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1.0 WASTE STABILIZATION 

The objective of the Waste Stabilization activities is to develop technology 
to recover or immobilize and package radioactive wastes from nuclear fuel 
cycle facilities for useful applications or for ultimate disposal. 



1.1 

1.0 WASTE STABILIZATION 

J. M. La tkov i ch  - Program O f f i c e  

Program Managers: J. E. 

Major C o n t r i b u t o r s :  G. E. 
H. T. 
J. G. 
M. s. 
D. E. 
K. H. 
D. J. 
R. J .  

Minor,  V. F. F i t z P a t r i c k ,  

Backman, S. M. Barnes, M. 
B l a i r .  D. W. B r i t e .  R. A. 

Manager 
G. L. T ingey  

M. Beary, D. N. Berger,  
Brouns. J. L. B u e l t ,  

Ca r te r ,  L. A. Chick,  C. D. F l o w e k ,  R. W. Goles, 
Hanson, F. E. Haun, W. 0. Heath, G. A. Jensen, 
Knowlton, C. A. Knox, D. E. Larson, D. R. Montgomery, 
Oma, J. M. Perez, R. D. Pe ters ,  D. ti. Siemens, 
S i l v i e r a ,  S. C. S la te ,  S. L. S te in ,  C. L. Timmerinan, 
Traub, E. J.  Wheelwright 

1.1 HANFORD WASTE VITRIFICATION PROGRAM 

(AR-05-10-02 80602) 

The object ive  of the Hanford Waste V i t f i -  
f i c a t i o n  Program (HWVP) is t o  apply v i t r i f i -  
cation technology t o  a selected Hanford 
uaste s t r e a d s ) ,  developing the process and 
equipment t o  be u t i l i z e d  in a Hanford nz s t e  
f a c i t i t y .  

Background 

The Hanford Waste V i t r i f i c a t i o n  Program 

was i n i t i a t e d  a t  t h e  beg inn ing  o f  FY 1982. 

Dur ing  t h a t  f i r s t  year,  program p l a n n i n g  was 

based on development and demonst ra t ion  o f  a 

v i t r i f i c a t i o n  system t h a t  cou ld  be opera ted  

and main ta ined i n  an e x i s t i n g  Hanford  f a c i l -  

i t y ,  r e s t r i c t e d  t o  crane access f o r  s e r v i c -  
i n g  and t e l e v i s i o n  f o r  v iew ing  o p e r i t i o n a l  

and maintenance a c t i v i t i e s .  The t a r g e t  
waste stream s e l e c t e d  was washed s ludge f r o m  

e x i s t i n g  n e u t r a l i z e d  c u r r e n t  a c i d  waste 

(NCAW). I n  FY 1983, program scope was 

a l t e r e d  t o  develop a v i t r i f i c a t i o n  system 

f o r  t h e  B-Plant Waste I m m o b i l i z a t i o n  Annex 

(BWIA). 
p r o v i d e  window viewing. 

i n - c e l l  cranes and man ipu la to rs  w i l l  be used 

f o r  ope ra t i ons  and equipment maintenance. 

T h i s  r e p o r t  rev iews work f rom FY 1982 and 

t h e  f i r s t  h a l f  o f  FY 1983. 

The BWIA, when cons t ruc ted ,  w i l l  
A combinat ion  o f  

Summary 

Program a c t i v i t i e s  i n c l u d e d  v i t r i f i c a t i o n  

process development, remote equipment compo- 

nent  devel  opment and des i  gn , and v i  t r i  f i ca-  

t i o n  system equipment des ign  and f a b r i c a t i o n .  

V i t r i f i c a t i o n  process equipment develop- 

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

t o  t h e  me l te r ,  g lass  m e l t i n g  and pour ing ,  

g lass  c a n i s t e r  hand l ing ,  and m e l t e r  o f f - g a s  

decontaminat ion .  

A b a s i c  m e l t e r  c o n f i g u r a t i o n  was con- 

ce i ved  and computer-code p r e d i c t i o n  o f  tem- 

p e r a t u r e  and s t r e s s  p r o f i l e s  generated. 

Iso therms and equal  s t r e s s  con tou rs  were 

found u s i n g  mathematical  models o f  t h e  B- 

P l a n t  m e l t e r .  
models a l l owed  design o f  r e f r a c t o r y  mate- 

r i a l s  t o  m in im ize  g lass  leakage and r e f r a c -  

t o r y  c rack ing .  Var ious  remote sens ing  and 

c o n t r o l  i ns t rumen ts  f o r  t h e  m e l t e r  were de- 

veloped and tes ted .  Development and t e s t i n g  

were under taken on anc i  11 a r y  g lass  me1 t e r  

hardware and process c o n s i d e r a t i o n s  such as 

o f f - c e n t e r  f eed ing  and i n v e r t e d  g r a p h i t e  

g l a s s  pour funne l  t o  p rec lude  as many p ro -  

cess problems as p o s s i b l e .  

connect ions  t o  t h e  m e l t e r  was minimized. A 
heat  p ipe -coo led  feed nozz le  was designed 

and is under c o n s t r u c t i o n .  

The genera t i on  o f  t hese  

The number o f  



1.2 

The f o l  1 owi ng new retnot i zed component 

systems were designed f o r  use i n  e x i s t i n g  B -  

P l a n t  c e l l s .  ( I n  des ign ing  and e v a l u a t i n g  

t h e  process component systems, t h e  compo- 

nents  were designed f o r  crane s e r v i c i n g  

on ly ,  a l i m i t a t i o n  imposed by t h e  e x i s t i n g  

B-P lan t  c e l l s . )  
0 c a n i s t e r  hand l i ng  system ( t u r n t a b l e )  

0 l e v e l  d e t e c t i o n  system 

e produc t  sdmpl i ng system 

(o c a n i s t e r  c l o s u r e  system 

CD e l e c t r o d e  connector 

J over f l ow  s e c t i o n  hea te r  

J nozz le  maintenance system (nozz le  reamer) 

0 m e l t e r  v iewing  system 

Q thermocouple rep1 acement system 

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

f a c i l i t y  in tended f o r  o p e r a t i o n  i n  a canyon 

f a c i l i t y  was completed. The conceptua l  de- 

s i g n  drawing package f o r  t h a t  system was 

completed. The HWVP scope change necess i -  

t a t e s  changes i n  a l l  system equipment and 
p e r m i t s  t h e  a d d i t i o n  o f  feed c o n c e n t r a t i o n  

p r i o r  t o  v i t r i f i c a t i o n .  Preconceptual  de- 

s i g n  s t u d i e s  o f  t h e  v i t r i f i c a t i o n  system 

in tended  f o r  use i n  t h e  BWIA are  now i n  

p rogress .  

Process Devel opment 

As t h e  focus  o f  t he  HWVP changed from 

p rocess ing  e x i  s t i n g  waste t o  p rocess i  ny 

PUREX waste i n  B-Plant and then i n  t h e  BWIA, 

t h e  t a r g e t  waste stream changed, w i t h  waste 

g lass  development f o l  1 owing. P r e l  i m i  na ry  

waste g lass  designs have been completed f o r  

tanked r e s i d u a l  l i q u o r  and washed n e u t r a l -  

i z e d  cur ren t -ac id -wastes .  The cho ice  t o  

n e u t r a l i z e  and wash t h e  p r e c i p i t a t e  was made 

based on SO4 s o l u b i l i t y  l i m i t s  de termined 

f o r  t he  waste glasses. A v a r i e t y  af waste 

glasses, i n c l u d i n g  b o r o s i l i c a t e ,  phosphate, 

and lead  were eva lua ted  t o  f i n d  a g lass  

amenable t o  accep t ing  h igh  q u a n t i t i e s  o f  

s u l f a t e .  Bo ros i  1 i ca te  g lass  was chosen as 

t h e  re fe rence,  and t h e  phys i ca l  , chemical , 
and e l e c t r i c a l  c h a r a c t e r i s t i c s  necessary f o r  

p rocess ing  were eva lua ted .  

Development o f  v i t r i f i c a t i o n  equipment 

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

t h e  me l te r ,  g lass  m e l t i n g  and pour ing ,  g lass  

can i  s t e r  hand1 i ng , and me1 t e r  o f f  -gas 

decontaminat ion .  

A bas ic  m e l t e r  c o n f i g u r a t i o n  was con- 

c e i  ved and computer-code p r e d i c t i o n  o f  tem- 

p e r a t u r e  and s t r e s s  p r o f i l e s  generated. 

Iso therms and equal s t r e s s  contours  were 

found by use o f  mathematical  models o f  t h e  
B-P lan t  m e l t e r .  T h i s  a l lowed des ign  o f  r e -  

f r a c t o r y  m a t e r i a l s  t o  m in im ize  g lass  leakage 

and r e f r a c t o r y  c rack ing .  A v a r i e t y  o f  r e -  

mote sens ing  and c o n t r o l  i ns t rumen ts  f o r  t he  

me1 t e r  were devel  oped and tes ted .  Anci  11 a r y  
g l a s s  me1 t e r  hardware and process cons idera-  

t i o n s  such as o f f - c e n t e r  f eed ing  and i n -  

v e r t e d  g r a p h i t e  g lass  pour funne l  were de- 

veloped and t e s t e d  t o  p rec lude  as many 

process problems as poss ib le .  The number o f  

connect ions  t o  t h e  m e l t e r  was minimized. A 

heat  p ipe -coo led  feed nozz le  was designed 

and i s  under c o n s t r u c t i o n .  

Plasma to rches  were chosen t o  i n i t i a l l y  

s t a r t  and r e s t a r t  t h e  g lass  me l te r .  Tes ts  

were completed on e x i s t i n g  l a r g e - s c a l e  

m e l t e r s  t o  demonstrate t h e  method's 

f e a s i b i l i t y .  

i n  t h e  m e l t e r  was determined i n  o rde r  t o  

suppor t  f a c i l i t y  cons ide ra t i ons ,  such as 

c e l l  c o o l i n g  and s h i e l d i n g  as w e l l  as m e l t e r  

d i sposa l  op t ions .  Tab le  1.1 g ives  ca lcu-  

l a t e d  dose r a t e s  a t  va r ious  p o i n t s  about t h e  

m e l t e r  assuming a f u l l  tank  o f  NCAW g lass  

Heat and r a d i a t i o n  generated by t h e  waste 
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TABLE 1.1. C a l c u l a t e d  Dose Rates f o r  HWVP M e l t e r  

Dose Rate, Mrem/hr 
0.5 y r  1.0 y r  3.0 y r  5.0 y r  10.0 y r  

1) End s h i e l d e d  by e l e c t r o d e s  l . lE4  

2) Sides 4.1E5 

3) Above l i d  2.4E7 

4) Sottom l . l E 6  

5 )  Glass s u r f a c e  7.5E8 

6 )  B u r i a l  hox above l i d  3.4E4 

w i t h  a 6-month waste age. (A l so  i n c l u d e d  i s  

t h e  dose a t  t he  h ighes t  r a t e  p o i n t  around a 
h i  gh-densi t y  concre te  b u r i a l  box c o n t a i n i n g  

a disposed m e l t e r . )  

f i s s i o n  produc t  decay heat  generated i n  t h e  

m e l t e r  a t  va r ious  t i m e  i n t e r v a l s ,  aga in  vr i th 

a f u l l  tank o f  NCAW g lass .  

D e f i n i n g  a system t h a t  can s u c c e s s f u l l y  

meter l i q u i d  waste t o  t h e  m e l t e r  con t inues  

t o  he d i f f i c u l t .  Var ious  pump concepts have 

been eva lua ted  and some tes ted .  The low 

f l o w r a t e  and h i g h  s o l i d s  con ten t  o f  t he  

l i q u i d  wastes e l i m i n a t e s  many pump types. 

4 i r l i f t s  w i t h  no moving p a r t s  were t e s t e d  a t  

PNL and under subcon t rac t  w i t h  A l l i e d  Gen- 

e r a l  Nuc lear  Serv ices .  To date,  a i r l i f t s  

have n o t  s u c c e s s f u l l y  handled t h e  h i g h  
s o l i d s  con ten t  s l u r r y .  A pump t e s t  s t a t i o n  

was cons t ruc ted ,  where va r ious  mechanical  

pumps w i l l  undergo 1000-hr t e s t i n g  t o  de- 

te rm ine  l i f e t i m e s  and f a i l u r e  modes. 

Tab le  1.2 g i ves  t h e  

TABLE 1.2. Decay Heat froin Glass i n  
HWVP M e l t e r  

Decay Per iod ,  y r  Decay Heat, kW 

0.5 17.4 
1 .o 6.07 

3 .0 1.19 

5 .O 0.506 

10.0 0.294 

3.5E3 4.6E2 l . lE2  2.2E1 

9.1E4 9.1E3 3.3E3 1.5E3 

4.6E6 5.1E3 3.1E5 2.1E5 

2.3E5 2.2E4 8.8E3 4.6E3 

1.5E8 2.OE7 1.2E7 8.8E6 

8.8E3 1.OE3 2.8E2 9.OE1 

F u n c t i o n a l  c r i t e r i a  f o r  o f f - g a s  process- 

i n g  equipment were d e f i n e d  and issued. 

Eng ineer ing  t e s t s  o f  se lec ted  o f f - g a s  p ro -  

cess ing  equipment were completed. 

P r e l i m i n a r y  c r i t e r i a  were s p e c i f i e d  f o r  

t h e  waste c o n t a i n e r  system and t h e  c a n i s t e r  

f i l l / c o o l  program, A c l o s u r e  process f o r  

t h e  B-Plant system was se lec ted .  A q u a l i t y  

v e r i f i c a t i o n  s t r a t e g y  fo r  the  waste package 

was d ra f ted .  Glass thermal p r o p e r t i e s  were 

c a l c u l a t e d  t o  a l l o w  mode l ing  o f  t h e  tempera- 

t u r e  h i s t o r y  o f  t h e  waste c a n i s t e r .  

were a l s o  completed f o r  t h e  c a n i s t e r s  i n  

suppor t  o f  bo th  f a c i l i t y  c o n s i d e r a t i o n s  and 

produc t  q u a l i t y  v e r i f i c a t i o n .  R e s u l t s  f o r  

v a r i o u s  can s i z e s  are  shown i n  Tables 1.3 
and 1.4 and F i g u r e  1.1. 

Heat t r a n s f e r  and dose r a t e  c a l c u l a t i o n s  

M e l t e r  o p e r a t i o n  t e s t s  were conducted i n  

E a r l y  runs conf i rmed 
PNL eng ineer ing -sca le  ceramic m e l t e r s  w i t h  

s imu la ted  NCAW glass.  

t he  s u i t a b i l i t y  o f  t h e  waste g lass  

compos i t ion .  

s imu la ted  washed NCAW sludge and f r i t  s l u r r y  

compos i t ion  was c o n t i n u o u s l y  pumped t o  t h e  

m e l t e r .  D u r i n g  t h e  115.3-hr t e s t ,  -3512 L 

(3752 kg )  o f  s l u r r y  were processed th rough  

t h e  me l te r .  

g lass  were d i r l i f t e d  i n  ba tchwise  f a s h i o n  

froin t h e  m e l t e r  i n t o  a g l a s s - r e c e i v i n g  

c a n i s t e r .  

A f i v e - d a y  t e s t  was completed i n  which a 

Two hundred twenty  k i l og rams  of 
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TABLE 1.3. Heat T rans fe r  and Weight o f  F i l l e d  Can is te rs  
(Neu t ra l i zed ,  Washed CAW; 25% Waste Loading f rom Process ing  12% 240Pu) 

Time f rom C a n i s t e r  S p e c i f i c  Sur face  Wall  T due t o  Thermal 
Wall T 

C a n i s t e r  Can is te r  Reactor Decay Decay Heat due t o  Convec t ion  Grad ien t  Center  
Diameter,  Weight, Discharge, Heat, Heat, F l u x  Convec t ion ,  & Rad ia t i on ,  (Tw-Tc ) ,  L i n e  T ,  

m W W/L W/cm2 O C  O C  O C  OC y r  --- kg -- 
0.51 1360 2 6156 15.2 0.193 
0.41 850 2 3709 15.2 0.145 
0.30 5 50 2 2310 15.2 0.121 

TABLE 1.4. C a n i s t e r  Dose Rate 

De tec to r  
Locat  i on Dose Rate, mrem/hr 

( i n  Fig.  1.1) 20 i n .  D 16 i n .  D 12 i n .  D 

1 2.6 lo7  1.9 l o 7  1.1 lo7 
2 1.1 IO* 1.1 lo8 9.7 lo7 
3 2.6 l o 7  1.9 lo7  1.1 107 

4 5.3 lo7 6.0 lo7 6.1 lo7 
5 3 .6  l o 7  3.1 l o 7  2.6 l o 7  

2 

Conc lus ions  from t h e  exper iment a re  as 

f o l  1 ows: 

1. The maximum f e e d r a t e  o f  50 L / h r  was 

achieved b u t  no t  sus ta ined  because o f  

foaming of t he  mel t .  

f l e x i b l e ,  f r e e - f l o a t i n g  c o l d  cap. 

2. The d i l u t e  s l u r r y  formed and sus ta ined  a 

3. Foaming o f  t h e  me l t  occur red  f i v e  t i m e s  

d u r i n g  t h e  5-day t e s t .  

4. With  o f f - c e n t e r e d  feed ing  plenum cond i -  

t i o n s  were very s t a b l e  i n  t h a t  very few 

o f f -gas  surges occurred. 

5. A curved, t o p - e x i t i n g ,  4 - in .  o f f -gas  l i n e  

remained c l e a r  t h e  e n t i r e  run, and o n l y  

t r a c e  depos i t s  formed on t h e  i n s i d e  w a l l .  

6. M e l t e r  i n s t r u m e n t a t i o n  gave good 

7. A remote i n - c a n i s t e r  g lass  sampler t h a t  

i n d i c a t i o n s .  

had worked w e l l  d u r i n g  p r e t e s t s  f a i l e d  t o  

o b t a i n  a g lass  sample under ac tua l  oper -  

a t i n g  cond i t i ons .  

sampler operated c o r r e c t l y .  

The major  o b j e c t i v e s  o f  t h i s  exper iment  

I n  l a t e r  t e s t s  t h e  

were: 

242 377-513 
232 1 2 4  156 250-388 
210 116 88 204-326 

271 135 

-0.64 cm 

POINTS @ AND @ARE 
LOCATED 0.31 m FROM THE 

@ CANISTER SURFACE. 

0. @ '- DETECTOR LOCATIONS 

FIGURE 1.1. C a n i s t e r  Model ing C o n f i g u r a t i o n  
and D e t e c t o r  Loca t ions  

1. t o  ach ieve  and ma in ta in  a maximum feed- 

r a t e  o f  66 L / h r  m2 

2. t o  d e f i n e  c o n t r o l  ranges and process ing  

3. t o  f u r t h e r  eva lua te  t h e  concept o f  o f f -  

and m o n i t o r i n g  responses 

cen te red  feed ing  
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4. t o  con t inue  e v a l u a t i o n  o f  r e c e n t l y  

i n s t a l  1 ed i ns t rumen ts  des i  gned t o  a i d  

remote me1 t e r  o p e r a t i  on. 

A d i scuss ion  o f  t he  a t ta inmen t  o f  these goa ls  

f o l  1 ows. 

Maximum Steady-State P roduc t i on  Rate 

Downtime i n  which feed s l u r r y  t o  t h e  

m e l t e r  was stopped accounted f o r  20.3 h r ,  

g i v i n g  an on-t ime e f f i c i e n t y  o f  82%. 

Tab le  1.5 l i s t s  t h e  va r ious  causes. 

Of f -Centered  Feed ine  

S l u r r y  was f e d  i n t o  t h e  m e l t e r  th rough an 

o f f - c e n t e r e d  feed p o r t ,  i n  which no p l u g g i n g  

occurred. W i th  o f f - c e n t e r e d  feed ing ,  a l e s s -  

than-100% c o l d  cap was main ta ined,  l e a v i n g  

some exposed g lass  sur face ,  which appears t o  

he lp  m a i n t a i n  a steady m e l t e r  environment 

w i t h  very few o f f - g a s  surges. Another bene- 

f i t  o f  some exposed g lass  s u r f a c e  i s  t h a t  t h e  

plenum space s tays  a t  a h i g h e r  temperature,  

a i d i n g  i n  f a s t e r  evapora t i on  o f  t h e  s l u r r y  

and r e s u l t i n g  i n  h i g h e r  feedra tes .  

B e f o r e  t h e  f i r s t  foaming i n c i d e n t ,  when 
t h e  maximum d e s i r e d  feed ra te  o f  50 L / h r  had 
been reached, t h e  m e l t e r  parameters appeared 

s tab le .  

m e l t  s u r f a c e  was be ing  maintained, w i t h  

A c o l d  cap over  70 t o  80% o f  t h e  

TABLE 1.5. Causes o f  M e l t e r  Feed Downtime 

Cause 

Foaming i n  m e l t e r  

Syr inge- type,  pu lsed feed 

Changeover t o  backup feed 

Removal o f  Ru sorber  bed 

I n s t a l l  feed  sample l i n e  

system 

Pump 

T o t a l  

T o t a l  Time, min. 

1021 

136 

28 

18 

4 

1217 min (20.3 h r )  

plenum tempera tures  o f  400 t o  500'C. 

p rev ious  m e l t e r  exper iments  u s i n g  a s l u r r y  

w i t h  an ox ide  l o a d i n g  o f  478 g/L, f eed ra tes  

o f  60 L / h r  were achieved w i t h  feed e n t e r i n g  

t h e  m e l t e r  a t  t he  c e n t e r p o i n t  o f  t h e  me l te r .  

Co ld  cap coverage d u r i n g  these t e s t s  was 

u s u a l l y  90 t o  95% and plenum tempera tures  

were -430'C. The s l u r r y  p rocess ing  r a t e  o f  

t h e  m e l t e r  i s  l a r g e l y  dependent on t h e  water 

con ten t  o f  t h e  feed. There fore ,  comparing 

t h e  two s l u r r i e s ,  over  an hour p e r i o d  t h e  

same amount o f  water  was evapora ted  (-48 L ) .  

Th i  s comparison suggests t h a t  t he  main advan- 

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

d im in i shed  o f f - g a s  surges; h i g h e r  p rocess ing  

capac i t y  has n o t  y e t  been demonstrated. 

Dur ing  

E v a l u a t i o n  o f  I ns t rumen ts  To F a c i l i t a t e  

Me1 t e r  Remote Opera t ions  

Three dev ices  were used d u r i n g  t h e  e x p e r i -  

ment. A bubb le r  t ube  was immersed -2 i n .  be- 

l ow  t h e  me l t  l e v e l  i n  t h e  g lass  t o  i n d i c a t e  

t h e  g l a s s / c o l d  cap l e v e l  and a l s o  t h e  

m e l t e r ' s  genera l  s t a b i l i t y  as shown by t h e  

b u b b l e r ' s  p ressure  f l u c t u a t i o n s .  It worked 

w e l l  t o  i n d i c a t e  t h e  plenum's s t a b i l i t y ;  t h e  

few v e n t i n g  surges appeared on t h e  da ta  s t r i p  
c h a r t  as smal l  sp ikes  o r  uns tead iness  in t h e  

l i n e .  Changes i n  g lass  l e v e l ,  however, were 

n o t  w e l l  i n d i c a t e d .  

Usual l y  d u r i  ng ove r feed ing  , t h e  r a t e  a t  

which t h e  wa te r  from t h e  s l u r r y  i s  evapora ted  

drops and t h e  plenum space tempera ture  gradu- 

a l l y  drops. The t o t a l  o f f - g a s  f l o w  i s  i n -  

f e r r e d  by pressure  drop across an o r i f i c e  

p l a t e  l o c a t e d  i n  t h e  o f f -gas  l i n e  j u s t  up- 

stream o f  t h e  v e n t u r i .  The o r i f i c e  f l o w  

i nd i  c a t i  on remained steady, i n d i  c a t i  ng no 

d i s c e r n i b l e  drop i n  t h e  o f f - g a s  f low.  The 

plenum tempera ture  was a l s o  c o n s i s t e n t ,  

though somewhat low a t  350 t o  400'C. Other 
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parameters such as the  me1 t e r  r e s i s t a n c e  and 

vo l tage  were a l s o  s tab le .  

had become f i  rmly br idged,  t h e  g lass  tempera- 

t u r e  would have inc reased  as t h e  c o l d  cap 

l o s t  con tac t  w i t h  the  glass.  S l u r r y  would 

have accumulated and have been i n d i c a t e d  by a 
lowered plenum temperature and o f f - g a s  f low 

r a t e .  E v i d e n t l y  t h e  c o l d  cap was n o t  

b r idged.  Had i t  br idged, i t  i s  u n c e r t a i n  

t h a t  t h e  a c c u w l a t i n g  c o l d  cap cou ld  have 

been determined v i a  i n s t r u m e n t a t i o n  only.  

I f  t h e  c o l d  cap 

The second dev i ce  was a plenum bubb le r  de- 

s igned t o  i n d i c a t e  fo rma t ion  o f  foam o r  an 

excess ive  c o l d  cap. The b u b b l e r ' s  open t i p  

was -4 i n .  above t h e  normal o p e r a t i n g  g lass  

l e v e l .  D J r i n g  normal o p e r a t i n g  pe r iods  t h e  

bubb le r  c o r r e c t l y  read the  plenum-vacuum 
pressure  o f  5 i n .  H20 and a l s o  i n d i c a t e d  

minor  p r e s s u r i z a t i o n s  i n  the  me l te r .  When 

foam developed and rose  t o  cover t h e  t i p  o f  

t h e  bubbler,  t h e  added r e s i s t a n c e  was imme- 

d i a t e l y  i n d i c a t e d  on t h e  c h a r t  recorder .  The 

movement o f  t h e  pen was very c y c l i c ,  drawing 

a broad band on t h e  c h a r t  paper. As a new 

bubb le  formed a t  t h e  t i p  o f  t h e  bubb le r  rod, 

t h e  c h a r t  pen went up sca le .  Then as t h e  

bubb le  was released, t h e  pen dropped. The 

th i ckness  o f  t he  foam l a y e r  was i n d i c a t e d  by 

t h e  p o s i t i o n  o f  t h e  band on t h e  c h a r t  paper. 

One problem w i t h  t h e  bubb le r  was apparent 

f o l l o w i n g  a foaming s i t u a t i o n .  

i ng ,  some g lass  was l e f t  on t h e  bubb le r  tube, 

which s l o w l y  ran down t h e  tube and over t h e  

opening, caus ing  pressure  pu lses  t o  be r e -  

corded on t h e  cha r t .  These f a l s e  foaming 

i n d i c a t i o n s  cou ld  be v e r i f i e d  o n l y  by v i s u -  

a l l y  observ ing  t h e  i n s i d e  o f  t h e  me l te r .  

The t h i r d  dev ice  t e s t e d  was a p a i r  o f  

g lass  thermowel ls  p o s i t i o n e d  e q u i d i s t a n t  froin 

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

tances from the  feed p o r t .  Most o f  t he  

thermocouples were 1 ocated  near t h e  g l a s s /  

A f t e r  foam- 

plenum i n t e r f a c e  so as t o  b e t t e r  mon i to r  t he  

c o n d i t i o n  o f  t h e  c o l d  cap. The m e l t e r  was 

always t o  be fed  a t  a r a t e  such t h a t  one 

thermowel l  would i n d i c a t e  c o l d e r  tempera tures  

than  t h e  o ther .  I d e a l l y ,  t h e  temperatures 

shou ld  i n d i c a t e  t h a t  t h e  c o l d  cap had n o t  

grown pas t  t h e  thermowel l  and t h a t  some c l e a r  

g lass  su r face  had been maintained. The tem- 

p e r a t u r e  i n d i c a t e d  when the  c o l d  cap growth 

had reached t h e  second thermowel l .  A t  t h i s  

p o i n t  about 30% of t h e  observab le  g lass  su r -  

face  was l e f t  open. 

Top-Exi t i ng O f f  -Gas L i n e  and Rutheni  um 

Adsorber 

The o f f -gas  system was m o d i f i e d  t o  i n c l u d e  

a curved me l te r / sc rubber  connect ion  resem- 

b l i n g  t h e  6 -P lan t  conceptua l  des ign  and s i l -  

i c a  gel  bed f o r  t r a p p i n g  ruthenium. The new 

curved p i p e  opera ted  w e l l  t h rough  t h e  e n t i r e  

run, and pos t - run  examinat ion  revea led  o n l y  

t r a c e  depos i t s  i n  t h e  u n i n s u l a t e d  4- in.  p ipe. 

excess i ve  pressure  drop a f t e r  '2 days o f  op- 

e r a t i o n  and had t o  be removed. Examinat ion  

revea led  t h e  bed had c o l l e c t e d  much dus t ,  

f rom t h e  m e l t e r  o f f -gas ,  w i t h  a reddish-brown 

c o l o r  resembl ing  feed s o l i d s .  The h i g h  dus t  

l e v e l  i n  t h e  bed was due t o  d i r t - l a d e n  m i s t  

e x i t i n g  t h e  e j e c t o r - v e n t u r i  scrubber,  bu t  

t h i s  shou ld  n o t  be a problem i n  t h e  f u l l -  

s c a l e  process f a c i l i t y ,  where t h i s  m i s t  would 

be removed by a demister.  

The s i l i c a  gel  bed g r a d u a l l y  developed an 

Equipment Remat iz ing  and T e s t i n g  

The emphasi s o f  t h e  HWVP component devel - 
opment and v e r i f i c a t i o n  task  has been t o  

demonstrate t h e  f e a s i b i l i t y  o f  o p e r a t i n g  and 

m a i n t a i n i n g  a l i q u i d - f e d  ceramic m e l t e r  sys- 

tem remote ly  i n  a canyon f a c i l i t y .  
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A t  t he  ou tse t ,  i t  was planned t h a t  t he  

v i t r i f i c a t i o n  system would be i n s t a l l e d  i n  

e x i s t i n g  c e l l s  i n  B-Plant.  

remote opera t i ons  a re  performed us ing  on ly  an 

overhead crane ( w i t h  a r o t a t i n g  hook) and an 

impact wrench. Only pe r i scope  v iew ing  i s  

avai  1 ab1 e. 

w 
I n  B-Plant c e l l s  

Subsequent s t u d i e s  have shown the  prudence 

The c u r r e n t l y  proposed f a c i  1 - 
o f  c o n s t r u c t i n g  new c e l l s  f o r  t h e  ceramic 

inel t e r  system. 

i t y  w i l l  be an annex t o  t h e  e x i s t i n g  Hanford  

R-Plant,  des ignated  as t h e  B-P lan t  Waste I m -  

m o b i l i z a t i o n  Annex (BWIA). I n  t h e  BWIA, t h e  

ceramic m e l t e r  system w i l l  be ma in ta ined  re -  

mote ly  u s i n g  an overhead crane (equipped w i t h  

a r o t a t i n g  hook) and an impact wrench; how- 

ever,  v i  ewi ng windows and mas te r -s l  ave mani p- 

u l a t o r s  w i l l  be p rov ided  a t  se lec ted  l o c a -  

t i o n s  f o r  b e t t e r  v iew ing  and man ipu la to r  as- 

s i s t a n c e  d u r i n g  maintenance a c t i v i t i e s ,  i f  

requ i red .  T e s t i n g  o f  remote components t o  

suppor t  t he  BWIA i s  i n  t h e  e a r l y  stages. 

I n  des ign ing  and e v a l u a t i n g  t h e  process 

component systems, t h e  cons ide rab ly  more de- 

manding r e s t r i c t i o n s  imposed by t h e  B-P lan t  

remote c a p a b i l i t y  were adhered to.  The f o l -  

l o w i n g  new component systems were designed 

f o r  use i n  e x i s t i n g  R-Plant c e l l s :  
a c a n i s t e r  hand l i ng  system ( t u r n t a b l e )  

0 l e v e l  d e t e c t i o n  system 

a produc t  sampl ing system 

c a n i s t e r  c l o s u r e  system 

a e l e c t r o d e  connector  

9 o v e r f l o w  s e c t i o n  hea te r  

* nozz le  maintenance system (nozz le  reamer) 
e m e l t e r  v iew ing  system 

e thermocouple replacement system 

e feed  s l u r r y  t r a n s p o r t  system. 

F i g u r e  1.2 l o c a t e s  each component system 

w i t h  respec t  t o  t h e  proposed m e l t e r  ( t h e  

l e v e l  de tec t i on ,  thermocouple replacement, 

and feed s l u r r y  t r a n s p o r t  systems are  no t  

shown). 

below, where, i n  genera l ,  each system 

desc r ibed  and t h e  f i n d i n g s  of r e m o t a b i l i t y  

and o p e r a b i l i t y  t e s t s  a re  summarized. 

Each component system i s  d iscussed 

i s  

C a n i s t e r  Hand l i ng  System ( T u r n t a b l e )  

I n  radwaste v i t r i f i c a t i o n ,  meta l  can is -  

t e r s  a re  lowered i n t o  t h e  h o t  c e l l ;  f i l l e d  

w i t h  g lass  produc t ;  coo led ,  sealed, and 

t r a n s p o r t e d  e l  sewhere f o r  su r face  decontami- 

n a t i o n  and storage. I n  t h e  c e l l  a t u r n t a b l e  

i s  used t o  p o s i t i o n  an empty c a n i s t e r  below 

t h e  m e l t e r  pour spout, where mol ten  g lass  

p roduc t  pours f rom t h e  m e l t e r  i n t o  the  can- 

i s t e r .  A f t e r  each c a n i s t e r  i s  f i l l e d  and 

a1 lowed t o  coo l  , it i s  capped and removed 

f rom t h e  t u r n t a b l e .  

o f  a c i r c u l a r  r o t a t i n g  rack t h a t  suspends 

f o u r  c a n i s t e r  h o l d e r s  90' apa r t .  The can is -  

t e r  h o l d e r s  p r o t r u d e  below t h e  rack and i n t o  

a tank  equipped w i t h  c o o l i n g  c o i l s  f o r  t h e  

c o n t r o l l e d  s o l i d i f i c a t i o n  o f  t h e  produc t .  

The t u r n t a b l e  r o t a t e s  i n  90° increments:  an 

empty c a n i s t e r  i s  lowered i n t o  t h e  c e l l ,  

p o s i t i o n e d  under t h e  spout,  f i l l e d ,  moved 

th rough two c o o l i n g  s t a t i o n s ,  and then moved 

i n t o  p o s i t i o n  f o r  removal. 
The t u r n t a b l e  i s  r o t a t e d  by an e l e c t r i c  

motor t u r n i n g  a cam-operated index  d r i v e  
th rough a t r i p l e - r e d u c t i o n  gear box. 

o u t p u t  s h a f t  f rom t h e  cam-operated index  

d r i v e  f i t s  i n t o  a socket  i n  t h e  t u r n t a b l e .  

R o t a t i  on s l o w l y  acce le ra tes  , peaks , and then  

decreases t o  a h a l t  as t h e  cam t u r n s  t o  a 

" d w e l l "  o r  f l a t  spot. As t h e  cam con t inues  

t o  tu rn ,  it engages t h e  cam f o l l o w e r ,  wh ich  

t u r n s  t h e  o u t p u t  s h a f t  and r o t a t e s  t h e  t u r n -  

t a b l e  t o  a new p o s i t i o n .  A l i m i t i n g  mechan- 

i s m  c o n t r o l s  t h e  t u r n t a b l e  r o t a t i o n ,  s top-  

p i n g  it, and a c c u r a t e l y  p o s i t i o n i n g  t h e  can- 

i s t e r  ho lde rs  a t  each o f  t h e  f o u r  s t a t i o n s .  

The t u r n t a b l e  c o n s i s t s  

The 
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cus I f  t h e  motor o r  t h e  cam-operated index  d r i v e  

shou ld  f a i l ,  t h e  t u r n t a b l e  can be r o t a t e d  by 

a c rane-he ld  impact wrench. 

t h e  t u r n t a b l e  d r i v e s h a f t  i s  removed and t h e  
socket  on t h e  impact wrench i s  s l i p p e d  on to  

a s h a f t  designed f o r  wrench r o t a t i o n .  

I n  t h i s  case, 

When a f i l l e d  c a n i s t e r  i n  t h e  t u r n t a b l e  

i s  t o  be rep laced  w i t h  an empty one, a t u r n -  

t a b l e  p o r t  i s  opened. 

however, an i s o l a t i o n  va l ve  separa t i ng  t h e  
t u r n t a b l e  f rom the  m e l t e r  pour spout i s  

c losed  t o  p revent  u n r e s t r i c t e d  f l o w  o f  c e l l  

a i r  th rough the  open t u r n t a b l e  p o r t  i n t o  t h e  

me l te r .  As t h e  i s o l a t i o n  va l ve  i s  d i r e c t l y  
under the  me l te r ,  i t  cannot be d i r e c t l y  i n -  

s t a l l e d  o r  replaced. 

screw j a c k  mechanism f i x e d  t o  t h e  t o p  o f  t he  
t u r n t a b l e  a l l o w  i n d i r e c t  va l ve  opera t i on .  A 

va l ve  ga te  i s  mounted on a se t  o f  g l i d e r s  

t h a t  s i t  on t h e  r a i l s .  Tu rn ing  a nu t  w i t h  a 

crane-he1 d impact wrench d r i v e s  t h e  Val ve 
ga te  a long t h e  r a i l  i n t o  a p o s i t i o n  between 

a f l a n g e  on t h e  pour spout and one on t h e  

t u r n t a b l e  p o r t .  

s l i p s  t h e  va l ve  ga te  i n t o  and ou t  o f  a 

wedge-shaped gap between t h e  m e l t e r  and t h e  

t u r n t a b l e .  
mate n e a r l y  a i r t i g h t  w i t h  the  f l anges  o f  t h e  
pour spout and t h e  t u r n t a b l e .  

t h e  t u r n t a b l e  i n d i c a t e s  t h a t  t h e  c a n i s t e r  
hand1 i ng system concept i s  f e a s i b l e .  (The 

p r o t o t y p e  t u r n t a b l e  rack  had one shor tened 

c a n i s t e r  ho lde r  and no c o o l i n g  tank.) 

i n g  was p r i m a r i l y  concerned w i t h  t h e  remote 

o p e r a t i o n  o f  t h e  i s o l a t i o n  va l ve  assembly 

and t u r n t a b l e  d r i v e  mechanism, as w e l l  as 

c h a r a c t e r i  z a t i  on o f  a i r  i nleakage assoc ia ted  

w i t h  t h e  i s o l a t i o n  valve.  Tes ts  a l s o  eva lu -  

a ted  t h e  e f f e c t  o f  s p i l l e d  g lass  on opera- 

t i o n  o f  t he  i s o l a t i o n  valve.  

Be fo re  i t  i s  opened, 

A s e t  o f  r a i l s  and a 

The wrench-dr i  ven mechanism 

The va l ve  ga te  i s  designed t o  

E v a l u a t i o n  o f  a sca l  ed-down p r o t o t y p e  o f  

Tes t -  

Remote replacement o f  t he  i s o l a t i o n  va l ve  

assembly w i t h  t h e  overhead crane was demon- 

s t r a t e d .  To remove t h e  i s o l a t i o n  va l ve  as- 
sembly, t h e  impact wrench t u r n s  a screw 

which withdraws t h e  va l ve  ga te  from t h e  
m e l t e r  f lange.  When t h e  va l ve  gate i s  c l e a r  

o f  t he  m e l t e r ,  t h e  lockdown nu ts  a re  removed 

w i t h  t h e  remote impact wrench and then t h e  

i s o l a t i o n  va l ve  assembly, w i t h  the  use o f  

t h e  crane hook, i s  l i f t e d  o f f  t h e  r a i l  t h a t  

guides i t  i n t o  p o s i t i o n  under t h e  me l te r .  
I n  a 

va l ve  t e s t  a t  ambient temperature,  t h e  a i r  

in leakage r a t e  was 1.3 scfm, w i t h  a vacuum 

o f  3 i n .  o f  water.  A t  a tempera ture  o f  
247"C, which i s  more t y p i c a l  o f  a c t u a l  

m e l t e r  ope ra t i on ,  t h e  a i r  i n leakage  r a t e  was 

1.0 scfm w i t h  a vacuum o f  13 i n .  o f  water.  

The l i m i t i n g  s w i t c h  t h a t  s tops  r o t a t i o n  

was cyc led  th rough  50 r o t a t i o n s  o f  t h e  t u r n -  

t a b l e  w i t h  n e g l i g i b l e  misa l ignment  i n  t h e  

t u r n t a b l e .  No s l o p  or p l a y  was observed i n  

t h e  connect ion  between t h e  t u r n t a b l e  d r i v e -  

s h a f t  and t h e  socket  connec t ing  t h e  s h a f t  
t o  t h e  t u r n t a b l e  (which cou ld  cause 

m i  s a l  i gnment ) . 
To eva lua te  t h e  e f f e c t  o f  s p i l l e d  g lass  

on o p e r a t i o n  o f  t h e  i s o l a t i o n  valve,  50 mL 
o f  g lass  were poured on t h e  va l ve  ga te  a t  

bo th  ambient tempera ture  and 2 4 O O C .  I n  one 

t e s t ,  t h e  g lass  was a l lowed t o  s o l i d i f y  be- 

f o r e  t h e  va l ve  was c losed;  i n  another  t e s t ,  

t h e  va l ve  ga te  was opera ted  w h i l e  t h e  g lass  
was s t i l l  mol ten. I n  bo th  t e s t s ,  t h e  g l a s s  

d i d  no t  a f f e c t  e i t h e r  va l ve  o p e r a t i o n  o r  t h e  

r a t e  o f  in leakage.  

Valve ga te  s e a l i n g  was eva lua ted .  

Leve l  D e t e c t i o n  System 

The proposed l e v e l  d e t e c t i o n  system con- 

s i s t s  o f  an a r r a y  o f  p r a y  d e t e c t o r s  mounted 

i n  t h e  c e l l  w a l l  p l u s  a t r a n s m i s s i o n  source 
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w i t h i n  t h e  c e l l .  The d e t e c t o r  a r ray ,  t r a n s -  

m iss ion  source, and t h e  c a n i s t e r  be ing  f i l l e d  

a re  a l i gned ,  w i t h  t h e  c a n i s t e r  p laced between 

t h e  source and t h e  d e t e c t o r  a r ray .  As t h e  

c a n i s t e r  i s  f i l l e d ,  v i t r i f i e d  waste produc t  

reduces t h e  i n t e n s i t y  o f  t h e  y rays  t h a t  pass 

th rough it from t h e  source t o  t h e  de tec to rs .  

Th i s  source a t t e n u a t i o n ,  de tec ted ,  es tab-  

l i s h e s  whether the  c a n i s t e r  i s  f i l l e d .  The 

v e r t i c a l  a r r a y  o f  d e t e c t o r s  a l l ows  t h e  

presence o f  g lass  t o  be v e r i f i e d  a t  severa l  

d i s c r e t e  l e v e l s  w i t h i n  t h e  c a n i s t e r .  

Since the  p r a y  source and d e t e c t o r  must 

be a l i g n e d  i n  the  same h o r i z o n t a l  p lane, each 

d e t e c t o r  w i t h i n  the  a r ray  r e q u i r e s  a separa te  

source. One way t o  meet t h i s  need i s  t o  i n -  

s t a l l  a s i n g l e  source spanning t h e  l e n g t h  of 
t he  c a n i s t e r  (-10 f t ) .  Another method i s  t o  

m o b i l i z e  a sma l le r  y-ray source so t h a t  i t  
moves up and down t h e  l e n g t h  o f  t h e  c a n i s t e r .  

The source i s  then v i s i b l e  t o  each d e t e c t o r  

p e r i o d i c a l l y  r a t h e r  than con t inuous ly .  Whi le  
b o t h  methods w i l l  work, t h e  second method i s  

much l e s s  expensive than a s i n g l e ,  c a n i s t e r -  

l e n g t h  source. The concept o f  u s i n g  t h e  v i t -  

r i f i e d  waste produc t  w i t h i n  t h e  c a n i s t e r  as 

t h e  l e v e l  source was cons idered b u t  l a t e r  

abandoned s ince  t h e  137Cs load ings  w i t h i n  t h e  

waste produc t  are no t  s u f f i c i e n t  t o  p r o v i d e  a 

u s e f u l  d e t e c t o r  response. I n - c e l l  deployment 

o f  t he  y-ray d e t e c t o r s  was found capable o f  

overcoming t h i s  s e n s i t i v i t y  problem, bu t  l a c k  

o f  engi n e e r i  ng suppor t  f o r  t h i s  conf i g u r a t  i o n  

prec luded i t s  use. 

use i n  t h e  l e v e l  d e t e c t i o n  system. The NaI 

d e t e c t o r  i s  a s o l i d - s t a t e  y-ray s c i n t i l l a t i o n  

dev i ce  which possesses t h e  h i g h e s t  i n h e r e n t  

y-ray d e t e c t i o n  s e n s i t i v i t y  o f  a l l  commonly 

used y-ray de tec to rs .  Consequently, a r e l a -  

t i v e l y  small  NaI d e t e c t o r  can rep lace  and 

ou tpe r fo rm much l a r g e r  y-ray d e t e c t i o n  sys- 

An NaI y-ray d e t e c t o r  was eva lua ted  f o r  

tems. Also,  once deployed, t h e  NaI d e t e c t o r  

r e q u i r e s  no p h y s i c a l  suppor t  o r  maintenance. 

Two y-ray t ransmiss ion  sources, 137Cs and 

6oCo, were eva lua ted  f o r  i n - c e l l  use. 

a b i l i t y  o f  t he  proposed l e v e l  d e t e c t i o n  sys- 
tem t o  e s t a b l i s h  t h e  l e v e l  o f  g lass  w i t h i n  a 

c a n i s t e r  was then assessed f o r  each. Remote 

i n s t a l  1 a t i  on and rep1 acement o f  t h e  mobi l e  

y-ray source assembly w i l l  be v e r i f i e d  i n  

t e s t i n g .  A sou rce -mob i l i z i ng  mechanism i s  

be ing  designed. 

An e v a l u a t i o n  o f  t he  l e v e l  d e t e c t i o n  sys- 

tem under ac tua l  can i  s t e r  g l  a s s - f i  11 i ng con- 

d i t i o n s  i n d i c a t e s  t h a t  t he  c u r r e n t  concept i s  

f e a s i b l e  and t h a t  6oCo i s  more v e r s a t i l e  than  

137Cs as an i n - c e l l  t r ansmiss ion  source. The 

e v a l u a t i o n  i n v o l v e d  an NaI de tec to r ,  a 6oCo 

source, and an in -can me l te r .  I n  t h e  e x p e r i -  

mental c o n f i g u r a t i o n ,  t h e  source and t h e  de- 

t e c t o r  were s i t u a t e d  i n  t h e  same h o r i z o n t a l  

p lane  and were c o n f i n e d  t o  move (as a u n i t )  

v e r t i c a l l y  up and down t h e  l e n g t h  o f  t h e  

c a n i s t e r .  C a n i s t e r  g lass  l e v e l  da ta  were 

c o l l e c t e d  by t h i s  system under s t a t i o n a r y  as 

w e l l  as scanning c o n d i t i o n s .  I n  bo th  cases, 

t h e  a t t e n u a t i o n  o f  t h e  y-ray s i g n a l  produced 

by t h e  g lass  was unmis takab le  and t h e  ade- 

quacy o f  an e x t e r n a l  t r a n s m i s s i o n  source f o r  

e s t a b l i s h i n g  g ldss  l e v e l  was u n e q u i v o c a l l y  

v e r i  f i ed. 

O f  t h e  two t ransmiss ion  sources cons id -  

ered, 6oCo was judged s u p e r i o r  because o f  

much lower  s t r e n g t h  requ i  rements, t h e  absence 

of feed-re1 a ted  background problems, and com- 

p a t i b i l i t y  w i t h  o p t i o n a l  d i r e c t  waste g lass  

y-ray d e t e c t i o n  methods. 

c a t i o n s ,  a 6oCo source s t r e n g t h  -10 c u r i e s  
i s  requ i red .  

The combina t ion  o f  an encapsulated, en- 

c l o s e d  6oCo source and a v e r t i c a l l y  mob i l e  

s tage f o r  p o s i t i o n i n g  t h e  source i s  d e s i r a b l e  

f o r  severa l  reasons. A v e r t i c a l l y  mob i l e  

The 
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source r e q u i r e s  o n l y  a s i  ng le -po i  n t  source of 

a c t i v i t y ,  which c o u l d  be procured, shipped, 

deployed, and u l t i m a t e l y  disposed o f  us ing  

uncompl icated, s tandard  procedures.  F u r t h e r -  

more, i n  t h i s  c o n f i g u r a t i o n ,  t he  source moves 

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

l o w i n g  t h e  v e r t i c a l  e x t e n t  o f  t h e  d e t e c t o r  

v iew ing  window t o  be as narrow as des i red ,  

t hus  mai n t a i  n i  ng r e s o l  u t i  on o f  t he  cani  s t e r  

1 eve1 p o s i t i o n .  Ex tend ing  t h e  v iew ing  w i  ndow 

h o r i z o n t a l l y  w i l l  a l l o w  p o s i t i o n a l  t o le rances  

o f  t he  d e t e c t o r  boreho les  w i t h i n  t h e  c e l l  

w a l l  t o  be re laxed  w i t h o u t  g r e a t l y  a f f e c t i n g  

t h e  s i g n i f i c a n c e  o f  t h e  coun t ing  data. 

n a l l y ,  6oCo i s  no t  expected t o  ever be a 

major r a d i o n u c l i d e  component o f  t h e  s l u r r i e s  
processed by t h e  HWVP m e l t e r .  A l l  o f  t h i s  

s i m p l i c i t y ,  o f  course, i s  a t  t h e  expense o f  

p r o v i d i n g  a mechanical dev i ce  w i t h i n  t h e  ho t  
c e l l .  However, t h i s  a d d i t i o n a l  comp lex i t y  i s  

g e n e r a l l y  no t  cons idered a se r ious  drawback. 

T e s t i n g  a l s o  i n d i c a t e s  t h a t  t h e  t ransmis -  

s i o n  source l e v e l  d e t e c t i o n  approach i s  w e l l  

s u i t e d  t o  diagnose nonun i fo rm c a n i s t e r  f i  11 - 
i n g  c o n d i t i o n s  (known c o l l e c t i v e l y  as "rop- 

i n g " ) .  Th i s  r e s u l t  stems f rom t h e  f a c t  t h a t  

i n t e r p r e t a t i o n  o f  t he  da ta  generated from a 

t ransmiss ion  source i s  independent o f  abso- 
l u t e  coun t ing  ra te .  It i s  the  r a t i o  o f  

coun t ing  r a t e s  ( a t t e n u a t i o n  f a c t o r )  t h a t  d i  - 
r e c t l y  r e l a t e s  t o  t h e  u n i f o r m i t y  o f  t h e  can- 

i s t e r  f i l l .  Consequently, system response 

f u n c t i o n s  are  q u i t e  p r e d i c t a b l e  under a1 1 
concei  vab le  c a n i s t e r  f i  11 i ng c o n d i t i o n s .  

F i -  

Produc t  Sampling System 

To v e r i f y  t h e  v i t r i f i e d  waste 's  composi- 

t i o n ,  a sample i s  c o l l e c t e d  and sent  t o  a 

l a b o r a t o r y  f o r  ana lys i s .  

i s  t o  o b t a i n  a g lass  sample s u i t a b l e  f o r  

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

glass-making o r  c a n i s t e r - f i l l i n g  ope ra t i ons .  

The sampl ing system 

The produc t  sampl ing system c o n s i s t s  o f  a de- 

v i c e  (me l t  sampler)  t h a t  i s  manual ly p laced  

w i t h i n  t h e  open neck o f  a c a n i s t e r  be fo re  t h e  

c a n i s t e r  i s  lowered i n t o  t h e  h o t  c e l l .  A f t e r  

t h e  m e l t  sampler i s  i n s t a l l e d  i n  t h e  c a n i s t e r  

neck, t h e  c a n i s t e r  i s  lowered i n t o  t h e  c e l l  

and centered  under t h e  m e l t e r  pour spout. 

When t h e  c a n i s t e r  i s  i n  p lace ,  t h e  p o u r i n g  

o p e r a t i o n  begins.  As t h e  g lass  stream f a l l s  

f rom t h e  pour spout, it e n t e r s  a sample cup 

a t tached  t o  a p i v o t i n g  arm. The oppos i te  end 

o f  t h e  arm i s  counterwe igh ted  i n  such a way 

t h a t  when t h e  d e s i r e d  we igh t  o f  g lass  i s  c o l -  

l ec ted ,  t h e  sample cup p i v o t s  downward, 

a l l o w i n g  unobs t ruc ted  f i l l i n g  o f  t he  can is -  

t e r .  
f rom p i v o t i n g  b e f o r e  a sample i s  ob ta ined.  

The cup i t s e l f  p i v o t s  on t h e  end o f  t h e  arm 

so t h a t  as t h e  arm swings downward, t h e  

mol ten  g lass  does n o t  s p i  11. The sampler 

des ign  i n c o r p o r a t e s  c e n t e r i n g  tabs  which 

ensure t h a t  t h e  sample cup i s  p laced  w i t h i n  

t h e  narrow path  o f  t h e  stream. 

c a n i s t e r  i s  f i l l e d  and cooled, t h e  me l t  sam- 

p l e r  i s  removed f rom the  neck and lowered 

i n t o  a sample r e t a i n e r  t h a t  cap tures  t h e  cup 

and sample. 

i n c l u d i n g  t h e  counterwe igh ted  arm assembly, 
i s  d iscarded:  o n l y  t h e  sample cup i s  sent t o  

the  l a b o r a t o r y .  

The t e s t s  o f  t h e  me l t  sampler demonstrated 

remote i n s t a l l a t i o n ,  sampling, and sample 

c o l l e c t i o n  w i t h  no comp l i ca t i ons .  To simu- 

l a t e  ac tua l  ope ra t i on ,  t h e  m e l t  sampler was 

i n s t a l l e d  under t h e  pour spout o f  t h e  p i l o t -  

sca le  ceramic me1 t e r  (PSCM). F i  ve samples 

we igh ing  f rom 18.5 t o  64.0 g were c o l l e c t e d .  

The f i f t h  sample was recovered a f t e r  t h e  

empty c a n i s t e r  i n  which i t  had been p laced  

was f i l l e d .  

t h e  sample would s p i l l  o r  o the rw ise  be l o s t  

when heat  f rom t h e  g lass  i n  t h e  c a n i s t e r  

The counterwe igh t  a l s o  p reven ts  t h e  arm 

A f t e r  t h e  

The r e s t  o f  t h e  me l t  sampler, 

T h i s  d i s p e l l e d  t h e  concern t h d t  
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remel ted  the  sample. The p i v o t  p o i n t  on t h e  

cup h e l d  t h e  cup u p r i g h t ,  p r e v e n t i n g  sample 

l o s s .  
The remote i n s t a l l a t i o n  and removal o f  t he  

m e l t  sampler were demonstrated us ing  a 12- in.-  
d i a  c a n i s t e r  neck; t h e  sampler i s  adaptab le  

t o  neck d iameters  o f  9 t o  16 i n .  

F i n a l l y ,  t h e  a b i l i t y  t o  remote ly  c o l l e c t  

t h e  sample cup w i t h i n  t h e  sample r e t a i n e r  was 

demon s t  r a t e d  repeated1 y . 
C a n i s t e r  C losure  System 

A f t e r  f i l l i n g  and coo l i ng ,  c a n i s t e r s  a re  

capped and l a t e r  sealed. 

which caps the  f i l l e d  c a n i s t e r s ,  c o n s i s t s  of  

a threaded cap w i t h  l i f t i n g  b a i l ,  an impact 
nu t  cen tered  on t h e  b a i l ,  and a s top  f l a n g e  

t h a t  e n c i r c l e s  t h e  lower  p o r t i o n  of t h e  can- 

i s t e r  neck. The e x t e r i o r  o f  t h e  c a n i s t e r  

neck i s  threaded, as i s  the  i n t e r i o r  o f  the  

cap vrhich s k i r t s  t h e  c a n i s t e r  neck. 

c e l l  c a n i s t e r  capping o p e r a t i o n  i s  accom- 

p l i s h e d  by f i r s t  l o w e r i n g  t h e  cap by c rane 

on to  t h e  c a n i s t e r  neck. The crane hook i s  

then removed and a crane-operated impact  

wrench screws t h e  cap on to  t h e  c a n i s t e r .  The 

cap i s  t i g h t  when t h e  bo t tom su r face  o f  t h e  

cap s k i r t  mates w i t h  t h e  upper su r face  of t h e  

s top  f l a n g e  on t h e  c a n i s t e r  neck. The seam 

between t h e  cap and t h e  s top  f l a n g e  may l a t e r  

be welded shut.  The impact wrench i s  r e -  

moved, and t h e  assembled c a n i s t e r  and cap are  

l i f t e d  ou t  o f  t h e  t u r n t a b l e  us ing  t h e  cap- 

l i f t i n g  b a i l .  

E v a l u a t i o n  o f  t he  p r o t o t y p e  system i n d i -  

ca ted  t h a t  i t  f u n c t i o n e d  w e l l .  A p r o t o t y p e  

cap was lowered on to  t h e  c a n i s t e r  neck and 

then screwed on t i g h t l y  u s i n g  an impact 

wrench. Changing t h e  o r i e n t a t i o n  o f  the  cap 

l e a d - i n  th reads  w i t h  respec t  t o  t h e  s t a r t i n g  

The c l o s u r e  system, 

The i n -  

th reads  on t h e  c a n i s t e r  neck had l i t t l e  e f -  

f e c t  on t h e  c l o s u r e  opera t i on ;  a c rane-  

opera ted  impact wrench accomplished t h e  

t i g h t e n i n g  rega rd less  o f  t h e  i n i t i a l  cap 

o r i e n t a t i o n .  The a n t i c i p a t e d  thermal expan- 

s i o n  o f  t h e  c a n i s t e r  neck, caused by heat  

conducted from t h e  p a r t i a l l y  coo led  produc t ,  

was s imu la ted  by h e a t i n g  t h e  p r o t o t y p e  can- 

i s t e r  neck t o  va r ious  tempera tures  th roughout  

t e s t i n g ;  o n l y  above 3 O O O C  d i d  sc rewing  t h e  

cap on become d i f f i c u l t .  Once t y p i c a l  i n -  

c e l l  c a n i s t e r  neck temperatures are  known, 

t h r e a d  t o l e r a n c e s  on t h e  cap and/or t h e  

c a n i s t e r  neck can be des i  gned t o  accommodate 

t h e  cor respond ing  thermal expansion. 

The p o s s i b i l i t y  o f  glass be ing  d r ipped  

f rom t h e  spout on to  t h e  c a n i s t e r  th reads  was 
s imu la ted  i n  two t e s t s  and was observed t o  

have a n e g l i g i b l e  e f f e c t :  u s i n g  t h e  crane t o  

s e t  t h e  cap on to  t h e  c a n i s t e r  neck was s u f f  

c i e n t  t o  s h a t t e r  t h e  g lass .  I n  t h e  second 

t e s t ,  g l a s s  was poured on to  t h e  s t o p - f l a n g e  

c o v e r i n g  some th reads  w i t h  a mound o f  s o l i d  

i f i e d  g lass .  Th is  a l s o  f a i l e d  t o  o b s t r u c t  

c l o s u r e :  t h e  r a t c h e t i n g  a c t i o n  o f  t h e  impact 

vrrench t i g h t e n i n g  t h e  cap v i b r a t e d  t h e  g lass  

1 oose. 
A f t e r  remote i n s t a l l a t i o n  o f  t h e  cap under 

s imu la ted  c e l l  c o n d i t i o n s  was demonstrated, 

t h e  a b i l i t y  o f  t h e  cap t o  remain t i g h t  d u r i n g  

c a n i s t e r  removal was eva lua ted .  A l o a d  c o r -  

respond ing  t o  t h e  we igh t  o f  a f i  1 l e d  c a n i s t e r  

(4200 l b )  was p u l l e d  on t h e  l i f t i n g  b a i l  w i th  
the  cap t i g h t e n e d  on to  t h e  c a n i s t e r  neck. 

The cap was then  sub jec ted  t o  t r a n s i e n t  me- 

c h a n i c a l  shocks, by means o f  shocks a p p l i e d  

t o  t h e  l i f t i n g  b a i l  w i t h  a 20-oz b a l l  peen 

hammer, so t h a t  each shock a p p l i e d  a to rque  

t h a t  would have tended t o  unscrew t h e  cap. 

The cap remained t i g h t  th roughout  t h e  shock 

t e s t .  
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E l e c t r o d e  Connector 

V i t r i f i c a t i o n  w i t h i n  a ceramic m e l t e r  r e -  

q u i r e s  e l e c t r i c i t y  t o  generate t h e  heat  

needed t o  m a i n t a i n  t h e  process b u l k  tempera- 

t u r e  a t  1150aC, me l t  raw g lass - fo rm ing  feed  

components, and evapora te  water  and o t h e r  

v o l a t i l e s  i n  t h e  feed s l u r r y .  The e l e c t r o d e  

connector  i s  a remotable jumper t h a t  p rov ides  

an e l e c t r i c a l  connect ion  between t h e  m e l t e r  

e l e c t r o d e s  and a th rough-wa l l  e l e c t r i c a l  

s e r v i c e  l i n e .  The s e r v i c e  l i n e  i s  connected 

t o  a power source l o c a t e d  o u t s i d e  t h e  c e l l  

w a l l .  

The e l e c t r o d e  connector  i s  adapted from 

proven PUREX jumper technology. 

jumper c o n s i s t s  o f  a pipe, an a t tached  l i f t -  
i n g  b a i l ,  and two PUREX connectors  (one a t  

each end o f  the  p ipe ) .  

used t o  coup le  p i p i n g  w i t h i n  a c e l l ,  and they  

make p o s s i b l e  t h e  remote replacement o f  par -  

t i c u l a r  l i n e s  f rom w i t h i n  t h e  netrrork o f  p i p e  

c h a r a c t e r i z i n g  most processes. The e l e c t r o d e  

connector-PUREX jumper concept depar t s  f rom 

t h e  s tandard  techno logy  i n  t h a t  e l e c t r i c i t y  

r a t h e r  than f l u i d ,  passes th rough a jumper 

made o f  s o l i d  copper r a t h e r  than  s t e e l  p ipe. 
I t  a l s o  d i f f e r s  f rom e x i s t i n g  remote e l e c -  
t r i c a l  connect ion  schemes because o f  i t s  h i g h  

(2000-A) capac i ty .  

does share w i t h  o t h e r  PUREX jumpers i s  a h i s -  
t o r y  o f  r e l i a b l e  remote s e r v i c e a b i l i t y .  

a d d i t i o n ,  t h e  c u r r e n t  e l e c t r o d e  connector de- 

s i g n  i s  b e t t e r  adapted t o  remote o p e r a t i o n s  

than  a re  p rev ious  designs because i t s  con tac t  

sur faces  a re  hemispher ica l  r a t h e r  than  f l a t .  

The hemispher ica l  shape a l l o w s  a l i m i t e d  

amount o f  r o t a t i o n  w i t h o u t  reduc ing  e l e c t r i -  

c a l  con tac t :  t h e  p e r f e c t  t r a n s l a t i o n a l  and 

r o t a t i o n a l  a l ignment  o f  t h e  m e l t e r  and w a l l  

p l u g  con tac t  su r faces  i s  no t  requ i red .  

connector  v e r i f i e d  i t s  a b i l i t y  t o  s a f e l y  

A PUREX 

PUREX jumpers a re  

What t h e  c u r r e n t  des ign  

In 

A f i e l d  demonst ra t ion  o f  t h e  e l e c t r o d e  

hand le  t h e  2000-A maximum c u r r e n t  f o r  which 

it was designed. 

i n s t a l l e d  i n  s e r i e s  w i t h  t h e  p r imary  e lec -  

t r o d e  power cab les  on t h e  l i q u i d - f e d  ceramic 

rne l te r  (LFCM). 

t r i c a l  load, enab l i ng  t h e  ampaci ty o f  t h e  

e l e c t r o d e  connector  t o  be evaluated. 

s o l i d  copper, t h e  e l e c t r o d e  connector  was 

s i z e d  f o r  a low r e s i s t a n c e  (<0.001 Q), t hus  

m i n i m i z i n g  t h e  e f f e c t  o f  j o u l e  o r  r e s i s t a n c e  

hea t ing .  

n e c t o r  handled c u r r e n t s  o f  up t o  1000 A w i t h  

a maximum tempera ture  r i s e  of 10aC a t t r i b u t -  

ab le  t o  j o u l e  heat ing .  

I t  i s  es t ima ted  f rom the  t e s t  da ta  t h a t  

t h e  s u r f a c e  tempera ture  of t h e  e l e c t r o d e  con- 

n e c t o r  would have reached 5 loC d u r i n g  2000-A 

o p e r a t i o n  and 4OoC d u r i n g  t h e  normal 1500-A 

opera t i on .  

d i c t e d  e f f e c t  o f  amperage on t h e  i n - c e l l  sur -  

f ace  tempera ture  o f  t he  e l e c t r o d e  connector  

(assuming an ambient c e l l  tempera ture  o f  

4OOC). 

A megohmeter was used t o  v e r i f y  t h e  e l e c -  

t r i c a l  i s o l a t i o n  between t h e  e l e c t r o d e  con- 

n e c t o r  and a p l u g  w a l l  f lange.  A megohmmeter 

s imu la tes  h i g h - v o l t a g e  c o n d i t i o n s  w h i l e  r e -  

s i s t a n c e  i s  measured ( f r e q u e n t l y  e l e c t r i c a l  
i s o l a t i o n  t h a t  seeins adequate a t  low vo l tages  

w i l l  break down a t  h i g h  vo l tages ) .  The 

The e l e c t r o d e  connector was 

The LFCM served as an e lec -  

Made o f  

D u r i n g  t h e  t e s t ,  t h e  e l e c t r o d e  con- 

Tab le  1.6 summarizes t h e  pre-  

TARLE 1.6. P r e d i c t e d  E f f e c t  o f  Amperage 
on t h e  Sur face  Temperature o f  E l e c t r o d e  
Connector 

Amperes 

1000 

1250 

1500 

1750 

2000 

2500 

3000 

P r e d i c t e d  
Temperature, O C  

50 

54 

5% 

63 

68 

80 
92 
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megohmmeter i n d i c a t e d  an i n f i n i t e  r e s i s t a n c e  

across each e l e c t r i c a l  i s o l a t i o n  p o i n t ,  v e r i -  

f y i n g  t h e  e f f e c t i v e n e s s  o f  each i n s u l a t i n g  

component. 

The r e m o t a b i l i t y  o f  t h e  e l e c t r o d e  connec- 

t o r  d i d  n o t  r e q u i r e  v e r i f i c a t i o n  s i n c e  i t  

i n c o r p o r a t e s  a l l  t h e  e s s e n t i a l  r e m o t a b i l i t y  

f e a t u r e s  o f  t h e  s tandard  PUREX jumper 

technology. 

Overf lovr Sec t i on  Heater 

Dur ing  c a n i s t e r  f i l l i n g ,  t h e  g lass  stream 

t h a t  1 eaves t h e  me1 t i  ng c a v i t y  r e q u i  res  ex- 

t e r n a l  heat t o  remain molten. Unchecked 

c o o l i n g  would a f f e c t  n o t  on l y  i t s  f l u i d i t y ,  

b u t  a l s o  t h e  q u a l i t y  o f  t h e  f i n a l  s o l i d i f i e d  
produc t .  

heat  source f o r  t h e  g lass  p roduc t  stream 

l e a v i n g  t h e  me l te r .  It c o n s i s t s  o f  a w e l l -  

i n s u l a t e d  l i d  equipped w i t h  seven c o a x i a l  

h e a t i n g  elements o f  s i l i c o n  carb ide .  The 

hea te rs  p r o t r u d e  downward f rom t h e  l i d  and 

a re  designed t o  m a i n t a i n  an o p e r a t i n g  tem- 

p e r a t u r e  o f  -1O5O0C i n  t h e  v i c i n i t y  o f  t h e  

o v e r f l o w  t rough  and pour spout. The opera t -  

i n g  tempera ture  i s  mon i to red  u s i n g  thermo- 

coup les  (T/Cs) which e n t e r  t h rough  a T/C noz- 

z l e  on t h e  l i d  o f  t h e  o v e r f l o w  heater .  A 
s p l  i t  s a f e t y  cover p revents  a c c i d e n t a l  con- 

t a c t  of c e l l  equipment w i t h  t h e  exposed e l e c -  

t r i c a l  connect ions  on t h e  upper su r face  o f  

t h e  hea te r  l i d .  S ince  t h e  h e a t i n g  elements 

a re  expected t o  have s h o r t e r  s e r v i c e  l i f e  

than  t h e  proposed me l te r ,  t h e  s e c t i o n  i s  

remote ly  rep laceab le .  The o v e r f l o w  s e c t i o n  

hea te r  i s  lowered remotely,  v i a  a l i f t i n g  

b a i l ,  over t h e  m e l t e r  o v e r f l o w  sec t i on ,  and 

i s  b o l t e d  t o  t h e  m e l t e r  u s i n g  remote ly  

t i g h t e n e d  impact nuts.  

The o v e r f l o w  s e c t i o n  hea te r  p rov ides  a 

E v a l u a t i o n  o f  t he  ove r f l ow  s e c t i o n  hea te r  

i n d i c a t e d  t h a t  f u r t h e r  des ign  development i s  

r e q u i r e d  t o  p r o v i d e  more p r o t e c t i o n  f o r  t h e  

h e a t i n g  elements d u r i n g  remote i n s t a l l a t i o n .  

( C u r r e n t l y  t h e r e  i s  no th ing  t o  p revent  t h e  

h e a t i n g  element assembl ies f rom c o n t a c t i n g  

t h e  m e l t e r  o r  o t h e r  equipment d u r i n g  remote 

i n s t a l l a t i o n .  Such con tac t ,  made w h i l e  low-  

e r i n g  t h e  s e c t i o n  heater ,  cou ld  e a s i l y  damage 

t h e  elements and p u t  t h e  e n t i r e  o v e r f l o w  sec- 

t i o n  hea te r  ou t  o f  commission.) 

i n g  i n d i c a t e d  t h a t  a c a r e f u l  ope ra to r  c o u l d  

s u c c e s s f u l l y  i n s t a l l  t h e  sec t i on ,  i t s  i n s t a l -  

l a t i o n  i s  f a r  f rom foo lp roo f .  Never the less ,  

i t  i s  concluded t h a t  i t s  r e m o t a b i l i t y  i s  

f e a s i b l e  and t h a t  r e q u i r e d  design changes a r e  
r e l a t i v e l y  minor. 

As p a r t  o f  t h e  eva lua t i on ,  i t  was d e t e r -  

mined t h a t  t h e  v i b r a t i o n  caused by remote ly  

t i g h t e n i n g  t h e  impact b o l t s  was no t  s u f f i -  

c i e n t  t o  break t h e  h e a t i n g  elements. A f t e r  

1 min o f  r a t c h e t i n g  w i t h  a s tandard  PUREX 

wrench, t h e  o v e r f l o w  hea te r  was l i f t e d  and 

t h e  h e a t i n g  elements were inspec ted .  

age was observed. 

An a t tempt  was made t o  eva lua te  t h e  a i r  

i n leakage  a t t r i b u t a b l e  t o  t h e  o v e r f l o w  h e a t e r  

l i d .  D u r i n g  t h e  t e s t ,  t h e  vacuum source 

(pump) was measured as 1 i n .  o f  water, w h i l e  

a ro tamete r  i n d i c a t e d  1.4 scfm a i r  i n l e a k -  

age. A vacuum gauge on t h e  t e s t  assembly 

showed normal atmospher ic p ressure  w i t h i n  t h e  

c o n t a i n e r  box-1 i d  assembly. 

was unab le  t o  m a i n t a i n  a vacuum w i t h i n  t h e  

c o n t a i n e r  box-1 i d  assembly, t h e  observed 

1.4 scfm in leakage  should be taken as t h e  

maximum a i r  th roughput  c a p a c i t y  o f  t h e  pump, 

r a t h e r  than  t h e  maximum r a t e  o f  a i r  i n leakage  

th rough t h e  o v e r f l o w  hea te r  l i d .  

r e l e v a n t  conc lus ion  t h a t  cou ld  be drawn f rom 

t h i s  t e s t  was t h a t  t h e  r a t e  o f  a i r  i n leakage  

Whi le  t e s t -  

No dam- 

S ince  t h e  pump 

The o n l y  
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a t t r i bu tab le  to  the overflow heater l i d  dur- 
ing melter operation will  be >1.4 scfm. I n  
near-future t e s t i n g ,  the inleakage source and 
magnitude will  be more c l ea r ly  iden t i f i ed .  
Based on t h i s  information, a design modifi- 
cation can be implemented t h a t  would lower 
the  ra te  of inleakage t o  an acceptable level.  
Tentatively,  a 10-scfm ra t e  of inleakage a t  a 
vacuum of 10 in.  of water i s  considered the 
maximum acceptable r a t e  of a i r  i nl eakage 
through the overflow heater l i d .  

An attempt was made t o  heat the overflow 
section heater assembly to  105OoC t o  ascer- 
t a in  the  s t ruc tura l  i n t eg r i ty  of the heater 
sec t i  on materi a1 s duri ng  thermal cycl i ng. 
Although the  heating elements were wired i n  
various para1 1 el  and se r i e s  combinations, 
povrer was insu f f i c i en t  a t  the  time of t e s t i n g  
t o  reach the 105OOC operating temperature. 

When the  heaters were wired i n  p a r a l l e l ,  a 
temperature of 750°C was reached a f t e r  sev- 
eral  days a t  the maximum power output of the  
e l e c t r i c a l  source. The r a t e  of temperature 
increase was a t  a l l  times kept below the  
40°C/hr value reported as the maxiinurn curing 
r a t e  by the manufacturer o f  the cas t  insu la-  
t ion .  
t u re  of 75OoC, the heater assembly was a l -  
lowed t o  cool a t  a r a t e  l e s s  than 40°C/hr. 
When cool, the overflow heater was l i f t e d  
from the containment box and v i sua l ly  in- 
spected. One small crack in the  insu la t ion  
was noted. No changes were observed in the  
heating elements, the cages surrounding the  
elements, the metal l i n e r  surrounding the 
insu la t ion ,  or  the  upper portion of the  l i d .  

After reaching a s teady-s ta te  tempera- 

Nozzle Maintenance System (Nozzle Reamer) 

While the  so l id  glass formers and r adsa l t s  
remain in the melter, the  v o l a t i l e  feed com- 

ponents vaporize and leave the  melter as o f f -  
gas. 
feed pa r t i c l e s  leave the  melter through an 
off-gas nozzle. Some of the entrained p a r t i -  
c l e s  are deposited on the walls of the nozzle 
and, with time, build up  a tough, ceramic- 
l i k e  coating. 
become p a r t i a l l y  clogged. 
z l e s ,  employed as viewports or as access t o  
instrument sensors,  may a1 so become clogged. 
The function of the nozzle reamer i s  t o  re- 
move the  blockage from a clogged nozzle so 
t h a t  i t  can be reconnected for  service.  

Along with the ex i t ing  gas, entrained 

Within months, the nozzle may 
Other melter noz- 

The nozzle reamer i s  a core-dr i l l ing  ap- 
paratus tha t  i s  lowered, via a l i f t i n g  b a i l ,  
onto an open melter nozzle. A flange on the 
reamer f i t s  over guide dowels and threaded 
studs on a flange on the melter nozzle. The 
reamer i s  then bolted in to  place w i t h  impact 
nuts t ha t  a re  tightened remotely. A d r i l l  
feed system lowers a ro t a t ing ,  diamond- 
surfaced b i t  i n to  the nozzle. The b i t  cu ts  a 
core through the blockage and thus unclogs 
the nozzle. A t  the point where the ro t a t ing  
b i t  cuts through the blockage and en ters  the 
melting cavi ty ,  the d r i l l  feed system auto- 
matically reverses and l i f t s  the b i t  back out 
of the  nozzle. When the b i t  is c l ea r  of the  
nozzle, power t o  t h e  assembly i s  disconnected 
and the  reamar i s  remotely removed from the  
melter. 

An evaluation o f  a prototype nozzle reamer 
indicated t h a t  the nozzle maintenance concept 
will  work well during in-cell  operation. Us- 
ing a mock nozzle, constructed in accordance 
with the dimensions and materi a1 s as planned 
fo r  the  proposed HWVP melter, the  remote in-  
s t a l  1 a t i  on, operati  on, and removal of the 
nozzle reamer were demonstrated. Testing 
determined tha t  the  nozzle reamer i s  fu l ly  
remotable. 
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To s imu la te  a nozz le  blockage, a cas tab le  

ceramic was poured i n t o  a fo rm l o c a t e d  near 
t h e  bottom opening o f  t h e  mock nozzle.  

form cons is ted  o f  an annu lar  r i n g  6 i n .  h igh. 

A f t e r  be i  ng poured , t h e  cerarni c was a1 1 owed 

t o  d ry  f o r  24 h r  and then was cured f o r  an 

a d d i t i o n a l  24 h r  w i t h  heat f rom two 150-W 

heat lamps. A l f rax-66@ was se lec ted  t o  simu- 

l a t e  the  m e l t e r  blockage m a t e r i a l  because i t  

cou ld  be e a s i l y  cas t  w i t h i n  t h e  mock nozzle,  

adhered we1 1 , and formed a tough ceramic when 

cured. 

t h e  ac tua l  b lockage m a t e r i a l  i s  no t  known, 

s ince  necessary i n f o r m a t i o n  about t h e  p roper -  

t i e s  o f  t h a t  m a t e r i a l  i s  no t  a v a i l a b l e .  

Another unes tab l i shed  v a r i a b l e  was t h e  e x t e n t  

o f  nozz le  blockage a n t i c i p a t e d .  It was as- 
sumed t h a t  nozz les  would be reamed before  be- 

coming f u l l y  clogged; hence, an annu lar  

r a t h e r  than s o l i d  blockage was poured. The 

i n n e r  diameter o f  the  s imul a t e d  blockage was 

s e l e c t e d  a t  5 in. ,  which cor r responds t o  a 

30% nozz le  blockage. 

c u t  th rough a s imu la ted  30% m e l t e r  blockage, 

l o c a t e d  near t h e  bottom opening o f  a m e l t e r  

nozz le ,  was success fu l .  Be fo re  t h e  t e s t ,  i t  

was recogn ized t h a t  i f  t h e  m e l t e r  was main- 

t a i n e d  a t  i t s  normal vacuum d u r i n g  t h e  nozz le -  

c u t t i n g  opera t i on ,  t h e  a i r  drawn th rough t h e  

open nozz le  migh t  he lp  remove t h e  d r i l l  c u t -  

t i n g s  ( f i n e  powder) f rom t h e  d r i l l  area. To 

s imu la te  t h i s ,  a vacuum c leaner  hose was 

centered  under t h e  s imu la ted  blockage. As 

t h e  c u t  was performed, a vacuum was ap- 

p l i e d .  A f t e r  c u t t i n g  1 i n .  i n t o  t h e  b lock -  

age, t h e  vacuum was removed and t h e  c u t  was 

examined. V i r t u a l l y  a l l  t h e  powdered mate- 

r i a l  had been p u l l e d  ou t  o f  t h e  c u t t i n g  area. 

The c u t t i n g  o p e r a t i o n  was resumed, and t h e  

Each 

How c l o s e l y  t h e  A l f r a x - 6 6  s imu la ted  

An e v a l u a t i o n  o f  t he  reamer 's  a b i l i t y  t o  

@Regis te red  trademark o f  Carborundum Company, 
R e f r a c t o r i e s  D i v i s i o n ,  Keasbey, New Jersey. 

Q core  b i t  c u t  comple te ly  th rough t h e  blockage 

w i t h o u t  i n c i d e n t .  When t h e  b i t  passed t h e  

bo t tom o f  t he  nozz le  opening, t h e  feed d i r e c -  

t i o n  reversed and t h e  cored-out blockage 

m a t e r i a l  f e l l  f rom the  b i t  i n t a c t ,  as 

a n t i c i p a t e d .  

wobble assoc ia ted  w i t h  the  r o t a t i n g  b i t  was 

measured severa l  t imes and was never g r e a t e r  

t han  1/32 i n .  o f f  cen te r .  A wobble o f  t h i s  

smal l  magnitude i s  no rma l l y  no t  v i s i b l e .  

P a r t  o f  t h e  bo t tom edge o f  t h e  nozz le  

D u r i n g  t h e  s i m u l a t i o n ,  t h e  e c c e n t r i c i t y  o r  

l i n e r  m a t e r i a l  broke o f f  a long w i t h  the  

cored-out blockage. The r e l a t i v e l y  minor  

damage i n d i c a t e d  t h a t  t he  c u t t i n g  pressure,  

and thus  t h e  feedra te ,  was acceptable.  

Me1 t e r  Viewing System 

T e l e v i s i o n  v iewing  o f  t h e  m e l t e r  c a v i t y  i s  

an i n t e r i m  techn ique  f o r  m o n i t o r i n g  foaming 

and col d-cap b r i  dg i  ng w i t h i n  t h e  me1 ti ng cav- 

i t y .  Viewing t h e  m e l t i n g  c a v i t y  i s  a l s o  a 

supplementary method f o r  measuring t h e  depth 

o f  t h e  g lass .  The camera p rov ides  an image 
o f  t he  m e l t i n g  c a v i t y  w a l l s  and t h e  c o l d  cap 

a t  t h e  s u r f a c e  o f  t h e  mol ten  glass.  With ad- 

d i t i o n a l  exper ience i n  m e l t e r  ope ra t i on ,  i t  

may be p o s s i b l e  t o  c o r r e l a t e  abnormal cond i -  

t i o n s  (such as b r i d g i n g  and foaming) w i t h  

m e l t e r  tempera tures  and o f f -gas  f l o w  ra tes .  

T h i s  would make t e l e v i s i o n  v iewing  

unnecessary . 
The m e l t e r  v iewing  system c o n s i s t s  of: 

1) a probe, w i t h  lenses and m i r r o r s ,  t h a t  ex- 

tends  th rough t h e  v iewpor t  nozz le  i n t o  t h e  

c e i l i n g  area o f  t h e  m e l t i n g  c a v i t y ,  and 2) a 

connected v ideo camera o u t s i d e  t h e  me l te r .  

An aper tu re ,  a t  t h e  end o f  t h e  probe housing, 

a l l o w s  l i g h t  from t h e  m e l t e r  c a v i t y  t o  be 

d i r e c t e d  i n t o  t h e  camera l ens .  A nonbrowning 

l e n s  m a t e r i a l  would be used f o r  r a d i o a c t i v e  
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se rv i ce .  The view th rough  t h e  aper tu re  p ro-  

v ides  an image o f  t h e  m e l t i n g  c a v i t y  and t h e  

c o l d  cap a t  t h e  su r face  o f  t h e  mol ten  glass.  

An a i r  stream coo ls  t h e  o p t i c s  w i t h i n  t h e  

hous ing  and e x i t s  ( i n t o  t h e  m e l t e r  c a v i t y )  

th rough t h e  aper tu re .  

An e v a l u a t i o n  o f  t h e  m e l t e r  v iewing  system 

i n d i c a t e d  t h a t  obse rva t i on  o f  t h e  me l t  d u r i n g  

t h e  feed ing  o p e r a t i o n  i s  f e a s i b l e .  The rug- 

gedness o f  t h e  m e l t e r  v iew ing  system was SUC-  

c e s s f u l l y  demonstrated when a crane-operated 

impdct wrench was used t o  f a s t e n  t h e  t e l e v i -  

s i o n  camera t o  a f l a n g e  on a mock v iewpor t  

(nozz le ) .  

r a t c h e t i n g ,  v i b r a t i n g  a c t i o n  of t he  impact 

wrench was a l lowed t o  con t inue  f o r  1 min 

a f t e r  t h e  b o l t s  were t i g h t ,  caus ing  a w h i t e  

l i n e  t o  appear on t h e  v ideo screen. 

t u r e  re tu rned  t o  normal when t h e  v i b r a t i o n s  

stopped. 

t a k e  t h e  shock caused by swing ing  t h e  probe 

s e c t i o n  i n t o  t h e  t e s t  p o r t  as the  crane pos i -  

t i o n e d  i t  f o r  mount ing i n  t h e  f l ange .  In 
a d d i t i o n ,  t h e  rne l te r  v i e d i n g  equipment was 

dropped -3 f t and was n o t  damaged. 

To s imu la te  ac tua l  ope ra t i on ,  t he  r w l t e r  

v iew ing  system was i n s t a l l e d  i n  a s i d e  nozz le  
of t h e  p i l o t - s c a l e  ceramic m e l t e r  (PSCM). 

The q u a l i t y  o f  t h e  t e l e v i s i o n  p i c t u r e  c o r r e -  

1 a ted  w i t h  m e l t e r  tempera ture  above t h e  me1 t . 
When the  m e l t e r  was i d l i n g ,  t h e  p i c t u r e  was 

almost competely vacant o f  d e t a i l .  The tem- 

p e r a t u r e  i n  t h e  m e l t e r  plenum then  exceeded 

900°C. When the  m e l t e r  began p rocess ing  a 

f r e s h  feed, t h e  m e l t i n g  c a v i t y  w a l l s ,  v iew ing  
p o r t ,  feed tube, and thermocouple tube were 

a l l  d i s t i n g u i s h a b l e  i n  t h e  t e l e v i s i o n  p i c -  
t u r e .  The cor respond ing  m e l t e r  plenum tem- 

p e r a t u r e  was 63OOC. 

With  t h e  t e l e v i s i o n  opera t i ng ,  t h e  

The p i c -  

The ine l te r  v iew ing  system was a l s o  ab le  t o  

‘ulhen t h e  m e l t e r  v iewing  system was i n i -  

t i a l l y  i n s t a l l e d  i n  t h e  PSCM, t h e  p i c t u r e  was 

f a i n t  and d i s t o r t e d  i n t o  a rounded diamond 
shape. Th is  d i s t o r t i o n  was l a t e r  i d e n t i f i e d  

as be ing  caused by t h e  e lec t romagne t i c  f o r c e  

(emf) o f  t h e  power cables,  which were c l o s e  

t o  t h e  m e l t e r  v iew ing  system. 

can be avoided d u r i n g  i n - c e l l  o p e r a t i o n  by 

l o c a t i n g  t h e  v iew ing  p o r t  away from t h e  power 

leads. S h i e l d i n g  o f  t he  t e l e v i s i o n  camera 

e l e c t r o n i c s  i s  a l s o  advised. 

A f t e r  14 days o f  obse rv ing  t h e  me l t  w i t h i n  

t h e  i d l i n g  m e l t e r ,  t h e  t e l e v i s i o n  p i c t u r e  be- 

came c louded by an e n c r u s t a t i o n  o f  smal l  

c r y s t a l s  t h a t  l i m i t e d  t h e  view o f  t he  me l t  t o  

a smal l  h o l e  i n  t h e  cen te r  o f  t h e  p i c t u r e .  

D u r i n g  t h e  t e s t ,  a cont inuous  a i r  f l o w  was 

ma in ta ined  th rough  t h e  aper tu re  and t h e  cam- 

e r a  tempera ture  was <lOO°C. The m e l t e r  view- 

i n g  system was removed and t h e  e n c r u s t a t i o n  

scraped o f f .  The t e l e v i s i o n  p i c t u r e  re tu rned  

t o  normal:  i t  was round, f r e e  o f  d i s t o r t i o n ,  

and had good r e s o l u t i o n .  

v iewing  system was r e i n s t a l l e d ,  i t  d i s p l a y e d  

no evidence o f  e n c r u s t a t i o n  52 days l a t e r ,  

which i n c l u d e d  bo th  m e l t e r  f eed ing  and m e l t e r  

i d l i n g .  The camera tempera ture  th roughout  

t h i s  p e r i o d  was -200°C. 

o p e r a t i o n  o f  t h i s  l e n g t h  o f  t ime  g ives  some 

assurance t h a t  t h e  h i g h  system tempera ture  i s  
t h e  means o f  c o n t r o l l i n g  t h e  problem. I f ,  
however, t h e  e n c r u s t a t i o n  o f  t h e  o b j e c t i v e  

head shou ld  aga in  pose a problem, one of t h e  

f o l  1 owing modi f i c a t i  ons cou ld  be i mpl emented: 

1) a d d i t i o n a l  a i r  around t h e  v iew ing  aper-  

t u r e ,  2) a j e t  o f  steam across t h e  enc rus ted  

area, 3) a mechanism f o r  removing encrus ta-  

t i ons w i t h o u t  removing t h e  me1 t e r  v iew ing  

system, o r  4) e l e c t r i c a l l y  h e a t i n g  t h e  en- 

c r u s t e d  area. Whether any m o d i f i c a t i o n  i s  

requ i red ,  and i f  so, which a re  implemented, 

i s  r e l e g a t e d  t o  f u t u r e  t e s t i n g .  

The d i s t o r t i o n  

When t h e  m e l t e r  

An e n c r u s t a t i o n - f r e e  

I 
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Thermocouple Replacement System 

The f u n c t i o n  o f  the  thermocouple rep lace-  

T h i s  
ment system i s  t o  f a c i  1 i t a t e  r e p l  acement of 
i n o p e r a t i v e  T/Cs i n  t h e  m e l t e r  c a v i t y .  

i s  r e q u i r e d  as these T/Cs a re  expected t o  

have a s h o r t e r  s e r v i c e  l i f e  than t h e  proposed 

m e l t e r .  The system p rov ides  a cont inuous  

gu ide  pa th  from the  g a l l e r y  t o  t h e  m e l t e r  

thermowel l  , e l i m i n a t i n g  a se t  o f  s i g n a l  - 
weakening con tac t  p o i n t s  w i t h i n  t h e  c e l l .  

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

system; f u r t h e r  design d e t a i l s  a re  omi t ted .  

coup le  replacement system i n d i c a t e d  t h a t  t h e  

concept func t i oned  w e l l .  

crane opera to r  t o  remove and rep lace  bo th  a 
T/C jumper and t h e  m e l t e r  thermowel l  was suc- 

c e s s f u l l y  demonstrated. I n  a d d i t i o n ,  t e n  

long-sheathed T/Cs were i n s e r t e d  th rough t h e  

assembled system and were removed, as would 

be done i n - c e l l .  A l l  t e s t s  were repeated  

severa l  t imes t o  e s t a b l i s h ,  w i t h  c e r t a i n t y ,  
t h a t  T/Cs can be remote ly  i n s t a l l e d  and 

r e p l  aced. 

An 

The e v a l u a t i o n  o f  t h e  p r o t o t y p e  thermo- 

The a b i l i t y  o f  a 

Feed S l u r r y  T ranspor t  System 

The m e l t e r  feed s l u r r y ,  composed ma in l y  of 

g lass  formers and r a d i o a c t i v e  p a r t i c l e s  sus- 

pended i n  water,  must be t r a n s p o r t e d  th rough  

a nozz le  on t h e  upper su r face  o f  t h e  m e l t e r  

i n t o  the  m e l t i n g  c a v i t y .  Design r e s t r i c t i o n s  

assoc ia ted  w i t h  t h i s  p a r t i c u l a r  a p p l i c a t i o n  

prevent  t h e  use o f  conven t iona l  s l u r r y  t r a n s -  

p o r t  systems. The slow f e e d r a t e  ( -50 L / h r ) ,  

combined w i t h  poor r h e o l o g i c a l  p r o p e r t i e s  o f  

t h e  s l u r r y  ( r a p i d  and i r r e v e r s i b l e  p a r t i c l e  

sed imenta t ion) ,  causes p o s s i b l e  c l o g g i n g  of 

t he  feed l i n e  t o  be a major concern. S ince  

t h e  p a r t i c l e s  w i t h i n  t h e  s l u r r y  are h i g h l y  

abras ive ,  m a t e r i a l  wear w i t h i n  t h e  t r a n s p o r t  

system i s  a l s o  a problem. F i n a l l y ,  t h e  use 

o f  p l a s t i c s ,  e.g., f o r  va l ve  sea ls  o r  pump 

diaphragms, i s  p r o h i b i t e d  because o f  t h e i  r 

ex t remely  r a p i d  degradat ion  i n  a r a d i o a c t i v e  

env i  ronment . 
The proposed s l u r r y  t r a n s p o r t  system con- 

s i s t s  o f  a s l u r r y  pump, a feed l i n e ,  a feed 

l i n e  f l u s h i n g  system, a feed nozz le ,  and a l l  

t h e  va lves  and remote p ipe  connect ions  asso- 

c i a t e d  w i t h  t h e  system. An a l l - m e t a l ,  

pos i  t i  ve-di  splacement pump has been des i  gned, 

f a b r i c a t e d ,  and t e s t e d  f o r  t he  feed s l u r r y  

t r a n s p o r t  a p p l i c a t i o n .  The s l u r r y  pump i s  

a i  r -opera ted .  A s e a l i n g  system prevents  the  

o p e r a t i n g  a i r  f rom be ing  exposed t o  rad ioac -  

t i v i t y ,  thus  e l i m i n a t i n g  t h e  a i r  as a poss i -  
b l e  means o f  o p e r a t i n g - g a l l e r y  Contaminat ion.  

The pump des ign  avo ids  c l o s e - t o l e r a n c e d  mov- 

i n g  p a r t s ,  decreas ing  t h e  l i k e l i h o o d  o f  f a i l -  

u r e  caused by ab ras i ve  wear. F i n a l l y ,  t h e  

pump's pos i  t i ve-displacement mechanism a1 lows 

t h e  l ow  s l u r r y  f e e d r a t e  t o  be t i g h t l y  

c o n t r o l l e d .  

cep t  i s  f e a s i b l e  f o r  i n - c e l l  se rv i ce .  Simu- 

l a t e d  m e l t e r  feed s l u r r i e s  were s u c c e s s f u l l y  

pumped a t  a c o n t r o l l e d  f l o w  r a t e  f o r  over  

1500 hr .  F u t u r e  t e s t i n g  w i l l  i n c l u d e  s t u d i e s  

o f  pump l i f e t i m e ,  s e a l i n g  system e f f e c t i v e -  

ness, feed l i n e  f l u s h i n g ,  system c o n f i g u r a -  

t i o n ,  and system remote o p e r a b i l i t y .  An i n -  

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

system; f u r t h e r  des ign  d e t a i l s  a re  omi t ted .  

Tes ts  i n d i c a t e  t h a t  t h e  s l u r r y  pump con- 

Desi gn and F a b r i c a t i o n  

Preconceptual  design o f  a v i t r i f i c a t i o n  

f a c i l i t y  i n tended  f o r  o p e r a t i o n  i n  a canyon 

f a c i l i t y  was completed. The conceptual  de- 

s i g n  drawing  package f o r  t h a t  system was com- 

p l e t e d .  The HWVP scope change necess i ta tes  

changes i n  a l l  system equipment and p e r m i t s  
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adding feed c o n c e n t r a t i o n  p r i o r  t o  v i t r i f i c a -  

t i o n .  Preconceptual  des ign  s t u d i e s  o f  t h e  

v i t r i f i c a t i o n  system in tended  f o r  use i n  t h e  
BWIA are  now i n  progress.  

1.2 I N  SITU VITRIFICATION OF HANFORD WASTE 

(AR-05-10-02 - 80441) 

The objective of this program is to de- 
velop and evaluate the in situ m s t e  vitri- 
fication concept to confirm its feasibility 
for large-scale use. 

Summary 

The p r imary  t h r u s t  o f  t h e  FY 1983 e f f o r t s  

i s  t o  complete a p i l o t - s c a l e  r a d i o a c t i v e  

demonst ra t ion  i n  June 1983. A s i g n i f i c a n t  

secondary e f f o r t  i s  comp le t i ng  t h e  conceptua l  

des ign  o f  t h e  l a r g e - s c a l e  system. 

Design o f  t h e  p i l o t - s c a l e  system began i n  

September o f  1982 and was Completed i n  mid- 

November. The i n i t i a l  f i e l d  t e s t  u n i t  l o -  

ca ted  beh ind  t h e  318 B u i l d i n g  was used as a 
s t a r t i n g  p o i n t  f o r  t h e  design. S i g n i f i c a n t  

a d d i t i o n s ,  however, p a r t i c u l a r l y  i n  t h e  cover 

gas t rea tmen t  system, were r e q u i r e d  f o r  con- 

ta inment  o f  v o l a t i l i z e d  r a d i o a c t i v e  m t e r i -  

a l s .  
ary,  and t h e  new t r a i l e r - m o u n t e d  p i l o t - s c a l e  

system was moved t o  t h e  t e s t  s i t e  i n  Febru- 
ary. I n s t a l l a t i o n  and s i t e  p r e p a r a t i o n  was 

completed i n  March, t h e  Opera t iona l  Accep- 

tance  Test (OAT) was conducted March 16 t o  

18, 1983, and was thorough. Several  des ign  

and o p e r a t i o n a l  d i f f i c u l t i e s  were encoun- 

te red ,  and a second OAT w i l l  be conducted t o  

v e r i f y  t h e  adequacy o f  t h e  c o r r e c t i o n s .  The 
h o t  t e s t  w i l l  be conducted i n  June, on 

schedule. 

P repara t i ons  f o r  t h e  OAT were e x t e n s i v e  

and r i g o r o u s .  Suppor t i ng  documentat ion has 

been p rov ided  i n  a t i m e l y  f a s h i o n  th roughout  

F a b r i c a t i o n  was completed i n  l a t e  Janu- 

t h e  design, f a b r i c a t i o n ,  and t e s t  cyc le .  

Only minor  changes t o  t h e  Safe Opera t i ng  Pro- 

cedure and Run Plan a re  requ i red ,  t o  make t h e  

documentat ion c u r r e n t  w i t h  t h e  c o r r e c t i v e  

a c t i o n .  

tem i s  p roceed ing  a t  a s a t i s f a c t o r y  pace, and 

remains on schedule. 

Conceptual design o f  t h e  l a r g e - s c a l e  sys- 

P i  l o t - S c a l e  R a d i o a c t i v e  Demonst ra t ion  

Design o f  t h e  p i l o t - s c a l e  system f o r  t h e  

r a d i o a c t i v e  system began l a t e  l a s t  f i s c a l  

y e a r  and was complete i n  mid-November 1982. 

The exper ience gained f rom t e s t s  conducted 

w i t h  t h e  f i x e d  system, l o c a t e d  beh ind  t h e  

318 B u i l d i n g ,  served as a s t a r t i n g  p o i n t  f o r  

t h e  design. 

system has t h r e e  s i g n i f i c a n t  changes/ 

improvements over  t h e  p r e v i o u s  system: 

1) improved cover  gas system, s u i t a b l e  f o r  

r a d i o a c t i v e  m a t e r i a l s ,  2) improved e l e c t r i c a l  

system, w i t h  a g r e a t e r  range o f  c o n t r o l ,  and 

3) p o r t a b i l i t y ,  as t h e  system i s  now t r a i l e r -  

mounted . 
The cover gas system i s  shown schemat- 

i c a l l y  i n  F i g u r e  1.3. A l l  components down- 

s t ream o f  t h e  v e n t u r i  - e j e c t o r  sc rubber  were 
added t o  upgrade t h e  system t o  hand le  r a d i o -  

a c t i v e  m a t e r i a l s .  The Hydro-Sonic" sc rubber  
was added t o  remove submicron p a r t i c l e s  and 

s e m i v o l a t i l e s .  The separa tor -condenser -  

separa to r -hea te r  were added t o  dewater and 

c o n d i t i o n  t h e  gas stream so as t o  have m i n i -  

mum impact on t h e  HE PAS.(^) The HEPAs were 

added t o  ensure  conf inement and containment 

o f  r a d i o n u c l i d e s  t h a t  m igh t  pass th rough t h e  

scrubbers.  The cover  gas system i s  l o c a t e d  

The des ign  f o r  t h e  r a d i o a c t i v e  

@ R e g i s t e r e d  trademark o f  Hydro-Soni c 
Systems, Da l l as ,  Texas. 

(a )  H i g h - e f f i c i e n c y  p a r t i c u l a t e  a i r  f i l t e r s .  
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F I G U R E  1.3. P i l o t - S c a l e  Rad ioac t i ve  Demonst ra t ion  Off-Gas System 

i n  a l a r g e  g love  box, t o  p r o t e c t  t h e  opera t -  
i n g  personnel  i n  t h e  event o f  a leak  o r  mal- 

f u n c t i o n .  The move t o  a g love  box e n v i r o n -  

ment i s  a s i g n i f i c a n t  design change. 

The e l e c t r i c a l  system power r a t i n g  was i n -  

creased 25% t o  500 kW, and the  vo l tage  taps  

were extended down t o  250 V, g i v i n g  a 100% 

inc rease  i n  depth c a p a b i l i t y .  The t r a n s -  

former e l e c t r i c a l  c o n f i g u r a t i o n  was changed 

from an open d e l t a  t o  a S c o t t  Tee, a l l o w i n g  

more even d i s t r i b u t i o n  o f  t he  load. The 

operab i  1 i t y  o f  the  system was improved and 

simp1 i f i e d  by purchas ing  more modern 

equipment . 
systems were mounted i n  a s tanddrd  semi- 

t r a i l e r ,  g r e a t l y  i n c r e a s i n g  o p t i o n s  fw 
f u t u r e  use and impr3v ing  weather res i s tance .  

The components, t h e  assembled cover gas 

system, and the  s e i n i t r a i l a -  were ob ta ined  by 

c o m p e t i t i v e  f i  xed-pr i  ce procurements. 

b l y  and i n s t a l l a t i o n  was performed by p l a n t  

fo rces ,  and f a b r i c a t i o n  was completed i n  l a t e  

January. The t r a i l e r  was moved t o  the  t e s t  

s i t e  i n  February, s i t e  p r e p a r a t i o n  and accep- 

The cover gas, e l e c t r i c a l  and ins t rumen t  

Assem- 

tance t e s t i n g  were complete i n  mid-March, and 
the OAT was conducted March 15-18, 1983. 

P r e p a r a t i o n s  f o r  the  OAT procedure were 

e x t e n s i v e  and r i go rous .  Documentat ion p re -  

pared and approved i n c l u d e s :  

S i t e  S e l e c t i o n  C r i t e r i a  

Q u a l i t y  Assurance Plan 

Safe Opera t i ng  Procedure 

Env i ronmenta l  E v a l u a t i o n  

Safety E v a l u a t i o n  ilocument 

R a d i a t i o n  Work Procedures 

Opera t i ona l  Readiness P1 an 

Run P lan  

The s i t e  was c l e a r e d  of surface v e g e t a t i o n  

dnd dn access road graded. Ground-penetrat-  

i n g  radar ,  magnetometer ( f e r r o u s  me ta l s ) ,  EM1 

(ground c o n d u c t i v i t y ) ,  and metal  (non fe r rous )  

d e t e c t o r  surveys o f  t h e  l e v e l e d  s i t e  i n d i -  

ca ted  t h a t  no f o r e i g n  b u r i e d  m a t e r i a l s ,  

underground p i p i n g ,  cables,  o r  u t i l i t i e s  were 

present .  A l so  a general  r a d i a t i o n  survey o f  

t h e  s i t e  and s p e c i f i c  surveys o f  t he  excava- 

t i o n  and b a c k f i l l  were performed t o  ensure no 
spu r ious  r a d i a t i o n  was present .  

J 



Operator t ra in ing  sessions conducted for  
a l l  operations s t a f f  include: 

General Radiation Safety 
Step-Off Pad Procedures 
Glove Box and Glove Change-Out Procedures 
Bag-Out Procedures 
Cardiopulmonary Resuscitation ( C P R )  
F i re  Extinguisher Training 
Elec t r ica l  System Operation 
Instrument and Control System Operation 
Off-Gas System Operation 
Sampling System Operation 
Emergency 4ction 
The Operati orlal lleadi ness Review Board 

conducted an i nformal wal k-through to  i nde- 
pendently verify the s t a t e  of preparedness 
for  conducting the OATP. 
agement Oversight Risk Tree analysis to cor- 
roborate signoffs i n  the Operational Readi - 
ness P l a n  Morked very we1 1 .  

Use of the Man- 
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The OAT provided a system checkout for  

b o t h  the power and off-gas equipment and 
showed tha t  the integrated system performed 
adequately. 
36 hours, when the iwl t  depth reached 5 f t .  

Power and melt depth p lo ts  through the OAT 

run are provided in Figure 1.4. Total energy 
consumption was 9920 kWh, with a maximum 
power input of 410 kW and an average o f  

275 kW. An additional plot  of melt depth as 
associated with melt posit ion i s  i l l u s t r a t e d  
in Figure 1.5. 
cen ter l ine  and electrode melting progress a t  
about the same ra te .  Later i n  the run the 
melt edge spreads t o  include %he outer posi- 
t ions  t o  form a mel%ing front that  appears t o  

2 cover the e n t i r e  16-ft  area between the 
electrodes.  

The OAT was completed in 

This f igure  shows t h a t  the 

Problems encountered during and a f t e r  the 
run are  highlighted below. 
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FIGURE 1.4. Power, Melt Depth and R u n  Time 
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F IGURE 1.5. Y e l t  Depth, Y e l t  P o s i t i o n  and Run Time 

0 Hood vacuum was reduced due t o  t h e  d r y i n g  

and subsidence of t h e  s o i l  m a i i i t a i n i n g  t h e  

sea l .  4 h igh- tempera ture  s k i r t i n g  w i l l  be 

i n s t a l l e d  on t he  hood t o  a s s i s t  i n  m i n -  

t a i n i n g  t h e  hood vacuum. 

a i l i g h  tempera ture  and h igh  c u r r e n t  caused 

t h e  c i r c u i t  b reaker  t o  t r i p ,  i n t e r r u p t i n g  
power t o  the  e lec t rodes .  The c u r r e n t  

l i m i t e r  has been ad jus ted  t o  p reven t  f u r -  

t h e r  c u r r e n t  t r i p s .  A shroud ing  w i l l  be 

p laced around the  t rans fo rmer  c o o l i n g  f a n  

t o  enhance the  a i r  f l o w  across t h e  t r a n s -  

former heat s ink ,  impr3v ing  i t s  hea t  

t r a n s f e r  t o  p reven t  f u t u r e  thermal t r i p s .  

8 Computer data l o g g i n g  performed w e l l ;  how- 

ever,  a subprogram n e s t i n g  e r r o r  con t inued  

t o  occur.  R e s o l u t i o n  o f  t h i s  problem i s  

be ing  i n v e s t i g a t e d  w i t h  ass i s tance  from 

Hewlet t -Packard.  

0 Uater  was found i n  t h e  f i r s t - s t a g e  HEPA 

f i l t e r .  The IHEPA performed e f f e c t i v e l y  

under i t s  i nc reased  d i f f e r e n t i a l  p ressure  

w i t h o u t  r u p t u r i n g .  

t o  a c c u r a t e l y  determine t h e  cause o f  water  

bu i l dup .  The tempera ture  r e s t r a i n t s  

( < 4 O o C )  o f  t he  blower d i d  no t  a l l o w  t h e  

hea te r  t o  evapora te  a l l  o f  t h i s  mo is tu re .  

A h i g h e r  tempera ture  b lower  is  be ing  i n -  

s t a l l e d  t o  a l l o w  g r e a t e r  evapora t ion .  

The presence o f  water  i n  t h e  HEPA i s  a 

p o t e n t i a l l y  s e r i o u s  problem. 

a h i g h e r  tempera ture  blower,  d r a i n  l i n e s  f rom 

t h e  HEPA housings t o  Tank #2 w i l l  be added, 

and t h e  system w i l l  be opera ted  a t  a lower  

d i f f e r e n t i a l  p ressure  w i t h  lower  scrub s o l u -  

t i o n  f l o w  r a t e s  i n  t h e  v e n t u r i  and Hydro- 

Sonic scrubbers.  

Examinat ion  o f  t h e  me l t  a f t e r  t he  run  

i n d i c a t e d  a un i fo rm 9- in.  subsidence o f  t h e  

sur face  between t h e  e lec t rodes .  T h i s  subs i -  

dence was caused by t h e  minimal c o l d  cap 

formed d u r i n g  opera t ion .  The su r face  was no t  

T e s t i n g  i s  under way 

I n  a d d i t i o n  t o  
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c(u, mol ten  d u r i n g  t h e  run  (as i t  had been i n  the  

second p i l o t - s c a l e  f i e l d  t e s t ) ,  bu t  a t h i n ,  
d u l l  r e d  c o l d  cap formed, caus ing  a maximum 

hood plenum tempera ture  of 3 5 O O C  l a t e r  i n  t h e  

run. 
w i t h  t h e  o x i d a t i o n  o f  t h e  g r a p h i t e  e l e c t r o d e s  

above t h e  ine l t .  

The h ighe r  plenum tempera ture  a s s i s t e d  

The o f f -gas  system f o r  the  OAT was w e l l -  

ins t rumented f o r  temperatures,  pressures,  

f l ows ,  gas compos i t ion ,  and p a r t i c l e - s i z e  

d i s t r i b u t i o n .  Scrub tank  samples are  cu r -  

r e n t l y  be ing  analyzed by i n d u c t i v e l y  coupled 

pldsm3 (ICP) dnd dtoinic abso rp t i on  ( A A )  f o r  

ele.nent composi t ions,  as w e l l  as f o r  pH, 

an ion  concen t ra t i on ,  and pe rcen t  s o l i d s .  

f i r s t - s t a g e  HEPA f i l t e r  used d u r i n g  t h e  run  

i s  a l so  be ing  chemica l l y  analyzed. 

The o f f -gas  f l o r l  r a t e  d u r i n g  t h e  OAT aver-  

aged 362 scf ln t 1.5% and seemed r e l a t i v e l y  

cons tan t ,  even though temperatures and vacuum 

i n  the  o f f -gas  containment hood changed. The 

f i r s t - s t a g e  scrubber,  a v e n t u r i - e j e c t o r ,  was 

opera ted  w i t h  a l i q u i d  f l o d  r a t e  ave rag ing  

42 gpm a t  a p ressure  o f  101 p s i ,  

The 

The 

v e n t u r i - e j e c t o r  a c t u a l l y  boosted the  o f f -gas  

f l o w  s l i g h t l y ,  hav ing  a 2.9-in. water  column 

(wc) ne t  gas pressure  ga in  a t  the  o u t l e t .  

The second-stage scrubber,  a tandem nozz le  

Hydro-Sonic, was opera ted  w i t h  a l i q u i d  f l o w  

o f  23.4 gpm a t  a p ressure  of 43.0 p s i .  

average pressure  drop across the  Hydro-Son1 c 

scrubber averaged 59.5 i n .  WC. The u n i t  i s  

designed t o  sc rub  e f f i c i e n t l y  a t  pressdre 

drops above 30 i n .  wc. 

F i g u r e  1.6 shows o f f -gas  temperatures i n  

t h e  hood, t h e  o f f -gas  l i n e ,  and a t  severd l  

p o i n t s  i n  t h e  o f f - g a s  system. Temperatures 

i n  t h e  hood remained r e l a t i v e l y  low u n t i l  

about 15 h r  i n t o  t h e  run, when the  c o l d  cap 

began t o  t h i n .  Then t h e  plenum tempera ture  

c l imbed  t o  an average o f  -320°C, wher? i t  r e -  

mained u n t i l  t h e  run  was completed. The 

tempera ture  a t  t h e  i n l e t  o f  the  o f f - g a s  sys- 

tem averaged 240OC. 
t i v e l y  coo led  d u r i n g  t h e  run, as i n d i c a t e d  by 

t h e  condenser o u t l e t  temperature,  which aver -  

aged 20°C, depending on ambient temperature 

and o f f -gas  heat  load .  A hea te r  b rought  

The 

Off-gases were e f f e c -  
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FIGURE 1.6. Off-Gas Temperatures 
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t h e  o f f -gases  e x i t i n g  t h e  condenser above t h e  

dewpoint be fo re  they  passed th rough t h e  HEPA 

f i l t e r s  and blower.  The blower i n l e t  was 

l i m i t e d  t o  4 O o C  due t o  t h e  tempera ture  r a t -  

i n g  o f  t he  b lower  bear ings .  
Another OAT w i l l  be conducted t h e  f i r s t  

week i n  May t o  v e r i f y  t h e  e f f e c t i v e n e s s  of 

t h e  c o r r e c t i v e  ac t i ons .  The r a d i o a c t i v e  dem- 

o n s t r a t i o n  w i l l  be conducted i n  June on 

schedul e. 

1.3 I N  S I T U  V I T R I F I C A T I O N  OF TRU WASTE 

(AR-05-15-20 - 80583) 

The objective of this program .is to deter- 
mine the generic applicability of the in situ 
vitrification technology for  radioactive 
waste treatment and disposal. 

A p u b l i c  s a f e t y  ana lys i s ,  comparing t h e  
p i l o t - s c a l e  (1.2 x 1.2 m) and t h e  l a r g e - s c a l e  

( 5  x 5 m) i n  s i t u  v i t r i f i c a t i o n  systems, was 

performed. The 216 Z 1 A  s i t e ,  l o c a t e d  i n  t h e  

200 W Area on t h e  Hanford s i t e ,  was s e l e c t e d  

as t h e  re fe rence  case. P u b l i c  dose commit- 

ments and t h e  50-yr dose commitvent t o  t h e  

bone ( t h e  c r i t i c a l  organ) o f  t h e  max imal ly -  

exposed i n d i v i d u a l  were shown t o  be o rde rs  o f  

magnitude below t h e  DOE gu ide l i nes .  

P u b l i c  doses were a l s o  c a l c u l a t e d  f o r  po- 

t e n t i a l  acc iden t  c o n d i t i o n s .  S i x  a c c i d e n t a l  

re lease  scenar ios  vlere developed, and t h e  two 

wors t  cases were examined i n  d e t a i l .  A l l  as- 

sumptions were conserva t ive .  

commitment t o  a max imal ly  exposed o f f s i t e  i n -  

d i v i d u a l  i s  es t ima ted  t o  be l e s s  than 1.0 rem 

f o r  t h e  l a r g e - s c a l e  system, l e s s  than  t h a t  

f o r  t h e  p i l o t - s c a l e  system. Because o f  t h e  

conserva t i ve  assumptions used i n  e s t i m a t i n g  

t h e  doses from p o s t u l a t e d  acc idents ,  t h e  

The 50-yr dose 

doses are  undoubtedly h ighe r  than would 

a c t u a l l y  be rece ived.  

P u b l i c  Sa fe ty  Ana lys i s  

A p u b l i c  s a f e t y  ana lys i s ,  comparing t h e  

p i l o t - s c a l e  (1.2 x 1.2 m) and t h e  l a r g e - s c a l e  

( 5  x 5 m) i n  s i t u  v i t r i f i c a t i o n  systems, was 

performed. The 216 Z 1A s i t e ,  l o c a t e d  i n  t h e  

200 W Area o f  t h e  Hanford S i t e ,  was se lec ted  

as t h e  re fe rence  case. Roth r o u t i n e  opera- 

t i o n s  and p o t e n t i a l  acc iden t  cases were e v a l -  

uated. The bas i s  f o r  and t h e  r e s u l t s  o f  t h e  

a n a l y s i s  a re  desc r ibed  below. 

Rad ionuc l i de  Releases 

The f o l l o w i n g  assumptions were used t o  

e s t i m a t e  t h e  source te rm f o r  t h e  216 Z 1A 
s i t e :  

0 Sur face  area o f  t h e  contaminated zone i s  

90 x 30 m. 

0 The waste s i t e  has a 0.3-m l a y e r  o f  uncon- 

tam ina ted  overburden. 

0 The 216 Z 1 A  waste s i t e  i n v e n t o r y  i s  u n i -  

f o r m l y  d i s t r i b u t e d  w i t h i n  t h e  s i t e .  

a 0.6-m l a y e r  immedia te ly  beneath t h e  

overburden l a y e r .  

0 The f u l l - s c a l e  and p i l o t - s c a l e  o f f -gas  

systems have e q u i v a l e n t  decontaminat ion  

capabi  1 i t  ies .  

The r a t e  cons tan ts  f o r  r a d i o n u c l i d e  r e -  

leases, i n  pe rcen t  pe r  hour, a re  g iven i n  

Tab le  1.7 f o r  t h r e e  p o s s i b l e  o p e r a t i n g  cond i -  

t i o n s .  These values, i n  most cases, r e p r e -  

sent  maximum m a s u r e d  values d u r i n g  p i l o t -  

s c a l e  t e s t s  w i t h  n o n r a d i o a c t i v e  s imu lan ts .  

Normal ope ra t i ons ,  w i t h  a c o l d  cap i n  place, 

0 The e n t i r e  waste i n v e n t o r y  i s  con ta ined  i n  

a re  assumed f o r  75% o f  a l l  o p e r a t i n g  t iw. 

Normal ope ra t i ons  w i t h o u t  a c o l d  cap a re  as- 

sumed f o r  t h e  remain ing  25% o f  t h e  run. The 
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TABLE 1.7. Release Rates f o r  Se lec ted  
Rad ionuc l ides  Under Var ious  Operat ion 
Cond i t ions ,  X l h r  

Gy3 

Wi th  NO Gas 
Element Co ld  Cap Co ld  Cap Ven t ing  

co 0.005 0.005 0.5 

S r  0.0005 0.0005 0.05 

Ru 0.0 0.0 0.0 

cs 0.01 0.01 0.5 

IJ  & Pu 0.0 0.005 0.5 

gas-vent ing  re lease  r a t e s  represent  t h e  ex- 

pec ted  re lease  r a t e  o f  i so topes  i n t o  t h e  hood 
f o r  a s i t e  c o n t a i n i n g  combust ib les .  However, 

s i n c e  no combust ib les  a re  assumed t o  be i n  

the  r e f e r n c e  s i t e ,  t hese  r a t e s  have been used 

t o  es t ima te  re lease  r a t e s  t o  t h e  atmosphere 

f o l l o w i n g  p o s t u l a t e d  acc iden t  events.  

Tab le  1.8. F w  s i m p l i c i t y ,  t h e  t o t a l  i nven -  

t o r y  o f  t h e  s i t e  (column 1 )  was d i v i d e d  by 

t h e  number o f  runs necessary t o  v i t r i f y  t h e  

e n t i r e  s i t e  f o r  each case. 

runs f o r  t h e  l a r g e - s c a l e  system and 1200 runs  

f o r  t he  p i l o t - s c a l e  system. 

q u a n t i t y  o f  r a d i o n u c l i d e s  re1 eased per  run  t o  

the  o f f - g a s  system was c a l c u l a t e d  us ing  t h e  
inventory o f  Table 1.8 and the  r a t e  o f  

Tab le  1.7 and a p p l y i n g  t h e  equat ion :  

The source-term i n v e n t o r y  used i s  g iven  i n  

They were 102 

For  t h e  r o u t i n e  opera t i ons ,  t h e  t o t a l  

-R/ 100 t ) Q(re1eased) = Q ( i n i t i a 1 )  (1 - e 

where R i s  t h e  r a t e  cons tan t  i n  pe rcen t  p e r  
hour  (Tab le  1.7) and t i s  t ime  i n  hours. 

re lease  q u a n t i t y  was c a l c u l a t e d  s e p a r a t e l y  
f o r  each o p e r a t i n g  c o n d i t i o n  (i.e., w i t +  and 

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

t i o n  o f  t o t a l  run  t ime, and then was summed 

t o  a t t a i n  t h e  t o t a l  re lease  q u a n t i t y .  The 
run  t imes were 24 h r / m e l t  f o r  p i l o t  scale,  

and 34 h r / m e l t  f o r  f u l l  scale.  

The 

TABLE 1.8. I n i t i a l  S i t e  Rad ionuc l i de  
I n v e n t o r i e s ,  C i  

Component 

238Pu 

239P" 

24OP" 

241Pu 

242Pu 

241Am 

90s r 

137cs 

Io6Ru 
6Oco 
233" 
234u 

23FJU 
2 3 5 ~  

216 Z 1 A  
I n v e n t o r y  

1,8E+1 

8.5E+2 

2.1Et2 

2.5Et3 

7.OE-2 

4.OE+1 

7.7E-1 

1.4E-1 

'8.9E-3 

3.OE-2 

3.6E-2 

3.7E-2 

l . lE -3  

2.7E-2 

Large-Scal  e 
Me1 t -- 

1.8E-1 

8.3E+O 

2.OE+O 

2.4E+1 

7.OE-4 

4.OE-1 

7.5E-3 

1.4E-3 

8.7E-5 

2.9E-4 

3.5E-4 

3.6E-4 

l . lE -5  

2.6E-4 

P i l o t - S c a l e  
Me1 t 

-I_ 

1.5E-2 

7.1E-1 

1.8E-1 

2.1E+O 

6.OE-5 

3.OE-2 

6.4E-4 

1.2E-4 

7.4E-6 

2.5E-5 

3.0E-5 

3.1E-5 

9.OE-7 

2.2E-5 

Off-gas system e f f i c i e n c y  was es t ima ted  t o  
f o r  s e m i v o l a t i l e  nuc l i des ,  and 4 range f rom 10 

l o 5  f o r  "heavy metals,"  t o  l o 8  f o r  p a r t i c u -  

l a t e s .  

f o r  a l l  n u c l i d e s  was used, ma in l y  because t h e  

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

(216 Z 1 A )  and because i t  i s  conserva t ive .  

Fo r  t h i s  ana lys i s ,  t h e  l o 5  va lue  

- P u b l i c  Dose f o r  Rou t ine  O p e r a t .  

Rou t ine  doses were c a l  c u l  a ted  u s i n g  t h e  
DACRIN (Houston e t  a l .  1974) computer p ro -  

gram. 
ments t o  a max imal ly  exposed i n d i v i d u a l  and 

t o  t h e  genera l  p u b l i c  f rom r o u t i n e  o p e r a t i o n s  

a r e  g i ven  i n  Tab le  1.9 f o r  the  organs o f  i n -  

t e r e s t ,  t o t a l  body, bone, and lung.  The rou -  

t i n e  doses a re  a l l  r a t h e r  smal l .  

The 50-yr dose commitment t o  t h e  bone ( t h e  

One-year doses and 50-yr dose commit- 

c r i t i c a l  o rgan)  o f  a max imal ly  exposed i n d i -  

v i d u a l  i n  t h e  p u b l i c  f rom one mel t ,  a r i s e s  

almost e n t i r e l y  f rom re leased  i so topes  o f  p l u -  

tonium. The dose commitment i s  9 x 10'' rem 
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TABLE 1.9. P u b l i c  Doses from Rou t ine  Operat ions 

Maximum I n d i v i d u a l ,  Popul a t i  on, 
rem man-rem 

1-yr Dose 50 -yr Dose 1-yr Dose 50-y r  Dose 

Large-Scale Opera t ions  

T o t a l  body 7E-11 4E -8 3E-6 2E-3 
Bone 

Lung 

2E-9 9E -7 7E -5 
2E-7 8E-7 7E-3 

4E -2 
3E-2 

P i l o t - S c a l e  Opera t ions  

T o t a l  body 4E-11 3E-8 2E -6 1E-3 

Bone 

Lung 

1E-9 6E-7 4E-5 2E-2 
1E-7 5E-7 4E-3 2E-2 

f o r  the  l a r g e  scale,  and 6 x lo-'' f o r  t h e  f o r  t he  l a r g e - s c a l e  and p i l o t - s c a l e  systems. 

p i l o t  sca le ,  assuming a nominal o f f - g a s  de- 

con tamina t ion  f a c t o r  o f  10 . Thus, f o r  any 

run, t he  dose i s  about a f a c t o r  o f  15 g r e a t e r  
f o r  t he  l a r g e  scale.  However, t o  do t h e  

e n t i r e  example s i t e ,  t h e  dose f rom a l l  runs  

i s  9 x rein f o r  t h e  l a r g e  sca le  and 

7 x f o r  t h e  p i l o t  sca le . (a )  The t o t a l  

dose f o r  t h e  e n t i r e  s i t e  i s  s l i g h t l y  h i g h e r  

f o r  t h e  l a r g e - s c a l e  system (about  20%) be- 

cause, a l though fewer runs are  requ i red ,  t h e  

scale-up p r e d i c t i o n s  a re  such t h a t  any one 

p a r t i c u l a r  p iece  o f  s o i l  i s  mo l ten  f o r  a 

s l i g h t l y  l onger  p e r i o d  than f o r  t h e  p i l o t  

sca le ,  a l l o w i n g  an i n c r e m e n t a l l y  g r e a t e r  

re lease.  The doses i n  e i t h e r  case a re  ex-  

t reme ly  smal l  compared w i t h  t h e  500-mrem 

l imit f o r  t h e  maximum i n d i v i d u a l  and t h e  

175-mrein l i m i t  f o r  an average i n d i v i d u a l  

p e r m i t t e d  under DOE g u i d e l i n e s .  

5 
These were: 

between t h e  hood and t h e  o f f -gas  system, 

2) an underground exp los ion  o f  b u r i e d  chemi- 
ca l s ,  3)  a l eak  o f  t h e  o f f - g a s  c leanup water  

i n s i d e  t h e  o f f - g a s  t r a i l e r ,  4)  a gas l eak  i n -  
s i d e  t h e  o f f -gas  t r a i l e r ,  5)  an a c c i d e n t a l  

re lease  o f  r a d i o n u c l i d e s  whi l e  removing ove r -  

burden from a s i t e  p r i o r  t o  v i t r i f i c a t i o n ,  

and 6) a c r i t i c a l i t y .  

p r o v i d e  any d i s c r i m i n a t i o n  between t h e  p i l o t -  

and l a r g e - s c a l e  ope ra t i ons .  T h i s  i s  because 

t h e y  a re  t h e  o n l y  ones t h a t  cause an i nc rease  

1) a l eak  i n  t h e  o f f -gas  l i n e  

Only t h e  f i r s t  two 

i n  dose t o  t h e  p u b l i c  over  r o u t i n e  opera- 

t i o n s .  These two events a re  desc r ibed  as the  

f o l l o w i n g :  

0 E f f l u e n t  L i n e  Leak - The run i s  proceed ing  

no rma l l y ,  w i t h  no c o l d  cap. The e f f l u e n t  

l i n e  between t h e  hood and o f f -gas  system 

i s  d i s r u p t e d  such t h a t  a l l  t h e  gaseous e f -  

f l u e n t s  a re  re leased  d i r e c t l y  t o  t h e  a t -  

mosphere. Power t o  t h e  e l e c t r o d e s  i s  c u t  

o f f  immediately.  The e f f l u e n t s  re leased 

t o  t h e  atmosphere decrease e x p o n e n t i a l l y  

as a c o l d  cap forms over  t h e  me l t  area. 

The doses repo r ted  f o r  t h i s  scenar io  were 

c a l c u l a t e d  assuming gas v e n t i n g  was 

o c c u r r i n g  a t  t h e  t i m e  of t h e  acc iden t .  

P o t e n t i a l  Acc ident  Releases 

S i x  scenar ios  f o r  a c c i d e n t a l  r e l e a s e  were 

developed t o  eva lua te  t h e  p o t e n t i a l  impacts  

( a )  Doses f o r  a l l  runs f o r  t he  example s i t e  
a re  d e r i v e d  by m u l t i p l y i n g  the  dose by 
t h e  number o f  runs; 102 f o r  t h e  l a r g e r  
s c a l e  system and 1200 f o r  t h e  p i l o t - s c a l e  
system. 

I f  t h e r e  was no gas vent ing ,  t h e  doses 
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would decrease by a f a c t o r  o f  f i v e  f o r  t h e  

case o f  no c o l d  cap, and, because no 
t r a n s u r a n i c s  a re  re leased w i t h  a c o l d  cap, 

by a f a c t o r  g r e a t e r  than 100 f o r  a m e l t  

w i t h  a c o l d  cap. 

0 Exp los ion  - The run  i s  p roceed ing  nor- 

ma l ly ,  w i t h  no c o l d  cap. An e x p l o s i o n  

occurs w i t h i n  t h e  hood w i t h  s u f f i c i e n t  

f o r c e  t o  d i s l o d g e  the  hood f rom t h e  o f f -  

gas system. Power t o  t h e  e lec t rodes  i s  

c u t  o f f  immediately.  Gaseous e f f l u e n t s  

a r e  assumed t o  be re leased a t  a r a t e  t e n  

t imes normal f o r  5 min f o l l o w i n g  t h e  ex- 

p l o s i o n ,  and then  r e v e r t  t o  an exponen t ia l  

decrease f rom t h e  normal l e v e l  w i t h  a 

0.5-hr h a l f  t ime. Gas v e n t i n g  i s  assumed 

f o r  t h i s  scenar io  because any substance 

supp ly ing  t h e  energy f o r  an exp los ion  i s  

a l s o  assumed t o  c o n t r i b u t e  t o  vent ing .  

6mJ P u b l i c  Doses from P o t e n t i a l  Acc idents  

Doses f o r  t h e  acc iden t  scenar ios  were c a l -  

c u l a t e d  u s i n g  t h e  HADLOC computer code and 

a r e  presented  i n  Table 1.10. The wors t  a c c i -  

dent p o s t u l a t e d  f o r  an o p e r a t i n g  ISV system 

i s  a chemical e x p l o s i o n  d e s t r o y i n g  t h e  o f f -  

gas hood, and thus  i n c a p a c i t a t i n g  t h e  o f f - g a s  

system. The 50-yr dose commitment t o  an o f f -  

s i t e  i n d i v i d u a l  i n  t h i s  case i s  conserva- 

t i v e l y  es t ima ted  t o  be l e s s  than 1.0 rem f a r  

t h e  l a r g e - s c a l e  system and 0.08 rem f o r  t h e  

p i l o t - s c a l e  system. The o rde r  o f  magnitude 

d i f f e r e n c e  r e f l e c t s  t h e  i nc reased  amount of 

m a t e r i a l  a v a i l a b l e  f o r  re lease.  T h i s  assumes 

t h a t  t h e  me l t  i s  undergo ing  gar v e n t i n g  a t  

t h e  t ime  of t h e  exp los ion ,  t h e  weather cond i -  

t i o n s  a re  un favorab le ,  and t h e  i n d i v i d u a l  i s  

only 5 m i l e s  away f o r  4 hr.  The e x p l o s i o n  

TABLE 1.10. P u b l i c  Doses f rom Pos tu la ted  Acc iden ts  
I_-- 

Maximum I n d i v i d u a l ,  Popu la t ion ,  
rem man - rem 

1-yr Dose 5O-yT- T y r  Dose 50-yr Dose 

Large-Scale Opera t ion  
A) Exp los ion  

T o t a l  body 1E-3 5E-2 3E +O 1E+2 

Bone 2E-2 1 E + O  6Et1  3E+3 
Lung 1E-1 3E-1 3E+2 7E +2 

P i  l o t - S c a l e  Opera t i on  
T o t a l  body 8E-5 4E-3 2E-1 1E+1 

Bone 

Lung 

2E-3 8E-2 5E +O 2E +2 
1E-2 2E-2 3E+1 6E+1 

6 )  Off-Gas Leak 
Large-Scale Opera t ion  

T o t a l  body 4E -4 2E-2 1E+O 6E+1 

Bone 1E-2 5E-1 3E t1  1E+3 

Lung 5E -2 1E-1 1E+2 3E+2 

P i  1 o t -Sca le  Opera t i  on 

T o t a l  body 4E-5 2E-3 1E-1  5E+O 

6one 9E -4 4E-2 2E +O 1E+2 

Lung 5E-3 1E -2 1E+1 3E+1 



scenario i s  an upper l imi t ;  however, i t  i s  
not s ign i f i can t ly  worse than a simple loss of 
off-gas system. 

Recause o f  the conservative assumptions 
used, the doses estimated f r o m  the  postulated 
accidents are undoubtedly higher t h a n  would 
ac tua l ly  be recei ved. The re1 a t  i ve inagni - 
tudes of the accident doses should be used 
for  comparing the two options rather than 
estimating the  actual e f f ec t s .  

1.4 UEFENSE BYPRODUCTS U T I L I Z A T I O N  AND 
L_--C_-___- 

PRODUCTION (AR-05-15-25 - 80576/ 
GE-03-47-03 - 80401) 
--- 

The object ive  of t h i s  program is t o  iden- 
t i f y  applications fo r  nuclear byproducts and 
t o  denf lop techniques for recovery of these 
materials. Emphasis in FY 1983 WiZZ focus on 
recoverg and potent ial  appl icat ions of fis- 
sion-product s t ra t eg ic  noble metals,  devetop- 
rnent of advaw?ed isotope-f?teled power- 
production d e v i c m ,  and demonatration and 
deployment of mdioisotope-powereJ l i 3 h t s  i n  
thd far Nortk. 

-- Sum- 

T h e  DOE Plan for  Recovery and Ut i l iza t ion  
of Nuclear Byproducts from Defense Vastes, 
along with an Executive Summary under sepa- 
r a t e  cover, has been submitted to  DOE fo r  
approval. 

The techniques o f  melt casting and hot 
pressing of strontium f luor ide  have been ex- 
amined to  obtain high dens i t i e s ,  and t h u s ,  
higher heat-per-unit volume f o r  byproduct 
strontium-90 cdpsules. Both techniques are 
capable o f  yie ld ing  bulk dens i t i e s  99% o f  

t heo re t i ca l .  However, the apparently simpler 
process of melt cas t ing  has a fur ther  advan- 
tage of purifying the povrer during the  
process. 

t o r s  a re  considered f o r  coupling with radio- 
High-efficiency thermolnechanical genera- 

isotope-heat sources. S t i r1  . . ig  engines a p -  
pear t o  have a number of advantages for  these 
systems, and mechanical , thermal , and sh ie ld-  
ing ca lcu la t ions  have been performed f o r  var- 
ious design concepts. The program goal i s  t o  
construct a radioi sotope-povrered convertor 
f o r  t e s t ing  and demonstration. 

I r rad ia ted  nuclear-reactor fue ls  contain 
considerable quan t i t i e s  o f  the s t r a t e g i c a l l y  
i m p o r t a n t  noble metals, palladium, rhodium, 
and ruthenium. Health physics e f f ec t s  o f  the 
small amount o f  rad ioac t iv i ty  associated with 
these metals are being evaluated and show 
t h a t  the  weak beta from lo7Pd will exhib i t  no 

hazard f rom an external dose b u t  could be of 
some concern from an  in te rna l  dose. Four  

techniques for  recovery of the noble metals 
f r o m  the nuclear waste include: carbon- 
sorbate adsorption, s e l ec t ive  reducing-resin 
adsorption, prec ip i ta t ion  diJring sugar deni- 
t r a t i o n ,  and molten-lead ex t rac t ion .  

Department o f  Energy Plan for  Recovery and 
Ut i l iza t ion  of Nuclear Byproducts from 
Defense Wastes 

The DOE Plan for Recovery and Ut i l iza t ion  
of Nuclear Byproducts f rom Defense Wastes 
(DOE-DP-0013, Vol . 2)  has been prepared and 
submitted t o  DOE fo r  review and comment. A 
short  Executive Summary (DOE-DP-0013, Vol. 1) 
was a l so  prepared and submitted under sepa- 
r a t e  cover t o  be used by management, Con- 
gress,  and others des i r ing  the conclusions 
and ra t iona le  of the plan without the sup-  
porting data used i n  i t s  development. The 
plan concludes t h a t  uniquely useful , i n t r i n -  
s i c a l l y  valuable, and s t r a t e g i c a l l y  important 
materials a re  contained in the f rac t ion  o f  

the reprocessed fuel now considered waste. 
Some of these products have a1 ready proven 
appl ica t ions  while o thers  have high poten t ia l  

Q 



1.29 

br, f o r  use i n  a p p l i c a t i o n s  such as food tech -  

nology, a g r i c u l t u r e ,  energy p roduc t i on ,  

p u b l i c  h e a l t h  and sa fe ty ,  medicine, i n d u s t r y ,  

and n a t i o n a l  defense. The p l a n  a l s o  con- 

c ludes  t h a t  t he  removal and use o f  severa l  o f  

these byproduc ts  w i l l  s i g n i f i c a n t l y  reduce 

t h e  heat and r a d i a t i o n  remain ing  i n  t h e  waste 

and thus  f a c i l i t a t e  i t s  management and 

d i sposa l .  

The p lan  o u t l i n e s  D O E ' S  p o l i c y  and s t r a t -  

egy f o r  recovery  and development o f  a p p l i c a -  

t i o n s  f o r  these nuc lea r  byproducts.  I t  rec -  

ommends a development p l  an cons i  s t e n t  w i t h  

c o s t / b e n e f i t  p r i n c i p l e s  i n v o l v i n g  t h e  poten- 

t i a l  user  e a r l y  i n  t h e  research  phase o f  t h e  

progrdin. 

t i a l  program focus  on t h e  f o l l o w i n g  s i x  

dreas: 1) heat and power sources, 2) food 

and sludge i r r a d i a t o r s ,  3 )  se l f -powered 

l i g h t i n g ,  4 )  s t r a t e g i c  nob le  !metal recovery,  

5 )  r a r e  gas supp ly  dnd a p p l i c a t i o n ,  and 
6 )  suppor t i ng  s tud ies .  

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

c u r r e n t  and p o t e n t i a l  a v a i l a b i l i t y  o f  se- 

l e c t e d  byproduc ts  and a d e s c r i p t i o n  o f  c u r -  

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

The p lan  recommends t h a t  t h e  i n i -  

The p l a n  a l s o  con- 

I s o t o p i c  Heat Source Development 

The major heat -p rod t ic ing  i s o t o p e  f rom t h e  
n u c l e a r  byproduc ts  i s  s t ron t ium-90,  which 

a long w i t h  i t s  s h o r t - l i v e d  daughter,  

y t t r i u m - 9 0 ,  y i e l d s  0.93 W o f  heat per  gram o f  
t h e  iso tope.  Th is  i s o t o p e  has been used t o  a 

l i m i t e d  e x t e n t  f o r  remote power genera t i on  

u s i n g  t h e r m o e l e c t r i c  convers ion  of t h e  h e a t  

t o  power. The s t r o n t i u m  i s  c u r r e n t l y  removed 

f rom t h e  waste a t  Hanford  t o  reduce t h e  t h e r -  

mal ou tpu t  o f  t h e  remain ing  waste and i s  con- 

v e r t e d  t o  SrF2 and encapsu la ted  i n  doub le-  

w a l l e d  metal  capsules and s t o r e d  under water  

i n  t h e  Hanford Waste Encapsu la t i on  and S t o r -  

age F a c i l i t y  (WESF). In t h e  pas t ,  t h e  d r i e d  

SrF2 powder has been compacted i n  t h e  meta l  

capsu les  by c o l d  compaction techn iques  t o  a 
3 d e n s i t y  rang ing  f rom about 3.0 t o  3.4 g/cm . 

F o r  imany byproduc ts  a p p l i c a t i o n s ,  however, i t  

would be advantageous t o  reduce t h e  volume of 

t h e  iso tope.  To ach ieve  t h i s  r e d u c t i o n  i n  

volume, we have i n i t i a t e d  a modest e f f o r t  t o  

e v a l u a t e  t h e  f e a s i b i l i t y  and determine some 

o f  t h e  o p e r a t i n g  parameters f o r  me l t  c a s t i n g  

and h o t  p ress ing  o r  e x t r u d i n g  S r F 2  t o  a den- 

s i t y  near t h e o r e t i c a l  (4.24 g/cm3). 

these exper iments,  i m p u r i t i e s  were s p e c i f i -  

c a l  l y  added t o  nonrad i  o a c t i  ve S r  (N03)2 and 

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

f i s s i o n - p r o d u c t  compos i t ion  f rom WESF. The 

compos i t ion  o f  t h e  powder c o n t a i n i n g  -5% 

i m p u r i t y  i s  shown i n  Tab le  1.11. 

For 

M e l t  Cas t i ng  

Pure SrF2 mel ts  a t  1473°C and vapor izes  a t  

There fore ,  we con- 1 atrn p ressure  a t  2489°C. 

c lude  t h a t  me l t  c a s t i n g  o f  t he  compound has 

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

s o l i d .  M e l t  c a s t i n g  exper iments were p e r -  

formed i n  a s t a i n l e s s  s t e e l  vacuum chamber 

equipped w i t h  c o i l s  f o r  i n d u c t i o n  heat ing .  
To date, s t u d i e s  have been conducted by: 

1) m e l t i n g  and c a s t i n g  t h e  powder d i r e c t l y  i n  
t h e  g r a p h i t e  mold, 2 )  m e l t i n g  i n  a g r a p h i t e  

m e l t i n g  c r u c i b l e  and bo t tom-cas t i ng  i n t o  a 

r e c e i v i n g  mold f o r  c o o l i n g  and s o l i d i f i c a t i o n  

o r  3 )  m e l t i n g  and c a s t i n g  d i r e c t l y  i n  a t a n -  

ta lum mold. I n  a l l  t h r e e  cases, t h e  cas%ing  

o p e r a t i o n  was conducted under about 1 / 3  atm 

o f  argon because h e a t i n g  under vacuum caused 

excess i ve  s p a t t e r i n g  due t o  r a p i d  ou t -gass ing .  

1400"C, b u t  exper iments were conducted f rom 

t h i s  range up t o  15OO0C i n  an a t tempt  t o  

The impure powder me l t s  a t  -1350 t o  
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TABLE 1.11. 
Prepared f rom S r ( N 0 3 ) ~  

Nominal Composit ion(')  o f  SrF2 

Component 
S r  

F 

A1 

Ba 

Ca 

Cd 

Cr 

Fe 

K 

Mg 
Mn 

Na(b) 

Nd(') 

N i  

Pb 

Z r ( d )  

Weight % 
64.40 

31.30 

0.15 

0.45 

0.15 

0.02 

0.15 

0.22 

0.12 

0.02 

0.01 

1.50 

0.50 

0.15 
0.02 

0.84 

( a )  Based on compos i t ion  o f  feed t o  p r e c i p i -  

( b )  May vary, depending on washing o f  f l u o -  

( c )  Nd use4 as s tand - in  f o r  a l l  r a r e  ear ths .  
( d )  Z r  i n  'SrF2 w i l l  i n c r e a  w i t h  ime 

om t h e  decay process, "Sr + "Y + 

t a t i o n  step. 

r i d e  p r e c i p i t a t e .  

o p t i m i z e  t h e  process parameters by decreas ing  

t h e  v i s c o s i t y  and i n c r e a s i n g  t h e  ou t -gass ing  

ra te .  Time a t  temperature was a l s o  v a r i e d  

f rom 5 t o  20 min b e f o r e  c o o l i n g  and s o l i d i f i -  

ca t i on .  I n  most cases, t h e  powder had been 

vacuum-dried f o r  24 h r  a t  275°C p r i o r  t o  bak- 

i n g  i n  a i r  a t  1000°C, bu t  two exper iments 

were conducted on powders d r i e d  on ly  a t  150°C 

t o  eva lua te  the  f e a s i b i l i t y  o f  e l i m i n a t i n g  a 

separa te  d r y i n g  step. 

l e d  t o  t h e  f o l l o w i n g  conc lus ions :  

The r e s u l t s  o f  t h i s  s e r i e s  o f  t e s t s  have 

a M e l t - c a s t i n g  appears t o  be a v i a b l e  o p t i o n  
f o r  o b t a i n i n g  h igh -dens i t y  s o l i d  s t r o n t i u m  

f l u o r i d e  i n  ho t  c e l l s .  

P h y s i c a l l y  s t a b l e  SrF2 i n g o t s  o f  -7.5 cm 

d i a  by 4.8 cm h i g h  have been produced wi th  

d e n s i t i e s  rang ing  from 3.8 t o  4.2 g/cm 

Excel  1 e n t  cas t i ngs  were ob ta ined when t h e  

mol ten  s a l t  was bottom-cast f rom a graph- 

i t e  m e l t i n g  c r u c i b l e  i n t o  a g r a p h i t e  mold. 

Bu lk  d e n s i t i e s  i n  excess o f  96% o f  t heo -  

r e t i c a l  were achieved w i t h  t h e  p o r o s i t y  

l i m i t e d  t o  smal l  pores on t h e  su r face  o f  

t h e  s i d e  w a l l .  

S i g n i f i c a n t  chemical p u r i f i c a t i o n  occur red  

d u r i n g  t h e  cas t i ng ;  sodium and po tass ium 

f l u o r i d e s  tend  t o  vo l  a t i  1 i ze and condense 

on t h e  c o l d  vacuum chamber su r face ;  i r o n  

and some o t h e r  metal  i ons  are  reduced by 

t h e  carbon and depos i t  as meta ls  on t h e  
c r u c i b l e  w a l l .  

Cas t ing  dimensions appear t o  be c o n t r o l -  

l a b l e  and p r e d i c t a b l e .  

C a s t i n g  powders d r i e d  a t  15OoC, b u t  n o t  

baked, y i e l d  re1  a t i  v e l y  h i  gh-densi ty s o l  - 
i d s  (-90% TD). P o r o s i t y  appears t o  be due 

t o  incomple te  ou tgass ing  o f  t h e  m o i s t u r e  

from t h e  mel t .  

bo t tom-pour ing  may be r e q u i r e d  t o  y i e l d  

t h e  des i  r e d  dens i t y .  

Cast SrF2 can be sanded on a w e t - b e l t  

sander t o  a d j u s t  f i n a l  d imensions w i t h o u t  

s u b s t a n t i a l  dus t  genera t i on .  

Other parameters w i l l  be exainined i n  f u -  

3 

(90-99% TD). 

F u r t h e r  ou t -gass ing  o r  

t u r e  exper iments.  Cas t ings  w i t h  a l e n g t h / d i -  

ameter r a t i o  o f  3 t o  4 w i l l  be demonstrated 

and a v a r i e t y  o f  ou t -gass ing  techn iques  exam- 

ined. On comple t ion  o f  these s tud ies ,  adap- 

t a t i o n  o f  t h i s  techn ique t o  h o t  c e l l  use and 

f o r  use on waste generated from f d t u r e  PUREX 

o p e r a t i o n  shou ld  be cons idered.  
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Hot P ress ing  

Another techn ique t h a t  has been used t o  
o b t a i n  h i g h - d e n s i t y  SrF2 i s  h o t  p ress ing .  

I t  has t h e  advantage over c a s t i n g  o f  no t  r e -  

q u i r i n g  so h i g h  a temperature,  b u t  i t  does 

r e q u i r e  h igh-pressure  equipment. The h o t  

p ress  used i n  these exper iments has a maximum 

tempera ture  c a p a b i l i t y  o f  2200°C and a p ress -  

i n g  f o r c e  o f  30 tons  i n  a 25-m3 h o t  zone. 

The exper iments examined f o r  t h i s  s tudy  used 

a g r a p h i t e  d i e  2.2 cm i n s i d e  d iameter  and 

11.5 cm long  w i t h  p ressure  a p p l i e d  on ly  from 

t h e  top. Maximum pressures  i n  t h e  t e s t  were 

l i m i t e d  t o  27.5 YPa (4000 p s i )  by t h e  

s t r e n g t h  o f  t h e  g r a p h i t e  d ie .  

A s e r i e s  o f  exper iments was conducted t o  

examine t h e  e f f e c t  of temperature,  p ressure ,  

and atmosphere on t h e  r e s u l t i n g  s o l i d .  The 

r e s u l t s  a re  shown i n  Tab le  1.12. These r e -  

s u l t s  show t h a t  s t r o n t i u m  f l u o r i d e  can be 

h o t  pressed t o  near t h e o r e t i c a l  d e n s i t y  over 

a reasonable range of o p e r a t i n g  c o n d i t i o n s .  

Hot p r e s s i n g  does no t  s i g n i f i c a n t l y  p u r i f y  

t h e  powder; t hus  t h e  s p e c i f i c  power ach iev -  

a b l e  f rom "SrF2 i s  somewhat lower  than cas t  

powders due t o  bo th  h i g h e r  i m p u r i t y  c o n t e n t  

and lower  t h e o r e t i c a l  d e n s i t y .  The r e l a -  

t i o n s h i p  o f  p r e s s i n g  t ime,  temperature,  and 

p ressu re  on d e n s i t y  a re  shown g r a p h i c a l l y  i n  

F igu res  1.7 and 1.8. 

Development o f  Radioisotope-Powered Thermo- 

mechanical  Generators (RTMG) 

Rad io i so tope  t h e r m o e l e c t r i c  genera tors  

(RTG) have been used as remote power sources 

f o r  bo th  space and t e r r e s t r i a l  a p p l i c a t i o n s  

f o r  many years .  Most space a p p l i c a t i o n s  have 

used 238Pu as t h e  power source, w h i l e  t e r -  
r e s t r i a l  a p p l i c a t i o n s  g e n e r a l l y  use '05,. AS 

p o t e n t i a l  a p p l i c a t i o n s  o f  remote power expand, 

TABLE 1.12. Resu l t s  o f  Hot P ress ing  SrF2 

Furnace F i n a l ( a )  Iinmersi on Time f o r  
Run Temp., D i e  Temp., Pressure, D e n s i p ,  D e n s i f i c a t i o n ,  
No. "C O C  p s i  glcm m i  n 

~ -- I- 
141 1000 940 4000 4.26 7.2(b) 
142(') 900 825 4000 4.13 11.2 
143 850 780 4000 4.11 17  

144 800 7 30 4000 4.11 20 

145 750 700 4000 4.10 31 
146 680 637 4000 4.03 125 

147 850 780 3000 4.11 19 
148 850 7 ao 2500 4.11 19 

149 850 81 5 2000 4.10 45 

15 l(d) 850 740 4000 4.11 17 
153(e)  850 780 4000 4.11 26 

--- 
( a )  O r  tempera ture  when d e n s i f i c a t i o n  was complete. 
( b )  For  f i r s t - s t a g e  d e n s i f i c a t i o n .  
( c )  A smal l  amount o f  m a t e r i a l  ex t ruded i n t o  t h e  punch/d ie  gap 

( d )  Argon atmosphere. 
( e )  Leng,th/diameter = 2.73. 

bu t  d i d  n o t  come ou t  o f  t h e  d ie .  
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F I G U R E  1.8. E f f e c t  o f  Pressure  on D e n s i f i c a t i o n  Rate of S r F 2  

t h e r e  i s  cons ide rab le  i n c e n t i v e  t o  deve lop  

more e f f i c i e n t  convers ion  systems because o f  

t h e  l i m i t e d  supp ly  o f  "Sr and the  cos t  o f  

p roduc ing  238Pu. Thermoe lec t r i c  dev ices  

c u r r e n t l y  a v a i l a b l e  produce power very  

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

about 8%. On t h e  o t h e r  hand, thermome- 

chan ica l  convers ion  dev ices  have been shown 
t o  produce power w i t h  e f f i c i e n c i e s  up t o  38% 

and w i t h  the  p o t e n t i a l  of even f u r t h e r  i n -  

creases. Table 1.13 i l l u s t r a t e s  t h e  po ten-  

t i a l  power a v a i l a b l e  f rom f i s s i o n - p r o d u c t  

s t r o n t i u m  as a f u n c t i o n  of conve rs ion  

e f f i c i e n c y  . 
rad io iso tope-poMer  convers ion  i s  t h e  S t i r l i n g  

eng ine  i nven ted  by a S c o t t i s h  m i n i s t e r  i n  

1818. S t i r l i n g  eng ine  use over  t h e  years  has 

been l i m i t e d ,  bu t  development i s  reach ing  an 

advanced s t a t e .  F ree -p i s ton  S t i r l i n g  engines 

have now been developed and opera ted  f o r  

extended per iods .  One such engine, f u e l e d  

One a t t r a c t i v e  heat  engine cons idered f o r  
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TABLE 1.13. Comparative U t i l i z a t i o n  o f  S t ron t ium-90 

E l e c t r i c a l  Power Produc t ion ,  kWe 
RTG RTMG 

Amount ( a  8% 20% 30% 40% 
S t ron t i um Source kWt E f f i c i e n t  E f f i c i e n t  E f f i c i e n t  E f f i c i e n t  

Cur ren t  B-Plant and WESF 
0 90Sr/Sr >0.4 104 8.3 21 31  42 

0 9 0 S r / S r  0.4 t o  0.25 220 (b )  44 66 88 

Fu tu re  Hanford PUREX 230 18 46 69 92 

Savannah R i v e r  P1 a n t  
0 Present th rough 2000 620 50 124 186 248 

Commerci a1 Waste 

0 Accumulated th rough 1981 2,500 200 500 750 1,000 

0 Accumulated th rough  2000 53,000 4,200 11,000 16,000 21,000 

( a )  As o f  7-1-82. 
( b )  RTG usage g e n e r a l l y  l i m i t e d  t o L O . 4  90Sr/Sr. 

w i t h  r a d i o a c t i v e  s t r o n t i u m  t i t a n a t e ,  has op- 

e r a t e d  f o r  over 8 yea rs  w i t h o u t  maintenance 

w h i l e  p roduc ing  power w i t h  an o v e r a l l  e f f i -  

c i ency  o f  17 t o  20%. I n  a d d i t i o n ,  o t h e r  

S t i r l i n g  engine designs w i t h  convers ion  e f -  

f i c i e n c i e s  i n  the  range o f  30 t o  38% have 

been demonstrated. These machines have t h e  

p o t e n t i a l  f o r  l o n g - l i  f e ,  ma in tenance- f ree  

o p e r a t i  on b u t  c u r r e n t l y  have n o t  been oper-  

d ted  fo r  extended per iods .  
A ma jor  o b j e c t i v e  o f  t h i s  program i s  t o  

c o n s t r u c t  and t e s t  a r a d i  o i  sotope-powered 

conver te r  t h a t  w i l l  produce power r e l i a b l y  

w i t h  an e f f i c i e n c y  o f  f rom 20 t o  35%. Re- 

c e n t l y ,  con tac ts  have been made w i t h  S t i r l i n g  

eng ine  deve lopers  t o  o b t a i n  t h e  necessary i n -  

f o rma t ion  t o  s e l e c t  t h e  most p romis ing  system 

f o r  use w i t h  rad io i so topes .  Heat-source 

des ign  i s  a1 so under way, and thermal , me- 

chan ica l  , and s h i e l d i n g  c a l c u l a t i o n s  have 

been performed on a v a r i e t y  o f  systems. 

most p romis ing  des igns  use e f f i c i e n t  heat-  

t r a n s f e r  methods such as heat p ipes  t o  reduce 

The 

t h e  tempera ture  d i f f e r e n c e  between t h e  i s o -  

t ope  and t h e  eng ine  i n t e r f a c e .  

Var ious  s h i e l d i n g  des igns  are  be ing  eva l  u- 
ated, i n c l u d i n g  t h e  use o f  t ungs ten  o p e r a t i n g  

a t  h i g h  tempera ture  i n s i d e  t h e  thermal i nsu -  

l a t i o n  and t h e  use o f  vacuum- fo i l  i n s u l a t i o n  

i n s i d e  t h e  b i o l o g i c a l  s h i e l d  w i t h  a l e s s  

r e f r a c t o r y  s h i e l d  o p e r a t i n g  a t  near-ambient 

temperature.  

w i l l  be ob ta ined  and coup led  t o  a heat  source  

t o  p r o v i d e  an i s o t o p e - f u e l e d  conver te r  f o r  

t e s t i n g  and demonstrat ion.  

From these va r ious  concepts,  an engine 

Noble Metal  Recovery and Use 

R e l a t i v e l y  l a r g e  q u a n t i t i e s  o f  pa l l ad ium,  . 

rhodium, and ru then ium a re  i n c l u d e d  i n  t h e  

f i s s i o n  p roduc ts  f rom i r r a d i a t i o n  o f  nuc lea r  

f u e l s .  The h i g h  va lue  and s t r a t e g i c  n a t u r e  

o f  these metal  s prov ides  cons ide rab le  incen-  

t i v e  t o  examine t h e  p o t e n t i a l  f o r  t h e i r  r e -  

covery  and u l t i m a t e  use. 

i n i t i a t e d  d u r i n g  t h e  summer o f  1981 t o  

Thus, a program was 
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examine potent a1 recovery techniques and t o  
determine potential  applications.  

Current nuclear wastes a t  Hanford and 
Savannah River Laboratory are reported t o  
contain a b o u t  1400 k g  of palladium, 2000 k g  
of rhodium, and nearly 7000 k g  of ruthenium. 
S igni f icant ly  la rger  quan t i t i e s  are present 
in currently stored commercial spent f u e l s ,  
with the potential  for  about 600,000 k g  of 
these metals from commercial fue ls  between 
now and the year 2020. 

Fission-product palladium i s  composed p r i -  
mari ly of nonradioactive isotopes, with 17% 
being lo7Pd ,  a 0.035 MeV beta emitter with a 
h a l f - l i f e  (tl,2) o f  45,000,000 years.  
dium i s  almost en t i r e ly  s tab le  Io3Rh, w i t h  
only a t race  of radioactive 102mRh ( t l / 2  = 

206 days) and '02Rh (tl,2 = 2.9 yea r s ) .  
Fi s s i  on-product ruthenium contains several 
s t ab le  isotopes plus radioactive lo3Ru 
( t l I2  = 39 days) and lo6Ru ( t l /2  = 367 days). 

metal ca t a lys t s ,  cor ros ion- res i s tan t  meta l l ic  
components, and a variety of other applica- 
t ions .  However, the  presence of low l eve l s  
of rad ioac t iv i ty  requires consideration of 
the health e f f ec t s  t h a t  could resu l t  from 
u t i l i z a t i o n  of these valuable byproducts. A t  
l e a s t  th ree  categories of application need t o  
be considered: 1) use in a radiation envi- 
ronment where rad ioac t iv i ty  from noble metal s 
i s  of no additional concern, 2 )  use in indus- 
t r i a l  applications where the materials a r e  
i so la ted  from the environment and can be ade- 
quately controlled,  and 3) unlimited applica- 
t ion  where no control is  required. In the  
l a t t e r  case, one must be concerned about any 
potential  application which might use the  
product from recycle o r  reuse of the mate- 
r i a l .  Thus the hazards involved f r o m  i t s  use 
as jewelry o r  tooth or  body implants, e t c . ,  
must be evaluated. 

Rho-  

These metals have multiple uses as noble- 

Health Phys cs  Assessment 

The purpose of t h i s  task i s  t o  review the  
uses of reactor-produced noble metals and t o  
estimate the  radiation doses to  workers and  
the general population from these uses. Our 
work has focused on reactor-produced pa l la -  
d ium,  pa r t i cu la r ly  on the possible occupa- 
t iona l  and public exposure from l o 7 P d  t h a t  
could r e su l t  from uncontrolled use of t he  
metal. The radiation doses considered in- 
clude doses from objects outside the body, 
doses from metals inhaled as fumes and aero- 
so l s ,  and doses from surgical implants o r  

dental prostheses. 
In considering the dose from radiation 

sources external t o  the  body, there  a re  th ree  
organs o r  groups o f  organs f o r  which an ex- 
te rna l  dose i s  calculated: skin,  lens of the  
eye, and the whole body. For ca lcu la t ion ,  
these organs a re  assumed t o  l i e  a t  a depth of 
70 vm, 0.3 cm and 1.0 cm, respectively.  Spe- 
c i f i c  dose l imi t s  have been established f o r  
these  three  organ systems: 5 rem, 30 rem and 
5 rem per year ,  respectively.  These depths 
represent the location of the radiation- 
s ens i t i ve  t i s s u e s ;  radiation which does not 
penetrate t o  these depths i s  not considered 
t o  provide a meaningful dose. For example, 
the s k i n  cons is t s  of two major l ayers ,  the 
dermis and the epidermis (the outermost 
l aye r ) .  The epidermis i s  likewise composed 
of l aye r s ;  beginning a t  t he  deepest, they a r e  
t h e  stratum basale, stratum spinosum, stratum 
granulosum, stratum lucidum and stratum 
corneum (Goss 1973, ed.; Jensen 1976). The 
dose t o  t he  skin i s  s ign i f i can t  only i f  t he  
stratum basale (lying a t  a depth o f  0.07 t o  
0.12 m m )  i s  i r r ad ia t ed ,  because i t  i s  t he  
source of new skin ce l l s .  

range in t i s sue ,  and with cer ta in  exceptions, 
Beta pa r t i c l e s  generally have a shor t  
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do no t  i r r a d i a t e  t h e  whole body. Very low- 

energy be ta  p a r t i c l e s ,  such as those of 
lo7Pd, w i l l  i r r a d i a t e  t h e  o u t e r  l a y e r s  o f  t he  

sk in ,  where t h e  r a d i a t i o n  dose may be l a r g e ;  

bu t  because i t  does no t  pene t ra te  t o  the  

basal  l aye r ,  t h e  s k i n  dose i s  i n s i g n i f i c a n t .  

Many r a d i  onucl  i des ,  f o r  example "Tc, w i  11 

emi t  h i g h e r  energy be ta  p a r t i c l e s ,  which can 
p e n e t r a t e  t o  t h e  basal  l a y e r s  o f  t h e  sk in .  

I n  these cases, the  r a d i a t i o n  dose as a func-  

t i o n  o f  depth i n t o  t h e  s k i n  must be computed. 

I n t e r n a l  dos imet ry  r e f e r s  t o  t h e  c a l c u l a -  

t i o n  o f  a r a d i a t i o n  dose t o  t h e  organs o f  t h e  

body f rom r a d i o a c t i v e  m a t e r i a l  w i t h i n  t h e  

body. The i n t e r n a l  r a d i a t i o n  dose i s  a func- 

t i o n  o f  t h e  energy o f  t h e  e m i t t e d  r a d i a t i o n ,  

t h e  amount o f  r a d i o a c t i v e  m a t e r i a l  i n  an 

organ, and t h e  mass o f  t h e  organ. 

doses a re  c a l c u l a t e d  on an organ-by-organ 

bas i s  and then can be summed t o  g i v e  a 

'whole-body" dose. The c a l c u l a t i o n s  assume 

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

t r i b u t e d  th roughout  t h e  organ, a l t hough  t h e  

va r ious  organs may have d i f f e r e n t  concent ra -  

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

remain i n  t h e  body i s  a f u n c t i o n  o f  i t s  s o l u -  

b i l i t y  i n  body f l u i d s ,  and whether i t  i s  

i n c o r p o r a t e d  i n t o  t i s s u e s ,  f o r  example, bone. 
C o l l e c t i v e l y ,  t h e  d i s t r i b u t i o n  o f  t h e  mate- 

r i a l  w i t h i n  t h e  body and i t s  eventua l  exc re -  

t i o n  i s  r e f e r r e d  t o  as the  metabol ism o f  t he  

r a d i o n u c l i d e .  411 t h e  energy o f  a be ta  p a r -  

t i c l e  w i l l  c o n t r i b u t e  t o  t h e  computed r a d i a -  

t i o n  dose because t h e  r a d i o n u c l i d e  i s  s u r -  

rounded by l i v i n g  c e l l s .  Th i s  i s  i n  c o n t r a s t  

t o  e x t e r n a l  dos imet ry ,  i n  which t h e  be ta  p a r -  

t i c l e  m u s t  t r a v e r s e  n o n l i v i n g  s k i n  b e f o r e  i r -  

r a d i a t i n g  l i v i n g  t i s s u e .  

The s c i e n t i f i c  l i t e r a t u r e  has been 

searched by on-1 i ne computer methods t o  

i d e n t i f y  papers t h a t  desc r ibe  envi  ronmental  

concen t ra t i ons  o f  p a l l a d i u m  f rom i n d u s t r i a l  

I n t e r n a l  

processes such as r o a s t i n g ,  smel t ing ,  and 

r e f i n i n g  o f  t h e  metal .  
l e v e l s  o f  p a l l a d i u m  a re  known, then  reason- 

a b l e  es t imates  o f  a r a d i a t i o n  dose f o l l o w i n g  

i n h a l a t i o n  o f  p a l l a d i u m  a t  these l e v e l s  may 

be made. Un fo r tuna te l y ,  no es t ima tes  o r  de- 

t e r m i n a t i o n s  o f  t h e  env i ronmenta l  l e v e l s  o f  

pa l lad ium,  e i t h e r  l o c a l  o r  i n  general ,  appear 

t o  have been made. 

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

s i m i l a r  t o  e x t e r n a l  dos imet ry  i n  t h a t  t he  

computat ions a re  those o f  an o b j e c t  i n  con- 

t a c t  w i t h  t h e  sk in .  However, t h e  p r o t e c t i v e  

l a y e r s  o f  dead c e l l s  found on t h e  s k i n  do n o t  

e x i s t  i n s i d e  t h e  body and may be o n l y  one- 

c e l l  l a y e r  t h i c k  i n  t h e  mouth (Bloom and 

Fawcet t  1975). Thus pa l  1 ad i  um, whose be tas  

w i l l  n o t  p e n e t r a t e  dead l a y e r s  of s k i n  t o  

cause an e x t e r n a l  dose, w i l l  i r r a d i a t e  l i v i n g  

c e l l s  when used as an imp lan t .  The p h y s i c a l  

c h a r a c t e r i s t i c s  o f  lo7Pd, s p e c i f i c a l l y  t h e  

low energy o f  t h e  be ta  p a r t i c l e  and t h e  low 

s p e c i f i c  a c t i v i t y  tend t o  d i m i n i s h  t h e  r a d i a -  

t i o n  hazard  o f  pure  f i s s i o n - p r o d u c t  p a l l a d i u m  

when t h e  p a l l a d i u m  i s  con ta ined  i n  p roduc ts  

e x t e r n a l  t o  t h e  body; however, s u r g i c a l  

i mpl an ts  may resu  1 t i n s i  gn i f i can t  r a d i  a t  i on 
doses t o  t h e  su r round ing  t i s s u e s  owing t o  t h e  

i n t i m a t e  con tac t  and long res idence  t imes  

i nvo l  ved. 

Once env i ronmenta l  

The c a l c u l a t i o n  o f  r a d i a t i o n  dose from a 

An approximate dose r a t e  map, showing dose 

r a t e  as a f u n c t i o n  o f  depth  i n t o  t i s s u e  f rom 

a metal  c y l i n d e r  c o n t a i n i n g  20 a t %  lo7Pd, i s  

shown i n  F i g u r e  1.9. 

u s i n g  techn iques  out1 i ned by Brownel 1 
( F i t z g e r a l d  e t  a l .  1967). The c a l c u l a t i o n s  

assume an exponen t ia l  l o s s  o f  energy by t h e  

b e t a  spectrum th rough t h e  abso rb ing  medium. 

As can be seen, t h e  dose r a t e  i s  very  h i g h  a t  

c o n t a c t  (-2 R /h r )  b u t  drops s h a r p l y  a t  a d i s -  

t ance  o f  10 t o  20 pm. More work needs t o  be 

The map was prepared 
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done t o  ident i fy  the  s ign i f icance  of t h i s  
analysis r e l a t ive  t o  the long-term hazard. 

One analysis has shown t h a t  i r r ad ia t ion  
due t o  Io7Pd from objects outside the  body 
(i .e., r i n g s ,  telephone contacts,  noble-metal 
c a t a l y s t s ,  e t c . )  i s  of no s igni f icance  be- 
cause l i ve  c e l l s  a re  protected by the  t h i n  
epidermal layer. However, surgical implants 
containing fission-product palladium may 
cause s ign i f i can t  doses from long-term expo- 
sure d i r ec t ly  t o  body organs. Exposure from 
ingested dusts o r  aerosols can not be evalu- 
ated adequately without more information on 
the  concentrations expected from processing 
of the  metals o r  metal ores.  

Recovery Met hods 

Several a l t e rna t ives  ex i s t  tha t  might be 
applicable fo r  the recovery of the  s t r a t e g i c  
noble metals from waste streams. For serious 
considerati  on, these methods must be readily 
adaptable t o  the present processing or  waste- 
management systems, must have re1 a t i  vely h i g h  
decontamination f ac to r s  and spec i f i c i ty  f o r  

the metal ions recovered, and be able to  be 
implemented a t  a cost not exceeding the  value 
of the recovered product. Several spec i f i c  

recovery options t h a t  appear t o  meet these 

c r i t e r i a  include: 

0 Carbon sorbates:  These a re  activated car- 
bons tha t  have been prepared by t r e a t i n g  
them with chelating compounds which react 
spec i f i ca l ly  with the  palladium, rhodium, 
ruthenium, and technetium. In e a r l i e r  
work a t  PNL, g rea te r  than stoichiometric 
recoveries of noble metals from H C 1  solu- 
t ions  were observed. 
conducted t o  date on n i t r i c  acid solution. 
Reducing res ins :  Recently developed re- 
ducing res ins  a re  ava i lab le  tha t  spec i f i -  
ca l ly  reduce noble metals. While these 
have been tes ted  and evaluated in mining 
operations,  they have not been evaluated 
f o r  nuclear appl ica t ions ;  b u t  i t  appears 
t h a t  the  noble metals palladium and rho- 
dium could be recovered a t  ininimal cost  
in ex i s t ing  processing o r  waste-handling 
fac i  1 i t i e s .  
Prec ip i ta t ion  of metals: I t  has been ob- 
served (Buxton and Campbell 1981) t h a t  
s i gn i f i can t  quan t i t i e s  of palladium are  
prec ip i ta ted  with a sludge during sugar 

No work has been 

deni t ra t ion  of the dissolved fuel.  
the  existence of palladium, rhodium, and 
ruthenium i n  fuel processing sludge has 
been known fo r  some time, t h e i r  concentra- 
t i ons  have never been determined. Such 
measurements a re  cur ren t ly  be ing  planned 
under t h i s  program. 
t h a t  t he  sludge contains r e l a t ive ly  high 
concentrations of the noble metals, stan- 
dard separation techniques can be used f o r  
t h e i r  recovery a t  r e l a t ive ly  low cost.  

0 Lead-extraction process: This process 
involves the ex t rac t ion  of noble metals by 
ex t rac t ion  in to  a molten-lead phase during 
v i t r i f i c a t i o n  of the waste product. 

While 

If  t h i s  process shows 

This 
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techn ique has been descr ibed p r t d i o u s l y  
( M e l l i n g e r  and Jensen 1982; Ti.ni.e,q 1982). 

Recent r e s u l t s  f rom in-can r e s t e r  t e s t s  
u s i n g  t h e  l e a d - e x t r a c t i o n  process have shown 

t h a t  n e a r - q u a n t i t a t i v e  separa t i on  of l ead  
(and thus  nob le  me ta l s )  f rom t h e  g lass  occurs 
when t h e  m e l t  i s  h e l d  a t  l l O O ° C  f o r  4 h r  and 

t h e  q u a n t i t y  o f  carbon reduc tan t  i s  m i n i -  

mized. These r e s u l t s  were ob ta ined f rom a 
s e r i e s  o f  exper iments u s i n g  l a r g e  (1000 g )  

batches i n  an in-can mel te r .  
The f a b r i c a t i o n  o f  t h e  ceramic m e l t e r  f o r  

con t inuous  recovery  o f  nob le  metals us ing  

l ead  e x t r a c t i o n  was completed (F igu re  1.10). 

Ceramic me l te rs  a re  t h e  re fe rence  v i t r i f i c a -  

t i o n  u n i t s  f o r  t h e  i m m o b i l i z a t i o n  of h igh -  

l e v e l  defense and commercial wastes. Th is  

smal l  m e l t e r  w i l l  be used t o  demonstrate t h a t  
ceramic me l te rs  can be mod i f i ed  t o  p rov ide  

f o r  noble-metals recovery.  Cur ren t l y ,  h i g h -  
l e v e l  wastes and g lass  formers are v i t r i f i e d  

i n  t h e  me l te r  box and t h e  v i t r i f i e d  p roduc t  

i s  over f lowed t o  a c a n i s t e r .  I n  t h i s  ine l te r ,  
t h e  s imu la ted  h i g h - l e v e l  waste g lass  fo rmer  

and lead  ox ide  a re  V i t r i f i e d  i n  t h e  m e l t e r  

box. The lead  scavenges t h e  nob le  metals and 
s e t t l e s  t o  t h e  bo t tom o f  t he  box. A d r a i n  
va l ve  i s  operated i n t e r m i t t e n t l y  t o  d r a i n  t h e  

lead-nob le  metals mix t o  a can is te r .  The 

b o r o s i l i c a t e  glass,  minus t h e  l ead  and nob le  

metals,  i s  over f lowed t o  a second can is te r .  
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SUMMARY 

Increased emphasis i s  be ing  g iven t o  t h e  

c o d i f i c a t i o n  o f  t e s t  methods r e l a t e d  t o  waste 

package performance i n  geo log i c  r e p o s i t o r i e s .  

Two new "umbre l l  a" i n t e r a c t i o n  t e s t  methods 

a re  be ing  de f i ned  i n  c o n j u n c t i o n  w i t h  t h e  

r e p o s i t o r y  waste package p r o j e c t s .  

method, des ignated  MCC-14, i s  devoted t o  

d e f i n i n g  t h e  r a d i o n u c l i d e  re lease  from t h e  

waste form i n  s i t e - s p e c i f i c  geo log i c  repos i -  

t o r y  environments;  thus  t h e r e  w i l l  be an 

MCC-14 ( b a s a l t ) ,  MCC-14 ( s a l t )  and MCC-14 

( t u f f ) .  The o t h e r  i n t e r a c t i o n s  t e s t ,  

MCC-105, i s  a r e p o s i t o r y - s p e c i  f i c  c o r r o s i o n  

t e s t  designed t o  y i e l d  da ta  t h a t  can be used 

i n  p r e d i c t i n g  c a n i s t e r  and m e t a l l i c  overpack 

l i f e t i m e s  i n  a geo log ic  r e p o s i t o r y .  Work- 

shops kvere h e l d  i n  November 1982 and February 

1983 t o  o b t a i n  i n p u t  f rom t h e  p r o j e c t s  on 
M C C - 1 4  and MCC-105, r e s p e c t i v e l y .  

One t e s t  

Good progress  was made i n  deve lop ing  MCC 
re fe rence  and t e s t  m a t e r i a l s .  A c o n t r a c t  fo r  

t h e  manufacture o f  500 l b  o f  s imu la ted  waste 

re fe rence  g lass ,  ARM-1, t o  be d e l i v e r e d  i n  
May 1983, was awarded t o  Scho t t  O p t i c a l  

Glass. Four  ac t in ide-doped s imu la ted  waste 

glasses, ATM-1, 2, 3 and 4 were prepared f o r  

use as MCC-approved t e s t i n g  ma te r i  a1 s .  Prep- 

a r a t i o n s  were completed f o r  manufacture o f  a 

f u l l y  r a d i o a c t i v e  g lass .  A d r a f t  r e p o r t  

d e s c r i b i n g  spent f u e l  t h a t  i s  a v a i l a b l e  as 

t e s t i n g  m a t e r i a l  was d i s t r i b u t e d  f o r  comment 

by t h e  p r o j e c t s .  

C o d i f i c a t i o n  o f  waste-form t e s t  methods 

and da ta  cont inued.  A t  t h e  end o f  t he  r e -  

p o r t i n g  p e r i o d  MCC-1 (Rev. l ) ,  MCC-3, MCC-12, 

and M C C - D l  were under rev iew by t h e  M a t e r i a l s  

Review Board. I n  a d d i t i o n ,  an MCC Gu ide l i nes  

f o r  Accuracy and P r e c i s i o n  o f  Tes t  Data was 

submi t ted  f o r  MRB review. 

ADMINISTRATION 

The MCC work breakdown s t r u c t u r e  was con- 

s o l  i dated i n t o  four  t e c h n i c a l  t asks  p l u s  an 

a d m i n i s t r a t i o n  task  on October 1, 1982. The 

r e o r g a n i z a t i o n  was made t o  enable t h e  MCC t o  
b e t t e r  meet i t s  i n c r e a s i n g  commitment t o  t h e  

Na t iona l  Waste Terminal  S torage (NWTS) p r o j -  

ec ts .  Our r e p o r t i n g  fo rmat  i s  based on t h e  

new breakdown s t r u c t u r e .  

WASTE MATERIALS INTERACTIONS 

MCC-14 M a t e r i a l s  I n t e r a c t i o n s  Tes t  Method 

To adequate ly  assess t h e  l ong - te rm i n t e g -  

r i t y  o f  a nuc lea r  waste package system r e -  
q u i r e s  i n v e s t i g a t i o n  o f  t h e  r e a c t i o n s  between 

t h e  va r ious  components o f  t h e  waste package 

(waste form, c a n i s t e r ,  b a c k f i l l  , and hos t  

rock )  i n  c o n t a c t  w i t h  a p o t e n t i a l  groundwa- 

t e r .  A l though such a system i s  h i g h l y  com- 

p l i c a t e d ,  t h e  va r ious  physicochemical  mech- 

anisms r e s u l t  i n  t h e  p o s s i b l e  re lease  of 

r a d i o n u c l i d e s  f rom t h e  waste package sys- 
tem (source  te rm)  t o  the  groundwater f o r  



p o t e n t i  a1 t r a n s p o r t  t o  the  biosphere.  

e r a l  t e s t  methods are  be ing  used by t h e  can- 

d i d a t e  geo log ic  r e p o s i t o r y  s i t e  p r o j e c t s  t o  

p r o v i d e  da ta  on such mechanisms as t h e  r e s u l -  

t a n t  re1 eases o f  r a d i  onucl  i des. The purpose 
o f  MCC-14 i s  t o  c o d i f y  t h e  t e s t  methods i n  

o rde r  t o  reduce and q u a n t i f y  t h e  u n c e r t a i n t y  

i n  the  da ta  needed f o r  d e f i n i n g  the  rad ionu -  

c l  i de source term. 

Sev- 

A Workshop on M a t e r i a l s  I n t e r a c t i o n s  Tes t -  

i n g  was h e l d  i n  S e a t t l e  on November 18 and 

19, 1982, w i t h  r e p r e s e n t a t i v e s  f rom the  Mate- 

r i a l s  I n t e g r a t i o n  O f f i c e  (MIO), MCC, and t h e  

r e p o s i t o r y  s i t e  p r o j e c t s .  The o b j e c t i v e s  

were t o  exchange i n f o r m a t i o n  on t e s t  r e q u i r e -  
ments a t  each s i t e ,  a p p l i c a b l e  \methods and 

procedures, d n d  re fe rence  m a t e r i a l  needs. I n  

MCC 1-4 

METHODS 
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a d d i t i o n  t o  t h e  t e s t  methods submi t ted  by 

each s i t e ,  a se t  o f  re fe rence  c o n d i t i o n s  f o r  

t h e  e x p e r i m e n t a l l y  impor tan t  parameters rli 11 

be used i n  a benchmark t e s t  f o r  each s i t e .  A 

f l o w c h a r t  o f  t h e  development o f  the  MCC-14 

methods i s  shown i n  F i g u r e  2.1. A summary 

l e t t e r  r e p o r t  o f  t he  M a t e r i a l s  I n t e r a c t i o n s  

Workshop was i ssued  by t h e  M I Q .  

F o l l o w i n g  t h e  workshop, a d d i t i o n a l  docu- 

men ta t i on  o f  t h e  t e s t  methods was submi t ted  

t o  t h e  MCC f rom t h e  s i t e s .  Froin t h i s  i n f o r -  

ma t i  on and meet i  nys w i t h  1 i a i  son personnel  , 
d r a f t  o u t l i n e s  o f  each s i t e  t e s t  method were 

prepared. 

method ( b a s a l t )  was d i s t r i b u t e d  f o r  rev iew by 

MCC and BWIP s t a f f .  D r a f t  cop ies  o f  t h e  s a l t  

and t u f f  ve rs ions  o f  MCC-14 are  be ing  

I n  February a d r a f t  MCC-14 t e s t  

rn MATER I ALS 
1-d INTERACTIONS I I 

MCC-14 (->-{ CERTIFICATION SUFt::C)N 

(JUNE, 1983)  

Q 

FIGURE 2.1. MCC-14 Development Task F lowchar t  
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completed i n  March. P r e l i m i n a r y  benchmark 

t e s t i n g  us ing  t h e  procedures i s  scheduled t o  

beg in  i n  the  t h i r d  q u a r t e r .  F i n a l  ve rs ions  

o f  t he  MCC-14 t e s t  methods are  t o  be sub- 

[ n i t t e d  t o  the  MRB i n  June 1983. 

The MCC-14 t e s t s  use ag i ta ted -ba tch  o r  

au toc lave  methods. When anox ic  c o n d i t i o n s  

are needed, the  t e s t s  a re  run  under an i n e r t  

gas (a rgon)  atmosphere. Rock and c a n i s t e r  

ma te r i  a1 , and s y n t h e t i c  groundwater, a re  

those s p e c i f i e d  and i n  use by t h e  i n d i v i d u a l  

s i t e  p r o j e c t s .  Rad ioac t i ve  waste forms a re  

t o  be supp l i ed  by MCC. 

One s p e c i f i c  concern i n  t h e  MCC-14 t e s t s  

was t h e  need t o  ineasure t h e  e lementa l  so lu -  

t i o n  concen t ra t i ons  a t  temperature.  However, 

f o r  tempera tures  g r e a t e r  t han  100°C, t h i s  

does no t  c u r r e n t l y  appear t e c h n i c a l l y  f e a s i  - 
b le .  M o d i f i c a t i o n  o f  e x i s t i n g  procedures f o r  

analyses o f  quenched s o l u t i o n s ,  f o l l o w i n g  a t -  

tempera ture  sampling, was cons idered as a 

reasonable a l t e r n a t i v e .  The e s t i m a t i o n  o f  

a t - tempera ture  pH values i s  d iscussed i n  t h e  

mode l ing  i n t e r f a c e  s e c t i o n  belorr. Because 

some r a d i  onucl  i des o f  i n t e r e s t  may e x i s t  i n  

c o l l o i d a l  f D r m  a t  tempera ture  and/or f o l l o w -  

i n g  t h e  quenching process, measurement o f  t h e  

r a d i o n u c l i d e  a c t i v i t y  i n  bo th  f i l t e r e d  and 
u n f i l t e r e d  a l i q u o t s  o f  s o l u t i o n s  i s  proposed. 

High-Temperature S o l u b i l i t y  Methods 

E f f o r t s  Here begun t o  des ign  and r e f i n e  
exper imenta l  procedures f o r  measdr ing t h e  

e q u i l i b r i u m  aqueous s o l u b i l i t i e s  o f  r a d i o -  

a c t i  ve nuc lea r  waste components between 25 

and 100°C. Procedures i n c l u d e  t h e  c o n t r o l  

and/or measurement o f  impor tan t  t e s t  parame- 

t e r s  (e.g., pH and t h e  concen t ra t i ons  o f  d i s -  

s o l  ved c o n s t i t u e n t s ) .  Aqueous s p e c i a t i o n  

r e a c t i o n s  a t  t h e  s teady -s ta te  pH and concen- 

t r a t i o n  values may be determined us ing  t h e  

MINTEQ geochemical model, The c a l c u l a t e d  

a c t i v i t i e s  o f  t h e  aqueous spec ies  may then be 

used t o  d e r i v e  s o l u b i l i t y  p roduc ts  f o r  the  

t e s t  s o l i d  phases. 

A r e a c t i o n  vessel  has been assembled u s i n g  
a design s i m i l a r  t o  t h a t  used by Brush (Ph.D. 

Thesis,  Harvard  U n i v e r s i t y ,  1980) (F ig -  

u r e  2.2). 

s o l u t i o n  can be mon i to red  con t inuous ly .  The 

s o l u t i o n  i s  a g i t a t e d  w i t h  a magnet ic s t i r r e r  

and purged w i t h  wa te r -sa tu ra ted  argon gas f o r  

removal o f  d i s s o l v e d  C02. 

n a t e  forms s t r o n g  aqueous complexes w i t h  many 

d i s s o l v e d  c a t i o n i c  c o n s t i t u e n t s .  The reac-  

t i o n  vessel  i s  designed so t h a t  a l i q u o t s  of 

t h e  s o l u t i o n  can be w i thdrawn p e r i o d i c a l l y  

and f i l t e r e d  a t  tempera ture  be fo re  be ing  ana- 

l yzed.  S o l i d  r e a c t i o n  p roduc ts  w i l l  be cha r -  

a c t e r i z e d  by x-ray d i f f r a c t i o n ,  e l e c t r o n  

microscopy and s u r f a c e  a n a l y s i s  techniques. 

A p p l i c a b l e  exper imenta l  procedures from 

MCC-1, -2, and -3 t e s t  methods w i l l  a l s o  be 

added as the  t e s t  method i s  developed. 

be ing  conducted w i t h  schoep i te  (U02(0H)2*2H20) 

and dehydrated schoep i te  (U02(0H)2). The 

uranium system was s e l e c t e d  because: 

1. Uranium i s  p resent  i n  nuc lea r  r e a c t o r  

2. The s o l u t i o n s  are  no t  h i g h l y  r a d i o a c t i v e  

The pH and tempera ture  o f  t he  t e s t  

D isso lved  carbo- 

The f i r s t  se t  o f  s o l u b i l i t y  exper iments i s  

wastes. 

and thus  e a s i e r  t o  Nork w i t h  d u r i n g  deve l -  

opmental stages. 

3. The uranium s o l u b i l i t y  da ta  w i l l  be va lu -  

a b l e  f o r  assess ing  maximum c o n c e n t r a t i o n s  

o f  u r a n i  urn i n  groundwaters. 

The U ( V 1 )  hydrox ides  were syn thes i zed  f rom 

t h e  aqueous d i s s o l u t i o n  o f  s o l i d  U03. Con- 

c e n t r a t i o n s  o f  t o t a l  d i s s o l v e d  uranium f rom 

0.1-IJJII and 0,015-pm f i l t r a t e s  were ineasured 

by a 1 aser - induced f l uo rescence  techn ique.  

D u r i n g  t h e  15 days o f  t he  f i r s t  e x p e r i -  

ment, uranium concen t ra t i ons  up t o  -305 mg/L 
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FIGURE 2.2. Apparatus f o r  Schoep i te  S o l u b i l i t y  Measurements 

Here ineasured a t  pH 4 and 25°C. However, 

smal l  f l u c t u a t i o n s  ( l e s s  than a f a c t o r  o f  

two) i n  t h e  uranium c o n c e n t r a t i o n  a f t e r  t h i s  

t ime  are  be ing  i n v e s t i g a t e d  t o  de termine 

whether a C02 leak  i s  p resen t  i n  t h e  system 

o r  t h e r e  are  e r r o r s  i n  the  uranium a n a l y s i s  

methods. 

I n t e r f a c i n g  w i t h  Mode l ing  A c t i v i t i e s  

The M I N T E Q  geochemical model was used t o  

i d e n t i f y  p o s s i b l e  e q u i l i b r i u m  s o l u b i l i t y  con- 

t r o l s  f o r  s o l u t i o n  compos i t ions  d e r i v e d  f rom 

1-year M C C - 1  l each  exper iments a t  90°C u s i n g  

PNL 76-68 bo ros i  1 i c a t e  g lass .  

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

t h e  pH a t  t he  tempera ture  o f  t he  leach 

ex pe r i me n t  s . 
The modeled s o l u t i o n  analyses are  those  

repo r ted  by Strachan (1982). The leachan t  

s o l u t i o n s  i nc luded  de ion i zed  water  (DIW), a 

s i l i c i c  acid/sodium b i ca rbona te  s o l u t i o n ,  and 

a concent ra ted  K-Ng-Na-C1 b r ine .  P o s s i b l e  

s o l u b i l i t y  c o n t r o l s  were c a l c u l a t e d  us ing  t h e  

r e p o r t e d  pH, Eh, and tempera ture  values f o r  

These model i ng 

t h e  c o n s t i t u e n t s  S i ,  Zn, Pb, PO4, C03, and Mo 

i n  t h e  s o l u t i o n s .  It i s  impor tan t  t o  n o t e  

t h a t  no fewer than 38 d i f f e r e n t  aqueous spe- 

c i e s  a re  needed t o  adequately c a l c u l a t e  t h e  

aqueous s p e c i a t i o n  f o r  t h e  DIW s o l u t i o n s .  

D e t e r m i n a t i i o n s  o f  t h e  p o s s i b l e  s o l u b i l i t y  

c o n t r o l s  f o r  t h e  s i l i c a t e  and b r i n e  s o l u t i o n s  

have been computed and are  i n c l u d e d  i n  a 

paper, " S o l u b i l i t y  I n t e r p r e t a t i o n s  o f  Leach 

Tes ts  on Nuc lear  Waste Glass," by 0. S t rachan 

and K. Krupka, be ing  presented  a t  t he  Ameri- 

can Chemical S o c i e t y  v e e t i n g  i n  March. 

The s o l u b i l i t y  c o n t r o l s  f o r  t he  leachates  

desc r ibed  above were c a l c u l a t e d  f rom pH v a l -  

ues measured a t  room temperature.  The re -  

p o r t e d  values may no t  rep resen t  t h e  pH (i.e., 

t h e  a c t i v i t y  o f  t h e  uncomplexed H+ spec ies)  

o f  t h e  leachates  a t  t h e  t e s t  tempera ture  o f  

90°C, and thus  may lead  t o  some ambigu i ty  i n  

t h e  c a l  c u l  a ted  aqueous spec i  a t i  on and p re -  

d i c t e d  s o l u b i l i t y  c o n t r o l s .  There fore ,  i n -  

s i t u  pH va lues  were es t ima ted  f o r  t h e  DIW and 

s i l i c a t e  s o l u t i o n s  by the  method o f  mass b a l -  

ance o f  t o t a l  i o n i z a b l e  hydrogen con ten t  

( T r u e s d e l l  and S ingers  1974). The pH values 
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es t ima ted  by t h i s  method f o r  t he  va r ious  

leachates  were -0.9 t o  1.0 pH u n i t s  l ower  

than  those measured a t  room temperature.  

The c a l c u l a t i o n  of s o l u b i l i t y  c o n t r o l s  i s  

a f f e c t e d  s i g n i f i c a n t l y  by u s i n g  these e s t i -  

mated pH values. Th is  i s  e s p e c i a l l y  t r u e  f o r  

t h e  s i l i c a t e  s o l i d s ,  f o r  which s o l u b i l i t i e s  

depend on t h e  s p e c i a t i o n  o f  t h e  d i s s o l v e d  

s i l i c a .  

CORROSION 

Tes t  Method Development 

MCC-101 Sta t ic - Immers ion  Cor ros ion  Test 

Method. Th is  t e s t  lnethod was submi t ted  t o  

t h e  MRB i n  t h e  p rev ious  r e p o r t i n g  p e r i o d  and 

was reviewed by the  OTC-MRB ( O f f i c e  of t h e  

Chairman o f  t h e  M a t e r i a l s  Review Board) and 

r e t u r n e d  t o  WCC f o r  r e v i s i o n s ,  which are  

under way. 

MCC-102 Flowing-Immersion Cor ros ion  Test 

Method. Th is  t e s t  method was submi t ted  t o  

t h e  MRB i n  t h e  p rev ious  r e p o r t i n g  p e r i o d  and 

was reviewed by t h e  OTC-MRB and r e t u r n e d  t o  

MCC f o r  r e v i s i o n s ,  which a re  under way. Bo th  

MCC-101 and 102 a re  based on Na t iona l  Asso- 
c i  a t i  on o f  C o r r o s i  on Engi neers and American 

Soc ie ty  f o r  T e s t i n g  and M a t e r i  a1 s p r a c t i c e s .  

MCC-103P S t ress -Cor ros i  on-Cracki  ng Suscept i  - 
b i l i t y  Tes t  Method. 

b a l l o t e d  by t h e  f u l l  MRB and g i ven  approval  

f o r  p u b l i c a t i o n  i n  t h e  Handbook. 

Th is  t e s t  method was 

WCC-104s St ress-Cor ros ion-Crack ing  Suscept i  - 
b i l i t y  Tes t  Hethod. T h i s  t e s t  method was 

submi t ted  t o  t h e  MRB d u r i n g  t h e  l a s t  r e p o r t -  

i n g  p e r i o d  and was re tu rned  t o  MCC f o r  r e v i -  

s ions  t o  c l a r i f y  t h e  r e l a t i o n s  of t h r e e  sep- 

a r a t e  procedures i n c o r p o r a t e d  i n  t h e  t e s t  

method. A r e v i s e d  d r a f t  o f  t h e  method was 

resubmi t ted  t o  t h e  MRB. T e s t i n g  o f  1020 

s t e e l  accord ing  t o  t h e  proposed MCC-104 tech -  

niques was s t a r t e d  t o  f u r t h e r  s u b s t a n t i a t e  

t h e  method. Review o f  t he  t e s t  method by 

ASTM was a l s o  begun. 

MCC-105 Tes t  Method f o r  General Cor ros ion  i n  

Repos i to ry  Environments.  

d i r e c t e d  toward  o b t a i n i n g  da ta  on m e t a l l i c  

s t r u c t u r a l  b a r r i e r s  i n  t h e  presence o f  rocks  

o r  s a l t  and repos i  t o r y - r e l e v a n t  groundwaters 

o r  b r i ne .  The method w i l l  s p e c i f y  benchmark 

c o n d i t i o n s  o f  temperature,  r a d i a t i o n  dose 

r a t e  and oxygen l e v e l .  The benchmark t e s t s  

w i l l  p r o v i d e  a bas i s  f o r  comparing and eva lu -  

a t i n g  da ta  ob ta ined  under more v a r i e d  

c o n d i t i o n s .  

T h i s  t e s t  method i s  

Workshop on MCC-105, February 3-4, 1982 

A workshop f o r  MCC and NWTS Waste Packages 

i n v e s t i g a t o r s  f rom ONWI, BWIP and NNWSI 

( O f f i c e  o f  Nuc lear  Naste I s o l a t i o n ,  B a s a l t  

Waste I s o l a t i o n  P r o j e c t ,  and Nevada Nuc lear  

Waste S i t e  I n v e s t i g a t i o n s )  was h e l d  t o  o b t a i n  

i n p u t  f o r  MCC-105 Test Method f o r  General 

Cor ros ion  i n  Repos i to ry  Envi  rsninents. Each 
s i t e  r e p r e s e n t a t i v e  presented  an overv iew of  

t he  s i t e ' s  t e s t  program and desc r ibed  t e s t  

methods. The MCC o f f e r e d  a strawman MCC-105 

c o n s i s t i n g  of a s t a t i c  c o r r o s i o n  t e s t  w i t h  

benchmark c o n d i t i o n s  o f  tempera ture  (90 and 

15OoC), r a d i a t i o n  dose r a t e  (0  and l o 5  R/L) 

and two oxygen l e v e l s ,  very low and a i r -  

e q u i v a l e n t  s a t u r a t i o n .  The s i t e s  p rov ided  

some immediate comments and g e n e r a l l y  ac- 

cepted  t h e  approach. F u r t h e r  i n p u t  w i l l  be 

ob ta ined  when t h e  MCC p rov ides  each s i t e  w i t h  

a d r a f t  f o r  rev iew  l a t e r  i n  t h e  year.  The 

s u b j e c t  o f  re fe rence  and t e s t  m a t e r i a l s  was 

d iscussed and t h e r e  was general  agreement 



t h a t  Approved Test M a t e r i a l s  (ATM) were ap- 

p r o p r i a t e  f o r  MCC-105. 

s i n g l e  heats o f  commerc ia l l y -ava i l ab le  inate- 

r i a l s  such as 1020 s t e e l ,  TiCode 12 and 304L 

s t e e l .  The pr imary  purpose o f  us ing  ATMs i n  

t h i s  case i s  t o  e l i m i n a t e  m a t e r i a l  v a r i a b i l -  

i t y  as a f a c t o r  i n  r e l a t i n g  va r ious  data on 

c o r r o s i o n  and t o  e s t a b l i s h  c r e d i b i l i t y  i n  a 

broad range o f  data taken under c o n d i t i o n s  

o the r  than the  benchmark c o n d i t i o n s  o f  

MCC-105. 

The ATMs would be 

Comp i la t i on  o f  Cor ros ion  Data 

The r e p o r t  S t a t e - o f - t h e - A r t  Report  on Cor- 

r o s i o n  Data P e r t a i n i n g  t o  M e t a l l i c  B a r r i e r s  

f o r  Nuclear Naste Repos i to r i es ,  PNL-4474, by 
M. D. Merz,  was i ssued  i n  October 1982. The 

r e p o r t  p resents  a c o m p i l a t i o n  o f  pub l i shed  

c o r r o s i o n  da ta  on meta ls  t h a t  have been sug- 

gested as c a n i s t e r  and overpack m a t e r i a l s .  

The da ta  a re  c a t e g o r i z e d  acco rd ing  t o  t h e  

s o l u t i o n s  used i n  t e s t i n g :  h i g h - i o n i c  

s t r e n y t h  s o l u t i o n s  (such as seavJater and 
b r i n e )  and l o w - i o n i c - s t r e n g t h  waters (such as 

b a s a l t  and t u f f  wa te rs ) .  

WASTE FORM CHARACTERIZATION 

M C C - 1  S t a t i c  Leach Test Method 

Submi t ta l  o f  MCC-1R t o  t h e  MRB 

The MCC-1  S t a t i c  Leach Test Method was re -  

subini t t e d  t o  the MKB. Th i s  ve rs ion  has been 

modi f i ed f o r  use w i t h  h i  y h l y  r d d i  o a c t i  ve 

waste-form specimens. B a s i c a l l y  t h e  changes 

r e q u i r e  t h e  use o f  leach vesse ls  cons t ruc ted  

a f  i n e r t  m a t e r i a l s  such as gold,  p la t inum,  o r  

fused quar t z  and t h e  use o f  i n e r t  atmospheres 

t o  suppress the  genera t i on  o f  HN03. 

2.6 

Comparison o f  MCC Data w i t h  NBS Data 

Accuracy and p r e c i s i o n  w i t h  the  M C C - 1  t e s t  

method have been d i f f i c u l t  t o  de termine 

p a r t l y  because o f  the  l ack  o f  a s tandard  on 

which t o  base a comparison. To enable such 

comparison t h e  MCC ob ta ined a sample o f  g lass  

produced by t h e  Na t iona l  Bureau o f  Standards 

(NBS). Th is  g lass  has b a s i c a l l y  t h e  same 

compos i t ion  as MCC 76-68 g lass  bu t  w i t h  t h e  

i r o n  and chromium removed (MCC 1982). The 

g lass  i s  very homogeneous and t h e  compos i t ion  

i s  a c c u r a t e l y  known. A se t  o f  f i v e  specimens 

o f  t h i s  g lass  was prepared as p r e s c r i b e d  by 

t h e  MCC-1  t e s t  method. An a d d i t i o n a l  se t  of 

n i n e  specimens was p o l i s h e d  i n  t h e  same man- 

ner  as d i d  NBS, us ing  600 g r i t  S i c  powder. 
A l l  these specimens were ledched a t  90°C i n  

d e i o n i z e d  water as per  t h e  MCC-1 t e s t  method. 

The r e s u l t s  f rom these specimens were ana- 
l y z e d  s t a t i s t i c a l l y .  Other than pH, o n l y  

smal l  s t a t i s t i c a l  d i f f e r e n c e s  were found. 

The NBS had found t h a t  z i n c  was no t  a w e l l  

behaved element and y i e l d e d  da ta  t h a t  were 

n o t  r e p r o d u c i b l e  (MCC 1982). 

Tab le  2.1 compares the  da ta  f rom t h e  s e t  

o f  n i n e  specimens w i t h  those from NBS t e s t -  

i ng .  The s tandard  d e v i a t i o n s  i n  t h e  MCC da ta  

a r e  about a f a c t o r  o f  two l a r g e r  than those 

f rom t h e  NDS and the  means f o r  t h e  MCC da ta  

a re  on t h e  average about 5% h i g h e r  than those 

from t h e  NBS. The 0.27 pH u n i t  d i f f e r e n c e  

between t h e  NBS data  and t h e  MCC da ta  may 

a l s o  be l i n k e d  t o  t h e  h igh  b ias .  H igh  b i a s  

p robab ly  r e s u l t e d  f r o m  the  temperature con- 

t r o l ,  which was + l 0 C  a t  t h e  MCC and *O.O4"C 

a t  the  NBS. It i s  i n t e r e s t i n g  t o  no te  t h a t  

t h e  pH ob ta ined  by t h e  MCC under " a i r -  

equi  1 i b r a t e d "  c o n d i t i o n s  i s  h ighe r  than t h a t  

ob ta ined  by t h e  NRS under i n e r t  atmosphere. 

T h i s  i s  c o n t r a r y  t o  what would be p r e d i c t e d  
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TABLE 2.1. Comparison o f  MCC-1 Resu l t s  f rom the  NBS and t h e  MCC 

E 1 ement 

B 
Ra 

Ca 

CS 

I4 0 

Na 

S i  

S r  

Zn 

PH 

NBS Mean 
Value, mg/L 

1.37 

0.0077 

0.138 

0.431 

0.523 

4.45 

5.46 

0.0310 

0.0245 

9.34 

NHS Standard 
Devi a t  i on 

0.025 

0.00025 

0 A 0 9 4  

0.0081 

0.0093 

0.170 

0.102 

0.0010 

0 .00448 

0.04 

MCC Mean 
Val tie , mg/l. 

1.32 

0.0077 
0.147 

0.447 

0.526 

4.84 

5.87 

0.0320 

0.0310 

9.70 

i f  C02 from t h e  a i r  were a major  concern 

( g a r k a t t ,  Ra rka t t ,  Pehrsson, Szoke, and 

Macedo 1981 ) . 
MCC-3 - Agitated-Powder Leach Test Method 

Th is  t e s t  method, p l u s  supplemental mate- 

r i a l ,  was resubmi t ted  t o  t h e  MRB i n  March. 

The supplemental m a t e r i a l  con ta ined  r e s u l t s  

f rom t e s t s  performed w i t h  t h r e e  p a r t i c l e  s i z e  

f r a c t i o n s  o f  powdered MCC 76-68 g lass  a t  90°C 

i n  de ion i zed  water,  which show t h a t  t h e  

s teady -s ta te  pH and t h e  c o n c e n t r a t i o n  o f  some 

elements, such as Cs, La, Nd, and S i ,  a re  a 
f u n c t i o n  o f  p a r t i c l e  s ize .  P a r t i c l e  s i z e  

f r a c t i o n s  o f  -10 + 40, -100 + 200 and -325 

mesh were s t u d i e d  a t  90°C w i t h  cons tan t ,  bu t  

gen t le ,  a g i t a t i o n .  The s teady -s ta te  pH de- 

creased w i t h  i n c r e a s i n g  p a r t i c l e  s i z e  (F ig -  

u r e  2.3). As t h e  pH increased, an i nc rease  

i n  t h e  s teady -s ta te  s i  1 i ca c o n c e n t r a t i o n  was 

no ted  (F igu re  2.4). A l though s teady -s ta te  

s i l i c a  concen t ra t i ons  were observed, t h e  

s o l u b l e  elements, such as boron and sodium, 

d i d  no t  reach s teady-s ta te .  D u r i n g  t h e  reac-  

t i o n s  a s i l i c a - r i c h  g e l a t i n o u s  m a t e r i a l  

formed, apparen t l y  w i t h  a compos i t ion  much 

l i k e  t h a t  o f  t h e  gel  l a y e r  t h a t  no rma l l y  

11 

10 

PH 

9 

8 

MCC Stdnddrd 
Devi  a t  i on 

0.051 

0 .OO034 

0.0081 

0.015 

0.0189 

0.364 

0.200 

0.0009 

0.0077 

0.02 

1 

FIGURE 2.3. E f f e c t  o f  P a r t i c l e  S i ze  on pH 
(MCC-3 Tes t  Method, 76-68 Glass i n  De ion ized  
Water a t  90°C) 

forms on t h i s  glass.  A l though t h e  a n a l y s e s .  
a re  no t  y e t  complete, i n i t i a l  X-ray da ta  

i n d i c a t e  i r o n - z i  nc s i  1 i cates  w i t h  a s i 1  i c a t e  

sheet s t r u c t u r e  analogous t o  c l a y  and t a l c  

m ine ra l s .  

REFEKENCE MATERIALS AND ANALYTICAL METHODS 

M C C - D l  One-Year Leach Test Data f o r  PNL 76-68 

Glass - 
Data package MCC-D1, f i r s t  submi t ted  on 

August 2, 1982, was r e v i s e d  t o  respond t o  

d e t a i l e d  comments from t h e  OTC-MRB. The 

r e v i s e d  da ta  package was resubmi t ted  t o  t h e  
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FIGURE 2.4. E f f e c t  o f  P a r t i c l e  S i ze  on Leachant Composi t ion 
(MCC-3 Test Method, 76-68 Glass i n  De ion ized Water a t  90°C) 

OTC-MRB on January 20, 1983, and was supp le-  

mented w i t h  a d d i t i o n a l  reques ted  i n f o r m a t i o n  

on February 24, 1983. 
The r e v i s e d  proposed chapter  f o r  the  Hand- 

- book, "MCC Gu ide l i nes  f o r  Accuracy and P r e c i -  

s i o n  o f  Test Data," was reviewed by t h e  

OTC-MRB and re tu rned  t o  MCC w i t h  e i g h t  pages 

o f  comments. The g u i d e l i n e s  were r e v i s e d  t o  

accommodate t h e  comments and resubini t t e d .  

I n s t a l l a t i o n  of Ins t ruments  f o r  Charac te r i za -  

t i o n  o f  Rad ioac t i ve  Nuc lear  Waste M a t e r i a l s  

The sh ie lded  a n a l y t i c a l  i ns t rumen ts  f o r  

a n a l y s i s  o f  r a d i o a c t i v e  waste m a t e r i a l s  have 

been i n s t a l l e d .  Co ld  t e s t  runs and c a l i b r a -  

t i o n s  o f  t h e  SEM w i t h  i t s  x-ray f l uo rescence  

ana lyzer  and o f  t he  i n d u c t i v e l y  coupled 

plasma emission spec t rometer  ( ICP) have been 

conducted s a t i s f a c t o r i l y .  Exper ience w i t h  

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

on t h e  s h i e l d e d  x-ray d i f f r a c t o m e t e r  ( X R D )  

showed t h a t  a d d i t i o n a l  specimen t r a n s f e r  p ro-  

t e c t i  on was des i  r a b l e ;  t h e  necessary modi f i  - 
c a t i o n s  are  under way on t h e  XRD, and were 

added a l s o  t o  t h e  SEM. The commitment o f  t h e  

I C P  and SEM t o  f u l l y  r a d i o a c t i v e  m a t e r i a l s  

has been delayed by prob1e;ns i n  supp ly ing  t h e  

necessary bu i  1 d i n g  s e r v i c e s  o f  d r a i n s  for 
r a d i o a c t i v e  l i q u i d  waste and ductwork f o r  

f i l t e r e d  a i r  v e n t i l a t i o n .  Meanwhile, t h e  SEM 

has been used s u c c e s s f u l l y  on l ow- leve l  reac- 

t o r  c o r r o s i o n  produc t  specimens. 

Reference M a t e r i a l s  

ARM-1  

A c o n t r a c t  f o r  manufacture of 500 l b  o f  

s imu la ted  waste re fe rence  g lass  ARM-1 was 
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bs awarded t o  Schot t  O p t i c a l  Glass, Duryea, 

Pennsylvania.  Scho t t  has ob ta ined  a l l  

necessary components f o r  the  glass,  and has 

prepared a smal l  t e s t  run  s a t i s f a c t o r i l y .  

D e l i v e r y  o f  t he  g lass  t o  t h e  Na t iona l  Bureau 

o f  Standards f o r  e v a l u a t i o n  i s  scheduled f o r  

May 1983. 

The c o n t r a c t  w i t h  NBS f o r  ass i s tance  i n  

o b t a i n i n g  ARM-1 was pu t  i n  place. NBS rep re -  

s e n t a t i v e s  have p layed an a c t i v e  r o l e  i n  

s e l e c t i n g  t h e  re fe rence  g lass  speci  f i c a t i  ons 
and i n  c o n s u l t i n g  w i t h  Schot t  and t h e  MCC 

rega rd ing  p r e l  i m i  nary  d e t a i  1 s of t h e  g lass  

p repara t i on .  NBS has a l s o  supp l i ed  Scho t t  

w i t h  a l a b o r a t o r y  specimen o f  g lass  of s i m i -  
l a r  compos i t ion  and w i l l  con t i nue  t o  adv i se  

Schot t  as necessary t o  a s s i s t  them i n  meet ing 

MCC spec i  f i c a t  i ons . 
ATM-1, 2, 3, 4 

Four doped s imu la ted  waste glasses have 

been prepared f o r  use as MCC-approved t e s t i n g  

m a t e r i a l s .  A l l  f o u r  were made by adding ap- 

p r o p r i a t e  q u a n t i t i e s  o f  dopants t o  e x i s t i n g  

waste g lass  t ype  MCC 76-68. The s p e c i f i c a -  

t i o n s  o f  t h e  glasses a re  g i ven  i n  Tab le  2.2. 

Oetai  1 ed ana lys i  s and c h a r a c t e r i  z a t  i on o f  
these g lasses  i s  i n  progress.  

F u l l y  Loaded Rad ioac t i ve  Reference Glass 

P repara t i ons  have been completed t o  manu- 

f a c t u r e  about 4000 g o f  f u l l y  loaded rad ioac -  

t i v e  waste g lass  f o r  use as an MCC-approved 

t e s t i n g  m a t e r i a l .  E x i s t i n g  Nuc lear  Waste 

V i t r i f i c a t i o n  P r o j e c t  waste s o l u t i o n  a t  PNL 

w i l l  be c a l c i n e d  and conver ted  t o  g lass  o f  a 

compos i t ion  based on t h e  Barnwel l  process. 

The s p e c i f i c  compos i t ion  w i l l  be t h a t  be ing  

recommended by March 31, 1983, f rom PNL's 

g lass  development work i n  p rogress  i n  t h e  

Commerci a1 High-Level  Waste Program. Co ld  

t e s t  runs and c a l c i n a t i o n  o f  t he  l i q u i d  waste 

are  scheduled f o r  March 1983. 

Reference Spent Fue l  

A d r a f t  o f  a r e p o r t  d i s c u s s i n g  c r i t e r i a  

f o r  s e l e c t i o n  o f  re fe rence  spent f u e l s  f o r  

use as ATMs and summarizing f u e l s  a v a i l a b l e  

f o r  t h a t  purpose was completed and i s  under -  

go ing  i n t e r n a l  review. It concludes t h a t  

t h e  H. B. Robinson and Turkey P o i n t  f u e l s  

a re  bo th  acceptab le  r e p r e s e n t a t i v e s  o f  t h e  

c u r r e n t l y  most abundant t y p e  o f  spent f u e l ,  

namely, moderate burnup, fragmented U02 

p e l l e t s  w i t h  low f i s s i o n - p r o d u c t  re lease.  
A s i m i l a r  conc lus ion  was reached i n  i n f o r m a l  

TABLE 2.2. S p e c i f i c a t i o n s  o f  Approved T e s t i n g  M a t e r i a l s  
( A l l a r e d  from MCC 76-68 S imula ted  Waste Glass)  

Dopant G1 ass 
Concent ra t ion ,  Q u a n t i t y ,  

Desi  g n a t i  on Dopant w t %  9 
1 A  U02 ( d e p l e t e d )  4.0 4000 

IB U02 (normal )  3.98 430 

2 Am203 0.064 410 

3 NP02 0.306 440 

4 PUO2 0.062 430 



2.10 

d i scuss ions  between MCC and l o c a l  NWTS p r o j -  

e c t  rep resen ta t i ves .  
The s e l e c t i o n  of  a s p e c i f i c  f u e l  f o r  t he  

MCC re fe rence  t e s t i n g  m a t e r i a l  w i l l  depend on 

c h a r a c t e r i z a t i o o  i n f o r m a t i o n  a v a i l a b l e  f o r  

each spent f u e l  type, t h e  amount and form o f  

avai  1 ab1 e mater i  a1 s , and t h e  cos t  o f  acqui s i  - 
t i o n  by MCC. A lso  of concern are  t h e  e f f e c t s  

o f  p o s t - i  r r a d i a t i o n  t rea tmen t  and s to rage a1 - 
ready exper ienced by the  f u e l  ( s i z e  o f  sec- 

t i o n e d  pieces, s to rage atmosphere, p resent  

phys i ca l  c o n d i t i o n  o f  a v a i l a b l e  m a t e r i a l ,  

e tc . ) .  Each NWTS p r o j e c t  has been asked t o  

submit a summary of t h e  types  o f  m a t e r i a l  

c h a r a c t e r i z a t i o n  they  cons ider  p a r t i c u l a r l y  

impor tan t  i n  e v a l u a t i n g  t h e i r  p lanned r e p o s i -  

t o r y - s p e c i f i c  t e s t s .  
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2.0 NUCLEAR WASTE MATERIALS CHARACTERIZATION 
CENTER 

The objective of the Nuclear Waste Materials Characterization Center (MCC) 
is  t o  provide a data base that wi l l  include information on the components of 
the waste emplacement package (the spent fuel or processed waste form and 
the engineered barriers), their interaction with each other, and the effects of 
their environment. The M C C  develops test methods and obtains materials data 
as necessary and submits these to  the Materials Review Board (MRB). After 
test methods and data have been approved by the MRB, the MCC publishes 
the approved methods and data in the Nuclear Waste Materials Handbook. 



3.0 WASTE ISOLATION 

. . . . . . . . . . . . . . . . . . . . . -. . . . . - .- . . . . - 

The objective of the Waste Isolation Program at PNL is to support the National 
Waste Terminal Storage Program’s efforts to develop the technology and facili- 
ties required for the safe and environmentally acceptable disposal of nuclear 
waste. 
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3.0 WASTE ISOLATION 

M. R .  K r e i t s r  - Program O f f i c e  Manager 

Program Managers: 

Ma jor  C o n t r i b u t o r s :  

D. J. Brad ley ,  C. R .  Cole, L. L. C la rk ,  R. A. Cra ig ,  M. R .  K r e i t e r ,  
R.  F. McCallum 
L. L. Ames, T. Bander, J. C. Barnard,  J.  0. Barner,  F. W. Bond, 
M. 0. C lon inger ,  D. G. Coles, M. J.  Danielson, R.  Ecker, C. A. Geffen, 
K. S. Goodman, F. N. Hodges, C. K inca id ,  W. L. Kuhn, G. L. McVay, 
B. Napier,  G. P e t r i e ,  T. 8. Powers, S. Simmons, S.  C. Sne ider ,  
R .  E. Westerman, K. M. Yasutake 

3.1 OFFICE OF NUCLEAR WASTE ISOLATION -_____- 
(ONWI) 

3.1.1 Waste Package Program (DA-30-30-01 - 
80579) 

The main objective of the Waste Package 
Propam is to help provide the necessary 
data base on m a t e  package components and 
multicomponent interactions to qualify a 
waste package for geologic disposal. 
porting this ore the following m w e  specific 
program objectives: 1 )  help provide a basis 
for meetin? waste package performance stan- 
dards; 2) provide input to m s t e  package 
designers; 3 )  optimize and select structural 
barrier mzterials; 41 develop predictive 
models f o r  waste package degradation and 
radionuclide ret ease. 

Sup- 

Summary 

The f o l l o w i n g  conc lus ions  and observa- 

t i o n s  can be drawn f rom work conducted 

d u r i n g  t h e  r e p o r t i n g  pe r iod :  

A f t e r  1 month o f  s a l t  b r i n e  exposure 

( w i t h o u t  gamma i r r a d i a t i o n ) ,  t h e  c o r -  

r o s i o n  r a t e s  o f  cas t  f e r rous  m a t e r i a l s  

(1025 s t e e l ;  2 1/2% C r ,  1% Yo s t e e l ;  and 

d u c t i l e  c a s t  i r o n )  i n  anox ic  Permian Ba- 

s i n  s a l t  b r i n e  a t  150°C l i e  i n  t h e  range 

o f  0.48 t o  0.74 m i l s l y e a r .  

show on ly  a magnet i te  (Fe304) c o r r o s i o n  

produc t  f i l m .  

A f t e r  1 month o f  s a l t  b r i n e  exposure ( i n  

a gamma i r r a d i a t i o n  environment)  t he  c o r -  

r o s i o n  r a t e s  o f  1025 wrought s t e e l ;  

These samples 

2 1/2% C r ,  1% Mo s t e e l ;  and 1025 cas t  

s t e e l  l i e  i n  t h e  range o f  2.9 t o  7.0 

m i  1 s /year .  T h i s  rep resen ts  an approx i  - 
mate t e n f o l d  i nc rease  over  t h e  n o n i r r a d i -  

a ted  t e s t  data.  The i r r a d i a t e d  env i ron -  

ment specimens have c o r r o s i o n  p roduc t  

f i l m s  t h a t  a re  m ix tu res  o f  magne t i t e  and 

a n h y d r i t e  (CaS04). 

S l o w - s t r a i n - r a t e  t e s t s  o f  d u c t i l e  cas t  

i r o n  and 2 1/2% Cr, 1% Mo cas t  s t e e l  

showed t h a t  these m a t e r i a l s  a re  suscep- 

t i  b l e  t o  env i ronmen ta l l y  enhanced c rack -  

i n g  i n  s a l t  b r i n e  a t  150OC. A 1025 

wrought s t e e l ,  however, shows e s s e n t i a l l y  

no d i f f e r e n c e  whether i n  b r i n e  or  a i r  

t e s t s .  

The e f f e c t  o f  d u c t i l e  i r o n  on g lass  
l e a c h i n g  c h a r a c t e r i s t i c s  i n  s a l t  b r i n e  i s  

l e s s  than  i n  b a s a l t  o r  t u f f  groundwaters. 

Gamma i r r a d i a t i o n  causes s i g n i f i c a n t l y  

enhanced l e a c h i n g  o f  g lass  i n  t h e  p res -  

ence o f  i r o n  due t o  i nc reased  r e a c t i o n s  

o f  t h e  i r o n ,  r e s u l t i n g  i n  i r o n - s i l i c a t e  

c o l l o i d  fo rmat ion .  

The e f f e c t s  o f  d u c t i l e  i r o n  on spent fue l  

l e a c h i n g  i n  s a l t  b r i n e  a re  no t  l a r g e  

based upon s o l u t i o n  ana lys i s .  However, 

t h e  amount o f  e lements sorbed on t h e  i r o n  

may be l a r g e ,  sugges t ing  i nc reased  re -  

moval o f  e lements f rom t h e  spent f u e l .  

Analyses o f  i r o n  s o r p t i o n  a re  n o t  y e t  

complete, however. 
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0 Gamma r a d i o l y s i s  o f  Permian Br ine  r e s u l t s  

i n  h i g h  genera t ion  o f  gas pressure  ( S O  
atmospheres), This gas i s  -70% hydrogen 

and cannot be exp la ined  by c u r r e n t  l i t e r -  

a t u r e  or exper imenta t ion .  It appears t o  

be t h e  r e s u l t  o f  s y n e r g i s t i c  e f f e c t s  be- 

tween b r i n e  c o n s t i t u e n t s .  

o A t  150°C the  presence o f  i r o n  o r  t i t a n i u m  

metal  has l i t t l e  e f f e c t  on the  l e a c h i n g  

o f  76-68 g lass  i n  Permian Bas in  s a l t  

b r ine .  

s Tests w i t h  Permian Basin s a l t  b r i n e  a t  

250°C i n d i c a t e  decreased c o n c e n t r a t i o n s  
o f  Ca2+, Mg2+, S042' i n  s o l u t i o n ,  ap- 

p a r e n t l y  a r e s u l t  o f  p r e c i p i t a t i o n  of 

ca l c ium and magnesium s u l f a t e s .  The 
change i n  s o l u t i o n  compos i t ions  a t  25OOC 
does no t  change s o l u t i o n  pH (measured a t  

25OC). 

o Based on inass- t rans fer  analyses i n  f l o w -  

i n g  l each  t e s t s ,  i t  shou ld  not  be assumed 

t h a t  the  l eacha te  i s  we l l  mixed nex t  t o  

t h e  waste form. 

Prograin Management 

Program a d m i n i s t r a t i o n  has focused on t h e  

f o l l o w i n g  areas :  

e The FY 1983 WPAS and TPP f o r  the  Waste 

Package Program were reviewed, f i n a l i z e d  

and sent t o  ONWI on schedule. 

a The Waste Package Prograin f o r  FY 1983 was 

presented  t o  PNL s t a f f .  

e Experiment t e s t  procedures be ing  used on 

WPP waste package i n t e r a c t i o n s  t e s t i n g  

were f o r m a l i z e d  and t r a n s m i t t e d  t o  

S. J. Basham and s t a f f  a t  ONWI. 
0 The statement o f  work f o r  t h e  subcon t rac t  

w i t h  Lawrence Livermore Na t iona l  Labora- 

t o r y  (LLNL) was r e w r i t t e n  t o  r e f l e c t  t h e  

FY 1983 work scope. The subcon t rac t  has 

completed t h e  PNL procurement approval  

process and was t r a n s m i t t e d  t o  DOE-RL for 
approva l .  

L i a i s o n  a c t i v i t i e s  have i n c l u d e d  the  

f o l  1 owing: 

0 WPP s t a f f  p a r t i c i p a t e d  i n  the  Nuclear 
Waste M a t e r i a l s  C h a r a c t 2 r i z a t i o n  Center 

(MCC) program review. 

0 A p r e s e n t a t i o n  by 0. Jackson (LLNL) on 

h i s  PROTOCOL model was a t tended by WPP 

personnel .  

0 A p r e s e n t a t i o n  o f  t he  ONWI Program Man- 

agement System was made by I-.  Lambert t o  

PNL personnel .  

0 Mutual  waste management research  was d i s -  

cussed between Andrea Sal t e l l  i , I s p r a ,  

I t a l y ,  and WPP s t a f f .  
e WPP s t a f f  (D. Brad ley ,  0. Coles, W. Kuhn, 

G. McVay, J. Nelson, and R. Westerman) 

at tended, and W. Kuhn and G. McVay gave 

p r e s e n t a t i o n s ,  a t  t h e  M a t e r i a l s  Research 

Soc ie ty  annual meet ing  i n  Boston. 

Department ceramics research  s e c t i o n  on 

ONWI-sponsored waste package s t u d i e s  by 

D. Bradley.  

e 0. Brad ley  a t tended t h e  NWTS/MCC waste 

package i n t e r a c t i o n s  t e s t i n g  workshop i n  
S e a t t l e  and presented  d e t a i l s  o f  ONWI- 

sponsored waste package i n t e r a c t i o n s  

t e s t i n g  procedures. 

e A p r e s e n t a t i o n  t o  DOE-RL-BWI s t a f f  on 

waste package s t u d i e s  was g iven by 

0. Brad ley .  

p rogress  t o  L. Olson and h i s  s t a f f  a t  

B WPP s t a f f ,  coo rd ina ted  by G. McVay, met 

8 A p r e s e n t a t i o n  was g iven t o  the  M a t e r i a l s  

e D. Brad ley  presented  a rev iew o f  WPP 

DOE-RL-BWI. 

w i t h  Dr. R. B. Heimann o f  the  Fuel Waste 

Technology Branch a t  Wh i teshe l l ,  Canada. 
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e D. Brad ley  a t tended t h e  NWTS annual i n -  

f o rma t ion  meet ing i n  I-a5 Vegas, Nevada, 

and tou red  t h e  Nevada Test S i t e .  

S t r u c t u r a l  B a r r i e r s  

General Cor ros ion  Stud ies .  A 15OOC gen- 

e r a l  c o r r o s i o n  study on two  cas t  s t e e l s  

(1025 and 2 1/2% Cry 1% Mo) and d u c t i l e  cas t  

i r o n  was shut down a f t e r  1 month exposure 

f o r  specimen ana lys i s .  The environment was 

anoxic (-0.2 ppm 02) b r i n e ,  des ignated  Per-  

mian Bas in  S a l t  B r i n e  No. 1, which c l o s e l y  

resevb les  the  f o r m u l a t i o n  ob ta ined  by d i r e c t  

d i s s o l u t i o n ,  t o  s a t u r a t i o n ,  o f  a Permian 

Bas in  s a l t  core.  A se r ious  problem, how- 

ever ,  has been encountered i n  i t s  use: t h e  

au toc lave  i n l e t  l i n e  p lugs  every  few days 

due t o  the  r e t r o g r a d e  so l  ub i  1 i t y  o f  c e r t a i n  

b r i n e  c o n s t i t u e n t s .  To c i rcumvent  t h i s  op- 

e r a t i o n a l  problem, a nevJ fo rmu la t i on ,  Per-  

mian Rasin S a l t  B r i n e  No. 2 ,  was made, based 

on the  e f f l u e n t  b r i n e  compos i t ion  o f  an 

au toc lave  opera? ing  a t  15OoC, and presumably 

hav ing  t h e  p r e c i p i t a b l e  compounds removed 

from s o l u t i o n .  The major  d i f f e r e n c e  between 

S r i n e s  No. 1 and 2 i s  a r e d u c t i o n  i n  t h e  

l a t t e r  o f  t h e  Ca" and SO4= concen t ra t i ons .  
R r i n e  No. 2 w i l l  be used i n  the  general  co r -  

r o s i o n  study as w e l l  as i n  t h e  i r r a d i a t i o n -  

c o r r o s i o n  t e s t s  o f  s t e e l s  i n  anoxic,  150°C 

b r i n e  t h a t  have been r e c e n t l y  i n i t i a t e d .  I f  

p l u g g i n g  p e r s i s t s ,  t h e  B r i n e  No. 2 w i l l  be 

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

n o t  expected t o  s i g n i f i c a n t l y  a f f e c t  the  

observed c o r r o s i o n  mode o r  t h e  c o r r o s i o n  

k i n e t i c s .  

The 1-month exposure i n  Permian Bas in  

S a l t  B r i n e  No. 1 produced the  c o r r o s i o n  r a t e  

da ta  shown i n  Table 3.1. 

I n t e r e s t i n g l y ,  t h e  c o r r o s i o n  r a t e s  ob- 

served a re  about t e n  t imes lower  than those 

found by Sandia i n v e s t i g a t o r s  s t u d y i n g  c o r -  

r o s i o n  r a t e s  o f  d u c t i l e  cas t  i r o n  i n  anoxic 

WIPP S r i n e  A (SNL Month ly  Progress Repor t  

f o r  High-Level-Waste I n t e r a c t i o n s  - August 

1982). 

X-ray d i f f r a c t i o n  a n a l y s i s  o f  t h e  c o r r o -  

s i o n  p roduc t  f i l m s  revea led  on ly  t h e  p res -  

ence o f  magnet i te ,  Fe3O4. 

showed a f a i n t  t r a c e  o f  anhydr i t e ,  CaS04. 

Summary dup l ica te-spec imen data  f o r  6- 

month exposure a n a l y s i s  o f  a d u c t i l e  c a s t  

i r o n  and two cas t  s t e e l s  i n  o x i c  (0.7 ppm 

02) 25OOC de ion ized  water  a re  g iven i n  

Table 3.2. Data f rom 1 and 3 months are  

i n c l u d e d  f o r  comparison. 

These c o r r o s i o n  da ta  show a r e g u l a r ,  

we1 1 -behaved d i m i n u t i o n  i n  c o r r o s i o n  r a t e s  

w i t h  i nc reased  t i m e  of exposure. Cor ros ion  

produc ts  a f t e r  6 months exposure c o n s i s t  

p r i m a r i l y  o f  Fe3O4. 

One specimen 

I r r a d i  a t i  on-Cor ros i  on Stud ies .  An i r r a -  

d i a t i o n - c o r r o s i o n  study was shut  dorrn f o r  

specimen a n a l y s i s  a f t e r  1 inonth exposure. 

I n v e s t i g a t e d  were '2 1/2% C r y  1% Mo c a s t  

s t e e l ;  1025 wrought s t e e l ;  and 1025 c a s t  

s t e e l  i n  a 150°C Permian B r i n e  No. 2 e n v i -  

ronment a t  a 6oCo gamma i r r a d i  a t i  on 

TABLE 3.1. Fer rous  M a t e r i a l s  Cor ros ion  i n  m i l s l y r  ( a )  -- 
2 1/2% Cry 1025 D u c t i l e  Cast 

Temperature Time 1% Mo S tee l  Cast S tee l  I r o n  

15OOC 1 month 0.48, 0.49 0.68, 0.61 0.74, 0.59 

( a )  Data froin d u p l i c a t e  specimens presented. 
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TABLE 3.2. Summary o f  Dupl icate-Specimen P e n e t r a t i o n  
Data, m i l s l y r  

Cast S tee l  
Time, months 1 1/4% C r ,  1/2% MO 

1 0.44, 0.44 

3 0.31, 0.29 

6 0.25, 0.22 

i n t e n s i t y  o f  -1 x l o 5  rad /h r .  

r a t e s  observed are about t e n  t imes those 

ob ta ined  under non i  r r a d i  a ted  t e s t  condi  - 
t i o n s .  The da ta  ob ta ined froin d u p l i c a t e  

specimens are  summarized i n  Tab le  3.3. 

se lec ted  from near the  top  o f  t h e  au toc lave  

and one froin near the  bottom. I n  Table 3.3, 

t h e  f i r s t  e n t r y  corresponds t o  those f rom 
t h e  bottom. I t  can be seen t h a t  a l l  t he  

l ower -co r ros ion - ra te  specimens came f rom 

near the  bottom o f  t he  au toc lave .  W i t h i n  

groupings, however, t he  r e l a t i o n s h i p  between 

t h e  a l l o y s  remained t h e  same. The v a r i a t i o n  

o f  c o r r o s i o n  r a t e s  w i t h  p o s i t i o n  i s  most 

l i k e l y  due t o  a temperature g r a d i e n t  w i t h i n  

t h e  au toc lave .  Autoc laves  i n  t h e  r a d i a t i o n  

f a c i l i t y  have c o n s i s t e n t l y  run  50°C c o l d e r  

a t  t h e i r  i n l e t  ( a t  t h e  bo t tom)  than t h e i r  

c o n t r o l  temperature ( a t  t he  top) .  A h i g h e r  

heater-element w ind ing  d e n s i t y  near t h e  

au toc lave  bottom w i l l  be t r i e d  i n  an a t tempt  

t o  a l l e v i a t e  t h i s  problem. 

X-ray d i f f r a c t i o n  a n a l y s i s  o f  t he  su r face  

o f  t h e  specimens revea led  o n l y  t h e  presence 

o f  magnet i te ,  Fe3O4, and anhydr i t e ,  CaS04. 

The a n h y d r i t e  dnd magne t i t e  l a y e r s  appear t o  

The c o r r o s i o n  

One specimen o f  each m a t e r i a l  t y p e  was 

Cast S tee l  Cast Ouct i  1 e 

0.53, 0.44 0.38, 0.41 

0.40, 0.38 0.30, 0.31 

0.27, 0.23 0.23, 0.22 

2 1/2% C r ,  1% Mo I r o n  

be i n te rg rown .  As p r e v i o u s l y  noted, anhy 

d r i t e  was g e n e r a l l y  no t  observed i n  t h e  c o r  

r o s i o n  produc t  f i l m s  formed under noni r r a d i  - 
a ted  cond i t i ons .  

Envi  romechanical  S tud ies .  Recent e f f o r t s  

have been d i r e c t e d  toward s l o w - s t r a i  n - r a t e  

t e s t i n g  of wrought 1025 s t e e l  and cons t ruc-  

t i o n  o f  a fa t i gue -c rack -g rowth - ra te  system 
f o r  hydro thermal  ope ra t i on .  

Prev ious  s l o w - s t r a i n - r a t e  t e s t i n g  i n d i -  

ca ted  t h a t  2 1/2% C r y  1% Mo cas t  s t e e l  i s  

s u s c e p t i b l e  t o  env i  ronmen ta l l y  enhanced 

c r a c k i n g  i n  b r i n e  a t  150°C. The r e d u c t i o n  o f  

sample c r o s s - s e c t i o n a l  area (upon f a i l u r e )  

was d im in i shed  i n  t h e  b r i n e  environment,  and 

secondary c r a c k i n g  was observed th rough t h e  

necked r e g i o n  o f  t h e  specimens, even when 

t e s t s  were conducted a t  r e l a t i v e l y  h i g h  

s t r a i n  r a t e s  ( 1 0 - ~ i n  . / in.-sec).  S i m i l a r  

t e s t s  of d u c t i l e  cas t  i r o n ,  t e s t e d  i n  t h e  as- 

c a s t  c o n d i t i o n ,  i n d i c a t e d  t h a t  i t  was a l s o  

s u s c e p t i b l e  t o  env i ronmenta l  e f f e c t s  and t h a t  

t h e  d u c t i l i t y  was low regard less  o f  t he  

environment.  

S l o w - s t r a i n - r a t e  t e s t i n g  o f  1025 s t e e l  

has begun a t  150°C and a s t r a i n  r a t e  o f  

TABLE 3.3. I r r a d i a t i o n - C o r r o s i o n  Data Summary 

M a t e r i  a1 Pene t ra t i on ,  m i l s / y r  

2 1/2% C r y  1% Mo Cast s t e e l  2.9, 4.9 

1025 Wrought s t e e l  3.9, 6.2 

1025 Cast s t e e l  4.0, 7.0 
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4 10- in. / in.-sec.  

t i o n  have been t e s t e d  i n  a i r  and i n  b r i n e ;  

specimens w i t h  TL o r i e n t a t i o n  have been 

t e s t e d  on ly  i n  a i r .  R e s u l t s  o f  t h e  t e s t s  t o  

da te  i n d i c a t e  t h a t  t h i s  m a t e r i a l  i s  much l e s s  

s u s c e p t i b l e  t o  env i  roninental l y  enhanced 

c r a c k i n g  than i s  cas t  2 1/2% Cry 1% Mo s t e e l  

and t h a t  t he  d u c t i l i t y  o f  t h e  wrought s t e e l  

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

No d i f f e r e n c e  was observed i n  t h e  behav io r  of  

t h e  1025 s t e e l  i n  a i r  and i n  b r i ne ,  and sec- 

ondary c r a c k i n g  was n o t  found. The c o r r o s i o n  

p roduc t  f i l m  was b lack  and coherent.  In con- 

t r a s t ,  t h e  su r face  o f  d u c t i l e  i r o n  exposed t o  

15OOC b r i n e  con ta ined  d i s c o n t i n u i t i e s  around 

g r a p h i t e  nodules, where l o c a l i z e d  c o r r o s i o n  

appeared t o  be s t a r t i n g .  

Specimens w i t h  LT o r i e n t a -  

Source Term Eva1 u a t i  on 

Glass I n t e r a c t i o n s .  Prev ious  i n t e r a c t i v e  

t e s t s  between 76-68 g lass  and d u c t i l e  i r o n  i n  

s i  1 i ca te  groundwaters a t  90°C have shown a 

l a r g e  i nc rease  i n  e lementa l  re lease.  T h i s  

e f f e c t  i s  due p r i m a r i l y  t o  t h e  fo rma t ion  o f  

i r o n - s i l i c a t e  p r e c i p i t a t e s  t h a t  scavenge t h e  

l eacha te  and p reven t  s a t u r a t i o n  e f f e c t s .  

Thus t h e  presence o f  d u c t i l e  i r o n  s i g n i f i -  

c a n t l y  enhances (by a f a c t o r  o f  f i v e )  t h e  

e lementa l  l each ing  o f  t he  g lass  by r e t a r d i n g  

back reac t i ons .  

When these g l a s s / d u c t i l e  i r o n  i n t e r a c t i v e  

t e s t s  a re  conducted i n  Permian Bas in  S a l t  

Qr ine  No. 1, a s i m i l a r  ( b u t  much reduced) 

e f f e c t  occurs;  i.e., t h e  g lass  leaches a t  a 

s l i g h t l y  enhanced r a t e  ( l e s s  than  a f a c t o r  o f  

two) and p r e c i p i t a t e s  fo rm i n  t h e  leachate .  

These p r e c i p i t a t e s  a re  d i f f i c u l t  t o  analyze--  

bo th  because they  a re  n o t  formed i n  l a r g e  

q u a n t i  t i e s  and because p r e c i  p i  t a t e s  a1 so fo rm 

j u s t  f rom h e a t i n g  a s a t u r a t e d  s a l t  b r i n e .  

Therefore,  many types  of p r e c i p i t a t e s  a re  

fo rm ing  bu t  no t  i n  l a r g e  enough q u a n t i t i e s  t o  

s i g n i f i c a n t l y  a f f e c t  g lass  l each ing .  

Adding gamma i r r a d i a t i o n  t o  the  i n t e r -  

a c t i o n  t e s t s  enhances t h e  l e a c h i n g  o f  76-68 

g lass  i n  a s a l t  b r i n e  environment,  p a r t i c u -  

l a r l y  when i r o n  i s  p resent .  T h i s  appears 

due, a t  l e a s t  p a r t i a l l y ,  t o  t h e  a c c e l e r a t e d  

r e a c t i o n  o f  i r o n  w i t h  t h e  b r i n e ,  which causes 

rnore c o l l o i d s  t o  fo rm and, thus,  more scav- 

eng i  ng o f  t h e  leachate ,  w i t h  r e s u l t a n t  r e t a r -  

d a t i o n  o f  back reac t i ons .  P resen t l y ,  t h e  

gamma i r r a d i a t i o n  e f f e c t s  have been eva lua ted  

o n l y  a t  50°C, where enhancement f a c t o r s  o f  

about two are  observed. H igher  tempera ture  

exper iments  a re  under way. 

Spent Fuel  I n t e r a c t i o n s .  S t a t i c  i n t e r -  

a c t i v e  t e s t s  i n v o l v i n g  spent f u e l  and d u c t i l e  

i r o n  i n  25 and 75OC Permian Bas in  S a l t  B r i n e  

No. 1 have been conducted t o  t imes of  

60 days. S i m i l a r  t o  t h e  g lass  r e s u l t s ,  t h e  

e f f e c t  o f  d u c t i l e  i r o n  on spent f u e l  l e a c h i n g  

i s  no t  l a r g e  i n  s a l t  b r i ne .  One excep t ion  i s  

technet ium, which i s  reduced about one o rde r  

o f  magnitude i n  t h e  l eacha te  when d u c t i l e  

i r o n  i s  p resent .  These r e s u l t s  a re  a l l  based 

on s o l u t i o n  a n a l y s i s  and do n o t  i n c l u d e  e l e -  
ments sorbed on t h e  d u c t i l e  i r o n .  The a n a l y -  

ses o f  e lements on t h e  i r o n  w i l l  be completed 

d u r i n g  t h e  nex t  month and shou ld  a l l o w  a more 

mean ing fu l  i n t e r p r e t a t i o n .  

C u r r e n t l y ,  a s e r i e s  of exper iments  has 

been i n i t i a t e d  u t i l i z i n g  u n i r r a d i a t e d  U02 

f u e l  p e l l e t s ,  d u c t i l e  i r o n ,  and o x i d i z e d  

Zirca1oy.a These exper iments w i l l  a l l o w  

s u r f a c e  ana lyses  t o  be conducted on a l l  

t h r e e  c o n s t i t u e n t s  and w i l l ,  i t i s  hoped, 

l e a d  t o  a b e t t e r  unders tand ing  o f  t h e  i n -  

t e r a c t i o n  processes. The r e s u l t s  f rom these 

@Regis te red  trademark o f  Westinghouse E lec-  
t r i c  Corpo ra t i on  S p e c i a l t y  Me ta l s  D i v i s i o n ,  
B1 a i  r s v i  11 e, Pennsyl van i  a. 
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exper iments should l e a d  t o  improved des ign  

and b e t t e r  unders tand ing  o f  f u t u r e  spent f u e l  
exper iments conducted on c l a d  fue l  segments. 

C o l l o i d  I n v e s t i g a t i o n s .  Many types  of  

c o l l o i d s  a re  formed i n  i n t e r a c t i v e  t e s t s  con- 

duc ted  i n  s a l t  b r i nes ,  c o m p l i c a t i n g  t h e  i n -  

v e s t i g a t i o n  o f  c o l l o i d  fo rma t ion  and cha r -  

a c t e r i z a t i o n .  

t he  fo rmat ion ,  s o r p t i o n ,  deso rp t i on ,  and 

s t a b i l i t y  c h a r a c t e r i s t i c s  o f  many cand ida te  

c o l l o i d s ,  such as s i l i c a ,  i r o n  hydrox ide ,  

i ron s i  1 i ca tes  , and a1 k a l  i ne e a r t h  su l  f a t e s  

i n  b r i n e s ,  and t o  compare t h e i r  behav io r  t o  

t h a t  observed f o r  c o l l o i d s  formed i n  r e a l i s -  

t i c  i n t e r a c t i o n  t e s t s .  Th i s  unders tand ing  

shou ld  he lp  i n  i n t e r p r e t i n g  t h e  behav io r  o f  
t h e  complex m a t r i x  o f  c o l l o i d s  formed i n  s a l t  

b r i n e  i n t e r a c t i o n  tes ts .  

The approach i s  t o  i n v e s t i g a t e  

Another impor tan t  aspect o f  c o l  1 o i  ds i s  

t h e i r  s i z e  d i s t r i b u t i o n .  Smal le r  c o l l o i d s  

w i l l  be more mob i l e  than l a r g e  ones, and t h u s  

t h e i r  s i z e  d i s t r i b u t i o n  under va r ious  cond i -  

t i o n s  shou ld  be i n v e s t i g a t e d .  

The a c t i n i d e  s o r p t i o n ,  deso rp t i on ,  and 

s t a b i l i t y  o f  s i l i c a ,  i r o n  hydroxide, i r o n  

s i l i c a t e ,  and ca l c ium s u l f a t e  c o l l o i d s  i n  

s a l t  b r i n e s  are  now be ing  i n v e s t i g a t e d .  Ad- 

d i t i o n a l l y ,  a hydrodynamic chromatography 

u n i t  has been ordered t h a t  w i l l  de te rmine  

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

B r i n e  Rad io l ys i s .  I f  b r i n e  m ig ra tes  i n t o  

t h e  r e p o s i t o r y  d u r i n g  t h e  thermal pu l se  pe r -  

i od ,  i t  w i l l  be exposed t o  gamma i r r a d i a -  

t i o n .  A f t e r  t h e  c a n i s t e r  i s  breached, b r i n e  

w i l l  be exposed t o  a lpha r a d i a t i o n .  There- 

f o r e ,  an unders tand ing  of t h e  behav io r  of 

b r i n e  i n  bo th  a lpha and gamma i r r a d i a t i o n  
f i e l d s  becomes impor tan t .  C u r r e n t l y ,  only 

r e s u l t s  f rom gamma r a d i o l y s i s  a re  s u f f i -  

c i e n t l y  complete t o  r e p o r t .  

F i g u r e  3.1 compares t h e  pressures  r e -  

s u l t i n g  f rom gases generated d u r i n g  gamma 

80 

PERMIAN BASIN SALT 
BRINE NO. 1 70 - 

60 - 

50 - 

ATM. 
40 - 

SATURATED NaCl 

BASALT GROUNDWATER 

0 5 10 15 20 25 30 

DAYS 

FIGURE 3.1. Time Dependence f o r  Pressure  Generat ion o f  Gas Produced by Gamma 
I r r a d i a t i o n  o f  7OoC Permian Bas in  S a l t  B r i n e  No. 1, Sa tu ra ted  NaC1, and Ref -  
erence Basa l t  Groundwater. The s o l u t i o n  volume was 10 mL and t h e  gas phase 
volume 6 mL. A dose o f  l o 7  r a d / h r  was used i n  a 6oCo f a c i l i t y .  

Q 
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r a d i o l y s i s  o f  Permian Basin S a l t  B r ine  NO. 1 

t o  those from s a t u r a t e d  NaCl s o l u t i o n  and 

b a s a l t  groundwater. These r e s u l t s  were 

ob ta ined  by i r r a d i a t i n g  t h e  s o l u t i o n s  a t  

-7O'C i n  fused s i l i c a  con ta ine rs  (19 mL so lu -  

t i o n  - 6 rnL gas phase) under cont inuous  

, n o n i t o r i n g  o f  pressure.  A f t e r  r a d i o l y s i s ,  

t h e  gas phase was analyzed w i t h  a mass spec- 

t rometer .  As can be seen frorn F igu re  3.1, 

t h e  Permian Basin b r i n e  generates much more 
pressure  than  does s a t u r a t e d  NaCl s o l u t i o n  or 

b a s a l t  groundwater. The pressures  f rom ba- 
s a l t  groundwater and s a t u r a t e d  NaCl s o l u t i o n  

s d t u r a t e  a t  about 2 and 25 atmospheres, r e -  

s p e c t i v e l y ,  w h i l e  t h e  Permian Basin b r i n e  has 

reached 80 atmospheres and i s  s t i l l  i n c r e a s -  
ing .  The gas phase c o n s i s t s  o f  75% hydrogen 

dnd t h e  r e s t  i s  p r i m a r i l y  oxygen. 

I t i s  the  s a t u r a t i o n  o r  e q u i l i b r i u m  pres-  

sure t h a t  i s  o f  i n t e r e s t ;  i t  i s  impor tan t  i n  

c o n s i d e r a t i o n s  o f  r e p o s i t o r y  and waste pack- 

age des ign  and a l s o  he lps  i n  t h e  unders tand-  

i n g  of the  mechan is t i c  d e t a i l s  o f  s o l u t i o n  

r a d i o l y s i s .  

t h e  pressure  b u i l d u p  i s  dependent upon t h e  

volume a v a i l a b l e  f o r  t h e  gas phase. 

l e s s  volume, t h e  dose and t ime  r e q u i r e d  t o  

reach e q u i l i  b r ium pressure  i s  decreased. If 
t h e r e  were e s s e n t i a l l y  no volume a v a i l a b l e  

f o r  t h e  gas phase, then t h e  e q u i l i b r i u m  p res -  

sure  would be reached very r a p i d l y  and w i t h  

on l y  a smal l  dose. The dose r a t e  has been 

shown t o  have no e f f e c t  on gas genera t i on  

f rom l o 7  t o  l o 4  rad /hr .  

The r e l a t i v e l y  h igh  gas genera t i on  i n  

Permian Basin b r i n e  i s  c u r r e n t l y  unexp la in -  

a b l e  based upon the  l i t e r a t u r e  dnd recen t  

exper imenta t ion .  As seen from F i g u r e  3.1, 

s a t u r a t e d  NaCl s o l u t i o n s  y i e l d  a maximum 

pressure  of -25 atmospheres under gamma 

i r r a d i a t i o n .  The Permian Basin S a l t  B r ine  

No. 1 c o n t a i n s  -30 ppm Br-, which i s  r e p o r t e d  

The t i m e  and dose dependence o f  

Wi th  

t o  enhance hydrogen genera t ion .  The a d d i t i o n  

o f  30 and 300 ppm B r -  t o  de ion i zed  water  r e -  

s u l t s  i n  enhanced hydrogen genera t i on  bu t  

f a l l s  s h o r t  o f  e x p l a i n i n g  t h e  r e s u l t s  w i t h  

Permian Bas in  s a l t  b r ine .  Therefore,  a 

s y n e r g i s t i c  e f f e c t  between c o n s t i t u e n t s  i n  

t h e  s a l t  b r i n e  o r  some o the r  t r a c e  i m p u r i t y  

e f f e c t  must be caus ing  recombina t ion  reac -  
t i o n s  t o  be bypassed. The fo rma t ion  o f  t h i s  

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

o x i d i z i n g  environment i n  t h e  s o l u t i o n .  

Analyses of o t h e r  r a d i o l y s i s  p roduc ts  have 
n o t  y e t  been made. A d d i t i o n a l l y ,  l o n g e r  

t imes are  needed t o  reach s a t u r a t i o n  p res -  
sures f o r  t he  Permian Basin s a l t  b r i n e  and 

300 ppm B r -  s o l u t i o n s .  

Component Compati b i  1 i t y  

Mult icomponent Tes t ing .  I n i t i a l  i n t e r a c -  

t i o n s  t e s t s  w i t h  Permian Bas in  s a l t  b r i n e  a t  

15OOC were s t a r t e d  l a s t  f i s c a l  year. These 

t e s t s  were c a r r i e d  ou t  acco rd ing  t o  t h e  MCC-2 

procedure  (28 days) and w i t h  76-68 g lass  and 

76-68 g lass  p l u s  d u c t i l e  i r o n  o r  t i t a n i u m  

grade 12. The s o l u t i o n s  used i n c l u d e d  bo th  

Permian Bas in  S a l t  B r i n e  No. 1 and a sa tu -  

r a t e d  ( a t  25'C) b r i n e  prepared d i r e c t l y  f rom 
Permian Bas in  s a l t  core  ( G .  Fr iemel  Ho le  

No. 1). A l l  t e s t s  were c a r r i e d  ou t  w i t h  a 

g lass  SA/V o f  10 ine1 and, i n  t e s t s  c o n t a i n i n g  

i r o n  or t i t a n i u m ,  a g lass- to -meta l  s u r f a c e  

area r a t i o  o f  1:l. S o l u t i o n  analyses were 

c a r r i e d  ou t  by I C P , ( a )  

p l o t s  o f  I C P  da ta  f o r  boron, molybdenum, ce- 
sium, and s i l i c o n  ( w i t h o u t  i n d i v i d u a l  da ta  

p o i n t s ) .  F i g u r e  3.2 p resen ts  l each  da ta  f o r  

76-68 g lass  i n  f o u r  s o l u t i o n s ,  where i t  i s  

seen t h a t  d i s s o l u t i o n  r a t e s  f o r  b r i n e s  a r e  

F igu res  3.2 and 3.3 a re  computer-generated 

( a )  I n d u c t i v e l y  coup led  argon plasma m i s -  
s i o n  spectroscopy. 
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FIGURE 3.2. P l o t s  o f  S o l s ~ t i o n  Composi t ion Versus Time f o r  Four Leachates: 
De ion ized k a t e r  , Reference Basa l t  Groundwater Perini an Basin S a l t  Bri ne 
No. 1 (SYN BRINE), and Permian Bas in  S a l t  B r i n e  Made from Actua l  S a l t  Core 

cons ide rab ly  l o d e r  than f o r  de ion i zed  water  

and low i o n i c  s t r e n g t h  b a s a l t  groundwater. 

Gel l a y e r  th icknesses ,  measured by scanning 

e l e c t r o n  microscope, show a s i m i l a r  de- 

crease i n  th i ckness  f o r  glasses leached i n  

b r ines .  Molybdenum and s i l i c o n  appear t o  

approach s teady -s ta te  c o n c e n t r a t i o n  i n  

b r i n e s  by 28 days; however, cesium and boron 

inc rease  i n  c o n c e n t r a t i o n  a t  a r e l a t i v e l y  

un i fo rm r a t e  t h e r e a f t e r .  Observed l e a c h i n g  

d i f f e r e n c e s  between b r i n e s  and lower  i o n i c  

s t r e n g t h  s o l u t i o n s  may be a r e s u l t  o f  sev- 

e r a l  mechanisms, i n c l u d i n g  changes i n  s o l u -  
b i l i t i e s  w i t h  i nc reas i r l g  i o n i c  s t r e n g t h  and 

changes i n  t h e  s o l i d  phases formed i n  a 

b r i n e  environmeot. Evidence f o r  t h e  f i r s t  

i s  p r o v i d e d  by Marsha l l  (1980a), who r e p o r t s  
an approximate 50% decrease i n  ainorphous 

s i l i c a  s o l u b i l i t y  i n  6 1  NaN03 s o l u t i o n  a t  

150OC. 

The e f f e c t s  of meta ls  on g lass  l e a c h i n g  

a re  shown i n  F i g u r e  3.3. D u c t i l e  i r o n  and 

t i t a n i u m  appear t o  a f f e c t  g lass  l e a c h i n g  i n  

s a l t  b r i n e  o n l y  s l i g h t l y .  There i s  some 

s c a t t e r  i n  t h e  b r i n e  da ta  because o f  i n -  

he ren t  d i f f i c u l t i e s  i n  a n a l y z i n g  b r i n e s  w i t h  

ICPs. 

ray  d i f f r a c t i o n  a n a l y s i s  r a t h e r  than I C P  f o r  

b r i n e  analyses. 
I n  a s a l t  r e p o s i t o r y  b r i n e s  l i k e l y  t o  

reach a waste package w i l l  be s a t u r a t e d  w i t h  
s o l i d  s a l t s .  T h e i r  s a t u r a t i o n  compos i t ion  

We a re  now c o n s i d e r i n g  t h e  use o f  x- 
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FIGURE 3.3. P l o t s  o f  S o l u t i o n  Composi t ion Versus Time f o r  76-68 Glass 
and 76-68 Glass Plus I r o n  o r  T i tan ium i n  Permian Bas in  S a l t  B r i n e  No. 1 

w i l l  be very tempera ture  dependent; t h e  tempera ture  s a t u r a t e d  Permian Basin S a l t  
a l k a l i  c h l o r i d e s  i nc rease  i n  s o l u b i l i t y  w i t h  

i n c r e a s i n g  temperature.  Thus it i s  impor- 

t a n t  t o  c a r r y  ou t  i n t e r a c t i o n  t e s t s  w i t h  

tempera tu re -sa tu ra ted  b r i n e s  dnd t o  t a k e  

f l u i d  sdmples a t  tempera ture  and pressure.  

Our f i r s t  at tempt,  however, t o  use a D ickson 

au toc lave  t o  sample a b r i n e  s a t u r a t e d  a t  

250°C (20 MPa) r e s u l t e d  i n  a tho rough ly  

c logged sample tube and no usable b r i n e  

sample. 

sampl ing techn iques  t o  get around t h i s  

problem. 

lem we began a s 2 r i e s  o f  t e s t s  w i t h  room 

Ue are  now t r y i n g  t o  develop 

To a t  l e a s t  p a r t l y  c i rcumvent  t h i s  p rob-  

B r i n e  No. 1 and two d i l u t e d  b r i n e s  (50% and 

75% o f  t h i s  room tempera ture  s a t u r a t e d  s a l t  

b r i n e ) .  
i n  Dickson au toc laves ,  and success fu l  l i q u i d  

sample e x t r a c t i o n  has been ach ieved f o r  a l l  
t h r e e  composi t ions.  These da ta  w i l l  he lp  

g r e a t l y  i n  t h e  unders tand ing  o f  tempera ture-  

produced v a r i a t i o n s  i n  b r i n e  compos i t ions  

(e.3., Marsha l l  1980b) and w i l l  p r o v i d e  a 

da ta  base t h a t  a ids  i n  e v a l u a t i n g  techn iques  

f o r  sampl ing s a t u r a t e d  b r i n e s  a t  t empera tu re  

and pressure.  

s a l t  b r i n e  a t  15OOC and f o r  50, 75, and 100% 

These t e s t s  a re  be ing  c a r r i e d  ou t  

I n i t i a l  t e s t s  were completed f o r  the  50% 
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s a l t  b r i n e s  a t  250°C. The 50% b r i n e  t e s t  

produced no change i n  b r i n e  compos i t ion ,  

i n d i c a t i n g  t h a t  a t  150°C none o f  t h e  i n v e r s e  

s o l u b i l i t i e s  was exceeded. However, a l l  

t h r e e  t e s t s  a t  250°C i n d i c a t e  a marked de- 

crease i n  concen t ra t i ons  o f  Ca2+, Mg2+, and 

S042-, p robab ly  a r e s u l t  n a i n l y  o f  t he  p re -  

c i p i t a t i o n  o f  ca lc ium and magnesium s u l -  

fa tes .  The measured s a t u r a t i o n  values Ca2+ 

Mg2+ and SO4'- f o r  t h e  t h r e e  b r i n e s  a t  250°C 

(20 MPa) a re  p l o t t e d  i n  F igu re  3.4 as a 

f u n c t i o n  o f  r e l a t i v e  b r i n e  s t r e n g t h  (100% 

No. 1 b r i n e  = 1.0). For these b r i n e  compo- 

s i t i o n s  t h e  s a t u r a t i o n  va lue  f o r  Ca2+ shows 

a c l e a r  i nc rease  w i t h  i n c r e a s i n g  i o n i c  

s t reng th ,  w h i l e  t h e  s a t u r a t i o n  c o n c e n t r a t i o n  

- 

- 

- 

*0° 1 

0 0.5 1 .o 1 
RELATIVE BRINE STRENGTH 

R e l a t i v e  B r ine  S t reng th  a t  250°C and 
20 MPa. The b r i n e  s t r e n g t h  o f  Perinidn 
Bas in  S a l t  B r i n e  No. 1, s a t u r a t e d  a t  25"C, 
i s  se t  a r b i t r a r i l y  equal t o  u n i t y .  

o f  Mg2+ passes th rough a maximum and t h e  

s a t u r a t i o n  c o n c e n t r a t i o n  of ~ 0 4 2 -  inc reases  

t o  an apparent p la teau ,  a l though a s l i g h t  

decrease i s  poss ib le .  

w i t h  76-68 g lass  and 76-68 g lass  + d u c t i l e  

i r o n  d t  150 and 25OOC (20 MPa) i n  Permian 

Bas in  S a l t  B r i n e  No. 1. Dickson au toc lave  

t e s t s  a re  c u r r e n t l y  under way w i t h  76-68 

g lass  i n  t h i s  b r i n e  a t  150 and 250°C and 

w i t h  75 and 100% b r i n e  a t  150°C. Prepara- 

t i o n s  a r e  n e a r l y  complete f o r  t h e  i n i t i a t i o n  

o f  t e s t s  w i t h  uranium-doped 76-68 g lass  and 

w i t h  U02 as p r e p a r a t i o n  f o r  f a i l u r e  t e s t s  

w i t h  ac t  i n i  de-doped 76-68 g lass  and spent 

f u e l .  

S t a t i c  au toc lave  t e s t s  a re  now under way 

Waste Form Release Model ing 

The l i t e r a t u r e  on l e a c h i n g  o f  spent f u e l  

and d i s s o l u t i o n  o f  U02 i s  be ing  reviewed t o  

form a b a s i s  f o r  a spent fue l  r e l e a s e  model. 

D i s s o l u t i o n  o f  U02 appears t o  be c o n t r o l l e d  
by t h e  o x i d a t i o n  o f  U(IV) t o  U(VI), which 

may be caused by o x i d i z i n g  agents i n  the  

s o l u t i o n ,  by r a d i o l y s i s  o f  water,  and by 

r a d i a t i o n  damage t o  t h e  U O 2  i t s e l f .  

spec ies  such as cesium a re  n o t  homogeneously 

d i s t r i b u t e d  i n  the  spent fue l  b u t  may segre- 

ga te  a t  g r a i n  boundar ies,  cracks,  and f u e l  

c l a d d i n g  i n t e r f a c e s .  The model w i l l  have t o  

be extended beyond s imp le  d i s s o l u t i o n  o f  UO2 
t o  account f o r  t he  r e l e a s e  o f  these m i g r a t -  

i n g  species.  

The r e s u l t s  o f  f l o w i n g  leach t e s t s ,  i n  

which t h e  c o n c e n t r a t i o n  a t  t h e  e x i t  t o  a 

c e l l  h o l d i n g  a sample i s  measured versus 

t ime,  a re  impor tan t  da ta  t o  u t i l i z e  i n  de- 

v e l o p i n g  a r a t e  law f o r  t h e  r e a c t i o n  o f  

b o r o s i l i c a t e  g lass  waste forms (as w e l l  as 

o t h e r  waste fo rms)  w i t h  leachants .  I n  t h i s  

task  we had been assuming a p e r f e c t l y  mixed 

Some 
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c e l l  f o r  t h e  purpose o f  i n t e r p r e t i n g  t h e  

data,  bu t  i t  appears t h i s  may no t  be appro- 

p r i a t e  based on an order -o f -magn i tude est i , -  

mate o f  t h e  r e s i s t a n c e  t o  mass t r a n s f e r  i n  

"boundary l a y e r s "  around a sample o f  g lass.  

- Corros ion  Model ing.  Our c u r r e n t  e f f o r t  

has revo lved  around t h e  i n v e s t i g a t i o n  of t he  

bas i c  mechanisms t h a t  cou ld  be p o s t u l a t e d  as 

c o n t r o l l i n g  t h e  r a t e  o f  c o r r o s i o n  of i r o n  

under i r r a d i a t i o n  c o n d i t i o n s .  Cons ide ra t i on  

has a l s o  been g iven t o  p ropos ing  exper imenta l  

t e s t s  t h a t  cou ld  a i d  i n  d i f f e r e n t i a t i n g  t h e  

numerous p o s s i b l e  mechanisms. 

c o r r o s i o n  r a t e  due t o  r a d i o l y s i s  o f  t h e  

b r i n e .  The e f f e c t  o f  r a d i o l y s i s  i s  t o  p ro -  

duce, e i t h e r  d i r e c t l y  o r  i n d i r e c t l y ,  t he  

f o l  1 owi ng: 

The main concern i s  t h e  i nc rease  o f  t h e  

a. 

h. 

C. 

o f  

sho r t  -1 i ved r a d i c a l  species by d i  r e c t  

i o n i z a t i o n  o f  t h e  b r i n e  c o n s t i t u e n t s  

i n t e r m e d i a t e  spec ies  th rough i n t e r a c t i o n  

o f  t h e  s h o r t - l i v e d  spec ies  w i t h  t h e  b r i n e  

and each o the r  

s t a b l e  I m l e c u l a r  species by va r ious  

i n t e r d c t i o n s  o f  a, b, and t h e  b r i n e .  

Much has Seen done t o  q u a n t i f y  t h e  y i e l d s  

t h e  above species,  y e t  l i t t l e  has been 
done t o  i n t e r r e l a t e  these y i e l d s  w i t h  c o r r o -  

s i  ve e f f e c t s .  

An exper imenta l  approach has been pu t  

f o r t h  t h a t  cou ld  p rove u s e f u l  i n  d i f f e r e n -  

t i a t i n g  between a, b, and c. The scheme 

cou ld  a l s o  be used t o  p r e d i c t  dose r a t e  

dependencies and p o s s i b l e  th resho lds .  

Waste Package Model ing.  Work on a b e t t e r  

unders tand ing  o f  b r i n e  chemis t ry  has been 

i n i t i a t e d  w i t h  a s e r i e s  o f  imeetings t o  

c l e a r l y  d e f i n e  what can be done i n  FY 1983. 

An e x p e r i m e n t a l i s t  has been i d e n t i f i e d  who 

shou ld  be a b l e  t o  he lp  p a r t i c u l a r l y  w i t h  a 

rev iew o f  t h e  p e r t i n e n t  exper imenta l  l i t e r a -  

t u re .  Me r e i t e r a t e d  t h e  importance o f  f i n d -  

i n g :  1) what pH excu rs ions  have i n  f a c t  been 

found when b r i n e s  a re  heated, and rrhich 

p r e c i p i t a t e s  a re  respons ib le  f o r  them, and 

2) what a c t i v i t y  c o e f f i c i e n t s  have been ob- 

served i n  b r i  nes, especi  a1 l y  a t  h i  yher 

temperatures.  
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3.1.2 Base1 i n i  ng and Benchmarking S a l t  

Performance Assessment Codes 

(DB-30-30-10 - 80743) 

The objective of this program is to pro- 
aide ONWI with salt site-specific, basstined 
and benchmarked performance anal ysis codes to 
perf o m  the comprehensive analys i s  required 
to site, design, and license a repository in 
salt. Codes to be basetined a d  baiclwnarked 
i n c l x d e  SWENT, C F E S T ,  and FEBUGW. 

Back ground 
I 

To s i t e ,  design, and l i c e n s e  a r e p o s i t o r y  

i n  s a l t ,  ONWI w i l l  be r e q u i r e d  (by NRC regu- 

l a t i o n s  as w e l l  as good s c i e n t i f i c  p r a c t i c e )  

t o  have s a l t  s i t e - s p e c i  f i c  base1 ined  and 

bench ma r k e d hy d r o 1 o g i c system pe r f o r m a n c e 

a n a l y s i s  codes. Th is  r e p o r t  d iscusses  t h e  

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

f o r  benchmarking t h e  h y d r o l o g i c  computer 

codes-[CFEST ( f l o w  o n l y ) ,  FE3DGW, and SWENT 

( f l o w  on ly ) ] .  
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I n  searching for an appropriate benchmark 
problem def in i t ion  for t e s t ing  hydrologic 
computer codes, the following reports and 
d a t a  sources were u t i  1 ized: 
0 the Permian Basin data se t  (ONWI-292) 
0 Benchmark Prohleins for  Repository S i t i n g  

Models (NUREG/CK-3097) 
e d a t a  and report on the i n i t i a l  inodeling of 

the Perinian Basin hydrologic systems 
(ONWI/E512-02900/TR-13). 

Any eventual analysis o f  a s a l t  s i t e  l i ke  the  
Permian will [nost l ike ly  require t h a t  the  
upper and lower hydrologic systems and the  
intervening s a l t  s t r a t a  be modeled as a 
s ing le  system so that the e f f ec t s  of poten- 
t i  a1 bredchi ng scenari os, such as borehole 
interconnection, s a l t  d i sso lu t ion ,  and f a u l t -  
ing, can be studied. The other per t inent  
considerati  ons are tha t  the parameter vari a -  
t ion d i s t r ibu t ions  (such as thickness and 
conductivity) be well defined and be repre- 
sen ta t ive  of the kinds of changes tha t  occur 
in real hydro1 ogi c systems. 

To achieve t h i s  degree of realism the  
Permian Basin data se t  was studied in de ta i l  
(ONWI-292 and 0NWI/ESl2-02900/T?-13). This 
inves t iga t ion  indicated a s t ra t igraphy as 
shown in Figure 3.5. Our inves t iga t ion  in-  
d ica tes  that  for purposes of benchmark proh- 
lem def in i t ion  two hydrologic uni t s  above and 
trJo hydrologic iunits below the s a l t  s t r a t a  
a re  su f f i c i en t .  Areal extent was defined 
from the fac t  tha t  the two upper hydrologic 
systems c i r cu la t e  generally along west t o  
ea s t  l ines.  The north-south araal extent of 
the two upper hydrologic uni t s  was defined 
froin essenti  a1 l y  the northern caprock escarp- 
ment (see Figure 3.6), which ac ts  as a 
groundwater divide,  south t o  the Matador 
u p l i f t  (see Figure 3.5), vrhich appears t o  ac t  
as a ha r r i e r  t o  the north-south communication 
in the lower hydrologic units.  

This u p l i f t  can a l so  serve as an a rb i t r a ry  
southern no-flow bounddry for  the two upper 
hydrologic units since gradients in the upper 
un i t s ,  as s ta ted  before, run e s sen t i a l ly  
west-east. The upper and lower hydrologic 
uni t s  both c i r cu la t e  along west-east l i nes  
due t o  the pattern of regional surface 
drainage systems (see Figure 3.6). The lower 
hydrologic units are addi t iona l ly  forced in to  
west-east c i r cu la t ion  due t o  the east-west 
s t ruc tu res  (Matador u p l i f t  t o  the sou th  and 
the Amarillo u p l i f t  t o  the n o r t h ,  Fig- 
ure 3.5), which are f e l t  t o  l imi t  north-south 
communication. Recharge occurs throughout 
the  basin. Estimates for reacharge t o  the 
upper uni t s  vary from 1.3 cm/yr t o  0.44 cm/ 
yr .  Recharge t o  the lovrer units occurs in 
the Pecos Mountains t o  the  west, and one 
would assume s l i g h t l y  higher b u t  s imi la r  re- 
charge estimates since the d i f f e ren t i a l  in 
elevation i s  only -500 m. The f ac t  t h a t  the 
recharge source for  the lower hydrologic 
un i t s  l i e s  in the Pecos Mountains t o  the 
west, vrhen considered along with the essen- 
t i  dl l y  aquiclude nature of the Perini an, ex- 
plains the under-pressurization of these 
lower uni t s  which ult imately discharge much 
fur ther  eas t .  

To ensure tha t  t h i s  benchmark problem i s  
well posed, t r i a l  simulations were made a n d  

parameters adjusted for a consistent and 
hydrologically reasonable description. An 

attempt was a l so  made t o  keep a l l  parameter 
values in the range of observations. 

Sa l t  Site-Speci f i c  Regional Hydro- 
log ic  (Flow Only) Benchmark Problem 
Speci f ica t ions  

This benchmark problem i s  designed t o  t e s t  
the  a b i l i t y  o f  groundwater flow codes t o  
model regional groundwater systems for  
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Major  Phys iograph ic  Elements o f  t h e  Texas Panhandle and 

1 ayered sedimentdry hydro1 og ic  systems t y p i  - 
c a l  o f  bedded s a l t  s i t e s .  111 f o r m u l a t i n g  

t h i s  problem an a t tempt  was made t o  address 

as many f e a t u r e s  impor tan t  t o  r e g i o n a l  model- 

i n g  dnd performance assessment needs as can 

he done i n  a s i m p l i f i e d  manner. These fea-  

t u r e s  i n c l u d e :  

0 l a y e r i n g  

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

Kh Kv 

recharge 

a d ischarge boundar ies ( r i v e r s )  

e o u t f l o w  boundar ies ( h e l d  h e a d - D i r i c h l e t )  

0 no- f l ow  boundar ies  

e i n t e r l a y e r  communication ( v i a  boreho le  o r  

o water  t a b l e  c o n d i t i o n s  ( i n  some l a y e r s  o r  
f r a c t u r e  zone) 

some areas 3 f  some l a y e r s )  o r  t o t a l l y  

con f  i ned condi  t i  ons. 

Rasi c Assumptions . Since t h i s  benchmark 
problem i s  designed t o  address f l o w  on ly ,  i t  

i s  assumed: 
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1. Water i n  a l l  h y d r o l o g i c  systems i s  o f  t h e  

same c o n s t a n t  d e n s i t y  dnd tempera ture  and 

t h a t  D a r c y ' s  law and a l l  o t h e r  b a s i c  as- 

sumpt i ons a s s o c i a t e d  w i t h  t h e  porous media 

cont inuum approach hold.  

As t h i s  problem i s  designed t o  address t h e  

s a t u r a t e d  f l o w - o n l y  problem, i t  i s  a d d i t i o n -  

a l l y  assumed: 

2. The system b e i n g  s i m u l a t e d  i s  100% 

satura ted .  

The p o t e n t i a l l y  l o n g  t i m e  r e q u i r e d  f o r  water  

o r  contaminants t o  move f rom a proposed r e -  

p o s i t 3 r y  a t  depth t o  iman's environment o r  t o  

t h e  10-kin boundary addressed i n  t h e  proposed 

r e g u l a t i o n s  n u l l i f i e s  most needs t o  model t h e  

h y d r o l o g i c  f l o w  system i n  a t r a n s i e n t  manner, 

so t h a t  i t  i s  assumed: 

3. The h y d r o l o g i c  systeln i s  i n  steady s t a t e  

and t h e  boundary c o n d i t i o n s  a r e  c o n s t a n t  

over  t i m e  so t h a t  o n l y  t h e  s t e a d y - s t a t e  

s o l u t i o n  f o r  t h e  h y d r o l o g i c  system need be 

addressed. 

F o r  purposes of t h i s  benchmark problem i t  i s  

a d d i t i o n a l l y  assumed: 

d 
- N  d 

4. No s i g n i f i c a n t  h y d r o l o g i c  f low takes  p l a c e  

i n  t h e  c r y s t a l l i n e  basement rock.  

S p e c i f i c a t i o n s  f o r  Layer ing-Sca le  Seometry 

The h y d r o l o g i c  system i s  assumed t o  con- 

s i s t  o f  e s s e n t i a l l y  f i v e  l a y e r s :  a bedded 

s a l t  l a y e r  o v e r l a i n  by two a q u i f e r  l a y e r s  and 

u n d e r l a i n  by two a d d i t i o n a l  a q u i f e r  u n i t s .  

These f i v e  l a y e r s  degrade i n t o  e s s e n t i a l l y  

one i n  t h e  recharge areas t o  t h e  west where 

t h e  s a l t  s t r a t a  t r u n c a t e s .  F i g u r e  3.7 de- 

p i c t s  a I l l an  v iew f o r  t h i s  i d e a l i z e d  bench- 

mark problem t h a t  i l l u s t r a t e s  t h e  s:Jrface 

fea tures  ( o u t c r o p s  and r i v e r s ) ,  t h e  sca le ,  

and t h e  k i n d s  o f  boundary c o n d i t i o n s  t o  be 

imposed. 

F i g u r e  3.5 shows c r o s s - s e c t i o n  views o f  

t h i s  i d e a l i z e d  system t o  i l l u s t r a t e  hydro-  

l o g i c  s t r a t i g r a p h y  and g i v e  a complete de- 

s c r i p t i o n  o f  t h e  geometry. F i g u r e  3.9 p r o -  

v i d e s  f u r t h e r  p l a n  views showing t h e  a r e a l  

e x t e n t  o f  each h y d r o l o g i c  u n i t  and t h e i r  

a s s o c i a t e d  h y d r o l o g i c  parameters. 

FIGURE 3.7. P lan  Vier, of H y d r o l o g i c  Benchmark P r o b l e n  Area, I 1  l u s t r a t i n g  
Surfdce Draindge, Outcrops, dnd Boundary C o n d i t i o n s  To Re Considered 
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S p e c i f i c a t i o n s  f o r  Recharge and Boundary 

Cond i t i ons  

Recharge t o  the  groundwater systems occurs 
a t  0.75 cm/yr u n i f o r m l y  over the  problem area 

shown i n  F i g u r e  3.7. 

f o u r  r i v e r  systems shown. 

r i v e r s  a re  t o  be t r e a t e d  as h e l d  p o t e n t i a l  

( D i r i c h l e t )  boundar ies.  There i s  one n o r t h -  

sou th  r i v e r ,  150 km l o n g  and l o c a t e d  145 km 

from the  western boundary o f  t h e  problem 

area. I t  has a cons tan t  p o t e n t i a l  o f  1175 m. 
There are  t h r e e  west-east r i v e r s .  The cen- 
t r a l l y  l o c a t e d  west-east r i v e r  (75 km froin 

t h e  southern  problem boundary) i s  135 km 

long ,  and i t s  e l e v a t i o n  v a r i e s  froin 1100 m a t  

i t s  west end t o  900 m a long the  model bound- 
a r y  t o  the  eas t .  

r i v e r s  a re  each 90 kin l o n g  and l o c a t e d  30 kin 

f ro in the  no r the rn  and southern  problem bound- 

a r i e s ,  r e s p e c t i  ve ly .  These two r i v e r s  have 

t h e  same p o t e n t i a l s  and slopes. They vary  i n  

p o t e n t i a l  f rom 1075 m a t  t h e i r  west end t o  

900 m a t  t h e i r  east  end. The e l e v a t i o n s  fo r  

t h e  h e l d  p o t e n t i a l  boundar ies a re  a l s o  p i c -  

t u r e d  i n  F i g u r e  3.7. 

t h e  problem area a re  no - f l ow  boundar ies f o r  

a l l  h y d r o l o g i c  u n i t s  (F igu re  3.7). The eas t  

s i d e  i s  a no- f low boundary except where t h e  

r i v e r s  are l o c a t e d  f o r  the  upper t h r e e  

u n i t s - - 1 )  f l u v i a l  system, 2 )  f l u v i a l - l a c u s -  

t r i n e  system, and 3) sa l t - sha le -evapor i  t e  

s t ra ta - -and  a 500-111 h e l d  p o t e n t i a l  ( D i r i c h -  

l e t )  boundary f o r  t he  l o d e r  two u n i t s - -  

4) l imestone-sha le  system and 5) l imes tone-  

sha le -g ran i  t e  wash system. 

D ischarge i s  t o  the  

These h y p o t h e t i c a l  

The o the r  two west-east 

Three sides--west,  no r th ,  and south- -o f  

S p e c i f i c a t i o n s  F o r  Hydro log i c  Parameters. 

H o r i z o n t a l  h y d r a u l i c  c o n d u c t i v i t y  values f o r  

t h e  va r ious  h y d r o l o g i c  u n i t s  as w e l l  as the  

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

t h e  h o r i  z o n t a l  h y d r a u l i c  conduct i v i  t y  are  as 

f o l  1 ows : 

0 F l u v i a l  system 

Kv/Kh = 0.10. 

0 F l u v i a l - l a c u s t r  

0.01 m/day over 

l a y e r  1) 2.0 mlday. 

ne system ( l a y e r  2 )  

t h e  reg ion  east o f  t h e  

no r th -sou th  r i v e r  and 0.3 m/day over t h e  

r e g i o n  west o f  t h e  no r th -sou th  r i v e r .  

Kv/Kh = 0.10 f o r  e n t i r e  system ( F i g -  

u r e  3.9). 

0 S a l t - s h a l e - e v a p o r i t e  system ( l a y e r  3 )  

1.OE-10 m/day. Kv/Kh = 0.10. 

0 Limestone-shale system ( l a y e r  4 )  
0.08 mlday. Kv/Kh = 0.10. 

e L imes tone-sha le -g ran i te  wash system 

( l a y e r  5 )  0.08 m/day. Kv/Kh = 0.10. 

0 M u d f l a t  and a l l u v i a l / f a n  d e l t a  system 

0.90 rnlday. Kv/Kh = 0.10. 

0 T r a n s i t i o n  zone 0.20 m/day. Kv/Kh = 0.10. 

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

u n i t s  a re  a l s o  d i sp layed  i n  F i g u r e  3.9. 

Run S p e c i f i c a t i o n s .  Th is  problem can be 

run  i n  two ways. It can be assumed t h a t :  

e A l l  h y d r o l o g i c  systems are  t o t a l l y  con- 

f i ned ,  w i t h  t h e  s t a t e d  geometry used o n l y  

t o  de termine t h e  t r a n s m i s s i v i t y  d i s t r i b u -  

t i o n s  f o r  t h e  h y d r o l o g i c  systems. The 

problem c o n s i s t s  o f  de te rm in ing  t h e  hy- 

d r a u l i c  head d i s t r i b u t i o n s  w i t h i n  t h e  

va r ious  h y d r o l o g i c  u n i t s .  

0 The geometry r e l a t e s  on ly  t o  p o t e n t i a l l y  

s a t u r a t e d  h y d r o l o g i c  u n i t s  and t h e  ac tua l  

t opograph ic  su r face  may indeed be h i g h e r  
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than i l l u s t r a t e d  i n  F i g u r e  3.8. For t h i s  

case t h e  problem c o n s i s t s  o f  de te rm in ing  t h e  

l o c a t i o n  o f  t h e  water  t a b l e  su r face  as w e l l  

as de te rm in ing  the  h y d r a u l i c  head d i s -  

t r i  b u t  i ons  w i t h i n  the  va r ious  hydro1 o g i c  

u n i t s .  

Output S p e c i f i c a t i o n s .  The ou tpu t  o f  t h i s  

h y d r o l o g i c  benchmark problem i s  the  h y d r a u l i c  

!lead d i s t r i b u t i o n .  Contour p l o t s  showing 

a rea l  d i s t r i b u t i o n  o f  h y d r a u l i c  head f o r  

each l a y e r  and s e l e c t e d  west-east c ross -  

s e c t i o n  p l o t s  should be produced a long w i t h  

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

d i  s t r i  b u t t  orl. 

I n i t i a l  Benchmarking Runs w i t h  the  FE3DGW 

Code - 

The con f ined  ve.rs ion o f  the  s a l t  s i t e -  

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

d iscussed above has been se t  up, and i n i t i a l  

model runs  were made t o  de termine a p p r o p r i a t e  

parameter matches. F i g u r e  3.10 shows an i s o -  

m e t r i c  view o f  t h e  th ree-d imens iona l  y r i d  

used t o  s imu la te  t h i s  h y d r o l o g i c  benchmark 

problem. The problem w i l l  e v e n t u a l l y  be ad- 

d i t i o n a l l y  run i n  an unconf ined mode as p a r t  

o f  t h e  complete benchmarking o f  t h e  FE3DGW 

and CFEST codes. 

+ 
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FIGURE 3.10. I s o m e t r i c  View o f  I n i t i a l  F in i t e -E lemen t  G r i d  Used To 
S imula te  Conf ined-Only Vers ion  o f  t h e  S a l t  S i t e - S p e c i f i c  Benchmark 
Problem 
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3.2 BASALT WASTE ISOLATION PROJECT (BWIP) 

Mode l ing  Task Force (AP-05-15-05 - 

t o  ach ieve  a conceptual  m d e l ;  and 3 )  p repar -  

i ng model i n p u t  and conduct ing  sens i  t i  v i  t y  

analyses t o  e v a l u a t e  the impact  o f  u n c e r t d i n  3.2.1 

80750) \ o r  unknown parameters. 
I n  FY 1982 t h e  b a s i c  d i f f e r e n c e s  were 

c l e a r l y  i d e n t i f i e d ,  a course o f  a c t i o n  f o r  

r e s o l v i n g  t h e  d i f f e r e n c e s  was e s t a b l i s h e d ,  

and SO,ne initial ,nodeling s t u d i e s  ( s e n s i -  

t i v i t y  ana lyses)  were conducted. 

d i f f e r e n c e s  can be summarized as f o l l o w s :  

1. What a re  t h e  Pasco Bas in  boundary 

This  e f f o r t  wilt c o n t i w e  the modeting 
t a s k  force  a c t i v i t i e s  i n i t i a t e d  i n  FY 1987. 
The purposes of the modeling task force  are 
t o  e r m i n e  the Rockwett and PVL approaches t o  
modat ing the  P ~ S C O  Bas in, resotve d i f f e rences  
where poss ih t s ,  and recommend and imptement 
npproactles f o r  fu r ther  resotut ion of remain- 
in3 s igni f icant  d i f f e rences .  The model. task  
fo rce  is a mechanism f o r  de ta i ted  peer review 
of the  fa r - f  i e td  h y d r o t @  modeting. 

The b a s i c  

c o n d i t i o n s ?  

Techn ica l  Progress 

As p a r t  o f  the  Assessment o f  E f f e c t i v e n e s s  
o f  Geologic I s o l a t i o n  Systems (AEGIS), PN? 
conducted a :node1 i ng methodology and demon- 

s t r a t i o n  e f f o r t  J s i n g  b a s a l t  as one demon- 

s t r a t i o n  mnediim. A r e g i o n a l  model encompass- 

i n g  t h e  Washington 5 t a t e  p o r t i o n  o f  t h e  Co- 

lumbia  R i v e r  b a s a l t s  was used t o  e s t a b l i s h  

boundary c o n d i t i o n s  f o r  a Pasco B a s i n  

model. The Pasco Bas in  model was used t o  

p r e d i c t  f l o w  paths and t r a v e l  t imes f rom a 

h y p o t h e t i c a l  r e p o s i t 3 r y  t o  t h e  r i v e r .  As a 

r e s u l t  o f  t h i s  demonst ra t ion  e f f o r t ,  a t t e n -  

t i o n  was drawn t o  d i f f e r e n c e s  between PNL's, 

Rockwel l  Hdnford  O p e r a t i o n s '  dnd the  1J.S. 

G e o l o g i c a l  Survey 's  c o n c e p t u a l i z a t i o n  o f  t h e  

Pasco B a s i n  b a s a l t s .  

To r e s o l  ve those d i  f f e r e n c e s ,  a m d e l i  ng 

task  f o r c e  was e s t a b l i s h e d  i n  FY 1982. The 

goa ls  3 f  t h e  task  f o r c e  a r e  t o  examine t h e  

grouridwatsr rnodeli  ng conducted t o  date, r e -  

s o l  ve d i  f fe rences  where poss i  b l  e, and recoin- 

mend dnd implement approdches f o r  f u r t h e r  

r e s o l u t i o n  o f  remain ing  d i f f e r e n c e s .  More 

spec i  f i  c a l  l y ,  an a t tempt  t o  r e s o l v e  d i  f f e r -  

ences w i l l  be made by 1) e s t a b l i s h i n g  and 

agree ing  upon a s tandard  d a t a  se t ;  2)  mutu- 
a l l y  r e v i e w i n g  t h e  i n t e r p r e t a t i o n s  necessary 

2. What i s  an acceptab le  range o f  h y d r a u l i c  

c o n d u c t i v i t i e s  f o r  t h e  Saddle Mountain,  

Wanapum, and Grande Ronde b a s a l t s ?  

went (permeabi 1 i t y )  i n  t h e  Pasco Basin? 
3. What i s  t h e  n a t u r e  o f  t h e  v e r t i c a l  move- 

4. Is  the  f l o w  system i n  t h e  Pasco B a s i n  a t  

s teady  s t a t e ?  

t a i n e d  d u r i n g  d r i l l i n g ?  

6. How r e l i a b l e  a r e  water  q u a l i t y  da ta  f o r  

d e t e r m i n i n g  groundwater f l o w  d i r e c t i o n s  

and q u a n t i t i e s ?  

Some o f  t h e  d i f f e r e n c e s  w i l l  r e q u i r e  add i -  

t i o n a l  d a t a  b e f o r e  t h e y  can be reso lved.  The 

t a s k  f o r c e  has ac ted  as a peer  rev iew commit- 

t e e  f o r  i d e n t i f y i n g  a d d i t i o n a l  d a t a  needs and 

f o r  r e v i e w i n g  proposed f i e l d  a c t i v i t i e s .  

n o t  c o m p l e t e l y  r e s o l v e d )  w i t h  a d d i t i o n a l  mod- 

e l i n g  (i.e., s e n s i t i v i t y  ana lyses)  were t h e  

c e n t r a l  t h r u s t  o f  t h e  FY 1982 t a s k  f o r c e  

e f f o r t .  PNL has been h e a v i l y  i n v o l v e d  i n  

t h i s  e f f o r t  because we were s e l e c t e d  t o  con- 

d u c t  t h e  mode l ing  s e n s i t i v i t y  s t u d i e s .  The 

f i r s t  task o f  FY 1982 was t o  c o m p l e t e l y  docu- 

ment a l l  t h e  d a t a  sources t h a t  PNL used i n  

t h e i r  i n i t i a l  mode l ing  e f f o r t .  T h i s  complete 

da ta  s e t  was then used by t h e  t a s k  f o r c e  t o  

d e f i n e  a b a s i c  r e v i s e d  conceptua l  model o f  

t h e  Pasco B a s i n  t o  which a l l  members c o u l d  

5. How r e l i a b l e  a r e  p o t e n t i o m e t r i c  da ta  ob- 

D i f f e r e n c e s  t h a t  can be s t u d i e d  ( p o s s i b l y  
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agree. The new model reg ion  extends f a r  
beyond t h e  Pasco Bas in  t o  t h e  southwest, and 

i t s  major purpose i s  t o  h e l p  reso lve  t h e  

ques t i on  o f  t he  boundary c o n d i t i o n  a long  

Ra t t l esnake  Mountain and t h e  Horse Heaven 

H i l l s .  PNL i s  c u r r e n t l y  i n  t h e  process of 

c o l l e c t i n g  t h e  a d d i t i o n a l  da ta  r e q u i r e d  f o r  

t h i s  model and imp lement ing  i t  on our com- 

p u t e r  system. The model se lec ted  by t h e  task  

f o r c e  f o r  t h i s  e f f o r t  i s  t he  USGS/Trescott 

th ree-d imens iona l  groundwater f l o w  model. 

S ince  we have never used t h i s  model, i t  was 

necessary f o r  us t o  o b t a i n  it, b r i n g  i t  up on 

our computer system, and become f a m i l i d r  w i t h  

i t . Th is  task  has been accompl ished and we 

a re  c u r r e n t l y  runn ing  the  model w i t h  t h e  

f i r s t  da ta  set  agreed t o  by the  task  fo rce .  

F u t u r e  A c t i v i t i e s  --- 

Many a d d i t i o n a l  sensi  t i  v i  t y  runs agreed t o  

by t h e  group w i l l  be made l a t e r  t h i s  yea r  t o  

address the  boundary c o n d i t i o n  i s s u e  and t h e  

o the r  d i f f e r e n c e s  d iscussed above. 

3.2.2 P rec losu re  Performance Assessment 

(AP-05-15-15 - 80750) 

The object ive  of t h i s  program is t o  de- 
velop a preliminary hazards anatysis  of c m -  
ceptual w s t e  package and reposi tory designs.  
The pretiminary hazards anatysis  w i l l  iden- 
t i f y  and assess the consequences of reposi-  
t o ry  operational hazards an3 p r o h i e  recom- 
mendations f o r  improvement in safetg design 
c r i t e r i a ,  design concepts,  or operational 
procedures. 

- Sum- 

A s e r i e s  o f  system f l o w  diagrdms f3r nor-  

mal r e p o s i t o r y  ope ra t i ons  has been completed, 

as w e l l  as a r e v i e d  of f e d e r a l  c r i t e r i a  and 

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

o f  a r e p o s i t o r y .  A v a i l a b l e  l i t e r a t u r e  and 

t h e  conceptual  design document f o r  the  nuc- 

l e a r  waste r e p o s i t o r y  i n  b a s a l t  were used as 

background m a t e r i a l  f o r  these e f f o r t s .  Po- 

t e n t i  a1 hazards d u r i n g  r e p o s i t o r y  cons t ruc -  

t i o n  and o p e r a t i o n  a re  be ing  eva lua ted .  

System D e s c r i p t i o n  

f o r  comment. 

i n t o  a f i n a l  

system descr 

a d i s c u s s i o n  

p o r t  f a c i  1 i t  

face  f a c i l i t  

An i n f o r m a l  r e p o r t  c o n t a i n i n g  system f l o w  

agrams and d e s c r i p t i o n s  f o r  normal opera- 

ons o f  a r e p o s i t o r y  i n  b a s a l t  has been cam- 

e ted  i n  d r a f t  fo rm and i s  be ing  c i r c u l a t e d  

The r e p o r t  w i l l  be i n c o r p o r a t e d  

p r o j e c t  r e p o r t  i n  1984. The 

p t i o n  o f  t he  r e p o s i t o r y  i n c l u d e s  

o f  t h e  s u r f a c e  hand l i ng  and sup- 

es, access shaf ts ,  and subsur- 

es. Ma jor  subsystems and equ ip-  

ment and system components t h a t  suppor t  t h e  

opera t i ons  o f  t h e  r e p o s i t o r y  phases are  i den -  

t i f i e d  and discussed. D e s c r i p t i o n s  and f l o w  

diagrams are  presented  f o r  t h e  f o l l o w i n g  

phases : 

0 i n i t i a l  c o n s t r u c t i o n  

0 m i  ne development 

0 waste r e c e i  p t  , hand1 i ng and empl aceinent 

o waste r e t r i e v a l  
e b a c k f i l l  and decommissioning. 

C r i t e r i a  Review and A n a l y s i s  

An i n f o r m a l  r e p o r t  summarizing t h e  f e d e r a l  

c r i t e r i a  r e l e v a n t  t o  the  p r e c l o s u r e  s a f e t y  o f  

a r e p o s i t o r y  has been completed i n  d r a f t  

form. T h i s  r e p o r t  , p r e s e n t l y  be ing  c i  r cu -  

l a t e d  f o r  comment, w i l l  be i n c o r p o r a t e d  i n t o  

a f i n a l  p r o j e c t  r e p o r t  i n  1984. The r e p o r t  

i n c l u d e s  an a n a l y s i s  o f  t h e  s a f e t y  focus o f  

r e l e v a n t  c r i t e r i a  ( r a d i  o l o g i  c a l  o r  nonrad i  01 - 
o g i c a l ,  p u b l i c  o r  occupa t iona l )  and t h e  func -  

t i o n a l  subsystems or r e p o s i t o r y  l o c a t i o n s  t o  

which they  apply.  C r i t e r i a  i n c l u d e d  i n  t h i s  



a n a l y s i s  were r e l e v a n t  Nuclear Regu la to ry  

Commission standards,  Occupat ional  Sa fe ty  and 

H e a l t h  A d m i n i s t r a t i o n  and Mine Safe ty  and 

Hea l th  A d m i n i s t r a t i o n  standards,  Envi  ron-  

mental P r o t e c t i o n  Agency r e g u l a t i o n s  and 

r e l e v a n t  Department o f  Energy orders .  

Safe ty  Assessment o f  Normal Dpera t i  ons 

E f f o r t s  on t h i s  task were r e c e n t l y  i n i t i -  

ated. A format and approach f o r  t h e  s a f e t y  

a n a l y s i s  lnethodology t o  be used were d e t e r -  

mined. Hazard a n a l y s i s  on r e p o s i t o r y  con- 

s t r u c t i  on opera t i ons  has begun. 

3.2.3 Development o f  Eh-pH Sensors 
(AP-05-15-05 - 80752) 

The objec t ive  o f  t h i s  work i a  to .levelop 
Eh arid pH sensors compatibte u i t h  the 3ickson 
r m k i q  autoclave. These sensors pro- 
v ide moiitoring capabiZi t ies  of the oxida- 
t ion-rzduction environment and the hydrogen 
im  concea t ra t im  f o r  the  hydrothermat waste- 
barrier-rgck ia terac t ion  studies. Maximum 
operating limits w e  300017 a d  300 bars pres- 
sure by the close of FY 1983. 

Summary 

To f i t  the sensors i n t o  t h e  Dickson auto- 

c lave ,  PNL redes igned t h e  au toc lave  l i d .  

Rockwell  Hanford Opera t ions  has ordered sev- 

e r a l  of these vesse ls  f rom t h e  au toc lave  

vendor. 

The Eh e l e c t r o d e  has been designed and i s  

c u r r e n t l y  undergoing l a b o r a t o r y  eva lua t i on .  

P r e l i m i n a r y  r e s u l t s  i n  a hydrogen environment 

l ook  very p romis ing .  There i s  a good chance 

t h e  go ld  bag o f  the  Dickson au toc lave  can 

f u n c t i o n  as t h e  Eh sensor, which w i l l  r e s u l t  

i n  a cons ide rab le  s i m p l i f i c a t i o n  i n  Eh 

design. 

e l e c t r o d e  i s  be ing  developed. Z i r c o n i a  tubes  

A h i  gh-temperature,  z i  r c o n i  a-based pH 
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have been procured from the  manufac turers  and 

t e s t e d  f o r  pH response a t  90°C. The m a j o r i t y  

have a good pH response. Other researchers  

have found pH response t o  be ex t remely  r a r e  

among z i r c o n i a  tubes, p a r t i c u l a r l y  a t  low 

tempera tures  (90OC). Our r e s u l t s  a re  ex- 

t reme ly  encouraging. Work w i l l  con t i nue  i n  

e v a l u a t i n g  t h e i r  pH response a t  e leva ted  tem- 

p e r a t u r e  and i n  s o l v i n g  the  pressure-sea l  

problems. 

D i  c kson Aut o c l  ave 

Wi th  t h e  o r i g i n a l  Dickson au toc lave ,  con- 

s i s t i n g  o f  one au toc lave  i n s i d e  another,  two 

s e t s  o f  p ressure  sea ls  xou ld  be r e q u i r e d  f o r  

t h e  sensors t o  be i n s e r t e d  so as t o  p e n e t r a t e  
t h e  i n n e r  ( g o l d  bag) au toc lave .  PNL has 

so l ved  t h i s  problem by combining t h e  l i d  f o r  

t h e  i n n e r  au toc lave  w i t h  t h a t  o f  t he  ou te r .  

Thus on ly  one pressure  seal  p e n e t r a t i o n  i s  

now needed. Th is  design, which p e r m i t s  t h e  

vesse ls  t o  be opera ted  i n  a ho t  c e l l ,  i s  

shown i n  F i g u r e  3.11. Rockwel l  Hanford 

Opera t ions  has ordered seve ra l  of these 

vessel  s. 

Eh Sensor 

The Eh sensor w i l l  measure t h e  o x i d a t i o n -  

r e d u c t i o n  p o t e n t i a l  of t h e  aqueous e n v i r o n -  

ment, Sol u b i  1 i t i e s  o f  aqueous compounds are  

h i g h l y  dependent upon t h e i r  o x i d a t i o n  s ta te .  

The design f o r  t he  Eh sensor i s  shown i n  

F i g u r e  3.12. It i s  a b lowout -p roo f  des ign  

f o r  use w i t h  the  PNL-modif ied D ickson auto- 

c lave .  It i s  u n c e r t a i n  what i n e r t  metal  i s  

bes t  f o r  Eh measurements. In t h e  l a b o r a t o r y  

t e s t s ,  p la t i num,  gold,  and t i t a n i u m  a re  be ing  

eva lua ted .  

s a t i s f a c t o r i l y ,  t hen  t h e  go ld  bag (au toc lave  

l i d  i s  t i t a n i u m )  can be used as the  Eh 

I f  go ld  and t i t a n i u m  opera te  
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\ - SAMPLE TUBE II 118'' NPTF 

PRESSURE SEAL FOR 
*SAMPLE TUBE 

GOLD BAG SEAL 

INTERNAL CLOSURE 
COLLAR 

FIGURE 3.11. PNL-Modif ied D ickson A u t o c l a v e  -- 

ELECTRICAL LEAD 

CONAX ELECTRICAL GLAND 
EG-093, TITANIUM WETTED 
PARTS 

BORON NITRIDE OR LAVA 
CRUSHABLE SEALANT 

NOTE: NECKED-DOWN AREA 
TO PREVENT BLOWOUT 

118" NPT 

AI,O, INSULATOR 

1 11 6" REDOX ELECTRODE 

FIGURE 3.12. Eh E l e c t r o d e  
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sensor, cons ide rab ly  s i m p l i f y i n g  sensor 

design. 

Fe-H20 systems a t  2 0 0 O C .  

Eh e l e c t r o d e  shou ld  be i n  an environment 

s i m i l a r  t o  t h a t  expected i n  ac tua l  rock-water  

exper iments.  That env i  roninent i s  cons idered 

t o  be s t r o n g l y  reduc ing  ( i n  t h e  Fe304 r e g i o n )  

w i t h i n  a pH range o f  5 t o  9. 

An exp2r i inent has been c a r r i e d  ou t  a t  a pH 

o f  about 5.6 f ro in 130 t o  3OOOC i n  a hydrogen 

environment (a long  l i n e  ' B '  o f  F i g u r e  3.13), 

and ineasilred Eh values and c a l c u l a t e d  agreed 

ex t re ine ly  w e l l .  Above 150°C, the  p la t inum,  

go ld  and t i t a n i u m  e l e c t r o d e s  ac t  s i m i l a r l y ,  

which ineans the  go ld  bag can ac t  as t h e  

sensor.  

F i g u r e  3.13 i s  a Pourbaix diagram f o r  t he  

E v a l u a t i o n  o f  t h e  

2 

1 

J 

0 

-1 

Fu tu re  exper iments w i l l  e x p l o r e  t h e  Eh 

response i n  hydrogen a t  a pH o f  9. The more 

o x i  d i  z i  ng env i  ronmen t s  o f  Fe203/Fe304 w i  11 be 

exp lo red  a t  pH 5 and pH 9. The e f f e c t s  o f  

t r a c e  amounts o f  oxygen w i l l  a l s o  be 

exami ned. 

pH Sensors 

The m s t  impor tan t  v a r i a b l e  i n  water chem- 

i s t r y  i s  pH. The o b j e c t i v e  o f  t h i s  program 

i s  t h e  development o f  pH sensors s u i t a b l e  f o r  

use i n  t h e  Dickson r o c k i n g  au toc lave  a t  tem- 

pe ra tu res  t o  3OOOC and 300 bars  pressure.  A 

conceptua l  des ign  i s  shown i n  F i g u r e  3.14. 

P r o c e d u r a l l y  , t h e  prograin requ i  r e s  acqui - 
s i t i o n  o f  z i r con ia -based  ceramic tubes, 

I I I I I I I I 

-2  2 6 10 14 

FIGURE 3.13. Et i s  an abso lu te  vo l tage  
sca le  which can e a s i l y  be p laced  on t h e  s tandard  hydrogen e l e c -  
t r o d e  by examining t h e  hydrogen l i n e  (B) a t  s tandard  c o n d i t i o n s .  

Fe-H20 System a t  200OC.  
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~ J C O P P E R  ELECTRODE 

CAPTURE RING 

120' 1/16" 

ESSION BLOCK 

ZIRCONIA CEMENT ll I , GLASS WOOL TAMP 

r( GLAZE MASK 

, TEFLON TAMP 

Cu/Cu,O FILL - Ph SENSOR ACTIVE AREA 

GLAZE MASK 

TUBE YTTRIA STABILIZED ZIRCONIA 
NOMINAL 1/4" OD x 8 '' LONG 

FIGURE 3.14. Conceptual Design of pH E l e c t r o d e  -- 

screen ing  o f  t he  m a t e r i a l  f o r  pH response, 

f a b r i c a t i o n  o f  the  t: ihes i n t o  pH e lec t rodes ,  

and c e r t i f i c a t i o n  o f  e lec t rochemica l  and 

lnechanical i n t e g r i t y  under the  c o n d i t i o n s  o f  

BWIP use. S i x t y - t w o  z i r c o n i a - y t t r i a  tubes  

have been c h a r a c t e r i z e d  w i t h  respec t  t o  "as 

rece ived"  pH response. O f  those tes ted ,  60 
were found t o  be f u n c t i o n a l  a t  temperatures 

o f  90°C. Two sources o f  m a t e r i a l  (Coors and 

Z i rcoa-Corn ing)  were used ( a l l  8 w t %  y t t r i a ) .  

F i v e  tubes  were g iven long - te rm t e s t s  

us ing  b u f f e r s  4, 7, and 9 a t  90°C, and t h e  

average N e r n s t i a n  response was 93.8% w i t h  a 

range from 89.8 t o  96.4%. W i t h i n  t h i s  group, 

one probe u t i l i z i n g  a Cu/CupO i n t e r n a l  r e f -  

erence w i t h  a chemical  e t ch  p re t rea tmen t  

( Z i  rcoa-Corni  ng ma te r i  a1 ) produced t h e  h i  gh- 

e s t  response, l owes t  s tandard  d e v i a t i o n  o f  

t h e  measured va lue  (<1 mV), and lowest  long-  

term d r i f t  ( < l o  mV over  a 10-day t e s t  

pe r iod ) .  IJsable though s l u g g i s h  response was 
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observed down t o  room temperatures.  Expe- 

r i e n c e  o f  o the r  pH researchers  would gener-  

a l l y  have p r o j e c t e d  a h i g h  f a i l u r e  r a t e  (no 

pH response),  a s l u g g i s h  response a t  ternpera- 

t u r e s  below 90°C, and a c h a r a c t e r i s t i c  h igh  

impedance. I n  c o n t r a s t ,  our m a t e r i a l  appears 

t o  have a low f a i l u r e  r a t e  i n  t h e  "as re -  

c e i  ved" c o n d i t i o n  and a c h a r a c t e r i  s t i  c a l  l y  

low impedance compared t o  p r e v i o u s l y  t e s t e d  

m a t e r i a l s .  Manu fac tu r ing  procedures dre y e t  

t o  be developed t o  ensure long- te rm e l e c t r o -  

cheini ca l  s t a b i  1 i ty and mechanical i n t e g r i  ty. 

F u t u r e  work w i  11 encompass chemical and 

thermal t rea tmen t  t o  f i x  t he  e lec t rochemica l  

a c t i  v i  t y  o f  t he  i n n e r  re fe rence ,  t he  mechani - 
ca l  bonding o f  component p a r t s ,  and h i g h -  

tempera ture  and -p ressure  v e r i f i c a t i o n  o f  pH 
performdnce. V a l i d a t i o n  o f  performance i n  

p r o j e c t e d  r a d i a t i o n  environments may a l s o  be 

requ i red .  

3.2.4 S o l u b i l i t y  S tud ies  (AP-05-15-05 - 
80752) 

The object ive  of t h i s  work i s  t o  obtain 
radionuclide s o l u b i l i t y  k ine t  ios  and equ i l ib -  
r i a  fo r  key radionuclides i n  the presence of 
each of the geologic materials that  the 
radionuclide sontaminated groundwater might 
contact .  This includes basa l t ,  basalt  f l o w  
top  artd secondary minerals from the Urntunurn 
flow a d  the Middle Sent inel  H u f f .  
basalt  is a dominant component of the waste 
package baclcf i l t ,  data from these experiments 
w i l l  complement the basalt-bentonite m u l t i -  
component s 3 t u b i t i t y  starlies t o  be coiduoted 
a t  Rockwell in FY 1.983. cock materials IAseJ 
in t h i s  study w i l t  he suppZid  by the SWIP 
Naste Package Department. 

Because 

Four r a d i o n u c l i d e s  were e x m i  ned w i t h  and 

w i t h o u t  t h e  presence o f  b a s a l t  i n  concent ra -  

t i o n s  t h a t  c ross  from a removal mechanism o f  

a l l  s o r p t i o n  t o  one o f  p redominant ly  p r e c i p i -  

t a t i o n .  The f l ow- th rough  apparatus was 

m o d i f i e d  t o  use w i t h  crushed b a s a l t .  A s i l -  

i c a  and a b e n t o n i t e  c o l l o i d  were generated 

and u t i l i z e d  i n  i n i t i a l  r a d i o n u c l i d e  migra- 

t i o n  exper iments.  

Techn ica l  Progress 

The s o l u b i l i t y - s o r p t i o n  r e l a t i o n s h i p s  o f  

f o u r  rad ioe lements  were examined i n  t h e  p res -  

ence o f  b a s a l t s  i n  GR-3 s y n t h e t i c  groundwater 

a t  6 O O C .  They i n c l u d e d  se len i te -se len ium,  

uranium, technet ium, and carbon. The so lu -  

b i l i t i e s  were compared t o  those o f  bo th  r e -  

duc ing  and o x i d i z i n g  systems d t h o u t  b a s a l t s  

p resent .  Three types  o f  f i l t r a t i o n ,  rang ing  

f rom none t o  15 A, were used t o  show t h e  

s i z e s  and amounts o f  any p r e c i p i t a t e s  p resen t  
i n  s o l u t i o n .  

F i g u r e  3.15 shows technet ium removal froin 

s o l u t i o n  by f i l t r a t i o n  a f t e r  30 days c o n t a c t  

w i t h  Umtanum b a s a l t .  Wi thout  t h e  presence o f  

b a s a l t ,  t h e  technet ium i n  s o l u t i o n  was t h e  

same as t h a t  i n i t i d l l y  added ( C , = C ) ,  o r  no 
techne t ium was removed from s o l u t i o n .  A l l  

t h r e e  f i l t r a t i o n  r e s u l t s  were t h e  same i n  

F i g u r e  3.15 because t h e  technet ium was re -  

duced and removed by con tac t  w i t h  t h e  Umtanum 

b a s a l t .  There were no p r e c i p i t a t e s  i n  solu- 
t i o n  t o  remove by f i l t r a t i o n .  

Several  p r e c i p i t a t e s  were t e n t a t i v e l y  

i d e n t i f i e d  i n  t h e  h ighe r  c o n c e n t r a t i o n  r a d i o -  

nuc l  i de s o l  u t i  ons, i r lc l  ud i  ng schoepi  t e  and 

u r a n i  n i  t e  i n  the  ox i  d i  zed and reduced u r a n i  um 

systems, c o l  1 o i  da l  , red  s e l  en i  um and b lack  

se len ium metal  i n  the  reduced se len ium sys- 
tems, dnd b lack  Tc02 i n  t h e  reduced tech -  

ne t i um systems. 

c i p i t a t e s  i n  t h e  carbon system. 

s i v e  m o d i f i c a t i o n s  t o  change from an opera- 

t i o n a l  mode f o r  a b a s a l t  core  t o  one f o r  

crushed b a s a l t .  These a l t e r a t i o n s  have 

There were no apparent p re-  

The f l ow- th rough  apparatus r e q u i r e d  ex ten-  

Q 

Q 
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FIGURE 3.15. Removal by F i l t r a t i o n  o f  Tech- 
ne t i um froin O x i d i z i n g  GR-3 S o l u t i o n  a t  6OoC 
f o r  30 Days i n  t h e  Presence o f  16 t o  60 Mesh 
ilmtanum B a s a l t  

e s s e n t i a l l y  been completed, and t e s t i n g  a t  
p ressure  and tempera ture  shou ld  g+t  under way 
soon. 

C o l l o i d s  were prepared from t h e  b e n t o n i t e  

b a c k f i l l  an3 f rom s i l i c a  suspensions f o r  use 

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

s tud ies .  I n i t i a l l y ,  the  r a d i  onucl  i de-loaded 

c o l l o i d s  i n  GR-3 s y n t h e t i c  groundwater were 

con tac ted  w i t h  b a s a l t s  f o r  30 days t o  d e t e r -  

mine t h e  r a d i o n u c l i d e  d i s t r i b u t i o n s  between 

s o l u t i o n ,  c o l l o i d  and basa l t .  

Under o x i d i z i n g  c o n d i t i o n s ,  t he  o rde r  o f  

s o r p t i o n  on the  b e n t o n i t e  c o l l o i d  was u ra -  

n i u n  > neptunium > s e l e n i t e  > technet ium, and 

f o r  reduc ing  c o n d i t i o n s ,  neptunium > se len ium 

> technet ium. The b a s a l t  sorbed cons ide rab le  

amounts o f  r a d i  onucl  i d e s  on t h e  co l  l o i  d and 

i n  s o l u t i o n  i n  some cases. I n  decreas ing  

o rde r  o f  s p e c i f i c i t y ,  t h e  o x i d i z i n g  env i ron -  

ment r e s u l t e d  i n  b a s a l t  s o r p t i o n  o f  neptunium 

> uranium > technet ium > s e l e n i t e ,  and f o r  

t he  reduc i  ng env i  roninent, u r a n i  urn > s e l  en i  urn 
> technet ium > neptunium. 

c o l  l o i  d was even h i  gher under bo th  o x i d i z i n g  

and reduc ing  cond i t i ons .  Ox id i zed  s e l e n i t e ,  

se lena te  and technet ium remained i n  s o l u t i o n ,  

w h i l e  under reduc ing  c o n d i t i o n s  on ly  s e l e n i t e  

and se lena te  p r e f e r  t he  b a s a l t  t o  t h e  

c o l  l o i  d. 

The a f f i n i t y  o f  the  uranium f o r  t he  s i l i c a  

3.2.5 Hydrothermal T e s t i n g  o f  M a t e r i a l s  i n  
t h e  325 B u i l d i n g  Hot -Ce l l  Test F a c k  

% (AP-05-15-05 - 80752) 

The objectives of a joint PNL-WHC-BWIP 
hot-cell hydrothermat testing pro3ram are to 
provide waste-barrier-rock interactions data 
for quantifying the performance of w s t e  
package components in a basalt-repository 
environment and then evaluczte and integrate 
these data h t h  the 3 W P  package design ef- 
fort. 
provide skills and assistance in the auto- 
clave operation and to conduct the primary 
interpretation of tie hydrothermat data. 

The major PNL responsibitities are to 

I n  l a t e  FY 1982, a team o f  Hanford con- 

t r a c t o r s  was formed t o  per fo rm w a s t e - b a r r i e r -  

rock  i n t e r a c t i o n  s t u d i e s  u s i n g  f u l l y - l o a d e d  

waste forms i n  a h o t - c e l l  t e s t  f a c i l i t y .  

T h i s  p r o j e c t  i s  t o  p r o v i d e  da ta  f o r  q u a n t i f y -  

i n g  t h e  performance o f  waste package compo- 

nents  i n  a b a s a l t  r e p o s i t o r y  env i  roninent. 

The team o f  Hanford  c o n t r a c t o r s  i n c l u d e s  Rock- 

we1 1 Hanford Opera t ions  (RHO/BWIP) , PNL, and 

Westi  nghouse Hanford  Company (WHC). BWIP 

p rov ides  program d i r e c t i o n ,  WHC i s  b u i l d i n g  

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

s k i l l s  

and w i  

c a l  support ,  and PNL i s  p r o v i d i n g  

and ass i s tance  i n  runn ing  t h e  f a c i l i t y  

1 conduct the p r imary  i n t e r p r e t a t i o n  

o f  t h e  t e s t i n g  data. 

The f a c i l i t y  i s  c u r r e n t l y  under cons t ruc -  

t i o n  and i s  scheduled t o  beg in  o p e r a t i o n  i n  

e a r l y  FY 1984. Funding f o r  t h e  program began 

i n  October 1972. Whi le the  f a c i l i t y  i s  be ing  

b u i l t ,  PNL i s  c a r r y i n g  ou t  a s e r i e s  o f  hydro-  

thermal t e s t s  u s i  ny t racer -doped waste forms. 

These t e s t s  are be ing  run  i n  a PNL hyd ro the r -  

mal t e s t i n g  f a c i l i t y  bu t  i n  c o n j u n c t i o n  w i t h  

WHC and RWIP.  Whi le p r o v i d i n g  va luab le  s c i -  

e n t i f i c  data, t h e  t e s t s  a l s o  c o n s t i t u t e  a 

"shak?-down" f o r  t h e  p r o j e c t .  Th i s  a l l ows  

t e c h n i c a l  p r o b l e m  i n  t h e  p r o j e c t  t o  be 

worked ou t  and a l l ows  t h e  t h r e e  groups t ime  
t o  c o o r d i n a t e  t h e i r  a c t i v i t i e s  be fo re  t h e  

h o t - c e l l  t e s t i n g  begins.  

Techn ica l  Progress 

PNL a s s i s t e d  WHC i n  w r i t i n g  procedures f o r  

t he  o p e r a t i o n  o f  r o c k i n g  au toc laves  i n  t h e  

h o t - c e l l  t e s t i n g  f a c i l i t y .  These procedures 

were prepared f o r  i n c l u s i o n  i n  t h e  BWIP ba- 

s a l t  o p e r a t i n g  procedure handbook (RHO-BWI- 

MA-4 ) . 
An i n f o r m a l  r e p o r t ,  "P repara t i on  and Anal-  

y s i s  o f  77-260 T race r  Loaded Glass" by 

C. A. Knox (November 1982),  was w r i t t e n  de- 

s c r i b i n y  a g lass  sample prepared f o r  BWID 

d u r i n g  FY 1982. Th is  r e p o r t  descr ibes  i n  

d e t a i l  a g lass  sample t h a t  may be used when 

we conduct t e s t s  on t racer -doped waste forms 

i n  the  h o t - c e l l  t e s t i n g  f a c i l i t y  be fo re  be- 

g i n n i n g  t e s t s  on f u l l y  loaded waste forms. 

s t r u c t i o n ,  we are  us ing  t h e  PNL hydro thermal -  

t e s t i n g  f a c i l i t y  t o  t e s t  t h e  behav io r  o f  v a r -  

i o u s  r a d i o n u c l i d e s  doped i n t o  g lass  when t h e  

g lass  i s  reac ted  w i t h  b a s a l t  r a t e r  and b a s a l t  

Whi le  t h e  h o t - c e l l  f a c i l i t y  i s  under con- 

water  p l u s  basa l t .  

under way on g lass  doped w i t h  "Tc. 

be ing  run  a t  2 0 0 O C  and 30 MPa f o r  about 

3 months. The WHC teain i s  p r o v i d i n g  t h e  ana- 

l y t i c a l  suppor t  f o r  these t e s t s ,  bo th  f o r  t h e  

s o l u t i o n s  and f o r  t h e  s o l i d s .  

F i g u r e  3.16 presents  t h e  "Tc f l u i d  con- 

C u r r e n t l y  two t e s t s  a re  

They a re  

c e n t r a t i o n  da ta  p l o t t e d  aga ins t  run  t ime  f o r  

b o t h  t e s t s - - t h e  g lass  p lus  water and g lass  

p l u s  water  p l u s  basa l t .  

water  run, i t  can be seen t h a t  the  "Tc con- 

t e n t  i n  t h e  f l u i d  r i s e s  r a p i d l y  froin zero a t  

t h e  beg inn ing  o f  t he  t e s t  t o  over 40 mg/L 

a f t e r  300 hr .  A f t e r  1600 h r  o f  run t ime, t h e  

c o n c e n t r a t i o n  o f  "Tc has i nc reased  t o  over 

50 mg/L. 
i n d i c a t e s  t h a t  over 60% o f  t he  t o t a l  amount 
o f  "TC i n i t i a l l y  con ta ined  i n  t h e  g lass  has 

been r e p a r t i t i o n e d  froin t h e  g lass  i n t o  t h e  

f l u i d .  F i l t r a t i o n  o f  t h e  f l u i d  samples 

th rough  bo th  4000A and 18A f i l t e r s  shows no 

d i f f e r e n c e  i n  concen t ra t i on ,  i n d i c a t i n g  t h a t  

t h e  "Tc i s  t r u l y  i n  s o l u t i o n  (p robab ly  as 

Tc04-) and does no t  e x i s t  as a c o l l o i d .  

These r e s u l t s  show t h a t  under t h e  hydro- 

thermal c o n d i t i o n s  imposed "Tc i s  very so lu -  

b l e  i n  b a s a l t  groundwater a lone and t h e  g lass  

i s  no t  very success fu l  a t  c o n t a i n i n g  it. 

However, when an equal amount (equal t o  t h e  

mass o f  g lass )  o f  ground Umtanum b a s a l t  i s  

added t o  the  system, "Tc g r e a t l y  decreases 

i n  s o l u t i o n  concen t ra t i on .  F i g u r e  3.16 shows 

t h a t  t he  c o n c e n t r a t i o n  r i s e s  f rom ze ro  a t  t h e  

beg inn ing  t o  2 mg/L a f t e r  24 h r  and then re -  

inains a t  -2.5 vg/L a f t e r  650 h r  o f  e lapsed 

run  t ime.  We suspect t h a t  t h e  "Tc i s  re -  

leased t o  the  s o l u t i o n  as Tc04-. 

i s  p resent ,  t h e  f e r r o u s  i r o n  it con ta ins  r e -  

duces t h e  s o l u b l e  Tc04- spec ies  t o  the  i n s o l  - 
u b l e  Tc02 compound, thus  removing 99Tc f rom 

so l  u t i  on. The importance o f  these observa- 

t i o n s  i s  t h a t  b a s a l t ,  due t o  i t s  un ique . 

For  the  g lass  p l u s  

T h i s  amount o f  "Tc i n  t h e  f l u i d  

When b a s a l t  

Q 

Q 
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FIGURE 3.16. 
Glass Reacted w i t h  B a s a l t  Water and B a s a l t  Plus B a s a l t  'dater a t  2OO0C, 30 MPA, 
and a 1O:l S o l u t i o n  t o  S o l i d  R a t i o  

"Tc F l u i d  Concen t ra t i on  Versus Run Time f o r  "Tc-Doped PNL 76-68 

reduc i  ng capabi 1 i t y  , may e f f e c t  i v e l y  reduce 

the  m o b i l i t y  o f  99Tc a f t e r  t he  r e p o s i t o r y  

i s  breached. The p o t e n t i a l  m o b i l i t y  o f  t h i s  

l o n g - l i v e d  r a d i o n u c l i d e  (2.14 x 10 y e a r  
h a l f - l i f e )  has Seen o f  concern t o  the  nu- 

c lea r -was te  community f3r some t ime. A Sa- 

s a l t  r e p o s i t o r y  may p rov ide  a unique c o n t r o l  
f o r  i t s  m o b i l i t y .  

5 

F u t u r e  A c t i v i t i e s  

The p a i r  o f  "Tc t e s t s  w i l l  con t i nue  f o r  

t h e i r  p lanned 3-month d u r a t i o n .  We p l a n  a l s o  

t o  s t a r t  t e s t s  t h a t  i nc lude  c a n i s t e r  m a t e r i a l  

i n  o rde r  t o  assess whether m e t a l l i c  i r o n  can 

reduce t h e  "Tc concen t ra t i on  even f u r t h e r .  

A se t  o f  t e s t s  s i m i l a r  t o  t h e  "Tc-doped 

g lass  t e s t s  i s  planned except t h a t  237Np-, 

239Pu-doped g lass  w i l l  be used. Run d u r a t i o n  

and c o n d i t i o n s  w i l l  be i d e n t i c a l  t o  t h e  "Tc- 

doped g lass  t e s t s .  

nide-doped g lass  samples have a PNL 76-68 

compos i t i  on. 

Both  the  "Tc- and a c t i -  

Other a c t i v i t i e s  i n c l u d e  h e l p i n g  BWIP p lan  

the  t e s t i n g  a c t i v i t i e s  f o r  FY 1984, charac- 

t e r i z i n g  MCC-supplied f u l l y  loaded waste 

forms us ing  a s h i e l d e d  scanning e l e c t r o n  

inicroscope, and e v a l u a t i n g  da ta  f rom t e s t s  

run i n  FY 1982. 

3 . 2 . 6  S t r u c t u r a l  B a r r i e r  M a t e r i a l s  
(AP-05-15-05 - 80752) 

The Structural  Barrier Materials Task has 
as i t s  ob jec t i ve  the characterizat ion and 
recomendatiorl of me ta l l i c  materials f o r  use 
as structural  barrier  components i n  higll- 
l e v e l  nuclear m s t s  packages for a Hanford 
basalt  reposi tory Tedium. 

Summary 

Two major m a t e r i a l  deg rada t ion  modes are  

addressed: general  (un i fo rm)  c o r r o s i o n  and 

s t r e s s - c o r r o s i o n  c rack ing .  The genera l  co r -  

r o s i o n  i s  be ing  determined i n  au toc lave  

s t u d i e s  w i t h  and w i t h o u t  t h e  i m p o s i t i o n  o f  
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gamma i r r ad ia t ion .  Resistance t o  s t r e s s -  
corrosion cracking i s  being deterini ned by 
hydrothermal slow-strain-rate st!idies. Pri-  
mary emphasis i s  currently being placed on 

cas t  and wrought ferrous inateri a1 s ,  as the 
data ohtai ned to  date have indicated t h a t  
these inaterials are sa t i s f ac to ry  in low-ion- 
strength basal t i c  groundwaters. 

General Corrosion 

I n  the general corrosion study, specimens 
of duc t i l e  cast  i ron ,  2 1/2% Cr-1% Mo cas t  
s t e e l ,  and 1 1/4% Cr-1/2% Mo cast  s tee l  have 
Seen exposed t o  f 1 owing simulated Hanford ba- 
s a l t  groundwater a t  150 a n d  250OC. 

12 months exposure the corrosion ra tes  of a l l  
of  these inaterials are <0.25 mil lyr ,  ex- 
pressed in terms of l i nea r  k ine t ics .  I n  ad- 
d i t i o n ,  specimens of 1025 cas t  s tee l  and 1020 

drought s tee l  have been exposed under the  
same conditions. After 3 months of exposure, 
the 1025 cast  s tee l  and a l l  b u t  one of t he  
wrought s tee l  specimens have exhibited corro- 
sion ra tes  0 . 2 7  millyr.  
specimen was heavily etched and p i t t ed ,  with 
a metal 135s equivalent t o  2.8 millyr.  Addi- 
t iona l  exposure will  reveal whether a suscep- 
t i b i l i t y  t o  nonuniform corrosion e x i s t s  i n  

t h i s  inaterial. 

After 

One drought s t ee l  

I r rad i  ation-Corrosion 

The irradiation-corrosion t e s t s  are per- 
formed s i  ini 1 a r ly  t o  the general corrosion 
t e s t s ,  except tha t  the t e s t  autoclave i s  ex- 
posed t o  6oCo gamma i r r ad ia t ion .  
a re  available t o  11 months exposure a t  25OOC 

and 2 x 10 rad/hr on cast  duc t i l e  iron and 
2 1/2X Cr-1% lvlo cas t  s t e e l .  The ( l i nea r i zed )  
corrosion ra tes  were 0.36 millyr for  the duc- 
t i l e  iron and 0.13 v i l l y r  for the cas t  s tee l  

Test data 

5 

a f t e r  t h i s  exposure period. Corrosion ra tes  
obtained in t h i s  study were i n i t i a l l y  high, 
compared with data for  noni rradi ated- 
specimens; 
s teadi ly  decreased with time unt i l  they a r e  
n o t  subs tan t ia l ly  d i f fe ren t  from those ob- 
tained without i r r ad ia t ion .  

however, the corrosion ra tes  have 

I n  a separate study, the corrosion ra tes  
and hydrogen pickups of specimens of t i t a -  
nium a l loys  Grades 2 and 12 (0.062 i n .  and 
0.032 in. th ick ,  respectively) were de te r -  
mined a f t e r  a to ta l  exposure of 10 months t o  
Hanford basalt  groundwater a t  25OOC and i r ra -  
d ia t ion  dose ra te  i n t e n s i t i e s  of 1 x 10 t o  
1 x l o 6  rad/ hr. 
found t o  be in s ign i f i can t ,  i.e., <1 mn pene- 
t r a t ion  i n  1000 years.  The hydrogen pickups 
were subs t an t i a l ,  however. Hydrogen pickup 
was found t o  increase with radiation dose. 
At the  highest l eve ls  of radiation in t ens i ty ,  
increases in hydrogen concentration >lo0  ppm 
were found in specimens of both alloys.  The 
Grade 12 a l loy  was more r e s i s t an t  t o  hydrogen 
pickup than the Grade 2 (commercial pur i ty)  
alloy. 

4 

The corrosion ra tes  were 

Slow-Strai n-Rate Tests 

The slow-strain-rate behavior of 1020 

wrought s t ee l  in a i r  has received the major 
a t t en t ion  in the t e s t s  completed to  date. 
The a i r  envi ronment t e s t s  have been performed 

4 a t  15OOC and a t  s t r a i n  ra tes  o f  10' /sec and 
2 x 10-7/sec. 
t e s t ed  in two tex tura l  d i rec t ions .  The a i r  
s tud ies  a re  intended t o  provide " ine r t  en- 
vi ronment" elongation, reduction-of-area, 
fractographic,  and t e n s i l e  strength data f o r  
comparison to  the same d a t a  obtained under 
hydrothermal groundwater envi ronmental con 
d i t i ons .  (These t e s t s  Hill begin in l a t e  
April.) 

The wrought s tee l  has been 

A diminution of d u c t i l i t y  or  t e n s i l e  



s t reng th ,  r e l a t i v e  t o  the  a i  r environment 

t e s t s ,  o r  f r a c t o y r a p h i c  evidence o f  b r i t t l e  

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

env i  ronmental l y  enhanced c rack ing .  

I I I I 

3.2.7 Sorp t i on  S tud ies  

I 

The ohjec t ioe  of t h i s  uork i s  t o  obtain 
rad imuc l i Je  sarption-desorption k ine t i c s  and 
equ i l ib r ia  for  keg radionuclides i n  the pres- 
a c e  of each of the  geologic muterials  t ha t  
t he  radionuclide contaminated groundwater 
Tight contact .  
f l o w  top and secondary mineral; from the 
Untanum f low and the  Middle Sent ine l  Bluff. 
Because basalt i s  a dominant component of 
the  waste package hnckfill, data from these 
experinents  o i l 1  somplement the hasat t -  
bentoai te  mult icomponent s o l u b i l i t y  s tud ies  
t o  be conducted a t  Rockwett in FY 1983. Rock 
materials  use i  in  t h i s  study w i l l  be supplied 
by the B w I p  Waste Package Department. 

T3lis includes b m a l t ,  bnsat t  

Techn ica l  Progress 

S o r p t i o n  k i n e t i c s  s t u d i e s  were completed 

on Cohassett  b a s a l t  f o r  neptunium, techne- 

. . . . . .. . . . . . . . . . . . . . . . . . . . . . 
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t ium,  uranium, se lenate-se len ium,  s e l e n i t e -  

selenium and lead. Lead and carbon k i n e t i c s  

a l s o  were determined f o r  Umtanum b a s a l t  and 

Umtdnum b a s a l t  f l o w  top .  A t  l e a s t  t h r e e  i n i -  

t i a l  r a d i  onucl  i de concen t ra t i ons  were used 

under o x i d i z i n g  and reduc ing  c o n d i t i o n s  a t  

6OoC i n  GR-3 s y n t h e t i c  groundwater. A t y p i -  

c a l  k i n e t i c  l o a d i n g  curve  f o r  uranium on 
Cohassett  b a s a l t  i s  shown i n  F i g u r e  3.17. 

Uranium as U( IV )  sorbs r e a d i l y  w i t h  n e a r l y  

complete uraniurn removal from s o l u t i o n  under 

reduc ing  c o n d i t i o n s  (Eh = -150 mV). Carbon, 

on t h e  o t h e r  hand, sorbs very l i t t l e  as HC03- 

and C03-2 under any c o n d i t i o n s  f rom GR-3 

f o r m u l a t i o n  a t  pH 9.75. 

Four b a s a l t  columns are  now under way a t  

50 t o  80 p s i g  backpressure t o  avo id  gass ing  

due t o  t h e  HC03- con ten t  o f  GR-3. 

Cohassett  and Umtanum b a s a l t  columns w i t h  

rad ium and a Cohassett  b a s a l t  column w i t h  

uranium, a l l  under o x i d i z i n g  c o n d i t i o n s .  A 

s i n g l e  column o f  Umtanum b a s a l t  i s  be ing  run 

There are  
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FIGURE 3.17. Uranium S o r p t i o n  K i n e t i c s  on Cohassett  B a s a l t  f rom 
Reducing GR-3 Groundwater 
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w i t h  technet ium under reduc ing  c o n d i t i o n s  a t  

80 p s i g  t o  a v o i d  column gass ing due t o  t h e  

h y d r a z i n e  used t o  c r e a t e  t h e  reduc ing  en- 

v i ronment.  The r e s u l t s  a re  shown i n  F i g -  

u r e  3.18. 

caused by changes i n  s o l u t i o n  E l i  over a r e l a -  

t i v e l y  l o n g  p e r i o d  o f  t ime. A l l  o f  these 

columns a re  s t i l l  o p e r a t i n g  and w i l l  be de- 

sorbed a t  some f u t u r e  da te  w i t h  nonradioac-  

t i v e  SR-3 s y n t h e t i c  groundwater.  

The f l u c t u a t i o n s  i n  C / C o  were 

Several  s t a t i c  exper iments w i t h  Cohassett  

b a s a l t  a t  150°C were completed, i n c l u d i n g  

technet ium, p l u t o n i u v ,  uranium and neptunium. 

Equal we igh ts  o f  Umtanum b a s a l t  and b a c k f i  11 

b e n t o n i t e ,  and Umtanum b a s a l t ,  b e n t o n i t e  and 

copper were used w i t h  techne t ium and uranium 
t o  produce curves o f  r a d i o n u c l i d e  i n  s o l u t i o n  
versus t i m e  and chemical  analyses o f  t h e  ma- 

j o r  c o n s t i t u e n t s  i n  s o l u t i o n .  The rad ionu -  

c l i d e s  were u s u a l l y  removed r e a d i l y  f rom 

s o l u t i o n  by o t h e r  b a s a l t  r e a c t i o n s  ongoing a t  

150°C. 

3.2.8 Repos i to ry  Seal Design Eng ineer ing  

(AP-05-15-05 - 80751) 

The E'Y 1983 objec t ives  of t h i s  program are 
t o  1 )  i d e n t i f y  and evaluate the  s tate-of- the-  
technology related t o  the degradation of 
proposed reposi tory sealant materials and 
2) develop a preliminary s t ra tegy  f o r  a 
s ta t i s t icaZZy valid t e s t ing  p l a n  and w i l l  
ensure the  adequacy of reposi tory sea ls .  

Techn ica l  Progress 

A c t i v i t i e s  on t h i s  p r o j e c t  were s t a r t e d  

d u r i n g  t h e  l a t t e r  p a r t  o f  t he  r e p o r t i n g  p e r -  

i o d ,  i.e., February 1983. L i t e r a t u r e  

searches were i n i t i a t e d  f o r  p e r t i n e n t  i n f o r -  

ma t ion  i n  t h e  areas o f  1) degrada t ion  o f  an- 

c i e n t  c e m e n t i t i o u s  m a t e r i a l s ,  2 )  deg rada t ion  
phenomena i n  imdern c e m e n t i t i o u s  m a t e r i a l s ,  

and 3)  e x t r a p o l a t i v e  methods f o r  t i m e - l i m i t e d  

d a t a  bases. 

The r e v i e H  of t h e  l i t e r a t u r e  f o r  degrada- 

t i o n  i n  a n c i e n t  c o n c r e t e - l i k e  m a t e r i a l s  

- 14 

I I 1 I I I 
- 1  0 1 2 3 4 5 6 

LOG NORMALTIME. hr 

IFIGURE 3.18. S o r p t i o n  o f  Technetium by Umtanum B a s a l t  from Reducing 
GR-3 S o l u t i o n  a t  60'1: 



3.33 

i n d i c a t e s  t h a t  t h e  major change which has oc- 

c u r r e d  i n  these m a t e r i a l s  i s  c a r b o n a t i o n  by, 

p r i m a r i l y ,  carbon d i o x i d e  i n  t h e  a i r .  I n  

some cases t h e  c a r b o n a t i o n  o f  c a l c i u m  hydrox- 

i d e  i n  these l ime-base i n a t e r i a l s  t o  c a l c i t e  

was 100% a f t e r  exposure t o  a i r  f o r  about 

2000 years.  

The computer searches o f  t h e  a v a i l a b l e  

l i t e r a t u r e  i n  t h e  areas o f  chemical  and mech- 

a n i c a l  degradat ion  o f  t h e  p r o p e r t i e s  o f  con- 

c r e t e  due t o  inc reases  i n  tempera ture  a r e  

n e a r l y  complete. The key areas of deyrada- 

t i o n  o f  c o n c r e t e  t h a t  a r e  r e l a t e d  t o  exposure 

t o  e l e v a t e d  temperatures were determined t o  

be: 1) changes i n  compos i t ion  o f  t h e  o r i g i -  

n a l  m i n e r a l  species,  2 )  changes i n  r e l a t i v e  

amounts o f  t h e  o r i g i n a l  m i n e r a l  species,  

3 )  changes i n  thermal  p r o p e r t i e s  o f  t h e  i n d i -  

v i  dual  ini n e r a l  spec ies  t h a t  a re  undergo ing  

change, 4 )  chemical  r e a c t i o n s  between t h e  

o r i g i n a l  m i n e r a l  spec ies  themselves and o t h e r  

a d j a c e n t  medid, e.g., s t r u c t u r a l  s t e e l ,  'wa- 

t e r ,  o r  b a s a l t ,  and 5)  volume changes asso- 

c i a t e d  w i t h  t h e  chemical  changes t h a t  occur  

i n  t h e  o r i g i n a l  m i n e r a l  species.  A l l  o f  

these changes can a f f e c t  t h e  s t r e n g t h  prop- 

e r t i e s  o f  t h e  concre te ,  and t a k e n  t o g e t h e r ,  

t h e y  cdn be expected t o  a f f e c t  t h e  perqe- 
a b i l i t y  o f  t h e  concre te .  The e x t e n t  o f  t h e  

e f f e c t  i s  y e t  t o  be determined. 

3.3 NEVADA NUCLEAR W4STE STORAGE INVESTIGA- 

TIONS (NNWSI) (AP-05-15-10 - 1690/1) 

3.3.1 Waste Package 

The primary o b j e c t b e  of t h i s  research i s  
t o  understand elemental release from the  
waste f o r m ,  both with and without the pres- 
a c e  of a v e t a t ,  i n  a tuff reposi tory 
environment. 

Summary 

Research on t h e  Lawrence L i  verinore Na- 

t i o n a l  L a b o r a t o r y  c o n t r a c t  has been ongo ing  

f o r  about 4 months, and o n l y  p r e l i m i n a r y  re -  

s u l t s  a r e  a v a i l a b l e .  The exper iments were 

designed t o  e v a l u a t e  i n t e r a c t i v e  e f f e c t s  

between PNL 76-68 waste g lass ,  t u f f  rock,  and 

304L s t a i n l e s s  s t e e l ,  t h e  a n t i c i p a t e d  waste 

package c o n s t i t u e n t s  i n  a t u f f  r e p o s i t o r y .  

The r e s u l t s  t o  d a t e  show t h a t  t h e  a d d i t i o n  o f  

t u f f  rock  and 304L s t a i n l e s s  s t e e l  causes no 

s i g n i f i c a n t  e f f e c t  on e lementa l  r e l e a s e  froin 

t h e  76-68 g l a s s  waste form. 

Techn ica l  Progress  

F o r  t h i s  summary o f  c u r r e n t  progress,  t o o  

few analyses have been completed t o  a l l o w  

f i r m  conc lus ions .  Such conc l  u s i  ons must 

a w a i t  comple t ion  o f  t h e  t e s t  m a t r i x  and a n a l -  

yses  o f  t h e  leachates ,  s o l i d  samples, and 

f i 1 t e r  cones. 

A l l  r e p o r t e d  r e s u l t s  were o b t a i n e d  by 

s t a t i c  l e a c h  t e s t i n g  f o l l o w i n g  a p rocedure  

s i m i l a r  t o  MCC-1.  P r e s e n t l y ,  o n l y  s o l u t i o n  

analyses ( a f t e r  f i l t r a t i o n  t h r o u g h  18-A f i l -  

t e r  cones) a r e  repor ted .  I n  many cases o n l y  
s h o r t - t e r m  d a t a  c o n s i s t i n g  o f  two o r  t h r e e  

d a t a  p o i n t s  a r e  a v a i l a b l e .  

Data a r e  r e p o r t e d  as T e s t s  1, 2, o r  3. 

These t e s t s  a r e  d e s c r i b e d  as f o l l o w s :  

T e s t  1. 76-68 g l a s s  i n  t u f f  groundwater 

(Wel l  5-13) a t  a sample s u r f a c e  

a r e a - t o - s o l u t i o n  volume r a t i o  (S4/V) 

o f  10 m-1. 

groundwater w i t h  an SA/V = 10 m- 1 
T e s t  2. 76-68 g l a s s  + t u f f  rock  t t u f f  

and w i t h  m o n o l i t h i c  rock. The 
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rock  geometr ic s u r f a c e  area equals 

t h a t  o f  t h e  g lass ,  and t h e  a c t u a l  
r o c k  s u r f a c e  area (N2 B E T )  equa ls  

-0.25 m', which compares t o  -2 x 

10- m f o r  t h e  g l a s s  sample. Thus 

t h e  system shou ld  be rock dominated. 

76-68 g l a s s  + t u f f  rock + 304L SS. 

T h i s  t e s t  i s  i d e n t i c a l  t o  Tes t  2 ex- 

c e p t  f o r  t h e  a d d i t i o n  o f  a p i e c e  of 

mono1 i t l i i c  meta l  w i t h  s u r f a c e  area  

equal t o  t h a t  o f  t h e  g l a s s  sample. 

4 2  

T e s t  3. 

T h i s  represents  o n l y  p a r t  o f  t h e  t e s t  

m a t r i x .  V a r i a t i o n s  i n  S A / V  r a t i o s  and i n  

c o n s t i t u e n t  s u r f a c e  area r a t i o s  a r e  i n c l u d e d  

i n  t h e  complete m a t r i x .  The use o f  powdered 

rock  and g lass  w i l l  be necessary t o  ach ieve  

h i g h e r  s u r f a c e  area r a t i o s .  Planned t e s t  
t imes i n c l u d e  3, 7, 14, 28, 56, 91, and 

182 ddyS. 

Data Summary 

The c u r r e n t  da ta  can be summarized as 

f 01 1 ows: 

The e f f e c t  o f  meta l  \vas no t  e v a l u a t e d  by 

i t s e l f .  There fore ,  comments on t h e  e f f e c t  

o f  meta l  cannot e a s i l y  be made. However, 

t h e  e f f e c t  o f  meta l  p l u s  rock  can be com- 

mented upon. 

There rlas a genera l  t r e n d  o f  i n c r e a s i n g  pH 

w i t h  i n c r e a s i n g  tempera ture  f o r  76-68 

g l a s s  i n  t u f f  water. The pH range was 

f rom about 8 a t  40°C t o  9 a t  15OOC. B o t h  

70 and 90°C were s i m i l a r  a t  8.5. The ad- 

d i t i o n  o f  t u f f  rock  and/or  304L SS d i d  n o t  

a f f e c t  pH s i g n i f i c a n t l y .  

The Inore m o b i l e  spec ies  o f  sodium, po tas-  

sium, cesium, molybdenum, and boron be- 

haved s i m i l a r l y  w i t h  one except ion .  I n  
general ,  r e l e a s e  f rom 76-68 g l a s s  i n t o  

t u f f  water  i n c r e a s e d  w i t h  temperature;  and 

a d d i t i o n  o f  rock  and/or meta l  (Tes ts  2 and 

3 )  r e s u l t e d  i n  decreased s o l u t i o n  concen- 

t r a t i o n s  a t  b o t h  90 and 1 5 0 O C .  Potassium 

i s  t h e  except ion- - the  tempera ture  depend- 

ence f o r  T e s t  1 i s  n o t  s t r o n g  and t h e  ad- 

e 

d i t i o n  o f  rock and/or metal (Tes ts  2 and 

3 )  r e s u l t s  i n  enhanced s o l u t i o n  concent ra -  

t i o n .  Potassium c o n c e n t r a t i o n s  a r e   lo^ i n  

t h e  g l a s s  awl, t h e r e f o r e ,  perhaps t h e  t u f f  

r o c k  i s  h a v i n g  a s i g n i f i c a n t  e f f e c t .  Ap- 
p a r e n t l y  t h e  presence o f  t h e  rock r e s u l t s  

i n  l e s s  g l a s s  r e a c t i o n  due t o  s i l i c o n  ad- 

d i t i o n s  t o  t h e  water,  as evidenced by t h e  

s o l u t i o n  c o n c e n t r a t i o n s  o f  boron and t h e  

o t h e r  more m o b i l e  species.  

I n  general ,  t h e  a l k a l i n e  e a r t h  elements 

decrease i n  c o n c e n t r a t i o n  (Tes t  1) w i t h  

i n c r e a s i n g  temperature.  T h i s  i s  p robab ly  
due t o  pH i n c r e a s e s  and r e s u l t i n g  s o l u b i l -  

i t y  decreases w i t h  i n c r e a s i n g  temperature.  

The a d d i t i o n  o f  o t h e r  c o n s t i t u e n t s  

( T e s t s  2 and 3 )  r e s u l t s  i n  e i t h e r  no e f -  

f e c t  o r  i n  i n c r e a s e d  s o l  u t i  on concent ra -  

t i o n .  The rock  compos i t ion  w i l l  have t o  

be de termined t o  r e s o l v e  t h e  s p e c i f i c  a l -  

k a l i n e  e a r t h  behavior.  T u f f  compos i t ion  

i s  c u r r e n t l y  b e i n g  evaluated. 

B The more immobi le spec ies  such as a lumi -  

num, s i l i c o n ,  uranium, and i r o n  are  n o t  S O  

e a s i l y  c a t e g o r i z e d  and shou ld  be e v a l u a t e d  

i n d i v i d u a l l y .  Aluminum i s  p resent  i n  t h e  

g l a s s  i n  such smal l  q u a n t i t i e s  ( a c t u a l l y  

as an i m p u r i t y )  t h a t  i t s  b e h a v i o r  i s  d i f -  

f i c u l t  t o  f o l l o w .  I r o n  has such low con- 
c e n t r a t i  on i n  s o l  u t i  on t h a t  analyses a r e  

d i f f i c u l t  and have l a r g e  e r r o r  bars. I n  

general ,  a l l  t h e  elements i n c r e a s e  w i t h  

i n c r e a s i n g  tempera ture  (Tes t  1) except 

uranium, which has an i n v e r s e  s o l u b i l i t y  

and t h e r e f o r e  decreases i n  s o l u t i o n  con- 

c e n t r a t i  on w i t h  i n c r e a s i n g  temperature.  

The a d d i t i o n  o f  o t h e r  c o n s t i t u e n t s  

( T e s t s  2 and 3)  tends  t o  i n c r e a s e  s o l u t i o n  
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Concent ra t ions  o f  alumi num and S i  1 i c o n  and 

has l i t t l e  e f f e c t  on i r o n  and uranium. 

A l though da ta  a re  no t  c u r r e n t l y  s u f f i c i e n t  

t o  war ran t  d e t a i l e d  analyses o r  s t r o n g  con- 

c l u s i o n s ,  t he  presence of e i t h e r  t u f f  rock or  
3041. SS does no t  appear t o  a f f e c t  g lass  

l each ing  d e t r i m e n t a l l y .  been te rmina ted .  

cas t  i r o n  e x h i b i t e d  t h e  h i g h e s t  c o r r o s i o n  

r a t e ,  v iz. ,  0.54 m i l l y r ;  t h e  two cas t  s t e e l s  

g e n e r a l l y  showed ~ 0 . 2 0  m i l / y r  pene t ra t i on .  

Magnet i te ,  Fe304, and n o n t r o n i t e ,  an i r o n -  

aluminum s i l i c a t e  hydra te ,  were t h e  p r i n c i p a l  
c o r r o s i o n  produc ts  formed. Th is  t e s t  has 

3.3.2 S t r u c t u r a l  B a r r i e r s  
The genera l - co r ros ion  emphasis i s  now he- 

i n g  p laced  on 1025 drought  s t e e l  and 9% Cr- 

1% Mo wrought s t e e l .  

s t e e l  i s  be ing  procured f o r  eventua l  eva lua -  Projrm i s  the characterization of metals 
considereJ p t e n t i a t l y  useful as s tructural  t i o n . )  The general  c o r r o s i o n  s tudy  i s  be ing  
barrior materials i n  high-levet nuolear waste 
packages iiltsnded f o r  a Nsvada t u f f  
reposi tory.  

(Wrought 304L s t a i n l e s s  
The object ive  of ttle Structural Barriers 

conducted a t  15OoC, w i t h  crushed Topopah 

Spr i  ng t u f f  rock ha1 f - f  i 11 i rig t h e  au toc lave  

Summary 

Two major i w t a l  degradat ion  modes are  be- 

i ~g addressed: general  ( u n i  form) c o r r o s i o n  

and s t r e s s - c o r r o s i o n - c r a c k i  ng. General co r -  

r o s i o n  r a t e s  are be ing  determined i n  au to -  

c lave  s t u d i e s  w i t h  and w i t h o u t  the  i m p o s i t i o n  

o f  a h i g h - i n t e n s i t y  gama r a d i a t i o n  f i e l d .  

Res is tance t o  s t r e s s - c o r r o s i o n  c r a c k i n g  i s  

be ing  determined by hydrothermal s l o w - s t r a i n -  

r a t e  s tud ies .  Pr imary  emphasis i s  c u r r e n t l y  

be ing  p laced on 1025 wrought s t e e l ,  wrought 
9% C r - 1 %  Mo s t e e l ,  and 304L s t a i n l e s s  s t e e l .  

I n v e s t i g a t i o n s  o f  cas t  s t e e l s  and cas t  duc- 

t i l e  i r o n ,  begun l a s t  f i s c a l  year ,  are be ing  

phased olit.. 

General Cor ros ion  

The general  c o r r o s i o n  s tudy  has, u n t i l  

now, emphasized de te r in in iny  t h e  c o r r o s i o n  

r a t e s  o f  2 1/2% Cr-1% Mo cas t  s t e e l ,  

1 1/4% Cr-1 /2% Mo cas t  s t e e l ,  dnd d u c t i l e  

cas t  i r o n  i n  5-13 w e l l  water  a t  25OOC. A 

l a y e r  of crushed t u f f  rock f rom t h e  B u l l f r o g  

Hor izon  was p laced i n  the  bottom o f  t he  auto- 

c lave .  A f t e r  6 months exposure, the  d u c t i l e  

dnd comple te ly  cove r ing  h a l f  o f  t h e  sample 

ar ray .  The aqueous medium i s  f l o w i n g  a i r -  

sparged 5-13 w e l l  water.  The f i r s t  da ta  from 
t h i s  t e s t  w i l l  be a v a i l a b l e  i n  t h e  nex t  re -  

p o r t i n g  pe r iod .  

I r r a d i a t i o n  Cor ros ion  

Two i r r a d i a t i o n - c o r r o s i o n  au toc lave  f a c i l -  

i t i e s  a re  c u r r e n t l y  be ing  se t  up t o  t e s t  t h e  

t h r e e  cand ida te  s t r u c t u r a l  b a r r i e r  m a t e r i a l s  

i n  5-13 w e l l  water  dnd crushed Topopah S p r i n g  

t u f f  a t  105 and 150°C, and 6oCo gamma a t  

r a d i a t i o n - i n t e n s i t y  l e v e l s  o f  -4 x l o 5  rad /  
h r .  The t e s t s  w i l l  beg in  i n  A p r i l  1983. 

S low-St ra in -Rate  Tes ts  -- 

The s l o w - s t r a i  n - ra te  behav io r  o f  1025 

wrought s t e e l  has rece ived  t h e  major a t t e n -  

t i o n  i n  t h e  t e s t s  completed t o  date.  These 

s t u d i e s  a re  i n tended  t o  p r o v i d e  ' ' i n e r t  en- 

v i  ronment" e longa t ion ,  r e d u c t i  on-of-area, 

f r a c t o g r a p h i c ,  and t e n s i l e - s t r e n g t h  da ta  f o r  

comparison t o  t h e  same data  ob ta ined  under 

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

These groundwater t e s t s  have begun u s i n g  1025 

wrought s t e e l ,  bu t  t h e  data have no t  y e t  been 
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anayzed. Specimens o f  304L m a t e r i a l ,  c u r -  

r e n t l y  on order ,  w i l l  be t e s t e d  when they  a r -  

r i  ve on a t o p - p r i  o r i  t y  basi  s . 
3.4 OFFICE OF NUCLEAR WASTE TEKMINAL STORAGE 

INTEGRATION (ONI) 

3.4.1 S i m p l i f i e d  System Performance 

(AP-05-15-15 - 80742)  

The objec t ives  of t h i s  program are: 

1 )  Develop and document a aimpti f ied aimuta- 
t o r  contaiqing three linked components: 
nuclide source term, the  analy t ica t  sotu- 
t ions to  contaminant trailsport developed 
by Dr. T .  H .  Pigford, and a dose-reaching- 
the-biosphere ca lcc~la t ion  . 

3 )  iisuiew the f i r s t  phase re su t t s  o f  
INfRACOIN and develop mplanat ions  for 
s i p i f  icant  inconsisten5ies among t h e  
en t r i e s  supported by DOE funding.  

3 1  Work i n  J review capacity t o  provide O Y T  
iJith comments on t4e  c o w i s t e n c y  of the  
f i e l d  data,  the cmceptual  models, a d  t he  
conclusions 0.f mnodeliqg s tud ies  conducted 
bg the  NWTS s i t e  contractors  and submitted 
t o  N E 2 2 .  

a 

4 )  Booide  systems a d a t p i s  of the e f f e c t  of 
including TRU waste i n  a repos i tory .  

Su mina ry 

The Na t iona l  l las te  Terminal  Storage (NWTS) 

Program i s  deve lop ing  performance assessment 

methods f o r  h i g h - l e v e l  waste d i sposa l  sys- 

t e m ;  domains o f  i n t e r e s t  i n c l u d e  t h e  waste 

package, t h e  r e p o s i t o r y ,  and t h e  f a r - f i e l d  

sur round ing  the  r e p o s i t o r y .  S tud ies  have 

been conducted d e f i n i n g  t h e  i n v e n t o r y  o f  

n u c l i d e s  t o  be s t o r e d  i n  waste packages 

w i t h i n  a r e p o s i t o r y .  Models o f  t he  waste 

package, elements o f  t he  r e p o s i t o r y ,  and f a r -  

f i e l d  have a l s o  been f u r t h e r  developed. How- 
ever, t h e  models o f  s p e c i f i c  phenomena f o r  

t h e  d i f f e r e n t  domains are s t i l l  t o  be coup led  

t o  p rov ide  an i n t e g r a t e d  a n a l y s i s  capabi  1 i t y .  

A lso ,  some phenomena have y e t  t o  be analyzed 

f o r  t h e i r  s e n s i t i v i t y  t o  key parameters. 

I t  i s  recogn ized by a l l  i n v o l v e d  t h a t  

c o u p l i n g  o f  t h e  most complex analyses i s  p r e -  

c luded by computer hardware c o n s t r d i n t s .  

Never the less ,  some forin o f  coupled a n a l y s i s  

i s  necessary t o  p r o v i d e  gross es t imates  o f  

system response t o  a l t e r n a t i  ve source-term 

and contaminant -migra t ion  scenar ios.  The 

system response t o  v a r i a t i o n  o f  s p e c i f i c  

parameters may a1 so be eva lua ted .  

S i  mpl i f i  ed S i  mu1 a t o r  

The p r o j e c t  has developed a s imple model 

o f  a h i g h - l e v e l  waste d i sposa l  system. The 

s i m p l i f i e d  s i m u l a t o r ' s  purpose i s  t o  mathe- 
ma t i  c a l l y  desc r ibe  a d i sposa l  system's i s o l a -  

t i o n  c h a r a c t e r i s t i c s .  The m d e l ,  as a p p l i c -  

able,  can be used i n  a n a l y t i c a l  c a l c u l a t i o n s  

on s i t e s  and r e p o s i t o r i e s  i n  suppor t  o f  

benchmarking. I t  can pe r fo rm bounding-type 

c a l c u l a t i o n s  t o  show t h e  e f f e c t  o f  des ign  

v a r i a t i o n s ,  t h e  u n c e r t a i n t y  i n  s i t e  charac- 

t e r i  s t i c s ,  and t h e  importance o f  model ing o r  
i g n o r i n g  s p e c i f i c  phenomena. A1 though 

l i m i t e d  t o  the  s i m u l a t o r ' s  v a l i d a t e d  range, 

such a model w i l l  p r o v i d e  va luab le  i n s i g h t  

i n t o  the  response o f  t h e  waste s to rage  

system. 

formance measures, a va luab le  capabi  1 i ty 

because i t  i s  u n c e r t a i n  what requirements 

w i l l  be imposed on t h e  i s o l a t i o n  system by 

r e g u l a t i o n s .  Some would use a maximum dose- 

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

f i n a l  measure; o t h e r s  would )use a maximum re -  

l ease  c r i t e r i o n .  The l a t t e r  t ype  o f  a n a l y s i s  

removes t h e  v a r i e t y  o f  assumptions which are  

r e q u i  red  by t h e  dose - to - the - ind i  v i d u a l  c a l -  

c u l a t i o n .  The t r a d e - o f f s  o f  t h e  dose- to - the-  

The iwde l  can look  a t  a v a r i e t y  o f  pe r -  
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i n d i v i d u a l  and r e l e a s e  c r i t e r i o n  approaches 

can be eva lua ted  u s i  ng t h e  i n t e g r a t e d  model. 

The computer programs compr is ing  t h e  S i m -  

p l e  Code f d r  P r e d i c t i v e  E v a l u a t i o n  (SCOPE) 

system can be separa ted  i n t o  t h r e e  groups: 
1. The BAIRN system c o n s i s t s  o f  f o u r  programs 

t h a t  account f o r  the  t r a n s p o r t  o f  rad ioac-  

t i v e  waste i n  a groundwater system f rom 

t h e  r e p o s i t o r y  t o  t h e  b i  sophere. 

2. Program EXPOSE uses t h e  r e s u l t s  o f  BAIRN 

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

n u c l i d e s  f rom t h e  waste i n  accordance w i t h  

proposed Envi  roninental P r o t e c t i o n  Agency 

(EPA) r e g u l a t i o n s .  

3. The codes PABLM and ALMS a l s o  use t h e  r e -  

s u l t s  generated by BAIRN, b u t  they  p r o v i d e  

an e x p l i c i t  and d e t a i l e d  e s t i m a t e  o f  t h e  

dose t o  t h e  i n d i v i d u a l .  

I n  s o l  v i  ng f o r  t h e  t r a n s p o r t  o f  nuc l  ides ,  

BAIRN s p e c i f i c a l l y  uses a n a l y t i c a l  s o l u t i o n s  

t o  t h e  e q u a t i o n  f o r  one-dimensional  s o l u t e  

t r a n s p o r t  f o r  up t o  a three-member decay 

cha in .  A n a l y t i c a l  s o l u t i o n s  fg r  s i n g l e  nu- 

c l i d e s  a r e  d e r i v e d  by B A I R N  l; 2- and 3- 

number decay cha ins  a r e  rnodeled by BAIRN 2 

and BAIRN 3, r e s p e c t i  ve ly .  P r i n c i p a l  simp1 i - 
f y i n g  assumptions f g r  BAIRN'S a n a l y t i c a l  

s o l u t i o n s  are :  
0 S o r p t i o n  inay be represented  as i n  s e c u l a r  

0 A l l  elements have i n f i n i t e  s o l u b i l i t y .  

o R a d i o a c t i v i t y  i s  r e l e a s e d  i n t o  groundwater 

by a Sand release. 
o A u n i f o r m  one-dimensional f l o w  path  i s  

used. 

BAIRN 4 approximates cha ins  o f  f o u r  o r  
more n u c l i d e s  by combining t h e  r e s u l t s  f rom 

t h e  one-, two- and three-member c h a i n  so lu -  

t i o n s .  The r e s u l t s  f o r  BAIRN 4 a r e  w r i t t e n  

i n t o  a f i l e  t h a t  i s  compat ib le  w i t h  exposure 

and dose codes. 

e q u i  1 i brium. 

Programs ALDOS and PABLM a r e  used t o  c a l -  

c u l a t e  i n t e r n a l  r a d i a t i o n  doses t o  t h e  i n d i -  

v i  dua l  f rom r a d i  onuc l  i des i n  food produc ts  

and e x t e r n a l  r a d i a t i o n  doses f rom rad ionu-  

c l i d e s  i n  t h e  env i rmment .  Both  programs use 

t h e  r e s u l t s  o f  BAIRN as w e l l  as i n p u t  f rom 

t h e  user  f o r  c a l c u l a t i o n s .  The r e s u l t s  from 

b o t h  programs a r e  s i m i l a r ;  they  d i f f e r  m o s t l y  

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

The program EXPOSE uses d i f f e r e n t  c r i t e r i a  

t o  e s t i m a t e  t h e  p o t e n t i a l  hazard  t o  man f r o m  

t h e  t r a n s p o r t  o f  r a d i o a c t i v e  waste t o  t h e  

biosphere.  EXPOSE uses t h e  r e s u l t s  o f  

BAIRN 1, BAIRN 2, and BAIRN 3 t o  sum t h e  

c u r i e  c o n t e n t  r e l e a s e d  f rom an a q u i f e r  o v e r  

t ime. These numbers are  compared t o  c r i t e r i a  

developed by EPA f o r  e s t i m a t i n g  hazard. 

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

documented and undergo ing  v e r i f i c a t i o n  t e s t s  

o f  t h e  s i m u l a t o r  components t o  ensure proper  

performance o f  t h e  i n p u t ,  ou tpu t ,  and t r a n s -  

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

Other t e s t s  w i  11 i n c l u d e  bounding-type ana ly -  

ses t h a t  vary  t h e  r e p o s i t o r y  and s i t e  charac- 

t e r i s t i c s  and t h e  model components employed. 

T h i s  i s  expected t o  i d e n t i f y  c o n d i t i o n s  under 

which s e l e c t e d  system parameters a r e  impor- 

t a n t  t o  d e f i n e  system performance. A s i g -  
n i f i c a n t  p o r t i o n  o f  t h i s  a c t i v i t y  w i l l  be 

devoted t o  a p a r a m e t r i c  anays is  o f  TRU waste 

p l a c e d  i n  f o u r  ' lost media: s a l t ,  b a s a l t ,  

t u f f ,  and g r a n i t e .  

I NTRACOIN 

The DOE has sponsored f o u r  independent 

e f f o r t s  t o  model t e s t  problems d e f i n e d  i n  t h e  

INTRACOIN e x e r c i s e .  C o n t r a c t o r s  were PNL, 

INTERA Env i ronmenta l  Consu l tan ts ,  ONWI, arld 

D r .  T. H. P i g f o r d  o f  the  Lawrence Berke ley  

Labora tory .  Severa l  d i f f e r e n c e s  o r  i n c o n -  

s i s t e n c i e s  i n  r e s u l t s  r e q u i r e  e x p l a n a t i o n .  
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They cou ld  a r i s e  f rom t h e  independent i n t e r -  

p r e t a t i o n  each i n v e s t i g a t o r  l e n t  t o  t h e  
I N T R A C O I N  p r o b l e m  or  f rom t h e  m d e l i n g  ap- 

proaches taken. 

t h e  PNL and t h e  Berke ley  methods i n  t h e  

boundary c o n d i t i o n  a t  t h e  d ischarge p o i n t  

occurred. 

i n  which back d i s p e r s i o n  from t h e  d i  scharge 

p o i n t  i s  n o t  poss i  b l  e, whereas Berke ley  used 

an i n f i n i t e  boundary and s imp ly  sampled t h e  

waste stream t o  measure re lease.  I n  t h e  l a t -  

t e r  case, back d i s p e r s i o n  i s  poss ib le .  We 

are  examining t h e  e f f e c t s  o f  open versus i n -  

f i n i t e  boundary c o n d i t i o n s  r e l a t i v e  t o  mesh 

d e s c r i p t i o n  on t h e  INTRACOIN 1 r e s u l t s .  

I n  I N T R A C O I N  1, a major d i f f e r e n c e  between 

PNL used open boundary c o n d i t i o n s  

A more fundamental ques t i on  arose a t  t h e  
I N T R A C O I N  2 meeting. I n  a two-dimensional  

example, s i  gn i  f i c a n t  con tan i  n a t  i o n  was found 

upgrad ien t  o f  t h e  source and a l s o  more d i s -  

persed t o  the s ides  than expected. T h i s  was 

g e n e r a l l y  asc r ibed  t o  be the  r e s u l t  o f  a 

F i c k i a n  d i s p e r s i o n  model o f  t r a n s p o r t .  

groundwater t r a n s p o r t  rnodel i n g  i s  t he  c o r -  
rec tness  dnd adequacy o f  t h e  c l a s s i c a l  con- 

v e c t i o n - d i s p e r s i o n  equat ion ,  when a p p l i e d  t o  

ac tua l  f i e l d  c o n d i t i o n s .  That fundamental 

phenomenological equat ion ,  based on an ex ten-  

s i o n  o f  F i c k i a n  d i f f u s i o n  concepts,  i s  p r e s -  

e n t l y  t h e  bas i s  of most contaminant t r a n s p o r t  

models. The consensus among groundwater 

t r a n s p o r t  researchers  i s  t h a t  t h e  c l a s s i c a l  

equa t ion  does n o t  always a p p r o p r i a t e l y  de- 

s c r i b e  f i e l d - s c a l e  hydrodynamic d i spe rs ion .  

concern about the  i n f l u e n c e  t h a t  i n c o r p o r a -  

t i o n  o f  non-F ick ian  f i e 1  d-sca le  d i s p e r s i o n  

behav io r  has on t r a n s p o r t  p red i  c t  i ons , we a re  

conduct ing  an i n i t i a l  study o f  F i c k i a n  versus 

C u r r e n t l y ,  a c r i t i c a l  t e c h n i c a l  i s s u e  rJf 

Recaiise t h e r e  i s  cons ide rab le  t e c h n i c a l  

non-F ick ian  d i s p e r s i o n  t o  de termine t h e i r  

r e l a t i v e  i n f l u e n c e .  

Review o f  Performance Assessment 

Th is  e f f o r t  i s  designed t o  p r o v i d e  t e c h n i -  
ca l  suppor t  f o r  rev iew ing  performance assess- 

ment c a p a b i l i t y  a t  t he  NWTS s i t e s .  Addi-  

t i o n a l  e f f o r t  may address t h e  completeness of 
performance assessment capabi 1 i t i e s  a t  s i t e s  

and t h e  need f o r  compat ib le  assessment capa- 

b i l i t y .  Two e f f o r t s  a re  under way. I n  t h e  

f i r s t ,  PNL i s  rev iew ing  the  r a d i a t i o n  expo- 

sure  pathway models f o r  t he  r a d i o n u c l i d e s  1 4 C  

and '''1 and t h e  dose f a c t o r s  per  u n i t  i n t a k e  

f o r  237Np. 

t r a n s p o r t ,  t h e  f a t e ,  and t h e  dos imet ry  o f  
seve ra l  r a d i o n u c l i d e s  are  ,ob jec ts  o f  sc ien -  

t i f i c  debate and o f  p e r i o d i c  model ing r e -  

v i s i o n s .  Fo r  I4C our model ' s  p resen t  ap- 

proach f o r  e s t i m a t i n g  up take f rom water  by 

p l a n t s  r e s u l t s  i n  overes t imates  of dose, es- 

pec i  a1 l y  when model i ng 1 ong-term re1  eases 

from r e p o s i t o r i e s  th rough  groundwater. Some 

i n v e s t i g a t o r s  have suggested t h a t  f o r  '''1 , 
d i l u t i o n  by n a t u r a l l y  o c c i i r r i n g  s t a b l e  

sources, homeosta t ic  l i m i t a t i o n s  on human 

uptake, and n a t u r a l  removal f rom the  b i o -  

sphere would s i g n i f i c a n t l y  reduce p o t e n t i a l  

r a d i a t i o n  doses. Present  models do no t  ade- 

q u a t e l y  address a l l  o f  t hese  f a c t o r s .  The 

I n t e r n a t i o n a l  Committee on R a d i o l o g i c a l  Pro- 

t e c t i o n  (ICRP) has r e c e n t l y  i nc reased  t h e  

f a c t o r  f o r  human a s s i m i l a t i o n  o f  237Np by two 

o rde rs  o f  magnitude over  t h a t  p r e v i o u s l y  ac- 

cepted. Oak Ridge Na t iona l  Labora to ry  (ORNL) 

had p r e v i o u s l y  i nc reased  t h e  f a c t o r  f o r  nep- 

tun ium by one o rde r  o f  magnitude f o r  use i n  

t h e i r  codes, and t h i s  r e v i s i o n  was adopted by 
t h e  EPA. Some exper t s  b e l i e v e  t h a t  t he  ORNL 
e s t i m a t e  i s  b e t t e r  t han  t h e  new I C R P  

recommendation. 

The mechanisms o f  env i ronmenta l  
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I n  t h i s  e f f o r t  a v a i l a b l e  1 4 C  models a re  

be ing  reviewed. A more r e a l i s t i c  model i s  

be ing  developed and inco rpo ra ted  i n t o  t h e  PNL 

dose codes PABLM and DITTY, based e i t h e r  on 

t h e  l i t e r a t u r e  rev iew o r  on a comple te ly  new 

f o r m u l a t i o n  t h a t  avo ids  t h e  weaknesses o f  t h e  

present  vers ion .  

The l i t e r a t u r e  on '''1 i n  t h e  environment 

i s  a l s o  be ing  reviewed, and a t tempts  w i l l  be 
made t o  q u a n t i t a t i v e l y  a d j u s t  the  present  

model t o  account f o r  n a t u r a l  d i l u t i o n ,  human 

uptake l i m i t a t i o n s ,  and environmental  removal 

i f  deemed necessary. Approp r ia te  model r e v i  - 
s ions  w i l l  be i n c o r p o r a t e d  i n  t h e  programs 

PABLM and DITTY. 

on t h e  dose f a c t o r s  f o r  237Np. 

agreement between t h e  f a c t o r s  se lec ted  and 

I C R P  recommendations a re  be ing  h i g h l i g h t e d  

and t h e  arguments f o r  and aga ins t  each p o s i -  

t i o n  given. 

I n  t h e  second p a r t  o f  t h i s  e f f o r t  PNL i s  

rev iew ing  t h e  Nuc lear  Regu la to ry  Commission's 

(NRC) performance assessment approach. The 

NRC i s  devel  oping, th rough independent b u t  

p a r a l l e l  e f f o r t s ,  a performance assessment 

method f o r  e v a l u a t i n g  geo log ic  d i sposa l  of 

r a d i o a c t i v e  waste. Th is  method, be ing  de- 
veloped p r i m a r i l y  by t h e  Sandia Na t iona l  Lab- 

o r a t o r i e s ,  w i l l  be used t o  assess t h e  l ong -  

te rm performance o f  deep geo log ic  r e p o s i t o r y  

s i t e s  proposed by DOE f o r  l i c e n s i n g .  There 

i s  a need t o  compare t h e  D O E ' s  and NRC's 
methods t o  determi ne t h e i  r compati b i  1 i t y  and 

t o  d e f i n e  any s i g n i f i c a n t  d i f f e r e n c e s  t h a t  

shou ld  be addressed now t o  avo id  problems i n  

l i c e n s i n g .  

PNL i s  pe r fo rm ing  a comparat ive rev iew of 

F i n a l l y ,  t h e  l i t e r a t u r e  i s  be ing  reviewed 
Areas o f  d i s -  

t h e  two methods, f ocus ing  on d e f i n i n g  d i f f e r -  

ences, p o t e n t i a l  da ta  c o l l e c t i o n ,  and d e f i -  

c i e n c i e s  i n  DOE's e f f o r t s  a t  c h a r a c t e r i z a t i o n  

o f  s i t e ,  waste and r e p o s i t o r y  da ta  t h a t  w i l l  

be r e q u i r e d  by t h e  NRC method. 

Due t o  t h e  l a r g e  number o f  NRC documents, 

t h e  number o f  independent DOE s i t e s ,  and 

fund ing  l i m i t a t i o n s ,  PNL i s  l i m i t i n g  t h e  

rev iew t o  groundwater f l o w  and t r a n s p o r t  

models, and pathways-to-man and dose (env i  - 
ronmenta l )  models used i n  t h e  NRC method. 

These two areas make up t h e  bu lk  o f  t h e  NRC 

method, and w i t h  t h e  p o s s i b l e  excep t ion  of  

NRC's d i s r u p t i v e  scenar io  development, can be 

cons idered t o  be t h e  l i k e l y  areas o f  ma jor  

i n c o n s i s t e n c i e s .  Areas n o t  i n c l u d e d  i n  t h i s  

rev iew t h a t  may be eva lua ted  a t  a l a t e r  t i m e  

i n c l u d e :  d i s r u p t i v e  s c e n a r i o - s e l e c t i o n  p ro -  

cedures, p r e c l o s u r e  acc iden t  analyses, geo- 

chemical  and thermal f o r m u l a t i o n s ,  and rock 

mechanics. 

TRU - 

The o v e r a l l  performance o f  a t e r m i n a l  

waste r e p o s i t o r y  depends on t h e  e f f e c t 4  veness 

o f  m u l t i p l e  b a r r i e r s ,  one o f  which i s  t h e  

waste package (waste fo rm and o t h e r  s t r u c -  

t u r a l  b a r r i e r s ) .  The p r imary  purpose o f  t h i s  

e f f o r t  i s  t o  examine t h e  requ i rements  on t h e  

e f f e c t i v e n e s s  o f  t h e  waste-package b a r r i e r  
( s p e c i f i c a l l y  f o r  t r a n s u r a n i c  (TRU) waste).  

A second purpose i s  t o  examine t h e  r e q u i r e -  

ment on t h e  e f f e c t i v e n e s s  o f  t h e  waste pack- 

age i f  no a l lowance i s  made f o r  t h e  s o r p t i v e  
p r o p e r t i e s  o f  t h e  geo log ic  medium th rough  
wh ich  t h e  waste i s  t r a n s p o r t e d  by groundwa- 

t e r .  ( T h i s  i s  a t e s t  o f  t h e  requ i rement  t h a t  

t h e  mu : t i p le  b a r r i e r s  be independent ly  e f fec-  

t i v e . )  

t h e  waste package i s  t h e  r e l e a s e  t ime, i.e., 

t h e  p e r i o d  over which t h e  waste package r e -  

l eases  t h e  rad ionuc l i des .  The measure of t h e  

performance o f  t h e  r e p o s i t o r y  system i s  t h a t  

d i c t a t e d  by EPA's r e g u l a t i o n  40 CFR 191 

( D r a f t  21). 

The measure o f  t h e  e f f e c t i v e n e s s  of 

I 
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The EPA r e g u l a t i o n s  p rov ide  an i s o t o p e -  

s p e c i f i c  bas i s  f o r  de te rm in ing  t h e  maximum 

a1 lowab l  e r a d i  onucl  i de re1 ease t o  t h e  "ac- 

c e s s i b l e  environment" i n  the  f i r s t  10,000 y r  

a f t e r  r e p o s i t o r y  c losure .  The bas i s  d i f f e r s  

depending upon whether t h e  waste i s  c l a s s i -  
f i e d  as h i g h - l e v e l  waste (HLW) o r  TRU waste, 

bo th  o f  which were analyzed. Because t h e  
r e g u l  a t  i ons and t h e  phys i ca l  processes are  

bo th  l i n e a r ,  and t h e r e f o r e  a d d i t i v e ,  t h i s  

approach g ives  i n f o r m a t i o n  a p p l i c a b l e  f o r  

both.  
The r e l a t i o n s h i p  bet,ween EPA's re lease  

l i m i t s  t o  t h e  environment and the  r e l e a s e  

r a t e s  frorn t h e  waste package has been es tab-  

l i s h e d  v i a  computer s i q u l a t i o n  o f  i s o t o p e  

t r a n s p o r t  th rough t h e  c i r c u l a t i n g  r e g i o n a l  
a q u i f e r  f rom t h e  r e p o s i t o r y  c a v i t y  t o  sur face  

waters  ( t h e  e n t r y  p o i n t  t o  the  access ib le  en- 

v i ronment) .  A pa ramet r i c  approach was used 

over v a r i  ous combi n a t i  ons o f  re1 ease r a t e s  

and o t h e r  key repos i to ry -sys tem performance 
parameters ( i  n c l  u d i  ng groundwater v e l o c i t y  , 
t r a n s p o r t  d i s tance ,  and ne t  s o r p t i v e  p roper -  

t i e s  o f  t h e  media) t o  de termine t h e  r e l e a s e  

r a t e s  from t h e  system over  a broad range o f  

c o n d i t i o n s .  Th is  approach p rov ides  "ex- 

pec ted"  values o f  r e l e a s e  r a t e s  as w e l l  as an 

i n d i c a t i o n  o f  t h e  s e n s i t i v i t y  o f  the  access i -  

b l e  r a t e s  t o  v a r i a t i o n  i n  ( o r  u n c e r t a i n t y  r e -  

ga rd i  ng)  o t h e r  r e p o s i t o r y  system performance 

parameters. 

p o r t  th rough m t e r i a l s  r e p r e s e n t a t i v e  o f  ba- 

s a l t ,  t u f f ,  and s a l t  and a l s o  th rough a 

medium w i t h  no s o r p t i o n .  Other assumptions 

bas i c  t o  the  c a l c u l a t i o n s  were: 

1. The r a d i o n u c l i d e  source i n v e n t o r i e s  were 

t h e  e n t i r e  HLW and TRU wastes f rom t h e  

p rocess ing  of 72,000 MTHM o f  spent f u e l  as 

d e f i  ned i n  DOE/ET-0028. 

The method was a p p l i e d  t o  t r a n s -  

. 

2. 

3.  

4. 

5. 

6. 

7. 

The m i g r a t i n g  n u c l i d e s  were i n  l i n e a r  

s o r p t i v e  e q u i l i b r i u m  a t  a l l  p o i n t s .  

The t r a n s p o r t i n g  nuc l  i d e s  were d i s s o l v e d  

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

such t h a t  t h e r e  i s  no i n t e r -  o r  i n t r a -  

spec ies  compe t i t i on  f o r  s o r p t i o n ,  nor a r e  

s o l u b i l i t y  l i m i t s  ever reached. 

Es t imates  o f  t h e  e q u i l i b r i u m  s o r p t i o n  co- 

e f f i c i e n t s ,  Kd, were used i n  most cases; 

o x i d i z i n g  c o n d i t i o n s  were assumed. 

The groundwater v e l o c i t y  and a x i a l  d i s p e r -  

s i o n  c o e f f i c i e n t  were cons tan t  f o r  any 

s i n g l e  pa ramet r i c  c a l c u l a t i o n .  

Transverse convec t i on  and d i s p e r s i o n  were 

ignored.  

The re lease  of n u c l i d e s  f rom t h e  r e p o s i -  

t o r y  was a cons tan t  r a t e  band except f o r  
t h e  e f f e c t s  o f  t h e  r a d i o a c t i v e  decay 

(decay ing  band). 

The conc lus ions  f rom t h i s  a n a l y s i s  can be 

summarized as f o l l o w s :  

D i s a l l o w i n g  ( i g n o r i n g )  s o r p t i o n  p laces  

s i g n i f i c a n t  demands on t h e  Naste form/  

package/engineered c a v i t y  system, requ i  r -  
i n g  r e l e a s e  r a t e s  as low as 10-8/yr o r  
l e s s  f rom t h e  r e p o s i t o r y  n e a r - f i e l d  i n  

o rde r  t o  comply w i t h  proposed r e g u l a t i o n  

40 CFR 191 f o r  a groundwater t r a v e l  t i m e  

o f  1000 yr. 

The requ i rements  imposed on t h e  waste 

package by 40 CFR 191 do n o t  d i f f e r  s i g -  

n i f i c a n t l y  f o r  TRU and HLW waste package, 

nor a re  these s i g n i f i c a n t l y  d i f f e r e n t  

among t h e  s o r p t i v e  media. 

I f  t h e  s o r p t i v e  p r o p e r t i e s  o f  t h e  g e o l o g i c  

media a r e  accounted f o r ,  a r e l e a s e  r a t e  

f rom t h e  r e p o s i t o r y  o f  10-5 /y r  i s  adequate 

t o  ensure compl iance w i t h  t h e  proposed 

r e g u l a t i o n  f o r  a l l  t h r e e  s o r p t i v e  r e f e r -  

ence media f o r  a groundwater t r a v e l  t ime  

o f  1000 yr. 
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3.4.2 RECON Repos i to ry  Cost Analyses 

The object ive  of t h i s  program i s  t o  de- 
o,etop a ver i f i ed  repository aconomias mode2 
a d  datu base t o  evaluate the cost impacts of 
pretiminary repository design trade-of fs  and 
t o  estimatc overall  a s t e  disposal cos t s .  

Background 

The RECON r e p o s i t o r y  economics inodel was 

o r i g i n a l l y  developed i n  1981 as p a r t  o f  a 

task  t o  eva lua te  t h e  economics o f  r e p o s i t o -  

r i e s  and a l t e r n a t i v e  media. I n  1982, f u r t h e r  

development was completed, i n c l u d i n g  c a l c u l a -  

t i o n s  o f  o p e r a t i n g  requ i rements  and cos ts  as 

f u n c t i o n s  o f  process r a t e s  fo r  d i f f e r e n t  re -  

p o s i t o r y  ope ra t i ons .  I n  a d d i t i o n ,  inany minor  

improvements were made i n  t h e  program l o g i c .  

P repara t i ons  vJere made f o r  a r e p o r t  document- 
i n g  t h e  RECON model a t  t he  end o f  i Y  1982. 

Techn ica l  Progress  

Dur ing  t h e  f i r s t  h a l f  o f  FY 1983, the  pro-  

gram scope encompassed severa l  tasks :  1) ex- 

pansion o f  t he  da ta  base t o  run  the  improved 

RECON model, 2 )  development o f  a model as an 

i n t e r f a c e  t o  f a c i l i t a t e  use o f  t he  model, and 
3 )  development o f  equat ions  t o  model i n t e r i m  

waste s to rage  costs.  

n u r i n g  t h e  f i r s t  q u a r t e r  o f  i Y  1983, t h e  

i n t e r i m  s to rage  cos t  equat ions  w r e  developed 

based on a d r d f t  Yon i to red  R e t r i e v a b l e  S to r -  

age (MRS) I n t e r i m  Storage document. I n  

accord  w i t h  p r o j e c t  scope, these equat ions  

were determined f o r  j u s t  one scenar io ,  a 

co - loca ted  MRS f a c i  1 i ty  a t  a r e p o s i t o r y  s i t e .  

The r e s u l t s  of t h i s  task  were t r a n s m i t t e d  i n  

a l e t t e r  r e p o r t  t o  the  sponsor i n  January. 

D u r i n g  Decembzr and January, da ta  r e q u i r e -  

ments f o r  t he  improved RECON model were 

developed us ing  da ta  sources p rov ided  by t h e  

sponsor. V e r i f i c a t i o n  runs vJere made w i t h  

RECON us ing  t h i s  da ta  base t o  coinpare t h e  

r e s u l t s  w i t h  hand-cal  c u l  a t i  ons made by t h e  
sponsor. The v e r i f i c a t i o n  runs were made i n  

a s a l t  medium f o r  spent f u e l  and h i g h - l e v e l  

waste r e p o s i t o r i e s .  

Costs f o r  t h e  spent f u e l  r e p o s i t o r y  p re-  

d i c t e d  by t h e  RECON model vfere $5.5 b i l l i o n  

versus cos ts  es t ima ted  by t h e  sponsor o f  

$5.4 b i l l i o n .  The RECON es t ima tes  f o r  t h e  

h i g h - l e v e l  waste r e p o s i t o r y  were about 12% 

h ighe r  than t h e  sponsor c a l c u l a t i o n s .  An 

a t tempt  t o  r e c o n c i l e  t h e  d i f f e r e n c e s  f o r  the  

HLW case was n o t  success fu l  because of t h e  

w i d e l y  d i f f e r e n t  account ing  c a t e g o r i e s  used. 

I n  January, t h e  sponsor reques ted  t h a t  an 

a d d i t i o n a l  t a b l e  be developed us ing  a cons is -  

t e n t  accoun t ing  ca tegory  i n s t e a d  o f  develop- 

i n g  a d d i t i o n a l  v e r i f i c a t i o n  runs f o r  o t h e r  

media. Th is  a d d i t i o n a l  t a b l e ,  us ing  cons is -  

t e n t  account i ng c a t e g o r i e s  , has been devel - 
oped and i s  now be ing  debugged. 

To improve t h e  user  f r i e n d l i n e s s  of t h e  

RECON model , a preprocessor  was developed 

which f a c i l i t a t e s  i n p u t  o f  da ta  by t h e  user.  

The preprocessor  i s  an i n t e r a c t i v e  program 

w i t h  menus d e s c r i b i n g  t h e  d i f f e r e n t  ca te-  

go r ies  o f  da ta  i n p u t s .  The preprocessor  

a l l o w s  t h e  user  t o  e i t h e r  c r e a t e  a complete 
new data  base, o r  t o  s tep  th rough t h e  menus 

changing o n l y  se lec ted  da ta  i npu ts .  T h i s  

task  has been completed and t h e  preprocessor  
i s  now be ing  used t o  develop da ta  f o r  t h e  

program runs. 

have a l s o  been completed as p a r t  o f  another  

DOE p r o j e c t .  

boreho le  i n  t h e  w a l l  emplacement concept and 

a l s o  co-emplacement o f  low heat  genera t i ng  

wastes w i t h  h i g h - l e v e l  wastes. A l l  o f  these 

model improvements have been documented and 

w i l l  be pub l i shed  i n  t h e  f i n a l  documentat ion 

and Users hlanual, T h i s  f i n a l  documentat ion 

report. ,  due t o  be pub l i shed  i n  A p r i l  1983, 

A d d i t i o n a l  improvements t o  t h e  RECON model 

These a l l o w  mode l ing  o f  t h e  



w i l l  complete t h e  f i n a l  m i l es tone  f o r  t h i s  

p r o j e c t  i n  FY 1953. 

3.5 OFFICE OF CRYSTALLINE REPOSITORY 
DEVELOPMENT (OCRD) 

Nor theas t  Gran i te  Regional Environmental  

C h a r a c t e r i z a t i o n  Stud ies  (DA-30-30-03 - 
80459) 

Object ives  are 1 )  t o  prepare an environ- 
VentaZ characterizat ion of the  Northern Ap- 
pZachian and Adirondack Crys ta l l ine  Region-- 
comprised of portions of the s ta t e s  of Con- 
qec t i cu t ,  Maine, Massachusetts, New Hmp- 
sh i re ,  New Jerseg, Neu York, Pennsylvania, 
Rkode Is land ,  and Vermont and 2) t o  prepare 
zn analysis  f o r  and recommendations of areas 
within that  region t h t  are su i tab le  candi- 
dates  f o r  more detaiZed environmental char- 
acterization. 

Summary 

Th is  program has devel oped an env i  ronmen- 

t a l  c h a r a c t e r i z a t i o n  da ta  base f o r  a l l  o r  

p a r t s  o f  n i n e  (9 )  Nor theas t  and New England 

s t a t e s  dnder the  sponsorsh ip  of t h e  O f f i c e  o f  

C r y s t a l l i n e  Repos i to ry  Development (OCRD). A 

d r a f t  Environmental  C h a r a c t e r i z a t i o n  Repor t  

(ECR) was t r a n s m i t t e d  t o  OCRD, and comments 

*ere rece ived  f o r  t h e  f i n a l  d r a f t .  Add i -  

t i o n a l  t asks  scheduled f o r  t h e  l a t t e r  h a l f  o f  

FY 1983 w i l l  proceed. 

Techn ica l  Progress 

Program s t a f f  supp l i ed  a mod i f i ed  proposa l  

t o  t h e  sponsor i n  October 1982 f o r  FY 1983 

a c t i v i t i e s .  The fund ing  l e v e l  was se t  and 

t h e  e f f o r t  w i l l  con t i nue  th rough J u l y  1983. 

The p r o j e c t  i s  managed by OCRD's S i t e  Char- 

a c t e r i z a t i o n  Department and i s  a component 

o f  NWTS's (DOE) r e p o s i t o r y  s i t e  s e l e c t i o n  

process as o u t l i n e d  i n  DOE'S Conf idence 

Rulemaking Statement. Ma jor  e f f o r t s  thus f a r  
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i n  FY 1983 have been d i r e c t e d  toward 1) de- 

ve l  op ing  u s e f u l  s i t e  s e l e c t i o n / s c r e e n i n g  

t o o l s  f o r  OCRD, 2 )  responding t o  OCRD and/or 

DOE comments on t h e  c h a r a c t e r i z a t i o n  docu- 

ment, and 3) i n t e r f a c i n g  w i t h  t h e  fo l l ow-on  

c o n t r a c t o r .  The reg ion  o f  t h e  U.S. covered 

by t h e  p r o j e c t  and s tudy  i s  shown i n  F i g -  

u r e  3.19. 
H i g h l i g h t s  f o r  t he  f i r s t  h a l f  o f  t he  f i s -  

ca l  yea r  a r e  as f o l l o w s :  

A new p r o j e c t  mon i to r ,  Tom Anderson, was 

appo in ted  i n  November f o r  t h e  O f f i c e  o f  

C r y s t a l  1 i ne Repos i to ry  Development (OCRD). 

An e x i s t i n g  i n t e r l a b o r a t o r y  agreement w i t h  

B a t t e l l e ' s  Human A f f a i r s  Research Centers 

was extended f o r  them t o  con t inue  demo- 

g raph ic  work f o r  t h e  p r o j e c t .  
Revised schedule o f  m i les tones ,  dates and 

d e l i v e r a b l e s  a f t e r  d i scuss ions  w i t h  spon- 

so r  i n  December. 

A comment copy o f  t h e  Environmental  Char- 

a c t e r i z a t i o n  Repor t  (ECR) was c l e a r e d  and 

d e l i v e r e d  t o  sponsor i n  January. 

P r o j e c t  s t a f f  met w i t h  OCRD P r o j e c t  Man- 

ager i n  February  t o  rev iew  prograln and 

i d e n t i f y  areas o f  t h e  ECR t h a t  r e q u i r e d  

m o d i f i c a t i o n .  An updated ECR was t r a n s -  

m i t t e d  t o  OCRD i n  l a t e  February .  

PNL s t a f f  met i n  March w i t h  OCRD P r o j e c t  

Manager and t h e  P r o j e c t  Coord ina to r  f o r  

Dames and Moore (who w i l l  t ake  over s i t e  

c h a r a c t e r i z a t i o n  work i n  FY 1984) t o  as- 

sess t h e  env i ronmenta l  da ta  base and t o  

d i scuss  procedures f o r  t u r n i n g  over  

records .  

OCRD comments and suggested changes f o r  

t h e  ECR were rece ived  March 31, 1983, and 

a r e  be ing  i n c o r p o r a t e d  i n t o  a f i n a l  d r a f t  

d e l i v e r a b l e  A p r i l  15, 1983. Work on tasks  

scheduled f o r  t h e  l a s t  h a l f  o f  FY 1983 w i l l  

proceed. 
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4.0 LOW-LEVEL WASTE MANAGEMENT 

The objective of the low-level Waste Management Program is to develop the 
technology to dispose of low-level radioactive wastes in a manner that protects 
the public health and safety. 
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4.0 LOW-LEVEL WASTE MANAGEMENT 

Y. R. K r e i t e r  - Program O f f i c e  Manager 

Program Managers: R .  L. B r o d z i n s k i ,  T. L. Jones, 
C. S .  Simmons and J. L. Swanson 

4.1 SPECIAL WASTE FORM LYSIMETERS - A R I D  

(AP-05-29-15 - 80749) 

The objec t ioes  * e :  
11 To consCruct 2nd o'gerute a f i e l d  f a c i l i t y  

j o s i j n e i  t o  conduct wastz porn Leaching 
t e s t s  that imll  determine typ ica l  source 
tarms g.awritei by cormer&zt so Lidi f ie? 
low-level d s t s .  S o l i d i f i c a t i o n  agents 
tested zre cement und polyvinyl  s tyrene.  

21 To i d e q t i f y  thrmgtl fieZd and laboratory 
reseurch, the chemical. and physicat pro- 
x s s z s  thak contr3l. tke  concentration of 
radionuclides i n  the  soil so lu t ion  sur- 
r o u n d i ~ j  the  m s t o .  

senting source- tam boundary condi t ions i n  
r d i o n u c t  ide t r i m p o r t  nodels . 

3 1  To d e t e m i n e  adequate methods f o r  repre- 

Summary 

Design o f  t he  f i e l d  t e s t  f a c i l i t y  i s  i n  

progress.  F i n a l  eng inee r ing  drawings a re  

near comple t ion .  I n i t i a l  cos t  es t imates  f o r  
c o n s t r u c t i o n  range from $BOK t o  $130K. The 

env i  roninental  assessrnent has been Completed. 

Based on t h e  p r e l i m i n a r y  design, t he  c a l c u -  

l a t e d  dose, r e s u l t i n g  from exposure t o  t h e  

conimercial 1o .w leve l  waste m a t e r i a l  , i s  low 

and meets r a d i o l o g i c a l  s a f e t y  requ i  reinents. 

Shipment o f  waste m a t e r i a l s  f rom Brook-  
haven Na t iona l  Labora to ry  (BNL) w i l l  be i n i -  

t i a t e d  i n  l a t e  A p r i l  and i s  expected t o  be 

Completed by mid-June. 

t h e  waste m a t e r i a l  was completed, and con- 

t r a c t t i a l  arrangements are be i  ng n e g o t i a t e d  

w i t h  BNL. A n a l y t i c a l  requ i rements  f o r  waste- 

fo rm c h a r a c t e r i z a t i o n  have been s p e c i f i e d .  

A purchase order  f o r  

Lys ime te r  S tudz  

The Spec ia l  l l as te  Form Lys ime te rs  Study i s  

a new study a t  PNL designed t o  measure t h e  

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

s o l i d i f i e d  commercial l oN- leve l  waste. A 

f i e l d  t e s t  f a c i l i t y  w i l l  be b u i l t  t o  c o n t a i n  

se lec ted  waste forms i n  s p e c i a l l y  c o n s t r u c t e d  

l y s i m e t e r s .  Data w i l l  be ga thered t h a t  re -  

l a t e  l a b o r a t o r y  measurements o f  was te- fo rm 

c h a r a c t e r i s t i c s  t o  re lease  and m i g r a t i o n  

r a t e s  observed i n  t h e  f i e l d .  Resu l t s  ob- 

t a i n e d  f o r  t h i s  a r i d  s i t e  f a c i l i t y  and those 

f rom the  humid s i t e  l o c a t e d  a t  Savannah R i v e r  

Labora to ry  (SRL) w i l l  be compared. F i e l d  

l each ing  t e s t s  w i l l  be conducted on a c t u a l  

cominerci a1 waste forms ob ta ined  froin Brook- 

haven Na t iona l  Labora tory .  Waste forms 

t e s t e d  w i l l  i n c l u d e  m a t e r i a l  f rom power reac- 

t o r  waste streams t h a t  have been s o l i d i f i e d  

i n  cement and Dow polymer. The waste fo rm 
w i  11 be c h a r a c t e r i z e d  by s tandard  l a b o r a t o r y  

t e s t s  such as MCC-1 and t h e  I A E A  leach t e s t  

t o  o b t a i n  es t ima tes  o f  r a d i o n u c l i d e  re lease.  
These es t ima tes  w i l l  be compared t o  l each  

r a t e s  observed i n  the  f i e l d .  S o l u b i l i t y  

s t u d i e s  w i l l  a l s o  be conducted t o  de termine 

t h e  amount o f  Contaminant ava i  1 a b l e  f o r  

t r a n s p o r t  a f t e r  re1  ease. 

and p r e l i m i n a r y  drawings completed. F i g -  

u r e  4.1 shows t h e  cut-away and t o p  view o f  

t h e  t e s t  f a c i l i t y .  The commercial waste 

m a t e r i a l s  are t o  be con ta ined  i n  55-gal drums 

The f i e l d  t e s t  f a c i l i t y  has Seen planned 
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SOIL 
SURFACE 

- 

ACCESS AND 
INSTRUMENTATION 

CUT-AWAY VIEW 

TOP VIEW 

FIGURE 4.1. Preliminary Engineering Drawing of Special Waste-Form 
Lysimeter Test Fac i l i t y  

placed in closed-b3ttom lysimeters 10 f t  deep 
a n d  6 f t  in d i a m t e r .  The lysimeters will be 
backfil led with so i l  so t h a t  a t  l ea s t  3 f t  o f  

backf i l l  material covers the t o p  of the waste 
drum. T9e so i l  material w i l l  provide radio- 
logical shielding as dell  as a medium for  
sorption of soluble radiochemicals t h a t  may 
leach from the m s t e  drums. 5uction candles 
(ceramic cups) placed i n  the  bot tom a n d  

around the waste drums Nil1 be used t o  per i -  
odically co l l ec t  so i l  solution for chemical 
analysis.  

vide access t o  the individual lysimeters fo r  
s e l ec t ive ly  sampling and t o  instrumenta- 
t ion .  Moisture content d n d  temperdture of 

A central  caisson (Figure 4.1) will pro- 

the so i l  surrounding the waste form w i l l  be 
monitored per iodica l ly ,  and radiological 
ana lys i s  w i l l  be performed both in-s i tu  and  

with se l ec t ive  sampling of the lysimeters.  
I t  i s  an t ic ipa ted  t h a t  this d i l l  be a long- 
term (10 year )  study, so the  instrumentation 
and lysimeter design will be planned accord- 
ingly.  Preliminary cost  estimates f s r  the  
f a c i l i t y  described i n  Figure 4.1 range from 
$80K t o  $130K. 
based, in par t ,  on considerations t o  place 
some o f  the  waste forms in lysimeters t ha t  
extend to  depths grea te r  than 10 f t .  Due, 
however, t o  s ign i f i can t ly  increased cos ts  for 
lysimeters 15 t o  20 f t  deep, i t  i s  l ike ly  
t h a t  un i t s  10 f t  deep will  be used. 

The la rger  estimate was 
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N e g o t i a t i o n s  w i t h  s t a f f  f rom BNL have re -  

s u l t e d  i n  procurement and pending d e l i  very of 

waste samples, w i t h  comple t ion  o f  t he  sh ip -  

ment expected by mid-June. Samples w i l l  be 

ob ta ined  t h a t  are c l o s e  t o  those ob ta ined  f o r  

t h e  SRL l y s i m e t e r  p r o j e c t .  The a n a l y t i c a l  

requ i rements  f o r  t he  waste forms have been 

s p e c i f i e d  t o  BNL and they  are  t o  p rov ide  de- 

t a i l e d  rad iochemica l  i n f o r m a t i o n  concern ing  

the  waste m a t e r i a l .  

D u r i n g  t h e  remainder o f  FY 1983, t h e  l y -  

s imeter  f a c i l i t y  w i l l  be cons t ruc ted  and t h e  

:non i to r i ng  system i n s t a l l e d .  P rov ided  the re  

are no unforeseen d i f f i c u l t i e s  i n  p r o c u r i n g  

waste samples, they  should be i n s t a l l e d  no 

l a t e r  than the  f i r s t  q u a r t e r  o f  FY 1984. 

A f t e r  t h e  f a c i l i t y  i s  o p e r a t i o n a l ,  t h e  

s i t e  w i l l  be c l o s e l y  mon i to red  f o r  any s igns  

o f  r a d i o a c t i v e  re lease  from the  waste sam- 

p les .  I f  any re lease  i s  de tec ted ,  then s o i l  

and s o i l  s o l u t i o n  samples w i l l  be taken f o r  

a n a l y s i s .  A n a l y t i c a l  chemis t r y  w i l l  i n c l u d e  

a n a l y s i s  o f  macro- and t r a c e  elements us ing  

i n r l u c t i  ve l y  coup led  plasma emiss ion  spec t ros -  

copy (ICP) and atomic adso rp t i on  (AA) tech-  

niques. Anions w i l l  be analyzed us ing  i o n  

chromatography ( I C )  and r a d i o n u c l i d e s  by low- 

l e v e l  gamma and x-ray coun t ing  techn iques .  
Th is  d i l l  p r o v i d e  t h e  Low-Level Waste Manage- 

ment Program w i t h  d i r e c t  f i e l d  r e s u l t s  r e -  

ga rd ing  l each  and m i g r a t i o n  r a t e s  f rom ac tua l  

commerci a1 s o l i d i  f i  ed waste. 

I n  a d d i t i o n  t o  t h e  f i e l d  mon i to r i ng ,  which 

i s  t h e  c e n t r a l  purpose o f  t h e  task,  a s e r i e s  

o f  l a b o r a t o r y  t e s t i n g  and geochemical exer -  

c i s e s  i s  planned. These t e s t s  w i l l  he lp  p r e -  

d i c t  expected l each  r a t e s  and h e l p  i n t e r p r e t  

any f i e l d  r e s u l t s  ob ta ined.  S p e c i f i c a l l y ,  

t h e  goa ls  o f  the  l a b o r a t o r y  and model ing work 

w i l l  be t o  i d e n t i f y  which mechanisms a re  con- 

t r o l l i n g  t h e  re lease  o f  r a d i o a c t i v i t y  f rom 

t h e  waste form. 

4.2 TRANSPORT ASSESSMENT - A R I D  

(AR-05-15-15 - 80033) 

The mission of this program is t3 provide 
the r e q u i r d  technology fo r  use in monitoring 
radionuclide transport through geohydrologic 
systems. This technology vi11 assist in the 
assessment of the safety of buried solid low- 
level radioactive waste. 

Summary 

Comparisons were made between l a b o r a t o r y  

and f i e l d  obse rva t i ons  o f  t h e  t r a n s p o r t  o f  

6oCo i n  Hanford s o i l s .  

s t u d i e s  i n d i c a t e d  t h a t  60C~/EDTA c a i  be 

h i g h l y  mob i le  i n  Hanford s o i l s .  However, t h e  

o rgan ic  complexant, EDTA, apparen t l y  d i s s o -  

c i a t e s  from 6oCo i n  t ime, g r e a t l y  reduc ing  

t h e  c o b a l t ' s  m o b i l i t y .  Our f i e l d  t e s t s  con- 

firm t h a t  a f t e r  3.5 y r  t h e r e  i s  l i t t l e  e v i -  

dence o f  movement o f  6oCo under the  cond i -  

t i o n s  o f  Hanford  s o i l  and c l i m a t e .  These re -  

s u l t s  imp ly  t h a t  complexat ion  o f  6oCo, and 

perhaps o t h e r  r a d i  onucl  i d e s  , by EDTA may no t  

be a l ong - te rm problem a t  Hanford  l o w - l e v e l  

waste s i t e s .  

Labora to ry  column 

T r a n s p i r a t i o n  s t u d i e s  were i n i t i a t e d  t o  

i n v e s t i g a t e  t h e  e f f e c t s  t h a t  p l a n t  water  r e -  
inoval has on the  water balance a t  shallow- 
l and  b u r i a l  s i t e s .  Water con ten t  measure- 

ments (by neu t ron  probe)  were made a t  25 

access w e l l s  on two s e l e c t e d  vegeta ted  s i t e s  
a t  Hanford. A complete cover s i t e  ( s h o r t  

grasses, sha l l ow- roo ted )  and a sparse cove r  

s i t e  (shrubs, deep roo ted )  were compared. 

S i g n i f i c a n t  d i f f e r e n c e s  i n  water  up take  were 

observed between t h e  two s i t e s ,  suggest ing  

t h a t  r o o t  depth, pe rcen t  cover,  and p l a n t  

t y p e  c h a r a c t e r i s t i c s  a re  i n f o r m a t i o n  needed 

t o  p r e d i c t  water  balance a t  a r id -zone b u r i a l  

s i t e s .  
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Coba l t  -60 Transpor t  Study 

A f i e l d - s c a l e  t r a c e r  t e s t  us ing  6 " C ~ / E D T A -  

sp i ked  s o i l  p laced i n  a 1-cm band 60 cm below 

t h e  s o i l  su r face  was mon i to red  f o r  3 yr. 

Dur ing  t h a t  t ime, c o b a l t  movement d i d  no t  ex- 

ceed 10 cm, as measured by t h e  downwell probe 

o r  by d e s t r u c t i v e  sampling. 

t h e  f i e l d  s i t e  revea led  some c o b a l t  ,mvement 

t o  a depth o f  70 cin; t h e  peak concen t ra t i on ,  

however, remained a t  i t s  i n i t i a l  depth o f  

60 cm. Resu l t s  o f  t h e  excava t ion  sampl ing 

are  shown i n  F i g u r e  4.2. 

u r e  4.2 a re  the  r e s u l t s  o f  a t r i t i u r n  t r a c e r  

t e s t  conducted a t  an ad jacent  s i t e .  The t r i -  

t i u m  t e s t  was s t a r t e d  a t  t h e  same t ime  as t h e  

c o h a l t  t e s t  w i t h  t r i t i u m  a l s 3  be ing  p laced a t  
an i n i t i a l  depth o f  60 cm. The t r i t i u m  was 

sampled i n  A p r i l  1981 ( 2  y r  a f t e r  t r a c e r  

placement)  w h i l e  t h e  c o b a l t  was sampled i n  

September 1982 (3.5 y r  a f t e r  p lacement) .  The 

f i g u r e  shoHs t h a t  t he  t r i t i u m  has been t r a n s -  

2 o r t e d  an average d i s t a n c e  o f  4 m (peak con- 

Excavat ion  o f  

A lso  shown i n  F i g -  

- 
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FIGURE 4.2. 
T r i  t i u m  Mobi 1 i t y  IJnder F ie1  d Condi t i o n s  
a t  Hanford 

Comparison o f  60C~/EDTA and 

c e n t r a t i o n )  w h i l e  t h e  c o b a l t  peak remains a t  

t h e  o r i g i n a l  60 cm. D e t a i l s  o f  t h i s  t e s t  and 

i t s  r e l a t i o n s h i p  t o  our p rev ious  l a b o r a t o r y  

column s t u d i e s  dnd t o  work by (1. L. Swanson 

on o rgan ic  complexant e f f e c t s  on r a d i o n u c l i d e  

m o b i l i t y  were repo r ted  by T. L. Jones a t  t h e  

recen t  Waste Management '83 conference (Jones 

e t  a l .  1983). 

t h e r e  i s  a t ime-dependent e f f e c t  o f  complex- 

i n g  agent on 6oCo n o b i l i t y .  80 th  l a b o r a t o r y  

and f i e l d  s t u d i e s  c o n f i r m  t h a t  complexed 6oCo 

moves r a p i d l y  th rough Hanford s o i l s  when i n i -  

t i a l l y  added t o  t h e  s o i l ,  bu t  t h a t  a f t e r  60 

t o  90 days t h e r e  i s  an apparent d i s s o c i a t i o n  

o f  t h e  EDTA complex, r e s u l t i n g  i n  g r e a t l y  re -  

duced m o b i l i t y  o f  t h e  6oCo. The i m p l i c a t i o n  
f rom our t e s t s  i s  t h a t  t r a n s p o r t  o f  6oCo and 

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

w i t h  EDTA may n o t  be a se r ious  problem a t  

Hanford  l o w - l e v e l  waste s i t e s .  

I t  i s  apparent f rom these s t u d i e s  t h a t  

F i e l d  T r a n s p i r a t i o n  Exper iments and Simula- 

t i  on Model i n g  

E f f e c t i v e  s i t e  s e l e c t i o n  f o r  l ow- leve l  

waste r e p o s i t o r i e s  r e q u i r e s  accura te  water  

ba lance p r o j e c t i o n s  f o r  va r ious  c l i m a t i c  ex- 

tremes and su r face  covers.  Mechanisms fo r  
Nate r  removal f rom s o i l s  can be c a t e g o r i z e d  

as evapora t ion ,  t r a n s p i  r a t i o n ,  and dra inage.  

Evapora t i on  and dra inage have a1 ready been 

reviewed i n  p rev ious  waste management r e -  

p o r t s ,  and our e f f o r t s  d u r i n g  t h e  pas t  

6 months have concent ra ted  on measurement 

o f  t he  t r a n s p i  r a t i o n  component o f  t h e  water  

b a l  ancr?. 

I n  t h e  pas t ,  t r a n s p i  r a t i o n  measurements 

have seldom been made i n  p l a n t  communit ies 

t h a t  a re  not  o f  agronomic importance; t hus  

l i t t l e  da ta  i s  a v a i l a b l e  f rom t h e  l i t e r a t u r e  
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on water  use by n a t i v e  v e g e t a t i o n ,  p a r t i c u -  
l a r l y  f o r  a r id -zone s i t e s .  I n  inany radwaste 

management scenar ios ,  h u r i  a1 s i t e s  a re  d l  - 
lowed 

p a s s i v e l y  a l l o w i n g  p l a n t s  t o  invade t h e  bur -  

i a l  s i t e .  Under these c o n d i t i o n s ,  i t  i s  i m -  

p o r t a n t  t o  know t h e  p l a n t  c h a r a c t e r i s t i c s  and 

t o  measure t h e  t r a n s p i r a t i o n  f rom t h e  cover  

t o  a c c u r a t e l y  assess a complete water  b a l -  

ance. F i e l d  t r a n s p i r a t i o n  exper iments have 

been i n i t i d t e d  t h i s  y e a r  t o  c o l l e c t  da ta  t h a t  

w i l l  d e s c r i b e  t h e  water  balance o f  a t y p i c a l  

Hanford  area p l a n t  community. 

t i o n  has i n c l u d e d  d e s c r i p t i v e  da ta  such as 

p l a n t  community s t r u c t u r e  and s o i l  water  

s t a t u s .  Vegeta t ion  and soi l  parameters wh ich  

c o n t r o l  t r a n s p i r a t i o n  r a t e s  a l s o  a r e  b e i n g  

monitored. These c o n t r o l l i n g  parameters i n -  

c l i i d e  t h e  d r i v i n g  f o r c e s  and pathway r e s i s -  

tances t o  water  rnoveinent i n  t h e  s o i  1 - p l a n t -  

atmosphere c o n t i  nuurn. 

parameters a l l o w s  f o r  a b roader  dnd more 

adaptab le  approach t o  the  model ing o f  evapo- 

t o  r e v e g e t a t e  e i t h e r  by des ign  o r  by 

Data c o l l e c -  

l lnders tand i  ng these 

r a t i o n  i n  t h e  p l a n t  communit ies a s s o c i a t e d  

w i t h  b u r i  a1 grounds. 

s t a l l e d  on a 5-by-5 g r i d  w i t h  6-m spac ing  be- 

tween each w e l l  ( F i g u r e  4.3). The w e l l s  were 

i n s t a l l e d  t o  a depth o f  4 m by d r i v i n g  a b a r -  

r e l  sampler ahead o f  the  w e l l  cas ing ,  d r i v i n g  

c a s i n g  f l u s h  w i t h  t h e  bo t tom o f  t h e  b d r r e l  

sampler, then w i t h d r a w i n g  t h e  b a r r e l  sampler. 

T h i s  inethod ensures a t i g h t  ho le,  m i n i m i z i n g  

v o i d  spaces i n  t h e  s u r r o u n d i n g  s o i l  and en- 

s u r i n g  r e l i a b l e  downwel l -neutron probe mea- 

surement o f  s o i l  mo is tu re .  S o i l  samples were 

subsampled f o r  m o i s t u r e  conten t ,  and t h e  r e -  

m a i n i n g  m a t e r i a l  saved f o r  a n a l y s i s  o f  r o o t  

d e n s i t y .  S o i l  samples were c o l l e c t e d  f o r  

s t a n d a r d  l a b o r a t o r y  a n a l y s i s .  

e a r l y  March on a r e c t a n g l e ,  2 by 7 m, sur -  

round iny  two l a r g e  shrubs ( B i t t e r b r u s h ,  

P u r s h i a  t r i d e n t a t a ) .  Access w e l l s  were i n -  

s t a l l e d  t o  a depth o f  4 m, u s i n g  t h e  same 

d r i  11 i ng procedure  d e s c r i b e d  above. 

T w e n t y - f i  ve neut ron  access w e l l s  were i n -  

S i x  neut ron  access w e l l s  were i n s t a l l e d  i n  

SOIL MOISTURE BLOCK ARRAY 

B RADIOMETER (SWI 
c RELATIVE HUMIDI~Y 
D THERMISTOR (AIR, SOIL) 
E RAINGAUGE (TIPPING BUCKET) 
F DATALOGGER - ~.~~ 
G BAlTERY 
H SOLARPANEL 

FIGURE 4.3. Transp i  r a t i o n  Exper imenta l  S i t e  (Grass) 
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M o i s t u r e  da ta  a re  be ing  c o l l e c t e d  every 
2 weeks, w i t h  a l t e r n a t e  sampl ing t imes reach- 

i n g  t h e  f u l l  4-m depth. The s o i l  m o i s t u r e  

p r o f i l e  developed as an average o f  a l l  25 

access w e l l s  i s  p resented  i n  F i g u r e  4.4 

(curves  1, 2 )  f o r  da ta  c o l l e c t e d  d u r i n g  Janu- 

a r y  and A p r i l  a t  t h e  grass s i t e .  The f i g u r e  

a l s o  shows t h e  average water  d i s t r i b u t i o n  a t  

t h e  brush s i t e  (curves  3, 4). Note t h a t  t h e  

upper p r o f i l e  q o i s t u r e  decreases w h i l e  t h e  

lovrer inc reases ,  i n d i c a t i n g  r e d i s t r i b u t i o n  of 

water  dovrnward. The t o t a l  water  i n  t h e  4-m 

p r o f i l e  i s  -35 cm a t  t h e  shrub s i t e  and 30 cm 

a t  t h e  grass s i t e .  Data c o l l e c t e d  f rom cores  

i n d i c a t e  t h e  grass s i t e  has t w i c e  as many 

r o o t s  as t h e  shrub s i t e .  The d i s t r i b u t i o n  i s  

q u i t e  d i f f e r e n t ,  w i t h  100% o f  t h e  grass r o o t s  

- 

- 

- 

- 

- 

10 JAN 27 GRASS 

2 A APR 8 GRASS 

3 0 MAR 18 SHRUB 

- 

- 4 0 APR i o  SHRUB 

I 1 1 I I I I I 
16 18 20 : 4 6 8 10  12 14 

above 1 m w h i l e  t h e  shrub s i t e  has 20% o f  t h e  

r o o t s  l o c a t e d  below 1 m. As expected, shrub 

r o o t s  appear t o  be d i s t r i b u t e d  r e 1  a t i  v e l y  

u n i f o r m l y  w i t h  depth. 

A composi te s o i l  sample c o l l e c t e d  near  t h e  

s u r f a c e  a t  t h e  grass s i t e  was analyzed i n  t h e  

l a b o r a t o r y  f o r  t h e  parameters i n d i c a t e d  i n  

T a b l e  4.1. 
V e g e t a t i o n  compos i t ion  and cover was e v a l -  

ua ted  by A r i d  Lands Ecology s t a f f  on March 18, 
1983. V e g e t a t i o n  was sampled by randomly 

p l a c i n g  a 0.2 x 0.2-in frame (Daubenmire 1959) 

a t  two l o c a t i o n s  i n  each 6 x 6-m p l o t  l o c a t e d  

w i t h i n  t h e  access w e l l  g r i d .  Tab le  4.2 l i s t s  

t h e  i d e n t i f i e d  spec ies  and t h e i r  r e s p e c t i v e  

cover  values. 

5 '  
x 
n 
n 

c 
W 

FIGURE 4.4. M o i s t u r e  D i s t r i b u t i o n  a t  T r a n s p i r a t i o n  S i t e s  
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TABLE 4.1. S o i l  P r o p e r t i e s  

C o n d u c t i v i t y  180 mmhos 

P a r t i c l e  d e n s i t y  2.74 g/cm3 

Perineabi 1 i t y  2.49 x cm/sec 

P a r t i c l e  s i  ze 80% sand, 17% s i l t ,  
d i s t r i b u t i o n  3% c l a y  

PH 7.5 

References 
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R. R. Kirkham. 1983. "A Labora to ry  and 
F i e l d  E v a l u a t i o n  o f  t h e  M o b i l i t y  of 
Cobal t-60/EDTA." Waste Management '83,  
ANS-83-01, Tucson, Ar izona.  

4.3 VEKIFICATION INSTRUMENT DEVELOPMENT 
(AR-05-15-15 - 80334) 

The object ioe of t h i s  research program i s  
t o  ~ r g a n i z e ,  apply, a d  develop, as required,  

instrumentat ion f o r  assaying the mdionuct ide  
content of waste packages r e c e i o d  bg land 
burial  operators ,  bcth t o  v e r i f y  the data 
p r o v i d d  by the  generator /s4 ippr  a d  t o  pro- 
v ide the  most accurate recorda possible  of 
buried materiats .  

Summary 

A r e p o r t  t i t l e d  "Massachusetts Low-Level 

R a d i o a c t i v e  Waste Management Survey" has been 

used as t h e  model f o r  average U n i t e d  S ta tes  

l ow- leve l  waste d i sposa l  package parameters.  

Froin t h i s  survey,  recommendations a re  g i ven  

f o r  t he  t y p e  o f  c o n t a i n e r s ,  t h e  m a t r i x  mate- 

r i a l s ,  and t h e  r a d i o n u c l i d e s  and t h e i r  con- 

c e n t r a t i o n s  f o r  f a b r i c a t i o n  o f  r a d i o a c t i v e  

waste package standards t o  be used f o r  assay 

i n s t  rument a t  i on c a l  i b r a t i  on. 

A rev iew o f  a l l  a v a i l a b l e  TRU assay i n -  

s t r u m e n t a t i  on technology has been completed, 

and rev iew o f  a l l  non-TRU techno logy  i s  

n e a r l y  complete. The recommended r a d i  oassay 

system w i l l  be g i ven  i n  t h e  f i n a l  r e p o r t .  

TABLE 4.2. Vege ta t ' on  Cover a t  Grass: S i t e  P l a n t  Count -per 0.04 m h 
Standard 

Species Average D e v i a t i o n  Range 
1. L i t t e r  61.5 17.7 31.5- 97.5 

2. Moss / l i chens  59.6 22.9 0 - 97.5 

3. Poa s a n b e r g i i  26.8 15.4 0 - 62.5 

4. Rromus tec to rum 34.7 22.3 2.5- 85.0 

5. Drdba verna 3.8 4.2 0 - 15.0 

6. Mushrooms 0.2 0.1 0 - 2.5 

7. Chor i  spora t e n e l  1 a 0.1 0.4 0 - 2.5 

8. T o t a l  l i v e  p l a n t s ( a )  125.5 18.9 92.5-175.0 

9. T o t a l  vascu la r  p l a n t s ( b )  65.9 19.6 20.0-115.0 

10. T o t a l  c o v e r ( a )  187.1 24.3 142.5-237.5 

- 

_--- 
( a )  T o t a l  l i v e  p l a n t s  = T o t a l  cove r  - L i t t e r .  
( b )  T o t a l  vascu la r  p l a n t s  = T o t a l  cover  - L i t t e r  - Moss/ l ichens.  
( c )  T o t a l  cover  = 1 t h rough  7. 
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Waste Rece ip t  I n s t r u m e n t a t i o n  Development 

The Oak Ridge Na t iona l  Labora to ry  Program 

Review Team has d i r e c t e d  t h a t  s tandard  waste 

packages should be f a b r i c a t e d  based on survey 

i n f o r m a t i o n  a v a i l a b l e  f rom EG&G, Idaho, 

r a t h e r  than on f i e l d  t e s t s  a t  a commercial 

waste d i sposa l  s i t e .  Th i s  survey i n f o r m a t i o n  

has been prov ided by EG&G i n  t h e  form o f  a 

f i n a l  r e p o r t  f ro in I n t e r / F a c e  Assoc ia tes ,  

Inc .  , t i t l e d  "Massachusetts Low-Level Radio- 

a c t i v e  Waste Management Survey." 

i n g  conc lus ions  are based on da ta  p resented  

i n  t h i s  r e p o r t .  

a w e l l  prepared and w e l l  admin i s te red  ques- 

t i o n n a i r e  froin In te r /Face .  That t h i s  
Yassachusetts data can he e x t r a p o l a t e d  t o  a 

na t i onw ide  average i s  not immedia te ly  ohv i -  

ous. 

w i  11 represent  ac tua l  packages o f  coinniercial 

l ow- leve l  r a d i o a c t i v e  waste, i t  i s  necessary 

t o  know 1) the  types  o f  waste c o n t a i n e r s  

used, 2 )  t h e  m a t r i x  m a t e r i a l  compos i t ion ,  and 

3 )  t h e  concen t ra t i ons  o f  s p e c i f i c  r a d i o i s o -  
topes present  i n  t h e  waste. 

t i o n  i s  a v a i l a b l e  o r  e x t r a c t a b l e  f rom t h e  

I n t e r / F a c e  r e p o r t .  

The I n t  e r / F  ace r e p o r t  gene r a t e d  separa te  

da ta  se ts  f o r  t he  yea rs  1979, 1980, and 1981. 

A l though some t rends  and s h i f t s  i n  d i sposa l  

p r a c t i c e s  are  apparent , t h e  same conc lus ions  

rega rd ing  s tandard  p r e p a r a t i o n  were ob ta ined  

from each data se t .  The r e p o r t  l i s t s  t o t a l  

volume o f  waste shipped and t h e  number o f  

sh ipp ing  c o n t a i n e r s  which a re  i d e n t i f i e d  as 

Type A and LSA 30- and 55-gal drums, s h i p p i n g  

casks w i t h  and w i t h o u t  d i sposab le  l i n e r s ,  and 

o t h e r  undef ined con ta ine rs .  Ry s u b t r a c t i n g  

t h e  known volume o f  drums and casks f rom t h e  

t o t a l  volume and d i v i d i n g  by t h e  number o f  

o the r  con ta ine rs ,  t h e  average vo lu iw  o f  

"o ther1 '  c o n t a i n e r s  i s  found t o  be g r e a t e r  

The f o l l o w -  

Those data are e x t r a c t e d  froin responses t o  

To prepare  s tandard  waste packages t h a t  

T h i s  in fo rma-  

than  128 ft3, t h e  volume o f  a 4 x 4 x 8 ft 

plywood box. Hence, it i s  assumed t h a t  most 

" o t h e r "  c o n t a i n e r s  are 4 x 4 x 8 f t  plywood 

boxes, w i t h  a few l a r g e r  boxes. There fore ,  

on t h e  average, -5O%, by volume, o f  t h e  waste 

i s  disposed o f  i n  plywood boxes, -33% i n  

55-gal drums, and -8% i n  30-gal drums, w i t h  

t h e  balance i n  sh ipp ing  casks and o the r  con- 

t a i n e r s .  Thus, t o  represent  imre than 90% o f  

t h e  waste, standards shou ld  be prepared i n  

4 x 4 x 8 ft plywood boxes, 55-gal drums, and 

30-gal drums. 

The cho ice  o f  m a t r i x  m a t e r i a l  i s  no t  as 

c l e a r l y  d e f i n e d  as t h e  c o n t a i n e r .  

f r a c t i o n s  o f  t he  t o t a l  waste a re  descr ibed as 

d ry  compressible,  d ry  noncompressible, l i q u i d  

s c i n t i  1 l a t i  on, s l u r r y / r e s i n s / s l u d g e s ,  evapo- 
r a t o r  concent ra tes ,  aqueous l i q u i d s ,  gaseous 

wastes, and "o ther . "  U n f o r t u n a t e l y ,  t h e  

" o t h e r "  ca tegory  comprises about 602 o f  t h e  

t o t a l  volume and n o n n e g l i g i b l e  f r a c t i o n s  o f  

t h e  t o t a l  a c t i v i t y .  Consequently, adequate 

i n f o r m a t i o n  i s  no t  a v a i l a b l e  t o  s imu la te  t h e  

preponderance o f  waste ma t r i ces ,  and even if 

i t  were, it would r e s u l t  i n  t o o  l a r g e  a num- 

ber  o f  permuta t ions  f o r  p r a c t i c a l  cons ide ra -  

t i o n s .  Hence, i t  i s  recommended t h a t  a 

m a t r i x  m a t e r i a l  w i t h  a d e n s i t y  near u n i t y  and 

a m a t r i x  m a t e r i a l  w i t h  a d e n s i t y  o f  about 2.5 

t o  s i m u l a t e  cement be used. F o r  l a c k  o f  be t -  

t e r  i n f o r m a t i o n ,  t h e  r a d i o a c t i v e  sp ikes  

shou ld  be homogeneously d i s t r i b u t e d  th rough-  

ou t  t h e  ma t r i x .  The low d e n s i t y  s tandards  

shou ld  be f a b r i c a t e d  i n  Ashland Chemical 

Company water-extended polymer (WEP-662-T) , 
Dow Cheini ca l  Company v i n y l  e s t e r - s t y r e n e  

polymer, General E l e c t r i c  Company Aztech rad-  

waste system p o l y e s t e r  monomer, o r  o the r  sim- 

i l a r  p o l y v e r i z a b l e  mono l i th .  The h ighe r  

d e n s i t y  standards can be f a b r i c a t e d  i n  t h e  

Wastechem VR@ System aspha l t  b inde r ,  

P o r t l a n d  cement, o r  masonry cement. 

S i g n i f i c a n t  

Q 

Q 
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A f u l l  l i s t  o f  a l l  r ad io i so topes  shipped 
f o r  d i sposa l  i s  g i ven  i n  t h e  In te r /Face  r e -  

p o r t .  Obviously,  i t  would no t  be prudent  t o  

f a b r i c a t e  standards o f  a l l  47 n u c l i d e s  

l i s t e d .  Hence, a l l  r ad io i so topes  f a l l i n g  

unequ ivoca l l y  i n t o  d i sposa l  c l a s s  A p e r  

10 CFR 61 a r e  d is regarded.  T h i s  c l a s s i f i c a -  

t i o n  can be made i n  most i ns tances  based on 

t h e  smal l  q u a n t i t i e s  disposed o f .  The re -  
ma in ing  a c t i v i t i e s  a r e  3H, 14C, 55Fe, 6oCo, 

"Sr, 137Cs, and t ransu ran ics ,  and these com- 

p r i s e  98.68% o f  t h e  t o t a l  a c t i v i t y  shipped. 

A t  t h i s  t ime, t h e r e  i s  no n o n d e s t r u c t i v e  

a n a l y t i c a l  techn ique capable o f  measur ing 3H, 
I4C, and 55Fe i n  a sealed waste package. 

Therefore,  standards shou ld  be f a b r i c a t e d  

c o n t a i n i n g  6oCo, 'OS,, 137Cs, and t r a n s -  

u r a n i c s  a t  concen t ra t i ons  comparable t o  those  

i n  ac tua l  commercial waste d i sposa l  packages. 

A rev iew o f  a l l  t h e  TRU waste assay t e c h -  

nology developed a t  ios Alamos Na t iona l  Labo- 

r a t o r y  has been completed. These assay meth- 

ods and those developed i n  our  l a b o r a t o r i e s  

have been eva lua ted ,  and a d e c i s i o n  has been 

reached on t h e  a p p r o p r i a t e  techno logy  f o r  

adap ta t i on  t o  a general  l ow- leve l  waste pack- 

age assay system. D e t a i l s  o f  t h i s  p o r t i o n  o f  

t h e  recommended assay techno logy  w i l l  be p re -  
sented i n  t h e  f i n a l  repo r t .  

and Opera t ion  of Nondes t ruc t i ve  S o l i d  Waste 

Measurement Systems a t  DNPDE has been ob- 

t a i n e d  f rom t h e  U n i t e d  Kingdom Atomic Energy 

A u t h o r i t y  and has been reviewed t o  eva lua te  

t h e  des ign  o f  s o l i d  waste management systems 

used i n  t h e  Un i ted  Kingdoin t o  c a t e g o r i z e  

wastes f o r  c o n t r o l  purposes. 

I n  a d d i t i o n ,  a document t i t l e d  The Design 

The f i n a l  non-TRU assay techno logy  eva lua-  

t i o n  i s  a l s o  n e a r l y  completed, and the  de- 

t a i l s  o f  t he  e n t i r e  r a d i o l o g i c a l  measurement 

p o r t i o n  o f  t h e  package assay system w i l l  be 

g i ven  i n  t h e  f i n a l  r e p o r t .  

4.4 MOBILITY OF ORGANIC COMPLEXES OF R A D I O -  

NUCLIDES I N  SOILS (AR-05-15-15 - 81034) 

The objective of this program is t3 de- 
velop and employ standard procedures for 
evaluativg how and to &at extent organic 
complexants affect the mobiZity of loo-level 
m s t e  rudionuclides in so i l s .  

Summary 

Evidence has been ob ta ined  f o r  t h e  sorp-  

t i o n  by some s o i l s  o f  some organ ic  complexant-  

metal  i o n  complexes themselves. In these 

systems, t h e r e f o r e ,  t h e  m i g r a t i o n  o f  t h e  

u n d i s s o c i a t e d  complexes w i l l  no t  occur a t  t he  

same r a t e  as t h e  m i g r a t i o n  o f  water,  as had 

been assumed p r e v i o u s l y .  Other r e s u l t s  em- 

phasized even more than  p r e v i o u s l y  t h a t  a l l  

o rgan ic  complexants should no t  be cons idered 

e q u a l l y  t roublesome i n  waste d i sposa l .  

S o r p t i o n  o f  Complexes 

Another mechanism o f  impor tance t o  r a d i o -  

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

t h e  metal  -complexant complex i t s e l f ,  has now 

been observed i n  some systems. Th is  observa- 

t i o n  means t h a t ,  i n  these systems, m i g r a t i o n  
o f  t h e  u n d i s s o c i a t e d  complex would = o c c u r  

a t  t h e  same r a t e  as t h e  m i g r a t i o n  o f  water,  

as had been assumed p r e v i o u s l y .  Th i s  obser-  

v a t i o n  i s  thus  very impor tan t .  

comes from t h e  d i f f e r e n t  r a t e s  o f  d e s o r p t i o n  

o f  t h e  r a d i o n u c l i d e  f rom t h e  s o i l  by a com- 

p l e x a n t  s o l u t i o n  when t h e  r a d i o n u c l i d e  has 

been sorbed by t h e  s o i l  i n  t h e  presence o r  

absence o f  complexant. Data ob ta ined  i n  t h e  

Ni/EDTA/ORNL s o i l  system a t  an EDTA concen- 

t r a t i o n  o f  3.5 x L a n d  a s o i l - t o -  

s o l u t i o n  r a t i o  o f  0.033 g/mL w i l l  be used t o  

i l l u s t r a t e  t h i s  evidence. 

The primary ev idence f o r  t h i s  phenomenon 
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When n i c k e l  was sorbed on to  t h e  s o i l  i n  

t h e  absence o f  EDTA, and EDTA was then added 

t o  the  s o l u t i o n ,  (2% o f  t h e  n i c k e l  was found 

i n  s o l u t i o n  a f t e r  4 and 32 days. Vhen t h e  

Ni-EDTA complex was a l lowed t o  form be fo re  

t h e  s o i l  was ddded, t h e  percentage o f  n i c k e l  

remain ing  i n  s o l u t i o n  dropped r a p i d l y  when 

the  s o i l  was added and then remained appar- 
e n t l y  cons tan t  f o r  severa l  weeks (32% of t h e  

n i c k e l  was found a f t e r  4 days and 34% a f t e r  

21 days). When most 3 f  the precornplexed 

s o l u t i o n  was then removed and f r e s h  EDTA 

s o l u t i o n  was added t o  the soi  1, t h e  remain ing  

n i c k e l  d i s t r i b u t e d  r a p i d l y  between the  s o l u -  

t i o n  and the  soi l  t o  g i v e  t h e  same r e s u l t  

( 3 7 %  o f  the remain ing  n i c k e l  was found i n  
s o l u t i o n  a f t e r  3 days and 31% a f t e r  11 days). 
I t  i s  concluded t h a t  the  r a p i d  d e s o r p t i o n  i n  

t h e  l a t t e r  case must be due t o  the  f a c t  t h a t  

t h e  sorbed n i c k e l  species i s  a N i -EDTA com- 

p l e x ,  r a t h e r  than an uncomplexed n i c k e l  spe- 

c i e s  as was sorbed i n  t h e  f i r s t  case. 

S o r p t i o n  o f  coinplexed p l a n t  m i c r o n u t r i e n t  

species by s o i l s  has been observed p r e v i o u s l y  

( V o r v e l l  and Lindsay 1969; N o r v e l l  and Lindsay 

1982), bu t  no evidence f o r  t h i s  e f f e c t  w i t h  

r a d i o n u c l i d e s  has been presented. The d i  s -  

t r i b d t i o n  c o e f f i c i e n t  f o r  the  Ni-EDTA complex 

on to  the  Oak Ridge s o i l  i s  about 60, which i s  

much h ighe r  than t h e  c o e f f i c i e n t s  o f  <1 c a l -  

ciil a ted  f o r  the  Fe-EDTA and Ca-EDTA complexes 

frorn t h e  data p resented  by N o r v e l l  and 

L indsay  (1982). 

A d d i t i o n a l  evidence f o r  t he  s o r p t i o n  o f  

N i -EDTA complex species by the  Oak Ridge s o i l  

was ob ta ined i n  two o t h e r  ways. I n  one, t he  

d i s t r i b u t i o n  c o e f f i c i e n t  f o r  n i c k e l  measured 

i n  precomplexed-type exper i  rnents was found t o  

decrease by only a f a c t o r  o f  3 when t h e  E9TA 

c o n c e n t r a t i o n  was increased by a f a c t o r  o f  

100. A much s t ronger  dependence o f  d i s t r i b u -  

t i o n  c o e f f i c i e n t  on complexant c o n c e n t r d t i o n  

i s  expected (and observed i n  o the r  systems) 

when t h e  uncomplexed r a d i o n u c l i d e  i s  t h e  

sorbed species.  Another obse rva t i on  t h a t  

p rov ided  evidence f o r  t he  s o r p t i o n  o f  N i -EDTA 

species was t h a t  t he  disappearance o f  I 4 C -  

l a b e l e d  EDTA frorn s o l u t i o n  was g rea te r  i n  t h e  

presence o f  n i c k e l  than i n  i t s  absence. 

The s o r p t i o n  o f  coinplexed r a d i o n u c l i d e  

spec ies  observed here must rep resen t  a 

pseudo-equi 1 i b r i  um s i t u a t i o n ;  w h i l e  t h e  con- 

c e n t r a t i o n s  appear t o  remain s t a b l e  over sev- 

e r a l  weeks, t h e  f a c t  t h a t  the  same s i t u a t i o n  

i s  =ach ieved ( i n  t h i s  t ime  p e r i o d )  where 

t h e  r a d i o n u c l i d e  i s  sorbed be fo re  complexant 

i s  added i n d i c a t e s  t h a t  a t r u e  e q u i l i b r i u m  

p o s i t i o n  has no t  been reached. The systems 

where t h i s  s o r p t i o n  occurs thus  appear t o  

p r o v i d e  o t h e r  examples o f  slow d i s s o c i a t i o n  
o f  t he  complexes i n t o  uncomplexed r a d i  onu- 

c l  i de and complexant. 

Evidence f o r  t he  s o r p t i o n  o f  complexed 

spec ies  has a l s o  been ob ta ined  i n  t h e  Co/ 

EDTA/ORNL s o i l  system, and perhaps a l s o  i n  

t h e  N i  /EDTA/Savannah R i v e r  system. Study o f  

t h i s  impor tan t  e f f e c t  i s  con t inu ing .  

Other R e s u l t s  

I n v e s t i g a t i o n s  i n  severa l  o t h e r  f a c e t s  of 

t h i s  problem have a l s o  y i e l d e d  i m p o r t a n t  

r e s u l t s .  These are  summarized below: 

1. Exper imenta l  evidence was ob ta ined  t o  

demonstrate t h e  r a p i d  disappearance o f  

c i t r a t e  f rom s o l u t i o n s  c o n t a c t i n g  s o i l s ;  

t h i s  disappearance had p r e v i o u s l y  been 

hypothesized. 

2. The NTA complex o f  n i c k e l  d i s s o c i a t e s  more 

r a p i d l y  i n  a Hanford  so i l / g roundwate r  sys- 

tem than do t h e  EDTA, DTPA, o r  HEDTA com- 

p lexes .  NTA-containing wastes would thus  

appear t o  be l e s s  o f  a d i sposa l  proble!n 

than those c o n t a i  n i  ny t h e  o t h e r  

complexants. 

Q 

Q 
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3. Three commercial decontaminat ion  s o l u t i o n s  

t h a t  had been used i n  decontaminat ion  

t e s t s  on the  f a i l e d  steam genera tor  f rom 

the  Surrey nuc lea r  power p l a n t  e x h i b i t e d  

g r e a t l y  d i f f e r e n t  c o b a l t - r e t a i n i n g  power 

when the  s o l u t i o n s  were cor l tac ted  w i t h  

s o i l .  Th i s  p rov ided  added emphasis t o  the  

e a r l i e r  conc lus ion  t h a t  a l l  o rgan ic  com- 

p lexan ts  should a be cons idered e q u a l l y  

t roublesome i n  waste d i sposa l .  
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4.5 GROUNDWATER TRANSPOKT MOOEL DOCUMENTR- 

T I O N  AND EVALUATION GUIDELINES 

(AR-05-15-15 - 80635) 

Thi s  program o i Z Z  devs13p stmdard guide- 
l i n e s  for t22e ,Incumentat ion and evaluation of 
poundwater trariaport m d e l s  t o  be cxpplied t o  
low-level  waste rnamgement. 

Summary 

Gui de l  i nes a re  be i  ng devel oped t o  a s s i s t  

p o t e n t i a l  users o f  groundwater t r a n s p o r t  

inodels i n  s e l e c t i n g  a p p r o p r i a t e  computer 

codes. E v a l u a t i o n  t e s t  cases i n  the  f o r m  o f  

a n a l y t i c a l  s o l u t i o n s  and exper imenta l  da ta  

se ts  a re  be ing  i d e n t i  f i e d  and recommended t o  

ensure adequate code s e l e c t i o n ,  hased on ac- 

c u r a t e  s imu l  a t i o n  o f  r e l e v a n t  fundamental 

p h y s i c a l  processes. Code s e l e c t i o n  depends 

on i d e n t i f i c a t i o n  of t h e  problem o b j e c t i v e s ,  

t h e  e x t e n t  o f  co l  1 e c t  i h l  e s i  t e -spec i  f i c data  , 

and development o f  a conceptual  rnodel f o r  t he  

s p e c i f i c  h y d r o l o g i c  system. Model e v a l u a t i o n  

takes  i n t o  account c e r t a i n  t e c h n i c a l  i ssues  

r e l a t e d  t o  the  l i m i t a t i o n s  i n  model ing 

capabi 1 i t i e s .  

Techn ica l  Progress  

Th is  program, which was o r i g i n a l l y  d i -  

r e c t e d  toward t r a n s p o r t  model documentat ion 

g u i d e l i n e s ,  was r e c e n t l y  r e d i r e c t e d  i n  

October 1982 t o  address i n s t e a d  model se lec -  

t i o n  by a p o t e n t i a l  user. The nerr d i r e c t i o n  

i s  expected t o  b e t t e r  meet the  model ing needs 

o f  t h e  Low-Level Waste Management Program. 

A l e t t e r  r e p o r t  ( A p r i l  1983) on s e l e c t i o n  

o f  exper imenta l  da ta  se ts  f o r  use i n  m d e l  

e v a l u a t i o n  d iscussed t h e  p r o j e c t ' s  mw empha- 

s i s .  That r e p o r t  p o i n t e d  ou t  t h a t  ground- 

water  t r a n s p o r t  model s e l e c t i o n  i s  p r i m a r i l y  

a model development problem, depending u l t i -  

mate ly  on t h e  study o b j e c t i v e s  o f  a p a r t i c u -  

l a r  b u r i a l  s i t e  ana lys i s .  A major purpose o f  

model s e l e c t i o n  g u i d e l i n e s  w i l l  be t o  ove r -  

come i n h e r e n t  l i m i t a t i o n s  o f  a gener i c  system 

model ing approach, when a p p l i e d  t o  s i t e -  

s p e c i f i c  problems. 
computer code, which i s  o f t e n  i n c o r r e c t l y  
t hough t  o f  as the  phys i ca l  model , a user  nus t  

t a k e  the  t e c h n i c a l  respons i  b i  1 i ty  o f  a c t u a l l y  

deve lop ing  a conceptual  model f o r  t h e  hydro-  

l o g i c  system invo lved .  The u s e r ' s  conceptua l  

model then guides the  appl i c a t i  on o f  chosen 

r e l e v a n t  groundwater f low and t r a n s p o r t  

codes. 5uch codes, once Selected, a re  t h e  

numer ica l  imp lementa t ion  o f  r e l e v a n t  b a s i c  

equat ions  deemed d e s c r i p t i v e  o f  fundamental 

p h y s i c a l  processes a c t i v e  a t  a sha l  l ow- land  

b u r i a l  s i t e .  To ensure t h a t  a c o r r e c t  con- 

cep tua l  model i s  developed and adequate 

assoc ia ted  codes a re  se lec ted ,  a user  must 

t e s t  t he  completed systems model a g a i n s t  

To  s e l e c t  an a p p r o p r i a t e  
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known p h y s i c a l  behav io r .  The known system 

behav io r  i s  expressed by v a r i o u s  exper imenta l  

d a t a  s e t s  d e p i c t i n g  fundamental p h y s i c a l  p r o -  
cesses a c t i n g  i n  a h y d r o l o g i c  system. Some 

s p e c i f i c  da ta  s e t s  f o r  t h a t  purpose were 

t h e r e f  o r e  i dent  i f i ed. 

B e f o r e  code s e l e c t i o n  can proceed, t h r e e  

p r e l i m i n a r y  s teps must be completed: 

i n i t i o n  o f  problem o b j e c t i v e s ,  2 )  c o l l e c t i o n  

o f  a l l  s i t e - s p e c i f i c  data, and 3)  development 

o f  a s i  te -spec i  f i  c conceptual  model . I d e n t i  - 
f i  c a t i o n  o f  a p p r o p r i a t e  equat ions  c o n s i s t e n t  

w i t h  t h e  conceptual  model I s  c o m p l e x i t y  then 

deter in iges t h e  s e l e c t i o n  o f  codes. T h i s  i s  

i n  c o n t r a s t  t o  a gener ic  systems model ap- 

proach, f o r  which t h e  "model" i s  e s s e n t i a l l y  

a l r e a d y  locked i n t o  a code. F i n a l  code 
s e l e c t i o n  i s  e s t a b l i s h e d  by p e r f o r m i n g  com- 

p a r i s o n s  a g a i n s t  a n a l y t i c a l  s o l u t i o n  and 

exper imenta l  t e s t  cases. F a i l u r e  i n  t h i s  
e v a l u a t i o n  inay r e q u i r e  m o d i f i c a t i o n  o f  t h e  

1) def-  

system c o n c e p t u a l i z a t i o n  o r  poss 

f o r  inore adequate codes. 

T h i s  s tudy has found t h a t  aqu 

r a t e d  zone) and u n s a t u r a t e d  zone 

c a l l  f o r  d i f f e r e n t  approaches as 

b l y  a search 

f e r  ( s a t u -  

t e s t  cases 

a r e s u l t  of 

h a v i n g  a r r i  ved a t  d i  f f e r i  ng l e v e l s  o f  concep- 

t u a l  p h y s i c a l  complex i ty .  I n  p a r t i c u l a r ,  

a q u i f e r  mode l ing  f o l l o w s  w e l l  e s t a b l i s h e d  

t h e o r y  n o t  r e q u i r i n g  repeated  v a l i d a t i o n .  

Unsatura ted  zone model ing,  however, i n c l u d e s  

many i n c o m p l e t e l y  unders tood phenomena t h a t  

must be s i n u l a t e d  i n  d e t a i l .  

A c e n t r a l  t h e s i s  o f  t h e  proposed gu ide-  

1 i nes i s  t h a t  adequate eva l  u a t i  on t e s t  cases, 

based on b o t h  a n a l y t i c a l  s o l u t i o n  and e x p e r i -  

mental data, must t a k e  i n t o  account c u r r e n t  

t e c h n i c a l  i s s u e s  on groundwater t r a n s p o r t  

model ing.  Those issues  express l i m i t a t i o n s  

on t h e  c u r r e n t  p h y s i c a l  t h e o r i e s  and model ing 

c a p a b i l i t i e s  (i.?., numer ica l  methods). Only 

by keep ing  those issues  i n  mind can a user  

v a l i d l y  assess t h e  p r e d i c t i v e  accuracy o f  a 

model and e s t a b l i s h  c r e d i b i l i t y  i n  i t s  

a p p l i c a t i o n .  

Many i s s u e s  f i r s t  r a i s e d  i n  an August 1982 

l e t t e r  r e p o r t  were f u r t h e r  d iscussed w i th  r e -  

gard  t o  exper imenta l  r e s u l t s  i d e n t i f i e d  i n  

t h e  A p r i l  1983 r e p o r t .  F o r  example, t h e  

problems o f  f i e l d - s c a l e  macrod ispers ion  and 

s o l u t e  m i g r a t i o n  d u r i n g  u n s a t u r a t e d  i n f i l t r a -  

t i o n  were g iven s p e c i a l  emphasis. Those two 
t e c h n i c a l  i s s u e s  a r e  n o t  e a s i l y  overcome and 

demand d i  f f e r e n t  mode l ing  approaches, depend- 

i n g  on t h e  s i m u l a t i o n  o b j e c t i v e s .  New t h i n k -  
i n g  on t h e s e  issues  c a l l s  f o r  a s t o c h a s t i c  

approach i n  many cases, f o r  ins tance.  Such 

an approach r e f l e c t s  t h e  i m p o r t a n t  i n f l u e n c e s  

o f  f i e l d  h e t e r o g e n e i t y .  

To p r o v i d e  a b e t t e r  r e f e r e n c e  case f o r  

e s t i m a t i n g  i n f i l t r a t i o n ,  a new program c a l l e d  

INFILlD was developed f o r  one-dimensional  , 
c o n s t a n t  s u r f a c e  f l u x  c o n d i t i o n s .  The i s s u e  

o f  scale-dependent d i s p e r s i o n ,  f o r  which d i s -  

p e r s i  v i  ty  ( s p r e a d i n g )  i n c r e a s e s  w i t h  s o l u t e  

t r a v e l  d is tance,  was addressed by p r e p a r i n g  

t h e  3-0 CFB aorden L a n d f i l l  t r a c e r  exper iment  

as a t e s t  case. That exper imenta l  d a t a  

demonstrates t h e  unexpected s o l u t e  d i s p e r s a l  

b e h a v i o r  t h a t  can occur even i n  an a p p a r e n t l y  

homogeneous hydro1 o g i c  system. 

Q 



5.0 REMEDIAL ACTION 

The objective of the Remedial Action Program at PNL i s  to support the 
Department of Energy’s Uranium Mill Tailings Remedial Action (UMTRA) 
Project. The aim of UMTRA is to provide remedial actions at 25 inactive 
uranium mill sites, and associated contaminated vicinity sites, to stabilize and 
control the tailings to the extent that radiological and nonradiological hazards 
from them do not exceed EPA standards for the protection of the public 
health, safety, and the environment. 
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5.0 REMEDIAL ACTION 

J. V .  Robinson - Program O f f i c e  Manager 

Program Managers: J.  N. H a r t l e y  and J.  L. B u e l t  

Ma jor  C o n t r i b u t o r s :  E.  G. Baker, S .  M. Barnes, P. A. Beedlow, 
H. D. Freeman, T. E.  Gates, G. W .  Gee, 
R. R. Kirkham, K. K. N ie lson ,  
V .  C. Rogers, S .  T y l e r  

5.1 RADON B A R K I E R  SYSTEMS FOR U R A N I U M  

MILL - TAILINGS (AH-10-15 - 80379) 

The overal l  ,objective of t h i s  program is 
t o  develop radon barrier  systems that w i l l  
.neet Environmental Protection Agency stan- 
d v d s ,  minimize the use of remedial ac t ion ,  
and renlaiv s tab le  f o r  a very long period,  in- 
e l id ing  development of supporting technology 
and engineering spec i f ica t ions .  

0 Radon d i f f u s i o n  c o e f f i c i e n t s  as a f u n c t i o n  

o f  s o i l  mo is tu re  s a t u r a t i o n  can be p re -  

d i c t e d  f o r  t y p i c a l  s o i l  cover m a t e r i a l s  

w i t h i n  a f a c t o r  o f  two. Fo r  w e l l  graded 

s o i l s  and s o i l s  sub jec ted  t o  h i g h  compac- 

t i o n ,  a d d i t i o n a l  work i s  needed t o  d e t e r -  

mine radon d i f f u s i o n  c o e f f i c i e n t s .  

0 Measurements on 20 o f f s i t e  s o i l s  ad jacen t  
t o  UMTKAP s i t e s  i n d i c a t e  t h a t  s o i l s  con- 
t a i n i n g  l e s s  than  30% c l a y  and t e s t e d  a t  

expected f i e l d  m i s t u r e  and compaction 
c o n d i t i o n s  w i l l  r e t a i n  l i m i t e d  amounts o f  

water  (0.4 s a t u r a t i o n  r a t i o )  on an average 

annual bas i s .  

0 D e t a i l e d  unsa tu ra ted  f l o w  model ing p r e -  

d i c t s  cover mo is tu re  con ten ts  f o r  l o n g -  

te rm pe r iods  based on c l i m a t i c  v a r i a b l e s ,  

w a t e r - r e t e n t i o n  c h a r a c t e r i s t i c s  o f  cover  

m a t e r i a l  , and es t ima ted  p lan t - cove r  char-  

a c t e r i s t i c s .  Model p r e d i c t i o n s  g e n e r a l l y  

agree w i t h  measured s o i l  cover mo is tu res  

a t  t h e  Grand Junc t i on  t e s t  s i t e .  

0 I n  some cases, s i m p l i f i e d  c a l c u l a t i o n s  us- 
i n g  a c l i m a t i c  index  can be used t o  make 

reasonable es t imates  o f  expected s o i l  

mo is tu re  values. 

0 Based on c a l c u l a t i o n s  o f  expected t a i l i n g s  

p i l e  se t t l emen t ,  it was concluded t h a t  t h e  

aspha l t  seal  should remain i n t a c t  f o r  a 

very l o n g  t ime. 

0 Rock covers used t o  s t a b i l i z e  radon covers 

d r a m a t i c a l l y  decrease t h e  l o s s  o f  wa te r  

from s o i l  covers.  However, t h e  use o f  
rock  covers i n  a d d i t i o n  t o  v e g e t a t i o n  may 

enhance es tab l i shmen t  o f  t h e  vege ta t i on  

and no t  i nc rease  t h e  water  con ten t  o f  t h e  

s o i l .  

0 The Grand J u n c t i o n  f i e l d  t e s t  s i t e  was 

v i s i t e d  i n  October. Measurements o f  radon 
f l u x ,  s o i l  mo is tu re  and dens i t y ,  and radon 

c o n c e n t r a t i o n  p r o f i l e s  i n  t h e  columns were 

completed. 

0 A l l  radon b a r r i e r  systems except t h e  un- 

compacted adobe c l a y  ear then cover  reduced 

t h e  radon f l u x  below t h e  EPA s tandard  o f  

20 pCi lm2-s.  

0 Kadon f l u x  measurement systems u s i n g  

va r ious  c o n f i g u r a t i o n s  were compared and 

c a l i b r a t e d  u s i n g  t h e  Bendi x " t h i n "  

source. E x c e l l e n t  agreement was o b t a i n e d  

between t h e  measured and t h e o r e t i c a l  radon 

f l u x e s  u s i n g  t h e  PNL f l ow- th rough  system. 
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Ear then Covers 

Radon D i f f u s i o n  i n  S o i l s  

The present  s t a t u s  o f  radon d i f f u s i o n  i n -  

f o r m a t i o n  i s  summarized i n  F i g u r e  5.1, where 

n e a r l y  100 d i f f u s i o n  c o e f f i c i e n t  ineasilreinents 

a r e  represented. 

u s i n g  20 western s o i l s  a t  v a r i o u s  m o i s t u r e s  

and compactions. The curve  r e p r e s e n t s  a 

b e s t - f i t  c o r r e l a t i o n  w i t h  t h e  data. Fo r  v a l -  

ues o f  m o i s t u r e  s a t u r a t i o n ,  m equal t o  0.4 

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

e f f i c i e n t ,  0 o f  0.018 cm / s ,  assuming a po- 

r o s i t y  o f  0.4. For  s i t e s  w i t h  these cond i -  

t i o n s ,  t o  meet a 20 pCi radon f l u x  
s tandard  t h e  expected cover  t h i c k n e s s e s  range 
f rom 1.4 t o  2.4 m (4.6 f t  t o  7.9 f t )  f o r  

t a i l i n g s  whose bar?-sur face  radon f l u x  l e v e l s  

range f rom 100 t o  300 pCi m-'s-'. I f  a v a l u e  

o f  0.2 i s  used f o r  in, then t h e  c o r r e l a t i o n  
2 g i v e s  a D o f  0.036 cm / s ,  f o r  a p o r o s i t y  of 

0.4. T h i s  va lue  i s  about o n e - t h i r d  o f  D f o r  

a i r .  A cover  t h i c k n e s s  o f  2.5 rll (8.2 f t )  

r e s u l t s  froin u s i n g  t h i s  D w i t h  a bare  f l u x  o f  

The measurements were inade 

2 

100 pCi/m2s. However, i n  p r e p a r i n g  t h e  sam- 

p l e s  f o r  t h e  da ta  i n  F i g u r e  5.1, very  l i t t l e  

e f f o r t  was expended i n  o b t a i n i n g  a good com- 

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

c h a r a c t e r i s t i c s  such as wide p a r t i c l e  s i z e  

d i s t r i b u t i o n .  Even so, i t  i s  observed t h a t  

t h e r e  a r e  da ta  p o i n t s  f o r  D l e s s  t h a n  

0.01 cm / s  w i t h  m as low as 0.2. P r e l i m i n a r y  

evidence suggests t h a t  i n c r e a s i n g  t h e  compac- 

t i o n  t o  a t  l e a s t  85% o f  P r o c t o r  r e s u l t s  i n  an 

2 

o v e r a l l  r e d u c t i o n  i n  D o f  about 1.5 f o r  w e l l -  

graded s o i  1 s. 

Long-Term Equi 1 i b r i m  M o i s t u r e  

The extreme s e n s i t i v i t y  o f  t h e  radon d i f -  
f u s i o n  c o e f f i c i e n t  t o  m o i s t u r e  c o n t e n t  d i c -  
t a t e s  t h a t  t h e  major  f a c t o r s  c o n t r o l l i n g  

m o i s t u r e  c o n t e n t  i n  s o i l  must be c o n s i d e r e d  

i n  p r e d i c t i n g  radon a t t e n u a t i o n  c a p a c i t i e s  

o f  e a r t h e n  cover  systems. The two major  f a c -  

t o r s  t h a t  must be accounted f o r  a r e  c l i m a t i c  

m o i s t u r e  c o n t r o l s  and s o i l  p r o p e r t y  c o n t r o l s .  

The seasonal v a r i a t i o n s  i n  m o i s t u r e  c o n t e n t  

due t o  c l i m a t i c  f a c t o r s  ( p r e c i p i t a t i o n ,  
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FIGURE 5.1. E f f e c t  o f  M o i s t u r e  Content on Radon A t t e n u a t i o n  
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evapora t ion ,  p lan t -wa te r  e x t r a c t i o n )  gener- 

a l l y  d i c t a t e  t h e  expected l ong - te rm cover 

water  conten ts .  

A l l  bu t  two UMTKAP s i t e s  (Canonsburg, 

Pennsylvania,  and F a l l s  C i t y ,  Texas) can be 

grouped i n t o  t h r e e  general  reg ions  based on 

c l i m a t e  and geography: t h e  Colorado P la teau,  
t h e  West Slope o f  t h e  Rocky Mountains, and 

t h e  Nor thern  Sreat  P1 a i  ns. 

The Colorado P la teau s i t e s  (Grand Junc- 

t i o n ,  Green R ive r ,  Tuba Ci ty,  Sh ip rock ,  

Monument Va l l ey ,  Mexican Hat, S l i c k  Rock, 

Ambrosia Lake) have annual p r e c i p i t a t i o q  

rang ing  f rom 15 cm a t  Monument Va l l ey ,  

Ar izona, and Shiprock,  New Mexico, t o  28 cm 

a t  S l i c k  Rock, Colorado. Frequency o f  r a i n  

events v a r i e s  cons ide rab ly  a t  these s i t e s ,  

b u t  summers w e  ho t  and p r e c i  p i  t a t i  on i s  

s u f f i c i e n t l y  low t h a t  p l a n t  cover i s  r e l a -  

t i v e l y  sparse, w i t h  water  be ing  t h e  major 

l i m i t i n g  f a c t o r  f o r  growth. 

t h a t  s o i l s  t h e r e  become so d ry  t h a t  p l a n t s  

w i l t  th roughout  t h e  r o o t  zone d u r i n g  much of  

t h e  yea r  and t h a t  es t imates  o f  average water 

con ten ts  cou ld  be made by de te rm in ing  t h e  

s o i l  water  conten ts  a t  p l a n t  w i l t i n g  ( t y p -  

i c a l l y  es t ima ted  by a l a b o r a t o r y  measurement 
o f  t he  w a t e r  r e t a i n e d  i n  s o i l  a t  1 5  bars  
a p p l i e d  pressure) .  F i e l d  measurements made 

i n  September-October 1982 a t  Grand Junc t i on ,  

Sh ip rock  and M o n t i c e l l o  y i e l d e d  water  con- 

t e n t s  o f  0.24, 0.14 and 0.18, r e s p e c t i v e l y .  

Labora td ry  measurements on these samples 

y i e l d e d  imoisture s a t u r a t i o n s  a t  15 bars  of 

0.34, 0.14, 0.26. 

It i s  expected 

The West Slope s i t e s  (Gunnison, Durango, 

R i f l e ,  N a t u r i t a ,  Maybe l l ,  S a l t  Lake, Lakeview 

and Lowman) g e n e r a l l y  have moderate p r e c i  p i -  
t a t i o n ,  rang ing  f rom 28 cm a t  Sunnison and 

R i f l e  t o  57 crn a t  Lowman. No general  con- 

c l u s i o n s  can be made about t h e  c l i m a t e  a t  

these s i t e s  except t h a t  evapora t i on  cond i -  

t i o n s  a re  s u f f i c i e n t l y  severe a t  most t h a t  
p lan t -wa te r  removal dep le tes  t h e  r o o t  zone t o  

w i l t i n g  c o n d i t i o n s  a t  l e a s t  d u r i n g  t h e  summer 

months. The water  con ten ts  a t  these s i t e s  

a re  expected t o  range between a f i e l d  capac- 

i t y  and w i l t i n g  p o i n t  t h a t  can be es t ima ted  

f o r  most s o i l  t ypes  t o  l i e  between t h e  water 

con ten ts  h e l d  a t  0.3 bar and 15 bar  a p p l i e d  

pressure.  

t h e  Nor the rn  Great P l a i n s  s i t e s  (R ive r ton ,  

Spook, Bowman and B e l f i e l d ) .  

pa ted  t h a t  most a v a i l a b l e  cover m a t e r i a l s  

w i l l  have s u f f i c i e n t  c l a y  con ten t  t h a t  t he  

water con ten ts  h e l d  a t  0.3 bar a p p l i e d  pres-  

sure  would approximate t h e  upper l i m i t  of 

s t o r e d  water  and t h a t  t h e  lower  l i m i t  would 

be equal t o  o r  l e s s  than t h e  water  h e l d  a t  

15 bars  a p p l i e d  pressure .  

i n  October 1982 a t  R i v e r t o n  y i e l d e d  an m o f  

0.45. The cor respond ing  l a b o r a t o r y  measure- 

ment a t  15 bars  y i e l d e d  a va lue  o f  0.24 

f o r  m. 

S i m i l a r  general  statements can be made f o r  

It i s  a n t i c i -  

F i e l d  measurements 

A s i n g l e  se t  o f  obse rva t i ons  o f  imoisture 

con ten t  i n  a cover  f o r  a g i ven  t ime  p rov ides  

o n l y  a very l i m i t e d  b a s i s  f o r  de te rm in ing  t h e  

l ong - te rm mo is tu re  conten t ,  which w i l l  u l t i -  
ma te l y  c o n t r o l  radon d i f f u s i o n .  M o i s t u r e  

con ten t  i n  cover s o i l s  v a r i e s  i n  t ime; hence, 

a comprehensive a n a l y s i s  r e q u i r e s  ex tens i ve  

repeated  s e t s  o f  measurements o f  water  con- 

t e n t  over a p e r i o d  o f  years.  

Computer mode l ing  p rov ides  a u s e f u l  t o o l  

f o r  p r e d i c t i n g  water  movement and s to rage  i n  

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

qu i  r e s  c l  i m a t i c  v a r i a b l e s  ( p r e c i p i t a t i o n ,  

temperature,  h u m i d i t y )  as w e l l  as p l a n t  

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

p r o p e r t i e s .  
S i m u l a t i o n  o f  water  w i thdrawal  by p l a n t s  

i n  t h e  t o p  1.0 m o f  a s o i l  cover  u s i n g  t h e  

UNSAT water  f l o w  s i m u l a t i o n  demonstrated t h a t  
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p l a n t s  cou ld  s i g n i f i c a n t l y  a f f e c t  t h e  mois- 

t u r e  s a t u r a t i o n  l e v e l  th roughout  t h e  r o o t  

zone. 5 i m u l a t i o n s  o f  over 5 yea rs  o f  c l i -  

ma t i c  v a r i a t i o n s  a t  Grand J u n c t i o n  i n d i c a t e  

t h a t  s o i l s  can d ry  t o  s a t u r a t i o n  l e v e l s  of 
l e s s  than  0.3 t o  depths exceeding 1 m. F i e l d  

da ta  f rom the  1981 ear then cover t e s t  s i t e  a t  

Grarld J u n c t i o n  s u b s t a n t i a t e  t h e  UNSAT model 
s i m u l a t i o n s  and f u r t h e r  i n d i c a t e  t h a t  d r y  

s o i l  p laced uncompacted on t h e  p i l e  e x h i b i t s  
l i t t l e  mo is tu re  con ten t  change w i t h  depth 

(except  a t  t h e  su r face ) .  I t  should be no ted  

t h a t  f o r  t he  1981 f i e l d  t e s t ,  t he  ear then 

cover p l o t s  were n e a r l y  bare o f  vege ta t i on ,  

and hence are  no t  an u l t i m a t e  t e s t  f o r  t h e  

maximum s o i l  d r y i n g  expected a t  t h i s  s i t e .  

opment Program, PNL and Rogers Assoc ia tes  

Eng ineer ing  ( R A E )  are j o i n t l y  deve lop ing  

semi -empi r i  ca l  eng i  n e e r i  ng techn iques  f o r  
e s t i m a t i n g  long- te rm s o i l  mo is tu res  a t  UMTRAP 

s i t e s .  P r e l i m i n a r y  e f f o r t s  have been r e -  

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

400 s o i l  samples ob ta ined  from u n d i s t u r b e d  

s o i l s  a t  uranium min ing  reg ions  i n  t h e  West- 

e rn  U n i t e d  Sta tes .  The s imp le  c o r r e l a t i o n  

g i ves  long- te rm s o i l  mo is tu res  rang ing  f rom 

m 0.2 t o  0.6. 

As p a r t  o f  t he  present  Technology Devel-  

They were based upon over 

Ex tens ion  o f  t h i s  work has l e d  t o  develop- 

ment o f  an A r i d i t y  Index, which i s  a s l i g h t  

m o d i f i c a t i o n  o f  t he  Thorn thNa i te  M o i s t u r e  

Index. The 4 r i d i t y  Index i s  t h e  p o t e n t i a l  

evapora t i on  (PE) minus t h e  p r e c i p i t a t i o n  (P) 

t imes t h e  f r a c t i o n a l  PE ( i .e.,  PE/100). 
The A r i d i t y  Index i s  used i n  r e l a t i o n  t o  

s o i l  t e x t u r e  t o  es t ima te  t h e  water  con ten t  o f  

t h e  cover. S o i l  t e x t u r a l  r e l a t i o n s h i p s  (pe r -  

cen t  c l a y  con ten t )  can a i d  i n  e s t i m a t i n g  

expected long- te rm ino is tu re  conten ts .  The 

re1  a t i  onshi  ps can be based on t y p i c a l  wa te r  

r e t e n t i o n - t e x t u r a l  c h a r a c t e r i s t i c s  s i m i l a r  t o  

those desc r ibed  i n  s o i l  l i t e r a t u r e .  Rased on 

p r e l i m i n a r y  es t ima t ions ,  t he  r e 1  a t i o n s h i p  

i n d i c a t e s  t h a t  f o r  s i  t e s  whose A r i d i t y  Index 

i s  above 15 the  mo is tu re  s a t u r a t i o n  w i l l  be 

below 0.4 f o r  a l l  bu t  s o i l s  o f  very h i g h  c l a y  

conten t .  Table 5.1 shows t h a t  s i x  o f  t h e  

n i  ne h i  gh -p r i  o r i  t y  UMTKAP s i  t e s  have A r i d i t y  

I n d i c e s  above 15; thus,  t h e i r  expected l ong -  

te rm values f o r  m w i l l  be below 0.4. A l -  

though these r e l a t i o n s h i p s  w i l l  p robab ly  be 

m o d i f i e d  somewhat by compaction, s p e c i f i c  

c l a y  types  and p l a n t  cover, a general  r e l a -  

t i o n s h i p  o f  t h i s  na tu re  appears t o  be a use- 

f u l  way t o  es t ima te  expected radon d i f f u s i o n  

c o e f f i c i e n t s  f o r  cover s o i l s .  A d d i t i o n a l  

work w i l l  be needed t o  de termine whether wide 
ranges i n  p a r t i c l e  s i z e  d i s t r i b u t i o n ,  i . e . ,  

l a r g e  geomet r ic  s tandard  d e v i a t i o n s  (GSDs), 

w i l l  mod i fy  t h e  expected r e l a t i o n s h i p s .  

L o n g - T e n  Ear then Cover S t a b i l i t y  

Cons ide ra t i on  was g iven t o  t h e  expected 

s e t t l e m e n t  o f  a t a i l i n g s  p i l e  r e s u l t i n g  f rom 

t h e  a d d i t i o n  o f  a 3 f t - t h i c k  ear then cover.  

I n  t h e  UMTKAP Technology Development Report  

t o  t h e  TAC (Techn ica l  Ass is tance C o n t r a c t o r ) ,  

J u l y  1982, Colorado S t a t e  U n i v e r s i t y  (CSU) 

had p rov ided  c a l c u l a t i o n s  f o r  t h e  p r e d i c t e d  

se t t l emen t  o f  a t h e o r e t i c a l  t a i l i n g s  p i l e  

(Appendix A). 

40 f t -deep  impoundment, and a u n i t  weight,  

yc = 125 p c f ,  f o r  t he  10 f t - t h i c k  ear then 

cover. The t a i l i n g s  were composed o f  60% 

sands and 40% sl imes. Set t lement  r e s u l t i n g  

f rom add ing  t h e  1 0 - f t  cover  was 9 in. ,  and an 

a d d i t i o n a l  8 i n .  r e s u l t e d  f rom dra inage o f  

t h e  p i l e .  

3 - f t  cover w i t h  a u n i t  we igh t  o f  yc = 

100 p c f ,  C. F. Voss had c a l c u l a t e d  a t o t a l  

se t t l emen t  o f  10.5 i n .  

The c a l c u l a t i o q s  had assumed a 

A d j u s t i n g  t h e  parameters f o r  a 
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S i t e  

Colorado 
Durango 
Grand Junction 
Gunni son 
Ri f le  (1 ,% 2 )  

New Mexico 
Shiprock 

Pennsylvania 
Canonsburg 

Utah 
Sa l t  Lake City 

Idyoini ng 

Ri verton 

5.5 

UMTRAP High-Priority S i t e  Climatic Indices 

( P )  
Annual 

cm 
Preci p i t  a t  i on, 

( P E )  
Potential  

Evaporation, 
cm 

47 
21 
28 
28 

15 

93 

38 

22 

Through re la ted  rlork t h i s  past summer, i t  
was shown t h a t  the settlement predicted by 
CSU was incor rec t ;  hence, t h i s  e r ro r  would 
a l so  hold for  the settlement calculated by 
C .  F. Voss. Using the simplified unsaturated 
consolidated approach previously ve r i f i ed ,  
CSU and PNL assumptions dnd r e su l t s  were com- 
pared as shown in Table 5.2 

s u l t s  derive from the following: 
1. Using the formulation previously devel- 

These s igni f icant  variations beheen re- 

oped, i t  i s  shown t h a t  H should be the 
t o t a l  p i l e  depth. An  underestimate of t he  
expected se t t l eqen t  by 50% would r e su l t  i f  
H i s  inadvertently used as one-half t h e  
p i l e  depth. I n  addition, i f  the time r a t e  
of settlement of the t a i l i n g s  p i l e  com- 
posed of slimes/clays i s  of concern, the 
number o f  drainage faces i s  the lnost i m -  
portant condition influencing the s e t t l e -  
ment. I f  the  pore water i s  f ree ly  flowing 
from both the upper and  lower faces of the 

2. 

3 .  

58 

74 
55 
63 

62 

51 

71  

57 

Aridity Index, 
(PE-P)(?E/lOO) 

+6 

+39 
+15 

+22 

+29 

0 

+2 3 

+20 

p i l e ,  the maximum drainage distance i s  
one-half the thickness of the layer.  
However, u t i l i z i n g  underdrains and a cover 
on the p i l e ,  the maximum distance which 
pore water inust flow i s  equal t o  the  
thickness of the layer. Hence, H s h o u l d  
be the  to t a l  p i l e  depth. 
Without d i f f e r ing  material properties 
between layers ,  which would then require 
the summing of sett lements,  a layering 
approach should not be used. Mathemat- 
i c a l l y ,  t h i s  i s  subs tan t ia ted  since the 
sum of the logs does not equal the log of 
t he  sum. Settlement due t o  the cover load 
varies s ign i f i can t ly ,  depending on the 
approach taken. 
Since the t a i l i n g s  are drained, a more re- 
a l i s t i c  assumption is  t o  assume t h a t  t he  
average pore water pressure ( u a - ~ )  i s  
somewhat grea te r  than the average water 
pressure in a p i l e  whose base i s  a t  the 
water t ab le .  This is  subs tan t ia ted  by the  
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TABLE 5.2. Comparison o f  T a i l i n g s  P i l e  Set t lement  C a l c u l a t i o n s  Made by CSU and PNL 

Assumptions Resu l ts ,  i n .  
Set t lement  c su PNL csu PNL - - 

Case 1: 60% Sands/40% Sl imes 
Cover l o a d  2 Layers 1 Layer 9 5 

Depth o f  p i l e  - 40 ft H = 20 f t  H = 40 f t  

Cover th i ckness  - 10 ft Drainage = 1 ps i  (P~-u,,,)~ = 16 p s i  - 8 - 1.8 

T o t a l  17 6.8 

Case ?: 100% Sli ines 
Cover l oad  2 Layers 1 Layer 21 6.9 

Depth o f  p i l e  - 40 ft 

Cover th i ckness  - 10 f t  Drainage ( u a - ~ I 0  = 1 p s i  = 16 Psi 32 - 6.5 

T o t a l  53 13.4 

H = 20 f t  H = 40 f t  

t e s t  da ta  used by CSU. F o r  t a i l i n g s  whose 
pore  Mater p ressure  i s  more than 8 t o  

10 p s i ,  c o n s o l i d a t i o n  due t o  d ra inage i s  

very  s l i g h t  (Sher ry  1382). The pore water  

p ressure  o f  a1 1 d r a i  ned t a i  1 i ngs p robab ly  

exceeds 10 p s i  except a t  t he  V i t r o  s i t e  a t  

S a l t  Lake City, where a permanent s h a l l o u  

water  t a b l e  p e r s i s t s  i n  the  p i l e .  

Using the  c o n s o l i d a t i o n  equa t ion  p r e v i -  

o u s l y  v e r i f i e d ,  expected se t t l emen t  f o r  a 

3 - f t  cover,  u n i t  we igh t  yc = 125 p c f ,  w i l l  be 

2.3 i n .  

100 p c f  i s  used, t h e  expected se t t l emen t  w i l l  
be 2.0 in., a s i g n i f i c a n t  d i f f e r e n c e  f rom t h e  

10.5 i n .  p r e v i o u s l y  repor ted .  

I f  a cover u n i t  we igh t  o f  yc = 

R ive r ton .  An RFP was i ssued  f o r  t h e  fo rmula-  
t i o n  work, and a subcont rac t  was i ssued  t o  

Pet ro leum Sciences, Inc., o f  Spokane, Wash- 

i ngton. Samples o f  t y p i c a l  aggregates were 

ob ta ined  from t h e  f i v e  s i t e s .  Aspha l t  emul- 

s ions  Mere ob ta ined  by Pet ro leum Sciences 

f rom s u p p l i e r s  near t h e  s i t e s .  

Pet ro leum Sciences i s  c u r r e n t l y  t e s t i n g  

v a r i o u s  asphal t / a g g r e g a t e  f o r m u l a t i o n s  f o r  

each s i t e  t o  see i f  they  meet s p e c i f i c a t i o n s  

developed by PNL i n  FY 1982. PNL w i l l  l a t e r  

e v a l u a t e  t h e  e f f e c t i v e n e s s  (radon d i f f u s i o n  

c o e f f i c i e n t )  o f  each s i t e - s p e c i f i c  admix. 

Long-Term Aspha l t  S t a b i l i t y  

Aspha l t  :overs Wi th  t h e  l i t e r a t u r e  rev iew completed, a 

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

o f  t h e  aspha l t  admix seal  i s  be ing  w r i t t e n .  

Consi d e r i  ng t h e  work performed by t h e  Uni - 
v e r s i t y  o f  New Mexico and PNL, a long w i t h  t h e  

s e t t l e m e n t  c a l c u l a t i o n s  (2.0-2.3 in.),  t h e  

aspha l t  admix sea l  would be expected t o  pe r -  

fo rm adequate ly  as designed. 

Fo rmu la t i on  Ana lys i  s 

The purpose o f  t h i s  task  i s  t o  develop and 

t e s t  s i  t e -spec i  f i c  aspha l t / agg rega te  fo rmu la -  

t i o n s  f o r  f i v e  h i g h - p r i o r i  ty s i tes - -Grand 

Junc t ion ,  S a l t  Lake C i t y ,  Durango, R i f l e  and 
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4 Long-Term S tab i l i za t ion  

Revegetation and Rock Covers 

The objective of t h i s  t a s k  i s  t o  e s t ab l i sh  
guidelines t o  aid in designing surface s t a -  
b i l i za t ion  systems t h a t  include rock and 
vegetation covers. Research has centered on 

1)  evaluating the in te rac t ions  between vege- 
t a t ion  and radon/biological ba r r i e r s ,  2 )  de- 
termining the  e f f ec t s  of surface covers on 

so i l  moisture, and 3 )  examining the e f f e c t s  
of  rock covers on vegetation establishment 
and growth. 

The f i r s t  two quar te rs  of FY 1983 have 
been spent analyzing data co l lec ted  during 
the 1982 growing season. Prel i mi nary r e su l t s  
of a study conducted a t  the  San Juan Mine in 
Northwest New Mexico will  be described along 
with a summary of a lysimeter study conducted 
a t  Hanford. 

The t e s t  plot constructed a t  the San Juan 
Mine was designed t o  provide information on 

the  in te rac t ion  between rock covers and vege- 
t a t ion  and on the e f f e c t s  surface covers have 
on so i l  moisture. 

Preliminary r e su l t s  suggest tha t  rock cov- 
e r s  favor the establishment of shrubs and 
forbs i i  contrast  t o  soil-only treatments,  
which favor grass establishment. This sug-  
ges t s  t h a t  when rock covers are applied t o  
t a i l i n g s ,  vegetation consisting of deep- 
rooted shrubs and forbs can be expected t o  
become established. If shallow-rooted 
grasses are desi red, good-qual i t y  soi 1 f r ee  
of stones should be emplaced. No d i f fe rences  
in so i l  moisture were observed between vege- 
t a t ion  and vegetation plus rock treatments. 

Lysimeter Study 

Simulations of moisture movement through 
t a i l i n g s  and cover layers (Mayer e t  a l .  1981) 
suggest t ha t  d i f f e ren t  surface covers lead t o  
d i f f e ren t  degrees of moisture retention in 
the  covered t a i  1 i ngs pi l e .  
t ion  from a vegetated cover in semiarid areas 
can r e su l t  in a r e l a t ive ly  s t ab le  moisture 
content. A rock cover may increase the mois- 
t u re  content o f  the t a i l i n g s  p i l e  by s i g n i f i -  
cantly reducing evaporation. The purpose of 

Evapotranspi ra- 

t h i s  study was t o  examine the ef 
face covers on so i l  water loss .  
from lysimeters covered with var 
and amounts of rock, vegetation, 
plus vegetation was compared t o  
bare s o i l .  

e c t s  of sur- 
Water l o s s  
ous types 
and rock 
oss from 

Rock s i ze  and application r a t e  had l i t t l e  
e f f ec t  on so i l  water loss .  However, vegeta- 
t ion  s ign i f i can t ly  increased water loss rela- 
t i v e  t o  bare so i l  and rock-only cover t r e a t -  
ments (Figure 5.2).  Vegetation-plus-rock 
treatments resulted i n  water loss s imi la r  t o  
vegetation-only treatments. Rock covers 
without vegetation dramatically reduced water 
1 oss. 

The r e su l t s  of t h i s  study support the  
findings of simulation s tudies  on the e f f e c t s  
of rock and vegetative covers on uranium mill 
t a i l i n g s  (Mayer e t  a l .  1981). Rock covers 
reduce so i l  water loss dramatically and could 
lead t o  water accumulation and drainage from 
a waste burial/uranium t a i l i n g s  s i t e .  

f a c i l i t a t e  s imi la r  ra tes  of water loss as 
vegetation covers. Radon ba r r i e r s  (covers )  
covered r r i t h  a rock-plus-vegetation cover a re  

Rock covers t ha t  are revegetated appear t o  
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FIGURE 5.2. Effects of Vegetation and Rock Covers on Yoisture Loss f r o m  Soil 

n o t  l ike ly  to  lead t o  moisture accumulation 
higher than tha t  on the  surrounding so i l  un-  
l e s s  a water catchment s t ruc tu re  i s  created 
in the cover. 

The iinpli cation to  inanageinent of uranium 
t a i l i n g s  s i t e s  i s  t h a t  in areas where vegeta- 
t ion  i s  too sparse (extremely arid regions) 
to s t a b i l i z e  the cover material ,  combinations 
of rock plus vegetation will provide addi- 
t ional erosion protection while preventing 
inoisture accumulation. I n  some areas rock 
covers may enhance vegetation establ i shinent 
and growth. The  rough surface of the rock 

cover may benefit  seed germination by pro- 
viding favorable microsites for  seeds. 
covers Will reduce evaporation dnd conse- 
quently more water will be ava i lab le  for 

plant growth. 

Rock 

Field Test blonitoring 

S i t e  V i s i t s  and Monitoring 

The Grand Junction f i e l d  s i t e  was v is i ted  
ddring October 15-19, 1982. Ac t iv i t i e s  in- 
cluded measurernent of radon f luxes ,  co l lec-  
t ion  of surface and subsurface so i l  samples 

fo r  moisture and bulk-density determinations, 
neutron and density probe ca l ib ra t ion  aQd 
measurement o f  radon concentrations i n  the 
t e s t  columns. Field inoisture and density 
measurements were made using neutron and 
gamma downwell probes. S i t e  construction 
consisted of i n s t a l l i n g  two phone l i nes  in to  
the dccess column, one of which i s  cur ren t ly  
hooked t o  the CR5 datalogger. Soil tempera- 
t u re  and moisture data are accessed from 
Ri chl and vi a the phone l ines .  

15-cm gel mix p lo t ,  half of the asphalt  t e s t  
points,  and a l l  of the  earthen cover t e s t  
points.  Results a re  sumar ized  in Table 5.3. 

All of the  earthen covers show an increase 
in radon f lux  over measurements taken in July 
1982. This increase i s  thought t o  be due t o  
advective t ranspor t  of radon by water in the 
t o p  layer of s o i l ,  which i s  more moist in 
October than in July. The asphalt  emulsion 
ba r r i e r  shows a net decrease in f lux  d u r i n g  
October, which i s  a t t r i bu ted  t o  the fac t  t ha t  
only half of the area was monitored. The 
asphalt  area next t o  the multi layer ba r r i e r ,  
which in the  past has had the  highest f l ux  
values, was no t  monitored during t h i s  trip. 

Radon f lux  measurements were made on the  
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TABLE 5.3. Average Radon F l u x  f rom FY 1981 
F i e l d  Test S i t e  - October 1982 

Average 
October 1982 Change 
Radon F luxes ,  From J u l y  

Radon B a r r i e r  p c i  m-2s-1 1982, % 

Mancos sha le  1.7 t 1.2 +240 

B e n t o n i t e  c l a y  11.3 f 7.2 t 7  1 

Compacted adobe 9.8 t 5.4 t172  

Adobe 28.4 f 18.3 t255 

Aspha l t  emulsion 0.9 t 1.5 -40 

M u l t i l a y e r  15-m 6.0 i 5.6 0 
gel  m i x  

There fo re  t h e  average f l u x  values were lower  

d u r i n g  October. The column t e s t s  were a l s o  
mon i to red  d u r i n g  t h e  October t r i p .  Radon 

f l u x  measurements were inade over  12-hr p e r i -  

ods, and t h e  r e s u l t s  a re  shown i n  Table 5.4. 

Neutron probe c a l i b r a t i o n s  were completed, 

and da ta  froin column t e s t s  and f i e l d  p l o t s  

were analyzed. Y o i s t u r e  p r o f i l e  da ta  were 

prepared f o r  the f i e l d  t e s t  t o p i c a l  repo r t .  

The da ta  i n d i c a t e  t h a t  q o i s t u r e  con ten t  

changes w i t h  t ime  a t  t he  f i e l d  s i t e  have been 

minor  except i n  the  top  1 m o f  cover.  Only d 

slow r a t e  of water inovement i s  apparent i n  

t h e  wetted, compacted s o i l  p laced a t  depth  
(below 1.8 m) i n  t h r e e  o f  the f o u r  ear then 
cover t rea tments .  Since t h e r e  i s  l i t t l e  

TABLE 5.4. Average Radon F l u x  froln 
Column Tes ts  - October 1982 

October 1982 
Avg. Radon F l u x ,  

Solumn pc i  m-2s -1  

E C 1  Mancos sha le  19.1 t 7.1 
EC2 b e n t o n i t e  c l a y  15.6 k 8.4 

EC3 compacted adobe 38.8 t 10.8 

EC4 adobe 40.3 t 8.6 

M 1  m u l t i l a y e r  4.6 i 1.4 

M2 m u l t i l a y e r  6.4 6.5 

A aspha l t  emuls ion  1.6 0.1 

v e g e t a t i o n  cover  on t h e  p l o t s ,  i t  i s  expected 

t h a t  severa l  yea rs  w i l l  e lapse be fo re  s i g -  

n i f i c a n t  d r y i n g  occurs i n  t h e  lower  l aye rs ,  

p r i m a r i l y  because o f  t he  very low h y d r a u l i c  

c o n d u c t i v i t y  o f  t he  o v e r l y i n g  d r y  adobe c l a y  

and t h e  r e l a t i v e l y  low c o n d u c t i v i t y  o f  t h e  

compacted l aye rs .  

C a l i b r a t i o n  o f  Radon F l u x  Measurement 

Systems 

D u r i n g  t h e  s i t e  v i s i t  t o  Grand J u n c t i o n  i n  

October 1982, an o p p o r t u n i t y  arose t o  c a l i -  

b r a t e  t h e  radon f l u x  measurement systems. 

Bendix F i e l d  Eng ineer ing  Corpo ra t i on  had con- 

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

t a i l i n g s  i n  a 6 - f t - d i a  tub.  S ince  the  source  

was very t h i n  (-6 cm), i t  cou ld  be assumed 

t h a t  a l l  t h e  radon escaping t h e  t a i l i n g s  pa r -  

t i c l e s  would d i f f u s e  t o  t h e  su r face  o f  t h e  

t a i l i n g s .  There fore ,  ds ing  the  radium con- 

t e n t  emanating power, depth, and bu lk  d e n s i t y  

o f  t h e  t a i l i n g s ,  a t h e o r e t i c a l  radon f l u x  

c o u l d  be ca l cu la ted .  T h i s  t h e o r e t i c a l  f l u x  

cou ld  be compared w i t h  t h e  measured f l u x  t o  

o b t a i n  a reasonab ly  accura te  C a l i  b r a t i o n  o f  

t h e  measurement system. 
e t e r s  measured by Bendix were 837 pCi /g  o f  
226Ra, emanating gower o f  0.19, and b u l k  den- 
s i t y  of 1.51 g/cm . Using  t h e  t h i n  source 

model, t h e  radon f l u x  f rom t h e  t u b  averaged 

26.8 pCi m-*s- l .  

made us ing  a v a r i e t y  o f  c o n f i g u r a t i o n s  o f  

a c t i v a t e d  carbon c a n i s t e r s  i n  a d d i t i o n  t o  t h e  

PNL f l ow- th rough  system. The c a l i b r a t i o n  

meas!ireaents were made by p l a c i n g  t h e  mea- 

surement system on the  t a i l i n g s  i n  t h e  tub ,  

expos ing  t h e  c a n i s t e r  o r  t e n t  f o r  a s p e c i f i e d  

per iod ,  and then coun t ing  t h e  a c t i v a t e d  c a r -  

bon w i t h  a gamma spectroscopy system t o  de- 

te rm ine  t h e  measured f l u x .  The depth  o f  t h e  

The t a i l i n g s  param- 

A number o f  c a l i b r a t i o n  measurements were 
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t a i l i n g s  was measured a t  each point since a 
1- o r  2-cin change in depth of the t a i l i n g s  
would r e su l t  in a 20 t o  40% change in radon 
fltix. 

The activated carbon can i s t e r s  are made of 
sections of 10-cm ( 4  in . )  and 38-cm (15 in.)  
PVC pipe. 
standard systems with a PVC end cap t h a t  has 
a 0.6-cm hole d r i l l ed  in the t o p .  

The r e su l t s  of the ca l ibra t ion  measure- 
inents are shown in Figures 5.3 and  5.4. From 
these figures i t  can be seen t h a t  the radon 
f lux  as ineasured by activated carbon can i s t e r  
depends on the amount o f  carbon used, the  
length of the measdreinent, and the area of 
the exposed t o p  of the canis te r .  
ended activated carbon can i s t e r s  showed a 
very in t e re s t ing  trend. 
of 8 hr o r  l e s s ,  the measured radon flux ex- 
ceeded the calculated flux. As the exposure 
times increased, the radon f l u x  generally 

The covered canis te rs  are the 

The open- 

For exposure times 

X i i  

o-U 

-12 

1 . 0  

decreased, depending on the quantity of car -  
bon used in the canis te rs .  Figure 5.3 shows 
the  r a t i o  of the medsured f lux  divided by the  
calculated theore t ica l  f lux versus time fo r  a 
s e r i e s  of charcoal dens i t ies  in 8.9-cm-dia 
can i s t e r s .  The general trends indicated by 
t h i s  f igure  show that higher carbon dens i t i e s  
r e su l t  in higher fluxes. Furthermore, longer 
exposure times r e su l t  i n  lower fluxes.  These 
re1 a t  i onshi ps can be deduced. However, since 
ac t iva ted  carbon ac tua l ly  ac ts  as a delay bed 
ra ther  than a permanent col 1 ec to r ,  there  a re  
no d a t a  t o  explain why a 7-hr exposure would 
r e su l t  in higher than theore t ica l  fluxes. An 

in-depth study considering meteorological 
changes i s  needed t o  be t t e r  understand t h i s  
phenomenon. 

can i s t e r s  show the  same general trends as the  
small ones (Figure 5.4). Longer exposure 

The la rge  (0.107 m2) ac t iva ted  carbon 

CHARCOAL 
s Y m o L  DENSITY, g/cm2 

0 0 .37  

A 0 . 7 5  

1.61 

v 3. 23 

- 

62cm2 AREA 

- 

5 10 15 20 25 30 

TIME, hours 

FIGURE 5.3. Effect of Time on Efficiency of 3 l/Z-in.-dia Charcoal Canister 
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0 0.37 2 . k m  AIR GAP 

A 0. 75 2 .5cm AIR GAP 
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0 0.37 7.5cm AIR GAP 

V 0.37 7 . k m  AIR GAP W/LID 
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--- 
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FIGURE 5.4. 
F 1 ow-T h r ou gh System 

E f f e c t  o f  Time on E f f i c i e n c y  o f  15- in.  Charcoal  Can is te rs  and PNL 

t imes  r e s u l t  i n  lower  measured f l uxes .  Shor t  

exposure t imes a l s o  r e s u l t e d  i n  g r e a t e r  t han  

t h e o r e t i c a l  f l uxes .  

I n  a d d i t i o n  t o  charcoa l  dens i t y ,  t he  

e f f e c t  o f  t h e  a i r  gap between t h e  charcoa l  

and t a i l i n g s  and the  area o f  t h e  top  exposed 

t o  atmosphere was i n v e s t i g a t e d .  The a i r  gap 
seemed t o  make no s i g n i f i c a n t  d i f f e r e n c e  i n  

t h e  measured f l u x .  The s l i g h t  d i f f e r e n c e s  

seen between measurements made w i t h  a 2.5-cm 

a i r  gap and a 7.5-cm a i r  gap can be a t t r i b -  

u t e d  t o  ineasureinent e r r o r  (i.e., coun t ing  

s t a t i s t i c s ,  t a i  1 i ngs depth, 226Ra con ten t ,  

and emanating power measurements). There- 

fo re ,  i t  i s  concluded t h a t  f o r  radon f l u x  

measurements o f  16 h r  o r  l ess ,  t h e  a i r  gap o f  

t he  c a n i s t e r  i s  n o t  a s i g n i f i c a n t  f a c t o r  i n  

the  r e s u l t a n t  f l u x  value. 

The PNL f l ow- th rough  system was a l s o  c a l i -  

b r a t e d  on t h e  Bendix t a i l i n g s  source; mea- 

surements o f  7-, 8-, and 16-hr d u r a t i o n  were 

made. R e s u l t s  o f  these measurements a re  a l s o  

shown i n  F i g u r e  5.4. E x c e l l e n t  agreement 

between t h e  measured and t h e o r e t i c a l  f l u x e s  

was ob ta ined  f o r  t h e  7- and 8-hr  measure- 

ments. The measured f l u x  appeared t o  drop t o  

93% o f  t h e o r e t i c a l  a f t e r  16 h r ,  b u t  more mea- 

surements a re  needed t o  c o n f i r m  t h i s  drop. 
From these  measurements it appears t h a t  t h e  

PNL f l ow- th rough  system i s  a reasonable 

method f o r  measur ing radon f l u x .  

measurements under a v a r i e t y  o f  c o n d i t i o n s  

a re  s t i l l  needed t o  p rove i t s  accuracy i n  

f i e l d  measurements. 

A d d i t i o n a l  

A l though these  c a l i b r a t i o n  t e s t s  i n d i c a t e  

t h a t  va r ious  radon f l u x  measurement tech-  

n iques  can be used t o  o b t a i n  a reasonable 

e s t i m a t e  o f  radon f l u x ,  c a u t i o n  must be exe r -  

c i s e d  i n  t h e  l e n g t h  o f  exposure t i m e  of t h e  

charcoa l  i n  t h e  c a n i s t e r .  An in -dep th  s tudy  

o f  t he  e f f e c t s  o f  me teo ro log i ca l  c o n d i t i o n s  
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as well as time on the response of weasure- 
ment systems t o  radon fluxes should be car- 
r ied out t o  obtain optimized conditions for 
radon f l u x  measurements. 

Engineering Specifications 

5.2 LINER E V A L U A T I O N  FOR URANIUM MILL 
TAILINGS (AH-05-15 - 80395) 

The objective of this program is to 
evaluate the effectiveness of prospective 
tining mzteriats for preventing moisture 
transport of radionuc1i.ies and hazardous 
chemicats from uranium mitt tailings m e r  
long-term periods. 

Materi a1 and Appl i c a t  i o n  Speci f i c a t i  ons 

Summary 
The final goal of t h i s  task i s  a report 

suminari zi ng  the technology for  asphalt radon 
ha r r i e r  systems. The report will review l a -  

boratory a n d  f i e l d  t e s t s  r e su l t s  and  will  in -  
clude materials spec i f ica t ions ,  application 
procedures, and cost  estimates.  A d ra f t  o f  

the  report i s  e s sen t i a l ly  complete except fo r  
ongoing M o r k .  Materials spec i f ica t ions  dnd 

application procedures are complete except 
fo r  s i te -spec i  f i c  asphalt/aggregate formula- 
t ions  and the optimum delay and moisture con- 
t en t  for compacting the admix. 
part  of Petroleum Sciences' subcontract to be 
compl e t  ed by July. 

A paper e n t i t l e d  "Cost and Effectiveness 
of Radon B a r r i s r  Systems" was presented a t  
the F i f th  Symposium on ilranium Mill Tail ings 
Management in Fort Col l ins ,  Colorado, on 

December 9-10, 1982. 

These a re  
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The primary emphasis of the a c t i v i t i e s  for  
the reporting period was on completion of t he  
exposure t e s t s  for  the f ina l  s e r i e s  of as- 
phalt l i ne r  samples and ana lys i s  of the  l i n e r  
samples from the two se r i e s  o f  exposure 
t e s t s .  
sure conditions were successful i n  noticeably 
acce lera t ing  the aging reactions of t h e  
0.7-cm-thick l i n e r  material .  In  addition, 
preparations have been completed fo r  estab- 
l i sh ing  a subcontract t o  excavate the l i n e r s  
i n s t a l l ed  in the f i e l d .  Results of the clay 
and so i l  in te rac t ion  s t i d i e s  performed in 
FY 1332 were presented by Relyea (1982) a t  
the Urani u q  Mi 1 1 Tai 1 i ngs Management Sym- 
p o s i u m  in Fort Col l ins ,  Colorado. Also prc- 
sented a t  the symposiuq were the  t e s t  and 
ana ly t ica l  procedures of the  asphalt  aging 
s tudies  by Barnes (1982). The deci s ion- t ree  
report (Relyea 1983) , vrhi ch descri  bes a sys- 
tematic approach fo r  determining the  need f o r  

and the type o f  l i n e r  a t  an inac t ive  t a i l i n g s  
s i t e ,  was published in March. 

Results show t h a t  the  imposed expo- 

Asphalt 4g ing  Studies 

The exposure period for  the f ina l  s e r i e s  
o f  c a t a l y t i c a l l y  airblown asphalt  ( C A A )  l i n -  
e r s  was completed t h i s  l a s t  quarter.  The 
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perineabi 1 i ty performance of these l i ne r s  was 
very close t o  t h a t  observed for  the  previous 
se r i e s  of t e s t s .  The average permeability 
fron the most recent s e r i e s  of t e s t s  com- 
pleted in October 1982 was -2 x lo-" cm/sec 
as compared with 6 x lo-'' cmlsei from the  
previous se t .  This s imi l a r i t y  in perme- 
abi 1 i ty coef f ic ien ts  observed during the  
accelerated aging t e s t s  indicates that  a 
ca t a ly t i ca l ly  airblown asphalt  lnembrane wi l l  
exhibit  very s t ab le  long-term permeability 
properties.  However, because these l i ne r s  
under various exposure conditions have ex- 
hibited nearly ident ica l  permeability behav- 
i o r ,  another iwthod was used to  determine the 
extent o f  aging. 

To quantify the  expected performance l i f e -  
time of the asphalt l i n e r ,  the  infrared (IR) 
absorption d a t a  from the two se r i e s  of aged 
ca t a ly t i ca l ly  airblown asphalt  samples have 
been col 1 ected and compi 1 ed. A prel imi nary 
examination of the  data showed increasing 
carbonyl concentrations with dep th  in to  the 

l i n e r  t o  varying degrees. Since carbonyl 
concentrations are expected t o  ind ica te  the  
extent of aging, the increasing concentration 
with depth could be explained by d isso lu t ion  
of the carbonyls into the ac id ic  leachate 
a f t e r  they form. Figure 5.5 i s  a logarithmic 
plot of the r e l a t ive  carbonyl concentrations 
with penetration in to  the  l i n e r  fo r  the sane 
oxygen concentration and temperature condi - 
t ions  b u t  d i f f e ren t  ac id i ty  leve ls .  Near the  
surface the  l i n e r  exposed t o  the lower pH 
solution appears t o  have had more of t he  
carbonyl -containing ( o r  oxidized) components 
of the  asphalt  leached out. 

This conclusion i s  supported by the  pres- 
ence of an organic fi lm on the  surface of t he  
simuldted leachate and patches of darkly 
colored simulated t a i l i n g s  in the  exposure 
columns. Yoreover, the  oxidized asphalt  
molecules would be expected t o  exhib i t  polar 
proper t ies  and therefore  would become i n -  
creasingly soluble in increasingly polar 
solvents.  Because the pH of the simulated 
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' F I G U R E  5.5. Relative Carbonyl Concentration as a Function of Depth  
i n to  the Asphalt Liner 



l eacha te  has been c o n t r o l l e d  by us ing  s u l -  

f u r i c  acid,  a very p o l a r  so l ven t ,  i n c r e a s -  

i n g l y  a c i d i c  ( lower  pH) s o l u t i o n  would be 

expected t o  e x t r a c t  more o f  t h e  o x i d i z e d  

a s p h a l t  f rom the  l i n e r ,  as has been observed. 

I t  i s  a l s o  impor tan t  t o  no te  t h a t  t h e  o x i -  

d i  zed aspha l t  l each ing  observed occurs o n l y  

i n  the  f i r s t  -20 pn o f  t h e  l i n e r .  The re fo re  

t h i s  phenomenon i s  no t  expected t o  adve rse l y  

a f f e c t  t h e  long- te rm l i n e r  performance. 

Beyond the  20-m depth, i nc reased  teinpera- 

t u r e  and concen t ra t i ons  o f  oxygen were SUC-  

c e s s f u l  i n  a c c e l e r a t i n g  t h e  r a t e  o f  carbony l  

fo rmat ion ,  

1 i ner  samples exposed t o  ambient and acce l -  

e ra ted  ( l o r r /h i  gh) tempera tures  and oxygen 
concen t ra t i ons .  The no tab le  d i f f e r e n c e  i n  

c o n c e n t r a t i o n  o f  r e a c t i o n  produc ts  w i l l  be 

used t o  determine t h e  r a t e  o f  

F i g u r e  5.6 i s  a p l o t  o f  f o u r  

r = k ( T )  CO2" 

where: r = r e d c t i o n  r a t e  

k ( T )  = temperature-dependent r e a c t i o n  

r a t e  cons tan t  

Co2 = c o n c e n t r a t i o n  o f  oxygen, and 

n = o rde r  o f  r e a c t i o n ,  

5.14 

By examining t h e  r a t e  o f  d i f f u s i o n  i n t o  t h e  

l i n e r  and d e f i n i n g  t h e  unknowns i n  t h i s  equa- 

t i o n  f rom t h e  e m p i r i c a l  da ta  c o l l e c t e d  i n  

these s tud ies ,  an es t ima ted  l i f e t i m e  o f  t h e  

aspha l t  l i n e r  up t o  1000 years  can be p re -  

d i c ted .  The r e s u l t s  o f  these s t u d i e s  w i l l  be 

i ssued  i n  a t e c h n i c a l  r e p o r t  nex t  qua r te r .  

F i e l d  S tud ies  

P repara t i ons  f o r  nex t  q u a r t e r ' s  f i e l d  ac- 

t i v i t i e s  have been completed. A subcon t rac t  

has t e n t a t i v e l y  been e s t a b l i s h e d  f o r  t he  ex- 

c a v a t i o n  a c t i v i t i e s .  Planned sampl ing and 

a n a l y t i c a l  a c t i v i t i e s  a re  as fo l l ows :  

0 r e p a i r  f a i l e d  mo is tu re  e x t r a c t i o n  cups f o r  

f u t u r e  sampl i ng (i f des i  r e d )  
0 o b t a i n  t h r e e  aspha l t  l i n e r  samples f o r  

ag ing  a n a l y s i s  

0 o b t a i n  f i v e  c l a y  l i n e r  cores f o r  perme- 

a b i l i t y  de te rm ina t ions  and f o r  chemical  

and gamma-scan a n a l y s i s  

0 cover t a i l i n g s - f i l l e d  p i t ,  a f t e r  sampl ing,  

w i t h  c lean  overburden. 

A n a l y t i c a l  r e s u l t s  w i l l  be pub l i shed  i n  t h e  

f i n a l  r e p o r t  t o  be i ssued  a t  the  end o f  

FY 1983. 

1 1 1  I l l 1  1 1 1  I I I ,  
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i I G U R E  5.6. Comparison o f  Oxygen and Temperature E f f e c t  on Aging 
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6.0 SUPPORTING STUDIES 
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Program Managers: 

Major C o n t r i b u t o r s :  

S. R. Bierman, M. J. Budden, L. L. Burger,  J.  R. F r i l e y ,  
E. D. McClanahan, 6. W. McNair, I. C. Nelson, J. V. Robinson 
L. L. C la rk ,  R. M. F le ischman, C. A. Geffen, E. N. Greenwel l ,  
J. M. L y t l e ,  R. W. McKee, R. W. Moss, J. G. Stephan 

6.1 HANFORD DEFENSE WASTE STUDIES DEVELOP- 

MENT OF E N G I N E E R I N G  AND ENVIRONMENTAL -- 
I N F O R M A T I O N  (AR-05-10-02X - 80381) 

The objective i a  tu assist DOE-RL in the 
developmeit a d  nsszssment of methodologies 
fo r  the disposal of existing and future 
Hanf o r d  radioactiz)e defense m s t ~ 8 .  

Progress Dur ing  R e p o r t i n g  P e r i o d  

A c t i v i t i e s  d i l r i n g  t h e  r e p o r t i n g  p e r i o d  

were as f o l l o w s :  

0 p r e p a r a t i o n  o f  engi n e e r i  ng and env i  ron- 
mental analyses r e q u i r e d  i n  t h e  p repara -  

t i o n  of t he  d r a f t  E I S  f o r  d i sposa l  o f  

c e r t a i n  Hanford defense wastes 

0 p r e p a r a t i o n  o f  support  documentation. 

P repara t i on  o f  Eng ineer ing  and Env i ronmenta l  
Analyses ( E m  

The D r a f t  Working Paper Eng ineer ing  and 

~ - - ~  Envi  roninental A n a l y s i s  Report  f o r  D isposa l  o f  

-- Hanford H i  gh-Level and Transuran ic  Wastes was 

submi t ted  t o  DOE-RL, as scheduled on Decem- 

ber  6, 1982. DOE-RL subsequent ly reviewed 

t h e  d r a f t  and p rov ided  w r i t t e n  comments on 
January 17, 1983. A copy o f  t he  d r a f t  r e p o r t  

was a l s o  forwarded by DOE-RL t o  DOE-HQ t o  

p r o v i d e  i n f o r m a t i o n  on t h e  t h r u s t  and scope 

o f  t h e  env i  roninental analyses. 

HLW and TRU r a d i o a c t i v e  wastes analyzed 

i n c l u d e  b u r i e d  s o l i d  wastes (TRU), l i q u i d  

wastes, tank  wastes, and cesium and s t r o n t i u m  

capsules.  C u r r e n t l y  s t o r e d  HLW and TRU and 

f u t u r e  HLW wastes t o  be generated by PUREX 

f u e l  rep rocess ing  p l a n t  ope ra t i ons  were con- 

s idered .  Chemical hazards assoc ia ted  w i t h  

r a d i o a c t i v e  wastes were q u a l i t a t i v e l y  

assessed. 

Socioeconomic data,  resource  commitments 

and cos ts  assoc ia ted  w i t h  d i sposa l  o f  t h e  

defense wastes were i d e n t i f i e d  f o r  the  p e r i o d  

d u r i n g  which d i sposa l  o p e r a t i o n s  would occur.  

Env i ronmenta l  assessments were a l s o  made f o r  

t h e  pos t -d i sposa l  pe r iod .  

i t y ,  water  q u a l i t y  and use, l and  use, r a d i o -  

l o g i c a l  dose t o  workers and t h e  general  pub- 

l i c ,  n o n r a d i o l o g i c a l  s a f e t y  impacts, c o s t  

impacts,  and socioeconomic impacts t h a t  may 

be assoc ia ted  w i t h  d i sposa l  o p t i o n s  t o  be 

cons idered i n  t h e  Hanford Defense Waste DEIS.  

Env i ronmenta l  analyses i n c l u d e  a i r  qual - 

Support  Document a t  

Severa l  work ing  sess ions  were h e l d  between 

PNL and Rockwel l  Hanford Opera t ions  S t a f f  

f o l l o w i n g  t h e  rev iew  o f  t h e  d r a f t  E&EA r e -  

p o r t .  PNL requested  t h a t  Rockwel l  f i  n a l  i ze 

i t s  e n g i n e e r i n g  suppor t  documentat ion t h a t  i s  

r e q u i r e d  t o  pe r fo rm env i  ronmental  analyses. 

Subsequent work ing  sess ions  h e l d  between 

DOE-RL, PNL, and Rockwel l  r e s u l t e d  i n  changes 

t o  t h e  scope o f  t h e  env i ronmenta l  analyses. 

Complet ion o f  Rockwe l l ' s  s u p p o r t i n g  documen- 

t a t i o n  was subsequent ly postponed u n t i l  

changes i n  scope a re  f u r t h e r  de f ined.  



F u t u r e  A c t i v i t i e s  

Environmental  analyses w i l l  be conducted 

based on support  documentat ion t o  be prepared 

by Rockwell  . Rockwell  w i  11 f i n a l  i ze suppor t  

documentat ion a f t e r  a p p r o p r i a t e  PNL rev iew  

and comment. The r e s u l t i n g  da ta  w i l l  be used 

i n  t h e  assessment o f  environmental  impacts  

f o r  t h e  Hanford Defense Waste E IS .  

6.2 HANFORD DEFENSE WASTE STUDIES - PREPARA- 
TION OF AN ENVIRONMENTAL IMPACT STATE- 

MENT FOR DISPOSAL OF HANFORD DEFENSE 

WASTES (AR-05-10-02X - 80754) 

The object ive  i s  t o  a s s i s t  DOE-RL i n  the 
preparation of a Draft and Final Environmen- 
tal Impact Statement for the disposal of 
high-level and TRU defense waste stored a t  
Hanford. 

A c t i v i t i e s  Dur ing  t h e  R e p o r t i n g  P e r i o d  -- 

A c t i v i t i e s  were as f o l l o w s :  
0 p r e p a r a t i o n  o f  t h e  N o t i c e  o f  I n t e n t  (NOI) 

0 rev iew o f  d r a f t  r e g u l a t i o n s  

0 p a r t i c i p a t i o n  i n  Nork ing  sessions w i t h  

DOE-RL t o  d e f i n e  t h e  scope o f  t h e  d r a f t  

E I S  

0 i n t e r i m  schedule p repara t i on .  

P repara t i on  o f  t h e  N o t i c e  o f  I n t e n t  

Ass is tance was p r o v i d e d  t o  DOE-RL i n  f i n -  

a l i z i n g  t h e  d r a f t  No t i ce  o f  I n t e n t  t o  an- 

nounce p r e p a r a t i o n  of t h e  d r a f t  €IS  i n  t h e  

Federa l  Reg is te r .  P u b l i c a t i o n  o f  t h e  NO1 i s  

scheduled f o r  A p r i l  1, 1983. A l t e r n a t i v e s  

desc r ibed  i n  t h e  d r a f t  NO1 a re  1) geo log ic  

d i sposa l  ( t h e  re fe rence  d i sposa l  f o r  i m -  

m o b i l i z e d  h igh - leve l  waste);  2)  o n s i t e  

s t a b i l i z a t i o n  and i s o l a t i o n  w i t h  eng ineered 

b a r r i e r s ;  and 3) con t inued  s to rage  (no 

a c t i o n ) .  Complet ion o f  t h e  d r a f t  EIS i s  

t e n t a t i v e l y  scheduled f o r  t h e  end o f  1983. 

Review o f  D r a f t  Waste Management Plans and 

D r a f t  Regu la t i ons  

A concen t ra ted  e f f o r t  d u r i n g  t h i s  r e p o r t -  

i n g  p e r i o d  focused on t h e  rev iew  o f  40 CFR 

191 as w e l l  as the  Environmental  P r o t e c t i o n  

Agency's D r a f t  Regu la to ry  Impact A n a l y s i s  

(EPA 520/1-82-024) and D r a f t  Environmental  

Impact Statement f o r  40 CFR 191 (EPA 520/ 
1-82-025). Other d r a f t  documents reviewed 

were: The Defense Waste Management P lan  

(February  1983) and D r a f t  DOE Order 5820 - 
R a d i o a c t i v e  Waste Management. W r i t t e n  i n p u t s  

were prepared f o r  DOE-RL's review. The p u r -  
pose o f  t h e  rev iew was t o  determine p o t e n t i a l  

impacts  of t h e  d r a f t  r e g u l a t i o n s  t o  t h e  d i s -  

posa l  o f  Hanford defense waste s i t e s  and 

p r e p a r a t i o n  o f  t h e  d r a f t  E I S .  

DOE-RL/PNL/RHO/Worki ng Sessions 

PNL p a r t i c i p a t e d ,  w i t h  Rockwel l  Hanford 
Opera t ions  s t a f f ,  

h e l d  by DOE-RL t o  

t h e  D r a f t  Hanford  

I n t e r i m  Schedule 

i n  i n t e n s i v e  work sess ions  

f u r t h e r  d e f i n e  t h e  scope of 

Defense Waste E I S .  

An i n t e r i m  schedule was d r a f t e d  f o r  prep- 

a r a t i o n  o f  t h e  d r a f t  EIS. Th is  schedule 

assumes t h a t  t h e  NO1 w i l l  be pub l i shed  i n  

A p r i l  1983. 

F u t u r e  A c t i v i t i e s  

D r a f t  chapters  f o r  t h e  D E I S  w i l l  be p re -  

pared and submi t ted  t o  DOE-RL f o r  rev iew  

p lanned t o  beg in  i n  May 1983. 

n 
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6.3. WASTE MANAGEMENT SYSTEM STIJDIES 

(AP-05-29-10 - 80219) 

Decision-vakiay i n  the  se l ec t ion ,  devetop- 
men% a d  implementation of waste muna3aaent 
systems d d  technologies rzquires  mppur t  ing 
unatgses a d  indepen lent  assessments of 1t- 
ternut ioes  t3 prooide guidanm on the most 
appropriate codrse of ac t ion .  To ansure a 
balanced eoalimt ion 
vents w s t  be perfornlai on a systems bas is .  
This  p r q r i m  p e r f o r m  sxch a t u d i ~ s .  

the  nna7,ysee and assess-  

R e p o s i t o r y  Cost l o d e 1  !level opment (RECON) -- 

The computer model i s  be ing  used 

t o  per fo r ln  c o s t  t r a d e - o f f  s t u d i e s  which, i n  

t u r n ,  may be used t o :  1) rev iew r e p o s i t o r y  

s i t e  proyrams, 2 )  p r o v i d e  guidance t o  s i t e  

des ign  a c t i v i t i e s ,  and 3 )  i n v e s t i g a t e  system 

c o s t  r e d u c t i o n  s t r a t e g i e s ,  such as those 

b e i n g  conducted under another  task  o f  t h e  

Waste Management System S t u d i e s  Program 

(cf. ,  Techn ica l  and Economic E v a l u a t i o n s ) .  

t o  broaden and enhance RECON model c a p a b i l i -  

t i e s  t o  address t h r e e  c u r r e n t  key r e p o s i t o r y  

des ign  issues :  a1 t e r n a t i  ve emplacement meth- 

ods, co-empl acement of  wastes , and r e c e i  v i  ng 

and packaJing f a c i l i t i e s .  
The f o l l o w i n g  b r i e f l y  d e s c r i b e s  t h e  ap- 

prOdCh t o  each of t h e s e  i ssues : 

.The o b j e c t i v e  of t h i s  task  i n  FY 1983 i s  

0 A n a l y s i s  of A l t e r n a t i v e  Emplacement 

Met hods 

T h i s  task  w i l l  develop a d d i t i o n a l  l o g i c  t o  

d e s c r i b e  and develop c o s t s  f o r  a r e p o s i -  

t o r y  des igq  i n  vJhich wastes a r e  emplaced 

i n  h o r i z o n t a l  boreho les  d r i l l e d  i n  t h e  

r o c k  p i l l a r s  s e p a r a t i n g  t h e  rooms as i n  

t h e  c u r r e n t  BWIP ( B a s a l t  Waste I s o l a t i o n  

P r o j e c t )  concept. 

( a )  F o r  background i n f o r m a t i o n  on t h e  RECON 
model, t h e  r e a d s  i s  r e f e r r e d  t o  Sec- 
t i o n  3.4.2 of t h i s  r e p o r t  and a l s o  t o  t h e  
s e c t i o n  e n t i t l e d  "Disposal  Charge Analy-  
s i s "  i n  p r i o r  i s s u e s  o f  t h i s  document. 

0 Deve lop ing  Co-emplacement A n a l y s i s  

Capabi 1 i t y  

A t  t h e  b e g i n n i n g  o f  FY 1983, RECON model 

l o g i c  assumed t h a t  emplacement rooms a r e  
un ique t o  each waste type.  T h i s  task  w i l l  

develop an a d d i t i o n a l  l o g i c  t o  a l l o w  a n a l y -  

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

m u l t i p l e  wastes i n  t h e  same roan (e.g., 

l o w - l e v e l  THU i n  rooms \ h e r e  spent f u e l  o r  
HLW i s  emplaced i n  boreho les  i n  t h e  

f l  oor  ) . 
CapaSi 1 i t y  

T h i s  t a s k  w i l l  develop t h e  a b i l i t y  t o  b e t -  

t e r  match r e c e i v i n g  and packaging f a c i  1 i t y  

c a p a b i l i t i e s  and c o s t s  w i t h  r e p o s i t o r y  

des i  gns and o p e r a i i  ng scenar ios ,  T h i  s 
w i l l  be done by e s t i m a t i n g  f a c i l i t y  con- 

s t r u c t i o n  c o s t s  based on genera l  f a c i l i t y  

d e s i y n  parameters and d e s c r i p t i o n s .  The 

p o s s i  b i  1 i ty o f  a d a p t i n g  t h e  CONCEPT cap i  - 
t a l  c o s t  e s t i m a t i n g  model t o  accompl ish 
t h i s  w i l l  be i n v e s t i g a t e d .  

Progress d u r i n g  t h e  r e p o r t i n g  p e r i o d  on 

o I n f o r m a t i o n  on the  l a t e s t  conceptual  BWIP 

des ign  and waste package concepts f o r  ba- 
s a l t  was o b t a i n e d  f rom t h e  BWIP s t a f f .  

The BW IP  conceptual  des ign  d e s c r i p t i o n s  
were i n c o r p o r a t e d  i n t o  t h e  RECON model. 

Modi f i c a t i  ons t o  t h e  program i n c l u d e d  add- 

i n g  t h e  c a p a b i l i t y  o f  p u t t i n g  more than 

one HLW o r  spent  f u e l  c a n i s t e r  i n  a ho le .  

The room-and-pi 11 a r  l o g i c  a1 ready  i n  t h e  

model made it p o s s i b l e  t o  s i m u l a t e  t h e  

BWIP d e s i g n  w i t h o u t  s u b s t a n t i a l  changes. 

F o l l o w i n g  t h e s e  m o d i f i c a t i o n s ,  da ta  were 

c o l l e c t e d  f rom severa l  d i f f e r e n t  r e p o r t s  

on b a s a l t  r e p o s i t o r i e s  i n  o r d e r  t o  model 

c o s t  e s t i m a t e s  f o r  t h e  BWIP design. (Cost 

e s t i m a t e s  were n o t  d i r e c t l y  a v a i l a b l e  f rom 

t h e  BWIP conceptual  des ign  d e s c r i p t i o n  .) 

0 IJpgrading F a c i l i t y  C o s t - E s t i m a t i n g  

t h e  tasks  i s  summarized as f o l l o d s :  
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Cost es t imates  were prepared f o r  two 

cases: 

ho les  were d r i l l e d  i n  t h e  w a l l s  o f  t h e  

room, and a case i n  rrhich ho les  were 

d r i l l e d  i n  the  f l o o r  o f  t he  room. 

pected, t h e  h o l e - i n - t h e - w a l l  des ign  was 

cheaper than t h e  v e r t i c a l  boreho le  design 
by about $120 m i l l i o n  d o l l a r s .  

fe rence i n  cos t  i s  p r i m a r i l y  r e l a t e d  t o  

m in ing  and rock -hand l i ng  cos ts .  

a case us ing  the  des ign  i n  which 

As ex- 

The d i f -  

A l e t t e r  

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

cases was sent t o  DOE-RL on January 5, 

1983. 

Code l o g i c a l  f l o w  diagrams were completed 

whi ch a1 1 ow RECON t o  co-empl ace non-heat- 

genera t i ng  waste i n  rooms i n  t h e  repos i -  
t o r y  excavated f o r  p r imary ,  heat -genera t -  

i n g  waste. The a v a i l a b l e  op t i ons  encom- 

pass the  f o l  1 owi ng emplacements : 
P r i  ina ry 

Emplacement 

1. V e r t i c a l  bore- 
h o l e  f o r  HLW 
and spent fue l  

2. V e r t i c a l  bore- 
f o r  HLW and 
spent fue l  

3.  H o r i z o n t a l  
boreho le  f o r  
HLW and 
spent fue l  

4. H o r i z o n t a l  
boreho le  f o r  
HLW and 
spent fue l  

Secondary T e r t  i a r y  
Emplacement Emplacement 

TRU i n  i n t e r -  Opt ion  t 0  
spersed ver -  emplace 
t i c a l  bore-  Contac t  
h o l e  l o c a -  waste i n  
t i o n s  room a f t e r  

p r imary  and 
secondary 
emplacement 

Contact-han- 
d l e d  waste i n  
room a f t e r  
p r imary  ern- 
placement 
TRU i n  i n t e r -  Opt ion  t o  
spersed h o r i  - empl ace 
zon ta l  bore-  c o n t a c t  
h o l e  l o c a -  waste i n  
t i o n s  room a f t e r  

p r imary  and 
secondary 
emplacement 

Contact-han- 
d l e d  waste i n  
room a f t e r  
p r imary  em- 
placement 

5. H o r i z o n t a l  
bo reho le  f o r  
HLW and 
spent f u e l  

6. Room emplace- 
ment o f  HLW 
and spent 
f u e l  

TRU i n  t r e n c h  Opt ion  t o  
empl ace 
c o n t a c t  
waste i n  
rooin a f t e r  
p r imary  and 
secondary 
enp l  acement 

Op t iona l  
placement o f  
TRU waste o r  
con tac t  waste 
i n  same room 

The cod ing  and imp lementa t ion  o f  t h e  l o g i c  

f 1 ow diagrams r e s u l t e d  in t he  development o f  

f i v e  sub rou t ines  which were added t o  t h e  

RECON code t o  model t h e  co-emplacement o f  TRU 

wastes w i t h  hea t -genera t i ng  wastes. The sub- 

r o d t i n e s  are :  

EMPLAC - 

PPUT - 

SPUT - 

TPUT - 

SSTOR - 

Con t ro l  s o v e r a l l  co-empl acement 
1 o g i  s t i  cs 

Performs p r imary  hea t -genera t i  ng 

waste emplacement 

Places secondary non-heat-generat-  

i n g  waste i n  mined rooms a f t e r  t h e  

p r imary  hea t -genera t i ng  waste has 

been empl aced 

Places t h e  t h i r d  waste t ype  i n  

p r e v i o u s l y  mined rooms t h a t  have 

b o t h  p r imary  and secondary 

emplacements 

Mines rooins ded ica ted  t o  non-heat- 

genera t i ng  waste t ypes  whenever 

t h e r e  i s  no room f o r  co-emplace- 

ment i n  p r e v i o u s l y  mined p r imary  

empl acement rooms 

The da ta  i n p u t  was expanded t o  i n c l u d e  neces- 

sa ry  a d d i t i o n a l  i n f o r m a t i o n  such as 

ber  o f  secondary waste packages per 
waste package f o r  each waste-type 

combinat ion.  

These nevJ a d d i t i o n s  t o  t h e  RECON 

be ing  debugged a t  t h e  end o f  March. 

t h e  num- 

p r imary  

code were 

Q 

C 
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crs 

d 

Techni c a l  and Economic Eva1 u a t  i ons 

C u r r e n t  s t u d i e s  have shown t h e  importance 

o f  c o n s i d e r i n g  t h e  e n t i  r e  waste management 

system i n  e v a l u a t i n g  waste management a1 t e r -  

n a t i v e s .  To e f f e c t i v e l y  manage t h e  develop- 

inent o f  r e p o s i t o r y  concepts , it i s  e s s e n t i a l  

t h d t  1)DE have i n f o r m a t i o n  r e l a t i n g  t o  t h e  in- 

p a c t  o f  r e p o s i t o r y  design, s i t i n g  and sched- 

u l e  o p t i o n s  on t o t a l  systeln cos ts ,  and t h e  

impact  o f  waste form and package des ign  d e c i -  

s i o n s  on r e p o s i t o r y  cos ts .  It i s ,  t h e r e f o r e ,  

apparent t h a t  a s y s t e m a t i c  approach i s  d e s i r -  

a a l c  f s r  a n a l y z i n g  a l t e r n a t i v e s  and t h e i r  i m -  

p a c t  on the  g e o l o g i c  r e p o s i t o r y  requirements.  

Th is  task  i s  designed t o  p r o v i d e  i n f o r m a t i o n  

t h a t  i n c o r p o r a t e s  a l l  ina jor  aspects o f  t h e  

waste management systein f o r  program d i r e c t i o n  

and dec i  sion-making. 

The o b j e c t i v e  o f  t h i s  t a s k  i s  t o  p r o v i d e  

I)OE w i t h  i n f o r r n 4 t i o n  t h a t  w i l l  a s s i s t  i n  t h e  

s e l e c t i o n  o f  r e p o s i t q r y  s i t e s  and waste form 

c r i t e r i a  and s p e c i f i c a t i o n s .  I n f o r m a t i o n  

d i l l  be developed on a c o n s i s t e n t  b a s i s  t o  

i d e n t i f y  t h e  c o s t  impacts o f  cnajor system 

des ign  a l t e r n a t i v e s  w i t h  t h e  i n t e n t  o f  iden-  

t i  f y i  ng c o s t - e f f e c t i  ve o p t i o n s .  I n f o r m a t i  on 
r e l a t i n g  t o  p o t e n t i a l  s a f e t y  and r d d i o l o g i c -  

r e l e a s e  t r a d e - o f f s  f o r  system a l t e r n a t i v e s  

w i l l  a l s o  be developed. T h i s  i n f o r m a t i o n  

w i l l  be used: 1) t o  a s s i s t  t h e  s i t e s  i n  

d e v e l o p i n g  r e p o s i t o r y  concepts t h a t  tend t o  

min imize  o v e r a l l  waste management c o s t s  and 

2 )  t o  develop o v e r a l l  Naste management sys- 

tems approaches t h a t  a r e  c o s t - e f f e c t i v e  i n  

c o n j u n c t i o n  w i t h  commercial waste t r e a t m e n t  

and s t o r a g e  programs. The RECON model ( c f .  

p r e v i o u s  s e c t i o n )  w i l l  be used t o  develop t h e  

p a r a m e t r i c  r e p o s i t o r y  c o s t  i n f o r m a t i o n  neces- 

s a r y  f o r  these e v a l u a t i o n s  , 
The major e f f o r t  on t h i s  task  d u r i n g  t h e  

r e p o r t i n g  p e r i o d  was a survey and a n a l y s i s  o f  

system a l t e r n a t i v e s  t o  be e v a l u a t e d  i n  d e t a i l  

i n  FY 1983. The p r i n c i p a l  concern i s  w i t h  

a1 t e r n a t i  ves r e l a t e d  t o  t h e  t reat ,nent  and 

d i s p o s a l  o f  t h e  v a r i o u s  TRU wastes t h a t  would 

be produced d u r i n g  spent flue1 process ing  . 
Accord ing ly ,  d i s c u s s i o n s  were h e l d  w i t h  s t a f f  

f rom Barnwel I Nuc lear  Fue ls  Process ing  r e -  

g a r d i n g  p o s s i b l e  t r e a t m e n t  a l t e r n a t i v e s  t h a t  

shou ld  be e v a l u a t e d  f o r  t h e  Barnwel l  p l a n t  
wastes. 

One o f  our  o b j e c t i v e s  i s  a l s o  t o  encompass 

a range o f  a l t e r n a t i v e s  t h a t  would i n c l u d e  

requ i rements  f o r  NRC l i c e n s i n g  as r e f l e c t e d  

i n  t h e  most r e c e n t  d r a f t  o f  10 CFR 60. 
A l e t t e r  r e p o r t  d e s c r i b i n g  t h e  system a l -  

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

was completed and d e l i v e r e d  t o  DOE-RL on 

March 31. The a l t e r n a t i v e s  i n c l u d e  s i x  waste 

t r e a  tinent a1 t e r n a t  i ve combi n a t  i on s t h a t  en - 
compass t h e  range o f  a v a i l a b l e  t r e a t m e n t  op- 
t i o n s  and 22 combined waste management system 

a1 t e r n a t i  ves. These a1 t e r n a t i  ves a r e  de- 

s i  gned t o  p r o v i d e  answers and p e r s p e c t i  ves t o  

13 c o s t - r e l a t e d  q u e s t i o n s  o f  i n t e r e s t  t o  DOE 

t h a t  a re  r e l a t e d  t o  d e t e r m i n a t i o n  o f  daste 

acceptance s p e c i f i c a t i o n s  and t h e  c o s t  impact  

o f  p o t e n t i a l  r a g u l a t o r y  requirements.  

Spec ia l  I s s e s  Analyses 

The D i v i s i o n  o f  Waste R e p o s i t o r y  Deploy- 

ment (DWRD) opera tes  w i t h  s u b s t a n t i  a1 i n t e r -  

faces  w i t h  o t h e r  DOE o f f i c e s ,  NRC, i n d u s t r y ,  

Congress, and t h e  p u b l i c .  It i s  i m p o r t a n t  t o  

e v a l u a t e  t h e  n a t J r e  o f  t h e  issues  a t  these 

i n t e r f a c e s  i n  o r d e r  t o  coinmunicate t h e  D i v i -  

s i o n ' s  programs. There i s  a l s o  a need t o  

a n t i c i p a t e  and respond t o  c u r r e n t  events .  

Q u a l i f i e d  PNL s t a f f  hav ing  broad n u c l e a r  

p e r s p e c t i  ves and spec i  a1 i zed capabi  1 i t i e s  t o  

conduct s u p p o r t i n g  a n a l j s e s  and independent 
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assessments o f  these i n t e r f a c e  i ssues  are  

be ing  
case bas i  s .  

u t i l i z e d  i n  t h i s  task  on a case-by- 

The o b j e c t i v e  o f  t h i s  task  i s  t o  p rov ide  

analyses o f  i n t e r f a c e  i ssues  a f f e c t i n g  re -  

p o s i t o r y  deployment. To da te  i n  FY 1983, two 

i ssues  have been addressed a t  D O E ' S  reques t  

as f o l l o w s :  

J D r a f t  Guidance t o  t h e  S i t e s  Regarding 

Waste Acceptance S p e c i f i c a t i o n s  

We were asked t o  prepare d r a f t  guidance 

t h a t  IIOE-HQ would p rov ide  t o  RL-BWIP, 

NV-NNWSI, and NPO-ONWI(a )  r e q u e s t i n g  t h a t  

those s i t e s  p repare  waste package spec i -  

f i c a t i o n s  f o r  commercial HLW, spent f u e l ,  

commercial TRU wastes, and Defense Waste 

Process ing  F a c i l i t y  wastes. A d r a f t  of 
t h a t  guiddnce was d e l i v e r e d  t o  DOE-RL and 

DOE-HQ i n  December. 

a O v e r a l l  Plan f o r  Conduct ing System Cost 

S tud ies  f o r  the  Na t iona l  Waste Terminal  

Storage (NWTS) Program 

PNL was requested t o  p repare  an o v e r a l l  

p l a n  f o r  conduct ing  waste management 

system c o s t  s t u d i e s  f o r  t h e  NdTS program, 

i nc lu ld ing  cos t  s t u d i e s  r e l a t e d  t o  t r a n s -  

p o r t a t i o n ,  storage, waste t r e a t a e n t ,  and 

d i sposa l  . 
Recogn iz ing  t h a t  i t  i s  e s s e n t i a l  t o  con- 

t a c t  o t h e r  NWTS c o n t r a c t o r s  t o  o b t a i n  t h e i r  

ideas  on r e q u i r e d  cos t  s t u d i e s  and in fo r ina-  

t i o n  on s t u d i e s  t h a t  they  a re  p lann ing ,  

l e t t e r s  were sent t o  ten  c o n t r a c t o r s  w i t h  

cop ies  t o  t h e  cogn izant  f i e l d  o f f i c e  rep re -  

s e n t a t i v e s  o u t l i n i n g  t h e  o b j e c t i v e s  and scope 

o f  t h e  study and ask ing  f o r  ass i s tance  f rom 

each o f  these s i t e s .  These c o n t r a c t o r s  were 

( a )  R ich land  Opera t ions  O f f i c e  - B a s a l t  Waste 
I s o l a t i o n  P r o j e c t ,  Nevada Opera t ions  O f -  
f i c e  - Nevada Nuclear Waste Storage I n -  
v e s t i g a t i o n s ,  and Na t iona l  Waste Program 
O f f i c e  - O f f i c e  o f  Nuc lear  Waste 
I s01  a t i o n .  

t hen  con tac ted  by te lephone, or  by v i s i t s  i n  

t h e  case o f  Hanford c o n t r a c t o r s .  Some u s e f u l  

i n f o r m a t i o n  was c o l l e c t e d ,  bu t ,  w i t h  few ex- 

cep t ions ,  we found t h a t  c o n t r a c t o r s  do n o t  

concern themselves w i t h  aspects o f  t he  waste 

management system o u t s i d e  t h e i r  d i r e c t  pu r -  

view. As a r e s u l t ,  t h e  p lan  was p r i m a r i l y  a 

PNL e f f o r t .  

A d r a f t  NWTS Program Waste Management Sys- 

tem Cost S tud ies  Plan was completed and de- 

l i v e r e d  t o  DOE-RL on March 29. The p l a n  was 

d i v i d e d  i n t o  two main p a r t s .  I n  t h e  f i r s t  

p a r t ,  a methodology f o r  deve lop ing  an i n t e -  

g ra ted  waste management system c o s t  model i s  

presented. I n  t h e  second p a r t ,  recommended 

cos t  s t u d i e s  and r e l a t e d  a c t i v i t i e s ,  t h e i r  
t i m i n g ,  and t h e i r  i n t e r r e l a t i o n s h i p s  are  
d e s c r i  bed. 

The p lan  p r i m a r i l y  focuses on s t u d i e s  t h a t  

i n v o l v e  system i n t e r a c t i o n s  and r e l a t i o n s h i p s  

among major components o f  t h e  system--speci f -  

i c a l l y ,  t rea tmen t ,  t r a n s p o r t a t i o n ,  s to rage,  

and d i sposa l .  Outs ide  o f  t h i s  p lan ,  each 

r e p o s i t o r y  s i t e  program i s  suppor t i ng  c o s t  

s t u d i e s  re1 a t e d  t o  f a c i  1 i t y  desi  gn o p t i o n s  

b u t  i s  concerned on ly  t o  a l i m i t e d  e x t e n t  

w i t h  t h e  waste nanagement system i n t e r a c t i o n s  

e x t e r n a l  t o  t h e  r e p o s i t o r y  s i t e .  The capa- 

b i l i t i e s  and l i m i t a t i o n s  o f  o t h e r  system 

components can have s i g n i f i c a n t  system c o s t  

impacts  t h a t  migh t  be m i t i g a t e d  t o  some ex- 

t e n t  i f  t h e  system as a whole i s  considered. 

The p r imary  o b j e c t i v e  o f  t h i s  cos t  p lan  

was taken  by PNL t o  be t h e  waste management 

system cos t  comparisons requ i  r e d  t o  suppor t  

t h e  s e l e c t i o n  o f  t h e  f i r s t  r e p o s i t o r y  s i t e .  

The Nuclear Waste P o l i c y  Act o f  1982 c a l l s  

f o r  an A p r i l  1, 1987, recommendation by t h e  

P res iden t  on t h i s  f i r s t  r e p o s i t o r y  s i t e .  



6.7 

Nuc lear  Fac t  Book P u b l i c  I n f o r m a t i o n  Ana lys i s  

I n  FY 1982, under t h i s  program, PNL pub- 

l i s h e d  t h e  Nuc lear  Fac t  Book, PNL-4239, t o  

f i l l  a need f o r  a smal l ,  pocket -s ized ,  loose-  

l e a f  document c o n t a i n i n g  c u r r e n t ,  accu ra te  

i n f o r m a t i o n  on t o p i c s  r e l a t e d  t o  nuc lea r  

waste management and d i r e c t l y  r e l a t e d  t o p i c s ,  

e.g., nuc lea r  power. The document has been 

w e l l  rece ived.  A need e x i s t s  t o  update some 

o f  t h e  i n f o r m a t i o n  conta ined i n  t h e  book t o  

r e f l e c t  s i g n i f i c a n t  changes i n  D O E ' s  waste 

management program p lans  o r  i n  areas b e a r i n g  

on those plans, e.g., proposed o r  enac ted  

waste management l e g i s l a t i o n .  

The o b j e c t i v e  o f  t h i s  task  i s  t o  update 

PNL-4239 i n  a t i m e l y  fash ion  t o  r e f l e c t  de- 

velopments s i g n i f i c a n t  t o  t h e  D O E ' s  n u c l e a r  

waste management program plans. P a r t i c u l a r  

a t t e n t i o n  was g i  ven t o  those aspects hav i  ng 

p o t e n t i a l  impact on D O E ' s  waste r e p o s i t o r y  

deployment p lans .  

I n  February we submi t ted  recommended r e -  

v i s i o n s  t o  t h e  book t o  DOE-RL. We a l s o  sen t  

them t o  t h e  O f f i ce  of Nuclear Waste Terminal  

Storage I n t e g r a t i o n .  Comments Nere rece ived  

and r e s u l t a n t  changes t o  t h e  new e d i t i o n  

made. 

decided t h a t :  

I n  a meet ing h e l d  i n  March w i t h  RL, i t  was 

F u t u r e  i ssues  o f  the  book w i l l  be bound 

0 RL/PNL w i l l  make d i s t r i b u t i o n  t o  t h e  DOE 

0 Arrangements w i l l  be made such t h a t  cop ies  

i n s t e a d  o f  t h e  c u r r e n t  l o o s e - l e a f  vers ion .  

r e c i p i e n t s .  

can be purchased by o t h e r s  th rough some 

government p r i n t i n g  and d i s t r i b u t i o n  

channel (e.g., t h e  Government P r i n t i n g  

O f f i c e )  . 

To f a c i l i t a t e  t h e  r e p o s i t o r y  s i t e  s e l e c -  

t i o n  process, i t  i s  i m p o r t a n t  t h a t  DOE de- 

ve lop  an e f f e c t i v e  means of communicating 

c r e d i b l y  t o  t h e  p u b l i c - - e s p e c i a l l y  those near  

p o t e n t i a l  s i t e s .  I n f o r m a t i o n  must be p ro -  

v ided t h a t  c o r r e c t s  p u b l i c  misconcept ions  and 

enables a g r e a t e r  degree of informed p a r t i c i -  

p a t i o n  i n  program imp lementa t ion .  To meet 

t h i s  r e s p o n s i b i l i t y ,  i t  i s  impor tan t  t o  

c l e a r l y  d e f i n e  p u b l i c  i n f o r m a t i o n  needs and 

t o  i dent  i fy communi c a t  i on techn iques  appl  i ca - 
b l e  t o  t h e  t r a n s f e r  o f  a p p r o p r i a t e  t e c h n i c a l  

i n f o r m a t i o n  t o  t h e  p u b l i c .  

t h i s  task ,  DOE w i l l  need t o  i d e n t i f y  d e s i r e d  

t a r g e t  groups, a p p r o p r i a t e  message con ten t  

and t h e  most e f f e c t i v e  media f o r  c r e d i b l e  

communication t o  those t a r g e t  groups. 

and implement a p u b l i c  i n f o r m a t i o n  program 

aimed a t :  

1. i n c r e a s i n g  p u b l i c  unders tand ing  o f  waste 

management techno logy  and programs 

2. c o r r e c t i n g  p u b l i c  misconcept ions  about 

c e r t a i n  aspec ts  o f  n u c l e a r  waste s to rage  

and d i sposa l  

w i t h  t h e  communit ies i n  p o t e n t i a l  d i s p o s a l  

s i t e  areas. 

Two p r imary  tasks  are  scheduled t o  be 

To accompl ish 

The o b j e c t i v e  o f  t h i s  task  i s  t o  s t r u c t u r e  

3. a s s i s t i n g  DOE i n  s u c c e s s f u l l y  i n t e r f a c i n g  

completed d u r i n g  FY 1983 t o  accompl ish t h e  

des i  r e d  o b j e c t i v e s :  
e Task 1 - Development o f  a document sum- 

m a r i z i n g  p u b l i c  i n f o r m a t i o n  needs i n  t h e  

area  o f  waste management, i m p o r t a n t  t a r g e t  

groups f o r  a p u b l i c  i n f o r m a t i o n  program, 

and e f f e c t i v e  communication media and 

techn iques .  Th is  i n f o r m a t i o n  was ob ta ined  
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f rom a rev iew o f  research  a l ready  conducted 

by t h e  Human A f f a i r s  Research Centers and, as 

app rop r ia te ,  by o t h e r  o rgan iza t i ons  i n  t h e  

"non techn ica l "  i ssues  area o f  r e p o s i t o r y  

s i t i n g .  

t o  DOE-RL a t  t h e  end o f  February .  

A l e t t e r  r e p o r t  f o r  Task 1 was sent  

e Task 2 - Th is  p o r t i o n  o f  t he  s tudy  w i l l  
u t i l i z e  t h e  r e s u l t s  o f  Task 1 t o  develop 

f o r  DOE guidance rega rd ing  t h e  development 

and p lann ing  t h a t  may be r e q u i r e d  t o  con- 

s t r u c t  and implement an e f f e c t i v e  p u b l i c  

i n f o r m a t i o n  program. The l e t t e r  r e p o r t  on 

Task 2 neared comple t ion  a t  t h e  end o f  t h e  

r e p o r t i n g  pe r iod .  

6.4 NUCLEAR MATERIALS TRANSPORTATION TECH- 
NOLOGY STUDIES 

6.4.1 Thermal Ana lys i s  Methods (AR-05-25 - 
80746) 

The objective of this research is to pro- 
vi,& improved anal yticaZ methods for thermal 
analysis of shipping casks. 

Summary 

An i n f o r m a t i o n  exchange meet ing was hos ted  
i n  which bo th  s t r u c t u r a l  and thermal codes 

r e l e v a n t  t o  spent f u e l  s h i p p i n g  cask des ign  

were discussed, 

government and i n d u s t r i a l  r e p r e s e n t a t i v e s  i n -  

t e r e s t e d  i n  cask des ign  and l i c e n s i n g .  

The meet ing was a t tended by 

was s e l e c t e d  t o  t e s t  t h e  va r ious  codes'  ac- 

t u a l  performance and c a p a b i l i t i e s .  Care was 

taken  i n  s e l e c t i n g  t h e  problems so as t o  a l -  

low q u a n t i t a t i v e  comparison o f  speed and ac-  

curacy  o f  t h e  va r ious  computer codes and 

q u a l i t a t i v e  e v a l u a t i o n  o f  o t h e r  computer p ro -  

gram c a p a b i l i t i e s .  

I n  t h e  c u r r e n t  r e p o r t i n g  pe r iod ,  an i n f o r -  
mat ion  exchange meet ing was h e l d  between gov- 

ernment and i n d u s t r y  r e p r e s e n t a t i v e s  , hosted  

by t h e  Technology T r a n s p o r t a t i o n  Center,  

Sandia Na t iona l  Labora to r ies .  A t  t h i s  meet- 

ing ,  d e t a i l s  o f  t h e  thermal  benchmarking e f -  

f o r t  were presented. Areas i n c l u d e d  code se- 

l e c t i o n  c r i t e r i a ,  cand ida te  codes, model 

p rob lem c r i t e r i a  and s e l e c t i o n ,  and bench- 

marked code r e s u l t s .  An e f f o r t  was made t o  
o b t a i n  i n d u s t r y  p a r t i c i p a t i o n  and thus  gu ide  

f u t u r e  benchmarking and code s e l e c t i o n  tasks .  

A f o l l ow-on  workshop w i l l  be h e l d  i n  l a t e  

FY 1983 o r  e a r l y  FY 1984 t o  p resen t  more 

d e t a i l e d  r e s u l t s  o f  t h e  benchmarking e f f o r t  

and t o  exchange r e s u l t s  w i t h  i n d u s t r y .  

6.4.2 S t r u c t u r a l  Ana lys i s  Methods 

(AR-05-25 - 807471. 

The objective of this research is to pro- 
vide a survey of analyticat structuraZ 
methods applicable for the design and licens- 
ing of spent fuel stripping casks. Structural 
computer code benchmarking is being used in 
the performance of this survey. 

Summary 
Thermal Ana lys i s  o f  Casks 

I n  p rev ious  r e p o r t i n g  per iods ,  severa l  

computer codes p o t e n t i a l l y  u s e f u l  f o r  thermal  

a n a l y s i s  o f  spent f u e l  s h i p p i n g  casks were 

se lec ted ,  acqu i red ,  and t e s t e d  f o r  t h e i r  ap- 

p l i c a b i l i t y  t o  thermal cask design. A s e r i e s  

o f  model ing problems o f  g r a d u a t i n g  comp lex i t y  

An i n f o r m a t i o n  exchange meet ing was 

hosted, and was a t tended by government and 

i n d u s t r i a l  rep resen ta t i ves ,  i n  which s t r u c -  

t u r a l  and thermal  codes r e l e v a n t  t o  spent 

f u e l  s h i p p i n g  cask desi  gn were discussed. 

c 
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S t r u c t u r a l  Ana lys i s  o f  Casks 

I n  p rev ious  r e p o r t i n g  pe r iods  f o r  t h i s  

p r o j e c t ,  severa l  computer codes were i d e n t i -  

f i e d  as p o t e n t i a l l y  u s e f u l  f o r  s t r u c t u r a l  

a n a l y s i s  o f  spent f u e l  s h i p p i n g  casks and 

were acqu i red .  

t h e  p u b l i c  e i t h e r  as source forms o r  on a 

fee - fo r -use  bas is .  The codes were bench- 

marked us ing  s imp le  c a s k - l i k e  models. A 

s e r i e s  o f  germane s t r u c t u r a l  response param- 

e t e r s  was se lec ted  and was t a b u l a t e d  so t h a t  

t h e  codes cou ld  be compared i n  a c o n s i s t e n t  

way. 
Dur ing  t h i s  r e p o r t i n g  p e r i o d  an Indus- 

t r i a l  /Government J o i n t  Thernal  and S t r u c t u r a l  

Codes I n f o r m a t i o n  Exchange meet ing was held.  

I n f o r m a t i o n  on t h e  s t r u c t u r a l  code benchmark- 

i n g  and on a s i m i l a r  thermal code benchinark- 

i n g  a c t i v i t y  'Ass presented. The i n f o r m a t i o n  

exchange ineeti  ng was hosted by t h e  Transpor-  

t a t i o n  Technology Center,  Sandia Labora to-  

r i e s ,  Albuquerque, New Mexico. 

These codes were a v a i l a b l e  t o  

6.4.3 C r i t i c a l i t y  S tud ies  - f o r  Spent Fuel  

T r a n s p o r t a t i o n  (AR-05-25 - 80263) 
-- 

The objective of t h i s  research is to ob- 
tain ezperimental criticaZity data i n  support 
of the design and safe operation of mctear 
fuel transport~tion systems. 

The document E x i s t i n g  Exper imental  Cri t i -  

c a l i t y  Data App l i cab le  t o  Nuc lear  Fuel Trans- 
p o r t a t i o n  Systems and Near Term Data Needs 

was issued as TTC-0295/PNL-4118. The da ta  

documented i n  t h i s  r e p o r t  w i l l  serve as t h e  

i n i t i a l  s tep  i n  deve lop ing  a f i r m  and com- 

p l e t e  da ta  base f o r  v e r i f y i n g  c a l c u l a t i o n a l  

models used i n  the  c r i t i c a l i t y  s a f e t y  ana ly -  

ses o f  t r a n s p o r t a t i o n  systems. An experimen- 

t a l  program i s  planned t o  p rov ide  those miss- 

i n g  da ta  cons idered most b e n e f i c i a l  i n  

comp le t i ng  t h e  da ta  base. The i n i t i a l  s e r i e s  

o f  exper iments  i s  scheduled t o  beg in  i n  

FY 1984 and i n v o l v e s  f u e l  sh ipp ing  arrange- 

ments i n  which neu t ron  f 

ated. These exper iments 

designed i n  c o o r d i n a t i o n  

t o r i e s  s t a f f  and t h e  Cha 

Energy Agency Work Group 

1 i a b i l  i t y  o f  d i  f f e r e n t  c 

t i  onal techn iques .  

5.4.4 Nuc lear  M a t e r i a l s  

ux t r a p s  a re  c r e -  

a re  c u r r e n t l y  be ing  

w i t h  Sandia Labora- 

rnan o f  a Nuclear 

assess ing  t h e  r e -  

i t i c a l i t y  c a l c u l a -  

Tran s ~ o  r t  a t i on Cost 

S tud ies  (AR-05-25 - 80744) 

The objective of this research program is 
to develop the methodologies and data re- 
quired for estimating shipping costs for a l l  
major categories of defense and commercial 
nuclear waste, and waste packaging 
alternatives. 

L o g i s t i c s  ana lyses  s u p p l i e d  t o  t h e  n u c l e a r  

waste management programs o f  t he  U.S. Depart-  

ment o f  Energy, t h rough  t h e  T r a n s p o r t a t i o n  

Technology Center (TTC) a t  Sandia Na t iona l  

Labora to r ies ,  a re  used t o  p r e d i c t  n u c l e a r  

waste m a t e r i a l  f l ow ,  t r a n s p o r t a t i o n  packaging 

demands, sh ipp ing  and r e c e i  v i  ng r a t e s  , and 

t r a n s p o r t a t i o n - r e l a t e d  cos ts  f o r  a l t e r n a t i v e  
s t r a t eg ie s .  Key t o  these analyses are the  
re fe rence  sh ipp ing  cos ts  f o r  va r ious  waste 

m a t e r i a l s  be ing  developed a t  t h e  P a c i f i c  

Northwest Labora to ry  (PNL) . 
PNL conducted research  f o r  t h e  TTC t o  

deve lop  techn iques  f o r  de te rm in ing  t h e  cos ts  

o f  sh ipp ing  i r r a d i a t e d  r e a c t o r  f u e l .  I n f o r -  

ma t ion  was c o l l e c t e d  from a t r u c k  c a r r i e r  

l i c e n s e d  t o  serve  t h e  48 cont iguous  s t a t e s ,  

and froin va r ious  r a i l  f r e i g h t  t a r i f f  guides 

(as o f  January 1982). 

i n f o r m a t i o n  suppl i e d  t h e  bas i  s f o r  develop 

i n g  a se t  o f  f o r n u l a s  t o  p r e d i c t  t r u c k ,  r a i l ,  

o r  t r u c k  heavy-haul sh ipp ing  cos ts .  A rep re -  

s e n t a t i v e  example o f  these f o r n u l a s  i s  g i v e n  

Th is  c o l l e c t i o n  o f  
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below f o r  t he  t o t a l  cos t  assoc ia ted  w i t h  DIS3 = To ta l  d i s tance  t r a v e l e d  by separa te  

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

e s c o r t  v e h i c l e ( s )  f r a n  t e r m i n a l  

t e r m i n a l  , m i l e s  

(p rov ided  by c a r r i e r )  t imes  t h e  

d i s t a n c e  t r a v e l e d  w i t h  a loaded 

cask by each e s c o r t  , man-mi 1 es 

No cask l e a s i n g  o r  

[(A. LE) + (AB s) t (DHC 01s2) t DIS4 = Sum o f  t he  number o f  armed e s c o r t s  

(SVC DIS3) (1 + FS) + 

The fo rmulas  r e f l e c t  o n l y  t h e  c o s t s  t o  t r a n s -  

p o r t  t h e  spent f u e l .  

purchase cos ts  a re  inc luded.  

1 
( A E C  D I S 4 )  t (SEC DIS1) + 

OWC + DET 

where 

AA = 

AB = 

LOAD = 

EMPT = 

SEC = 

AEC = 

DHC = 

svc = 

FS = 

owc = 

DET = 

DISl = 

DIS2 = 

Val ue f o r  s p e c i f i e d  d i  stance 

t r a v e l e d  w i t h  f u l l  cask, $/cwt 

Val ue f o r  speci f i e d  d i  s tance 
t r a v e l e d  w i t h  empty cask, $/cwt 

Weight o f  f u l l  cask, l b  

Weight o f  empty cask, l b  
Speci a1 equi pnent charge , $/mi 1 e 

Charge f o r  each armed e s c o r t  , 
$ / m a n 4  1 e 

Deadhead charge(a)  f o r  spec ia l  

equ i  pmerlt , $/mi 1 e 

Charge f o r  each separa te  e s c o r t  

v e h i c l e  (if requested) ,  $ / m i l e  

(each v e h i c l e  c a r r i e s  2 e s c o r t s )  

Fuel use surcharge 

Appl i c a b l  e overwei y h t  charge f o r  

each s t a t e  t r a v e r s e d  

Personnel and equipment d e t e n t i o n  

charge 

S p e c i f i e d  d i s t a n c e  t r a v e l e d  w i t h  

loaded cask, m i l e s  

S p e c i f i e d  d i s t a n c e  froin te rm ina l  

l o c a t i o n  o f  spec ia l  equipment t o  

p o i n t  o f  l o a d i n g  , m i  1 es 

I n  a d d i t i o n  t o  development o f  t h e  v a r i o u s  

c o s t  methodologies,  a se t  o f  da ta  was forinu- 

1 a ted  t o  rep resen t  a h y p o t h e t i c a l  t r a n s p o r t  

o f  spent f u e l  w i t h  each t r a n s p o r t  mode. The 

r e s u l t s  from these data a l lowed a b a s e l i n e  

comparison among t h e  t r a n s p o r t  modes. The 
ac tua l  f ee  charged by a t r u c k ,  r a i l ,  or t r u c k  

heavy-haul c a r r i e r  i s  based on t h e  v a r i a b l e s  

l i s t e d  above and cannot be de termined u n t i l  a 

c o n t r a c t  i s  s igned. A formal r e p o r t  r e l a t i n g  

t h e  r e s u l t s  o f  t h i s  study i s  expected t o  be 

pub l i shed  i n  June o f  t h i s  year .  

p o r t i n g  o t h e r  forms o f  nuc lea r  waste (remote- 

and contac t -hand led  t r a n s u r a n i c s ,  h i g h - l e v e l  , 
and l o w - l e v e l )  i s  i n  p rogress .  Cur ren t  and 

conceptual  sh i  p p i  ng c o n t a i  ner /cask  des igns  , 
sh i  pp i  ng systems , sh i  pp i  ng modes , and combi - 
n a t i o n s  o f  o r i  g i  ns and d e s t i n a t i o n s  have been 

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

s e t  o f  fo rmulas  f o r  each p a r t i c u l a r  waste 

fo rm w i l l  be developed f o r  use i n  waste d i s -  

posal  c o s t  and l o g i s t i c  s tud ies .  

Research t o  p r e d i c t  t h e  c o s t s  o f  t r a n s -  

6.5 KRYPTON ION IMPLANTATION (AS-25-05 - 
86116) 

The objective of this proqram is to de- 
vetop the- process o f  imptatlt2ng krypton in a 
sputter-deposited m t a Z  mtrix for  ultimate 
storage of krypton-85. Pilot-scale demon- 
stration of the process, u s i n g  nonradioactive 

(a )  Cost i n c u r r e d  f o r  moving equipment. and 
personnel  from t h e i r  d o m i c i l e  t o  t h e  
s h i  pment o r i  g i  n . 

krypton, and smuit laboratory-scute tests 
using krypton-85 oil1 be conducted. 
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Summary 

A t  t h e  s t a r t  o f  FY 1983, a p r imary  ob jec-  

t i v e  was t h e  design, c o n s t r u c t i o n ,  and demon- 

s t r a t i o n  o f  a f u l l - s c a l e ,  remote ly -operab le  

s p u t t e r i n g  chamber f o r  t r a p p i n g  k r y p t o n  i n  a 

metal  ma t r i x .  F u l l - s c a l e  i s  i n t e r p r e t e d  as a 

system compat ib le  w i t h  d l a r g e  f u e l  rep ro -  

cess ing  p l a n t ,  i.e., AGNS. A t  mid-year,  t h e  

e f f o r t  was r e d i r e c t e d  toward a system s u i t -  

a b l e  f o r  a sma l le r  f u e l  rep rocess ing  opera- 

t i o n ,  i .e . ,  t he  Breeder Reprocessing E x p e r i -  
mental Test (BRET). The chamber des ign  has 

been r e v i s e d  such t h a t  t h e  d iameter  and con- 

n e c t i o n s  w i l l  se rve  bo th  BRET and an AGNS 

i n s t a l l a t i o n ;  c a p a c i t y  can be ad jus ted  by i n -  

c reas ing  or reduc ing  t h e  chamber l eng th .  

The o u t e r  dimensions and connect ion  

d e t a i l s  o f  t he  new d isposab le  chamber have 

been e s t a b l i s h e d  as w e l l  as t h e  general  a r -  

rangement of t he  i n t e r n a l  e lec t rodes .  How- 

ever,  t h e  f i n a l  geometry and e l e c t r o d e  mate- 

r i a l  s e l e c t i o n  depends on t h e  success fu l  

d e p o s i t i o n  o f  a f u l l - t e r m  depos i t  1 cm t h i c k ,  

u s i n g  an exper imenta l  demountable chamber o f  

s i m i l a r  design. T e s t i n g  i s  under way and 

progress  t o  da te  us ing  t h e  demountable system 
w i t h  a 1500-cm2 s u b s t r a t e  area i n d i c a t e s  t h a t  
88% o f  t he  des ign  pumping capac i t y  can be 

achieved us ing  84% o f  t h e  i n p u t  des ign  power. 

The t h i c k e s t  depos i t  achieved t o  da te  w i t h  

k ryp ton- loaded n i cke l - l an thanum i s  0.1 cm. 

mod i fy ing  the  c u r r e n t  l i m i t e r s ,  p ressu re  con- 

t r o l  system, and anode geometry and o p e r a t i n g  

procedures w i l l  i nc rease  t h e  r e l i a b i l i t y  o f  

p ressure  c o n t r o l  and t h e  o v e r a l l  system and 

whether i n t e r n a l  s t r e s s  i n  t h e  k ryp ton - loaded  

depos i t  w i l l  l i m i t  t he  depos i t  t h i ckness .  

The d e t a i l e d  mechanical designs have been 
completed fo r  a remote ly  operab le  s p u t t e r i n g  

s t a t i o n  and t h e  s e r v i c e  connector assembly. 

More t e s t s  a re  under way t o  l e a r n  whether 

A p r e l i m i n a r y  l a y o u t  f o r  a four-chamber 

arrangement has been made. 

k r y p t o n  r e l e a s e  be min imized i n  t h e  s to rage  

o f  85Kr -con ta in ing  depos i t s .  A l so  s a f e t y  

c o n s i d e r a t i o n s  d i c t a t e  t h a t  t h e  r e l e a s e  o f  
85Kr be s t u d i e d  under c o n d i t i o n s  t h a t  cou ld  

occur  d u r i n g  s to rage,  hand l i ng ,  o r  t r a n s p o r -  

t a t i o n .  I nc luded  i n  these s t u d i e s  a re  t h e  

r e l e a s e  o f  k r y p t o n  f rom a Ni-La-Kr a l l o y  i n  

0.66 t o r r  02 and a t  3 2 O O C  and i n  water  a t  

room tempera ture  and t h e  re lease  o f  k r y p t o n  

f rom a N i - Y - K r  a l l o y  d u r i n g  g r i n d i n g  a t  room 

temperature.  

i s  re leased  f rom t h e  s u r f a c e  o f  t h e  N i -La-Kr  

a l l o y ,  bu t  a f t e r  a s h o r t  t ime  t h e  a l l o y  be- 

comes pass i ve  t o  f u r t h e r  o x i d a t i o n .  A f t e r  

t h i s ,  t h e  k r y p t o n  r e l e a s e  r a t e  decreases t o  

20% o f  t h e  r a t e  b e f o r e  o x i d a t i o n .  Thus t h e  

d e p o s i t  i s  s t a b l e  and poses no s i z a b l e  re -  

lease hazards i f  exposed t o  a i r .  

The r e l e a s e  o f  k r y p t o n  f rom t h e  Ni-La-Kr 

a l l o y  i n  water  a t  room tempera ture  i s  g r e a t e r  

t han  i n  d r y  oxygen. Based on n e a r l y  a yea r  

o f  t e s t s ,  t h e  es t ima ted  19-year r e l e a s e  

amounts t o  1.76% o f  t h e  con ta ined  k ryp ton .  
Kryp ton  r e l e a s e  f rom the Ni-La-Kr a l l o y  i n  
water  a t  90°C i s  a l s o  be ing  measured, and 

these  r e s u l t s  w i l l  be r e p o r t e d  l a t e r .  

D u r i n g  g r i n d i n g ,  k r y p t o n  i s  re leased  from 

t h e  c losed  pores o f  t h e  N i - Y - K r  a l l o y  as they  

a r e  opened. Our r e s u l t s  i n d i c a t e  t h a t  k r y p -  

t o n  i s  con ta ined  p redominan t l y  i n  pores  

s m a l l e r  t han  12 A i n  diameter.  A l so  t h e  

k r y p t o n  con ten t  of t h e  a l l o y  decreases rap -  

i d l y  as t h e  p a r t i c l e  s i z e  f a l l s  below 

10 wn. Th is  i n f o r m a t i o n  i s  c o n s i s t e n t  w i t h  a 

v o i d  s i z e  of -20 A observed i n  an e l e c t r o l y t -  

i c a l l y  t h i n n e d  N i -T i -K r  a l l o y  w i t h  t ransmis -  

s i o n  e l e c t r o n  microscopy. 

Env i ronmenta l  c o n s i d e r a t i o n s  d i c t a t e  t h a t  

D u r i n g  o x i d a t i o n  a smal l  amount of k r y p t o n  
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Equi p l e n t  Development and Tes t i ng  

The des ign  requ i rements  f o r  f a b r i c a t i o n  
and demonst ra t ion  o f  a remote ly  operab le  

s p u t t e r i n g  s t a t i o n  f o r  i o n - i m p l a n t i n g  85Kr i n  

a s p u t t e r e d  Ni-La a l l o y  have been changed t o  

match the  k r y p t o n  ou tpu t  o f  a sma l le r  f u e l  

rep rocess ing  opera t i on ,  i .e.,  t h e  Breeder Re- 

p rocess ing  Exper i inental  Test (BKET). The 

d i  sposable chamber design has been r e v i s e d  

such t h a t  the  i n n e r  s u b s t r a t e  d i a n e t e r  o f  
25 cm and t h e  e x t e r n a l  e l e c t r o d e  and water  

c o o l i n g  connect ions  w i l l  se rve  b o t h  BRET and 

on an At iNS i n s t a l l a t i o n ;  c a p a c i t y  can be 

ad jus ted  by i n c r e a s i n g  o r  reduc ing  t h e  cham- 

b2r  l e n g t h .  The des ign  w i l l  a l l o w  t h e  
s u b s t r a t e  area t o  be v a r i e d  from 1000 t o  

3000 crn2 by charlging t h e  l e n g t h  o f  t h e  cy-  
l i n d r i c a l  p o r t i o n  o f  t he  chamber f rom 0 t o  

25 cm. Rad ia t i on  s h i e l d i n g  c a l c u l a t i o n s  were 

completed f o r  the  8 5 K r - f i  I l e d  d i sposa l  t r a p -  

p ing  u n i t  f o r  t h e  BKET-size f a c i l i t y .  

t h i c k n e s s  o f  5.7 o n  w i l l  be requ i red .  

A l e a d  

A l e s s  expensive unsh ie lded 1500-cm2 sub- 

s t r a t e  sur face  area t r a p p i n g  u n i t  (wh ich  
c o u l d  be disassembled and m o d i f i e d  as neces- 

sary )  was designed and f a b r i c a t e d  and i s  

be ing  used t o  e s t a b l i s h  t h e  f i n a l  i n t e r n a l  

des ign  o f  t h e  sh ie lded  d i sposab le  t r a p p i n g  

u n i t .  A ske tch  o f  t he  demountable u n i t  i s  

s h o w  i n  F i g u r e  6.1. 

have demonstrated a pumping speed o f  2.2 L /h r  

a t  STP w i t h  a Ni-La t a r g e t  i n p u t  power o f  

21.6 kW f o r  a p e r i o d  j u s t  under 1 hr.  To 

meet t h e  des ign  requ i rements  f o r  t h i s  s i z e  

u n i t ,  i t must pump 2.5 L /h r  a t  STP f o r  about 

100 h r  wi th an i n p u t  t a r g e t  power o f  24 kW. 

it was decided t o  proceed w i t h  t h e  des ign  o f  
t h e  s h i e l d e d  s p u t t e r i n g  s t a t i o q  t o  de lay  t h e  

i n t e r n a l  e l e c t r o d e  des ign  u n t i l  a f u l l - t e r m  

(1 cm t h i c k )  d e p o s i t  cou ld  be made. 

t a i  l ed rnechani ca l  des i  gn i n c l  u d i  ng t h e  se r -  

v i c e  connector  assembly has been cornpl e ted .  

A reduced assembly drawing i s  shown i n  F i g -  

u r e  6.2. 

Tes ts  us ing  t h i s  u n i t  

Based on t h e  performance o f  t h e  t e s t  u n i t ,  

The de- 

A p r e l i m i n a r y  l a y o u t  o f  a 

EVACUATION PORT 

STL SUBSTRATE 

FIGURE 6.1. 1500-cn2 D isposab le  Gas Trapp ing  U n i t  
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four-chamber arrangement a1 so has been made , 
as shovrn i n  the  reduced, u n f i n i s h e d  drawing, 

F i g u r e  6.3. 

F u r t h e r  exper i rnenta t ion  w i t h  t h e  1500-cm2 

t e s t  u n i t  has r e s u l t e d  i n  depos i t s  o f  
k ryp ton - loaded  Ni-La o f  up t o  0.1 cm t h i c k .  

The c h i e f  f a c t o r s  necessary f o r  a c h i e v i n g  

r e l i a b l e ,  con t inuous  o p e r a t i o n  are :  1) ab- 

sence o f  e l e c t r i c a l  sho r t s  between e l e c t r o d e s  

as a r e s u l t  o f  depos i t  bu i  1 dup , nonadherent 

depos i ted  m a t e r i a l ,  o r  movement o f  e l e c t r o d e s  

due t o  thermal expansion or warpage or  a 
combina t ion  o f  both;  2) p r o p e r l y  p r o t e c t e d  

power supp l i es  t h a t  can r e t u r n  q u i c k l y  t o  t h e  

I 

e 

FIGURE 6.3. Four-Chamber Arrangement C 
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Lus d e s i r e d  c u r r e n t  s e t t i n g s  a f t e r  f a u l t s  a re  

c lea red ;  3) adequate c o n t r o l  o f  gas pressure ;  
and 4 )  tempera ture  c o n t r o l  o f  a l l  e lec t rodes .  

F a i l u r e  t o  meet these requ i rements  w i l l  r e -  

s u l t  i n  a m a l f u n c t i o n  o f  t h e  u n i t .  Two weak 

p o i n t s  t h a t  p r o h i b i t  r e l i a b l e  o p e r a t i o n  o f  

t h e  present  u n i t  a re  t h e  f a i l u r e  o f  t he  t a r -  

ge t  power supply 1 i m i  t e r  t o  opera te  p r o p e r l y  
above 2100 V and t h e  l a c k  o f  d imensional  s t a -  

b i l i t y  o f  t h e  anode- f i lament  c o n f i g u r a t i o n .  

Since spur ious  rf o s c i l l a t i o n s  appear ing 

when the  t a r g e t  p o t e n t i a l  exceeds 2100 V have 

prevented  f u l l  power ope ra t i on ,  t h e  power 

supp ly lp rocess  c o n t r o l l e r  network was i m -  

proved i n  severa l  ways. The system was ;nodi- 

f i e d  t o  s top  s p u t t e r  d e p o s i t i o n  i f  the  gas 

t r a p p i n g  r a t e  f a l l s  below a p rese t  l e v e l ,  

p r o v i d e  f a s t e r  recovery  f rom e l e c t r o d e  a r c -  

i n g ,  and improve power supp ly  c o n t r o l .  Addi - 
t i o n a l  f i l t e r i n g  was added t o  t h e  f i l a m e n t  

and plasma c u r r e n t  s igna l  i n p u t s  t o  improve 

t h e  computer read ing  accuracy.  A new o u t p u t  

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

s u b s t r a t e  l i m i t e r  on a dummy load  bank. A l so  

a newly designed 100-A, a i  r - c o o l e d  plasma 

l i m i t e r  was load-bank tes ted .  An a d j u s t a b l e  

l o a d  bank w i t h  an i n t e g r a l  s h o r t i n g  r e l a y  f o r  

2500-V o p e r a t i o n  was designed and f a b r i c a t e d  
t o  p e r m i t  long- te rm pu lsed t e s t i n g  of 

combi n a t i o n s  o f  h i  gh-vol  t age  power supp ly  

l i m i t e r s  a t  t h e  25-kW l e v e l .  An o rde r  has 

been p laced f o r  a commercial t a r g e t  power 

supp ly  w i t h  a c u r r e n t  cutback c i r c u i t  o f  

comparable s i ze .  Th is  u n i t  i s  r e p o r t e d  t o  

s u c c e s s f u l l y  power a s p u t t e r i n g  t a r g e t  f o r  a 

plasma i s o t o p e  separa t i on  process. 

Tes t  runs with t h e  l a t e s t  anode c o n f i g u r a -  

t i o n  i n d i c a t e  t h a t  t h e  anode tempera ture  du r -  

i n g  fu l l - power  o p e r a t i o n  i s  i n s u f f i c i e n t  t o  

ach ieve  s i g n i f i c a n t  depos i t  v a p o r i z a t i o n  b u t  

h i g h  enough f o r  depos i t  w l t i n g .  Tes ts  w i t h  

anodes c o n s t r u c t e d  o f  t a n t a l  um or  inolybdenum 

show t h a t  e i t h e r  m a t e r i a l  i s  s u i t a b l y  s tab le .  

I t  inust be shown, however, t h a t  t h e  b u i l d u p  

o f  l i q u i d  n i cke l - l an thanum w i l l  no t  cause an 

e l e c t r i c a l  s h o r t  between t h e  anode and ad jd -  

cen t  s t r u c t u r e s .  

I n  March, t h e  pumping s t a t i o n ,  power sup- 

p l y ,  and c o n t r o l  conso le  were r e l o c a t e d  f rom 

t h e  231-2 B u i l d i n g  a t  t he  n o r t h  end o f  t he  

Hanford Reserva t i on  t o  t h e  Research Techno1 - 
oyy Labora to ry  (RTL) near Richland. Exper i -  

ments w i l l  con t i nue  as soon as t h e  equipment 

i s  operab le  us ing  a newly completed s t e e l  

subs t ra te .  

K i n e t i c s  o f  Kryp ton  Release 

E n v i r m n e n t a l  c o n s i d e r a t i o n s  d i c t a t e  t h a t  

k r y p t o n  re lease  be min imized i n  t h e  s to rage  

o f  85Kr -con ta in ing  depos i t s .  

d e s i r a b l e  t h a t  t h e  re lease  o f  85Kr be under-  

s tood  i n  t h e  event o f  nonstandard c o n d i t i o n s  

d d r i n g  s to rage  or  t r a n s p o r t a t i o n .  

goa ls  i n  mind, s tud ies  i n v o l v i n g  t h e  r e l e a s e  

behav io r  o f  k r y p t o n  spu t te r -depos i  t e d  n i c k e l  - 
lanthanum a l l o y  i n  O2 a t  32OoC, i n  water a t  

room temperature,  and i n  water a t  90°C have 
been added t o  t h e  s tudy  of  t he  i so the rma l  re -  
l ease  r a t e  measurements i n  t h e  range 250 t o  

450°C. A l so  added t o  these s t u d i e s  was t h e  

e f f e c t  o f  g r i n d i n g  on k r y p t o n  re lease  and de- 

t e r m i n a t i o n  o f  p a r t i c l e  p o r o s i t y  and k r y p t o n  

con ten t  measured as a f u n c t i o n  o f  t h e  p a r t i -  

c l e  s i ze .  The g r i n d i n g  s tudy  was performed 

on t h e  n i c k e l - y t t r i u m  a l l o y  because i t  re -  

q u i r e d  a l a r g e  amount o f  m a t e r i a l .  

pose o f  t h e  s t u d i e s  i s  t o  a t tempt  t o  under -  

s tand  how k r y p t o n  i s  d i s t r i b u t e d  i n  t h e  s o l i d  

and by what mechanisms i t  i s  re leased.  

It i s  a l s o  

With these  

The pur -  
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Release Behavior i n  Oxygen 

The t e s t  t o  determine t h e  k r y p t o n  re lease  

behav io r  o f  t h e  Ni-La-Kr a l l o y  d u r i n g  con- 

t i n u o u s  exposure t o  atmospher ic concent ra -  

t i o n s  o f  oxygen has con t inued  f o r  about 11 

months. These r e s u l t s  a re  shown i n  F ig -  

u r e  6.4. Dur ing  t h a t  t ime ,  t h r e e  d i f f e r e n t  

r e l e a s e - r a t e  regimes have been observed. 

each regime, t h e  t o t a l  k r y p t o n  re leased i s  

p r o p o r t i o n a l  t o  t h e  square r o o t  o f  t ime,  i n -  

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

l i n g  mechanisin f o r  k r y p t o n  re lease.  

f i r s t  regime l a s t e d  26 days, and t h e  k r y p t o n  

re leased  was -220% as g r e a t  as would be ex- 

pec ted  i n  vacuuin (dashed l i n e  i n  F i g u r e  6.4) 

N i t h o u t  oxygen exposure. The second regime 
con t inued  f o r  another  115 days, and t h e  k r y p -  

I n  

The 

500 600 700 800 
SQUARE ROOT TIME, (rnin) 1 /2 

FIGURE 6.4. Release o f  Kryp ton  a t  320°C i n  
166 To r r  o f  Oxygen from an N i -L j -K r  A l l o y  
I n i t i a l l y  Conta in ing  1.32 x 10- Moles K r /g  
Sample 

t o n  re leased  was -90% as g rea t  as would be 

expected i n  vacuum w i t h o u t  oxygen exposure. 

The t h i r d  regime has cont inued f o r  190 days 

and i s  s t i l l  con t i nu ing ,  and t h e  k r y p t o n  

re leased  was about 20% as g rea t  as would be 

expected i n  vacuum w i t h o u t  oxygen exposure. 

no oxygen exposure had occur red  because o f  

t h e  markedly decreased k ryp ton  re lease  r a t e  

d u r i n g  t h e  l a s t  190 days o f  exposure. T h i s  

i s  t r u e  even though i t  i s  apparent from these 

r e s u l t s  t h a t  o x i d a t i o n  o f  t h e  a l l o y  causes 

t h e  r e l e a s e  o f  k ryp ton  d u r i n g  t h e  f i r s t  141 

days o f  exposure. 

It i s  proposed t h a t  t he  mechanisms f o r  re -  

l ease  o f  k r y p t o n  d u r i n g  t h e  t h r e e  regimes a r e  

as f o l l o w s :  
1. Dur ing  t h e  f i r s t  26 days, t h e  k r y p t o n  re -  

l ease  r a t e  was c o n t r o l l e d  by t h e  o x i d a t i o n  

r a t e  o r  t h e  d i f f u s i o n  o f  oxygen th rough  

t h e  ox ide  l a y e r  a l ready  formed on t h e  

meta l  sur faces .  A f t e r  26 days, t h e  o u t e r  

su r face  o f  t h e  a l l o y  became r e s i s t a n t  t o  

f u r t h e r  o x i d a t i o n ,  and t h e  k r y p t o n  r e l e a s e  

r a t e  decreased. 

The o v e r a l l  r e lease  was much l e s s  than  i f  

2. Dur ing  t h e  second regime, o x i d a t i o n  was 

a p p a r e n t l y  s t i  11 c o n t i n u i n g  because t h e  

k r y p t o n  re lease  r a t e  was s t i l l  4.5 t imes  

as g r e a t  as i n  t h e  t h i r d  regime. The 

k r y p t o n  r e l e a s e  r a t e  i n  t h e  second regime 

was a p p a r e n t l y  s t i l l  c o n t r o l l e d  by t h e  

r a t e  o f  o x i d a t i o n ,  which may have been 

c o n t r o l l e d  by the  d i f f u s i o n  o f  oxygen i n t o  

pores  w i t h  r e s t r i c t e d  openings t o  t h e  sur -  

face  o r  by a p a r t  o f  t h e  m a t e r i a l  t h a t  ox- 

i d i z e s  more s l o w l y  b u t  f o r  a l o n g e r  t ime  

than  t h e  o t h e r  p a r t .  

e n t l y  become r e s i s t a n t  t o  f u r t h e r  ox ida-  

ti on, and t h e  r a t e - c o n t r o l  1 i ng mechani sm 

f o r  k r y p t o n  re lease  has become t h e  d i f f u -  

s i o n  o f  k r y p t o n  th rough t h e  ox ide  l aye r .  

3. I n  t h e  t h i r d  regime, t h e  a l l o y  has appar- 
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E v i d e n t l y  t he  r a t e  o f  d i f f u s i o n  th rough 

the  ox ide  l a y e r  i s  o n l y  about 20% of t h e  

r a t e  th rough t h e  u n o x i d i  zed meta l  because 

the  re lease  r a t e  i s  o n l y  about 20% of t h e  

r a t e  o f  t he  unox id i zed  meta l .  

The r e s u l t s  o f  t h i s  t e s t  a re  c o n s i s t e n t  

w i t h  those o f  a t e s t  r e p o r t e d  e a r l i e r  (T ingey  

1982). In t h a t  t e s t  a sample was i n t e r m i t -  

t e n t l y  exposed t o  oxygen f o r  4 h r  a t  320°C, 

arld i t  was concluded t h a t  an ox ide  l a y e r  

forms on t h e  a l l o y  t h a t  i s  r e s i s t a n t  t o  d i f -  

f u s i o n  o f  bo th  oxygen and k ryp ton  and leads  

t o  a k r y p t o n  re lease  o n e - s i x t h  t h a t  o f  t he  

expected re1  ease wi th  no oxygen exposure. 

The t e s t s  repo r ted  here show t h a t  con t inuous  

exposure o f  t he  sample t o  oxygen e v e n t u a l l y  

r e s u l t s  i n  a decreased re lease  r a t e  o f  about 

t h e  same magnitude as t h e  4-hr exposures d i d ,  

and t h a t  the Ni-La-Kr a l l o y  e v e n t u a l l y  be- 

comes r e s i s t a n t  t o  f u r t h e r  o x i d a t i o n .  

The r e s u l t s  o f  t h i s  t e s t  show t h a t  t h e  

Ni-La-Kr a l l o y  i s  s t a b l e  i n  oxygen and t h a t  

t h e  k r y p t o n  re lease  r a t e  decreases by a 

f a c t o r  o f  f i v e  a f t e r  a s t a b l e  ox ide  f i l m  

forms on t h e  sur face .  

Release Behav io r  i n  Water - 

The study o f  k r y p t o n  re lease  behav io r  o f  

t h e  Ni-La-Kr a l l o y  i n  water has shown t h a t  

water  does n o t  g r e a t l y  i nc rease  t h e  k r y p t o n  

r e l e a s e  ra te .  Th is  s tudy  i s  s t i l l  con t i nu -  

i n g ;  b u t  f o r  300 days i n  room tempera ture  

water ,  t h e  re lease  i s  c o n s i s t e n t  w i t h  a d i f -  

f u s i o n  mechanism r e l e a s i n g  o n l y  about 1.8% o f  

i t s  t o t a l  k r y p t o n  a f t e r  10 years .  

Gr ind ing  S tud ies  - 

Dur ing  g r i n d i n g  , k r y p t o n  was re1 eased from 

t h e  N i - Y - K r  a l l o y  as f r a c t u r e  l i n e s  extended 

th rough  c losed  pores c o n t a i n i n g  k r y p t o n  , t h u s  

opening them and r e l e a s i n g  t h e  k ryp ton .  Par- 

t i c l e  s i z e  d i s t r i b u t i o n s  a f t e r  g r i n d i n g  a re  

shown i n  F i g u r e  6.5. As seen i n  Table 6.1, 

open p o r o s i t y  i nc reased  and k r y p t o n  was r e -  

l eased  d u r i n g  g r i n d i n g .  

re leased  was g r e a t e r  t han  cou ld  have been 

con ta ined  i n  t h e  pores t h a t  were opened. 

Th is  i s  i l l u s t r a t e d  by us ing  t h e  l i q u i d  den- 

s i t y  t o  c a l c u l a t e  t h e  maximum volume o f  k ryp-  

t o n  t h a t  c o u l d  be con ta ined  i n  pores, wh ich  

i s  0.578 L K r  (STP) per mL pore  volume. The 

amount o f  k r y p t o n  re leased  d u r i n g  g r i n d i n g  

was f a r  g r e a t e r  than the  amount t h a t  cou ld  

have been con ta ined  i n  t h e  12 t o  800 A pores 

t h a t  were measured (see Tab le  6.1). Then a 

l a r g e  volume o f  pores  e i t h e r  >800 A or <12 A 

inust have been opened, o r  p o s s i b l y  pores were 

des t royed d u r i n g  g r i n d i n g .  

It i s  proposed t h a t  pores i n  the  N i - Y - K r  

a l l o y  were mos t l y  <12 A i n  d iameter  because: 

1) it appears t h e  volume o f  pores >800 A was 

However, t h e  k r y p t o n  

5 10 20 50 100 200 
PARTICLE SIZE, pm 

FIGURE 6.5. P a r t i c l e  S ize  D i s t r i b u t i o n s  
A f t e r  Var ious  Gr ind ing  Times (shown i n  
minu tes  on l i n e s )  
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TABLE 6.1. Kryp ton  Release, Pore Volume o f  Pores 12 t o  800 A Diameter 
and Surface Area of Pores Larger  than  12 A Dur ing  Gr ind ing  f o r  t h e  
Ni0.82Y0.11Kr0.07 O Y  

Inc rease i n  Open Surface 
Gr ind ing  Pore Volume, Area, L K r  (STP)  % o f  Contained 
Time, min pL/g Sample m2/g Sample mL Pores K r  Released 

1.25 0.17 0.107 1.1 0.8 

2.5 0.17 0.108 1.9 1.4 

5 0.15 0.109 2.2 1.5 

20 0.46 0.189 7.5 15.4 

50 0.60 0.263 24.0 64.4 

smal l  because pores were d o s t l y  400 A and 

sma l le r  and 2) i t  appears t h a t  pores  were n o t  

des t royed  because i f  pores were des t royed 

d u r i n g  g r i n d i n g ,  su r face  area would i nc rease  

a t  a g r e a t e r  r a t e  than p o r o s i t y .  But,  as 
seen i n  Table 6.1, su r face  area and p o r o s i t y  
i nc reased  a t  comparable r a t e s .  Thus t h e  

p o r o s i t y  and re lease  measurements l e a d  t o  t h e  

conc lus ion  t h a t  more than  95% of t h e  k r y p t o n  

i s  con ta ined  i n  pores l e s s  than  12 A i n  

d iameter ,  bu t  t h a t  t h e r e  a re  s i g n i f i c a n t  

pores o f  l a r g e r  d iameter  t h a t  may a f f e c t  

r e l e a s e  nechanisins. I n  o t h e r  work a v o i d  

s i z e  o f  -20 A was observed i n  an e l e c t r o l y t -  

i c a l l y  t h i n n e d  N i - T i - K r  a l l o y  w i t h  t ransmis -  

s i o n  e l e c t r o n  microscopy. To t e s t  t h e  e f f e c t  

o f  p a r t i c l e  s i z p  and p o r o s i t y  on re lease  
r a t e ,  re lease  under i so the rma l  c o n d i t i o n s  

w i l l  be measured on severa l  p a r t i c l e - s i z e  

f r a c t i o n s .  

Measure!nent o f  t h e  k r y p t o n  con ten t  o f  var -  

i ous  p a r t i c l e - s i z e  f r a c t i o n s  o f  t h e  N i - Y - K r  

a l l o y  a f t e r  g r i n d i n g  i s  shown i n  F i g u r e  6.6. 

The k r y p t o n  con ten t  i s  maximuin i n  p a r t i c l e s  

-80 p~ i n  d iameter  and i s  g r e a t e r  t han  i n  t h e  

b u l k  a l l o y  b e f o r e  g r i n d i n g .  The decrease i n  

k r y p t o n  con ten t  w i t h  p a r t i c l e  s i z e  i n  pa r -  

t i c l e s  <80 un i s  exp la ined  by t h e  r e l e a s e  o f  

k r y p t o n  d u r i n g  g r i  nd i  ng as f r a c t u r e  1 i nes 

i n c l  ude pores,  t h u s  opening them and re1  eas- 

i n g  the  k ryp ton .  A d d i t i o n a l  work i s  needed 

0 I /  

I I I I I J  
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FIGURE 6.6. Kryp ton  Content o f  N i  82Y 
Kr, A l l o y  Versus P a r t i c l e  S ize  A h e r  b!Ad- 
i n i ' j n  a B a l l  M i l l .  
k r y p t o n  o f  t h e  b u l k  a l l o y  b e f o r e  g r i n d i n g .  

Dashed l i n e  rep resen ts  

t o  e x p l a i n  t h e  decrease i n  k r y p t o n  con ten t  i n  

p a r t i c l e s  >80 9. 
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6.6 IODINE-129 FIXATION (AS-25-05 - 87128) 

The object ive  of t h i s  program i s  to de- 
velop technologies that  will provide safe  and 
e f f e c t i v e  removal arld p c k a g i q  of iodine-129 
f o r  i n i t i a l  treatment,  f o r  interim storage 
and shipment, and for permanent i so la t ion .  
The technotogies must be related t o  a11 
phases of the nuclear f u e l  cycle .  



The i o d i n e  f i x a t i o n  program was completed 

d u r i n g  t h i s  r e p o r t  pe r iod .  Work c o n s i s t e d  o f  

a n a l y s i s  o f  exper imenta l  da ta  and t h e  prep- 

a r a t i o n  o f  r e p o r t s .  The f o l l o w i n g  papers and 

r e p o r t s  were w r i t t e n  d u r i n g  t h e  pe r iod :  

PNL-4489. Methvl I o d i d e  SorDt ion bv Re- 
duced S i i v e r  k r d e n i t e ,  R. b. 
L. L. Burger, and C. L. Matsuzaki  

Scceele, 

PNL-4490, Recycle o f  Iodine-Loaded S i  1 v e r  
Morden i te  by Hydrogen Reduction, L. L. 
Burg2r and R. D. Scheele. 

PNL-SA-10896, "Leach Resi stance of I o d i n e  
Compounds i n  P o r t l a n d  Cement," R. D. 
Scheele, L. I _ .  Burger,  and K. D. Wiemers. 
Am. Chem. SOC. 185th Na t iona l  Meet ing,  
S e a t t l e  , Washington , 1983. 

PNL-4689, The S ta tus  o f  Rad io iod ine  Con- 
t r o l  f o r  Nucl ear  Fuel Reprocessing P1 a n t s  , 
L. L. Burger and R. D. Scheele. 

The last-named r e p o r t  i s  the  f i n a l  one o f  

t h e  program. It summarizes i n  capsu le  fo rm 

t h e  concepts f o r  cap tu re  o f  a i r b o r n e  i o d i n e  

and f o r  f i x a t i o n  and d i sposa l .  Capture 

processes are  judged w i t h  respec t  t o :  

0 compati b i  1 i t y  w i t h  o v e r a l l  a i r b o r n e  waste 

0 a m e n a b i l i t y  o f  cap tu re  form t o  t rea tmen t  

f o r  s to rage o r  d i sposa l  

0 o t h e r  advantages and disadvantages 

0 recommended s t u d i e s  o r  demonst ra t ions .  
F i x a t i o n  and d i sposa l  a r e  more d i f f i c u l t  t o  

eva lua te  because o f  l a c k  o f  c r i t e r i a ,  Sev- 

e r a l  concepts appear t o  g i v e  adequate c o n t r o l  

f o r  j3 few hundred t o  a few thousand years .  

It i s  suggested t h a t  adequate d i s p e r s a l  o f  

lZ9I i s  t h e  bes t  long- range o p t i o n  f o r  i o d i n e  

c o n t r o l .  

t rea  t )ne n t 

6.7 THERMAL OUTGASSING (AR-05-15-05 - 
80246) 

The object ioes  of the Thermal Outgassing 
Program w e  t o :  
1 .  deveZop a method f g r  the safe and e f f ec -  

t i v e  removal of votat iZe f i s s i o n  products 
from irradiated f u e l  

. . . . . . . . .. - .. . .. . . . . . . . . . . . . . . . . , . . . . 
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2.  evaluate the use of thermaZ outgassing 
using various sweep gases or  uac 
gassing fo r  the removal of I4c, 
and 3H 

experimertt and theory t o  speat f u e l  re- 
processing, i n t e r im  and tong-term storage, 
and t o  reactor s a f e t y .  

YB;utgJKr 

3 .  apply the  information obtained from both 

The work d u r i n g  t h e  p e r i o d  cons is ted  o f  

a n a l y s i s  o f  da ta  and p r e p a r a t i o n  o f  r e p o r t s .  

A r e p o r t  , PNL-4487 , Thermal Outgassing of 
I r r a d i a t e d  Nuc lear  Fuel - A L i t e r a t u r e  Review 

was w r i t t e n  by L. G. Morgan, L. L. Burger,  

L. A. Bray, and C. L. Matsuzaki .  The f i n a l  

r e p o r t  , PNL-4488, Removal o f  F i s s i o n  Prod- 

u c t s  by Thermal Outgassing was w r i t t e n  by 

L. A. Bray, L. L. Burger, and L. G. Morgan. 

I n  t h i s  s tudy  t h e  thermal re lease  o f  f i s -  

s ion  gases from i r r a d i a t e d  n u c l e a r  f u e l s  was 

achieved w i t h  t h e  use o f  a sweep-gas. 

ou tgass ing  was p a r t i a l l y  success fu l ,  b u t  t h e  

sweep-gas techn ique bes ides  be ing  more e f f e c -  

t i v e  was found e a s i e r  t o  employ. The f o l l o w -  

i ng were demon s t  r a t e d  : 
0 Complete re lease  o f  k r y p t o n  i s  ab ta ined.  

0 Complete re lease  o f  t r i t i u m  from bo th  t h e  

f u e l  and c ladd ing  i s  ob ta ined.  

0 The a d d i t i o n  o f  6% HE t o  t h e  he l ium sweep- 
gas r e s u l t s  i n  g r e a t l y  improved t r i t i u m  
r e l e a s e  as a f u n c t i o n  o f  t i m e  b u t  h i n d e r s  

t h e  k r y p t o n  re lease.  

when t h e  i n e r t  gas i s  used. 

p resen t ,  t h e  cesium remains i n  t h e  f u e l .  

A d d i t i o n a l  da ta  a re  r e q u i r e d  t o  e x p l a i n  

t h e  behav io r  o f  i o d i n e ,  cesium, and o t h e r  

semi v o l  a t i  l e  f i s s i o n  produc ts .  

0 Under some c o n d i t i o n s  , t h e  c l a d d i n g  f r a c -  

t u r e d  i n  t h e  heat t rea tment ;  t hus  chopping 

t h e  f u e l  may n o t  be necessary. F u r t h e r  

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

i n t e r a c t i o n  w i t h  U02 c o u l d  l e a d  t o  an 

a1 t e r n a t i  ve head-end process. 

Vacuum 

0 Most o f  t h e  i o d i n e  and ces iuq  a re  re leased  

When 6% H2 i s  
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o The dra;nat ic e f f e c t  o f  t h e  presence o f  

hydrogen i n  t h e  he l i um sweep-gas i n d i c a t e s  

t h a t  the  compos i t ion  o f  t h e  atinosphere 

around the  heated f u e l  i s  very  i m p o r t a n t  

t o  f i s s i o n  gas and s e i n i v g l a t i l e  re lease.  

Observat ions such as t h e  appearance of 
i o d i n e  as I2  suggest t h a t  exper iments 

us ing  t r a c e s  o f  o t h e r  gases such as O2 i n  

t h e  sweep gas Nould be i n s t r u c t i v e .  Other 

i n e r t  gases such as drgon and N2 need t o  

he s tud ied .  

e The heat t rea tmen t  d i d  no t  s i g n i f i c a n t l y  

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

f u e l  i n  n i t r i c  acid.  

e An eng ineer ing  e v a l u a t i o n  o f  t he  process 

as a head-end step f o r  fue l  rep rocess ing  

was c a r r i e d  ou t  and showed t h a t  ther inal  

sweep-gas ou t -gass ing  i s  t e c h n i c a l l y  fea-  

s i b l e  and cos t - compe t i t i ve .  

The program ends w i t h  t h i s  r e p o r t .  

Q 
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6.0 SUPPORTING STUDIES 

The objective of the Waste Management Supporting Studies are to  do the 
following: 1) focus technical analysis on the independent assessment of the 
information base upon which to make decisions to  implement waste 
management systems and technologies of interest, 2) review on-going 
technology base activities, 3) provide support to DOE’S Nuclear Waste 
Policy Act Project Office, and 4) conduct environmental impact studies 
and analysis of public and institutional issues. 
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7.0 RECENT WASTE MANAGEMENT PUBLICATIONS 

A l l en ,  M. D. and L. G. Morgan. 1982. 
"Comments on t h e  Note by L. S. Nelson: 
'Unusua l l y  High (Ox id i ze r /Pu )  R a t i o s  i n  t h e  
Macro-Residues f rom P lu ton ium D r o p l e t  Com- 
b u s t  ion.  'I1 High Temperature Science, 
15~321-326.  - 

A l l e n ,  R. P., L. K. Fetrow and M. W. McCoy. 
1982. "An I n t e g r a t e d  Decontaminat ion Sys- 
tem f o r  Surface-Contaminated TRU Waste." 
I n  The Treatment and-Handl in  
--- a c t i v e  Wastes, A. G. _ _ e ; J r M .  B l a s e w i t z  Davis  
and M. R. Smith, eds., pp. 98-102. 
B a t t e l l e  Press, Columbus and Rich land.  

Andrews, W. R .  (PNL) and R. H. Jones (Haz- 
ardous M a t e r i a l  Systems). 1982. "Trans- 
o o r t a t i o n  Packaqins f o r  Processed Trans-  

o f  Rad& 

uranic ,  Waste." -1n-The Treatment and 
Hand l i ng  o f  R a d i o a c t i v e  Wastes, A. G. 
R lasew i t z .  J. M. Davis  and M. R. Smith, 
eds., pp. 595-600. R a t t e l l e  Press, 
Columbus and R ich land .  

Raker, E .  G., H. D. Freeman and J. N. 
H a r t l e v .  "Cost and E f f e c t i v e n e s s  o f  Radon 
Ba r r i e; Systems. I' IJ r a n i um M i  1 1 Tai  1 i n g s 
Management, pp. 383-396. Proceedings of 
t h e  F i f t h  SvmDosium on Uranium M i l l  T a i l -  
ings,  Decernbek 9-10, 1982. 
U n i v e r s i t y ,  F o r t  C o l l i n s ,  Colorado. 

Barnes, S. M. and J. L. Bue l t .  "Acce le ra ted  
Ayi  ng o f  C a t a l y t i  c a l  l y  A i  r b l  own Aspha l t  
Membranes Under Simulated Uranium M i l l  
T a i l i n g s  Impoundment Condi t ions."  Uranium 
M i  -- 1 1 Tai 1 i ngs Management, pp. 433-440. 
Proceedings o f  t h e  F i f t h  Symposium on 
Uranium M i  11 Tai 1 i ngs, December 9-10, 
1982. Colorado S t a t e  U n i v e r s i t y ,  F o r t  
Col 1 i n s  , Colorado. 

Goles. 1982. "Cor ros ion  ExDerience w i t h  a 

Colorado S t a t e  

Rarnes, S. M., G. J. Sevigny and R. W. 

S lu r r y -Fed  Ceramic Mel ter . "  I n  The T r e a t -  
ment and Hand l i ng  o f  R a d i o a c t i v e  Wastes, A. 
G. R lasew i t z ,  J.  M. Davis  and M. R. Smith, 
eds., pp. 203-207. B a t t e l l e  Press, 
Columbus and Rich land.  

Beedlow, P. A., L. L. Cadwell and M. C. 
McShane. " A  Systemat ic  Approach t o  
Des ign ing  Sur face Covers f o r  I n a c t i v e  
Uranium M i l l  T a i l i n g s . "  Uranium M i l l  

CGiTings o f  t h e  F i f t h  Symposium on Uranium 
M i l l  T a i l i n g s ,  December 9-10, 1982. 
Colorado S t a t e  U n i v e r s i t y ,  F o r t  C o l l i n s ,  
Colorado. 

Tai  1 i n g s  Management, pp. 391-408 . F.0- 
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