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SUMMARY 

Meta l lograph ic  examinat ion of t h e  Haynes A l l o y  25 specimens f rom t h e  

1000 h r  t e s t s  w i t h  WESF ''SrF2 has been completed. The specimens e x h i b i t e d  

cons iderab ly  more a t t a c k  than was observed i n  t h e  i n i t i a l  screening t e s t s  

w i t h  Haynes A1 l o y  25 and 'OSrF2. A t t a c k  o f  t h e  a1 l o y  was much g r e a t e r  a t  

800 and 1000°C than a t  600°C, and t h e  a t t a c k  mechanisms appeared t o  vary 

w i t h  temperature. Decreasing t h e  S/V r a t i o  of t he  t e s t  couples produced a 

marked increase i n  a t t a c k  a t  t h e  h ighe r  temperatures. The a d d i t i o n  o f  Z r  and 

ZrF4 t o  t h e  WESF ' O S ~ F ~ ,  t o  s imu la te  decay product  bu i ldup,  r e s u l t e d  i n  a 

marked decrease i n  a t tack .  

The t e s t  couples from t h e  6000 h r  t e s t s  w i t h  WESF g o ~ r ~ p  have been sec- 

t i o n e d  and t h e  36 me ta l l og raph ic  specimens shipped t o  ORNL f o r  examination. 

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

t i o n  requirements f o r  t h e  ' O S ~ F ~  f ue led  heat source capsule has been prepared 

and i s  now being reviewed. 

A d r a f t  r e p o r t  on t h e  f e a s i b i l i t y  o f  heaters f u e l e d  w i t h  s t r o n t i u m  

f l u o r i d e  capsules f o r  use i n  c o l d  reg ions  i s  be ing  reviewed. S i m i l a r l y ,  

comments a r e  being obta ined f o r  t h e  Study o f  S l  udge Hand1 i n g  A1 t e r n a t i  ves 

F i n a l  Report and t h e  General A p p l i c a t i o n  o f  Radioisotopes i n  Army Thermal 

Systems F i n a l  Report. 
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STRONTIUM HEAT SOURCE DEVELOPMENT PROGRAM 

H. H. Van Tuy l ,  Program Manager 
H. T. Fullam, 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  sepmated from the high-level waste, 
converted to  the f Zuoride, and doubly encapsulated i n  small, high- 
i n t e g ~ t y  containers for subsequent long-term storage. The fluo- 
ride conversion, encapsuZation and storage take place i n  the Waste 
Encapsulation and Storage Facilities (WESF) .  The encapsulated 
strontiwn fluoride represents an economical source of 90sr i f  the 
WESF capsule can be licensed for heat source applications under 
anticipated use conditions. The objectives o f  t h i s  program are 
t o  obtain the data needed t o  license 9 0 ~ r ~ 2  heat sources and 
specifically the WESF 90SrF2 capsules . The information needed 
for licensing can be divided in to  three general task areas: 

Task I - Chemical and Physical Properties of 'OSrF2 
Task 2 - g o ~ r ~ 2  Compatibility Studies 
Task 3 - Capsule Qualification and Licensing 

Efforts are proceeding concurrently on a l l  three tasks t o  obtain 
the required information. 

TASK 1  - CHEMICAL AND PHYSICAL PROPERTIES OF 'OSrF2 (H. T. Ful lam) 

Work has s t a r t e d  on t h e  p repa ra t i on  o f  t h e  ''S~F, data sheet. The data  . . 

sheet w i l l  summarize a1 1  c u r r e n t l y  a v a i l a b l e  data on ' O S ~ F ~  w i t h  spec ia l  

emphasis on t h e  ' O S ~ F ~  produced a t  WESF. 

TASK 2  - ' O S ~ F ~  COMPATIBILITY STUDIES (H. T. Fu l  lam) 

Long-Term C o m p a t i b i l i t y  Tests 

ORNL has completed the  me ta l l og raph ic  examinat ion o f  t h e  Haynes A l l o y  25 

specimens from the  1000 h r  t e s t s  w i t h  WESF ' O S ~ F ~ .  Est imates o f  metal  a t t a c k  

based on t h e  micrographs obta ined a r e  presented i n  Table 1. O v e r a l l  a t t a c k  

of t h e  Haynes A l l o y  25 'by WESF ''SrF2 was g r e a t e r  than would have been pre-  

d i c t e d  based on t h e  i n i t i a l  screening t e s t s  w i t h  9 0 ~ r ~ 2 .  A t t a c k  of t h e  

Haynes A l l o y  25 increased w i t h  i nc reas ing  exposure temperature and t h e  a t t a c k  

mechanisms appeared t o  change w i t h  temperature. A t  600°C t h e  t e s t  specimens 



TABLE 1 .  Attack o Haynes Alloy 25 Specimens Exposed 
to  WESF "SrF2 for  1000 hr 

( b )  
Depth of Metal ~ f f e c t e d , ' ~ )  

Temperature,  S/V Ratio,  Change i n  

"C cm-I Chemical At tack M i c r o s t r u c t u r e  

( a )  At tack e s t ima ted  from specimen micro raphs 
( b )  S/V - t h e  exposed ineral surface- to-98SrF2 volume 

r a t i o  of t h e  t e s t  coup le .  
( c )  Zr and ZrF4 added t o  t h e  N E S i  9 0 ~ r ~ 2  t o  s i m u l a t e  decay 

p roduc t  bui ldup e q u i v a l e n t  t o  10 y r  9 0 ~ r  decay. 

suffered limited chemical attack which appeared t o  consist  primarily of 

general surface dissolut ion,  while there were no s igni f icant  microstruc- 

tural  changes (see Figure 1-A). Varying the S/V r a t io  of the t e s t  couples 
had l i t t l e  e f f ec t  on alloy attack a t  600°C. 

A t  800°C the chemical attack of the specimens was much more extensive 

and appeared t o  consist  of select ive leaching of alloy components and grain 

boundary attack. The reaction zone contained f ree  grains of unreacted metal 

(Figure 1-5). Microstructural changes consisted of a broad surface zone in 

which the normal intragranular precipi ta tes  were depleted. Decreasing the 
S/V r a t io  of  the t e s t  couples produced a sharp increase in chemical a t tack 

of the Haynes Alloy 25 with extensive grain boundary attack and subsurface 

void formation (see Figure 2 ) .  







A t  1000°C chemical  a t t a c k  of  t h e  Haynes A l l o y  25 c o n s i s t e d  p r i m a r i l y  

of ex tens i ve  subsur face v o i d  f o rma t i on ,  genera l  sur face d i s s o l u t i o n  w i t h  

some g r a i n  boundary a t t a c k  ( F i g u r e  1 -C) . M i  c r o s t r u c t u r a l  changes c o n s i s t e d  

of  a  sur face zone i n  which normal a l l o y  p r e c i p i t a t e s  were l a r g e l y  dep le ted .  

Decreasing t h e  S / V  r a t i o  o f  t h e  t e s t  couples produced a smal l  i nc rease  i n  

a t t a c k  of t h e  a l l o y  a t  1000°C. 

The a d d i t i o n  of Z r  meta l  powder and ZrF4 t o  t h e  WESF ' O S ~ F ~ ,  t o  s i m u l a t e  

10 y r  "Sr decay, r e s u l t e d  i n  a  sharp decrease i n  Haynes A l l o y  25 a t t a c k  a t  

600 and 800°C (see F i g u r e  3 ) .  A t  1000°C a1 l o y  a t t a c k  was a l s o  decreased 

excep t  f o r  subsurface v o i d  fo rmat ion  which was o n l y  s l i g h t l y  reduced 

( F i g u r e  3 ) .  

Sec t i on ing  of t h e  c o m p a t i b i l i t y  couples from t h e  6000 h r  t e s t s  w i t h  

WESF 9 0 ~ r ~ 2  was completed, and t h e  t e s t  specimens separated from t h e  ' O S ~ F ~ .  

The 36 m e t a l l o g r a p h i c  specimens (12 TZM, 12 Haynes A l l o y  25 and 12 Haste1 l o y  

C-276) from t h e  sec t i oned  couples were sh ipped t o  ORNL f o r  m e t a l l o g r a p h i c  

examinat ion,  which i s  now underway. The t e n s i l e  and Charpy-V no t ch  spec i -  

mens from t h e  6000 h r  couples w i l l  be shipped t o  ORNL f o r  examinat ion as 

soon as t h e  sh ipp ing  cask i s  r e t u r n e d  t o  PNL. 

WESF ' O S ~ F ~  Capsule Demonstrat ion Tes t  

ARHCO has completed t h e  s e c t i o n i n g  of t h e  f u l l - s i z e  WESF capsule,  con- 

t a i n i n g  WESF produced f u e l  grade ' O S ~ F ~ ,  which was h e l d  a t  800°C f o r  5003 h r .  

Severa l  r i n g s  were c u t  from t h e  i n n e r  H a s t e l l o y  C-276 capsu le  a t  va r i ous  l oca -  

t i o n s  a long  t h e  l e n g t h  o f  t h e  capsule.  Arrangements have been made t o  s h i p  

t h e  r i n g s  t o  PNL where t hey  w i l l  be f u r t h e r  sec t i oned  t o  o b t a i n  specimens 

f o r  m e t a l l o g r a p h i c  examinat ion.  The m e t a l l o g r a p h i c  specimens w i l l  be sh ipped 

t o  ORNL f o r  examinat ion.  

Supplemental Short-Term Screening Tes ts  

Meta l  l o g r a p h i c  examinat ion of a1 1 of  t h e  specimens from t h e  supplemental  

sho r t - t e rm  sc reen ing  t e s t s  w i t h  n o n r a d i o a c t i v e  SrF2 (see Tab le  2 f o r  compo- 

s i t i o n )  has been completed. Est imates of meta l  a t t a c k  based t h e  photomicro-  

graphs ob ta i ned  a r e  p resen ted  i n  Tab le  3. P r e p a r a t i o n  of a  t o p i c a l  r e p o r t ,  

which d iscusses each meta l  - SrF2 system i n  d e t a i l ,  i s  now underway. 





TABLE 2. ~ o m p o s i  ti on(a)  o f  t h e  Nonrad ioac t ive  SrF2 
Used i n  t h e  Supplemental Screening Tests 

Component 

S r 

A 1 

8a 

Ca 

C r 

Fe 

K 

Mg 
Ha 

Component 

Nd 

N i  

P b 

S i 
F 

NO; 
0 

(a) The SrF2 contains impurities proximating 
those found in YESF p m d u c d  "SrFt 

TABLE 3. Est imated A t tack  o f  Te t Specimens Exposed 
t o  Nonrad ioac t ive  s ~ F ~ T ~ )  a t  800°C 

Depth of Metal Affe~ted,'~) mils 
1500 hours 4400 Hours 

Chemical Change in Chemical Change in 
Material Attack Micros:ructure Attack Microstructure 

Haste1 lov ~ - 2 7 6 ( ~ )  3 7 3 5 
~ a y  e ~ i l o y  ~ ( c )  
m ? c S  
Haste1 loy C-4 
Hastelloy B 
Haste1 loy 8-2 
Hastelloy S 
Haynes Alloy 556 
Inconel 617 
Inconel 671 
Incoloy 800 
Rene 41 
Udimet 700 
Monel 400 
Nickel 200 
Ingot Iron 3 4 7 
Ductile Cast Iron CR CR CR 
316L SS 
JS 777 
Copper 
Titanium 
Hafnalloy 2525 
Molybdenum 
Niobium 
fa-1OZ W 
Ma-50% Re 
W-26% Re 
Rhenium 
Iridium 
Ir-0.3% W 
Platinum 
Gold 

(a) f he SrF contained impurities approximating those found 
in the BESF 90SrF2 

(b) Estimated from photomicrographs 

(c) Tested as reference specimens 

(d) CR - Complete Reaction 
(e) Could not be estimated because of extensive chemical attack 



Thermal G rad ien t  Tes t  

I n  t h e  thermal  g r a d i e n t  t e s t  a  H a s t e l l o y  A l l o y  C-276 capsu le  c o n t a i n i n g  

n o n r a d i o a c t i v e  s t r o n t i u m  f l u o r i d e  was sub jec ted  t o  a  tempera tu re  g r a d i e n t  

o f  560°C (320°C t o  920°C) f o r  a  p e r i o d  o f  4400 h r .  The capsu le  was f a b r i -  

ca ted  from 1  1 /2 - i n .  Sch 40 p i p e  and was 26 i n .  l ong .  The SrF2 con ta ined  

i m p u r i t i e s  s i m i  l a r  t o  those  found i n  WESF produced g o ~ r ~ g  (see Tab le  2 ) .  A t  

t h e  conc lus ion  o f  t h e  t e s t  t h e  capsu le  was sec t ioned ;  and specimens taken  

f rom v a r i o u s  1  o c a t i o n s  i n  t h e  capsu le  were sub jec ted  t o  meta l  l o g r a p h i c  

examina t ion  t o  determine t h e  e x t e n t  o f  meta l -SrF2 i n t e r a c t i o n .  Est imates 

o f  meta l  a t t a c k  as a  f u n c t i o n  o f  temperature, based on t h e  photomicrographs 

ob ta ined ,  a r e  p resen ted  i n  Tab le  4. The micrographs o f  t h e  t e s t  specimens 

a r e  shown i n  F i g u r e  4. E l e c t r o n  mic roprobe  a n a l y s i s  o f  t h e  specimens i s  

underway i n  an a t t emp t  t o  determine t h e  r e a c t i o n  mechanisms i n v o l v e d .  Pre- 

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  s e l e c t i v e  l e a c h i n g  of chromium from t h e  

a l l o y  m a t r i x  and t h e  r e a c t i o n  o f  g r a i n  boundary p r e c i p i t a t e s  w i t h  FeF3 i n  

t h e  SrF2 a r e  t h e  p r i n c i p a l  r e a c t i o n  mechanisms, w i t h  g r a i n  boundary r e a c t i o n s  

be ing  more pronounced a t  t h e  h i g h e r  temperatures.  

TABLE 4. The E f f e c t  o f  Temperature on t h e  A t t a c k  
o f  H a s t e l l o y  A l l o y  C-276 by Nonradio- 
a c t i v e  S t r o n t i  um ~l u o r i d e ( a )  

Approximate 
I n t e r f a c e  

Temperature, 
" C 

91 8  
874 
830 
781 
680 
448 

Exposure 
Time, 

h  r 

4400 
4400 
4400 
4400 
4400 
4400 

Depth of Met 1  A f fec ted ,  
m i  1  s f b  

Chemical Change i n  
A t t a c k  M i c r o s t r u c t u r e  

8  9  
7  15 
6  11 
4  6  
2  3 

<<I < 1  

( a )  The SrF2 had t h e  compos i t ion  shown i n  Tab le  2.  
( b )  A t t a c k  es t imated  f rom photomicrographs . 





TASK 3 - CAPSULE QUALIFICATION AND LICENSING (D. G. A t t e r i d g e )  

Heat Source Capsule Q u a l i f i c a t i o n  Requirements and Capsule Design 

Ph i losophy  

A  d r a f t  r e p o r t  c o n t a i n i n g  PNL's recommended f u e l  c o n t a i n e r  l i c e n s i n g  

t e s t  m a t r i x  and c o n t a i n e r  des ign  ph i l osophy  was prepared t h i s  q u a r t e r .  The 

d r a f t  i s  c u r r e n t l y  undergoing r e v i s i o n  and w i l l  be s e n t  t o  DNRA f o r  comment 

i n  t h e  upcoming q u a r t e r .  The r e p o r t  w i l l  be i ssued  as soon as DNRA's com- 

ments a r e  i n c o r p o r a t e d  i n t o  i t . 

The l i c e n s i n g  t e s t  m a t r i x  w i l l  n o t  i n c l u d e  a  v i b r a t i o n  r e s i s t a n c e  t e s t ,  

s i n c e  a  c u r s o r y  s tudy  by t h e  S t r u c t u r e s  and Mechanics S e c t i o n  i n d i c a t e d  t h a t  

t h e r e  w i l l  be no prob lem as l o n g  as t h e  c u r r e n t  r i g h t  c i r c u l a r  capsu le  con- 

f i g u r a t i o n  i s  ma in ta ined .  The s tudy  i n c l u d e d  v i b r a t i o n  damage f r om b o t h  

e x c i t a t i o n  o f  any n a t u r a l  f requency o f  v i b r a t i o n  response i n  t h e  c o n t a i n e r  

and movement o f  t h e  i n n e r  c o n t a i n e r  i n  t h e  o u t e r  c o n t a i n e r .  

Capsule Design 

No concen t ra ted  e f f o r t  w i l l  be made i n  t h e  capsu le  des ign  a rea  u n t i l  t h e  

recommendations f o r  t h e  Capsule Design Ph i losophy  have been accepted by WNRA. 

However, a  s tudy  t o  determine t h e  c r i t i c a l  des ign-1 i m i  t i n g  o u t e r  capsu le  com- 

ponent i s  c o n t i n u i n g ,  based on t h e  DNRA d i r e c t i v e  t h a t  t h e  f i n a l  f u e l  con- 

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

WESF s to rage  capsu le .  A  s tudy  t o  determine capsu le  des ign  methods u s i n g  

capsu le  f a i  l u r e  c r i t e r i o n  i n s t e a d  o f  s tandard  e l a s t i c  s t r a i n  c r i t e r i o n  i s  

a l s o  i n  p rogress .  

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

Outer  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  rev iew  and manufac tu r ing  c o n t 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  PIVL. Cabot C o r p o r a t i o n  a t  

Kokomo, I nd iana  has shown con t i nued  i n t e r e s t  i n  t h e  genera l  a rea  o f  r a d i o -  

i s o t o p e  f u e l  c o n t a i n e r  m a t e r i a l s  and has donated a  s e r i e s  o f  i t s  in-house 

t e s t  coupons o f  H a s t e l l o y  C-4 and H a s t e l l o y  S f o r  con t inued  t e s t i n g  i n  PNL's 

o u t e r  capsu le  m a t e r i a l  s e l e c t i o n  program. 



The specimens c o n s i s t  o f  t e n s i l e  specimens t h a t  were aged a t  var ious  

t imes and temperatures and were then t e s t e d  a t  room temperature. The aging 

temperatures v a r i e d  from 800 t o  1600°F i n  200°F increments w h i l e  t h e  aging 

t imes were 1000, 4000, 8000, and 16,000 hr .  PNL rece ived one t e s t e d  spec i -  

men f o r  each t e s t  cond i t i on ,  and two standard ASTM subsize t e n s i l e  specimens 

were subsequently machined o u t  o f  t h e  broken ends o f  t he  o r i g i n a l  t e n s i l e  

specimens. The gage s e c t i o n  o f  t h e  subsized specimens came from t h e  no- 

p l a s t i c - s t r a i n  shoulder reg ion  o f  t he  o l d  specimens, as i l l u s t r a t e d  i n  F ig -  

u re  5. The specimen c o n f i g u r a t i o n  i s  t h e  same as t h a t  c u r r e n t l y  used i n  t h e  

c o m p a t i b i l i t y  s e c t i o n  o f  t h i s  program. 

SUB-S I Z E  TENS ILE 
S PEC I MEN 

ONE-HALF OF OR I GI NAL TENS ILE S PECI MEN 
(HASTELLOY C-4 OR HASTELLOY S ) 

FIGURE 5. Subsized T e n s i l e  Specimens t o  be Machined from Sect ions 
of Tested Specimens 

It i s  c u r r e n t l y  planned t h a t  a l l  o f  t h e  new specimens w i l l  be t e s t e d  

a t  e leva ted temperatures; one a t  t h e  aging temperature of t h e  o r i g i n a l  sample 

and t h e  o the r  a t  800°C, the  c u r r e n t l y  p r e d i c t e d  maximum a l l owab le  use tem- 

pe ra tu re  of t h e  WESF s torage capsule i n n e r  containment vessel as we11 as 

t h e  requ i red  f i r e  s i m u l a t i o n  temperature. The data f rom these specimens 

w i l l  supplement t h e  H a s t e l l o y  C-4 Charpy impact da ta  and t h e  H a s t e l l o y  C-4 

and H a s t e l l o y  S  h igh  temperature 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  

da ta  being generated i n  t h i s  study. 



O x i d a t i o n  Res is tance  o f  Haste1 l o y  C-4 and Haste1 l o y  S (H. T. Fu l  lam) 

Experiments a r e  underway t o  determine t h e  e f f e c t s  o f  thermal  ag ing  on 

t h e  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  C-4 and H a s t e l l o y  S .  When t h e  s o l u t i o n  

h e a t - t r e a t e d  forms of t h e  two a l l o y s  a r e  heated a t  temperatures between 

approx imate ly  500 and 900°C, they  undergo long-range o r d e r i n g  r e a c t i o n s  and 

p r e c i p i t a t e  f o r m a t i o n  which a f f e c t  t h e i r  mechanical  p r o p e r t i e s .  ( 2 )  The reac -  

t i o n s  i n v o l v e d  proceed r e l a t i v e l y  s low and can occu r  ove r  a  seve ra l  thousand 

hour p e r i o d  when t h e  a l l o y s  a r e  heated. It i s  a n t i c i p a t e d  t h a t  t h e  m ic ro -  

s t r u c t u r a l  changes which occur  when t h e  a l l o y s  a r e  heated between 500 and 

900°C c o u l d  a f f e c t  t h e i r  r e s i s t a n c e  t o  o x i d a t i o n .  

Specimens of t h e  two a1 l o y s ,  wh ich  had been h e l d  a t  600, 700, 800 o r  

900°C f o r  1000 h r ,  were heated i n  a i r  and t h e  r a t e  o f  o x i d a t i o n  determined 

as a  f u n c t i o n  o f  t ime.  A t  1000°C o r  l e s s  t h e  o x i d a t i o n  r a t e s  of t h e  t h e r -  

m a l l y  aged specimens were s i m i l a r  t o  t hose  p r e v i o u s l y  r e p o r t e d  f o r  t h e  s o l u -  

t i o n  h e a t - t r e a t e d  a l l o y s .  A t  l l O O ° C ,  however, t h e r e  were s i g n i f i c a n t  d i f -  

ferences i n  t h e  o x i d a t i o n  r a t e s  o f  t h e  t h e r m a l l y  aged and t h e  s o l u t i o n  hea t -  

t r e a t e d  specimens. T h i s  i s  s u p r i s i n g  s i n c e  t h e  o x i d a t i o n  tempera tu re  o f  

1100°C i s  above t h e  s tandard  h e a t - t r e a t i n g  temperature of  t h e  two a l l o y s  

which i s  1950°F (1066°C). When heated i n  a i r  a t  1100°C each a l l o y  shows a  

s l i g h t  i n i t i a l  w e i g h t  g a i n  f o l l owed  by a  con t inuous  w e i g h t  l o s s  due t o  

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

h e a t - t r e a t e d  specimens a t  1100°C a r e  shown i n  F igu res  6  and 7. M e t a l l o g r a -  

p h i c  examina t ion  o f  t e s t  specimens i s  now underway t o  de te rmine  what m ic ro -  

s t r u c t u r a l  d i f f e r e n c e s  m i g h t  cause t h e  d i f f e r e n c e s  i n  o x i d a t i o n  r a t e s  a t  

1100°C of  aged and unages specimens. 

A d d i t i o n a l  o x i d a t i o n  t e s t s  a r e  now underway w i t h  specimens of  H a s t e l l o y  S 

and H a s t e l l o y  C-4 which had been aged f o r  5000 h r  a t  600, 700, 800, o r  900°C. 

P ro to t ype  Capsule F a b r i c a t i o n  and T e s t i n g  

A capsu le  conta inment  chamber t o  be used i n  c o n j u n c t i o n  w i t h  t h e  he l i um 

l eak  d e t e c t o r  purchased f o r  t h i s  program has been f a b r i c a t e d  and i n s t a l l e d  on 

d e t e c t o r  c a r t ;  F i g u r e  8. The chamber w i l l  be used f o r  l e a k  check ing  t h e  p r o t o -  

t ype  f ue l  c o n t a i n e r s  b o t h  be fo re  and a f t e r  t hey  a r e  sub jec ted  t o  t h e  f u e l  con- 

t a i n e r  l i c e n s i n g  t e s t  m a t r i x  c u r r e n t l y  be ing  prepared f o r  DNRA. 
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FIGURE 8. Leak D e t e c t o r  and T e s t  Chamber f o r  T e s t i n g  
F u l l  - S i z e  P r o t o t y p e  ~ O S ~ F ~  Capsu les  



BENEFICIAL ISOTOPES UTILIZATION PROGRAM 

J. H. J a r r e t t ,  Program Manager 

K. M. Harmon, P r i n c i p a l  I n v e s t i g a t o r  

The objectives o f  the program are t o  i d e n t i f y  and develop 
benef icial  uses of nuclear reactor by-products through: 1 )  e s t i -  
mation o f  long-term avai labi l i ty  and cost o f  useful  isotopes from 
comercial supp Ziers; 2) ident i f ica t ion  and deve Zopment o f  bene- 
f i c ia l  applications of isotopes,  including the i r  use i n  remote 
regions of the world; 3 )  ident i f ica t ion  and evaluation o f  the 
actions required t o  optimize the 9 0 s ~ ~ ~  and 1 3 7 ~ s ~ ~  products 
from the Hanford Waste Encapsulation and Storage Faci l i ty  (WESF) 
for benef icial  use; and 4 )  review and evaluate the use o f  radio- 
isotopes for fueling thermal systems which might be used by the 
U.  S. A m y .  

The program i s  divided i n t o  four tasks:  

Task I - Isotopes Avai labi l i ty  
Task 11 - Cold Regions Applications 
Task 111 - WESF Product Ut i l i za t ion  
Task IV - General Application o f  Radioisotopes 

i n  Army Themal Systems 

TECHNICAL PROGRESS 

TASK I - ISOTOPES AVAILABILITY 

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

No r e p o r t a b l e  progress d u r i n g  t h i s  r e p o r t i n g  per iod .  

TASK I 1  - COLD REGIONS APPLICATIONS ( W .  E. Sande and R. L. Aaberg) 

A d r a f t  r e p o r t  on t h e  economic f e a s i b i l i t y  of heaters  fue led  w i t h  

s t r o n t i u m  f l u o r i d e  capsules f o r  use i n  c o l d  reg ions  has been w r i t t e n  and i s  

be ing  reviewed. New sec t i ons  a r e  being added t o  e x p l a i n  i so tope  systems and 

t o  emphasize t h e i r  safety .  



The e q u i v a l e n t  c o s t  o f  f u e l  o i l  f o r  an i s o t o p e  f u e l e d  w a t e r  h e a t e r  sys -  

tem i s  e s t i m a t e d  t o  be $9 t o  I l l g a l  ( a b o u t  $ l / g a l  n o t  i n c l u d i n g  t h e  c o s t  o f  

t h e  i s o t o p e  c a p s u l e s )  w h i l e  t h e  c o s t  o f  f u e l  o i l  f o r  a  s e p t i c  t a n k  h e a t e r  

sys tem i s  e s t i m a t e d  t o  be $6.00/ga l  ( $ 2 / g a l  n o t  i n c l u d i n g  i s o t o p e  c o s t s ) ;  

deve lopment  c o s t s  a r e  n o t  i n c l u d e d  i n  t h e s e  e s t i m a t e s .  

The F e d e r a l  A v i a t i o n  A d m i n i s t r a t i o n  has s u b m i t t e d  a  l i c e n s e  a p p l i c a t i o n  

t o  t h e  NRC f o r  t h e  use o f  r a d i o i s o t o p e  t h e r m o e l e c t r i c  g e n e r a t o r s  (RTG's) as 

a i r c r a f t  n a v i g a t i o n a l  a i d s .  They hope t o  r e c e i v e  t h e  l i c e n s e  i n  March w h i c h  

would  e n a b l e  i n s t a l l a t i o n  of  t h e  RTG's by  n e x t  summer. The s a f e t y  assess- 

ment i s  now b e i n g  p repared .  

TASK I11 - WESF PRODUCT UTILIZATION 

Sandia  S u p p o r t  

1. S tudy  o f  S ludge  H a n d l i n g  A l t e r n a t i v e s  (H.  E. McGuire, J r .  and G.  W .  Dawson) 

A  f i n a l  r e p o r t  has been comple ted and comments a r e  b e i n g  s o l i c i t e d  f r o m  

a p p r o p r i a t e  p e r s o n n e l .  

2. Odor E v a l u a t i o n  o f  T r e a t e d  S ludge  ( D .  0 .  Cash) 

The f i n a l  r e p o r t  f o r  t h i s  s t u d y  has been comp le ted  and d i s t r i b u t e d .  No 

a d d i t i o n a l  a n a l y s i s  work w i l l  be r e q u i r e d  s i n c e  Sandia  L a b o r a t o r i e s  i n d i c a t e d  

t h a t  PNL had s t u d i e d  t h e  sa i r~p les  t h a t  wou ld  have been s u b j e c t e d  t o  t h e  g r e a t e s t  

amount o f  o d o r  v a r i a t i o n .  

TASK I V  - GENERAL APPLICATION OF RADIOISOTOPES I N  ARMY THERMAL SYSTEMS 

( W .  E. Sande) 

A  d r a f t  o f  t h e  f i n a l  r e p o r t  on t h e  economics o f  u s i n g  was te  f i s s i o n  p rod -  

u c t  c a n i s t e r s  t o  f u e l  Army steam p l a n t s  i s  c u r r e n t l y  b e i n g  rev iewed  a t  PNL 

and by Ar~ i i y  s t a f f .  I t  w i l l  t h e n  be d i s t r i b u t e d  f o r  e x t e r n a l  r e v i e w  and w i l l  

be i s s u e d  i n  f i n a l  f o r m  i n  August .  
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