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PREFACE 

Th i s  r e p o r t  p resen ts  t h e  r e s u l t s  o f  an assessment o f  long-range research  

needs i n  nuc lea r  waste management. The work r e p o r t e d  was under taken a t  t h e  

i n i t i a t i v e  o f  t h e  O f f i c e  o f  Program Ana lys is ,  O f f i c e  bf Energy Research, U S. 

Department o f  Energy (DOE). I n  f i s c a l  1983, t h e  O f f i c e  o f  Energy Research 

i n i t i a t e d  t h i s  assessment and severa l  o t he rs  ( i n  areas such as s o l a r ,  the rma l ,  

pho tovo l  t a i c s ,  geothermal,  and conse rva t i on ) ;  t h e  purpose 'of  t h e  p r o j e c t s  i s  

t o  a i d  t h e  D i r e c t o r  o f  Energy Research i n  de te rm in i ng  t h e  ' h e a l t h  ' o f  DOE'S 

research  programs. 

The i n t e n t  o f  t h e  p r o j e c t  r e p o r t e d  here was t o  i : den t i f y  a d d i t i o n a l ,  bas i c  

research  necessary i n  t h e  1980s and 1990s t o  develop an adequate s c i e n t i f i c  

da ta  base f o r  nuc lea r  waste management' a c t i v i t i e s  1  i k e l y  t o  be impo r tan t  

around t h e  t u r n  o f  t h e  century .  The recommendations r e s u l t e d  f rom an overv iew 

o f  t h e  e n t i r e  area o f  nuc lea r  waste management, no t  f rom focused examinat ions 

o f  narrow t o p i c s  w i t h i n  t h a t  area. The suggested research  may be t h e  s u b j e c t  
? .  o f  f u t u r e  s t u d i e s  o r  more i n t ense 'wo rk  by DOE. 

The recommendations presented i n  t h i s  r e p o r t  a re  no t  accompanied by 

des igna t i ons  o f  r espons ib l e  program o f f i c e s  w i t h i n  DOE. It i s  a n t i c i p a t e d  

t h a t  t h e  con ten ts  o f  t h e  r e p o r t  w i l l  be shared w i t h  t h e  program o f f i c e s  

i nvo l  ved and t h a t  those  o f f i  ces w i  11 recogn ize  and respond t o  recommendations 

w i t h i n  t h e i r  purv iews,  



1.0 INTRODUCTION 

As p a r t  o f  i t s  mechanism t o  m a i n t a i n  a  h e a l t h y  research founda t ion ,  t h e  

Department o f  Energy, th rough  independent c o n t r a c t o r s ,  p e r i o d i c a l l y  rev iews  

and eva lua tes  ongoing a c t i v i t i e s  i n  bas i c  research  areas. The purpose o f  

t hese  p e r i o d i c  rev iews i s  t o  i d e n t i f y ,  eva lua te ,  and analyze bas i c  research  

needs and t o  e s t a b l i s h  t h e i r  r e l a t i v e  p r i o r i t i e s  i n  t h e  c o n t e x t  o f  t h e  o v e r a l l  

pro'gram. T h i s  r e p o r t  p resen ts  t h e  r e s u l t s  of one such review. 

D O E ' S  O f f i c e  o f  Energy Research s e l e c t e d  t h e  Southern Science o f f i c e  o f  

B lack  & Veatch, Eng inee rs -A rch i t ec t s ,  t o  pe r f o rm  a  rev iew o f  n u c l e a r  waste 

management research  and development under U.S. Government. c o n t r a c t  'number 

DE-AC01-82ER30042. The Statement o f  work s e t  f o r t h  by DOE t o  gu ide  t h e  

e f f o r t s  o f  B lack & Veatch i n  pe r f o rm ing  t h e  s tudy  ( r ev i ew)  i s  as f o l l o w s :  

"The c o n t r a c t o r  s h a l l  assemble and work c l o s e l y  w i t h  a 
team o f  approx imate ly  7 t o  9 recogn ized  expe r t s  repre -  
s e n t i  ng a  c ross  s e c t i o n  o f  i n d u s t r y ,  academia, and 
Government o r  Na t i ona l  l a b o r a t o r i e s  ( s i c )  t o  rev iew 
( e i t h e r  a t  a t tendance o f  s u i t a b l y  ar ranged workshops o r  
o t h e r  means) t h e  research  and devel  opment a c t  i v i  t i  es 
underway i n  t h e  area o f  n u c l e a r  waste management. A f t e r  
c o n s i d e r i n g  t h e  team's  obse rva t i ons  and recommendations, 
t h e  c o n t r a c t o r  s h a l l  prepare an independent assessment 
r e p o r t  which wn111 d  i d e n t i  fy research  needs, t h e i  r re1 a- 
t i  ve p r i o r i t i e s  and a p p r o p r i a t e  o p t i o n s  f o r  conduc t i ng  
such research. " 

The l a s t  requ i rement  o f  t h e  Statement o f  Work, " . . . i d e n t i f y  . . . appro- 

p r i a t e  o p t i o n s  f o r  conduc t ing  such research, "  was 1  a t e r  c l a r i f i e d  by t h e  

s ta tement  t h a t  DOE d i d  no t  expect  t h e  c o n t r a c t o r  t o  d e f i n e  where ( i n  DOE) t h e  

recommended work shou ld  be done. 

The m~t .hodology u t i l i z e d  by B lack  & Veatch t o  pe r f o rm  t h e  s tudy  i s  

desc r i bed  i n  Sec t i on  3.0 o f  t h i s  r e p o r t .  The f i r s t  task  was t h e  s e l e c t i o n  o f  

i n d i v i d u a l s  t o  serve on t h e  expe r t  panel  (team) s p e c i f i e d  by DOE i n  t h e  S ta te -  

ment o f  Work. The persons s e l e c t e d  t o  c o n s t i t u t e  t h e  panel were as f o l l o w s :  



PANEL MEMBER AFFILIATION 

Dr. S t a n l e y  E. T u r n e r ,  . ' B l a c k  & Veatch 
M o d e r a t o r  

M r .  James L. B u e l t  P a c i  f i c  Nor thwes t  
L a b o r a t o r i e s  

Dr. Edward J. H e n n e l l y  Savannah R i v e r  
L a b o r a t o r y  

Dr. F l o y d  N. Hodges P a c i f i c  Nor thwes t  
L a b o r a t o r i e s  

Dr. R i i l ~ a r - d  K. L e s t e r  Massachuset ts  I n s t i t u t e  
u f  l e c h n o l  ogy,  
A s s o c i a t e  P r o f e s s o r  

Dr. James E. M a r t i n  U n i v e r s i t y  of M i  c h i  gan, 
A s s o c i a t e  P r o f e s s o r  

Mr. W i l l  i am M. Pardue B a t t e l  l e  P r o j e c t  
Ma'nagement D i v i s i o n  

Reac to r  Phys ics '  - n u c l e a r  
f u e l  c y c l e s ,  f i s s i o n  gas 
r e l e a s e ,  hazards  e v a l u -  
a t i o n ,  c o m b u s t i b l e  gas 
c o n t r o l ,  c r i t i c a l i t y  
s a f e t y ,  

Cherni c a l  Engi  n e e r i  ng - 
v i t r i f i c a t i o n  concep ts ,  
u ran ium t a i l i n g s  s t a b i l i -  
z a t i o n ,  i n - s i t u  v i t r i -  % 

f i c a t i o n  o f  t r a n s u r a n i c  
wastes . . 

P h y s i c a l  Chemis t ry  - - 
n u c l e a r  energy,  nuc l  e a r  
waste  management, govern-  
ment r e a c t o r s ,  f u e l  . 
r e p r o c e s s i n g ,  waste  
i11;rnobi 1  i z a t j o n ,  waste  
s to rage .  

Geology & Geochemis t ry  - 
n u c l e a r  waste  r e p o s i  -. 
t o r i e s ,  eng ineered  b a r -  
r i e r s  f o r  n u c l e a r  waste,  
r e p n s i  t o r y  e r ~ v  i r-un~nent , 
r e p o s i t o r y  t e s t  i nq. 

Chemical E n g i n e e r i n g  - 
waste  management eco- 
nomi cs, waste r e p o s i t o r y  
r i s k  . a n a l y s i s  ,: i n s t i t u -  
t i o n a l  a n a l y s i s .  

H e a l t h  P h y s i c s  ( C e r t i -  
f i e d )  - radwaste  reg-u- 
l a t i o n s  and c o n t r o l  p r o -  
grams., r a d i a t i o n  r i  s.k 
assessment, m e a s ~ r r ~ m e n t  
and s i g n i f i c a n c e  o f  
r a d i a t i o n  1  eve1 s. 

M e t a l l u r g i c a l  E n g i n e e r i n g  
- n ~ r c l r l a r  f u e l s  deve lop-  
ment, h i g h  l e v e l  r a d i o -  
a c t i v e  waste,  r e p o s i t o r y  
p l  a n n i  ng, m a t e r i  a1 s  
development . 



PANEL MEMBER AFFILIATION EXPERTISE ." 

Dr. W i  11 iam L. P a r t a i n  . C o n s u l t a n t  . ' N u c l e a r  .Eng i r ieer in 'g  - i' 

h i g h  l e v e l  r a d i o a ~ t i  v e  a ' 

waste  i m m o b i l i z a t i o n ,  
i n s t r u m e n t a t i o n ,  s a f e t y  

. . . e v a l u a t i o n ,  and r i s k  
a n a l y s i  s. 

, ,. ( ,. I . , 

As t h e  l i s t  o f  pane l  members i n d i c a t e s ,  t h e  e x p e r t s  s e l e c t e d  r e p r e s e n t  a 

spec t rum o f  o r g a n i z a t i o n s ;  t h i s ,  i n  t u r n ,  i m p l i e s  a  w ide  range o f  e x p e r i -  

ence. However, i n  a  s u b j e c t  as b road  as ' n u c l e a r  waste  management, no pane l  o f  

r e a s o n a b l e  s i z e  can be expec ted  t o  possess a c o l l e c t i v e  e x p e r t i s e  t h a t  encom- 

passes a l l  p o s s i b l e  a reas  o f  a c t i v i t y .  The pane l  members' . c o n t r i b u t i o n s  t o  

t h e ' * s t u d y  .were d i r e c t e d  p r i n c i p a l l y  t o w a r d  t h e  t e c h n i c a l  (and o t h e r )  a reas  i n  

w h i c h  t h e i r  backgrounds l i e ,  w i t h  t h e  f o r e s e e n  r e s u l t  t h a t  c e r t a i n  a s p e c t s  o f  

n u c l  e a r  waste  management--subseabed d i  sposa l  , f o r  exampl e--were n o t  cons i  de red  

i n  d e t a i l .  The f o c u s i n g  o f  e f f o r t  on o n l y  a  p o r t i o n  o f  t h e  n 'uc lea r  waste  . 

management program (a1 b e i  t a  v e r y  l a r g e  p o r t i o n )  was, add i  t i  ona l  l y ,  made 

necessary  by t h e  t i m e  and r e s o u r c e  c o n s t r a i n t s  imposed by t h e  te rms  o f  t h e  

c o n t r a c t .  

~ e e t i n ~ s  o f  t h e  pane l  were a l s o  a t t e n d e d  by i n d i v i d u a l s  who were n o t  

pane l  members. These i n d i v i d u a l s  i n c l u d e d  t h e  DOE P r o j e c t  O f f i c e r ,  persons '  
. x 

s u b s t i t u t i . n g  f o r  pane l  members who c o u l d .  n o t  be ' p resen t  a t  a  p a r t i c u l a r  meet- 

i ng-, a.nd','DOE r e p r e s e n t a t i v e s  whose i n p u t  t o  t h e  p r o c e e d i n g s  was deemed d e s i  r a -  

b l  e. A 1  i s t  'of  t h e s e  a t t e n d e e s  i s  g i v e n  b c l  ow. 
. L 

At tendee  

M r .  L o r r e n z o  0. R i c k s ,  
P r o j e c t  O f f i c e r  

Dr. Wl lmer  R. Cornman 

Dr. M ichae l  A. Duffy 

A f f i l i a t i o n  

Depar tment  o f  Energy 

Savannah R i v e r  L a b o r a t o r y  

B a t t e l  l e  P r o j e c t  Management D i  v i  s i o n  

Dr.. George Y. J o r d y  Depar tment  o f  Energy 

Mr. Joh'n F. Kaufmann Depar tment  o f  Energy 

Mr. Ray D. Wal ton,  J r .  Depar tment  o f  Energy 



T h i s  r e p o r t ,  t h e  end p roduc t  o f  t h e  n u c l e a r  waste management s tudy per-  

formed by B lack  & Veatch, r e f l e c t s  t h e  consensus o f  a  group o f  i n d i v i d u a l s  

h a v i n g  a  d i v e r s i t y  o f  knowledge, exper ience,  and expe r t i se .  It shou ld  prove 

u s e f u l  t o  DOE i n  e v a l u a t i n g  ongoing research,  as w e l l  as f u t u r e  research,  and 

i n  e s t a b l i s h i n g  p r i o r i t i e s  f o r  t h a t  research;  th rough  d i s t r i b u t i o n  w i t h i n  t h e  

Department,  t h e  r e p o r t  c o u l d  be an a d j u n c t  t o  o t h e r  i n f o r m a t i o n  i n  p l ann ing  

t h e  d i r e c t i o n s  o f  l ong - t e rm  research. 

The f o l l o w i n g  s e c t i o n  (2.0) p resen t s  t h e  f i n d i n g s  and recommendations o f  

t h e  s tudy ,  w h i l e  s e c t i o n  3.0 c o n t a i n s  a d i s c u s s i o n  o f  t h e  methodology 

employed. A ~ ~ ~ I I J ~ L ~ ~  A Lt~r.uuyh E y l v e  some o f  t h e  I n f o r m a t i o n  p rov i ded  . . t o  t h e  

panel  and a l s o  l i s t  some o f  t h e  comments made by t h e  panel  d u r i n g  t h e  p e r i o d  

p reced ing ,  t h e  de te rmi  n a t i o n  o f  t h e  f i n a l  recommendations. The reader  may f i n d  

t h e  i n f o r m a t i o n  i n  t h e  appendices h e l p f u l  i n  unders tand ing  t h e  process by 

wh i ch  t h e  f i n a l  recommendations evo lved.  



2.0 FINDINGS AND RE-COMMENDATIONS 

The f o l l o w i n g  paragraphs p resen t  summaries t h a t  r e f l e c t ,  as n e a r l y  as 

p r a c t i c a b l e ,  t h e  consensus recommendations of t h e  panel r ega rd i ng  t o p i c s  f o r  

f u t u r e  research  i n  nuc lea r  waste management. The recommendations a re  con- 

s i  s t e n t  w i t h  s tudy gu i  de1.i nes, i n c l  u d i  ng t h e  genera1 r e q u i  rement t h a t  sug- 

gested work be t y p i f i e d  by 

- f u t u r e  h i gh -  r i  sk /h i  g h - y i e l  d  research  p r o j e c t s  t h a t  
appear t o  be o f  major va lue  i n  deve lop ing  i n f o r m a t i o n  
bases i n  t h e  nex t  decade a r  so f o r  s o c i e t a l  dec i s i ons  
i n v o l v i n g  a l l  forms o f  r a d i o a c t i v e  wastes, 

o r  t h a t  such work shou ld  r e f l e c t  

- expansions, r e o r i e n t a t i o n s ,  and scope changes t h a t  
appear war ran ted  i n  ongoing research  a c t i v i t i e s  i n  
DOE F a c i l i t i e i ,  e s p e c i a l l y  those  i n v o l v i n g  h i g h - l e v e l  
nuc l ea r  waste. 

Each recommendation i s  preceded by a  background d i scuss ion ,  and the. o rde r  o f  

appearance o f  t h e  recommendations does no t  imp l y  a  r ank ing  i n  terms o f  r e l a -  

t i v e  importance. 

2.1 Spent Fuel  as a Waste Form 

Background. It appears n e a r l y  c e r t a i n  t h a t  a s u b s t a n t i a l  f r a c t i o n  o f  t h e  

spent f u e l  d i scharged  from U.S. power r e a c t o r s  w i l l  e v e n t u a l l y  be p laced,  

w i t h o u t  reprocess ing ,  i n  geo log i ca l  r e p o s i t o r i e s .  Spent f u e l  l e a c h i n g  s t u d i e s  

have been c a r r i e d  ou t  i n  Canada (Vandergraaf  e t  a1 ., 1980; Johnson e t  a l . ,  

1980),  Sweden (Ek lund and Forsy th ,  1978),  and t h e  U.S. (e.g., Wang and 

Katayama, 1981). The U.S. research e f f o r t  should  now p lace  more emphasis on 

spent  f u e l  as a  waste form, i n  view o f  t h e  changed ou t l ook  f o r  t h e  nuc lea r  

f u e l  cyc le .  The research  should  be des igned t o  y i e l d  i n s i g h t s  i n t o  t h e  bas i c  

mechanisms a f f e c t i n g  t h e  long- te rm s t a b i l i t y  o f  spent f u e l .  Data on t h e  

l e a c h i n g  o f  spent f u e l  are  scant ,  and a re  a lmost  non -ex i s t en t  f o r  r e p o s i t o r y -  

r e l e v a n t  c o n d i t i o n s ;  t h e r e f o r e ,  one of t.he h i g h e s t  research p r i o r i t i e s  i s  t h e  



d e t e r m i n a t i o n  o f  t h e  1  eachi  ng behav io r  o f  spent f u e l  under r e p o s i t o r y  condi -  .-. . . a  . 

t i o n s  and t h e  development o f  mechan i s t i c  models t h a t  w i l l  a l l o w  p r e d i c t i o n  o f  

s p e n t  f u e l  behav io r  over  r epos i  to'ry t i me per iods .  E lec t r ochem ica l  l y - a s s i  s t e d  

  dissolution s t u d i e s  (made p o s s i b l e  by t h e  conduc t ing  n a t u r e  o f  spent f u e l )  can 

be, used i n  , fundamenta l  research  on spent  f u e l  l e a c h i n g  processes (Wang and 

Katayama, 1980). 
, - 

Fur thermore,  i t  may be u s e f u l  t o  cons ider  whether enough i s  known about 

t h e  a n t i c i p a t e d  performance o f  spent f u e l  i f  d isposed o f  d i r e c t l y  (which i s  

under  s e r i o u s  c o n s i d e r a t i o n ) ,  o r  whether i t  might  be b e t t e r  t o  a l t e r  t h e  spent 

f u e l  i n  some way p r i o r  t o  i t s  d i sposa l .  An i s s u e  r a i s e d  by l t ~ e  panel I s  t h e  

absence o f  s t u d i e s  t o  answer these bas i c  quest ions.  Most o f  t h e  DOE e f f o r t  

has addressed t h e  performance o f  processed waste forms; more da ta  r e l e v a n t  t o  

spen t  f u e l  as a  d i sposa l  medium i s  needed. Two key ques t i ons  emerge. Can i t  

be a n t i c i p a t e d  th .a t  spent f u e l  w i l l  r e t a i n  i t s  i n t e g r i t y  f o r  r e t a i n i n g  waste 

c o n s t i t u e n t s  a f t e r  t r a n s p o r t a t i o n ,  hand l ing ,  and emplacement f o r  t h e  l o n g  t ime  

p e r i o d s  necessary  i n  the. r e p o s i t o r y  environment? Would r e t e n t i o n  be promoted 

and j u s t i  f i e d  by some t y p e  o f  p rocess ing ,  p r i o r  t o  d isposa l  , t o  o b t a i n  a  more 

s t a b l e  form and perhaps remove some c o n s t i t u e n t s ?  

D isposa l  a o f  spent  f u e l  d i r e c t l y  a l s o  r a i s e s  i s sues  rega rd i ng  i t s  pPr- 

formance t h roughou t  a  p o t e n t i a l l y  compl ex management system, e s p e c i a l l y  i f  (as 

now appears p robab le )  mon i to red  r e t r i e v a b l e  s to rage  i s  a p a r t  o f  t h e  system. 

Severa l  mode changes appear poss ib l e ,  i n  p a r t i c u l a r  t h e  use o f  d r y  casks f o r  

o n - s i  t e  s torage,  r e g i o n a l  s i t e s  f o r  mon i to red  r e t r i e v a b l e  s to rage  p r i o r  t o  

t r a n s f e r  t o  a  f i n a l  r e p o s i t o r y ,  and t r a n s p o r t a t i o n  o f  t h e  spent f u e l  form. 

Two . f a c t o r s  must be taken  i n t o  c o n s i d e r a t i o n :  ( 1 )  t h e  performance o f  t h e  f u e l  

as a  waste form i n  each o f  these  s teps,  and whether t h e  ope ra t i ons  i n v o l v e d  i n  

t h e s e  s teps  impact t h e  l ong - t e rm  & i n t e q r i t . y  o f  t h e  f u e l  once i t  reacher; t.he 

g e o l o g i c  r e p o s i t o r y ;  and ( 2 )  t h e  t o t a l  system performance o f  t h e  f u e l  i f  i t  i s  

s u b j e c t e d  t o  t he  m u l t i p l e  s teps o f  pool  s to rage ,  dry-cask s to rage ,  t r a n s p o r -  

t a t i o n  i n  severa l  forms ( i n  t h e  same o r  d i f f e r e n t  c o n t a i n e r s ) ,  f i n a l  p ro -  

c e s s i  ng f o r  d i  sposal  , empl acement , and post-empl acement performance th rough  

t h e  p e r i o d  o f  r e t r i e v a b i l i t y  ( f i f t y  yea rs ) .  The f u e l  e lements may be b r i t t l e  

a f t e r  removal f rom t h e  r e a c t o r  environment and made more v u l n e r a b l e  t o  leakage 



by severa l  stages o f  h a n d l i n g  and s torage.  It i s  conce i vab le  t h a t  a  g iven  

f u e l  bundle  may be sub jec ted  ' to  i n t e r i m  s to rage  f o r  a  p e r i o d  o f  one hundred 

yea rs  o r  more, and t o  severa l  processes w i t h i n  t h a t  p e r i o d ,  and s t i l l  be 

expected t o  meet waste-packagi  ng r e q u i  rements over  a  1  ong p e r i o d  o f  geol  og i  c 

i s o l a t i o n .  It i s  v i t a l ,  i n  making d e c i s i o n s  and de te rm in i ng  da ta  bases' f o r  

p r e d i  c t i  ng 1  ong-term geol  og i c  performance, t h a t  t h e  impact o f  severa l  poten- 

t i a l  hand l i ngs  o f  spent f u e l  be cons idered.  Fu r t he r ,  i f  these  hand l i ngs  may 

impa'i r p l  anned i n t e g r i  t y  , remedial  processes must be devel  oped t o  m i  t i  gate t h e  

poss-i b l  e  consequences o f  t h a t  impai rment. 

It appears t h a t  these  bas i c  ques t i ons  a re  no t  r e a d i l y  answered and t h a t  

ou r  c u r r e n t  expec ta t i ons  o f  t h e  performance o f  spent f u e l  as a  d i sposa l  medium 

a re  no t  s u b s t a n t i a t e d  w i t h  bas i c  data. The answers t o  these  ques t i ons  remain 

t h e  respons i  b i  1  i t y  o f  research  programs, some o f  whi ch a re  under way; however, 

t h e r e  seem t o  be e s s e n t i a l  gaps i n  knowledge t h a t  should  be c losed.  On t h i s  

bas i  s, t h e  f o l l  owing recommendation i s  made. 

Recommendation No. .l. An inc reased  l e v e l  o f  research  should  be 

under taken t o  determine t h e  performance o f  spent f u e l  as a  waste 

form i n  s torage,  t r a n s p o r t a t i o n ,  and emplacement i n  an i n t e r i m  o r  ' 

r e p o s i t o r y  environment over t h e  s h o r t  and l o n g  term. The poss i -  

b i l i t y  t h a t .  t h e  r e t e n t i o n  o f  waste c o n s t i t u e n t s  m igh t  be enhanced 

by l i m i t e d  process ing,  and t h e  op t ima l  l e v e l  o f  'such p rocess ing  i n  

terms o f  cos t  and r i s k  r e d u c t i o n  shou ld  be i n v e s t i g a t e d .  Research 

shou ld  focus an the  r u l l u w i r ~ y :  

- The i'mpact on metal  i n t e g r i t y  and r e t e n t i o n  capa- 
b i l i t y  o f  f u e l  elements f o r  va r i ous  s t a g e s .  o f  wet 
and/or d r y  s torage,  t r a n s p o r t a t i o n ,  and p rocess ing  

' f o r  d i sposa l  f o r  p e r i o d s  i n  t h e  range o f  one hundred 
yea rs  o r  ,so; . , . . 

- 'whe the r  waste 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  spent  f u e l  
o r  a  d i sposa l  medium would be enhanced w i t h  some 
t ypes  o f  p rocess ing  p r i o r  t o  emplacement i n  a  

- r e p o s i t o r y ;  



- l e a c h a b i l i t y  s t u d i e s  o f  f u e l  i n  s h o r t - t e r m  s t o r a g e  
e n v i  ronments and m o n i t o r e d  r e t r i e v a b l e  s t o r a g e  e n v i -  
ronments;  and 

- l e a c h a b i l i t y  s t u d i e s  o f  spen t  f u e l  under c o n d i t i o n s  
o f  t h e  r e p o s i t o r y  env i ronmen t ,  a c c o u n t i n g  f o r  t h e  

, . h o s t  r o c k  env i ronmen t  and t h e r m a l  s t r e s s e s  i n  such 
e n v i  ronments. 

2.2 R i s k s  o f  R a d i o a c t i v e  Waste - S o c i e t a l  and T e c h n i c a l  F a c t o r s  

Background.  The pane l  d i s c u s s e d  t h i s  s u b j e c t  i n  i t s  c o n s i d e r a t i o n  o f  
* 

Projects B - 1 1  and B-28. It, beearne a p p a r e n t  t h a t  t h i s  wits dl1 ib,sut! b rvuad ly  

a p p l i c a b l e  t o  was te  management, i n  t h a t  most p u b l i c  and t e c h n i c a l  i s s u e s  i n  

t h e  management of  radwas tes  e v e n t u a l l y  f o c u s  on t h e  r i s k s  t h e y  r e p r e s e n t .  

B o t h  techn . i ca1  and s o c i e t a l  factor-s a r e  i n v o l v e d  i n  t h e  b a s i c  i s s u e s  o f  

r i s k s  a s s o c i a t e d  w i t h  r a d i o a c t i v e  waste. There  a r e  a l s o  two  d i f f e r e n t  t i m e  

s c a l e s  : (1 ) t h o s e  s h o r t - t e r m  impac ts  a s s o c i a t e d  w i t h  p r o c e s s i n g ,  t r a n s p o r t -  

i n g ,  and h a n d l i n g  of wastes  f o r  d i s p o s a l ,  and ( 2 )  t h e  l ong - te rm,  f u t u r i s t i c ,  

and l a r g e l y  p r o b a b i l i s t i c  impac ts ,  on f u t u r e  g e n e r a t i o n s ,  of waste  a f t e r  i t  i s  

f i n a l  f y  d isposed.  These a r e  i n t e r t w i n e d  w i t h  d e c i  s i  nnq nn  zit.^< anrl g ~ n l  ng- 

i c a l  p rocesses.  It i s  g e n e r a l l y  a  r e s p o n s i  b i l  i t y  o f  t e c h n i c a l - p r o g r a m  peop le  

t o  i n t e r a c t  w i t h  a  q u e s t i o n i n g  p u b l i c ,  whose concerns  may i n v o l v e  a  m a t t e r  o f  

p o l i c y  o r  may be p o l i t i c a l  i n  na tu re .  

An impasse ove r  p e r c e i v e d  r i s k  a c c e p t a b i  1  i t y  appears  a lmos t  i n e v i t a b l e ,  

and p r o v i d i n g  a  b a s i s  f o r  i t s  r e s o l u t i o n  i s  most d i f f i c u l t .  A l t h o u g h  t h e  U.S. 

Congress e s t a b l i s h e d  many p o l  i c y  i n i t i a t i v e s  i n  passage .of  t h e  Nuc lea r  Waste 

P o l i c y  A c t  o f  1982, t h e  d i r e c t i v e s  t o  DOE were b a s i c a l l y  t e c h n i c a l  i n  

n a t u r e .   everth he less, i n  c a r r y i n g  ' o u t  t h e  b a s i c  t e c h n i c a l  development p r o -  

gram, DOE i s  c o n t i n u a l l y  c h a l l e n g e d  by a  p u b l i c  t h a t  demands u n d e r s t a n d i n g  o f  

* 
T h r o u g h o u t .  t h i s  s e c t i o n ,  a1 phanumeric p r o j e c t  i d e n t i  f i c a t i o n  r e f e r s  t o  t h e  
p r o j e c t s  so l i s t e d  i n  Appendix A. 



t h e  r i s k  and j u s t i f i c a t i o n  f o r  it. N e i t h e r  t h e  Congress, t h e  p u b l i c ,  nor  any 

o t h e r  known e n t i t y  seems prepared t o  p r o v i d e  t h e  p e r s p e c t i v e ' o r  g u i d e l i n e s .  

t h a t  t h e  t e c h n i c a l  program should  s a t . i s f y  i n  t h e  area o f  r i s k  fr.om rad- 

wastes. Because o f  t h i s  d e f i c i e n c y ,  i t  i s  e s s e n t i a l  t h a t  a  broad examina t ion  

o f  r i s k  be undertaken, no t  j u s t  f o r  radwastes, bu t  f o r  t h e  broad c a t e g o r i e s  o f  

r i s k  t h a t  reach soc ie t y .  

Techn ica l  f a c t o r s  r e l a t e d  t o  r i s k  appear t o  be more manageable t han  

s o c i e t a l  ones; however, s i nce  t h e  t e c h n i c a l  f a c t o r s  a re  an e s s e n t i a l  i n g r e -  

d i e n t  o f  a  risk-management dec i s i on ,  i t  i s  impo r tan t  t h a t  t h e y  be w e l l  char-  ' 

a c t e r i z e d  i n  q u a n t i f y i n g  r i s k ,  i t s  d u r a t i o n ,  and i t s  magnitude, and i n  reduc- 

i n g  t h e  u n c e r t a i n t y  i n  assessments o f  t h a t  r i s k .  These f a c t o r s  a re  necessary 

f o r  unders tand ing  r i s k s  f rom a l l  a c t i v i t i e s  i n  waste management. They are,  o f  

course, f u n c t i o n s  o f  many s p e c i f i c  c i rcumstances,  many o f  which a r e  be ing  

addressed i n  c u r r e n t  R&D programs, e s p e c i a l  l y  f o r  h igh-1 eve l  radwastes and, 

even more spec i  f i c a l  l y ,  f o r  defense wastes. An e s s e n t i a l  element o f  research  

i s  a  program t o  i d e n t i f y  those  t e c h n i c a l  areas t h a t  represen t  l a r g e  u n c e r t a i n -  

t i e s  i n  t h e  e s t i m a t i o n  o f  r i s k s  and t o  conduct s t u d i e s  d i r e c t e d  at .  na r row ing  

t h e  bands o f  u n c e r t a i n t y  o f  t h e  es t imates .  

The more d i f f i c u l t  aspect i n v o l  ves t h e  s o c i e t a l  f a c t o r s  r ega rd i ng  r i s k ,  

i t s  unders tand ing ,  and i t s  a c c e p t a b i l i t y ;  f o r  t h e  most p a r t ,  these  a re  no t  

w e l l  addressed f o r  any energy -p roduc t ion  technology,  nor,  f o r  t h a t  ma t t e r ,  f o r  

byproduc ts  o f  a  modern t e c h n o l o g i c a l  s o c i e t y  (hazardous chemica ls ,  f o r  

example). T h i s  need i s  g rea t  f o r  h i g h - l e v e l  radwaste and can soon be expected 

t o  i n c r e a s e  f o r  o t h e r  radwastes as w e l l ,  e s p e c i a l l y  i n  terms o f  genera l  pub1 i c  

unders tand ing  and t h e  goa ls  t h a t  t h e  t e c h n i c a l  community needs t o  a t t a i n  i n  

p r o v i d i n g  an adequate marg in  o f  s a f e t y .  f o r  waste management. T h i s  gene r i c  

q u e s t i o n  cou ld  he cons idered  from t h e  s tandpo in t  o f  comparat i  ve r i s k  s t u d i e s  

w i t h  o t h e r  t echno log ies  o r  w i t h  o t h e r  r i s k s  s o c i e t y  accepts,  b u t  such an 

approach seems inadequate f o r  address ing  t h e  o v e r a l l  i s sue  of how soc'l 'ety 

perce ives ,  addresses, and accepts  1  ow-1 eve l  , 1  ong-term, t e c h n o l o g i c a l  r i s k s ,  

no m a t t e r  what t h e  form. 



Panel d i scuss ions  kep t  r e t u r n i n g  t o  t h i s  bas i c  ques t ion ,  w i t h  t h e  recog- 

n i t i o n  t h a t  s o c i e t y  and i t s  governmental i n s t i t u t i o n s  (EPA, FDA, OSHA, NRC, 

e t c . )  a r e  c o n t i n u a l l y  faced  w i t h  s p e c i f i c  ques t i ons  (a new m a t e r i a l ,  drug, 

manu fac tu r i ng  process, n u c l e a r  power, a c i d  r a i n ,  e tc . )  t h a t  must be assessed 

i n  e v a l u a t i n g  s i t u a t i o n s  o r  deve lop ing  s o l u t i o n s  t o  problems t h a t  represen t  

r i s k .  

A l though  t h e  need f o r  a bas i c  se t  o f  g u i d e l i n e s  f o r  r i s k  a c c e p t a b i l i t y  i s  

c l e a r ,  how t o  e s t a b l i s h  t hese  g u i d e l i n e s  i s  no t  c l ea r .  There appears t o  be a  

need t o  t r y  i n n o v a t i  ve approaches t h a t  address soc ie t , y l  s o v e r a l l  p e r s p e c t i v e  

on r i s k :  t h e  va~'isrus TUI~IIIS i r ~  wl~lcll r i s k  comes TO Soc ie ty  v i a  our  env i r on -  

menta l  suppor t  systems ' ( a i r ,  wa te r ,  food,  t e r r e s t r i a l  ) ,  and what s n r . i ~ t y  

expec ts  o f  i t s  1  e g i  s l  a t i v e  and governmental i n s t i  t i l t i o n s  i n  conduc t ing  bas i c  

programs t o  deal  w i t h  those  r i s k s .  

The panel b e l i e v e s  t h a t  t h e  impor tance o f  t h e  s u b j e c t  o f  r i s k  and i t s  

a c c e p t a b i l i t y  i n  t h e  development and use o f  bas i c  energy forms and i t s  d i f f i -  

c u l t y  wa r ran t s  genera l  s t u d i e s  t o  examine t h e  fundamentals s o c i e t y  uses i n  i t s  

p e r c e p t i o n ,  unders tand ing ,  and acceptance o f  r i  sks. These s t u d i e s  should  

f ocus  on bas i c  f a c t o r s ,  w i t h  t h e  development o f  g u i d e l i n e s  f o r  t h e i r  a p p l i c a -  

t i o n  t o  broad c a t e g o r i e s  o f  r i s k ,  which should  be s ta ted ,  The s t u d i e s  s h n l ~ l d  

f o c u s  on e s t a b l i s h i n g  s o c i e t y ' s  mores (no t  those o f  se l ec ted  groups o f  i n d i -  

v i d u a l s )  f o r  d e a l i n g  w i t h  1  ow-rate ,  s t a t i s t i c a l  , ' l o n g - t e r m  r i s k s .  I n n o v a t i v e  

approaches i n v o l  v ing ,  f o r  example, pub l  i c  forums. publ i c  p o l l s ,  t h e  s t t ~ d y  of 

b a s i c  i n s t i t u t i o n s ,  and t h e  r o l e  o f  ethics-shou-ld -be-11s-ed-i-n- t h e  -res-ea-rch. 

Recommendation No. 2. Conduct research  on t h e  genera l  s o c i e t a l  

fdc1ur.s b a s l c  To r l S k  ur iders tanding and a c c e p t a b i l i t y  and on t h e  

t e c h n i c a l  f a c t o r s  necessary t o  r i s k  assessment. I n  these s t u d i e s ,  

address t h e  f o l l  owing. 

- Opt imal  approaches f o r  government t o  use i n  i n f o r m i n g  
t h e  p u b l i c  o f  r i s k s  f o r  p r o j e c t  areas and i n  r e c e i v -  
i n g  guidance f rom t h e  publ  i c  on f a c t o r s  necessary f o r  
i t s  unders tand ing  and acceptance o f  p o t e n t i a l  r i s k s  
t h a t  may be i nvo l ved .  I n n o v a t i v e  approaches--pub1 i c  



f o rums  and p o l l s ,  f o r  example- -shou ld  be, used, b a s i c  
i n s t i t u t i o n s  and t h e i r  r o l e s  r e l a t i v e  t o  t h e  p u b l i c  
s h o u l d  be s t u d i e d ,  and t h e  b a s i c  p r i n c i p l e s  o f  e t h i c s  
and f a i r n e s s  under  t h e  l a w  s h o u l d  be examined t o  
d e t e r m i n e  t h e  r e s p o n s i  b i  1  i t y  o f  t h e  government i n  
c o n d u c t i n g  and r e g u l a t i n g  programs w i t h  r e s p e c t  t o  ' 
r i s k  t h a t  may a f f e c t  c u r r e n t  and f u t u r e  g e n e r a t i o n s .  

- E v a l u a t i o n  o f  t e c h n i c a l  f a c t o r s  b a s i c  t o  r i s k  assess- 
ments,  and t h e  conduc t  o f  s t u d i e s  t o  nar row uncer -  
t a i n t i e s  i n  t h o s e  assessments. 

- The f e a s i h i l  i t y  o f  u s i n g  a1 t e r n a t i v e  systems f o r  man- ? I  

a g i n g  p o t e n t i a l  w idesp read  r i s k s ,  such as t h o s e  , 

i n v o l v e d  i n  t h e  t r a n s p o r t a t i o n  o f  r a d i o ~ c t i  vc wastes; 
t h i s  mey p r o v i d e  a d d i  t i o i s a l  i s  u 5dFety d r ~ d  
g r e a t e r  p u b l i c  u n d e r s t a n d i n g  and /o r  acceptance.  

, a. 

2.3 S u r f a c e - L e v e l  M i g r a t i o n  o f  Radwaste C o n s t i t u e n t s  

Background.  P r o j e c t s ,  A-7, A-15, and B-35 address  chemica l  p r o p e r t i e s  o f  

h o s t  g e o l o g i c  s t r a t a  and o f  t h e  waste  package system i t s e l f  as p o t e n t i a l l y  

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

agen ts ,  comp lex ing  agen ts ,  p r e c i p i t a t i o n ,  and p h y s i c a l  parameters  on m i g r a t i o n  

a r e  a l s o  i m p o r t a n t .  T h i s  i s  e s p e c i a l l y  t r u e  f o r  LLW, TRU-cont.aining I-I-W, and 

U - t a i l i n g s ,  where a  who le  h o s t  o f  media and forms may come t o g e t h e r  t o  rep.re- 

s e n t  a  complex sys tem s u b j e c t  t o  c l i m a t i c  and p h y s i c a l  changes t h a t  may, p r o -  

mote  m i g r a t i o n  o f  was te  c o n s t i t u e n t s  i n  t h e  near  s u r f a c e  env i ronment  where 

t h e s e  wastes  a r e  c u r r e n t l y  d isposed.  

The t e c h n o l o g y  f o r  s h a l l o w  l a n d  b u r i a l  o f  radwastes  has e v o l v e d  ove r  a  

number o f  decades, i s  i n  w idesp read  use, and w i l l  be used e x t e n s i v e l y  under  

c u r r e n t  p o l i c i e s  and p l a n s  f o r  d i s p o s a l  of s11c.h m a t e r i a l q .  An i m p o r t a n t  

a s p c c t  o f  t h i s  use i s  t h e  r e g i o n a l  s i t i n g  o f  LLW f a c i l i t i e s  p r i m a r i l y ,  t o  s e r v e  

s t a t e  d i s p o s a l  r e q u i  rements  f rom i n s t i t u t i o n s  and nuc lea r -power - re1  a t e d  a c t i  v- 

i t i e s .  The b a s i c  t e c h n o l o g y  i s  t o  p l a c e  m a t e r i a l s  i n  g e o l o g i c  media i s o l a t e d  

f r o m  t h e  s h a l l o w  ground w a t e r  t a b l e s  and t o  m i n i m i z e  i n f i l t r a t i o n  n f  w a t ~ r  

i n t o  t h e  s i t e  by caps. I f  such a d i s p o s a l  sys tem can be assumed t o  s t a b i l i z e  

i n  a  few decades, i t  t h e n  amounts t o  an underg round ,  s t o r a g e  v a u l t  u n t i l  r a d i o -  

a c t i v e  c o n s t i t u e n t s  decay t o  a c c e p t a b l e  l e v e l  s. T h i s  sys tem p l a c e s  g r e a t  



r e l i a n c e  on t h e  i n t e g r i t y  o f  l i n e r s  o r  n a t u r a l  s t r a t a  t o  i s o l a t e  wastes  f r o m  

ground w a t e r  and t h e  per formance o f  caps t o  p r e c l u d e  i n t r o d u c t i o n  o f  a  w a t e r  

t r a n s p o r t  medium i n t o  t h e  s i t e  t o  d i s t u r b  i s o l a t i o n .  

A  few s t u d i e s  have been pe r fo rmed  o f  l i n e r s  and caps, most n o t a b l y  f o r  

u ran ium t a i l  i n g s  d i s p o s a l  i n  wes te rn  a r i d  env i ronments .  The r e s u l t s  o f  t h e s e  

s t u d i e s  have been u s e f u l  f o r  t a i  1  i n g s  d i s p o s a l  and r e m e d i a t i o n ;  however, t h e y  

have l i t t l e  a p p l i c a b i l i t y  t o  e a s t e r n  and c o a s t a l  a reas where s h a l l o w  l a n d  

d i s p o s a l  i s  l i k e l y  t o  e x i s t  i n  t h e  c o n t e x t  o f  d e v e l o p i n g  i n t e r s t a t e  LLW com- 

p a c t s  under  t h e  Low-Level Waste P o l i c y  Act  o f  1980. Uran ium e x p l o r a t i o n  may 

occu r  i n  such a reas  and r e m e d i a t i o n  o f  f o rmer  Federa l  s i t e s  w i l l  be c a r r i e d  

o u t  i n  such areas.  There appears t o  be a  need t o  conduc t  s t u d i e s  of s i t e  

pe r fo rmance  c h a r a c t e r i s t i c s ,  e s p e c i a l l y  1  i n e r s ,  i n  v a r i o u s  r e g i o n s  o f  t h e  

n a t i o n  t o  deve lop  t h e  b a s i c  da ta  necessa ry  t o  assu re  i s o l a t i o n  o f  LLW d isposed  

i n  t h e s e  areas.  T h i s  w i l l  be e s s e n t i a l  f o r  t h e  s t a t e  a c t i v i t i e s  concerned 

w i t h  s i t i n g  and l i c e n s i n g  o f  such f a c i l i t i e s .  

Fo r  s h a l l o w  l a n d  b u r i a l  t e c h n o l o g y ,  s t u d i e s  s h o u l d  e s t a b l  i s h ,  f o r  v a r i o u s  

r e g i o n s  o f  t h e  n a t i  on, o p t  i ma1 geochemical  f a c t o r s  t o  p r e c l  ude r a d i  onuc l  i de 

m i g r a t i o n ,  i n c l u d i n g  s e l e c t i o n  o f  d i  sposa l  medi um, s o r p t i v e  p r o p e r t i e s  o f  

packag ing  o r  b a c k f i  11 m a t e r i a l s ,  geochemical  compat i  b i l  i t y  o f  waste  fo rms w i t h  

1  i n e r s  and s u r r o u n d i n g  s t r a t a ,  and o p t i m a l  comb ina t ions  o f  t hese ,  i n c l u d i n g  

p o t e n t i a l  a d d i t i v e s  as f u t u r e  t r a c e r s ,  t o  i s 0 1  a t e  radwastes .  O f  p a r t i c u l a r  

v a l u e  wou ld  be t h e  development o f  chemica l  f i l t e r s  t h a t  c o u l d  be emplaced w i t h  

l i n e r s  t o  abso rb  m a t e r i a l s  t h a t  may l e a k .  

Due t o  t h e  ex t reme impor tance  o f  c o v e r  m a t e r i a l s  and caps t o  p r e c l u d e  

i n f i l t r a t i o n  o f  w a t e r  i n t o  s h a l l o w  l a n d  b u r i a l  s i t e s  and t o  p r e v e n t  e x h a l a t i o n  

. o f  gases (e.g., r a d o n ) ,  t h e  l o n g - t e r m  pe r fo rmance  o f  such c o v e r  systems s h o u l d  

be s t u d i e d  t o  d i s c o v e r  and e v a l u a t e  new m a t e r i a l s  and n a t u r a l  ecosystems t o  

p r o v i d e  o p t i m a l  cap s t a b i  1  i t y  and impermeabi 1  i t y .  Such ecosystems s h o u l d  be 

h i g h l y  dominant  and s h o u l d  e x c l u d e  encroachment o f  p l a n t s  o r  animal  l i f e  t h a t  

c o u l d  o t h e r w i s e  e s t a b l i s h  r o o t s  and bu r rows  t o  b r i n g  w a t e r  i n t o  c o n t a c t  w i t h  

waste  o r  exhume waste  p roduc ts .  Advantage s h o u l d  be t a k e n  o f  p a s t  s t u d i e s  

conduc ted  by LANL, P a c i f i c  Nor thwes t  L a b o r a t o r i e s  (PNL), Rogers & A s s o c i a t e s ,  



and Colorado S ta te  U n i v e r s i t y  f o r  t h e  Uranium M i l l  T a i l i n g s  Remedial A c t i o n  

Program (UMTRAP) t o  extend t h i s  approach t o  o t h e r  media, waste t ypes ,  and sec- 

t i o n s  o f  t h e  coun t ry .  

One p o s s i b l e  h i g h  y i e l d  research program would i n v o l v e  c o n s i d e r a t i o n  o f  

ex tend ing  and deve lop ing  t echno log ies  t o  v i t r i f y  many l ow - l eve l  wastes i n t o  a  

non- leachable  so l  i d  w h i l e  p r o v i d i n g  cons ide rab le  volume r e d u c t i o n  by i n c i n e r a -  

t i o n .  Th i s  program has two  d i s t i n c t ,  p o t e n t i a l  advantages: (1) p r e s e r v i n g  

1  and space i n  s h a l l  ow l a n d  b u r i a l  , whi l e  p r o v i d i n g  a  ve ry  s t a b l e  form t h a t  

would be h i g h l y  r ecogn i zab le  t o  f u t u r e  genera t ions  t h a t  may exhume i t  i n t e n -  

t i o n a l  l y  o r  u n i n t e n t i o n a l l y ,  and (2') c o n c e n t r a t i n g  some forms (e. g., spent 

r e s i n s  o r  f i l t e r s )  t o  a  degree t h a t  i t  .may be i n  t h e  i n t e r e s t  o f  p u b l i c  

s a f e t y ,  and t e c h n i c a l l y  and economica l l y  f e a s i b l e ,  t o  d ispose o f  t h e  forms as 

h i g h - l e v e l  radwastes. I f  p u b l i c '  concern s h i f t s  t o  sha l low l a n d  b u r i a l  (as 

some members o f  t h e  panel b e l i e v e ) ,  t h i s  may be a  very  a t t r a c t i v e  a l t e r n a t i v e ,  

e s p e c i a l l y  i f  l o n g - l i v e d  components prove t o  be more s i g n i f i c a n t  i n  s i t i n g  

i ssues  than  h e r e t o f o r e  recognized. Th i s  l a t t e r  p o i n t  emphasizes two o the r  

aspects  o f  l o w - l e v e l  radwaste t h a t  may be i m p o r t a n t :  c a r e f u l  assessment o f  t h e  

amount o f  a l l  l o n g - l i v e d  components i n  LLW, and t h e  p o t e n t i a l  m i g r a t i o n  and 

impact o f  t hose  components over a  * p e r i o d  o f  t i m e  c o n s i s t e n t  w i t h  c u r r e n t  

eng inee r i ng  and maintenance parameters. 

The panel be1 i eves  t h a t  a  number o f  i ssues  w i t h  regard  t o  LLW and sha l low 

l a n d  b u r i a l  techno1 ogy war ran t  a t t e n t i o n  t o  maximize t h e  use and acceptance o f  

t h i  s techno1 ogy f o r  managing selected fnrms n f  r a d i o a c t i v e  was te .  

Recommendation No. 3. ' It i s  recommended t h a t  ongoing and new DOE 

research  i n  LLW and a c t i v e  m i l l  t a i l i n g s  suppor t  t h e  p r o j e c t e d  

l i c e n s i n g  requ i r emen ts  o f  t h e  a c t i v e  m i l l  s i t e s  and r e g i o n a l  low- 

l e v e l  waste b u r i a l  s i t e s ,  e s p e c i a l l y  those  i n  the  eas te rn  U.S. The 

research  shou ld  a1 so p rov i de  backup a1 t e r n a ' t i  ves t.n waste p ro -  

c e s s i  ng and s h a l l  ow l a n d - b u r i a l  t renches .  Exampl es i n c l  ude t h e  

f o l l  owing. 



- Improvement o f  t h e  s t a t e - o f - t h e - a r t  o f  l i n e r  t e c h -  
no1 ogy by c o n c e n t r a t i  ng on e n g i n e e r e d  m a t e r i a l s  t h a t  
improve  t h e  n a t u r a l  s o r p t i v e  and p r e c i p i t a t i v e  p ro -  
p e r t i e s  o f  n a t u r a l  c l a y s  and s o i l s  f o r  v a r i o u s  
r e g i o n s  o f  t h e  n a t i o n ;  

- e v a l u a t i o n  o f  new c o v e r  m a t e r i a l s  and n a t u r a l  eco- 
systems t o  p r e v e n t  encroachment,  i n t r u s i o n ,  and 
i n f i l t r a t i o n  f o r  t h e  l o n g - t e r m ;  and 

- i n v e s t i  g a t i o n s  i n t o  economic, combined vo l  ume-reduc- 
t i o n / i m m o b i  1  i z a t i o n  p rocesses  f o r  1  ow-1 eve1 radwastes  
(e.g., v i t r i f i c a t i o n ) ,  i n c l u d i n g  c o n s i d e r a t i  i o n  o f  
t h e  advantages o f  t h e  European p h i l o s o p h y  o f  s t o r a g e  
and r e c y c l e  o f  LLW where f e a s i b l e .  

2.4 Decomm? s s i o n i n g  and U e c o n t a m i n a t i o n  

Background.  A1 t h o u g h  some decommi s s i  o n i  ng  and d e c o n t a m i n a t i o n  (D&D) o f  

n u c l e a r  r e a c t o r s  has o c c u r r e d ,  t h e  i s s u e  i s  s u r e  t o  be of more s i g n i f i c a n c e  as 

t h e  c u r r e n t l y  o p e r a t i n g  commercia l  n u c l e a r  power p l a n t s  reach t h e  ends o f  

t h e i r  u s e f u l  l i v e s .  O p t i o n s  f o r  c lose-down range f rom o n s i t e  entombment t o  

compl e t e  d i sman t lemen t  , w h i c h  wou ld  p roduce  l a r g e  amounts o f  waste  p r o d u c t s  o f  

v a r i o u s  t y p e s  and a c t  i v i  t y  1 eve1 s. A we1 1  -documented Federa l  p o l  i c y  based on 

p r o j e c t e d  r i s k s  and c o s t s  does n o t  appear t o  e x i s t .  The U.S. Atomic Indus -  

t r i a l  Forum i s  t h o u g h t  t o  be p r e s e n t l y  s p o n s o r i n g  a  smal l  program t o  i n v e s t i -  

g a t e  c o s t s .  

To d a t e ,  t h e  D&D o f  n u c l e a r  r e a c t o r s  has been done on a  case-by-case 

b a s i s ,  w i t h  t h e  approach depend ing on a  number o f  t e c h n i c a l ,  p o l  i c y ,  and 

p o l i t i c a l  f a c t o r s .  These p a s t  programs have n o t  been des igned  t o  y i e l d  da ta  

e s s e n t i a l  t o  t h e  development of a  comprehens ive  D&D p o l  icy.  The pane l  n o t e s  

t h a t  t h e  f o r t h c o m i n g  d i  smant l  ement o f  t h e  Shi p p i  n g p o r t  r e a c t o r  o f f e r s  a  r a r e  

o p p o r t u n i t y  t o  p l a n  and conduct  a  s t u d y  t h a t  wou ld  be i n v a l u a b l e  i n  d e t e r -  

m i n i n g  an o v e r a l l  t e c h n i c a l  po l  i c y  f o r  t h e  D&D o f  n u c l e a r  power p l a n t s  u t i l -  

i z i n g  p r e s s u r i z e d  w a t e r  r e a c t o r s .  A p o l  i c y  d e c i s i o n  has been made t o  com- 

p l e t e l y  remove t h e  f a c i l i t y  from t h e  s i t e ;  i f  t h e  p r o p e r  i n f o r m a t i o n  i s  

o b t a i n e d ,  i t  may be p o s s i b l e  t o  use t h a t  i n f o r m a t i o n  a l o n g  w i t h  d a t a  from 

e a r l  i e r ,  d i f f e r e n t  a c t i v i t i e s ,  t o  d e t e r m i n e  t h e  c o m p a r a t i v e  c o s t s ,  r i s k s ,  and 

b e n e f i t s  o f  v a r i o u s  o p t i o n s .  



A program o f  examin ing r a d i o a c t i v e  c o n s t i t u e n t s  i n  t h e  major  components 

o f  t h e  vesse l ,  p r ima ry  system, a u x i l i a r y  systems, and r e a c t o r  b u i l d i n g  a t  

Shi pp i  ngpo r t  would be i n v a l u a b l e  i n  e s t a b l  i s h i  ng t h e  source terms f o r  entomb- 

ment on' t h e  s i t e .  I t  may be o f  l e s s  concern t o  t h e  p u b l i c  t o  l e a v e  m a t e r i a l s  

i n t a c t  i f  they  c o n t a i n  o n l y  low- t o  med ium-ha l f - l i ved  m a t e r i a l  r a t h e r  than  t o  

reduce and move t hose  m a t e r i a l s  elsewhere f o r  d i sposa l  (and, i n  t h e  process, 

i nc rease  t he  p r o b a b i l  i t y  f o r  m ig ra t ion ) . '  S i m i l a r l y ,  t h e  t r a d e - o f f  o f  occupa- 

t i o n a l  exposure versus p o t e n t i a l  p u b l i c  exposure can be s t u d i e d  and t h e  c o s t s  

o f  each of these  o p t i o n s  determined. It i s  i m p o r t a n t  t h a t  DOE t a k e  advantage 

of t h e  Sh ipp ingpo r t  d ismant lement t o  s tudy t h e  b a s i c  c o s t / r i s k  f a c t o r s  and t o  

i n v e s t i g a t e  t h e  env i ronmenta l -ve rsus-occupa t iona l  exposure p o s s i b i l i t e s  o f  

D&D. 

The panel a l s o  cons idered  t h e  p o t e n t i a l  f o r  r e c y c l i n g  bas ic  m a t e r i a l s  and 

components o f  D&D a c t i v i t i e s ,  c i t i n g  t h e  approach used by European c o u n t r i e s  

t o  s t o r e  and reuse m a t e r i a l s  and systems t h a t  m igh t  have o the rw i se  been d i s -  

carded. Th i s  approach requ i  res  good da ta  on r a d i o a c t i v e  c o n s t i t u e n t s  and 

i n n o v a t i v e  approaches on s t o c k p i l i n g  o f  ma te r i ' a l s  . fo i -  f u t u r e  use. It may be 

p o s s i b l e  t o  p l ace  some o f  t h e  m a t e r i a l s  i n  t h e  s t r a t e g i c  s t o c k p i l e ,  w i t h  p r i -  

o r i  t y  f o r  t h e i  r: use devel  op i  ng as na't i  ona l  ci 'rcumstances requ i  re .  The f e a s i  - 
b i l  i t y  o f  a  recovery  o p t i o n  f o r  many o f  t h e  components t h a t  may be i n v o l v e d  i n  

D&D appears wor thy o f  i n v e s t i g a t i o n .  

The c o n s i d e r a t i o n s  out1 i ned  above l e a d  t o  t h e  f o l l  owing recommendation. 

Recommendation No. 4. E s t a b l i s h  a  range o f  o p t i o n s  and use t h e  

Shi pp i  ngpo r t  f a c i  1  i t y  t o  determine t h e  r i s k s  and cos ts  i n v o l  ved i n  

D&D. Develop s p e c i f i c  p lans  t.o o b t a i n  da ta  t o  use as a  bas i s  f o r  

g u i d i n g  development o f  performance s tandards and eng inee r i ng  

. requi rements  assoc ia ted  w i t h  D&D. Cons ider  i n  d e t a i l  t h e  p o t e n t i a l  

recovery  o f  v a l  uab l  e r r~a te r -  i d 1  s arid components, t h e  p o s t u l  s t c d  

impacts f o r  v a r i o u s  reg ions  o f  t h e  coun t r y ,  t h e  e x t e n t  and n a t u r e  

o f  t h e  impacts,  and t h e  t i m e  pe r i ods  over  which t h e y  a r e  most 

s i  gn i  f i cant.  



2.5 P r ima ry  Reprocessed Waste Forms - 

Background. A g r e a t  deal  o f  work has gone i n t o  research  on waste g lasses 

a t  l ow tempera tu res  and f o r  r e l a t i v e l y  s h o r t  t i m e  pe r i ods ;  however, l e s s  i s  

known about t h e  l ong - t e rm  r e p o s i t o r y  behav io r  o f  g lass  as a  waste form. More 

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

e v a l  ua-te t h e  l ong - t e rm  e f f e c t s  o f  r a d i a t i o n  and t r a n s n ~ u t a t i  on, and t e s t s  i n  

s imu l  a t e d  r e p o s i t o r y  s i t u a t i o n s  a r e  needed. 

. .. 
I n  examin ing t h e  s u b j e c t  o f  r e p o s i t o r y  performance o f  waste forms, t h e  

panel  cons lderea  t h e  ongoing work represen ted  b.y Pro, iects A-17 th rough  A-27, 

w h i c h  deal  b a s i c a l l y  w i t h  t h e  performance o f  p o t e n t i a l  l y - h i  gh - l eve l  waste 

forms i n  a  h o s t  o f  environments.  P r o j e c t  A-17, Chemistry and M a t e r i a l s  

P r o b l  ems i n  Energy P r o d u c t i o n  Techno1 og ies,  devel  ops data on f u e l  - e l  ement 

i n t e g r i t y  up t o  t h e  p o i n t  a t  which t h e  element leaves  t h e  r e a c t o r  environment;  

t h i  s  appears necessary  t o  e s t a b l  i s h  t h e  essen t i  a1 f e a t u r e s  o f  t h e  f u e l  -element - 
source  t e rm  f o r  a  h i g h  l e v e l  waste r e p o s i t o r y .  Th i s  i s  augmented by t h e  

R a d i a t i o n  E f f e c t s  i n  Me ta l s  and Ceramic p r o j e c t  (A-24) f o r  t h e  pe r i ods  d u r i n g  

and a f t e r  f ue l - e l emen t  placement i n  r e a c t o r  environments.  P r o j e c t s  A-18 

t h r o u g h  A-23 and A-25 t h rough  A-27 deal  w i t h  t h e  bas i c  sc ience  r e q ~ ~ i r s l d  f o r  

unde rs tand ing  t h e  behav io r  o f  va r i ous  processed waste forms and, as such, a re  

h i g h l y  o r i e n t e d  toward defense wastes (unders tandab ly  so, s i n c e  t h i s  i s  t h e  

o n l y  processed waste medium now contemplated) .  

The data base f o r  q u a n t i t a t i v e  p r e d i c t i o n  o f  t h e  l ong - t e rm  l each ing  

b e h a v ~  o r  o t  b o r o s i  1  i c a t e  g l ass  needs improvement. Q f  spec i  a1 impor tance a re  

t h e  processes t a k i n g  p l a c e  a t  t h e  g lass -wate r  i n t e r f a c e  and t h e  s t r u c t ~ ~ r e  and 

p r o p e r t i e s  o f  t h e  s u r f a c e  l a y e r s  formed by h y d r o l y t i c  a t t a c k  on t h e  g lass.  

The mechanisms and k i n e t i c s  o f  l a y e r  fo rmat ion  as a f u n c t i o n  of t h e  g l ass  and 

aqueous s o l u t i o n  compos i t i ons ,  as w e l l  as t h e  pH and Eh o f  t h e  - s o l u t i o n ,  a re  

o n l y  p a r t l y  understood. The s t a b i l i t y  o f  t h e  su r f ace  l a y e r  over  t he  l ong  term 

needs f u r t h e r  study. A b e t t e r  unders tand ing  of these  i s sues  i s  b a s i c  t o  

d e v e l o p i n g  a  model capable  o f  b e t t e r  p r e d i c t i n g  t h e  l ong - t e rm  l each ing  

b e h a v i o r  o f  g lass.  



The impact  o f  r a d i a t i o n  f i e l d s  on t h e  l e a c h i n g  b e h a v i o r  o f  g l a s s  i s  

a n o t h e r  area o f  u n c e r t a i n t y .  Most exper imen ts  t o  d a t e  have c o n s i s t e d  o f  

1  e a c h i n g  t e s t s  conduc ted  on p r e - i  r r a d i a t e d  g l a s s  samples. These exper imen ts  

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

dose l e v e l s  expec ted  i n  h i g h - l e v e l  -was te  g l a s s ,  w i  11 n o t  s i g n i f i c a n t l y  a f f e c t  

t h e  l e a c h  r a t e .  However, r e c e n t  s t u d i e s  suggest  t h a t  r a d i o l y s i s  o f  t h e  

a t t a c k i n g  s o l u t i o n  may l e a d  t o  i n c r e a s e s  i n  g l a s s  l e a c h  r a t e s  (Nash e t  a l . ,  . 
1982). More s t u d i e s  .of  t h e  e f f e c t s  o f  r a d i o l y s i s  p r o d u c t s  on t h e  r a t e  of 

f o r m a t i  on and l o n g - t e r m  s t a b i  1  i t y  o f  t h e  s u r f a c e  h y d r a t i  on 1  a y e r  i n  boro-  

s i l i c a t e  g l a s s  a r e  needed. 

The da ta  o b t a i n e d  f r o m  s t a n d a r d  l e a c h  t e s t s  a r e  n o t  u s u a l l y  a p p l i c a b l e  t o  

t h e  p r e d i c t i o n  o f  waste  f o r m  per formance i n  r e p o s i t o r y  c o n d i t i o n s .  T h i s  i s  

t r u e ,  f o r  example, i n  cases where r a d i o n u c l  i d e  re1 ease i s  s o l  u b i l  i t y - 1  i m i t e d ;  

i n  such cases, t h e  radi .onuc1 i d e  c o n c e n t r a t i o n s  i n  t h e  1  i q u i d  l a y e r s  a d j a c e n t  

t o  t h e  g l a s s  s u r f a c e  w i l l  t y p i c a l l y  be q u i t e  d i f f e r e n t  i n  s t a n d a r d  l a b o r a t o r y  

l e a c h i  ng exper imen ts  and under  r e p o s i t o r y  c o n d i t i o n s .  I n - s i  t u  s i m u l a t i o n s  o f  

r e p o s i t o r y  c o n d i t i o n s  w i  11 p r o v i d e  a  s u i t a b l e  medium f o r  v e r i f y i n g  t h e s e  

e f f e c t s .  

Ceramic waste  fo rms s h o u l d  be addressed t o  e v a l  u a t e  t h e i r  re1  a t i  ve 

advantages and d i sadvan tages .  S i m i l a r  q u e s t i o n s  wou ld  a p p l y  t o  c r y s t a l l i n e  

ce ramic  waste  forms. The i n t e r a c t i o n  o f  v a r i o u s  c r y s t a l  1  i n e  ce ramic  m a t e r i a l  s  

w i t h  aqueous s o l u t i o n s ,  t h e  f o r m a t i o n  o f  s u r f a c e  a l t e r a t i o n  l a y e r s ,  and t h e  

e f f e c t  o f  r a d i o l y s i s  p r o d u c t s  on t h e s e  i n t e r f a c i a l  p rocesses  a l l  r e q u i r e  

s y s t e m a t i c  s t u d y  once a  t y p i c a l  waste  form has been s e l e c t e d .  

Anot-her area of r e s e a r c h  d e a l s  w i t h  t h e  mechanisms t h a t  may i n d u c e  phase 

t r a n s f o r m a t i o n s  and m i c r o s t r u c t u r a l  changes d u r i n g  t h e  1  i f e  o f  t h e  waste  

form. M i c r o s t r u c t u r a l  c o a r s e n i n g  i n c r e a s e s  t h e  l i k e l y  e x t e n t  o f  m i c r o c r a c k i n g  

i n  ce ramic  waste  forms, wh ich ,  i n  t u r n ,  i n c r e a s e s  t h e ,  a v a i l a b l e  s u r f a c e  area 

f o r  c o r r o s i o n .  A t  p r e s e n t ,  t h e r e  appears t o  be l i t t l e  s y s t e m a t i c  i n f o r m a t i o n  

c o n c e r n i n g  p rocesses  o f  m i  c r o s t r u c t u r a l  c o a r s e n i n g  i n  p o l y p h a s e  ceramics .  

Here  aga in ,  more s y s t e m a t i c  s t u d i e s  o f  c o r r o s i o n  a t  i n t e r p h a s e  b o u n d a r i e s  and 

o r d i n a r y  g r a i n  boundar ies  i n  po lyphase ce ramic  systems a r e  needed. 



Coated p a r t i c l e  waste forms, c o n s i s t i n g  o f  g l ass  marbles o r  c r y s t a l  1  i n e  

ce ramic  p e l l e t s  sur rounded by one o r  more p r o t e c t i v e  1 a y e r s . o f  chem ica l l y -  

s t a b l e  m a t e r i a l  such as p y r o l y t i c  carbon, s i l  i c o n  ca rb i de ,  o r  aluminum ox ide,  

may have more c o r r o s i o n  r e s i  stance than .  conven t iona l  b o r o s i l  i c a t e  glass.  A 

modest research  program i n  t h i s  area has been c a r r i e d  out  a t  P a c i f i c  Northwest 

L a b o r a t o r i e s ,  B a t t e l  l e  Columbus Labo ra to r i es ,  and Oak Ridge Na t i ona l  

Labo ra to r y .  The e f f o r t  shou ld  be con t i nued  as a  1  onger- term, p o t e n t i a l  l y -  

h i  gh -payo f f  component o f  t h e  o v e r a l l  waste package program. Spec ia l  emphasi s  

shou ld  be p l aced  on t h e  development o f  low- temperature c o a t i n g  techniques. 

More i n f o r m a t i o n  i s  r e q u i r e d  on t h e  l e a c h i n g  behav io r  o f  va r i ous  coated p a r t i -  

c l e  systems under a  range o f  c o n d i t i o n s  o f  temperature,  Eh and pH, and aqueous 

s o l u t i o n  composi t ion.  

Because o f  t h e  impor tance  o f  t h e  waste form i n  t h e  o v e r a l l  performanc.e o f  

a  h i g h  l e v e l  waste r e p o s i t o r y ,  and t h e  p o t e n t i a l  advantages t h a t  may be 

o f f e r e d  by ceramic o r  coa ted  p a r t i c l e  waste forms, i t  i s  impo r tan t  t o  address 

t h e s e  areas. There fo re ,  t h e  f o l l o w i n g  recommendation i s  made. 

Recommendation No. 5. Expand r csca rch  on t h e  performance o f  

p r ima ry  reprocessed waste form o p t i o n s  t o  i n c l u d e  e s s e n t i a l  t e s t s  

t o  assure 1  ong-term performance i n  a  r epos i  tor,y environment.  

P a r t i c u l a r  a t t e n t i o n  should  be g iven  t o  t h e  f o l l o w i n g  areas. 

- The mechanics o f  l e a c h a b i l i t y  o f  b o r o s i l i c a t e  g l a s s .  
and ceramics i n  t h e  h igh- tempera tu re ,  h i g h - r a d i a t i o n  
cnv i rnnment  o f  a geo log i c  repos' i lor .y  fur- l u n g  t i m e  
per iods .  Spec ia l  emphasis should  be p laced  on p o s s i -  
b i  1 i t i  es o f  c a r r y i  r ~ g  ou t  meani n g f u l  a c c e l e r a t e d  
t e s t i n g .  

Lo t i g - t e rm  e f f o r t  ' tu  EVE^ op ~l t e r n a t e  was te  forms, 
such as c r y s t a l  1  i n e  ceramics o r  mu1 t i - b a r r i e r  coated 
p a r t i c l e s ,  as cand ida tes  f o r  a second-generat ion 
waste form f o r  reprocessed commercial waste i n  t h e  
second r e p o s i t o r y .  



-2.6 Nuc lear  Waste Product  M i g r a t i o n  S tud ies  , . 

Background. I r i  a d d i t i o n  t o  waste form research,  a  number o f  o t h e r  areas 

o f  ongoing research  appear t o  need r e o r i e n t a t i o n  t o  develop t h e  d e t a i l e d  data 

bases necessary f o r  t ho rough l y  unders tand ing  t h e  m i g r a t i o n  o f  h i g h - l e v e l  

radwaste c o n s t i t u e n t s  i n  r e p o s i t o r y  environments.  These i n v o l v e  thermal  , 
geohydrol  o g i c a l  , geochemical , and o t h e r  f a c t o r s  w i t h  r espec t  t o  t h e  o v e r a l l  

performance o f  t h e  waste. package i n  a r e p o s i t o r y .  I n  t h i s  con tex t ,  t he -pane l  

cons idered  work be ing  done i n  P r o j e c t s  A-28 th rough  A-69 which, w i t h  some 

excep t ions ,  deal w i t h  t h e  bas i c  sc iences  o f  m i g r a t i o n  o f  .waste c o n s t i t u e n t s .  

A wide range o f  media a r e  i nvo l ved ,  as a re  va r i ous  the rma l ,  chemica l ,  and 

ge.ologic processes t h a t  can be expected i n  a  h i g h  l e v e l  waste r e p o s i t o r y  

environment.  Wi th  t h e  excep t i on  o f  t h e  a d d i t i o n s  and expansions suggested 

be1 ow, t hese  s t u d i e s  seem p r o p e r l y  focused; c o n s i d e r i  ng t h e  e x p e r t i s e  and 

capabi  1  i t i e s  o f  t h e  n a t i o n a l  l a b o r a t o r i e s  i n v o l v e d ,  these  s t u d i e s  can be 

expected t o  y i e l d  good, necessary da ta  i n  t h e  . t e c h n i c a l  areas be ing  pursued. 

The f o l l o w i n g  background d i scuss ions  p e r t a i n  t o  t h e . a r e a s  o f  can i s t e r / ove rpack  

m a t e r i a l s ,  thermodynamic f a c t o r s ,  and t h e  m i g r a t i o n  o f  waste under v a r y i n g  

condi  t i  ons. 

Most a l l o y s  were developed r e l a t i v e l y  r e c e n t l y ,  and t h e r e  i s  ve ry  l i t t l e  

da ta  on t h e i r  l ong - t e rm  (>50-year)  behav io r .  T e s t i n g  i s  needed t o  determine 

whether e f f e c t s  such as r e c r y s t a l  1  i z a t i  on and exso l  u t i  on may s i  g n i  f i c . a n t l y  

a1 t e r  t h e  p r o p e r t i e s  o f  a1 1  oys under r e p o s i t o r y  c o n d i t i o n s  over  1  ong t ime  

per iods .  Acce le ra ted  t e s t i n g  should  be c a r r i e d  out  i n  t h i s  area,  i f  poss ib l e .  

B 

The e f f e c t s  o f  b a c t e r i a  o n . c o r r o s i o n  a re  unknown. B a c t e r i a  can p robab ly  

s u r v i v e  unde.r r e p o s i t o r y  . c o n d i t i o n s  and i ron-metabol  i z i  ng b a c t e r i a ,  a re  known 

t o  e x i s t .  S u f f i c i e n t  i n v e s t i g a t i o n  shou ld  be under taken t o  .pe rmi t  reasonable  

e v a l u a t i o n  o f  t h e  impor tance o f  b a c t e r i a  on co r ros i on .  Th i s ,  o f  course, cou ld  

be a  s i t e - s p e c i f i c  problem. 

There i s  a  l a c k  o f  bas i c  thermochemical  data f o r  s o l u t i o n  components and 

p a r t i c u l a r l y  f o r  a c t i n i d e s .  S u f f i c i e n t  da ta  e x i s t  t o  reasonably  model d i l u t e  

ground waters  a t  25OC and ' t o  make r e l a t i v e l y  reasonable  e x t r a p o l a t i o n s  t u  



h i g h e r  temperatures.  The da ta  s e t  f o r  a c t i n i d e s  a t  25°C i s  incomple te  and a t  

h i g h e r  tempera tu res  i s  a lmost  non -ex i s t en t .  The i n f o r m a t i o n  f o r  b r i n e s  i s  

p a r t i c u l a r l y  inadequa te :  t h e r e  i s  s c a r c e l y  enough data t o  a1 low model ing o f  

b r i n e  r e a c t i o n s  a t  25"C, w h i l e  a t  h i g h e r  temperatures t h e  da ta  base i s  w h o l l y  

inadequate.  

The s o l u b i l i t i e s  o f  a c t i n i d e s ,  as w e l l  as t h e  s o l u b i l i t y  o f  s i l i c a ,  may 

be t h e  most impo r tan t  c o n t r o l  on t h e i r  l o n g - t e n  re l ease  f rom whatever waste 

f o r m  i s  used. Almost a l l  e x i s t i n g  data f o r  t h e  s o l u b i l i t i e s  o f  a c t i n i d e s  has 

been ob ta i ned  a t  25°C i n  d i s t i l l e d  water.  There i s  a  s t r o n q  need f o r  a c t i -  

n i d e - s o l  u b i  1  i t y  da ta  i n  r e a l i s t i c  ground waters ,  p a r t i c u l a r l y  i n  b r i n e s ,  where 

t h e  e f f e c t s  o f  o t h e r  s o l u t i o n  components (complexants)  can be eva luated.  

There  i s  a1 so a  need t o  ex tend  t hese  s o l u b i l i t y  measurements t o  h i ghe r  tem- 

p e r a t u r e s  and t o  i n c l u d e  t h e  e f f e c t s  o f  r a d i a t i o n  ( bo th  gamma and a lpha)  i n  

t h e  t e s t s .  

A l a r g e  amount o f  work has been done on- t h e  model ing o f  l a r g e - s c a l e  water  

m i g r a t i o n  around and away f rom a  n u c l e a r  waste r e p o s i t o r y .  However, v i r t u a l l y  

no e f f o r t  has been d i r e c t e d  toward t he  model ing o f  water  m i g r a t i o n  p a t t e r n s  i n  

t h e  near  f i e l d  (near  t h e  waste .package). There i s  a  need f o r  model ing t o  

de te rm ine  how quick1.y water  w i l l  i n i t i a 1 l . y  reach t h e  waste package and how t h e  

t he rma l  f i e l d s  o f  i n d i v i d u a l  waste packages w i l l  a f f e c t  f l ows  i n  t h e i r  v i c i n -  

i t i e s .  

B r i n e  i n c l u s i o n s  i n  s a l t ,  a t  l e a s t  those  w i t h o u t  gas bubbles,  w i l l  

H m i g r a t e  up a  the rma l  g r a d i e n t  and t hus  w i l l  move toward a  waste package p laced 

i n  s a l t .  Exper iments t o  v e r i f y  t h i s  phenomenon have been c a r r i e d  out w i t h  

s i n g l e  s a l t  c r y s t a l s .  Models t h a t  p r e d i c t  t h e  amount o f  b r i n e  t h a t  may reach 

a  waste package g i v e  answers t h a t  va ry  from a  few t o  severa l - thousand  l i t e r s  

per  waste package. There i s  a  g r e a t  need f o r  t h e  exper imenta l  de te rm ina t i on  

o f  b r i n e  m i g r a t i o n  i n  p o l y c r y s t a l l  i n e  s a l t  samples, where g r a i n  boundary 

e f f e c t s  may be ve ry  impo r tan t ,  as w e l l  as f o r  t h e  d e t e r m i n a t i o n  o f  t h e  e f f e c t s  

o f  r a d i a t i o n  f i e 1  ds ( r a d i o l y s i  s )  on b r i n e  m i g r a t i o n .  



Usab le  a q u i f e r s  and p e t r o l e u m  n o r m a l l y  o c c u r  i n  porous media,  and, as a  

r e s u l t ,  o u r  u n d e r s t a n d i n g  o f  f l u i d  f l o w  t h r o u g h  porous media i s  w e l l  de- 

ve loped.  However, f o r  many proposed r e p o s i t o r y  r o c k  t y p e s ,  porous f l o w  w i l l  

n o t  be s i g n i f i c a n t  and f l o w  t h r o u g h  f r a c t u r e s  w i l l  be a  p r i n c i p a l  mode o f  

w a t e r  t r a n s p o r t .  F r a c t u r e  f l o w  i s  v e r y  p o o r l y  unders tood;  a t  p r e s e n t ,  o n l y  

r u d i m e n t a r y ,  u n t e s t e d  models e x i s t .  A  s m a l l - s c a l e  model i n g  e f f o r t  i s  under  

way a t  Lawrence B e r k e l e y  L a b o r a t o r y ;  g i v e n  t h e  s i  g n i  fi cance o f  f r a c t u r e  f l  ow 

i n  u n d e r s t a n d i n g  t h e  f l o w  o f  w a t e r  around h a r d  rock  r e p o s i t o r i e s ,  a  l a r g e r  

e f f o r t  i s  d e f i n i t e l y  needed. 

T e s t s  w i t h  waste  g l a s s  i n  t h e  presence o f  i r o n  i n d i c a t e  t h a t  t h e  c o l l o i d s  

o f  i r o n  s i 1  i c a t e  and o r  i r o n  o x i d e  f o r m  as a  r e s u l t  o f  i n t e r a c t i o n  and 

s t r o n g l y  a f f e c t  g l a s s  ' l e a c h i n g  by s o r b i n g  m a t e r i a l  l eached  f r o m  t h e  g lass .  I n  

a d d i t i o n ,  s t u d i e s  o f  n a t u r a l  g round w a t e r s  i n d i c a t e  t h a t  i r o n -  and a1 uminum- 

b e a r i n g  c o l l o i d s  a r e  p r e s e n t  i n  most n a t u r a l  g round waters .  I f  c o l l o i d s  can 

be t r a n s p o r t e d  i n  g e o l o g i c a l  systems, t h e  c o l l o i d s  genera ted  a t  t h e  waste  

package may move s i g n i f i c a n t  amounts o f  r a d i o n u c l i d e s  away f r o m  t h e  package 

and cause much h i g h e r  r e l e a s e  r a t e s  f r o m  t h e  r e p o s i t o r y .  An e v a l u a t i o n  o f  

t h e  f o r m a t i o n  o f  c o l l o i d s  a t  t h e  waste  package and t h e  g e o l o g i c  t r a n s p o r t  o f  

c o l l o i d s  (and whatever  so rbed  m a t e r i a l  t h e y  may c a r r y )  i s  needed. 

Canadian s t u d i e s  ' ( a t  Whi t e s h e l l  ) i n d i c a t e  t h a t  b a c t e r i a  i n  s o i  1  s  may 

g r e a t l y  enhance t h e  t r a . n s p o r t  o f  p l  u t o n i  um. B a c t e r i a ,  wh ich  a r e  f a i  r l y  common 

i n  g e o l o g i c  systems, produce t h e  e l e m e n t a l  s u l f u r  t h a t  occu rs  i n  t h e  cap rock  

o f  g u l f  c o a s t  s a l t  domes; i n  a d d i t i o n ,  t h e y  can 1  i v e  under  ex t reme cond i  - 
- t i o n s - - f o r  example, i n  h o t  s p r i n g s  a t  t h e  b o t t o m  o f  t h e  P a c i f i c  Ocean. 

Knowledge o f  t h e  p o s s i b l e  e f f e c t s  o f  b a c t e r i a  on t h e  t r a n s p o r t  o f  r a d i o -  

n u c l i d e s  i s  p r a c t i c a l l y  n o n - e x i s t e n t ,  and t h e r e  i s  a  f a i r l y  h i g h  need f o r  

enough r e s e a r c h  t o  a l l o w  a  m e a n i n g f u l  e v a l u a t i o n  o'f  t h i s  t o p i c .  

A  number o f  p rocesses  may i n f l u e n c e  t h e  m i g r a t i o n  o f  waste  c o n s t i t u e n t s  

i n  ways n o t  p r e v i o u s l y  cons ide red .  It appears  i m p o r t a n t  t o  i n c l u d e  s t u d i e s  o f  

t h e s e  v a r i o u s  processes i n  t h e  p l a n  f o r  f u t u r e  research .  



Recommendation No. 6. It i s  -recommended t h a t  DOE s u p p o r t l i n i t i a t e  

research ,  o r  i nc rease  s i g n i f i c a n t l y  t h e  1  eve1 of research, t o :  

- Determine t h e  l ong - t e rm  (>50-year)  s t a b i  1  i t y  o f  
proposed can i  s t e r  and overpack m a t e r i  a1 s, under 
r e p o s i t o r y  c o n d i t i o n s ,  t h rough  t h e  use o f  a c c e l e r a t e d  
t e s t i n g  (where p o s s i b l e )  and 1  ong-term t e s t i n g ;  

- develop a  thermodynamic da ta  base s u f f i c i e n t  t o  
suppo r t  t h e  performance models r e q u i r e d  f o r  r epos i -  
t o r y  l i c e n s i n g ,  and p l ace  g r e a t e r  emphasis on t h e  
d e t e r m i n a t i o n  o f  r a d i o n u c l  i d e  so l  u b i  1 i t i e s  under 
r e a l i s t i c  r e p o s i t o r y  c o n d i t i o n s ;  

- deve lop  models o f  n e a r - f i e l d  f l u i d  f l o w  i n  r e p o s i -  
t o r i e s  i n  s i l i c a t e  rocks,  and determine t h e  behav io r  
o f  b r i n e  i n c l u s i o n s  i n  t h e  near f i e l d  o f  a  r e p o s i t o r y  
i n  s a l t ;  

- deve.1 op f i e l d - t e s t e d ,  re1 i a b l e  models t h a t  desc r i be  
t h e  f l o w  of '  aqueous f l u i d s  i n  f r a c t u r e d  rock media; 
and 

- eva lua te  t.he impor tance o f  c o l l o i d s  and b a c t e r i a l  
ac t . ion i n  t h e  t r a n s p o r t  o f  r a d i o n u c l  i des  away f rom 
t h e  waste package and o f  b a c t e r i a l  a c t i o n  on t h e  
c o r r o s i o n  o f  meta l  1  i c  b a r r i e r  m a t e r i a l s .  

2.7 S t a t i s t i c a l  Approaches t o  Waste Management Performance 

Backgrou.nd. S t a t i  s t i  c s  i s  a  sc ience  l a r g e l y  i gno red  i n  nuc lea r  waste 

reseach, b u t  i t  i s  one t h a t  can p l a y  a  r o l e  i n  a t  l e a s t  two very  impo r tan t  

areas. s t a t i s t i c a l  ana lyses  and approaches may be v i t a l  f o r  t h e  l i c e n s i n g  

process,  inasmuch as t h e  " reasonable  assurance" r e q u i r e d  by t h e  NRC w i l l  

p r o b a b l y  end up be ing  some s t a t i s t i c a l  l i m i t  on expected waste-package per-  

formance (e.g., . a l l  o f  t h e  waste packages i n  t h e  r e s p o s i t o r y  w i l l  ha,ve ze ro  

r e l e a s e  f o r  300 y e a r s  a t  t h e  95% con f idence  l e v e l  ). 

Another  area o f  impor tance f o r  s t a t i s t i c s  l i e s  i n  t h e  e v a l u a t i o n  o f  rock 

p r o p e r t i e s  and o f  t h e  l ong - t e rm  behav io r  o f  geo log i c  systems. ~ o d e i ' s  t h a t  

d e s c r i b e  r e p o s i t o r y  performance must u t i l i z e  assumed p r o p e r t i e s  f o r  many cub i c  

m i l e s  o f  r ock  t h a t  can never be sampled o r  tes ted .  Th i s  rock  i s  a lmost  



c e r t a i n l y  n o t  u n i f o r m ,  and models based on t h e  assumpt ion  t h a t  i t  i s  a r e  

l i k e l y  t o  s u f f e r  severe  c r i t i c i s m .  It i s  much more reasonab le  t o  use some 

t y p e  o f  s t a t i s t i c a l  approach (e.g., K r e i g i n g )  t o  e v a l u a t e  t h e  p r o p e r t i e s  t o  be 

expected.  S t a t i s t i c a l .  t e c h i q u e s  a r e  a  r e a l i s t i c  way t o  e v a l u a t e  t h e  proba-  

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

p r e s e n t ,  no one can, i n  any m e c h a n i s t i c  way, p r e d i c t  whether  o r  n o t  a  m a j o r  

ea r thquake ,  vo l cano ,  o r  o t h e r  c a t a s t r o p h i c  even t  w i l l  occu r  a t  a  r e p o s i t o r y  

s i t e  ove r  t h e  n e x t  m i l . 1 ion  y e a r s - - o r  even n e x t  week. 

Recommendation No. 7. I t  i s  recommended t h a t  DOE u n d e r t a k e  a  

s u b s t a n t i a l  r e s e a r c h  program t o  deve lop  t h e  s t a t i s t i c a l  t e c h n i q u e s  

and models necessa ry  f o r  t h e  e v a l u a t i o n  o f  r e p o s i t o r y  and h o s t  r o c k  

per formance.  I n  t h e  case o f  r e p o s i t o r y  per formance,  t h i s  r e s e a r c h  

s h o u l d  be c a r r i e d  ou t  i n  c o n j u n c t i o n  w i t h  t e s t s  t o  d e t e r m i n e  t h e  

l o n g - t e r m  pe r fo rmance  o f  waste  packages and waste-package 

2.8 Recommended I m ~ l  e m e n t a t i  on P rocedure  

The p r e c e d i n g  recommendations a r e  t y p i c a l l y  q u i t e  broad,  each 

a d d r e s s i n g  a  genera l  a rea o f  suggested work. Any o v e r a l l  t r e a t m e n t  o f  a  

s u b j e c t  as compl ex and d i v e r s e  as r a d i o a c t i  ve waste  management r e s e a r c h  

w i l l  y i e l d  s i m i l  a r l y - b r o a d  f i n d i n g s .  Wh i le  such f i n d i n g s  (and recom- 

menda t ions )  s h o u l d  p rove  t o  be e x t r e m e l y  u s e f u l  i n  genera l  p l a n n i n g  f o r  

t h e  l o n g  term,  i t  i s  i m p o r t a n t  t o  r e c o g n i z e  t h a t  t h e  i n d i v i d u a l  recom- 

mendat i  ons a r e ,  i n  themselves ,  r e a s o n a b l y  complex and t h a t  t h e i  r imp1 e- 

m e n t a t i o n  r e q u i r e s  f u r t h e r  f o c u s i n g  and p e r s p e c t i v e  t o  i n s u r e  p r o p e r  

d i  r e c t i  on i n  a c t u a l  p r o j e c t s .  

The concept  o f  t h e  s t a n d i n g  commi t tee  comes t o  mind. The use o f  

groups o f  e x p e r t s  t o  r e v i e w  and e v a l u a t e  ongo ing  programs has p roved  

s u c c e s s f u l  i n  many i n s t a n c e s ,  w i t h  t h e s e  groups s e r v i n g  as u s e f u l  

a d j u n c t s  t o  t h e  r e s o u r c e s  a v a i l a b l e  t o  t h e  managers and p l a n n e r s  of 

1 a r g e  programs. 



The c o l l e c t i v e  e x p e r t i s e  o f  t h e  group o f  expe r t s ,  o r  panel ,  i s  

impo r tan t .  For t h e  s tudy  r e p o r t e d  here,  a  group embodying a  broad base 

o f  knowledge was necessary. For  t h e  c o n s i d e r a t i o n  o f  a  component p a r t  

o f  t h e  o v e r a l l  n u c l e a r  waste management program, a  panel r e f l e c t i n g  a  

nar rower  range o f  e x p e r t i  se would be more des i  r a b l  e. 

The f o l l o w i n g  recommendation i s  o f f e r e d  as a  suggested form o f  

a s s i  s t ance  t o  DOE i n  imp1 ementi ng t h e  b r o a d l y - d e f i  ned research  needs 

o u t l i n e d  i n  t h e  p reced ing  pages o f  t h i s  sec t i on .  

Recommendation No,=8: I t  i s  recnmmenrl~rl t h a t  expe r t  panels  be - 
e s t a b l i s h e d  t o  se rve  as ad junc t s  t o  DOE managers and p lanners  i n  

imp1 ementi ng  t h e  recommendations made here and i n  r ev i ew ing  t h e  

p rog ress  and d i r e c t i o n  o f  s p e c i f i c  segments o f  t h e  o v e r a l l  r a d i o -  

a c t i v e  waste management research program. The expe r t  panel s  need 

no t  be l a r g e ,  b u t  t h e  c o l l e c t i v e  e x p e r t i s e  o f  t h e  members o f  each 

panel  should  be s u f f i c i e n t  t o  p r o v i d e  i n s i g h t  i n t o  t h e  s ~ ~ h j e c t s  

under t h e  pu rv i ew  o f  t h e  s p e c i f i c  panel .  Areas i n  which expe r t  

pane l s  might  se rve  DOE w e l l  i n c l u d e  t h e  f o l l o w i n g .  

- .Overa l l  performance o f  spent f u e l  as a  waste form; 

i n v e 3 t i  g a t i  on o f  . L ~ L I I I I  i  dl drld s v c l e t a l  f a c r o r s  
assoc ia ted  w i t h  unders tand ing  and accep t i ng  r i s k s ,  
i n c l  u d i n g  t r a n s p o r t a t i o n  and long- te rm r i  sks f rom 
d i sposa l ;  

- l ong - t e rm  performance o f  l o w - l e v e l  r a d i o a c t i  ve waste 
s i t e s ,  t h e  l e a c h a b i l i t y  and m i g r a t i o n  o f  water,  and 
a1 t e r r ~ a t i  ve approaches fo r '  LLW management; 

- g e o s c i e n t i  f i c  p r i n c i p l e s  i n v o l v e d  i n  geo log i c  r e p o s i -  
t o r y  performance, w i t h  s p e c i a l  emphasis on thermal  
e f f e c t s  and geochemical parameters t h a t  i n f l  uence 
waste m i g r a t i o n ;  

- decommissioning and decontaminat ion;  and 

- a l t e r n a t i v e  waste forms, w i t h  p a r t i c u l a r  emphasis on 
ceramics and mu1 t i - b a r r i e r  coated p a r t i c l e s .  



3.0 METHODOLOGY 

The p l a n  f o l l o w e d  by B l a c k  & Vea tch  t o  meet t h e  o b j e c t i v e s  o f  t h i s  s t u d y  

was compr i sed  o f  f o u r  t a s k s ,  as f o l l o w s :  

- S e l e c t  panel  members; 

- h o l d  pane l  workshop m e e t i  ngs; 

- d e f i n e  r e s e a r c h  needs and e s t a b l i s h  p r i o r i t i e s ;  and 

- p r e p a r e  r e p o r t s .  

The f i r s t ,  t a s k  i n  imp lemen t ing  t h e  .scope o f  work was t h e  s e l e c t i o n  o f  

members o f  t h e  e x p e r t  pane l ,  whose charge wou ld  be t o  r e v i e w  and a s s i g n  p r i -  

o r i t i e s  t o  c u r r e n t  and f u t u r e  r e s e a r c h  p r o j e c t s .  A g u j d e l i n e  i n  t h e  s e l e c t i o n  

o f  pane l  members was t h e  DOE d e s i r e  t h a t  i n d u s t r y ,  academia, and govern-  

ment/national-laboratories be r e p r e s e n t e d  by two o r  more members each. Names 

and a f f i l i a t i o n s  o f  t h e  i n d i v i d u a l s  s e l e c t e d  t o  s e r v e  on t h e  pane l  a r e  g i v e n  

i n  t h e  I n t r o d u c t i o n  ( S e c t i o n  1.0). 

The f i r s t  pane l  workshop was h e l d  September 7 and 8, 1983, f o r  t h e  p u r -  

poses o f  o r i e n t a t i o n ,  r e v i e w  o f  DOE p r o j e c t  o b j e c t i v e s ,  and d i s c u s s i o n  o f  t h e  

gu ide1  i n e s  t h a t  wou ld  govern  t h e  k i n d s  o f  r e s e a r c h  a c t i v i t i e s  t o  be con- 

s ide red .  The DOE g u i d e l i n e s  f o r  t h e s e  r e s e a r c h  a c t i v i t i e s  j n c l u d e d :  

- Medium- t o  l o n y - r a n y e  t i n ~ e  per- iod;  

- h i g h  r i s k ,  h i g h  p o t e n t i a l  y i e l d ;  ' 

- work n o t  l i k e l y  done by i n d u s t r y  w i t h o u t  s u b s t a n t i a l  
government s u p p o r t ;  

- g e n e r i c  r a t h e r  t h a n  s i  n g l  e -purpose r e s e a r c h ;  and 

- a c t i v i t i e s  r e l a t e d  t o  b a s i c  r e s e a r c h  r a t h e r  t h a n  t o  
app l  i e d  r e s e a r c h  o r  engineering t e s t s .  

The pane l  was asked t o  r e v i e w  R&D a c t i v i t i e s ,  t o  a d v i s e  ,of r e s e a r c h  

needed, and t o  a s s i g n  r e l a t i v e  p r i o r i t i e s  t o  t o p i c a l  a reas,  ' w i t h  focus  on t h e  

l o n g  range. Each pane l  member p r e s e n t e d  a  s t a t e m e n t  o f  h i s  t h o u g h t s  r e g a r d i n g  



l o n g - t e r m  research  needed. t o  address n u c l e a r  waste management goals  estab-  

l i s h e d  f o r  t h e  y e a r  2000. 

A c h a r t  ( m a t r i x )  ,deve loped by B lack  & Veatch was used as a  base f o r  t he  

panel  t o  b u i l d  upon and as a gu ide f o r  d i scuss ions  d u r i n g  t h e  session. Major  

s u b j e c t s  rev iewed i n c l  uded t h e  f o l  1  owi ng. 

I n v e n t o r y  (Waste Gene ra t i on )  

- Need t o  i d e n t i f y  t ypes  o f  wastes and research  no t  adequate ly  
addressed 

- Recommcrndati nn f o r  h i g h - l e v e l  wa.ste (HI.,W) R&n 1.1si ng g lass form 

I n t e r i m  Storaae o f  HLW and Transuran ic  (TRU) Waste 

- D i s p o s i t i o n  o f  TRU waste 
- Economic and t e c h n i c a l  o p t i m i z a t i o n  
- Examina t ion  o f  mon i to red  r e t r i e v a b l e  s to rage  (MKS) 

Compaction 

- Severa l  approaches d iscussed 
- Combustion Eng inee r i ng  method o f  p u t t i n g  severa l  bundles. i n t o  one 

bundl  e  
- Economics research  needed f o r  l o w - l e v e l  waste vo l  lrme r e d u c t i o n  

and s t a b i  1  i ' z a t  i on 

T r a n s p o r t a t i o n  

- More work r e q u i r e d  i n  secu r i ng  pub1 i c  acceptance 
- Need t o  research  a l t e r n a t i v e  approaches f o r  HLW 

I s01  a t i o n  

- Research needed on l ong - t e rm  behav io r  o f  waste forms i n  terms o f  
hea t  l o a d  e f f e c t s  

- Long- term metal  research needed t o  extend c a n i s t e r  l i f e  
- B lack  Ilr Veatch t o  develop b i b 1  iog raphy  on long- te rm b a c k f i l l ,  

u s l n g  I n p u t  from Sand'ia work 

B lack  & Veatch c o l l e c t e d  r e s e a r c h - a c t i v i  t y  i n f o r m a t i o n  f o r  t h e  p a n e l ' s  

use i n  i d e n t i f y i n g  research  needs, gaps, and d u p l i c a t e  e f f o r t s .  The r e s u l t  o f  

t h i s  i n f o r m a t i o n - c o l l e c t i n g  a c t i v i t y  was a  c o m p i l a t i o n  o f  da ta  on more than  

300 recen t  and ongoing nuc lea r  waste research  con t rac t s .  The c o n t r a c t s  were 

separa ted  i n t o  t h e  f o l l  owing ca tego r i es .  



- Program p lann ing ,  a d m i n i s t r a t i o n ,  ev:al:uation, and 
management; 

- l i c e n s i n g ,  r e g u l a t i o n s ,  QA, l e g a l  aspects ,  p u b l i c  
educa t ion ,  t e c h n i c a l ,  communication, and human i n t e r -  
face ;  .3 - . . 

- waste r e p o s i t o r y  des ign  and t e s t i n g ;  . 

- socioeconomic impact;  

- g e o l o g i c a l  p r o j e c t s ;  

- env i ronmenta l  p r o j e c t s ;  . .. 

- subseabed p r o j e c t ;  and 

- waste package, g lass-waste- form leach ing .  
' 

I n f o r m a t i o n  p rov i ded  i n  t h e  compi 1  a t i o n  i n c l u d e d  t h e  t i t l e , , ,  sponsor, 

program schedule, key words, and sponsor con t rac t - des igna t i on .  A l though i t  

was recogn ized  t h a t  o t h e r  agencies sponsor research  on r a d i o a c t i v e  waste, o n l y  

DOE-sponsored p r o j e c t s .  were i n c l u d e d  i n  t h i s  t ask  due t o  t h e  l a c k  o f  r e a d i l y -  

a v a i l a b l e  i n f o r m a t i o n  on o t h e r  p r o j e c t s  and t h e  t i m e  t o  cons ide r  them. 

. - .  

Panel members were asked t o  submit  recommendations r e g a r d i  ng new s tud ies ,  

w i t h  p r i o r i t i e s ,  p r i o r  t o  t h e  second panel meet ing.  T h i s  meet ing was h e l d  

November 9 and 10, 1983. The Black & Veatch s t a f f  p r o v i d e d  each panel  member 

w i t h  worksheets cove r i ng  seventy p resen t  research  a c t i v i t i e s  and t h i  r t y - s i  x 

f u t u r e  research  a c t i v i t i e s .  I n i t i a l l y ,  B lack  & Veatch had developed eva lu-  

a t i  on c r i t e r i a  and a  va l  ue -eng ineer ing  methodology f o r  es tab l  i sh i  ng t h e  r e l a -  

t i v e  va lue  and p r i o r i t y  o f  research  a c t i v i t i e s ,  bu t  t h i s  techn ique  was deemed 

t o o  slow t o  u t i l i z e  i n  t h e  l i m i t e d  t i m e  a v a i l a b l e  f o r  panel a c t i v i t e s .  Sub- 

sequen t l y ,  t h e  panel and Black & Veatch agreed on a  method t h a t  cons idered  t h e  

i t e m s  l i s t e d  below, as a p p l i c a b l e ,  i n  a  l e s s  formal  approach t han  t h a t  used i n  

va lue  eng ineer ing .  These c r i t e r i a  were cons idered  s u b j e c t i v e l y  by each panel 

member and n o t  p r i o r i t i z e d  i n  c o n s i d e r i n g  t h e  rank of each research  a c t i v i t y .  

- U l t i m a t e  use and va lue;  

- s t a t u s  o f  t h e  techno logy ;  
. . - impo r tan t  problems ; 

- f e a s i b i l i t y  t o  complete; 
8 3 - t i m e  r e q u i r e d  t o  complete; 



- t i m e  r e q u i r e d  t o  complete;  

- c o s t  e f f i c i e n c y ;  

- l e v e l  o f  e f f o r t  ( c o s t ) ;  

- economic compe t i t i veness ;  

- h e a l t h  & s a f e t y ;  

- r e g u l  a t  i ons ; 

- p u b l i c  acceptance; and 

- n a t i o n a l  s e c u r i t y .  

The p r i n i c i p a l  a c t i v i t y  a t  t h e  second panel meet ing was t h e  e v a l u a t i o n  and 

assessment o f  r esea rch  needs and t h e  e s t a b l  i shment of r e1  a t i  ve p r i o r i t i e s .  

The t h i r d  panel  meet ing  was h e l d  January 31 and February  1, 1984. A t  

t h i s  meet ing,  t h e  panel  d i scussed  i t s  comments on e a r l y  d r a f t  r e p o r t s  (p re -  

pared  by B lack e( Veatch and f u r n i s h e d  t o  panel members p r i o r  t o  t h e  t h i r d  

workshop) and, i n  a  page-by-page rev iew o f  t h e  second d r a f t ,  s p e c i f i e d  t h e  

f i n a l  f i n d i n g s  and recommendations t h a t  i t  cons idered  t o  be t h e  r e s u l t  o f  t h e  

workshops. 

The t h i r d  t a s k  i n  implement ing t h e  scope o f  wo rk - -de f i ne  research  needs 

and e s t a b l i s h  p r i o r i t i e s - - w a s  a  c o n t i n u i n g  one, ex tend ing  f rom t.he t ime  p r i o r  

t o  panel  s e l e c t i o n ,  t h rough  t h e  panel workshop meet ings,  and t o  t h e  prepara- 

t i o n  o f  t h i s  r e p o r t .  

The f o u r t h  t ask - -p repa re  r e p o r t s - - c ~ ~ l m i n a t e d  i n  t h e  issuance o f  t h i s  - 

r e p o r t .  

The panel  used, and developed, a  s u b s t a n t i a l  amount of m a t e r i a l  d u r i n g  

t h e  course  o f  t h e  study. A  p o r t i o n  o f  t h a t  m a t e r i a l  - i s  reproduced i n  appen- 

d i c e s  t o  t h i s  r e p o r t ;  i t  i s  i n c l u d e d  because some o f  i t  revea l  s  many add i -  

t i o n a l  t hough t s  o f  t h e  panel ,  beyond t hose  conveyed i n  t h e  body o f  t h e  r e p o r t ,  

and because f t  may p rove  u s e t u l  i n  unders tand ing  t h e  processes l e a d i n g  t o  t h e  

development o f  t h e  f i n a l  recommendations. 
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Comments and D i s c u s s i o n  From Panel Mee t ings  o r  
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Comments and D i s c u s s i o n  f o r  S e l e c t e d  F u t u r e  
Research A c t i v i t i e s  f r o m  P r i o r i t y  Eva l  u a t i o n  (B )  
Worksheets 

Panel Workshop Handout 

Sample P r i o r i t y  Eval  u a t i  on Worksheet 

P e r t i n e n t  Repor t s  on Nuc lea r  Waste Management 



APPENDIX A  

DETAILED EVALUATION OF'CURRENT . ( A )  AND FUTURE ( B )  RESEARCH PROJECTS 

T h i s  append ix  c o n t a i n s  tabu1 a t i o n s  o f  r e s e a r c h  a c t i v i t i e s .  Tab1 es  A-1 

t h r o u g h  A-7 p r e s e n t  t h e  l i s t i n g s  o f  a c t i v i t i e s  grouped by m a j o r  . s c i e n t i f i c  

a r e a s  encoun te red  i n  ' r a d i o a c t i v e  waste  management. These l i s t i n g s  c o n t a i n  

t i t l e s  o f  r e s e a r c h  p r o j e c t s ,  b o t h  c u r r e n t  and f u t u r e ,  a l o n g  w i t h  a  judgment as 

t o  s u f f i c i e n c y  o f  r e s e a r c h  (Yes, N e u t r a l ,  No) and a  p r i o r i t y  r a n k i n g  o f  a c t i v -  

i t y  (High,  Medium, Low) by t h e  pane l  members. A l though  d i s c u s s i o n s  o f  t h e  

a l t e r n a t e  Subseabed D i s p o s a l  Program, TRU, and LLW t o o k  p l a c e ,  s p e c i f i c  p r o -  

gram e v a l  u a t i o n s  were n o t  c o v e r e d  i n  t h e s e  d e t a i l e d  rank ings .  

The p r o j e c t  a reas  were genera ted  t h r o u g h  t h e  p a n e l ' s  use o f  t h e  work-  

shee ts  (Append ix  D) as a p p l i e d  t o  c u r r e n t  r e s e a r c h  a c t i v i t i e s  (A) and t o  

f u t u r e  r e s e a r c h  a c t i v i t i e s  ( B ) .  These workshee ts  focused on c o n s i d e r a t i o n  o f  

t h e  p r o j e c t s  i n  Appendix A. A l t h o u g h  t h i s  p rocedure  was v e r y  u s e f u l  f o r  

i d e n t i f y i n g '  t h e  m a j o r  areas o f  ongo ing  and f u t u r e  r e s e a r c h  a c t i v i t i e s ,  t h e  

r a n k i n g  o f  t h e  i n d i v i d u a l  p r o j e c t s  i n  te rms  o f  s u f f i c i e n c y  o f  r e s e a r c h  and 

p r i o r i t y  was b e l i e v e d  t o  be d e f i c i e n t .  ' T h i s  d e f i c i e n c y  a r i s e s  f r o m  t h e  f a c t  

t h a t ,  on any g i v e n  p r o j e c t ,  a  pane l  member may o r  may n o t  have been s u f -  

f i c i e n t l y  knowledgeab le  t o  p r o v i d e  a  m e a n i n g f u l  vo te .  F o r  t h i s  reason,  i t  was 

de te rm ined  t h a t  t h e  d a t a  i n  t h i s  append ix  wou ld  be used as a  s c o p i n g  t o o l ;  t h e  

f i n d i n g s  and recommendat ions.  c o n t a i n e d  i n  t h e  body o f  t h e  r e p o r t  a r e  more 

r e p r e s e n t a t i v e  o f  pane l  consensus, even though  t h e  areas r e p r e s e n t e d  may be 

b r o a d e r  i n  scope. I t  i s  be1 i e v e d  t h e  r a n k i n g s  o f  i n d i v i d u a l  p r o j e c t s  may be 

o f  some v a l u e  t o  DOE i n  rev iews  o f  s t u d y  areas,  so t h e y  a r e  i n c l u d e d  here .  

The panel  w ishes t h e s e  r a n k i n g s  t o  c a r r y  much l e s s  w e i g h t  t h a n  t h e  m a j o r  

f i n d i n g s  i n  t h e  body o f  t h e  r e p o r t .  



APPENDIX A 

RESEARCH ACTIVITIES CURRENT. (A) and FUTURE (B)  

T a b l e  A-1 MATERIALS SCIENCES 

CURRENT (A) o r  
FUTURE ( B )  
RESEARCH ' . 

ACTIVITY TITLE OF RESEARCH 

Waste G lass  H y d r a t i o n  and L e a c h i n g  

System S t u d i e s  o f  G lass  Ceramics 

X Research Cask Development 

X R e p o s i t o r y  Seal - M a t e r i a l  Devel opment 

Chemis t r y  and M a t e r i a l s  Problems i n  
Energy P r o d u c t i o n  Techno1 o g i e s  (LBL) 

L e a c h i n g  o f  G lass  and Ceramics (PNL) 

. Los Alamos E q u a t i o n  o f  S t a t e  L i b r a r y  

The E f f e c t  o f  Sel f - I  r r a d i a t i o n  on 
S t a b i l  i t y  o f  Ceramic Nuc lea r  Waste 
(LANL ) 

P r e p a r a t i o n  and C h a r a c t e r i z a t i o n  o f  
Research M a t e r i a l s  (ORNL) 

Resea,rch and Deve lo  ment - I s o t o  e  
Research M a t e r i a l s  I r e p a r a t i o n  ( 1 KNL ) 

H i  gh Temperature  Chemis t r y  and 
Thermodynamics o f  S t r u c t u r a l  
M a t e r i a l s  (ORNL) 

A - 2 4  R a d i a t i o n  E f f e c t s  i n  M e t a l s  and 
Ceramics (PNL) 

SUFFICIENT 
RESEARCH PRIORITY 

N e u t r a l  Medi um 

N o  Medi um 

Yes Medi um 

Yes Medi um 

Yes Medi um 

No 

Yes 

Yes 

H i g h  

Low 

Medi um 

Yes Low 

Yes Low 

Yes Low 

Yes Medi um 

A-25 S p u t t e r i n g  Parameter  I n f l u e n c e s  on Yes 
M a t e r i  a1 S t r u c t u r e  and B e h a v i o r  (PNL) 

Low 

NOTE: " X "  i n d i c a t e s  m u l t i p l e  l i s t i n g .  



APPENDIX A  

.RESEARCH ACTIVITIES CURRENT (A) and FUTURE (B) 

Tab1 e  A-1 MATERIALS SCIENCES 

CURRENT (A) o r  
FUTURE ( B )  
RESEARCH . 

ACTIVITY TITLE OF RESEARCH 
SUFFICIENT 
RESEARCH PRIORITY 

A-26 R a d i a t i o n  Damage and Env i ronmen ta l  Yes 
E f f e c t s  i n  Nuc lea r  Waste Storage 
Media - U n i v e r s i t y  o f  Cal i f o r n i a - D a v i s  

A-27 S t r u c t u r e  o f  G l  asses C o n t a i n i n g  - Yes 
T r a n s i t i o n  Me ta l  I o n s  

T e s t  o f  Complete Waste Package and 
M i  g r a t i o n  B e h a v i o r  

X P l a n n i n g  o f  Long Range Backup T e s t s  

Ceramic Waste Forms 

D e v i t r i  f i e d  Glass  ( C r y s t a l  1  i n e  
Ceramic)  

X Redes ign t h e  Heat Package 

X Packag ing o f  I o d i n e  Waste 

Research Long-Term Meta l  
C o r r o s i o n  (>30 Years)  

X Di sposa l  / Immobi l  i z a t i  on Techno1 ogy 
f o r  Newly Emergi ng o r  S p e c i a l  
N u c l e a r  Wastes 

X Process Techno1 ogy f o r  Second- 
G e n e r a t i o n  Waste Forms 

X M a t e r i a l  and E n g i n e e r i n g  Techn iques 
t o  P r e v e n t  Ground Water C o n t a m i n a t i o n  
From A c t i v e  Uranium M i l  1  T a i l i n g s  
( Improve L i n e r  Technol  ogy )  

N e u t r a l  

No 

Nec~t  r a l  

N  0 

~ e u t r a l  

Yes 

N  0 

Medi um 

Medi um 

Medi um 

Medi urn 

Medi um 

Low 

Med i urn 

Low 

Medi um 

Med i um 

Medi urn 

Med i um 

NOTE: " X "  i n d i c a t e s  m u l t i p l e  l i s t i n g .  

A - 3  



APPENDIX A 

RESEARCH ACTIVITIES CURRENT (A) and FUTURE (B) 

Tab lc  A 2 CHEMICAL SCIENCES 

CURRENT ( A )  o r  
FUTURE (B) 
RESEARCH 
ACTIVITY TITLE OF RESEARCH 

SUFFICIENT 
RESEARCH PRIORITY 

A-5 X Techn i ca l  I n f o r m a t i o n  on Vol ume No 
Reduc t ion  

H igh  

A-13 X R e p o s i t o r y  Seal - M a t e r i a l  Devel opment Yes Medi urn 

B -1 X Spent Fuel  Reprocess i  ng Modi f i c a t  i on No 
t o  A f f e c t  Waste P r o p e r t j e s  and 
Opt im ize  t h e  Waste Treatment System 

Medi um 

B -2 TRU Waste Immobil i z a t i o n  and Disposal  No Medi um 

B -7 Noble and S t r a t e g i c  Meta ls  Recovery Yes Low 

B-13 Condi t i o n i  ng I n t a c t  o r  P a r t i  a1 l y  No 
Processed Nuclear  Fuel  

B-19 X Develop V i t r i f i c a t i o n  Processes and N o 
Other  I m m o b i l i z a t i o n  Processes 
Emphasi z i  ng Cost and Regul a t i  ons 

H igh  

Medi um 

B -24 LLW Process ing  I n t o  a Form That Puts Neu t ra l  Low 
1.L 111lu' HLW Category 

B -32 X Process Research o f  Combined V.oj ume N o 
Reduc t ion  and I m m o b i l i z a t i o n  
Techniques f o r  Low-Level Wastes 

B-34 X Fuel  Waste Reprocess Concerns/ No 
A1 t e r n a t i  ves 

B-35 Radionuc l  i d e  M i g r a t i o n  Chemical N o 
Aspccts 

Medi um 

Medi um 

H igh  

NOTE : " X "  i n d i c a t e s  m u l t i p l e  l i s t i n g .  

A - 4  
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RESEARCH ACTIVITIES CURRENT (A) and .FUTURE (B)  

Table  A-3 'GEOSCIENCES 

CURRENT (A) o r  
FUTURE (B) , 

RESEARCH SUFFICIENT 
ACTIVITY TITLE OF RESEARCH RESEARCH PR.I'OR - .  ITY 

A - 1  M o d i f i c a t i o n  o f  B a c k f i  11 M a t e r i a l s  Neu t ra l  H igh  
Under Repos i t o r y  Cond i t i ons  

A-3 Radi onuc l  i d e  M i g r a t i o n  (LLW) Neu t ra l  Medi um 

A-9 - Research Thermal 'Heat Load and . No 'Medi urn 
M i g r a t i o n  E f f e c t s  

I\ 

. . 

A-14 B a c k f i l l  R&D: Reac t ion  t o  Yes Medi urn 
, ", , Susta ined Heat ! .  

A-16 Research P o t e n t i a l  C r y s t a l l i n e  N o Hi gh 
R e p o s i t o r i e s  

A-28 Trace Element T ranspor t  i n  Geolog ic  , Yes . Medi urn 
Media 

Thermochemi s t  ry o f  Geothermal 'Neu t ra l  
M a t e r i  a1 s 

M i  g r a t i  on o f  Heavy El  ement Chemical Yes 
Species i n  Geolog ic  S t r a t a  , .  

Rock-Water I n t e r a c t i o n s  

Aqueous Sol u t  i ons Data ~ a s e  

Yes 
, . 

Yes 

Fundamental Stud ies o f  F l u i d  Flow i n  No 
F r a c t u r e d  Rock I . .  

Thermodynamics o f  H igh  Temperature ;Yes 
B r i n e s  

Thermodynamic P r o p e r t i e s  of 
S i l i c a t e  L i q u i d s  

Yes 

Chemical T ranspor t  i n  Na tu ra l  Systems Yes 

Element M i g r a t i o n  and F i x a t i o n  i n  No 
C r y s t a l  1 i ne Rocks 

Medium 

Medi urn 

H igh  

Medi um 

. H igh  

Medi um 

Med i urn 

Medi urn 

H i g h  



APPENDIX A 

RESEARCH ACTIVITIES CURRENT ( A )  and FUTURE ( R )  

Tab1 e  A-3 GEOSCIENCES 

CURRENT (A) o r  
FUTURE (B) 
RESEARCH SUFFICIENT 
ACTIVITY TITLE OF RESEARCH RESEARCH PRIORITY 

Non-Linear Genera t ion  o f  Acous t i c  Yes 
Beams 

Low 

Medi urn Geochemistry o f  Technet i  um & Geo- Neu t ra l  
chemical  C o n t r o l s  on t h e  
Kedi  s t r i  b u t i o n  of ~ u 1  t l  va l  enr 
Elements i n  t h e  L i t hosphe re  

~hermodynamic  P r o p e r t i e s  o f  Aqueous Yes 
S o l u t i o n s  a t  H igh Temperatures & 
Pressures  

Medi urn 

Creep Defo rmat ion  o f  Rocks Yes Medi urn 

Medi um Rock Water I n t e r a c t i o n  i n  Geothermal Yes 
Systems 

C a t i o n  S ize & Coulomb Energy Ca lcu la -  Yes 
t i o n s  f o r  t h e  P r i n c i p a l  Rock Forming 
M I  n e r a l  s 

Med i um 

Sur face  Wave Method f o r  De te rmin ing  Yes 
F a r t h q ~ . i a k e  M ~ r h a n i  qrnq With Appl icat . inns a 

t o  Regional  S t ress  F i e l d  S tud ies  

Low 

Thermodynamics, K i n e t i c s  and T ranspo r t  Yes 
i n  Aqueous E l e c t r o l y t e  Sol u t i  ons 

Medi urn 

A t t e n u a t i o n  and D i spe rs i on  i n  Yes 
P a r t i a l l y  Sa tu ra ted  Rocks 

H igh  

D i f f u s i o n  . in S i l i c a t e  M a t e r i a l s  Yes Medi i:m 

Medi um 

H igh  

H igh  

Rock Mechanics Yes 

Underground Imaging Neu t ra l  

I n t e r a c t i o n s  o f  Aqueous Media Wi th  Yes 
C o n s t i t u e n t s  o f  Na tu ra l  Format ions 

phys i  c a l  Chemist ry  o f  Geothermal Yes 
S o l u t i o n s  & M a t e r i a l s  

Medi urn 
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RESEARCH ACTIVITIES CURRENT (A) and FUTURE ( € 3 )  

Tab1 e A-3 GEOSCI ENCES 

CURRENT (A) o r  
FUTURE (B)  
RESEARCH SUFFICIENT 
ACTIVITY TITLE OF RESEARCH RESEARCH PRIORITY 

A-51 Geochemis t ry  o f  C r u s t a l  Processes a t  Yes 
H i g h  Temperatures  and Pressu res  

A-52 Chemical M i g r a t i o n  by Con tac t  Meta- Yes 
niorphi  sm i n  Gran i  t e -Carbona te  Rocks 

H i g h  

Medi um 

A-53 Mechani s t  i c  S t u d i e s  o f  T race  Con- N e u t r a l  H i g h  
s t i  t u e n t  S o r p t i o n  and M i g r a t i o n  i n  
G e o l o g i c  Media 

A-54 Creep Response o f  NaCl a t  Low N e u t r a l  H i  gh 
S t resses  and Temperatures  

A-55 C l  ay-Water I n t e r a c t i o n s  N e u t r a l  Medi um 
I 

A-56 Rock D e f o r m a t i o n  i n  Magma Hydro the rma l  Yes Low 
Systems 

A-57 Si 1 i c a t e ,  A1 uminos i  1 i c a t e  & Boro-  Yes 
s i  1 i c a t e  Me1 t s  

A-58 A d v e c t i  ve-Di f f u s i  on/Di  s p e r s i  on Trans-  Yes 
p o r t  o f  Chemical l y  R ~ a c t  i ng Spec ies  

A-59 F l u i d  T r a n s p o r t  P r o p e r t i e s  o f  Rock N e u t r a l  
F r a c t u r e  

A-60 Sei smol ogy o f  Crack F o r m a t i  on Yes 

A-61 M ic ro -Crack  Techno1 ogy Yes 

A-62 - Mechanism o f  Zeol i t e  C r y s t a l  l'i z a t i  on N e u t r a l  
and A1 t e r a t i o n  i n  S i l  i c a t e  Glasses 

A-63 Hydro the rma l  Sol u b i  1 i t y  o f  U r a n i  n i  t e  Yes 

A-64 P o r o s i t y  w i t h  F l  u i d s  Yes 

A-65 Thermal 1 y  Induced Chemical M i  g r a t i  on Yes 
i n  Carbonate Rocks 

Low 

Med i um 

. H i g h  

H i g h  

H i  gh 

H i  gh 

Low 

Medi um 



APPENDIX A 

RESEARCH ACTIVITIES CURRENT (A) and FUTURE (B) '  

Tab.1 e. A-3 GEOSCIENCES 

CURRENT (A)  o r  
FUTURE (B) 
RESEARCH SUFFICIENT 
ACTIVITY - - TITLE OF RESEARCH RESEARCH PRIORITY 

A-67 Mechani ca1 & T ranspo r t  P r o p e r t i e s  o f  Neu t ra l  Medi urn 
Rocks 

A-68 Open4ng Mode Crack Growth i n  Rocks . Yes Hi gh 

A-69 Computeri zed ~nde rq ' r ound  Image N e u t r a l  Low ., 

Reconst r u c t i  on 
- 6  . . 

B -5 X P l a n n i n g  o f  Long Range Backup Tes ts  N o Medi um 

B-27 X Research Sea l i ng  o f  Repos i t o r y  Leaks . No Medi urn 

NOTE: " X u  i n d i c a t e s  m u l t i p l e  l i s t i n g .  



RESEARCH ACTIVITIES CURREV (A). and. FUTURE %bB). 

Tab1 e -A-4 NUCLEAR SCIENCES 
-- - -- - -.. 

CURRENT ( A )  o r  
". - 

- " 

FUTURE ( B )  , - 
RESEARCH SUFFICIENT 
ACTIVITY . TITLE OF RESEARCH RESEARCH PRIORITY. 

A-15. X Research on T a i l i n g s  , :  No Medi um 

D e t e r m i n e  A c t i v i t i e s  o f  Many o f  t h e  Yes 
Low L'evel Wastes 

Low 

8-26 Researc.h Fuel  and Waste Load ings  N e u t r a l  Low A . 

8-36 R e d u c t i o n  o f  O c c u p a t i o n a l  R a d i a t i o n  No Medi urn 
Exposures . . 

NOTE: " X "  i n d i c a t e s  m u l t i p l e  l i s t i n g .  



APPENDIX A 

RESEARCH ACTIVITIES CURRENT (A)  and FUTURE (B) 

Tah le  A-5 P A S T C  RFYFARCH TN FNGTNEERING 

CURRENT (A) o r  
FUTURE (B) 
RESEARCH 
ACTIVITY TITLE OF RESEARCH 

SUFFICIENT 
RESEARCH PRIORITY 

X Techn i ca l  I n f o r m a t i o n  on Volume 
Reduc t i on  

High 

I n v e s t i g a t e  Imp1 ementat ion and 
Ope ra t i on  o f  R e p o s i t o r i e s  . - 

Yes Med i um 

Research R e t r i e v a l  Methods and 
Exposures (De f i ne  t h e  Source) 

Neu t ra l  Low 

X Research O v e r a l l  System O r i e n t e d  
Toward Economic C r i t e r i a  t o  
Detern i ine Waste ManAgement System 

Yes Medi um 

R i sks  i n  T r a n s p o r t a t i o n  Neu t ra l  

Yes 

N 0 

N 0 

Medi um 

Medi urn 

Medi urn 

Medi urn 

X Research Cask Development 

X Research Ta i  1 i ngs 

X Spent Fuel  Reprocess ing Modi f i  c a t i  on 
t o  A f f e c t  Waste P r o p e r t i e s  and 
Op t im i ze  t h e  Waste Treatment System 

Reac to r  D&D High A c t i v i t y  M a t e r i a l s  Medi urn 

Medi urn Ope ra t i  on and Maintenance E f f e c t s  on 
Reprocess ing and Sol i d i  f i c a t i o n  
F u i  1 d i n g  n ~ q i  gnq 

On-Line Sampling I n s t r u m e n t a t i o n  N 0 

Yes 

N 0 

Medi urn 

Low 

Medi um 

Standard i  zed Shi p p i  ng Cask Desi gn 

Procedures and Techniques f o r  
Repos i t o r y  I n s t r u m e n t a t i o n  Systems 

I n v e s t i g a t e  R e t r i e v a l  o f  Waste t o  Be 
Use fu l  L a t e r  

Yes Low 

NOTE: " X "  i n d i c a t e s  m u l t i p l e  l i s t i n g .  



APPENDIX A 

RESEARCH ACTIVITIES CURRENT (A) and FUTURE (B)  

T a b l e  A-5 BASIC RESEARCH I N  ENGINEERING 

CURRENT (A) o r  
FUTURE (B)  
RESEARCH 
ACT1 VITY TITLE OF RESEARCH 

SUFFICIENT 
RESEARCH PRIORITY 

8-18 X Redesign t h e  Heat Package 

B-19 X Deve lop V i  t r i  f i  c a t i  on Processes and 
Othe r  Irnmobil  i z a t i o n  Processes 
Ernphasj z i n g  Cost and Regul a t i  ons 

8 - 2 1  X Research D i s p o s a l  o f  Spent Fue l  
Assembl i e s  and Hand1 i n g  Abi 1 i t i e s  

B-22 X Packag ing  o f  I o d i n e  Waste 

B-27 X Research S e a l i n g  o f  R e p o s i t o r y  Leaks 

B-29 X D i s p o s a l  /Immobi 1 i z a t i o n  Techno1 ogy 
f o r  Newly Emergi ng o r  Speci a1 
Nuc lea r  Wastes 

B-30 X Process Techno1 ogy f o r  Second- 
G e n e r a t i o n  Waste Forms 

B -3 1 X M a t e r i a l  and E n g i n e e r i n g  Techn iques 
t o  P r e v e n t  Ground Water C o n t a m i n a t i o n  
From A c t i v e  Uranium M i l l  T a i l i n g s  
( Improve L i  n e r  Technol  ogy ) 

B-32 X Process Research o f  Cornbi ned Vol  urne 
K e d u c t i o n  and 1r11111ubil i z a t i o n  
Techn iques f o r  Low-Level Wastes 

B-33 X P r o c e s s i n g  Techno1 ogy f o r  H i  gh-Level  
Waste G l  a s s i f i c a t i o n  

B-34 X Fue l  Waste Reprocess Concerns/  
A1 t e r n a t i  ves 

N e u t r a l  

N 0 

Yes 

N 0 

No 

N e u t r a l  

N 0 

Medi urn 

Medi urn 

H i g h  

Low 

Medi urn 

Medi urn 

Med i urn 

Medi urn 

Medi urn 

Medi urn 

Medium 

NOTE: " X "  i n d i c a t e s  r r l u l l l p l e  l i s t i n g .  

A - 1 1  



APPENDIX A 
- 
RESEARCH ACTIVITIES' CURRENT (A), and FUTURE (B)  

Tab1 e A-6 APPLIED MATHEMATICAL SCIENCES 

CURRENT (A)  o r  
FUTURE (B) 
RESEARCH SUFF I C I  ENT 
ACTIVITY , . TITLE OF RESEARCH RESEARCH PRIORITY 

A-7 * R i s k  Models t o  E v a l u a t e  S to rage  N o H igh  
Met hods 

A - 1  0 Resttdr.cti O v e r a l l  System O r i e n t e d  Yes Med i urn 
Toward Economic C r i t e r i a  t o  De te rm ine  
Waste Management System 

B-11 HLW Di sposa l  Cornparati  ve, R i  sks - a  No Medi urn 
S t u d i e s  



APPENDIX A 

RES_EARQL ACTIVITIES CURR-ENT ( A )  and F.UIUREs:.(,B) 

, Tab1 e A-7 GENERAL RECOMMENDATIONS 

< * -. . .. . -  . . . .-- . -. 

CURRENT (A)  o r  -. . 
, , 

FUTURE (B) 
RESEARCH SUFFICIENT 
ACTIVITY 

. . 
TITLE OF' RESEARCH RESEARCH . PRIORITY 

. . . -. . - ~. . . . .. - . - , ' . -- 

A-11 X R i s k s  i n  T r a n s p o r t a t i o n  . .  . , . N e u t r a l  Medi urn 

B-15 I n s p e c t i  on and Recovery O p e r a t i o n s  Yes Low 
i n  Case o f  Un fo reseen  Even ts  . 
(Ear thquake,  ,e tc .  ) . 

B-16 E s t a b l  i shment  o f  Acceptance C r i t e r i a  Yes Med i um 
f o r  D e t e r m i n a t i o n  o f  Adequacy,of . . 
N u c l e a r  Waste R&D 

B -20 Research t o  Answer Pub1 i c  Concerns No H i g h  
on D i s p o s a l ,  R i s k  and H e a l t h  F a c t o r s  

B -2 1 X Research D i s p o s a l  o f  Spent Fue l  No 
Assembl i es a.nd Hand1 i ng Ab i  1 i t i  es 

B -28 Meaning o f  Waste S to rage  t o  Humans i n  No 
t h e  Long Range 

Medium 

NOTE: " X u  i n d i c a t e s  m111 t i p l e  1 i s t i n g .  

f .al .3 



APPENDIX B 

RESEARCH ACT1 VITY COMMENTS AND DISCUSSION 

APPENDIX B-1 

COMMENTS AND DISCUSSION FROM PANEL MEETINGS OR PANEL MEMBER INPUT 

The b r i e f  s ta temen ts  l i s t e d  under  each o f  t h e  s c i e n c e s  r e f l e c t  r e s e a r c h  

a c t i  v i  t i  es t h a t  may need new o r  c o n t i  nued r e s e a r c h  . f u n d i  ng. These s t a t e m e n t s  

may o r  may n o t  have been addressed by t h e  e x p e r t  pane l  i n  i t s  second meet- 

i n g .  Many r e f l e c t  r e s e a r c h  needs d e t e r m i n e d  by pane l  members and t h e i r  

c o l l  eagues. 

APPENDIX B-2 

COMMENTS AND DISCUSSION FOR SELECTED FUTURE RESEARCH ACTIVITIES FROM 
PRIORITY EVALUATION (B) WORKSHEETS 

A c o l l e c t i o n  o f  d e s c r i p t i v e  s t a t e m e n t s  f o r  some o f  t h e  f u t u r e  (B) r e s e a r c h  

a c t i v i t i e s  i s  presented.  T h i s  i n f o r m a t i o n  wa's p a r t  of t h e  P r i o r i t y  Eva1 u a t i o n  

Worksheet  d a t a  (Append ix  C) and was u t i  1 i z e d  i n  t h e  second panel '  mee t ing .  



APPENDIX B-1 

COMMENTS AND D l  SCUSSION FROM PANEL 
MEETINGS OR PANEL MEMBER INPUT 

The b r i e f  s t a t e m e n t s  l i s t e d  r e f l e c t  r e s e a r c h  a c t i v -  
i t i e s  d i s c u s s e d  i n  t h e  pane l  workshops o r  i n p u t  
p r o v i d e d  by t h e  i n d i v i d u a l  pane l  members). ' .They . : 
i n c l u d e  r e s e a r c h  a c t i v i t i e s  t h a t  need new o r  con- 
t i n u e d  r e s e a r c h  f u n d i n g .  They may n o t  have been 
e v a l u a t e d  ( u s i n g  t h e  P r i o r i t y  E v a l u a t i o n  Worksheets)  
by t h e  e n t i r e  panel .  

. . 



APPENDIX B-1 

COMMENTS AND DISCUSSION FROM PANEL MEETINGS 
OR PANEL MEMBER INPUT 

MATERIALS SCIENCES 

1. Long-range m a t e r i a l  t e s t i n g  programs--a se t - as i de  percentage o f  cu r -  
r e n t  work l e v e l  t o  i n s u r e  t h e r e  a re  no long-range e f f e c t s  t h a t  a r e  
b e i n g  over1 ooked 

2. S i g n i f i c a n t  i nc rease  i n  work address ing  i n t e r i m  spent f u e l  s to rage  and 
g e o l o g i c  d i sposa l  o f  spent f u e l  

3. B e t t e r  unders tand ing  o f  l e a c h l n g  processes i n  g l a s s  

4. B e t t e r  unders tand ing  o f  behav io r  o f  c r y s t a l  1  i n e  ceramic  waste forms 

5. Long-term behav io r  o f  spent f u e l  i n  respos i  t o r y  env i ronments  

6. Development o f  m u l t i p l e - b a r r i e r  waste forms 

7. C o n d i t i o n i n g  f o r  d i sposa l  o f  spent f u e l  

8. General 1  ong-term, b a s i c  m a t e r i a l  s  research--espec i  a1 l y  i n  severe 
env i ronments  

9. Mechanisms o f  r e l e a s e  o f  r a d i o n u c l  i d e s  f rom waste forms 

10. System s t u d i e s  o f  waste form i n t e r a c t i o n  w i t h  overpack, b a c k f i l l s  and 
r e p o s i t o r y  hos t  rock  under r epos i  to r , y  env i  ronmental  c o n d i t i o n s  

11. Behav io ra l  research  o f  i n t e r a c t i o n s  o f  c r y s t a l  1  i n e  ceramic waste forms 
w i t h  env i ronment  

12. I n v e s t i g a t i o n  o f  waste form a1 t e r n a t i  ves i n c l  u d i  ng  d i  f f e r e n t  g lasses,  
c o a t i n g s  and m a t r i c e s  

13. I d e n t i f i c a t i o n  and t e s t i n g  o f  improved waste forms and processes t h a t  
immob i l i ze  s p e c i a l  HLW f rom breeders ,  l a s e r  sepa ra t i on  t echno l  ogy and 
f u s i o n  r e a c t o r  resear'ch p roduc t s  t h a t  a re  n o n - v i t r i  f i a b l e  

14. I m m o b i l i z a t i o n  t echno l  ogy research  f o r  s p e c i a l  wastes f rom breeders ,  
f u s i o n  r e a c t o r s  and l a s e r  s e p a r a t i o n  

CHEMICAL SCIENCES 

1. Recovery o f  nob le  and s t r a t e g i c  me ta l s  f rom HLW f i s s i o n  p roduc ts  

2. Removal o f  Cs/Sr f rom HLW t o  l owe r  heat  gene ra t i on  r a t e  



APPENDIX B-1 

COMMENTS AND DISCUSSION FROM PANEL MEETINGS 
OR PANEL MEMBER INPUT 

CHEMICAL SCIENCES ( C o n t i n u e d l  

3. Removal o f  TRU elements f rom TRU wastes t o  reduce volume 

4. Choice op t immiza t i on  o f  c e r t a i n  process chemica ls  t o  improve f u e l  
r ep rocess ing  and waste t r e a t m e n t  "system" 

5. Chemical aspec ts  o f  r a d i o n u c l  i d e  m i g r a t i o n  ( s o r p t i o n ,  p r e c i p i t a t i o n ,  
e f f e c t  of compl e x i  ng agents)  

6. Absorbants/ immobi l  i z e r s  f o r  more t r a n s p o r t a b l e  waste nuc l  i des ,  e.g., 
technet ium,  i o d i n e ,  ruthenium, carbon-14, and neptunium 

7. TRU wastes i m m o b i l i z a t i o n  and d i sposa l  

8. C o n d i t i o n i n g  o f  i n t a c t  o r  p a r t i a l l y  processed n u c l e a r  f u e l  

9. Advantages/di  sadvantages . o f  o x i d a t i  v e l r e d u c i  ng waste empl acement 
env i  ronment s  

GEOSCIENCES 

1. Study o f  b e n e f i c i a l ,  as w e l l  as d e l e t e r i o u s ,  i n t e r a c t i o n s  between 
b a c k f i l l  and waste around HLW c o n t a i n e r s  

2. Radionuc l  i d e  m i g r a t i o n  i n  r e p o s i t o r y  environments 

3. Unders tanding o f  h y d r o l o g i c  f l o w  i n  f r a c t u r e d  g e o l o g i c  media 

4. P l ann ing  o f  t e s t s  f o r  long-range backup t e s t i n g  

5. Rock mechanics 

6. I n t e r a c t i o n s  of aqueous media w i t h  c o n s t i t u e n t s  o f  n a t u r a l  f o rma t i ons  

7. Sea l i ng  o f  r e p o s i t o r i e s  

8. Rernot~ imaging f o r  o u t m i g r a t i o n  f rom a  r e p o s i t o r y  

NLICL EAR SCIENCES 

1. Dete rm ina t i on  o f  a c t i v i t i e s  o f  many o f  t h e  LLWs 

2.  Fuel and waste l oad ings  



APPENDIX .B-1 

COMMENTS AND DISCUSSION FROM PANEL MEETINGS 
OR PANEL MEMBER INPUT 

BASIC RESEARCH I N  ENGINEERING 

1. Nuclear  waste management system eng inee r i ng  

2. ~ c c u ~ a t i o n a l  exposure i n  new f a c i l i t i e s  - ideas f o r  m i t i g a t i o n ,  e.g., 
r o b o t i c s  

3. Spent f ue l  r ep rocess ing  mndi f i  r.at.ion t o  a f f e c t  waste properties and 
o p t i m i z e  t h e  waste t r ea tmen t  system 

4 .  decommissioning and decon tamina t ion  o f  11i y l ~ ,  d c l  l v . l t y ' m a t e r l a 1  s 

6. S t a n d a r d i z i n g  s h i p p i n g  cask des ign  

'7. I n v e s t i g a t i o n  o f  r e t r i e v a l  o f  n u c l e a r  waste t o  be u s e f u l  l a t e r  

8.' D isposal  o f  spent  f u e l  assembl ies and hand1 i n g  a b i l i t i e s  

9. Packaging o f  i o d i n e  waste 

10. Sea l i ng  o f  r epos i t 0 r . y  l eaks  

11. D i s p o s a l / i m m o b i l i z a t i o n  techno logy  fnr new ly '  emerging o r  spec ia l  
n u c l e a r  w a s t e s  

12. E f  f v r t  toward  Comb1 ned waste volume r e d u c t i o n  a?d immobi 1  i z a t i  on 
t echno l  o g j e s  

13. Improved t echno l  ogy i n  HLW feed ing  t o  v i t r i f i c a t i o n  processes 

'14. Dlsposa l  o f  m a t e r i a l s  w i t h  g r e a t e r  t han  LLW l i m i t s  f rom r e a c t o r  D&D 

15. Improved on-1 i ne sampl i n g  techn iques  of r a d i o a c t i v e  so l  u t i  ons 

16. M a t e r i a l  a.nd eng inee r i ng  techn iques  t o  p reven t  ground water  contami - 
r ~ a L i  on f rom sc t l . ve  uranlum m i l  1 t a i  1 i ngs ( improve 1  i r ~ e r ,  techno l  ogy)  

17. ~cono rn i c  methohs f i r  t r i t i u m  removal f rom 1  i q u i d  .wastes 

18. Remote t echno logy  development f o r  waste s o r t i n g  and D&D f o r  waste 
h a n d l i n g  f o r  U&U a c t i v i t i e s  g e n e r a l l y  and f o r  remote maintenance of  

. waste p rocess ing  f a c i  1  i t i e s  - .  



., . 

C'OMMENTS AND DI SCUSSION FR'OM PANEL MEETINGS 
OR PANEL MEMBER INPUT 

APPLIED MATHEMATICS SCIENCES 

1. I n t e r a c t i o n  o f  a n a l y t i c a l  (computer  code) and e x p e r i m e n t a l  work 
2. Comparat ive  r i s k  o f  HLW i n  g e o l o g i c  media w i t h  o t h e r  haza rds  

3. Qua1 i t y  assu rance  on backup e x p e r i m e n t a l  work and a n a l ~ t ' i c a l  models 

4. S t a t i  s t i c a l  e v a l  u a t i o n  of r e p o s i t o r i e s  and h o s t  r o c k  

GENERAL RECOMMENDATIONS 

1. Q u a l i t y  o f  R&D r e p o r t s  improved--more ev idence  t h a t  p a s t  and p a r a l l e l  
work has been e v a l u a t e d ,  more i n t e r p r e t a t i o n  of r e s u l  t s - - a n d  more p e e r  

, 

r e v i e w  

2. Emphasis on sys tem s t u d i e s  and r i s k  a n a l y s e s  as a  means t o  i d e n t i f y  
and focus  b a s i c  s c i e n c e  and as a  means o f  communicat ing  t h e  r e s u l t s  of 
complex s c i e n t i f i c  s t u d i e s  t o  s c i e n t i s t s  i n  o t h e r  d i  s c i  p l  i n e s  and t h e  
genera l  pub1 i c  

3. Ongoing s c o p i n g  s t u d i e s  t o  i n s u r e  adequate  management of  s p e c i a l  waste  
c a t e g o r i e s  and p o t e n t i a l  waste  c a t e g o r i e s  

4. More s e g r e g a t i o n  and d e c o n t a m i n a t i o n  i n  TRU waste  management 

5. E v a l u a t i o n  o f  s p e c i f i c  R&D a c t i v i t i e s ,  i n c l u d i n g  f o r m a t i o n  o f  p a n e l s  
t o  address  s p e c i f i c  a reas :  s p e n t  f u e l  i n  MRS, spent  f u e l  d i s p o s a l ,  
HLW forms, LLW volume r e d u c t i o n ,  e t c .  

6. Decommiss ion ing and d e c o n t a m i n a t i o n  o f  commercia l  power r e a c t o r s  

- Decommiss ion ing 

- D e c o n t a m i n a t i o n  f o r  ongo ing  o r  rep1 ac-ement r e a c t o r s  

- I n s t a l l a t i o n  a t  t i m e  o f  c o n s t r u c t i o n  o r  r e f u r b i s h m e n t  t o  a i d  i n  
f u t u r e  D&D 

7. Soci a1 a s p e c t s  o f  waste  management - -unders tand ing , and impro.vi ng 
i n s t i  t11t.i nna l  dynamics 

. . 

8. Spent f u e i  v o l a t i l e  f i  ss, ion p r o d u c t s  "removal 

9. I n s p e c t i o n  and r e c o v e r y  o p e r a t i o n s  i n '  case o f  un foreseen e'vent ( e a r t h -  
quake, e t c . )  



APPENDIX B - 1  

COMMENTS AND DISCUSSION FROM PANEL MEETINGS 
OR PANEL MEMBER INPUT 

GENERAL RECOMMENDATIONS (Cont inued)  

10.. Es tab l  i shment o f  acceptance c r i t e r i a  f o r  regul  a t i  o n s l d e t e r m i n a t i  on o f  
adequacy o f  n u c l e a r  waste R&D ( t o  p reven t  endless investment  beyond 
accep tab le  t e c h n i c a l  , o p e r a t i o n a l  , and p l a n n i n g  goal s  o f  nuc l ea r  
r e p o s i t o r i e s  and r e l a t e d  s u b j e c t s )  

11. Emphasis on s t u d i e s  de te rm in i ng  t h e  behav io r  o f  m a t e r i a l s  over  
r e p o s i t o r y  1  i f e  t i m e s  

12. N o n d e s t r u c t i v e  assay methods f o r  LLW, TRU, and HLW 

13. Nondes t ruc t i ve  assay methods f o r  waste forms 
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FROM PRIORITY EVALUATION (B)  WORKSHEETS 

A l i s t  o f  d e s c r i p t i v e  s ta temen ts  i s  g i v e n  f o r  some 
o f  t h e  f u t u r e  r e s e a r c h  a c t i v i t i e s  ( B )  i n c l u d e d  on 
t h e  P r i o r i t y  E v a l u a t i o n  Worksheets. 
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FROM PRIORITY EVALUATION (8 )  WORKSHEETS 

B-1 Spent Fuel Reprocess ing Modi f i c a t i o n  t o  A f f e c t  Waste P r o p e r t i e s  and 
a p t i m i z e  t h e  Waste Treatment System 

Comments : 

A1 t e r n a t e  r ep rocess i  ng concept (e. g., non-aqueous) cou ld  g i v e  HLW hav ing  more 
d e s i r a b l e  p r o p e r t i e s  and c o u l d  a f f e c t  t h e  q u a n t i t i e s  o f  TRU wastes. 

~i n i m i  z e / d e l e t e  usage o f  c e r t a i n  p r o c e i s  chemical  s t o  improve t h e  " t r e a t -  
ab i 1 i t . y "  o f  t h e  r e s u l t a n t  HLW. (Ob, ject ives here can var.y w i t h  t h e  HLW waste 
f o rm  t o  be used - - f o r  example, sodium i n  s o l v e n t  wash  w a s t e q  r.an be i n c n r -  
p o r a t e d  i n  HLW glass.  But what about i t s  i n c o r p o r a t i o n  i n  o t h e r  HLW waste 
f o rms? )  Other  examples : 

- Use o f  s o l u b l e  po ison  (e.g., Gd) i nc reases  t h e  volume o f  HLW glass,  
which i nc reases  waste d i sposa l  costs .  

- Use o f  f e r r o u s  su l  famate t o  p a r t i t i o n  Pu f rom U  r e s u l t s  i n  t h e  pres-  
ence o f  s u l f a t e  i n  HLW, which can be d e l e t e r i o u s  t o  HLW g lass  i n  h i g h  
c o n c e n t r a t i o n s  (and l o t s  o f  Fe cou ld  i nc rease  t h e  volume o f  t h e  g lass  
t o o ) .  

- A1 t e r n a t e  p a r t i  t i  on i  ng agents  were proposed f o r  commercial f u e l  
r ep rocess ing  p l a n t s ,  bu t  f e r r ous  su l famate  con t i nues  t o  be used i n  
defense f u e l  r ep rocess i  ng p l  ants.  

Key genera l  i z a t j o n  IS t h a t  t h e  comrnercial . fuel  repvocessing and waste t r e a t -  
ment "system" shou ld  be b e t t e r  op t im i zed  when speci  f i t pvocesses a re  se lec ted .  

Process a d d i t i o n s  , 

Removal o f  v o l a t i l e  f i s s i o n  p roduc ts  f rom spent f u e l  

- If .spent  f u e l  i s  t o  be a waste, t h i s  c o u l d  i nc rease  t h e  s a f e t y  o f  t h e  
waste d i sposa l  ope ra t i on .  T h i s  p re t r ea tmen t  cou ld  make i t  e a s i e r  t o  
ach ieve t h e  d e s i r e d  r e t e n t i o n  f a c t o r s  d u r i n g  reprocess ing.  
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B-2 TRU Waste Immobil i z a t i o n  and D isposa l  

Commen t s  : 

Research i s  needed on TRU waste (immobi 1 i z a t i  on and d isposa l  ) . 
Separa t ion  o f  TRU elements f rom TRU wastes'  cou ld  reduce t h e  res i due  r e q u i r i n g  
r e p o s i t o r y  d i sposa l  - -ano ther  way o f  say ing  "deco.ntami n a t i  on t o  non-TRU 
waste." T h i s  b r i n g s  about volume r e d u c t i o n  and/or s t a b i l i t y  enhancement o f  
TRU wastes ( cos t  e f f e c t i  veness o f ,  based on t o t a l  system comparison). 

B-3 Reactor  D&D Hiah A c t i v i t y  M a t e r i a l s  

Comments : 

Some o f  t h e  most h i  g h l y - a c t i  vated m a t e r i  a1 s  f rom r e a c t o r  D&D exceed t h e  1  i m i  t s  
o f  HLW d i sposa l .  These m a t e r i a l s  must t hen  be d isposed o f  i n  some o t h e r  
way. The're have been some d i scuss ions  o f  i n t e rmed ia te -dep th  b u r i a l ,  bu t  1  am 
no t  aware o f  any r e a l  s i g n i f i c a n t  work on t h e  concept. The o n l y  o t h e r  o p t i o n  
t h a t  1  am aware o f  i s  For  t h e  m a t e r i a l  t o  be t r e a t e d  as remote-handled TRU and 
t o  go t o  r e p o s i t o r y  d isposa l .  Since r e a c t o r s  a re  t o  be decontaminated i n  t h e  
near  term, t h i s  would seem t o  be a  more u rgen t  problem than  e i t h e r  HLW o r  TRU 
wastes f rom reprocess ing.  

B-4 Tes t  o f  C o m ~ l e t e  Waste Packaae and M i a r a t i o n  ~ e h a v i o r  

Comments : 

There i s  a  need f o r  a l a r g e - s c a l e  f a c i l i t y  t o  t e s t  complete waste packages i n  
r e p o s i t o r y  env i  ronments and t o  t e s t  m i  g r a t  i on- type behav io r  i n  c o n t r o l  1  ed 
r lnv i ronment .~ .  The c u r r e n t l y  planned t e s t s  a re  e i t h e r  l a b o r a t o r y - s c a l  e  o r  i n  
s i t u  i n  a  r e p o s i t o r y .  I n  t h e  l a b o r a t o r y ,  you do no t  have t h e  s c a l e  o r  t ime  t o  
i d e n t i f y  t h e  t y p e  o f  i n t e r a c t i o n s  t h a t  may occur and t o  get  numbers t h a t  can 
be a p p l i e d  t o  a  r e a l  s i t u a t i o n .  I n  a  r e p o s i t o r y ,  you cannot use r a d i o a c t i v i t y  
i n  t h e  e a r l y  t e s t i n g  phase, no r  can you conduct t e s t s  o f  behav io r  under 
f l o o d e d  c o n d i t i o n s .  Both c o n d i t i o n s  should  be used, s i nce  t h e  major  concerns 
a r e  t h e  behav io r  o f  a c t i n i d e s  under f l o w i n g  water  cond i t i ons .  T h i s  i s  no t  a  
new concept.  Others  have suggested t h i s  concept p r e v i o u s l y .  

8-5 P l  ann i  ng o f  Long-Range Rackup Tes ts  

Comments : 

A smal l  percentage o f  t h e  budget shou ld  be reserved  f o r  long- range  m a t e r i a l  
and geology . tes ts .  The s p e c i f i c  t e s t s  can bes t  be recommended by t h e  
resea rche rs  i n v o l v e d  i n  these  t e s t i n g  programs. Such t e s t s  m igh t  i nc l ude ,  t h e  
l o n g  range (5, 10, 20, 50 y e a r s )  response o f  metals,, b a c k f i l l s ;  and waste 
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B-5 P lann ing  o f  Long Range Backup Tes ts  (Con t inued)  

fo rms  t o  a  wide range o f  geothermal wa te rs  and cond i t i ons .  Rad ionuc l ide  
m i g r a t i o n  would a l s o  be addressed i n  these  t e s t s .  These t e s t s  would serve as 
a backup t o  t h e  a c c e l e r a t e d  t e s t i n g  t h a t  i s  c u r r e n t l y  done i n  o rde r  t o  meet 
t h e  schedule  commitments o f  s p e c i f i c  p r o j e c t s .  Cons ider ing  t h e  l e a d  t ime  
b e f o r e  s u b s t a n t i a l  amounts o f  HLW o r  spent f u e l  w i l l  be d isposed o f  i n  a  
geo l  o g i c  r e p o s i t o r y ,  t h e  long-range t e s t s  w i  11 be p roduc ing  u s e f u l  data i n  
t i m e  t o  p reven t  an unforeseen eng inee r i ng  des ign problem. 

8-b Upera t i on  and Maintenance t t t e c t s  on Reprocessing and Sol i d i  f i c a t i o n  
Bui  1  d i n g  Desi gns 

Comments : 

Fue l  r ep rocess ing  p l a n t s  and HLW s o l i d i f i c a t i o n  p l a n t s  a re  designed f o r  remote 
maintenance w i t h  one o r  two  l a y e r s  o f  overhead cranes ( t h e  canyon concept ) .  
As a  r e s u l t ,  t h e  b u i l d i n g s  r e q u i r e  ve ry  t a l l  l oad  bea r i ng  w a l l s  t h a t  can a l s o  
p r o v i d e  s h i e l d i n g  a t  h e i g h t s  when a r a d i o a c t i v e  o b j e c t  i s  be ing  l i f t e d .  R&D 
i n  remote o p e r a t i o n  and maintenance c o u l d  p o t e n t i a l l y  r e s u l t  i n  l a r g e r  "one- 
s t o r y "  b u i l d i n g s  where equi  pment i s  opera ted  and ma in ta ined  by r o b o t i c  veh i -  
c l e s  t h a t  move down l anes  between equipment. 

B-11 HLW Disposa l  Comparati ve R isk  S tud ies  

Commen t s  : 

More compara t i ve  r i s k  s t u d i e s  shou ld  be done t o  compare t h e  r i s k  o f  HLW 
d i s p o s a l  i n  g e o l o g i c  media w i t h  a  wide range o f  n a t u r a l  and man-induced 
hazards (e.g., t h e  coa l  ash p i t s ,  a s p h a l t  roads, l e a d  f rom shotgun s h e l l s ,  
l e a d  re l eased  f rom r e g u l a r  gas, n a t u r a l  o re  bodies,  cadmi um p l a t i n g ) .  

B-12 S tandard ized  Sh ipp ing  Cask Design 

Commen t s  : 

Standard i  zed sh i  pp i  nq cask des ign  and combinat ion s h i  pp i  nq / s to raqe  casks 
shou ld  be exp lo red  i n  t h e  r e c o g n i t i o n  t h a t  l a r g e  amounts o f  spent f u e l  w i l l  
soon have t o  be re l oca ted .  

B-16 Es tab l i shmen t  o f  Acceptance C r i t e r i a  f o r  De te rmina t ion  o f  Adequacy o f  
Nuc lear  Waste. R&D 

Comments : 

T h i s  wi 11 p reven t  endless inves tment  beyond those  accep tab le  t e c h n i c a l  , oper- 
a t i o n a l ,  and p l a n n i n g  goa ls  o f  n u c l e a r  r e p o s i t o r i e s  and r e l a t e d  sub jec ts .  
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B-29 D isposa l  /Immobi 1  i z a t i o n  Techno1 ogy f o r  Newly Emerging o r  spec ia l  Nuc lear  
Wastes 

Comments : 

'Some s p e c i a l  h i g h - l e v e l  wastes a r e  beg inn ing  t o  emerge as a  r e s u l t  of improved 
r e a c t o r  and sepa ra t i on  techno l  ogy. Breeder (and e v e n  f us i on  r e a c t o r  research  
and l a s e r  s e p a r a t i o n )  technology has developed t o  t h e  p o i n t  t h a t  s p e c i a l  waste 
streams have been i d e n t i  f i e d  t h a t  a re  nonv i  t r i  f i a b l e .  These waste streams 
i n c l u d e  l a r g e r  quan't i  t i e s  o f  t r i t i u m ,  meta ls ,  and noble  gases. Supplemental 
b a s i c  research  i s  r e q u i r e d  t o  i d e n t i f y  and t e s t  improved waste forms and 
processes t h a t  adequate ly  immob i l i ze  these .  wastes i n  conformance w i t h  
e s t a b l  i shed c r i t e r i a .  

B-30 Process Technology f o r  Second-Generation Waste Forms 

Comments : 

I s'upport t h e  c u r r e n t  research and devel  opment programs on immobi 1  i z a t i  on o f  
h i g h - l e v e l  wastes i n  g lass.  ,The techno logy  i s  i n  t h e  demons t ra t ion  and imp le -  
men ta t i on  phases and i s  ready f o r  r a p i d  r e s o l u t i o n  o f  some o f  t h e  e x i s t i n g  
h i  gh-1 eve7 waste problems. However, i n c reased  p a r t i c i p a t i o n  by t h e  'pub1 i c  may 
r e q u i r e  research  i n t o  second-generat ion waste forms t h a t  m igh t  r e s u l t  i n  
b e t t e r  d u r a b i l i t y ,  reduced occupa t iona l  exposure, l ower  cos t ,  and . r educed  
vo l  ume. 

. . 

Research i n t o  new types  o f  m a t e r i a l s  i s  a l r eady  under way. However, more 
research  i s  needed i n  t h e  area o f  process technology.  If t h e  new waste forms 
c e n t e r  on ceramic waste forms, research  i n t o  remote ly  operab le  and r e l i a b l e  
techn iques  f o r  b lend ing ,  d r y  s o l i d s  hand l ing ,  containment,  m a i n t a i n a b i l i t y  'and 
genera l  s a f e t y  i s  necessary. Cur ren t  ceramic p rocess ing  techno logy  i s  no t  
adequate f o r  h o t - c e l l  opera t ion .  Research i s  a l s o  under way on low-pro-  
cess i  ng- temperature waste forms. Process techno l  ogy f o r  these  waste forms f o r  
h o t - c e l l  o p e r a t i o n  i s  unde f ined  and r e q u i  r es  s i  gn i  f i  can t  1  ong-term research  
e f f o r t .  

8-31 M a t e r i a l  and Eng ineer ing  Techn iques ' t o  Prevent  Ground Water 
Contaminat ion f rom A c t i v e  Uranium M i  11 T a i l i n g s  

Comments : 

The Envi  ronmental  P r o t e c t i o n  Agency (EPA) and t h e  Nucl ea r  Regul a t o r y  Com- 
m i s s i o n  a re  p r e s e n t l y  f o r m u l a t i n g  f i n a l  c r i t e r i a  f o r  t h e  1  i c e n s i n g  and opera- 
t i o n  o f  a c t i v e  uranium m i l l  t a i l i n g s  s i t e s .  The proposed c r i t e r i a  i d e n t i f y  
sem i -p resc r i  p t i  ve s tandards i n  a d d i t i o n  t o  t h e  performance f o r  p r o t e c t i n g  
ground water.  The EPA g e n e r a l l y  e s t a b l i s h e s  these  p r e s c r i p t i v e  s tandards on 
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8-31 M a t e r i a l  and Eng inee r i ng  Techniques t o  Prevent  Ground Water 
Contaminat ion f rom A c t i v e  Uran i  urn M i  11 Tai 1  i ngs (Cont i  nued) 

t h e  b a s i s  of c u r r e n t l y - a v a i l  a b l e  t echno l  ogies.  Present  t echno l  og ies  a re  
p r o h i b i t i v e l y  expens ive,  p o s s i b l y  r e q u i  r i n g  double l a y e r s  o f  s y n t h e t i c  
l i n e r s .  C u r r e n t l y ,  l i t t l e ,  i f  any, Government-sponsored programs e x i s t  t o  
improve  t h e  s t a t e - o f - t h e - a r t  1  i n e r  techno l  ogy. Other  techno l  og ies  shou ld  be 
researched  t o  de te rmine  t h e i r  a p p l i c a b i l i t y  toward  p r e v e n t i n q  ground water  
c o n t a m i n a t i  on. These t echno l  og ies  shou ld  concen t ra te  on s o r p t i o n ,  n e u t r a l  i - 
z a t l  on, and d l  spers ion ,  as opposed t o  l e a c h a t e - b a r r i e r  t echno l  ow c ~ r r r e n t l y  
imposed. 

8-32 Process Research o f  Combined Vol ume Reduct i  on and Immobi 1  i z a t i  on 
Techniaues f o r  Low-Level Wastes 

Comments : 

W i t h  
gener 
i t y .  

t h e  pending c l o s u r e  of n a t i o n a l  radwaste b u r i a l  s i t e s ,  many nuc lea r  
a t i n g  p l a n t s  a re  l o o k i n g  toward i n c r e a s i n g  t h e i r  temporary s to rage  capac- 

Because radwaste d i sposa l  i s  so heavi  l y  regu la ted ,  t h e  Government should  
be r e s p o n s i b l e  f o r  p r o v i d i n g  b a s i c  research  on processes t h a t  w i l l  reduce t h e  
volume f o r  s t o rage  and immob i l i ze  t h e  wastes f o r  sa fe  t r a n s p o r t  and d i s -  
posa l .  Combinat ion o f  t hese  t echno log ies  i s  no t  s u f f i c i e n t l y  deve loped f o r  
t h e  p r i v a t e  s e c t o r  t o  i n v e s t  s u b s t a n t i a l  c a p i t a l  reserves  i n  t .h iz  a r p a ,  The 
DOE shou ld  embark on a concer ted  research  e f f o r t  toward combined v o l u m ~  r e d ~ ~ c -  
t i  on and immobi 1  i z a t i o n  t echno l  og ies.  

B-33 Process ing  Techno1 ogy f o r  H igh-Level  Waste G lass i  f i c a t i o n  

Commen t s : 

A s i g n i f i c a n t  devel  opmental e f f o r t  i s  c u r r e n t l y  under way. f o r  irnmobil i z a t i o n  
t e c h n o l  ogy f o r  h i  gh-1 eve1 wastes. Programs a re  funded f o r  t h e  development and 
t e s t i n g  o f  g l a s s i f i c a t i o n  techno logy  f o r  b o t h  defense and c o m m e r c i a l l . ~  gener- 
a t e d  wastes. Even so, some research  gaps may e x i s t  i n  these  programs. These 
i n c l u d e  areas o f  b a s i c  ( o r  a p p l i e d )  research  i n  h i g h - l e v e l  waste f eed ing  
t echno logy  and compos i t i on  s e n s i t i v i t y  analyses. 

Feed ing  o f  h i g h - l e v e l  wastes t o  v i t r i f i c a t i o n  processes requ i  r e  re1 i a b l e  
equipment i n  h i g h - r a d i a t i o n  env i ronments  w h i l e  h a n d l i n g  ex t reme ly  ab ras i ve  and 
c o r r o s i v e  s o l u t i o n s .  Cu r ren t  commercial techno l  ogy i s  no t  adequate t o  meet 
t h e s e  requ i rements  and many programs have t h e r e f o r e  had t o  develop t h e i r  own 
t e c h n o l o g i e s .  Independent,  suppor t  programs w i t h  l o n g  t e rm  t e s t i n g  o f  i m -  
p roved  f eed ing  techno logy  t h a t  can be r e t r o f i t t e d  t o  e x i s t i n g  waste v i t r i -  
f i c a t i  on des i  gns shou ld  be e s t a b l  i shed. The improved techno l  ogy , when 
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B-33 Process ing  Techno1 ogy f o r  High-Level  Waste Gl a s s i  f i c a t i o n  (Con t inued)  

imp1 emented, would  reduce occupa t iona l  exposure w h i l e  improv ing  t h e  re1  i a b i  1  - 
i t y  and reduc ing  t h e  o v e r a l l  cos t  o f  waste v i t r i f i c a t i o n  t o  t h e  taxpayers  and 
ra tepayers .  

Another  po ten t  i a1 area o f  bas i  c  ( o r  appl  i ed)  research  i s process se'nsi t i  v i  t y  
t o '  v a r i a t i o n s  i n  composi t ions.  V a r i a t i o n s  i n  feed compos i t i ons  can occur f rom 
f l u c t u a t i o n s  i n  t h e  reprocess ing  step, t h e  chemical  form o f  t h e  g l ass  formers,  
and t h e  homogeneity and r e l a t i v e  r a t i o  of these  two components i n  t h e  i n t e r -  
m i x i n g  step. Support programs des i  gned t o  pe r f o rm  bas i c  research  on determin-  
i n g  t h e  e f f e c t s  o f  composi t i o n  f l  i l c t u a t i o n s  would p rov i de  i n v a l u a b l e  suppor t  
t o  m a i n t a i n i n g  p roduc t  qua1 i t y  f o r  t h e  r e p o s i t o r y  and m a i n t a i n i n g  t h e  i n t e g -  
r i t y  o f  t h e  process equipment. Th is ,  again,  p r o t e c t s  t h e  t axpaye rs '  i n v e s t -  
ment and improves t h e  con f idence  l e v e l  i n  l ong - t e rm  i s01  a t i o n .  

B-34 Fuel  Waste Reprocess Concerns/Al t e r n a t i v e s  

Comments : 

How t o  handle  the " d i s s o l v e r  s o l i d s "  ( p r i m a r i l y  nob le  meta l  a l l o y  which 
d o e s n ' t  d i s s o l v e  when t h e  UOp does). 

How t o  handle t h e  "process s o l i d s "  ( those  which form d u r i n g  s to rage ,  -con-  
c e n t r a t i o n ,  e tc . ,  o f  process s o l u t i o n s ) .  

Chemistry ( e s p e c i a l l y  r a d i a t i o n  c h e m i s t r y )  o f  a d d i t i v e s  t h a t  may be used i n  
new waste t r ea tmen t  opera t ions .  

8-35 Radionucl  i de M i  g r a t i o n  Chemical Aspects 

Comments : 

Regard ing t h e  env i  ronmental  s a f e t y  o f  waste d i sposa l  ope ra t i ons  ,' more suppor t  
f o r  R&D i n  t h e  chemical  aspects  o f  r a d i o n u c l d i e  m i g r a t i o n  ( s o r p t i o n ,  p r e c i  p- 
i t a t i o n ,  e f f e c t  o f  complexing agents,  e t ~ ' . )  i s  needed, E a r l i e r  l e v e l  o f  
suppo r t  i n  t h i s  area has been c u t  i n  f a v o r  o f  model ing aspects,  t h e  r e s u l t s  of 
which can be no b e t t e r  than, t h e  chemica l ,  da ta  on which t hey  a re  based. 

. . 



APPENDIX C 

PANEL WORKSHOP HANDOUT 

Th i  s appendix c o n t a i n s  handout m a t e r i a l  (Encl  osure 
I ) o f  t h e  second workshop panel  meet ing h e l d  
November 9 and 10, 1983. 



APPENDIX C 

PANEL WORKSHOP HANDOUT 

.. . 

Enc losure  I 

I n s t r u c t i o n  Sheet No. 1 . 
1nstr11ct . inn Sheet No. 2 
I n s t r u c t i o n  Sheet No. 3 



LONG-TERM RESEARCH NEEDS 
NUCLEAR WASTE MANAGEMENT 

I N S T R U C T I O N  SHEET NO. 1 

The f o l l o w i n g  e v a l u a t i o n  c r i t e r i a  a re  f o r  use i n  de te rm in i ng  t h e  p r i o r i t i e s  o f  
research  a c t i v i t i e s  on t h e  P r i o r i t y  Eva1 u a t i o n  Worksheets. 

ULTIMATE' USE COST E F F I C I E N C Y  

STATUS OF THE TECHNOLOGY. . . HEALTH & SAFETY 

IMPORTANT PROBLEMS REGULATION 

ECONOMIC COMPETIT IVENESS TRANSPORTATION 
( o f  systems r e s u l t i n g  f rom research)  

CONTRACTOR C A P A B I  L I T Y  TO COMP,LETE 
,~ - .  . . 

P U B L I C  ACCEPTANCE 
. . 

T I M E  REQUIRED TO COMPLETE NATIONAL SECURITY 
. .  . - 

L E V E L  OF EFFORT ( c o s t )  . . 
_ . 

- .  

DOE gu ide l  i n e s  f o r  research  a c t i v i t i e s  i n  nuc lea r  waste management a re  as 
f o l l  ows : 

Long range; 

h i g h  r i s k l h i g h  p o t e n t i a l  p a y o f f ;  

work n o t  1 i k e l y  done by i ndustr.y w i t h o u t  s u b s t a n t i a l  government 
suppor t ;  and 

gener i c  r a t h e r  than  s p e c i f i c  o r  s i n g l e  purpose. 

Other  g u i d e l  i nes  a re :  

a  1 
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PANEL WORKSHOP HANDOUT 

LONG-TERM RESEARCH NEEDS 
NUCLEAR WASTE MANAGEMENT 

INSTRUCTION SHEET NO. - 2  

T h i s  I n s t r u c t i o n  Sheet c o n t a i n s  a  l i s t  o f  p resen t  a c t i v i t i e s  f o r  P r i o r i t y  
Eva1 u a t  i on by t h e  panel  . 

A - PRESENT RESEARCH ACTIVITIES 

A-1 M o d i f i c a t i o n  o f  B a c k f i l l  M a t e r i a l s  Under Repos i t o r y  Cond i t i ons  

Waste Glass H y d r a t i  on and Leachi  ng 

Radionuc l  i d e  M i g r a t i o n  (LLW) 

System S tud ies  o f  Glass Ceramics 

Need Techn ica l  I n f o r m a t i  on on Vol ume Reduct ion 

I n v e s t i g a t e  Imp1 ementat ion and Ope ra t i  on o f  R e p o s i t o r i e s  

R i s k  Models t o  Eva lua te  Storage Methods 

Research R e t r i e v a l  Methods and Exposures- -Def i  ne t h e  Source 

Research Thermal Heat Load and M i g r a t i o n  E f f e c t s  

Research O v e r a l l  S.ystem O r i e n t e d  Toward Economic C r i t e r i a  t o  be te rmi  ne 
wast? Manasement System 

R i sks  i n  T r a n s p o r t a t i o n  

Research Cask Devel opment 

Repos i t o r y  Seal -Mate r i  a1 Development 

B a c k f i l l  R&D: Reac t i on  t o  Susta ined Heat 

Research T a i l i n g s  

A-16 Kesearch P o t e n t i a l  C r y s t a l l i n e  K e p o s i t o r i e s  



APPENDIX C 

PANEL WORKSHOP HANDOUT 

LONG-TERM RESEARCH NEEDS 
NUCLEAR WASTE MANAGEMENT 

INSTRUCTION SHEET NO. 2 (Con t inued)  

These a d d i t i o n a l  c u r r e n t  r e s e a r c h  a c t i v i t i e s  a r e  r e p o r t e d  i n  one o f  t h e  two 
f o l l o w i n g  documents: 

1 )  D O E / E R - O ~ ~ ~ / ~  - M a t e r i a l s  Sc iences Programs, F i s c a l  Year 1983 
(September 1983) 

2 )  DOE/ER-0163 - DOE/OBES/GeoSc~iences I n i t i a t i v e  on R a d i o a c t i v e  Waste 
I s o l a t i o n  i n  Mined R e p o s i t o r i e s  (May 1983)  

These a r e  a d d i t i o n a l  p r e s e n t  a c t i v i t i e s  f o r  P r i o r i t y  Eva1 u a t i o n  by  t h e  pane l .  

A-17 Chemi s t r y  and M a t e r i a l s  Problems i n  Energy P r o d u c t i o n  Techno1 o g i e s  
(LBL 1 

A-18 L e a c h i n g  o f  G lass  and Ceramics (PNL) 

A-19 Los Alamos E q u a t i o n  of S t a t e  L i b r a r y  

A-20 The E f f e c t  o f  S e l f - I r r a d i a t i o n  on S t a b i l i t y  o f  Ceramic N u c l e a r  Waste 
(LANL ) 

A-21 P r e p a r a t i o n  and C h a r a c t e r i z a t i o n  . o f  Research M a t e r i a l s  (ORNL) 

A-22 Research and Development - I s o t o p e  Research M a t e r i  a1 s  P r e p a r a t i o n  
(OR NL ) 

A-23 H i g h  Temperature  Chemis t r y  and Thermodynamics o f  S t r u c t u r a l  M a t e r i a l  s  
(OR NL ) 

A-24 R a d i a t i o n  E f f e c t s  i n  M e t a l s  and Ceramics (PNL) 

A-25 S p u t t e r i n g  Parameter  I n f l u e n c e s  on M a t e r i a l  S t r u c t u r e  and B e h a v i o r  
(PNL 

A-26 R a d i a t i o n  Damage and Env i ronmen ta l  E f f e c t s  i n  N u c l e a r  Waste Storage 
Media - U n i v e r s i t y  o f  C a l i f o r n i a - D a v i s  

S t r u c t u r e  o f  G lasses C o n t a i n i n g  T r a n s i t i o n  M e t a l  I o n s  

T race  Element T r a n s p o r t  i n  G e o l o g i c  Media 

Thermochemi s t  rLy o f  Geothermal M a t e r i a l  s  

M i g r a t i o n  o f  Heavy Element Chemical Spec ies  i n  G e o l o g i c  S t r a t a  

Rock-Water I n t e r a c t i o n s  

Aqueous Sol  u t  i o n s  Data Base 

Fundamental S t u d i e s  o f  F l u i d  F low i n  F r a c t u r e d  Rock 

Thermodynamics o f  H i  gh. Temperature  B r i n e s  

Thermodynamic P r o p e r t i e s  o f  S i  1  i c a t e  L i q u i d s  
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NUCLEAR WASTE MANAGEMENT 

INSTRUCTION SHEET NO; 2  (Cont inued)  

. - 
A-36 Chemi,cal T r a n s p o r t  i n  Na tu ra l  Systems7 * 

A-37 Element M i g r a t i o n  and F i x a t i o n  i n  C r y s t a l  1 i n e  Rocks 

A-38 .Nan-Linear Genera t ion  o f  Acous t i c  Beams. 

A-39 Geochemi s t r y  o f  Techne t i  um & Geochemical Con t ro l s  on t h e  Redi s t r i  bu t -  
i o n  o f  Mu1 t i  v a l  e n t  Elements i n  - t h e  .L i thosphere  . .. 

A-40 Thermodynamic P r o p e r t i e s  o f  Aqueous S o l u t i o n s  a t  H igh Temperatures & 
P r e s s ~ l r ~ ! ~  , . 

A-40A Creep Defo rmat ion  o f  Rocks 

A-41 Rock Water I n t e r a c t i o n  i n  Geothermal Systems . . 

A-42 Ca t i on  S ize & Coulomb Energy C a l c u l a t i o n s  f o r  t h e  . P r i n c i p a l  Rock 
Formi ng M i  nera1.s = 

Sur face Wave Method. f o r  Determinin,g Earthquake Mechani sms w i t h  Appl i- 
c a t i d n s  t o  Reqional  S t ress  F i e l d  S tud ies  

.Thermodynami cs,  K'l n e t l c s  and Transpor t  i n  ~ ~ u e o u s  El e c t r o l y t e  Sol u- 
. . 

" - 
t i  ons 

A t t e n u a t i o n  and D i s p e r s i o n  i n  P a r t i a l l y  Sa tu ra ted  Rocks 

D i f f u s i o n  i n  S i l i c a t e  M a t e r i a l s  

Rock Mechanics 

Underground Imagi  ng 

I n t e r a c t i o n s  o f  Aqueous Media w i t h  Cons t i t uen t s  o f  Na tu ra l  Format ions 

Phys i ca l  Chemi s t r y  of Geothermal S o l u t i o n s  & M a t e r i a l s  

Geochemistry o f  C rus ta l  Processes a t  H igh  Temperatures and Pressures 

Chemical M i  g r a t  i on by Contact  Metamorphi sm i n  Grani  te-Carbonate Rocks 

Mechan i s t i c  S tud ies  o f  Trace C o n s t i t u e n t  S o r p t i o n  and M i g r a t i o n  i n  
Geol og i  c  Media 

Creep Response o f  NaCl a t  Low St resses and Temperatures 

C l  ay-Water I n t e r a c t i o n s  
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INSTRUCTION SHEET NO. 2 { (Cont inued)  

- A-56 Rock Defo rmat ion  i n  Magma Hydro.therrn.al Systems -n: . ~. . - $ , - -  . 

, . :  + - % 
. . 

A-57 S i l  i c a t e ,  A1 uminoseil i c a t e  & : B o r o s i l  i c a t e  Me1 t s  . 
A-58 Advec t i  ve-Di f f u s i  on/Di s p e r s i  on1 A Transpo r t  of , Chemica l l y  Reac t ing  

Species .., . , 
- 7 : -  -, , r r , ,  . - - 3: 3 ' :  

A-59 ~ l u i d  ~ r ' a n s p o r t  p r o p e r t i e s  o f  .Rock F r a c t u r e  I .  . . . I 
.ZA-60 Sei  smol ogy o f  Crack Format ion , . I  -' , +.s , ,, I- ,-, . . . . 

. , ,  .. 
A-61 M i  c roc rack  Techno1 ogy 

- . -  . - -  . C 

A-62 Mechanism o f  Z e o l i t e  C r y s t a l  1  i z a t i o n  'and A1 t e r a t i o n  i n  Si 1  i c a t e  
Glasses 

A-63 Hydrothermal  Sol ubi 1 i t y  ,of Urand n i  t e  ....- . . . 
C -. * : .-.. -A,-64 . .Po ros i t y  wi.th .E l  u ids ,  +-5 - .  - ,  i ,... - . ,  . c. - 

A-65 Therma l l y  Induced Chemical M i g r a t i o n  i n  c a r b o n a t e ' ~ o c l ? s  ( i  ) 
- -  . . .  

L 4 .  .- 
A-66'. ~h$rmal. l"y'  I nd&ed 'Chkmi-ca~ M\ g~a<i ,on ,in'!ca;bonite Rbcks . (2)  . ' *. . I I.. I ,  * - .  . . ! A  L .  , . 

A-67 Mechanical  & T ranspor t  P r o p e r t i e s  o f .  Rocks . . . - . . . . 9 .  * .  . + 
, - A,, 

A-68 o p e n i n g , ~ o d e  Crack Growth i n  Rocks * .- 
- ,  

A-69 Computer ized Under-ground Image Recons t ruc t i on  .. . 
1;. ..-. r . : , : .  ,.. I .  : J .:. ; > , c y :  . , ., , P 
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PANEL WORKSHOP, HANDOUT 

LONG-TERM RESEARCH NEEDS 
NUCLEAR WASTE MANAGEMENT 

INSTRUCTION SHEET NO. 3 

T h i s  I n s t r u c t i o n  Sheet c o n t a i n s  a 1 i s t  o f  f u t u r e  a c t i v i t i e s  f o r  P r i o r i t y  
Eva1 u a t i o n  by t h e  panel .  

B - FUTURE RESEARCH ACTIVITIES 

Spent Fuel  Reprocess ing M o d i f i c a t i o n  t o  A f f e c t  Waste P r o p e r t i e s  and 
Opt im i  ze t h e  Waste' Treatment System 

TRU Waste Immobil i z a t i o n  and Disposal  

Reactor  D&D High A c t i v i t y  M a t e r i a l s  

Tes t  o f  Cornpl e t e  Waste Package and M i  g r a t i o n  Behav ior  

P lann ing  o f  Long Range Backup Tes ts  

Ope ra t i on  and Maintenance E f f e c t s  on Reprocessing and S o l i d i f i c a t i o n  
B u i l d i n g  Deslgns 

Nobl e and S t r a t e g i c  Metal  s Recovery 

On-Line Sampling I n s t r u m e n t a t i o n  

Ceramic Waste Forms 

Devi  t r i  f i ed Glass ( C r y s t a l  1 i ne Ceramic) 

HLW Disposa l  Compa'rati ve  Risk  S tud ies  

S tandard i  zed Shi p p i  ng Cask Desi  gn 

C o n d i t i o n i n g  I n t a c t  o r  P a r t i  a1 l y  Processed Nucl ea r  Fuel  

Procedures and Techniques f o r  Repos i t o r y  I n s t r u m e n t a t i o n  Systems 

I n s p e c t i o n  and Recovery Opera t ions  i n  Case o f  Unforeseen Events 
(Earthquake, e tc .  ) 

Es tab l i shmen t  o f  Acceptance C r i t e r i a  f o r  De te rm ina t i on  of Adequacy o f  
Nuc lear  Waste R&D 

I n v e s t i g a t e  R e t r i e v a l  o f  Waste t o  Be Use fu l  Ld leu  

Redesign t h e  Heat Package 

Devel op V i  ri f i  c a t i o n  Processes and Other  Immobi 1 i z a t i  on Processes 
Emphasiz ing Cost and Regu la t i ons  

Research t o  Answer Pub1 i c  Concerns on D isposa l ,  R isk  and H e a l t h  
F a c t o r s  

Research Di sposal  o f  Spent Fuel  Assembl i es and Hand1 i ng Abi 1 i ti es 

8-22 Packaging o f  I o d i n e  Waste 

B-23 Determine A c t i v i t i e s  of Many o f  t h e  Low Level  Wastes 
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INSTRUCTION SHEET NO. 3 (Cont i  nued l  

LLW Process ing  I n t o  a Form That Puts i t  I n t o  HLW Category 

Research Long-Term Metal  Corros i on (>30 y e a r s )  

Research Fuel and Waste Loadings 

Research Seal i ng o f  Repos i to ry  Leaks 

Meaning o f  Waste Storage t o  Humans i n  t h e  Long Range 

D i sposa l  / I m o b i  1 i z a t i  on Technol ogy f o r  Newly Ernergi ng o r  Speci a1 
Nuc lear  Wastes 

Process Technol ogy f o r  Second-Generati on Waste Forms 

M a t e r i a l  and Eng ineer ing  Tec.hni ques t o  Prevent  Ground Water Contarnina- 
t i o n  From A c t i v e  Uranium M i l l  T a i l i n g s  

Process Research o f  Combined Vol urne Reduct ion and Irnrnobi 1 i z a t i o n  
Techniques f o r  Low-Level, Wastes 

Process ing  Technol ogy f o r  H igh-Level  Waste Gl a s s i  f i c a t i o n  

Fuel  Waste Reprocess Concerns/Al t e r n a t i  ves 

Radionuc l  i d e  M i g r a t i o n  Cherni c a l  Aspects 

Reduc t ion  o f  Occupat iona l  R a d i a t i o n  Exposures 



APPENDIX D 

SAMPLE PRIORITY EVALUATION WORKSHEET 

T h i s  appendix  c o n t a i n s  a  sample P r i o r i t y  E v a l u a t i o n  
Worksheet. Sheets were p r e p a r e d  f o r  c u r r e n t  (A) and 
f u t u r e  ( B )  research  a c t i v i t i e s  and were u t i l i z e d  by 
t h e  e x p e r t  panel  i n  t h e  second workshop meet ing.  



LONG- TERM RESEARCH NEEDS 
NUCLEAR WASTE MANAGEMENT 

APPENDIX D 

SAMPLE PRIORITY EVALUATION WORKSHEET 

PRIORITY EVALUATION WORKSHEET FOR 
DOE RESEARCH ACTIVITIES 

A. Research A c t i  v i t y  No. 

Comments : 

Ei S u f f i c i e n t  Research == Yes/Nn ( C i  r r . 1 ~  One) 

Comments : 

- 

C. I f  "No," S p e c i f y  D e s c r i p t i o n  o f  A d d i t i o n a l  Research Needed: 

D. Opt i o n s  f o r  P e r f o r m i n g  Needed Research:  

1 ) P o t e n t i  a1 P e r f o r m e r s  : 

2 )  Cos t :  

- -- - -- 
3 )  Year o f  S t a r t  and D u r a t i o n :  

E. P r i o r i t y  -- H i g h  / Medium / Low ( C i r c l e  One) 

NAME OF ,PANEL MEMBER: 11 /83 



APPENDIX E 

PERT1 NENT REPORTS ON NUCLEAR WASTE MANAGEMENT 

T h i s  append ix  l i s t s  a number of p e r t i n e n t  r e p o r t s  on 
a c t i v i t i e s  r e 1  a t e d  t o  n u c l e a r  waste  management. 



Repor t  
Number T i t l e  

PNL-4250-3 Nucl ea r  Waste Management Semi-Annual P.rogress7 Repor t  . 
October  1982 t h rough  Majch 1983 

DOE/ER-014511 - "Summaries o f  Phys i ca l  Research i n  t h e  Geosciences 
September 1983 

DOE/ER-014411 Summaries o f  FY 1983 Research i n  t h e  Chemical Sciences 

DOE/ER-014311 M a t e r i  a1 s Sciences- Programs - F i s c a l  Year 1983 

SAND83-1387 a: . 'The Subseabed D isposa l  Progtam: 1985 3ta tuS Report  

Q&A - Nuclear  Power and t h e  Envi  ronment 

DOE/NE-001712 Spent .Fuel 'and R a d i o a c t i v e  Waste I n v e n t o r i e s ,  P r o j e c t i o n s ,  
and Character4 s t 1  c's 

DOE/TIC-11033 E a r t h  Science Techn ica l  P lan  f o r  D isposal  o f  Rad ioac t i ve  
Waste i n  a Mined Repos i t o r y  

DOEITIC-11207 S ta tus  o f  Techno1 ogy I s01  a t i  ng Hi  gh-Level Rad ioac t i ve  
Wastes i n  Geol o g i c  R e p o s i t o r i e s  

BES I n i t i a t i v e  FY 1380-89 
Rad ioac t i ve  Waste D i s p o s i t i o n  
!IS DOE - ORES 

S c i e n t i f i c  Needs o f  t h e  Technology o f  Nuc lear  Waste Con- 
ta inment  - D i v i s i o n  o f  M a t e r i a l s  Science U.S DOE by t h e  
U n i v e r s i t y  o f  I 1  1 i n o i s  

A Study of t h e  I s d l a t i o n  S y s t ~ m  f n r  Geolog ic  D isposa l  o f  
R a d i o a c t i v e  Wastes - 1983 

GtNtKHL KEFERENCE REPORTS 

ONW 1-1 10 S tandard ized  Repos i t o r y  and Encapsu la t ion  Fac i  1 i t y  Cost 
Es t imates  f o r  Comparative E v a l u a t i o n  and P r i c i n g  Study 

A1 t e r n a t i  ve Waste Di sposal  Concepts 
An I r ~ t e r . . i i ~ ~  Techn ica l  Assessment 



t8PERTeI:NENT REYORTS' ON N.UCLEART.WA'STE MANAGEMENT 

Repor t  
Number T i  tl e n *  

. .  . 
. L 

GENERAL-REFERENCE REPORTS (Cont inued)  '. - + .  . 1 . ,  -. . 
. - - .  

ONWI-19 (Rev. 1) Na t i ona l  Waste Termina l  Storage Program 
- . O f f i c e  o f  Nuc-lear Waste I s o l a t i o n  Techn ica l  Program. P lan  

, a 

DOE/NE-0008 Nuclear  Waste Management Program Summary Document 
I *  * .  * ,  . . . 

ONWI f19 Na t i ona l  waste Termi na l  Storage Program 
. ,  O f f i c e  .o f  Nuc lear  Waste I s o l a t i o n ,  Techn ica l  Program P lan  

ONWI-24 ,:> - , Assumptions ,and Ground Rules-  Used i n '  Nucl ear  Waste P ro j ec -  
t i o n s  and Source Term Data 

. .. . . . . < - . . , S F  . - - - -  . . .I ' 9 .  

Summaries o f  FY 1980 
-r' ' -  . .Resear,ch i n  t h e  Nuc lear  --Sciences . ,  . . 




