65 
65 
66 
65 
66 
65 
65 
62 
59 
61 
60 
63 

A l 
(1.25 w/o 

of 
F o i l Wt) 

(g) 
1.0 X 10"' 

156 
149 
163 
171 
171 
174 
168 
167 
165 
169 
161 
165 
163 
164 
170 
171 
165 
162 
165 
164 
169 
159 
169 
166 
155 
166 
166 
158 
172 
174 
149 
167 
167 
164 
166 
168 
169 
168 
173 
173 
174 
167 
170 
171 
171 
175 
172 
174 
171 
172 
165 
157 
161 
158 
165 

I m p u r i t i e s 
(0.15 w/o 

of 
F o i l Wt) 

(g) 
1.0 X 10"' 

19 
18 
20 
21 
21 
21 
20 
20 
20 
20 
19 
20 
20 
20 
20 
21 
20 
19 
20 
20 
20 
19 
20 
20 
19 
20 
20 
19 
21 
21 
18 
20 
20 
20 
20 
20 
20 
20 
21 
21 
21 
20 
20 
21 
21 
21 
21 
21 
21 
21 
20 
19 
19 
19 
20 



Identif ic 

H o l d e r / 
C o l . / 
Row 

3 B 3 
3 B 4 
3 C 1 
3 C 2 
3 C 3 
3 C 4 
3 D 1 
3 D 2 
3 D 3 
3 D 4 
3 E 1 
3 E 2 
3 E 3 
3 E 4 
3 F 1 
3 F 2 
3 F 3 
3 F 4 
3 G 1 
3 G 2 
3 G 3 
3 G 4 
3 H 1 
3 H 2 
3 H 3 
3 H 4 
3 I 1 
3 I 2 
3 1 3 
3 I 4 
3 J 1 
3 J 2 
3 J 3 
3 J 4 
3 K 1 
3 K 2 
3 K 3 
3 K 4 
3 L 1 
3 L 2 
3 L 3 
3 L 4 
3 M 1 
3 M 2 
4 A 1 
4 A 2 
4 A 3 
4 A 4 
4 B 1 
4 B 2 
4 B 3 
4 B 4 
4 C 1 
4 C 2 
4 C 3 

a t i on 

F o i l 
No. 

106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 

F o i l 
Wt 
(g) 

0.013125 
0.012605 
0.012670 
0.013135 
0.012830 
0.012930 
0.012675 
0.012775 
0.012685 
0.012700 
0.012640 
0.012760 
0.013065 
0.012580 
0 .012715 
0.012725 
0.012745 
0 .012635 
0.012645 
0.013190 
0.012740 
0.013410 
0.013310 
0.013490 
0 .013635 
0.013730 
0.013060 
0.013250 
0.013320 
0.013070 
0.013440 
0.013410 
0.013490 
0.013740 
0.013510 
0.013160 
0.013145 
0.013260 
0 .013305 
0.013360 
0.013410 
0.013345 
0.013045 
0.013510 
0.012565 
0.013440 
0.013510 
0 .013215 
0.013705 
0.013620 
0.013500 
0.013330 
0.013750 
0.013460 
0.013630 

C a l c u l a t e d Comp 

P u 
(98. 60 w/o 

of 
F o i l Wt) 

(g) 

0 .012941 
0.012429 
0 .012493 
0 .012951 
0.012650 
0.012749 
0.012498 
0 .012596 
0.012507 
0.012522 
0 .012463 
0 .012581 
0.012882 
0 .012404 
0.012537 
0.012547 
0.012567 
0 .012458 
0.012468 
0 .013005 
0 .012562 
0 .013222 
0 .013124 
0 .013301 
0 .013444 
0 .013538 
0.012877 
0 .013064 
0.013134 
0.012887 
0 .013252 
0 .013222 
0 .013301 
0 .013548 
0 .013321 
0 .012976 
0 .012161 
0.013074 
0.013119 
0 .013173 
0 .013222 
0 .013158 
0 .012862 
0 .013321 
0.012389 
0.013252 
0 .013321 
0.013030 
0 .013513 
0.013429 
0 .013311 
0 .013143 
0.013557 
0 .013272 
0.013439 

P u " « 
(0 .01% 

of 
P u W t ) 

1 . 0 x 1 0 " ' 

P u " ' 
(94 .91% 

of 
P u W t ) 

(g) 

0 .012282 
0.011796 
0.011857 
0.012292 
0.012006 
0.012100 
0.011862 
0.011955 
0.011870 
0.011885 
0.011829 
0 .011941 
0 .012226 
0.011773 
0.011899 
0.011908 
0.011927 
0 .011824 
0.011833 
0.012343 
0.011923 
0.012549 
0.012456 
0.012624 
0.012760 
0.012859 
0.012222 
0.012399 
0 .012465 
0.012231 
0.012577 
0.012549 
0 .012624 
0.012858 
0.012643 
0 .012316 
0.012301 
0.012409 
0.012451 
0 .012502 
0.012549 
0.012488 
0.012207 
0.012643 
0.011758 
0.012577 
0.012643 
0.012367 
0.012825 
0.012745 
0.012633 
0 .012474 
0.012867 
0.012596 
0 .012755 

P u " ° ^ 
(4.60% 

of 
P u W t ) 

1 . 0 x 1 0 " ' 

595 
572 
575 
596 
582 
586 
575 
579 
575 
576 
573 
579 
593 
571 
577 
577 
578 
573 
574 
598 
578 
608 
604 
612 
618 
623 
592 
601 
604 
593 
610 
608 
612 
623 
613 
597 
596 
601 
603 
606 
608 
605 
592 
613 
570 
610 
613 
599 
622 
618 
612 
605 
624 
611 
618 

os i t ion 

P u " ' 
(0.48% 

of 
P u W t ) 

^'^ 6 1 .0x10 ' 

62 
60 
60 
62 
61 
61 
60 
60 
60 
60 
60 
60 
62 
60 
60 
60 
60 
60 
60 
62 
60 
63 
63 
64 
65 
65 
62 
63 
63 
62 
64 
63 
64 
65 
64 
62 
62 
63 
63 
63 
63 
63 
62 
64 
59 
64 
64 
63 
65 
64 
64 
63 
65 
64 
65 

Al 
(1.25 w/o 

of 
F o i l Wt) 

(g) 
1.0 X 10"' 

164 
158 
158 
164 
160 
162 
158 
160 
159 
159 
158 
159 
163 
157 
159 
159 
159 
158 
158 
165 
159 
168 
166 
169 
170 
172 
163 
166 
166 
163 
168 
168 
169 
172 
169 
164 
164 
166 
166 
167 
168 
167 
163 
169 
157 
168 
169 
165 
171 
170 
169 
167 
172 
168 
170 

I m p u r i t i e s 
(0.15 w/o 

of 
F o i l Wt) 

(g) 
1.0 X 1 0 " ' 

20 
19 
19 
20 
19 
19 
19 
19 
19 
19 
19 
19 
20 
19 
19 
19 
19 
19 
19 
20 
20 
20 
20 
20 
20 
21 
20 
20 
20 
20 
20 
20 
20 
21 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
19 
20 
20 
20 
21 
20 
20 
20 
21 
20 
20 



Iden t i f i ca t ion 

H o l d e r / 
C o l . / 
Row 

4 C 4 
4 D 1 
4 D 2 
4 D 3 
4 D 4 
4 E 1 
4 E 2 
4 E 3 
4 E 4 
4 F 1 
4 F 2 
4 F 3 
4 F 4 
4 G 1 
4 G 2 
4 G 3 
4 G 4 
4 H 1 
4 H 2 
4 H 3 
4 H 4 
4 1 1 
4 I 2 
4 I 3 
4 1 4 
4 J 1 
4 J 2 
4 J 3 
4 J 4 
4 K 1 
4 K 2 
4 K 3 
4 K 4 
4 L 1 
4 L 2 
4 L 3 
4 L 4 
4 M 1 
4 M 2 
5 A 1 
5 A 2 
5 A 3 
5 A 4 
5 B 1 
5 B 2 
5 B 3 
5 B 4 
5 C 1 
5 C 2 
5 C 3 
5 C 4 
5 D 1 
5 D 2 
5 D 3 
5 D 4 

F o i l 
No. 

161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 

F o i l 
Wt 
(g) 

0.013670 
0.013125 
0.013110 
0.013225 
0.013230 
0.013510 
0.013180 
0.013325 
0.013390 
0.013790 
0.013425 
0.013655 
0.013610 
0.013085 
0.013435 
0 .013065 
0.013675 
0.013460 
0.013780 
0.013220 
0.013195 
0.013620 
0.013230 
0.013455 
0.013230 
0.013820 
0 .013645 
0.013630 
0.013570 
0.013750 
0.013290 
0.013185 
0.013640 
0.013275 
0.013250 
0.013770 
0.013460 
0.013500 
0.013465 
0.013585 
0.013180 
0.013430 
0.013890 
0.013425 
0.012500 
0.013250 
0.012120 
0.013580 
0.014065 
0.014030 
0.013610 
0.013770 
0.013950 
0 .013325 
0.013685 

C a l c u l a t e d C o m p o s i t i o n 

P u 
(98.60 w/o 

of 
F o i l Wt) 

(g) 

0 .013479 
0 .012941 
0 .012926 
0.013040 
0 .013045 
0 .013321 
0 .012995 
0 .013138 
0 .013203 
0.013597 
0.013237 
0 .013464 
0 .013419 
0 .012902 
0.013247 
0 .012882 
0 .013484 
0 .013272 
0.013587 
0 .013035 
0.013010 
0.013429 
0 .013045 
0.013267 
0 .013045 
0.013627 
0 .013454 
0.013439 
0.013380 
0 .013557 
0 .013104 
0.013000 
0.013449 
0.013089 
0 .013064 
0.013577 
0 .013272 
0 .013311 
0 .013276 
0 .013395 
0 .012995 
0.013242 
0 .013696 
0.013237 
0 .012325 
0 .013064 
0.011950 
0.013390 
0.013868 
0.013834 
0.013419 
0.013577 
0.013755 
0 .013138 
0.013493 

P u " ' 
(0 .01% 

of 
P u W t ) 

(g) 
1 . 0 x 1 0 " ' 

T-. 239 
P u " 

(94 .91% 
of 

P u Wt) 
(g) 

0 .012793 
0.012282 
0.012268 
0 .012376 
0.012381 
0 .012643 
0 .012334 
0.012469 
0 .012531 
0 .012905 
0.012563 
0.012779 
0 .012736 
0 .012245 
0 .012573 
0 .012226 
0 .012798 
0 .012596 
0 .012895 
0 .012371 
0 .012348 
0 .012745 
0 .012381 
0 .012592 
0 .012381 
0.012933 
0.012769 
0 .012755 
0.012699 
0.012867 
0.012437 
0 .012338 
0 .012764 
0.012423 
0.012399 
0 .012886 
0 .012596 
0 .012633 
0.012600 
0 .012713 
0.012334 
0 .012568 
0.012999 
0.012563 
0.011698 
0.012399 
0 .011342 
0 .012708 
0 .013162 
0.013130 
0 .012736 
0 .012886 
0 .013055 
0,012469 
0 .012806 

Pu"° 
(4.60% 

of 
P u Wt) 

1 .0x10 ^ 

620 
595 
595 
600 
600 
613 
598 
604 
607 
625 
609 
619 
617 
593 
609 
593 
620 
611 
625 
600 
598 
618 
600 
610 
600 
627 
619 
618 
615 
624 
603 
598 
619 
602 
601 
625 
611 
612 
611 
616 
598 
609 
630 
609 
567 
601 
550 
616 
638 
636 
617 
625 
633 
604 
621 

pu241 

(0.48% 
of 

P u W t ) 

(g) 
l .Ox 10" ' 

65 
62 
62 
63 
63 
64 
62 
63 
63 
65 
64 
65 
64 
62 
64 
62 
65 
64 
65 
63 
62 
64 
63 
64 
63 
65 
65 
65 
64 
65 
63 
62 
65 
63 
63 
65 
64 
64 
64 
64 
62 
64 
66 
64 
59 
63 
57 
64 
67 
66 
64 
65 
66 
63 
65 

Al 
(1.25 w/o 

of 
F o i l Wt) 

(g) 
l .Ox 1 0 " ' 

171 
164 
164 
165 
165 
169 
165 
167 
167 
172 
168 
17 1 
170 
164 
168 
163 
171 
168 
172 
165 
165 
170 
165 
168 
165 
173 
171 
170 
170 
172 
166 
165 
170 
166 
166 
172 
168 
169 
168 
170 
165 
168 
174 
168 
156 
166 
151 
170 
176 
175 
170 
172 
174 
167 
171 

I m p u r i t i e s 
(0.15 w / o 

of 
F o i l Wt) 

(g) 
1.0 x 1 0 " ' 

21 
20 
20 
20 
20 
20 
20 
20 
20 
21 
20 
20 
20 
20 
20 
20 
21 
20 
21 
20 
20 
20 
20 
20 
20 
21 
20 
20 
20 
21 
20 
20 
20 
20 
20 
21 
20 
20 
20 
20 
20 
20 
21 
20 
19 
20 
18 
20 
21 
21 
20 
21 
21 
20 
21 



Iden t i f i ca t ion 

H o l d e r / 
C o l . / 
Row 

5 E 1 
5 E 2 
5 E 3 
5 E 4 
5 F 1 
5 F 2 
5 F 3 
5 F 4 
5 G 1 
5 G 2 
5 G 3 
5 G 4 
5 H 1 
5 H 2 
5 H 3 
5 H 4 
5 I 1 
5 I 2 
5 I 3 
5 I 4 
5 J 1 
5 J 2 
5 J 3 
5 J 4 
5 K 1 

F o i l 
No. 

216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 

F o i l 
Wt 
(g) 

0.013150 
0.013490 
0.013495 
0.013600 
0.013895 
0.013490 
0.012315 
0.013540 
0.013180 
0.013055 
0.013640 
0.013480 
0.013160 
0.013075 
0.013180 
0.013020 
0,013215 
0.013320 
0.013715 
0.013450 
0.012470 
0.012525 
0.013520 
0.013575 
0.013465 

C a l c u l a t e d C o m p o s i t i o n 

P u 
(98.60 w/o 

of 
F o i l Wt) 

(g) 

0 .012966 
0 .013301 
0.013306 
0.013410 
0.013700 
0.013301 
0.012143 
0.013350 
0.012995 
0.012872 
0.013449 
0 .013291 
0.012976 
0.012892 
0.012995 
0.012838 
0.013030 
0.013134 
0.013523 
0.013262 
0.012295 
0.012350 
0.013331 
0.013385 
0.013276 

P u " « 
(0 .01% 

of 
P u W t ) 

(g) 
l .Ox 10"' 

P u " ' 
(94 .91% 

of 
P u W t ) 

(g) 

0 .012306 
0.012624 
0.012629 
0,012727 
0.013003 
0,012624 
0.011525 
0.012670 
0 ,012334 
0.012217 
0 .012764 
0.012614 
0.012316 
0.012236 
0 .012334 
0.012185 
0.012367 
0.012465 
0,012835 
0,012587 
0,011669 
0.011721 
0.012652 
0 .012704 
0.012600 

P u ^ « 
(4.60% 

of 
P u W t ) 

(g) 
1 . 0 x 1 0 " ' 

596 
612 
612 
617 
630 
612 
559 
614 
598 
592 
619 
611 
597 
593 
598 
591 
599 
604 
622 
610 
566 
568 
613 
616 
611 

P u ^ " 
(0.48% 

of 
P u W t ) 

(g) 
l .Ox 10"' 

62 
64 
64 
64 
66 
64 
58 
64 
62 
62 
65 
64 
62 
62 
62 
62 
63 
63 
65 
64 
59 
59 
64 
64 
64 

Al 
(1.25 w/o 

of 
F o i l Wt) 

(g) 
1 . 0 x 1 0 " ' 

164 
169 
169 
170 
174 
169 
154 
169 
165 
163 
170 
168 
164 
163 
165 
163 
165 
166 
171 
168 
156 
157 
169 
170 
168 

I m p u r i t i e s 
(0.15 w/o 

of 
F o i l Wt) 

(g) 
1 . 0 x 1 0 " ' 

20 
20 
20 
20 
21 
20 
18 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
21 
20 
19 
19 
20 
20 
20 



APPENDIX C 

Modified ASTM Specification A-269-60 

This specification covers the manufacture of s ta in less s teel tubing 
for thimbles and jackets to be used in EBR-I Core-IV breeding-gain ex
per iments . This m a t e r i a l shall be manufactured in accordance withASTM 
specification A-269-60 with the following exceptions: 

Delete i tems Ic and 15. 

Change i tems 3a, 16, 17, and 18b to read as follows: 

Item 3a 

The tubes shal l be made by the seamless p r o c e s s . 

Item l6a 

Tubes shall be free of bends or kinks, and the maximum uniform 
bow shal l not exceed 0.010 in./ft of length up to 6 ft. Maximum uniform 
bow of longer lengths shall not exceed 0.020 in./ft of length. Tubes shall 
have smooth ends free from b u r r s . Tubes shall be clean and have a 
workmanlike finish. 

Item 16b 

Eddy-cur ren t examination - p r ior to del ivery eddy-cur ren t inspec
tion shall be per formed on all tubes with equipment and techniques of suf
ficient sensi t ivi ty to detect any defects g rea t e r in one or m o r e dimensions 
than the s tandard defect here defined: An empty f i ssure 0.002 in. in the 
rad ia l d i rect ion x j r in. in the direct ion para l l e l to the tube axis x 0.001 in. 
at the widest point m e a s u r e d along the tube c i rcumference . 

Item 16c 

Any discontinuity in the tubing which produces an indication l a rge r 
than the indication produced by the s tandard defect shal l be classif ied as 
re jected. 

Item 17 

The name or brand of the manufacturer , the grade (such as TP304) 
of m a t e r i a l from which it is made, and the ANL purchase order number shal l 
be legibly marked on a tag attached to the individual tube as p repared for 
shipment. 

Item 18b 

Certif ication - The manufacturer shal l furnish a s tatement that 
m a t e r i a l has been tested and has met the r equ i remen t s of these specifications. 



A P P E N D I X D 

Modif ied A S T M Spec i f i ca t i on A - 2 6 9 - 6 0 

Th i s s p e c i f i c a t i o n c o v e r s the m a n u f a c t u r e of s t a i n l e s s s t e e l tubing 
for b a s k e t s to be u s e d in E B R - I C o r e - I V b r e e d i n g - g a i n e x p e r i m e n t s . Th i s 
m a t e r i a l s h a l l be m a n u f a c t u r e d in a c c o r d a n c e wi th ASTM s p e c i f i c a t i o n 
A - 2 6 9 - 6 0 wi th the fol lowing e x c e p t i o n s : 

D e l e t e i t e m s Ic and 15. 

Change i t e m s 3a, 16, 17, and 18b to r e a d as fo l lows: 

I t e m 3a 

T u b e s s h a l l be m a d e by the s e a m l e s s p r o c e s s . 

I t em 16 

T u b e s s h a l l be f r ee of b e n d s o r k inks , and the m a x i m u m u n i f o r m 
bow s h a l l not e x c e e d 0.010 i n . / f t of l eng th . Tubes s h a l l h a v e s m o o t h ends 
f r e e f r o m b u r r s . T u b e s s h a l l be c l e a n and have a w o r k m a n l i k e f in ish . 

I t e m 17 

The n a m e or b r a n d of the m a n u f a c t u r e r , the g r a d e ( such a s T P304) 
of m a t e r i a l f r o m which it is m a d e , and the A N L p u r c h a s e o r d e r n u m b e r 
s h a l l be l eg ib ly m a r k e d on a t ag a t t a c h e d to the ind iv idua l tube a s p r e 
p a r e d for s h i p m e n t . 

I t e m 18b 

C e r t i f i c a t i o n - The m a n u f a c t u r e r s h a l l f u rn i sh a s t a t e m e n t tha t m a 
t e r i a l h a s b e e n t e s t e d and h a s m e t the r e q u i r e m e n t s of t h e s e s p e c i f i c a t i o n s . 




