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Waste Package 
Chemistry and 

N e a r - F i e l d  
Mineralogy 

This task def ines the chemica l  cond i l i ons  lhe was le  package 
m ig l i l  exper ience  

Th is  i n f o r m a t i o n  is r e q u i r e d  fo r  

• E v a l u a t i o n  of  c a n d i d a t e  c o n t a i n e r  m a t e r i a l s  

• G e n e r a t i o n  of  s o u r c e  te rm 

- Sa t i s fy ing  regu la io ry  requ i ren len ls  



Organization 

A m b i e n t  c o n d i t i o n s  

• Waler  c h e m i s l r y  

Pe r tu rbed  c o n d i t i o n s  

- Types  of p r o c e s s e s  

• Eva lua t ion  of p r o c e s s e s  

M o d e l i n g  A c l i v i l i e s  

S u m m a r y  



Ambient Conditions Affecting 
Chemical  Environment  

the 

• U n s a t u r a t e d  

• S l i gh t l y  o x i d i z i n g  

o Gas phase is p r imar i l y  air 

• Vadose water  c o m p o s i t i o n  u n k n o w n  but mus t  
app roach  equ i l i b r i um  wi th  Tp! 



Chemical (mg/I) Composition 

I_.i 
- o  

N;l 

J - 1 3 '  
0.04 - 0.17 

4 2 -  5(-) 
3 . 7 - 6 . 6  

E x t r a c t e d  
p o r e  w a l e r * *  

. . . .  : - 6 5  . . . . . . . .  

5 - 1 5  
.M_g 1 .7-  2.5 5 -  21 
Ca 11 .5-  15 2 7 -  127 
Sr 0.02 - 0.1 0.55 - 1.5 
Fe <0.01 - 0.16 <0.003 - 0.118 
AI 0.008 - 0.11 
Si 26 .6 -  31.9 7 2 -  100 

6 .8 -  10.1 NO 3 
F 

CI 
HCO3 . . . .  
S O 4 ~  
pH 

1.7-  2.7 

118-  143 
17-  21 3 7 -  174 

6.8 - 8.3 

l a b l e s  4.1 arid 4.2, Harrar el al., 1988. 
Triaxial compress ion extract ions from 
LJnsnluraled t~itl, Yucca Mt., Yang et al., 1988. 



APPROXIMATE Eh-pH RANGES OF 
YUCCA MOUNTAIN WATERS 

(SHADED REGION) 
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R a d i o n u c l i d e B e h a v i o r  at E l e v a t e d  
T e m p e r a t u r e  
St ra tegy :  

• Es tab l i sh  nea r - f i e ld  f low and t r anspo r t  
p rope r t i es  

• Ident i fy  so lu t i on  compos i t i on  en te r i ng  and 
leav ing  con ta i ne r  
( I nc ludes  i n te rac t i ons  with co r ros ion  p roduc ts )  

° Estab l i sh  s o l u t i o n - r o c k  i n te rac t i on ,  and f low 
and t ranspor t  p rope r t i es  in nea r - f i e l d  for  
re leased  f lu id  

Requ i re :  

° Resul ts  of waste f o rm-wa te r  i n te rac t i on  
(in p rogress )  

° So rp t i on  and t r anspo r t  c h a r a c t e r i s t i c s  of 
nea r - f i e l d  i nco rpo ra ted  in code (in p rog ress )  

Wil l beg in  mode l ing  and e x p e r i m e n t a l / f i e l d  s tud ies  
when "in p rog ress "  work su f f i c i en t l y  a d v a n c e d .  



Conditions that Influence 
Environment after Waste 

Emplacement  

Chemical 
Package 

- Thermal peak ( - 2 4 0 ° C ) w i t h i n  
after emplacement fo l lowed by 
of years of coo ldown 

-40 years 
thousands  

• Vaporizat ion of water in rock near boreholes with 
development  of a saturat ion halo fo l lowed by s low 
rehyd ra t i on  

• Reaction products from radiolysis of moist  air/steam in 
prox imi ty  to borehole wall 

• Presence of man-made materials (concrete,  shotcrete,  
human bio logical  wastes, etc.) 



Assumptions Necessary 
Modeling of Long-Term 

to Conduct 
Behavior 

• C h e m i c a l  e q u i l i b r i u m  is 
no t  a t t a i n e d  

.'. Reac t  i on  ki net  i cs 

a p p r o a c h e d  

i m p o r  t ant  

bu t  

• T h e r m a l  s t a b i l i t y  of  m i n e r a l s  is a f u n c t i o n  
of c o m p o s i t i o n  

.'. S o l i d  s o l u t i o n  m o d e l s  m u s t  be a v a i l a b l e  

• I n t e r a c t i o n  of po re  w a t e r  w i t h  m a n - m a d e  
m a t e r i a l s  ( c o n c r e t e ,  p a i n t ,  h u m a n  b i o l o g i c a l  
w a s t e s ,  e tc . )  w i l l  m o d i f y  w a t e r  c o m p o s i t i o n  

. ' .  o n  E f f e c t s  of m a n - m a d e  m a t e r i a l s  

w at er - r  ock  i nt er ac t  i on  m u s t  be 
e s t a b l i s h e d  



ROCK-WATER INTEEACTIO_",- AT 150o C 
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Therma l  S tab i l i t y  of M i n e r a l s  

N e a r  f ie ld s tud ies  c o n c e r n e d  with high t e m p e r a t u r e  
range  (25°C~250°C)  at variable saturat ions 

Strategy:  

• E s t a b l i s h  c o m p o s i t i o n  i s o t h e r m s  and 
t h e r m o d y n a m i c  p r o p e r t i e s  

• C o m p a r e  r e s u l t s  wi th  l a b o r a t o r y  
e x p e r i m e n t s  at v a r i a b l e  t e m p e r a t u r e  
and wa te r  c h e m i s t r y  

• De f ine  s t a b i l i t y  f i e l d s  as a f u n c t i o n  of 
t e m p e r a t u r e ,  f l u i d  c o m p o s i t i o n  and rock 
m i n e r a l o g y  



THERMAL STABILITY OF 
MINERALS AT ELEVATED 

TEMPERATURES:  
AN EXAMPLE FROM THE 

C a O - A I 2 0 3 - S i O 2 - H 2 0  SYSTEM 
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Dissolution and 
Kinetics 

Precipitation 
Data 

Dissolution 
ALBITE* 
CRISTOBALITE* 
GIBBSITE 
HEULANDiTE 
KAOLINITE 
QUARTZ* 

pH 2-12 

TEMP 25Oc-240Oc 

Precipitation 
AMORPHOUS SILICA 
CRISTOBALITE 
QUARTZ 
KAOLINITE 



QUARTZ AND HEULANDITE (Si) 
DISSOLUTION RATES 
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APPROXIMATE Eh-pH RANGES OF 
YUCCA MOUNTAIN WATERS 

(SHADED REGION) 
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P A R A G E N E T I C  S E Q U E N C E S  
IN SIMULATED WATER-ROCK 
I N T E R A C T I O N S  (25 ° TO 90 ° C) 
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pH PROGRESS DURING SIMULATED 
WATER-ROCK INTERACTION 

(25 TO 9O0 C) 
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Summary 

React ion rates (k inet ics)  are be ing es tab l i shed  

• W a t e r - r o c k  

• D i s s o l u t i o n  p rec ip i t a t i on  

Thermal  s tab i l i t i es  of phases are be ing es tab l i shed  

• Sol id so lu t i on  

Ef fects of man-made 

mode ls  ~ _ ~  ~- ~ 

mater ia ls  wi l l  be de te rm ined  

Mode l ing  is p roceed ing  wi l l ]  avaii;Jble dala 

• Va l ida l ion  p lanned us ing lab, f ie ld,  and 
natura l  ana log sys tems 




