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EXECUTIVE SUMMARY 

STRONTIUM HEAT SOURCE DEVELOPMENT PROGRAM 

The fuel-grade ' O S ~ F ~  has been obtained from ARHCO, and fab r i ca t i on  o f  

the  long-term ' O S ~ F ~  c o m p a t i b i l i t y  t e s t  couples i s  now underway. The non- 

rad ioac t i ve  t e s t  couples have been fabr ica ted and t e s t i n g  w i l l  begin i n  

January. 

Tests are  underway t o  determine the  e f f e c t s  of thermal aging on the 

impact s t rength  (Charpy) o f  Haste l loy  C-4 over the  temperature range o f  

600 t o  1000°C. Results of the 1000 h r  t e s t s  show t h a t  aging a t  600°C causes 

a  sharp reduct ion i n  the impact s t rength  o f  the  a l l o y .  

BENEFICIAL ISOTOPES UTILIZATION PROGRAM 

Calculat ions o f  p o t e n t i a l  suppl ies o f  useful by-products through the  

year 2000 and p r o j e c t i n g  the  e f f e c t  o f  removing HTGR con t r i bu t i ons  were 

issued i n  an attachment t o  BNWL-B-435. (1 

Experimental dose measurements on a  WESF 1 3 7 ~ s ~ l  capsule were found 

t o  agree we1 1  w i t h  previous t h e o r e t i c a l  ca l cu la t i ons .  

Radiat ion e f f i c i e n c i e s  o f  a  1 3 7 ~ s ~ 1  p l a t e  source were ca lcu la ted w i t h  

p l a t e  thicknesses o f  0.5, 1.0, and 2.0 cm (0.254 cm SS c ladding)  and p l a t e  
2  area o f  40 cm . The e f f i c i e n c i e s  are l a r g e r  than those f o r  c y l i n d r i c a l  

geometry (1 and 2  i n .  diameter);  o v e r a l l  p l a t e  e f f i c i e n c y  i s  estimated a t  

60 t o  70% where c y l i n d r i c a l  e f f i c i e n c i e s  are 30 t o  50%. 
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STRONTIUM HEAT SOURCE DEVELOPMENT PROGRAM 

H. T. Fu l lam 

A t  Hanford, strontiwn i s  separated from the high-level waste, 
converted t o  the fluoride, and doubly encapsulated i n  small, high- 
i n t egr i t y  containers for subsequent long-term storage. The f luo- 
r ide  conversion, encapsulation and storage take place i n  the Waste 
Encapsulation and Storage Fac i l i t i es  (WESF). The enca sulated 
strontiwn fluoride represents an economical source of  $oSr i f  the 
WESF capsule can be licensed for heat source applications under 
anticipated use conditions. The objectives of t h i s  program are 
t o  obtain the data needed t o  license g O ~ r ~ 2  heat sources and 
specifics Z l y  the WESF ~ O S ~ F ~  capsules. The information needed 
for licensing can be divided in to  three general clreas: 

1.  Long-term SrF2 compatibility data. 
2.  Chemical and physical property data on ~ O S ~ F ~ .  
3. Capsule property data such as external corrosion resistance,  

crush strength, e tc .  

The current program i s  designed t o  provide the required information. 

LONG-TERM COMPATIBILITY TESTS 

The f u e l  -grade g o ~ r ~ 2 ,  requ i red  f o r  t h e  long- term compat ibi  1 i t y  t e s t s ,  

has been prepared by ARHCO a t  WESF. The f l u o r i d e  was shipped t o  PNL i n  

mid-December. The g o ~ r ~ Z  powder was loose-packed i n  standard Haste1 1 oy C-276 

i n n e r  capsules which were then sealed i n  316L s t a i n l e s s  s t e e l  overpacks f o r  

t he  shipment. Approx imate ly  7.5 kg o f  i n  f i v e  capsules were t r ans -  

f e r r e d  t o  PNL. 

The 9 0 ~ r ~ 2  was analyzed by ARHCO, and t h e  r e s u l t s  ob ta ined  a re  g iven  

i n  Table 1. A d d i t i o n a l  a n a l y t i c a l  data a re  be ing ob ta ined  by PlVL and w i l l  

be repo r ted  a t  a l a t e r  date.  

The f i r s t  f l u o r i d e  capsule has been opened a t  PNL; no d i f f i c u l t i e s  

were encountered i n  removing t h e  f l u o r i d e  f rom t h e  capsule.  F a b r i c a t i o n  

o f  t he  9 0 ~ r ~ 2  t e s t  couples i s  now underway i n  t he  325A B u i l d i n g  h o t  c e l l s .  



TABLE 1. P re l im ina ry  Ana lys is  o f  WESF 

I s o t o p i c  Content - 50.6% 

E l  ement 

Based on ca lo r ime t r y  and Sr i s o t o p i c  ana l ys i s  
t he  WESF SrF2 conta ins %96% SrF2 



The f a b r i c a t i o n  o f  t h e  non rad ioac t i ve  t e s t  couples has been completed, 

and t e s t i n g  w i l l  beg in  i n  January. The non rad ioac t i ve  SrF, used i n  t h e  t e s t s  
L 

has approx imate ly  t he  same composi t ion as t h e  ob ta ined  f rom ARCH0 

(Table 1 ) .  The non rad ioac t i ve  SrF2 was prepared by t h e  WESF f lowshee t  us ing  

reagent-grade chemicals.  

The couple  des igns used f o r  t h e  non rad ioac t i ve  and r a d i o a c t i v e  t e s t s  

a r e  shown i n  F igures  1  through 3. F i g u r e  1  shows t h e  couple  des ign used 

w i t h  me ta l l og raph i c  t e s t  specimens. Three d i f f e r e n t  capsule  s i zes  a re  used 

t o  p e r m i t  t e s t i n g  o f  d i f f e r e n t  meta l  su r faces  t o  SrF2 volume r a t i o s  (S/V). 

The sma l l es t  r a t i o  be ing  t e s t e d  (S/V = 0.9 cm-l)  approximates t h e  S/V r a t i o  

f o r  t h e  WESF capsule.  F i g u r e  2  shows t h e  des ign used w i t h  t e n s i l e  spec i -  

mens, and F i g u r e  3 t h e  des ign used w i t h  Charpy t e s t  specimens. I n  a d d i t i o n ,  

r e fe rence  me ta l l og raph i c ,  t e n s i l e  and Charpy specimens w i l l  be t e s t e d  w i t h o u t  

f l u o r i d e  present .  

T e s t i n g  of two f u l l  - s i z e  WESF ' O S ~ F ~  capsules i s  planned. Each capsule  

w i l l  be p laced  i n  a  spec ia l  c o n t a i n e r  and a l lowed t o  s e l f - h e a t  t o  app rox i -  

mate ly  800°C. One capsule  w i l l  be t e s t e d  f o r  6 months and t h e  o t h e r  f o r  

12 months. A t  t h e  comp le t ion  o f  t h e  t e s t s  t h e  capsules w i l l  be sec t ioned  

and examined t o  determine t h e  e x t e n t  o f  f l uo r i de -me ta l  i n t e r a c t i o n .  A ske t ch  

o f  t h e  capsule  c o n t a i n e r  i s  shown i n  F i g u r e  4. The con ta i ne r  i s  equipped 

w i t h  t h r e e  movable thermocouples which measure t h e  su r f ace  temperature o f  

t he  capsules a t  va r i ous  l o c a t i o n s .  Tests  w i t h  an e l e c t r i c a l l y  heated dummy 

capsule  i n d i c a t e d  a  s i g n i f i c a n t  temperature g r a d i e n t  between t h e  c e n t e r  and 

ends o f  t h e  capsule  due t o  uneven hea t  losses .  A t  a  power i n p u t  o f  

1000 wat ts ,  e q u i v a l e n t  t o  a  f ue l - g rade  WESF ' O S ~ F ~  capsule,  t h e  o u t e r  su r face  

temperature o f  t h e  capsule  v a r i e d  f rom 676 t o  652OC between t h e  c e n t e r  and 

ends o f  t h e  capsule .  Th i s  corresponded t o  capsule-SrF2 i n t e r f a c e  tempera- 

t u r e s  o f  816 and 787OC. S ince t h e  d e s i r e d  i n t e r f a c e  temperature i s  800°C, 

t he  c o n t a i n e r  i s  adequate f o r  t h e  r e q u i r e d  t e s t s .  Tes t i ng  o f  t h e  f u l l - s i z e  

WESF capsules w i l l  s t a r t  i n  January. 



CAPSULE 

-0. 11' 

TEST SPEC I MEN 
0.5" OD x 318" Tt 

NOTES: 

1. CAPSLILE, L I D  AND TEST SPECIMEN ARE SAME MATERIAL 

2, S r F 2  COMPACTED TO -75% OF THEORETI CAL DENSITY 

3. THREE DIFFERENT S I Z E  CAPSULES WERE USED TO G IVE  THREE 
DIFFERENT METAL SURFACEIFUEL VOLUME RATIOS (S IV)  
THE CAPSULE DIMENSIONS WERE AS FOLLOWS: 

CAPSULE S N ,  cm‘l x Y 

A 4.5 O08 in. Oo7 
B 2,5 1.3 in. 0.7 
C 0.9 2.4 in. 3.0 

FIGURE 1. Couple Design Used w i t h  M e t a l l o g r a p h i c  Tes t  Specinlens 



/TIG WELD 

NOTES : 

1. CAPSULE, LI D AIVD TENSI LE SPECIMEN ARE SAME MATERIAL 

2. TENS I LE SPECIMEN CES I GN CORRES PONDS TO ASTM SPEC IF1 CATION 
E849  (all3 in, DIAMETER ROUND SPECIMEN - FIGLIRE 8) 

3, SrF2 IS  COMPACTED TO APPKOX IMATELY 7070 

4. COUPLE MElAL SURFACE TO FUEL VOLUME RATIO (SIV)  g2.8 cm-' 

FIGURE 2. Couple Design Used w i t h  T e n s i l e  Specimens 



CHARPY 
SPEC l ME 

NOTES : 

1, CAPSULE, L I  C AND CHARPY SPECIMEN ARE SAME MATERIAL 

2, CHARPY SPECIMEN DESIGN CORRESPONDS TO ASTM 
SPECIFICATION E23(10mm x 2,5mm SUBSIZE IMPACT SPECIMEN -- 
FIGURE 7) 

3. SrF2 I S  COMPACTED TO --7W0 OF THEORETICAL DENSITY 

4. COUPLE METAL SURFACE TO FUEL VOLUME RAT I0 ( S I V )  -- 2.8 cm-' 

FIGURE 3. Couple Design Used w i t h  Charpy Tes t  Specimens 





The t o p i c a l  r e p o r t  summarizing t he  r e s u l t s  of  t he  sho r t - t e rm  compat i-  

b i l i t y  t e s t s  i s  now a t  p r i n t i n g  and should be ready f o r  d i s t r i b u t i o n  i n  

January. 

THERMAL AGING OF HASTELLOY C-4 

Tests  a r e  underway t o  measure t h e  e f f ec t s  o f  thermal ag ing on t h e  impact 

s t r e n g t h  o f  H a s t e l l o y  C-4. Charpy V no tch  specimens a r e  be ing  t e s t e d  a t  tem- 

pera tu res  o f  600, 800, 900 and 1000°C f o r  t imes of  1000, 5000, 10,000 and 

30,000 h r .  The 1000-hr t e s t s  have been completed and t h e  specimens examined 

us ing  a Baldwin Charpy impact machine. The specimens, which were 0.145 i n .  

t h i c k ,  were t e s t e d  a t  25 and 250°C, and t h e  r e s u l t s  ob ta ined  a re  shown i n  

Table 2. 

TABLE 2. The E f f e c t  o f  Thermal Aging f o r  1000 h r  
on t he  Irnpact S t reng th  o f  H a s t e l l o y  C-4 

Charpy Impact St rength,  
ft-'I b  

Aging Temperature Room 
" C Temperature 250°C 

As-Received 61.8 

600 38 

800 56.1 

900 76.3 

1000 81.5 

The r e s u l t s  a r e  unusual i n  t h a t  t he  specimens aged a t  900 and 1000°C 

show a h i g h e r  impact s t r e n g t h  than t h e  "as- received"  a l l o y ,  which had been 

s o l u t i o n  heat  t r e a t e d  a t  1  950°F and r a p i d  quenched. Photomicrographs were 

ob ta ined  of t h e  specimens t o  determine t he  e f f e c t  o f  thermal ag-ing on t h e  

m i c r o s t r u c t u r e  o f  t h e  a l l o y  (see F igu re  5 ) .  M i c r o s t r u c t u r e  o f  t he  "as- 

rece ived"  m a t e r i a l  was t y p i c a l  o f  t h e  s o l u t i o n  heat t r e a t e d  a l l o y .  The 





specimen aged a t  600°C e x h i b i t e d  some i n t e r g r a n u l a r  p r e c i p i t a t i o n  and 

ex tens i ve  second phase format ion.  Gra in  s i z e  was s i m i l a r  t o  t h e  "as- 

rece ived"  m a t e r i a l .  A t  800°C no second phase format ion was apparent,  b u t  

some i n t e r g r a n u l a r  p r e c i p i t a t i o n  had occurred,  as w e l l  as s l i g h t  g r a i n  

growth. A t  900 and 1000°C ex tens i ve  g r a i n  growth occurred, b u t  t h e r e  was 

no evidence o f  p r e c i p i t a t e  format ion.  

ADDITIONAL SHORT-TERM COMPATIBILITY TESTS 

A d d i t i o n a l  sho r t - t e rm  c o m p a t i b l i t y  t e s t s  a r e  planned t o  eva lua te  

p o t e n t i a l  containment m a t e r i a l s  n o t  covered i n  t h e  i n i t i a l  sho r t - t e rm  t e s t s .  

The t e s t s  w i l l  be c a r r i e d  o u t  a t  800°C f o r  1500 and 4400 h r  us i ng  nonrad io-  

a c t i v e  SrF2 s i m i l a r  i n  composi t ion t o  WESF-produced ' O S ~ F ~ .  The m a t e r i a l s  

t e s t e d  w i l l  i n c l u d e  those which cannot be r e a d i l y  used i n  t h e  WESF process 

b u t  which may be usable  i n  spec ia l  ' O S ~ F ~  a p p l i c a t i o n s .  M a t e r i a l s  c u r r e n t l y  

scheduled f o r  t e s t i n g  a r e  t e s t e d  i n  Table  3, and f a b r i c a t i o n  o f  t h e  t e s t  

couples i s  now underway. Other  m a t e r i a l s  w i l l  be added t o  t h e  t e s t  as 

p o t e n t i a l  cand ida tes  a r e  i d e n t i f i e d .  

TABLE 3. M a t e r i a l s  t o  be Evaluated i n  t h e  Advanced 
Short-Term Tes ts  

1. H a s t e l l o y  C-4 8. I r - 2 %  W 

2. H a s t e l l o y  S 9. W-25% Re 

3. H a s t e l l o y  B  10. Mo-50% Re 

4. Incone l  671 11. Hafna loy 

5. N i c k e l  200 12. D u c t i l e  Cast I r o n  

6. I n c o l o y  800 13. TD N i  

7. Incone l  617 14. TD N i  C r  



BENEFICIAL ISOTOPES UTILIZATION PROGRAM 

K. M. Harmon 

The objectives of the program for FY-1976 are t o  i den t i f y  
and develop beneficial  uses of nuclear reactor by-products 
through: 1 )  e s t i m t i o n  of long-term avai lub i l i t y  and cost  
of useful  isotopes from comercia2 suppliers; 21 iden t i f i ca-  
t i o n  and development of  beneficial  appZications of  isotopes,  
including the i r  use i n  remote regions of the world and 
31 i den t i f i ca t ion  and evaluation o f  the actions required t o  
optimize the 9 0 . 5 ' ~ ~ ~  and 1 3 7 ~ ~ ~ 2  products from the Hanford 
Waste Encapsulation and Stomge Faci Zity IWESF) for benefi-  
c i a l  use. 

The program i s  divided i n t o  three tasks ,  as follows : 

Task I - Isotopes AvaiZabiZity 
Task I1 - Cold Regions Applications 
Task .LII - WESF Product Ut i l i za t ion  

TECHNICAL PROGRESS 

Task I - Isotopes A v a i l a b i l i t y  

The o b j e c t i v e s  a r e  t o :  1 )  p rov ide  an es t imate  o f  t h e  q u a n t i t i e s  o f  

use fu l  i so topes  which cou ld  be ava i  1  ab le  f rom commercial nuc lear  power 

r e a c t o r  opera t ions  through t h e  year  2000, 2 )  d e f i n e  chemical f lowsheets 

f o r  the  recovery o f  these i so topes ,  and 3 )  es t imate  c a p i t a l  and ope ra t i ng  

cos t s  f o r  an i so tope  recovery p l a n t .  

Ca l cu la t i ons  o f  P o t e n t i a l  Suppl ies ( C .  M. Heeb) 

An at tachment t o  B N W L - B - ~ ~ ~ "  ) was issued. The at tachment p rov ides  : 

1  ) a d d i t i o n a l  c a l c u l a t i o n s  o f  p o t e n t i a l  suppl  i e s  of use fu l  by-products 

through t he  yea r  2000, and 2 )  p r o j e c t i o n s  of t he  e f f e c t  o f  removing c o n t r i -  

b u t i o n s  f rom commercial HTGR's. 

Task I 1 1  - WESF Product U t i l i z a t i o n  

The o b j e c t i v e  i s  t o  f o s t e r  t h e  b e n e f i c i a l  use o f  WESF 1 3 7 ~ s ~ 1  and 

' O S ~ F ~  by i n v e s t i g a t i o n  o f  concepts f o r  p o t e n t i a l  a p p l i c a t i o n s  and by 

coo rd ina t i on  o f  e f f o r t s  t o  op t im i ze  capsule design. 



WESF 1 3 7 ~ ~ ~ 1  Capsule Dosimetry (R. A. L ibby  and F. N.  E ichner )  

Dose measurements were made on WESF capsule no. 68, which con ta ined  

2.741 kg CsC1, a t  d is tances  i n  a i r  of 20, 30 and 50 cm f rom the  capsule 

midpo in t .  The measured r e s u l t s  agree w e l l  w i t h  those c a l c u l a t e d  e a r l i e r .  

The comparison i s  as f o l l o w s :  

P o s i t i o n  (cm) Experimental  Ca l cu la ted  

20 302,000 R/hr 300,000 R/hr 

3  0  169,000 R/hr 160,000 R/hr 

5  0  55,000 R/hr 68,000 R/hr 

A f a i r l y  l a r g e  e r r o r  (10%) may be p resen t  i n  t he  c a l c u l a t e d  dose r a t e  a t  

50 cm because t he  va lue  was taken from a  curve i n t e r p o l a t e d  between p o i n t s  

a t  25 cm and 100 cm. The p o t e n t i a l  e r r o r  i n  exper imenta l  dose r a t e s  i s  

es t imated  a t  10%. 

WESF 1 3 7 ~ ~ ~ 1  Capsule Rad ia t i on  E f f i c i e n c i e s  (R. A.  L i bby )  

A s e r i e s  o f  c a l c u l a t i o n s  o f  t he  e f f i c i e n c y  of a  1 3 7 ~ s ~ ~  p l a t e  source 
2  has been corr~pleted. The source was assumed t o  be a  p l a t e  40 cm w i t h  t h e  

dose p o i n t  i n  t h e  cen te r  ( i n  t h e  c a l c u l a t i o n s ,  o n l y  1 /4  o f  t h e  source was 

modeled, and symmetry was app l i ed ) .  Source th icknesses o f  0.5, 1.0 and 

2.0 cm w i t h  0.254 cm (0.1 i n . )  s t a i n l e s s  s t e e l  c l a d  were used. Three d i f -  

f e r e n t  p o i n t s  were c a l c u l a t e d  f o r  each th ickness;  these were l o c a t e d  a t  t he  

source-c lad boundary, t h e  sur face  o f  t he  c l a d  and 1.0 cm o u t s i d e  t h e  c l a d  

su r f ace .  The e f f i c i e n c y  i s  de f i ned  as t h e  r a t i o  o f  t h e  dose r a t e  w i t h  

a t t e n u a t i o n  and b u i l d u p  t o  t he  dose r a t e  w i t h  no a t t e n u a t i o n  and no bu i l dup .  

The r e s u l t s  a r e  as f o l l o w s :  

Source 
Thickness Locat ion 

Source-clad 
Clad surface 
1.0 cm outside 

Source-clad 
Clad surface 
1.0 cm outside 

Source-clad 
Clad surface 
1.0 cm outside 

Efficiency 



As w i t h  c y l i n d r i c a l  sources, t h e  e f f i c i e n c y  increases w i t h  sma l l e r  

source th ickness ,  due t o  a  reduc t i on  i n  s e l f - s h i e l d i n g .  The e f f i c i e n c y  a t  

t h e  c l a d  sur face  i s  i n d i c a t i v e  o f  a  p l a t e  source i n f i n i t e  i n  he igh t  and 

width,  w h i l e  t h e  l a r g e r  va lue ( a t  1.0 cm) would app ly  t o  t h e  sma l l e r  p l a t e  
2  s i z e  o f  40 cm . As t h e  p l a t e  s i z e  i s  reduced, t he  source more c l o s e l y  

approaches a  p o i n t  source and i t s  e f f i c i e n c y  irr~proves s i nce  l e s s  SS needs 

t o  be t raversed  t o  reach t he  de tec to r .  

2  The 40 cm p l a t e  source thus  has a  r a d i a t i o n  e f f i c i e n c y  o f  between 70 

and 80% a t  t he  cen te r  o f  the  p l a t e ,  b u t  drops of f  towards t h e  edges. The 

o v e r a l l  e f f i c i e n c y  may be i n  t h e  60 t o  70% range. Th is  may be compared w i t h  

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

1 - in .  d iameter c l a d  i n  0.1- in.  s t a i n l e s s  s t e e l  75% 

2- in .  d iameter  c l a d  i n  0.1- in.  s t a i n l e s s  s t e e l  69% 

2- in .  d iameter  c l a d  i n  0.2- in.  s t a i n l e s s  s t e e l  60% 

From t h e  above, i t  appears t h a t  a  f l a t  p l a t e  c o n f i g u r a t i o n  up t o  2  cm t h i c k  

w i l l  n o t  g i v e  a  s i g n i f i c a n t l y  h i ghe r  e f f i c i e n c y  than t h e  s tandard WESF 

capsule. 
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