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SUMMARY 

Meta l  1  oy r a p h i  c  examina t ion  o f  t h e  Haste1 1  oy C-276 specimens f rom t h e  

1000-hr t e s t s  w i t h  WESF g o ~ r ~ 2  has been completed.  The specimens e x h i b i t e d  

111uch more a t t a c k  than  was observed i n  t h e  e q u i v a l e n t  n o n r a d i o a c t i v e  t e s t  

specimens o r  i n  t h e  o r i g i n a l  g o ~ r ~ 2  t e s t s .  Decreas ing t h e  S/V r a t i o  o f  t h e  

t e s t  couples produced a  marked i n c r e a s e  i n  t h e  meta l  a t t a c k  observed. 

The 6000-hr t e s t s  w i t h  WESF ' O S ~ F  have been completed.  When t h e  t e s t  
2  

couples were removed from t h e  furnaces i t  was found t h a t  a  number of  couples 

which had been h e l d  a t  800°C had f a i l e d .  The couples were con ta ined  i n  

p r o t e c t i v e  j a c k e t s  of I n c o n e l  600 and b o t h  t h e  I n c o n e l  600 capsu les and t h e  

t e s t  couples were b a d l y  cor roded.  There was no v i s u a l  i n d i c a t i o n  o f  problems 

w i t h  t h e  couples t e s t e d  a t  600 and 1000°C o r  w i t h  coup les  t e s t e d  a t  800°C i n  

a  second furnace.  The f u r n a c e  c o n t a i n i n g  t h e  f a i l e d  capsu les  gave no i n d i -  

c a t i o n  o f  a  m a l f u n c t i o n  o r  o v e r h e a t i n g  and was i n  good work ing  c o n d i t i o n  

when t h e  t e s t  was te rm ina ted .  Reasons f o r  t h e  capsu le  f a i l u r e s  a r e  now 

b e i n g  i n v e s t i g a t e d .  

The program p l a n  f o r  Task 3 - Capsule Q u a l i f i c a t i o n  and L i c e n s i n g  has 

been issued.  The t o p i c a l  r e p o r t  summarizing t h e  r e s u l t s  of  t h e  g o ~ r ~ 2  d i s -  

s o l u t i o n  s t u d i e s  has been i s s u e d  (BNWL-2101). 

A f lowsheet  has been p o s t u l a t e d  f o r  t h e  r e c o v e r y  of  p o t e n t i a l l y  u s e f u l  

waste f i s s i o n  p roduc ts ,  a  r e p o r t  d e s c r i b i n g  t h i s  process i s  b e i n g  rev iewed 

i n t e r n a l l y .  A  d r a f t  r e p o r t  on Co ld  Regions I s o t o p e  Heaters  i s  be ing  r e v i s e d  

w i t h  d a t a  o b t a i n e d  d u r i n g  a  t r i p  t o  Alaska. 

Suppor t  t o  t h e  Sandia Sewage I r r a d i a t i o n  Program c o n s i s t e d  of  p r o v i d i n g  

c o s t  i n f o r m a t i o n  t o  e v a l u a t e  a l t e r n a t i v e  sewage t r e a t m e n t  processes and 

a n a l y z i n g  o f  odors  f rom t r e a t e d  and u n t r e a t e d  s ludge.  

A  d r a f t  r e p o r t  on t h e  use o f  s o l i d i f i e d  h i g h  l e v e l  waste c a n i s t e r s  t o  

fue l  Army s t e a m p l a n t s  shou ld  be a v a i l a b l e  f o r  r e v i e w  i n  February .  
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STRONTIUM HEAT SOURCE DEVELOPMENT PROGRAM 

J.  H .  J a r r e t t ,  Program Manager 
H. T. Fu l l am,  P r i n c i p a l  I n v e s t i g a t o r  
D. G.  A t t e r i d g e  

A t  Hanford, strontiwn i s  separated from the  high-level waste, 
converted t o  the f luoride, and doubly encapsulated i n  small, high- 
i n t egr i t y  containers for subsequent long-term storage. The fluo- 
r ide  conversion, encapsulation and storage take place i n  the  Waste 
Encapsulation and Storage Fac i l i t i e s  (WESF).  The enca sulated 
strontium fluoride represents an economical source of $oSr i f  the 
WESF capsule can be licensed for heat source applications under 
anticipated use condit ions.  The object ives  of  t h i s  program are 
t o  obtain the data needed t o  l icense g0srF2 heat sources and 
speci f ica  ZZy the WESF 9OsrF2 capsules. The ixformation needed 
for l icensing can be divided i n t o  three general task areas: 

Task 1 - Chemical and Physical Properties of 'OsrF2 
Task 2 - 'OsrF2 Compatibility Studies 
Task 3 - Capsule Qual i f i ca t ion  and Licensing 

E f for t s  are proceeding concurrently on a l l  three tasks  t o  obtain 
the  required information. 

TASK 1  - CHEMICAL AND PHYSICAL PROPERTIES OF g o ~ r ~ 2  

D i s s o l u t i o n  Behav io r  o f  g o ~ r ~ 2  

The t o p i c a l  r e p o r t ( ' )  on t h e  d i s s o l u t i o n  b e h a v i o r  o f  g o ~ r ~ 2  has been 

i s s u e d .  

TASK 2  - ' O S ~ F ~  COMPATIBILITY STUDIES 

Long-Term Compati b i  1  i ty  T e s t s  

ORNL has comple ted t h e  m e t a l l o g r a p h i c  e x a m i n a t i o n  o f  t h e  H a s t e l l o y  C-276 

specimens f r o m  t h e  1000-hr  t e s t s  w i t h  g o ~ r ~ 2 .  E s t i m a t e s  o f  me ta l  a t t a c k  

based on t h e  m ic rog raphs  o b t a i n e d  a r e  p r e s e n t e d  i n  T a b l e  1 .  A t t a c k  o f  t h e  

H a s t e l l o y  C-276 specimens was much g r e a t e r  t h a n  was observed i n  t h e  e q u i v a -  

l e n t  t e s t s  w i t h  n o n r a d i o a c t i v e  SrF, ( see  T a b l e  2 )  o r  i n  t h e  o r i g i n a l  s h o r t -  
L 

t e r m  t e s t s  w i t h  g o ~ r ~ 2  ( s e e  BNWL-1967). The specimens t e s t e d  a t  60OoC 



TABLE - . . . . -  1. A t t a c k  o f  t i a s t e l  l o y  C-276 Specilllens Exposed 
t o  WESF 9 0 ~ r ~ 2  f o r  1000 h r  

Depth of Meta l  
~ f f e c t e d , ( ~ )  m i l s  

Temperature,  S/V R a t j o  ( b )  chemica l  Change i n  
" C cm- - A t t a c k  M i c r o s t r u c t u r e  

( a )  A t t a c k  e s t i m a t e d  f r o m  mi crographs 
( b )  S / V  - t h e  t e s t  couples exposed meta l  sur face t o  

~ O S ~ F  volume r a t i o  
( c )  The 9&rF2 was sp iked  w i t h  ZrF4 and Z r  meta l  powder 

t o  s i m u l a t e  t h e  decay p r o d u c t  b u i l d u p  e q u i v a l e n t  t o  
10 y e a r s  decay 

e x h i b i t e d  a  u n i f o r m  a t t a c k  of t h e  meta l  sur face w i t h  s l i g h t  ev idence o f  g r a i n  

boundary a t t a c k  ( F i g u r e  l - A ) .  A t  800°C and 1000°C t h e  a t t a c k  was a l s o  u n i f o r m  

across t h e  meta l  su r face ,  b u t  appeared t o  proceed p r i m a r i l y  a l o n g  g r a i n  

boundar ies  l e a v i n g  f r e e  g r a i n s  of un reac ted  meta l  i n  t h e  r e a c t i o n  l a y e r  ( F i g -  

u r e  l - B ) .  Decreas ing t h e  S / V  r a t i o  of t h e  t e s t  couples produced marked 

inc reases  i n  t h e  m e t a l  a t t a c k  observed (see F i g u r e  2 ) .  S i ~ i i i l a r  r e s u l t s  were 

observed i n  t h e  t e s t s  w i t h  n o n r a d i o a c t i v e  SrF, and i n  t h e  t e s t s  w i t h  TZM and 
L 

'OS~F, (see BNWL-1845-28); p r o v i d i n g  a d d i t i o n a l  ev idence t h a t  i m p u r i t i e s  
L 

i n  t h e  ' O S ~ F ~  a r e  a  p r i m a r y  cause of  t h e  meta l  a t t a c k  observed. 



TABLE 2. A t t a c k  o f  Meta l  Spe i ens Exposed t o  
N o n r a d i o a c t i v e  SrF2 f a y  

----- Depth o f  Me ta l  AffecJwj-,(b m i l s  

-- 1000 U5000 hrp----- 
M a t e r i a l  Temperature,  Couple S/V Chemical Change i n  Chemical Change i n  

" C  Tested -. ~ a t i o ,  ( c )  cm-l - A t t a c k  M i c r o s t r u c t u r q  A t t a c k  M i c r o s t r u c t u r e  

H a s t e l l o y  C-276 

H a s t e l l o y  C-276 

Haynes A l l o y  25 

tlaJnes A l l o y  25 

T  ZM 

1 
T Z M  

( a )  N o n r a d i o a c t i v e  SrFp c o n t a i n i n g  in ipu r i  t i e s  a p p r o . < i ~ n a t i n g  those found i n  
WtSF ~ O S ~ F ~  

( b )  A t t a c k  e s t i m a t e d  f rom mic rographs  
( c )  S/V r a t i o  - t h e  t e s t  c o u p l e s '  exposed m e t a l  su r face  t o  SrF2 volume r a t i o  

The a d d i t i o n  o f  Z r  meta l  powder and ZrF4 t o  t h e  ' O S ~ F  t o  s i m u l a t e  decay 2 
p r o d u c t  b u i l d u p ,  e q u i v a l e n t  t o  10 y e a r s  decay, produced a  marked decrease i n  

t h e  meta l  a t t a c k  observed (see F i g u r e  3 ) .  

E l e c t r o n  m ic roprobe  a n a l y s i s  o f  t h e  H a s t e l l o y  C-276 specimens i s  now 

underway a t  ORNL; and a  d i s c u s s i o n  o f  a t t a c k  mechanisms w i l l  be p r o v i d e d  when 

t h e  m i  c roprobe d a t a  a r e  a v a i l  ab le .  









Meta l  l o g r a p h i c  exar i i inat i  on and e l e c t r o n  ~ i i i c r op robe  a n a l y s i s  o f  t he  

Haynes A1 l o y  25 specimens exposed t o  WESF 9 0 ~ r ~ 2  f o r  1000-hr i s  a l s o  

c o n t i n u i n g  a t  ORNL. 

M e t a l l o g r a p h i c  examinat ion o f  t h e  specimens f rom t h e  6000 h r  t e s t s  

w i t h  non rad ioac t i ve  SrF2 has been completed, and microprobe a n a l y s i s  o f  

t h e  specimens i s  now underway. Est imates o f  meta l  a t t a c k ,  based on t h e  

micrographs a r e  presented i n  Tab le  2. Micrographs o f  t h e  t e s t  specimens 

and a  d e t a i l e d  d i s c u s s i o n  o f  a t t a c k  mechanisms w i l l  be presented i n  a  sub- 

sequent r e p o r t  when a l l  o f  t h e  microprobe da ta  a r e  a v a i l a b l e .  

The 6000 h r  t e s t s  w i t h  ' O S ~ F ~  have been completed. Sec t i on i ng  o f  t h e  

t e s t  couples w i l l  s t a r t  i n  January.  One very  s e r i o u s  problem was encountered 

when t h e  t e s t  couples were removed f rom t h e  fu rnaces .  A l l  of t he  t e s t  couples 

had been sea led  i n  p r o t e c t i v e  j a c k e t s  o f  1  112 i n .  sch 40 Incone l  600 p i p e  t o  

p reven t  e x t e r n a l  o x i d a t i o n  o f  t h e  couples d u r i n g  t e s t i n g .  I t  was found t h a t  

a  number of t h e  couples which had been h e l d  a t  800°C had f a i l e d .  The I ncone l  

600 capsules were ve r y  bad l y  cor roded,  as were t h e  t e s t  couples con ta i ned  

i n  t h e  capsules.  A l l  o f  t he  f a i l e d  capsules were f rom one furnace,  w h i l e  

capsules be ing  h e l d  i n  a  second fu rnace  a t  800°C showed no v i s u a l  i n d i c a -  

t i o n  o f  f a i l u r e .  S i m i l a r l y ,  capsules h e l d  a t  600 and 1000°C showed no v i s u a l  

evidence o f  excess ive  a t t a c k .  The 800°C fu rnace  which con ta ined  t h e  f a i l e d  

capsules showed no i n d i c a t i o n  o f  a  m a l f u n c t i o n  d u r i n g  the  t e s t  and was i n  

good work ing c o n d i t i o n  when t h e  t e s t s  were te rm ina ted .  The furnace tempera- 

t u r e  was con t i nuous l y  mon i to red  w i t h  a  s t r i p  c h a r t  r eco rde r ,  and t h e  furnace 

was equipped w i t h  two over- temperature swi tches o p e r a t i n g  o f f  separate  

thermocouples. Both sw i tches  were des igned t o  s h u t - o f f  t h e  fu rnace  i f  t h e  

temperature exceeded approx imate ly  820°C o r  a  thermocouple f a i  1  ed. There 

was no i n d i c a t i o n  a t  any t i m e  d u r i n g  t h e  t e s t  t h a t  t h e  fu rnace  had over -  

heated. An i n v e s t i g a t i o n  i s  now underway t o  determine why t he  capsules 

f a i l e d .  I n  t h e  meantime t e s t i n g  o f  t h e  remain ing couples has been h a l t e d  

u n t i l  t h e  cause(s)  o f  t h e  capsule  f a i l u r e  can be i d e n t i f i e d .  



T e s t i n g  o f  F u l l  - S i z e  WESF ' O S ~ F ~  Capsules 

I n  November ARHCO began t h e  s e c t i o n i n g  o f  t h e  f u l  l - s i z e  WESF ' O S ~ F ~  

capsu le  wh ich  had been h e l d  a t  a p p r o x i m a t e l y  800°C f o r  5000 h r .  The o u t e r  

capsu le  was removed, b u t  be fo re  t h e  i n n e r  capsu le  c o u l d  be s e c t i o n e d  t h e  

power hack-saw b e i n g  used f a i l e d .  S e c t i o n i n g  o f  t h e  capsu le  w i l l  be de layed 

u n t i l  a  new saw i s  i n s t a l l e d  i n  t h e  c e l l .  

Thermal G r a d i e n t  T e s t  

The thermal  g r a d i e n t  t e s t  has been completed a f t e r  4400 h r  exposure.  

Dur ing  t h e  t e s t  a  H a s t e l l o y  C-276 capsu le  f i l l e d  w i t h  WESF grade nonrad io -  

a c t i v e  SrF2 was s u b j e c t e d  t o  a  thermal  g r a d i e n t  of  560°C ( f r o m  360 t o  

920°C). The capsu le  has been s e c t i o n e d  and specimens o b t a i n e d  a t  v a r i o u s  

l o c a t i o n s  a l o n g  t h e  l e n g t h  o f  t h e  capsu le .  M e t a l l o g r a p h i c  examina t ion  o f  

t h e  specimens i s  now underway. V i s u a l  examina t ion  o f  t h e  SrF2 i n  t h e  cap- 

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

capsule;  b u t  t h e r e  was no i n d i c a t i o n  o f  t h e  f o r m a t i o n  o f  a  m o l t e n  phase i n  

t h e  capsu le .  The SrF2 taken f rom v a r i o u s  l o c a t i o n s  i n  t h e  capsu le  i s  now 

b e i n g  ana lyzed t o  see i f  m i g r a t i o n  o f  i m p u r i t i e s  i n  t h e  f l u o r i d e  has 

o c c u r r e d  due t o  t h e  thermal  g r a d i e n t .  

Supplemental Short-Term Tes ts  

The 4400 h r  t e s t s  w i t h  n o n r a d i o a c t i v e  SrF2 have been completed and t h e  

couples sec t ioned .  M e t a l l o g r a p h i c  examina t ion  o f  22 o f  32 t e s t  m a t e r i a l s  

has been completed; and e s t i m a t e s  of meta l  a t t a c k ,  based on t h e  micrographs,  

i s  g i v e n  i n  Tab le  3. The r e s u l t s  o b t a i n e d  i n  t h e  1500 h r  t e s t s  a r e  a l s o  

i n c l u d e d  i n  T a b l e  3  f o r  comparison purposes. Micrographs o f  t h e  v a r i o u s  

specimens and a  d e t a i l e d  d i s c u s s i o n  o f  t h e  v a r i o u s  m a t e r i a l s  w i l l  be p r o -  

v i d e d  when a n a l y s i s  o f  t h e  rema in ing  t e n  specimens i s  completed. 

TASK 3  - CAPSULE QUALIFICATION AND LICENSING 

Program P lan  

The i n i t i a l  d r a f t  o f  t h e  program p l a n  f o r  Task 3  was submi t ted  t o  DNRA 

f o r  r e v i e w  and e v a l u a t i o n .  The r e v i s e d  v e r s i o n  of  t h e  program p l a n  i n c o r -  

p o r a t i n g  DNRA comments was i s s u e d  i n  December. The program p l a n  i s  aimed 



TABLE 3. E s t i m a t e d  A t t a c k  o f  T e  t S p e c i m e n s  E x p o s e d  
t o  N o n r a d i o a c t i v e  S r F 2 t a )  a t  800°C 

Depth o f  M e t a l  A f f e ~ t e d , ' ~ )  m i l s  
1500 hours  4400 Hours 

Chemical  Change i n  Chemical  Change i n  
M a t e r i  a1 

Has t e l l  oy  C-276 ( C  ) 
H a y e  A l l o y 2 5 ( c )  1 5  TZM b  
Haste1 l o y  C-4 
H a s t e l l o y  B  
Has t e l l  oy  B-2 
Haste1 1  oy S  
Haynes A1 l o y  556 
I n c o n e l  617 
I n c o n e l  671 
I n c o l o y  800 
Rene 41 
Udimet  700 
Monel 400 
N i c k e l  200 
I n g o t  I r o n  
D u c t i l e  Cas t  I r o n  
316L SS 
JS 777 

~ i t a n i u m  
Hafna l  l o y  2525 
Molybdenum 
N iob ium 
Ta-10% W 
Mo-50% Re 
W-26% Re 
Rhenium 
I r i d i u m  
I r - 0 . 3 %  W 
P l a t i n u m  
Go ld  

A t t a c k  M i c r o s t r u c t u r e  - 

7 
3  
0  

12 
15 
18  
15 

6  
14 
2  5  

0  
14  

0  
8  

10 

CR 
0  
7  
0  

( e  
( e l  
0  
2  
0  
0  
0  
0  
:I 
0 

( e )  
( e  

A t t a c k  

3  
1  
1  
3  
3 

( f  
3  

( f )  
( f )  
2  0 
( ) 
11 

>25 
( f )  
8  
4  

C R  
2  2  
( f )  

>25 
>25 

C  R 
< 1 

2  
2  

( f )  
1  

< 1  
( f )  
( f )  

.25 
>15 

( a )  The SrF c o n t a i n e d  i m p u r i t i e s  a p p r o x i m a t i n g  those  found  
i n  t h e  GESF ~ O S ~ F ~  

( b )  E s t i m a t e d  f r o m  pho tomic rog raphs  

( c )  Tes ted  as  r e f e r e n c e  specimens 

( d )  CR - Complete R e a c t i o n  

( e )  Cou ld  n o t  be e s t i m a t e d  because of  e x t e n s i v e  chemica l  a t t a c k  

( f )  R e s u l t s  n o t  y e t  a v a i l a b l e  

M i c r o s t r u c t u r e  

5  
2 
0  

13 
11 
( f )  
12  
( f )  
( f )  
26 
( f )  
13 

>25 



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

c a p s u l e  can be used as a  h e a t  sou rce  i n  t h e  proposed NASS 2  kW(e) 

t e r r e s t r i a l  power g e n e r a t o r .  The p l a n  c a l l s  f o r  a l l  Task 3 a c t i v i t i e s  t o  

be conlp leted by t h e  end o f  FY 1980. 

Heat  Source -- C a ~ u l e  Q u a l i f i c a t i o n  Requirements -- 

A  " f i r s t  c u t "  l i s t  of capsu le  q u a l i f i c a t i o n  requ i ren len ts  was con lp i led  

f o r  and d i s c u s s e d  w i t h  DNRA p e r s o n n e l .  The l i s t  i s  c u r r e n t l y  be-ing r e v i s e d  

and added t o  f o r  subsequent resub l l i i ss ion  t o  DNRA. The l i l a jo r  p rob len l  a reas  

i n c l u d e  t h e  d e t e r n ~ i  n a t i o n  o f  t h e  need f o r  a  "no p l a s t i c  deformation" h y d r o -  

s t a t i c  p r e s s u r e  t e s t  r e q u i r e m e n t  and a r e a l i s t i c  v i b r a t i o n  r e s i s t a n c e  t e s t -  

i ng p rocedure .  

Capsule Des ign P h i l o s o p h y  

PNL pe rsonne l  a t t e n d e d  a  program r e v i e w  a t  ERDA Headquar ters  i n  December 

o f  concep tua l  d e s i g n s  f o r  t h e  NASS 2  kW una t tended  power system p r e s e n t e d  

by General  E l e c t r i c  Company. T h i s  a f fo rded  t h e  o p p o r t u n i t y  f o r  PNL t o  i n t e r -  

a c t  w i t h  p o t e n t i a l  u s e r s  and s u p p l i e r s  o f  i s o t o p e  h e a t  e n g i n e  systems. Add i -  

t i o n a l  mee t ings  were a l s o  h e l d  w i t h  DNRA personne l  t o  e s t a b l i s h  t h e  b a s i c  

d e s i g n - p h i l o s o p h y  f o r  t h e  ' O S ~ F ~  h e a t  sou rce  capsu le .  I t  was agreed t h a t  t h e  

c a p s u l e  d e s i g n  wou ld  be based on t h e  c u r r e n t  WESF H a s t e l l o y  C-276 i n n e r  c a p s u l e  

w h i l e  u t i l i z i n g  a  new o u t e r  c a p s u l e  t o  p r o v i d e  t h e  r e q u i r e d  mechan ica l  

s t r e n g t h  and e x t e r n a l  c o r r o s i o n  r e s i s t a n c e  needed f o r  t h e  NASS a p p l i c a t i o n .  

A  l ow  l e v e l  e f f o r t  i n  c o n j u n c t i o n  w i t h  PNL S t r u c t u r e s  and Mechanics 

S e c t i o n  toward  d e t e r m i n i n g  t h e  c r i t i c a l  d e s i g n - l i m i t i n g  o u t e r  c a p s u l e  compo- 

n e n t  was begun i n  December. The e f f o r t  w i l l  i n c l u d e  a  s t u d y  o f  t h e  r e s i s -  

t a n c e  t o  impac t  f a i l u r e  of v a r i o u s  welded end-cap c o n f i g u r a t i o n s .  Methods 

t o  assu re  minimum r e l a t i v e  movement between i n n e r  and o u t e r  capsu les  a r e  

a l s o  b e i n g  s t u d i e d ,  as t h i s  prob lem i s  expec ted  t o  be i m p o r t a n t  t o  r e s i s -  

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



Outer  Capsule M a t e r i a l  S e l e c t i o n  

Ou te r  capsu le  m a t e r i a l  o p t i o n s  a r e  be ing  exp lo red  th rough  a  c o n t i n u i n g  

l i t e r a t u r e  r ev i ew  and manu fac tu r i ng  c o n t r a c t s  as w e l l  as t h e  mechanical  and 

c o r r o s i o n  r e s i s t a n t  p r o p e r t y  t e s t s  be ing  r u n  a t  PNL. PNL personnel  have 

v i s i t e d  b o t h  ma jo r  U . S .  s u p e r a l l o y  p roducers  and a r e  c u r r e n t l y  c o n s u l t i n g  

w i t h  them on p o s s i b l e  m a t e r i a l  s e l e c t i o n s .  Second i t e r a t i o n  problems such 

as t h e  p o t e n t i a l  f o r  mar ine  f o u l i n g  o f  submerged capsu les  a r e  c u r r e n t l y  be ing  

added i n t o  t h e  o u t e r  capsu le  a l l o y  s e l e c t i o n  m a t r i x .  The e f f e c t  on m a t e r i a l  

s e l e c t i o n  o f  a  p o t e n t i a l  r e d u c t i o n  i n  t h e  WESF capsu le  use tempera tu re  i f  

t h e  Organ ic  Rankine Heat Engine i s  used i s  a l s o  be ing  i n v e s t i g a t e d .  

Two m a t e r i a l s  be ing  cons idered  f o r  use i n  f a b r i c a t i n g  t h e  o u t e r  capsu le  

a r e  H a s t e l l o y  C-4 and H a s t e l l o y  S. Tes ts  a r e  underway a t  PNL t o  measure 

t h e  o x i d a t i o n  r e s i s t a n c e  and seawater c o r r o s i o n  r e s i s t a n c e  of  t h e  two a l l o y s  

i n  t h e i r  s o l u t i o n  h e a t  t r e a t e d  forms, and t h e  e f f e c t s  which thermal  ag ing  

has on t h e  two p r o p e r t i e s .  I t  was r e p o r t e d  e a r l i e r  (BNWL-1845-28) t h a t  

when s o l u t i o n  hea t  t r e a t e d  H a s t e l l o y  C-4 was hea ted  i n  a i r  a t  1000°C and 

h i g h e r  f o r  extended p e r i o d s  o f  t i m e  t h e  specimens l o s t  we igh t  because of  

t h e  s p a l l i n g  o f  t h e  o x i d e  l a y e r .  A t  11'00°C t h e  w e i g h t  l o s s  o f  t h e  H a s t e l -  

l o y  C-4 e x h i b i t e d  a  l i n e a r  t i m e  dependence (see F i g u r e  4  - Se r i es  d l ) .  I t  

was f e l t  t h a t  t h e  s p a l l i n g  o f  t h e  o x i d e  l a y e r  may have been due t o  t h e  ther l l la l  

s t r e s s e s  produced when t h e  t e s t  specimens were removed p e r i o d i c a l l y  from t h e  

furnace, coo led  t o  roorn temperature,  weighed and t hen  r e t u r n e d  t o  t h e  furnace 

f o r  a d d i t i o n a l  exposure.  The re fo re  a  second s e r i e s  o f  t e s t s  was c a r r i e d  o u t  

i n  which seve ra l  s o l u t i o n  hea t  t r e a t e d  H a s t e l l o y  C-4 s p e c i ~ ~ i e n s  were h e l d  a t  

1100°C f o r  d i f f e r e n t  t i l i ~ e s  and then  r e ~ l ~ o v e d  f rom t h e  f u rnace  and weighed. 

Th i s  e l i r ~ i i n a t e d  t h e  t h e r ~ i ~ a l  c y c l i n g  t h e  spec i r~~ens  i n  t h e  f i r s t  s e r i e s  o f  

t e s t s  were s u b j e c t e d  t o .  The r e s u l t s  o f  t h e  second s e r i e s  of t e s t s  showed 

t h a t  s p a l l i n g  of t h e  o x i d e  l a y e r  occu r red  a t  l l O O ° C  even when t h e  specimen: 
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FIGURE 4. O x i d a t i o n  o f  H a s t e l l o y  C-4 a t  1100°C 

were n o t  t h e r m a l l y  cyc led  (see F i g u r e  4 - Se r i es  # 2 ) .  Wi thou t  thermal  

c y c l i n g  a  much l o n g e r  exposure t ime  was r e q u i r e d  b e f o r e  s p a l l i n g  s t a r t e d ;  

b u t  once s p a l l i n g  began t h e  we igh t  l o s s  e x h i b i t e d  a  l i n e a r  t i m e  dependence. 

The o x i d a t i o n  r e s i s t a n c e  o f  s o l u t i o n  hea t  t r e a t e d  H a s t e l l o y  S was 

determined a t  temperatures o f  600, 700, 800, 900, 1000 and 1100°C. The t e s t  

specimen was c u t  from 0.063 i n .  sheet  and were 2.00 i n .  x  1.00 i n .  The 

specimens were degreased p r i o r  t o  t e s t i n g  b u t  t h e  m i l l  s c a l e  was n o t  removed. 

The c leaned specimens were weighed and then  p laced  i n  p reheated  a i r  atmosphere 



m u f f l e  furnaces. P e r i o d i c a l l y  t h e  specimens were removed from t h e  fu rnaces ,  

coo led  t o  room temperature,  weighed, and then  r e t u r n e d  t o  t h e  furnaces.  The 

t e s t s  l a s t e d  f o r  1000 h r .  A t  1000°C o r  l e s s  t h e  specimens formed an adherent  

o x i d e  s c a l e  and specimen we igh ts  i nc reased  c o n t i n u o u s l y  w i t h  t ime  a t  tempera- 

t u r e  (see F i g u r e  5 ) .  The f o r m a t i o n  o f  t h e  adherent  o x i d e  s c a l e  f o l l o w e d  a  

p a r a b o l i c  t i m e  dependence. A t  1100°C an adheren t  o x i d e  s c a l e  formed i n i t i a l l y ;  

b u t  s p a l l i n g  of  t h e  o x i d e  s c a l e  began a f t e r  about  50 h r  exposure w i t h  a  c o r -  

responding l o s s  of  we igh t  (see F i g u r e  6 ) .  Only s l i g h t  s p a l l i n g  was observed 

up t o  550 h r  exposure, b u t  then t h e  samples began t o  l o s e  we igh t  v e r y  r a p i d l y .  
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FIGURE 5, O x i d a t i o n  o f  H a s t e l l o y  S 
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FIGURE 6. O x i d a t i o n  o f  H a s t e l l o y  S a t  1100°C 

Comparison of t h e  o x i d a t i o n  da ta  f o r  s o l u t i o n  hea t  t r e a t e d  H a s t e l l o y  S 

w i t h  t h e  da ta  p r e v i o u s l y  r e p o r t e d  f o r  s o l u t i o n  hea t  t r e a t e d  H a s t e l l o y  C-4 

(BNWL-1845-28) shows t h a t  t he  H a s t e l l o y  S o x i d i z e s  a t  a  s lower  r a t e  than  

H a s t e l l o y  C-4 a t  a l l  temperatures. However, b o t h  a l l o y s  s u f f e r  t h e  prob lem 

of o x i d e  s p a l l i n g  a t  h i g h e r  temperatures.  

The o x i d a t i o n  r e s i s t a n c e  of  H a s t e l l o y  S and H a s t e l l o y  C-4 specimens 

which had been t h e r m a l l y  aged a t  600, 700, 800, o r  900°C f o r  1000 h r  was 

determined u s i n g  t h e  same procedure as was used w i t h  t h e  s o l u t i o n  heat-treated 



specimens. The t h e r m a l l y  aged specimens were prepared fro111 a l l o y  sheets  

wh ich  had been heated i n  a i r  a t  t h e  p r e s c r i b e d  temperature  f o r  1000 h r .  

Each specimen was a p p r o x i m a t e l y  1  in.'; and t h e  o x i d e  s c a l e  which formed 

on t h e  a1 l o y s  d u r i n g  thermal  a g i n g  was removed f rom t h e  specimens and t h e  

sur faces p o l i s h e d  p r i o r  t o  t e s t i n g .  The t e s t  r e s u l t s  i n d i c a t e  t h a t  thermal  

a g i n g  had l i t t l e  e f f e c t  on t h e  o x i d a t i o n  r e s i s t a n c e  o f  t h e  a l l o y s  a t  900°C 

o r  l e s s .  A t  1000°C and h i g h e r ,  however, thermal  ag ing  appeared t o  lower  

t h e  temperature  a t  wh ich  s p a l l i n g  o f  t h e  o x i d e  l a y e r  began and i n c r e a s e  t h e  

s e v e r i t y  of s p a l l i n g .  Some o f  t h e  t e s t s  p r o v i d e d  c o n f l i c t i n g  r e s u l t s ,  

however, and a  number o f  t e s t s  a r e  be ing  repeated.  A d e t a i l e d  d i s c u s s i o n  

o f  t h e  e f f e c t s  o f  thermal  a g i n g  on o x i d a t i o n  r e s i s t a n c e  o f  t h e  two a l l o y s  

w i l l  be p resen ted  when t h e  supplemental  t e s t s  a r e  completed. 

L a b o r a t o r y  t e s t s  were c a r r i e d  o u t  t o  measure t h e  c o r r o s i o n  r e s i s t a n c e  o f  

s o l u t i o n  hea t  t r e a t e d  H a s t e l l o y  S  t o  n a t u r a l  seawater.  The t e s t  procedure 

was i d e n t i c a l  t o  t h a t  used w i t h  H a s t e l l o y  C-4 (BNWL-1845-28). The t e s t  

specimens were c u t  f rom t h e  same shee t  as t h e  speci~nens used f o r  t h e  o x i d a -  

t i o n  t e s t s .  Specimen dimensions were 2.00 x  1.00 x  0.063 i n .  Some s p e c i -  

mens were i n  t h e  "as r e c e i v e d "  c o n d i t i o n  w i t h  m i l l  s c a l e  on t h e  major  s u r -  

faces.  Other  specimens were p o l i s h e d  t o  remove t h e  s c a l e  p r i o r  t o  t e s t i n g .  

TIG welded specimens were a l s o  eva lua ted .  The t e s t s  were c a r r i e d  o u t  a t  

23°C ? 1°C w i t h  and w i t h o u t  a e r a t i o n .  The t e s t s  l a s t e d  1000 h r ,  and t h e  

H a s t e l l o y  S  was found t o  be ve ry  r e s i s t a n t  t o  a t t a c k  by t h e  seawater.  M e t a l -  

l o g r a p h i c  examina t ion  o f  t h e  specimens showed no ev idence o f  a t t a c k ;  and t h e  

maximum w e i g h t  l o s s  observed w i t h  any specimen was l e s s  than  1  mg, which 

corresponds t o  a  w e i g h t  l o s s  of <0.04 mg/cmL. S imple  bending t e s t s  i n d i c a t e d  

t h e  specimens had s u f f e r e d  no l o s s  o f  d u c t i l i t y .  

S i m i l a r  seawater c o r r o s i o n  t e s t s  were c a r r i e d  o u t  u s i n g  H a s t e l l o y  C-4 

and H a s t e l l o y  S  specimens wh ich  had been t h e r m a l l y  aged a t  600, 700, 800, 

o r  900°C f o r  1000 h r .  The o x i d e  s c a l e  was removed from t h e  specimens and 

t h e  sur faces p o l i s h e d  p r i o r  t o  t e s t i n g .  The r e s u l t s  show t h a t  thermal  ag ing  

a t  600 t o  900°C had no e f f e c t  on t h e  seawater c o r r o s i o n  r e s i s t a n c e  of t h e  

two a l l o y s  as compared t o  t h e i r  s o l u t i o n  hea t  t r e a t e d  forms. 



M a t e r i a l  P r o p e r t y  T e s t i n g  Equipment 

An i n s t r u m e n t e d  T i n i u s  Olsen U n i v e r s a l  Impact  T e s t o r  hav ing  a  c a p a c i t y  

o f  240 f t - l b  was r e c e n t l y  o b t a i n e d .  E f f o r t s  a r e  now underway t o  f a b r i c a t e  

a  specimen h e a t i n g  chamber and t r a n s f e r  appara tus  wh ich  w i l l  p e r m i t  t e s t i n g  

o f  Charpy impac t  specimens a t  tempera tu res  up t o  1000°C. 

A h e l i u m  l e a k  d e t e c t o r  has been o b t a i n e d ;  and a  t e s t  chamber i s  now 

b e i n g  des igned wh ich  w i l l  p e r m i t  l e a k  t e s t i n g  o f  f u l l  s i z e  WESF s t r o n t i u m  

capsu les .  The chamber and l e a k  d e t e c t o r  w i l l  be used i n  q u a l i f i c a t i o n  

t e s t i n g  of  t h e  WESF capsu le .  
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BENEFICIAL ISOTOPES UTILIZATION PROGRAM 

J. H. J a r r e t t ,  
Program Manager and P r i n c i p a l  I n v e s t i g a t o r  

The o b j e c t i v e s  o f  t h e  program are t o  i d e n t i f y  and develop 
b e n e f i c i a l  uses o f  nuclear reac tor  by-products through: 11 estima- 
t i o n  o f  long-term a v a i l a b i l i t y  and c o s t  o f  u se fu l  i so topes  frorn 
commercial supp l i e r s ;  2) i d e n t i f i c a t i o n  and deve Zopment o f  bene- 
f i c i a l  appl ica t ions  o f  i s o t o p e s ,  inc luding  t h e i r  use i n  remote 
regions o f  t he  world; 3 )  i d e n t i f i c a t i o n  and evaluat ion  o f  t h e  
ac t ions  required t o  opt imize  t h e  q 0 ~ r ~ 2  and 3 7 ~ s ~ ~  products 
frorn the  Hanford Waste Encapsulation and Storage Faci Z i ty  (WESF) 
for  b e n e f i c i a l  use; and 4) review and evaluate  t h e  use o f  radio-  
i so topes  for  fuel ing thermal systems which might be used by t h e  
U.S. Army. 

The program i s  divic1ed i n t o  four tnslcs: 

Task I - I so topes  Avai Zabi l I t y  
Task II - Cold Regions Applicat ions 
Task 111 - WESF Product U t i l i z a t i o n  
Task I V  - General Appl ica t ion  o f  Radioisotopes i n  

Army Thermal Systems 

TASK 1 - ISOTOPES AVAILABILITY 

Flowsheet C a l c u l a t i o n s  (D. K. Dav is )  

A p o s t u l a t e d  f lowshee t  has been developed t o  r ecove r  va r i ous  u s e f u l  i s o -  

topes (such as americium, cesium, cur ium, neptunium, promethium, and s t r o n -  

t i u m )  and t h e  s o l i d  p rec ious  meta ls  f rom h i g h - l e v e l  l i q u i d  waste (HLLW). 

The process uses l i q u i d - l i q u i d  sepa ra t i on  techniques f o r  making t h e  

l a r g e  c u t s  between t h e  va r i ous  elements and ion-exchange columns f o r  f i n a l  

p u r i f i c a t i o n  o f  t h e  elements.  A r e p o r t  d e s c r i b i n g  t h i s  process has been 

d r a f t e d  and i s  undergo ing i n t e r n a l  rev iew.  

TASK 2 - COLD REGIONS APPLICATIONS ( W .  E. Sande) 

Dur ing t h e i r  t r i p  t o  Anchorage and Fai rbanks,  Alaska, L. D. P e r r i g o  

and W. E. Sande determined t h a t  t h e  g r e a t e s t  p o t e n t i a l  a p p l i c a t i o n  o f  



i s o t o p e  systems i s  f o r  1- o r  2-kW h e a t e r s  t h a t  a r e  enc losed  i n  a  heavy- 

w a l l e d  c o n t a i n e r  wh ich  r e q u i r e s  minimum h e a t  t r a n s f e r  equipment.  

O the r  p o t e n t i a l  a p p l i c a t i o n s  o f  i s o t o p e  systems t h a t  were i d e n t i f i e d  

i n c l u d e  r a d i o i s o t o p e  t h e r n i o e l e c t r i  c  g e n e r a t o r s  (RTGs) t o  power RCA c o ~ i i ~ ~ i u n i  - 

c a t i o n  systenls and i s o t o p e  h e a t e r s  f o r  s e l e c t  highway c u l v e r t s .  The 

Federa l  A v i a t i o n  A d m i n i s t r a t i o n  (FAA) w i l l  i n s t a l l  f i v e  RTGs n e x t  sumrlier 

t o  power reniote a i r c r a f t  n a v i g a t i o n  a.ids i n  Lake C l a r k  Pass between Kenai 

and B r i s t o l  Bay. 

A  d r a f t  r e p o r t  compar ing low tempera tu re  i s o t o p e  h e a t e r  c o s t s  w i t h  f u e l  

o i l  systems has been prepared and i s  now b e i n g  r e v i s e d  w i t h  d a t a  o b t a i n e d  

d u r i n g  t h e  A laska t r i p .  

TASK 3 - WESF PRODUCT UTILIZATION 

Work c o n t i n u e d  i n  two areas i n  s u p p o r t  o f  t h e  Sandia Sewage Sludge 

I r r a d i a t i o n  Program: development o f  c o s t  and o t h e r  i n f o r m a t i o n  t o  be used 

i n  e v a l u a t i n g  a l t e r n a t i v e  sewage t r e a t m e n t  processes;  and odor  a n a l y s i s  o f  

t r e a t e d  and u n t r e a t e d  s ludge.  

w o r t  -- -- t o  - Sandia: Hand l ing  A l t e r n a t i v e s  (H. E. 
McGuire, J r .  and S. W. Dawson 

P r e l i m i n a r y  t r e a t m e n t  sequences f o r  each o f  t h e  s ludge  t r e a t m e n t  

systems have been ana lyzed  by PNL and peer  group research .  The processes 

have subsequen t l y  been m o d i f i e d  t o  i n s u r e  t h a t  t h e  f i n a l  p r o d u c t s  a r e  

s i m i l a r  and c o n s i s t e n t  w i t h  common m u n i c i p a l  o r  r e s e a r c h  o p e r a t i o n s .  A  

d r a f t  r e p o r t  i s  b e i n g  w r i t t e n  t o  d e s c r i b e  r e l a t i v e  t r e a t m e n t  processes 

and c o s t s ,  and some energy use c a l c u l a t i o n s .  

Cost  ana lyses  of each u n i t  o p e r a t i o n  have been made and a r e  b e i n g  

assembled i n  a  g r a p h i c a l  and mathemat ica l  fo rmat  t o  a s s i s t  i n  a  m a t r i x  

s t u d y  . 

Suppor t  t o  Sandia:  Odor Panel E v a l u a t i o n  o f  T r e a t e d  Sewage Sludge 
(D.  B. Cash) 

A l l  odor  pane l  e v a l u a t i o n  d a t a  on a d d i t i o n a l  d i g e s t e d  s ludge  samples 

( t r e a t e d  and u n t r e a t e d )  d e l  i vered by Sandia L a b o r a t o r i e s  t o  PNL has been 

s t a t i s t i c a l l y  ana lyzed .  Fo r  b o t h  d i g e s t e d  and und iges ted  sewage s l u d g e  



t he  i r r a d i a t e d  sludge had h ighe r  T.O.N. (Threshold Odor ~ u n l b e r ) ' ~ )  than 

t he  n o n - i r r a d i a t e d  sludge. T.O.N.'s changed over t he  t in ie  span f o r  a l l  

samples, and i n  most cases, the  T.O.N. peaked a t  t he  t h i r d  o r  f o u r t h  day, 

then l eve led  o f f .  

A p r e l i m i n a r y  odor panel was a l s o  conducted on f o u r  d r y  s o l i d s  samples 

from Sandia: 1 )  c o n t r o l  - no t rea tment ,  2) hea t  t reatment ,  3 )  i r r a d i a t i o n  

t rea tment  2 Mrad, and 4) i r r a d i a t i o n  t rea tment  1  Mrad. I n  a l l  cases t he  

i r r a d i a t e d  d r y  s o l i d  samples cou ld  be d i s t i n g u i s h e d  f rom the  c o n t r o l  and 

hea t - t r ea ted  s o l i d s .  The m a j o r i t y  o f  t he  panel members i n d i c a t e d  t h a t  

Sample 4  ( i r r a d i a t e d  a t  1 IYrad) had t he  s t r onges t  odor. 

The f i n a l  r e p o r t ,  which i s  near complet ion,  discusses r e s u l t s  o f  t h e  

odor panel e v a l u a t i o n  o f  d iges ted  and undigested s l  udge sampl es ( i  r r a d i a t e d  

and noni  r r a d i a t e d )  . 

TASK 4  - GENERAL APPLICATION OF RADIOISOTOPES I N  ARMY THERMAL SYSTEMS 
(W.  E. Sande) 

Two main concepts f o r  an Army steam p l a n t  f u e l e d  w i t h  h i g h - l e v e l  

waste c a n i s t e r s  have been developed based on t h e  heat  t r a n s f e r  a n a l y s i s  

and p r e l i m i n a r y  d isposa l  l i m i t i n g  parameters. 

Concept 1  - The h i g h - l e v e l  waste c a n i s t e r s  a re  i n s e r t e d  i n t o  an 

enclosed b o i l e r  w i t h  open tubes.  S h i e l d i n g  i s  p rov ided  by water 

tanks l oca ted  above t h e  b o i l e r s .  

Concept 2  - t h e  c a n i s t e r s  a r e  p laced i n  a  double row i n  a  b o i l e r  

hav ing s ides  t h a t  a re  r e i n f o r c e d  w i t h  concre te  t o  p rov ide  s t r u c t u r a l  

suppor t .  The t op  o f  t h e  b o i l e r  i s  a  l a r g e  removable pressure head 

( a ) ~ h e  T.O.N. i s  t h e  r a t i o  by which a  sample must be d i l u t e d  w i t h  odor 
f r ee  water  f o r  i t s  odor t o  j u s t  be de tec tab le .  The h ighe r  t h e  T.O.N., 
t he  g r e a t e r  t he  d i l u t i o n  r e q u i r e d  and i n  genera l ,  t h e  more n o t i c e a b l e  
i t s  odor.  

A + B  T.O.N. = --- 
A = sample volume 

A  B  = d i  l u e n t  (wa te r )  volume so 
odor i s  j u s t  de tec tab le  



l o ca ted  above 13 f t  o f  water  used f o r  s h i e l d i n g .  A  secondary hea t  

exchanger i s  used t o  t r a n s f e r  t h e  heat  fro111 t h e  c a n i s t e r  b o i l e r s  t o  

t h e  steam system. 

Designs f o r  Concept 1  have been developed f o r  s i x  d i f f e r e n t  c a n i s t e r  

d iameters  w i t h  va r i ous  waste forms and c a n i s t e r  r esupp l y  schedules w h i l e  

e i g h t  c a n i s t e r  v a r i a t i o n s  have been used i n  Concept 2 des igns.  

Aspects o f  c a n i s t e r  t r a n s p o r t  a r e  be ing  cons idered and p r e l i m i n a r y  

r e s u l t s  i n d i c a t e  t h a t  these t r a n s p o r t  c o s t s  w i l l  have a  s i g n i f i c a n t  impact  

on t h e  economics o f  an Army steam p l a n t  f u e l e d  w i t h  t he  h i g h - l e v e l  waste 

c a n i s t e r s .  A lso ,  l i c e n s i n g  and s a f e t y  o f  such a  steam p l a n t  was cons idered  

f rom f o u r  bases : 

d i r e c t  re ference t o  t h e  Code o f  Federa l  Regu la t ions ,  

a n a l y s i s  o f  p a s t  work on l i c e n s i n g  requi rements  f o r  t h e  R e t r i e v a b l e  

Sur face Storage Fac i  1  i t y  (RSSF) , 
a c o n s i d e r a t i o n  o f  t h e  requi rements  f o r  spent  f u e l  s to rage  f a c i l i t i e s ,  

and 
a l i c e n s i n g  f rom t h e  s tandpo in t  o f  r a d i o i s o t o p i c  power genera to rs .  

Based on these  cons ide ra t i ons ,  i t  i s  recommended t h a t  t h e  steam p l a n t  

des ign  c l o s e l y  f o l l o w  pas t  work on RSSF concepts and spent  f u e l  s t o rage  

f a c i  1  i t i e s  (except  f o r  c e r t a i  n  capabi  1  i t i e s  such as h o t  c e l l  r e c e i  v i  ng ) ; 

f o r  example, s t a i n l e s s  s t e e l  bas i n  l i n e r s  and t h e  double  b a r r i e r  concept 

should  be ma in ta ined .  It i s  expected l i c e n s i n g  procedures w i l l  f o l l o w  t he  

requi rements  f o r  an independent spent  f u e l  s to rage  f a c i  1  i t y  (Reg. Guide 

3.24) s i n c e  t h e  amount o f  con ta ined  r a d i o a c t i v i t y  and heat  gene ra t i on  a r e  

s i m i l a r .  L i cens ing  t h e  c a n i s t e r  as a  hea t  source f o r  a  power genera to r  

(Reg. Guide 6.3) would be d i f f i c u l t  because o f  an 800°C thermal  t e s t .  

The o v e r a l l  economics o f  Army use o f  h i g h - l e v e l  waste c a n i s t e r s  i s  

be ing  developed based on t h e  f o l l o w i n g  c o s t  es t imates  f o r  5-,  l o - ,  and 

20-MW steam p l a n t s .  

c a p i t a l  investments  f o r  c a n i s t e r - f u e l e d  steam p l a n t s  

o p e r a t i n g  cos t s  

sav ings t o  t h e  Army f o r  r e p l a c i n g  f u e l  o i  1  b o i l e r s  



c a n i s t e r  t r a n s p o r t  c o s t s  

p o t e n t i a l  sav ings  t o  f u e l  r e p r o c e s s i n g  p l a n t s  due t o  c a n i s t e r  use by 

t h e  Army. 

A  f i n a l  r e p o r t ,  wh ich d iscusses  Army use o f  h i g h - l e v e l  waste c a n i s t e r s  

i n  steam p l a n t s ,  i s  b e i n g  d r a f t e d  and should  be ready f o r  r e v i e w  i n  m id -  

February.  The f o l l o w i n g  f a c t o r s  s i g n i f i c a n t l y  reduce t h e  c o s t s  o f  Army 

steam p l a n t s  f u e l e d  w i t h  h i g h - l e v e l  waste c a n i s t e r s  and i n c r e a s e  t h e  

p r o b a b i l  i t y  o f  these  p l a n t s  econo~nica l  l y  compet ing w i t h  f u e l  o i l  systems: 

t h e  steam p l a n t  i s  200  miles o r  l e s s  f rom t h e  f u e l  r e p r o c e s s i n g  p l a n t ,  
a a  steam p l a n t  has a  c a p a c i t y  o f  20 MW, 
a t h e  Army owns t h e  c a n i s t e r  r a i l  t r a n s p o r t  casks, and 

f u e l  rep rocessors  pay t h e  Army f o r  c a n i s t e r  s t o r a g e  and c a n i s t e r  

t r a n s p o r t .  
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