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ABSTRACT 

D. G. BROOKINS and S. H. STOW. 1986. Proceedings 
o f  t h e  F i r s t  Geochemical Workshop on Shale. 
ORNL/TM-9865. Oak Ridge Nat iona l  Laboratory,  
Oak Ridge, Tennessee. 55 pp. 

Th is  r e p o r t  represents  t h e  outcome o f  t h e  f i r s t  workshop d e a l i n g  w i t h  

geochemical research needs f o r  a shale-hosted r e p o s i t o r y  f o r  d isposa l  o f  
h i g h - l e v e l  n u c l e a r  waste. The workshop was h e l d  a t  t h e  U n i v e r s i t y  o f  New 

Mexico i n  1985 and was at tended by s c j e n t i s t s  represent ing  academia, 
n a t i o n a l  l a b o r a t o r i e s ,  and t h e  f e d e r a l  government. Research needs a r e  
grouped i n t o  t h r e e  major  ca tegor ies :  ( I )  c h a r a c t e r i z a t i o n  o f  base l ine  

c o n d i t i o n s ,  ( 2 )  radioelement behavior :  amhient c o n d i t i o n s ,  and ( 3 )  e f f e c t  

o f  waste emplacement- W i t h i n  each category,  s p e c i f i c  needs a r e  i d e n t i f i e d  
and discussed. For each, statements o f  j u s t i f i c a t i o n ,  approach, and 

man-power requirements a r e  presented. General l e v e l s  o f  p r i o r i t i e s  a r e  
es tab l i shed f o r  each research need. 

i x  





1 I W I R O D U C T I O M  

1.1 OBJECTIVE 

The Oak Ridge Nat iona l  Laboratory  (ORNL) i s  managing t h e  Department o f  
Energy's ( D O E ' S )  Sedimentary Rock Program (SERP) ,  which i s  assessing sha le  
as a p o s s i b l e  h o s t  medium f o r  c o n s t r u c t i o n  o f  a h i g h - l e v e l  n u c l e a r  waste 

r e p o s i t o r y .  For  p lann ing  purposes, i t  i s  necessary t o  i d e n t i f y  da ta  and 
research needs t h a t  w i l l  be r e q u i r e d  i n  f u t u r e  years. Then, an i n f o r m a t i o n  

base f o r  shale t h a t  a l lows s i t e  screening and r e p o s i t o r y  des ign can be 

compiled. To t h i s  end, t h e  SERP conducted a s e r i e s  o f  workshops i n  
geochemistry, hydrology, and thermomechanical s tud ies .  The workshop, which 
i s  t h e  s u b j e c t  o f  t h i s  r e p o r t ,  had as i t s  o b j e c t i v e  i d e n t i f i c a t i o n  o f  t h e  
geochemical da ta  and research needs t h a t  would a i d  i n  t h e  s i t e  s e l e c t i o n ,  
c o n s t r u c t i o n ,  and l i c e n s i n g  o f  a h igh- leve l  nuc lear  waste r e p o s i t o r y  i n  

shale.  As  s tud ies  o f  shale cont inue under t h e  SERP, a d d i t i o n a l  workshops 
w i l l  be he ld .  Dur ing f u t u r e  workshops, i t  i s  a n t i c i p a t e d  t h a t  more d e t a i l e d  
research p lans w i l l  be developed t o  i n v e s t i g a t e  t h e  needs i d e n t i f i e d  i n  t h i s  

r e p o r t .  These needs were i d e n t i f i e d  w i t h i n  t h e  contex t  o f  Federal 

l e g i s l a t i o n  r e l e v a n t  t o  r e p o s i t o r i e s  (see Sect. 1 .8 ) .  

1 .2  BACKGROUND 

The SERP has been d i r e c t e d  toward e v a l u a t i o n  and rank ing  f i v e  
sedimentary rock types w i t h  regard t o  p o t e n t i a l  f o r  a r e p o s i t o r y .  The f i v e  

rock types a r e  anhydrock, carbonate (do lostone- l imestone)  , chalk ,  sandstone, 
and shale.  Based upon t e c h n i c a l  aspects r e l a t i v e  t o  geology, geochemistry, 

hydrology, thermal performance, rock  mechanics, na tura?  resources, waste 
package m a t e r i a l  degradat ion,  r e p o s i t o r y  costs ,  and systems s tud ies ,  shale 
was i d e n t i f i e d  as hav ing t h e  g r e a t e s t  p o t e n t i a l .  The bas is  f o r  t h i s  

e v a l u a t i o n  and t h e  methods o f  rank ing  a r e  conta ined i n  C r o f f  e t  a l .  (1985). 
A c t i v i t i e s  o f  t h e  SERP have now been d i r e c t e d  toward c h a r a c t e r i z a t i o n  o f  

shale, which was i n i t i a l l y  t o  a i d  i n  a p o s s i b l e  n a t i o n a l  survey t h a t  would 
i d e n t i f y  reg ions o f  shale i n  t h e  coterminous Un i ted  s t a t e s  f o r  more d e t a i l e d  
study, and e v e n t u a l l y  t o  lead t o  reg iona l ,  area, and s i t e  c h a r a c t e r i z a t i o n .  
Plans f o r  t h e  n a t i o n a l  survey were cance l led  i n  e a r l y  1986. I n  an e f f o r t  
p a r a l l e l  t o  t h e  survey and s i t e  i d e n t i f i c a t i o n ,  a study i s  be ing made on 
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c e r t a i n  “gener ic ”  aspects o f  shale t o  more f u l l y  cha rac te r i ze  and understand 
t h e  broad spectrum o f  rocks c a l l e d  “shalea‘ and t o  begin t o  evaluate poss ib le  

impacts t h a t  waste emplacement i g h t  have on shales and t h e i r  conta ined 
waters. One o f  these gener ic  areas o f  study i s  t h e  f i e l d  o f  geochemistry. 

1.3 REGULATORY REQUIREMENTS RELATIVE TO GEOCHEMISTRY 

The con tex t  i n  which geochemical data and research needs a r e  i d e n t i f i e d  
i s  de f ined by t h e  Federal l e g i s l a t i o n  t h a t  prov ides guidance on s i t i n g ,  
l i c e n s i n g ,  and opera t ion  o f  a repos i to ry .  There a re  t h r e e  r e l e v a n t  p ieces 

o f  l e g i s l a t i o n :  
1. The U.S. DOE has es tab l i shed requirements f o r  t h e  s i t e  screening 

process f o r  i d e n t i f i c a t i o n  o f  a s i t e  f o r  a r e p o s i t o r y  (10 CFR 960). 
2. The U.S. Nuclear Regulatory Commission (NRC) has developed 

regu la t i ons  f o r  t he  l i c e n s i n g  procedures f o r  s i t i n g ,  design, 

operat ion,  and c losu re  o f  a r e p o s i t o r y  (10 CFR 60). 
3 .  The U.S. Environmental P ro tec t i on  Agency ( € P A )  has issued a 

r e g u l a t i o n  t h a t  addresses t h e  r a t e  o f  re lease o f  radioelements f rom 
a r e p o s i t o r y  (40  CFR 191). 

Each o f  these regu la t i ons  i d e n t i f i e s  p rec losure  and pos tc losure  cond i t i ons  

f o r  t h e  repos i to ry .  
The statements t h a t  address geochemical cons idera t ions  f rom the  DOE and 

NRC l e g i s l a t i o n  a re  d i r e c t e d  toward geochemical cond i t i ons  t h a t  must be met 

( q u a l i f y i n g  cond i t i ons ) ,  a re  favorable,  o r  a re  p o t e n t i a l l y  adverse i n  the  
s i t i n g  and l i c e n s i n g  process. These cond i t i ons  a re  summarized and compared 
i n  Table 1.  The EPA l e g i s l a t i o n ,  on the  o the r  hand, i d e n t i f i e s  re lease 
l i m i t s  f o r  radioelements o f  i n t e r e s t ,  s p e c i f i c a l l y  as cumulat ive re leases t o  
the  access ib le  environment f o r  10,000 years a f t e r  d isposa l  (Table 2 ) .  The 
cumulat ive releases, o f  course, a re  l a r g e l y  c o n t r o l l e d  by the  geochemistry 
and hydro logy of t h e  r e p o s i t o r y  and i t s  environs. Thus, t h e  EPA 

l e g i s l a t i o n ,  through n o t  s p e c i f i c a l l y  addressing geochemical aspects, must 
be considered i n  a d iscuss ion  o f  geochemical s tud ies  on s p e c i f i c  

radioelements.  
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10 CFR 960 

960.4-2-2 Geochemistry.  

( a )  ( l u a l i f y l n g  Condi t ion .  

The p r e s e n t  and expec ted  geochemica l .  
c h a r a c t e r i s t i c s  of a s l t e  s h a l l  be compa t lb l e  w i t h  
was te  contalnrnent and i s o l a t i o n .  Cqns ide r ing  t h e  
l i k e l y  chemica l  i n t e r a c t i o n s  among r a d i o n u c l i d e s ,  
the h o s t  rock ,  and t h e  ground wa te r ,  t h e  
c h a r a c t e r l s t l c s  of and t h e  p r o c e s s e s  o p e r a t i n g  
w l t h l n  t h e  g e o l o g l c  s e t t i n g  s h a l l  p e m I t  
compl iance  v i t h  (1) t h e  r equ l r emen t s  s p e c i f l e d  i n  
S e c t i o n  960.4-1 f o r  r a d i o n u c l i d e  r e l e a s e s  t o  t h e  
accessible environment and ( 2 )  t h e  r equ l r emen t s  
s p e c i f l e d  i n  10 CFR 60.113 f o r  r a d i o n u c l i d e  
releases from t h e  eng inee red  b a r r l e r  s y s t e m  u s i n g  
r easonab ly  a v a l l a b l e  technology.  

(b) Favorab le  Cond i t ions .  

(1) The n a t u r e  and r a t e s  of t h e  geochemica l  
p roceases  o p e r a t i n g  w i t h i n  t h e  g e o l o g i c  s e t t i n g  
d u r i n g  t h e  Quaternary  Pe r iod  would, I f  con t inued  
I n t o  t h e  f u t u r e ,  no t  a f f e c t  or would f avorab ly  
a f f e c t  the a b i l i t y  of  t h e  g e o l o g i c  r e p c s i t o r y  t o  
I s o l a t e  t h e  waste du r ing  t h e  next  100,000 y e a r s .  . 

( 2 )  Geochemical c o n d l t l o n s  t h a t  promote t h e  
p r e c i p i t a t i o n ,  d l f f u s l o n  i n t o  t h e  rock  ma t r ix ,  or  
s o r p t i o n  o f  r a d i o n u c l i d e s ;  i n h l b i t  t h e  f o m a t l o n  
of p a r t l c u l a t e a ,  c o l l o l d s ,  i n o r g a n i c  complexes,  or  
o r g a n i c  complexes t h a t  i n c r e a s e  t h e  m o b l l l t y  of 
r a d i o n u c l i d e s ;  or l n h l b l t  t h e  t r a n s p o r t  of 
r a d i o n u c l i d e s  by p a r t l c u l a t e s .  c o l l o i d s ,  or  
complexes.  

( 3 )  Minera l  assemblages  t h a t ,  vhen eubfec ted  
t o  expec ted  r e p o s i t o r y  c o n d i t i o n s ,  would remain 
u n a l t e r e d  or  would a l t e r  t o  mine ra l  assemblages  
wi th  e q u a l  or l n c r e a s e d  c a p a b i l i t y  to  r e t a r d  
r a d i o n u c l i d e  t r a n s p o r t .  

TABLE 1 

GEOCHEMICAL CONDITIONS NOTES I N  REGULATORY DOCUMENTS 

10 CFR 60 DISCUSS ION 

60.122(b) (1)  The n a t u r e  and r a t e s  of t e c t o n i c .  
hydrogeo log ic ,  geochemlca l ,  and geomorphic pro- 
cesses ( o r  any of  such  p r o c e s s e s )  o p e r a t i n g  v i t h i n  
t h e  g e o l o g l c  s e t t i n g  d u r i n g  t h e  Qua te rna ry  P e r i o d ,  
wlien p r o j e c t e d ,  vould  n o t  a f f e c t  o r  would 
f a v o r a b l y  a f f e c t  t h e  a b l l i f y  of 'he g e o l o g i c  
r e p o s i t o r y  t o  I s o l a t e  the wastt 

60 .122(b ) (3 )  Geochemical c o n d I t l o n s  tha t - -  
(1) Promote p r e c t p i t a t l o n  or  s o r p t i o n  of 
r a d i o n u c l i d e s ;  (11) J n h l b l t  t h e  fo rma t lon  o f  
p a r t i c u l a t e s ,  collolds, and l n o s g a n i c  and organic  
complexes t h a t  I n c r e a s e  t h e  m o b l l l t y  of r a d i o -  
n u c l i d e s ;  o r  (111) I n h i b i t  t h e  t r a n s p o r t  of 
r a d i o n u c l i d e s  by p a r t t c u l a t e r ,  s o l -  
l o i d s ,  and complexes.  

I n c o r p o r a t e s  10  CPR 60.113 by d i r e c t  
r e f e r e n c e  and 10 CFR 60.112 by r e f e r e n c e  
t o  960.4-1. 

60 ,122(b ) (4 )  H l n e r a l  a s semblages  t h a t ,  when sub- 
j e c t e d  t o  a n t l c i p a t e d  the rma l  l o a d i n g ,  vdlf remaln 
u n a l t e r e d  o r  a l t e r  t o  mlneral assemblages  having  
e q u a l  or  l n c r e a s e d  c a p a c i t y  t o  i n h i b i t  r a d l o -  
n u c l i d e  m i g r a t i o n .  

w 
L i k e  960.4-2-1(b)(2), t h i s  f a v o r a b l e  con- 

d l t l o n  a p p l i e s  t o  one o f  t h e  f a c t o r s  cove ted  
by 10 CFR 60.122(b),  In t h l s  c a s e  geochemica l  
p r o c e s s e s .  The pe r lod  of 100 ,000  y e a r s  was 
aga fn  used t o  s p e c l f y  a c o n s e r v a t i v e  o b j e c t i v e  
f o r  t h e  tIme per iod  d u r i n g  which t h i s  f a v o r a b l e  
c o n d i t i o n  Is t o  be o p e r a t i v e .  

TIE phrase  " d l f f u s l o n  i n t o  the  rock m a t r i x "  
was added t o  I n d i c a t e  a n o t h e r  p r o c e s s  ob r a d i o -  
n u c l i d e  ) r e t s r d a t I o n  t h a t  vould  be a p p r o p r f a t e  f o r  
c o n s l d e r s t l o n  under  t h l s  g u i d e l l n a .  

The two  c o n d i t i o n s  a r e  l d e n t f c a l  i n  i n t e n t .  
The phrase ' a n t i c i p a t e d  the rma l  loading '  was re- 
p laced  w i t h  "expec ted  r e p o s i t o r y  c o n d i t i o n s "  t o  
i n c l u d e  t h e  f u l l  r ange  o f  r e p o s l t o r y  c o n d f t i o n s  
be lng  c o n s l d e r e d  and t h e r e f o r e  t o  be more con- 
s e r v a t i v e .  ' I n h i b i t  r s d l o n u c l i d e  a l g r a t t o n "  wos 
r ep laced  v l t h  " r e t a r d  r a d i o n u c l l d e  t r a n a p o r t "  for  
i n t e r n a l  c o n s i s t e n c y  and c l a r i t y .  
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(4) A c o c b f n a t l o n  of expec ted  

T A B L E  1 

G E O C H € M I C A L  CONDITIONS N O T E S  I N  REGULATORY DOCUMENTS, CONT'D 

geochemical  
c o n d i t i o n e  and a vo lumet r i c  f l o w  r i t e  of water i n  
t h e  h o s t  rock t h a t  vould a l low letra t h a n  0.001 
p e r c e n t  per year of t h e  t o t a l  r a d i o n u c l l d e  
i n v e n t o r y  f n  cha r e p o s i t o r y  a t  B,000 y e a r s  t o  be  
d i s s o l v e d .  

( 5 )  An) combinar$on of geochemical  and 
p h y a l c a i  r e t a r d a t i o n  p r o c e s s e s  t h a t  would d e c r e a s e  
t h e  p r o j e c t e d  peak cumula t ive  r e l e a s e s  of 
r ad ionuc l tde f i  t o  t h e  a c c e s s i b l e  environment  by a 
Zaccor of 10 8s compered to those p r o j e c t e d  on the 
benis of ground-water t r a v e l  r lme w i t h o u t  such  
r e r a r d a t f o n .  

( c )  P o t e n t i a l l y  Adverse Cond i t ions .  

( l j  Ground-vater condBtSone i n  the h o s t  rock 
that c , i u l d  affecc Clie s o l u b i l i t y  o r  t h e  c h e a l c a i  
r e a c s i v l t y  of t h e  cnglneceed S a f r f e r  s y s t e m  t o  tllc 
~ R E O I I ~  c h a t  expec ted  r e p o s i c o r y  perfomanco could 
be compromit3cd. 

( 2 )  Ceoehemlcel grocessee or  c o n d i t i o n s  that 
c o u l d  reduce the  a u r p t i o n  o f  r a d i o n u c l i d e s  or  
d e s r a d e  rhe rock e t r a n g t h .  

( 3) P ra -was te -e~g lacemen t  ground-water 
c o n d i t i o n s  I n  rha host rock  r h a e  are c h e m i c a l l y  
o x i d i z i n g .  

10 CFW bO 

No comparable  10 CFR 65 c o n d i t i o n ,  b u t  
g u i d e l i n e  i s  baaed on KeqUfrementS of 
10 CFR 40.115[a)(I)(il)(B). 

No comparable  IO.:FR 50 c o n d i t i o n .  

\ 

6 0 . 3 2 2 ( ~ ) ( 7 )  Ground water c o n d l t l o n a  in 
the ~ G S E  rack, i n c ~ u d i r i g  chemica l  composition, 
k:lg:i 6or;ic s t r e n g t h  o r  r anges  of Eh-pH, t h a t  c o u l d  
increase  clir e o d u b i l l t y  or chemical. r e a c t i v i t y  
of rhe e n g i n e e r e d  b s r r l e r  syatem. 

65.122(c)( 8 )  Geochemlcal p r o c e s s e s  
t h a t  would r educe  sorption of r a d i o n u c l i d e s ,  
reault in d e g r a d a t i o n  o f  t h e  rock s t r e n g t h ,  o r  
a d v e r a e l y  a f f e c t  t h e  performance of the e n g i n e e r e d  
b a r r i e r  sys t em,  

6 0 . 1 2 2 ( ~ ] ( 9 )  For d l s p o a a l  i n  t h e  
eatur i lned zone, ground w a t e r  c o n d i t i o n s  i n  
the h o s t  rock  chat a r e ' n o t  r educ ing .  

D I S C U S S  ION 

k i n g  4O.l13(a)(l)(ii) as 4 q u a o c i e a i i v e  per- 
f o m a n c e  a e a a u r s ,  WE has  p o s t u l a t e d  t h a t  c o n f f -  
dence  i n  the eng inee red  b a r r i e r  nysrem cou ld  be 
enhanced i f  n a t u r a l  c o n a t r a i n t a ,  such  as so1u-  
b i k l t y  limits and l o w  f l o w  rates or volumea, 
a s k e  i t  u n l i k e l y  rhet  t h e  e n g l n e e r e d  ayaten  
l lmlts  cou ld  be exceeded ,  n o t v f t h e t e n d l n g  u n c r r -  
talnt ICs i n  cng lnee red  system performance.  

T h i a  c o n d l t l o n  waa added t o  quentlfy a n  ob- 
j e c t i v e  f o r  geochemlcal  retardation. 

Tne i n t e n t  of the t v o  c o n d i t i o n s  I s  
identical. The l i s t  of I l 3 u e e r a t i v e  condliioni 
va9 deleted because  i t  is n o t  a l l  d n c l u s l v e ,  and 
the c o n d i t i o n s  l i s t e d  ure not  in and o f  them- 
ee lvea  adve rae .  The r e l e v a n t  p h r a s e  I s  *that  
cou ld  i n c r e a a e  t h e  s o l u b i l i t y ; "  e,!*, SI?. Syltrpaa 
will have "geochemical  c a t ~ p o s i c i o n  and " rangee  
of Eh-pH." The p h r a s e  " t o  t h e  e x t e n t  t h a t  ex- 
pec ted  raposltory p e r f o r a a n c a  c o u l d  be carprom- 
l s e d "  was added to  i n d i c a t e  the c l r c u a r t a n c r s  
under  which such  ground-water  candlrlonn 
uou ld  be c o n s i d e r e d  adverae.  

The I n e e n t  of t h a  two s o n d i t l o n a  Is i d e n t i -  
c a l .  The phase "or a d v e r s e l y  e f f e c t  she perfor- 
mance of t h e  englneered b a r r i e r  s y a t r m *  i a  cun- 
s i d e r e d  to be i m p l i c i t  beceuee of the  wording ob 
t h e  q u h l i f y i n g  condition t h a t  r h k s  potenLLalip 
ad ve I ae c o  nd i 6 lo n a E corr pa n I e I, 

The i n t e n t  0 I  s h e  two c o n d i t i o n s  is i d s n -  
t i c a l .  The phrrra "chemica l ly  uxidLalng* was 
used I n  p l a c e  of "nor r s d u c t q "  for greater p e e -  
c iebun .  "Not r educ ing*  cou ld  i n c l u d e  n e u t r a l  
condltionr, which would noe bo e d v o r r e .  
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TABLE 2 

RELEASE LIMITS FOR CONTAINMENT REQUIREMENTS 
(Cumulative Rseases t o  t h e  Accessible Envlironmnt 

f o r  70. 000 Years a f t e r  Disposal)  

Release L i m i t  
Radionuclide .. (curies )  

Americium-241 ................................................... 
Americium-243 ................................................... 
Carbon-14 ....................................................... 
Cesium-135 ...................................................... 
Cesium-137 ...................................................... 
Neptunium-237 ................................................... 
Plutonium-238 ................................................... 
Plutonium-239 ................................................... 
Plutonium-240 ................................................... 
Plutonium-242 ................................................... 
Radium-226 ...................................................... 
Strontium-90 .................................................... 
Technetium-99 ................................................... 
Tin-126 ......................................................... 
Any o ther  a lpha-emi t t ing rad ionuc l ide  ........................... 
Any othe rad ionuc l ide  t h a t  does no t  emi t  alpha p a r t i c l e s  ........ 

100 
100 

100 

1080 
1000 
100 
100 

100 

100 
100 
100 

1000 
10000 
1000 

100 

1000 
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2 IldQRKSKOP DESCRIPTION 

2.1 PARTICIPANTS 

The workshop was h e l d  a t  t h e  U n i v e r s i t y  o f  New Mexico on Hay 20 and 21, 

1985. P a r t i c i p a n t s  were se lec ted  t o  represent  academic and f e d e r a l -  

i n s t i t u t i o n a l  e x p e r t i s e  i n  the  area o f  t h e  geochemistry o f  sha le  and 
h i g h - l e v e l  nuc lea r  waste d isposa l .  The f o l l o w i n g  i s  a l i s t  o f  t h e  

p a r t i c i p a n t s .  
David L. Bish, Los Alamos Nat iona l  Laboratory 

Douglas G. Brookins, U n i v e r s i t y  o f  New Mexico" 
Sambhudas Chaudhuri, Kansas S ta te  U n i v e r s i t y  
Ray E. f e r r e l l ,  Lou is iana S ta te  U n i v e r s i t y  

C.  Stephen Haase, Oak Ridge Nat iona l  Laboratory 
Gary K.  Jacobs, Oak Ridge Na t iona l  Laboratory 
S r idha r  Komarneni, Pennsylvania S t a t e  U n i v e r s i t y  
James Krumhansl, Sandia Na t iona l  Labora tor ies  

Steven J. Lambert, Sandia Nat iona l  Labora tor ies  

S .  Y. Lee, Oak Ridge Na t iona l  Laboratory 
Robert Lowrie, Oak Ridge Na t iona l  Laboratory 

3 .  Bar ry  Naynard, U n i v e r s i t y  o f  C i n c i n n a t i  
Paul Po t te r ,  U n i v e r s i t y  of C i n c i n n a t i  

Ronald K.  S toesse l l ,  U n i v e r s i t y  o f  New Orleans 

Stephen M. Stow, Oak Ridge Na t iona l  Laboratory"" 

A r t h u r  White, Lawrence Berkeley Laboratory 

Gene Whitney, U. S. Geological  Survey, Denver 
*Moderator f o r  t h e  meeting 

**Convenor f o r  t h e  meeting 

2.2 O R G A N I Z A T I O N  AND SCOPE 

Three p r i n c i p a l  p o r t i o n s  comprised t h e  workshop: (1) presenta t ions ,  
( 2 )  i t e m - b y i t e m  d i scuss ion  o f  da ta  and research needs, and ( 3 )  o v e r a l l  
r ank ing  o f  tasks.  The f i r s t  h a l f  -day was devoted t o  p resenta t ions  d i r e c t e d  
toward c u r r e n t  research on sha le  geochemistry and h i s t o r i c  s tud ies  on 

thermal r e a c t i v i t y  o f  shale.  Fo l low ing  i s  a l i s t  o f  t he  presenta t ions :  
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Gene Whitney - "Some Composi t ional  Cont ro ls  on Smect i te  R e a c t i v i t y * '  

S r i d h a r  Komarneni - "Hydrothermal A l t e r n a t i o n  o f  Shales and Shale- 

James Krumhansl - "Near - f i e ld  E f f e c t s  on A rg i l l aceous  M a t e r i a l s :  

Sambhudas Chaudhuri - "St ron t ium I s o t o p i c  Data o f  an Aggregate o f  

waste I n t e r a c t i o n s  under Hydrothermal Cond i t ions"  

F i e l d  and Exper imental  Observat ionsf8 

Clay F r a c t i o n  f rom Shale Samples and Evapor i te  Samples f rom the  Lower 

Permian Hutchinson S a l t ,  Kansas" 

Steven J .  Lambert - "Sampling and I s o t o p i c  Studies o f  Evapor i te  

Wa t e r s I' 
Abst rac ts  f o r  t he  presenta t ions  a r e  found i n  Appendix A .  The abs t rac ts  
represent  the  views o f  t h e  authors and do iaot r e f l e c t  the  d iscuss ions  t h a t  

took p lace  du r ing  t h e  workshop. 
The major emphasis o f  t h e  workshop was i d e n t i f i c a t i o n  and d iscuss ion  of 

geochemical data and research needs f o r  s i t e  screening and r e p o s i t o r y  

design. P r i o r  t o  the  workshop, a broad-based l i s t  o f  needs was developed 

and d i s t r i b u t e d  t o  the  p a r t i c i p a n t s  (Appendix R ? .  Needs were p u t  i n  f o u r  
broad ca tegor ies :  (1) c h a r a c t e r i z a t i o n  o f  base l i ne  cond i t i ons ,  
( 2 )  radiaelement behavior-ambient cond i t i ons ,  (3)  e f f e c t s  o f  waste 

emplacement, and ( 4 )  modeling. The l i s t  represented t h e  f o c a l  p o i n t  f o r  
d iscuss ion  which centered on such quest ions as, What i s  p r e s e n t l y  known f o r  
var ious  aspects o f  sha le  geochemistry, How a r e  a d d i t i o n a l  data obtained, and 
What i s  r e a l l y  r e l e v a n t  t o  a s tudy of shale geochemistry f o r  r e p o s i t o r y  
s i t i n g ?  This  p o r t i o n  o f  t h e  workshop represented t h e  major  a c t i v i t y .  

Fo l low ing  t h e  i d e n t i f i c a t i o n  o f  research and data needs, p a r t i c i p a n t s  
reviewed t h e  r e l a t i v e  importance o f  each task  and assigned a p r i o r i t y  and 

schedule t a  each. I h i s  c o n s t i t u t e d  the  f i n a l  phase o f  t h e  workshop. 
The f o l l o w i n g  sec t i on  o f  t h i s  r e p o r t  (Sec t ion  3 )  i s  devoted t o  an 

i d e n t i f i c a t i o n  o f  t he  research and data needs ( tasks )  i d e n t i f i e d  d u r i n g  t h e  

workshop. Each task  i s  i d e n t i f i e d  i n  a h i e r a r c h i c a l  fash ion;  Appendix C 

con ta ins  d e t a i l e d  statements o f  j u s t i f i c a t i o n l ,  approach, p r i o r i t y ,  and l e v e l  
o f  e f f o r t  f o r  each task .  Whi le t h e  workshop was d i r e c t e d  s t r i c t l y  toward 
i d e n t i f i c a t i o n  o f  tasks and a d iscuss ion  o f  approach and p r i o r i t i e s ,  t h e  
h i e r a r c h i c a l  arrangement and l e v e l s  of  e f f o r t s  were developed l a t e r  f rom 



workshop notes. Dur ing the  workshop p a r t i c i p a n t s  determined t h a t  modeling, 
t h e  f o u r t h  category,  was n o t  p e r t i n e n t  as a major category.  Rather, 
modeling was deemed an approach toward s o l u t i o n  o f  tasks.  D e r i v a t i o n  o f  
d e t a i l e d  schedules and equipment needs f o r  a research program were developed 
by the  workshop organ izers  a f t e r  the  workshop, 

To he lp  l i m i t  t he  scope of t he  d iscuss ions,  two major  geochemical 
aspects were  n o t  d iscusred:  very  n e a r - f i e l d  e f f e c t s  and shaf t -sea l  
problems. It was genera l l y  agreed tha t ,  a l though these represent  extremely 

impor tan t  cons iderat ions,  bo th  l i e  ou ts ide  t h e  scope o f  t h i s  i n i t i a l  two-day 
workshop. The reasons f o r  n o t  i n t e g r a t i n g  t h e  very n e a r - f i e l d  environment 
a t  t h a t  t ime were b a s i c a l l y  t h a t  reac t ions  i n  t h e  very n e a r - f i e l d  a r e  q u i t e  
complex and w i l l  r e q u i r e  more d e t a i l e d  cons ide ra t i on  a t  a l a t e r  t ime.  

Despi te t h e  complex i ty  o f  t he  very n e a r - f i e l d  and t h e  p o s s i b i l i t y  o f  

increased s o l u b i l i t y  o f  radioelements i n  t h i s  environment, i t  i s  a l o c a l  
phenomenon compared w i t h  t h e  e n t i  r e  r e p o s i t o r y  and i t s  env i  Tons . With 
regard t o  waste package degradat ions,  t h e  very n e a r - f i e l d  i s  o f  c r i t i c a l  

importance. It was, however, beyond the  scope o f  t he  workshop t o  examine 
mechanisms and r a t e s  o f  w a s t e  package degradat ion;  these t o p i c s  may be 
examined du r ing  l a t e r  workshops. 

With regard t o  t h e  s h a f t  seaas, c u r r e n t  technology appears adequate t o  
guarantee t h a t  t he  s h a f t  seal  proper  w i l l  be r e l a t i v e l y  impervious t o  

water.  The i n t e r f a c e  between the  s h a f t  sea l i ng  m a t e r i a l  and t h e  hos t  rock 

i s  more d i f f i c u l t  t o  assess and could be jeopard ized by geochemical 

reac t ions  t h a t  occur i n  the  n e a r - f i e l d  o f  t h e  repos i to ry .  Dur ing 
d iscuss ion,  p a r t i c i p a n t s  agreed t h a t  s tudy o f  t h i s  aspect was ou ts ide  t h e  

scope o f  t he  workshop, b u t  t h a t  i t  should be i nves t i ga ted  a t  a f u t u r e  date, 
It was suggested t h a t  l abo ra to ry  experiments, coupled w i t h  analog s tud ies ,  
be used t o  evaluate geochemica? reac t i ons  and f l o w  paths a long i n t e r f a c e s .  

F i n a l l y ,  i t  was recog lized t h a t  because shales represent  a d i ve rse  and 
h i g h l y  v a r i a b l e  type of rock, complete c h a r a c t e r i z a t i o n  of a l l  types would 
be a formidable task  t h a t  could take  i n o r d i n a t e  amounts o f  t ime.  Workshop 
p a r t i c i p a n t s  agreed t h a t  by s e l e c t i o n  and s tudy o f  appropr ia te  "end members" 

o f  shale composi t ions,  e f f o r t s  could be more e f f i c i e n t l y  d i r e c t e d .  
Accord ing ly ,  and as an outyrowth of o t h e r  SERP a c t i v i t i e s ,  i t  was agreed 
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t h a t  f o u r  madn shale types cou ld  be s tud ied  t o  ga in  i n fo rma t ion  on t h e  
spectrum of shale v a r i a b i l i t y .  These f o u r  types are  conceptua l l y  
represented i n  F ig .  1. It was a l s o  noted t h a t  as the SERP completes a 
n a t i o n a l  survey and i d e n t i f i e s  reg ions o f  g rea tes t  p r i o r i t y  f o r  f u t u r e  

study, i t  may n o t  be necessary t o  cont inue complete c h a r a c t e r i z a t i o n  o f  a l l  

t h e  var ious  shale types. De ta i l ed  work w i l l  be d i r e c t e d  toward shale types 

t h a t  dominate t h e  reg ions  o f  g r e a t e s t  p r i o r i t y .  
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Figure 1 .  Generalized graphic  representa t ion  o f  four  shales in  t he  i l l i t e -  
smecti te-carbonate-organic carbon t e t rahedron .  
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3 IDENTIFICATION OF RESEARCH AND DATA NEEDS 

This  s e c t i o n  i s  d i r e c t e d  toward an i d e n t i f i c a t i o n  o f  t h e  geochemical 
da ta  and research needs requ i red  f o r  development o f  a shale-hosted 

r e p o s i t o r y .  Tasks a r e  i d e n t i f i e d  under t h r e e  main headings: 
(1) c h a r a c t e r i z a t i o n  o f  base l i ne  cond i t i ons ,  ( 2 )  radioelement behavior  under 

ambient cond i t i ons ,  and (3 )  e f f e c t s  o f  waste emplacement. For each task,  a 
j u s t i f i c a t i o n ,  approach, r e l a t i v e  p r i o r i t y ,  and mn-year  e f f o r t  a re  

descr ibed.  Table 3 represents  an o u t l i n e  of t h e  tasks under t h e  t h r e e  major  
headings noted above. A h i e r a r c h i c a l  d iscuss ion  o f  each task  i s  found i n  
Appendix C.  The l e v e l  o f  e f f o r t  i s  in tended t o  i n d i c a t e  an approximate 

number o f  man-years f o r  complet ion o f  t h e  task  p r i o r  t o  s i t e  
c h a r a c t e r i z a t i o n .  A l e v e l  1 e f f o r t  represents  l ess  than two man-years; 
l e v e l  2 represents  two t o  f i v e  man-years; l e v e l  3 represents  f i v e  t o  t e n  
man-years, and l e v e l  4 represents  more than t e n  man-years. The f o l l o w i n g  
tasks represent  a m ix tu re  o f  bas ic  research and t h e  a c q u i s i t i o n  and 

o rgan iza t i on  a f  e x i s t i n g  data coupled w i t h  var ious  approaches, i n c l u d i n g  
l i t e r a t u r e  review, l a b o r a t o r y  and f i e l d  experiments, modeling, and analog 

s tud ies .  Sec t ion  4 o f  t h i s  r e p o r t  represents  a schedule f o r  implementat ion 

o f  these tasks,  as w e l l  as an i n i t i a l  es t imate  o f  some equipment needs. As 
success ive ly  smal le r  geographica l  areas a re  i d e n t i f  Pled f o r  cha rac te r i za t i on ,  
t he  geochemical research tasks  a r e  a n t i c i p a t e d  t o  become i n c r e a s i n g l y  l ess  

gener ic .  
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TABLE 3 

GEOCHEMISTRY TASK OUTLINE 
(See Appendix C f o r  d i s c u s s i o  of each task . )  

1. C h a r a c t e r i z a t i o n  o f  Basel ine Condi t ions 
1.1 Rocks 

1.1.1 Mineralogy 
1.1.2 Chemistry 
1 - 1  .3 Organic H a t t e r  
1.1.4 F r a c t u r e - F i l l i n g  Minera ls  
1.1.5 Occurrence o f  Elements 

1.2.1 lechnique Development 
1.2 Water 

1.2.1.1 Sampling 
1.2.1.2 Age Determinat ions 

1.2.2.1 Inorgan ic  
1.2.2.2 Organic 

1.2.3 C o l l o i d a l  M a t t e r  
1.2.4 Redox Character 

1.2.2 Geochemistry 

2. Radioelement Behavior:  Ambient Condi t ions 
2.1 C r i t i c a l  Elements 
2.2 S o l u b i l i t y  E f f e c t s  
2.3 E f f e c t s  o f  Waters 

2.3.1 Spec ia t ion  
2.3.2 M o b i l i t y  

2.3.2.1 Complexation 
2.3.2.2 D i f f u s i o n  
2.3.2.3 Redox 

2.3.3,l S o r p t i o n  
2.3.3.2 I o n  Exchange 
2.3.3-3 P r e c i p i t a t i o n  
2.3.3.4 Redox 

2.3.3 R e t a r d a t i  631 

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

3.1 D e s c r i p t i o n  o f  t h e  Environment 
3.2 E f f e c t s  on Rock 

3. E f f e c t s  o f  Waste Emplacement 

3.2.1 M i  nera logy 
3.2.1.1 Phase Changes 
3.2.1.2 Chemical Changes 
3 2.1 .3 Other Changes 

3.2.2 Organic M a t t e r  
3.2.3 P o r o s i t y  and Permeab i l i t y  

3.3.1 Overa l l  Composition 
3.3.2 Redox and Complexing P o t e n t i a l s  

3.4 E f f e c t s  on t h e  Water-Rock-Waste System 
3.4.1 Chemistry 
3.4.2 Redox 

3.3 E f f e c t s  on Waters 
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3.4.3 Complexation Potential 
3.4.4 Rock-Water-Waste Interaction 

3.5 Effect on Radioelement Geochemistry 
3.5.1 Solubility 
3.5.2 Speciation 
3.5.3 Mobility 
3.5.4 Retardation 

3.6.1 Air Effect(s) on Near-Field Geochemistry 
3.6.2 Transition from Pre- to Post-closure 

3.6 Other E f f e c t s  
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4 SCHEDULE AND ~ A ~ ~ ~ ~ ~ O ~ ~  EQUIPMENT NEEDS 

4 . 1  SCHEDULE 

Schedules f o r  i n i t i a t i o n  and complet ion of each research task a r e  shown 

i n  Table 4 .  The schedule o f  tasks i s  designed t o  y i e l d  bas ic  geochemical 
data on shales d u r i n g  t h e  f i r s t  f o u r  t o  f i v e  years, w i t h  emphasis 
c o n t i n u a l l y  be ing narrowed t o  focus on shale types t h a t  occur i n  t h e  reg ions 

and areas t h a t  remain under study. S p e c i f i c  schedules f o r  years 6 ,  7,  and 8 

a r e  n o t  shown i n  Table 4 .  Geochemical tasks a r e  a n t i c i p a t e d  t o  be s i m i l a r  
t o  those i d e n t i f i e d  i n  Sec t ion  3 and descr ibed i n  Appendix C and would be 

d i r e c t e d  toward l o c a t i o n s  and s i t e  c h a r a c t e r i z a t i o n .  

AJOR EQUIPMENI 

Use  i s  expected t o  be made o f  e x i s t i n g  l a b o r a t o r i e s  and equipment a t  

major  DOE f a c i l i t i e s  and a t  u n i v e r s i t i e s  f o r  some o f  t h e  research tasks .  It 

i s  d o u b t f u l ,  however, t h a t  complete f a c i l i t i e s  would be a v a i l a b l e  f o r  

r a d i o n u c l i d e  and rock-water i n t e r a c t i o n  s tud ies .  Th is  i s  e s p e c i a l l y  t r u e  i n  
l i g h t  o f  s i m i l a r  research t h a t  w i l l  be c o n c u r r e n t l y  underway on o t h e r  

r e p o s i t o r y  candidate h o s t  rocks.  C a p i t a l  expendi tures on t h e  order  o f  
severa l  m i l l i o n s  o f  d o l l a r s  may be r e q u i r e d  f o r  l a b o r a t o r y  development. 

I n  a d d i t i o n ,  c e r t a i n  s i n g l e  large-cost  equipment i tems w i l l  be needed 
f o r  t h e  requ i red  research. The f o l l o w i n g  i t e m s  a r e  some o f  t h e  a n t i c i p a t e d  

equipment." 

1. Plasma quod mass spectrometer, f o r  a n a l y s i s  o f  very  small  (<2 t o  4 mL) 

water  samples, such as may be obta ined from l i m i t e d  shale samples. 

This inst rument  a l lows de terminat ion  o f  major and t r a c e  c o n s t i t u e n t s  
(down t o  lo-' m/L) on t h e  smal l  water samples, thus a l l o w i n g  very 

s e n s i t i v e  study o f  shale waters from r e s t r i c t e d  rocks a t  depth. Th is  
equipment costs  about $400,000. 

*These i tems o f  equipment a r e  t a b u l a t e d  here f o r  t h e  sake o f  complet ion.  
Should these measurements be needed, i t  may be more e f f i c i e n t  and economic 
t o  use e x i s t i n g  f a c i l i t i e s  on a c o n t r a c t  bas is  f o r  t h e  measurements. 



2. Plasma source emission spectrograph, f o r  s tudy  of very  smal l  amounts of 

s o l i d s  ( e . g . ,  su r face  phases and f r a c t u r e  f i l l i n g s )  w i t h  adequate 
p r e c i s i o n .  The est imated c o s t  i s  $300,000. 

3. Mass spectrometer f o r  s t a b l e  i s o t o p i c  work, i n  con junc t i on  w i t h  i tems 1 
and 2, where a p p l i c a b l e .  The est imated c o s t  i s  $200,000 each. 

4. Gas chromatographs and r e l a t e d  equipment, f o r  t h e  n e a r - f i e l d  

exper imental  work. Use of l a s e r  p y r o l y s j s  GC, p a r t  o f  t h i s  system, can 

be used t o  c h a r a c t e r i z e  small  amounts o f  o rgan ics  i n  t h e  rocks and 

waters. The est imated c o s t  i s  $200,000. 
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TABLE 4 

SCHEDllkE FOR GEQCHE I RESEARCH TASKS 

Task -- 

Characterization of Baseline Conditions 

1.1 Rocks 

1.1.1 

1.1.2 

1.1.3 

1.1.4 

1.1.5 

1.2 Water 

1.2.1 

1.2.2 

1.2.3 

1.2.4 

Hi neml ogy 

Uwni stry 

Organic Hatter 

Fracture-Filling Hinerals 

Occurrence of  Elements 

Technique Developnent 

1.2.1.1 Sanpling 

1.2.1.2 Age Determinations 

Geodmi stry 

1.2.2.1 Inarganic 

1.2.2.2 Organic 

Cslloidal Ratter 

Redox Character 
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Task I 

TABLE 4 

SCHEDULE FOR GEOCHEMICAL RESEARCH TASKS, CONT'D 

2. Radioelement Behavior: Pmbient Conditions 

2.1 Critical Elmnts 

2.2 Solubi 1 i ty Effects 
2.3 Effects of  Waters 

2.3.1 Speciation 

2.3.2 Mobility 

\ 

2.3.2.1 CarQlexation 

2.3.2.2 D i  ffusion 

2.3.2.3 Redox 

2.3.3 Retardation 

2.3.3.1 Sorption 

2.3.3.2 Ion Exchange 

2.3.3.3 Precipitation 

2.3.3.4 Redox 

2.4 RockUater Interaction 

Year 1 Year 2 Year 3 

- 
r -  
i-. r I I 

r 
I 



TABLE 4 

SCHEDULE FQR GEOCHEMICAL RESEARCH 'IASKS, C Q N I ' D  

Effects o f  Waste Enplacenent 

3.1 Description of the E n v i r a m n t  

3.2 € f fec ts  on Rock 

3.2.1 Mineralogy 

3.2.1.1 Phase Changes 

3.2.1.2 Chemical Changes 

3.2.1.3 Other Changes 

3.2.2 Organic Matter 

3.2.3 Porosity and Permeability 

3.3 Effects on Waters 

3.3.1 Overall 

3.4 Effects on the Water-Rock-Waste System 

3.4.1 Chemistry 

3.4.2 Redox 

3.4.3 Cmplexation Potential 

3.4.4 Rock dlater-llaste Xn teract i an 

3.5 Ef fect  on Radioel 

3.5.1 Sol ubi 1 i t y  

3.5.2 Speciation 

3.5.3 Wobility 

3.5.4 Retardation 

3.5 Other Effects 

3.6.1 ~ i r  Effect(s1 on Near-Field 

Wchemi s t r y  

3.6.2 l rans i  t i o n  frm Bre- to Past-Closure 
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Strontium Isotopic Data of an ~~~r~~~~~ of  Clay Fract ion 

I_awer Permian Hutchinson Salt, Kansas 
from a Shale Sam?.ple and of Evaporite Sa 

S .  Chaudhuri 

When a clay fraction, consisting of illite, illite-s 
ixed-layer, and chlorite miOinerals, separated from a sample of shale of 

Lower Permian Hutchinson S a l t  were treated i n  l W ,  aC1,, KCl, and H 
solutions between 20°C and 108"@, bath the Sr content and the 87Sr/ 

ratio af  the leachate increased with increasing t e  erature. Except far the 
very high temperature a t  12Q"C, Live amount of  Sr released in the leachate 
was i ~ ~ e ~ e ~ ~ ~ ~ t  of  the type of s a l t  solution used, At the very high 
temperature, the K C 1  solution appeared to have released 209% 

clay fraction than tiie M ~ C I  solution. T R ~  increase in the ~r 

r a t i o s  of the released Sr is suggestive of  isotopic heterogeneity in the 
intraparticle do 

86 

The Sr i s o t o p i c  ratios of  the halite sa the Hutchinson S a l t  

eb between 0.70848 and 0,70897, and the  ratios of  the associated 
les were between 0.70815 an 85. The Bs contents of  the 

een 46 and 100 ppm. Although no relationship 

p l e  with the highest Br content had the highest 87Sr/SbSr value. 
between the Br contents and the Sr isotopic co sitions can be esta 

The Ss isotopic co positions of at1 the samples analyzed were 
ent in relative t o  eontem 0rane0~5 sea water. Post- 

depositional dification of the primary isotopic characteristics is one 
explanation f the observed isotopic dispersion a ng the evaporite 

1 o f  evaporite deposition w i t h  syndepositional introduction 
of continental brine can equally exp la in  the  trace element and isotopic 
characteristics o f  the evaporite deposi ts  of the Hutchinson salt. 
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Hydrothermal A l t e r a t i o n  o f  Shales and Shale-Waste 
I n t e r a c t i o n s  under Hydrothermal Condi t ions 

S .  Komarnerni 

H igh- leve l  nuc lear  wastes i n  a sealed r e p o s i t o r y  may generate 

hydrothermal cond i t i ons  because o f  t he  heat  generated by t h e  decay o f  t he  
r a d i o a c t i v e  species.  7wo types o f  hydrothermal e f f e c t s  can be env is ioned i n  
a r a d i o a c t i v e  waste repos i to ry :  { l )  an i n i t i a l  hea t ing  o f  t h e  surrounding 

r e p o s i t o r y  rock fo l lowed by a breaching o f  t h e  waste package and thus 
lead ing  t o  the  re lease o f  r a d i o a c t i v e  ions;  and ( 2 )  a breaching o f  t h e  waste 
package d u r i n g  t h e  hydrothermal p e r i o d  l ead ing  t o  t h e  hydrothermal 
i n t e r a c t i o n s  o f  waste and r e p o s i t o r y  rock.  The o b j e c t i v e  o f  t h i s  
i n v e s t i g a t i o n  was t o  assess these e f f e c t s  on t h e  immob i l i za t i on  o f  
r a d i o a c t i v e  ions  i n  a shale r e p o s i t o r y .  

X-ray d i f f r a c t i o n  analyses o f  t h e  hydro thermal ly  a l t e r e d  Eleana shale 

show l i t t l e  o r  no change i n  mineralogy compared t o  the  un t rea ted  shale.  

However, t h e  p o o r l y  c r y s t a l l i z e d  i l l i t e  i n  Conasauga Group shale became w e l l  
c r y s t a l l i z e d  upon hydrothermal t reatment  o f  150-250°C (30 NPa pressure) 
i . e . ,  d isp layed a sharpened x- ray d i f f r a c t i o n  peak. No o t h e r  changes i n  
minera logy cou ld  be d iscerned by t h e  hydrothermal t rea tment  o f  Conasauga 

peak i n  Conasauga Group shale may 
t h i s  phase, t h e  K be ing supp l ied  by 

Group shale.  The sharpened i l l i t e  XRD 

have been a r e s u l t  o f  K i n c o r p o r a t i o n  i n  
t h e  d i s s o l u t i o n  o f  f e l d s p a r  i n  the  shale.  

Another method o f  d e t e c t i n g  a l t e r a t  

i s  by measuring t h e  s p e c i f i c  Cs exchange 
on t h e  hydro thermal ly  a l t e r e d  shales 

exchange capac i t y  f o r  Cs and s i m i l a r  

on i n  hydro thermal ly  t r e a t e d  shales 
S p e c i f i c  Cs exchange measurements 

show t h a t  the  shales lose  t h e i r  

ions upon hydrothermal a l t e r a t i o n .  
E a r l i e r  s tud ies  showed t h a t  t he  t o t a l  c a t i o n  exchange capac i t y  decreased by 

t he  hydrothermal t rea tment  o f  shales. Therefore,  t h e  a b i l i t y  o f  shales t o  

exchange var ious  nuc l i des  i n  t h e  immediate v i c i n i t y  of the c a n i s t e r  w i l l  be 
reduced as a r e s u l t  o f  m ine ra log i ca l  a l t e r a t i o n s  due t o  hydrothermal 

cond i t i ons .  
Resul ts  o f  t h e  k i n e t i c s  o f  shale d i s s o l u t i o n  show t h a t  t he  most so lub le  

elements f rom shales a r e  Na and Ca. These a r e  t h e  most common elements i n  
shale waters and hence they  a re  present  i n  so lub le  form t o  begin w i t h .  I n  
general ,  t h e  percentage o f  S i  increased w i t h  t ime and temperature.  However, 
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the Si concentration is below the quartz solubility limit indicating that no 
equilibrium had been attained a t  all temperatures. Of particular interest 
is the solubility behavior o f  K because o f  its effect on the conversion of  
montmorillonite to illite. The percentage o f  K in solution appears to 
decrease with time as well as temperature indicating the immobilization of  
K. Based on the solubility behavior o f  individual minerals, K-feldspar 
appears to be controlling the K solubility. Since hydroxylated and hydrated 
phases are the most stable under hydrothermal conditions in the range o f  
1O0-25O0C, feldspars i n  shales are expected to alter to hydroxylated or 

hydrated phases. 
The scanning electron microscopy (SEM) and single crystal XRD results 

o f  simulated borosilicate glass (PNL76-58) interactions with shales at 
200-300°C show that elements such as Cs and Sr from glass were immobilized 
in analcime-pollucite solid solution and/or feldspar. Pollucite has been 
determined to be the best host for Cs immobilization in earlier studies and 
thus the waste-shale interactions are positive. Hexavalent uranium 
solubilized from glass was incorporated in a crystalline alkali uranyl 
silicate phase, i.e., weeksite, (Na, K, Cs),(UO,), Si60i54H2Q 
at 100 to 30OOC. These results, however, show that U was not reduced by 

shale. This is probably due to slow kinetics. Under equilibrium 
conditions, these shales are capable o f  reducing U to the tatravalent state 
as U02 by the oxidation o f  iron or organic matter. These hydrothermal 
interactions of shale and waste are positive because they led to the 
immobilization o f  waste e1ement.s in crystalline phases. The complete 
results of  this waste-shale interaction study have been reported by Freeborn 
et al. [(Hydrothermal Interactions between Calcine, Glass, Spent Fuel and 
Ceramic Waste Forms with Representative Shale Repository Rocks' Topical 
Report No. 3 .  Battelle/QNWI Subcontract No. E512-00500, pp. 76 (1979)j. 
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Near-Field E f f e c t s  on A rg i l l aceous  M a t e r i a l s :  
F i e l d  and Exper imental  Observat ions* 

J .  L. Krumhansl 

A v a r i e t y  o f  a r g i l l a c e o u s  rock types have been considered f o r  the 
containment a f  h i g h  l e v e l  nuc lear  waste. These rocks range i n  age from 
Paleozoic shales r i c h  i n  i l l i t e ,  k a o l i n i t e ,  and c h l o r i t e ,  t o  Mesozoic shales 
r i c h  i n  ben ton i te .  The . informat ion presented here regard ing  t h e  behavior  o f  

o l d e r  shales i s  based on the  r e s u l t s  o f  two waste-can is te r  s i zed  hea te r  

experiments f i e l d e d  i n  t h e  Conasauga Group, a t  Oak Ridge, Tennessee, and i n  

t h e  Eleana A r g i l l i t e  a t  t h e  Nevada T e s t  S i t e .  Xn both  cases i t  was found 
t h a t ,  i n  s p i t e  o f  exposure t o  temperatures i n  excess o f  300°C f o r  many 

months, t h e  s i l i c a t e  minera ls  were n o t  demonstrably changed. Formation 
p e r m e a b i l i t i e s  were much reduced a f t e r  t h e  Conasauga t e s t ,  b u t  increased i n  
t h e  Eleana t e s t  due t o  t h e  dehydrat ion o f  a smal l  amount o f  s w e l l i n g  c l a y  i n  
t h a t  fo rmat ion .  The n e a r - f i e l d  geochemistry o f  t h e  Conasauga t e s t  was 

dominated by p y r i t e  ox ida t i on ,  n e u t r a l i z a t i o n  of t h e  s u l f u r i c  a c i d  by 
carbonate minera ls  i n  t h e  shale,  and t h e  subsequent: p r e c i p i t a t i o n  and 
d i s s o l u t i o n  o f  t he  ca lc ium and magnesium s u l f a t e s  formed. The r e l a t i v e l y  

g r e a t e r  s o l u b i l i t y  o f  magnesium s u l f a t e  r e s u l t e d  i n  i t s  enrichment i n  the  

ground water  t o  t h e  ex ten t  o f  1,700 ppm magnesium and 7,300 ppm s u l f a t e .  A 

s u b s t a n t i a l  amount o f  a n h y d r i t e  was p r e c i p i t a t e d  on t h e  hea te r  sur face  and 
i n  cracks i n  the  surrounding rock.  Al though l i t t l e  happened t o  t h e  shale 
d u r i n g  these t e s t s ,  i t  i s  less  c l e a r  t h a t  t h e  shales would remain unchanged 

i f  magnesium-rich b r ines  were present  f o r  very long t imes.  Studies a t  the 
WIPP s i t e  show t h a t  s i g n i f i c a n t  a l t e r a t i o n  t o  " t r i o c t a h e d r a l  i l l i t e "  and 
mixed l a y e r  s a p o n i t e - c h l o r i t e  would be t h e  l i k e l y  end products  o f  such 

reac t i ons ,  
I n  younger shales, r i c h  i n  mon tmor i l l on i te ,  t h e r e  i s  a w ider  range o f  

concerns r e l a t e d  t o  t h e  s t a b i l i t y  o f  t h i s  c l a y  a t  e levated temperatures. 
Dehydrat ion i s  t h e  f i r s t  e f f e c t  expected adjacent  t o  a waste c a n i s t e r ,  and 
whether t h e  c l a y  w i l l  reexpand when the  temperature f a l l s  i s  o f  concern i n  
p r e d i c t i n g  n e a r - f i e l d  rad ionuc l i de  m ig ra t i on .  Studies showed t h a t  t he  loss 

* l h i s  work was supported by t h e  U.S. Department o f  Energy under c o n t r a c t  
DE-AC04-76DP00789. 
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o f  s w e l l i n g  i s  much g rea te r  a t  320°C than a t  150"C, and t h a t  magnesium-rich 

b r ines  caused less  s w e l l i n g  than sodium-r ich f l u i d s ,  which i n  t u r n  were l ess  

e f f e c t i v e  a t  expanding t h e  c l a y  than deion ized water.  I f  one supposes e a r l y  
presence of  h i g h  pressure b r i n e  i n  s u f f i c i e n t  q u a n t i t y  then t h e  ques t ion  o f  
t h e  hydrothermal r e a c t i v i t y  o f  t he  c l a y  i s  a l s o  an issue.  Wi th potassium as 
t h e  p r i n c i p a l  ca t i on ,  i t  was found t h a t  mixed l a t i c e  i l l i t e - m o n t m o r i l l o n i t e  
can form i n  the  space o f  a few months a t  250°C. I f ,  however, a r e p o s i t o r y  

remained d r y  and cooled f o r  rough ly  a century ,  t h e  k i n e t i c s  o f  t h e  r e a c t i o n  
a re  such t h a t  i t  i s  u n l i k e l y  much o f  t h e  c l a y  would r e a c t  i n  t h e  10 year  

l i f e t i m e  o f  t he  repos i to ry .  Another e f f e c t i v e  f a c t o r  i n  s lowing mixed l a y e r  

i l l i t e - m o n t m o r i l l o n i t e  development i s  i n c l u s i o n  o f  magnesium i n  t h e  b r i n e .  
I n  t h i s  case, i t  was found t h a t  a sapon i t i c  c l a y  develops i n  s h o r t  o rde r  and 
the  s o l u t i o n  pH f a l l s  t o  around 3 .  With sodium as the  p r i n c i p a l  ca t i on ,  no 

r e a c t i o n  was detected a t  modest Na/H r a t i o s ,  b u t  a t  h ighe r  values analcime 

formed. I n  low i o n i c  s t reng th  so lu t i ons  k a o l i n i t e  was produced. Thus, t h e  
s t a b i l i t y  o f  m o n t m o r i l l o n i t e  i s  a r e l a t i v e  ma t te r  dependent on t h e  na ture  

and amount o f  f l u i d  a v a i l a b l e  t o  r e a c t  w i t h  t h e  c l a y .  i t  i s  a l s o  suggested 
t h a t  a r e c i r c u l a t i n g  convect ion c e l l  i n v o l v i n g  b o i l i n g  and condensation 

cou ld  cause bo th  h igh  and low i o n i c  s t reng th  s o l u t i o n s  t o  a c t  on d i f f e r e n t  
p a r t s  o f  a waste package. F i n a l l y ,  r a d i a t i o n  s tud ies  c a r r i e d  ou t  on 
ben ton i te  and b e n t o n i t e - b r i n e  mix tu res  under hydrothermal cond i t i ons  
i n d i c a t e d  t h a t  g a m  r a d i a t i o n  induced no unusual minera log ic  reac t i ons  t o  
doses o f  l o l o  rads. The p r i n c i p a l  e f f e c t  was t o  produce r a d i o l y t i c  

hydrogen and oxygen, the  l a t t e r  o f  which reacted more r a p i d l y .  Thus, t h e  

n e a r - f i l e d  environment w i l l  be e f f e c t i v e l y  o x i d i z i n g  unless a s p e c i f i c  

mechanism can be found t o  promote t h e  k i n e t i c s  o f  hydrogen reduc t i on  
reac t ions .  

5 



F i e l d  Geochemical Studies o f  Groundwaters i n  
Mash Draw, Southeastern New Mexico 

Steven 3 .  Lambert and Karen L. Robinson 

Physiochemical p r o p e r t i e s  o f  e f f l u e n t s  f rom 1 5  pump t e s t s  i n  the  

water-producing hor izons i n t e r c e p t e d  by s i x  ho les i n  Nash Draw eas t  o f  t he  

WIPP s i t e  i n  southeastern New Mexico were f ie ld-measured a t  i n t e r v a l s  o f  a 
few hours. There p r o p e r t i e s  were Eh, pH, s p e c i f i c  conductance, s p e c i f i c  

g r a v i t y ,  b icarbonate/carbonale,  c h l o r i d e ,  d i v a l e n t  ca t i ons ,  calc ium, 
hydrogen s u l f i d e ,  and t o t a l  i r o n .  Observat ions were made over  per iods  o f  17 
t o  184 h r ,  du r ing  which t h e  measurements reached vary ing  degrees o f  steady 

s t a t e ,  b u t  n o t  necessa r i l y  e q u i l i b r i u m .  The most use fu l  i n d i c a t o r s  o f  
steady s t a t e  were d i v a l e n t  ca t ions ,  c h l o r i d e ,  and, i n  some cases, Eh. 

T y p i c a l l y ,  b icarbonate changed s i g n i f i c a n t l y  du r ing  a pump t e s t ,  seldom 
reaching steady s t a t e .  Th is  observa t ion  and t h e  d r i l l i n g  h i s t o r y  have shown 
t h a t ,  g iven  t h e  nongeologica l  sources o f  carbon, rad iocarbon r e s u l t s  w i l l  be 
d i f f i c u l t  t o  i n t e r p r e t .  Heavy-metal contaminat ion from i r o n  p i p e  i n  a w e l l  
was n o t  purged s imply  by d i s p l a c i n g  a we l l -bo re  volume, b u t  i s  some complex 
f u n c t i o n  o f  "armor-coat ing" o f  i r o n  by co r ros ion .  This  process of 
armor-coat ing i s ,  i n  t u r n ,  i n f l uenced  by pump r a t e ,  instantaneous s o l i d - t o -  
l i q u i d  r a t i o ,  d i sso l ved  gases, and aqueous thermodynamic p roper t i es .  Thus, 
f u r t h e r  determinat ions o f  t r a c e  c o n s t i t u e n t s  associated w i t h  heavy metals 

must be i n t e r p r e t e d  w i th  care i n  view o f  t h e  i r o n  content .  R e l i a b l e  
sampling o f  pumped w e l l s  requ i res  a long observa t ion  t i m e ,  d e t a i l e d  
documentation o f  procedures, apparatus, and h o l e  h i s t o r y ,  and a commitment 
o f  human and f i n a n c i a l  resources t h a t  may be much g r e a t e r  than those 

requ i red  f o r  convent ional  l a b o r a t o r y  analyses. 
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Some Compositional Controls on Smectite Reactivity 

Gene bdhitney 

The reactivity of smectite may be related to the structural cation 
composition of the clay or to the interlayer cation composition. Although 
the question of  reactivity of a particular smectite species in a specific 
set of  conditions is complicated by a large number of variables, the 
following generalizations can be made: 

1 .  The aluminous smectites are more susceptible to hydrothermal 

2. The illitization of smectite is retarded by a deficiency of 

3 .  Illitization proceeds at low potassium levels due to the 

4 .  When potassium is absent, smectites with interlayer cations with 
intermediate hydration energies (Na, Li, Ba) are most likely to 
remain expanded. 

5. Conversely, smectites having interlayer cations with very low or 
very high hydration energies most readily form collapsed layers and 
are, therefore, most likely to experience physical and chemical 
changes which alter the characteristics of the original smectite. 

Despite a wide variety and abundance o f  experimental work on smectites, 
we do not currently have a thorough understanding of the principles of 
reactivity which would allow us to predict quantitatively the degree of 
reaction for a specific system a t  a given temperature. Much more systematic 
and thorough experimental work will be required. 

In the meantime, detailed studies of natural smectite systems, such as 
bentonite alteration and the alteration of shales and basalts in burial or 
hydrothermal environments, will help tremendously in our understanding of 
the reactivity o f  smectite. 

reaction than are the magnesian smectites. 

potassium, but ... 

selectivity of clay for potassium. 
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APPENOIX e3 

I N I T I A L  LIST OF GEOCHEMICAL ISSUES DISTRIBUTED PRIOR TO THE WORKSHOP 



28 

SHALE-HOSTED REPOSITORY 

C h a r a c t e r i z a t i o n  o f  Base l ine  Condi t ions 

e Minera log ic  C h a r a c t e r i s t i c s  o f  Shales 

The mineralogy o f  shales i s  complex and d iverse .  It i s  necessary t o  
compi le i n f o r m a t i o n  t h a t  summarizer t h e  minera log ic  composi t ions o f  

shales as bas ic  da ta  f o r  f u r t h e r  geochemical s tud ies .  Data should be 
acqui red r e l a t i v e  t o  weather ing and hydrothermally-produced phases as 

w e l l  as f o r  una l te red  shale.  

Mode o f  Occurrence o f  Metals i n  Shales 

Very l i t t l e  i s  known o f  t h e  a c t u a l  mode o f  occurrence o f  meta ls  i n  

shales; t h e y  may occur as sorbed species, as minera ls ,  e tc .  Knowledge 
o f  t h i s  aspect i s  impor tant  and as i t  prov ides a data base upon which 
rock--water i n t e r a c t i o n  s tud ies  can be i n t e r p r e t e d .  Th is  i n f o r m a t i o n  
a l s o  prov ides a n a t u r a l  analog t h a t  may a l l o w  f o r  i d e n t i f i c a t i o n  o f  
var ious  mechanisms o f  r e t a r d a t i o n  f o r  radioelements.  

Character o f  F r a c t u r e - F i l l i n g  Minera ls  

I n  low p e r m e a b i l i t y  rocks, f l u i d  movement i s  predominant ly a long 

f r a c t u r e s .  It i s  impor tant  t o  understand t h e  na ture  o f  f l u i d s  t h a t  
have moved though t h e  f r a c t u r e s  and i n t e r a c t i o n s  t h a t  have occurred 

between t h e  f l u i d s  and t h e  adjacent  rock,  Determinat ion o f  t h e  o r i g i n  
and temperature o f  t h e  f l u i d s  i s  impor tant .  

General C h a r a c t e r i z a t i o n  o f  Waters 

The geochemistry o f  shale waters i s  o f  pr ime importdnce i n  
understanding radioelement geochemistry. L i t t l e  i s  known o f  t h e  water  

chemist r ies,  e s p e c i a l l y  those f o r  deep groundwaters. Th is  data base 
should i n c l u d e  i n f o r m a t i o n  on c r i t i c a l  v a r i a b l e s  (redox character ,  pH, 
complexing species, e t c . )  t h a t  g r e a t l y  i n f l u e n c e  radioelement 

geochemistry. 
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Charac te r i za t i on  o f  C o l l o i d s  and P a r t i c u l a t e  f l a t t e r  i n  Shale Waters 

Because radioelements may be t ranspor ted  i n  c o l l o i d a l  o r  p a r t i c u l a t e  
form, i t  i s  necessary t o  cha rac te r i ze  the  bas ic  c o l l o i d a l  and 
p a r t i c u l a t e  na ture  o f  shale waters and t o  e s t a b l i s h  t h e  va r iab les  t h a t  

c o n t r o l  t h i s  na ture .  

0 The Redox Condi t ions o f  Shale Waters: How t o  Measure? What Cont ra ls?  

The o x i d a t i o n  s t a t e  o f  waters i s  a pr ime f a c t o r  t h a t  may c o n t r o l  t h e  
geochemical behavior  o f  some rad ionuc l ides .  It i s  necessary t o  develop 
accura te  methods o f  de termin ing  the  redox charac ter  o f  shale waters and 
t h e  r e l a t i o n s h i p  between radioelements and redox-sens i t i ve  components 
i n  waters.  The r e l a t i o n s h i p  between the  waters and redox -con t ro l l i ng  

c o n s t i t u e n t s  ( s u l f i d e s ,  o rgan ics)  i n  t h e  rocks i s  n o t  understood. 

e Age Determinat ion o f  Waters 

There i s  need f o r  m u l t i p l e  methods o f  groundwater age d a t i n g  t o  v e r i f y  

hydro log ic  i s o l a t i o n  a t  r e p o s i t o r y  depths. Development and a p p l i c a t i o n  
o f  methods t o  shale water i s  needed. 

e Charac ter ize  Organic Components i n  Rocks and Waters 

The organic  geochemistry o f  shale systems i s  o f  importance as i t  w i l l  
h e l p  c o n t r o l  t he  redox cond i t i ons  o f  t h e  environment and w i l l  i n f l u e n c e  

radioelement r e t a r d a t i o n  and m o b i l i t y .  Before these e f f e c t s  can be 
understood i t  i s  necessary t o  cha rac te r i ze  the  bas ic  na tu re  o f  the 
organic  cons t i t uen ts  i n  the  rocks and groundwaters. 

Accurate Sampling Systems f o r  Waters 

Obta in ing  t r u l y  rep resen ta t i ve  samples o f  groundwaters i s  c r i t i c a l ,  as 

many t r a c e  cons t i t uen ts  may be impor tan t  i n  understanding rock-water 

i n t e r a c t i o n s  and aqueous radioelement chemist ry .  Accurate and p rec i se  
measurements o f  Eh a r e  impor tan t .  Sampling problems a re  magn i f ied  i n  
low p e r m e a b i l i t y  rocks.  
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Radioelement Behavior/Ambient Cqndi t ions 

e I d e n t i f i c a t i o n  o f  C r i t i c a l  Elements 

Because i t  i s  impossib le  t o  c h a r a c t e r i z e  t h e  behavior  o f  a l l  

radioelements,  it i s  necessary t o  i d e n t i f y  a smal l  number t h a t  

c h a r a c t e r i z e  t h e  t o t a l  spectrum o f  radioelements.  Thus, e x t r a p o l a t i o n s  
can be made. 

e E f f e c t s  o f  Shale Water C h a r a c t e r i s t i c s  on Radioelement M o b i l i t y  and 
Retarda t ion  

The e f f e c t s  o f  s a l i n e  composi t ion o f  shale waters and t h e  redox 
charac ter  o f  t h e  waters on t h e  geochemistry o f  radioelements i s  n o t  
w e l l  known. For instance,  complexat ion and/or p r e c i p i t a t i o n  o f  

nuc l ides  must be s tud ied.  It i s  n o t  r e a l i s t i c  t o  e x t r a p o l a t e  data f rom 

' I f  resh-water" systems t o  s a l i n e  ( 100,000 TUS) systems. 

e E f f e c t  o f  Rock C h a r a c t e r i s t i c s  on Radioelement M o b i l i t y  and Retarda t ion  

Whi le t h e  aqueous chemist ry  o f  a shale system may immediately c o n t r o l  

many aspects o f  radioelement geochemistry, t h e  aqueous chemist ry  i t s e l f  
may be l a r g e l y  c o n t r o l l e d  by rock composi t ion.  I n  a d d i t i o n ,  t h e r e  may 
be d i r e c t  reac t ions  between nuc l ides  i n  s o l u t i o n  and rock components, 
thus r e s u l t i n g  i n  r e t a r d a t i o n  through sorp t ion ,  p r e c i p i t a t i o n ,  e t c .  I t  

i s  necessary t o  c h a r a c t e r i z e  mechanisms o f  n u c l i d e  r e t a r d a t i o n  f o r  

shale c o n s t i t u e n t s .  

e Spec ia t ion  o f  Radioelements 

The bas ic  s p e c i a t i o n  geochemistry o f  many impor tant  radioelements (IC, 

Am, Np) i s  p o o r l y  known. I n f o r m a t i o n  i s  needed on t h e  e f f e c t s  o f  pH, 
redox, complexation, e t c .  on t h e  behavior  o f  such elements. 

e Mechanisms o f  D i f f u s i o n  

The i n f l u e n c e  o f  t h e  geochemical environment on t h e  d i f f u s i o n  o f  
radioelements i s  l a r g e l y  unknown. I t i s  necessary t o  e s t a b l i s h  r a t e s  
o f  d i f f u s i o n  o f  d i f f e r e n t  species and i n  d i f f e r e n t  s t a t e s  (d isso lved,  
c o l l o i d a l ,  e t c . )  i n  shale-water systems. 
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* Solubilities of Radioelements 

Little is known of the solubility of radioelements in natural waters. 
In order to evaluate mobility of the elements, solubilities must be 
quantified. 

0 Long-T'erm Nonequi librium Conditions 

It i s  unclear if equilibrium conditions are achieved for radioelement 
migration even under long-term conditions. It is important to 
establish if  equilibrium, or static, conditions occur, and what the 
kinetics of equi librium-di rected reactions are. 

Effects of Wac Emplacement 

Effects on the Rocks 

Shales are complex rocks consisting o f  a variety o f  silicate, sulfide, 
oxide, and carbonate minerals and organic matter. The stability o f  
these components under elevated temperature and in a radiation field i s  
unknown. Mineral (and organic component) changes may be detrimental 
for radioelement isolation through loss of  sorptive character, etc. 
Alternatively, changes could be beneficial. Establishment of these 
effects is needed. 

e Effects on Waters 

Emplacement of wastes may drastically alter the chemistry of shale 
water through production of peroxides and elemental gases, and an 
increase in the ability for complexation of radioelements. Evaluation 
of these effects is necessary. 

Effects on Rock-Water Interactions 

The interaction o f  rock and water in a elevated thermal environment and 
in a radiation field is unknown for shale systems. It i s  necessary to 
understand such phenomena as formation of secondary phases, reactions 
o f  fracture-filling materials, changes in porosity and permeability, 
etc. may occur. 
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e E f f e c t s  on Radioelement M o b i l i t y  and Retarda t ion  

The e f f e c t s  o f  emplaced waste on t h e  bas ic  geochemistry o f  t h e  

radioelements and t h e  mechanisms by which t h e  elements a r e  m o b i l i z e d  o r  

re ta rded are  unknown. Changes i n  temperature, pH, redox cond i t ions ,  
minera l  phases, e t c .  must be evaluated. 

e Mass Trans fer  o f  Chemical Const i tuents  

Under a thermal load, mdss t r a n s p o r t  o f  d i s s o l v e d  m a t e r i a l  may occur.  
Removal and/or p r e c i p i t a t i o n  o f  minera l  c o n s t i t u e n t s  w i l l  a f f e c t  
p o r o s i t y  and p e r m e a b i l i t y ,  thereby a f f e c t i n g  r e t a r d a t i o n  o f  

radioelements.  I t  i s  impor tant  t o  eva lua te  and t o  model p o s s i b l e  mass 
t r a n s f e r  processes. 

e Temporal A f f e c t  o f  Waste Emplacement 

Some recent  work suggests t h a t  c l a y s  may degrade a t  low temperatures 

over  long t i m e  per iods;  most data a r e  f o r  s h o r t  t ime per iods  and 
i n d i c a t e  t h a t  s i g n i f i c a n t  degradat ion does n o t  occur a t  low 
temperatures. Long-term thermal e f f e c t s  should be more f u l l y  s tud ied .  

___- Modeling 

e Improve Mass Transpor t  Models 

E x i s t i n g  models do n o t  i n c l u d e  a l l  v a r i a b l e s  o r  handle adequately,  

processes t h d t  may be impor tant  t o  t h e  s tudy o f  radioelement behavior .  
Models should be developed t h a t  i n c l u d e  a l g o r i t h i m s  f o r  s o r p t i o n ,  

d i f f u s i v i t y ,  c o l l o i d a l  and p a r t i c u l a t e  t r a n s p o r t ,  d i s e q u i l i b r i u m ,  e t c .  

F rac ture  Flow Models 

Flow through low p e r m e a b i l i t y  rocks i s  c h i e f l y  through f r a c t u r e s ;  thus,  

t r a n s p o r t  o f  elements i s  a long f r a c t u r e s .  Development o f  f r a c t u r e  f l o w  
models f o r  shale systems i s  necessary. 

e -Coupling o f  Models 

To e f f e c t i v e l y  understand t h e  behavior  o f  radioelements i n  a shale 
system, may be necessary t o  couple geochemical and t r a n s p o r t  models. 
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Efforts should be dlrected toward this end, especially toward methods 
of  computer t ime saving. 

b Sensitivity Analysis 

It i s  unrealistic t o  assume t h a t  all variables for all radioelements 
can be modeled. Thus, it is necessary t o  identify those variables that 
are most critical in the models and t o  concentrate efforts an modeling 
these variables for a group of select elements. 

Field and Laboratory Validation of Models 

Validation o f  chemical transport models is justified though laboratory 
testing using column studies and relevant natural analog studies. 
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APPENDIX  C 

DESCRIPTlONS OF GEOCHEMICAL TASKS 



a5 

1 C H A R A C T E R I Z A T I O N  OF BASELINE CONDITIONS 

1.1 RQCKS 

1 .l .l Mineralogy 

Justification. The minerals contained in shales are important f o r  many 
reasons. Not only do they influence radioelement migration, but they also 
influence water composition and may be altered under repository conditions. 

Information that summarizes the mineralogic compositions o f  shales needs t 
t o  be compiled as a basis for further geochemical studies. Data should be 
acquired relative to secondary and hydrothermally produced phases as we1 1 as 
for unaltered shale. 

Approach. A large data base of pslblished information exists on shale 
mineralogy. This should serve as the basis for this task with emphasis 
placed on assessment of data on the four "shales" that represent the 
spectrum of compositions. The task should be augmented by other geochemical 
studies described below for specific shales (tasks 1.1.2, 1.1.3, 1.1.5). 

Priority. 

Effort. This i s  a level 1 effort. 
This i s  a task with a medium- t o  medium-high-priority. 

1.1.2 Chemistry 

Justification. Shales may vary widely in chemical composition, 
depending upon their mineralogy. The rock composition will help control the 
groundwater composition and certain rock-water interactions. Data are 
generally available for bulk composition o f  shales, but are less available 
for minor and trace elements. In addition, chemical compositional data need 
to be related t o  mineralogic and petrographic data. Some emphasis should be 
placed on assessment of the cornposition of hydrothermally altered shales 
under open system conditions as well. 

Approach. An assessment of available data in the published literature 
should be made with emphasis on the four basic s h a l e  types. The 
relationship between mineralogic and chemical compositions should be 

established. It may be necessary to obtain additional data, especially for 



minor  and t r a c e  elements. Th is  t a s k  should b e n e f i t  f rom tasks 1.1.3, 1.1.4, 

and 1.’1.5. 
P r i o r i t y .  Th is  i s  a moderate- t o  l o w - p r i o r i t y  task .  

E f f o r t .  Th is  i s  a l e v e l  2 e f f o r t .  

1.1.3 Organic M a t t e r  

I-- J u s t i f i c a t i o n .  Almost a l l  shales c o n t a i n  organic  mat ter ;  t h e  amount may 

vary cons iderab ly  and be as g r e a t  as 35% o r  more. The organic  components o f  

t h e  rock a r e  o f  s i g n i f i c a n t  importance because they may h e l p  c o n t r o l  t h e  
redox c o n d i t i o n s  i n  a r e p o s i t o r y ,  degrade under waste- loading cond i t ions ,  

re lease meta ls  i n t o  waters, sorb radioelements,  o r  y i e l d  complexing 
l igands .  The abundance and na ture  o f  t h e  organic  m a t t e r  may be a c r i t i c a l  

f a c t o r  i n  s e l e c t i o n  o f  a shale h o s t  f o r  a r e p o s i t o r y .  

R e l a t i v e l y  l i t t l e  i s  known o f  t h e  chemical and p h y s i c a l  charac ter  o f  t h e  

organic  m a t t e r  and i t s  r e l a t i o n s h i p  t o  t h e  o t h e r  components o f  t h e  rock.  

C e r t a i n  quest ions need t o  be answered. For  example, what a r e  t h e  d i f f e r e n t  
types o f  organic  m a t t e r  i n  shales? I s  i t  a h o s t  f o r  c e r t a i n  metals? What 
a r e  t h e  t e x t u r a l  and phys ica l  p r o p e r t i e s  o f  t h e  organic  mat te r?  Does t h e  

n a t u r e  o f  t h e  m a t e r i a l  vary  i n  shales t h a t  have undergone d i f f e r e n t  l e v e l s  
o f  d iagenesis  o r  a l t e r a t i o n ?  

Approach. The publ ished data base f o r  c h a r a c t e r i z a t i o n  o f  organic  

m a t t e r  i n  shales i s  smal l .  Ihe b u l k  o f  t h i s  a c t i v i t y  should i n v o l v e  new 
work us ing  s o p h i s t i c a t e d  a n a l y t i c a l  and microscopic techniques. Emphasis 

should be d i r e c t e d  toward h i g h l y  carbonaceous shales. 
-- P r i o r - .  l h i s  i s  a h i g h - p r i o r i t y  task .  

E f f o r t .  The assessment o f  a v a i l a b l e  data i s  a l e v e l  1 e f f o r t ;  
development o f  new data represents  a l e v e l  3 e f f o r t .  

1.1.4 Fracture-fJ1lJEflinerals 

J u s t i f i c a t i o n .  It i s  presumed t h a t  f r a c t u r e s  represent  t h e  pr imary 

pathway a long which f l u i d s  have moved i n  shale.  F l u i d s  f rom a r e p o s i t o r y  
w i l l  l i k e l y  move through shale a long e x i s t i n g  u n f i l l e d  f r a c t u r e s ,  a long 
newly created f r a c t u r e s ,  o r  by d i s s o l u t i o n  a long e x i s t i n g  f i l l e d  f rac tu res .  
I t  i s  impor tan t  t o  c h a r a c t e r i z e  f r a c t u r e - f i l l i n g  minera ls  t o  understand t h e  
n a t u r e  o f  f l u i d s  t h a t  have moved through t h e  f r a c t u r e s  and t h e  i n t e r a c t i o n s  
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t h a t  have occurred between t h e  f l u i d s  and adjacent  rock.  Equa l ly  impar tdn t  
i s  c h a r a c t e r i z i n g  t h e  minera ls  t o  ~ ~ ~ ~ r ~ . ~ f l e  i f  t h e i r  presence w i l l  a j d  o r  
prevent  f u t u r e  f l u i d  f l o w  and t h e  r e s u l t a n t  radioelement migra t ion .  In t h e  
case where f r a c t u r e  f i l l i n g s  a r e  absent o r  o n l y  p a r t i a l l y  present ,  i t  i s  
impor tan t  t o  determine why t h i s  i s  t h e  case. Determinat ion o f  t h e  r e l a t i v e  
abundance o f  open and c losed f r a c t u r e s  i s  impor tan t .  

Approach. Few data  a r e  a v a i l a b l e  on f r a c t u r e - f i l l i n g  minera ls  i n  shale, 

e s p e c i a l l y  f o r  t r a c e  elements, l h i s  t a s k  should i n v o l v e  s o p h i s t i c a t e d  

l a b o r a t o r y  work on se lec ted  samples us+nng techniques such as microprobe and 

i s o t o p i c  a n a l y s i s .  Model ing o f  f r a c t u r e - f l o w  and e lementa t - i so top ic  
exchange reac t ions  i s  needed. 

-I__- Pr io r i& .  
E f f o r t .  Th is  i s  a l e v e l  2 e f f o r t .  

Th is  t a s k  i s  r a t e d  as a moderate- t o  h i g h - p r i o r i t y  a c t i v i t y .  

1.1 

en r 
The 

5 Occurrence o f  Elements 

J u s t i f i c a t i o n .  Shales, e s p e c i a l l y  t h e  more h i g h l y  carbonaceous, may be 

ched i n  many elements, i n c l u d i n g  t r a n s i t i o n  and lan than ide  elements. 

mode of occurrence o f  these elements i s  impor tan t  because they may be 
considered as analogs f o r  radioelements t h a t  w i  71 be released from waste 

packages and t h a t  may be r e t a i n e d  by t h e  h o s t  rock.  Understanding t h e  
n a t u r a l  mode o f  occurrence, i n  e i t h e r  i n o r g a n i c  o r  organic  form, w i l l  h e l p  
i n  p r e d i c t i n g  r e t a r d a t i o n  mechanisms f o r  rad ionuc l ides .  I t  i s  a l s o  
impor tan t  t o  understand t h e  mode of occurrence o f  elements i n  shales because 
many elements may be re leased i n  a r e p o s i t o r y  environment and i n f l u e n c e  
r a d i  onuc 1 i d e  m i  g r a t  i on. 

Approach. L i t t l e  i n f o r m a t i o n  i s  a v a i l a b l e  on t h i s  sub jec t .  A c t i v i t i e s  
f o r  t h i s  t a s k  should be predominant ly d i r e c t e d  toward l a b o r a t o r y  s tud ies  
us ing  s t a t e - o f - t h e - a r t  a n a l y t i c a l  and microscopic  s tud ies .  

-. P r i o r i t y ,  
E f f o r t .  Th is  i s  a l e v e l  3 e f f o r t ,  

T h i s  a c t i v i t y  i s  a moderate- t o  h i g h - p r i o r i t y  t a s k .  
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1.2 WATER 

1.2.1 Technique Development 

1.2.1.1 Sampling 

J u s t i f i c a t i o n .  A c q u i s i t i  o f  groundwater sampl w i t h  m i  imal 

a l t e r a t i o n  o f  t h e i r  na tura l  compositions i s  d i f f i c u l t .  Changes i n  pH, redox 

character, and dissolved gas content occur r a p i d l y .  Many of  these 

parameters a re  o f  utmost importance i n  understanding and p r e d i c t i n g  the  
geochemical react ions t h a t  w i l l  occur i n  the  v i c i n i t y  o f  a reposi tory .  Most 

( a l l )  e x i s t i n g  data on deep groundwaters have been acquired from samples 

whose chemical parameters changed upon sampling. Sampling protocols  and 
techniques t h a t  w i l l  produce p r i s t i n e  groundwater samples from shales may 

need t o  be developed. 
Approach. Protocols can be developed based l a r g e l y  on e x i s t i n g  sampling 

programs, such as those of the EPA. It may be necessary t o  develop o r  t o  
modify sampling systems so  t h a t  water chemistry and dissolved gas content 
can be preserved. 

I P r i o r i t y .  

-___ E f f o r t .  This i s  a l e v e l  2 e f f o r t .  

This i s  a medium-priori ty task .  

1.2.1.2 Age Determinations 

J u s t i f i c a t i o n .  Methods f o r  accurate and prec ise age determinations i n  

groundwaters are no t  near ly  as w e l l  developed as are those f o r  rocks. 
Groundwaters a re  e a s i l y  mixed and may r e a d i l y  exchange ions w i t h  rocks o r  
sampling equipment, thereby y i e l d i n g  i n c o r r e c t  ages. Work i s  needed t h a t  i s  
d i r e c t e d  no t  on ly  a t  proper sampling ( task 1.2.1.1), bu t  a lso  a t  development 
o f  da t ing  techniques t h a t  can be used f o r  very o l d  waters. The 81Kr  

methad represents one such technique t h a t  i s  p a r t i a l l y  developed and t h a t  

has s i g n i f i c a n t  advantages over o ther  methods. 
Approach. Work should be d i rec ted  toward ref inement o f  the  e x i s t i n g  

techniques and of the i n t e r p r e t a t i o n  o f  t h e  acquired data. Techniques 
should be assessed i n  l i g h t  o f  the s a l i n e  nature of  shale waters, and 
continued development o f  promising techniques should be undertaken, 

P r i o r i t y .  This i s  a medium- t o  l o w - p r i o r i t y  i t e m .  
E f f o r t .  This i s  a l e v e l  2 e f f o r t .  
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1.2.2 Geochemistry 

1.2.2.1 Inorgan ic  

- J u s t i f i c a t i o n .  The inorgan ic  composi t ion o f  water i n  shale w i l l  be a 
c r i t i c a l  parameter i n  eva lua t i on  o f  r e p o s i t o r y  s u i t a b i l i t y .  The water  

composi t ion must be known f o r  waste package performance assessment and f o r  
model ing elemental  m ig ra t i on .  It i s  impor tan t  t h a t  composi t ional  

i n f o r m a t i o n  be acqui red f o r  deep groundwaters rep resen ta t i ve  o f  r e p o s i t o r y  
depths, r a t h e r  than f o r  shal low groundwaters, which almost c e r t a i n l y  
represent  recent  m ix ing  w i t h  sur face  systems. Groundwater composi t ion may 

vary f o r  d i f f e r e n t  types o f  shale and t h e  composi t ional  v a r i a t i o n s  should be 

determined. It i s  a l s o  impor tan t  t o  assess, where poss ib le ,  i f  the 
groundwaters a re  i n  e q u i l i b r i u m  w i t h  t h e  hos t  rock .  

Approach. Water q u a l i t y  da ta  bases a re  a v a i l a b l e ;  an example i s  t he  
WA’ISIORE data base o f  t h e  U.S. Geologica l  Survey. The i n i t i a l  approach w i l l  
i n v o l v e  a c q u i s i t i o n  o f  data f rom such sources; data should i nc lude  major,  
minor,  and t r a c e  cons t i t uen ts ,  pH, Eh, d isso lved gasp e t c .  
S o l u b i l i t y / s p e c i a t i o n  and r e a c t i o n  pa th  geochemical models should be used t o  
assess e q u i l i b r i u m ,  where poss ib le .  I f  water  samples can be obta ined from 
approp r ia te  depths, analyses should be performed. 

P r io r i t y . .  Th is  i s  a h i g h - p r i o r i t y  task .  

...- E f f o r t .  A l e v e l  1 e f f o r t  i s  needed f o r  
e f f o r t  f o r  ana lys i s  o f  new data  w i l l  be v a r i a b  

1.2.2.2 Organic 

J u s t i f i c a t i o n .  The organic  c o n s t i t u e n t s  

assessment o f  a v a i l a b l e  data;  

e.  

I f  shale waters a r e  impor tan t  

i n  assessment of  r a d i o n u c l i d e  m o b i l i t y  through csmplexat ion and i n  

de terminat ion  o f  t he  redox charac ter  o f  t h e  water. Organic components o f  
t h e  hos t  shale a re  expected t o  determine t h e  organic  cons t i t uen ts  o f  t h e  
associated w a t e r .  As w i t h  task 1.2.2.1, such in fo rma t ion  must be acqui red 
f o r  deep groundwaters f rom shale.  

Approach. The use o f  a v a i l a b l e  data bases, as  descr ibed i n  Task 
1.2.2.1, i s  recommended as  t h Z  i n i t i a l  approach. E f f o r t s  should a l s o  be 
d i r e c t e d  a t  a c q u i s i t i o n  o f  samples for ana lys i s  and p o s s i b l y  a t  rock-water  



s tud ies  t o  determine t h e  i n f l u e n c e  o f  rock composi t ion (o rgan ic )  on water  
p o s i t i o n  (o rgan ic ) .  

P r i o r i t y .  Th is  i s  h i g h - p r i o r i t y  task .  

E f f o r t .  A l e v e l  7 e f f o r t  i s  needed f o r  assess e n t  o f  a v a i l a b l e  data;  
e f f o r t  for ana lys i s  o f  new sa p les  i s  va r iab le .  

1.2.3 C o l l o i d a l  H a t t e r  

J u s t i f i c a t i o n ,  Recent observat ions have shown t h a t  rad ionuc l ides  can be 

t ranspor ted  i n  groundwaters i n  assoc ia t i on  w i t h  c o l l o i d a l  mat te r .  Thus it 

i s  i ~ ~ Q ~ t a n t  t o  understand t h e  na ture  o f  c o l l o i d a l  ma t te r  i n  shale waters 
and t o  determine i f  i t  va r ies  f o r  d i f f e r e n t  types o f  shales. 

Approach. There i s  u n l i k e l y  t o  be much i n f o r  t i o n  a v a i l a b l e  on t h i s  
sub jec t .  The approach w i l l  be t o  acqu i re  samples o f  shale water  and t o  
cha rac te r i ze  t h e  associated c o l l o i d a l  mat ter .  Methodology t o  a l l o w  t a k i n g  

c o l l o i d  samples w i l l  need t o  be developed. 

P r i o r i t y .  Th is  i s  a l o  - p r i o r i t y  task.  

E f f o r t .  Th is  represent; a l e v e l  2 e f f o r t .  

1 -2 - 4  Fedox Character 

J u s t i f  i ca t ip - .  The redox charac ter  o f  groundwater i s  an extremely 

impor tan t  parameter i n  determin ing waste package s t a b i l i t y  and radioelement 
m o b i l i t y .  I n  general ,  most m u l t i v a l e n t  elements a r e  l ess  so lub le  i n  t h e i r  

( i . e . ,  U, Ho, Sb, Tc, and Ru). Because pM i n  deep shale waters 

i s  expected t o  vary f rom about 6 t o  , t h e  redox na ture  may be a c o n t r o l l i n g  
f a c t o r  i n  m u l t i v a l e n t  radioelement m o b i l i t y  i n  such waters. The redox 

na ture  o f  t h e  groundwater may be l a r g e l y  c o n t r o l l e d  by the minera log ic  and 
organic  charac ter  o f  t h e  host  rocks, b u t  t h i s  has n o t  y e t  been determined 

f o r  shale.  Recent work has shown t h a t  i n  shal low waters f rom d i f f e r e n t  rock 
p a i r s  do n o t  y i e l d  cons is ten t  r e s u l t s  on the redox s t a t e  o f  t h e  

aximum use should be de O F  a v a i l a b l e  data bases, such as 
WA'TSTOHE, t o  acqu i re  data. A c q u i s i t i o n  and ana lys i s  o f  deep groundwater and 
i d e n t i f i c a t i o n  and development o f  ethods f o r  accu ra te l y  measuring redox 
s t a t e  a re  recommended. 

waters; no such work has been conducted ~n deep shale waters.  

P r i o r i t y .  .- Th is  i s  a mediu i g h  p r ' l o r i t y  t ask .  
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Effort. A level I e f f o r t  i s  needed f o r  assessment of  available data; 
analysis o f  new samples and development o f  measurement methods will be at 
least a level 2, and p o s s i b l y  a level 3 e f f o r t .  
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2 RADIOELEMENT BEHAVIOR: AMBIENl CONDIl IONS 

2.1 CRITICAL ELEMENTS 

--__I Statement. The most critical elements are those already identified by 
Other radioelements should also be NRC and DOE; U, Pu, Np, Tc, and 14C. 

considered. 

2.2 SOL.UBII..ITY EFFECTS 

Justification. The solubility of the radioelements o f  concern may be 
intimately linked to the solubility of the constituent minerals in shales 
that might contain these elements. The radioelements Pu, Np, Am, and Tc are 
not found in shales, but U can serve as an analog for the transuranics; Re 
and possibly Mn can serve as analogs for Tc, Although individual 
radioelement solubility is o f  great concern, it is usually strongly 
dependent on mineral solubility; hence, both must be considered. Parameters 
such as pH and Eh may have a pronounced effect both on individual 
radioelement and on radioelement-bearing minerals in the rocks. This is 
especially true when more complex shale-water-waste systems are considered 
(see task 3 . 4 . 4 ) .  

ApDroach. Establishment of mineralogic and chemical characteristics of  
shale and chemical characterization of shale waters (see tasks 1.1 and 1.2) 
must be supplemented by laboratory studies under varying Eh-pH conditions to 
predict the solubility of radioelements in shale. Hany of the critical 
elements are polyvalent and, i n  general, more insoluble under low Eh 
conditions than under oxidizing conditions. Coupled reactions are important 
for some elements (Tc). The laboratory work on natural shales should focus 
on U for actinide behavior and on Re for assessing the geochemical behavior 
of IC (i.e., Re and Tc show nearly identical chemical parameters in Eh-pH 
space). Although Re is an extremely rare element in the earth's crust, Re 
salts can nevertheless be used to approximate Tc behavior accurately under 
crustal conditions. Manganese occurrences can be used, with caution, for 
further assessment of Tc behavior. The behavior of radioactive Cs, Sr, and 
Ra can be investigated by close examination of the Rb-Sr systematics o f  

natura? shales. Laboratory studies of Rb-Sr mobi 1 ities can be directly 
applied to radioactive C s ,  Sr, and Ra behavior in rocks. Radioactive Sn 



will be less soluble than Tc, and the Re (or Mn) studies for lc behavior 
will also be adequate to assess Sn behavior. These laboratory studies must 
take kinetics into account as  well. In the case o f  I 4 C ,  stable isotopic 
carbon studies o f  berth laboratory and natural systems should be investigated 
to predict the behavior of 14C in rocks. Finally, study o f  natural 
analogs (i.e., igneous dike contact zones in shales) can be used t o  study U, 
Mn(Re), C occurrences, which in turn can be used to assess indirectly the 
sought radioelement solubility. 

Priorm. This is a medium- te high-priority item. 
-- Effort. This i s  a level 2 ,  and possibly a level 3 ,  effort. 

2.3 EFFECTS OF WATERS 

2.3.1 Speciation 

--I-- Justification. Speciation of  radioelements present in deep shale 

groundwaters is not known. T o t a l  dissolved solids may be higher in deep 
shale groundwaters than under more shallow conditions and may thus increase 
the number of species present. Laboratory studies t o  determine the chemical 
species present under a wide variety of  conditions must  be undertaken and 
followed by geochemical modeling using the newly determined data. 

Approach. Where possible, deep shale water should be obtained f o r  
species identification Search of the available petroleum geology literature 
may yield useful abundance data, which in turn can be used to calculate 
which species should be present. Data for bedded and domal salt brines and 
other waters may be used, with cautiol;, as an upper limit on salinity for 
deep shale waters. 

- Priority. -. This is a mediurn- to hiGh-priority task. 
Effort. This is a level 2, and possibly a level 3, effort. 

2.3.2 Mobility 

2.3 

NP 9 

and 
fie 

2.1 Comp 1 exat i on 

Justification. Complex i o n s  are common for polyvalent ions such as U, 

Pu, IC, and, often, Cog. Complexes of high valence ions of U, Np, Pu, 
IC are especially soluble (see task 2.3.1), and only the stability 

ds of U-complexes a r e  known w i t h  any degree o f  certainty. Complexes o f  
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Np, Pu, and Tc are not as well known, and it is important to determine the 
type, number, and stability of their complexes. 

Approach. As is the case for task 2.3.1, deep shale waters should be 
studied for U complexes. Laboratory work will allow Np, Pu, and Tc 
complexqs to be studied. 

Priority. This is a medium-priority task. 
Effort. Phis is a level 3 ,  and possibly a level 4 ,  effort.. 

2.3.2.2 Diffusion 

-I_ Justification. Diffusion may be an important factor in radioelement 
mobility. Few data are readily available on diffusion in shales or in deep 
waters in shales. Without such data, it is impossible to quantitatively 
assess the role of diffusion. 

Approach. A thorough search of geochemical and sedimentary geological 
literature sources should be undertaken to identify key works on diffusion, 
Laboratory studies may be helpful as well. 

Priority. This i s  a low-priority task. 
Effort. A level 1 effort is required for assessment of available 

information. Laboratory work would require additional time, possibly as a 
level 3 effort. 

2.3.2.3 Redox 

Justification. Redox is an extremely important factor for assessing 
radioelement mobility. Under high redox potential, species of U, Np, Pu, 
and Tc may be readily soluble; under lower redox potential reduced species 
of these elements may be immobile. 

Approach. Laboratory studies to assess redox characteristics of U, Np, 
Pu, Am, T c ,  and Sn under widely varying conditions must be carried out. In 
addition, determination of thermodynamic properties for these elements must 
be studied further to prepare Eh-pH diagrams for use in qualitatively 
predicting redox behavior; these predictions should be tested by laboratory 
studies. Assessment of kinetics, metastability, and other factors should be 

made. 
Priority. 
Effort. This is a level 3 effort. 

This is a medium- t o  high-priority’task. 



2.3.3 Retarda t ion  

2.3.3.1 Sorp t i on  

-__ J u s t i f i c a t i o n .  So rp t i on  (here used t o  mean sur face  f i x a t i o n  o f  

elements o t h e r  than by i o n  exchange o r  p r e c i p i t a t i o n )  i s  an impor tan t  f a c t o r  
i n  radioelement r e t a r d a t i o n .  Many exper imental  data vary w ide ly  f o r  
so rp t i on -deso rp t i on  measurements, even f o r  r e p l i c a t e  experiments. More- 

c a r e f u l l y  -designed l a b o r a t o r y  experiments t o  assess s o r p t i o n  o f  t h e  
radioelements o f  i n t e r e s t  onto shales must be c a r r i e d  ou t .  

Approach_. Where poss ib le ,  1 i t e r a t u r e  values f o r  sorp t ion-desorp t ion  
( n o t  i n c l u d i n g  i o n  exchange, p r e c i p i t a t i o n ,  e t c . )  should be compiled and 
evaluated.  Th is  comp i la t i on  i s  expected t o  be inadequate t o  assess t h e  r o l e  

o f  s o r p t i o n  i n  shales,  b u t  t h e  a v a i l a b l e  data shou?d prove use fu l  i n  gu id ing  

subsequent exper imental  work. The l a b o r t o r y  work should be ca re fu ’ l l y  
designed t o  assess the  r o l e  o f  s o r p t i o n  i n  shales under a wide range o f  
expected n a t u r a l  cond i t i ons .  Maximum use must be made o f  t h e  

s t a t e - o f - t h e - a r t  h i g h  technology equipment a p p l i c a b l e  t o  t h e  s tudy of  
sur face  phenomena. 

P r i o r i t y .  Thus i s  a medium- t o  h i g h - p r i o r i t y  task .  
-- E f f o r t .  A l e v e l  1 e f f o r t  i s  requ i red  f o r  assessment o f  a v a i l a b l e  data; 

a l e v e l  3, p o s s i b l y  a l e v e l  4, i s  requ i red  f o r  new research. 

2.3.3.2 m E x c h a n g e  

J u s t i f i c a t i o n .  I o n  exchange i s  d n  impor tan t  process t o  r e t a r d  many 

elements, e s p e c i a l l y  mono- and d i v a l e n t  ca t i ons  such as Cs, Sr ,  Ra, and I .  

It may be l e s s  impor tan t  f o r  h igh  valence species o f  U, Np, Pu, Am, Sn, and 
Tc, b u t  never the less,  i t  should be i nves t i ga ted .  I o n  exchange may be more 
impor tan t  f o r  4 ~ .  

h p r o a c h .  Studies of h igh  c a t i o n  ( o r  anion) exchange capac i t y  (CEC o r  
AEC) c l a y  minera ls  should be undertaken w i t h  s o l u t i o n s  bear ing  U, Np, Pu, 
Am, Cs, S r ,  Ra, Sn, I ,  and Tc. Maximum use should be made o f  

i ns t rumen ta t i on  f o r  sur face  ana lys i s .  

- P r i o r i t y .  Th is  i s  a h i g h - p r i o r i t y  t ask .  
E f f o r t .  A l e v e l  3 e f f o r t  i s  requ i red .  
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2.3.3.3 P r e c i p i t a t i o n  

J u s t i f i c a t i o n .  P r e c i p i t a t i o n  o f  radioelements may occur i n  response t o  
redox c o n d i t i o n s  (see task  2.3.3.4) o r  t o  supersa tu ra t i on  under l o c a l  
cond i t i ons .  I n  e i t h e r  case, r e t a r d a t i o n  i s  enhanced by p r e c i p i t a t i o n  o f  
rad ioe lement -bear ing  phases. It i s  n o t  known how e f f i c i e n t  p r e c i p i t a t i o n  i s  

versus o t h e r  r e t a r d a t i o n  mechanisms. For example, carbonate phases i n  
p a r t i c u l a r  may be e f f i c i e n t  i n  removing n o t  o n l y  1 4 C ,  b u t  a l s o  U (and 

o t h e r  a c t i n i d e s ? ) .  
Approach. Laboratory s tud ies  t o  determine t h e  amount o f  p r e c i p i  t a t i o n  

under s imulated deep shale cond i t i ons  should be undertaken. Coupled w i t h  
redox s tud ies  (see task 2.3.3.4), t h i s  w i l l  a l l o w  assessment o f  U, Np, Pu, 
Am, Sn, and Tc behavior and 14C i f  carbonate phases a re  i nvo l ved .  Study 

o f  f r a c t u r e  f i l l i n g  and s i m i l a r  s i t e s  i n  shales ar  n a t u r a l  analogs should be 
u s e f u l  as w e l l .  Maximum use should be made o f  i ns t rumen ta l  techniques f o r  

sur face  a n a l y s i s .  

P r i o r i t y .  This i s  a medium- t o  h i g h - p r i o r i t y  task.  
E f f o r t ,  A l e v e l  3 e f f o r t  i s  requi red.  

2.3.3.4 Redox 

J u s t i f i c a t i o n .  The mob i le  species o f  U, Np, Pu, Am, Sn, and 7 c  a re  t h e  

high-valence ones, Upon encounter ing low redox cond i t i ons ,  these species 
may be reduced t o  low-valence, h i g h l y  i n s o l u b l e  species. U, Np, Am, and Pu 
w i l l  probably p r e c i p i t a t e  as i n s o l u b l e  oxyhydroxides, and Tc and Sn may 
p r e c i p i t a t e  as e i t h e r  an oxyhydroxide o r  a s u l f i d e .  I n  theory,  C as Cog 
may be reduced t o  elemental C under some low redox cond i t i ons ,  b u t  Cog i s  
known t o  e x i s t  metastably under very low redox p o t e n t i a l .  Again ( t a s k  
2.3.2.3), c h a r a c t e r i z i n g  t h e  redox cha rac te r  o f  deep shale waters and 

r e l a t i n g  t h i s  t o  radioelement behavior i s  impor tan t .  

Mproach.  Laboratory s tud ies  i n  con junc t i on  w i t h  so rp t i on ,  i o n  
exchange, and p r e c i p i t a t i o n  experiments under d i f f e r e n t  redox cond i t i ons  
(and d i f f e r e n t  c o n t r o l  media f o r  redox) should be undertaken t o  assess t h e  
impor tan te  t o  redox on radioelement r e t a r d a t i o n .  Theore t i ca l  Eh -pH diagrams 
may be use fu l  t o  t e s t  and i n t e r p r e t  t he  l a b o r a t o r y  data q u a l i t a t i v e l y .  

P r i o r i t y .  This i s  a medium- t o  h i g h - p r i o r i t y  t ask .  
E f f o r t .  A l e v e l  3 e f f o r t  i s  requ i red .  
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2 .4  ROCK AND WATER INTERACTION 

J u s t i f i c a t i o n .  The f o l l o w i n g  f a c t o r s  a re  p o o r l y  known: f a c t o r s  t h a t  

a f f e c t  spec ia t i on ,  complexation, d i f f u s i o n ,  and redox i n  waters; and f a c t o r s  
t h a t  a f f e c t  sorp t ion ,  i o n  exchange, p r e c i p i t a t i o n ,  and redox i n  t h e  rocks;  

and the  e f f e c t s  o f  these parameters on rock-water  i n t e r a c t i o n .  It i s  
impera t i ve  t o  o b t a i n  data f o r  these f a c t o r s .  

Approach. A thorough l i t e r a t u r e  s tudy should be o f  use here, as  should 
some n a t u r a l  analog s tud ies  f o r  rock-water i n t e r a c t i o n .  Much o f  t h e  

necessary i n fo rma t ion ,  however, can o n l y  be obta ined by ex tens ive  l abo ra to ry  

exper imentat ion (see task  2.3).  
P r i o r i t y .  Th is  i s  a h i g h - p r i o r i t y  task .  

E f f o r t .  A l e v e l  2 e f f o r t  i s  requ i red  f o r  t h e  l i t e r a t u r e  review; a 
l e v e l  3 ( p o s s i b l y  4) i s  needed f o r  l a b o r a t o r y  work. 
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3 EFFEC'I OF WASTE EHPI_ACE 

3.1 DESCRIPliON OF THE E ~ V ~ ~ ~ ~ ~ ~  

J u s t i f i c a t i o n .  Emplacement o f  wastes i n  a shale-hosted r e p o s i t o r y  w i l l  
produce thermal and r a d i a t i o n  f i e l d s  i n  t h e  very  near and near f i e l d s ,  w i t h  
a decreasing i n t e n s i t y  i n  t h e  f a r  f i e l d .  l o  competently study and 
understand t h e  s p e c i f i c  impacts o f  t h e  emplaced waste on t h e  geochemical 

c h a r a c t e r i s t i c s  o f  t h e  repos i to ry ,  t h e  magnitude and ex ten t  o f  t h e  thermal 
and r a d i a t i o n  f i e l d s  must be descr ibed. 

Approach. Based upon work done f o r  t h e  r e p o s i t o r y  programs and 

knowledge o f  t h e  thermal c o n d u c t i v i t y  o f  shale, a d e s c r i p t i o n  o f  t h e  
r e p o s i t o r y  environment should be undertaken. 

P r i o r i t y .  Th is  i s  a h i g h - p r i o r i t y  t a s k .  
-..̂.I_ E f f o r t .  A l e v e l  1 e f f o r t  i s  requ i red .  

3.2 EFFECTS aN ROCK 

3.2.1 Mineralogy 

3.2.1.1 Phase Changes 

J u s t i f i c a t i o n .  Thermal and r a d i a t i o n  f i e l d s  imposed by emplaced waste 

have va ry ing  e f f e c t s  on t h e  s t a b i l i t y  o f  m inera ls .  It i s  impor tan t  t o  

understand how minera l  phases change due t o  t h e  emplacement o f  waste. The 
assoc ia ted  thermal and r a d i a t i o n  f i e l d s  may a l t e r  e x i s t i n g  minera ls ,  

y i e l d i n g  new phases and a l t e r i n g  t h e  p r e d i c t e d  chemical environment i n  t h e  
r e p o s i t o r y .  Changes t h a t  occur a t  r e l a t i v e l y  low temperatures (<lOO°C) over 
long t ime  per iods  should a l s o  be addressed. 

_Approach. T h i s  t ask  can be undertaken i n  t h r e e  steps: ( 1 )  rev iew o f  
a v a i l a b l e  data,  ( 2 )  use o f  n a t u r a l  analogs, and ( 3 )  use o f  exper imental  
work. Considerable i n f o r m a t i o n  i s  a v a i l a b l e  on t h e  thermal e f f e c t s  on 
minera ls ,  b u t  n o t  a t  low temperatures over long per iods  o f  t i  
r a d i a t i o n  e f f e c t s  a re  very  l i m i t e d .  Na tu ra l  analogs may be o f  use, 
e s p e c i a l l y  i n  areas where rocks have been subjected t o  s l i g h t l y  e leva ted  
temperatures over extended per iods  o f  t ime  (e.g., bu r ied  Gu l f  Coast 
sediments, e t c . ) .  The analog work, however, i s  intended o n l y  t o  supplement 
t h e  l a b o r a t o r y  work. 

P r i o r i t y .  This i s  a medium- t o  l o w - p r i o r i t y  task .  



49 

E f f o r t .  Review o f  a v a i l a b l e  data and study o f  analogs w i l l  r e q u i r e  a 

l e v e l  2 e f f o r t ;  exper imenta l  s tud ies  w i l l  r e q u i r e  a l e v e l  3 ,  p o s s i b l y  a 

l e v e l  4, e f f o r t .  

3.2.1.2 Chemical Changes 

J u s t i f i c a t i o n .  This  task  i s  c l o s e l y  l i n k e d  t o  task  3.2.1.1 because 
many phase changes r e s u l t  i n  chemical changes. However, i n  some cases, 

chemical changes take  p lace  w i thou t  an apparent phase change. For example, 
i o n  exchange may a l t e r  t h e  chemist ry  o f  c e r t a i n  c l a y  minera ls ,  b u t  n o t  t he  

s t r u c t u r e  o f  t h e  c l a y  minera l  i t s e l f .  Such changes, t r i g g e r e d  by waste 
emplacement, should be charac ter ized  f o r  shales.  

Approach. Laboratory  s tud ies  designed t o  t e s t  chemical changes w i t h  

and w i t h o u t  phase changes due t o  waste emplacement i n  a shale environment 
must  be undertaken. Some l i t e r a t u r e  search and n a t u r a l  analogs may be o f  

use here b u t  o n l y  i n  a r o l e  secondary t o  t h e  l abo ra to ry  work. 
P r i o r i t y .  Th is  i s  a l o w - p r i o r i t y  task .  

E f f o r t .  E f f o r t  i s  t h e  same as f o r  task  3.2.1.1 and may l a r g e l y  be 

coupled w i th  t h a t  t ask .  

3.2.1 . 3  Other Changes 

J u s t i f i c a t i o n .  Emplacement o f  wastes may have o the r  impacts on t h e  

minera logy though c r e a t i o n  o f  sur face f i l m s ,  such as oxyhydroxide layers ,  
t h a t  w i l l  a l t e r  t h e  chemical and phys i ca l  charac ter  o f  t h e  rock.  Such 

sur face  a l t e r a t i o n s  vary  f o r  d i f f e r e n t  minera ls  and may be impor tan t  i n  a 

geochemical assessment o f  a rock f o r  a r e p o s i t o r y .  

Approach. An analog and exper imental  approach i s  recommended. 
P r i o r i t y .  Th is  i s  a l o w - p r i o r i t y  t ask .  

-- E f f o r t .  A l e v e l  1 e f f o r t  i s  requ i red .  

3.2.2 Organi c H a t t e r  

J u s t i f i c a t i o n .  The s t a b i l i t y  o f  organic  ma t te r  under waste emplacement 
cond i t i ons  represents  a major  unanswered quest ion.  Types o f  ma t te r  degrade 
a t  d i f f e r e n t  ra tes ;  t h e  products  o f  t h e  degradat ion reac t i ons  may produce 
s i g n i f i c a n t  changes i n  pH, redox cond i t i ons ,  gas pressures,  radioelement 
complexat ion p o t e n t i a l ,  e t c .  
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Approach. With t h e  except ion of thermal e f f e c t s ,  t h e r e  i s  a sparce 

da ta  bare f o r  t h i s  t a s k .  Analog s tud ies  o f  igneous i n t r u s i v e s  i n t o  o r g a n i c -  
bear ing  sediments and l a b o r a t o r y  exper imentdl  s tud ies  must be undertaken. 
It i s  impor tan t  t o  have c h a r a c t e r i z a t i o n  i n f o r m a t i o n  o f  t h e  organic  m a t t e r  
p r i o r  t o  exper imentat ion.  

P r i o r i t y .  This i s  a medium- h i g h - p r i o r i t y  task .  

_.--- E f f o r t .  Analog s tud ies  w i l l  r e q u i r e  a l e v e l  1 e f f o r t ;  exper imental  

s t u d i e s  w i l l  r e q u i r e  a l e v e l  3 ,  p o s s i b l y  a l e v e l  4, e f f o r t .  

3.2.3 P o r o s i t y  and Permeab i l i t y  

Justif icat-. The p o r o s i t y  and p e r m e a b i l i t y  o f  t h e  rock i n  the  near 

f i e l d  may be changed by minera l  a l t e r a t i o n ,  d i s s o l u t i o n ,  o r  p r e c i p i t a t i o n ;  
such changes w i l l  a f f e c t  t h e  mass t r a n s f e r  o f  c o n s t i t u e n t s  i n  water. The 

r e l a t i o n s h i p  between rock changes and l i t h o l o g y  should be i d e n t i f i e d .  
Approach. As w i t h  o t h e r  tasks ( t a s k s  3.2.1, 3.2.2), t h i s  task should 

be approached c h i e f l y  through analog s tud ies  ( igneous i n t r u s i v e s ,  

d iagenesis)  and exper imental  means. A f a i r l y  large-scale d r i l l i n g  program 
may be needed t o  ensure adequate sampling. 

P r i o r i t y .  Th is  i s  a m e d i u m - p r i o r i t y  task .  

E f f o r t .  A l e v e l  1 e f f o r t  i s  requ i red  f o r  analog s tud ies ;  t h e  d r i l l i n g  

represents an added e f f o r t ;  a l e v e l  3 e f f o r t  i s  requ i red  f o r  

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

3.3 LT-F-ECTS ON WAT€RS 

3.3.1 O v e r a l l  Composit ion 

J u s t i f i c a t i o n .  The o v e r a l l  composi t ion o f  t h e  water w i l l  be a f f e c t e d  
by waste emplacement ( t a s k  3.2), because minera ls  and organic  m a t t e r  i n  t h e  

rock w i l l  be d i s s o l v e d  and w i l l  change t h e  water  chemistry.  I n  a d d i t i o n ,  
gases may be produced i n  t h e  r a d i a t i o n  f i e l d ,  thus a l t e r i n g  t h e  water  
composi t ion.  These changes i n  composi t ion may r e s u l t  i n  increased 
degradat ion o f  t h e  waste package and increased radioelement m o b i l i t y .  

Qgroach. I n i t i a l  c a l c u l a t i o n s  can be made f o r  changes i n  water  
chemist ry  due Lo thermal d i s s o l u t i o n  and a l t e r a t i o n  o f  rocks based on 
exper imental  work and geochemical modeling. Because l i t t l e  i n f o r m a t i o n  
e x i s t s  on r a d i a t i o n  e f f e c t s ,  an exper imental  approach must be used. 
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P r i o r i t y .  Th is  i s  a medium-,h igh-pr ior i ty  task.  

E f f o r t .  Th is  task  w i l l  r e q u i r e  a l e v e l  4 e f f o r t .  

3.3,2 Redox and Complexinq P o t e n t i a l s  

J u s t i f i c a t i o n .  This  task  is d i r e c t l y  r e l a t e d  t o  t h e  task  on the  

changes i n  o v e r a l l  composi t ion o f  waters ( t a s k  3.3.1). The redox and 
complexing p o t e n t i a l s  a r e  s u f f i c i e n t l y  important,  however, t o  be addressed 

as a separate task .  The n e a r - f i e l d  r e p o s i t o r y  waters presumably w i l l  be 

o x i c  (a l though t h  s i s  n o t  e n t i r e l y  c e r t a i n ) ;  thus some elements t h a t  a r e  
normal ly  immobile may be mob i l i zed  by o x i d a t i o n  and fo rmat ion  o f  more 
s o l u b l e  species.  The ex ten t  o f  these n e a r - f i e l d  e f f e c t s  i n t o  the  f a r  f i e l d  

must be addressed. 

Approach. An exper imental  approach coupled w i t h  geochemical model ing 

i s  recommended. 

P r i o r i t y .  Th is  i s  a medium-pr ior i ty  t ask .  
E f f o r t ,  Th is  w i l l  r e q u i r e  a l e v e l  4 e f f o r t .  

3 . 4  EFFECTS ON THE WATER-ROCK-WASTE SYSTEM 

3.4.1 Chemistry 

J u s t i f i c a t i o n .  Water chemist ry  i n  deep shales may be changed a b r u p t l y  
by a d d i t i o n  o f  so lub le  m a t e r i a l  and p a r t i c u l a t e  ma t te r  f rom the  radwaste 

package. The amounts o f  these a d d i t i v e s  can p o s s i b l y  be est imated from 
near- f  i e l d  budget c a l c u l a t i o n s ,  b u t  how t h e  i n t e r a c t i o n s  w i  11 occur i s  
unknown. 

Approach. Laboratory  experiments, backed by c a l c u l a t i o n s  and modeling, 

P r i o r i t y .  Th is  i s  a med ium-pr io r i t y  i tem. 
E f f o r t .  Th is  w i l l  r e q u i r e  a l e v e l  4 e f f o r t .  

should be used t o  address t h i s  task .  

3.4.2 Redox 

J u s t i f i c a t i o n .  The redox na ture  o f  shale water  i n  t h e  n e a r - f i e l d  
water  presumably w i l l  be more o x i d i z i n g  than ambient shale water.  Th is  w i l l  
r e s u l t  i n  g rea te r  m o b i l i t y  o f  some species i n  t h i s  mixed zone. However, as 
t h e  r a t i o  o f  shale water  t o  contaminated water  increases,  t h e  redox 
p o t e n t i a l  w i l l  again decrease. 
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Approach. Laboratory experimentation should be carried out to attempt 

Priority. This is a medium-high-priority task. 
-I__ Effort. This will require a level 4 effort. 

to predict mobilities. Analog information m y  also be useful here. 

3 . 4 . 3  Complexation Potential 

Justification. A potentially serious effect of  the waste-water 
interaction will be the potential to form new, and possibly quite soluble, 
complexes of radioelements, The nature and reactivity of  such complexes are 
not known. 

Approach. Laboratory study must be undertaken to address this 
problem. The results should be interpreted in terms of theoretical 
considerations, coupled with studies of older hydrothermal shale-water-waste 
systems - 

I Priority. This is a medium-high-priority task. 
Effort, This will require a level 4 effort. 

3.4 .4  Rock-Water-Waste Interaction 

Justification. The interaction of waste-derived constituents with the 

shale water system will be complex. An understanding of these interactions 
is critical to be able t o  predict the degree of  mobility o r  retention of the 
key radioelements. A combination of  items (tasks 2.4,  3.2, 3.3, 3 .4 ,  3 .4 .2 ,  
3 . 4 . 3 )  presented above wi 11 be requi red. 

Approach. A series of detailed experiments should be required, which 
will involve reactions in the waste-shale-water system under simulated 
natural conditions (i.e., varying pH, redox, 1 ) .  Experiments will be 
designed to address many factors, including: 
1. for waters: speciation, complexes, redox, composition, colloids, and 

2. for solids: sorption, surface phases, retardation, ion exchange, 

Sone natural analog studies may be of importance here as well. 

mobility, and 

precipitation, redox, and other factors 

Priority. - This is a high-priority task. 
E f f o r t .  This will require a level 4 effort. 
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3.5 EFFECT ON RADIOELEflENT GEOCHEMISTRY 

3.5.1 S o l u b i l i t y  

J u s t i f i c a t i o n .  The e f f e c t  o f  waste emplacement on t h e  s o l u b i l i t y  o f  

shale and s o l u b i l i t y  o f  waste m a t e r i a l s  may be s i g n i f i c a n t .  Due t o  the 
complex, l o c a l l y  (presumably) o x i d i z i n g  reac t i ons  o f  the n e a r - f i e l d  

environment, i t  i s  expected t h a t  the  s o l u b i l i t y  o f  many s o l i d  phases i n  both 

rock and waste may increase.  Both Eh and pH w i l l  be a f fec ted ,  and lower  
( b u t  w ide l y  v a r i a b l e )  pH and l o c a l l y  h igh  Eh w i l l  increase s o l u b i l i t y  f o r  

many phases. 
Approach. Care fu l  m inera log ic  c h a r a c t e r i z a t i o n  o f  t h e  shales (see 

tasks  1.1.1 and 2-21, coupled w i t h  d e t a i l e d  Charac te r i za t i on  o f  t he  phases 
present  and p red ic ted  t o  form as a f u n c t i o n  o f  Eh, pH, and k i n e t i c  

cons idera t ions ,  must be es tab l i shed.  Natura l  analogs and se lec ted  
hydrothermal experiments; on shale-waste i n t e r a c t i o n s  should be c a r r i e d  out .  

P r i o r i t y .  Th is  i s  a medium- t o  h i g h - p r i o r i t y  task .  

E f f o r t .  Th is  task  w i l l  r e q u i r e  a l e v e l  3 e f f o r t .  

3.5.2 Spec ia t ion  

J u s t i f i c a t i o n .  The e f f e c t  of waste emplacement w i l l  cause many complex 
reac t i ons  i n  the  near f i e l d ,  i n c l u d i n g  format ion o f  complex species due t o  

combined redox, pH, and concen t ra t i on  e f f e c t s .  Because many o f  t h e  complex 
species may, i n  some cases, a f f e c t  s o l u b i l i t y  o r  removal o f  species from 

s o l u t i o n ,  p r e d i c t i o n  o f  the number o f  species, t h e i r  i n d i v i d u a l  

c h a r a c t e r i s t i c s ,  and t h e i r  s t a b i l i t y  must be attempted. This  w i l l  be a 

l a r g e  and impor tan t  p r o j e c t .  
Approach. The e x i s t i n g  l i t e r a t u r e  on hydrothermal experiments on waste 

fom-sha le -wa te r  should be summarized f o r  t h e  var ious radioelement species.  

An at tempt  t o  summarize the ex tens ive  geothermal systems waters f o r  t he  same 
purpose may be h e l p f u l .  

P r i o r i t y .  
E f f o r t .  Th is  e f f o r t  w i l l  r e q u i r e  a l e v e l  3 e f f o r t .  

Th is  i s  a medium-high-pr ior i ty  task .  



J u s t i f i c a t i o n .  The m o b i l i t y  o f  key radioelements i s  dependent on 
s o l u b i l i t y  o f  t h e  var ious  phases o f  each element, aqueous species,  redax--pH 
cond i t ions ,  t h e  a b i l i t y  o f  t h e  species t o  be sorbed o r  exchanged on to  t h e  
ava’ l lab le  s o l i d s ,  as w e l l  as o t h e r  f a c t o r s .  These numeroiis f a c t o r s  m u s t  be 
i d e n t i f i e d .  

Approach. A su a r y  o f  e x i s t i n g  l a b o r a t o r y  Batin f rom hydrothermal 
experiments d e a l i n g  w i t h  waste form-water-shale should be made, as w e l l  as 

data f rom r e l a t e d  exper imentat ion t h a t  may be a p p l i c a b l e .  Natura l  analogs 

may $e u s e f u l  here as w e l l ,  a l though o n l y  gross m o b i l i t y  may be obtained. 

More r e f i n e d  l a b o r a t o r y  s tud ies  should be considered t o  t e s t  m o b i l i t y  under 

s imulated shale-waste-water c o n d i t i o n s .  

P r i o r i t y .  Th is  i s  a medium-pr ior i ty  t a s k .  
Ef fort . .  Review o f  d a t a  and analog s tud ies  w i l l  r e q u i r e  a l e v e l  1 

e f f o r t ;  l a b o r a t o r y  s tud ies  w i l l  r e q u i r e  a l e v e l  4 e f f o r t .  

3.5.4 Retardat- 

J u s t i f i c a t i o n .  Retarddtion o f  radioelements ay be d i f f e r e n t  i n  t h e  

near f i e l d  than i n  t h e  f a r  f i e l d .  Although severa l  f a c t o r s  may promote 
m o b i l i t y  (see t a s k  3.5.3), numerous f a c t o r s  may pt-om~te r e t a r d a t i o n .  F i l m s  

o f  sur face  oxyhydroxides, f o r  example, may serve as e x c e l l e n t  g e t t e r s  f o r  
a c t i n i d e s  and some o t h e r  elements. Fur ther ,  some h igh-va lence a c t i n i d e s  may 
be f i x e d  i n  i n s o l u b l e  phases i n  t h e  near  f i e l d  and i n  nearby zones.. ( e . g . ,  

hOltwOQdite), and i o n  exchange and s o r p t i o n  may remove some as w e l l .  It i s  
impor tan t  t o  c h a r a c t e r i z e  these processes s y s t e m a t i c a l l y .  

Approach. More r e f i n e d  exper imentat ion on radioelement r e t a r d a t i o n  i n  
t h e  waste-shale-water environment must be undertaken ( i .e . ,  scanning and 
t ransmiss ion  e l e c t r o n  microscopy, and autoradiography)  as we1 1 as a 

summation o f  t h e  e x i s t i n g  l i t e r a t u r e  i n  t h i s  area. Natura l  analogs may be 

u s e f u l  here, e s p e c i a l l y  f o r  cases  here ac t in ides ,  a re  r e t a i n e d  i n  veins,  on 
oxyhydroxide coat ings,  and on minera l  surfaces. A summary o f  ways i n  which 
r e t a r d a t i o n  f a c t o r s  can a f f e c t  m o b i l i t y  should be made. 

P r i o r i t y .  T h i s  i s  a medium-hBgh- t o  h i g h - p r i o r i t y  task.  

111-- E f f o r t .  l h i s  task  w i l l  r e q u i r e  a l e v e l  4 e f f o r t ,  
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3.6 OTHER EFFECTS 

3.6.1 A i r  E f fec t ( s )  on Hear-Field Geochemistrv 

J u s t i f i c a t i o n -  A i r  w i l l  be present i n  the  repos i to ry  u n t i l  w e l l  a f t e r  

closure. TRis a i r  w i l l  be i n  contact  w i t h  the  shale, shale water, and the  
waste package. In waters, t he  e f f e c t  w i l l  be t o  r a i s e  %Re redox po ten t i a l ,  

and the  same e f f e c t  w i l l  occur i n  the  shale exposed t o  a i r .  Some pa r t s  o f  
t he  waste package w i l l  be ox id ized  by the  a i r .  The o v e r a l l  e f f e c t  i s  f o r  

more ( l o c a l l y )  o x i d i z i n g  condi t ions,  which i n  t u r n  w i l l  complement 
r a d i o l y t i c  and o ther  waste-uater reac t i on  e f fec ts .  The combined e f f e c t  o f  
these processes i s  n o t  known. 

A ser ies o f  experiments dea l ing  w i t h  d i f f e r e n t  f02-pH-T t o  

i nves t i ga te  the  e f f e c t  o f  a i r  should be designed. fu r the r ,  these 
experiments should be aimed a t  determining the  e f f e c t  o f  r a p i d l y  decreasing 

f02 away from the  near f i e l d .  Stable oxygen isotopes should be used for 

cont ro l ,  coupled w i t h  s e n s i t i v e  geochemical t racers .  Same na tu ra l  analogs, 

such as uranium-vein occurrences, may be important as we l l .  
P r i o r i t y .  
E f f o r t .  This task  w i l l  r equ i re  a l e v e l  2 e f f o r t .  

Approach. 

This i s  a medium-pr ior i ty task.  

3.6.2 Trans i t i on  from Pre- t o  Postclosure 

J u s t i f i c a t i o n .  With t ime, t he  a i r  i n  the  repos i to ry  w i l l  become oxygen 
d e f i c i e n t .  As t h i s  occurs, t he  redox condi t ions w i l l  become more reducing, 

and the  react ions promoted by a h igher  f02  w i l l  change. A ser ies  o f  
react ions r e f l e c t i n g  these new condi t ions may r e s u l t ,  and it i s  important t o  

charac ter ize  them. 

Approach. Laboratory s tud ies t o  supplement those recumended above 
( task  3.6.1) wi th  decreasing f02 should be c a r r i e d  out.  Furthemtore, a 
ser ies  o f  t h e o r e t i c a l  p a r t i a l  fugaci ty-concentrat ion diagrams f o r  t he  

radioelements (and o ther  elements of i n t e r e s t )  should be ca lcu la ted  and 
cross checked w i t h  the  experimental and f i e l d  data. 

P r i o r i t y .  This i s  a medium-pr ior i ty task.  
E f f o r t .  This task w i l l  r equ i re  a l e v e l  2 e f f o r t .  





1. 
2. 
3 .  
4. 
5. 
6 .  
7. 
8 .  
9. 

10. 
11. 
1 2 .  
1 3 .  
14. 
1 5 .  
16.  
17. 
18. 
19" 
20. 
21. 
22. 
23. 
24. 

25-29. 
30. 
31. 
32. 
33. 
34. 
35 * 
36. 
3 7 .  

40. 
41. 

38-39. 

57 

ORNL/TM -9865 

INTERNAL DISTRIBUTIOM 

W .  D. Arnold 
3 .  G. Blencoe 
D. R.  Cole 
A. G. Crof f  
N. H. Cutshal l  
S. E. Drummond 
L.  H. F e r r i s  
C. W. Francis 
C. S .  Haase 
P. 6 .  Ho 
G. K .  Jacobs 
A. 0. Kelmers 
R. ti. K e t e l l e  
S .  Y. Lee 
1. F. Lomenick 
R. S. Lowrie 
R. E .  Mesmer 
R. E .  Meyer 
C. R. Olsen 
0. A. Palmer 
D. E. Reichle 
T. H. Row 
E. D. Smith 
81. P. Spalding 
S. H. Stow 
L .  E. Toran 
V.  S .  T r i p a t h i  
R. R. Turner 
#. L. Von Dam 
S. K. Mhat ley 
R .  G. Wymer 
Central  Research L i b r a r y  
Document Reference Sect ion 
Laboratory Records Department 
Laboratory Records, RC 
ORNL Patent O f f i c e  

EXTERNAL DISTRIBUTION 

DOE-ORO, P. 0, Box E ,  Oak Ridge, TIY 37831 

42. O f f i c e  o f  Ass is tan t  Manager f o r  Energy Research and Development 



58 

DOE-Office of  Civilian Radioactive Waste Wanagement, 1000 Independence 
Avenue, Skl, Washington, DC 20585 

43. Donald Alexander 
44. C. R .  Cooley 
45. A .  J. Jelacic 
46. C. Klingsberg 
47. S .  Kale 
48. R .  Stein 

DOE-CHO, 9800 S .  Cas5 Avenue, Chicago, I L  60439 

49. R .  Baker 
58.  J .  Kasprowicz 
51.  S .  Hann 

Battelle Memorial Institute, Office of  Nuclear Waste Isolation, 505 King 
Avenue. Columbus, OH 43201 

52. P. Cloke 
53. J .  Moody 
54. 6 .  Stirewalt 

Berkeley Hydrotechnique, Inc., 2150 Shattuck Ave., Berkeley, CA 94704 

55. 5. Y .  Kanehiro 

Earth Sciences Division, Lawrence Berkeley Laboratory, One Cyclotron Road, 
Berkeley, CA 94720 

56. b.  Weyer 
57. P. A .  Witherspoon 

Los Alarnos National Laboratory, Earth and Space Sciences Division, 
Los Alamos, NH 87545 

58. 0 .  L.  Bish 

RE/SPEC, Inc., P. 0 .  Box 725, Rapid City, SD 57701 

5 9 .  A .  Fossom 
60. P .  F .  Gnirk 
61. K .  Johnson 
62. H. Loken 
63. J .  L. Ratigan 

Center For Tectonophysics, Texas A&H University, College Station, TX 77843 

64. N. Carter 
65. P. A. Domenico 
6 6 .  J .  E .  Russell 



59 

Sandia Nat ional  Laborator ies,  P. 0. Box 5800, Albuquerque, NM 87185 

67. 3. Krumhansl 
68. S .  J .  Lambert 

Roy F. Weston, Inc., 2301 Research Boulevard, Rockv i l le ,  MD 20850 

69. W .  C. McClain 

10. Ernest E. Angino, Department o f  Geology, U n i v e r s i t y  o f  Kansas, 
Lawrence, KS 66045 

71. C o l i n  Barker, Department o f  Geosciences, U n i v e r s i t y  o f  Tulsa, 
Tulsa, OK 74104 

72-81. D. G. Brookins, 3410 Groman CT., N. E. Albuquerque, NM 87110 

82. 3 .  Thomas Callahan, Associate Di rector ,  Ecosystem Studies Program, 
Room 336, 1800 G Street ,  NW, Nat ional  Science Foundation, 
Washington, DC 20550 

82. Sambhudas Chaudhuri, Department o f  Geology, Kansas State 
Un ivers i ty ,  Thompson Ha l l ,  Manhattan, KS 66506 

83. Ray E. F e r r e l l ,  Department o f  Geology, Louisiana State Un ivers i ty ,  
Saton Rouge, LA 70803 

84. G. 3. Foley, O f f i c e  o f  Environmental Process and E f f e c t s  Research, 
U.S. Environmental Pro tec t ion  Agency, 401 H Street ,  SW, RD-682, 
Washington, DC 20460 

85. C. R. Goldman, Professor o f  l imnology, D i r e c t o r  o f  Tahoe Research 
Group, D i v i s i o n  o f  Environmental Studies, U n i v e r s i t y  o f  C a l i f o r n i a ,  
Davis, CA 94616 

86. Serge Gonzales, Ear th  Resource Associates, Inc., 295 E .  Dougherty 
St reet ,  S u i t e  105, Athens, GA 30601. 

87. J .  W .  Huckabee, Manager, Ecological  Studies Program, E l e c t r i c  Power 
Research I n s t i t u t e ,  3412 H i l l v i e w  Avenue, P. 0. Box 10412, 
Palo A l to ,  CA 94303 

88. I(. S .  Johnson, Earth Resource Associates, 1321 Greenbriar Dr ive,  
Norman, OK 73069 

89. George Y. Jordy, D i rec to r ,  O f f i c e  o f  Program Analysis, O f f i c e  o f  
Energy Research, ER-30, 6-226, U.S. Department o f  Energy, 
Washington, OC 20545 

90. Sr idhar  Komarneni, Department o f  Geosciences, Pennsylvania State 
Un ivers i ty ,  U n i v e r s i t y  Park, PA 16802 



60 

91. Konrad B. Krauskopf, Department o f  App l ied  Ear th  Sciences, S tan fo rd  
U n i v e r s i t y ,  Stanford,  CA 93405 

92. Abraham Lermn,  Department o f  Geo log ica l  Sciences, Northwestern 
U n i v e r s i t y ,  Evanston, 1L 60201 

93. K. Ba r ry  Maynard, Department o f  Geology, U n i v e r s i t y  o f  C i n c i n n a t i ,  
C inc inna t i ,  OH 45221 

94. Helen McCamon, D i r e c t o r ,  Eco log i ca l  Research D i v i s i o n ,  O f f i c e  o f  
Hea l th  and Environmental Research, O f f i c e  o f  Energy Research, 
HS--E201, ER-75, Room E-233, Department o f  Energy, Washington, DC 
20545 

95. #. C. Monaghan, Department of Geophysical Sciences, U n i v e r s i t y  o f  
Chicago, Chicago, I L  60637 

96. Frank L. Parker, Vanderb i l t  U n i v e r s i t y ,  Nashv i l l e ,  TN 37203 

97. 7. Pig ford ,  Department o f  Nuclear Engineering, Col lege o f  
Engineering, U n i v e r s i t y  o f  C a l i f o r n i a ,  Berkeley, CA 94720 

98.  Paul Po t te r ,  Department o f  Geology, U n i v e r s i t y  o f  C i n c i n n a t i ,  
C i n c i n n a t i ,  OH 45221 

99. Danny Rye, Department o f  Geology and Geophysics, ;Yale U n i v e r s i t y ,  
New Haven, CT 06511 

100. H. W. Smedes, 1126 Buehler D r . ,  Las Vegas, NV 89102 

101. R .  J .  Stern, D i r e c t o r ,  O f f i c e  o f  Environmental Compliance, HS 
PE-25, F o r r e s t a l ,  U.S. Department o f  Energy, 1000 Independence 
Avenue, SW, Washington, DC 20585 

102. Ronald K. S toesse l l ,  Department o f  Ea r th  Sciences, U n i v e r s i t y  o f  
New Orleans, New Orleans, LA 70148 

103. K a r l  K. Turekian. Department o f  Geology & Geophysics, K l i n e  Geology 
Laboratory,  Box 6666, New Haven, Cl 06511 

104 Leonard H.  Weinstein, Program D i r e c t o r  o f  Environmental S io logy ,  
Cornel1 U n i v e r s i t y ,  Boyce Thompson I n s t i t u t e  f o r  P lan t  Research, 
I thaca,  NY 14853 

105. Gene Whitney, U. S .  Geological  Survey, Federal Center, B u i l d i n g  25, 
Denver, CO 80225 

106. Raymond G. Wilhour, Chief ,  A i r  P o l l u t i o n  E f f e c t s  Branch, C o r v a l l i s  
Environmental Research Laboratory, U.S. Environmental P r o t e c t i o n  
Agency, 200 SW 35th S t r e e t ,  C o r v a l l i s ,  Of? 97330 



107. Frank J .  Wobber, Ecological  Research D i v b i o n ,  Office o f  Heal th  and 
f n v i  ronmental Research, Of f ice  of Energy Research, MS-E201, 
Department o f  Energy, Washington, OC 20545 

108. H. Gordon Wolman, The Johns Hopkins Un ivers i ty ,  Department o f  
Geography and Environmental Engineering, Balt imore,  HD 21218 

109-238. Technical In format ion Center, Oak Ridge, TN 37831 




