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A series of f o u r  i n j e c t i o n s  of i n t e r m e d i a t e  l eve l  
waste s o l u t i o n  was made d u r i n g  the f a l l  of 1972,  A t o t a l  
of 301,520 g a l  of waste s o l u t i o n  c o n t a i n i n g  100,200 C i  of 
r a d i o n u c l i d e s  w a s  i n j e c t e d ,  P r i o r  t o  t h i s  series o f  i n -  
j e c t i o n s  a l a r g e  volume of waste s o l u t i o n  had been accumu- 
l a t e d ,  The need t o  d i s p o s e  of t h i s  accumula t ion  o f  waste 
and t o  r e g a i n  o p e r a t i n g  f l e x i b i l i t y  i n  t h e  t a n k  farm l e d  
t o  t h e  s c h e d u l i n g  of t h e  i n j e c t i o n s  as close t o g e t h e r  as 
p r a c t i c a l  ( i . e . ,  about  t h r e e  weeks a p a r t )  

Several m o d i f i c a t i o n s  t o  t h e  shale f r a c t u r i n g  f ac i l -  
i t y  are scheduled  t o  b e  i n s t a l l e d  i n  1973, D e t a i l e d  i n f o r -  
mat ion on t h e  performance of t h e  e x i s t i n g  f a c i l i t y  was 
needed f o r  t h e  d e s i g n  of  t h e  proposed m o d i f i c a t i o n s ,  and 
a p a r t i c u l a r  e f f o r t  was made t o  o b t a i n  t h e s e  d a t a  from t h e  
1972 i n j e c t i o n s .  This r e p o r t  i s  an account  of  t h i s  i n j e c -  
t i o n  series - p r e p a r a t i o n s ,  i n j e c t i o n s ,  and r e s u l t s  and 
conclus ions .  A summary o f  t h e  volumes and a c t i v i t i e s  t h a t  
were i n j e c t e d  i s  g iven  below: 

V o l ,  of  Vole of Vo l .  of 
Waste Water Grout A c t i v i t y  

(Ci)  I n j e c t i o n  Date ( g a l )  ( g a l ) -  ( g a l )  

ILW-8 9-29-72 72,700 8,700 108,600 30,500 
ILW-9 10-17-72 68,300 7,300 114,000 24,000 
ILN-10 11-8-72 84,760 8,810 132 960 20,800 
ILW-11 12-5-72 75,760 6,345 125,490 24,900 

T o t a l s  301,520 31,155 481,050 100,200 

P r i o r  t o  t h e  f i r s t :  i n j e c t i o n  i n  t h e  series, two new 
o b s e r v a t i o n  wells were d r i l l e d  and cemented. Also,  a new 
survey  of benchmark e l e v a t i o n s  w a s  completed,  Po r t ions  
of t h e  h igh-pressure  p i p i n g  manifold were r e p l a c e d ,  and 
t h e  v a r i o u s  i n s t r u m e n t s  were c l e a r e d  and c a l i b r a t e d ,  
Arrangements were made t o  o b t a i n  seismic measurements 
d u r i n g  t h e  i n j e c t i o n  f o r  p o s s i b l e  c o r r e l a t i o n  w i t h  g r o u t  
s h e e t  o r i e n t a t i o n ,  Also,  s t r a i n  gages were mounted on 
t h e  weLlhead t o  o b t a i n  stress and d isp lacement  measure- 
men t s 

Analyses  of t h e  waste s o l u t i o n s  t o  be  i n j e c t e d  were 
o b t a i n e d ,  and s y n t h e t i c  mixes were p r e p a r e d  f o r  t e s t i n g  
w i t h  the S o l i d 5  blended f o r  t h e  i n j e c t i o n ,  It was found 
that  t h e  p r o p e r t i e s  of g r o u t s  made w i t h  plant-mixed s o l i d s  
were s i g n i f i c a n t l y  d i f f e r e n t  from t h o s e  of g r o u t s  made 
w i t h  laboratory-mixed s o l i d s ,  A se t  of recommended weight  
r a t i o s  w a s  prepared ,  
s o l i d s  from t h e  v a r i o u s  b i n s  would produce g r o u t s  w i t h  min- 
imum phase  s e p a r a t i o n .  

When mixed a t  t h e s e  weight  r a t i o s ,  
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The e x i s t i n g  s l o t  i n  t h e  i n j e c t i o n  w e l l  was plugged,  
and t h e  w e l l  was r e s l o t t e d  at 832 f t ,  

The f i r s t  i n j e c t i o n  i n  t h e  series, I n j e c t i o n  ILW-8, 
was made on September 29, 1972 Except f o r  two minor 
equipment malFunct ions,  no d i f f i c u l t i e s  were encountered ,  
A t o t a l  of 72,700 g a l  oE i n t e r m e d i a t e - l e v e l  waste (ILW), 
5100 g a l  of contaminated water,  and 3600 g a l  of c leanup 
water w a s  i n j e c t e d  a t  an o v e r a l l  s o l i d s / l i q u i d  r a t i o  of 
1 - 3  l b / g a l o  The a c t i v i t y  i n j e c t e d  t o t a l l e d  30,500 C i ,  
An a n a l y s i s  of t h e  d a t a  o b t a i n e d  d u r i n g  t h i s  i n j e c t i o n  
i n d i c a t e d  t h e  presence  ol: s i g n i f i c a n t  e r r o r s  i n  t h e  read- 
i n g s  o b t a i n e d  f o r  the waste t a n k  l e v e l s  and t h e  Densometer, 
Both t h e  injection-pump s t r o k e  c o u n t e r  r e a d i n g s  and t h e  
c o r r e c r e d  mass flowmeter r e a d i n g s  were used t o  c a l c u l a t e  
t h e  weight  r a t i o s  f o r  v a r i o u s  s t a g e s  of  t h e  i n j e c t i o n ,  
These v a l u e s  w e r e  c l o s e  t o  t h o s e  recommended- R a d i a t i o n  
dosages d u r i n g  t h e  i n j e c t i o n  were low, 

P r i o r  t o  I n j e c t i o n  ILW-9, t h e  waste flowmeter- and 
waste t a n k  level  i n d i c a t o r s  t h a t  had mal func t ioned  d u r i n g  
T n j e c t i o n  ILW-8 were checked and r e p a i r e d ,  I n  a d d i t i o n ,  
o t h e r  i n s t r t m e n t s  were c leaned  and c a l i b r a t e d -  Arrange- 
ments were made t o  o b t a i n  s e i s m i c  s i g n a l s  d u r i n g  t h e  in -  
j e c t i o n ,  The e x i s t i n g  f r a c t u r e  was reopened a t  a p r e s -  
s u r e  of 3600 p s i ,  A s y n t h e t i c  was te  s o l u t i o n  w a s  t e s t e d  
w i t h  t h e  s o l i d s  blended f o r  t h e  i n j e c t i o n ,  and t h e  r e s u l t s  
siiowed t h a t  t h e  g r o u t s  made from s o l i d s  s t o r e d  i n  d i f f e r -  
e n t  b i n s  had d i f f e r e n t  p r o p e r t i e s ,  A set of recommended 
mix r a t i o s  f o r  t h e  s o l i d s  from v a r i o u s  b i n s  was prepared .  

The second i n j e c t t o n ,  I n j e c t i o n  LLW-9, was made on 
October 1 7  Only one minor equipment: m a l f u n c t i o n  w a s  
n o t e d ,  A t o t a l  of 68,300 g a l  of ILW w a s t e ,  3900 g a l  of 
contaminated water, and ’3400 g a l  of c leanup water was in -  
j e c t e d  a t  an o v e r a l l  s o l i d s / l i q u i d  r a t i o  of 7,8 l b / g a l .  
The a c L i v i t y  i n j e c t e d  t o c a l l e d  24,000 C i ,  An a n a l y s i s  
of t h e  da ta  o b t a i n e d  d u r i n g  t h i s  i n j e c t i o n  i n d i c a t e d  t h e  
e x i s t e n c e  of a cont inued  e r r o r  i n  t h e  Densometer r e a d i n g s ,  
The mass flowmeter and waste flowmeter worked s a t i s f a c t o -  
r i l y ;  t h e  r e a d i n g s  froin t h e s e  i n s t r u m e n t s  were used t o  
c a l c u l a t e  t h e  mix r a t i o s  f o r  v a r i o u s  s t a g e s  o f  t h e  i n j e c -  
t i o n  These v a l u e s  were c lose  t o  t h o s e  t h a t  h a J  been 
recmmended R a d i a t i o n  exposures  d u r i n g  t h e  i n j e c t i o n  
were lower t h a n  t h o s e  r e c e i v e d  dur ing  Crajection ILW-8 
( i  e c 9  t h e y  were reduced by about  one-ha l f ) ,  

P r i o r  t o  I n j e c t i o n  ILW-IO, t h e  i n , j e c t i o n  pump w a s  
repacked and the p l u n g e r s  were r e p l a c e d  The mass flow- 
meter was found t o  b e  i n o p e r a t i v e  and,  t h u s ,  w a s  removed 
and c l e a n e d >  Uurfng t h e  p r e i n j e c t i o n  p r e s s u r e  t e s t i n g  
of t h e  h igh-pressure  p i p i n g ,  a f i t t i n g  on the i n j e c t i o n  
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pump w a s  blown off.. A f t e r  t h e  f i t t i n g  had been r e p l a c e d  
by a p lug ,  t e s t i n g  of t h e  h i g h - p r e s s u r e  manifold was re- 
sumed. Examination o f  t h e  f i t t i n g  i n d i c a t e d  t h a t  f a i l u r e  
had probably  propagated  from a c r a c k  t h a t  had been p r e s e n t  
f o r  some t i m e  b u t  had n o t  been p r e v i o u s l y  d e t e c t e d ,  

The waste s o l u t i o n s  t d 3  b e  i n j e c t e d  c o n s i s t e d  of  a 
s m a l l  volume of  material remaining from I n j e c t i o n  ILW-9 
p l u s  a l a r g e  volume of waste s o l u t i o n  w i t h  a somewhat 
d i f f e r e n t  chemical composi t ion ,  The l a t t e r  s o l u t i o n  was 
ana lyzed ,  and a s y n t h e t i c  s o l u t i o n  rnatchlng i t s  composi- 
t i o n  w a s  p r e p a r e d  f o r  t e s t i n g  w i t h  t h e  sol.icls t h a t  were 
blended f o r  t h e  i n j e c t i o n ,  It w a s  found that g r o u r s  made 
w i t h  t h i s  new wasre s o l u t i o n  were c h a r a c t e r i z e d  by less 
phase  s e p a r a t i o n  and h i g h e r  v i s c o s i t i e s  chan t h o s e  made 
w i t h  p r e v i o u s  waste s o l u t i o n s ,  It w a s  a l s o  found ( a s  w a s  
t h e  case i n  ear l ie r  i n j e c t i o n s )  t h a t  g r o u t s  made from 
s o l i d s  blended on d i f f e r e n t :  days had d i f f e r e n t  p r o p e r t i e s .  
A set of recommended mix r a t i o s  f o r  t h e  s o l i d s  from v a r i -  
ous b i n s  was p r e p a r e d .  

The e x i s t i n g  s l o t  i n  t h e  i n j e c t i o n  w e l l  w a s  reopened 
a t  a p r e s s u r e  of 3050 p s i .  

I n j e c t i o n  ILW-10 was made on November 8, Only minor 
equipment d i f f i c u l t i e s  were encountered ;  however, i t  w a s  
observed that  some s o l i d s  were r e t a i n e d  i n  t h e  b u l k  s t o r -  
age t a n k s  and would n o t  f e e d  f r e e l y  t o  t h e  mixer, A 
small f r a c t i o n  ( ~ 6 % )  of the t o t a l  s o l i d s  was h e l d  up,  A 
t o t a l  of 84,760 ga l  of ILW waste, 7230 g a l  of contaminated 
water, and 1580 g a l  of c leanup water w a s  i n j e c t e d  a t  an 
o v e r a l l  s o l i d s / l i q u i d  r a t i o  of 7 , l  lb /gnL,  The a c t i v i t y  
i n j e c t e d  t o t a l l e d  20,800 C i .  

An a n a l y s i s  of t h e  d a t a  i n d i c a t e d  t h e  e x i s t e n c e  of 
a c o n t i n u e d  e r r o r  i n  t h e  Densometer r e a d i n g s ,  The mass 
flowmeter and t h e  waste flowmeter gave s a t i s f a c t o r y  p e r -  
formance; r e a d i n g s  from t h e s e  i n s t r u m e n t s  were used t o  
c a l c u l a t e  t h e  mix r a t i o s  f o r  v a r i o u s  s t a g e s  of t h e  i n j e c -  
t i o n ,  Although t h e  v a l u e s  averaged about  L l b / g a l  h i g h e r  
than t h e  recommended v a l u e s ,  t h e  g r o u t  w a s  q u i t e  f l u i d  
and e a s i l y  pumped, R a d i a t i o n  exposures  d u r i n g  t h e  i n j e c -  
t i o n  were low, b u t  exposures  r e c e i v e d  d u r i n g  p r e i n j e c t i o n  
maintenance were a t  about: t h e  level. r e c e i v e d  d u r i n g  
I n j e c t i o n  ILW-8 

P r i o r  t o  I n j e c t i o n  ILW-11, t h e  v a l v e  sears on t h e  
i n j e c t i o n  pump were r e p l a c e d  and a new Gadco dampener w a s  
i n s t a l l e d .  The e x i s t i n g  s l o t  i n  t h e  i n j e c t i o n  w e l l  was 
reopened a t  a p r e s s u r e  of 2550 p s i ,  A s y n t h e t i c  waste 
s o l u t i o n  w a s  t e s t e d  w i t h  t h e  s o l i d s  blended f o r  t h e  injec- 
t i o n ,  and a set of recommended m i x  r a t i o s  f o r  t h e  s o l i d s  
from v a r i o u s  b i n s  was prepared ,  
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I n j e c t i o n  CLW-11 w a s  made on December 5 ,  From t i m e  
t o  t i m e ,  d i f f i c u l t i e s  were exper iecced  i n  initiatjng and 
n a h t a l n i n g  an adequate  f low o f  s o l i d s  t o  t h e  mixer, The 
s o l i d s  teitded t o  s t i c k  i n  t h e  s toragp  b i n s  and,  dur ing  
the last par t :  of t h e  i n j e c t i o n ,  b r i d g e d  i n  t h e  mixer 
hopper and r e s t r i c t e d  t h e  a t t a i n a b l e  s o l i d s  f low r a t e ,  
T h i s  r e s u l t e d  i n  somewhat: poorer  c o n t r o l  of t h e  nix r a t i o  
d u r i n g  t h i s  i n j e c t i o n  t h a n  was t h e  case i n  previaias i n j e c -  
t i o n s ,  A t o t a l  of approximately 100,000 l b  of s o l i d s  was 
l e f t  i n  t h e  b i n s  a t  t h e  end o f  t h e  i n j e c t i o n .  Equipment 
mal func t ions  i n c l u d e d  plugging of I he waste f lometer  and 
t r o u b l e  w i t h  t h e  g e a r  s h i f t i n g  mechanism o f  t h e  i n j e c t i o n  
pump An a n a l y s i s  of t h e  d a t a  o b t a i n e d  i n  t h i s  i n j e c t i o n  
i n d i c a t e d  t h a t  t h e  Densonieter r e a d i n g s  were reasonably  
c o n s i s t e n t  and i n  f a i r  agreement w i t h  t h e  mass-flowmeter 
r e a d i n g s  f o r  t h e  f i r s t  t h e  i n  t h i s  series of i n j e c t i o n s ,  
The mix r a t i o s  f o r  t h e  v a r i o u s  s t a g e s  of  t h e  i n j e c t i o n  
f l u c t u a t e d  considerabl-y more than  u s u a l  and averaged 
about  0 4 I b j g a l  below the recommended v a l u e s ,  A t o t a l  
of 75,760 g a l  of ILW waste, 5820 gal. o f  contaminate? water, 
and 525 gal of c leanup water w a s  i n j e c t e d  a t  an  o v e r a l l  
s o I i d s / l i q u f d  r a t i o  of 7,2 l b / g a l ,  The a c t i v i t y  i n j e c t e d  
t o t a l l e d  24 ,900  C i ,  R a d i a t i o n  exposures  were approximately 
t h e  same as t h o s e  r e c e i v e d  i n  I n j e c t i o n  LLW-10, 

No meaningful  seismic s i g n a l s  were o b t a i n e d  from any 
of t h e  i n j e c t i o n s ,  

The o b s e r v a t i o n  w e l l s  were logged a f t e r  each in,jec- 
t i o n ,  The v e r t i c a l  movement of t h e  g r o u t  s h e e t s  i n  In- 
j e c t i o n s  ILW-10 and ILW-11 was g r e a t e r  t h a n  had been pre-  
v i o u s l y  observed probably  because o f  a b n o m a l i . t i e s  i n  
the  s h a l e  bedding,  

About t en  days a f t e r  each i n j e c t i o n ,  unbound water 
t h a t  e x i s t e d  i n  t h e  s h a l e  beds w a s  b l e d  back through t h e  
i n j e c t i o n  w e l l  The volume of water t h a t  was b l e d  back 
and the rate of bleedback v a r i e d  c o n s i d e r a b l y  and unpre- 
d i c t a b l y  between i n j e c t i o n s  The ra te  of bleedback de- 
c reased  d r a s t i c a l l y  as t h e  t i m e  of s h u t - i n  p r i o r  t o  i n i -  
t i a t i o n  of bleedback was i n c r e a s e d  It i s  b e l i e v e d  tha t  
t h e  mechanism involved  i n  bleedback i s  t h e  squeezing of 
t rapped  water from t h e  pores  of t h e  g r o u t  s h e e t  when t h e  
p r e s s u r e  a t  the i n j e c t i o n  w e l l  i s  rc1.ieved and t h e  over- 
burden compresses t h e  grout s h e e t  _I 

An a n a l y s i s  of bleed-back s o l u t i o n s  i n d i c a t e s  t h a t  
v i r t u a l l y  all of t h e  r a d i o n u c l i d e s  are r e t a i n e d  by t h e  
g r o u t  - about  0,02;6 were recovered i n  t h e  bleed-back 
s o l u t i o n -  
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The s t r a i n  gage r e a d i n g s  t h a t  were made on t h e  well- 
head i n d i c a t e d  t h a t  t h e  stresses were small and t h a t  
f a t i g u e  f a i l u r e  i s  probably  n o t  a matter f o r  s e r i o u s  
concern 

Changes i n  p r e s s u r e  of t h e  rock  cover  moni tor ing  
w e l l s  d u r i n g  an i n j e c t i o n  can be c o r r e l a t e d  modera te ly  
w e l l  w i t h  g r o u t  s h e e t  o r i e n t a t i o n ,  

F u r t h e r  unders tanding  of t h e  f a c t o r s  a f f e c t i n g  waste- 
mix c o m p a t i b i l i t y  i s  r e q u i r e d ,  
i s  more complete ,  c o m p a t i b i l i t y  tests of each  b i n  of s o l i d s  
and t a n k  of waste should  b e  made, C e r t a i n l y ,  a more r e p r e -  
s e n t a t i v e  sample would b e  h e l p f u l .  A f i n a l  "hot" test 
w i t h  a c t u a l  waste s o l u t i o n  should  be made € o r  f i n a l  v e r i -  
f i c a t i o n  of c o m p a t i b i l i t y .  

U n t i l  such  unders tanding  

The Densometers are  u n r e l i a b l e  and should  'be e l i m i -  
n a t e d .  
should  be reduced,  e i t h e r  by t r a n s f e r  back t o  t h e  t a n k  
farm i n  B e t h e l  V a l l e y  o r  by reducing  t h e  volume t h a t  i s  
g e n e r a t e d ,  

The volume of contaminated water t h a t  i s  i n j e c t e d  

In g e n e r a l ,  t h i s  series of  i n j e c t i o n s  w a s  made w i t h  
The g r o u t  w a s  much more compara t ive ly  few d i f f i c u l t i e s .  

f l u i d  t h a n  i n  earlier i n j e c t i o n s ,  even though t h e  s o l i d s /  
waste mix r a t i o  was c o n s i d e r a b l y  h i g h e r  t h a n  t h a t  used 
p r e v i o u s l y ,  As a r e s u l t  of t h i s  d e c r e a s e  i n  g r o u t  vis-  
c o s i t y ,  t h e  mixing o p e r a t i o n  w a s  much easier and t h e  in- 
j e c t i o n  pump o p e r a t e d  more e f f e c t i v e l y ,  

1 INTRODUCTION 

The s h a l e  f r a c t u r i n g  p r o c e s s  h a s  been used f o r  t h e  r o u t i n e  disposal .  

of i n t e r m e d i a t e - l e v e l  waste s o l u t i o n  a t  Oak Ridge N a t i o n a l  LaSora tory  

s i n c e  1966. I n  t h i s  p r o c e s s  the waste s o l u t i o n  i s  mixed w i t h  cement and 

o t h e r  a d d i t i v e s ;  t h e n  t h e  r e s u l t i n g  m i x t u r e ,  o r  g r o u t ,  i s  i n j e c t e d  i n t o  

an impermeable s h a l e  format ion  a t  a depth  of 700 t o  1000 f t  - w e l l  below 

t h a t  a t  which groundwater i s  encountered  The i n j e c t e d  g r o u t  forms a t h i n ,  

approximately h o r i z o n t a l ,  s h e e t  several hundred f e e t  wide d u r i n g  t h e  courst? 

of t h e  i n j e c t i o n ,  S h o r t l y  a f t e r  complet ion of t h e  i n j e c t i o n  t h e  g r o u t  s e t s ,  

rhereby  permanent ly  f i x i n g  t h e  r a d i o a c t i v e  wastes i n  t h e  s h a l e  format ion ,  

Subsequent i n j e c t i o n s  form s h e e t s  c h a t  are approximate ly  p a r a l l e l  t o  the 

preceding  s h e e t s ,  



Ln 1970 t h e  s h a l e  f r a c t u r i n g  d i s p o s a l  o p e r a t i o n s  were h a l t e d ,  pending 

a review of t h e  s a f e t y  and environmental  aspects of t he  p r o c e s s ,  Opera- 

t i o n s  were resumed i n  1 9 7 2 ;  p r e l i m i n a r y  p r e p a r a t i o n s  f o r  a series of i n j e c -  

t i o n s  were s t a r t e d  i n  J u l y ,  and the f i r s t  i n j e c t i o n  .c7as scheduled  f o r  

Septem3er. Because of t h e  two-year suspens ion  of o p e r a t i o n s ,  a l a r g e  

volume of waste s o l u t i o n  had been accumulated (% 250,000 g a l ) .  The need 

t o  d i s p o s e  of t h i s  accumulated waste and t o  r e g a i n  o p e r a t i n g  f l e x i b i l i t y  

i n  t h e  t a n k  farm made i t  n e c e s s a r y  t o  schedule  t h e  i n j e c t i o n s  as c l o s e  

t o g e t h e r  as p r a c t i c a l  - about  t h r e e  weeks a p a r t ,  

Several m o d i f i c a t i o n s  t o  t h e  s h a l e  f r a c t u r i n g  f a c i l i t y  were scheduled 

t o  be i n s t a l l e d  i n  1973,  D e t a i l e d  i n f o r m a t i o n  on t h e  performance of t h e  

e x i s t i n g  f a c i l i t y  was needed i n  o r d e r  t o  f i n a l i z e  t h e  d e s i g n  of the  pro- 

posed m o d i f i c a t i o n s ;  t hus ,  a p a r t i c u l a r  e f f o r t  w a s  made t o  o b t a i n  t h e s e  

d a t a  from t h e  1972 i n j e c t i o n s ,  T h i s  r e p o r t  d e s c r i b e s  t h e  p r e p a r a t i o n s  

f o r  t h e s e  i n j e c t i o n s ,  d i s c u s s e s  t h e  d a t a  o b t a i n e d  from each  i n j e c t i o n ,  and 

summarizes t h e  r e s u l t s  and c o n c l u s i o n s  from t h e  series as a whole. 

2 .  DESCRIPTION OF PROCESS AND PLANT 

I n  t h e  s h a l e  f r a c t u r i n g  p r o c e s s ,  a given  waste s o l u t i o n  i s  mixed w i t h  

a s o l i d s  b lend  composed of cement and o t h e r  a d d i t i v e s  and t h e n  i n j e c t e d ,  

under p r e s s u r e ,  i n t o  a bedded s h a l e  format ion  a t  a depth  of between 700 

and 1000 f t ,  The p r e s s u r e  of t h e  i n j e c t e d  g r o u t  i s  s u f f i c i e n t l y  h i g h  t o  

i n i t i a t e  t h e  format ion  of a c r a c k  between a d j a c e n t  l a y e r s  of  s h a l e .  A s  

t h e  i n j e c t i o n  c o n t i n u e s ,  t h e  g r o u t  f i l l s  t h i s  c r a c k  and e x t e n d s  i t  f u r t h e r  

t o  form a t h i n ,  approximately h o r i z o n t a l  s h e e t  s e v e r a l  hundred f e e t  i n  

e x t e n t  dur ing  t h e  c o u r s e  of an i n j e c t i o n .  F i g u r e  1 shows a n  i s o m e t r i c  

view of  t h e  s h a l e  f r a c t u r i n g  f a c i l i t y ,  

Three t y p e s  of wells have been used a t  t h e  s h a l e  f r a c t u r i n g  f a c i l i t y :  

an i n j e c t i o n  well  f o r  t h e  i n j e c t i o n  of waste g r o u t ,  o b s e r v a t i o n  w e l l s  f o r  

t h e  d e t e r m i n a t i o n  of 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 ,  am$ rock cover  

moni tor ing  we.lls  f o r  v e r i f i c a t i o n  of t h e  cont inued  impermeabi l i ty  of t h e  

s h a l e  above t h e  g r o u t  s h e e t s .  A s k e t c h  of each wel l  t y p e  i s  g i v e n  i n  

Fig.  2 .  A l l  waste i n j e c t i o n s  are made through s l o t s  c u t  i n  t h e  c a s i n g  and 

sur rounding  cement o f  t h e  i n j e c t i o n  well, As t h e  g r o u t  s h e e t  s p r e a d s  o u t  
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from t h e  i n j e c t i o n  w e l l ,  i t  i n t e r s e c t s  the cemented c a s i n g  o f  one o r  more 

o b s e r v a t i o n  w e l l s ,  

t h e n  d e t e c t  t h e  p r e s e n c e  of t h e  g r o u t  s h e e t ,  t h e r e b y  e s t a b l i s h i n g  t h e  depth  

of t h e  g r o u t  s h e e t  a t  t h a t  p o i n t  The rock  cover  moni tor ing  w e l l s  a r e  used 

t o  p e r i o d i c a l l y  de te rmine  t h e  p e r m e a b i l i t y  of  the s h a l e  cover  rock a t  a 

depth  of  600 f t ,  

A gamma s e n s i t i v e  probe  i n  t h e  o b s e r v a t i o n  w e l l  w i l l  

The major  p r o c e s s  equipment used t o  i n j e c t  a b a t c h  of waste ( s e e  

F i g ,  3) c o n s i s t s  of  a waste pump, a mixer, a s u r g e  t a n k ,  and a high-pres- 

s u r e  i n j e c t i o n  pump,, 

f o r  u s e  as needed,  A s tandby i n j e c t i o n  pump i s  always a v a i l a b l e  t o  clear 

t h e  i n j e c t i o n  w e l l  i n  t h e  e v e n t  of f a i l u r e  of t h e  main i n j e c t i o n  pump, 

During a n  i n j e c t i o n ,  waste s o l u t i o n  i s  pumped t o  t h e  mixer ,  c o n t i n u o u s l y  

mixed w i t h  t h e  preb lended  s o l i d s ,  and d i s c h a r g e d  i n t o  t h e  s u r g e  t a n k ,  

From t h e  s u r g e  t a n k  t h e  g r o u t  i s  pumped down a t u b e  hung i n  t h e  i n j e c t i o n  

w e l l  and o u t  i n t o  t h e  shale format ion ,  

Preblended  s o l i d s  are s t o r e d  i n  b u l k  s t o r a g e  b i n s  

F ive  underground waste s t o r a g e  r a n k s ,  w i t h  a t o t a l  c a p a c i t y  of  90,000 
ga l ,  are i n s t a l l e d  a t  t h e  s h a l e  f r a c t u r i n g  p l a n t ,  P r i o r  t o  each 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  s i te  through a waste t r a n s f e r  l i n e  a t  

a rate of approximate ly  20 gpm and s t o r e d  i n  t h e s e  t a n k s ,  

A week o r  more b e f o r e  an i n j e c t i o n ,  t h e  s o l i d s  - cement, f l y  a s h ,  

At tapulgus  150, GrundFte, and a r e t a r d e r  - are brought  t o  t h e  f r a c t u r i n g  

s i te ,  b lended  i n  t h e  d e s i r e d  p r o p o r t i o n s  i n  a weigh t a n k ,  mixed by blowing 

them back and f o r t h  between two p r e s s u r e  t a n k s  (P-tanks) ,  and s t o r e d  i n  

f o u r  b u l k  s t o r a g e  b i n s ,  These b i n s  ( c a p a c i t y ,  2780 f t S  each)  are 1 2  f t  

i n  d iameter  and i n s t a l l e d  on l e g s  s o  t h a t  t h e i r  bottoms are approximate ly  

6 f t  above t h e  t o p  of t h e  mixing c e l l ,  During a n  i n j e c t i o n ,  t h e  s o l i d s  i n  

each bPn i n  t u r n  are a e r a t e d  and f low through an a i r  s l i d e  (an  enc losed  

c h u t e  that  i s  c o n t i n u o u s l y  a e r a t e d  from below) i n t o  a meter ing  hopper i n  

t h e  mixing c e l l  and, f r o m  t h e r e ,  i n t o  t h e  mixer ,  

The j e t  mixer i s  a d e v i c e  f o r  mixing t h e  waste s o l u t i o n  and t h e  s o l i d s ,  

A s  t h e  waste s o l u t i o n  i s  pumped through t h e  mixer  under p r e s s u r e  (100 p s i ) ,  

t h e  s o l i d s  drop i n t o  t h e  mixer  and are then  picked up by t h e  j e t  stream and 

thoroughly  mixed w i t h  t h e  waste The r e s u l t i n g  g r o u t  i s  s u b s e q u e n t l y  dumped 

i n t o  t h e  s u r g e  t a n k ,  The mixer bowl i s  connected t o  t h e  hopper  to c o n f i n e  

t h e  sDlids and any g r o u t  t h a t  might  s p l a s h  OUL of t h e  m i x e r ,  For  cronve- 

taience, an o b s e r v a t i o n  window i s  provided  



10 

O R M L - D W G  63-397 R-I 

WATER 

STAND BY 
MIXER a PUMP 

E’i.g. 3 .  Schematic F l a w  D i a g r a m  of S h a l e  Fracturing E x p e r i m e n t .  



The s u r g e  t a n k  f u r n i s h e s  a means by which t h e  f low of t h e  was te  t r a n s -  

f e r  pump and t h e  f low o f  t h e  i n j e c t i o n  pump may b e  synchronized  d u r i n g  an 
i n j e c t i o n ,  One o p e r a t o r ,  who c o n t r o l s  b o t h  pumps, observes  t h e  level of 

g r o u t  i n  t h e  s u r g e  tank ,  e i t h e r  through a m i r r o r  and window arrangements  

on t o p  of t h e  t a n k  o r  by o b s e r v i n g  a f l o a t - t y p e  leve l  gage ,  H e  a d j u s t s  

t h e  f low rate of one o r  t h e  o t h e r  of t h e  pumps as t h e  g r o u t  l e v e l  f l u c t u a t e s ,  

During an  i n j e c t i o n ,  a i r  is  withdrawn c o n t i n u o u s l y  from t h e  s u r g e  t a n k ,  

f i l t e r e d  through a h i g h - e f f i c i e n c y  f i l t e r ,  and d i s c h a r g e d ,  

The c o n t r o l  of t h e  p r o p o r t i o n s  at which s o l i d s  and waste s o l u t i o n  are 
mixed i n  t h e  f r a c t u r i n g  p l a n t  i s  c r i t i c a l ,  If t h e  p r o p o r t i o n  of s o l i d s  i s  

t o o  h i g h ,  t h e  r e s u l t i n g  g r o u t  w i l l  b e  v i s c o u s ,  d i f f i c u l - t  t o  pump, and sub- 

j ec t  t o  premature s e t t i n g .  I f  t h e  p r o p o r t i o n  of s o l i d s  i s  t o o  low, t h e  

g r o u t  w i l l  f a i l  t o  r e t a i n  a l l  of  t h e  a s s o c i a t e d  l i q u i d  and w i l l  e x h i b i t  

phase s e p a r a t i o n "  on s e t t i n g ,  T h i s  i s  u n d e s i r a b l e  because some small 

f r a c t i o n  o f  t h e  r a d i o n u c l l d e s  (much less than 1%) will remain w i t h  t h e  

water and t h u s  w i l l  no t  b e  immobilized, The d e s i r a b l e  o p e r a t i n g  range  

between t h e s e  two extremes i s  f a i r l y  narrow; t h e  v a r i a t i o n  from t h e  d e s i r e d  

p r o p o r t i o n  s h o u l d  n o t  exceed 10% a t  most and should  be k e p t  w i t h i n  5% i f  

p o s s i b l e ,  During a waste i n j e c t i o n  t h i s  mix r a t i o  i s  c o n t r o l l e d  by manu- 

a l l y  r e g u l a t i n g  t h e  flow of s o l i d s  from t h e  meter ing  hopper t o  m a i n t a i n  a 

f i x e d  r a t i o  of s o l i d s  a d d i t i o n  f o r  a g i v e n  waste f low rate ,  The s o l i d s  

a d d i t i o n  rate i s  measured by a mass flowmeter ,  a d e v i c e  t h a t  c o n t i n u o u s l y  

weighs t h e  f low of s o l i d s ,  i n s t a l l e d  immediately below t h e  meter ing  hopper ,  

A check on the. s o l i d s  p r o p o r t i o n i n g  i s  provided  by t h e  Densometer sys tem,  

(The Densometer i s  a d e v i c e  t h a t  c o n t i n u o u s l y  measures t h e  d e n s i t y  of t h e  

f l u i d  c i r c u l a t i n g  through i t . )  

t a n k  c o n t i n u o u s l y  pumps g r o u t  from t h e  s u r g e  tank ,  through one of two Denso- 

meters, and back t o  t h e  s u r g e  tank ,  

II 

A s m a l l  h y d r a u l i c  pump mounted i n  t h e  s u r g e  

Three ce l l s  are provided  f o r  t h e  mixing and i n j e c t i n g  equipment - o n e  

f a r  t h e  mixer and s u r g e  t a n k ,  one f o r  t h e  head end of t h e  i n j e c t i o n  pump, 

and one f o r  t h e  wel lhead  and a s s o c i a t e d  p i p i n g ,  A l l  c e l l s  are made of a 

12-in,  t h i c k n e s s  of c o n c r e t e  b lock  and are roofed w i t h  a 3/L-in, g r a t i n g  

covered w i t h  s h e e t  metal* The ce l l s  are p a i n t e d  b u t  u n l i n e d  The roof  of 

t h e  mixer c e l l  i s  f i x e d  i n  p l a c e ;  t h e  r o o f s  of t h e  pump cell and well-head 

c e l l  are removable. Because t h e  p r o c e s s  p i p i n g  i n  t h e  pump c e l l  and t h e  



wellhead w i l l  be under c o n s i d e r a b l e  p r e s s u r e  (up t o  4000 p s i ) ,  t h e  v i s i o n  

p o r t s  i n  t h e s e  ce l l s  are made of b u l l e t - p r o o f  g l a s s  and t h e  roof  g r a t i n g  

i s  covered w i t h  1 /4- in .  steel. p l a t e  on b o t h  s i d e s c  Access may b e  ga ined  

t o  t h e  ce l l s  through a h a t c h  i n  t h e  roof of each ,  

The i n j e c t i o n  pump" i s  capable  of pumping over  a range  of p r e s s u r e s  

and flow rates  between 6000 p s i  and 105 gpm, and 1000 p s i  and 700 gpm, 

A s t ee l  s p l a s h  p l a t e  is  f i t t e d  around t h e  head o f  t h e  pump and ex tends  t o  

t h e  w a l l s ,  f l o o r ,  and roof  of t h e  c e l l ,  thereby  i s o l a t i n g  t h e  pump head 

w i t h i n  t h e  c e l l .  

A s tandby i n j e c t i o n  pumpp):" s imi l a r  t o  t h e  main i n j e c t i o n  pump, i s  

r e n t e d  f o r  each waste i n j e c t i o n .  During each i n j e c t i o n  i t  i s  connected,  

v ia  t h e  wel lhead mani fo ld ,  t o  t h e  i n j e c t i o n  w e l l .  i t s  f u n c t i o n  is  t o  pro-  

v i d e  a means f o r  f l u s h i n g  t h e  i n j e c t i o n  w e l l  f r e e  of g r o u t  i n  t h e  e v e n t  

t h a t  t h e  main i n j e c t i o n  pump f a i l s ,  T h i s  pump i s  n o t  r e q u i r e d  t o  pump 

r a d i o a c t i v e  f l u i d s  . 
A p i p i n g  manifold connec ts  t h e  i n j e c t i o n  pump, t h e  i n j e c t i o n  w e l l ,  

the stap-dby i n j e c t i o n  pump, arid t h e  waste p i t ,  This manifold c o n t a i n s  

1 0  p l u g  v a l v e s ,  2 check v a l v e s ,  a p r e s s u r e  r e l i e f  v a l v e  ( s e t  a t  7500 p s i ) ,  

a p r e s s u r e  gage connec t ion ,  and 1 3  unions.  The components of t h e  mani fo ld  

are r a t e d  a t  10,000 p s i  o r  more. Extra-high-pressure Chiksan swivel j o i n t s  

are used between t h e  i n j e c t i o n  pump and t h e  p i p i n g  mani fo ld ,  and between 

t h e  p i p i n g  mani fo ld  and t h e  wel lhead ,  t o  damp v i b r a t i o n  between t h e  pumps 

and t h e  wel lhead ,  

A c o n s i d e r a b l e  volume of water is  r e q u i r e d  f o r  such  o p e r a t i o n s  as 

s l o t t i n g  t h e  c a s i n g  of t h e  i n j e c t i o n  w e l l  and washing equipment: a f t e r  an 

i n j e c t i o n ,  S ince  t h i s  water w i l l  become contaminated,  i t  must u l t i m a t e l y  

be i n j e c t e d  w i t h  t h e  waste s o l u t i o n .  To keep t h e  contaminated water from 

c o n s t i t u t i n g  a l a r g e  f r a c t i o n  o f  t h e  waste be ing  i n j e c t e d ,  i t  i s  n e c e s s a r y  

t o  r e u s e  water where f e a s i b l e ,  The waste p i t ,  a c o n c r e t e  p i t  1 2  x 1 2  x 9 f t  

deep, w a s  b u i l t  t o  serve t h i s  f u n c t i o n ,  Flashup water and water t h a t  i s  

used i n  s l o t t i n g  o p e r a t i o n s  d r a i n  t o  t h e  w a s t e  p i t  and are pumped ou t  of 

t h e  p i t  by t h e  waste pump f o r  r e u s e ,  --- 
kA-Halliburton ET-400 t r i p l e x  pos i t ive-d isp lacement  pump 

s t a n d a r d  truck-mounted H a l l i b u r r o n  p o s i t i v e - d i ~ s p l a @ e m e n t  pump, 
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The emergency waste t r e n c h  i s  a p r e c a u t i o n  a g a i n s t  t h e  u n l i k e l y  p o s s i -  

b i l i t y  t h a t ,  l a te  i n  t h e  c o u r s e  of a waste i n j e c t i o n ,  t h e  wel lhead  might 

I-upture and a l l o w  t h e  i n j e c t e d  g r o u t  t o  f low back up t h e  w e l l ,  Should such 

an e v e n t  o c c u r ,  t h e  g r o u t  would flow from t h e  wel lhead  c e l l  through an 

38-in,  l i n e  t o  t h e  100,000-gal waste t r e n c h ,  where i t  would set and b e  

covered w i t h  e a r t h  f i l l ,  

A c e l l  of f -gas  system removes 900 c f m  o f  a i r  from t h e  mixer cel.l., 

pump ce l l  and wel lhead  ce l l ,  through a roughing and a h i g h - e f f i c i e n c y  

f i l t e r  i n  series, and e x h a u s t s  i t  o u t  a s h o r t  s t a c k .  A s e p a r a t e  of f -gas  

system provided  f o r  t h e  s u r g e  tank  e x h a u s t s  150 cfm through a d e m i s t e r  

mounted i n  t h e  t a n k  and two h i g h - e f f i c i e n c y  f i l t e r s ,  and t h e n  d i s c h a r g e s  

t h e  a i r  o u t  a 40-f t  s t a c k ,  

Necessary i n f o r m a t i o n  on t h e  p r o g r e s s  of an i n j e c t i o n  i s  o b t a i n e d  

from r e a d i n g s  of t h e  waste t a n k s  levels, t h e  waste f l o w  rate,  t h e  g r o u t  

f low ra te ,  t h e  s o l i d s  f low rate ,  t h e  grout: d e n s i t y ,  and t h e  i n j e c t i o n  

p r e s s u r e .  The 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  i s  determined a f t e r  t h e  

i n j e c t i o n  i s  completed by logging  t h e  v a r i o u s  o b s e r v a t i o n  w e l l s .  

Small  volumes of f r e e  water can be  formed i n  t h e  d i s p o s a l  zone by 

phase s e p a r a t i o n  of t h e  i n j e c t e d  g r o u t ,  T h i s  phase-separa ted  w a t e r  con- 

t a i n s  o n l y  a small f r a c t i o n  of t h e  r a d i o n u c l i d e s  t h a t  have been i n j e c t e d  

(much less t h a n  l%)* b u t  i t  i s  thought  d e s i r a b l e  t o  remove t h e s e  r e l a t i v e l y  

n u b i l e  r a d i o n u c l i d e s  from t h e  format ion .  T h i s  i s  done s e v e r a l  days a f t e r  

each i n j e c t i o n ,  The wel lhead  s h u t o f f  v a l v e  i s  opened and any f r e e  water 
t h a t  may e x i s t  i s  b l e d  back through t h e  i n j e c t i o n  w e l l  and c o l l e c t e d ,  

U l t i m a t e l y  t h i s  r e c o v e r e d  water i s  pumped back t o  the  waste c o l l e c t i o n  

system i n  B e t h e l  Val ley ,  

The development of t h e  h y d r a u l i c  f r a c t u r i n g  p r o c e s s  i s  d e s c r i b e d  i n  

b f e r e n c e  1; Reference 2 i s  t h e  s a f e t y  a n a l y s i s  of t h e  p r o c e s s ,  

3 ,  PREPAUTIONS FOR INJECTION SERIES 

3 , l  Monitor ing of Wells 

Two new cased  o b s e r v a t i o n  wells, one 220 f t  s o u t h  of t h e  i n j e c t i o n  

w e l l  and t h e  o t h e r  320 ft; east, were i n s t a l l e d  p r i o r  t o  t h e  f i r s t  i n j e c -  

t i o n  i n  t h i s  series, I n  a d d i t i o n ,  a l a r g e l y  u n s u c c e s s f u l  a t t e m p t  w a s  made 



1 4  

t o  clear t h e  plugged o b s e r v a t i o n  w e l l  a t  S-100, A l so ,  c o r e s  were t a k e n  

of t h e  s h a l e  above t h e  g r o u t  s h e e t s  i n  two w e l l s  - E-320 and E-300 ( rock  

cover  w e l l ) ,  These c o r e s  were i n t e n d e d  f o r  p o s s i b l e  use  i n  a f u t u r e  rock 

mechanics s t u d y .  

The cased o b s e r v a t i o n  w e l l s  were ch.urn-dr i l led by a n  o u t s i d e  con- 

t r a c t o r  t o  w i t h i n  about 50 f t  of t h e  expec ted  depth  of  t h e  h i g h e s t  g r o u t  

s h e e t ,  The w e l l s  were t h e n  d r i l l e d  t h e  remaining d i s t a n c e  by ORNL c r a f t  

p e r s o n n e l .  The t u b i n g  (2-1/2 i n .  5-55) w a s  i n s t a l l e d  i n  t h e  w e l l ,  a f t e r  

which t h e  w e l l  was cemented by Ilal.l.iburton Serv ices*  on September 25. A 

low-strength cement was used f o r  s e a l i n g  t h e  bottom 150 ft of each w e l l  i n  

o r d e r  t o  reduce the l i k e l i h o o d  t h a t  a g r o u t  s h e e t  which i n t e r s e c t e d  t h e  

w e l l  would e x e r t  s u f f i c i e n t  f o r c e  o n  t h e  we1.l. t o  p u l l  t h e  c a s i n g  a p a r t ,  

A s i m i l a r  low-strength cement, used f o r  t h e  o r i g i n a l  o b s e r v a t i o n  well 

(N l 5 0 > ,  h a s  been found t o  b e  more s a t i s f a c t o r y  t h a n  t h e  h i g h - s t r e n g t h  

cements t h a t  were used f o r  subsequent  o b s e r v a t i o n  w e l l s .  

The S-220 w e l l  w a s  d r i l l e d  t o  792 f t  by the c o n t r a c t o r ;  f u r t h e r  d r i l l - ,  

i n g  t o  about  840 f t  w a s  done by ORNE c r a f t  p e r s o n n e l ,  A g r o u t  s h e e t  from 

a p r e v i o u s  i n j e c t i o n  w a s  i n t e r s e c t e d  a t  798 f t  (-36 f t  i n  r e l a t i o n  t o  sea 

l e v e l ) .  The r e s u l t i n g  contaminated d r i l l i n g  water w a s  conta ined  i n  an  

a d j a c e n t  p i t  and w a s  p e r i o d i c a l l y  t rucked  away f o r  d i s p o s a l ,  About 8000 
g a l  o f  water, w i t h  an  a l p h a  r a d i o a c t i v i t y  l e v e l  averaging  3 x l o m b  u C i / m l  

and a beta-gamma r a d i o a c t i v i t y  l e v e l  averaging  3.1 x lo-'' v C i / m l  was removed, 

The t o t a l  a c t i v i t y  removed amounted t o  0.9 m C i  of a lpha-emi t t ing  and 9.3 m C i  

o f  beta-gamma-emit t i n g  matet ia l  a 

The E-300 well w a s  d r i l l e d  t o  820 f t  by the c o n t r a c t o r ;  f u r t h e r  d r i l l -  

i n g  t o  850 f t  w a s  done by OW% c r a f t  personnel .  No g r o u t  s h e e t  was encoun- 

t e r e d o  

3 . 2  Level Measurements - 

A new and a c c u r a t e  survey  of t h e  e x i s t i n g  bench-mark network was made 

by a crew from t h e  N a t i o n a l  Ocean Survey9*& The r e s u l t s  of this survey  are 

shown i n  F ig ,  4 ,  A s  w a s  t h e  case w i t h  ear l ie r  u p l i f t  measurements, t h e  

"Hall i b u r t o n  S e r v i c e s  L a u r e l ,  M i s s i s s i p p i  

;';&National Ocean Survey R o c k v i l l e  , Maryland. 





maximum e x t e n t  o f  measurable  u p l i f t  w a s  between 1200 and 1500 f t  from t h e  

i n j e c t i o n  well, and t h e  ii1axiunum u p l i f t  w a s  approximate ly  0,l f t  p e r  m i l l i o n  

g a l  o f  i n j e c t e d  grout:, 

3 , 3  Seismic Measurements -- -__I 

The i n t e r p r e t a t i o n  of s e i s m i c  s i g n a l s  recorded  d u r i n g  I n j e c t i o n  LLIJ-7 

i n  1970  i n d i c a t e d  a g r o u t  s h e e t  o r i e n t a t i o n  predominant ly  t o  the n o r t h e a s t ,  

This  i n t e r p r e t a t i o n  was n o t  i n c o n s i s t e n t  w i t h  logging  r e s u l t s ,  and t h i s  

moni tor ing  cechnique appeared t o  b e  a p o t e n t i a l l y  r a p i d  means f o r  d e t e r -  

mining g r o u t  sheet o r i e n t a t i o n  

A c o n t r a c t  was n e g o t i a t e d  w i t h  S e n t u r i o n  Sciences* t o  monitor  seismic 

s i g n a l s  d u r i n g  t h e  proposed series of waste i n j e c t i o n s  and t o  c o r r e l a t e  

bhese s i g n a l s  w i t h  the g r o u t  s h e e t  o r i e n t a t i o n r  An a r r a y  o f  s i x  seismo- 

meters was used t o  o b t a i n  s i g n a l s ,  During thi! f i r s t  two i n j e c t j . o n s ,  the 

seismometer a r r a y  was approximate ly  1500 f t  i n  d i a m e t e r ;  during, t h e  l a s t  

two i n j e c t i o n s ,  t h e  d iameter  was i n c r e a s e d  t o  2000 f t ,  I n  a d d i t i o n ,  a 

downhole seismometer was used  d u r i n g  t h c  f o u r t h  i n j e c t i o n  t o  reduce  s u r f a c e  

noise and t o  improve s e n s i t i v i t y ,  

3 - 4  S t r a i n  Measurements -. 

Some concern was expressed  about  t he  magnitude of t h e  stress t o  which 

t h e  wel lhead f i t t i n g s  are s u b j e c t e d  d u r i n g  a Cyypieal i n j e c t i o n  and t h e  

s u s c e p t i b i l i t y  of t h e s e  f i t t i n g s  t o  p o s s i b l e  f a t i g u e  f a i l u r e ,  To de termine  

t h e  magnitude of the stress on t h e  f i t t i n g  s u b j e c t e d  t o  the g r e a t e s t  d i s -  

placement d u r i n g  an  i n j e c t i o n ,  1 2  strain gages atid 2 a c c e l e r o m e t e r s  were 

mounted on t h e  p l u g  c o n t a i n e r ,  which i s  immediately above t h e  s h u t o f f  v a l v e  

o n  t h e  wel.lhead Arrangements were made t o  monitor  these i n s t r u m e n t s  dur- 

i n g  a t  least  two of t h e  f o u r  ir i jectioxas and t o  ana lyze  t h e  results t o  d e t e r -  

mine t h e  magnitude o f  t h e  stresses, 
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3.5 F a c i l i t y  Maintenance 

Two sump p i t s  were provided  f o r  t h e  groundwater d r a i n s  f o r  t h e  waste 

N o  water h a s  ever been observed coming from t h e s e  d r a i n s ,  s t o r a g e  tanks , ,  

and i t  i s  n o t  a n t i c i p a t e d  t h a t  any w i l l  be  r e l e a s e d  from t h i s  s o u r c e  i n  

t h e  f u t u r e ,  However, a sump pump w a s  i n s t a l l e d  i n  each  p i t  co t ransfer  
any water t h a t  might accumulate  i n  t h e  sump p i t s  i n t o  t h e  emergency waste 

t r e n c h ,  The volume of t h e  emergency waste t r e n c h  w a s  determined t o  b e  

115,000 g a l ,  which i s  adequate  f o r  c u r r e n t  i n j e c t i o n s ,  

I n  o t h e r  maintenance e f f o r t s ,  plugged Densometer p i p i n g  was r e p l a c e d  

and two new Densometers were i n s t a l l e d .  The mass f lowmeter  was reworked 

and c a l i b r a t e d .  

S i n c e  most of t h e  p i p i n g  i n  t h e  wel lhead  c e l l  had been i n s t a l l e d  when 

t h e  f a c i l i t y  w a s  b u i l t  i n  1963, t h e  d e c i s i o n  w a s  made t h a t  i t  should  b e  

r e p l a c e d  because  of i t s  p o s s i b l e  v u l n e r a b i l i t y  t o  f a t i g u e  f a i l u r e ,  A new 
master s h u t o f f  valve, p l u g  c o n t a i n e r ,  and c r o s s o v e r  n i p p l e  were i n s t a l l e d  

on t h e  wel lhead .  The s e c t i o n s  of h igh-pressure  p i p i n g  between t h e  i n j e c t i o n  

pump and t h e  valve r a c k ,  between the valve r a c k  and t h e  p lug  c o n t a i n e r ,  and 

between t h e  v a l v e  rack and c a s i n g  s h u t o f f  valve were r e p l a c e d .  The i n j e c t i o n  

pump w a s  repacked. 

3 , 6  C o m p a t i b i l i t y  of  Waste and S o l i d s  Mix 

The waste s o l u t i o n s  t o  b e  d i s p o s e d  of i n  I n j e c t i o n  1LW-8 were s t o r e d  

i n  two tanks i n  t h e  ORNL t a n k  farm. Tank W-8 c o n t a i n e d  about  30,000 g a l  

of waste, and t a n k  W-7 about  100,000 g a l ,  These s o l u t i o n s  w e r e  sampled and 

ana lyzed;  t h e  a n a l y s i s  of e a c h  is  g iven  i n  Table  1. 
'The composi t ion of t h e  s o l i d s  mix t o  b e  used i n  t h e  i n j e c t i o n s  w a s  

f i x e d  a t  approximate ly  t h a t  used p r e v i o u s l y :  

P o r t l a n d  cement 2 , 5  p a r t s  

F l y  a s h  2.5 p a r t s  

A t t a p u l g i t e  150 l . 0  p a r t  

Grundi te 0.5 p a r t  

R e t  a r d e  r 0.003 p a r t  
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T a b l e  1 Composition ( i n  m o l e s / l i t e r )  of Waste S o l u t i o n s  
i n  I n j e c t  i o n  Series 

._I- Tank C o n s t i t u e n t  
w- 7 IJ- 8 W-3 w-10 

1 . 6 6  1 - 2 4  0.57 0 ,59  1- N a  

A l  34- 0,007 0,037 0,002 0,001.1. 

NH,+ 0,003 0 , 0 3  0 ,044  0,050 

OH- O"18 0 , 2 8  0,15 0,16 

N O 3 -  0 , 8 4  1 - 0 3  0,30 0 , 3 0  

c1- 0 , 0 9 3  0,217 0,049 0.044 

s o p -  0 , 0 9 4  0,183 0,111 0 , 1 2 5  

CO32- 0.193 0.288 0,093 0,lO 

Because procurement of t h e  n e c e s s a r y  q u a n t i t y  of Type L I  cement ( t h e  

t y p e  used f o r  a l l  p r e v i o u s  i n j e c t i o n s )  was n o t  f e a s i b l e ,  the s u b s t i t u t i o n  

o f  Type I cement w a s  proposed,  R e s u l t s  of p r e l i m i n a r y  mix tests indi.catecl  

that thi .s  s u b s t i t u t i . o n  would r e s u l t  in o n l y  s m a l l  changes i n  g r o u t  proper-  

trfes; hence,  a l l  subsequent  work was done w i t h  Ty~9e 1 cement, 

The i n i t i a l  l a b o r a t o r y  tests were made w i t h  a s y n t h e t i c  waste s o l u t i o n  

and a labora tory-b lended  s o l i d s  mix, The r e s u 1 . t ~  of t h e s e  tests (shown i n  

F i g ,  5) i n d i c a t e d  t h a t  a s o l i d s / w a s t e  weight  r a t i o  of 6 t o  7 l b / g a l .  would 

have a c c e p t a b l y  low phase s e p a r a t i o n ,  Measurement o f  the v i s c o s i t y  o f  t h e  

grou'; made with W-7 waste gave 2,2, 5 , 0 ,  and 20 P f o r  w e i g h t  r a t i o s  of  5 , 0 ,  

6 , 0 ,  and 7 , O  l b / g a l ,  r e s p e c t i v e l y ,  T h e r e f o r e ,  s i n c e  a grout: v i s c o s i t y  of 

less than 10 P i s  d e s i r a b l e  a weight  r a t i o  of 5 .0  l b / g a l  w a s  i n d i c a t e d  f o r  

the i n j e c t i o n , .  
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F i g .  5 .  Density and Phase Separation of Grout P r e p a r e d  from Waste 
Solutions W-7 and 14-8 (Laboratory-Blended S o l i d s )  . 
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4 INJECTION ILW-8 

4,l P r e l i m i n a r y  P r e p a r a t i o n s  -_l___-^.a 

4,1 1 Blending of S o l i d s  .." _zc_I 

A t o t a l  of 595,721. l b  of s o l i d s  was blended and s t o r e d  as fo l lows:  

1 134,098 9-18-72 

2 119  p 814 9-21-72 

3 115 e 124 9 -2 0- 7 2 

4 145  046 9-19-72 

P - l  tank 40,461 9-22-7 2 

S c a l e  t a n k  41,178 9-22-72 

4,1 2 Waste T r a n s f e r  - l_-.._____l__ 

Waste s o l u t i o n  was pumped t o  t i le s i t e  from t a n k s  W-7 and 14-8 and 

d i s t r i b u t e d  as f u ' l l o m  :: 

W-7 Waste&al -- W-8 Wa_s.EL& 

T 2  - 14,448 T 1  - 1.4,327 
T 3  - 24,385 T9 - 12 ,850  

T 4  - 24,334 

4 , l  3 C o m p a t i b i l i x o f  Waste -..--- and S o l i d s  Mix .- . 
A f t e r  t h e  s o l i d s  r e q u i r e d  f o r  t h e  i n j e c t i o n  had been blended and 

s t o r e d ,  t he  s o l i d s  a t  t h e  t o p  of each  b i n  were sampled, 'l'hese samples 

were mixed wPth s y n t h e t i c  waste soluCions and water accord ing  t o  t h e  

procedure used i n  t h e  initial tests, The r e s u l t s  ob ta ined  with W-7 waste 

s o l u t i o n  are  shown in F i g s  G and 1 ;  t h e  resu1.t.s with water and W-8 waste 

solution were s i m i l a r  I t  i s  obvious t h a t  t h e r e  is  c o n s i d e r a b l e  v a r i a t i o n  

i n  t h e  phase scpnrattan observed w i t h  g r o u t s  made from s o l i d  mixes stored 

i n  d i f f e r e n t  b i n s  A comparison with F i g ,  5 i n d i c a t e s  t h a t  t h e r e  i s  a l s o  

a c o n s i d e r a b l e  d i  f fererzce between t h e  phase s e p a r a t i o n  observed wish grouts  

made from Paborarory b l e n d s  and t h a t  observed w i t h  g r o u t s  made from p l a n t  

b l e n d s -  A p a r r i a l  check on t h e  completeness  of t h e  s o l i d s  mixing was made 
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b y  sampling the s o l i d s  a t  t h e  bot tom of bulk s t o r a g e  b i n  1 and comparing 

t h e  g r o u t s  made from t h i s  sample w i t h  t h o s e  prepared  f r o n ~  a sample t a k e n  

from the top  of the same b i n ,  The g r o u t s  had similar p r o p e r t i e s ;  f o r  

example, a t  a weight  r a t i o  of 6 l b / g a l ,  t h e  g r o u t s  niade from t h e  t o p  and 

t h e  bottom samples had 11% and 16% phase s e p a r a t i o n ,  r e s p e c t i v e l y ,  There- 

f o r e ,  i t  was t e n t a t i v e l y  concluded t h a t  t h e  s o l i d s  had been adequate ly  

mixed and t h a t  t h e  observed d i f f e r e n c e s  i n  g r o u t  p r o p e r t i e s  were due t o  

v a r i a t i o n s  i n  cement composi t ion.  It was dec ided  t h a t  t h e  s o l i d s / w a s t e  

weight  r a t i o  should  b e  v a r i e d  d u r i n g  t h e  i n j e c t i o n ,  depending on which 

bulk  s t o r a g e  b i n  was f e e d i n g  s o l i d s  t o  t h e  p l a n t ,  and t h a t  t h e  weight  r a t i o  

s h o u l d  b e  a p p r e c i a b l y  h i g h e r  t h a n  t h e  6 l .b/gal v a l u e  t h a t  t h e  ear l ie r  labo-  

r a t o r y  tests had i n d i c a t e d  t o  b e  optimum. A set  of recommended weight 

r a t io s  for t h e  s e v e r a l  combinat ions of wastes and s o l i d s  mixes w a s  p r e p a r e d ,  

4 * l e 4  WeLL P l u g g i n g  

The e x i s t i n g  s l o t  i n  t h e  i n j e c t i o n  w e l l  ( a t  842 f t )  was plugged w i t h  

cement 

4 , 1 . 5  Well S l o t t i n g  

The w e l l  was s l o t t e d  a t  832 f t .  The f r a c t u r i n g  p r e s s u r e ,  6000 p s i ,  

w a s  u n u s u a l l y  h igh .  Ai rborne  r a d i o a c t i v i t y  a t  t h e  t o p  o f  t h e  wel lhead  c e l l  

was measured d u r i n g  t h e  s l o t t i n g  o p e r a t i o n .  

t e c t e d ,  whereas t h e  beta-gamma emiss ion  level w a s  2 .7  x pCi/cc. T h i s  

i s  about  0,3% of  the "Sr c o n c e n t r a t i o n  guide  f o r  a c o n t r o l l e d  area, i f  w e  

assume t h a t  a11 t h e  e m i s s i o n s  were due t o  ''Sr (which i s  v e r y  improbable) ,  

No a l p h a  e m i s s i o n s  were de- 

R a d i a t i o n  doses r e c e i v e d  d u r i n g  t h e  s l o t t i n g  o p e r a t i o n  ranged from 

38 t o  80 mR f o r  t h e  f i v e  men invo1,ved; t h e  average  w a s  50 mR, Ln g e n e r a l ,  

w e l l  s l o t t i n g  does n o t  c o n t r i b u t e  s i g n i f i c a n t l y  t o  r a d i a t T o n  exposure ,  

4.2 D e s c r i p t i o n  of I n j e c t i o n  

The i n j e c t i o n  was s t a r t e d  a t  10:30 on September 29 ,  Contaminated 

water from t h e  waste p i t  was mixed w i t h  s o l i d s  from b i n  4 a t  t h e  recommended 

d e n s i t y  of 11.1 l b / g a l .  A f t e r  30 min of smooth o p e r a t i o n ,  the f low was 

swi tched  t o  waste s o l u t i o n  from T-3 and t h e  s o l i d s  f l o w  rate was I n c r e a s e d  
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i n  o r d e r  t o  i n c r e a s e  t h e  s l u r r y  d e n s i t y  t o  about  1 1 , 7  I b / g a l .  

immediately t h e r e a f t e r ,  t h e  waste flowmeter s topped  f u n c t i o n i n g ,  S ince  

t h e r e  i s  c o n s i d e r a b l e  redundancy i n  t h e  i n s t r u m e n t a t i o n ,  t h e  i n j e c t i o n  

w a s  cont inued  w i t h  t h e  flowmeter i n o p e r a t i v e ;  d u r i n g  t h e  p e r i o d  t h a t  

fol lowed t h e  f low rates were determined as needed f rom t h e  s t r o k e  c o u n t e r  

of t h e  i n j e c t i o n  pump and t h e  changes i n  levels  of t h e  waste t a n k s ,  

Almost 

A t  1200 an o p e r a t o r  e r r o r  caused d e p l e t i o n  of t h e  a i r  supply  t o  the 

i n j e c t i o n  pump and consequent  l o s s  of c o n t r o l .  A b r i e f  shutdown (< 5 min) 

w a s  r e q u i r e d  t o  remedy t h i s  s i t u a t i o n ,  

A t  1305 i t  w a s  n o t e d  t h a t  t h e  f low through t h e  Densometers was itzade- 

q u a t e ,  The h y d r a u l i c  pump t h a t  powers t h e  Densometer pump w a s  checked t o  

determine t h e  source  of r h i s  problem, and a s t r a i n e r  w a s  found t o  b e  plugged,  

The s t r a i n e r  w a s  subsequent ly  c l e a n e d ,  and t h e  pump was r e t u r n e d  t o  s e r v i c e ,  

A t  1720  t h e  q u a n t i t y  of s o l i d s  remaining w a s  judged Lo b e  s u f f i c i e n t  

f o r  about  10 min of f u r t h e r  o p e r a t i o n ,  and t h e  l i q u i d  f low w a s  switched t o  

w a t e r ,  A t  1735 t h e  supply  o f  s o l i d s  was e n t i r e l y  consumed, and t h e  i n j e c t i o n  

w a s  s topped ,  Then t h e  i n j e c t i o n  w e l l  w a s  o v e r f l u s h e d  w i t h  840 g a l  o f  water 

and va lved  s h u t ,  F i n a l l y ,  t h e  f a c i l i t y  was washed, 

The f r a c t u r i n g  p r e s s u r e  and i n j e c t i o n  p r e s s u r e  throughout  t h e  r u n  were 

abnormally h i g h  - about  1000 p s i  h i g h e r  than i n  p r e v i o u s  i n j e c t i o n s ,  P l o t s  

of t h e  i n j e c t i o n  p r e s s u r e  and s l u r r y  f low rate are give.n i n  F ig .  8 .  There 

i s  no apparent  c o r r e l a t i o n  between t h e s e  two parameters .  The reason  f o r  

~ h e  h i g h  p r e s s u r e  i s  n o t  known, No d i f f i c u l t i e s  were encountered i n  blend- 

i n g  t h e  s o l i d s  and waste; no g e l l i n g  of g r o u t  i n  the sunip tub  was noted ,  and 

t h e  g r o u t  remained f l u i d  and uniform throughout  t h e  run ,  The unchanged 

appearance of t h e  g r o u t  i n  t h e  sump t u b  w h i l e  each s o l i d s  b i n  w a s  b e i n g  

emptied i n d i c a t e d  t h a t  t h e r e  were no m a j  ox v a r i a t i o n s  i-n t h e  composi t ion 

of  the blended s o l i d s ,  I n  c a n t r a s t  t o  r e p o r t s  of ea r l ie r  i n j e c t i o n s ,  no 

change i n  g r o u t  p r o p e r t i e s  was observed as t h e  d r e g s  of each waste t a n k  

were emptied,  
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4.3 Data Analys is  __- 

Data co1.lec-ted d u r i n g  the i n j e c t i o n  i s  shown i n  F i g .  9 ( t h e  Densometes 

r e a d i n g s )  F i g  - 10 ( t h e  mass-f lowineter r e a d i n g s )  , F i g  + 11. ( t h e  i n d i c a t e d  

waste tank  l e v e l s ) ,  and F i g ,  1 2  ( t h e  s t r o k e - c o u n t e r  r e a d i n g s ) .  S ince  t h e r e  

are d i s c r e p a n c i e s  i n  t h e  d a t a ,  t h e  i n i t i a l  problem i s  t o  d e c i d e  which 

i n s t r u m e n t  r e a d i n g s  are most r e l i a b l e ,  

A b r i e f  examinat ion of F i g ,  11 i n d i c a t e s  t h a t  t h e  waste-tank l e v e l  

r e a d i n g s  ase s e r i o u s l y  i n  e r r o r ,  A sudden d e c r e a s e  i n  the i n d i c a t e d  leve l  

of T - 3  occur red  d u r i n g  t h e  i n j e c t i o n ,  and l a r g e  d i f f e r e n c e s  i n  T-2, T - 4 ,  

and T-9 were noted  between the i n i t i a l  i n d i c a t e d  volumes ( r e a d  b e f o r e  t h e  

i r l j  ection) and the f i r s t :  volume read d u r i n g  t h e  inject:.i-on. These d i s c r e p -  

a n c i e s  cumula t ive ly  amount t o  s e v e r a l  thousand g a l l o n s  and make such read- 

i n g s  unusable  f o r  c a l c u l a t i o n a l  purposes .  

The s t roke-counter  r e a d i n g s  seem r e l i a b l e  and c o n s t s  t e n t  e 

'The inass-f lowineter r e a d i n g s  i n d i c a t e d  a t o t a l  s o l i d s  consumption of 

460,000 l b  - 54,000 lb more t h a n  was on hand a t  t h e  s t a r t  of t h e  i n j e c t i o n ,  

A c o r r e c t i o n  must be. made f o r  t h i s  e r r o r ,  which was t h e  r e s u l t  o f  a b u i l d u p  

of a l a y e r  o f  s o l i d s  on t h e  i n s t r u m e n t  seusi.ng cone,  It was assumed t:hat 

t h e  ins t rument  was r e a d i n g  a c c u r a t e l y  d u r i n g  t h e  f i r s t  30 m i n  of o p e r a t i o n  

and chat t h e  e r ror  was c o n s t a n r  throughout  t h e  subsequent  run  time, A 

c o r r e c t e d  m a s s  f low r a t e  was c a l c u l a t e d  based on t h e s e  assumptions;  t h i s  

c o r r e c t e d  ra te  i s  a l s o  s h o ~ m  i n  F i g .  10,  'The c a l c u l a t e d  c o r r e c t i o n  amounts 

t o  50 Ib/min, 

The Densometer r e a d i n g s  are i n a c c u r a t e ,  Labora tory  mix d a t a  can be 

used t o  determine s a l i d s / l i q u i d  weight  r a t i o s  t ha t  correspond t o  the s l u r r y  

d e n s i t y  a t  v a r i o u s  t i m e s  d u r i n g  t h e  i n j e c t i c m ,  I f  t h i s  i s  done, a weight  

r a t i o  averaging  less t h a n  6 lb /gaL i s  c a l c u l a t e d ;  t h e  weight  r a t i o  must b e  

more t h a n  7 l b / g a l  t o  account  f o r  a l l  t h e  s o l i d s  t h a t  were used i n  t h e  

i n j  ec t i o n ,  

The most r e l i a b l e  d a t a  appeared t o  be t h e  s t r o k e - c o u n t e r  r e a d i n g s  

and t h e  corsec ted  mass-flowmeter r e a d i n g s  i_ 'Therefore t h e s e  r e a d i n g s  w e r e  

used t o  c a l c u l a t e  t h e  probable  was te  volumes and weight  r a t i o s  f o r  t h e  

v a r i o u s  s t ages  of  t h e  i n j e c t i o n  ( see  Table 2 ) o  The ca lcu l -a ted  v a l u e s  

obta ined  f o r  t h e  weight  r a t i o s  d u r i n g  t h e  i n j e c t i o n  a r e  g e n e r a l l y  c l o s e  
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Table  2 ,  C a l c u l a t e d  Mix R a t i o s  f o r  I n j e c t i o n  ILW-8 

Clock Net 
Correc ted  C a l c u l a t e d  Values Est imated 

Grout T o t a l i z e r  S o l i d s  Weight Waste Waste Phase 
Time T i m e  Flow Reading Consumed Rat io  Flow Flow S e p a r a t i o n  

(min) S o l u t i o n  Bin ( g a l )  ( lb/min)  ( I b )  ( I b / g a l )  (gpm) (ga l )  2 g a l  

1030 
1100 
1210 
1 2 4 0  
1342 
1455 
1505 
1638 
1720 

1100 
12 1 0  
1240 
1342 
1455 
1505 
1638 
1720 
1 7 3 7  

30 
70 
30 
62 
73 
1 0  
9 3  
4 2  
1 7  

Water 
W-7 waste 
W-7 waste 
W-8 waste 
W- 8 was t e 
W-7 w a s t e  
W-7 waste 
W-7 waste 
Water 

4 6,500 
4 16,920 
1 7,580 
1 15,940 
3 19,060 
3 2,500 
2 24,500 

P-tank 11,000 
P-tank 4,605 

870 
1370 
1600 
1610 
1480 
1340 
1310 
1350 
1420 

26,100 
95 800 

" 48,000 

108 000 
13,400 

56 800 
24,200 

100 9 000 

122 i )  000 

5,05 172 5,140 
7,15 192 13,400 
8.7 184 5,520 
8.75 184 11,400 
7,85 189 13,750 
6.9 194 1,940 
6 , 7  197 18,300 
6,75 200 8,400 
7,5 189 3,200 

7 500 
0 0 
0,5 150 
0 0 
1 190 

1 2  300 
1 .5  370 
1.5 165 
0 0 

w 
P 
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t o  t h e  recommended r a t i o s ,  and t h e  e s t i m a t e d  v a l u e s  f o r  a n t i c i p a t e d  phase 

s e p a r a t i o n  a r e  cor respondingly  low,  

4 " 4  R a d i a t i o n  Doses Received - 

The r a d i a t i o n  exposures  r e c e i v e d  by  I i a l l i b u r t o t i  p e r s o n n e l  are l i s t e d  

i n  Table  3, These exposures  were predominant ly  r e c e i v e d  d u r i n g  maintenance 

o p e r a t i o n s  p r i o r  to t h e  i n j e c t i o n ;  on ly  a s m a l l  f r a c t i o n  was r e c e i v e d  dur- 

i n g  t h e  i n j e c t i o n  and subsequent  washup o p e r a t i o n s  

Airborne r a d i o a c t i v i t y  dur ing  t h e  i n j e c t i o n  was monitored a t  two loca- 

t i o n s :  in t h e  o p e r a t i n g  area, and on t o p  of t h e  mixer c e l l ,  I n  t h e  opera-  

t i n g  area t h e  average  beta-gamma emiss ion  l e v e l  w a s  l , 4  x p C i / c c ;  

the  a l p h a  l e v e l  was zero d u r i n g  most of t h e  run  and averaged 9 .2  x 
uC i / cc  d u r i n g  t h e  l a s t  7 hours .  

t h e  mixer c e l l  were 1 .3  x 10- l '  P C i / c c  and 1,7 x K i / c c s  The 90Sr1 

241.Cm, and 137Cs c o n c e n t r a t i o n  g u i d e s  f o r  a c o n t r o l l e d  area are 1 x lo-', 

9 x 10""2, and 6 x lo-' lGi /cc ,  r e s p e c t i v e l y ,  

w e l l  below t h e s e  v a l u e s  

rhe cor responding  emiss ion  l e v e l s  above 

The measured a c t i v i t i e s  were 

5 *  I N J E C T I O N  ILW-9 

5,1 P r e l i m i n a r y  P r e p a r a t i o n s  

5 1 1 _^-I_ F a c i l - i t y  Maintenance 

The waste flowmeter w a s  reiiioved from t h e  waste l i n e ,  and a p i e c e  of 

p i p e  s c a l e  that w a s  found t o  be jamming t h e  t i i rb ine  b l a d e  w a s  removed, 

The flowmeter w a s  subsequent ly  r e i n s t a l l e d ,  A check of t h e  waste-tank 

l e v e l  i n d i c a t o r  system showed t h a t  t h e  cause  o f  t h e  d i f f i c u l t y  i n  t h i s  

system w a s  a p a r t i a l l y  plugged v e n t  f i l t e r ,  A f t e r  t h e  f i l t e r  had been 

rep laced  and a new one i n s t a l l e d ,  t h e  l e v e l  i n d i c a t o r s  were found t o  work 

p X-CJ p e r P y - 
A s l i g h t  Seak froin one o f  t h e  Gadeo dampeners on the i n j e c t i o n  pump 

had  been observed d u r i n g  the f i r s t  i n j e c t i o n .  T h e r e f o r e ,  this dampener 

was removed, i n s p e c t e d ,  and r e i n s t a l l . e d  w i t h  Eresh t h r e a d  s e a l e r ,  The 

pump packing was t i g h t e n e d ,  t h e  diaphragm of the p r e s s u r e  r e l i e f  valve was 

r e p l a c e d ,  t h e  h igh-pressure  s h u t o f f  valves w e r e  checked, and t h e  Densometers 

were checked and c a l i b r a t e d ,  
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Tab le  3 ,  R a d i a t i o n  Exposures  Received by H a l l i b u r t o n  Pe r sonne l  
During I n j e c t i o n  ILW-8 

T o t a l  Maintenance Slotting I n i  ec  t i o n  - - 
Job Exposure Exposure Exposure Exposure 

D e s c r i p t i o n  (mR) mK X of T o t a l  mR % of T o t a l  mR % of T o t a l  

Cementer 
Cementer 
Mechanic 
Mechanic 
M e  e han f. c 
Ins t rumen t  
me c hani c 

Ins t rumen t  
me@ h a n i  c 

Superv iso  It 
S u p e r v i s o r  
S u p e r v i s o r  

370 289 
400 280 
390 320 
260 2 3 1  
320 260 

110 4 1  

90 60 
80 S6 

230 173  
40 16 

78 
70 
82 
8 9  
8 1  

37 

6 7  
70 
75 
40 

11 
80 
43 

8 
38 

4 1  

2 
50 

3 
20 
11 

3 
1 2  

37 

3 
22 

70 
40 
27 
2 1  
22 

28 

30 
22 

7 
24 

19 
10 

7 
8 
7 

26 

33 
27 

3 
60 
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5 - 1 - 2  Blending I- of S o l i d s  

‘Three l o a d s  of s o l i d s  were blended d u r i n g  t h e  week of October  2 ,  and 

two l o a d s  d u r i n g  t h e  week of October 9 ,  A t o t a l  of 593,490 l b  of s o l i d s  

was blended and s t o r e d  as 

Conta iner  

Kin 1 
Bin 2 
B i n  3 
Bin 4 

I?-2 t ank  
Scale t a n k  

P-1 t a n k  

f o l l o w s  : 

Weight ( l b )  

121,410 

127,330 
119 460 

36 700 
36,790 
36 , 900 

1.14 # 900 

Date 

3 October 
9 October 
2 October 
4 October 

10  October 
10 October 
10 October  

5?1 3 Waste T r a n s f e r  I--._ 

Waste s o l u t i o n  was pumped t o  t h e  s i t e  and d i s t r i b u t e d  as fo l lows:  

T - l  14,170 g a l  
T-2 14,179 g a l  
T-3 23,481 g a l  
T-4 23,679 g a l  
T - 9  12,433 g a l  

5,1..4 Formation Break- 

The e x i s t i n g  f r a c t u r e  a t  832 f t  w a s  reopened by pumping 3000 g a l  of 

water a t  a p r e s s u r e  of 3600 p s i ,  T h i s  volume of w a t e r  was c o n s i d e r a b l y  

i n  e x c e s s  of requi rements ,  

5?1 5 Cornpatibi.1-ity of Waste and S o l i d s  Mix 

The waste soli.iti.on t o  b e  d isposed  of  i n  I n j e c t i o n  ILW-9 was t h e  re- 

maining waste i n  t a n k  W - 7 ,  The a n a l y s i s  of t h i s  s o l u t i o n  i s  g iven  i~i 

Table  1. The s o l i d s  inix used w a s  t h e  same as t h a t  used i n  l n j e c t i o n  ILW-8, 

A f t e r  t h e  solids r e q u i r e d  f o r  t h e  i n j e c t i o n  had becn bLended and 

s t o r e d  i n  t h e  f o u r  b u l k  s t o r a g e  b i n s  and t h e  b lending  t a n k s ,  a sample was 

raken of  ihe s o l i d s  a t  t h e  t o p  of  each b u l k  b i n  and t h e  top  o f  t h e  t h i r d  

b lending  t a n k  These samples were mixed w i t h  s y n t h e t i c  waste s o l u t i o n  a t  

v a r i o u s  so l ids /wasLe weight  r a t i o s ,  and t h e  d e n s i t y  and t h e  phase separa-  

t i o n  of  t h e  L s s u l t i n g  g r o u t s  Were determined.  The r e s u l t s  of t h e s e  d e t e r -  

ininations w e r e  quf te s i m i l a r  t o  those  observed d u r i n g  ea r l<  CK tests s made 

p r i o r  t o  I n j e c t i o n  IL’W-8, w i t h  p lan t -b lended  s o l i d s  ( s e e  Sect,  6 )  I n  each 
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case t h e  observed  phase  s e p a r a t i o n  v a r i e d  

w i t h  the s o l i d s  b lend  i n  one b i n  having  a 

t i o n ;  a l s o ,  t h e  f ie ld-mixed s o l i d s  b l e n d s  

a p p r e c i a b l y  from b i n  t o  b i n ,  

p a r t i c u l a r l y  h i g h  phase  separa-  

y i e l d e d  a g r o u t  w i t h  a much 

h i g h e r  phase  s e p a r a t i o n  t h a n  d i d  t h e  laboratory-mixed soLids  b l e n d s ,  The 

p o s s i b i l i t y  t h a t  t h e  f ie ld-mixed s o l i d s  were i n a d e q u a t e l y  blended was 

checked by t e s t i n g  samples t a k e n  from t h e  top ,  middle ,  and bot tom of b i n  4 ,  

For a weight  r a t i o  of 7 l b / g a l ,  t h e  phase s e p a r a t i o n s  o b t a i n e d  from t h e s e  

three samples were 8,4%,  8 , 3 % ,  and 3 , 8 % ,  r e s p e c t i v e l y ,  The low v a l u e  f o r  

t h e  l a s t  sample can probably  be e x p l a i n e d  by n o t i n g  t h a t  t h e  bot tom of 

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

least some of  th is  r e s i d u e  mixed w i t h  t h e  sample. Another p o s s i b l e  cause  

o f  t h e  observed v a r i a t i o n  i n  g r o u t  p r o p e r t i e s  i s  day-to-day d i f f e r e n c e s  

i n  cement composi t ion ,  A p r e l i m i n a r y  check of t h i s  p o s s i b i l i t y  w a s  made 

by comparing t h e  phase  s e p a r a t i o n  o b t a i n e d  from a f ie ld-mixed s o l i d s  b lend  

w i t h  t h e  phase s e p a r a t i o n  o b t a i n e d  from a laboratory-mixed s o l i d s  b l e n d  

made from the i d e n t i c a l  t r u c k  l o a d  of  cement. The laboratory-mixed s o l i d s  

b lend  gave r e s u l t s  similar t o  t h o s e  o b t a i n e d  w i t h  almost  a l l  o t h e r  labo-  

r a t o r y  mixes - a phase  s e p a r a t i o n  of about 1% a t  a weight  r a t i o  of 6 l b / g a l ,  

The f ie ld-mixed s o l i d s  b lend  gave r e s u l t s  similar t o  t h o s e  o b t a i n e d  w i t h  

t h e  b e s t - q u a l i t y  f i e l d  mixes - a phase s e p a r a t i o n  of about  5% a t  a weight  

r a t i o  o f  6 l b / g a l ,  

b i l i t y  of cement v a r i a t i o n s ,  some a d d i t i o n a l  f a c t o r  i s  l i k e l y  a l s o  p r e s e n t ,  

A set of recommended weight  r a t i o s  f o r  t h e  several  combinat ions of  

Although t h i s  s i n g l e  r e s u l t  does n o t  r u l e  o u t  t h e  p o s s i -  

waste and s o l i d  mixes and water w a s  p r e p a r e d .  

5 , 2  D e s c r i p t i o n  of I n j e c t i o n  

I n j e c t i o n  ILW-9 was s t a r t e d  a t  8:56 on October  1 7 ,  F r e s h  w a t e r  w a s  

mixed w i t h  s o l i d s  from b i n  3 d u r i n g  t h e  f i r s t  few minutes  of t h e  i n j e c t i o n s  

so t h a t  t h e  o p e r a b i l i t y  of t h e  f a c i l i t y  could b e  e s t a b l i s h e d  w i t h  non- 

r a d i o a c t i v e  s o l u t i o n ,  A f t e r  7 min of o p e r a t i o n ,  t h e  water wits shut. o f €  

and t h e  waste solution w a s  pumped from T - l ,  

At: 1544 t h e  l i q u i d  f low w a s  swi tched  t o  t h e  waste p i t ,  and ahout  

4000 g a l  of contaminated water was mixed w i t h  s o l i d s  and pumped down the 

w e l l ,  



A t  1607 t h e  q u a n t i t y  of  s o l i d s  remaining w a s  judged t o  h e  s u f f i c i e n t  

f o r  about  10 minutes  of o p e r a t i o n ,  and t h e  l i q u i d  flow w a s  swi tched  t o  

f r e s h  w a t e r ,  

A t  1620 t h e  supply  of s o l i d s  w a s  found t o  h e  e n t i r e l y  consumed, and 

t h e  i n j e c t i o n  was stopped.  The i n j e c t i o n  we.11 was t h e n  over.Elushed w i t h  

800 g a l  of water and va lved  s h u t .  F i n a l l y ,  tilie f a c i l i t y  w a s  washed, 

A s  i n  I n j e c t i o n  ILW-8, t h e  i n j e c t i o n  p r e s s u r e  throughout  t h i s  i n j e c -  

t i o n  w a s  unusua l ly  h igh .  P l o t s  of t h e  i n j e c t i o n  p r e s s u r e  and t h e  s l u r r y  

f low ra te  are shown i n  F ig .  13,  

'The only  equipment mal func t ion  exper ienced  d u r i n g  t h i s  i n j e c t i o n  w a s  

a Densometer pump seal f a i l u r e ,  which o c c u r r e d  n e a r  t h e  end of t h e  i n j e c -  

t i o n ,  'The b l e n d i n g  o f  t h e  sol. ids and t h e  waste so lu t i .on  was accomplished 

w i t h  no d i f f i c u l t y  except  f o r  one s h o r t  p e r i o d  when t h e  g r o u t  th ickened  

and became d i f  f i.c.ult t o  pump e 'The s o l i d s  weight  r a t i o  w a s  reduced b r i e f l y ,  

and t h e  g r o u t  became f l u i d  and pumpable, The reason  f o r  t h i s  b r i e f  d i f f i -  

c u l t y  i s  n o t  known; i t  d i d  n o t  correspond t o  a low was te  t a n k  leve l  o r  a 

p a r t i c u l a r l y  h i g h  average  s o l i d s  f l o w ,  A momentarily h i g h ,  i n s t a n t a n e o u s  

s o l i d s  f low i s  perhaps t h e  b e s t  e x p l a n a t i o n ,  More d i f f i c u l t y  t h a n  u s u a l  

was encountered i n  g e t t i n g  t h e  s o l i d s  t o  f low from t h e  b u l k  s t o r a g e  b i n s  

when each w a s  i n i t i a l l y  put  on stream, A s  i n  I n j e c t i o n  ILW-8, t h e  unchanged 

appearance of t h e  g r o u t  i n  t h e  sump t u b  throughout  t h e  emptying o f  each  

b i n  i n d i c a t e d  that  t h e r e  were no major v a r i a t i o n s  i n  t h e  composi t ion of t h e  

blended s o l i d s ,  

5 , 3  Data Analys is  

Some of t h e  d a t a  c o l l e c t e d  d u r i n g  t h e  i n j e c t i o n s  are shown i n  F i g .  14 
( t h e  Densometer r e a d i n g s ) ,  F ig .  15 ( t h e  waste [ l o w  r a t e ) ,  and Pig ,  16 (tile 

s o l i d s  f l o w  r a t e ) ,  Values f o r  t h e  waste f low rate  a re  t a k e n  f rom t h e  f l o w -  

meter t o t a l i z e r ;  v a l u e s  f o r  t h e  s o l i d s  f low ra te  are taken  from t h e  m a s s -  

flowmeter t o t a l i z e r ,  

A comparison o f  the waste t a n k  l e v e l  r e a d i n g s  w i t h  t h e  Elowmeter 

t o t a l i z e r  r e a d i n g s  i n d i c a t e s  good agreement;  t h e  flowmeter t o t a l i z e r  f i g -  

u r e s  are c o n s i s t e n t l y  about  4% h i g h e r  t h a n  t h o s e  f o r  t h e  waste tank  l e v e l ,  

This  i s  n o t  a s i g n i f i c a n t  d i f f e r e n c e  f o r  such an o p e r a t i o n ,  
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The mass-flowmeter r e a d i n g s  i n d i c a t e  a t o t a l  s o l i d s  consumption of 

,596,560 lb . ,  T h i s  nuiiiber i s  i n  good agreement w i t h  t h e  q u a n t i t y  of s o l i d s  

t h a t  w a s  on hand a t  t h e  s t a r t  of t h e  i n j e c t i o n  ( i n e n ,  593,500 lb), No 

c o r r e c t i o n  t o  t h e  mass flowmeter r e a d i n g s  was made f o r  t h i s  run. 

Again, as i n  I n j e c t i o n  XLW-8, t h e  Densometer r e a d i n g s  are i n a c c u r a t e ,  

I f  t h e  s l u r r y  d e n s i t i e s  i n d i c a t e d  by the Densometers are used t o  c a l c u l a t e  

t h e  s o l i d s  weight  r a t i o s  f o r  v a r i o u s  t i m e s  d u r i n g  t h e  i n j e c t i o n ,  less t h a n  

75% of t h e  t o t a l  s o l i d s  consumed can b e  accounted f o r ,  ,411 e r r o r  of 2 l b j g a l  

i n  t h e  weight  r a t i o ,  o r  0,7 1bl"gnl i n  t h e  Densometer, must b e  assumed to 

account  f o r  such  a d i s c r e p a n c y ,  The e r r o r  f o r  Densometer 2 was a p p a r e n t l y  

smaller than  t h a t  € o r  DenSQWter 1; d u r i n g  t h e  t i m e s  t h a t  Densometer 2 w a s  

b e i n g  o p e r a t e d ,  t h e  e r r o r  i n  weight  r a t i o  was l i k e l y  less t h a n  1 l.b/gaIn 

The s o l i d s  flow ra te  i n d i c a t e d  by t h e  mass flowmeter., d i v i d e d  by t h e  

l i q u i d  f l o w  rate ,  g i v e s  t h e  w e i g h t - r a t i o  curve shown i n  F i g ,  17, T h i s  

curve  shows t h e  f l u c t u a t i o n s  i n  t h e  weight  r a t i o  t h a t  occur  d u r i n g  an i n j e c -  

t i o n ;  they  are g e n e r a l l y  w i t h i n  1 1 2  l b / g a l  of t h e  average  b u t  o c c a s i o n a l l y  

i n  e x c e s s  of 1 l b / g a l ,  Many of t h e  l a r g e  d e v i a t i o n s  occurred  when t h e  

s o l i d s  flow w a s  swi tched  between b i n s  and were caused by the d i f f i c u l t y  

i n  o b t a i n i n g  a prompt f low of s o l i d s ,  

The c a l c u l a t e d  i n j e c t i o n  parameters  are summarized i n  T a b l e  4 ,  The 

average  weight  r a t i o s  of t h e  g r o u t  i n j e c t e d  a t  v a r i o u s  times are g e n e r a l l y  

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

phase s e p a r a t i o n  are c o r r e s p o n d i n g l y  low- These a n t i c i p a t e d  phase  sepa-  

r a t i o n  numbers do n o t  a l l o w  f o r  water noc completely b l e d  back a f t e r  I n j e c -  

c i o n  TLW-8 o r  t h e  e x c e s s i v e  volume of  water t h a t  w a s  i n j e c t e d  t o  open t h e  

f r a c t u r e  p r i o r  t o  I n j e c t i o n  ILW-9, 

5 " 4  R a d i a t i o n  Doses Received -- 

The r a d i a t i o n  exposures  r e c e i v e d  by ElalPiburton p e r s o n n e l  d u r i n g  

I n j e c t i o n  ILTnl-9 are l i s t e d  i n  T a b l e  5 ,  These exposures  are reduced by 

approximately one-half from those r e c e i v e d  i n  I n j e c t i o n  ILW-8 because of 

t h e  reduced maintenance t h a t  w a s  r e q u i r e d  and because  no s l o t t i n g  o p e r a t i o n  

was performed, The exposure  r e c e i v e d  d u r i n g  t h e  i n j e c t i o n  i t s e l f  i s  v i r t u -  

ally i d e n t i c a l  t o  t h a t  r e c e i v e d  d u r i n g  I n j  e c t i o n  LLW-8 
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T a b l e  4.  C a l c u l a t e d  P a r a m e t e r s  f o r  I n j e c t i o n  ILW-9 

E l a p s e d  

W t .  R a t i o  Cal- 
c u l a t e d  from E s t i m a t e d  

Waste Densometer Densometer S o l i d s  WeiRht Phase - 
C l o c k  TLme T i m e  Flow Reading Reading  Consumed Rat io  S e p a r a t i o n  
From T c  (min) S o l u t i o n  B in  ( g a l )  f l b / g a l )  ( I b / g a l )  ( l b / m i n )  (lb) ( l b / g a l )  % g a l  

F- 
0856 0903 7 Water 3 1,130 10.6 4.5 5 70 4,000 3.5 20 2 30 w 
0903 1034 91 Waste 3 15,200 11.6 6 .25  1,370 125,000 8 .2  0.2 46 
1034 1202 88 Waste 1 15,000 1 1 . 7  6 .0  1,370 120,400 8.0 0.8 185 
1202 1326 84 Waste 2 14,800 11.4 5.0 1,410 118,250 8.0 0.8 175 
1326 1445 79 Waste 4 13,200 11.35 6 . 7  1,410 111,713 8.45 2.0 400 
1445 1544 59 Waste P-tank 10,100 11.5 5 .3  1 , 1 6 0  68,490 6 .8  1.8 280 
1544 1607 23 P i t  water P-tank 3,940 11.0 5 . 1  1.,360 31 ,340  8.0 3.0 140 
1607 1620 1 3  Water P-tank 2,300 - 1,390 18,070 7 .9  3.0 105 
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Table  5 .  Radiation Exposures Received by H a l l i b u r t o n  Personnel 
During Injection ILW-9 

Total Exposure Maintenance Exposure Injection Exposure ~ - _I__......... ____. ~..... Job  
Description (mR) mR % of To ta l  mR X of Total 

C eme LIT e r 
Cementer 
Mechanic 
Mechanic 
Mechanic 
Instrument 
me chant c 
Stipe r v i s o r 
Supe r v i s  or 

190 
190 
190 

7 0 
100 

20 
30 
30 

161 
14 1 
171 

25 
90 

10  
6 
13 

85 
85 
90 
35 
90 

50 
20 
45 

29 
2 9  
19 
45 
LO 

10 
2 4  
1 7  

1.5 
15 
10 
65 
10 

50 
80 
55 



Airborne  r a d i o a c t i v i t y  d u r i n g  t h e  i n j e c t i o n  was monitored i n  t h e  

o p e r a t i n g  area and on t o p  of t h e  mixer ce l l .  The d e t e c t e d  a c t i v i t y  w a s  
l o w  i n  each l o c a t i o n ,  The average  beta-gamma and a l p h a  c o n c e n t r a t i o n s  

on t o p  of t h e  cell were 1,6 x uCi/cc and 1 x uCi/cc,  r e s p e c t i v e l y ,  

The cor responding  v a l u e s  f o r  t h e  o p e r a t i n g  area were 2 x p C i / c c  and 

4 10-14 u~i/cc,  

(a, I N J E C T I O N  ILW-10 

6 , 1  P r e l i m i n a r y  P r e p a r a t i o n s  

631nl F a c i l i t y  Maintenance 

The i n j e c t i o n  pump w a s  repacked,  and t h e  p l u n g e r s  were r e p l a c e d ,  The 

mass f lowmeter  w a s  found t o  b e  jammed by cement d u s t  t h a t  had e n t e r e d  

through a s m a l l  opening.  It  t h u s  became n e c e s s a r y  t o  remove t h i s  i n s t r u -  

ment f rom t h e  c e l l  so  t h a t  r e p a i r s  could  be made, 

During t h e  p r e i n j e c t i o n  p r e s s u r e  t e s t i n g  of t h e  h igh-pressure  p i p i n g  

mani fo ld ,  one of t h e  Gadco dampeners t h a t  w a s  mounted on t h e  i n j e c t i o n  pump 

w a s  blown o f f  i t s  f i t t i n g ,  The i n j e c t i o n  pump w a s  promptly s topped ,  and 

t h e  pump c e l l  was washed down t o  f l u s h  o u t  t h e  contaminated p i t  w a t e r  t h a t  

had been sprayed  i n t o  t h e  c e l l ,  A f t e r  t h e  dampener had been removed from 

t h e  c e l l ,  a p l u g  was i n s t a l l e d  on the i n j e c t i o n  pump and t e s t i n g  of t h e  

h igh-pressure  p i p i n g  w a s  resumed. A l l  v a l v e s  were t e s t e d  t o  5000 p s i ;  t h e  

pressure  r e l i e f  v a l v e  w a s  a d j u s t e d  and t e s t e d  t o  7500 p s i ,  

Examination of  t h e  Gadco dampener i n d i c a t e d  t h a t  a crack i n  t h e  thread-  

ed j o i n t  had l i k e l y  been p r e s e n t  f o r  some t i m e  and t h a t  t h i s  c r a c k  had prob- 

a b l y  propagated  when t h e  sys tem w a s  s u b j e c t e d  t o  t h e  p r e s s u r e  s u r g e s  t h a t  

are i n c i d e n t  t o  p r e i n j e c t i o n  t e s t i n g *  T h i s  dampener had been observed t o  

be l eak ing  d u r i n g  I n j e c t i o n  ILW-8, It was assumed a t  t h e  t i m e  t h a t  t h e  

sea l  w a s  f a u l t y ;  hence,  t h e  dampener w a s  removed and new t h r e a d  t a p e  w a s  

a p p l i e d ,  The dampener w a s  r e i n s t a l l e d  p r i o r  t o  I n j e c t i o n  ILW-9. 

6 . 1 . 2  Blending of S o l i d s  

F ive  l o a d s  of s o l i d s  were blended d u r i n g  t h e  week of October  23;  one 

l o a d  w a s  blended on October  3 0 ,  A t o t a l  of 677,880 l b  of s o l i d s  w a s  blended 
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and s t o r e d  as i n d i c a t e d  i n  Table  6 ,  O n e  load  was d i v i d e d  between Bins 3 

and 4 ;  thereEure ,  t h e  weight  of s o l i d s  i n  each of  t h e s e  b i n s  i s  n o t  known 

w i t h  p r e c i s i o n ,  However, t h e  to ta l .  of t h e  two b i n s  i s  c o r r e c t ,  

Table  6.  D i s t r i b u t i o n  of Blended S o l i d s  f o r  I n j e c t i o n  ILFJ-IO 

T o t a l  i n  
Bin Weight 

( I b )  ( l b )  
Co 11 t a i ne r Blending Date 

4 
4 
3 
3 
1 
1 
2 
2 
2 

P-2 tank 
P - I  tank 

Scale tank  

October 2 3  
October 24 
October 24 
October 25 
October 25 
October 26 
October 26 
October 27 
October 30 
October  27 
October 30 
October  30 

108 , 550 128,350 
19 , 800a 

102 , 8 30a 139 , 550 
36,720 
73,960 150,850 
76,890 
38,610 l.53,710 
81,860 
33 , 240 
37 , 320 
33,470 
34 , 630 

a One blended l o a d  w a s  d i v i d e d  between b i n s  4 and 3 .  The 
d i v i s i o n  between t h e s e  b i n s  i s  e s t i m a t e d .  

6 , 1 , 3  Waste T r a n s f e r  
cL_- 

Wasce s o l u t i o n  was pumped t o  t h e  s i t e  and d i s t r i b u t e d  as f o l l o w s :  

T-1 14,881 g a l  
T-2 14,772 g a l  
T- 3 24,597 gal 
T-4 24,597 g a l  
T-9 12,947 g a l  

6 , 1 . 4  Formation Breakdown 

The e x i s t i n g  f r a c t u r e  a t  832 f t  was reopened by pumping 204 g a l  o f  

water a t  a pressure of 3050 p s i .  

6 , 1 , 5  Compatibi.l.i.ty of Waste and S o l i d s  Mix - - -  
Approximately 10,000 gal. of Id-7 waste s o l u t i o n  remained f rom I n j e c t i o n  

ILW-9, However, the bulk  of t h e  waste s o l u t i o n  t o  be d isposed  of c o n s i s t e d  

of waste from t a n k s  14-9 and W-10, These s o l u t i o n s  w e r e  sampled and ana lyzed ,  
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The a n a l y s e s ,  g i v e n  i n  Table  I., ind ica te  tha t  t h e  s o l u t i o n s  i n  t a n k s  W-9 

and ’GJ-IO are v e r y  similar and are c o n s i d e r a b l y  more d i l u t e  t h a n  t h e  W-7 
w a s t e  s o l u t i o n ,  

T h e  s o l i d s  mix t o  b e  used w a s  unchanged from t h a t  employed i n  t h e  two 

p r e v i o u s  i n j e c t i o n s  

The solids r e q u i r e d  f o r  t h e  i n j e c t i o n  were b lended  and s t o r e d  i n  t h e  

€our  b u l k  s t o r a g e  S i n s ,  t h e  two b l e n d i n g  t a n k s ,  and t h e  scale  t a n k ?  A 

sample was t a k e n  of t h e  s o l i d s  blended on each  o f  six days ,  and t h e s e  

samples  were mixed w i t h  s y n t h e t i c  waste s o l u t i o n s  a t  v a r i o u s  s o l i d s / w a s t e  

weight r a t i o s  

were de termined ,  The I resul ts  are shown i n  F i g s ,  18 and 19.  The g r o u t  

propertr ies  that: r e s u l t e d  when sonie of t h e  blended s o l i d s  were mixed w i t h  

water and W-7 waste are shown i n  F i g ,  20 ,  A l l  of t h e s e  r e s u l t s  are q u i t e  

d i f f e r e n t  from t h o s e  observed i n  tests of b lends  from t h e  two p r e v i o u s  

i n j e c t i o n s ,  

observed with t h e  b l e n d s  f o r  I n j e c t i o n  XLW-10 are much lower t h a n  t h o s e  

observed w i t h  t h e  b l e n d s  f o r  t h e  Two earlier i n j e c t i o n s ,  Also,  t h e  observed 

11 v i s c o s i t i e s ”  o f  t h e  ILW-10 b l e n d s  were much h i g h e r ”  In g e n e r a l ,  t h e  LLW-10 

b l e n d s  a t  a weight  r a t i o  of 6 l b f g a l  were much l i k e  t h e  earlier b l e n d s  at: 

8 I b / g d -  

used f o r  ILW-EO (W-9 vs W - 7 ) ;  however, n o t  all of t h e  observed d i f f e r e n c e  

can be e x p l a i n e d  i n  t h i s  manner,  

The d e n s i r y  and phase s e p a r a t i o n  of the r e s u l t i n g  g r o u t s  

A t  a g iven  weight  r a t i o  of s o ~ i d s ,  t h e  phase  s e p a r a t i o n s  

Some of t h i s  d i f f e r e n c e  Is caused by the d i f f e r e n r  waste s o l u t i o n  

The reason  fox the observed d i f f e r e n c e  i n  p r o p e r t i e s  of g r o u t s  made 

from mixes blended on d i f f e r e n t  days i s  alsw obscure  S i n c e  v a r i a t i o n  i n  

cement; c h a r a c t e r i s t i c s  h a s  been s u s p e c t e d ,  samples w e r e  taken of t h e  cement 

used each  day, 

t he  o t h e r  c o n s t i t u e n t s  of the s o l i d s  mix and mixed w i t h  s y n t h e t i c  W-9 waste 

s o l u t i o n  a t  a weight  r a t i o  of 4 lbbgal . ,  

were between 0 ,24  and L 8 % ,  which is a p p r e c i a b l y  lower t h a n  any of t h e  

f i e l d  b l e n d s  and Power than  t h e  6 9% phase s e p a r a t i o n  o b t a i n e d  w i t h  bag 

cement ( t h e  p r e v i o u s  s t a n d a r d  “ l a b o r a t o r y  mix”) Although some v a r i a t i o n  

i r a  cement p r o p e x t i e s  a p p a r e n t l y  o c c u r s ,  it does n o t  appear  t o  b e  t h e  reason 

f o r  t h e  range  of g r o u t  p r o p e r t i e s  t h a t  have been observed ,  

Each of these samples w a s  blended i n  the l a b o r a t o r y  w i t h  

The observed phase  s e p a r a t i o n s  
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D e n s i t y  and Phase Sepa ra t ion  of Grout Prepared from Waste 
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F i g .  20.  Densi ty  and Phase Separation of Grout P repa red  from W-7 
Waste, Water, and Plant-Blended S o l i d s  f u r  U s e  i n  I n j e c t i o n  ILW-10. 
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A set of recommended weight  r a t i o s  f o r  t h e  v a r i o u s  combinat ions of 

waste and s o l i d s  mixes and water w a s  p repared ,  More s o l i d s  were blended 

f o r  t h i s  i n j e c t i o n  t h a n  f o r  t h e  f i r s t  two i n j e c t i o n s ,  and each b i n  c o n t a i n e d  

s o l i d s  b lended  on a t  least two d i f f e r e n t  d a y s -  I n  some i n s t a n c e s  t h e s e  

s o l i d s  had r a t h e r  d i f f e r e n t  p r o p e r t i e s ;  t h u s ,  t h e  recommended s o l i d s  weight  

r a t i o  f o r  t h a t  p a r t i c u l a r  b i n  could  n o t  b e  s t a t e d  as a f i r m  v a l u e ,  

6,2 D e s c r i p t i o n  of I n j e c t i o n  

I n j e c t i o n  ILW-10 was s t a r t e d  a t  1 0 ~ 1 4  on November 8 ,  Water from t h e  

waste p i t  w a s  mixed w i t h  s o l i d s  from b i n  4 and i n j e c t e d .  

of o p e r a t i o n ,  t h e  f low w a s  swi tched  t o  waste t a n k  T-9, 

FollowFng 38 min 

A t  U : 4 0  t h e  i n j e c t i o n  w a s  h a l t e d  and t h e  packing of t h e  i n j e c t i o n  

pump w a s  i n s p e c t e d -  (This  was a planned procedure  and was n o t  occasioned 

by any d i f f i c u l t y  w i t h  t h e  pump,) 

waste f low w a s  swi tched  t o  waste t a n k  T-1 and t h e  s o l i d s  f low t o  b i n  3 ,  

When t h e  i n j e c t i o n  was r e s t a r t e d ,  t h e  

A t  1800 t h e  q u a n t i t y  of s o l i d s  remaining w a s  judged t o  b e  s u f f i c i e n t  

f o r  about  10  min of  o p e r a t i o n  and t h e  l i q u i d  f low w a s  swi tched  t o  water, 

A t  1810 t h e  s u p p l y  of s o l i d s  w a s  exhaus ted  and t h e  i n j e c t i o n  w a s  

s topped ,  

and va lved  s h u t .  F i n a l l y ,  t h e  f a c i l i t y  was washed, 

Then t h e  i n j e c t i o n  w e l l  w a s  o v e r f l u s h e d  w i t h  670 g a l  of water 

The wel lhead  p r e s s u r e  d u r i n g  I n j e c t i o n  ILW-10 w a s  about  300 t o  400 p s i  

lower t h a n  t h a t  measured d u r i n g  I n j e c t i o n  ILW-9, 

h i g h e r  t h a n  what i s  c o n s i d e r e d  t o  b e  a normal i n j e c t i o n  p r e s s u r e .  P l o t s  

of t h e  i n j e c t i o n  p r e s s u r e  and s l u r r y  f l o w  rate are shown i n  F i g ?  2 1 ,  

i s  no c lear  r e l a t i o n s h i p  between t h e s e  two parameters, 

T h i s  i s  about  600 p s i  

There 

In g e n e r a l ,  t h i s  i n j e c t i o n  proceeded s a t i s f a c t o r i l y ,  Occas iona l  d i f f i -  

c u l t y  w a s  exper ienced  w i t h  one of  t h e  Moyno waste pumps; t h a t  i s ,  i n  t h r e e  

i n s t a n c e s ,  t h e  pump s topped  and t h e  i n j e c t i o n  w a s  slowed o r  h a l t e d ,  I n  

each case, however, t h e  pump was r e s t a r t e d  w i t h o u t  d e l a y ,  The c a u s e  o f  

t h e  pump s toppage  is  n o t  known, An a d d i t i o n a l  d i f f i c u l t y  o c c u r r e d  because 

the r e a d i n g s  of t h e  mass-meter t o t a l i z e r  w e r e  n o t  i n  good agreement w i t h  

the  known w e i g h t s  of s o l i d s  i n  r h e  s t o r a g e  b i n s ,  When b i n  4 w a s  emptied,  

f o r  example ,  t h e  mass t o t a l i z e r  i n d i c a t e d  t h e  c o n t e n t s  weighed 14,500 l b  

less t h a n  w a s  thought  t o  be i n  t h e  b i n ;  when b i n  3 w a s  emptied,  t h i s  d i s -  

crepancy had i n c r e a s e d  t o  23,000 Lb, The f i n a l  d i s c r e p a n c y  amounted t o  
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42  000 Lb A l t h o ~ g h  such  i n c o n s i s t e n c i e s  were bothersome t h e y  had no  

e f f e c t  on t h e  p r o g r e s s  of  t h e  i n j e c t i o n ,  A mass-flowmeter e r r o r  i n  t h i s  

case would r e s u l t  o n l y  i n  t h e  g r o u t  being somewhat t h i c k e r  t h a n  planned,  

V i s u a l  o b s e r v a t i o n  of the g r o u t  in che sump t u b  i n d i c a t e d  t h a t  t h e  g r o u t  

was q u i t e  f l u i d  and i n  no danger  of g e l l i n g ;  t h e r e f o r e ,  t h e  mass flowmeter 

r e a d i n g s  were assumed t o  b e  ~ o r r e c t  and were used t o  calculate the s o l i d s /  

waste weight  r a t i o  t o  b e  main ta ined  throughout  t h e  r u n ,  

It w a s  observed t h a t  t h e  g r o u t  i n  t h e  sump t u b  w a s  much more f l u i d  

than  grouts prepared  f o r  l a b o r a t o r y  t e s t s  a t  t h e  same s o l i d s l w a s t e  weight  

r a t i o ,  St i s  b e l i e v e d  t h a t  t h i s  d i f f e r e n c e  i s  caused by t h e  g r e a t e r  amount 

of s h e a r  g i v e n  t h e  labora tory-b lended  samples d u r i n g  mixing,  Because t h e  

l a b o r a t o r y  samples are i n t e n d e d  to s i m u l a t e  g r o u t s  t h a t  have been pumped 

dawn t h e  i n j e c t i o n  w e l l  and i n t o  t h e  f r a c t u r e ,  some v a r i a t i o n  i s  t o  b e  

expec ted ,  However, t h e  magnimde of t h e  v a r i a t i o n  w a s  somewhat s u r p r i s i n g ,  

The window on the  sump t u b  fogged b a d l y  d u r i n g  t h e  e a r l y  p a r t  of t h e  run ,  

6 , 3  Data A n a l y s i s  

Data c o l l e c t e d  d u r i n g  t h e  i n j e e r i o n  are shown i n  F i g ,  22 ( t h e  Denso- 

irieter r e a d i n g s ) ,  F i g ,  23 ( t h e  w a s t e  f low r a t e ) ,  and F i g -  24 ( t h e  s o l i d s  

r'l0.c.r r a t e )  Values  f o r  t h e  waste flow rate are t a k e n  from t h e  flowmeter 

t-acalizer; v a l u e s  f o r  t h e  s o l i d s  f low rate are  taken  from t h e  mass-flow- 

meter t o t a l i z e r ,  The f lowmeter  t o t a l i z e r  numbers are  c o n s i s t e n t l y  about  

4% h i g h e r  t h a n  t h e  waste t a n k  leve l  r e a d i n g s ,  

T h e  mass-flowmeter r e a d i n g s  i n d i c a t e  a t o t a l  s o l i d s  consumption of 

635,500 l b ,  41,880 I b  less t h a n  t h e  weight  of s o l f d s  a v a i l a b l e  a t  t h e  start 

sf the i n j e c t i o n ,  Comparison of t o t a l i z e r  r e a d i n g s  w i t h  t h e  weight  of  

s o l i d s  charged t o  i n d i v i d u a l  b i n s  i n d i c a t e s  t h a t  t h e  l a r g e s t  d i f f e r e n c e  

(23,000 l b )  occur red  when b i n  2 w a s  b e i n g  emptied,  An examinat ion  made 

of the b i n s  on complet ion QE t h e  InjecLion d i s c l o s e d  a t h i c k  l a y e r  o f  s o l i d s  

on che walls and bottom of  b i n  2 T h i s  l a y e r  w a s  e s t i m a t e d  t o  conta in  at 

Least 10,000 l b  of s o l i d s  and perhaps a l l  of t h e  m i s s i n g  23,000 l b ,  Bins 3 

and 4 W Z K ~  v i r t i ia l ly  empty, whereas b i n  I c o n t a i n e d  a p p r e c i a b l e  s o l i d s ,  as 

d i d  t h e  b l e n d i n g  t a n k s ,  It  seems l i k e l y ,  t h e r e f o r e ,  t h a t  t h e  q u a n t i t y  of 

salids remaining in t h e  b i n s  c l o s e l y  cor responds  to t h e  d i s c r e p a n c y  (42 ,000 Fh) 
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between t h e  mass-flowmeter r e a d i n g s  and t h e  t o t a l  s o l i d s  charged t o  t h e  

b i n s ,  The mass-flowmeter r e a d i n g s  are probably c o r r e c t ,  

The Densometer r e a d i n g s  are a g a i n  i n a c c u r a t e ,  During t h e  f i r s t  3 h r  

o f  t h e  r u n ,  t h e  i n d i c a t e d  d e n s i t y  averaged PL,O l b / g a l ,  

mix r a t i o  f o r  t h i s  d e n s i t y  i s  5 , 3  l b / g a l ,  

t h e  mix r a t i o  i n d i c a t e d  by t h e  mass flowmeter ranged from 6 , 5  t o  7 , O  l b / g a l ,  

a s i g n i f i c a n t  d i f f e r e n c e .  For t h e  t i m e  i n t e r v a l  between 200 and 325 min, 

when Densometer No, 2 w a s  i n  u s e ,  t h e  Densometer r e a d i n g s  were i n  reasonably  

good agreement w i t h  t h e  mass-flowmeter r e a d i n g s ,  A t  330 min, t h e  Densometers 

w e r e  f l u s h e d  and t h e  i n d i c a t e d  d e n s i t y  dropped a b r u p t l y  t o  a l o w  (and e r r o -  

The e q u i v a l e n t  

For t h e  same t i m e  i n t e r v a l ,  

neous> v a l u e ,  The Densometer r e a d i n g s  proved t o  b e  a poor  i n d i c a t i o n  of  

mix r a t i o s  throughout  t h i s  en t i r e  i n j e c t i o n  series,  
The s o l i d s  f low rate i n d i c a t e d  by t h e  mass f lowmeter ,  d i v i d e d  by t h e  

I f q u i d  f low rate, gave t h e  weight  r a t i o s  shown i n  F i g ,  25, G e n e r a l l y ,  t h e  

f l u c t u a t i o n s  i n  t h e  r a t i o  were w i t h i n  1 / 2  l b / g a l  of t h e  average ;  however, 

o c c a s i o n a l  f l u c t u a t i o n s  were g r e a t e r ,  

The c a l c u l a t e d  i n j e c t i o n  parameters  are summarized i n  Table  7 .  A s  

shown, t h e  average  s o l i d s / w a s t e  r a t i o s  of t h e  g r o u t  i n j e c t e d  a t  v a r i o u s  

t i m e s  were g e n e r a l l y  h i g h e r  t h a n  t h e  recommended r a t i o s  by about  1 l b / g a l ,  

The e s t i m a t e d  v a l u e s  f o r  a n t i c i p a t e d  phase  s e p a r a t i o n  were consequent ly  

q u i t e  low, 

6 , 4  R a d i a t i o n  Doses Received 

The r a d i a t i o n  exposures  r e c e i v e d  by H a l l i b u r t o n  p e r s o n n e l  d u r i n g  

I n j e c t i o n  ILW-LO ( s e e  Table  8) are c o n s i d e r a b l y  l a r g e r  t h a n  those r e c e i v e d  

in I n j e c t i o n  ILW-9, p r i m a r i l y  because  of t h e  two major  maintenance j o b s  

t h a t  were r e q u i r e d  ( i a e a 9  r e p a c k i n g  t h e  i n j e c t i o n  pump, and s e r v i c i n g  t h e  

mass f lowmeter ) ,  The exposure  r e c e i v e d  d u r i n g  t h e  i n j e c t i o n  i t s e l f  w a s  

s m a l l  and about  t h e  same as t h a t  r e c e i v e d  d u r i n g  e a c h  of  t h e  two p r e v i o u s  

i n j e c t i o n s ,  

Ai rborne  r a d i o a c t i v i t y  d u r i n g  t h e  i n j e c t i o n  w a s  monitored i n  t h e  

o p e r a t i n g  area and on top  of the mixes c e l l .  The d e t e c t e d  r a d i o a c t i v i t y  

level i n  each  l o c a t i o n  w a s  h i g h e r  t h a n  observed i n  p r e v i o u s  i n j e c t i o n s , .  

'The average  beta-gamma and a l p h a  levels on top  of t h e  c e l l  were 2,2 x lo-' 

p C i / c c  and 8 , 4  x lo-'' yCi/cc r e s p e c t i v e l y ,  

the o p e r a t i n g  area were 1 , 4  x lo- ' '  pCi/cc and 5 , 2  x 

The cor responding  leve ls  i n  

p C i / c e -  
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Table 7. Calculated Parameters f o r  Injection ILW-10 

Estimate of  
Elapsed Waste S o l i d s  Weight Phase 

Clock T i m e  Time Plow Rate Consumed Ratio Separation 
From To (min) Solu t ion  Bin (ga l )  l b  /min l b  ( Ib  / g a l )  g a l  

1014 1052 
1052 1140 
1144 1324 
1324 1512 
1512 1648 
1648 1745 
1745 1800 
1800 1810 

38 
48 

100 
LO 8 
96 
53 
15 
10 

Pit water 4 7 , 2 3 0  
W-7 water 4 10,850 
X-9 waste 3 18,850 
W-9 waste 1 21,145 
W-9 waste 2 17,985 
W-9 waste P-1 11,880 
W-9 waste P-2 3,050 
Water P-2 1,580 

1,325 50,300 
1,325 63,600 
1 310 131,000 
1,340 144,500 
1,360 130,600 
1 455 83,000 
1,510 22,600 
1,000 10 9 000 

6 , 9 5  
5,87 
6.95 
6,85 
7-26 
a .  00 
7 , 4 1  
6 ' 3 2  

0.4 40 
1 , 2  184 
0.1 27 
0 
0 
0.1 17 
0 - 

18,s 246 

- - 

514 
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Table 8 ,  Rad ia t ion  Exposures Received by B a l l i b u r t o n  Personnel  
During I n j e c t i o n  ILW-10 

Job T o t a l  Exposure Maintenance Exposure I n j e c t i o n  Exposure 
mR % of T o t a l  Desc r ip t ion  (mR) mR % of Tota l - - ' -  

Cenien t e r  
Cement e r 
Mechanic 
Mechanic 
Mechanic 
Ins t rument  
mechanic 

Supe rv i so r  
Supe r v i  so r 

160 
2 30 
170 
360 
260 

400 
160 
400 

128 
215 
1 6 1  
3 2 4  
2 2 1  

380 
88 

360 

80 
85 
95 
90 
85 

95 
55 
90 

32 
35 

9 
36 
39 

20 
7 2  
40 

20  
1 5  

5 
10 
15 

5 
45 
10 
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7, I N J E C T I O N  ILW-11 

7,1 P r e l i m i n a r y  P r e p a r a t i o n s  

< -  

7 , L , 1  F a c i l i t y  Maintenance 

The valve seats on t h e  i n j e c t i o n  pump were r e p l a c e d .  A new Gadco 

dampener w a s  i n s t a l l e d  on t h e  h igh-pressure  system t o  r e p l a c e  t h e  one t h a t  

f a i l e d  p r i o r  t o  I n j e c t i o n  ILW-10. A s p i n n i n g  d i s c  v i s c o s i m e t e r  w a s  i n s t a l l e d  

on the s l u r r y  t u b  s o  t h a t  t h e  a p p a r e n t  v i s c o s i t y  of t h e  g r o u t  i n  t h e  t u b  

e s u l d  b e  de te rmined ,  This v i s c o s i m e t e r  w a s  t h e  same d e v i c e  t h a t  had been 

used in t h e  l a b o r a t o r y  t o  de te rmine  r e l a t i v e  a p p a r e n t  v i s c o s i t i e s  of vari-  

ous grout mixes,  It w a s  i n s t a l l e d  i n s i d e  a v e r t i c a l l y  mounted 3-111, p i p e  

so t h a t  i t  could  b e  extended down i n t o  t h e  s l u r r y  o r  r e t r a c t e d  back i n s i d e  

t h e  p i p e ,  

7,1,2 Waste T r a n s f e r  

Waste s o l u t i o n  w a s  pumped t o  t h e  s i t e  and d i s t r i b u t e d  as fo l lows:  

T-1 14,880 g a l  
T-2 14,880 g a l  
"-3 24,760 g a l  
T - 4  24,600 g a l  
T-9 12,950 gal 

7.1 ,3  Blending of S o l i d s  

The so l j -ds  l e f t  i n  b i n  2 a t  t h e  c o n c l u s i o n  of I n j e c t i o n  ILW-10 were 

scraped  from t h e  w a l l s  of t h e  b i n  and c o l l e c t e d  i n  t h e  bottom, The s o l i d s  

blended f o r  I n j e c t i o n  ILW-11 were t h e n  charged on top  of t h e s e  r e s i d u a l  

s o l i d s  

Four l o a d s  of s o l i d s  were blended d u r i n g  t h e  week of November 13, 

This  exhaus ted  t h e  a v a i l a b l e  A t t a p u l g i t e  150 and ,  as a r e s u l t ,  t h e  b l e n d i n g  

o p e r a r i o n  w a s  suspended u n t i l  a new shipment could  b e  r e c e i v e d ,  The f i n a l  

t w o  l o a d s  of s o l i d s  w e r e  blended on November 2 7  and 28 ,  A t o t a l  of 690,000 

l b  of  s o l i d s  was blended and s t o r e d  as i n d i c a t e d  i n  Table  9. 
T h e  b l e n d i n g  o p e r a t i o n  c a r r i e d  o u t  on November 1 6  w a s  performed w i t h  

one P-tank o u t  of service; t h u s ,  t h e  number of  t r a n s f e r s  of s o l i d s  made be- 

tween t a n k s  w a s  one f e w e r  f o r  t h i s  b a t c h  t h a n  w i t h  o t h e r  b a t c h e s  in t h i s  
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Table 9 ,  D i s t r i b u t i o n  of Blended S o l i d s  € o r  I n j e c t i o n  P.T,W-11 

Weight Total i n  Bin 
Container  Blending Date ( I h )  ( I b )  

4 
4 
3 
3 
1 
I 
2 
2 

Y - 2  t a n k  
P-1 tank 

Scale tank 

November 13 111,000 

November 1 4  81,000 
November 14 39 , 490 

November 15 78 , 400 
November 15 40 , 660 
November 16 104,700 
Remaining from LLW-10 
November 2 7  118 , 800 
November 28 38 , 400 
November 28 38 , 000 
November 28 39 , 800 

20 , OOOa 

- 
150,490 

159 , 400 

145,360 

138,800 

- 

- 

- 
- 

a E s t i m a t  e d 
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series. 

t h i s  may have been c o i n c i d e n t a l ,  

T h i s  b a t c h  of s o l i d s  a l s o  had v e r y  low phase s e p a r a t i o n ,  b u t  

7 1 4 Formation Sreakdown - 
T h e  e x i s t i n g  f r a c t u r e  a t  832 f t  w a s  reopened by pumping 323 g a l  of 

water a t  a p r e s s u r e  o f  2550 p s i ,  

7 , 1 , 5  C o m p a t i b i l i t y  of Waste and S o l i d s  Mix 

The waste s o l u t i o n  t o  b e  d i s p o s e d  of i n  I n j e c t i o n  ILW-11 w a s  c o n t a i n e d  

i n  t a n k s  W-9 and W-PO, Analyses  of t h e s e  wastes are g iven  i n  T a b l e  1, The 

s o l i d s  mix t o  be used was t h e  same a5 t h a t  used i n  t h e  t h r e e  p r e v i o u s  i n -  

j e c t i o n s -  

The s o l i d s  r e q u i r e d  f o r  t h e  i n j e c t i o n  were b lended  and s tored  i n  t h e  

f o u r  bulk  s t o r a g e  b i n s ,  t h e  two b l e n d i n g  t a n k s ,  and t h e  scale t a n k ,  A 

sample w a s  t a k e n  of t h e  s o l i d s  blended on each of t h e  s i x  b lending  days ,  

and these samples  w e r e  mixed w i t h  s y n t h e t i c  waste s o l u t i o n s  a t  v a r i o u s  

s o l i d s / w a s t e  weight  r a t i o s ,  

s u l t i n g  g r o u t s  were de termined ,  The r e s u l t s  i n d i c a t e d  r a t h e r  low phase 

s e p a r a t i o n  f o r  the  b lend  p r e p a r e d  on November 1 6  and a p p r e c i a b l y  h i g h e r  

phase s e p a r a t i o n  w i t h  t h e  o t h e r  b l e n d s ,  I n  g e n e r a l ,  t h e  phase  s e p a r a t i o n s  

o b t a i n e d  w i t h  t h e  b l e n d s  f o r  t h i s  i n j e c t i o n  were h i g h e r  t h a n  those  o b t a i n e d  

with t h e  b l e n d s  f o r  Xnjec t ion  ILW-10. A s  u s u a l ,  t h e  phase  s e p a r a t i o n s  ob- 

t a i n e d  when t h e  v a r i o u s  b l e n d s  were mixed w i t h  water were much h i g h e r  t h a n  

those o b t a i n e d  when the b l e n d s  were mixed w i t h  waste, A t  a mix r a t i o  of 

7 I b / g a l ,  t h e  observed phase  s e p a r a t i o n s  were g r e a t e r  than 15% f o r  a l l  

b l e n d s  e x c e p t  t h a t  used on November 3.6 (12) and on November 28 ( 4 , 4 % ) ,  

The d e n s i t y  and phase  s e p a r a t i o n  of t h e  re- 

A set of  recommended mix r a t i o s  t o  b e  used w i t h  t h e  s o l i d s  blended on 

d i f f e r e n t  days w a s  prepared ,  F o r  I n j e c t i o n  ILW-11 each b u l k  s t o r a g e  b i n  

c o n t a i n e d  s o l i d s  b lended  on two d i f f e r e n t  d a y s -  I n  some i n s t a n c e s  t h e s e  

s o l i d s  produced mixes w i t h  r a t h e r  d i f f e r e n t  p r o p e r t i e s ;  t h e r e f o r e ,  t h e  

recommended s o l i d s  weight  r a t i o  f o r  t h a t  p a r t i c u l a r  b i n  w a s  n o t  r e s t r i c t e d  

t o  a s i n g l e  v a l u e ,  
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7 . 2  D e s c r i p t i o n  of I n j e c t i o n  

J u s t  p r i o r  t o  t h e  s t a r t :  of I n j e c t i o n  I J . , G J - l l  t h e  w a s t e  fI.owmeter jammed. 

S ince  t h e  tank l e v e l  measurements provided  a good i n d i c a t i o n  of t h e  wa.s te  

f low r a t e ,  t h e  was te  flowmeter w a s  thought  t o  b e  redundant ;  hence,  t h e  

i n . j e c t i o n  w a s  made w i t h  t h i s  i n s t r u m e n t  i n o p e r a t i v e ,  Also,  p r i o r  t o  t h e  

s t a r t  of t h e  i n j e c t i o n  t h e  v i s c o s i m e t e r  became i n c r e a s i n g l y  e r r a t i c ,  f a i l e d  

t o  main ta in  o p e r a t i n g  speed,  and f i n a l l y  ceased o p e r a t i o n .  It was s u s p e c t e d  

tha t  t h e  motor had s h o r t e d  o u t ,  Because imuiediate repJ-acement of t h e  motor 

was not f e a s i b l e ,  t h i s  ins t rument  was al lowed t o  remain i n o p e r a t i v e  d u r i n g  

t h e  i n j e c t i o n ,  

The i n j e c t i o n  w a s  begun a t  0937 on December 5. Water from t h e  waste 

p i t  was mixed w i t h  s o l i d s  fron b i n  1 and i n j e c t e d .  Even though t h e  i n i t i a l  

s o l i d s  f low v7as ].ow and e r r a t i c ,  normal f l o w  was e s t a b l i s h e d  w i t h i n  a few 

minutes ,  A f t e r  2 3  min of o p e r a t i o n ,  t h e  i n j e c t i o n  was s topped b r i e f l y  t o  

permi t  an adjustment  t o  t h e  i n j e c t i o n  pump t o  b e  made. A t  1002 t h e  injec- 

t i o n  was resumed. 

A t  11:20 t h e  s o l i d s  f low was switched t o  b i n  2 ,  The s o l i d s  f low rate 

was low and errat ic  and a t  l l : 3 0  t h e  s o l i d s  f low w a s  swi.tciied t o  b i n  3. 

A t  1 2 ~ 4 5  t h e  i n j e c t i o n  w a s  h a l t e d  i n  o r d e r  t o  permi t  t h e  packing of 

.the i n j e c t t o n  pump t o  be t i g h t e n e d ,  The i n j e c t i o n  w a s  resumed a t  1 2 : 4 9  

w i t h  t h e  l i q u i d  f low b e i n g  switched t o  T-9 a t  t h i s  time. 

A t  13:03 t h e  s o l i d s  f l o w  was switched back t o  b i n  2 ,  which had been 

a e r a t e d  and v i b r a t e d  w h i l e  s o l i d s  w e r e  withdrawn from b i n  3. 
f low o f  s o l i d s  was o b t a i n e d  t h i s  t ime,  

An adequate  

A t  15:40 t h e  g r o u t  i n  t h e  sump t u b  w a s  observed t o  be q u i t e  thick 

and v i s c o u s ,  Sirnul.taneousl.y, t h e  c l u t c h  on t h e  i n j e c t i o n  pump jammed so 

t h a t  g e a r s  could n o t  be s h i f t e d ,  (There w a s  no  known connect ion  between 

t h e s e  two e v e n t s . )  The i n j e c t i o n  was h a l t e d ,  t h e  pump w a s  manually s h i f t e d  

i n t o  a h igh  g e a r ,  and t h e  :i.njecti.on w a s  resuiued a t  15:57. 'She t u b  f u l l  of 

t h i c k  g r o u t  was i n j e c t e d  a t  an unusual.ly h i g h  p r e s s u r e  (3500 p s i ) ;  no f u r -  

t h e r  problems in t h i s  r e g a r d  were exper ienced  However s c o n s i d e r a b l e  d i E t i -  

c u l t y  w a s  encountered w i t h  irl-le c o n t r o l  o f  s o l i d s  and l i q u i d  p r o p o r t i o n i n g  

di.iri.ng t h e  remainder  of t h e  i n j e c t i o n -  The i n j e c t i o n  pump was s t u c k  i n  

h i g h  g e a r  and could n o t  be rim s l o w l y ,  An o b s t r u c t i o n  i n  t h e  j e t  f e e d  
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hopper reduced t h e  maxiinum f low of s o l i d s  t h a t  could  b e  main ta ined;  conse- 

q u e n t l y  I t h e  d e s i r e d  s o l i d s / l i q u i d  r a t i o  could  riot b e  a c h i e v e d -  A t  1 7  :05 
t h e  l i q u i d  flow w a s  swi tched  t o  water, When a t  17 :09  t h e  sol. ids f l o w  had 

v i r t u a l l y  ceased ,  the i n j e c t i i m  w a s  s topped .  The i n j e c t i o n  well was over- 

f l u s h e d  w i t h  420 g a l  o f  water atid va lved  s h u t ?  F i n a l l y ,  t.he f a c i l i t y  was 
washed + 

The average  wel lhead  p r e s s u r e  d u r i n g  I n j e c t i o n  SLW-11 was s l i g h t l y  

lower t h a t  t h a c  measured d u r i n g  I n j e c t i o n  ILW-lOe However, t h e  average  

i n j e c t i o n  rate w a s  c o n s i d e r a b l y  h i g h e r  d u r i n g  I n j e c t i o n  ILW-11 so t h a t  t h e  

two p r e s s u r e s  cannot  be compared d i r e c t l y .  The h i g h  i n j e c t i o n  p r e s s u r e  

(3500 p s i )  t h a t  w a s  observed on r e s t a r t i n g  the i n j e c t i o n  f o l l o w i n g  t h e  

d i f f i c u l t i e s  w i t h  t h e  i n . j e c t i o n  pump c l u t c h  (when t h e  t h i c k  g r o u t  i n  t h e  

s l u r r y  t u b  w a s  i n j e c t e d )  s u g g e s t s  t h a t  t h e  v i s c o s i t y  of t h e  g r o u t  h a s  a t  

least  as much e f f e c t  on t h e  i n j e c t i o n  p r e s s u r e  as does t h e  i n j e c t i o n  r a t e -  

The f i n a l  hour  of t h e  i n j e c t i o n  provided  a n o t h e r  i n d i c a t i o n  of t h e  e f f e c t  

o f  g r o u t  v i s c o s i t y  on i n j e c t i o n  p r e s s u r e .  During t h i s  p e r i o d  t h e  i n j e c t i o n  

ra te  was h i g h ,  whereas  b o t h  t h e  s o l i d s  c o n t e n t  and v i s c o s i t y  of t h e  g r o u t  

were low The wel lhead  p r e s s u r e  was some 300 p s i  lower t h a n  i t  was p r i o r  

t o  t h e  shutdown, A p l o t  o f  t h e  i n j e c t i o n  p r e s s u r e  (measured a t  t h e  annulus)  

and t h e  g r o u t  i n j e c t i o n  rate i s  shown in Fig.  26 ,  
T h i s  i n j e c t i o n  w a s  marked throughout  by d i f f i c u l t i e s  i n  i n i t i a t i n g  

and m a i n t a i n i n g  an  a d e q u a t e  f low of s o l i d s  to t h e  mixer ,  It i s  s u s p e c t e d  

t h a t  t h e  s t o r e d  s o l i d s  had become agglomerated as t h e  r e s u l t  of dampness 

and, consequent ly ,  would n o t  f l o w  smoothly-  There i s  no p a r t i c u l a r  known 

reason why t h e s e  s o l i d s  should  c o n t a i n  more m o i s t u r e  t h a n  t h o s e  i n  o t h e r  

i n j e c t i o n s  except  t h a t  t h e y  had been s t o r e d  somewhat l o n g e r  t h a n  u s u a l  

From 20,000 t o  40,000 l b  of  s o l i d s  remained a f t e r  the p r e v i o u s  i n j e c t i o n ,  

and f o u r  o f  t h e  s i x  b a t c h e s  of  s o l i d s  used i n  t h i s  i n j e c t i o n  were blended 

t h r e e  weeks p r i o r  t o  t h e  i n j e c t i o n ,  about  two weeks earlier t h a n  w a s  t h e  

case f o r  p r e v i o u s  i n j e c t i o n s ,  

As i n  I n j e c t i o n  ILW-10, t h e  mass-flowmeter r e a d i n g s  were n o t  i n  good 

agreement w i t h  t h e  known weights  of s o l i d s  i n  t h e  s t o r a g e  b i n s  The d i f f e r -  

ences  between t h e  mass-flowmeter t o t a l i z e r  r e a d i n g s  and t h e  weig’nrs of s o l i d s  

charged t o  t h e  v a r i o u s  b i n s  were as fo l lows:  Bin 1 - 12,000 l b ,  Bin  2 - 
29,000 l b ,  Bin 3 - 39,000 l b ,  Bin 4 -^ 19,000 l b ,  P-tanks (Bin lj r e f i l l e d )  
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- 25,000 l b ,  The b i n s  were i n s p e c t e d  a f t e r  t h e  i n j e c t i o n ,  The P t anks  

and %in 1 were found t a  be empty, o r  n e a r l y  so ,  Bin 2 con ta ined  an  esti- 

mated 41,000 Lh of s o l i d s ,  wh i l e  Bins 3 and 4 each  con ta ined  an e s t ima ted  

27,600 1.b. The t o t a l  mass of t h e s e  r e s i d u e s  is i n  r easonab le  agreement 

wi th  t h e  mass-meter d i s c r e p a n c i e s  b u t  t h e  d i s t r i b u t i o n  between v a r i o u s  

b i n s  is n o t  as expec ted ,  

Desp i t e  t h e s e  t r o u b l e s  t h e  i n j e c t i o n  w a s  completed wi thou t  s e r i o u s  

d i f f i c u l t y ,  The c o n t r o l  of t h e  mix r a t i o  was less p r e c i s e  than  i n  p rev ious  

i n j e c t f o n s ,  and about  10,000 g a l  of waste could  n o t  be i n j e c t e d  because of 

t h e  f a i l u r e  of s o l i d s  f l o w  However, n e i t h e r  of t h e s e  d i f f i c u l t i e s  was 

cons idered  t o  be major -  

7 , 3  Data Ana lys i s  

Data c o l l e c t e d  du r ing  t h e  i n j e c t i o n  are shown i n  Fig.  27 ( t h e  Denso- 

meter  r e a d i n g s ) ,  F i g ,  28 ( t h e  i n d i c a t e d  waste t ank  l e v e l s ) ,  and Ftg, 29 
( t h e  s o l i d s  f low rate) ,  Values f a r  t h e  s o l i d s  f low rate are t aken  from 

the mass-flowmeter t o t a l i z e r ,  

The mass-flowmeter r ead ings  were n o t  i n  good agreement w i t h  t h e  weight  

of s o l i d s  charged t o  t h e  s t o r a g e  b i n s ,  The sum of t h e  t o t a l  weight  i n j e c t e d ,  

as i n d i c a t e d  by t h e  mass-flowmeter t o t a l i z e r ,  and t h e  e s t i m a t e d  weight  of 

s o l i d s  l e f t  i n  t h e  b i n s  a t  t h e  end of t h e  i n j e c t i o n  i s  c l o s e  t o  t h e  t o t a l  

weight  of s o l i d s  on hand a t  t h e  s t a r t  of t h e  i n j e c t i o n ;  on t h e  o t h e r  hand, 

the mass-flowmeter r e a d i n g s  i n d i c a t e d  t h a t  a l a r g e  amount of s o l i d s  should  

remain i n  b i n  1 (no s o l i d s  were found) and compara t ive ly  f e w  s o l i d s  should  

remain i n  b i n  2 (an e s t i m a t e d  41,000 l b  w a s  found) ,  S i m i l a r  d i s c r e p a n c i e s  

were nozed f o r  b i n s  3 and 4 ,  S e v e r a l  f a c t o r s  could  be involved  i n  t h e s e  

d i f f e r e n c e s :  

(1) The mass-flowmeter r e a d i n g s  could be e r roneous ,  

(2)  S s l i d s  charged t o  a p a r t i c u l a r  b i n  could  have been fo rced  

through t h e  i n t e r c o n n e c t i n g  venf; p i p i n g  t o  a d i f f e r e n t  b i n n  

S o l i d s  no ted  as o r i g i n a t i n g  from a p a r t i c u l a r  b i n  could  have 

come from s e v e r a l  b i n s ,  Such multiple f e e d i n g  o f  t h e  mass 
flowmeter i s  known CQ have occurred  on s e v e r a l  o c c a s i o n s ,  

u s u a l l y  toward t h e  end of an i n j e c t i o n  when a11 b f n s  were 

( 3 )  
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7 1  

.- 

n e a r l y  empty. It is n o t  b e l i e v e d  t h a t  any l a r g e  q u a n t i t y  

of s o l i d s  w a s  withdrawn from t h e  b i n s  du r ing  t h e s e  o c c a s i o n s ,  

(4) The d u s t  c o l l e c t o r  t h a t  was l o c a t e d  on b i n  2 ,  and p e r i o d i c a l l y  

d ischarged  c o l l e c t e d  s o l i d s  i n t o  b i n  2,  cou ld  have been respon- 

s i b l e  f o r  t h e  t r a n s f e r  of some s o l i d s  from t h e  o t h e r  b i n s  i n t o  

t h i s  b i n ,  Most probably ,  a l l  of t h e s e  f a c t o r s  were involved  

t o  some e x t e n t ,  

The Densometer r e a d i n g s  gave a much b e t t e r  i n d i c a t i o n  of s l u r r y  d e n s i t y  

du r ing  t h i s  i n j e c t i o n  t h a n  i n  p rev ious  i n j e c t i o n s ,  The i n d i c a t e d  d e n s i t y  

trace was much smoother t han  h e r e t o f o r e ,  and a mix r a t i o  c a l c u l a t e d  from 

t h i s  trace checked w i t h  t h e  mix r a t i o  c a l c u l a t e d  from t h e  mass-flowmeter 

r e a d i n g s  t o  w i t h i n  an average  of 0 . 7  l b l g a l ,  

S ince  t h e  waste flowmeter was i n o p e r a t i v e  du r ing  t h e  i n j e c t i o n ,  t h e  

waste tank  l e v e l  r e a d i n g s  (F ig ,  28) were used t o  de te rmine  t h e  waste f low 

r a t e  (F ig ,  3 0 ) ,  The curve  of t h e s e  c a l c u l a t e d  f low rates looks  somewhat 

p e c u l i a r  s i n c e  i t  c o n t a i n s  s e v e r a l  a b r u p t  changes t h a t  do n o t  appear  i n  

t h e  curve  of t h e  g r o u t  i n j e c t i o n  rate (Fig ,  2 6 ) ,  Such changes ar ise  be- 

cause  an i n s u f f i c i e n t  p r e c i s i o n  i n  t h e  waste t ank  l e v e l  r ead ings  can r e s u l t  

i n  l a r g e  e r r o r s  when two r ead ings  are s u b t r a c t e d .  

The s o l i d s  f low rate  i n d i c a t e d  by t h e  mass f lowmeter ,  d i v i d e d  by the 

l i q u i d  f l o w  rate, g i v e s  t h e  n i x  r a t i o  shown i n  F ig ,  31. The f l u c t u a t i o n s  

i n  t h i s  mix r a t i o  are much g r e a t e r  than  those  ob ta ined  f o r  p rev ious  in jec-  
tions, p r i m a r i l y  because  of t h e  d i f f i c u l t i e s  i n  ma in ta in ing  a smooth f low 

of s o l i d s  du r ing  ILW-11, The p e r i o d s  when t h e  mix r a t i o  w a s  l o w  are coin-  

c i d e n t ,  f o r  t h e  most p a r t ,  w i t h  p e r i o d s  swi tched  between b i n s  and t h e  flow 

of s o l i d s  w a s  spasmodic,  

The c a l c u l a t e d  i n j e c t i o n  parameters  are summarized i n  Table  10, 

7 - 4  Radia t ion  Doses Received 

The r a d i a t i o n  exposures  r ece ived  by H a l l i b u r t o n  pe r sonne l  are l i s t e d  

i n  Table  11, The t o t a l  exposures  are about  t h e  same as t h o s e  r ece ived  

du r ing  Injection ILW-10, A large f r a c t i o n  of t h e  exposures  w a s  accumulated 

du r ing  maintenance o p e r a t i o n s  on t h e  i n j e c t i o n  pump because t h e  special  

t o o l  f o r  removing t h e  v a l v e  seats could  n o t  be l o c a t e d  and the  j o b  had t o  
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Table 10. C a l c u l a t e d  Parameters f o r  injection ILW-11 

Estimated Phase Elapsed Waste 
Clock Time T i m e  “low Solids Consumed Weight Ratio Based &.: - Separation 
From T 3  (min) S o l u t i o r :  Container (gal) i b jmin  lb Densometer Mass Flowmeter % g a l  

0937 
1002 
1011 
1120 
1130 
1249 
1303 
1hO8 
15 24 
1557 
1x15 

1000 
1011 
1120 
1130 
1245 
1303 
1408 
1524 
1540 
1705 
i709 

23 
9 
69 
10 
75 
14 
65 
76 
16 
68 

4 

P i t  water 
P i t  water 

Waste 
vn‘aste 
l jas te 
Waste 
Whste 
Waste 
k7aste 
Kaste 
Ware- 

1 
1 
1 
2 
3 
3 
2 
4 

P-tank 
P-tank 
Dregs 

4,100 
1,720 
11,746 
1,287 
14,371 
3,320 
14,403 
15,184 
2,701 

12,700 
525 

1,100 
1,620 
1,360 
550 

1,360 

1,610 
1,650 
1,460 

250 

1,332 

1,070 

25,300 
14,600 
93,900 
5,500 

iB,9OC 
104,400 
125,1300 
23,300 
72,700 

l01,8OC 

1,000 

4.5 
6.9 
8.7 
3.0 
7.3 
4.s 
7.6 
7.2 
8.3 
4 . 5  - 

6.2 
8.5 
7.05 
4 .  j: 
7.1 
5.9 
7.25 
8.25 
8.6  
5.7 
2.2 

20 
8 
0 
15 
0. 7 
2.2 
0.2 
0.3 
0. a 
1 .5  
30 

Total 

1,150 
189 
0 

260 
160 
90 
42 
72 
5 

2 90 
210 

2,468 

c 
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Table  11. Rad ia t ion  Exposures Received by H a l l i b u r t o n  Pe r sonne l  
During I n j e c t i o n  ILW-11 

T o t a l  Exposure Maintenance Exposure I n j e c t i o n  Exposure 
_____I_ 

Job 
D e s c r i p t i o n  (mR) mR 2 of T o t a l  mR % of T o t a l  

Cementer 190 175 92 15 8 
Cementer 330 297 90 33 10 
Mechanic 270 238 88 32 12 
Mechanic 480 461 96 19 4 
Mechanic 200 178 89 22 11 
I n s  t rumen t 
mechanic 130 1 1 7  90 13  10 

Superv i so r  250 235 94 15 6 
Supe r v  i so  r 160 15 0 94 10 6 
_I 

be done w i t h  improvised equipment,  

p e r i o d  o f  t ine  and r e s u l t e d  i n  a d d i t i o n a l  r a d i a t i o n  exposure ,  The exposure  

r ece ived  du r ing  t h e  i n j e c t i o n  i t s e l f  was s m a l l ,  even lower than  i n  p rev ious  

i n j e c t i o n s ,  

Th i s  n e c e s s a r i l y  r e q u i r e d  a longe r  

Airborne  r a d i o a c t i v i t y  du r ing  t h e  i n j e c t i o n  was monitored i n  the  operz- 

r i n g  area and on t o p  of t h e  mixer  ce l l ,  In  t h e  o p e r a t i n g  area, t h e  emiss ion  

l e v e l s  were approximate ly  t h e  same as were d e t e c t e d  du r ing  t h e  preceding  

i n j e c t i o n  (average  beta-gamma l e v e l  of 1,l x 1.1Ci/cc, and average  alpha 

c o n c e n t r a t i o n  o f  3,7 x pCi / cc ) .  On top of  t h e  mixer c e l l  t h e  average  

beta-gamma and a l p h a  c o n c e n t r a t i o n s  w e r e  2,7 x 10’’ VCilcc and 5 , 5  x 

pCi /cc  r e s p e c t i v e l y ;  t h e s e  levels  are a p p r e c i a b l y  h i g h e r  t h a n  t h o s e  observed 

i n  ILW-10 

8, POST-INJECTION EVALUATIONS 

8,l S e i s m i c  Measurements 

No meaningful  s e i s m i c  s i g n a l s  w e r e  ob ta ined  from any of t h e  i n j e c t i o n s  

i n  t h i s  s e r i e s -  Th i s  absence of s i g n a l s  was d i s a p p o i n t i n g ,  



76 

8,2 Loggin& 

Ihe o b s e r v a t i o n  w t r I l s  were logged a f t e r  each i a j e c t i o n ;  t h e  r e s u l t s  

are g iven  i n  Table  1 2 ,  A diagram of S O i n e  of t h e s e  r e s u l t s  (i0e,> those 

OII a n o r t h - s o u t h  s e c t i o n  through t h e  i n j e c t i o n  well.) i s  shown i n  F i g ,  32, 

A c o n s i d e r a b l y  g r e a t e r  v e r t i c a l  movement o f  t h e  g r o u t  s h e e t  occur red  i n  

I n j e c t i o n s  ILW-10 and ILW-11 t h a n  had been observed i n  most si t h e  p r e v i o u s  

i n j e c t i o n s ,  T h e  l a r g e s t  v e r t i c a l  movement w a s  observed i n  wells N l O O  and 

NWIOO, c o r e s  from which have shown t h a t  t h e  ‘bedding of t h e  s h a l e  i s  less 

r e g u l a r  t h a n  i n  o t h e r  w e l l s  i n  t h e  area Probably ,  t h i s  abnormal i ty  i n  

the s h a l e  format ion  h a s  a f f e c t e d  t h e  movement o f  the g r o u t  s h e e t s  i n  t h i s  

d i r e c t i o n  

8 , 3  Composite Waste A n a l y s i s  

A composite sample was taken  from t h e  waste s o l u t i o n  t h a t  w a s  pumped 

i o  t h e  s h a l e  f r a c t u r i n g  site p r i o r  t o  each i n j e c t i o n ,  Radiochemical ana ly-  

ses of t h e  s a m p l e s  are g iven  i n  Table  1 3 ,  The most s u r p r i s i n g  a s p e c t  of  

the d a t a  is t h e  r a p i d  rise i n  c o n c e n t r a t i o n  of 24’-tCrn from e a c h  i n j e c t i o n  

t o  t h e  n e x t ,  

8 , 4  Bleedback 

Any unbound water %hat may e x i s t  i n  c o n t a c t  w i t h  t h e  g r o u t  s h e e t s  i s  

r c u t r n e l y  b l e d  back from t h e  i n j e c t i o n  w e l l  a s h o r t  t i m e  a f t e r  t h e  end. o f  

an i n j e c t i o n  F o r  example, bleedback a f t e r  I n j e c t i o n  ILW-7 w a s  s t a r t e d  

40 days a f t e r  complet ion,  The i n i t i a l  ra te  o f  bleedback was i n  e x c e s s  of 

100 g a l / h r ,  but: t h i s  ra te  decreased  e x p o n e n t i a l l y  and was only  2-112 g a l / h r  

a f te r  4000 g a l  had been r e c o v e r e d ,  A t o t a l  of about  10,000 g a l  was u l t i -  

mately c o l l e c t e d ,  The p l a n s  Tor t h i s  i n j e c t i o n  series c a l l e d  f o r  f o u r  

i i i , Iecrions t o  be made -Fix prompt success ion ,  and n e i t h e r  a 40-day waiting 

p e r i o d  n o r  a long  bleedhaek p e r i o d  w a s  f e a s i b l e  f o r  any of them except  t h e  

l as t  The bleedback procedure  was t h e r e f o r e  modi f ied ;  the  w a i t i n g  p e r i o d  

was reduced to L O  days ,  and t h e  recovery  between i n j e c t i o n s  of less than  

t h e  t o t a l  vol.ume of  unbound water w a s  accepted ,  (It w a s  thoughr probat112 

that any unbound water n a t  recovered a f t e r  a p a r t i c u l a r  i n j e c t i o n  could  be  

recovered a f t e r  a succeeding f n j e c t i o n  



Table 1 2 ,  E l e v a t i o n s  ( i n  ft) of Grout Sheets i n  Observat ion Wells 

( a l l  e l e v a t i o n s  are r e l a t e d  t o  mean sea level)  

I n j e c t i o n  - Well 
ILW-11 ILW-8 ILW-9 ILW-10 

Inj ection well 
W300 
'NW100 
NlQQ 
N150 
NE125 

E320 
s loo  
s220 

-40 

-18 
a 

a 

a 
a 

a 

a 
-46 t o  

-40 
-41 to -45 

a 
a 

-32 t o  -34 
a 

a 

a 
-5 2 -52 to -54 

-40 
-9 to -19 

+45 to +45 
+38 t o  +39 

+18; +19; +21; +24 
+14 t o  +16; +23; +34 

a 
a 
a 

-40 
+28 a. t o  +30 

+24 to +26; +29, +34 ,  +38 
-1-11 t o  +12; +13 t o  +15 
-5 to -7; +2 to +4; 

4-7 to +12 
a 

-22 

%o grout sheet found. 
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F i g .  3 2 ,  Vertical Orientation of Grout Sheets i n  North-South Sect-ion. 
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Table 13. Radiochemical Analyses  of Waste S o l u t i o n s  ( i n  C i f g a l )  

- 

ILW-8 ILW-9 ILW-10 ILW-11 

90Sr 6 , 2 3  x 3 , 3 8  x 10-3 1,57 x 10-2 1 ,45  x I O e 2  
1 3  acs 0 384 0,342 0 0 222 0.31 
l O 6 R U  0 0347 0 0055 0 007 0 005 

Pu 1,s x 10-6 a a a 
2 L 4 C m  2 r 5 5  x 8,25 x 3 ,4  x 1 , ~  10-3 

--. 

a None p r e s e n t .  

A summary of t h e  bleedback d a t a  i s  g iven  i n  Table  14. The rate of 

bleedback from I n j e c t i o n  ILW-8 was q u i t e  low; however, t h e  ra te  f o r  sub- 

sequent  i n j e c t i o n s  w a s  p r a g r e s s i v e l y  h i g h e r ,  s o  much h i g h e r  t h a t  no s i g n i f i -  

can t  f r a c t i o n  o f  t h e  t o t a l  volume cou ld  be r ecove red  d u r i n g  t h e  p e r i o d  

between i n j e c t i o n s  wi thou t  d i s r u p t i o n  of t h e  p r e p a r a t i o n s  f o r  t h e  subse-  

quent  i n j e c t l o n .  The re fo re ,  a f t e r  I n j e c t i o n  ILW-10, t h e  bleedback pro- 

cedure  was modif ied  t o  de te rmine  whether t h e  rate o f  bleedback v a r i e d  wi th  

well. shu t - in  t i m e ,  The b leedback  ra te  w a s  determined 11 days a f t e r  com- 

p l e t i o n  of t h e  i n j e c t i o n  and t h e  w e l l  w a s  t h e n  c l o s e d ;  10 days l a t e r ,  t h e  

w e l l  was reopened and t h e  bleedback ra te  w a s  rede termined ,  There w a s  a 

s i g n i f i c a n t  d i f f e r e n c e  between t h e  two bleedback rates. 

rate w a s  determined i n  t h e  same manner a t  9 ,  2 4 ,  45, and 110 days fo l lowing  

I n j e c t i o n  ILW-11 and w a s  observed t o  dec rease  sevenfo ld  ove r  t h i s  t i m e  

i n t e r v a l ,  A t  t h e  conc lus ion  of  t h e s e  d e t e r m i n a t i o n s ,  t h e  well w a s  l e f t  

open and t h e  b leedback  water w a s  c o l l e c t e d ,  

volume t o t a l l e d  11,600 g a l ,  and t h e  ra te  had decreased  t o  less t h a n  0 ,6  
g a l f h r .  The accumulated water w a s  pumped back t o  t h e  tank  farm i n  Bethe l  

Val ley  and t h e  w e l l  was va lved  s h u t n  F ig .  33 shows t h e  b leedback  volumen 

The b leedback  

A f t e r  128 days t h e  bleedback 

‘She d a t a  show t h a t  t h e  i n i t i a l  ra te  of b leedback  (and probably  t h e  

t o t a l  b leedback  volume) d e c r e a s e s  d r a s t i c a l l y  w i t h  an i n c r e a s e  i n  shu t - in  

t i m e ,  There i s  no known reason  f o r  the d i f f e r e n c e  between t h e  i n i t i a l  

bleedback rates a f t e r  d i f f e r e n t  i n j e c t i o n s ;  a p p a r e n t l y ,  no c o r r e l a t i o n  

e x i s t s  between i n i t i a l  bleedback rates and t h e  wel lhead  p r e s s u r e  p r i o r  to 

s t a r t i n g  b leedback ,  FOP a g iven  i n j e c t i o n ,  however, such a r e l a t i o n s h i p  

does appear t o  e x i s t ,  For i n s t a n c e ,  t h e  wel lhead p r e s s u r e  a f c e r  I n j e c r i o n  



Table  14 ,  Bleedback Data 

Wellhead I n i t i a l  Final Vo 1 ume 
Days A f t e r  Pressure Flow Rate Flow Rare Recovered 

I n j e c t i o n  Well Opened I n j e c t i o n  (ps ig )  (gp'h) (gph) (ga l )  

10 i;W-6 October 9 
ILW-5 October 27 10 
ILW-10 Novenber 20 11 

November 30 21 
ILW-11 December 14. 9 

December 29 24 
Janua ry  19  45 
A p r i l  4 110 

-.. 245 
310 
205 
15 0 
245 
170 
140 

83  

L -  

li 
120 
475 
25s 
306 
162 
96 
45 

6,2 I, I60 
72 3,380 

390 6 70 
222 555 - 5 70 

- 415 
- 300 
0,57 11,600 ( a f t e r  1 2 8  days )  

m 
0 
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6 , 0 0 0  

4,000 

E L A P S E D  TIME ( d a y s )  

Fig .  3 3 .  Bleedback Volume from I n j e c t i o n  Well After Completion 
of Injection S e r i e s .  
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LIW-1.1 f e l l  from 245 t o  83 p s i  w h i l e  t h e  i n i t i a l  bleedback ra te  was de- 

c r e a s i n g  from 306 t o  45 gph, This d e c l i n e  i n  wel lhead p ~ e s t ; u r e  could 

be accounted f o r  by a r e l a t i v e l y  s m a l l  rise i n  g r o u t  compressive s t r e n g t h  

o v e ~  thz  saxe i n t e r v a l . .  It seems l i k e l y  that:  water which i s  b l e d  back is 

not  " f ree"  water b u t  i s  h e l d  i n  t h e  p o r e s  of t h e  set g r o u t  as long as t h e  

we1.I i s  c l o s e d ,  When t h e  well i s  opened, tile weight  of  t h e  o v e r l y i n g  rock 

compresses the grout  s h e e t s  and squeezes the unbound watlelr o u t  of the g r o u t  

p o r e s ,  A g r o u t  w i t h  a h i g h  compressive s t r e n g t h  (because of h igh  cement 

conrent o r  a long  set time) would have less water squeezed o u t  and a 1.owe.r 

b leedback ra te ,  This s u g g e s t s  t h a t  t h e  c o m p r e s s i ~ e  s t r e n g t h  of the g r o u t  

may b e  a more p e r t i n e n t  f a c t o r  i n  n i x  e v a l u a t i o n s  t h a n  h a s  been assumed 

h e r e t o f o r e ,  

Some anal.yses 05 t h e  bleedback s o l u t i o n s  are g iven  i n  Table  15, A 

comparison of the v a l u e s  i n  t h i s  t a b l e  w i t h  t h e  v a l u e s  i n  Table  1 4  shows 

that: the g r o u t  s u c c e s s f u l l y  r e t a i n s  most of t h e  r a d i o n u c l i d e s ,  The con- 

centratfon of a l p h a  emitters w a s  l o w  and d i d  n o t  v a r y  a p p r e c i a b l y  betweea 

inij e c r i o n s  even though t h e  c o n c e n t r a t i o n  i n  the  waste s o l u t i o n  v a r i e d  by 

almost  t h r e e  o r d e r s  o f  magnitude, It seems l i k e l y  t h a t  t h e  a l p h a  emitters 

are v e r y  s t r o n g l y  r e t a i n e d  by t h e  g r o u t  and t h a t  on ly  trace l e v e l s  are 

picked up by t h e  unbound water, The 137Cs c o n c e n t r a t i o n  i n  t h e  bleedback 

solutions i s  approximately '1-2 Q E  t h a t  i n  t h e  cor responding  waste s o l u t i o n s  ,, 

'rhe "Sr c o n c e n t r a t i o n  i n  t h e  bleedback s o l u t i o n s  i s  e s s e n t i a l l y  c o n s t a n t ,  

even though tile c o n c e n t r a t i o n  o f  t h i s  i s o t o p e  i n  t h e  waste s o l u t i o n  v a r i e d  

by a f a c t o r  of 20, For  the l a s t  two i n j e c t i o n s ,  t h e  " S r  c o n c e n t r a t i o n  i n  

the  bleedback F T ~ S  4% of t h e  c o n c e n t r a t i o n  i n  t h e  waste soluCion.  

8,,5 Noise 1,evel.s 

The n o i s e  l e v e l s  were measured a t  v a r i o u s  l o c a t i o n s  ar  t h e  s h a l e  frae- 

t u r f n g  sire dur ing  b lending  (September 20) and d u r i n g  an i n - j e c t i o n  (October 17) 

The results are gi.ven lil Table  1 6  
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Table 15, Analyses of Bleedback S o l u t i o n s  

N a  24 mg/ml - 
PH 1 2 , 3  12,6 

22 mg/ml 3 5 , 3  mgfml 
11-4 10,Q 

?Not analyzed  

Table 16. Measured Noise Levels 

OSHA 
Permissible Exposure 
( h r  p e r  8-hr s h i f t )  

Blending I n j e c t i o n  Locat ion  

Scales 
Bin 1 
Bin 2 
Bin 3 
Bin 4 
Opera t ing  room 
I n j e c t i o n  pump 
Cement t r u c k  cab 
Window ( n o r t h )  
Window (south)  
Of f  i c e  

8-f- 
8+ 
8+ 
6 
5 , 3  
84- 
8+ 
1 , 6  

84- 
6 
1 - 7 5  
l , 7 5  
8-t 
0 0 5  

4 
0 , 7 5  
8+ 

- 
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8,, 6 P r e s s u r e  Measurements f o r  Monitor ing Wells 

The s u r f a c e  p r e s s u r e s  of t h e  rock  cover  moni tor ing  w e l l s  were measured 

dur ing  each i n j e c t i o n ,  The r e s u l t s  are shown i n  F i g s ,  34-37 and summarized 

in Table 1 7 ,  These r e s u l t s  i n d i c a t e  t h a t  t h e r e  i s  probahly a c l o s e  c o r r e -  

l a t i o n  between a p o s i t i v e  p r e s s u r e  change i n  a moni tor ing  w e l l  and t h e  

d i r e c t i o n  of t r a v e l  of t h e  grout  s h e e t .  There are some d i s c r e p a n c i e s  and 

some a m b i g u i t i e s ;  however, i n  g e n e r a l ,  t h e  response  of ‘chese w e l l s  seems 

t o  provide  an  immediate i n d i c a t i o n  of g r o u t  s h e e t  movement ( i n f o r m a t i o n  

f o r  which t h e r e  i s  a real  need) .  

8 , 7  Strain-Gage Readings 

‘[he s t r a i n  gages mounted on t h e  p l u g  c o n t a i n e r  were iuonitored d u r i n g  

I n j e s t i o n s  IEW-8 and ILW-10, The r e s u l t s  i n d i c a t e d  t h a t  t h e  s t a t i c  stresses 

wem s m a l l  and t h a t  t h e  dynamic stresses were even smal.l.er. F a i l u r e  of 

t h i s  p i e c e  of equipment due t o  f a t i g u e  does n u t  appear  t o  b e  a matter f o r  

s e r ious  concern,  

8 , 8  Water Acceptance Rate f o r  Rock .1_1 Cover Monitor ing Wells 

A network of rock cover  moni tor ing  w e l l s  h a s  been i n s t a l l e d  i n  t h e  

v i c i n i t y  of t h e  d i s p o s a l  s i t e ,  These w e l l s  are cased and cemented t o  a 

depth  of 500 f t  and have 100 f t  of open h o l e  below ehe cased s e c t i o n .  

One of t h e  u s e s  of t h e s e  wells i s  t o  v e r i f y  t h e  cont inued  impermeabi l i ty  

of t h e  s h a l e  format ion  l y i n g  above t h e  was te  d i s p o s a l  zone  and t h u s  show 

t h a t  cont inued u p l i f t  o f  t h i s  format ion  i s  n o t  opening pathways i n  t h e  

s h a l e  through which s u r f  ace water could m i g r a t e  t o  t h e  waste d i s p o s a l  zone 

The impermeabi l i ty  of t h e  s h a l e  benea th  t h e s e  weI.1.s i s  t e s t e d  by deter111:i-n- 

ing t h e  ra te  a t  which water at a s u r f a c e  p r e s s u r e  of 75 p s i  can be pumped 

i n t o  t h e  s h a l e  sur rounding  t h e  100 f t  o f  open h o l e  t h a t  i s  benea th  each 

w e l l ,  The change i n  t h e  acceptance  ra te  of  t h e s e  w e l l s  h a s  been s l i g h t  

and has  shobm no c o n s i s t e n t  t r e n d ,  The nccept:ance ra te  tes ts  a r e  rrpeatcd. 

a t  abou t  e v e r y  f o u r t h  i n j e c t i o n ?  

Three types of response  of  t h e  wells have been observed,  F i r s t . ,  the 

we7.J. may t a k e  no measurable  voI.ume of water, Second, t h e  w e l l  may t a k e  a 
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Table  17- Summary of Well P r e s s u r e  Measurements 

Logging R e s u l t s  P r e s s u r e  I n d i c a t i o n s  
Positive Negat ive  P o s i t i v e  Negarive Ambiguous Conclusions 

N W l O O  W300 
SI00 NlOO 

NE50 
NE125 
E320 
5220 

ILW-8 

NW175 8275 W 3 Q Q  
N’CJ2 5 0 N 2 0 0  s200 
NE125 NE200 E 300 

ILW-9 

W300 NWlOO 
N150 NlOO 
SlOO N E 1 2 5  

E320 
s220 

NE125 E 300 W300 
NE200 N200 N W 1 7 5  
s200 N2 75 

EJW250 

W300 
N W l Q O  
N150 
N l O O  
NE125 

N W l O O  
N150 
NlOO 
N E 1 2 5  
SI00 

E320 NW175 
s100 N2 75 
5220 N200 

N E 1 2 5  
NE200 

W300 NW175 
E320 N200 
5220 NE125 

NE200 

ILW-10 

W300 
s200 
E300 

ILW-11 

NW250 
W300 
5200 
N275 
E300 

Both nieasurernents i n d i -  
cate  g r o u t  s h e e t  went 
NW, Did n o t  go f a r  S 
o r  E ;  d i d  n o t  go N ,  
NE125 r e s u l t s  are  
c o n f l i c t i n g  

P res s u r e  me as u r  ernent s 
i n d i c a t e  a N E  g r o u t  
s h e e t  movement, somewhat 
S ,  perhaps  W, Did no t  
go N o r  NW, Logging 
i n d i c a t e s  predominant 1 y  
IJ, N E 1 2 5  r e s u l t s  are 
c o n f l i c t i n g  

NW250 P r e s s u r e  measurements 
i n d i c a t e  g r o u t  went N 
and NE and somewhat NW, 
Did not go 5 ,  Logging 
i n d i c a t e s  N and NW, 
n o t  S o  

P r e s s u r e  measurements 
i n d i c a t e  g r o u t  went 
somewhat N ,  somewhat 
NI?, s t r o n g l y  NE, Did 
n o t  go S o r  14, Logging 
i n d i c a t e s  N, NE, and NW.. 
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s m a l l  amount of  water i n  t h e  f i r s t  hour o f  t h e  t e s t  and ail even smaller 

amount. of water duri.ng t h e  second hour.  T h i r d ,  the  we.11 may t a k e  t h e  same.  

small. volume of  water d u r i n g  t h e  second hour  as d u r i n g  t h e  f i r s t ,  In cases 

where t h e  volume d e c r e a s e s  d u r i n g  t h e  second hour ,  t h e  f r a c t u r e s  i n  t h e  

s h a l e  a c c e p t i n g  t h e  water  are b e l i e v e d  t o  be o f  v e r y  l i m i t e d  e x t e n t ,  In 

cases where t h e  volume accepted  i n  t h e  second hour i s  the same as i n  t h e  

E:i.rst, l i m i t e d  e x p e r i e n c e  s u g g e s t s  t h a t  t h e  ra te  of acceptance  w i l l  d e c r e a s e  

WSith l o n g e r  pumping, The tests are now te rmina ted  a f t e r  2 h r  o f  pumping, 

b7hich a p p e a r s  t o  be a s u f f i c i e n t l y  long p e r t o d  t o  reveal any marked i n c r e a s e  

i n  the  p e r m e a b i l i t y  oE t h e  s h a l e ,  The resul.ts of t h e  tests t o  d a t e  a r e  

given i.n Table  18 ,  

8 , 9  U p l i f t  Measurements 

The s u r f a c e  u p l i f t  a t  the i n j e c t i o n  s i te  was remeasured a f t e r  I n j e c t i o n  

TLW-1X by a team from t h e  N a t i o n a l  Ocean Survey. The r e s u l t s  o f  t h i s  survey  

a r e  shown i n  F ig .  38, The u p l i f t :  produced by this seri-es o f  i n j e c t i . o n s  

appez r s  LO be r e g u l a r  and p r o p o r t i o n a l  t o  t h e  d i s t a n c e  from t h e  i n j e c t i o n  

well: a s  was t h e  c a s e  f o r  p r e v i o u s  i n j e c t i o n s ,  

9 SUGGESTIONS FOR IMPROVEMENT 

9,1 C o m p a t i b i l i t y  of Waste -- and Blended S o l i d s  _I 

Labora tory  tests have shown t h a t  n o t  a l l  waste and cement mixes are 

c o a p a t i b l e ,  and t h a t  wastes which d i f f e r  compara t ive ly  l i t t l e  i n  chemical  

compusi t i sn  can produce g r o u t s  w i t h  d r a s t i c a l l y  d i f f e r e n t  p r o p e r t i e s  

Understanding of t h e  phenomena involved  i s  l i m i t e d ,  I t  seems p r u d e n t ,  

t h e r e f o r e ,  t o  c o n t i n u e  t e s t i n g  t h e  blended s o l i d s  p r i o r  t o  each i n j e c t i o n  

t o  avoid  u n p l e a s a n t  s u r p r i s e s ,  Such t e s t i n g  w a s  done in t h i s  series o f  

i n j  ec t fons  w i t h  s y n t h e t i c  waste s o l u t i o n s ,  O n e  f u r t h e r  s t e p  seems d e s i r -  

ab le ,  however, A tes t :  should  b e  made t o  determine t h e  c o m p a t i b i l i t y  oE 

the blended s o l i d s  and a c t u a l  waste s o l u t i o n ,  Such a f i n a l  "hot" tes t  

would remove doubts  about  sampling e r r o r s ,  a n a l y s i s  e r r o r s ,  o r  f a i l u r e  t o  

consider  t h e  e f f e c t  on g r o u t  p r o p e r t i e s  of soiiie waste c o n s t i t u e n t  i n  very  

l o w  c o n c e n t r a t i o n ,  
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Table  18, Water Acceptance Rate ( i n  gph) of Rock Cover Moni tor ing  Wells 

We11 August 1944 May 1965 August 1969 J u l y  1970 May 1973 

N l Q O  
F i r s t :  hour  
Second hour  

S Converted t o  logging w e l l  
4 

E300 None None 

W3 00 
F i r s t  hour  
Second hour  

None 0 , 1  
None 

N2 75 
Fi r s t :  hour  
Second hour  

None 0,05 
0 ,05  

NW2 5 0 
F i r s t  hour  
Second hour  

0 ,5  0 , 2 5  
0,5 0,25 

0 , 3  
0"  3 

NE200 
F i r s t  hour  
Second hour  

0 0 4  
0.4 

0 ,5  
0,5 

S 200 
F i r s t  hour  
Seeand hour  

0 , 9  0 ,75  
None 0.5 

N200E 
F i r s t  hour  
Second hour  

5 1,8 1 , 2 5  
3,s 1, G 1.0 

0.75 1,2 
0,5  1,2 

XE125 
F f r s t  hour  
Second hour  

1.5 2,5 
O o 7  2,0 

1,2 
102 

NWl.75 
F i r s t  hour  
Second hour  

None 1" 0 
1,O 

1 <l 5 
1,s 
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The r eason  f o r  t h e  wide v a r i a t i o n  i n  t h e  p r o p e r t i e s  of g r o u t s  made 

from s o l i d s  mixes blended on d i f f e r e n t  days should be de te rmined ,  Labora- 

t o r y  work i n d i c a t e s  t h a t  more than  one phenomenon i s  invo lved ;  more work 

i s  needed t o  i s o l a t e  t h e  c r i c i c a l  e f f e c t s .  

Most o f  t h e  l a b o r a t o r y  work on t h e  p r o p e r t i e s  o f  waste g r o u t s  has  

been done w i t h  a s y n t h e t i c  waste s o l u t i o n ,  The a n a l y s i s  of t h i s  waste w a s  

based on a sample  t h a t  i s  t aken  from a 50-ft-diam t ank  and,  obv ious ly ,  may 

n o t  have been t y p i c a l  of t h e  t ank  c o n t e n t s  as a whole,  A composi te  sample 

of t h e  waste t h a t  i s  pumped t o  t h e  f r a c t u r i n g  s i t e  would b e  more repre- 

s e n t a t i v e ;  on t h e  o t h e r  hand, such a sample i s  u s u a l l y  n o t  a v a i l a b l e  u n t i l  

immediately b e f o r e  t h e  i n j e c t i o n ,  which i s  n o t  e a r l y  enough t o  be u s e f u l , ,  

I f  t h e  waste s o l u t i o n  were pumped t o  t h e  f r a c t u r i n g  s i t e  several .  weeks 

b e f o r e  t h e  i n j e c t i o n ,  an a n a l y s i s  of t h e  composite sample  could  be used 

as t h e  b a s i s  f o r  t h e  fo rmula t ion  of t h e  s y n t h e t i c  waste s o l u t i o n  and un- 

c e r t a i n t y  about  t h e  sample be ing  r e p r e s e n t a t i v e  would be reduced,  

9 , 2  Bleedback 

The b leedback  tests t h a t  were made i n  connec t ion  w i t h  t h i s  series of  

i n j e c t i o n s  i n d i c a t e  t h a t  t h e  b leedback  volume would be  much smaller i f  t h e  

bleedback o p e r a t i o n  were n o t  s t a r t e d  u n t i l  several months a f t e r  t h e  i n j e e -  

t i o n ,  Unless  o t h e r  c o n s i d e r a t i o n s  p r o h i b i t  such a d e l a y ,  i t  should become 

s t a n d a r d  procedure  a f t e r  f u t u r e  i n j e c t i o n s .  

The hypo thes i s  t h a t  bleedback water i s  squeezed from t h e  p o r e s  of t h e  

g r o u t  as t h e  g r o u t  s h e e t  i s  compressed du r ing  t h e  bleedback o p e r a t i o n  should  

be i n v e s t i g a t e d ,  Grouts  w i th  h i g h e r  compressive s t r e n g t h  may be r e q u i r e d ,  

(3.3 Waste I n j e c t i o n s  

The Densometers were n o t  r e l i a b l e  i n d i c a t o r s  of t h e  mix r a t i o  of t h e  

g rou t  du r ing  t h i s  series of i n j e c t i o n s ,  I n  a d d i t i o n ,  t h e y  are d i f f i c u l t  

t o  keep o p e r a t i n g  s a t i s f a c t o r i l y ;  t h e  l i n e s  t o  and from t h e  Densometem 

f r e q u e n t l y  p lug ,  and t h e  h y d r a u l i c  system t h a t  d r i v e s  t h e  Densometer pump 

i s  n o t  t r o u b l e - f r e e ,  

The d i f f i c u l t i e s  t h a t  w e r e  expe r i enced  w i t h  s t i c k y  s o l i d s  i n  I n j e c t i o n  

ILW-13 p o i n t  up t h e  n e c e s s i t y  of having t h e s e  s o l i d s  f r ee - f lowing*  Unfortu- 

n a t e l y ,  t h e  cause  o f  t h e  d i f f i c u l t y  i s  n o t  known, It should  be i n v e s t i g a t e d  
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An a p p r e c i a b l e  f r a c t i o n  of t h e  s o l u t i o n  i n j e c t e d  d u r i n g  t h e  series 

~f runs d e s c r i b e d  i n  tliis r e p o r t  was contaminated water (from p r e v i o u s  

washup o p e r a t i o n s ,  e t c , ) ,  T h i s  w a t e r  could  b e  pumped back t o  t h e  t a n k  

farin i n  Bethe l  Va-lley and mixed w i t h  t h e  unconcent ra ted  LLW, Such a t r a n s -  

f e r  r e q u i r e s  p a t r o l l i n g  of t h e  t r a n s f e r  l i n e ,  a s  w e l l  as o t h e r  e f f o r t s ,  

butr i s  probably  p r e f e r a b l e  t o  i n j e c t i n g  t h i s  volume of v e r y  d i l u t e  waste, 

I f  t r a n s f e r  t o  Bethe l  Val ley should  prove t o  b e  i m p r a c t i c a l ,  some e f f o r t  

should be made t o  minimize t h e  volume of waste water ( e - g , ,  by keeping 

r a i n  o u t  o f  t h e  waste p i t s ) .  

i n  g e n e r a l ,  compara t ive ly  few d i f f i c u l t i e s  were exper ienced  d u r i n g  

t h i s  series of i n j e c t i o n s .  The g r o u t  was much more i l u i d  t h a n  i n  preceding  

i n j e c t i o n s  

than t h a t  used p ~ e v i o u s l - y o  As a r e s u l t  o f  t h i s  d e c r e a s e  i n  g r o u t  v i s c o s i t y  

t h e  mixing o p e r a t i o n  was much easier,  no t r o u b l e  was exper ienced  w i t h  g r o u t  

g e l l i n g  i n  t h e  sump t u b ,  and t h e  o p e r a t i o n  of t h e  i i i j e c t i o n  pump was much 

srnoathe-r, The p r i n c i p a l  problems t h a t  were encountered i n  t h e s e  i n j c c t i o n s  

p r i m a r i l y  involved  c o m p a t i b i l i t y  of t h e  s o l i d s  mix and t h e  waste s o l u t i o n ,  

T a  some e x t e n t  t h e s e  problems have probably been p r e s e n t ,  b u t  unrecognized,  

a l l  a l o n g ,  

even though t h e  s o l i d s / w a s t e  mix r a t i o  was c o n s i d e r a b l y  h i g h e r  
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