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ABSTRACT 

' Sha le  f r a c t u r i n g  is  a p roces s  c u r r e n t l y  be ing  used a t  t h e  Oak 
Ridge Na t iona l  Labora tory  f o r  t h e  permanent d i s p o s a l  of l oca l ly  
genera ted  was t e  ~ o l u t i o n s .  I n  t h i s  p roces s ,  t h e  was t e  is mixed 
w i t h  a s o l i d s  b lend  of cement and o t h e r  a d d i t i v e s ;  t h e  r e s u l t i n g  
g r o u t  is then  i n j e c t e d  i n t o  a n  impermeable s h a l e  format ion  a t  a 
dep th  of 700 t o  1000 f t .  A d e s c ~ i p t i o n  of t h e  p roces s ,  t h e  moni- 
t o r i n g  techniques  t h a t  have been developed, t h e  l e a c h  r a t e s  t h a t  
have been observed,  and some c o n s i d e r a t i o n s  of t h e  impact on t h e  
environment are d i scussed .  . 
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S h a l e  f r a c t u r i n g  is  a p roces s  c u r r e n t l y  be ing  used a t  t h e  Oak 
' 

Ridge Na t iona l  Labora tory  f o r  t h e  permanent d i s p o s a l  of l o c a l l y  
genera ted  in t e rmed ia t e - l eve l  was te  s o l u t i o n s .  These s o l u t i o n s  a r e .  
a l k a l i n e ,  c d n t a i n  about  1 g  NaN03, and have a r a d i o n u c l i d e  c o n t e n t  
(predominant ly 1 3 7 ~ s )  of a b ~ u t  1 C i / g a l .  I n  t h i s  p roces s ,  t h e  was t e  
s o l u t i o n  is  mixed w i t h  a s o l i d s  b lend  of cement and o t h e r  a d d i t i v e s ;  
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t he  r e su l t ing  grout i s  then injected i n t o  an impermeable shale  for- 
mation a t  a depth of 700 t o  1000 f t  (200 t o  300 m), wel l  below the  
l e v e l  a t  which groundwater is encountered. During the course of the 
in jec t ion ,  the  grout forms a thin,  approximately horizontal  grout 
sheet t h a t  measures sever'al hundred f e e t  across. A few hours a f t e r  
the i n i ec t ion  has been completed, the  grout s e t s  and thus permanently --.- - - 
f ixes  the  radioact ive waste i n  the sha le  formation. 

The process was developed i n  a s e r i e s  of experiments conducted 
between 1959 and 1965. The experimental f a c i l i t y  was modified i n  
1966 fo r  the  rout ine disposal of intermediate-level waste solut ions 
generated a t  ORNL. Since then, t h i s  f a c i l i t y  has been used fo r  17 
operational inject ions.  More than 2 mil l ion gal  of waste grout con- 
ta ining over 600,000 C i  of radionuclides have bccn injected. There 
have been some operational problems, but most have been comparatively 
minor and none have been t ru ly  serious; the  general experience has 

-been qu i t e  good (1). - 
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i Each i n j e c t i o n  disposes  of approximately l . y e a r l s  accumulation 
I 
: of waste s o l u t i o n .  P r i o r  t o  t h e  i n j e c t i o n ,  t h e  waste s o l u t i o n  is  

pumped t o  t h e  waste s t o r a g e  tanks a t  t h e  i n j e c t i o n  s i t e .  The dry 
: s o l i i s  a r e  blended and s t o r e d  i n  b ins  a t  the  i n j e c t i o n  f a c i l i t y .  
!Dur ing t h e  i n j e c t i o n ,  t h e  waste s o l u t i o n  i s  pumped t o  t h e  mixer, 
: continuously mixed,with t h e  preblended s o l i d s ,  and then discharged 
i i n t o  t h e  s u r g e  tank. From t h e  surge  tank,  t h e  grout  is pumped down 
I t h e  tubing s t r i n g  i n  t h e  i n j e c t i o n  w e l l  a& ou t  i n t o  t h e  s h a l e  for-  
.mat ion.  The i n j e c t i o n  p ressure  i s  about 3000 p s i .  The normal grout  

i n j e c t i o n  r a t e  is  about 250 gallmin; an  i n j e c t i o n  requ i res  about 
; 8  h r  to complete. 

The rock formations underlying t h e  f r a c t u r i n g  s i t e  a r e  bedded 
. . s h a l e  which extend t o  a  depth of about 1000 it. Beneath t h e  s h a l e  
; i s  a  bed of dense sandstone.  A l l  i n j e c t i o n s  have been made i n t o  
t h e  lower p a r t  of the  s h a l e  beds. No c i r c u l a t i n g  groundwater has 
. b e e n  observed a t  a  depth g r e a t e r  than 150 f t ,  and s e v e r a l  o ther  f ind- 
ings  ( d e t a i l e d  core  examinations, t h e  presence of s a l t  and gas i n  
t h e  s h a l e ,  e t c . )  suppor t  thi's observation.  A two-part t e s t  proce-. 

, d u r e  has been developed t o  v e r i f y  t h e  absence of any s i g n i f i c a n t  
communication between t h e  d i sposa l  zone and t h e  su r face .  A t e s t  
i n j e c t i o n  i s  made wi th  water ,  and t h e  r a t e  of t h e  subsequent pres- 

' s u r e  decay is  noted; a  slow r a t e  of decay i n d i c a t e s  t h e  absence of 
' s u r f a c e  --- communication. A grout  t e s t  i n j e c t i o n  is made and t h e  f rac-  
t u r e  o r i e n t a t i o n  i s  determined; t h e  ex i s t ence  of a  h o r i z o n t a l  f r ac -  . 
t u r e  i n d i c a t e s  t h a t  t h e  formation f r a c t u r e s  p r e f e r e n t i a l l y  i n  t h i s  

' o r i e n t a t i o n  and t h a t  t h e  subsequent i n j e c t i o n s  w i l l  remain wi th in  
. t h e  d i s p o s a l  zone. 

The s o l i d s  blend developed f o r  t h i s  process c o n s i s t s  of Port land 
cement, f l y  ash ,  d r i l l i n g  c lay ,  po t t e ry  c lay ,  and a  r e t a r d e r .  The 

' r e t a r d e r  delays  t h e  s e t t i n g  time of t h e  g rou t ,  t h e  po t t e ry  c lay  f i x e s '  . ' 

.cesium, t h e  d r i l l i n g  c l a y  r e t a i n s  excess w a t e r , . t h e  f l y  ash f i x e s  
: s t ront ium,  and t h e  cement serves  a s  t h e  o v e r a l l  b inder .  

1 
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The l e a c h  r a t e s  of radionucl ides  from a  s e t  grout  a r e  q u i t e  i 
, l o w  ( i . e . ,  approximately e q u i v a l e n t ' t o  those from a  b o r o s i l i c a t e  
' g l a s s ) .  The l each  behavior of t h e  set grout  has been determined f o r  
'cesium, s t ron t ium,  plutonium, and curium (2) .  A modif ica t ion of t h e  
proposed IAEA test method was used i n  these  s t u d i e s .  The leach r a t e s  
were found t o  be  d i f f u s i o n  con t ro l l ed  and followed t h e  r e l a t i o n s h i p :  

where 
- 
an i s  t h e  f r a c t i o n  of t h e  rad ionuc l ide  leached i n  time tn (sec) ; 
E . - - - ,__ _,_ _ _ _  _ _  _._. _^ -..-. L .- . - .. .. . --- . -. - 



- .--.- v is t h e  specimen volume, cm3 ; - - . .- . - - 
. , 

I s is t5e s u r f a c e  area exposed t o  l each ing ,  cm2; and 

De is a d i f f u s i o n  c o e f f i c i e n t ,  cm2/sec. 

abserved  v a l u e s  of t h e  d i f f u s i o n  c o e f f i c i e n t  f o r  cesium leached 
from g r o u t s  c o n t a i n i n g  one of t h e  b e t t e r  cesium f i x e r s ' w e r e  between 
10-l2 and 10- l4  cm2/sec. A t y p i c a l  d i f f u s i o n  c o e f f i c i e n t  f o r  s t r o n -  
tiv.m was 5 x 10-12; c o e f f i c i e n t s  f o r  curium and plutonium were ap- 

' proximate ly  10-I and 10-17, r e s p e c t i v e l y .  

I The i n j e c t i o n  p r e s s u r e  and t h e  r a d i a t i o n  exposure of t h e  oper- 
f a t i n g  crew a r e  r e g u l a r l y  monitored du r ing  each i n j e c t i o n .  A few days 
1 a f t e r  the- i n j e c t i o n ,  t h e  o r i e n t a t i o n  of t h e  g r o u t  s h e e t  is determined 

by logg ing  t h e  network of o b s e r v a t i o n  w e l l s  which sur rounds  t h e  fa -  
. i c i l i t y .  A f t e r  s e v e r a l  i n j e c t i o n s  have been completed, t h e  cumulat ive 

s u r f a c e  u p l i f t  around t h e  i n j e c t i o n  w e l l  i s  determined and t h e  con- 
t i n u e d  impermeabi l i ty  of t h e  s h a l e  ove r ly ing  t h e  d i s p o s a l  zone is 

: v e r i f i e d .  1 
! ! .  

. . The e s s e n t i a l  f e a t u r e  of t h e  s h a l e  f r a c t u r i n g  p roces s  is ..the 
i f i x a t i o n  of t h e  r a d i o n u c l i d e s  i n  a  g e o l o g i c a l  format ion  t h a t  is 

known t o  b e  i s o l a t e d  from c o n t a c t  w i t h  t h e  s u r f a c e  environment.  The 
-process  a l s o  has  some a d d i t i o n a l  f e a t u r e s  t h a t  would p rov ide  cont in-  
ued containment  of t h e  r a d i o n u c l i d e s  even i f  t h e  i s o l a t i o n  of t h e  

: d i s p o s a l  format ion  were l o s t .  For example, t h e  l e a c h  r a t e s  of s i g -  
: n i f i c a n t  r a d i o n u c l i d e s  from t h e  s e t  g rou t  are q u i t e  low. I n  a d d i t i o n ,  
1 .  any r a d i o n u c l i d e s  t h a t  might b e  leached  from a g r o u t  s h e e t  would be 

. . ' r e t a i n e d  i n  t h e  d i s p o s a l  zone by t h e  h igh  i.on exchange c a p a c i t y  of 
t h e  s h a l e .  The re fo re ,  t h i s  p roces s  o f f e r s  a n  e x c e p t i o n s l l y  f a v o r a b l e  

. approach t o  permanent d i s p o s a l  of r a d i o a c t i v e  was tes .  

. . 
A new s h a l e  f r a c t u r i n g  f a c i l i t y  i s  be ing  designed and b u i l t .  

' Thi s  new f a c i l i t y  w i l l  have improved s h i e i d i n g  and containment s o  
t h a t  was t e s  of h i g h e r  s p e c i f i c  a c t i v i t y  can  be handled. Process  
i n s t r u m e n t a t i o n  and t h e  d ry  s o l i d s  h a n d l i n g  equipment w i l l  a l s o  b e  
improved. 
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