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SUMMARY 

Spent f u e l  i s  b e i n g  cons ide red  as a  waste f o r m  f o r  d i s p o s a l  i n  a  r e p o s i -  

t o r y  l o c a t e d  i n  s a l t .  To adequa te l y  model spent  f u e l  performance as a  waste 

fo rm t h a t  may be c o n t a c t e d  by b r i n e  i n  a  r e p o s i t o r y ,  i t  i s  necessary t o  des- 

c r i b e  t h e  l e a c h  ( d i s s o l u t i o n )  b e h a v i o r  o f  spent  f u e l  and t h e  chemical  i n t e r a c -  

t i o n s  o f  t h e  r e l e a s e d  r a d i o n u c l i d e s  w i t h  t h e i r  environment.  To t h i s  end, l e a c h  

t e s t s  were conducted on: 

UO2 i n  Permian Bas in  s a l t  b r i n e  o r  d e i o n i z e d  wa te r  a t  t e s t  temper-  

a t u r e s  o f  25, 75, and 150°C. Some t e s t s  were done i n  t h e  presence 

o f  d u c t i l e  c a s t  i r o n ,  which i s  a  r e p r e s e n t a t i v e  overpack m a t e r i a l ,  

and/or  o x i d i z e d  Z i r c a l o y ,  wh ich  i s  t h e  usua l  f u e l  c l a d d i n g  m a t e r i a l .  

0 spent  f u e l  (H. 0.  Robinson) i n  Permian Bas in  s a l t  b r i n e  a t  25 and 

75OC. Some o f  t h e  t e s t s  were conducted i n  t h e  presence o f  d u c t i l e  

c a s t  i ron. 

The r e l e a s e  va lues f o r  l e a c h  p e r i o d s  up t o  60 days were determined f o r  

systems u t i l i z i n g  b o t h  U02 and spent  f u e l .  T h i s  r e p o r t  i s  based upon d a t a  

o b t a i n e d  d u r i n g  1982 and 1983. 

The l a r g e r  tempera tu re  dependence o f  t h e  l e a c h  behav io r  t h a t  was observed 

f o r  d e i o n i z e d  w a t e r  t h a n  was observed f o r  b r i n e  i s  d i f f i c u l t  t o  i n t e r p r e t  on 

t h e  b a s i s  o f  ou r  p resen t  knowledge. D i f f e r e n c e s  i n  U02 a l t e r a t i o n  p roduc ts  may 

be invo lved .  F o r  example, t h e  e x i s t e n c e  o f  sodium u rana tes  i s  l i k e l y  i n  t h e  

b r i n e s  b u t  n o t  p o s s i b l e  w i t h  d e i o n i z e d  water .  D i f f e r e n c e s  i n  i o n i c  s t r e n g t h  

may a l s o  p l a y  a  r o l e .  

Observa t i ons  d e r i v e d  f rom t h e  l e a c h  t e s t s  per formed i n  b r i n e  i n c l u d e :  

1 )  t h e  presence o f  i r o n  coupons had no e f f e c t  on t o t a l  r e l e a s e  o f  u ran ium f r o m  

e i t h e r  spent  f u e l  o r  U02 b u t  d i d  reduce s o l u t i o n  c o n c e n t r a t i o n s ,  and 2) 100 t o  

200 t i m e s  more uran ium was r e l e a s e d  f r o m  spent  f u e l  t h a n  f r o m  U02 p e r  u n i t  of 

geometr ic  s u r f a c e  area. 
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1.0 INTRODUCTION 

Spent f u e l  i s  b e i n g  cons ide red  as a  waste fo rm f o r  d i s p o s a l  i n  a  r e p o s i t o r y  

l o c a t e d  i n  s a l t .  To adequa te l y  model t h e  b e h a v i o r  o f  t h i s  waste fo rm i f  i t  i s  

c o n t a c t e d  by  b r i n e  i n  a  r e p o s i t o r y ,  i t  i s  necessary t o  d e s c r i b e :  1 )  t h e  

r e l e a s e  o f  r a d i o n u c l i d e s  f r o m  t h e  spent  f u e l ,  2)  t h e  e x t e n t  t o  wh ich  t h e  

r e l e a s e  i s  a f f e c t e d  by  t h e  i n t e r a c t i o n  between t h e  waste fo rm and o t h e r  waste 

package components, 3 )  t h e  d i  s t r i  b u t i  on o f  t h e  re1 eased r a d i  onuc l  i des, and 

4 )  t h e  s o l u b i l i t y  l i m i t s  o f  r a d i o n u c l i d e s  i n  t h e i  r environment.  The 

exper iments  d e s c r i b e d  he re  a r e  i n t e n d e d  t o  p r o v i d e  i n i  t i  a1 d a t a  concern ing  t h e  

needed i n f o r m a t i o n  f o r  a t  l e a s t  t h e  f i r s t  t h r e e  i tems.  Uranium r e l e a s e  i n f o r -  

m a t i o n  was determined u s i n g  u n i  r r a d i a t e d  U02 i n  comb ina t ion  w i t h  some o f  t h e  

expec ted  waste package components, i.e., Z i r c a l o y  and i r o n ,  ove r  t h e  

tempera tu re  range f rom 25 t o  150°C. I n f o r m a t i  on on o t h e r  r a d i o n u c l  i d e s  

i n c l u d i n g  uran ium was a l s o  determined u s i n g  spent  f u e l  i n  combinat ion  w i t h  some 

o f  t h e  expected waste package components a t  25 and 75OC. Uni r r a d i a t e d  U02 was 

used because spent  f u e l  i s  p r i m a r i l y  U02 and, t h e r e f o r e ,  an unders tand ing  o f  

t h i s  m a t e r i  a1 shou ld  ai.d i n  unders tand ing  spent  f u e l .  Because o f  t h e  l ower  

r a d i o a c t i v i t y ,  U02 does n o t  have t o  be remote l y  hand1 ed i n  a  h o t  c e l l ,  t hus ,  

i n v e s t i g a t i o n  i s  e a s i e r  and more a n a l y t i c a l  equipment can be used t o  g a t h e r  

d a t a  f o r  unders tand ing  t h e  i n t e r a c t i o n s  w i t h  aqueous environments.  These 

s t u d i e s  a r e  p a r t  of t h e  Waste Package Program (WPP) sponsored by t h e  S a l t  

R e p o s i t o r y  P r o j e c t  O f f i c e  (SRPO)/Off i  ce o f  Nuc lea r  Waste I s01  a t i o n  (ONWI), 

wh ich  i s  p a r t  of t h e  Department of Energy (DOE) sponsored Geolog ic  Repos i to ry  

Depl oyment Program. 



2.0 CONCLUSIONS 

As a  r e s u l t  o f  t h i s  study,  t h e  f o l l o w i n g  c o n c l u s i o n s  were made: 

4 The presence o f  d u c t i l e  c a s t  i r o n  has no measurable e f f e c t  on t o t a l  

r e l e a s e  o f  u ran ium f rom spent  f u e l  o r  U02 b u t  g r e a t l y  reduces 

s o l  u t  i on concent  r a t  i ons. 

Q D u c t i l e  c a s t  i r o n  has no measurable e f f e c t  on t o t a l  r e l e a s e  o f  

p lu ton ium,  technet ium,  o r  cesium f r o m  spent  f u e l ,  b u t  g r e a t l y  

reduces p l u t o n i u m  and techne t ium s o l u t i o n  c o n c e n t r a t i o n s .  

0 G r e a t e r  than  100 t i m e s  more uran ium leaches f r o m  spent  f u e l  t h a n  

from Uo2 under s i m i  1  a r  c o n d i t i o n s  p e r  u n i t  geometr ic  s u r f a c e  area. 

0 Uranium l e a c h i n g  f r o m  b o t h  U02 and spent  f u e l  i s  n o t  s t r o n g l y  

tempera tu re  dependent. 

Q O x i d i z e d  Z i r c a l o y  has no e f f e c t  on U02 leach ing .  

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

abundance and p l u t o n i u m  i s  r e l e a s e d  i n  l e s s e r  abundance f r o m  spent  

f u e l  t h a n  i s  uranium, when compared t o  congruent  l each ing .  



3.0 EXPERIMENTAL PROCEDURE 

Exper imenta l  t e s t  m a t r i c e s  and t e s t i n g  m a t e r i a l s ,  t e s t  equipment and p r o-  

cedures, a n a l y t i c a l  t echn iques ,  and leachan ts  a r e  d e s c r i b e d  i n  t h e  f o l l o w i n g  

subsect ions .  

3.1 TEST MATRICES AND TESTING MATERIALS 

Three separa te  t e s t  m a t r i c e s  were used based on t h e  m a t e r i a l  t o  be t e s t e d ,  

t h e  equipment r e q u i r e d  and/or  a v a i l a b l e ,  and t h e  t e s t i n g  temperature .  The 

f i r s t  m a t r i x  was f o r  u n i  r r a d i a t e d  U02 a t  25 and 75OC. The second m a t r i x  was 

f o r  u n i r r a d i a t e d  U02 a t  150°C. The t h i r d  was f o r  spent  f u e l  a t  25 and 75OC. 

3.1.1 U03 Leach Tes t  M a t r i x  a t  25 and 75OC 

The t e s t  m a t r i x  f o r  t h e  25 and 75OC t e s t s  i s  shown i n  Tab le  3.1. 

U n i r r a d i a t e d  U02 p e l l e t s  were t e s t e d  a c c o r d i n g  t o  a  procedure  t h a t  was based on 

t h e  M a t e r i a l s  C h a r a c t e r i z a t i o n  Center  (MCC) procedure  "MCC- 1, S t a t i c  Leach Tes t  

Method" (DOEITIC-11400). T e s t i n g  tempera tu res  were 25 and 75°C w i t h  p r i m a r y  

l e a c h  p e r i o d s  o f  2, 5, 14, 28, and 60 days. The p r i m a r y  l eachan t  was s y n t h e t i c  

Permian B a s i n  s a l t  b r i n e ,  wh ich  i s  d e s c r i b e d  l a t e r .  De ion ized  w a t e r  was used 

as t h e  l eachan t  i n  a  few t e s t s  t o  p e r m i t  b e t t e r  comparison w i t h  r e s u l t s  f r o m  

o t h e r  s t u d i e s .  D u c t i l e  c a s t  i r o n  coupons were i n c l u d e d  i n  some t e s t s  t o  r e p r e-  

sen t  overpack m a t e r i a l  ; o x i d i z e d  Z i  r c a l o y  was i n c l u d e d  i n  o t h e r  t e s t s  t o  simu- 

l a t e  f u e l  c l a d d i n g ;  and some t e s t s  i n c l u d e d  b o t h  i r o n  and o x i d i z e d  Z i r c a l o y .  

F i n a l l y ,  a  few spot  checks were i n c l u d e d  i n  t h e  m a t r i x  t o  determine t h e  e f f e c t  

o f  o x i d a t i o n  o f  i r o n  p r i o r  t o  l each ing ,  and t o  e x p l o r e  t h e  r e l e a c h i n g  o f  

p e l l e t s  u s i n g  f r e s h  leachant .  

The U02 used i n  t h e  i n v e s t i g a t i o n  was d e p l e t e d  i n  2 3 5 ~ ;  a s - f a b r i c a t e d  

c h a r a c t e r i s t i c s  o f  t h e  p e l l e t s  a r e  l i s t e d  i n  Tab le  3.2. An average geometr ic  
2  s u r f a c e  area o f  360 mm p e r  p e l l e t  was used f o r  c a l c u l a t i o n a l  purposes f o r  most 

o f  t h e  t e s t s  even though t h e  l e n g t h s  o f  t h e  p e l l e t s  v a r i e d  by f5%. F o r  a  few 

r e t e s t s  where t h e  l e a c h  d a t a  was ques t ionab le ,  p e l l e t s  o f  t h e  geometry l i s t e d  

i n  Tab le  3.2 were u n a v a i l a b l e  and p e l l e t s  w i t h  a  geometr ic  s u r f a c e  area o f  



TABLE 3.1. U02 Leach Tes t  Y a t r i x  a t  25 and 75OC 

No. o f  Tes ts  Run Under Each C o n d i t i o n  

3 U02-Fe U02-Zr 
UO -Fe-Zr 

Days 2  

25 and 75°C i n  B r i n e  

2  1 1 1 1 
5 1 1 1 1 

14 1 1 1 1 
2  8  1 1 1 1 
60 3  3  3 3  
A d d i t i o n a l  Specimen Releached A f t e r  60-Day 
E x ~ o s u r e .  25 and 75OC 

A d d i t i o n a l  Specimen i n  B r i n e  w i t h  Oxi d i  zed 
I r o n ,  75OC Only 

Addi t i  ona l  Specimens i n  Oei on i  zed Water, 
25 and 7 5 O C  

TABLE 3.2. C h a r a c t e r i s t i c s  of  U02 Pel  1  e t s  

C h a r a c t e r i  s t i c  

Densi t y  

D i  arneter 

Length  

OxygenIUrani  urn 

G r a i n  S i z e  a t  Su r face  

Sur face  C o n d i t i o n  

T o t a l  I m p u r i t i e s  

Val ue 

94% T.D. 

8.3 mn 

9 t o  10 mm 

2.001 

- 3.0 pn 

Center1  ess ground on c y l  i n d r i  c a l  
su r face ,  ends were as- s i  n t e r e d  

- 700 ppm 

585 mm2 were s u b s t i t u t e d .  The p e l  l e t s  were used i n  t h e  a s- r e c e i v e d  c o n d i t i o n  

(i .e., t h e  c y l i n d r i c a l  su r face  had been ground and c leaned u s i n g  d e i o n i  zed 

wa te r  immed ia te l y  a f t e r  g r i n d i n g ) .  

The i r o n  used i n  t h e  s t u d y  had t h e  chemical  compos i t i on  range shown i n  

Tab le  3.3. The nominal  s u r f a c e  area of t h e  i r o n  specimens was t h e  same as t h e  



Tab le  3.3. Compos i t ion  Range f o r  I r o n  Used i n  Leach Tes ts  

Element Wei gh t  Percent  

C 3.53 - 3.90 

Fl n  0.27 - 0.31 

S i 2.43 - 2.51 

P  0.05 - 0.08 

S 0.004 - 0.005 

F  e  Balance 

U02 p e l  l e t s ,  360 mm2. The su r face  o f  t h e  s i n g l e  specimen o f  o x i d i z e d  i r o n  was 

prepared by expos ing  t h e  sample t o  a i r  a t  200°C f o r  one week, f o l l o w e d  by  a  

week- long exposure t o  Permian Bas in  s a l t  b r i n e  a t  75OC. 

The Z i  r c a l o y - 4  used i n  t h e  s tudy  was s tandard  PWR-type t u b i n g .  A chemical  

a n a l y s i s  f o r  t h e  m a t e r i a l  was n o t  a v a i l a b l e .  The nominal  specimen s u r f a c e  area 

was 368 mm2, e s s e n t i a l l y  t h e  same as t h e  U02 p e l l e t s .  The Z i r c a l o y - 4  specimens 

were o x i d i z e d  by  a u t o c l a v i n g  a t  1500 p s i g  i n  steam a t  400°C f o r  189 h. The 

s u r f a c e s  were o x i  d i  zed t o  s imul  a t e  an average expected c l a d d i n g  c o n d i t i o n  o f  

i r r a d i  a t e d  f u e l  rods.  

The s u r f a c e s  o f  b o t h  t h e  i r o n  and Z i r c a l o y - 4  specimens were c leaned p r i o r  

t o  t e s t i n g  by: 1 )  t h r e e  s e q u e n t i a l  5 min r i n s e s  i n  e t h a n o l  i n  an u l t r a s o n i c  

c leaner ,  2)  t h r e e  s e q u e n t i a l  5-min r i n s e s  i n  d e i o n i z e d  w a t e r  i n  an u l t r a s o n i c  

c leaner ,  and 3 )  d r y i n g  a t  l l O ° C  f o r  one- ha l f  hour  i n  a i r .  

The specimen re leached  a f t e r  i t s  i n i t i a l  60-day exposure was f rom one o f  

t h e  U02-Fe-Zr t e s t s .  It was re leached  f o r  14 days u s i n g  f r e s h  b r i n e  and a l s o  

f r e s h  i r o n  and Z i  r c a l  oy-4 coupons. 

The s y n t h e t i c  Permian B a s i n  s a l t  b r i n e  was p repared  by add ing  t h e  reagents  

l i s t e d  i n  Tab le  3.4 t o  d e i o n i z e d  wa te r  and d i l u t i n g  t h e  r e s u l t a n t  s o l u t i o n  t o  a  

volume o f  one l i t e r .  T h i s  s i m u l a t e s  t h e  s a t u r a t e d  s o l u t i o n  o b t a i n e d  by  d i s -  

s o l v i n g  a c t u a l  s a l t  c o r e  f r o m  t h e  G. F r i eme l  Ho le  No. 1 i n  Deaf Smith County, 

Texas, which i s  l o c a t e d  i n  t h e  Permian Basin,  and t h u s  i t  s i m u l a t e d  a  Permian 



TABLE 3.4. Reagents f o r  S y n t h e t i c  Permian Bas in  B r i n e  

Reagents 

NaCl 

Na2S04 

CaC1 2°2H20 

MgC1 2.6H20 

KC 1  

SrC12 

NaHC03 

NaBr 

ZnC1 

NaF 

Weight, g  

310.05 

4.729 

5.733 

0.524 

0.0745 

0.0634 

0.0420 

0.0412 

0.0162 

0.0024 

Bas in  i n t r u s i o n  b r i n e .  The r a t i o  of U02 s u r f a c e  area t o  l e a c h a n t  volume ( S A / V )  

was 10 m - l  f o r  a l l  t e s t s  excep t  t h e  few r e t e s t s  w i t h  t h e  l a r g e r  p e l l e t s .  Fo r  

t h e  l a t t e r ,  S A / V  was 16 m - l ,  

3.1.2 UO? Leach T e s t  M a t r i x  a t  150°C 

T e s t s  were conducted a t  150°C; t h e  s t a t i c - t e s t  m a t r i x  i s  g i v e n  i n  

Tab le  3.5. Near l y  e q u i v a l e n t  m a t r i c e s  were completed u s i n g  b r i n e  and d e i o n i z e d  

water .  I n  a d d i t i o n  t o  t h e  s t a t i c  t e s t s ,  two r o c k i n g  a u t o c l a v e  t e s t s  a t  150°C, 

one each w i t h  b r i n e  and d e i o n i z e d  water ,  w i t h  sampl i n g  t imes  between 4  and 

58 days were conducted. 

The U02, i r o n ,  Z i r c a l o y ,  and l e a c h a n t s  used f o r  t h e  150°C t e s t s  were i den-  

t i c a l  t o  those  i n  t h e  25 and 75°C t e s t s .  S A / V  was 10 m - l  f o r  a1 1  t e s t s .  

3.1.3 Spent Fuel  Leach T e s t  M a t r i x  

Tes ts  conducted on spent  f u e l  i n  a  h o t  c e l l  n e c e s s i t a t e  s p e c i a l i z e d ,  

expens ive  equipment; t h e r e f o r e ,  t h e  s t a t i c  l e a c h  t e s t  m a t r i x  f o r  t h e  u n c l a d  

spent  f u e l  (Tab le  3.6) was l i m i t e d  t o  s i n g l e  t e s t s  f o r  each t ime- tempera tu re  

c o n d i t i o n ,  and o n l y  spen t  f u e l  and spen t  f u e l  p l u s  i r o n  were s t u d i e d .  Leach 

p e r i o d s  ranged f r o m  2  t o  60 days a t  25°C and o n l y  5 and 28 days f o r  t h e  75°C 

t e s t s .  A s i n g l e  check p o i n t  was conducted w i t h  spen t  f u e l  a t  25°C u s i n g  r e a l  



TABLE 3.5. U02 S t a t i c  Leach Tes t  M a t r i x  a t  150°C 
i n  B r i n e  and De ion ized  Water 

No. o f  Tes ts  Run Under 
Each C o n d i t i o n  

u02 U02-Fe U02-Zr No. Days 

B r i n e  - S t a t i c  Tes ts  

7 1 1 1 

14 l (a)  1 1 

2  8 2  2  2  

60 2  l (b)  1 

D e i o n i z e d  Water - S t a t i c  Tes ts  

( a )  Tes t  p e r i o d  a c t u a l l y  was 15 days. 
( b )  Tes t  p e r i o d  a c t u a l l y  was 62 days. 

TABLE 3.6. Spent Fue l  Leach Tes t  M a t r i x  

No. o f  Tes ts  Run Under 
Each Condi t i  on 

No. Days Spent Fue l  Spent Fue l  -Fe 

S y n t h e t i c  B r i n e  - 25°C 

2  1 1 
5  1 1 

14 1 1 
28 1 1 
6  0 1 1 

S y n t h e t i c  B r i n e  - 75OC 

5 1 1 
2  8 1 1 

Real ~ r i n e ( ~ )  - 25°C 

14 1 - 

( a )  Obta ined by p r e p a r i n g  a  s a t u r a t e d  s o l u t i o n  
of s a l t  co red  f rom t h e  Permian Basin.  



b r i n e  (ob ta ined  by p repa r i ng  a  sa tu ra ted  s o l u t i o n  o f  ac tua l  Permian Bas in  

s a l t ) .  A l l  o t h e r  t e s t s  were conducted i n  s y n t h e t i c  Permian Bas in  s a l t  b r i ne .  

The spent f u e l  used i n  t h e  s tudy was f rom f u e l  bundle BO-5, which was d i s -  

charged f rom t h e  H. B. Robinson I1  r eac to r  on May 6, 1974. The average burnup 

o f  t h e  f u e l  was 28 MWdIkgM. Fuel was removed from t h e  f u e l  rod a t  t h e  

B a t t e l l  e-Col umbus D i v i s i o n  Hot Laboratory.  Unclad f u e l  fragments f rom more 

than  one rod  were combined and shipped t o  PNL f o r  t e s t i n g .  Represen ta t i ve  

samples o f  f u e l  were d i sso l ved  and chemica l l y  analyzed f o r  uranium, p lu ton ium 

and two impor tan t  f i s s i o n  products;  r e s u l t s  a re  l i s t e d  i n  Table 3.7. 

Each leach  specimen cons is ted  o f  t h r e e  f u e l  fragments w i t h  a  su r face  area 

of about 2  cm2. Th i s  area was est imated f rom photographs t h a t  were taken f rom 

t h r e e  d i f f e r e n t  angles o f  each specimen t oge the r  w i t h  a  m i l l i m e t e r  scale.  The 

SA/V was 10 m - I  f o r  a l l  t e s t s .  

The i r o n  specimens were prepared t o  have a  su r face  area equ i va l en t  t o  t h e  

f u e l  fragments w i t h  which they  were leached. The composi t ion o f  t h e  i r o n  i s  

l i s t e d  i n  Table  3.3. 

3.2 TEST EQUIPMENT AND PROCEDURES 

The t e s t i n g  equipment va r i ed  f o r  t h e  t h r e e  types o f  t e s t s  and i s  descr ibed  

i n  t h e  f o l l  owing subsect ions.  Leach con ta i ne rs  and t h e  assoc ia ted specimen- 

c o n t a c t i n g  equipment were cleaned accord ing t o  "MCC-1, S t a t i c  Leach Test 

MethodN requirements (DOE/TIC-11400). 

TABLE 3.7. Se lected Chemical Ana lys is  f o r  t h e  Spent Fuel 

Species V ~ I  ~ e ( ~ )  

Uran i  um 8.4 x l o 5  pg/g 
2 3 9 ~ u  and 2 4 0 ~ ~  2.47 x l o 7  Bq/g 
"TC 4.55 l o 5  B ~ / ~  
1 3 7 ~ s  2.37 x l o 9  Bq/g 

( a )  To ta l  u ran i  urn concen t ra t i on  was measured 
whereas o n l y  t h e  a c t i v i t i e s  o f  t h e  
rad io iso topes  1  i s ted  were determined f o r  
t h e  o the r  e l  ements. 



3.2.1 UO? Leach Tes ts  a t  25 and 75°C 

The 25 and 75°C s t a t i c  l e a c h  t e s t s  u s i n g  U02 were conducted i n  c l e a n  

screwtop Tef lon@ l e a c h  c o n t a i n e r s  c o n t a i n i n g  t h e  a p p r o p r i a t e  l eachan t ,  e i t h e r  

b r i n e  o r  d e i o n i z e d  water .  The r e s i d u a l  atmosphere i n  t h e  c o n t a i n e r  was a i r .  

The 25°C t e s t s  were conducted by exposure o f  t h e  sea led  c o n t a i n e r s  t o  ambient  

l a b o r a t o r y  temperature.  The 75°C t e s t s  were conducted i n  an oven m a i n t a i n e d  a t  

temperature  t o  w i t h i n  f l ° C .  The specimens ( i  .e., U02 p e l l e t s ,  i r o n  and 

Z i  r c a l  oy-4 coupons) r e s t e d  on a  p e r f o r a t e d  T e f l o n  specimen h o l d e r  d u r i  ng t h e  

l e a c h  p e r i o d  t o  m in im ize  c o n t a c t  between t h e  specimens and t h e  c o n t a i n e r  and 

maxini ize t h e  s u r f a c e  o f  t h e  specimens exposed t o  t h e  leachant .  

F o l l o w i n g  t h e  l e a c h  p e r i o d ,  t h e  c o n t a i n e r s  were c o o l e d  t o  room temperature  

and t h e  specimen(s)  removed. The l e a c h a n t  was separa ted i n t o  a l i q u o t s  f o r  a  pH 

measurement(a) and chemica l  analyses.  The uran ium chemical  a n a l y s i s  c o n s i s t e d  

o f  d i r e c t  f l u o r o m e t r i c  measurements on: 1) a c i d i f i e d  s o l u t i o n s  o f  bo th  t h e  

o r i g i n a l  l e a c h a t e  and a  f i l t r a t e  produced by p a s s i n g  t h e  l e a c h a t e  th rough  a  

1.8 nm f i l t e r ,  2 )  a  p l a t e o u t  s o l u t i o n  produced by a c i d  s t r i p p i n g  t h e  i n n e r  s u r -  

f a c e  o f  t h e  l e a c h  c o n t a i n e r  and specimen h o l d e r  w i t h  5F1 HN03, and 3) s o l u t i o n s  

produced by a c i d  s t r i p p i n g  e i t h e r  t h e  i r o n  w i t h  3M HC1 o r  t h e  Z i  r c a l o y - 4  w i t h  

5M HNO3. 

3.2.2 U02 Leach Tests  a t  150°C 

The 150°C s t a t i c  l e a c h  t e s t s  w i t h  UO2 were conducted i n  c l e a n  Tef l  on-1 i ned 

d i g e s t i o n  vesse ls  c o n t a i n i n g  e i t h e r  b r i n e  o r  d e i o n i z e d  water .  The r e s i d u a l  

atmosphere i n  t h e  l e a c h  vesse l  was a i r .  The t e s t s  were conducted i n  an oven 

m a i n t a i n e d  a t  a  tempera tu re  of 150 & 1°C. The specimens r e s t e d  on a  p e r f o r a t e d  

T e f l o n  specimen h o l d e r  d u r i n g  t h e  l e a c h  pe r iod .  

F o l l o w i n g  t h e  l e a c h  p e r i o d ,  t h e  specimens were c o o l e d  t o  room tempera tu re  

and t h e  and uran ium ana lyses conducted. The t ypes  o f  U02 samples and 

@ T e f l o n  i s  a  r e g i s t e r e d  t rademark o f  E.I. du Pont  de Nemours and Company. 
( a )  Note t h a t ,  f o r  b r i n e ,  measured pH va lues a r e  somewhat u n r e l i a b l e  and can be 

i n  e r r o r  by as much as one u n i t ,  o r  sometimes s l i g h t l y  more than  one u n i t .  



ana lyses were i d e n t i c a l  t o  t h o s e  f o r  t h e  25 and 75OC s t a t i c  l e a c h  t e s t s  w i t h  

U02, excep t  two  p e l l e t s  were used i n  each t e s t  i n s t e a d  o f  one and t h e  amount o f  

l e a c h a t e  was, t h e r e f o r e ,  a l s o  doubled. 

The 150°C t e s t s  u s i n g  U02 t h a t  were conducted i n  a  r o c k i n g  a u t o c l a v e  

exposed t h e  p e l l e t s  t o  o r i g i n a l l y  230 m l  o f  l e a c h a n t  i n  a  g o l d  bag w i t h i n  t h e  

au toc lave .  Approx ima te l y  5  m1 o f  l e a c h a t e  were removed a t  each s p e c i f i e d  t i m e ,  

passed t h r o u g h  a  1.8 nm f i l t e r ,  and t h e  f i l t r a t e  was ana lyzed  f o r  uranium. 

3.2.3 Spent Fuel  Leach Tes ts  

The 25 and 75°C spent  f u e l  l e a c h  t e s t s  were conducted i n  c l e a n  q u a r t z  

l e a c h  c o n t a i n e r s .  The r e s i d u a l  atmosphere i n  t h e  c o n t a i n e r  was a i  r. The l o w e r  

tempera tu re  t e s t s  were conducted under ambient  h o t - c e l l  c o n d i t i o n s ,  wh ich  main-  

t a i n e d  t h e  tempera tu re  a t  25 & 1°C. Q u a r t z  l i d s  were s e a l e d  t o  t h e  ground 

s u r f a c e s  o f  t h e  l e a c h  c o n t a i n e r s  u s i n g  a  s i l i c o n e  vacuum grease f o r  t h e  25OC 

t e s t s .  The 75OC t e s t s  were conducted i n  a  wa te r  b a t h  and m a i n t a i n e d  a t  75 k 

1°C. S i l i c o n e  " 0 " - r i n g s  were used t o  sea l  t h e  l i d s  o f  l e a c h  c o n t a i n e r s  f o r  t h e  

75OC t e s t s .  The spent  f u e l  and i r o n  specimens were p l a c e d  i n  p e r f o r a t e d  q u a r t z  

baske ts  t o  m i n i m i z e  c o n t a c t  between t h e  specimens and t h e  c o n t a i n e r ,  and t o  

maximize t h e  s u r f a c e s  o f  t h e  specimens exposed t o  t h e  l e a c h a n t .  

F o l l o w i n g  t h e  l e a c h  p e r i o d ,  t h e  c o n t a i n e r s  were c o o l e d  t o  ambient  h o t - c e l l  

temperature ,  weighed t o  assure  no l e a c h a n t  had been l o s t ,  and t h e  l e a c h a t e  pH 

was measured. The spen t  f u e l  and i r o n  specimens were removed and t h e  l e a c h a t e  

was passed t h r o u g h  a  1.8 nm f i l t e r .  The f i l t r a t e  was used t o  r i n s e  t h e  con- 

t a i n e r  and specimen baske t  and t h e n  passed t h r o u g h  t h e  same f i l t e r  aga in .  An 

a n a l y t i c a l  sample was t a k e n  f rom t h e  f i l t r a t e  and a c i d i f i e d  w i t h  0.1 m l  o f  con- 

c e n t r a t e d  n i t r i c  a c i d  t o  assu re  t h a t  t h e  uran ium and p l u t o n i u m  remained i n  

s o l u t i o n .  A 5M HN03, 0.05M HF s o l u t i o n  was p laced  i n  each l e a c h  c o n t a i n e r  w i t h  

i t s  a s s o c i a t e d  specimen baske t  i n  volumes equal  t o  t h e  o r i g i n a l  l e a c h a t e  volume 

and a l l o w e d  t o  s t a n d  24 hours  a t  ambient  t empera tu re  t o  d i s s o l v e  any m a t e r i a l  

p l a t e d  o u t  on t h e  c o n t a i n e r  w a l l s  o r  on t h e  basket .  I n  a d d i t i o n ,  each f i l t e r  

was p l a c e d  i n  t h e  same t y p e  o f  s o l u t i o n  and a l l o w e d  t o  s tand  f o r  24 hours  a t  

ambient  t empera tu re  and t h e n  heated t o  near  b o i l i n g  f o r  30 minutes .  A l i q u o t s  

of t h e  p l a t e o u t  and f i l t e r  s o l u t i o n s  were t a k e n  f o r  a n a l y s i s .  Note, t h a t  f o r  
t h e  spent  f u e l  exper iments ,  t h e  ana lyses were done on t h e  f i l t r a t e  and on a 



s o l u t i o n  produced by c l e a n i n g  up t h e  f i l t e r ,  r a t h e r  t h a n  on t h e  l e a c h a t e  and 

f i l t r a t e ,  as was done f o r  t h e  U02 t e s t s .  Fo r  comparat ive  purposes, a  l e a c h a t e  

va lue  was c a l c u l a t e d  f o r  t h e  spent  f u e l  exper iments  by summing t h e  f i l t r a t e  and 

f i l t e r - s o l u t i o n  r e s u l t s .  

M a t e r i a l  p l a t e d  o u t  on t h e  i r o n  coupons was removed by p l a c i n g  each coupon 

i n  a  s e r i e s  o f  t h r e e  f r e s h  s o l u t i o n s  o f  6M HC1; t h e  coupons were l e f t  i n  each 

success ive  s o l u t i o n  f o r  a  few minutes.  Then t h e  s o l u t i o n s  were combined and 

d i l u t e d  t o  a  known volume. Measurement o f  t h e  r a d i o a c t i v i t y  o f  a  few o f  t h e  

i r o n  coupons be fo re  and a f t e r  t h e  a c i d  t r e a t m e n t s  demonstrated t h a t  t h i s  

procedure  was adequate f o r  removal o f  t h e  d e p o s i t e d  r a d i o n u c l i d e s .  

A p o r t i o n  o f  each s o l u t i o n  was t a k e n  f o r  u ran ium a n a l y s i s  and a  second 

p o r t i o n  f o r  p lu ton ium,  cesium and t e c h n e t i u m  ana lyses.  The amount o f  u ran ium 

was determined by making two d i  r e c t  f l u o r o m e t r i c  measurements on each s o l u t i o n ;  

once by i t s e l f  and a  second t i m e  a f t e r  s p i k i n g  w i t h  a  known amount o f  u ran ium 

t o  reduce m a t r i x  e f f e c t s .  The amount o f  p l u t o n i u m  was determined by  

e v a p o r a t i n g  t h e  s o l u t i o n  t o  dryness,  d i  s s o l  v i  ng i n  1M HC1 , e x t r a c t i  ng t h e  

p l u t o n i u m  i n t o  t h e n o y l  t r i  f l uo roace tone ,  e v a p o r a t i n g  o n t o  a  p l a t e  and a1 pha- 

c o u n t i n g  t h e  res idue .  The amount o f  cesium was determined by d i r e c t  gamma 

c o u n t i  ng each s o l  u t i  on. The amount o f  t e c h n e t i  um was de te rm i  ned by:  removi ng 

most o t h e r  c a t i o n i c  r a d i o a c t i v i t y  f rom t h e  s o l u t i o n  i n  a  c a t i o n  exchange 

column; add ing  t e t r a p h e n y l a r s o n i u m  c h l o r i d e  t o  t h e  s o l u t i o n  t o  f o r m  

t e t r a p h e n y l a r s o n i u m  p e r t e c t n e t a t e ;  e x t r a c t i n g  t h e  l a t t e r  f rom t h e  aqueous s o l u-  

t i o n  w i t h  hexone; e v a p o r a t i n g  t h e  hexone f rom a  known amount o f  t h e  e x t r a c t ;  

and c o u n t i n g  t h e  r e s i d u e  w i t h  a  b e t a  p r o p o r t i o n a l  counter .  



4.0 RESULTS AND DISCUSSION 

4.1 BASIS FOR COMPARISON OF RESULTS 

R e s u l t s  a r e  p resen ted  i n  terms o f  no rma l i zed  mass l o s s ,  wh ich  i s  t h e  

a c t u a l  mass l o s s  d i v i d e d  by t h e  f r a c t i o n  o f  t h e  g i v e n  element p r e s e n t  i n  t h e  

specimen, and d i v i d e d  by t h e  s u r f a c e  area o f  t h e  specimen. T h i s  procedure  

a1 1  ows a  d i  r e c t  compar ison o f  l e a c h  va lues f o r  specimens o f  d i f f e r e n t  s i z e  and 

compos i t ion .  It shou ld  be noted,  i n  p a r t i c u l a r ,  t h a t  t h e  no rma l i zed  mass l o s s  

w i l l  have t h e  same v a l u e  f o r  each element p r o v i d e d  t h a t  t h e  specimen leaches 

c o n g r u e n t l y .  Thus, unequal no rma l i zed  mass l o s s  i s  i n d i c a t i v e  o f  p r e f e r e n t i a l  

( i n c o n g r u e n t )  l e a c h i n g .  F o r  uran ium r e l e a s e  f rom U02 o r  spent  f u e l  , r e s u l t s  

a r e  p resen ted  i n  terms o f  t h e  no rma l i zed  uran ium mass l o s s :  

2 where (NL)u = no rma l i zed  uran ium mass l o s s ,  g/m , 
Mu = mass o f  u ran ium i n  a  s o l u t i o n  = mass p e r  u n i t  volume t i m e s  

s o l u t i o n  volume, g, 

fu = mass f r a c t i o n  o f  uranium i n  t h e  un leached specimen = 0.88, and 

SA = s u r f a c e  area o f  t h e  l e a c h  specimen, mL. 

S i m i l a r l y ,  t h e  r e s u l t s  f o r  t h e  more r a d i o a c t i v e  spec ies  t h a t  were ana lyzed 

by a c t i v i t y  a r e  presented i n  te rms of t h e  no rma l i zed  e lementa l  mass l o s s :  

2 where (NL)i = n o r m a l i z e d  e lementa l  mass l o s s ,  g/m , 

ai = a c t i v i t y  o f  t h e  e lement i n  t h e  s o l u t i o n ,  Rq ,  

a. = a c t i v i t y  o f  t h e  element i n  t h e  spent  f u e l  f ragment ,  Bq, 

No = mass o f  t h e  specimen, g, and 

SA = s u r f a c e  area o f  t h e  l e a c h  specimen, m2-  



I n  t h e  f o l l o w i n g  s e c t i o n s ,  t h e  r e s u l t s  a r e  presented i n  te rms o f  l o c a t i o n  

o f  t h e  r e l e a s e d  r a d i o a c t i v e  spec ies ;  Sec t i ons  4.2 th rough  4.5 c o n t a i n  

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

S e c t i o n  4.6. The sum o f  spec ies  i n  t h e  l eacha te ,  p l a t e o u t  on t h e  T e f l o n  o r  

q u a r t z ,  and t h e  p l a t e o u t s  on t h e  i r o n  and Z i r c a l o y- 4 ,  as a p p l i c a b l e ,  r e p r e s e n t s  

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

r e p r e s e n t s  t h e  amount o f  t h e  spec ies  t h a t  passed t h r o u g h  t h e  1.8 nm f i l t e r .  

Any p a r t i c l e  smal l e r  t h a n  1.8 nm would be ve ry  n e a r l y  m o l e c u l a r  i n  s i z e .  

There fo re ,  t h e  f i l t r a t e  can be cons ide red  t o  c o n t a i n  s p e c i e s  t h a t  a r e  i n  t r u e  

s o l u t i o n .  The d i f f e r e n c e  between t h e  l e a c h a t e  v a l u e  and t h e  f i  1  t r a t e  v a l u e  

r e p r e s e n t s  t h a t  wh ich  was suspended, p o s s i b l y  i n  c o l l o i d a l  form, i n  t h e  

l eacha te .  Fo r  each group o f  t e s t s ,  t h e  r e s u l t s  a r e  p resen ted  i n  t a b u l a r  form, 

i n  f i g u r e s  t h a t  summarize each l e a c h  system, and i n  f i g u r e s  t h a t  compare t h e  

l o c a t i o n  of t h e  r e l e a s e d  spec ies .  Note t h a t  "Fe P l a t e o u t "  i s  p l o t t e d  i n  t h e  

summary f i g u r e s  whereas " T o t a l  P l a t e o u t "  i s  p l o t t e d  on one o f  t h e  compara t i ve  

f i g u r e s  i n  each d a t a  s e t .  I n s p e c t i o n  of t h e  d a t a  t a b l e s  shows t h a t  most of t h e  

p l  a t e o ~ ~ t  occu rs  on t h e  i ron  w i t h  o n l y  a  sma l l  amount on t h e  T e f l o n  and a1 most 

none on t h e  Z i  r c a l o y- 4 .  Thus, p l o t t i n g  "Fe P l a t e o u t "  on one s e t  o f  f i g u r e s  and 

" T o t a l  P l a t e o u t "  on t h e  o t h e r  a1 lows a  c l e a r  p r e s e n t a t i o n  o f  t h e  data .  

4.2 UO? TESTS AT 25 AND 75°C 

Tab le  4.1 (Page 4.10) and F i g u r e  4.1 show t h e  l o c a t i o n  of u ran ium r e l e a s e d  

f rom t h e  f o u r  d i f f e r e n t  systems w i t h  U02 i n  b r i n e  a t  25°C. The r e s u l t s  a r e  

compared by l o c a t i o n  of t h e  uran ium i n  t h e  l e a c h  systems i n  F i g u r e s  4.2 t h r o u g h  

4.5. I n  a d d i t i o n ,  one of t h e  U02 specimens o r i g i n a l l y  leached f o r  60 days w i t h  

i r o n  and Z i  r c a l o y  coupons was p l a c e d  i n  f r e s h  b r i n e  w i t h  f r e s h  i r o n  and 

Z i  r c a l o y  coupons and leached  f o r  an a d d i t i o n a l  14 days. R e s u l t s  f r o m  t h i s  t e s t  

a r e  shown i n  Tab le  4.1 and F i g u r e s  4.2 t h r o u g h  4.5 as "Releach U02-Fe-Zr". I n  

a l l  cases, t h e  t o t a l  u ran ium re leased  i n  t h e  f o u r  systems t h a t  were t e s t e d  a t  

25°C tended t o  i n c r e a s e  w i t h  l e a c h i n g  t i m e  up t o  60 days. However, s i g n i f i c a n t  

f r a c t i o n s  o f  t h e  uranium, r a n g i n g  f rom 32% f o r  t h e  U02-Fe system t o  79% f o r  t h e  

U02-zr system, were r e l e a s e d  i n  t h e  f i r s t  two days. The t o t a l  u ran ium re leased  

i n  t h e  f o u r  systems does n o t  appear t o  be s i g n i f i c a n t l y  d i f f e r e n t .  



The ma jo r  d i f f e r e n c e  i n  l e a c h  b e h a v i o r  i n  t h e  f o u r  systems was t h e  l o c a -  

t i o n  o f  t h e  uran ium a f t e r  r e l e a s e  f r o m  t h e  UO?. - I n  t h e  UO? and u02-Zr systems, 

e s s e n t i a l  l y  a1 1  o f  t h e  r e l e a s e d  uran ium was d i s s o l  ved i n  t h e  l e a c h a t e  ( F i g -  

u res  4.1, 4.3 and 4.5). The p l a t e o u t  f r o m  s o l u t i o n  i n  t h e s e  systems was v e r y  

sma l l ,  <5%, and remained e s s e n t i a l l y  c o n s t a n t  ove r  60 days ( F i g u r e  4.4). F o r  

t h e  U02-Zr system, e s s e n t i  a1 l y  no p l  a t e o u t  o c c u r r e d  on t h e  o x i d i  zed Z i  r ca loy- 4 .  

On t h e  o t h e r  hand, most o f  t h e  uran ium r e l e a s e d  i n  t h e  U02-Fe and 

~ 0 2 - F e - Z r  systems p l a t e d  o u t  on t h e  i r o n  ( F i g u r e  4.4 and Tab le  4.1). E s s e n t i -  

a l l y  no p l a t e o u t  o c c u r r e d  on t h e  o x i d i z e d  Z i r c a l o y - 4  i n  t h e  UO2-Fe-zr system, 

and p l a t e o u t  on t h e  t e f l o n  i n  b o t h  systems w i t h  i r o n  was s i m i l a r  t o  t h a t  i n  t h e  

U02 and U02-Zr system. The c o n c e n t r a t i o n  o f  uranium i n  t h e  l e a c h a t e s  f o r  t h e  

systems w i t h  i r o n  decreased w i t h  t i m e  up t o  60 days, and s i g n i f i c a n t  q u a n t i t i e s  

o f  t h e  uran ium t h a t  remained i n  t h e  l eacha tes  a t  t h e  l o n g e r  t i rnes were 

f i l t e r a b l e  (Tab le  4.1). 

F o r  t h e  s i n g l e  specimen i n  t h e  UO2-Fe-Zr system t h a t  was re leached  f o r  

14 days i n  f r e s h  b r i n e  a f t e r  o r i g i n a l l y  b e i n g  leached f o r  60 days, t h e  l e a c h  

b e h a v i o r  was a p p a r e n t l y  v e r y  s i m i l a r  t o  t h e  l e a c h i n g  o f  a  f r e s h  p e l l e t .  

The r e s u l t s  f o r  t h e  75°C l e a c h  t e s t s  i n  b r i n e  a r e  p resen ted  i n  Tab le  4.2 

(Page 4.14) and F i g u r e s  4.6 t h r o u g h  4.10 i n  a  manner analogous t o  t h e  way i n  

which t h e  25OC r e s u l t s  were presented.  The uran ium r e l e a s e d  a t  75OC was about  

t h e  same as a t  25OC, and e s s e n t i a l l y  a l l  was r e l e a s e d  i n  t h e  f i  r s t  f i v e  days. 

W i t h i n  t h e  s c a t t e r  i n  t h e  data ,  t h e r e  appears t o  be no s i g n i f i c a n t  d i f f e r e n c e  

i n  uranium r e l e a s e d  i n  t h e  f o u r  systems, j u s t  as i n  t h e  25OC t e s t s .  

Again, t h e  ma jo r  d i f f e r e n c e  i n  l e a c h  b e h a v i o r  i n  t h e  f o u r  systems was t h e  

l o c a t i o n  o f  t h e  uran ium a f t e r  r e l e a s e  f rom t h e  U02. I n  t h e  U02 and U02-Zr sys-  

tems r e s p e c t i v e l y ,  about  50% and 80% of t h e  r e l e a s e d  uran ium was d i s s o l v e d  i n  

t h e  b r i n e  ( F i g u r e  4.6 o r  F i g u r e s  4.7 and 4.10). E s s e n t i a l l y  a l l  o f  t h e  uran ium 

i n  t h e  l e a c h a t e  was i n  s o l u t i o n ,  i .e., n o t  f i l t e r a b l e .  The rema in ing  uran ium 

re leased  i n  t h e s e  systems was p l a t e d  o u t  on t h e  t e f l o n  l e a c h  c o n t a i n e r .  

On t h e  o t h e r  hand, t h e  b u l k  o f  t h e  uranium r e l e a s e d  i n  t h e  U02-Fe and 

U o z - ~ e - ~ r  systems was p l a t e d  o u t  on t h e  i r o n  and t e f l o n  ( F i g u r e  4.9) o r  was 

f i l t e r a b l e  ( F i g u r e s  4.7 and 4.10). E s s e n t i a l l y  no p l a t e o u t  o c c u r r e d  on t h e  

o x i  d i  zed Z i  real 0y-4 i n  t h e  U O 2 - z r  and U02-Fe-zr systems. 



F o r  t h e  s i n g l e  specimen i n  t h e  U02-Fe-Zr system t h a t  was re leached  f o r  

14 days i n  f r e s h  b r i n e  a f t e r  o r i g i n a l l y  b e i n g  leached f o r  60 days, t h e  amount 

o f  u ran ium r e l e a s e d  was s i g n i f i c a n t l y  l o w e r  t h a n  f o r  a  f r e s h  p e l l e t ,  b u t  t h e  

d i s t r i b u t i o n  o f  u ran ium w i t h i n  t h e  system was s i m i l a r  t o  t h a t  f o r  a  f r e s h  p e l -  

l e t .  The b e h a v i o r  o f  t h e  s i n g l e  sample t h a t  s t a r t e d  w i t h  o x i d i z e d  i r o n  (U02- 

Fe304) was s i m i l a r  t o  t h e  t r e n d  f o r  t h e  system u t i  1  i z i n g  n o n- o x i d i z e d  i r o n .  

The a c t u a l  u ran ium r e l e a s e d  a t  14 days i n  t h e  U02-Fe system was much h i g h e r  

t h a n  f o r  t h e  UO2-Fe3o4 sample, b u t  t h e  fo rmer  i s  t o t a l l y  o u t  o f  l i n e  w i t h  t h e  

r e s t  o f  t h e  system and can p r o b a b l y  be d iscounted.  

R e s u l t s  f o r  b o t h  t h e  25 and 75OC t e s t s  u s i n g  1102 i n  d e i o n i z e d  w a t e r  a r e  

p resen ted  i n  T a b l e  4.3 (Page 4.18) and F i g u r e  4.11. R e s u l t s  f r o m  s i m i l a r  t e s t s  

i n  b r i n e  a r e  a l s o  shown i n  F i g u r e  4.11 f o r  comparison. Fo r  t h e  U02 and U02-Zr 

systems, t h e  t o t a l  u ran ium r e l e a s e d  was f o u r  t o  f i v e  t i m e s  h i g h e r  i n  d e i o n i z e d  

wa te r  t h a n  i n  b r i n e  a t  2 5 O C  and 20 t o  40 t i m e s  h i g h e r  a t  75OC. Almost a l l  o f  

t h e  uran ium was i n  t h e  l e a c h a t e  w i t h  low va lues f o r  p l a t e o u t  on t h e  t e f l o n  and 

o x i d i  zed Z i  r c a l  oy-4. However, u n l  i ke t h e  b r i n e  r e s u l t s ,  a p p r o x i m a t e l y  ha1 f t h e  

uran ium i n  t h e  l e a c h a t e  was f i l t e r a b l e  i n  b o t h  systems a t  25OC, b u t  l i t t l e  o r  

none was f i  1  t e r a b l e  a t  75OC. 

F o r  t h e  U o p - ~ e  and U o 2 - ~ e - Z r  systems a t  b o t h  temperatures ,  t h e  t o t a l  u r a-  

nium r e l e a s e d  i n  d e i o n i z e d  w a t e r  was comparable t o  t h a t  i n  b r i n e .  Yost  o f  t h e  

r e l e a s e d  uran ium was p l a t e d  o u t  o r  was f i l t e r a b l e  i n  b o t h  systems, wh ich  i s  

s i m i l a r  t o  t h e  r e s u l t s  i n  b r i n e .  

Tab le  4.4 (Page 4.20) shows t h e  r e s u l t s  of s e l e c t e d  i r o n  ana lyses  o f  t h e  

l eacha tes ,  f i l t r a t e s ,  and p l a t e o u t  i n  some of t h e  t e s t s  a t  25 and 75OC i n  

b r i n e .  The t a b l e  i n c l u d e s  r e s u l t s  f r o m  t e s t s  t h a t  c o n t a i n e d  no i r o n  f o r  

compar ison and, as expected,  a lmost  none was found. I n  t h o s e  t e s t s  t h a t  d i d  

c o n t a i n  i r o n  coupons, some i r o n  was found i n  t h e  l e a c h a t e  b u t  most o f  t h a t  was 

f i l t e r a b l e  ( i  .e., a lmost  none was found i n  t h e  f i l t r a t e  a f t e r  pass ing  t h r o u g h  a  

1.8 nm f i l t e r ) .  The T e f l o n  p l a t e o u t  a l s o  c o n t a i n e d  some i r o n  b u t  l i t t l e  was 

found on t h e  Z i  r c a l o y - 4  p l a t e o u t .  T h i s  b e h a v i o r  i s  s i m i l a r  t o  t h a t  o f  t h e  

uran ium i n  t h e s e  t e s t s .  

The uran ium c o n c e n t r a t i o n  d a t a  f o r  t h e  25 and 75°C t e s t s  u s i n g  u n i r r a d i a t e d  

~ 0 2 ,  i n c l u d i n g  pH da ta ,  a r e  l i s t e d  i n  Appendix A, Tables A.1, A.2, and A.3. 



4.3 UO7 TESTS AT 150°C 

Tab le  4.5 (Page 4.21) and F i g u r e  4.12 show t h e  l o c a t i o n  o f  u ran ium 

r e l e a s e d  f r o m  t h e  t h r e e  d i f f e r e n t  systems w i t h  U02 i n  b r i n e  a t  150°C. The 

r e s u l t s  a r e  compared by l o c a t i o n  o f  t h e  uranium i n  t h e  l e a c h  systems i n  

F i g u r e s  4.13 t h r o u g h  4.16. The g r e a t e s t  u ran ium r e l e a s e  was f o r  t h e  U02-Fe 

system ( F i g u r e  4.13). However, a lmost  a l l  o f  t h e  r e l e a s e d  uran ium was p l a t e d  

ou t  o r  was f i l t e r a b l e .  The p l a t e o u t  occu r red  p r e f e r e n t i a l l y  on t h e  i r o n  b u t  

some uran ium a l s o  p l a t e d  o u t  on t h e  T e f l o n  (Tab le  4.5). A f t e r  28 days o f  

l e a c h i n g ,  no uran ium was d e t e c t e d  i n  s o l u t i o n ,  Except  f o r  one h i g h  va lue  a t  

14 days i n  t h e  U02 t e s t s ,  t h e  l e a c h  b e h a v i o r  o f  t h e  U02 and U02-Zr systems were 

s i m i l a r  ( i  .e., t h e  t o t a l  u ran ium re leased  i n  b o t h  systems was s i m i l a r ,  a  s i g n i -  

f i c a n t  f r a c t i o n  o f  t h e  uran ium i n  t h e  l e a c h a t e  was i n  s o l u t i o n  e a r l y  i n  t h e  

t e s t ,  and n e a r l y  a l l  t h e  uran ium was f i l t e r a b l e  a f t e r  60 days o f  l e a c h i n g ) .  

Analogous r e s u l t s  u s i n g  d e i o n i z e d  wa te r  a r e  g i v e n  i n  Tab le  4.6 (Page 4.24) 

and F i g u r e s  4-17 t h r o u g h  4.21. The amount o f  u ran ium re leased  f o r  t h e  U02 

system was an o r d e r  o f  magni tude h i g h e r  i n  d e i o n i z e d  w a t e r  t h a n  i n  b r i n e .  A 

s i g n i f i c a n t  f r a c t i o n  o f  t h e  uran ium i n  t h e  U02 system was i n  s o l u t i o n  

( F i g u r e  4.20) w h i l e  most of t h e  uranium i n  t h e  U02-Fe system was p l a t e d  o u t  o r  

f i l t e r a b l e  ( F i g u r e s  4.20 and 4.21). 

R e s u l t s  f o r  t h e  r o c k i n g  a u t o c l a v e  t e s t s  a r e  compared t o  t h e  s t a t i c  t e s t s  

f o r  u n i  r r a d i  a t e d  U02 i n  b r i n e  and d e i o n i z e d  wa te r  a t  150°C i n  F i g u r e s  4.22 and 

4.23, r e s p e c t i v e l y .  When b r i n e  was used as t h e  l e a c h a n t ,  t h e  amount o f  u ran ium 

i n  s o l u t i o n  a f t e r  48 days o f  l e a c h i n g  was s i m i l a r  i n  b o t h  t e s t  t ypes ,  and t h e  

amount i n  s o l u t i o n  decreased w i t h  t i m e  ( F i g u r e  4.22). When d e i o n i z e d  wa te r  was 

t h e  l eachan t ,  t h e  amount o f  u ran ium i n  s o l u t i o n  was c o n s i s t e n t l y  h i g h e r  i n  t h e  

s t a t i c  system t h a n  i n  t h e  r o c k i n g  a u t o c l a v e  t e s t  ( F i g u r e  4.23). There i s  no 

obv ious e x p l a n a t i o n  f o r  t h e  d i f f e r e n c e ,  b u t  i t  shou ld  be no ted  t h a t  t h e  l e a c h  

c o n t a i n e r  m a t e r i a l s  were ve ry  d i f f e r e n t  ( i  .e., T e f l o n  vs, g o l d ) ,  and i t  may be 

t h a t  t h i s  somehow a f f e c t e d  t h e  degree o f  p r e c i p i t a t i o n  o f  u ran ium f r o m  

s o l  u t i o n .  

The uran ium c o n c e n t r a t i o n  d a t a  f o r  t h e  150°C t e s t s  u s i n g  u n i r r a d i a t e d  U02 

a r e  g i v e n  i n  Appendix A, Tab les  A.4, A.5, and A.6. 



4.4 SPENT FUEL TESTS AT 25 AND 75°C 

R e s u l t s  were o b t a i n e d  f o r  t h e  1  each ing o f  u r a n i  um, p l  u t o n i  urn, t e c h n e t i  um 

and cesium f r o m  spent  f u e l  (SF) f r o m  t h e  H. R .  Robinson I 1  r e a c t o r .  The 

uranium r e l e a s e d  as a  f u n c t i o n  o f  l o c a t i o n  i n  t h e  l e a c h i n g  sys tem f o r  spent  

f u e l  i n  b r i n e  a t  25 and 75OC i s  l i s t e d  i n  Tab le  4.7 (Page 4.30) and 

F i g u r e  4.24. The r e s u l t s  a r e  compared by l o c a t i o n  o f  t h e  uran ium i n  

F i g u r e s  4.25 t h r o u g h  4.28. The t o t a l  u ran ium re leased  i n  t h e  SF and SF-Fe 

systems a t  25OC was s i m i l a r  and was about  two o r d e r s  o f  magni tude g r e a t e r  t h a n  

t h a t  re1  eased f r o m  u n i  r r a d i  a t e d  U02- 

The r e s u l t s  f o r  t o t a l  u ran ium re leased  i n  t h e  two systems a t  75OC were 

somewhat mixed. R e s u l t s  i n  t h e  SF-Fe system were s i m i l a r  t o  t h o s e  a t  25OC, b u t  

a  s i g n i f i c a n t  decrease w i t h  t i m e  occu r red  i n  t h e  U02 systern. Uranium i n  t h e  SF 

system was p r i m a r i l y  i n  s o l u t i o n  a t  25OC b u t  o n l y  p a r t i a l l y  i n  s o l u t i o n  a t  

75OC. I n  t h e  SF-Fe system, a  l a r g e  f r a c t i o n  o f  t h e  uran ium was p l a t e d  o u t  o r  

was f i  1  t e r a b l  e  a t  b o t h  t e s t  teniperatures.  

The p l u t o n i u m  r e l e a s e d  as a  f u n c t i o n  o f  l o c a t i o n  f o r  t h e  l e a c h i n g  o f  spent  

f u e l  i n  b r i n e  a t  25 and 75OC i s  l i s t e d  i n  Tab le  4.8 (Page 4.34) and 

F i g u r e  4.29. The r e s u l t s  a r e  compared by  l o c a t i o n  o f  t h e  p l u t o n i u m  i n  

F i g u r e s  4.30 t h r o u g h  4.33. 

Trends f o r  t h e  p l u t o n i u m  l e a c h  r e s u l t s  i n  b r i n e  a t  25 and 75OC were s i m i l a r  t o  

t h o s e  f o r  u ran ium excep t  t h a t  t h e  amount o f  p l u t o n i  um re1 eased was o n l y  about  

one- ten th  t h a t  o f  t h e  uranium. P lu ton ium tended t o  be p l a t e d  o u t  o r  f i l t e r a b l e  

a t  b o t h  tempera tu res  i n  t h e  SF-Fe system somewhat more p l a t e d  o u t  t h a n  uran ium 

i n  t h e  SF system and, aga in ,  mixed r e s u l t s  a t  t h e  two t e s t  p e r i o d s  a t  75°C. 

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

spent  f u e l  i n  b r i n e  a t  25 and 75OC i s  l i s t e d  i n  Tab le  4.9 (Page 4.38) and 

F i g u r e  4.34. The r e s u l t s  a r e  compared by l o c a t i o n  of t h e  t e c h n e t i u m  i n  

F i g u r e s  4.35 t h r o u g h  4.38. The r e l e a s e  o f  t echne t ium f r o m  t h e  spen t  f u e l  i n  

b r i n e  was f o u r  t o  s i x  t i m e s  g r e a t e r  t han  t h a t  o f  u ran ium a t  25OC and t w i c e  as 

g r e a t  a t  75OC. Most o f  t h e  t e c h n e t i u m  was i n  s o l u t i o n  (i.e., n o t  f i l t e r a b l e  o r  

p l a t e d  o u t )  f o r  t h e  SF system a t  b o t h  t e s t  temperatures .  I n  t h e  SF-Fe system 

a t  25"C, about  t h r e e - f o u r t h s  of t h e  techne t ium was p l a t e d  o u t  on t h e  i r o n .  Fo r  

t h e  SF-Fe system a t  75OC, about  h a l f  t h e  t e c h n e t i u m  was p l a t e d  o u t  on t h e  i r o n  



and a  s i g n i f i c a n t  f r a c t i o n  o f  t h e  techne t ium i n  t h e  l e a c h a t e  was f i l t e r a b l e .  

However, t h e  amount o f  t echne t ium i n  s o l u t i o n  was s t i l l  more than  10 t i m e s  

h i g h e r  t h a n  t h a t  f o r  uranium i n  t h e  SF-Fe system a t  75OC. 

The amount o f  cesium re leased  as a  f u n c t i o n  o f  l o c a t i o n  f o r  t h e  l e a c h i n g  

o f  spent  f u e l  i n  b r i n e  a t  25 and 75OC i s  l i s t e d  i n  Tab le  4.10 (Page 4.42) and 

F i g u r e  4.39. The r e s u l t s  a r e  compared by l o c a t i o n  o f  t h e  cesium i n  F i g -  

u res  4.40 t h r o u g h  4.43. The l e a c h  va lues f o r  cesium were comparable t o  o r  

g r e a t e r  t h a n  t h o s e  f o r  technet ium,  except  t h a t  a t  b o t h  temperatures  and f o r  

b o t h  t h e  SF and t h e  SF-Fe systems e s s e n t i a l l y  a l l  t h e  cesium was i n  s o l u t i o n .  

Leach r e s u l t s  a t  75OC were h i g h e r  than  a t  25OC i n  b o t h  systems. 

The uranium, p lu ton ium,  technet ium,  and cesium c o n c e n t r a t i o n  d a t a  f o r  t h e  

spent  f u e l  t e s t s  a r e  g i ven  i n  Appendix A, Tab les  A.7, A.8, A.9, and A.10, 

r e s p e c t i v e l y .  

4.5 COMPARISON OF LEACH RESULTS 

Comparison o f  t h e  r e s u l t s  f rom t h e  d i f f e r e n t  spent  f u e l  and U02 systems 

w i t h  d i f f e r e n t  l eachan ts  and a t  d i f f e r e n t  t empera tu res  i n d i c a t e s  seve ra l  no te-  

wor thy  obse rva t i ons .  

e The l e a c h i n g  c h a r a c t e r i s t i c s  o f  uranium f rom b o t h  U02 and spent  f u e l  

i n  b r i n e  have a  v e r y  smal l  temperature  dependence ove r  t h e  range 

s tud ied .  L i t t l e  more ( i f  any) uranium was re leased  i n  b r i n e  a t  

150°C than  a t  25OC. 

o The l e a c h i n g  c h a r a c t e r i s t i c s  o f  b o t h  U02 and spent  f u e l  i n  b r i n e  a r e  

n e a r l y  independent o f  t ime. W i t h i n  t h e  s c a t t e r  o f  t h e  data,  most o f  

t h e  uranium i s  re leased  i n  t h e  f i r s t  few days. T h i s  suggests t h a t  

t h e  uranium r e l e a s e  i s  r e s t r i c t e d  by s o l u b i l i t y  l i m i t a t i o n s  o r  t h a t  

t h e r e  e x i s t s  a  s u r f a c e  phase t h a t  i s  more r e a d i l y  s o l u b l e  t h a n  t h e  

b u l k  m a t e r i  a1 . 
o U n l i k e  b r i n e ,  l e a c h i n g  o f  U02 i n  d e i o n i z e d  wa te r  i s  dependent on 

temperature ,  a t  l e a s t  when i r o n  was n o t  present .  Uranium r e l e a s e  

va lues i n  d e i o n i z e d  water ,  i n  t h e  absence o f  i ron, a r e  h i g h e r  a t  



150°C t h a n  a t  75OC and h i g h e r  a t  75OC than  a t  25OC. The l a r g e r  tem- 

p e r a t u r e  dependence f o r  d e i o n i z e d  w a t e r  than  f o r  b r i n e  i s  d i f f i c u l t  

t o  i n t e r p r e t  on t h e  b a s i s  of o u r  p r e s e n t  knowledge. D i f f e r e n c e s  i n  

U02 a l t e r a t i o n  p r o d u c t s  may be i n v o l v e d .  F o r  example, t h e  e x i s t e n c e  

o f  sodium u rana tes  i s  l i k e l y  i n  t h e  b r i n e s  b u t  n o t  p o s s i b l e  w i t h  

d e i o n i z e d  water .  D i f f e r e n c e s  i n  i o n i c  s t r e n g t h  may a l s o  p l a y  a  

r o l e .  

C o n s i d e r a b l y  more uran ium leaches f rom UO2 i n  d e i o n i z e d  w a t e r  t h a n  

i n  b r i n e  a t  150°C; t h e  d i f f e r e n c e  i s  l e s s  pronounced a t  25OC. I n  

t h e  absence o f  i r o n ,  t h e  d i f f e r e n c e  between t h e  uran ium r e l e a s e d  i n  

d e i o n i z e d  w a t e r  and b r i n e  i s  smal l  a t  25OC b u t  i n c r e a s e s  a t  75OC. 

T h i s  t r e n d  c o n t i n u e s  a t  150°C t o  t h e  p o i n t  where t h e  r e l e a s e  i n  

d e i o n i z e d  w a t e r  i s  g r e a t e r  t han  t h e  r e l e a s e  i n  b r i n e  by more than  

one o r d e r  o f  magnitude. When i r o n  i s  p resen t ,  t h e r e  i s  l i t t l e  

d i f f e r e n c e  i n  t h e  r e l e a s e  o f  u ran ium between d e i o n i z e d  w a t e r  and 

b r i n e  a t  25 and 75OC, a l t h o u g h  some d i f f e r e n c e  p r e v a i  1s a t  150°C. 

Over 100 t i m e s  more uran ium i s  leached f r o m  spen t  f u e l  i n  b r i n e  than  

i s  leached from UO2 p e r  u n i t  o f  geomet r i c  s u r f a c e  area. 

The presence o f  i r o n  coupons reduces s o l u t i o n  c o n c e n t r a t i o n s  o f  

uranium; t h e  uran ium p l a t e s  o u t  on t h e  i r o n  and c o n t a i n e r  w a l l s  o r  

p r e c i p i t a t e s  as f i l t e r a b l e  p a r t i c l e s .  I r o n  has no e f f e c t  on t h e  

t o t a l  u ran ium r e l e a s e d  i n  b r i n e ,  b u t  i r o n  does cause a  s u b s t a n t i a l  

r e d u c t i o n  i n  s o l u t i o n  c o n c e n t r a t i o n  o f  u r a n i  um p r o b a b l y  because i t 

lowers  t h e  o x i d a t i o n  p o t e n t i a l  , the reby  l o w e r i n g  u r a n i  um s o l  u b i  1  - 
i t y .  An a1 t e r n a t i  ve e x p l a n a t i o n  c o u l d  be t h a t  i r o n  s e l e c t i v e l y  

sorbs  m u l t i v a l e n t  ions .  The same t r e n d  i s  t r u e  f o r  p l u t o n i u m  and 

t e c h n e t i u m  i n  t h e  spen t  f u e l  t e s t s .  Cesium, t h e  o n l y  o t h e r  e lement  

ana lyzed i n  t h e  spen t  f u e l  t e s t s ,  was n o t  a f f e c t e d  by i r o n .  

Ox id i zed  Z i  r c a l o y  coupons have no e f f e c t  on U02 l e a c h i n g  

c h a r a c t e r i s t i c s .  

F i n a l  measured pH va lues l i s t e d  i n  Appendix A, Tab les  A . l  t h rough  

A.7, w i t h  few excep t ions ,  a r e  i n  t h e  range 5.0 t o  7.5. T h i s  i s  a  



change o f  no more t h a n  about  one pH u n i t  f rom t h e  s t a r t i n g  va lues o f  

b o t h  b r i n e  and d e i o n i z e d  water .  However, i t  shou ld  be no ted  f o r  

b r i n e  t h a t  t h e  measured pH va lues  a r e  somewhat u n r e l i a b l e  and can be 

i n  e r r o r  by  as much as one u n i t  o r  sometimes s l i g h t l y  more t h a n  one 

u n i t .  
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The d a t a  t h a t  were d i scussed  i n  Sec t i ons  4.1 t h r o u g h  4.5, w i t h  a  coup le  o f  

excep t ions ,  a r e  p resen ted  i n  t h i s  s e c t i o n  i n  b o t h  t a b u l a r  and g r a p h i c a l  form. 

The t a b l e s  and t h e i  r co r respond ing  f i g u r e s ,  a r e  l i s t e d  below. T h i s  fo rma t  was 

chosen t o  a1 low u n i n t e r r u p t e d  r e a d i n g  o f  t h e  da ta  a n a l y s i s .  T h i s  a1 so p laces  

t a b l e s  and r e l a t e d  f i g u r e s  i n  c l o s e r  p r o x i m i t y  t o  each o t h e r ,  wh ich  a l l o w s  t h e  

reader  a  b e t t e r  o p p o r t u n i t y  f o r  d a t a  comparison. 

Tab les  

4.1 
4.2 
4.3 
4.4 
4.5 
4.6 
none 
4.7 
4.8 
4.9 
4.10 

F i  gures  

4.1 - 4.5 
4.6 - 4.10 
4.11 
none 
4.12 - 4.16 
4.17 - 4.21 
4.22 - 4.23 
4.24 - 4.28 
4.29 - 4.33 
4.34 - 4.38 
4.39 - 4.43 



Sarnpl e  
Type 

uo2 

TABLE 4.1. Uranium Released D u r i n g  U02 Tes ts  a t  2 5 O C  i n  B r i n e  
,-. 

Re1 each 
U02-Fe-Zr 

No. 
Days 

2 
5 

14 
28 
60 
60 
60 
60(avg)  

Uran i  um Re1 eased, rng/rnL 
Pl  a t e o u t  on 

Leachate  T e f  1  on I r o n  Z i  r c a l  oy-4 T o t a l  F i  1 t r a t e  - 

ND - n o t  d e t e c t e d  
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FIGURE 4.1. Compari son o f  R e s u l t s  Between Leach Systems 
I n c o r p o r a t i n g  U02 i n  B r i n e  a t  2 5 O C  
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FIGURE 4.2. T o t a l  Uranium Released i n  U02 Systems a t  2 5 O C  i n  B r i n e  
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FIGURE 4.3. Uranium i n  Leachate  i n  U02 Systems a t  2 5 O C  i n  B r i n e  
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FIGURE 4.4. T o t a l  Uranium P l a t e o u t  i n  U02 Systems a t  25OC i n  B r i n e  
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FIGURE 4.5. Uranium i n  F i l t r a t e  i n  U02 Systems a t  25OC i n  B r i n e  



TABLE 4.2. Uranium Released D u r i n g  U02 Tes ts  a t  75OC i n  B r i n e  

Sample No. 
Type Days 

U02 2 
5 

14 
28 
6 0 
60 
6 0 
60(avg)  

Uran i  um Re1 eased, mg/m 2 
P l a t e o u t  on 

Leachate T e f l o n  I r o n  Z i  r c a l  oy-4 T o t a l  F i  1 t r a t e  

Re1 each 14 2.9 4.0 0.6 (0.1 7.5 0.4 
U02-Fe-Zr 

U02-Oxi d i  zed 14 4.0 6.0 0.2 - 10.2 N D 
I r o n  14 4.7 9.2 0.2 - 14.1 ND 

ND - n o t  d e t e c t e d  
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FIGURE 4.6. Comparison o f  R e s u l t s  Between Leach Systems 
I n c o r p o r a t i n g  U02 a t  7 5 O C  i n  B r i n e  
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FIGURE 4.7. T o t a l  Uranium Released i n  U02 Systems a t  75OC i n  B r i n e  
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FIGURE 4.8. Uranium i n  Leachate i n  U02 Systems a t  75OC i n  B r i n e  
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FIGURE 4.9. To ta l  Uranium P la teou t  i n  U02 Systems a t  7 5 O C  i n  B r i n e  
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FIGURE 4.10. Uranium i n  F i l t r a t e  i n  U02 Systems a t  7 5 O C  i n  B r i n e  



TABLE 4.3. Uranium Released D u r i n g  U02 Tes ts  i n  De ion ized  Water 

Uran i  urn Re1 eased, m g l m  2  
Sample No. P l a t e o u t  on 

TY pe Days Leachate  T e f l  on I r o n  Z i  r c a l  oy-4 T o t a l  F i  1  t r a t e  
25°C Tes ts  

U02 14 67.0 5.1 - - 72.1 38.6 

75OC Tes ts  

U02 14 363.6 43.1 - - 406.7 227.3 

( a )  Sampl e p r e c i  p i  t a t e d .  
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FIGURE 4.11. Comparison o f  R e s u l t s  Between Leach Systems I n c o r p o r a t i n g  U02 
a t  25 and 75OC i n  Deion ized Water ( 1  i n e s  rep resen t  t o t a l  
r e l e a s e d  i n  b r i n e ;  p o i n t s  a r e  d e i o n i z e d  water  r e s u l t s )  
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TABLE 4.4. R e s u l t s  o f  Se lec ted  I r o n  Analyses f r o m  IJO2 
Tes ts  i n  B r i n e  a t  25 and 75OC 

I r o n  Content ,  mg/L 
Tes t  -Temperature,  T i  me, T e f l o n  Z i r c a l o y - 4  
Type "C d Leachate F i  1 t r a t e  P l  a t e o u t  Pl  a t e o u t  



TABLE 4.5. Uranium Released f rom U02 d u r i n g  Tes ts  a t  150°C i n  B r i n e  

Sample No. 
Type Days 

"02 7 
15 
28 
28  
6 0 
6 0 

Uranium Released,  mg/mZ 
P l a t e o u t  on 

Leacha te  feflon T o t a l  F i l t r a t e  - 

( a )  V a l ~ ~ e s  i n  paren theses  a r e  a p p a r e n t l y  i n  e r r o r  and have been d e l e t e d  
f r o m  d a t a  p l o t s .  

ND - n o t  d e t e c t e d  

LEACHATE 

0'04 TOTAL 

20 40 60 

LEACH TIME. DAYS 

FIGURE 4.12. Comparison o f  Resu l t s  Between Leach Systems 
I n c o r p o r a t i n g  U02 a t  150°C i n  B r i n e  



LEACH TIME, DAYS 

FIGURE 4.13. T o t a l  Uranium Released i n  U02 Systems a t  150°C i n  B r i n e  

LEACH TIME, DAYS 

FIGURE 4.14. Uranium i n  Leachate i n  U02 Systems a t  150°C i n  B r i n e  



LEACH TIME, DAYS 

FIGURE 4.15. T o t a l  Uranium P l a t e o u t  i n  U02 Systems a t  150°C i n  B r i n e  

LEACH TIME, DAYS 

FIGURE 4.16. Uranium i n  F i l t r a t e  i n  U02 Systems a t  150°C i n  B r i n e  



TABLE 4.6. Uranium Released f r o m  Uo2 D u r i n g  Tes ts  a t  150°C i n  D e i o n i z e d  Water 

Uran i  urn Re1 eased, mg/m 2  

Sampl e No. P l  a t e o u t  on 
TY pe Days Leachate  T e f l o n  I r o n  Z i  r c a l  oy-4 T o t a l  F i  1  t r a t e  

UO2-Zr (Data  a p p a r e n t l y  n o t  re1  i able ,  See Appendix A). 



TOTAL 

. .-0-*-•-- LEACHATE 
I I I I I I 

TOTAL 

Fe PLATEOUT 
\ LEACHATE 

LEACH TIME, DAYS 

FIGURE 4.17. Comparison o f  Resu l t s  Between Leach Systems I n c o r p o r a t i n g  
U02 a t  150°C i n  Deion ized Water 
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FIGURE 4.18. T o t a l  Uranium Released i n  U02 Systems a t  
150°C i n  D e i o n i z e d  Water 
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FIGURE 4.19. Uranium i n  Leachate i n  U02 Systems a t  
150°C i n  D e i o n i z e d  Water 
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FIGURE 4.20. T o t a l  Uranium P l a t e o u t  i n  U02 Systems a t  
150°C i n  De ion ized  Water 
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LEACH TIME. DAYS 

FIGURE 4.21. Uranium i n  F i l t r a t e  i n  U02 Systems a t  
150°C i n  De ion ized  Water. Note t h e  
d i f f e r e n t  l e f t  and r i g h t  s c a l e s  wh ich  
a p p l y  t o  t h e  two d i f f e r e n t  curves. 
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FIGURE 4.22. Comparison o f  Uranium i n  F i l t r a t e  f o r  S t a t i c  and 
Rock ing  Au toc lave  Tes ts  a t  150°C i n  B r i n e  
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FIGURE 4.23. Comparison o f  Uranium i n  F i l t r a t e  f o r  S t a t i c  and 
Rocki  nq Au toc l  ave Tes ts  a t  150°C i n Dei o n i  zed - 
Water 



TABLE 4.7. Uranium Released f rom Spent Fue l  (SF) 
i n  S y n t h e t i c  and Real S r i n e  

Uran i  urn Re1 eased, g/m2 
No. P l  a t e o u t  on 

Sample Type Days Leachate Q u a r t z  I r o n  T o t a l  F i  1  t r a t e  

S y n t h e t i c  B r i n e  

Real ~ r i  n e ( a )  

SF 14 2.41 0.702 - 3.11 1.96 

S y n t h e t i c  B r i n e  

SF 5 3.19 1.32 - 4.5 2.55 
2 8 0.365 0.845 - 1.2 0.036 

( a )  Obta ined by p r e p a r i n g  a  s a t u r a t e d  s o l u t i o n  o f  s a l t  co red  f r o m  t h e  
Permian Bas in .  
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FIGURE 4.24. Comparison of Uranium Released i n  Systems I n c o r p o r a t i n g  
Spent Fuel and B r i n e  a t  25 and 75OC 
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LEACH TIME, DAYS 

FIGURE 4.25. T o t a l  Uranium Released i n  Spent Fuel  Systems a t  
25 and 75OC i n  S y n t h e t i c  and Real B r i n e  
( o b t a i n e d  by a  s a t u r a t e d  s o l u t i o n  of 
s a l t  cored f rom t h e  Permian Bas in )  

- 

SF - REAL - 
BRINE-25 SF - 25 

SF - Fe-25 
.- *- .-  

I I . 
LEACH TIME, DAYS 

FIGURE 4.26. Uranium i n  Leachate i n  Spent Fuel Systems a t  
25 and 75OC i n  S y n t h e t i c  and Real B r i n e  
( o b t a i n e d  by p r e p a r i n g  a  s a t u r a t e d  s o l u t i o n  
o f  s a l t  cored f rom t h e  Permian Bas in)  
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FIGURE 4.27. T o t a l  Uranium P l a t e o u t  i n  Spent Fuel  Systems a t  
25 and 75OC i n  S y n t h e t i c  and Real B r i n e  
( o b t a i n e d  by  p r e p a r i n g  a  s a t u r a t e d  s o l u t i o n  of 
s a l t  co red  f rom t h e  Permian Bas in )  
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FIGURE 4.28. Uranium i n  F i l t r a t e  i n  Spent Fuel  Systems a t  
25 and 75OC i n  S y n t h e t i c  and Real B r i n e  
( o b t a i n e d  by p r e p a r i n g  a  s a t u r a t e d  s o l u t i o n  
o f  s a l t  co red  f rom t h e  Permian Bas in )  



TABLE 4.8. P lu ton ium Released from Spent Fuel  (SF) 
i n  S y n t h e t i c  and Real B r i n e  

P l  u t o n i  um Re1 eased, glm" 
No. P l  a t e o u t  on 

Sample Type Days Leachate Q u a r t z  I r o n  T o t a l  F i l t r a t e  

S y n t h e t i c  B r i n e  

SF 2 0.1510 0.0201 - 0.171 0.1074 
5 0.0781 0.0631 - 0.141 0.0275 

14 0.1407 0.0275 - 0.168 0.0416 
28 0.1430 0.235 - 0.378 0.043 
60 0.1200 0.168 - 0.288 0.0872 

Real ~ r i  n e ( a )  

SF 14 0.1567 0.356 - 0.513 0.0631 

S y n t h e t i  c  B r i  ne 

( a )  Obta ined by p r e p a r i n g  a  s a t u r a t e d  s o l u t i o n  o f  s a l t  co red  f rom t h e  
Permian Basin. 

NA - n o t  ana lyzed 
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FIGURE 4.29. Comparison of P lu ton ium Released i n  Systems I n c o r p o r a t i n g  
Spent Fue l  and B r i n e  a t  25 and 7 5 O C  
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FIGURE 4.30. To ta l  Plutonium Released i n  Spent Fuel Systems a t  
25 and 75OC i n  Syn the t i c  and Real B r i n e  ( ob ta i ned  
by p repa r i ng  a sa tu ra ted  s o l u t i o n  o f  s a l t  cored 
f rom t h e  Permian Bas in)  

LEACH TIME, DAYS 
FIGURE 4.31. P lu ton ium i n  Leachate i n  Spent Fuel Systems a t  

25 and 75OC i n  Syn the t i c  and Real B r i n e  
( ob ta i ned  by p repa r i ng  a  sa tu ra ted  s o l u t i o n  of 
s a l t  cored f rom t h e  Permian Basin) 
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FIGURE 4.32. P lu ton ium P l a t e o u t  i n  Spent Fuel  Systems a t  
25 and 7 5 O C  i n  S y n t h e t i c  and Real B r i n e  
( o b t a i n e d  by p r e p a r i  ng a  s a t u r a t e d  s o l  u t i  on 
of  s a l t  co red  f rom t h e  Permian Bas in )  
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FIGURE 4.33. P lu ton ium i n  F i l t r a t e  i n  Spent Fuel  Systems a t  
25 and 7 5 O C  i n  S y n t h e t i c  and Real B r i n e  
( o b t a i n e d  by p r e p a r i n g  a  s a t u r a t e d  s o l u t i o n  o f  
s a l t  co red  f rom t h e  Permian Bas in )  



TABLE 4.9. Technet ium Released f rom Spent Fue l  (SF) 
i n  S y n t h e t i c  and Real B r i n e  

Technet i  urn Re1 eased. a/m2 . 0 .  

No. P l  a t e o u t  on 
Sample Type Days Leachate Q u a r t z  - I r o n  - T o t a l  F i l t r a t e  

S y n t h e t i  c  B r i  ne 

SF 2 21.3 0.66 - 22.0 20.7 
5 8.5 0.30 - 8.8 8.06 

14 23.8 0.62 - 24.4 22.7 
2 8 10.2 0.21 - 10.4 9.9 
60 12.9 0.70 - 13.6 11.7 

Real 6 r i  n e ( a )  

SF 14 14.1 0.73 - 14.8 13.0 

S y n t h e t i c  B r i  ne 

SF 5 30.6 0.44 - 31.0 28.9 
2 8 18.1 0.59 - 18.7 16.8 

- 

( a )  Obta ined by p r e p a r i n g  a  s a t u r a t e d  s o l u t i o n  o f  s a l t  co red  f r o m  t h e  
Permi an Basin.  
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FIGURE 4.34. Comparison of Technetium Released i n  Systems I n c o r p o r a t i n g  
Spent Fuel  and B r i n e  a t  25 and 75OC 



LEACH TIME, DAYS 

FIGURE 4.35. To ta l  Technetium Released i n  Spent Fuel Systems a t  
25 and 75OC i n  Syn the t i c  and Real B r i n e  ( ob ta i ned  
by p repa r i ng  a sa tu ra ted  s o l u t i o n  o f  s a l t  cored 
from t h e  Permian Basin) 

LEACH TIME, DAYS 

FIGURE 4.36. Technetium i n  Leachate i n  Spent Fuel Systems a t  
25 and 75OC i n  Syn the t i c  and Real B r i n e  
(ob ta ined  by a sa tu ra ted  s o l u t i o n  o f  
s a l t  cored from t h e  Permian Basin) 
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FIGURE 4.37. Technetium P l a t e o u t  i n  Spent Fuel Systems a t  
25 and 75°C i n  S y n t h e t i c  and Real B r i n e  
( o b t a i n e d  by p r e p a r i n g  a  s a t u r a t e d  s o l u t i o n  
of  s a l t  cored f rom t h e  Permian Bas in )  
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FIGURE 4.38. Technetium i n  F i l t r a t e  i n  Spent Fuel Systerns a t  
25 and 75OC i n  S y n t h e t i c  and Real B r i n e  
( o b t a i n e d  by p r e p a r i n g  a  s a t u r a t e d  s o l u t i o n  o f  
s a l t  cored f rom t h e  Permian Bas in )  



TABLE 4.10. Cesium Released f rom Spent Fue l  (SF)  
i n  S y n t h e t i c  and Real R r i n e  

Cesi um Re1 eased, g/rn2 
No. P l a t e o u t  on 

Sample Type Days Leachate Q u a r t z  - I r o n  - T o t a l  F i l t r a t e  

S y n t h e t i c  B r i  ne 

SF 2 21.3 0.70 - 22.0 17.6 
5 7.3 0.30 - 7.6 7 .0 

14 26.3 0.77 - 27.1 25.4 
2 8 23.4 0.77 - 24.2 22.5 
60 21.6 1.62 - 23.2 20.4 

Real ~ r i  n e ( a )  

SF 14 32.5 1.76 - 34.3 1.5 

S y n t h e t i c  R r i  ne 

SF 5 58 -4 1-34 - 59.7 54.2 
2 8 50.1 1.62 - 51.7 46.5 

( a )  Ob ta ined  by p r e p a r i n g  a  s a t u r a t e d  s o l u t i o n  o f  s a l t  co red  f r o m  t h e  
Permian Bas in .  
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FIGURE 4.39. Comparison of Cesium Released i n  Systems I n c o r p o r a t i n g  
Spent Fuel  and B r i n e  a t  25 and 75OC 
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FIGURE 4.43. Cesium i n  F i l t r a t e  i n  Spent Fuel Systems a t  
25 and 75OC i n  S y n t h e t i c  and Real B r i n e  
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TABLE A.1. 

Samp 1 e 
No. 

UO, 
u022 
U025 
U014 
U0228 
U0260 
U0260B 
U0260C 

U0,-Fe 

UOF22 
UOF25 
UOF2 14 
UOF228 
UOF260 
UOF260B 
UOF260C 

U0,-Zr - 
UOZ2 2 
UOZ25 
uoz2 14 
UOZ228 
UOZ260 
UOZ260B 
UOZ260C 

No. 
Days 

Uranium C o n c e n t r a t i o n  Data  f o r  25°C T e s t s  o f  U02 i n  B r i n e  

Uranium Concentration, !-lq/ml 

P 1 a teout  on 

~ e a c h a t e ' ~ )  Tef lon (b)  l ron  (') ~ i r c a  l oy-4(c) F i  ~ t r a t e ' ~ )  

Releach o f  UOZF260 

F ina l  
Measured 

pH 

(a)  36 m l  sample 
(b) 50 m l  san-ple 
(c )  10 m l  sample 
( d l  n o t  detected 



TABLE A.2. U r a n i u m  C o n c e n t r a t i o n  D a t a  f o r  75°C T e s t s  o f  U02 i n  B r i n e  

Uranium Concentration, Fg/rnl 

Sample No. P I ateout  on 

NO. Days ~ e a c h a t e ' ~ )  Tef Ion (b) l r on  ~ i r c a  loy-4(c) ~i ~ t r a t e ' ~ )  

Releach o f  UOZF760 

RUOZF760 14 0 -025 0.025 0.018 <0.001 0.003 

U0,-Oxidized l r on  
& 

F ina l  
Measured 

pH 

(a) 36 m l  sample 
(b) 50 m l  sample 
( c )  10 m l  sample 
( d l  ND - not  detected 



TABLE A.3. Uranium C o n c e n t r a t i o n  Data f o r  25 and 75OC Tes ts  o f  U02 
i n  De ion ized  Water 

Sample No. 
No. Days 

25OC Tests 

75OC Tests 

Uranium Concentration. Vg/ml 

Plateout on 

~ e a c h a t e ' ~ )  ~ e f l o n ( ~ )  ~ i r c a l o y - 4 ( c )  ~ i l t t - a t e ( a )  

(a )  36 ml sample 
(b)  50 ml sample 
( c )  10 ml sample 
(d)  Not analyzed. Prec ip i ta ted solution. 

Final  
Measured 

pH 



TABLE A.4. Uran ium C o n c e n t r a t i o n  Data  f o r  150°C T e s t s  o f  U02 i n  B r i n e  

Urani um Concentrat ion, pg/ml 

PI a t e o u t  on Final 
Sampl e No. Measured 
No. Days ~ e a c h a t e ' ~ )  Te f lon  ( a )  l ron (b ) Z i r c a l  0 ~ - 4 ( ~ )  Fi I t r a t e  PH 

( a )  72 ml sampl e. Two pel l e t s  were used r a t h e r  than one as i n  t h e  25 and 
75OC t e s t s .  

(b )  pg per metal coupon. 



TABLE A.5. Uranium C o n c e n t r a t i o n  Data f o r  150°C Tes ts  of 
U02 i n  De ion ized  Water 

Uran i m Concentrat ion, pg/ml 

Sampl e No. PI ateout  on 

No. Days ~ e a c h a t e ' ~ )  ~ e f l  on(a) Iron (b )  ~ i r c a l  ay-4(b) ~i l t r a t e t a )  

Final 
Measured 

pH 

( a )  72 ml sample. Two p e l l e t s  were used r a t h e r  than one as i n  t h e  25 and 
75'C tes ts .  

(b )  1-19 per metal coupon. 



TABLE A.6. Uranium C o n c e n t r a t i o n  i n  F i l t r a t e  f o r  150°C Rock ing 
Au toc lave  Tes ts  of U02 i n  B r i n e  and Oeion ized Water 

Sampl e  No. 
No. Days 

UO7-Dei o n i  zed Water 

1 4 
2  11 
3 18 
4 25 
5  32 
6 3 9 
7 58 

Uran i  um 
Concent r a t i  on, 

pg/ml ( a )  

F i  n a l  
Measured 

( a )  Urani!m c o n c e n t r a t i o n  i n  f i l t r a t e  a f t e r  p a s s i n g  t h r o u g h  
an 18A f i  1 t e r .  I n i  t i  a1 l e a c h a t e  vo l  ume was 230 m l  ; 
a p p r o x i m a t e l y  5 m l  was removed a t  each t i m e  f o r  a n a l y s i s .  

( b )  Measured a t  room temperature .  
( c )  ND - n o t  d e t e c t e d  
( d )  Value i n  parentheses a p p a r e n t l y  i n  e r r o r  and d e l e t e d  

f r o m  d a t a  p l o t s .  



TABLE A.7. Uranium C o n c e n t r a t i o n  Data and pH f o r  25 and 75OC Spent Fuel  Tests  

Uran i  um C o n c e n t r a t i  on, ~ / m l  

Sample No. 
P l  a t e o u t  on 

No. Days ~ i l t e r ( ~ )  F i l t r a t e  Q u a r t z  ~ r o n ' ~ )  

Spent Fue l ,  25OC 

SR-1 2 0.8 13.2 1.9 - 
SB-2 5 1.8 14.3 1.1 - 
SB-3 14 1.3 15.5 2.5 - 
SB -4 2 8 1.9 25.9 2.2 - 
SB-5 60 2.1 23.4 4.1 - 
Spent Fuel  - Fe, 25OC 

SBF-1 2 9 .O 0.8 33.3 137.5 
SBF-2 5 3.5 8.9 5 -0 179.3 
SBF-3 14 9.3 2.5 1.4 322.5 
SBF-4 2 8 7.8 1.8 1.9 582.5 
SBF-5 6 0 10.0 0.9 5.2 993.8 

Real ~ r i n e ( ~ ) ,  25OC 

RB-3 14 2.6 16.5 5.9 - 
Spent Fue l ,  75OC 

SB2-2 5 3.7 21.4 11.1 - 
SB2-4 2 8 2.5 0.3 7.1 - 
Spent Fuel  - Fe, 75OC 

SBF-2 5 9.0 0.7 32.9 50.0 
SBF-4 2 8 11.3 0.97 18.2 65.3 

F i n a l  
Measured 

pH 
Leachate ( c )  
Volume (ml ) 

( a )  25 ml sample. 
( b )  pg p e r  i r o n  coupon. 
( c )  These volumes a p p l y  t o  t h e  " f i l t r a t e "  and " q u a r t z  p l a t e o u t "  s o l u t i o n .  
( d )  Obta ined by p r e p a r i n g  a s a t u r a t e d  s o l u t i o n  o f  s a l t  co red  f r o m  t h e  

Permian Basin.  



TABLE A.8. P l u t o n i u m  C o n c e n t r a t i o n  Data f o r  25 and 75OC Spent Fue l  Tes ts  

P l  u t o n i  um Concent r a t i  on, Bqlml  
P l  a t e o u t  on 

Sample No. 
No. D a y  ~i ~ t e r ( ~ )  F i  1 t r a t e  Q u a r t z  I r o n  ( b )  

Spent Fue l ,  25OC 

SB-1 2 11 2 7 5 - 
SB-2 5 15 6.9 16 - 
SB-3 14 2 0 10 6.9 - 
SB-4 28 4 3 11 5 8 - 
SB- 5 6 0 6 22 4 2 - 
Spent Fuel  - Fe, 25°C 

SBF-1 2 12 0.37 23 7 3 
SBF-2 5 2 5 0.50 6 5 58 
SBF-3 14 37 0.47 15 67 
SBF-4 28 40 0.37 20 160 
SBF-5 6 0 130 0.50 110 2200 

Real ~ r i n e ( ~ ) ,  25OC 

RB-3 14 16 16 8 9 - 
Spent Fue l  - 75OC 

SB2-2 5 12 90 3 8 - 
SB2-4 2 8 2 0 2.7 100 - 
Spent Fue l  - Fe, 75°C 

SBF2-2 5 53 0.84 850 100 
SBF2-4 28 6 2 1 .O 5 8 170 

Leachate  ( c )  
Volume (ml ) 

( a )  25 m l  sample. 
( b )  Bq p e r  i r o n  coupon. 
( c )  These volumes a p p l y  t o  t h e  " f i l t r a t e "  and " q u a r t z  p l a t e o u t "  s o l u t i o n .  
( d )  Obta ined by p r e p a r i n g  a s a t u r a t e d  s o l u t i o n  o f  s a l t  co red  f r o m  t h e  

Permian Basin.  



TABLE A.9. Technet ium C o n c e n t r a t i o n  Data f o r  25 and 75OC Spent Fue l  Tes ts  

P l  u t o n i  urn C o n c e n t r a t i o n ,  Rq/ml 
P l a t e o u t  on 

Sample No. I - \  t L \  

No. Days ~ i l t e r l ' l  F i l t r a t e  Q u a r t z  iron"' 
Spent Fue l ,  25OC 

SB-1 2  2.8 
SB-2 5  2.5 
SB-3 14 4.0 
SB-4 2  8 1.6 
SB-5 60 4.0 

Spent Fue l  - Fe, 25OC 

SBF-1 2  0.42 
SBF-2 5  1.8 
SBF-3 14 5.7 
SBF-4 28 5  .O 
SBF-5 60 0.75 

Real ~ r i n e ( ~ ) ,  25OC 

RB-3 14 3.5 

Spent Fue l ,  ' 7 5 0 ~  

SB2-2 5  5.3 
SB2-4 2  8  5.3 

S ~ e n t  Fue l  - Fe. 75OC 

~ e a c h a t e ' ~ )  
Volume ( m l )  

( a )  25 ml sample. 
( b )  Bq p e r  i r o n  coupon. 
( c )  These volumes a p p l y  t o  t h e  " f i l t r a t e "  and " q u a r t z  p l a t e o u t "  s o l u t i o n .  
( d )  Obta ined by p r e p a r i n g  a  s a t u r a t e d  s o l u t i o n  of s a l t  c o r e d  f rom t h e  

Permian Bas in .  



TABLE A. lO.  Cesium C o n c e n t r a t i o n  Data f o r  25 and 75OC Spent Fue l  Tes ts  

P l  u t o n i  urn Concen t ra t i on ,  Bq/ml 
P l  a t e o u t  on 

Sample No. 
No. Days F i l t e r  ( a )  F i l t r a t e  Q u a r t z  I r o n  ( b )  

Spent Fue l ,  25OC 

SB-1 2 8 9 420 17 
SB-2 5 9.8 170 7.2 - 
SB-3 14 17 600 18 - 
SB-4 2 8 22 530 18 - 
SB-5 60 2 2 480 3 8 - 
Spent Fue l  - Fe, 25OC 

SBF-1 2 2 2 600 48 120 
SBF-2 5 2 8 5 50 3 8 20 
SBF-3 14 28 620 3 7 3 1 
SBF-4 2 8 42 500 15 23 
SBF-5 60 48 920 4 0 3 4 

Real ~ r i n e ( ~ ) ,  25OC 

RB-3 14 2 5 730 4 2 - 
Spent Fue l ,  75°C 

SB2-2 5 68 1300 32 - 
SB2-4 2 8 7 7 1100 3 8 - 
Spent Fue l  - Fe, 75OC 

SBF-2 5 38 1100 38 29 
SBF-4 28 53 1300 3 5 7 7 

~ e a c h a t e ' ~ )  
Volume (ml ) 

( a )  25 ml sample. 
( b )  kBq p e r  i r o n  coupon. 
( c )  These volumes a p p l y  t o  t h e  " f i l t r a t e "  and " q u a r t z  p l a t e o u t "  s o l u t i o n .  
( d )  Obta ined hy p r e p a r i n g  a s a t u r a t e d  s o l u t i o n  of s a l t  co red  from t h e  

Permi an Ras i  n. 



No. o f  
Copies 

DISTRIBUTION 

No. o f  
Copies 

OFFSITE 

30 DOE Technical  In fo rmat ion  Center 

A l l i e d  Chemical Corporat ion 
F i l e  Copy 
505 Second S t r e e t  
Idaho F a l l s ,  ID  83401 

Argonne Nat iona l  Laboratory  
Reference L i b r a r y  
9700 South Cass Avenue 
Argonne, I L  60439 

R. G. B a l l i n g e r  
Bldg. 24, Rm 215 
Massachusetts I n s t i t u t e  

o f  Techno 1 ogy 
77 Massachusetts Avenue 
Cambridge, MA 02139 

E. B o n d i e t t i  
Bldg. 1505 
Environmental Sciences D i v i s i o n  
Oak Ridge Nat iona l  Laboratory  
Oak Ridge, TN 37830 

J. W. B ra i t hwa i t e  
D i v i s i o n  6312 
Sandia Nat iona l  Laboratory  
P. 0. Box 5800 
Albuquerque, NM 87185 

Brookhaven Nat iona l  Labora to ry  
Reference Sect ion 
In fo rmat ion  D i v i s i o n  
Upton, Long Is land,  NY 11973 . 
R. B. Chitwood 
D i v i s i o n  o f  Nuclear Power 

Deve 1 opmen t 
U. S. Department o f  Energy 
Washington, DC 20545 

H. C. C la iborne  
Oak Ridge Nat iona l  Laboratory  
P. 0. Box X 
Oak Ridge, TN 37830 

P. Colombo 
Nuclear Waste Management Group 
Brookhaven Nat iona l  Laboratory  
Upton, Long Is land ,  NY 11973 

J. Davis 
U.S. Nuclear Regulatory  

Commission 
Washington, DC 20555 

O f f i c e  o f  Terminal Waste 
Disposal  and Remedi a1 Ac t i on  

1000 Independence Avenue S.W. 
U. S. Department o f  Energy 
Washington, DC 20585 

Environmental P r o t e c t i o n  
Agency 

O f f i c e  o f  Rad ia t ion  Programs 
Technica l  Assessment D i v i s i o n  

AW559 
Washington, DC 20460 

K. F lynn 
Argonne Nat iona l  Labora to ry  
9700 Cass Avenue 
Argonne, I L  60439 

L. L. Hench 
Dept. o f  M a t e r i a l s  Science 

and Engineer ing 
U n i v e r s i t y  o f  F l o r i d a  
Ga inesv i l l e ,  FL 32611 



No. o f  
Copies 

No. o f  
Copies 

J. Holloway 
Dept. o f  Chemistry 
Ar izona S t a t e  U n i v e r s i t y  
Tempe, AZ 85281 

L. H. Johnson 
Fuel Waste Technology Branch 
Atomic Energy o f  Canada, L td .  
W.N.R.E. Pinawa, Manitoba 
Canada, ROE 1LO 

D. A. Knecht 
Exxon Nuc 1 ear 
P. 0. Box 2800 
Idaho F a l l s ,  ID 83401 

D. Langmuir 
Department o f  Chemistry1 

Geochemistry 
Colorado School o f  Mines 
Golden, CO 80401 

Lawrence Berkeley Labora to ry  
Reference L i b r a r y  
U n i v e r s i t y  o f  C a l i f o r n i a  
Berkeley, CA 94720 

Lawrence Livermore Nat iona l  
Laboratory  

Reference L i b r a r y  
P. 0. Box 808 
Livermore, CA 94550 

D. LeCla i re  
Defense Waste and Byproducts 

Management 
U. S. Department o f  Defense 
Washington, DC 20545 

A. Lerman 
Dept. o f  Geolog ica l  Sciences 
Northwestern U n i v e r s i t y  
Evanston, I L  60201 

W. L. L indsay 
Centennial  Professor  
Colorado S ta te  U n i v e r s i t y  
F o r t  C o l l i n s ,  C O  80523 

Los Alamos S c i e n t i f i c  
Labora to ry  

Reference L i b r a r y  
P. 0. Box 1663 
Los Alamos, NM 85744 

R. Y. Lowrey 
Albuquerque Operat ions O f f i c e  
U. S. Department o f  Energy 
A1 buquerque, NM 87115 

R. W. Lynch 
Manager, Department 4530 
Sandia Labo ra to r i es  
P. 0. Box 5800 
Albuquerque, NM 87185 

S. A. Mann 
Chicago Operat ions and 

Regional O f f  i c e  
U. S. Department o f  Energy 
Argonne, I L  60439 

M. A. Molecke 
Nuclear Waste Experimental  

Programs 
D i v i s i o n  4512 
Sandia Labo ra to r i es  
Albuquerque, NM 87185 

J. P. Murray 
P ie rce  H a l l  
Harvard U n i v e r s i t y  
Cambridge, MA 02138 

Oak Ridge Nat iona l  Labora to ry  
Centra l  Research L i b r a r y  
Document Reference Sec t ion  
Oak Ridge, TN 37830 



No. o f  No. o f  
Copies Copies 

A. Ogard R. G. Post 
CNC-11, MS-514 College o f  Engineering 
Los Alamos S c i e n t i f i c  Laboratory U n i v e r s i t y  o f  Ar izona 
Los Alamos, NM 87545 Tucson, AZ 85721 

V. M. Oversby 
Lawrence Livermore Nat ional  

Laboratory 
P. 0. Box 808 
Livermore, CA 94550 

F. L. Parker 
Department o f  Environmental 

Engi neer i  ng 
Vanderb i l t  U n i v e r s i t y  
Nashvi l le ,  TN 37235 

G. A. Parks 
Department o f  Appl ied Ear th 

Sciences 
Stanford U n i v e r s i t y  
Stanford, CA 94305 

T. H. P ig fo rd  
Department o f  Nuclear 

Engineering 
U n i v e r s i t y  o f  C a l i f o r n i a  
Berkeley, CA 94720 

G. F. Pinder 
Department o f  C i v i l  Engineering 
Pr inceton U n i v e r s i t y  
Princeton, NJ 08540 

M. S. Plodinec 
E. I. duPont deNemours & Co. 
Savannah River  Laboratory 
Aiken, SC 29801 

L. D. Ramspott, L-204 
Lawrence Livermore Nat ional  

Laboratory 
P. 0. Box 808 
Livermore, CA 94550 

J. L. Rat igan 
RE/SPEC 
P. 0. Box 725 
One Concourse Dr i ve  
Rapid C i ty ,  SD 57709 

D. W. Readey 
Department o f  Ceramic 

Engineering 
Ohio S ta te  U n i v e r s i t y  
2041 Col 1 ege Road 
Columbus, OH 43210-1178 

Savannah R iver  Laboratory 
Reference L i b r a r y  
Aiken, SC 29801 

M. Se i t z  
Argonne Nat ional  Laboratory 
9700 South Cass Avenue 
Argonne, I L  60439 

R. S i l v a  
Lawrence Livermore Nat ional  

Laboratory 
P. 0. Box 808 
Livermore, CA 94550 

J. Pomeroy, Technical Sec. M. J. S te ind le r  
Nat ional  Academy o f  Sciences Chemical Engineering D i v i s i o n  
Committee o f  Radioact ive Waste Argonne Nat ional  Laboratory 

Man agemen t 9700 South Cass Avenue 
Nat ional  Research Council Argonne, I L  60439 
2101 Cons t i t u t i on  Avenue 
Washington, DC 20418 



No. o f  
Copies 

W. B. White 
M a t e r i a l s  Research Laboratory  
Pennsylvania S ta te  U n i v e r s i t y  
U n i v e r s i t y  Park, PA 16802 

J. B. Wh i t se t t  
Operat ions O f f i c e  
U. S. Department o f  Energy 
550 2nd S t r e e t  
Idaho F a l l s ,  ID  83401 

G. Wicks 
E. I. duPont deNemours & Co. 
Savannah R i v e r  Laboratory  
Aiken, SC 29801 

R. E. Wilems 
INTERA, Environmental Consultants 
11999 Caty Freeway, S u i t e  610 
Houston, TX 77079 

No. o f  
Copies 

20 O f f i c e  o f  Nuclear Waste 
I s o l a t i o n  

505 K ing  S t r e e t  
Columbus, OH 43201 

S. J. Basham 
G. K. B e a l l  
W. A. Carbiener 
J. A. Carr  
D. E. C la rk  
J. C. Cunnane 
J. F. K i r c h e r  
V. S. McCauley 
D. P. Moak 
J. B. Moody 
W. E. Newcomb 
J. S. P e r r i n  
G. E. Raines 
B. A. Rawles ( 5 )  
J. R. Schornhorst  
J. S. Treadwel l  

R. F. Wi l l i ams 4 
E l e c t r i c  Power Research I n s t i t u t e  
3412 H i  1 l v i e w  Avenue 
P. 0. Box 104112 
Palo A l to ,  CA 94303 

W i  1 s t e  L i b r a r y  
U. S. Nuclear Regulatory  

Cornmi s s i  on 
Washington, DC 20555 2 

T. J. Wolery, L-202 
Lawrence L i  vermore Nat iona l  

Labora to ry  
P. 0. Box 808 
Livermore. CA 94550 

O f f i c e  o f  C r y s t a l l i n e  
Repos i to ry  Deployment 

P. 0. Box 16595 
Columbus, OH 43216-6595 

A. A. Bauer 
A. B rands te t t e r  
R. A. Robinson 
B. D. Shipp 

S a l t  Repos i to ry  P r o j e c t  
O f f  i c e  

505 K ing  Avenue 
Columbus, OH 43201 

J. 0. N e f f  
K. K. Wu 

. -  
FOREIGN 

4 O f f i c e  o f  C i v i l i a n  Rad ioac t i ve  
Waste Management K. N u t t a l l ,  Head 

U. S. Department o f  Energy Fuel Waste Technology Branch 
Washington, DC 20545 Whi teshe l l  Nuclear Research 

C. R. Cooley Estab l ishment  
M. W. F r e i  Pinawa, Manitoba, Canada 
A. F. Perge ROE 1LO 
R. S t e i n  



No. o f  
Copies 

FOREIGN (cont inued)  

T. T. Vandegraaf 
Atomic Energy o f  

Canada, L td .  
W.N.R.E., Pinawa, Manitoba 
Canada ROE 1LO 

L. Werme 
Svensk Karnbrans lehanter ing AB 
Swedish Nuclear Fuel and 

Waste Management Company 
Box 5864 
S-102 48 Stockholm, Sweden 

ONS ITE 

3 DOE Richland Operat ions O f f i c e  

J. J. Sutey 
J. D. White 
D. E. Crouter 

3 Rockwell Hanford O ~ e r a t i  ons 

P. A. S a l t e r  
W. W. Schulz 
M. J. Smith 

Exxon Nuc 1 ear Company 

S. J. Beard 

J o i n t  Center f o r  Graduate Studv 

J. Cooper 

UNC Nuclear I ndus t r i es ,  Inc.  

F. H. Bouse 

2 West i nghouse Hanford Company 

D. A. Cant ley 
R. J. Cash 

No. o f  
Copies 

65 P a c i f i c  Northwest Labora to ry  

L. L. Ames 
M. J. Apted 
J. 0. Barner ( 5 )  
W. F. Bonner 
D. J. Bradley 
L. A. Bray 
H. C. Burkholder 
0. G. Coles 
J. S. F ruch te r  
J. H. J a r r e t t  
E. A. Jenne 
M. D. F resh ley  
W. J. Gray ( 5 )  
J. H. Haberman 
F. N. Hodges 
Y. B. Katayama 
M. R. K r e i t e r  
K. M. Krupka 
W. L. Kuhn 
J. L. La tkov ich  
J. L. McElroy 
B. P. McGrai l  
G. L. McVay ( 5 )  
J. E. Mendel 
D. M. Merz 
L. R. Pederson 
R. D. Peters  
S. G. Pitman 
B. A. Pu ls ipher  
D. Rai 
P. W. Reimus 
J.T.A. Roberts 
W. A. Ross 
J. L. Ryan 
J. A. Schramke 
R. J. Serne 
J. W. Shade ( 5 )  
J. L. St raa lsund 
P. J. Turner 
R. E. Westerman 
J. H. Westsik, J r .  
C. F. Windisch 
Technical  I n fo rma t i on  ( 5 )  
Pub1 i s h i n g  Coord inat ion ( 2 )  




