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S U R V E Y  OF R E A C T O R  F A C I L I T I E S  

F O R  

P R E S S U R E  T U B E  I R R A D I A T I O N  

I N T R O D U C T I O N  

T h i s  s u r v e y  was made t o  d e t e r m i n e  a v a i l a b l e  r e a c t o r  s p a c e  

mee t lng  t h e  Heavy Water R e a c t o r  Program (HWRP) c r i t e r i a  f o r  

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

and t o  d e f l n e  t h e  r e q u i r e m e n t s  and c o s t s  o f  p r o v i d i n g  f a c i l i t i e s  

f o r  t h l s  l r r a d l a t l o n  The HWRP g o a l  1s t o  o p e r a t e  a  " f u l l  

s l z e d "  z l r eon lum a l l o y  p r e s s u r e  t u b e  a t  t y p l c a l  heavy w a t e r  

r e a c t o r  e o n d l t l o n s  o f  p r e s s u r e ,  t e m p e r a t u r e ,  and w a t e r  c h e m i s t r y  

t o  an equivalent 30 y r  f a s t  n e u t r o n  f l u e n c e .  The p u r p o s e  o f  

t h l s  irradiation w i l l  be  t o  d e m o n s t r a t e  r e l i a b i l i t y  and p e r f o r -  

mance o f  zirconium a l l o y  p r e s s u r e  t u b e s  exposed  t o  30 y r  n e u t r o n  

f l u e n c e  under  t y p l c a l  heavy w a t e r  r e a c t o r  c o n d i t i o n s .  A l so  

t h i s  t e s t  will expose  a  " ' f u l l  s l z e d "  p r e s s u r e  t u b e  t o  advance 

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

P r e s e n t l y ,  t h e r e  a r e  approximately 1 8 0 0  Z i r c a l o y  and 1 0  t o  

20 Zr-2.5 wt% Nb p r e s s u r e  t u b e s  installed I n  w a t e r  c o o l e d  

n u c l e a r  r e a c t o r s  I n  a l l  a p p r o x i m a t e l y  40,000 f t  o f  z i r con ium 

a l l o y  p r e s s u r e  t u b i n g  has  been  fabricated e x c l u d i n g  t u b i n g  f o r  

t h e  new Canadian r e a c t o r s -  The t e c h n i c a l  b a s r s  f o r  t u b e  f a b r i -  

c a t f o n  and p r e d l c t l n g  t u b e  per formance  1s based  upon a l a r g e  

body o f  t e c h n o l o g y  o b t a l n e d  from s m a l l  s l z e d  z i r con ium a l l o y  

samples  a s s o c l a r e d  w l t h  t h i n - w a l l  f u e l  c l a d d i n g  a p p l i c a t i o n s .  

T h i s  t echno logy  has  l i m l t e d  a p p l i c a t i o n  t o  t h e  b e h a v i o r  of  

t h l c k  w a l l  " f u l l  s l z e d "  p r e s s u r e  t u b e s .  A v a i l a b l e  d a t a  and  

experience w i t h  a c t u a l  p r e s s u r e  t u b e s  and t u b i n g  i s  f a l r l y  

e x t e n s i v e  I n  some a r e a s  and l a c k l n g  i n  o t h e r s ,  such  a s ,  c r e e p  

and s t r e s s  r u p t u r e  d a t a  under  n e u t r o n  i r r a d i a t i o n  and b u r s t  

s t r e n g t h  and d u c t k l l t y  o f  irradiated t u b u l a r  spec imens .  Tech-  

nology g e n e r a l l y  h a s  been  a c q u i r e d  more t o  d e t e r m i n e  t h e  



f e a s i b i l i t y  o f  Z i r c a l o y  o r  Zr-Nb i n  a  p a r t i c u l a r  a p p l i c a t i o n  

t h a n  t o  q u a l i f y  p r e s s u r e  t u b e s  a s  a  component o f  n u c l e a r  

r e a c t o r s .  ( 1  

I R R A D I A T I O N  T E S T  C R I T E R I A  

The NWRP z i r con ium a l l o y  p r e s s u r e  t u b e  i s  t o  be i r r a d i a t e d  

under  c o n d i t i o n s  s p e c i f i e d  by t h e  f o l l o w i n g  c r i t e r i a :  

P r e s s u r e  Tube S i z e  > 3  i n .  ID x  0.120 i n .  w a l l  x  4 f t  l o n g  

Coolant  Tempera ture  518 t o  572 OF (270 t o  300 O C )  

Neutron F luence  > 3  x  l o z 1  n v t / y r  ( f a s t  n e u t r o n s -  
E > 1 MeV) 

Exposure Goal > l o 2 '  n v t  

P r e s s u r e  Tube Design 
S t r e s s  16 ,000 p s i  hoop t e n s i l e  

Coo lan t  pH 10 (NH40H) 

O 2  - < 0 . 1  ppm 
3 - 25 t o  5 0  cm /kg 

High r e s i s t i v i t y  w a t e r  

The h i g h  f a s t  n e u t r o n  f l u e n c e  c r i t e r i o n  o f  > 3  x  l o 2 '  n v t / y r  

w i l l  r e q u i r e  a  r e a c t o r  f l u x  of  2 x 1014 nv assuming t h e  r e a c t o r  

o p e r a t i n g  e f f i c i e n c y  i s  5 0 % .  To meet t h i s  c r i t e r i o n  t h e  t u b e  

must be  p l a c e d  i n  t h e  r e a c t o r  c o r e .  Thus t h e  s i z e  o f  t h e  c o r e ,  

a c c e s s  opening  t h r o u g h  t h e  c o r e  and a v e r a g e  f a s t  f l u x  become 

p r imary  f a c t o r s  i n  s e l e c t i o n  o f  an  i r r a d i a t i o n  f a c i l i t y .  

The t u b e  per formance  w i l l  b e  e v a l u a t e d  p e r i o d i c a l l y  by 

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

t i o n ,  r e q u i r i n g  a c c e s s  i n t o  t h e  t u b e  w h i l e  i n  t h e  r e a c t o r  c o r e  

u n l e s s  t h e  t u b e  i s  removed from t h e  r e a c t o r  f o r  t h i s  e v a l u a t i o n .  

However, i t  would be  d e s i r a b l e  i f  t h e  e v a l u a t i o n  c o u l d  be  made 

w i t h o u t  removing t h e  t u b e  from t h e  r e a c t o r .  

( 1 )  H .  H a r t y .  Heavy Water  R e a c t o r  Program P lan ,  P a c i f i c  
N o r t h w e s t  L a b o r a t o r y ,  R i c h l a n d ,  Wash ing ton ,  March 1 ,  1 9 6 8 .  



I t  i s  d e s i r a b l e  t h a t  t h e  t u b e  d u r i n g  i r r a d i a t i o n  s i m u l a t e  

a s  n e a r  a s  p o s s i b l e  t h e  c o n d i t i o n s  e x p e c t e d  i n  a  t y p i c a l  heavy 

w a t e r  r e a c t o r .  A p r e f e r r e d  approach  would b e  t o  have an  i n e r t  

g a s  i n s u l a t i o n  annu lus  a round t h e  t u b e ,  a l t h o u g h ,  a  c o n t r o l l e d  

e x t e r n a l  c o o l i n g  o f  t h e  p r e s s u r e  t u b e  would be a c c e p t a b l e .  

R E V I E W  O F  I R R A D I A T I O N  S I T E S  

With t h e  u s e  of  i n f o r m a t i o n  p u b l i s h e d  by t h e  AEC on 

n u c l e a r  r e a c t o r s ,  which summarizes p r e s e n t  s t a t u s  and power 

r a t i n g s ,  t e n  r e a c t o r s  were chosen  f o r  f u r t h e r  rev iew based  upon 

t h e  power t h a t  would be needed t o  i r r a d i a t e  a  t u b e  o f  t h e  p r o -  

posed  s i z e  w i t h i n g  t h e  s p e c i f i e d  f a s t  n e u t r o n  f l u x .  R e a c t o r s  

t h a t  o p e r a t e  s o l e l y  f o r  power p u r p o s e s  were exc luded  b e c a u s e  

of  t h e i r  low f l u x  and because  i t  would be d i f f i c u l t  t o  s c h e d u l e  

an  expe r imen t  o f  t h i s  t y p e  i n t o  t h e s e  r e a c t o r s  w i t h o u t  d i s r u p t -  

i n g  t h e l r  o p e r a t i o n  p a t t e r n  and p o s s l b l y  t h e i r  power o u t p u t .  

T a b l e  1 shows t h e  r e s u l t s  of  t h e  r ev iew o f  t h e  t e n  r e a c t o r s .  

A r ev iew o f  T a b l e  1 i n d i c a t e s  t h a t  o n l y  t h e  Advance T e s t  

R e a c t o r  (ATR) meets  a l l  t h e  c r i t e r i a  o u t l i n e d ,  The E n g i n e e r i n g  

T e s t  Reac to r  (ETR) meets  a l l  b u t  t h e  l e n g t h  r e q u i r e m e n t .  The 

G E T R ,  which has  a  good n e u t r o n  f l u x  and t h e  same c o r e  l e n g t h  

a s  t h e  E T R ,  was f u r t h e r  e v a l u a t e d ;  however,  t h e  maximum 

p r e s s u r e  t u b e  d i a m e t e r  which c o u l d  b e  hand led  i s  a p p r o x i m a t e l y  

2 i n .  The s p a c e  can  accommodate a  t u b e  w i t h  a  3 i n .  O D ;  however ,  

t h i s  would be t h e  maxlmum d i a m e t e r  o f  t h e  sh roud  t u b e  t h a t  

would be  r e q u i r e d  t o  r n s u l a t e  t h e  p r e s s u r e  t u b e  from t h e  c o o l e r  

r e a c t o r  c o o l a n t ,  Due t o  t h e  GETR s h o r t  c o r e  and t h e  s m a l l  

d i a m e t e r  t u b e  t h a t  c o u l d  be  e v a l u a t e d ,  no f u r t h e r  c o n s i d e r a t i o n  

was g i v e n  t h i s  r e a c t o r .  

1, - N u c l e a r  R e a c t o r s  B u i l t ,  Be ing  B u i l t ,  o r  P lanned  i n  t h e  
U .  S . ,  T I D  8 2 0 0 .  Prepared  b y  O f f i c e  o f  t h e  A s s i s t a n t  
Genera2 Manager, USAEC, June  3 0 ,  1967 ,  1 7 t h  r e v .  
A v a i l a b l e  from CFST 1 ,  S p r i n g f i e l d ,  V i r g i n i a .  



' IARLE'  I .  Reactor PossibiZities for .  ?NKF P ~ . c s s k r c  Tubs 

A v e r a g e  C o r e  
P r e s s u r e  Tube  
- S i z e ,  i n .  

Power  D e n s i t y ,  
C o r e  S i r e  kW/ 1 F u e l  T y p e  C o r e  P o s i t i o n s  R e a c t o r  Power .  MW -- 

ATR 250 

F a s t  F l u x ,  n v  

3 . 7  
2 x 1 0 1 4  max. 
1 . 8 - 2 . 5  x 1014 max 

28 x 28 x 48  i n .  MTR C u r v e d  NE Lobe 
E Lobe 
N Lobe 

2 .5  x 1014 max. 
2 .2  x 1014 max. 

ETR 1 7 5  30 x 30  x 36  i n .  MTR F l a t  

5 x 1014  nlax. i n - r e a c t o r  CETR 30 2 f t  d i am x 
3 6  i n .  

MTR F l a t  C e n t e r  Loop 
2 S i d e  Loops 

MTR 40 

I'RT R 7 0 

9 x 27 x 24 i n .  MTR 

C e n t e r  S h r o u d  
S h r o u d  T u b e s  
R i n g s  3 & 5 

6 . 4 6  I n .  d i am x 
7 . 3  f t  

1 9  Rod o r  
C o n c e n t r i c  
T u b e s  

6 i n .  
3 1 / 4  IL) x 
0 . 1 5 6  w a l l  

HFBRR 4 0 

HFIR 1 0 0  

20 f t  d i am x 21 i n .  MTR F l a t  2 C e n t e r  H o l e s  
(beam h o l e s )  

R e a c t o r  
1 . 6  x 1 0 1 5  max 

2 x 1 0 1 5  1 7  i n .  OD x 5 i n .  ID 
x 20 i n .  

P l a t e s  - 
I n v o l u t e  

S h a p e  

C e n t e r  

ORRR 3 0 21  x 1 2 . 7  x 24 i n .  MTR None Shown R e a c t o r  
3 x 1 0 1 4  a v g  

NASA 60 
Plum Brook  

ERR- I I 62  

9 x 27 x 24 i n .  600  MTR None Shown R e a c t o r  
1 . 3  x 1 0 1 5  a v g  

1 9  i n .  d i am x 
1 4 . 2  i n .  

P i n  Type  



F u r t h e r  c o n s i d e r a t i o n  was g i v e n  t o  t h e  f a c i l i t i e s  a v a i l -  

a b l e  i n  t h e  ETR and ATR a s  t h e s e  r e a c t o r s  appea r  t h e  most 

p romis ing  c a n d i d a t e s  f o r  t h i s  i r r a d i a t i o n  t e s t  based  on t h e  

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

R E V I E W  O F  T H E  E T R  T E S T  F A C I L I T I E S  

G E N E R A L  D E S C R I P T I O N  O F  E T R  

The E n g i n e e r i n g  T e s t  R e a c t o r  (ETR) was d e s i g n e d  t o  g e n e r a t e  

a  v e r y  h i g h  t h e r m a l  and f a s t  f l u x  i n  t h e  c o r e  h o l e s  f o r  u s e  i n  

pe r fo rming  e n g i n e e r i n g  t e s t s  on f u e l  e l emen t s  and components o f  

n u c l e a r  p l a n t s .  Nine open ings  a r e  p r o v i d e d  t o  accommodate 

e x p e r i m e n t a l  f a c i l i t i e s  i n  t h e  c o r e ,  c o n s i s t i n g  o f  one 9 x  9 i n . ,  

one 6  x  9 i n . ,  t h r e e  6  x  6  i n . ,  and f o u r  3 x  3 i n .  o p e n i n g s .  

These open ings  a r e  i l l u s t r a t e d  i n  F i g u r e  1 which shows a  h o r i -  

z o n t a l  c r o s s  s e c t i o n  above t h e  c o r e .  The e x p e r i m e n t a l  f a c i l i t i e s  

i n  t h e  ETR a r e  v e r t i c a l  and a r e  p l a c e d  i n s i d e  t h e  r e a c t o r  v e s s e l .  

The c o n t r o l  r o d  d r i v e s  a r e  p l a c e d  below t h e  r e a c t o r  t o  p r o v i d e  

more room above t h e  c o r e  f o r  e x p e r i m e n t a l  f a c i l i t i e s .  F i g u r e  2 

shows a  v e r t i c a l  c r o s s  s e c t i o n  o f  t h e  r e a c t o r .  Access  t h r o u g h  

t h e  p r e s s u r e  v e s s e l  s h e l l  v i a  t h e  h o r i z o n t a l  and a n g u l a r  n o z z l e s  

and t h r o u g h  t h e  bot tom head p e r m i t  e x t e r n a l  c o n n e c t i o n  o f  

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

S e v e r a l  a r e a s  a r e  a v a i l a b l e  i n  t h e  ETR B u i l d i n g  f o r  p l a c e -  

ment of  any r e q u i r e d  a u x i l i a r y  equipment ,  i . e . ,  pumps, h e a t e r s ,  

p r e s s u r i z e r s ,  and w a t e r  sampl ing  s t a t i o n s .  The s i z e  and con-  

f i g u r a t i o n  o f  t h e s e  a r e a s  v a r y ;  t h e r e f o r e ,  no recommendation 

can  be  made u n t i l  a  p r e l i m i n a r y  t e s t  d e s i g n  i s  e s t a b l i s h e d .  

Some r a d i a t i o n  s h i e l d i n g  e x i s t s  i n  t h e s e  a r e a s ;  b u t  i t  i s  l i k e l y  

t h a t  a d d i t i o n a l  s h i e l d i n g  would be  r e q u i r e d ,  depending  upon t h e  

d e s i g n .  

3 x 3 i n .  C o r e  P o s i t i o n  

A t  l e a s t  two 3 x 3 i n .  p o s i t i o n s ,  5 - 1 2  and K-6, have peak  

f a s t  f l u x e s  i n  t h e  r a n g e  o f  2 t o  2 . 5  x  1014 and a r e  now 
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F I G U R E  2. ETR V e r t i c a Z  Cross S e c t i o n  



available for experimental use. Figure 3 shows a horizontal 

cross section of the core indicating the magnitude of the fast 

flux for some positions in and around the core during a typical 

operating cycle. The core positions are designated by letter 

number coordinates indicated in both Figures 1 and 3. Like the 

GETR core positions described earlier, these 3 x 3 in. positions 

will only accommodate a tube of approximately 2 in. ID. Because 

this diameter does not meet the HWRP tube diameter criterion, 

these positions were not reviewed further. It is noteworthy to 

observe, however, that if meaningful data could be obtained with 

a smaller diameter tube, irradiation unit costs would be reduced 

to one-fourth the costs of the next larger 6 x 6 in. facility. 

6 x 6 i n .  5 - 1 2  Core P o s i t i o n  

The next largest test module which could be made available 

is the 6 x 6 in. 5-12 position on the south side of the ETR. 

Since the test probably can be accommodated within a space of 

4-1/2 x 4-1/2 in., it would be most economical to consider pro- 

viding special filler pieces, as shown in Figure 4, so that the 

unused portion could be made available to other sponsors. The 

neutron charges then would be based only upon the 4-1/2 in. 

square portion. The 5-12 position has a peak fast flux of 

2.5 x 1014 nv (see Figure 5) and could be modified to accommo- 

date a 3 in. or greater diameter tube. At present this position 

contains three 3 x 3 in. capsule irradiation facilities and one 

fuel element. The fuel element could be moved to a new position 

which would be determined by critical facility measurements. 

Several of the capsule holes are presently assigned on a long- 

term basis to Gulf General Atomics (GGA). However, discussion 

with them indicates that peripheral positions within the 

6 x 6 in. space probably would be acceptable for their capsules. 

The main disadvantage of this position lies in its present 

state of congestion with lead-type experiments and control rod 



FIGURE 3 .  ETR C r o s s  S e c t i o n  Showing F a s t  F l u x  M a g n i t u d e s  i n  
and Around &he Core During C y c l e  2 7 .  F l u x  v a l u e s  
a r e  x  1 0 1 ~ .  



FIGURE 4 .  H o r i z o n t a Z  C r o s s  S e c t i o n  o f  ETR S h o w i n g  P r o p o s e d  
F i l l e r  P i e c e s  i n  t h e  J - 1 2  P o s i t i o n s  

I 
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P o s i t i o n :  5 - 1 2 - 5  
M o n i t o r  No.: 201 C y c l e :  84-8 
M o n i t o r :  N i  Power :  175 MW 
F l u x :  F a s t  ( @  > 1  MeV) 
E x p e r i m e n t :  I N C  

I n c h e s  f r o m  Top o f  Co re  F i l l e r  P i e c e  

FIGURE - 5 .  V e r t i c a l  P l o t  of t h e  F a s t  Flux  i n  t h e  ETR J - 1 2  P o s i t i o n  



g u i d e  t u b e s .  Each of  t h e  p r e s e n t l y  o p e r a t i n g  e x p e r i m e n t s  i s  

equipped w i t h  an i n s t r u m e n t  l e a d  t u b e  which e x t e n d s  upward from 

t h e  c o r e  w i t h  s u f f i c i e n t  bends t o  p e r m i t  c lamping t o  t h e  s i d e  

of  t h e  r e a c t o r  v e s s e l ,  and t o  e x i t  t h e  v e s s e l  t h r o u g h  one of  

t h e  a c c e s s  n o z z l e s  a t  t h e  t o p .  Idaho Nuc lea r  C o r p o r a t i o n  (INC) 

o p e r a t i n g  p o l i c y  i s  t o  a v o i d  d i s t u r b i n g  o r  moving any o p e r a t i n g  

l e a d  e x p e r i m e n t .  Use of a  p o r t i o n  o f  t h i s  f a c i l i t y  w i l l  b e  

c o n t i n g e n t  upon s e c u r i n g  INC and GGA a p p r o v a l  t o  move two 

e x p e r i m e n t s  i n t o  t h e  s p e c i a l  f i l l e r  p i e c e s ,  b a s e d  upon p r e s e n t  

GGA t e s t  s c h e d u l e s .  The s p e c i a l  f i l l e r  p i e c e s  must be  f u r n i s h e d  

by t h e  Heavy Water R e a c t o r  Program. 

Access  i n t o  t h e  r e a c t o r  v e s s e l  above t h i s  p o s i t i o n  i s  

p r e s e n t l y  r e s t r i c t e d  by t h e  l a r g e  number o f  l e a d  e x p e r i m e n t s .  

R e l i e f  o f  t h i s  problem i s  e x p e c t e d  by means of  a  t a n k  e x t e n s i o n  

w i t h  a c c e s s  f l a n g e s  p r e s e n t l y  s c h e d u l e d  f o r  d e l i v e r y  and  

i n s t a l l a t i o n  i n  J u l y  1968.  

P i p i n g  and s u p p o r t  d e s i g n  f o r  an  expe r imen t  i n  t h e  5 - 1 2  

p o s i t i o n  c o u l d  n o t  r e s t r i c t  a c c e s s  f o r  r e f u e l i n g  and h a n d l i n g  

a d j a c e n t  e x p e r i m e n t s .  

A p e n e t r a t i o n  a s s o c i a t e d  w i t h  t h e  5 - 1 2  p o s i t i o n  t o  accommo- 

d a t e  a  t h r o u g h - t u b e  i s  l o c a t e d  i n  t h e  ETR bot tom head .  However, 

i t  i s  o f f s e t  a b o u t  6 i n .  t o  t h e  s o u t h  o f  t h e  c o r e  p o s i t i o n ,  and 

would r e q u i r e  a  dog leg  i n  t h e  t u b e  below t h e  r e a c t o r  g r i d  p l a t e .  

I n s t a l l a t i o n  o f  s u c h  a  t u b e  would r e q u i r e  f a b r i c a t i o n  o f  a s p l i t  

g r i d  p l a t e  a d a p t e r ,  and removal  of  a l l  a d j a c e n t  c o r e  f i l l e r  

p i e c e s  and f u e l  t o  p e r m i t  t h e  n e c e s s a r y  m a n i p u l a t i o n  o f  compo- 

n e n t s .  For  t h i s  r e a s o n ,  i t  i s  recommended t h a t ,  i n  v iew of  t h e  

e x i s t i n g  c o n g e s t i o n ,  t h i s  p o s i t i o n  be  c o n s i d e r e d  o n l y  f o r  an  

expe r imen t  which r e q u i r e s  t o p  a c c e s s ,  s u c h  a s  a  l e a d  c a p s u l e ,  

o r  a  r e - e n t r a n t  t y p e  l o o p  w i t h  i n l e t  and e x i t  p i p i n g  above t h e  

c o r e .  



6 x 9 i n .  6 - 7  L O O P  F A C I L I T Y  

There are no larger core facilities available, but con- 

sideration might be given to the possibility of fabricating a 

replacement Zircaloy-2 in-reactor tube for the 6 x 9 in. G-7 

loop facility. This is a Battelle-Northwest loop currently in 

use for investigation of the effects of irradiation on struc- 

tural materials under the GEH-20 program and is connected in 

parallel with the M-3 loop located in the ETR reflector. Both 

operate from a common pumping, pressurization, and purification 

system. Specific details pertaining to the design of such a 

pressure tube are given in a later section of this study. 

The G-7 position will accommodate a through-loop tube with 

a slight offset below the core. The core section is placed 

within a 6 x 6 in, portion to take advantage of the maximum flux 
14 which is 2,2 x 10 nv. As can be seen in Figure 6, the bulk 

of the tube material would be operating at a value somewhat less 

than the desired flux, with a consequent increase in the expo- 

sure time required to meet the test conditions. Figure 7 shows 

a vertical fast flux profile for the position with the maximum 

flux in the 6 x 6 in, portion of the 6 x 9 in, G - 7  facility. 

E T R  I R R A D I A T I O N  C O S T S  

Based upon current charging rates, annual Irradiation 

Unit (IU) costs would be approximately $1.2 million for the 

4-112 x 4-1/2 in, 5-12 facility, assuming 50% operation of 

ETR at full power. This corresponds to 42,000 IU. 

The IU charges for the G-7 6 x 6 in. position are estimated 

at $1.4 million per year, based upon 50% operation. This 

facility is currently billed at long-term rate, which is 

$8,00 per IU less than the short-term rate which would be 

applied to any other facility, Assuming a fifty-fifty split 

with the present program sponsor the annual cost would be 

$0.7 million or $2,1 million for a 3 yr exposure. 



F I G U R E  6 .  ETR 6 x 9 G - 7  F a c i l i t y  Showing  Weep H o l e s  and 
V a l u e s  f o r  F a s t  F l u x  Measured  Dur ing  C y c l e  5 7  



- r) 

- 

- 
- 
- 
- 
- 
- 

- Position: 6 - 7  Hole 18 
Mo n i t o r :  T i  Fe Cycle: 57 
Flux: Fast (6 > 1 M e V )  Power: 1 7 5  MW 
Experiment: GEH-20 - 
Iron A 
Titanium 

Reactor 
Mi dpl ane 

I I I I 1 I I I 1 I 1 1 I 

0 3 6 9 12 15 18 2 1 2 4 2 7 3 0 3 3 3 6 

Inches from T o p  o f  Wire 

FIGURE 7 .  P l o t  o f  V e r t i c a l  F a s t  F l u x  i n  t h e  ETR G - 7  P o s i t i o n  



R E V I E W  O F  A T R  T E S T  F A C I L I T I E S  

G E N E R A L  D E S C R I P T I O N  O F  A T R  

The ATR has the fuel arranged in a serpentine geometry 

forming nine high-flux areas: four encircled lobes, four 

partially enclosed lobes, and a center test position. Figure 8 

shows the location of the nine experimental lobes, or flux 

traps, and the designations of these lobes, which are identified 

by compass notation. Other test positions are located in the 

reflector, outside the rotating shims, but do not have suffi- 

cient flux to warrant consideration for the HWRP test. A 

cross-sectional diagram of the ATR core midplane is shown in 

Figure 9 which gives the predicted fast neutron flux at reactor 

power of 250 MW. 

The flux traps will accommodate a circular assembly, the 

diameter of which is governed by the presence or absence of a 

safety rod in the test position as shown in Figure 9. The ATR 

safety rods are tubular in shape, and move vertically into and 

out of the core. For a position that has a safety rod, the size 

of a specimen must be small enough to permit unobstructed opera- 

tion of the safety rod. For a position without a safety rod, 

the specimen could utilize the resultant vacant space. A 3 in. 

ID pressure tube would require a position without a safety rod. 

The present ATR in-reactor tubes are designed with exten- 

sions that penetrate the upper head of the reactor so that 

access to the sample trains does not require removal of any 

vessel flanges. They also penetrate the bottom head and are 

designed for re-entrant flow which enters and exits the facili- 

. ties in the subreactor room. Although the Gas-Cooled Loop was 

designed as a through tube with an upper tank penetration to 

avoid the loss of irradiation space caused by a re-entrant 

design, it is probable that a similar proposal for a new water 

loop in-reactor tube would be discouraged, in order to avoid 

any further complication of ATR handling requirements. 
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FIGURE 9 .  C r o s s  S e c t i o n a Z  Diagram o f  ATR  C o r e  S h o w i n g  Some 
V a l u e s  o f  F a s t  N e u t r o n  F l u x  a t  R e a c t o r  H o r i z o n t a Z  
MidpZane  f o r  a  R e a c t o r  Power o f  2 5 0  M W  



No announcements have been made concerning plans for 

installation and handling of lead-type experiments in the ATR. 

Presumably, these could be installed and removed in a manner 

similar to that used for ETR, with instrumentation and auxil- 

iary lines enclosed by a lead tube which exits the reactor 

vessel via a flange at the top. 

Present plans are to operate the ATR at a reduced power 

level of 175 MW for the initial 9 to 12 cycles. Assuming 

Cycle 1 begins in July 1968, this would mean July 1969, at the 

earliest for full power operation (250 MW). If the HWRP tube 

were to be irradiated in the ATR before this time, it would 

experience fluxes of approximately 70% of the values quoted 

earlier in this report. Should this period of reduced power be 

extended, fluxes in ATR position, other than the NE position 

would require approximately 3 yr to obtain the desired fluences. 

N O R T H E A S T  L O B E  

The ATR-NE flux trap is an irradiation facility that 

would accommodate a 3 in. ID pressure tube. The estimated fast 

flux in this position is predicted to be in the range of 3 to 

4 x 1014 nv at 250 MW reactor power (see Figure 9). Figure 10 

shows an estimated vertical fast flux profile. These flux 

estimates are based on the ATR critical facility measurements 

and its accuracy has not yet been verified in the ATR. More 

accurate flux information should soon be generated by INC. 

The position is presently unassigned and, therefore, con- 

tains a dummy in-reactor tube and flux trap filler. It would 

accommodate either a capsule or a re-entrant type loop. 

Reactor vessel access and equipment space are readily 

available. 

E A S T  L O B E  

The ATR-East flux trap is an irradiation facility identi- 

cal to the NE flux trap, except that it has a lower flux level 
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because  i t  i s  o n l y  p a r t i a l l y  e n c l o s e d  by f u e l .  The e s t i m a t e d  
1 4. f a s t  f l u x  i s  i n  t h e  r a n g e  o f  1 . 8  t o  2.5 x  10 nv .  T h i s  p o s i -  

t i o n  i s  u n a s s i g n e d  and has  a v a i l a b l e  equipment  s p a c e  and 

r e a c t o r  v e s s e l  a c c e s s .  

S i n c e  t h i s  p o s i t i o n  o f f e r s  no advan tage  o v e r  t h e  NE p o s i -  

t i o n ,  it was dropped from f u r t h e r  c o n s i d e r a t i o n .  

N O R T H  L O B E  

The ATR-North f l u x  t r a p  i s  an  i r r a d i a t i o n  f a c i l i t y  w i t h  

f a s t  f l u x  l e v e l s  i n  t h e  same range  a s  t h e  E a s t  f l u x  t r a p ,  i . e . ,  
14 1 . 8  t o  2 .5  x  10 nv .  I t  w i l l  o n l y  accommodate a  p r e s s u r e  t u b e  

w i t h  a  2 .125 i n .  ID due t o  a  s a f e t y  r o d  and s a f e t y  rod  g u i d e  

t u b e  a s  shown i n  F i g u r e  9 .  

T h i s  l o o p  i s  p r e s e n t l y  a s s i g n e d  t o  P a c i f i c  Northwest  Labo- 

r a t o r y  and p lanned  u t i l i z a t i o n  i n c l u d e s  b o t h  f u e l  and s t r u c t u r a l  

m a t e r i a l s  i r r a d i a t i o n .  Design p a r a m e t e r s  f o r  t h i s  loop  a r e :  

Tempera ture  600 O F  maximum 

P r e s s u r e  2000 p s i  

Flow 80 g a l / m i n  

C o n t r o l l e d  w a t e r  c h e m i s t r y .  

A T R  I R R A D I A T I O N  C O S T S  

Based on t h e  p o s i t i o n s  o c c u p i e d ,  p r e s e n t  p l a n s  c a l l  f o r  

t h e  c o s t s  f o r  t h e  ATR t o  be  s h a r e d  between t h e  r e s p e c t i v e  t e s t  

s p o n s o r s .  Thus,  assuming seven  o p e r a t i n g  p o s i t i o n s  and 80% 

p l a n t  e f f i c i e n c y ,  a n n u a l  c o s t s  a r e  e s t i m a t e d  t o  b e  $ 1 . 7 2  m i l l i o n .  

I f  any p o r t l o n  of  t h e  t e s t  was t o  b e  r u n  d u r i n g  t h e  i n i t i a l  

8  t o  1 2  c y c l e  p e r i o d  of r educed  power o p e r a t i o n  (70% power ) ,  

t h e  t ime  r e q u i r e d  t o  a t t a i n  g o a l  exposure  would b e  e x t e n d e d  

a c c o r d i n g l y ,  and t h e  t o t a l  i r r a d i a t i o n  c o s t  would b e  i n c r e a s e d .  

I n  t h e  ATR N o r t h e a s t  Lobe w i t h  t h e  r e a c t o r  o p e r a t i n g  a t  

f u l l  power (250 MW) t h e  g o a l  exposure  would be  r e a c h e d  i n  abou t  

1 6  months assuming an 8 0 %  p l a n t  e f f i c i e n c y .  Thus t h e  t o t a l  



costs would be $2.15 million. However, it must be pointed out 

that the 80% plant efficiency is a goal which may prove to be 

unrealistic- Probably a more realistic efficiency would be 50% 

which will be used for the subsequent analyses presented in this 

report. 

G E N E R A L  R E Q U I R E M E N T S  F O R  E T R  A N D  A T R  I R R A D I A T I O N  T E S T S  

D E S I G N  C O N S I D E R A T I O N S  

Normally INC policy is to require compliance to Section I11 

of the ASME Boiler and Pressure Vessel Code for all new equip- 

ment inserted in the ETR or ATR. Since zirconium alloys have 

not been established as code materials, allowable stress at 

different temperatures would have to be established using the 

intent of Section 111. Estimated design stress data is compiled 

and presented in BNWL-656, which is based on the ASME Nuclear 

Vessel Code, Section 111. These curves, shown in Figure 11, 

were constructed from uniaxial tensile test data from various 

sizes of Zircaloy-2 specimens. These data can be considered as 

a basis for designing the pressure tube. Should the pressure 

tube stresses exceed acceptable operating allowables, it 

would be necessary to design the outer shroud tube to sustain 

a one-time application of operating pressure should the pressure 

tube fail. Full advantage can be taken of the greater strength 

of the shroud tube which results from being exposed to the 

cooler reactor coolant. If any desirable program information 

can be obtained, the shroud tube could be constructed of 

zirconium alloy. 

C R I T I C A L  F A C I L I T Y  

Idaho Nuclear Corporation requires a critical facility 

mock-up for all in-core experiments. Parameters which should 

be duplicated include metal-to-water volume ratio and total 

cross section. Aluminum is an allowable substitute for zirconium 

as long as its distribution in the mock-up is representative of 

the zirconium distribution in the actual experiment. 
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E T R  c o r e  changes  t h a t  r e s u l t  i n  f l u x  v a r i a t i o n s  of  1 0 %  o r  I 
I 

more i n  any o c c u p i e d  e x p e r i m e n t a l  p o s i t i o n  r e q u i r e  6 months 

p r i o r  n o t i c e  t o  a l l  a f f e c t e d  s p o n s o r s .  Movement o f  a  f u e l  e l e -  

ment t o  g a i n  a c c e s s  f o r  a  5 - 1 2  f a c i l i t y  c o u l d  c a u s e  t h i s  t y p e  

of  f l u x  s h i f t .  T h e r e f o r e ,  i f  t h i s  p o s i t i o n  i s  s e l e c t e d ,  a  mock- 

up of  t h e  expe r imen t  would be  r e q u i r e d  8 months p r i o r  t o  t e s t  

i n s e r t i o n .  T h i s  wou3.d a l l o w  2 months f o r  c r i t i c a l  f a c i l i t y  

measurements  and d a t a  a n a l y s i s .  We would e x p e c t  t h a t  l e a d  t i m e  

f o r  an ATR mock-up would be  c o n s i d e r a b l y  l e s s  due t o  t h e  

f l e x i b i l i t y  o f  t h e  ATR t o  a d j u s t  f o r  f l u x  c h a n g e s .  

N U C L E A R  S A F E T Y  I 
I 

Exper iments  which go i n t o  t h e  r e a c t o r  c o r e  must  b e  e v a l u a t e d  I 
I 

- I 

from t h e  s t a n d p o i n t  o f  t h e  e f f e c t  o f  a  c o r e  v o i d i n g  a c c i d e n t  on I 
I 

r e a c t i v i t y .  T h i s  i s  p r o b a b l y  o n l y  r e l e v a n t  f o r  l o o p  s y s t e m s ,  I I 

. I  
o r  sys t ems  which have p r e s s u r i z e d  g a s  s u p p l i e d  t o  t h e  e x p e r i m e n t .  

I n  g e n e r a l ,  an u n a c c e p t a b l e  p o s i t i v e  r e a c t i v i t y  change can  

o c c u r  o n l y  i f  a  s u b s t a n t i a l  volume w i t h i n  t h e  expe r imen t  can  

b e  v o i d e d .  T h e r e f o r e ,  i f  t h e  t e s t  i s  d e s i g n e d  w i t h  a p p r o p r i a t e  

f i l l e r s ,  a  p o t e n t i a l  d i f f i c u l t y  may be  a v o i d e d .  

D e t e r m i n a t i o n  o f  t h e  r e a c t i v i t y  e f f e c t  i s  n o r m a l l y  done 

by means of  a t e s t  r u n  i n  t h e  c r i t i c a l  f a c i l i t y .  

I N S E R T I O N / R E M O V A L  E Q U I P M E N T  

A t  p r e s e n t ,  c a p s u l e  and spec imen t r a i n s  a r e  removed from 

t h e  E T R  t h r o u g h  a  s i d e  d i s c h a r g e  c h u t e ;  t h e r e f o r e ,  no s p e c i a l  

equipment  i s  r e q u i r e d .  I n - r e a c t o r  t u b e s ,  however ,  a r e  removed 

t h r o u g h  t h e  r e a c t o r  t o p  i n t o  a  c a s k .  The same a r r a n g e m e n t s  

a r e  p l a n n e d  f o r  ATR. I f  t h e  HWRP t e s t  i s  i r r a d i a t e d  a s  a  l o o p ,  

i t s  d e s i g n  would have t o  be  c o m p a t i b l e  w i t h  t h e  p r e s e n t  removal  

c a s k  d e s i g n  o r  e l s e  a  s p e c i a l  c a s k  f u r n i s h e d .  



I N - R E A C T O R  P R E S S U R E  T U B E S  

T Y P I C A L  D E S I G N S  

Most o f  t h e  p r e s s u r e  l o o p s  t h a t  p a s s  t h r o u g h  t h e  c o r e  o f  

a  r e a c t o r  o p e r a t e  a t  a  t e m p e r a t u r e  d i f f e r e n t  from t h e  r e a c t o r  

c o o l a n t  ( u s u a l l y  c o n s i d e r a b l y  h i g h e r ) .  Thus t h e y  a r e  i n s u l a t e d  

from t h e  r e a c t o r  c o o l a n t  by p l a c i n g  a  s h r o u d  t u b e  a round  t h e  

p r e s s u r e  t u b e  w i t h  an  annu lus  o f  i n e r t  g a s .  T h i s  g a s  i s  

normal ly  p u r e  he l ium.  A s e c t i o n  o f  such  a  sys t em,  t h e  p r e s -  

s u r i z e d  w a t e r  l o o p  i n  t h e  N-Lobe o f  t h e  ATR, i s  shown i n  

F i g u r e  1 2 .  The i n s u l a t i o n  a b i l i t y  of  t h e  g a s  annu lus  i s  depen-  

d e n t  upon t h e  g a s  m i x t u r e  and w i d t h  of t h e  a n n u l u s .  More h e a t  

i s  t r a n s f e r r e d  from t h e  o u t s i d e  o f  t h e  t u b e  w i t h  a  nar row 

annu lus  and a  r i c h  he l ium m i x t u r e .  

O the r  t h a n  t h e  i n - r e a c t o r  t u b e ,  t h e  p r i n c i p a l  equipment 

u s u a l l y  c o n s i s t s  o f  t h e  p r imary  pumps, h e a t  e x c h a n g e r s ,  l i n e  

h e a t e r s ,  p r e s s u r i z e r s ,  p u r i f i c a t i o n  sys t em,  f low measur ing  

d e v i c e s ,  and v a l v e s .  

G A M M A  H E A T I N G  

A major  problem e n c o u n t e r e d  i n  t h e  h i g h  n e u t r o n  f l u x  

i r r a d i a t i o n  o f  t h e  HWRP p r e s s u r e  t u b e  i s  t h e  h i g h  t h e r m a l  

g r a d i e n t  deve loped  w i t h i n  t h e  t u b e  w a l l  r e s u l t i n g  from gamma 

h e a t i n g  d u r i n g  i r r a d i a t i o n ,  The gamma h e a t i n g  i n  e i t h e r  t h e  

ETR o r  t h e  ATR i s  e x p e c t e d  t o  b e  between 8 and 18  W/g. T h i s  

r a n g e  can  b e  narrowed when a  r e a c t o r  p o s i t i o n  i s  s e l e c t e d  

and measured a c t u a l  ATR d a t a  a r e  a v a i l a b l e  r a t h e r  t h a n  e s t i -  

mated ATR c r i t i c a l  f a c i l i t y  d a t a  which a r e  b e i n g  q u o t e d .  A s  

a  compar ison ,  gamma h e a t i n g  of  a p p r o x i m a t e l y  0 .336 W/g i s  

e n c o u n t e r e d  i n  t h e  PRTR when o p e r a t i n g  a t  7 0  MW power ( 1  ) 

( f l u x  a 5  x 10'' nv i n s t e a d  of  2 x  1014 nv e x p e c t e d  i n  t h e  A T R ) .  

1. C. A .  F i c k .  M e a s u r e m e n t  of Gamma H e a t i n g  i n  PRTR, F i n a l  
R e p o r t  T e s t  3 2 ,  HW-82658 .  J u n e  8 ,  1 9 6 4 .  A v a i l a b l e  f r o m  
CFST 1 ,  S p r i n g f i e l d ,  V i r g i n i a .  
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FIGURE 1 2 .  A C r o s s  S e c t i o n  o f  t h e  I n - R e a c t o r L o o p  S y s t e m  o f  t h e  
P r e s s u r i z e d  Water  Loop i n  A T R  N-Lobe. S e c t i o n  i s  
i n  t h e  a c t i v e  c o r e  p o r t i o n  o f  t h e  l o o p .  



F i g u r e  1 3  shows maximum w a l l  A t  v e r s u s  w a l l  t h i c k n e s s  f o r  

a  3 i n .  I D  Z i r c a l o y - 2  t u b e  w i t h  a  gamma h e a t i n g  o f  1 5  W/g. 

These d a t a  assume t h e  t u b e  i s  i n s u l a t e d  on t h e  o u t e r  s u r f a c e  

which would be  c o n s e r v a t i v e  a s  some h e a t  i s  l o s t  t o  t h e  c o o l e r  

sh roud  t u b e .  Due t o  t h e  l a r g e  gamma h e a t  g e n e r a t i o n  i n  t h e  

ETR and  ATR c o r e s ,  t h e  t h e r m a l  s t r e s s  induced  i n  t h e  i n - r e a c t o r  

t u b e s  may exceed  t h e  y i e l d  p o i n t .  The c y c l i c  n a t u r e  of t h e s e  

s t r e s s e s  c o u l d  r e s u l t  i n  a  f a t i g u e  problem w i t h  t h e  p o s s i b i l i t y  

of t h e  growth of t h e  t u b e  d i a m e t e r .  F i g u r e  14 shows a  p l o t  of  

t h e  t h e r m a l  t a n g e n t i a l  s t r e s s  on t h e  i n n e r  s u r f a c e  v e r s u s  w a l l  

t h i c k n e s s  f o r  a  3  i n .  I D  t u b e  assuming 1 5  W/g gamma h e a t i n g .  

Accepted d e s i g n  t h e o r y  a l l o w s  t h e  a p p l i c a t i o n  of  a  

t h e r m a l  s t r e s s  which exceeds  t h e  e l a s t i c  l i m i t  o f  t h e  m a t e r i a l  

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

When c y c l e d  t h r o u g h  t h e  t h e r m a l  s t r e s s  r a n g e  l a r g e r  t h a n  t h e  

y i e l d  s t r e s s ,  combined w i t h  t h e  s t r e s s  from t h e  i n t e r n a l  p r e s -  

s u r e ,  t h e  p o s s i b i l i t y  e x i s t s  t h a t  a  p r o g r e s s i v e  expans ion  

( r a t c h e t i n g )  c o u l d  o c c u r .  I n  t h e  c a s e  of  t h e  HWRP p r e s s u r e  

t u b e ,  b o t h  t h e  t h e r m a l  s t r e s s  and p r e s s u r e  s t r e s s e s  a r e  a t  a  

maximum a t  t h e  i n n e r  t u b e  s u r f a c e .  

T E S T  A N D  E X P E R I M E N T A L  C O N S I D E R A T I O N S  

A maximum t h e r m a l  g r a d i e n t  o f  50 O F  was s e l e c t e d  t o  p roduce  

d a t a  t o  more n e a r l y  s i m u l a t e  t h e  gamma h e a t i n g  e x p e c t e d  i n  

t y p i c a l  heavy w a t e r  r e a c t o r s .  The t h e r m a l  g r a d i e n t  c r e a t e d  by 

t h e  h i g h  gamma h e a t i n g  o f  t h e  t u b e  w a l l  can  b e  c o n t r o l l e d  and 

t h e  HWRP c r i t e r i a  met by one o f  t h e  t h r e e  f o l l o w i n g  methods of  

c o o l i n g  : 

1 )  Cool t h e  t u b e  i n t e r n a l l y  o n l y  and l i m i t  t h e  w a l l  t h i c k n e s s  

t o  t h e  s p e c i f i e d  0 .120 i n .  

1. B .  F. Langer.  Des ign  V a l u e s  f o r  Thermal S t r e s s  i n  
D u c t i l e  M a t e r i a l s .  W A P D - T - 5 8 4 .  Rev.  ( 2 9 5 8 ) .  
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2) Cool the tube externally only. 

3) Cool the tube both internally and externally. 

The first method would require that the loop be operated 

with a pressure differential across the 0.120 in. tube wall of 

approximately 1200 psi to produce the desired hoop stress. 

The ATR N-Lobe and the ETR G-7 loop now operate at 2000 psi. 

The second method of external cooling only would require 

internal pressurization and would be used if the pressure tube 

test was designed as an external cooled capsule irradiation. 

The third method of both internal and external cooling would 

allow the use of a higher internal pressure but would require 

two separate systems for cooling the inside and the outside of 

the tube. This method would allow the tube to be irradiated 

while serving as a pressure tube for other irradiations that 

require a high pressure water coolant. However, if water is 

the coolant, an external pressure of 800 psi or above would be 

required to prevent boiling if the coolant is maintained at the 

minimum specified temperature of 518 O F .  Thus an internal 

pressurization of 2000 psi or greater would be required to pro- 

duce the stress in the 0.120 in. wall pressure tube. 

The later approach requiring two coolant systems would be 

difficult to incorporate into the flow re-entrant loops such 

as the ATR loops and the proposed ETR 5-12 loop. The added 

costs of design and equipment together with added operational 

problems and control problems for the double cooling systems 

make this approach unattractive and thus it was not considered 

further. 

Two basic systems exist to irradiate a pressurized 

Zircaloy-2 tube, either of which can be used in one form or 

another with any of the vacant facilities described earlier in 

this report. A capsule approach, if feasible, would involve a 

physically smaller and simpler system, and theoretically would 



b e  more economica l .  A l o o p  approach  r e q u i r e s  l a r g e r ,  more 

s o p h i s t i c a t e d  and more v a r i e d  a u x i l i a r y  equipment ,  and c o u l d ,  

t h e r e f o r e ,  be  e x p e c t e d  t o  c o s t  much more t h a n  a  c a p s u l e  t o  

f a b r i c a t e  and r e q u i r e  more e f f o r t  t o  o p e r a t e  and m a i n t a i n .  

There  i s  a  p o s s i b i l i t y ,  however,  t h a t  a  l o o p  t u b e  c o u l d  b e  

s u b s t i t u t e d  f o r ,  o r  connec ted  i n t o  an e x i s t i n g  B a t t e l l e -  

Northwest  f a c i l i t y .  Should t h i s  p r o v e  f e a s i b l e ,  t h e n  equipment  

c o s t s  would p r o b a b l y  b e  comparable  t o  a  c a p s u l e .  

C A P S U L E  F A C I L I T I E S  

A c a p s u l e  expe r imen t  i s  n o r m a l l y  d e s i g n e d  i n  such  a  

manner t h a t  i t  o p e r a t e s  a t  t h e  d e s i r e d  c o n d i t i o n s  by t r a n s -  

f e r r i n g  t h e  h e a t  g e n e r a t e d  d i r e c t l y  t o  t h e  r e a c t o r  w a t e r  t h r o u g h  

a  t h e r m a l  b a r r i e r .  I n  some c a s e s  t h e  t h e r m a l  r e s i s t a n c e  i s  

v a r i e d  by a d j u s t m e n t  o f  t h e  r a t i o  o f  a  b i n a r y  g a s  m i x t u r e  i n  

o r d e r  t o  c o n t r o l  t h e  sample  t e m p e r a t u r e  o v e r  a  r ange  of  power 

g e n e r a t i o n  c o n d i t i o n s .  

P r e l i m i n a r y  c a l c u l a t i o n s  were made t o  d e t e r m i n e  whe the r  

t h e  HWRP c o n d i t i o n s  c o u l d  b e  met by d e s i g n  of  an  e n c a p s u l a t e d ,  

p r e s s u r i z e d  Z i r c a l o y  t u b e ,  w i t h  a  b i n a r y  g a s  annu lus  f o r  tem- 

p e r a t u r e  c o n t r o l ,  The t u b e  would b e  p r e s s u r i z e d  w i t h  w a t e r ,  

and provision would b e  made f o r  a  s l i g h t  p u r g e  i n  o r d e r  t o  

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

c a t e d  t h a t  a  he l ium gap on t h e  o r d e r  o f  0 .003 t o  0 .005  i n .  

would be r e q u i r e d  i n  o r d e r  t o  m a i n t a i n  t h e  d e s i r e d  300 O C  on 

t h e  t u b e  s u r f a c e ,  C o n s i d e r a b l e  problems would b e  i n v o l v e d  

i n  t h e  fabrication of  a  3 o r  4 f t  l ong  p r e s s u r e  t u b e  assembly  

w i t h  t h i s  amount o f  r a d i a l  c l e a r a n c e .  I t  would b e  d i f f i c u l t  

o r  i m p o s s i b l e  t o  a s s u r e  t h a t  uni form o p e r a t i n g  c o n d i t i o n s  

c o u l d  be  m a i n t a i n e d  a s  p o r t i o n s  o f  t h e  i n n e r  t u b e  c o u l d  con-  

c e i v a b l y  c o n t a c t  t h e  c o l d  a n n u l u s  t u b e ,  

A l a r g e  g a s  f l o w  i n  t h e  t r a n s i t i o n  o r  t u r b u l e n t  r e g i o n  

would be needed t o  p r o v i d e  f l o w i n g  h e a t  t r a n s f e r  c o e f f i c i e n t s  



a d e q u a t e  t o  meet t h e  d e s i r e d  t e s t  c o n d i t i o n s  w i t h  a  g a s  gap  of 

more r e a s o n a b l e  d imens ions .  S i n c e  t h e  c a p s u l e  d e s i g n  approach  

o f f e r s  obv ious  c o s t  a d v a n t a g e  o v e r  a  l o o p  f a c i l i t y ,  c o n s i d e r a -  

t i o n  was g i v e n  t o  t h e  d e s i g n  o f  a  c a p s u l e  t e s t  t h a t  would u s e  

a  v a p o r i z i n g  condens ing  s y s t e m ,  i n s t e a d  of  a  g a s  a n n u l u s ,  t h a t  

c o n c e i v a b l y  c o u l d  accompl i sh  t h e  r e q u i r e d  h e a t  t r a n s f e r  a t  t h e  

d e s i r e d  t e m p e r a t u r e .  T h i s  approach  would e l i m i n a t e  t h e  r e q u i r e -  

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

t o l e r a n c e s .  A s i m i l a r  approach  r e f e r r e d  t o  a s  a  r e f l e x  sys t em 

h a s  been u s e d  a t  Genera l  E l e c t r i c  T e s t  R e a c t o r  a t  V a l l e c i t o s ,  

C a l i f o r n i a .  T h i s  sys tem c o n s i s t s  of  c o o l i n g  t h e  o u t s i d e  o f  a  

specimen w i t h  b o i l i n g  w a t e r .  The s t eam i s  t a k e n  o f f ,  condensed  

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

c o n t r o l l e d  by t h e  p r e s s u r e  of  t h e  sys t em.  T h i s  sys t em would 

r e q u i r e  t h a t  t h e  c o o l a n t  be  i n s u l a t e d  from t h e  c o l d e r  s h r o u d  

t u b e ,  

For  t h e  HWRP t e s t , a  v a p o r  c o o l e d  c a p s u l e  sys tem i s  e n v i -  

s i o n e d  where t h e  c o l d e r  s h r o u d  t u b e  would s e r v e  t o  condense  t h e  

v a p o r .  The p r i n c i p l e  of  o p e r a t i o n  would b e  ana logous  t o  a  

" h e a t  p i p e . "  The v a p o r  c o o l e d  c a p s u l e  would p r o v i d e  concen-  

t r i c  h e a t  a d d i t i o n  and h e a t  r e j e c t i o n  z o n e s ,  i n s t e a d  o f  t h e  

l i n e a r  a r r angement  r e q u i r i n g  a  c a p i l l a r y  r e t u r n  o f  t h e  conden-  

s a t e  t o  t h e  h e a t  a d d i t i o n  zone a s  i s  t h e  c a s e  of  t h e  " h e a t  p i p e . "  

The c o n c e n t r i c  c a p s u l e  sys t em would c o n s i s t  of  t h e  i n t e r n a l  

p r e s s u r e  t u b e  e n c l o s e d  by a  s h r o u d  t u b e  w i t h  two c o n c e n t r i c  

a n n u l i  between t h e s e  t u b e s .  The i n n e r  a n n u l u s  n e x t  t o  t h e  p r e s -  

s u r e  t u b e  would b e  t h e  v a p o r i z a t i o n  zone w h i l e  t h e  o u t e r  

a n n u l u s  would s e r v e  a s  t h e  c o n d e n s a t i o n  zone. An a d i a b a t i c  

s l e e v e  would s e p a r a t e  t h e  two zones .  The a d i a b e t i c  s l e e v e  would 

1. K.  T, FeZdman, Jr. and J. H. Whiting. "Heat Pipe," 
Mechanical Engineering, v o Z .  89, p. 30. 1967. 



probably consist of two concentric tubes separated by a small 

annulus and sealed at both ends to form a vacuum wall. 

Passages at the bottom between the two zones would regulate 

the return of the condensate. Openings at the top above the 

heat zone, reactor core through the adiabatic wall, will allow 

the vapor to flow outward to the cooler shroud tube surface 

where condensation can occur. The condensate would return by 

gravity to the bottom of the annulus for recycling. 

Vaporization schemes as described above would offer a 

number of advantages over other approaches, The primary 

advantage would be simpler control than the circulation systems 

thus cutting the cost of the out-of-reactor equipment while 

giving efficient heat transfer at essentially uniform temperature. 

The main disadvantage is the lack of knowledge or the amount of 

development necessary to establish control and stability aspects 

of these systems. Until further study and development can be 

undertaken, such systems cannot be shown to have a cost advan- 

tage over loop approaches. However, they may offer a solution 

to some existing capsule irradiation problems and the concept, 

as developed, could be used for future irradiations as well as 

this program. 

The thermos tube type of capsule which does not depend 

upon vaporization cooling could also be considered. This 

approach has been tested successfully by PNL for short length 

pressure tube irradiations and consists essentially of two 

concentric tubes sealed at both ends with an annulus between. 

A vacuum is maintained in the annulus and thus the inner tube 
experiences the hoop tensile stress similar to a pressure tube 

when the capsule is exposed to a pressurized environment. 

However, the circumferential tensile stresses found in an 

internal pressurized tube are not produced. The outer tube, 

which is heavier, supports the inner tube and forms one side 

ro the annulus, This type of capsule would have the same 



t h e r m a l  g r a d i e n t  problems a s  t h e  i n s u l a t e d  p r e s s u r e  t u b e  p r e -  

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

p o r t i o n  would need  t o  be  l i m i t e d  i n  t h i c k n e s s  which i n  t u r n  

l i m i t s  t h e  p r e s s u r e  o f  t h e  env i ronment .  Such a  t u b e  c o u l d  b e  

i r r a d i a t e d  i n  t h e  ETR G - 7  p o s i t i o n  which o p e r a t e s  a t  2 0 0 0  p s i ,  

b u t  t h e  a n n u l u s  would need  t o  b e  p r e s s u r i z e d  t o  p roduce  t h e  

d e s i r e d  AP a c r o s s  t h e  0.120 i n .  w a l l  p r e s s u r e  t u b e .  The 

r e s u l t i n g  p r e s s u r e  t u b e  i n s i d e  d i a m e t e r  would be  o n l y  2 -1 /2  i n .  

which i s  s m a l l e r  t h a n  t h e  3 i n .  d e s i r e d .  

F U L L - S C A L E  L O O P  F A C I L I T I E S  

A l o o p  t y p e  i r r a d i a t i o n  f a c i l i t y  c o u l d  b e  d e s i g n e d  which 

would meet  t h e  HWRP c r i t e r i a  f o r  i r r a d i a t i o n  o f  Z i r c a l o y - 2  

t u b e  m a t e r i a l .  T h i s  t y p e  of  f a c i l i t y  would be d e s i g n e d  f o r  

h e a t  removal  by t h e  i n t e r n a l  p r e s s u r i z e d  c i r c u l a t i n g  f l u i d .  The 

t u b e  would be  i n s u l a t e d  a s  e f f i c i e n t l y  a s  p o s s i b l e  from t h e  

r e a c t o r  w a t e r  by e n c l o s i n g  t h e  e n t i r e  i n - t a n k  assembly  w i t h  a  

s h r o u d  t u b e ,  and m a i n t a i n i n g  an  i n e r t  g a s  i n  t h e  a n n u l a r  s p a c e  

between t h e  t u b e s .  

High v e l o c i t y  f low i s  d e s i r a b l e  w i t h i n  t h e  t u b e  t o  i n c r e a s e  

t h e  h e a t  t r a n s f e r  c o e f f i c i e n t  and minimize t h e  t e m p e r a t u r e  

d i f f e r e n c e  between t h e  c o o l a n t  and t h e  t u b e .  A h i g h  v e l o c i t y  

may b e  a t t a i n e d  i n  a  l a r g e  d i a m e t e r  t u b e  by two methods :  

l j  by a  l a r g e  volume f l o w  i n  an  empty t u b e ;  o r  2 )  t o  u s e  lower  

volume f lows  w i t h  an added f i l l e r  p i e c e  t o  r e s t r i c t  t h e  c r o s s -  

s e c t i o n a l  f low a r e a .  I f  t h e  i n s i d e  volume o f  t h e  t u b e  i s  n o t  

needed f o r  a d d i t i o n a l  s a m p l e s ,  t h e  h i g h  v e l o c i t y  c a n  be  

o b t a i n e d  by d e s i g n i n g  t h e  t u b e  f o r  a  r e - e n t r a n t  f l o w  p a t t e r n .  

I n  t h i s  t y p e  o f  d e s i g n ,  t h e  f low i s  i n t r o d u c e d  i n t o  an  a n n u l u s  

a t  e i t h e r  t h e  t o p  o r  bo t tom,  and f l o w s  t h r o u g h  t h e  r e a c t o r  c o r e .  

A t  t h e  end o f  t h e  c o r e  t h e  f l o w  r e v e r s e s  and f lows  back  t o  t h e  

same end t h r o u g h  t h e  c e n t e r  t u b e .  



Since a full-scale loop requires a substantial amount of 

water, a volume chamber is required to accommodate the consid- 

erable expansion that takes place when the water is heated. 

This function is normally performed by a pressurizer vessel, 

which also serves to pressurize the circulating system by 

means of steam generation. 

A pumping system of sufficient capacity for normal operat- 

ing flow must be provided and have installed capability to 

provide cooldown flow in the event of pump failure. As a 

minimum two pumps would be required, either one of which must 

provide adequate flow to allow safe operating conditions in the 

event of failure of the other pump. 

Additional auxiliary equipment necessary includes heat 

exchangers, heaters (if necessary), valves, water conditioning 

and sampling equipment, instrumentation for measurement and 

control of equipment for all primary and secondary systems. 

A full-scale loop facility could be designed for any of 

the vacant positions, For the ETR 5-12 position the loop would 

have to be of the re-entrant design with connections at the 

top. For the ATR position the loop probably would have to be 

re-entrant with the connections at the bottom. Auxiliary 

equipment requirements would be similar for any of the above 

locations, 

A schematic diagram of a typical full scale loop can be 

seen in Flgure 15 which shows the auxiliary primary coolant 

system for the ATR N-Lobe pressurized water loop. The loop 

is designed to operate with a coolant pressure of 300 to 

2200 psig, coolant temperature of 200 to 600 OF and flow rates 

of 20 to 80 gal/min over the temperature range indicated. The 

principal out-of-reactor components are listed as follows: 



P r e s s u r i z e r  

Pr imary  L o o p  H e a t e r s  

FIGURE 15. Schematic Diagram of a Ful I-Sized Pressurized Water Loop 
Installed in. the ATR N-Lobe 



Primary Loop 

Primary Loop Heat Exchangers 
2 Two 54 ft units 

2 One 11,6 ft unit 

Pressurizer (300 to 2200 psig) 

Pressurizer Intercooler (2.85 gal/min - 70 to 404 OF) 

Pressurized Water Heaters (60 kW) 

Three Circulation Pumps (150 gal/min canned rotor pumps) 

Four Primary Loop Heaters (54 kW each) 

System Piping, Fittings, and Valves (348 SS) 

Purification System 

Sampling System 

Two Ion Exchangers (6 gal/min) 
2 Regenerative Heat Exchanger (11.6 ft ) 

2 Purification Cooler (11.5 ft ) 

Fill and Make-Up 

Two Make-up Pumps (23 gal/min - 5150 psig) 

Helium Sys tem 

Instrumentation and Control 

M I N I L O O P  - 

The heat generation in a 0.120 in. wall pressure tube 

resulting from 15 W/g of gamma heat could be removed by a flow 

of approximately 20 gal/min under HWRP conditions with a bulk 

water temperature rise in the order of 30 OF. These conditions 

may not provide a normal margin of protection against boiling 

burnout and thus the heat transfer situation would need 

additional investigation. 

Such a facility basically will contain the same equipment 

as described earlier for the full-sized loop but is attractive 

since the size and complexity of the auxiliary equipment could 



be  r e d u c e d .  T h i s  would r e s u l t  i n  s u b s t a n t i a l  s a v i n g s  i n  

i n i t i a l  c o s t  o v e r  a  f u l l - s i z e d  l o o p .  The m i n i l o o p ,  l i k e  a  c a p -  

s u l e ,  would be  u n a b l e  t o  o p e r a t e  w i t h  few i f  any a d d i t i o n a l  

t e s t s  w i t h i n  t h e  t u b e .  

The low f l o w  i n  t h e  l a r g e  d i a m e t e r  p r e s s u r e  t u b e  would 

r e q u i r e  t h a t  a  f i l l e r  p l u g  b e  i n c l u d e d  t o  r a i s e  t h e  f l u i d  

v e l o c i t y  f o r  a d e q u a t e  h e a t  t r a n s f e r  u n l e s s  d e s i g n e d  f o r  

r e - e n t r a n t  f l o w  where t h e  c e n t e r  f low t u b e  would a c t  a s  t h e  

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

of  thermos e l e m e n t s .  I n  any c a s e  t h i s  c e n t e r  f i l l e r  d e v i c e  

would r e q u i r e  an  a d d i t i o n a l  c o o l a n t  f l o w ,  t h e  amount depending  

upon t h e  f i l l e r  volume and m a t e r i a l .  

One p o s s i b i l i t y  would b e  t o  s e t  up t h e  low-f low p r e s s u r e  

t u b e  i n  p a r a l l e l  w i t h  one o f  t h e  e x i s t i n g  f a c i l i t i e s  (ATR N-Lobe, 

G-7 o r  P - 7  l o o p s )  p r o v i d e d  t h a t  t h e  o p e r a t i n g  c o n d i t i o n s  would 

b e  c o m p a t i b l e .  The 2 0 0 0  p s i  p r e s s u r e  a t  which t h e s e  l o o p s  now 

o p e r a t e  would p r o b a b l y  make t h i s  p r o h i b i t i v e  due t o  a  t h i c k  

t u b e  w a l l  and r e s u l t i n g  h i g h  t h e r m a l  g r a d i e n t s  a s  d i s c u s s e d  

e a r l i e r .  

C a p a b i l i t y  f o r  i n t e r i m  e x a m i n a t i o n  o f  t h e  i n t e r i o r  o f  t h e  

p r e s s u r e  t u b e  c o u l d  b e  p r o v i d e d  i n  t h e  same manner a s  f o r  o t h e r  

s y s t e m s ,  by d e s i g n  o f  a  removable c l o s u r e  p l u g .  

S U M M A R Y  O F  E T R  A N D  A T R  A V A I L A B L E  I R R A D I A T I O N  F A C I L I T I E S  

A summary o f  t h e  a v a i l a b l e  s t u d y  i n d i c a t e s  t h a t  t h e r e  a r e  

seven  approaches  which can  b e  c o n s i d e r e d  f o r  i r r a d i a t i o n  t e s t s  

of  t h e  HWRP p r e s s u r e  t u b e  i n  t h e  ETR and t h e  ATR.  These  a r e  a s  

f o l l o w s  : 

T E S T  A P P R O A C H E S  

ETR G - 7  P o s i t i o n  

1. I r r a d i a t i o n  o f  i n t e r n a l  p r e s s u r i z e d  thermos t u b e  i n  

e x i s t i n g  l o o p  



ETR 5-12 Position 

2. Full-sized loop using P - 7  loop out-of-reactor equipment 

(low pressure operated) 

3. New full-sized loop (low pressure) 

4. P4iniloop (low pressure) 

ATR NE-Lobe 

5. Full-sized loop using N-Lobe out-of-reactor equipment 

(low pressure) 

6 ,  New full-sized loop (low pressure) 

7, Miniloop (low pressure). 

Consideration was given the possibility of replacing the 

existing G-7 pressure tube with the HWRP pressure tube. The 

loop now being used for the G E H - 2 0  irradiations operates at 

2000 psi and thus would require a wall thickness that would 

result in a high thermal gradient across the wall. Thus the 

most promising approach in this loop would be a large diameter 

internally pressurized thermos tube within the existing pres- 

sure tube and with the GEH-20 test placed within the thermos 

tube. This has the advantage of not requiring a major revision 

of the existing loop, but has the disadvantage that the HWRP 

thermos pressure tube ID would be about 2-1/2 in. instead of 
the desired 3 in. and would require redesign and rescheduling 

for the hardware and tests currently being irradiated. 

The use of the 5-12 position would require relocating 

some capsule experiments now occupying this position and would 

be a top re-entrant flow to avoid the dog-leg problem of 

passing through the core. A full-sized loop could be consid- 

ered for this position. In the event that the P-7 loop was 

hot in use, the P-7 loop out-of-reactor equipment could be 

used to cool a loop in the 5-12 position, thus saving the cost 

of new out-of-reactor equipment. The in-reactor portion of 

the P-7 loop is now located in the reflector of the reactor. 



The loop equipment would be operated at a pressure compatible 

with the HWRP pressure tube irradiation and could handle in 

addition up to two trains of nested thermos tubes. The miniloop 

(less than 50 gal/min) would accommodate cooling of the pressure 

tube and at most a small diameter thermos tube experiment. 

The NE-Lobe is the most promising position in the ATR for 

the irradiation of the HWRP pressure tube. The loop would be 

a bottom re-entrant flow which could be a full-sized loop 

operated with the N-Lobe pressurized water loop out-of-reactor 

equipment or could be a complete new loop. The loop could 

accommodate a 3-1/2 in. diam in-reactor pressure tube and up 

to three trains of nested thermos tube capsules. A new full- 

sized loop in the ATR to cool the NE-Lobe irradiations would 

have out-of-reactor equipment similar to the equipment used for 

the N-Lobe which was described earlier under "Test and Experi- 

mental Considerations" on page 27. The miniloop would be simi- 

lar to the one proposed for the ETR 5-12 loop. Both the 

miniloop and a full-sized loop would be operated at conditions 

compatible to the HWRP irradiation test. 

The reflux approach is not being considered here along 

with the self-cooled capsule approach although the reflux 

approach has been successfully used at GETR. Further study 

would be needed to prove the feasibility of both of these 

approaches for this test. 

Table 2 lists the basic approaches under consideration and 

shows the compatibility to the HWRP criteria. 

C O S T  A N A L Y S I S  

Following is a listing of the estimated set up costs for 

the suggested approaches. The reflux approach and the capsule 

approach are not included here as further study is required to 

determine the costs. These costs include design, capital equip- 

ment, in-reactor loop section, installation and checkout. 



T A B L E  2 .  Summary o f  Candidate F a c i l i t i e s  f o r  HWRP P r e s s u r e  T u b e  I r r a d i a t i o n  

ETR AT R 
G -  7 5 - 1 2  NE-Lobe 

F u l l - S i z e d  F u l l - S i z e d  
Thermos Loop M i n i l o o p  Loop F l i n i l o o p  

Loop Tube P a r a m e t e r s  

I n n e r  Diamete r  
L e n g t h  
ID Measurement 

T e s t  P a r a m e t e r s  

Neut ron  F l u x ,  nv 
Time t o  l o z 2  n v t  

@ 50% E f f i c i e n c y  
T e m p e r a t u r e  
P r e s s u r e  
C o o l a n t  Chemis t ry  

Loop C o n t r o l  

2 -1 /2  i n .  
3 f t  
Yes 

3 Y r  
2 7 7  "C 

2000 p s i  
O K  

0 - 5 0 %  
HWRP 

3 i n .  3 , i n .  3 - 1 / 2  i n .  3 - 1 / 2  i n .  
3 f t  3 f t  4 f t  4 f t  

P o s s i b l e  b u t  P o s s i b l e  b u t  Yes Yes 
d i f f i c u l t  d i f f i c u l t  

P 

3 y r ( a )  3 y r ( a )  3 y r ( a )  3 y r ( a )  i-' 

a s  d e s i r e d  a s  d e s i r e d  a s  d e s i r e d  a s  d e s i r e d  
a s  d e s i r e d  a s  d e s i r e d  a s  d e s i r e d  a s  d e s i r e d  
a s  d e s i r e d  a s  d e s i r e d  a s  d e s i r e d  a s  d e s i r e d  

HWRP HWRP HWRP HWRP 

S t a b i l i t y  o f  
R e a c t o r  O p e r a t i o n  P r e d i c t a b l e  P r e d i c t a b l e  P r e d i c t a b l e  Unknown Unknown 

I n s t a l l a t i o n  Problems Few D i f f i c u l t  D i f f i c u l t  Few Few 

Thermos Specimen 
C a p a c i t y  

( a )  Assumes  50% o p e r a t i n g  e f f i c i e n c y  

( b )  Assumes  ATR o p e r a t i o n  a t  s t a r t i n g  7 0 %  power 



P O S I T I O N  A N D  R E Q U I R E M E N T S  

ETR G-7 Insert HWRP Thermos Specimens 

Funds required for gas pressuri- 

zation and installing Zircaloy 

specimens. 

ETR 5-12 Connect Directly to P-7 Eaui~ment 

Funds required to construct in- 

reactor section and connect to 

present out-of-reactor equipment 

New LOOD with Same Ca~acitv as P-7 

Loop Equipment Except Lower Pressure 

Funds required for both in-reactor and 

out-of-reactor portions of the loop. 

Cost $ x 10 6 

Miniloop 

Funds required to construct low flow, out- 

of-reactor equipment and in-reactor portion 

of the loop. 1.1 

ATR NE-Lobe Connect Directly to N-Lobe Out-of- 

Reactor Equipment 

Funds required for in-reactor loop section 

and cross-over to N-Lobe equipment. 

New LOOD with Same Ca~acitv of N-Lobe 

Equipment Except Lower Pressure Capability 

Funds required for both in-reactor and out- 

of-reactor portions of the loop. 1.6 

Funds required to construct low flow, out- 

of-reactor equipment and in-reactor portion 

of the loop. 1.0 



D e t a i l  c o s t s  a n a l y s i s  f o r  t h e s e  v a r i o u s  approaches  a r e  

g i v e n  i n  T a b l e  3 a s  t o t a l  f u n d s  and i n  p r o r a t e d  c o s t s  p e r  

s p e c i m e n - y e a r  where t h e  c o n s t r u c t i o n ,  i n s t a l l a t i o n  c a p i t a l  

e x p e n s e s ,  and i r r a d i a t i o n  and o p e r a t i n g  c h a r g e s  have been  p r o -  

r a t e d  o v e r  t h e  spec imen c a p a c i t y  of  e a c h  f a c i l i t y  b e i n g  

c o n s i d e r e d  f o r  a  p e r i o d  of  3 y r .  Each thermos specimen i s  

c o n s i d e r e d  t o  b e  abou t  1 f t  l ong  and t h e  p r e s s u r e  t u b e s  a r e  

e v a l u a t e d  i n  1 f t  l e n g t h s .  

T a b l e  3 i n d i c a t e s  t h a t  Approaches 2 ,  5 ,  and 6 a r e  n e a r l y  

e q u i v a l e n t  i n  p r o r a t e d  c o s t s ,  i . e . ,  d a t a  e f f i c i e n c y ,  and b e i n g  

some lower t h a n  3 and much lower  t h a n  Approaches 1, 4 ,  and 7 .  

The e f f i c i e n c y  of  t h e  f a c i l i t y  i s  c o n t r o l l e d  ma in ly  by t h e  

amount o f  d a t a  o b t a i n e d  and t h e  I U  c o s t s .  The c a p i t a l  e q u i p -  

ment c o s t s  do n o t  weigh n e a r l y  a s  h e a v i l y  i n  t h e  e f f i c i e n c y  a s  

t h e  I U  c o s t s .  Thus t h e  m i n i l o o p s  which can  h a n d l e  o n l y  a  few 

specimens compared t o  t h e  l a r g e r  l o o p s  i s  an  i n e f f i c i e n t  

approach  t h e  same a s  Approach 1, t h e  thermos t u b e  i n  t h e  G - 7  

f a c i l i t y .  Based on t o t a l  c o s t s ,  Approach 1 i s  t h e  l o w e s t  by 

a  c o n s i d e r a b l e  amount. T h i s  approach ,  b e s i d e s  showing a  low 

d a t a  efficiency, produces  o n l y  a  s i n g l e  s e t  of  thermos t u b e s  

w i t h  a  s m a l l e r  t h a n  d e s i r e d  t u b e  d i a m e t e r .  Approach 2 which 
6 h a s  t h e  n e x t  l o w e s t  t o t a l  c o s t ,  $ 1 . 9 1  x 10 more t h a n  

Approach 1, a l s o  shows a  good d a t a  e f f i c i e n c y .  The b e s t  

approach  i n  t h e  ATR i s  5 which g i v e s  t h e  l o w e s t  t o t a l  c o s t  

a v a i l a b l e  i n  t h e  ATR and p r o v i d e s  t h e  b e s t  e f f i c i e n c y  o f  a l l  

a p p r o a c h e s ,  

R e s u l t s  of  t h e  c o s t  a n a l y s i s  i n d i c a t e  t h a t  t h e  s e l e c t i o n  

o f  an  approach  p r o b a b l y  can  b e  b a s e d  on t h e  t y p e s  of  f u n d i n g  

a v a i l a b l e  and t h e  needs  of  t h e  program i n  t e rms  of  r a t e  o f  

d a t a  a c c u m u l a t i o n  w i t h o u t  a d v e r s e  e f f e c t s  on t h e  e f f i c i e n c y  

i n  te rms of  d a t a  p e r  t e s t  d o l l a r .  



T A B L E  3 .  Cos t  A n a l y s i s  o f  Cand ida te  I r r a d i a t i o n  Approaches  f o r  HWRP P r e s s u r e  Tube 

Specimen C a p a c i t y  Funds R e q u i r e d  $ x 10  6  

l d a )  O p e r a t i n g  ~ r o r a t e d ' ~ )  T o t a l  C o s t s  
F a c i l i t y  Loop Tube Thermos Tubes C a p i t a l  ( y e a r l y )  ( y e a r l y )  ( s p e c .  - y e a r )  ( 3  y r  p e r i o d )  

ETR G-7 

1. Thermos Tube No 

ETR 5 - 1 2  

2 .  P -7  Equipment Yes ( 3 )  6  0 . 5  1 . 2  0 .03  0 .16 4.19 

Yes (3)  (6 1 . 5  1 . 2  0 .03  0 .19 5 .19 P 3 .  New Loop P 

4. M i n i l o o p  Yes (3)  3  1.1 1 . 2  0 .03  0 .27 4 .79 

ATR NE-Lobe 

5. N-Lobe Equipment Yes (4 )  1 2  0 . 5  1 . 8  0 . 0 3  0 .13  5.99 

6 .  New Loop Yes (4)  1 2  1 . 6  1 . 8  0 . 0 3  0 .15  7 .09  

7.  M i n i l o o p  Yes (4)  4  1 . 0  1 . 8  0 .03  0 .27 6 .49 

(a) IU - I r r a d i a t i o n  U n i t  Charges 

1 1 / 3  c a p i t a l )  + Annual IU + Annual O p e r a t i n g  (b )  P r o r a t e d  C o s t s  = 
N O .  of s p e c i m e n s  

( c )  Assumes HWRP s h a r e s  l o o p  and pays 5 0 %  o f  IU and o p e r a t i n g  c o s t s  



R E C O M M E N D A T I O N S  

Based on the desired irradiation test criteria and the 

cost per unit of data received, three approaches should be 

considered, These are: 1) the ETR 5-12 position using the 

P-7 out-of-reactor equipment; 2) the ATR NE-Lobe position 

using the N-Lobe out-of-reactor equipment; and 3) the ATR 

NE-Lobe position with new out-of-reactor loop equipment. 

These three approaches will cost about $150,00O/specimen- 

year compared to $190,000/specimen-year for one approach and 

$260,00O/specimen-year for the other three approaches con- 

sidered. They will meet all the required criteria except 

Approach 1, listed above, will irradiate a 3 ft long tube 

instead of a 4 ft length as specified. It must be understood 

that Approaches 1 and 2 above are subject to availability of 

the indicated out-of-reactor equipment and thus in the final 

analysis may not be candidates at the time of proceeding with 

the tests. 

The above recommended approaches are all adaptable either 

to irradiating thermos specimens along with the pressure tube 

or sharing the loop with other sponsors with tests compatible 

with the HWRP test, Also, the facilities, at the conclusion 

of the irradiation, can be adapted to other programs for tests 

where a high flux would be desirable. 
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