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SUMMARY 

I n t e r m e d i a t e  level waste s o l u t i o n  genera ted  a t  O W  
is  p e r i o d i c a l l y  mixed w i t h  a cement base  b lend  of d ry  
s o l i d s  and i n j e c t e d  i n t o  an impermeable s h a l e  format ion  
a t  a n  approximate dep th  of 800 ft. ShorCly af ter  t h e  
i n j e c t i o n  t h e  g r o u t  mix sets,  permanently f i x i n g  t h e  
r a d i o n u c l i d e s  i n  t h e  s h a l e  format ion .  A series of t h r e e  
i n j e c t i o n s  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  w a s  made 
i n  1975. 
t a i n i n g  86,700 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 .  
r e p o r t  i s  an account  of t h i s  i n j e c t i o n  s e r i e s  - prepa ra -  
t i o n s ,  i n j e c t i o n s ,  and r e s u l t s ,  and conc lus ions .  A 
summary of 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  
is g iven  below: 

A t o t a l  of 190,000 g a l  of was te  s o l u t i o n  con- 
T h i s  

VOl of V O l  O f  V O l  Of 
Waste Water Grout A c t i v i t y  

I n j e c t i o n  Date (ga l )  (ga l )  ( g a l )  ( c i >  

IEW-12 1-14-75 25,710 4,390 42,100 14,076 

1LW-14 6-20-75 82,970 9,500 138,700 33 466 

189,680 18,790 306,900 86,660 

rr,w-i3 4-29-75 81, ooo 4 900 126, IOQ 3 9 , ~  8 
I -.L 

A f t e r  t h e  1972 i n j e c t i o n  series had Seen completed, 
s e v e r a l  m o d i f i c a t i o n s  were made t o  the i n j e c t j o n  f a c i l i t y .  
V e n t i l a t i o n  and s h i e l d i n g  were improved, a new mix tub  
w a s  i n s t a l l e d ,  a d d i t i o n a l  a e r a t o r s  were i n s t a l l e d  on t h e  
s t o r a g e  b i n s ,  and t h e  p rocess  in sk rumen ta t ion  was modif ied ,  
I n  June 1974, a s i t e  proof i n j e c t i o n  w a s  made t o  v e r i f y  
t h e  s u i t a b i l i t y  of a nearby s i t e  f o r  p o s s i b l e  f u t u r e  w a s t e  
d i s p o s a l  o p e r a t i o n s .  The e x i s t i n g  f a c i l i t y  w a s  used i n  
t h i s  res t  i n j e c t i o n  t o  m i x  t h e  g r o u t  t h a t  w a s  t o  be i n j e c t e d ;  
t h e  i n s t a l l e d  f a c i l i t y  m o d i f i c a t i o n s  were thereby  t e s t e d  
under nea r  normal o p e r a t i n g  c o n d i t i o n s  and some d e f i c i e n c i e s  
were noted and c o r r e c t e d .  Also, at t h i s  time t h e  d ry  s o l i d s  
mix w a s  modified by t h e  s u b s t i t u t i o n  of a d i f f e r e n t  cesium 
f i x e r  ( p o t t e r y  c l a y )  f o r  t h e  p rev ious ly  used Grundi te  (which 
was no longer  available). 

I n j e c t i o n  ILW-12 w a s  scheduled f o r  October 1974, and 
p r e l i m i n a r y  p r e p a r a t i o n s  had almost been completed when 
t h e  i n j e c t i o n  d a t e  w a s  delayed.  A t  t h i s  Lime a l l  of the 
s o l i d s  t o  be  used i n  t h e  i n j e c t i o n  had been blended and 
s t o r e d .  P r e p a r a t i o n s  f o r  t h e  i n j e c t i o n  w e r e  resumed after 
a t h r e e  month i n t e r v a l ,  and t h e  s u i t a b i l i t y  u f  t h e  s t o r e d  
s o l i d s  w a s  ques t ioned .  Some nonconclus ive  tests were made 
t h a t  i n d i c a t e d  t h a t  some d e t e r i o r a t i o n  i n  f lowab i . l i t y  had 
occur red ,  b u t  t h e r e  w a s  no c e r t a i n  i n d i c a t i o n  t h a t  t h e  
s o l i d s  were unusable .  I n  the  absence  o f  any real  o p e r a t i n g  
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d a t a  on long  s t o r e d  s o l i d s ,  t h e  d e c i s i o n  w a s  reached 
t o  a t t empt  t h e  i n j e c t i o n  w i t h  t h e  o l d  s o l i d s .  The 
i n j e c t i o n  went v e r y  poor ly ;  t h e  s o l i d s  would n o t  flow 
o u t  of one s t o r a g e  b i n  a t  a l l  and flowed ve ry  e r r a t i -  
c a l l y  o u t  of t h e  o t h e r s .  Th i s  d i f f i - c u l t y  w i t h  s o l i d s  
f low caused g r e a t  d i f f i c u l t y  wi.th mix c o n t r o l  and re- 
s u l t e d  i n  very  i r r e g u l a r  o p e r a t i o n  of the i n j e c t i o n  
pump. This  was probably  a major cause  of a series of 
minor ma l func t ions  t h a t  r e s u l t e d .  A t o t a l  of 25,700 
ga l  of waste and 4400 g a l  of water w a s  i n j e c t e d  b e f o r e  
t h e  f u t i l i t y  of con t inu ing  t h e  i n j e c t i o n  under such 
c o n d i t i o n s  was acknowledged and t h e  i n j e c t i o n  was ended. 
This  somewhat a b o r t i v e  i n j e c t i o n  p o i n t s  up t h e  importance 
t o  t h e  p rocess  of having s o l i d s  t h a t  f low e a s i l y  wi thou t  
clumping, s t i c k i n g ,  and b r idg ing .  

I n j e c t i o n  IEW-13 w a s  made on A p r i l  29,  1975. The 
i n j e c t i o n  went q u i t e  smoothly overa l l . ,  b u t  t h e r e  w e r e  
s e v e r a l  minor d i f f i c u l t i e s .  F a i l u r e  of a n  a i r  s l i d e  
connec t ion  and plugging of a pump d r a i n  pan caused 
temporary shutdowns; and t h e r e  w a s  o c c a s i o n a l  d i f f i c u l t y  
w i t h  cement b r i d g i n g  i n  the  mixer bowl, p a r t i c u l a r l y  
a f t e r  any slowdown o r  shutdown of t h e  i n j e c t i o n .  A t o t a l  
of 81,000 g a l  of waste s o l u t i o n  and 4,900 g a l  of waiter 
w a s  i n j e c t e d  a t  a n  o v e r a l l  s o l i d s  t o  l i q u i d  mix r a t i o  of 
5 . 3  lbs /ga l . .  

I n j e c t i o n  ILW-14 w a s  s t a r t e d  on June  18, 1.975. A f t e r  
two hours  and twenty minutes  of o p e r a t i o n ,  t h e  i n j e c t i o n  
w a s  h a l t e d  because t h e  w a s t e  pumps w e r e  n o t  d e l i v e r i n g  
s u f f i c i e n t  p r e s s u r e .  The pumps were inspec ted  and a d j u s t e d  
and t h e  i n j e c t i o n  w a s  resumed. The i n j e c t i o n  w a s  cont inued  
f o r  a n  a d d i t i o n a l  two hours  and f o r t y - f i v e  minutes;  a t  t h a t  
t i m e  t h e  packing of one of t h e  p i s t o n s  of t h e  i n j e c t i o n  
pump f a i l e d ,  a l lowing  waste g r o u t  t o  l e a k  p a s t  t h e  p i s t o n  
i n t o  the. pump ce l l .  The i n j e c t i o n  w a s  h a l t e d  and t h e  s tand-  
by pump w a s  used t o  pump t h e  wel l  c lear  of g r o u t .  The p i p i n g  
and mix tub  were washed and cleanup o p e r a t i o n s  were s t a r t e d  
t o  permi t  e n t r y  i n t o  t h e  pump c e l l  f o r  r e p a i r s .  

The i n j e c t i o n  pump was repacked on June 19;  on June 20, 
t h e  i n j e c t i o n  was r e s t a r t e d -  D i f f i c u l t y  wi th  t h e  j i i j e c t i o n  
pump t r ansmiss ion  prevented o p e r a t i o n  i n  t h e  h i g h e r  g e a r s ,  
and t h e  remainder of t h e  i n j e c t i o n  w a s  made a t  an  average  
waste f low r a t e  of about  110 gal/min (1-80 gal lmin  is  a 
normal f low r a t e ) .  The remaining s o l i d s  were mixed w i t h  
approximately 42,000 g a l  of waste s o l u t i o n  and 5700 g a l  
of w a t e r  ( o v e r a l l  s o l i d s  t o  l i q u i d  mix r a t i o  of 5.66 I b / g a l ) .  
Th i s  p a r t  of t h e  i n j e c t i o n  w a s  uneven t fu l  and w a s  t e rmina ted  
a f t e r  about  seven hours  and twenty minutes  when t h e  s o l i d s  
were consumed. 



3 

The c o n t r o l  of t h e  mix r a t i o  w a s  more erratic i n  
t h i s  i n j e c t i o n  than  i t  had been in previous  i n j e c t i o n s ,  
p r i m a r i l y  because of u n r e l i a b l e  mass meter r ead ings .  
'She accuracy  of t h e s e  r ead ings  is r o u t i n e l y  checked 
a g a i n s t  t h e  known weight  of s o l i d s  i n  t h e  s t o r a g e  b i n s  
as each b i n  runs  empty -. f o u r  t i m e s  du r ing  an  i n j e c t i o n ,  
I n  t h i s  i n j e c t i o n  t h i s  f requency w a s  n o t  s u f f i c i e n t  and 
a l a r g e  mass meter b i a s  went undetec ted  f o r  several hours .  
A more f r e q u e n t  check can be  made by e s t i m a t i n g  t h e  con- 
sumption of s o l i d s  from t h e  r a t i o  of s l u r r y  volume t o  
s o l u t i o n  voI.ume and comparing t h i s  estimate w i t h  t h e  mass 
meter r ead ings .  This  procedure should  be fol lowed i n  
f u t u r e  i n j e c t i o n s .  

The cased o b s e r v a t i o n  w e l l s  were logged a f t e r  the 
completion of I n j e c t i o n  1LW-14. Two of t h e s e  wells w e r e  
found to have been plugged du r ing  t h i s  i n j e c t i o n  series 
and are probably unusable  i n  t h e  f u t u r e .  A t h i r d  w e l l  
w a s  rup tu red  du r ing  t h e  i n j e c t i o n  series, b u t  i s  s t i l l  
usab le ,  The p a t t e r n  o f  g rou t  s h e e t s  t h a t  is  i-ndicated 
by t h e  logging r e s u l t s  i s  similar t o  t h e  p a t t e r n  ind i -  
c a t e d  by t h e  p rev ious  injeceion series - g r o u t  sheets 
t h a t  are g e n e r a l l y  conformable t o  rhe bedding b u t  t o  
the northwest  of t h e  in - j ec t ion  w e l l  are 20 t o  30 f t  
h ighe r  than  elsewhere.  

Suggested improvements t o  the sha le  f r a c t u r i n g  
f a c i l i t y  i n c l u d e  improvements t o  t h e  mixing tub  viewing 
system, a change i n  t h e  sol.ids b l end ing  procedure ,  m u i e  
ins t rument  m o d i f i c a t i o n s ,  and some method of breaking  
t h e  s o l i d s  bu i ldup  t h a t  p e r i o d i c a l l y  occur s  i n  t h e  mixer 
hopper.  

I. 0 INTRODUCTLON 

The shale f r a c t u r i n g  process  has  been used f o r  t h e  r o u t i n e  d i s p o s a l  

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 Midge Nat ional  Labora tory  

s i n c e  1966. I n  t h i s  p rocess  t h e  w a s t e  s o l u t i o n  is  mixed w i t h  cement and 

o t h e r  a d d i t i v e s ;  t hen  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  - we71 below 
t h a t  a t  which groundwater is  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  s e v e r a l  hundred f e e t  wide du r ing  the course  

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 the i n j e c t i o n  the g r o u t  s e t s ,  

thereby  permanently f i x i n g  the r a d i o a c t i v e  wastes i n  t h e  s h a l e  formation.  

Subsequent i n j e c t i o n s  form sheets t h a t  are  approximately p a r a l l e l  t o  t h e  

preced ing s h e e t s .  
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I The most r e c e n t  series of i n j e c t i o n s  w a s  made i n  1972. A f t e r  t h i s  

i n j e c t i o n  ser ies  had been completed,  s e v e r a l  mod i f i ca t ions  were made t o  

t h e  i n j e c t i o n  f a c i l i t y .  V e n t i l a t i o n  and s h i e l d i n g  were improved, a new 

mix tub  was i n s t a l l e d ,  new a e r a t o r s  were i n s t a l l e d  on t h e  s t o r a g e  b i n s ,  

and t h e  p rocess  i n s t r u m e n t a t i o n  was modif ied.  The s h a l e  f r a c t u r i n g  f a c i l i t y  

h a s  subsequent ly  been used f o r  a s i t e  proof tes t  i n j e c t i o n  and t h r e e  i n j e c -  

t i o n s  of concen t r a t ed  i n t e r m e d i a t e  l e v e l  waste (ILW). The s i t e  proof i n j e c -  

t i o n  has  been desc r ibed  i n  a p rev ious  r e p o r t . 2  This  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  ILW i n j e c t i o n s ,  summarizes each i - n j e c t i o n ,  d i s c u s s e s  

t h e  d a t a  ob ta ined  from each i n j e c t i o n ,  and p r e s e n t s  Lhe r e s u l t s  and con- 

c l u s i o n s  from t h e  series a s  a whole. 

2 , Q  DESCRIPTION OF PROCESS AND 

2.1 General  Desc r ip t ion  

I n  t h e  s h a l e  f r a c t u r i n g  p rocess  a n  a l k a l i n e  

w i t h  a s o l i d s  b lend  composed of cement and o t h e r  

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

waste s o l u t i o n  i s  mixed 

a d d i t i v e s  and then  i n j e c t e d  

3 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 igh  t o  i n i t i a t e  

t h e  format ion  o f  a c rack  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  

con t inues ,  t h e  g rou t  f i l l s  t h i s  c r ack  and ex tends  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  du r ing  t h e  

cour se  of an  i n j e c t i o n .  F igure  I shows an  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 types  of w e l l s  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 :  

a n  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 w a s t e  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  de t e rmina t ion  of t h e  o r i e n t a t i o n  of t h e  g r o u t  sheet,  and rock  cover  

moni tor ing  w e l l s  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 ske tch  of each well  type i s  g iven  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 of t h e  i n j e c t i o n  w e l l .  As t h e  g r o u t  s h e e t  sp reads  o u t  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  t h e  cemented r a s i n g  of one o r  more obse rva t ion  w e l l s .  

a sence  A gamma s e n s i t i v e  probe i n  t h e  obse rva t ion  w e l l  w i l l  then  d e t e c t  t h e  pr ,  

o€ t h e  g r o u t  s h e e t ,  t he reby  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  are  used t o  p e r i o d i c a l l y  d e t e r -  

mine t h e  p e r m e a b i l i t y  of t h e  s h a l e  cover rock  a t  a depth  of bQQ f L .  
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The major p rocess  equipment used t o  i n j e c t  a batch. of waste c o n s i s t s  

of a w a s t e  p~4mp, a j e t  mixer ,  a s u r g e  t ank ,  and a h igh-pressure  injc:ction 

pump; a I-3.o~ diagram is shown i n  F ig .  3 .  Preblended solids are s t o r e d  i n  

bulk s t o r a g e  b i n s  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  c l e a r  t h e  i n j e c t i o n  w e l l  i n  the even t  of f , 3 i lu re  of t h e  main 

i n j e c t i o n  pump. During an i n j e c t i o n ,  waste s o l u t i o n  i s  pumped t o  ehe mixer ,  

con t inuous ly  mixed wi th  t h e  preblended soJ i d s ,  and d ischarged  i n t o  t h e  s u r g e  

t ank ,  From tht3 s u r g e  tank  t h e  g r o u t  I s  pumped down a tube  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  s h a l e  formation. 

Five  underground w a s t e  s t o r a g e  t a n k s ,  w i t h  a t o e a 1  c a p a c i t y  of 90,000 

g a 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 a n ,  

t h e  waste s o l u t i o n  i s  pumped t o  t h e  s i t e  through a waste t r a n s f e r  l i ne  ,it. 

a r a t e  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 or more b e f o r e  a n  i n j e c t i o n ,  the solids - c ~ m n c * n t ,  f l y  ash, 

A i  taplugus 150 (a water r e t a i n i n g  c l a y ) ,  a c l a y  f o r  c e b i u m  r e t e n t i o n ,  acid 

a r e t a rde r  - are brought  t o  t h e  f r a c t u r i n g  s i t e ,  blended i n  the des i r ed  

p r o p o r t i o n s  i n  a weigh tank ,  mixed by blowing them back and f o r t h  between 

t w o  p r e s s u r e  tanks (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 .  ‘I‘hese 

b i n s  ( c a p a c i t y ,  2780 f t 3  each)  are  12 f t  i n  d iameter  and i n s t a l l e d  on l e g s  

so t h a t  t h e i r  bot toms are approximate ly  6 f t  above the  t o p  of t h e  mixing 

c e l l .  During an i n j e c t i o n ,  t h e  s o l i d s  i n  each b i n  i n  c u m  are aerated and 

f l o w  through a n  a i r  s l i d e  (an  enc losed  c h u t e  t h a t  i s  con t inuous ly  aera tcd  

from below) i n t o  a meter ing  hopper  i n  t h e  mixing ce l l  and,  from t h e r e ,  i n t o  

t h e  mixer. 

The j e t  mixer is a d e v i c e  for mixing the waste s o l u t i o n  and the s o l i d s .  

As t h e  was te  s o l ~ i t i o n  is  pumped through t h e  mixer under p r e s s u r e  (100 p s i ) ,  

t h c  s o l i d s  droll i n t o  t h e  mixer ,-tnd are then  picked lip b y  the j e t  stream atrd 

thoroitghly mixed with t h e  waste. The r e s u l t i n g  g rou t  i s  con t inuous ly  d i s -  

charged i n t o  t h e  s u r g e  tank. l’iiu mixer 1 1 ~ 1 ~ 1  i s  eonnectc>d t o  t h e  h o p p ~ r  tc9 

coi i f i~ie  t h e  s o l i d s  ~ n d  any g r o u t  t h a t  might s p l a s h  o u t  o f  tlie rn- ixc~.  For 

ConvPnience, a n  obse rva t ion  w i n d o w  i s  provided.  

The ~ 1 . 1 ~  g e  [-:ink furn is l ies  a means by which th*  llow of the w a s t  e t r a n s -  

fer  pump and t l i ~  f l o w  of t h e  i n j e c t i o n  piimp may be  synchronized du r ing  ‘ in  

i n j e c t i o n .  One o p e r a t o r ,  w h o  c o n t r o l s  bo th  piimps, observes  t h e  level. of 

g r o u t  i n  t h e  s u r g e  t ank ,  e i t h e r  through a m i r r o r  and window arrangement 
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on top of t h e  t ank  o r  'by obse rv ing  a f l o a t - t y p e  Level gage. 

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

13itring a n  i n j e c t i o n ,  a i r  is withdrawn cont inuous ly  from t h e  surge tank, 

f i l t e r e d  through a h igh -e f f i c i ency  f i l t e r ,  and d ischarged .  

H e  adjtlsts the 

The c o n t r o l  of  the propor t ions  a t  which s o l i d s  and waste solution &re 

I f  t h e  p ropor t ion  of solids is  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 ca l .  
too  high,  the 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  to pump, and s u b j e c t  

t o  premature s e t t i n g .  I f  the propor t ion  o f  s o l i d s  is  too  low, the g rou 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 will e x h i b i t  "phase 

sepa ra t ion"  on s e t t i n g .  Th 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  

of Che r a d i o n u c l i d e s  (much less than 1x1 w i l l  remain wi th  t h e  w a t e r  and 

t h u s  w i l l  no t  be 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 is  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 ropor t ion  

should not  exceed 10% a t  most and shou ld  be  k e p t  w i t h i n  5% i E  p o s s i b l e .  

Iluring a waste i n j e c t i o n  this mix r a t i o  is c o n t r o l l e d  by maiIui311y r e g u l a t i n g  

tlie f l o w  of s o l i d s  from the meter ing  hopper to  ma in ta in  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 iven  w a s t e  f low r a t e ,  The s o l i d s  a d d i t i o n  s a t e  I s  

measured by a mass flowmeter,  a dev ice  t h a t  cont inuous ly  weighs the f l o w  of 

s o l i d s ,  i n s t a l l e d  immediately below t h e  meter ing  hopper.  I n  t h e  f i r s t  eleven 

o p e r a t i o n a l  i n j e c t i o n s ,  a check on t h e  solids propor t ion ing  was provided by 

t h e  Densometer system. (The Densometer is  a dev ice  t h a t  cont inuous ly  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  tlirough i t . )  

mounted i n  t h e  su rge  t ank  cont inuous ly  pumped g r o u t  from t h e  surge tank,  

through one of two Densometers, and back t o  the surge tank.  These i n s t r u -  

ments were d i f f i c u l t  t o  maincain and were no t  c o n s i s t e n t l y  r e l i a b l e .  They 

were removed a f t e r  I n j e c t i o n  ILW-11. 

A small hydraul ic .  pump 

Three ce l l s  are provided f o r  the mixing and i n j e c t i n g  equlpment -I one: 

for t h e  mixer and su rge  tank ,  one f o r  the head end of t h e  injection pump, 

and one f o r  t h e  wel lhead and a s s o c i a t e d  p ip ing .  A l l  c e l l s  are made o f  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 f 4  i n .  g r a t i n g  

covered wi th  s h e e t  metal. The c e l l s  a r e  pa in t ed  b u t  un l ined ,  The roof of 

the mixer c e l l  is f i x e d  i n  place; t h e  r o o f s  of t h e  pump ce+ll and we l lhead  

c e l l  are  removable. Because the process  p i p i n g  I n  t h e  p u p  c e l l  and the. 

wellhead are under c -ons iderable  p r e s s u r e  dur ing  an  i n j e c t i o n  (up t o  5000 p s i )  
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t h e  v i s i o n  p o r t s  i n  t h e s e  c e l l s  a r e  made of bu l l e t -p roof  g l a s s  and t h e  roof  

g r a t i n g  i s  covered w i t h  114 i n .  s t ee l  p l a t e  on bo th  s i d e s .  

gained t o  t h e  ce l l s  through a h a t c h  i n  t h e  roof o f  each.  

Access may b e  

The i n j e c t i o n  pump* i s  capab le  of pumping over  a range  of p r e s s u r e s  

arid f low rates between 6000 p s i  and 105 gpm, and 1000 p s i  and 700 gpm. A 

s tee l  s p l a s h  p l a t e  i s  f i t t e d  around t h e  head of t h e  pump and ex tends  io 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 standby i n j e c t i o n  pumpqh s imilar  t o  t h e  main i n j e c t i o n  pump, is 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 i a  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 ts  f u n c t i o n  is  t o  provide  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  in t h e  even 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 ip ing  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 ,  t h e  

s tandby i n j e c t i o n  pump, and t h e  waste p i t .  This ruanifold c o n t a i n s  10 p lug  

v a l v e s ,  2 check valves, 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  6000 p s i ) ,  a pres -  

s u r e  gage connec t ion ,  and 1.3 unions.  The components o-E t h e  manifold are 

r a t e d  a t  10,000 p s i  o r  more. Extra h igh-pressure  Chiksan swive l  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  maniEold, and between t h e  

p ip ing  manifold 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 i s  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  o f  t h e  i n j e c t i o n  well and washing equipment after 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  of t h e  waste be ing  inject led,  i t  i s  necessa ry  

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 12 x 9 ft 
deep ,  w a s  b u i l t  t o  serve t h i s  f u n c t i o n .  Washup water and wa te r  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 o u t  of t h e  p i t  

by t h e  was te  pump f o r  r euse .  

*A Haii-ibur t on  HT- 400 t r i p  l e x  p o s  i t ive -d i s  p l a c  ement pump. 

**A s t anda rd  truck-mounted H a l l i b u r t o n  pos i t ive-d isp lacement  pump. 



An emergency waste t r ench  is provided as a precau t ion  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  cour se  of a waste i n j e c t i o n ,  the wellhead might 

r u p t u r e  and a l low the i n j e c t e d  g r o u t  t o  f low back up the w e l l .  

a n  event OCCIIT, t h e  g r o u t  would flow from t h e  wel lhead cell through an 18 in. 
l i n e  t o  the 100,000 g a l  w a s t e  t r e n c h  where i t  would set an3 b e  covered wi th  

e a r t h  f i l l .  

Should such 

A c e l l  of f -gas  system removes 2100 cfm of a i r  from t h e  mixer cel.l-, pump 

ce l l ,  and wel lhead c e l l ,  through a roughing and a h igh -e f f i c i ency  f i l t e r  i n  
series, and exhaus ts  i t  o u t  a s h o r t  s t a c k .  

f o r  t h e  surge t ank  exhaus t s  through a demis tes  mounted above the  t a n k  and n 

h igh-e f f i c i ency  f i l t e r ,  and then  d i scha rges  t h e  a i r  t o  the s u c t i o n  s i d e  oE 

t h e  c e l l  o f f -gas  f i l t e r s .  

A s e p a r a t e  o€f-gas system provided 

Necessary in fo rma t ion  on t h e  p rogres s  of an i n j e c t i o n  is obtai.ned from 

readings  of t h e  waste t anks  l e v e l s ,  t h e  waste f low rate, t h e  grrnur f low r a t e ,  

t h e  s o l i d s  f low rate, and t h e  i n j e c t i o n  p res su re .  The o r i e n t a t i o n  of t h e  

g rou t  s h e e t  is  determined a f t e r  t h e  i n j e c t i o n  is  completed By l o g g i n g  t h e  

v a r i o u s  obse rva t ion  w e l l s .  

Small. volumes of free 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  grout;. This  phase-separated water con ta ins  only  

a s m a l l  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 

than  1 X l 9  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  mobile  

r a d i o n u c l i d e s  from t h e  format ion .  This  is  done a f t e r  each injection o r  

series of i n j e c t i o n s .  

water t h a t  may ex is t  is bl.ed back through the i n j e c t i o n  well and c o l l e c t e d .  

U l t ima te ly ,  t h i s  recovered water i s  pumped back t o  t h e  waste c o l l e c t i o n  

system i n  Be the l  Valley. 

The wellhead s h u t o f f  v a l v e  i s  opened and any f r e e  

The development of t h e  shale f r a c t u r i n g  process is descrfbed i n  Ref. 3; 
Reference 4 is t h e  s a f e t y  a n a l y s i s  of t h e  process .  

2 .2  Recent Eac i l i ty  Modi f i ca t ions  

A number of g e n e r a l l y  u n r e l a t e d  improvements were m a d e  t o  -the sha le  

T h e  purpose of f r a c t u r i n g  f a c i l i t y  a f t e r  t h e  1972 series of i n j e c t i o n s .  

t.hese a o d i f  i c a t i o n s  was t o  reduce  t h e  r a d i a t i o n  exposure accumu’1.a ted  d u r i n g  

o p e r a t i o n  and maintenance ~ improve v e n t i l a t i o n ,  and iinprove t h e  c o n t r o l  of 

t h e  p rocess .  
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The r e c t a n g u l a r  mixing tub  ( su rge  tank)  w a s  r ep laced  by a new s t a i n l . e s s  

s t ee l  tub  w i t h  a c i r c u l a r  c r o s s  s e c t i o n  t h a t  could be more e a s i l y  c leaned  

and decontaminated,  The new tub  i s  36 i n .  i n  d iameter  and h a s  a maximum 

o p e r a t i n g  c a p a c i t y  of 1.46 g a l  (187  g a l  i n  t h e  o l d  tub) .  A u x i l i a r y  equip- 

ment i n c l u d e s  a viewing window on t a p  of t h e  tub ,  a 1 / 4  hp agl . ta t .or ,  a f l o a t -  

t ype  l e v e l  i n d i c a t o r ,  and a 3 / 4  i n .  expanded m e t a l  s c r e e n  t h a t  i s  f i t t e d  

a c r o s s  t h e  tub  nea r  t h e  g rou t  i n l e t  nozz le .  T h e  Densometer pump t h a t  had 

been i n s t a l l e d  i n  the  o l d  s u r g e  tank  was no t  r equ i r ed  i n  t h e  new t ank  be- 

cause  t h e  Densometers had been removed from t h e  system. 

S h i e l d i n g  wats provided around t h e  i n j e c t i o n  pump head and t h e  s u c t i o n  

hoses  i n  t h e  i n j e c t i o n  pump c e l l  t o  reduce  t h e  r a d i a t i o n  exposure du r ing  

maintenance o p e r a t i o n s .  

S h i e l d i n g  w a s  provided f o r  t h e  top  of t h e  mixer c e l l  t o  reduce  t h e  

r a d i a t i o n  exposure du r ing  wash-up o p e r a t i o n s  a t  t h e  end of an i n j e c t i o n  and 

t o  permi t  o c c a s i o n a l  maintenance o p e r a t i o n s  du r ing  an  in j ecE ion .  The r a d i -  

a t i o n  f i e l d  on top  of t h e  mixer c e l l  du r ing  an i n j e c t i o n  had been 1 t o  2 

R/hr ;  t h i s  w a s  reduced by approximately a factOK of 10 i n  those  areas re- 

q u i r i n g  access .  

A cha in  h o i s t  and suppor t  frame was provided above t h e  s o l i d s  feed  

hopper so t h a t  t h e  accumulat ing hopper and a t t a c h e d  mass f low meter could 

be l i f t e d  above t h e  mixer c e l l  roof f o r  maintenance and c a l i b r a t i o n .  

The v e n t i l a t i o n  system f o r  t h e  five w a s t e  s t o r a g e  t anks  was modif ied 

by t h e  a d d i t i o n  of a n  exhaus t  f a n  and a second HEPA f i l t e r  i n  series w i t h  

t h e  p r e s e n t  f i l t e r s .  V e n t i l a t i o n  w a s  provided f o r  t h e  b u i l d i n g  housing t h e  

waste pumps. The ex i - s t ing  v e n t i l a t i o n  c a p a c i t y  of t h e  system s e r v i n g  t h e  

mixing, wel lhead ,  and pump ce l l s  w a s  i nc reased  and t h e  of f -gas  v e n t i l a t i o n  

from t h e  mixing tub w a s  improved arid i t s  c a p a c i t y  inc reased .  

T h e  i n s i d e  s u r f a c e s  of one of t h e  f o u r  s o l i d s  s t o r a g e  b i n s  (Bin 2 )  w e r e  

p a i n t e d  t o  p rov ide  a smoother s u r f a c e  t o  improve s o l i d s  f low c h a r a c t e r i s t i c s .  

The a i r  d i s t r i b u t o r s  i n  t h e  s o l i d s  s t o r a g e  b i n s  were renovated t o  pro- 

v i d e  b e t t e r  f low c h a r a c t e r i s t i c s  a long  t h e  walls of t h e  b i n s .  

A new v a l v e  c o n t r o l  was i n s t a l l e d  an  t h e  s o l i d s  f low c o n t r o l  vaJ.ve s a  

t h a t  au tomat ic  o p e r a t i o n  of t h i s  v a l v e  could be  a t tempted .  

The e x i s t i n g  t u r b i n e  flowmeter i n  t h e  w a s t e  l i n e  t o  t h e  j e t  mixer w a s  

r e l o c a t e d  i n  a v a l v e  p i t  a d j a c e n t  t o  t h e  waste pump house.  A s t r a i n e r  w i th  
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approximately a 1/8 i n .  mesh s c r e e n  w a s  i n s t a l l e d  upstream of t h i s  flow- 

meter t o  remove scale t h a t  might j a m  t h e  flowmeter.  I n  series wi th  t h e  

t u r b i n e  flowmeter,  a second flowmeter ( o r i f i c - e  type)  was i n s t a l l e d  to pro-  

v ide  a backup i n d i c a t i o n  of t h e  w a s t e  f low rate. 

Ins t rumen ta t ion  t o  measure t h e  l e v e l  of s o l i d s  i n  t h e  s o l i d s  s t o r a g e  

b i n s  arid a cont inuous  r eco rd ing  v iscometer  to b e  i n s t a l l e d  on t h e  mixing 

tub  were o rde red  b u t  were not i n s t a l l e d  until a f t e r  t h e  S i t e  PrnnE Test 

( see  S e c t i o n  3 . 2 ) .  

2 . 3  Reconmendations of t h e  Pressure Review Committee 

A 1973 review O €  t h e  o p e r a t i o n s  of t h e  Sha le  F r a c t u r i n g  F a c i l i t y  by 

t h e  OKNL High P r e s s u r e  Review Committee r e s u l t e d  i n  s e v e r a l  recommended 

changes t o  equipment o r  o p e r a t i n g  procedures .  I n  response  t o  t h e s e  re(:- 

ommendations, t h e  p ip ing  swive l  j o i n t s  were anchored t o  t h e  f loo r  of t h e  

well c e l l  so  t h a t  t h e s e  p ip ing  assembl ies  would be r e s t r a i n e d  .in t h e  even t  

of a p ip ing  r u p t u r e ,  t h e  p r e s s u r e  r e l i e f  v a l v e  serrting was lowered to 6000 

p s i ,  and a "declutching" dev ice  w a s  i n s t a l l e d  on t h e  i n j e c t i o n  pump. 

f u n c t i o n  of t h i s  d e c l u t c h e r  w a s  t o  l i m i t  p r e s s u r e  a t  t h e  wel lhead t o  a rnaxi- 

mum of 5500 p s i ,  even du r ing  momentary pressure s u r g e s ,  

accomplishes  t h i s  f u n c t i o n  by throwing t h e  i n j e c t i o n  pump o u t  of gear when- 

eve r  an e x c e s s i v e  p r e s s u r e  i s  sensed.  A l t e r n a t e  methods ~f accomplishing 

t h i s  f u n c t i o n  (such as s topp ing  the d i e s e l  d r i v e  of the pump or v a l v i n g  o f f  

t h e  wel lhead)  could  not be  done qu ick ly  enough t o  p reven t  t h e  wel lhead p res -  

s u r e  from exceeding the d e s i r e d  l i m i t .  

The 

The dec lu t chea  

3.0 RESULTS OF SITE PROOF INJECTION AND PREPARATION FOR INJECTION SERIES 

3.1. S i t e  Proof I n j e c t i o n  

A s i t e  proof i n j e c t i o n  w a s  made i n  June 1974 t o  test the s u i t a b i l i t y  

of rbe format ions  unde r ly ing  a nearby s i t e  f o r  possible f u t u r e  waste d i s -  

posa l  by s h a l e  f r a c t u r i n g .  

used I n  t h i s  tes t  i n j e c t i o n  t o  mix t h e  g rou t  t h a t  was t o  be injected; the  

mixed g rou t  w a 5  then pumped t o  t h e  s i t e  of the new i n j e c t i o n  well through 

an  over land  l i n e .  S ince  t h e  volume of g r o u t  t h a t  w a s  pumped i n  t h i s  tesc 

The e x i s t i n g  Sha le  F r a c t u r i n g  F a c i l i t y  was 
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i n j e c t i o n  w a s  approximate ly  equa l  t o  t h a t  pumped i.11 a waste i n j e c t i o n ,  t h e  

s i t e  proof t e s t  w a s  a r i g o r o u s  test  of a t  l eas t  soiiie of t hose  f a c i - l i t y  

m o d i f i c a t i o n s  t h a t  had been i n s t a l l e d  a t  c h i s  t i m e .  

Immediately a f t e r  t h e  i n j e c t i o n  was s t a r t e d ,  t h e  f low of s o l i d s  t o  t h e  

mixer became uncont ro l lab l -e  and t h e  mixer cone was qu ick ly  jammed wi th  s o l i d s .  

The i n j e c t i o n  w a s  prompt1.y s h u t  down s o  t h a t  t h e  excess  s o l i d s  could be  

c l e a r e d  and t h e  cause  of t h e  d i f f i c u l . t y  determined.  I t  w a s  found t h a t  t h e  

c o n t r o l s  t o  t h e  s o l i d s  master v a l v e  had been i n s t a l l e d  backwards s o  t h a t  

t h e  v a l v e  was opening i n s t e a d  of c losi-ng and v i c e  versa.  The c o n t r o l s  were 

r eve r sed  and t h e  mixer cone and mass meter were c l e a r e d  o f  s o l i - d s .  

The i n j e c t i o n  w a s  resumed and r a n  w e l l .  There w a s  one b r i e f  shutdown 

t o  c l e a n  t h e  window of the  s u r g e  tank., which had been covered QII t h e  i n s i d e  

wi th  g r o u t  spl-ashed from bel.ow. The i n j e c t i o n  was r e s t a r t e d  wi thout  d i f f i -  

c u l t y .  A s  i s  u s u a l l y  t h e  case, t h e  c o n t r o l  of rhe mix r a t i o  became much 

more d i f f i c u l t  as each s o l i d s  s t o r a g e  b i n  r an  empty and t h e  s o l i d s  f low 

became e r r a t i c .  

P r i o r  t o  t h e  s i t e  proof i n j e c t i o n  t h e  s o l i d s  s t o r a g e  b i n s  had been 

c leaned ,  one of t h e  b i n s  had been p a i n t e d ,  and new a i r  pads had been i n s t a l l e d  

on t h e  b i n s .  The f low of s o l i d s  w a s  much improved i n  t h i s  i n j e c t i o n ,  b u t  

i t  i s  n o t  obvious which change i n  the system ( i f  any) c o n t r i b u t e d  most t o  

t h e  improvement. The new a i r  pads were used when two of t h e  b i n s  were be ing  

emptied and were n o t  used when a d i f f e r e n t  two b i n s  were be ing  emptied;  [io 

p a r t i c u l a r  d i f f e r e n c e  was noted .  S o l i d s  f low from Bin 2 ( t h e  pa in t ed  b i n )  

w a s  q u i t e  smooth t h e  Eirst t i m e  t h e  b i n  w a s  emptied and less  smooth t h e  

second t i m e  ( a f t e r  t h e  s o l i d s  s t o r e d  i n  t h e  b lending  tanks had been emptied 

i n t o  i t ) ;  t h e  e f f e c t  of p a i n t i n g  t h e  b i n  is  n o t  appa ren t .  Smoother s o l i d s  

f low w a s  observed when Bin l and Bin 2 ( t h e  f i r s t  t i n e )  w a s  be ing  emptied.  

These b i n s  conta ined  t h e  s o l i d s  b l ends  w i t h  a r e l a t i v e l y  h igh  f l y  a s h  con- 

t e n t ;  t h e  f l y  a s h  con ten t  of t h e  s o l i d s  s t o r e d  i n  t h e  o t h e r  S i a s  was about  

1.5% less. 

3 . 2  F a c i l i t y  .-. Modi f i ca t ions  ... 

Sortie of t h e  planned f a c i l i t y  improvements ( in s t rumen t s  w i t h  long  d e l i v -  

e r y  t imes)  had not  been i - n s t a l l e d  a t  t h e  t i m e  of t h e  s i t e  proof i n j e c t i o n .  

These in s t rumen t s  w e r e  i n s c a l l e d  between t h e  t i m e  of t h e  s i t e  proof i n j e c t i o n  
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and t h e  time of: t h e  n e x t  w a s t e  i n j e c t i o n .  

c a t i o n s  that  werc sugges ted  by d i f f i c u l t i e s  w i t h  t h e  s i t e  proof i n j e c t i o n  

were made a t  t h i s  t i m e .  

I n  a d d i t i o n ,  some f u r t h e r  mudi f i -  

During t h e  s i t e  proof i n j e c t i o n ,  t h e  g rou t  t h a t  w a s  d i scha rged  i n t o  

t h e  m h i n g  tub scruck t h e  top  of t h e  s c r e e n  and sp la shed  upward a g a i n s t  t h e  

v i s i o n  port a t  t h e  t o p  of t h e  t u b .  

t h e  s c r e e n  ~7as r e l o c a t e d  t o  a p o s i t i o n  j u s t  above t h e  s u c t i o n  i n t a k e s  t o  

t h e  i n j e c t i o n  pump. 111 a d d i t i o n ,  a i r  and water nozzles were i n s t a l l e d  

i n s i d e  t h e  tub  so t h a t  t h e  i n s i d e  of t h e  v i s i o n  p o r t  could  be washed du r ing  

an i n j e c t i o n .  

To reduce or e l i m i n a t e  such  s p l a s h i n g ,  

A Dyna t ro l  v i s c o s i t y  measuring ins t rument"  was i n s t a l l e d  i n  t he  mixing 

tub. 

ment of a v i b r a t i n g  rod .  

i t y ' '  at a f i x e d  rate of s h e a r .  

w i t h  the s o l i d s  t o  Liquid mix r a t i o ,  i t  w a s  b e l i e v e d  t h a t  t h e  instrument 

r e a d i n g s  would be  a measure of t h e  mix r a t i o  and t h a t ,  a f t e r  stxftable c a l i -  

b r a t i o n ,  t h i s  i n s t rumen t  could  be used t o  e i t h e r  c o n t r o l  r h e  m i x  r a t i o  

p rov ide  a u s e f u l  check on t h e  r e a d i n g s  ob ta ined  from the  mass meter, 

Th i s  i n s t rumen t  measures t h e  r e s i s t a n c e  t h e  s l u r r y  o f f e r s  t~ t h e  move- 

Th i s  r e s i s t a n c e  i s  a measure of t h e  s l u r r y  "viscos- 

S ince  the  s l u r r y  " v i s c o s i t y "  v a r i e s  d i r e c t l y  

Devices were i n s t a l l e d  t o  measure t h e  l e v e l  of s o l i d s  in  t h e  s t o r a g e  

b i n s .  Three s t r a i n  gages were i n s t a l l e d ,  each on one l e g  of Bins 1, 3 ,  and 

4 .  These gages  measured t h e  s t r a i n  on t h e  l e g  and, thereafore, t h e  weight 

of s o l i d s  i n  each  of t h e  b i n s .  I n  Bin 2 ,  two Metritapes** w e r e  i n s t a l l e d .  

These devices are tapes t h a t  ex tend  from t h e  top  of t h e  b i n  t o  t h e  bottom 

o r  nea r  t h e  bottom. The p r e s s u r e  e x e r t e d  by s o l i d s  i n  t h e  b in  squeezes  t h e  

t a p e  and a l ters  i t s  e l e c t r i c a l  r e s i s t a n c e ,  This e l e c t r i c a l  r e s i s t a n c e  is  

t h e r e f o r e  a measure of t h e  level  of s o l i d s  i n  t h e  b i n .  Metritape #l was 

i n s t a l l e d  about 2 f t  from t h e  s i d e  of t h e  b i n  and ex tends  t o  t h e  bottom 

cone; Mer r i t ape  #2  w a s  i n s t a l l e d  i n  t h e  center of t h e  b i n  and ex tends  t o  

w i t h i n  4 f t  of t h e  bottom. 

"Automation P roduc t s ,  I n c . ,  Model CL-1BDV-4, Houston, Texas. 

" "Mct r i t ape ,  Inc., West Concord, Massachuse t t s .  
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3 . 3  Mix Modi€ ica t ions  __...I__I...___- 

The s o l i d s  mix used i.n a l l  waste i n j e c t i o n s  through I L W - 1 1  conta ined  

7 .7% by weight  of Grundi te  (an i l l i t i c  c l a y ) .  T h i s  c o n s t i t u e n t  w a s  inc luded  

i n  t h e  mix a s  a cesium abso rben t ;  t h e  cesium atoms i n  t h e  waste w e r e  bound 

t o  t h e  S t r u c t u r e  of t h e  i l l i t e  and r e t a i n e d  i n  t h e  g r o u t  when t h e  mix set .  

I n  1974, t h e  s u p p l i e r  of Grundi te  d i scon t inued  o p e r a t i o n s  and a new mix 

a d d i t i v e  was r e q u i r e d  t o  r e p l a c e  t h e  now u n a v a i l a b l e  Grundi te  i n  f u t u r e  

waste i n j e c t i o n s .  

Screening  t e s t s  were made wi th  s e v e r a l  possib1.e Grundi te  s u b s t i t u t e s  

t o  select  those  a d d i t i v e s  wi th  good cesium b ind ing  a b i l i t y  and wi thout  

adve r se  e f f e c t s  on t h e  p h y s i c a l  c h a r a c t e r i s t i c s  of t h e  mix. Ground Cona- 

sauga s h a l e  was found t o  be  t h e  b e s t  of t h e  t e s t e d  a d d i t i v e s .  Mtxes made 

wi th  t h i s  a d d i t i v e  r e t a i n e d  cesium much b e t t e r  t han  d i d  t h e  Grundi te  and 

had p h y s i c a l  c h a r a c t e r i s t i c s  s i m i l a r  t o  t h e  Grundi te  mixes. Grinding and 

d ry ing  equipment f o r  t h i s  s h a l e  w e r e  n o t  immediately a v a i l a b l e ,  however, 

and a c l a y  w i t h  cesium r e t e n t i o n  somewhat i n f e r i o r  t o  Conasauga shale (bu t  

s u p e r i o r  t o  Grundi te )  w a s  s e l e c t e d  because  of i t s  a v a i l a b i l i t y  i n  bu lk .  

Amaco P o t t e r y  c l a y  ( I n d i a n  Red) was found t o  r e t a i n  cesium b e t t e r  than  

Grundi te  and t o  have no adve r se  e f f e c t . s  on g r o u t  p r o p e r t i e s .  A mix conta in-  

i n g  2.4 w t  % p o t t e r y  c l a y  w a s  found t o  r e t a i n  cesium approximately as w e l l  

a5 a mix con ta in ing  7 . 7  w t  % G r ~ n d i t e . ~  

c l a y  w a s  used i n  a l l  subsequent  waste i n j e c t i o n s .  

A mix con ta in ing  about  2.9% p o t t e r y  

4 - 0  I N J E C T T O N  ILW-12 

I n j e c t i o n  ILW-I2 was planned f o r  t h e  week of October 7 ,  1 9 7 4 .  Pre l imi -  

nary  p r e p a r a t i o n s  f o r  t h i s  i n j e c t i o n  inc luded  t h e  pumping of 88,000 ga l  of 

ILW c o n c e n t r a t e  t o  t h e  waste t a n k s  a t  t h e  s h a l e  f r a c t u r e  s i t e ,  t h e  b lending  

of 584,000 l b s  of d ry  s o l i d s ,  and misce l laneous  maintenance o p e r a t i o n s .  On 

October 4 ,  t h e  i n j e c t i o n  was postponed i n d e f i n i t e l y ,  pending r e c e i p t  of 

f i n a l  c l e a r a n c e  from ERDA. Clearance  f o r  an  i n j e c t i o n  w a s  r ece ived  i n  

January  1975, and t h e  i n j e c t i o n  was made on January  2 4 .  



4.1 Preliminary P r e p a r a t i E  

4 , I . l  Waste Transfer and Analys is  
.__I_- 

Waste s o l u t i o n  was pumped to t h e  five waste storage tanks at the shale 

fracture site during August and September. This waste came from two differ- 

ent Gunite tanks (W-8 and W-10) and was distributed among the tanks at the 

shale fracture s i t e  as shown in Table 1. 

Table 1. Waste Solution Volumes f o r  Injection ILW-12 

Tank So lut ion Volume (gal) 

T-l w-10 14,179 
T- 2 w-a 14,179 
T- 3 w-10 23,872 
T- 4 w- 10 23, a72 
T-9 W-8 and W-10 12,322 

Composite samples o f  the waste solutions were obtained d u r i n g  t h , ~ '  trans- 

fer; analyses of these solutions are given in Table 2. 

Table 2. Analyses of Waste Solutions 

Ion  Waste W - 8  Waste W-10 

<0 .0O3 

0.17 

1.69 
0.125 

0.24 

0.335 
0 .828  

2 . 3 9  

none 

1.. 1396 
0.47 

0 a 0047 

0 * 0138 

0.0146 

2.2 x 10-4 (99 .7% 244Cm) 

0.06 

0 ,04  

1.05 

0.114 

Q. 18 
0.22 

0.012 

1.. 48 

0.013. 

8.007 

1.0937 

0 ,496  

0.0037 

- 

0.0515 

0.Qh)l. q,99z 24%:,11) 
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4 . 1 . 2  S o l i d s  Blending ..... 

Five  b a t c h e s  of d r y  s o l i d s  were blended du r ing  t h e  week of September 

30 - October 4 .  Four ba t ches  were loaded i n  t h e  s t o r a g e  b i n s  and t h e  f i n a l  

b a t c h  was l e f t  i n  t he  b lending  t anks  f o r  l a t e r  t r a n s f e r  t o  a n  empty b in .  

The weights  of t h e  var i -ous i n g r e d i e n t s  t h a t  were used f o r  t h e  s o l i d s  mix 

are  given i n  Table  3 .  

Table  3. Dry S o l i d s  Mix f o r  I n j e c t i o n  ILW-12 

Bin 1 Bin 2 Bin 3 Bin 4 P Tanks 

Cement, l b s  47,907 47,910 48,080 49,040 48,240 
F1.y Ash, lbs 46,329 44,100 44,590 48,300 45,160 
A t t a p u l g i t e ,  l b s  19,700 20 360 19,310 19,010 19,330 
Clay,  l b s  3,370 3,360 3 290 3 > 200 3 , 680 

39 39 39 39 39 ..... ____ .- Sugar ,  l b s  

117,345 115 759 11.5,309 119,589 116 449 

The cement used w a s  S i g n a l  Mountain, Type I. S i n c e  a s a m p l e  of Type 

I T  cement obta ined  from t h i s  s u p p l i e r  i n  1964 had f l a s h  s e t ,  a r e c e n t  

sample was ob ta ined  and t e s t e d  w i t h  s y n t h e t i c  waste. This  sample d i d  noL 

f l a s h  se t ;  g r o u t s  made from t h i s  c m e n t  behaved s i m i l a r l y  t o  g r o u t s  made 

from Volunteer  Type I cement t e s t e d  ear l ier .  

The sugar  ( d e l t a  glucone l a c t o n e )  was i n  s h o r t  supply  a t  t h e  t i m e  t h e  

s o l i d s  were blended and,  r a t h e r  t han  postpone t h e  b l end ing  o p e r a t i o n  and 

t h e  subsequent  i n j e c t i o n ,  t h e  c o n c e n t r a t i o n  of suga r  i n  t h e  d r y  mix w a s  

reduced by 30%. 

4 .1 .3  ..._.. Tests of Mix __.^__I C o m p a t i b i l i t y  

S a m p l e s  were taken  of t h e  bl-ended d r y  s o l i d s  from t h e  top  o f  each of 

t h e  f o u r  s t o r a g e  b i n s  and test:ed w i t h  water and s y n t h e t i c  waste s o l u t i o n s .  

Phase s e p a r a t i o n  and r h e o l o g i c a l  p r o p e r t i e s  were determined f o r  g r o u t s  made 

wi th  v a r i o u s  mix r a t i o s .  MosC of t h e  t e s t s  were made w i t h  g r o u t s  t h a t  w e r e  

p repared  by mixing t h e  d r y  s o l i d s  and was te  s o l u t i o n  a t  5000 rpm ( t o  simu- 

l a t e  down-hole c o n d i t i o n s ) ,  b u t  some tests were made wiI:b g r o u t s  t h a t  had 

been mixed a t  2000 rpm ( t o  s i m u l a t e  t ub  c o n d i t i o n s ) .  The t.ests i n d i c a t e d  

t h a t  t h e  phase s e p a r a t i o n  of t h e  g r o u t  i n  t h e  format ion  would b e  less than  

2% i ~ f  t h e  mix r a t i o  were between 7 and 8 l b s  of d r y  s o l i d s  per g a l l o n  waste.  



A m i x  r a t i o  w i t h  water of between 8 and 9 l R s  of d r y  s o l i d s  p e r  g a l l o n  of 

w a t e r  would be r e q u i r e d  t o  keep phase s e p a r a t i o n  low. 

4.1.4 G a n t  Improvement and Maintenance 

During t h e  s 5 t e  proof i n j e c t i o n  test i n  June 1974,  t h e  xiidss meter had 

been i n a d v e r t e n t l y  f i l l e d  w i t h  cement. T h i s  cement w a s  removed a t  t h a t  

t i m e  by washing o u t  t h e  m a s s  meter, b u t  t h e  r e a d i n g s  of t h i s  i n s t rumen t  

w e r e  b i a s e d  du r ing  the  subsequent  i n j e c t i o n .  P r i o r  t o  I n j e c t i o n  ILW-12, 

thFs in s t rumen t  was c leaned  and r e c a l i b r a t e d .  

4.2 Holding Pe r iod  - October t o  January  

The i n j e c t i o n  w a s  o r i g i n a l l y  scheduled  f o r  October 9.  On October 4 ,  

OWL w a s  t o l d  by  t h e  ERDA t o  d e l a y  t h e  i n j e c t i o n ,  pending f i n a l  approva l .  

'The waste s o l u t i o n  s t o r e d  i n  "-4 w a s  pumped back t o  t h e  ORNL tank farm. 

'I'his was done s o  t h a t  an empty t ank  would be a v a i l a b l e  a t  t h e  shale f r a c t u r e  

s i t e  t u  contain t h e  c o n t e n t s  of any t ank  t h a t  might devel.op a l eak .  

In I n j e c t i o n  LLW-11 more d i f f i c u l t y  than  usual had been exper ienced  i n  

o b t a i n i n g  an even flow of so.l.ids from t h e  s t o r a g e  b i n s  and more s o l i d s  than  

u s u a l  tiad been l e f t  i n  t h e  b i n s  at t h e  end of t h e  i n j e c t i o n .  Some of t h e  

s o l i d s  used 'in t h i s  i n j e c t i o n  had been blended t h r e e  weeks b e f o r e  t h e  i n j e c -  

t i o n  - about  t w o  weeks longer  than u s u a l .  S e v e r a l  f a c t o r s  o t h e r  t han  s o l i d s  

s t o r a g e  t i m e  could h a w  been invo lved ,  b u t  t h e  observed a s s o c i a t i o n  o f  l o n g e r  

than u s u a l  s t o r a g e  t i m e s  w i t h  poor s o l i d s  f l o w a b i l i t y  r a i s e d  some doubts  o f  

t h e  u s a b i l i t y  of t h e  s o l i d s  s t o r e d  a t  the s h a l e  f r a c t u r i n g  s i t e .  Because 

of t h e s e  doub t s ,  samples o f  t h e  s o l i d s  were t aken  p e r i o d i c a l l y  and t e s t e d .  

Two types  of tests w e r e  run, I n  one set of tests t h e  s o l i d s  were mixed w i t h  

s y n t h e t i c  waste and the  phase s e p a r a t i o n  and r h e o l o g i c a l  pruperties were 
de termined .  I n  t h e  secund se t  of tests a " f l o w a b i l i t y  index" of t h e  dry  

s o l i d s  w a s  c a l c u l a t e d  from t h e  measurement of v a r i o u s  c h a r a c t c r i s t i c s  of 

t h e  d r y  solids - a n g l e  o f  repose., c o m p r e s s i b i l f t y ,  cohesion,  aod ang le  of 

r u p t u r e .  These tests are d i s c u s s e d  i n  References  6 and 7. The tests w i t h  

t h e  mixed g r o u t  I n d i c a t e d  a s l i g h t  (and probably  i n s i g n i f i c a n t )  increase 

i n  phase s e p a r a t i o n  and d e c r e a s e  i n  g r o u t  v i s c o s i t y  w i t h  increascd s o l i d s  

storage t i m e .  

of the s o l i d s  was d e c r e a s i n g  w i t h  t i m e .  S ince  t h e  f l o w a b l l i t y  index numbers 

T h e  tests w i t h  t h e  d r y  s o l i d s  i n d i c a t e d  t h a t  the  "r 'kowabiljry" 
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f o r  which t h e  s o l i d s  would be u s a b l e  w a s  n o t  known, t h i s  measurement of t h e  

d e t e r i o r a t i o n  of f l o w a b i l i t y  w a s  no t  conc lus ive ,  On December 4 ,  a t r u c k  

load of s o l i d s  (about  6000 l b s )  w a s  dropped from Rin 4 t o  tes t  f l o w a b i l i t y .  

The s o l i d s  flowed q u i t e  r e a d i l y .  A f e w  s m a l l  lumps w e r e  observed i n  t h e  

s o l i d s  b u t  t h e s e  lumps were q u i t e  s o f t  and e a s i l y  crushed. It was concluded 

t h a t  t h e  u s a b i l i t y  of t h e  s t o r e d  s o l i d s  was q u e s t i o n a b l e  b u t  t h e r e  w a s  n o t  

s u f f i c i e n t  evidence t h a t  they were unusable  t o  j u s t i f y  d i s c a r d i n g  them with- 

o u t  a t r i a l .  

4 . 3  Resumed PreDara t ions  

4.3.1 Maintenance 

Permission f o r  t h e  i n j e c t i o n  w a s  r ece ived  i.n January.  S ince  i t :  h a s  

been reconmended by t h e  P r e s s u r e  R e v i e w  Coniinittee that : ,  because of p o s s i b l e  

danger of low temperature  embri-t t lement of the h i g h  p r e s s u r e  p i p i n g ,  no 

o p e r a t i o n s  b e  undertaken a t  an  o p e r a t i n g  temperature  below 40"F,  h e a t e r s  

were l e f t  i n  t h e  pump and wel lhead ce l l s  over t h e  weekend p r i o r  t o  t h e  

i n j e c t i o n  and d u r i n g  t h e  i n j e c t i o n  week. These h e a t e r s  kep t  t h e  cel.1 tempera- 

t u r e  w e l l  above t h e  40" minimum dur ing  t h i s  t i m e .  

The i n j e c t i o n  pump w a s  repacked. 

The b a l l  and seat  of t h e  p r e s s u r e  r e l i e f  v a l v e  were rep laced .  A f t e r  

t:he s l o t t i n g  o p e r a t i o n  had been completed t h e  v a l v e  was found t o  b e  l e a k i n g  

s l i g h t l y .  Another b a l l  and seat were i n s t a l l e d ,  and t h e  v a l v e  was set  t o  

re l ieve a t  6000 p s i .  The r e p l a c e d  seat  was found t o  be  eroded. 

The dev ice  f o r  d e c l u t c h i n g  t h e  i n j e c t i - o n  pump a t  5500 p s i  was a d j u s t e d  

and t e s t e d .  

4 . 3 . 2  S l o t t i n g  

The e x i s t i n g  sl.ot i n  t h e  i n j e c t i o n  we1.l. a t  832 f t  was plugged w i t h  

250 gal of cement s l u r r y  on .January 2 0 .  This  s l u r r y  was d i s p l a c e d  w i t h  

217  g a l  of wa te r  - s u f f i c i e n t  t o  f o r c e  t h e  top  o f  t h e  cement plug t o  8 2 7  f t .  

The w e l l  w a s  s h u t  i n  under p r e s s u r e  f o r  18 h r s .  

P r e s s u r e  was a p p l i e d  t o  t h e  p lug  on January 21.  The p lug  broke a t  

4000 p s i .  Water w a s  pumped p a s t  the plug a t  2300 p s i  and 1-60 gal /min.  A 

second plug w a s  set:. This  p lug  w a s  350 g a l  of cement s l u r r y  t h a t  w a s  d i s -  

p l aced  w i t h  217  gal^ of wat.e.c. 
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On January 2 2 ,  i t  w a s  d i scovered  t h a t  c i r c u l a t i o n  through the w e l l  
could not  I r e  achieved;  t h a t  is, waeer could n o t  be pumped clom the tubing  

s t r i n g  and up t h e  annulus .  The tub ing  s t r i n g  w a s  f r e e  i n  t h e  w e l l .  ( i t  was 

no t  cemented t o  t h e  bot tom) ,  b u t  t h e  l e v e l  o f  cement i n  t h e  5-1/2 i n .  e a s i n g  

w a s  found t o  be  a t  802 f t  - a t  approximately t h e  bottom of t h e  tub ing  s k r i n g  

and 25 f t  h ighe r  than  i t  should have been. The tub ing  s t r i n g  was logged 

and found to be plugged about  50 ft above t h e  end of t h e  s t r i n g .  It w a s  

u l t i m a t e l y  conc3uded t h a t  che displacement  volume f o r  t he  second p lug  had 

been measured i n c o r r e c t l y  and t h a t  t h e  p lug  had n o t  been puiiiped clear of 

t h e  tub ing  s t r i n g .  

The tub ing  s t r i n g  w a s  removed a l e n g t h  a t  a t i m e  from t h e  i n j e c t i o n  

w e l l .  T b e  two bottom s e c t i o n s  w e r e  found t o  be  plugged wi th  cement. The 

s e a t i n g  n i p p l e  w a s  removed from the bottom of t h e  tubing s t r i n g  and cleaned.  

The tub ing  s t r t n g  was reconnected and r ep laced  i n  the w e l l ;  t h e  t w o  plugged 

sections of tub ing  were d i sca rded .  To make up t h e  tub ing  str ing to the 

r e q u l r e d  l eng th ,  i t  was necessary  t o  u s e  t h r e e  pup j o i n t s  and one l e n g t h  

of tub ing  ( K - 5 5 )  t h a t  had been pracured f o r  t h e  s i t e  proof i n j e c t i o n .  These  

t ub ing  sec t - ions  have an 8-round th read  and w e r e  i n s t a l l e d  between t h e  c ross -  

over  n i p p l e  and t h e  wel lhead f l a n g e .  

t h read )  w a s  i n s t a l l e d  j u s t  above t h e  s e a t i n g  n i p p l e .  A l l  c e n t r a l i z e r s  w e r e  

r ep laced  a t  approximately t h e i r  p rev ious  l o c a t i o n s .  

A 5 f t  pup j o i n t  (with extreme Pine 

T h e  tub ing  s e c t i o n s  t h a t  w e r e  removed from t h e  w e l l  (and subsequent ly  

r ep laced  i n  t h e  w e l l )  r ead  100 t o  400 mR a t  c o n t a c t  when w e t ,  I R when d ry ;  

t h e  a count  w a s  5000 d/min. The bottom s e c t i o n  of tub ing  (which w a s  d i s -  

carded)  read 4 R a t  c o n t a c t  when w e t .  

The cement p lug  remaining i n  t h e  w e l l  w a s  eroded t o  a dep th  of 827  f t  

w i th  a h igh  p r e s s u r e  w a t e r  jet, and t h e  plug w a s  t e s t e d  a t  a p r e s s u r e  of 

5000 p s i ,  The w e l l  w a s  s l o t t e d  a t  822  f t  on January 23.  T h e  s l o t t i n g  pres-  

s u r e  w a s  about  3500 p s i ;  t h e  f low rate w a s  about  130 gpm, arid f o r t y  sacks 

of sand w e r e  used. The 

time required was about  1 h r .  The Formation f r a c t u r e d  a t  a p r e s s u r e  of 

4750 psi (measured a t  t h e  annu lus ) .  

The sandfwater  r a t i o  was very  nea r ly  1 1 2  l b b g a l .  

T h e  rock cover moni tor ing  w e l 4 s  were topped o f f  w i t h  water; each well 

r e q u i r e d  1 t L o  4 gal lons . .  This  j o b  w a s  a necessa ry  p re l imina ry  t_c) record ing  

of t h e  p r e s s u r e  r ead ings  of t h e s e  w e l l s  du r ing  t h e  i n j e c t i o n .  
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4.4  I n i e c t i o n  

The i n j e c t i - o n  w a s  begun a t  1145 on January 2 4 ,  Waste water w a s  pumped 

from t h e  p i t  t o  reopen t h e  f r a c t u r e .  The fo rma t ion  r e - f r a c t u r e d  a t  4700 

ps:i. ( i n j e c t i o n  pump p r e s s u r e  gage ) ;  430 g a l  of water were pumped i n t o  t h e  

formation.  Cement flow w a s  s t a r t e d ,  b u t  v i r t u a l l y  no f low from t h e  b i n  

could be  ob ta ined .  Other b i n s  were switched on stream, b u t  v e r y  1 . i t t l e  

cement w a s  ob ta ined  from them. The i n j e c t i o n  was s h u t  down a t  1215 a f t e r  

1300 g a l  of water and about 2000 l b s  of cement had been mixed and i n j e c t e d .  

The b u t t e r f l y  v a l v e s  a t  t h e  bottoms of the  s t o r a g e  b i n s  were examined. 

It w a s  suspec ted  t h a t  d r y  s o l i d s  had packed behind t h e  v a l v e s  and prevented 

t h e s e  v a l v e s  from opening. A t  l eas t  some of t h e  val.ves d i d  appear  t o  be  

jammed; t h e s e  v a l v e s  w e r e  f r e e d .  The i n j e c t i o n  w a s  r e s t a r t e d  a t  1.323, and 

a t  1327 t h e  f low w a s  switched from p i t  wat:er t o  was te  (T-2) .  No a p p r e c i a b l e  

flow of cement could be  ob ta ined  from Bin  1 and t h e  f low w a s  quic-kly switched 

t o  Bin 2 .  The f l o w  of s o l i d s  w a s  n o t  smooth and the o p e r a t i o n  w a s ,  of neces- 

s i t y ,  r a t h e r  spasmodic. 'The rnaximum a t t a i n a b l e  s o l i d s  flow d u r i n g  p a r t s  of 

this pe r iod  w a s  on ly  about  500 lbs/min.  

a mix r a t i o  of 7 t o  8 l b s / g a l  could be maintained on1.y by c u t t i n g  t h e  w a s t e  

f l - o w  t o  60 t o  70 gal /min and t h e  i n j e c t i o n  ra te  t o  85 t o  110 gallrnin. These 

ra tes  are below t h e  o p e r a t i n g  minimum of t h e  i n j e c t i o n  pump and could b e  

handled only by s topp ing  t h e  pump, a l lowing  t h e  g r o u t  l e v e l  i n  the s u r g e  

t ank  t o  r ise,  r e s t a r t i n g  t h e  pump, pumping t h e  s u r g e  t ank  n e a r l y  empty, 

and r e p e a t i n g  t h e  c y c l e .  This  i s  a d i f f i c u l t  way to  o p e r a t e .  A t  1355, a 

l e a k i n g  head g a s k e t  on the :i.njection pump fo rced  a h a l t  t o  the i n j e c t i o n .  

Du-ci-ng t h i s  p e r i o d  (32  min) 600 g a l  of p i t  water and 3200 g a l  of w a s t e  were 

mixed w i t h  34,700 1'0s of sol. ids.  The ave rage  waste f l o w  ra te  was 1.19 g a l /  

min and t h e  ave rage  mix r a t i o  w a s  9 . 1  l b s / g a l .  

With a s o l i d s  f low rate  t h i s  low, 

The pump c e l l  and t h e  i n j e c t i o n  pump were washed t o  reduce t h e  r a d i a t i o n  

exposure;  and t h e  head g a s k e t  on t h e  pump was removed, examined, and r ep laced .  

I n  t h e  cour se  of t h e  washup o p e r a t i o n s ,  t h e  s u c t i o n  l i n e  of t h e  i n j e c t i o n  

pump w a s  f l u s h e d  w i t h  water. T h i s  wash water backed up i n t o  the mixer tub  

and, s i n c e  the  tub  w a s  no t  under o b s e r v a t i o n  a t  t h a t  t i m e ,  f i l l e d  t h e  tub  

t o  overf lowing.  The overf low f i l l e d  t h e  mixer hopper and s p i l l e d  i.nto t h e  

mixer c e l l .  Some of t h e  overf low a l s o  g o t  i n t o  t h e  tub  off-gas  system. 
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When t h e  s i t u a t i o n  vas d i scove red ,  t h e  wash water was s h u t  o f f ,  the c o n t e n t s  

of the tub  and mixer were d ra ined  t o  t h e  w a s t e  p i t ,  thc 0 f f - g ~  f i l t e r s  

w e r e  replaced, and the mixer hopper w a s  washed t o  c l e a n  t h e  window s u f f i -  

c i e n t l y  1 5 0 ~  t h e  s o l i d s  l e v e l  t o  be seen.  

The injection w a s  r e s t a r t e d  a t  1629 wi th  w a s t e  s o l u t i o n  from T-2  and 

s o l i d s  from Bin  2.  Q p e r a t i n g  c o n d i t i o n s  were similar  t o  those  noted previ -  

o u s l y  - a low ra te  015 s o l i d s  f low t h a t  f r e q u e n t l y  r e q u i r e d  a s t o p  and s tar t  

operation of the i n j ec t ion  pump. It w a s  a l s o  noted t h a t  t h e  s o l i d s  were 

not. f eed ing  i n t o  t h e  jet: mixer as easily as they had i n  prev ious  I n j e c t i o n s ;  

they tended t o  b u i l d  up i n  t h e  mixer cone ( a t  times they obscured t h e  

window), and the f l o w  r a t e  had t o  be  reduced u n t i l  t h e  accumulat ion of 

s o l i d s  could work i ts  way out of t h e  mixer hopper.  A t  about  1815 the mass 

meter jamnled ( i n d i c a t i n g  1500 Ibslmin w i t h  no s o l i d s  f low) ,  and the injec- 

t i o n  was h a l t e d  t o  clear t h i s  in s t rumen t .  

(I hr, 40 min) ,  t h e  average  f low rate was 98.9 gal/min a t  a s o l i d s  n i x  r a t i o  

of 6 , 9  l b s / g a l . ,  

During t h i s  i n j e c t i o n  per iod  

T h e  i n j e c t i o n  was resumed a t  1836 and c o ~ ~ t i n u e d  u n t i l  2055, when ik 

was a g a i n  ha l ted  t o  clear t h e  mass meter. 

so l i -ds  f low was from Bin 3 (very l i t t l e ) ,  Bin 2 ,  and B i n  4 .  No s o l i d s  could 

be obta ined  from Bin 1. S o l i d s  f low w a s  i r r e g u l a r ,  as was the case a l l  

dur ing  t h e  i n j e c t i o n .  During t h i s  i n j e c t i o n  per iod  ( 2  by ,  19 m i a ) ,  the  

average  waste f low rate w a s  91.2 gallrnin at a s o l i d s  mix r a t io  of 5 . 5  l b s /  

Uaste f low w a s  from T-2 and T-9; 

g a l .  

The s o l i d s  s t a r e d  i n  t h e  b l end ing  t anks  were blown into Bin 2 and t h e  

injection w a s  resumed a t  2250,  Waste f l o w  was from T - l  and s o l i d s  f low was 

from the r e f i l l e d  Bin 2. S o l i d s  f low w a s  n o t  improved and, as t h e  run con- 

t i nued ,  t h e  grout  could be  pumped from t h e  mixing tub only  w i t l a  d i f f i c u l t y  

( i t  is probable  thatl t h e  s c r e e n s  i n  t h e  tub were plugged) .  The i n j e c t i o n  

w a s  h a l t e d  at. 2315 t o  c l e a n  t h e  s c r e e n s  i n  t h e  mixer Cub. A t  t h i s  time ix 

l e a k  i n  the h igh  p r e s s u r e  manifold i n  t h e  wel lhead c e l l  w a s  d i scovered  and 

t h e  i n j e c t i o n  w a s  t e rmina ted .  The w e l l  w a s  ove r f lu shed  and s h u t  i n  and ' the 

equipment was washed .I 

P l o t s  of i n j e c t i o n  flow rate (totalizer readings)  and i n j e c t i o n  p res -  

s u r e  dur ing  t h e  i n j e c t i o n  per iod  are  shown i n  F i g s .  4 and 5. I n  p rev ious  

i n j e c t i o n s ,  t h e  flow rate had averaged a steady 180 t o  200 gal /min;  the 
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c o n t r a s t  of t h i s  i n j e c t i o n  i s  s t r i k i n g .  The i n j e c t i o n  pump p r e s s u r e  i s  

q u i t e  i r r e g u l a r  because of t h e  spasmodic n a t u r e  of t h e  i n j e c t i o n .  I[. a p p e a r s ,  

however, t h a t  t h e  i n j e c t i o n  p r e s s u r e  dropped r a t h e r  qu ick ly  t o  about  2500 

p s i  - approximately t h e  i n j  e c t i o n  p r e s s u r e  of LLW-11. 

A p l o t  of t h e  v i s c o s i t y  r ead ings  ob ta ined  du r ing  t h e  i n j e c t i o n  is 

shown i n  F ig .  6 .  This  ins t rument  w a s  n o t  c a l i b r a t e d  p r i o r  t o  the i n j e c t i o n ,  

and t h e  l ' v i scos i ty"  t h a t  t h e  r ead ings  r e p r e s e n t  is  n o t  known. I t  is  appar- 

e n t ,  however, t h a t  t h e  ze ro  was se t  too  h igh .  

4.5 Data Analys is  

Because of t h e  e r r a t i c  n a t u r e  of t h e  i n j e c t i o n ,  many of t h e  in s t rumen t  

readings  were obvious ly  i n  e r r o r  a t  one t i h e  o r  anot3ier. The niass meter 

w a s  read ing  ve ry  h igh  and non-exis ten t  f lows a t  l ea s t  tw ice  du r ing  t h e  i n j e c -  

t i o n ,  and t h e  i n d i c a t e d  s l u r r y  f low ra te  w a s  impossibly h igh  a t  least  t w i c e ;  

t h e r e  were undoubtedly o t h e r  less obvious e r r o r s .  Because of these known 

and suspec ted  e r r o r s ,  t h e  c a l c u l a t i o n  of t h e  v a r i o u s  i n j e c t i o n  parameters  

w a s  made by cross-checking t h e  r ead ings  of as many d i f f e r e n t  i n s t rumen t s  

as were avai1abl.e.  

The q u a n t i t y  of s o l i d s  remaining i n  t h e  b u l k  s t o r a g e  b i n s  a f t e r  t h e  

i n j e c t i o n  w a s  e s t ima ted .  Bin 1 w a s  e s s e n t i a l l y  f u l l  w i t h  no evidence t h a t  

any s o l i d s  had been removed from i t .  

t o  h e  expec ted ,  s i n c e  t h i s  b i n  had been recharged du r ing  t h e  i n j e c t i o n ) .  

The s o l i d s  l e v e l  i n  Bin 3 w a s  down 2 t o  3 f t .  An es t ima ted  40,000 l b s  of 

s o l i d s  had been removed from Bin 4 .  The s o l i d s  consumption du r ing  t h e  i n j e c -  

t i o n ,  t h e r e f o r e ,  must have been about  175,000 t o  185,000 l b s  (115,000 from 

Bin 2 ;  40,000 from Bin 4 ;  10,000 t o  15,000 from Bin 3 ;  and 10,000 to  15,000 

from Bin 2 r e f i l l ) .  

B i n  2 w a s  e s s e n t i a l l y  f u l l  (which was 

The accuracy  of t h e  waste flowmeter was checked by comparing t h e  flow- 

meter r ead ings  w i t h  t h e  tank  l e v e l  r ead ings  du r ing  those  p a r t s  of  the run  

t h a t  bo th  sets of r ead ings  had been recorded;  t h e s e  r ead ings  checked w i t h i n  

5%. The fl-owmeter r ead ings  have been assumed t o  be  a c c u r a t e  i n  t h e  subse- 

quent  c a l c u l a t i o n s .  

The mix r a t i o  du r ing  v a r i o u s  i n j e c t i o n  pe r iods  w a s  e s t ima ted  by t h r e e  

methods. (1) The increniental  mass meter t o t a l i z e r  r ead ings  were d iv ided  

by t h e  incrementa l  f lowmeter r ead ings  t o  g i v e  t h e  mix r a t i o  f o r  t h a t  t i m e  
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i n t e r v a l .  

incrementa l  f lowmeter r e a d i n g s ,  and t h e  r e s u l - t i n g  r a t i o  w a s  r e l a t e d  t o  t h e  

ori-x r a t i o  by a c o r r e l a t i o n  ob ta ined  from previous  i .mjection d a t a .  ( 3 )  The 

v i s c o s i t y  meter r ead ings  were c o r r e l a t e d  w i t h  l a b o r a t o r y  v i s c o s i t y  d a t a  t o  

conve r t  t h e s e  r ead ings  t o  a mix r a t i o .  'The r e s u l t s  ob ta ined  by t h e s e  methods 

were then compared. I f  t h e r e  w a s  no s e r i o u s  disagreement ,  t h e  v a l u e  g iven  

by t h e  mass meter was s e l e c t e d .  During those  p e r i o d s  when t h e  m a s s  meter 

w a s  obvious ly  i n o p e r a t i v e ,  t h e  mix r a t i o  i n d i c a t e d  by t h e  s l u r r y  volume 

i n c r e a s e  was s e l e c t e d .  

conf i rma t ion  of t he  o t h e r  v a l u e s .  

( 2 )  The incrementa l  s l u r r y  f low read ings  w e r e  d iv ided  hy t h e  

The v i s c o s i t y  r ead ings  w e r e  g e n e r a l l y  used on ly  f o r  

The volume i n c r e a s e  between t h e  waste s o l u t i o n  and t h e  g r o u t  is a func- 

t i o n  of t h e  mix r a t i o  and can be  c a l c u l a t e d  from t h e  s l u r r y  volumc? d ischarged  

by t h e  i n j e c t i o n  pump and t h e  was te  volume Eed t o  t h e  mixer tub .  This  volume 

i n c r e a s e  i s  a r a t h e r  inser rs i . t ive  i n d i c a t i o n  of t h e  mix r a t i o ,  as can be  seen  

i n  t h e  c o r r e l a t i o n  g iven  i n  F ig .  7 .  The d a t a  f o r  t h i s  c o r r e l a t i o n  w a s  

ob ta ined  from Lnjec' i ion ILW-9, 

The c o r r e l a t i o n  of t h e  v i s c o s i t y  meter r ead ings  w i t h  t h e  mix r a t i o  w a s  

done by choosing several  p e r i o d s  du r ing  t h e  i n j e c t i o n  when t h e  o p e r a t i o n  

w a s  r e l a t i v e l y  smooth and assuming a n  equ iva lence  between t h e  v i s c o s i t y  

r ead ings  ob ta ined  du r ing  t h e s e  i n t e r v a l s  w i t h  t h e  mix r a t i o  i n d i c a t e d  by 

t h e  mass meter. The p o i n t s  t hus  obta ined  were supplemented w i t h  v i s c o s i t y  

d a t a  ob ta ined  from l a b o r a t o r y  tests. The c o r r e l a t  i o n  t h a t  was obta ined  i s  

shown i n  F ig .  8. 

The mix r a t i o s  computed f o r  t h e  f o u r  s i g n i f i c a n t  o p e r a t i n g  p e r i o d s  of 

t h e  i n j e c t i o n  are  shown i n  F ig .  9. There are a number of obvious d i sc rep -  

a n c i e s  between t h e  mix r a t i o s  computed by t h e  d i f f e r e n t  methods. The mass 

meter r ead ings  w e r e  excess ive  between 4 : 4 5  and 5 : 10  , bet:ween 6 :  45 atad 7 : 00 

between 7:05 and 7 : 2 8 ,  and between 8 : l S  and 8:55. The measured volume 

i n c r e a s e  w a s  excess ive  between 7:35 and 8 : O O  and f rom 10:50 t o  11:15. 

A "composite" mix r a t i o  i s  ob ta ined  by j u d t c i o u s  s e l e c t i o n  among t h e  

r a t i o s  g iven  i n  F ig .  9 .  These r a t i o s  are then  m u l t i p l i e d  by t h e  was te  

volumes pumped dur ing  t h e s e  i n t e r v a l s  t o  g i v e  a c a l c u l a t e d  q u a n t i t y  of 

s o l i d s  consumed. This  c a l c u l a t e d  consumption i s  compared i n  Table  4 w i t h  

t h e  consumption e s t ima ted  from t h e  weight  of s o l i d s  known t o  he  in t h e  b i n s  

b e f o r e  and a f t e r  t h e  i n j e c t i o n .  The agreement i s  g e n e r a l l y  good. 
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Table  4. Ca lcu la t ed  Mix R a t i o s  
- . . . ~ . I I ____  ~ . .  

Mix 
R a t  i.0 

l b s / g a l  

Ca lcu la t ed  Est imated 

Consumption Consumption 
I n t e r v a l  Water Flow Waste Flow S o l i d s  S o l i d s  

( I b s )  
From 'To ( g a l )  ( g a l )  

.~ __.-....._I. 

( I b s )  
.._l_l... 

1145 1205 1,726 - 2 9 000 
1.323 1335 600 3,200 30,270 
1625 1810 2,070 7,820 66,430 
1836 1900 - 2,400 11,990 

1.16 
8.0 
6.7 
5.0 

110,420 (Bin 2) 115,000 (Bin 2) 

1900 2055 - 10,270 71,490 55,000 7.0 
(Bins 3 & 4) 

2250 2315 - 2,020 14,930 15,000 7 .4  
(Bin 2 r e f i l l )  

Over a 11 4,396 25,710 197,110 185,000 6.6 

The M e t r i t a p e  r ead ings  du r ing  t h c  emptying of Bin 2 are shown i n  F ig .  10. 

There i s  no d i s c e r n i b l e  p a t t e r n  t o  t h e s e  r ead ings .  It might b e  t h a t  t h e  

t apes  w e r e  responding t o  v a r i a t i o n s  i n  t h e  p r e s s u r e  of t h e  a i r  i n  t h e  b i n s ,  

r a t h e r  than t o  t h e  depth  of s o l i d s .  The s t r a i n  gages could  not  b e  eva lua ted  

p rope r ly .  

t h a t  w a s  equipped w i t h  a s t r a i n  gagc - Bin 4 .  

t h e  c o n t e n t s  of t h e  b i n  w e r e  consumed and t h e  s t r a i n  gage i n d i c a t e d  75% f u l l .  

This  i s  probably  on ly  a problem of c o r r e c t l y  a d j u s t i n g  t h e  ze ro  of t h e  

in s t rumen t .  

An a p p r e c i a b l e  q u a n t i t y  of s o l i d s  was removed from only  one b i n  

In  t h i s  case, about  one- th i rd  

The p r e s s u r e s  of t h e  rock  cover  w e l l s  were r ead  j u s t  prior t o  t h e  i n j e r -  

t i o n ,  twice  du r ing  t h e  i n j e c t i o n ,  and two days a f t e r  t h e  i n j e c t i o n .  These 

r ead ings  are g iven  i n  Table  5. 

NE-125 and S-200. 

A p r e s s u r e  rise w a s  no ted  on two wells - 

4.6 Evalua t ion  of I n j e c t i o n  ..__ 
I_ 

This  i n j e c t i o n  was c h a r a c t e r i z e d  throughout  by t h e  i r r e g u l a r  Elow of 

d ry  s o l i d s  f r o m  t h e  b i n s  (when any f low a t  a l l  could b e  ob ta ined )  and t h e  

presence  of l a r g e  lumps i n  t h e  s o l i d s .  These luoips jammed i n  t h e  m a s s  meter,  
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Table 5.  Rock Cover Well P r e s s u r e  Readings 

T i m e  NW-175 NW-250 W-300 S-200 E-300 NE-125 NE-200 N-200 N-275 

P r e -  
i n j e c t i o n  -14 2 7 14..5 0 -11 0 0 15 

1600 -14 0 7 18 0 0 0 0 15  
1830 -14 0 7 3 0 0 4 0 0 7- 5 
J an .  27 -10 3 5 36 0 5 0 0 1 3  

i n  t h e  mixer cone, and on t h e  s c r e e n s  t o  t h e  i n t a k e s  of t h e  i n j e c t i o n  pump 

and g r e a t l y  complicated t h e  i n j e c t i o n .  I t  is  most obvious t h a t  t h e  s o l i d s  

used i n  f u t u r e  i n j e c t i o n s  must b e  f r e s h  and "flowable" i f  t h e  i t i - jec t ion  i s  

t o  be  s u c c e s s f u l .  

The b e s t  s o l i d s  f low was ob ta ined  from Bin 2 ,  which i s  t h e  only  b i n  

t h a t  h a s  been coa ted  i n s i d e .  

The v i s c o s i t y  meter worked qui- te  w e l l ;  t h e  Met r i t apes  d i d  no t .  

5 .0  I N J E C T I O N  ILW-13 

5 . 1  P re l imina ry  P r e g a r a t i o n s  - 

5.1.1 Waste Trans fe r  and Analys is  

A cons ide rab le  volume (about  40,000 g a l )  of waste s o l u t i o n  remained i n  

t h e  was te  s t o r a g e  t anks  a t  t h e  s h a l e  f r a c t u r i n g  s i t e  a f t e r  t h e  conclus ion  

of I n j e c t i o n  ILW-12. 

from Gunite  tank  W-10. I n  February,  a d d i t i o n a l  waste w a s  pumped t o  t h e  

s h a l e  f r a c t u r e  w a s t e  s t o r a g e  t anks ;  t h i s  new waste s o l u t i o n  came from Guni te  

tanks  W-8 and W-10. The d i s t r i b u t i o n  of t h e  remaining waste s o l u t i o n  and 

of t h e  t w o  new waste s o l u t i o n s  i s  shown i n  Table  6. 

This  remaining waste s o l u t i o n  had a l l  o r i g i n a l l y  come 

Composite samples of t h e  waste s o l u t i o n s  w e r e  ob ta ined  d i n  in.? t h e  

t r a n s f e r ;  c a l c u l a t e d  anal-yses of tilie s o l u t i o n s  i n  t h e  v a r i o u s  waste t anks  

based on t h i s  and previous  samples a r e  g iven  i n  Table  7 .  

5 .1 .2  S o l i d s  Blending 

The s o l i d s  remaining from ILW-12 w e r e  e m p t i e d  from t h e  b i n s  and t rucked  

away. 



Tal-,le 5 .  Waste S o l u t i o n  Volumes for I n j e c t i o n  ILW-13 
-- 

Tank -- S o l u t i o n  

T-1 W-10 (Aug. 1974)  12,750 
W-10 (Feb. 1975) I ,  300 

T- 2 W- 8 15,700 
T- 3 W-10 (Aug. 1974)  23,872 

2’-4 W-10 (Feb. 2975) 13,9QO 
w- 8 9,700 
Hee 1 W300 

T-9 W-8 
Heel 

10,600 
%2,000 

Table 7.  Analyses of Waste S o l u t l o n s  

w-IO ( 7 4 )  
I_-- 

0.148 

0.012 

0.06 

1 .01  

0.114 

0.18 

0.22 

1.0937 

0 .495  
- 

0 I 051 

0.0007 

w-8 (75) 

8.472 

0.036 

8.008 

8,158 

0.208 

0.042 

0.18 

1 a 066 

0 * 30s 

0.0136 

0.022 
0.0015 

Mixed (W-8 + W - I O  (75) 

0.373 

0.028 

0.013 
0.156 

0.184 

0 .  Q46 

0.16 

- 
0.416 

0.0056 

0.039 

0.001 

Five  b a t c h e s  of d r y  s o l i d s  w e r e  blended du r ing  t h e  week of A p r i l  21-25. 

Four b a t c h e s  w e r e  loaded i n  t h e  StOKage bins, and t h e  f i n a l  batch w a s  l e f t  

i n  t h e  b l end ing  tanks for later t r a n s f e r  t o  an empty b in .  The weights of 

t h e  v a r i o u s  ingredients t h a t  were used €o r  the s o l i d s  mix are given i n  

Table 8 .  



36 

Table  8. Dry S o l i d s  Mix f o r  I n j e c t i o n  ILW-13 

Bin 1 

Blending d a t e  Apr. 23 
Cement, l b s  47 540 
Fly  a s h ,  l b s  42 660 
A t t a p u l g i t e ,  l b s  16,800 
Clay,  l b s  3,370 
Sugar ,  l b s  48 

T o t a l  l l 0 , 4 1 8  

Bin 2 

Apr. 24 
47,930 
41,800 
16,120 

2,790 
48 

Bin 3 

Apr. 2 2  
47,730 
42,690 
17,160 

3,690 
48 

Bin 4 

A p r .  21 
47,790 
38 860 
18,900 

3,490 
48 

P Tanks 

Apr. 25 
47,780 
41,040 
15,540 

48 
3 9 340 

108,688 111 318 109,088 107,748 

The cement used w a s  S i g n a l  Mountain, Type I.  The c l a y  used w a s  " Indian  

Red," s u p p l i e d  by American A r t  Clay Company. The fly a s h  came from t h e  TVA 

steam p l a n t  a t  Kingston,  Tennessee.  The a t t a p u l g i t e  w a s  At tapul .g i te  150 

d r i l l i n g  c l a y .  The sugar  w a s  d e l h a  gl .ucone-lactone. 

5 .1 .3  - T e s t s  of Mix _-...I-- C o m p a t i b i l i t y  -. .. 

Samples were taken of t h e  blended d r y  s o l i d s  from each of t h e  s t o r a g e  

b i n s  and one of t h e  b lending  t a n k s  and t e s t e d  w i t h  water and s y n t h e t i c  waste 

s o l u t i o n s .  Phase s e p a r a t i o n  and r h e o l o g i c a l  p r o p e r t i e s  were determined .for 

g r o u t s  made w i t h  var i -ous mix ratzios.  Most of t h e  tests were made w i t h  g r o u t s  

t h a t  were prepared  by mixing t h e  d r y  s o l i d s  and waste s o l u t i o n  a t  5000 rpm 

( t o  s i m u l a t e  down-hole c o n d i t i o n s ) ,  b u t  some tests w e r e  made w i t h  g r o u t s  

t h a t  had been mixed a t  2000 rpm ( t o  s i m u l a t e  t u b  c o n d i t i o n s ) .  N o t  a l l  corn- 

b i n a t i o n s  of wastes and s o l i d s  were t e s t e d ,  s i n c e  a q u i t e  l a r g e  number of 

tests would have been needed. I n s t e a d ,  each b a t c h  of blended s o l i d s  w a s  

t e s t e d  w i t h  o n l y  t h e  p a r t i c u l a r  waste s o l u t i o n  w i . t h  which i t  would l i k e l y  

b e  mixed d u r i n g  t h e  i n j e c t i o n .  The tests i n d i c a t e d  t h a t  t h e  phase s e p a r a t i o n  

of the  g r o u t  i n  t h e  format ion  would b e  less t h a n  2% €or a mix r a t i o  of 7 l b s  

p e r  g a l l o n  w i t h  W-10 waste and l e s s  t h a n  4% f o r  a mix r a t i o  of 7 l b s  p e r  

g a l l o n  w i t h  W - 8  waste .  The mixed w a s t e  had no a p p r e c i a b l e  phase s e p a r a t i o n  

a t  7 l b s  p e r  g a l l o n .  T h e  g r o u t  " v i s c o s i t i e s ' '  were about  20 cp a t  7 l b s  p e r  

g a l l o n  atid 40 cp at 8 l b s  p e r  g a l l o n .  T e s t s  w i t h  water i n d i c a t e d  a phase 

s e p a r a t i o n  of 9% a t  7 l b s  p e r  g a l l o n  and 4% a t  8 l b s  p e r  g a l l o n .  
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5.1,4 %ant 'Tmprcvement . and Maintenance 

A d u s t  c o l l e c t o r  w a s  i n s t a l l e d  to remove cement d u s t  from t he  off-gas 

l i n e s  from t h e  mixer hopper and t h e  sump tub.  A c o l l e c t i o n  b i n  w a s  provided 

t o  r e t a i n  t h e  dus t  c o l l e c t e d  dur ing  an i n j e c t i o n .  

The diaphragms i n  t h e  Gadco dampeners w e r e  replaced and t h e  u n i t s  were 

press iir i z ed . 
The l eak  i n  the  high p r e s s u r e  manifold t h a t  occurred a t  t h e  end of i n j ec -  

t i o n  ILW-12 was determined t o  be  from one o f  t he  h igh  p res su re  va lves  i n  t h e  

valve rack.  The va lve  seal had Peaked and t h e  flow of grout  p a s t  t h e  leak- 

ing seal  had eroded the  va lve  body. The va lve  w a s  replaced.  

The high p res su re  p ip ing  w a s  p re s su re  t e s t e d .  The i n j e c t i o n  w e l l  w a s  

p re s su r i zed ;  t he  formation f r a c t u r e d  a t  2400 p s i  and about 600 g a l  of w a t e r  

were i n j e c t e d ,  

S u f f i c i e n t  s o l i d s  were on hand f o r  t h e  i n j e c t i o n  t o  pe r in i t  t he  in j ec -  

t i o n  of a l l  rhe stared waste s o l u t i o n  i f  a mix r a t i o  that: averaged no higher  

than 6 . 5  Ibs  p e r  ga l lon  were used. Tests of t h e  blended s o l i d s  ind ica ted  

t h a t  ~ n l y ~  nominal phase s e p a r a t i o n  would be  expected to occur i f  a mix r a t i o  

of 7 l b s  p e s  ga l lon  were used, arid t h e  phase sepa ra t ion  would be only s l i g h t l y  

h i g h e r  i f  a mix r a t i o  of 6 1 b s  p e r  g a l l o n  were used, A mix r a t i o  of about 

4 , 5  Ibs  p e r  gallon w a s  accordingly chosen f o r  t h e  i n j e c t i o n .  

The i n j e c t i o n  was begun a t  0315 on A p r i l  29. Waste water was pumped 

from the  p i t  t o  reopen the  f r a c t u r e ;  t h e  formation r e f r a c t u r e d  a t  2700 p s i  

( in jec t i -on  pump p res su re  gage);  w a s t e  f low w a s  s t a r t e d  a t  0917. The jn jec-  

t i o n  r an  q u i t e  smoothly, i n  notab le  c o n t r a s t  t o  Pnjec t ion  ILW-12. The s o l i d s  

flowed r e a d i l y ,  and good c o n t r o l  QE t h e  mix r a t i o  could be  achieved without  

d i f f i c u l t y .  The i n i t i a l  waste flow ra te  w a s  138 gal/min; t h i s  w a s  increased  

to about 190 ga l /min  at: about PO40 and he ld  a t  o r  near  t h i s  va lue  f o r  t he  

remainder of t h e  i n j  ec t iun .  

A t  1100 t h e  connector p i ece  between an air s l i d e  and the  s o l i d s  

f e e d  hopper  ruptured.  The i n j e c t i o n  was h a l t e d ,  and the conneetor piece 

w a s  rep laced;  t he  i n j e c t i o n  w a s  resumed a t  1155. 
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The in: ject ion r a n  w e l l  u n t i l  1402; a t  t h i s  tiiiie t h e  waste f low w a s  

switched from T-3 t o  T-4. During t h e  valve s w i t c h i n g  o p e r a t i o n ,  t h e  w a s t e  

t r a n s f e r  pumps l o s t  t h e i r  prime and became a i r  bound. The i n j e c t i o n  w a s  

h a l t e d  t e m p o r a r i l y  u n t i l  w a s t e  fl-ow could b e  r e - e s t a b l i s h e d .  During t h i s  

b r i e f  p e r i o d ,  t h e  t h r o a t  of t h e  mixer hopper above t h e  j e t  mixer became 

p a r t i a l l y  plugged w i t h  J-unips of wet ted  o r  p a r t l y  wet ted  s o l i d s .  When t h e  

i n j e c t i o n  w a s  resumed a n  adequate  s o l i d s  f low could n o t  b e  main ta ined ,  and 

t h e  s o l i d s  c o n t e n t  of t h e  g r o u t  mix w a s  low. A f t e r  about  20 minutes  of 

d i f f i c u l t  o p e r a t i o n ,  t h e  i n j e c t i o n  w a s  h a l t e d  b r i e f l y  and t h e  hopper w a s  

washed e The i n j  e c t i o n  w a s  then  resumed. 

A t  161.5 t h e  was te  flow w a s  swi tched  from T - 4  t o  T-2, and t h e  same d i f f i -  

c u l t y  was encountered.  The tub  and hopper were washed and t h e  i n j e c t i o n  

w a s  resumed. S h o r t l y  t h e r e a f t e r ,  t h e  d r a i n  pan of t h e  i n j e c t i o n  pump w a s  

observed t o  b e  o v e r f u l l  - t h e  d r a i n  l i n e  w a s  plugged. T'ne i n j e c t i o n  w a s  

h a l t e d  a g a i n  f o r  t h i s  l i n e  t o  b e  c l e a r e d .  The i n j e c t i o n  was s t a r t e d  a g a i n  

a t  1 7 2 7  and r a n  w e l l  t h e r e a f t e r .  

A t  1809 flow w a s  switched t o  t h e  l a s t  b i n  of s o l i d s .  A t  t h i s  t i m e  an  

estimate of t h e  q u a n t i t y  of s o l i d s  r e q u i r e d  t o  complete t h e  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 r e  would b e  a s u r p I u s ,  s o  t h e  mix r a t i o  w a s  i n c r e a s e d  t o  about  

8.0 l b s  p e r  g a l .  A t  1905 t h e  last  of t h e  waste s o l u t i o n  w a s  consumed, and 

the f low w a s  switched t o  p i t  w a t e r ;  a t  191.5 t h e  f low w a s  switched t o  f r e s h  

w a t e r ;  a t  7.935 t h e  i n j e c t i o n  w a s  ended. The w e l l  w a s  over-f lushed and t h e  

equipment w a s  washed. 

The p r e s s u r e s  of t h e  rock cover  wel.1.s w e r e  read  j u s t  p r i o r  I:o t h e  i n j e c -  

t i o n ,  f o u r  t i m e s  d u r i n g  t h e  i n j e c t i o n ,  a t  t h e  end of t h e  i n j e c t i o n ,  and n i n e  

days a f t e r  t h e  i n j e c t i o n ;  t h e s e  r e a d i h g s  a r e  g iven  i n  Table  9 .  An a p p r e c i -  

ab l e  p r e s s u r e  r ise  w a s  noted i n  f o u r  w e l l s ,  and p o s s i b l y  s i g n i f i c a n t  pres -  

s u r e  changes were noted  i n  two o t h e r  w e l l s .  

A t  1410 a p r e s s u r e  of 900 p s i  w a s  noted i n  one o f  t h e  o b s e r v a t i o n  w e l l s  - 
NE-125. This  h i g h  a p r e s s u r e  i n  a cased w e l l  is a n  almost  c e r t a i n  i n d i c a t i o n  

t h a t  t h e  c a s i n g  w a s  r u p t u r e d  by t h e  i n j e c t i o n .  

5 . 3  Data A n a l y s i s  _l_l.l___.. 

The o r i f i c e  flowmeter on t h e  was te  feed  l i n e  t o  t h e  mixer was inopera-  

t i v e  f o r  t h i s  i n j e c t i o n .  
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Table 9.  Bock Cover W e l l  Pressure.  Readings 

E-300 
S-200 
w-300 
NW-250 
NW-175 
N-275 
N-200 
NE-125 
NE- 200 

P r e i n j e c t i o n  

0 
25 
3 
1 

-14 
15 
0 

-7 
13 

1000 

2 
27 

3 
0 

-16 
15.5 
0 
7. s 

-7 

1250 

2 
35 

3 . 5  
0 

-18 
15 
0 

10 
-6 

1410 

2 
36 

3 . 5  
0 

-12 
1 4  
0 

24 
17.5 

1640 

0 
60+ 
3.5 
0 

-6 
11.5 
0 

21 
6 

15440 8 May 

0 3 
604- 50 

2 0 
3.5 9 

16 1 
10 10 
0 0 

604- 18 
39 10 

The l e v e l  i n d i c a t o r s  f o r  t h e  bulk  s o l i d s  s t o r a g e  b i n s  d id  n o t  g ive  con- 

s i s t e n t l y  r e l i a b l e  i n d i c a t i o n s .  The Met r i t apes  i n s t a l l e d  on Bin 2 are worth- 

less f o r  t h i s  a p p l i c a t i o n .  The s t r a i n  gage readings  t h a t  i n d i c a t e  l e v e l  

changes i n  Bins 1, 3 ,  and 4 are p l o t t e d  i n  Fig.  11 with  t h e  corresponding 

tank inventory  weights  der ived  from t h e  mass meter readings .  

i s  q u i t e  good f o r  Bin 1 and very  poor f o r  Bins 3 and 4. 

The agreement 

The bu3.k s t o r a g e  b i n s  w e r e  inspec ted  a f t e r  t h e  i n j e c t i o n .  Bin 4 eon- 

t a ined  an es t imated  5600 l b s  of s o l i d s ;  t h e  o t h e r  b i n s  were q u i t e  empty. 

The i n t e g r a t e d  m a s s  meter readings  dur ing  t h e  run  ind ica t ed  a c l o s e  agree- 

ment between t h e  instrument  readings  and t h e  weight of s o l i d s  known t o  be 

i n  t h e  b i n s  f o r  Bin 2 ,  Bin 1, and Bin 1 r e f i l l e d .  The readings f o r  Bin 3 

were a l s o  i n  good agreement a f t e r  a c o r r e c t i o n  w a s  made t o  t h e  mass meter 

readings  f o r  a f a l s e  reading  t h a t  occurred dur ing  a shutdown when s o l i d s  

were plugging t h e  hopper.  The mass meter readings  f o r  Bin 4 were no t  i n  

agreement. These readings  ind ica t ed  a t o t a l  of 127,000 Pbs of solids w e r e  

removed from t h e  b in .  S ince  only 109,000 l b s  w e r e  charged t o  t h e  b i n  and 

5600 l b s  remained a f t e r  t h e  I n j e c t i o n ,  some c o r r e c t i o n  t o  t h e  m a s s  meter 

readings  f o r  t h i s  p a r t  of t h e  i n j e c t i o n  is obviously r equ i r ed .  

The pump s t r o k e  counter  readings  are p l o t t e d  i n  Fig.  1 2 .  The waste 

flowmeter readings  are i n  c l o s e  agreement wi th  b o t h  the  waste tank l e v e l  

readings  taken dur ing  t h e  i n j e c t i o n  and t h e  pump s t r o k e  counter  readings .  

These va lues  are, t h e r e f o r e ,  used wi th  t h e  co r rec t ed  m a s s  meter readings  

t o  c a l c u l a t e  the  mix r a t i o  dur ing  t h e  i n j e c t i o n .  
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The c a l c u l a t e d  mix r a t i o  d u r i n g  I n j e c r i o n  L L W - 1 3  is g iven  i n  F i g .  13. 

This  r a t i o  i s  o b t a i n e d  hy d i v i d i n g  t h e  s o l i d s  f low ra te  over  a given t i m e  

i n t e r v a l .  by t h e  waste f l o w  r a t e  O V ~ K  t h e  s a m e  ti.me i n t e r v a l .  A c o r r e c t t o n  

w a s  made t o  t h e  s o l i d s  f low ra te  d u r i n g  t h e  i n t e r v a l  1402 t o  1535 so  t h a t  

t h e  t o t a l  q u a n t i t y  of s o l i d s  withdrawn from Bin I4 would correspond t o  t h e  

q u a n t i t y  a c t u a l l y  withdrawn. 

I n  g e n e r a l ,  t h e  c o n t r o l  of t h e  mix r a t i o  was q u i t e  smooth d u r i n g  t h i s  

inject:i.on. 

and only  minimal c o n t r o l  w a s  needed. The two p e r i o d s  of ragged o p e r a t i o n  

and poor mix c o n t r o l  were b o t h  caused by p a r t i a l  p lugging  o f  t h e  s o l i d s  

hopper.  The e f f e c t  of such plugging could probably b e  minimized by a prompt 

shutdown of t h e  i n j e c t i o n  and a c l e a n o u t  of t h e  hopper.  

There were many p e r i o d s  when t h e  i n j e c t i o n  v i r t u a l l y  r a n  i t s e l f ,  

The v i s c o s i t y  meter d i d  n o t  g i v e  r e l i a b l e  r e s u l t s  d u r i n g  t h i s  i n j e c t i o n .  

The i n d i c a t e d  v i s c o s i t y  i n c r e a s e d  p r o g r e s s i v e l y  throughout  t h e  run  - much 

more t h a n  any normal change i n  t h e  g r o u t  p r o p e r t % e s  con1.d account  f o r .  I t  

i s  probable  t h a t  some s o r t  of g r o u t  accumulat ion w a s  o c c u r r i n g  a t  t h e  s e n s i n g  

probe e 

6.0 I N J E C T I O N  ILW-14 

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  

6 . 1 . 1  Waste Trans€er  and A n a l y s i s  

Waste s o l u t i o n  w a s  pumped t o  t h e  w a s t e  s t o r a g e  t a n k s  a t  t h e  s h a l e  f r a c -  

t u r i n g  s i t e  i n  e a r l y  and l a t e  May. This  s o l u t i o n  had been s t o r e d  i n  Guni te  

tanks  W - 8  and W-10. Composite samples of t h e s e  s o l u t i o n s  w e r e  taken d u r i n g  

t h e  pumping o p e r a t i o n ;  t h e s e  samples were analyzed t o  de te rmine  the  concen- 

t r a t i o n s  of v a r i o u s  chemical  and rad iochemica l  c o n s t i t u e n t s .  A nominal com- 

p o s i t i o n  of t h e s e  waste soluiciozls i s  shown i.n Table  10. These  nominal compo- 

s i t i o n s  are  based on t h e  a n a l y t i c a l  r e s u l t s ,  b u t  are s l i g h t l y  a d j u s t e d  t o  

b a l a n c e  t h e  t o t a l  a n i o n s  and t o t a l  c a t i o n s .  The rad iochemica l  a n a l y s e s  of 

t h e s e  s o l u t i o n s  are a l s o  shown i n  Table  10. 

The d i s t r i b u t i o n  of t h e  waste s o l u t i o n  among t h e  w a s t e  s t o r a g e  tanks 

a t  t h e  s h a l e  f r a c t u r i n g  s i t e  i s  shown i n  Table  1.1.. The t o t a l  volume of 

s o l u t i o n  i n  t h e  was te  t a n k s  w a s  89,000 g a l  - 25,600 g a l  of W-8 s o l u t i o n ,  

54,800 g a l  of W-10 s o l u t i o n ,  and 8600 g a l  of r e s i d u e s .  
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Table  10. Composition o f  Waste S o l u t i o n s  

Component . .- ~ w- 8 w-10 

NaOH,  - M 0.64 0.23 

Al(N03)3, 0.034 0.0044 

NH4NQ3 0.0028 0.0028 

NaNO3 0 .45 0.24 

Na2S04, 0.089 0.10 

N a C 1 ,  M -_ 0.14  0.13 

N a 2 C 0 3 ,  0 .16 0.14 

P gm/ml 1.137 1.1015 

1 3 7 ~ s  C i / g a l  0.29 0.409 

9 0 ~ r  C i / g a l  0.006 0.047 

244crn C i / g a l  1 .8  10-4 6.05 x lom6 
239~11 C i / g a l  none none 
_l_l.. .. ... ... . 

Table 11. Waste S o l u t i o n  Volumes f o r  I n j e c t i o n  ILW-14 

T 1  T2 T 3  T4 T9 -_____ S o l u t i o n  

W- 8 - - 21,300 4,300 - 
w-10 14,000 13 100 I 15,900 11,800 
Residue 800 -- 1,100 -_..I.......... 2,400 -- ~- 3,600 700 

To ta l  14,800 14,200 23,700 23,800 12,500 

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

F i v e  b a t c h e s  of d r y  s o l i d s  w e r e  blended d u r i n g  t h e  week o f  Julie 9-13. 

Four b a t c h e s  were loaded i n  t h e  s t o r a g e  b i n s ,  and t h e  f i n a l  b a t c h  was l e f t  

i n  the b lending  t a n k s  € o r  l a t e r  t r a n s f e r  t o  an  empty b i n .  The weights  o f  

t h e  v a r i o u s  i n g r e d i e n t s  t h a t  were used f o r  the s o l i d s  mix are g iven  i n  

Table  1 2 .  

The cement used w a s  S i g n a l  Mountain, Type I. The c l a y  used w a s  " Indian  

Red," s u p p l i e d  by American A r t  Clay Company. The f l y  a s h  came from t h e  TVA 

steam p l a n t  a t  Kingston,  Tennessee.  The a t t a p u l g i t e  was A t t a p u l g i t e  150 

d r i - l l i n g  c l a y .  The s u g a r  w a s  d e l t a  glucone-lactone.  
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Table 12. Dry S o l i d s  Mix f o r  I n j e c t i o n  LLW-14 

Bin 1 Bin 2 Bin 3 Bin 4 P Tanks 

Blending d a t e  June 11 June 12  June 10 June 9 June 13 
Cement, l b s  44,990 46 ,250  45 ,440  42,420 46,430 
Fly ash, l b s  42,760 43 ,460  44,190 31,980 36,500 
A t t a p u l g i t e ,  l b s  26,200 25,650 23,910 22,980 25,960 
Clay,  l b s  4 ,020  3 ,850  3 ,940  3,880 4,010 
Sugar,  Ib s  48 48 48 48 48 

T o t a l  118,018 119,258 117,528 101,308 112,948 

6 . 1 , 3  Tests of Mix Compat ib i l i ty  

Samples were taken of t h e  blended dry  s o l i d s  from each of t h e  s to rage  

b i n s  arid t e s t e d  wi th  water and s y n t h e t i c  w a s t e  s o l u t i o n s .  Phase s e p a r a t i o n  

and rheo log ica l  p r o p e r t i e s  were determined f o r  g rou t s  made wi th  va r ious  mix 

r a t i o s .  Most of t h e  tests were made wi th  g rou t s  t h a t  were prepared by mix- 

ing  t h e  dry  s o l i d s  and waste s o l u t i o n  a t  5000 rpm ( t o  s imula te  down h o l e  

c o n d i t i o n s ) ,  b u t  some tests were made wi th  g rou t s  t h a t  had been mixed a t  

2000 rpm ( t o  s imula te  tub cond i t ions ) .  Not a l l  combinations of wastes and 

s o l i d s  w e r e  t e s t e d ,  since q u i t e  a l a r g e  number of tests would have been 

needed. I n s t e a d ,  each ba tch  of blended s o l i d s  w a s  t e s t e d  wi th  only t h e  

p a r t i c u l a r  w a s t e  s o l u t i o n  w i t h  which it would l i k e l y  b e  mixed dur ing  t h e  

i n j e c t i o n .  The tests ind ica t ed  t h a t  t h e  phase sepa ra t ion  of t h e  grout  i n  

t h e  formation would b e  less than 1% f o r  a m i x  r a t i o  of 6 I b s  pe r  g a l  wi th  

W-8 waste and less than h% f o r  a mix r a t i o  of 6 l b s  pe r  g a l  wi th  mixed W - 8  

and W-10 waste. 
waste a t  a mix r a t i o  of 7 l b s  pe r  ga l lon .  

about 20 c p  a t  7 l b s  p e r  g a l  and 40 cp a t  8 lbs  per  g a l ,  Tests wl th  water 

ind ica t ed  a phase s e p a r a t i o n  of 3% a t  7 l b s  per  ga l lon .  Waste W-8 had an 

unusual ly  h igh  NaOH concen t r a t ion  and w a s  expected t o  e x h i b i t  anomalous 

behavior  i n  t h e  mix tests, bu t  t h e  g rou t s  prepared from t h i s  w a s t e  solution 

d i f f e r e d  l i t t l e  from those  prepared from t h e  W-10 w a s t e  s o l u t i o n ,  

No apprec iab le  phase s e p a r a t i o n  w a s  observed wi th  W-10 

The g rou t  " v i s c o s i t i e s "  were 

6.1 .4  Pre l iminary  Maintenance 

811. h igh  p re s su re  va lves  i n  t h e  w e l l  c e l l  were disassembled and t h e  

plug seals and "0" r i n g s  were rep laced .  The diaphragm on one gage p r o t e c t o r  
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w a s  found t o  b e  r u p t u r e d  and w a s  r e p l a c e d ,  The i n j e c t i o n  pump was repacked 

and t h e  Gadco dampeners were recharged.  The m a s s  f lowmeter and p r e s s u r e  

shutdown s w i t c h  were checked and c a l i b r a t e d .  

The i n j e c t i o n  pump was s t a r t e d  and used t o  r e c i r c u l a t e  p i t  water t o  

'!break in' '  t h e  packing. The h igh  p r e s s u r e  p i p i n g  w a s  p r e s s u r e  t e s t e d .  The 

i n j e c t i o n  well  w a s  p r e s s u r i z e d ;  t h e  format ion  f r a c t u r e d  a t  287.5 p s i  (annulus  

p r e s s u r e )  and about  600 g a l  of water were i n j e c t e d .  

6 . 2  I n j e c t i o n  

S u f f i c i e n t  s o l i d s  were on hand Lo permit  t h e  i n j e c t i o n  of a l l  t h e  

s t o r e d  waste s o l u t i o n  and about  5000 g a l  of p i t  water if a mix r a t i o  t h a t  

averaged no h i g h e r  t h a n  6 l b s  p e r  g a l l o n  w e r e  used. Tests of t h e  blended 

s o l i d s  i n d i c a t e d  t h a t  no l a r g e  amount of phase s e p a r a t i o n  would b e  expected 

t o  occur  i f  a mix r a t i o  of 6 l b s  p e r  g a l l o n  were used.  This  mix r a t i o  was 

a c c o r d i n g l y  chosen f o r  t h e  i n j e c t i o n .  

6 .2 .1  P a r t  1, June  1.8 

The i n j e c t i o n  w a s  begun a t  0838 on June 18. Waste w a t e r  w a s  pumped 

from t h e  p i t  t o  reopen t h e  f r a c t u r e .  The format ion  r e f r a c t u r e d  a t  3000 p s i  

( i n j e c t i o n  pump p r e s s u r e  gage) .  S o l i d s  f low w a s  s t a r t e d  from Kin 2. A t  

0855, t h e  f low was switched from p i t  water t o  waste s o l u t i o n .  

The i n j e c t i o n  r a n  q u i t e  smoothly; t h e  s o l i d s  flowed readi . ly  and good 

c o n t r o l  of t h e  mix r a t i o  could b e  achieved w i t h o u t  d i f f i c u l t y .  A t  1031, 

Bin 2 ran  empty and s o l i d s  f low was switched t o  Bin 4 .  The i n d i c a t e d  s o l i d s  

f low t o  t h i s  t i m e  w a s  129,000 I.bs (119,000 l b s  had been loaded i n  Bin 20, 

and i t  was a p p a r e n t  t h a t  t h e  m a s s  f lowmeter w a s  r e a d i n g  about  10% h i g h .  

S h o r t l y  a f t e r  t h e  s o l i d s  f low had been switched t u  B i n  4 ,  t h e  f low from 

t h e  Moyno waste pumps became e r ra t ic  and could n o t  be  maintained a t  t h e  

d e s i r e d  r a t e .  Because t h e  w a s t e  f l o w  ra te  w a s  I.ower t h a n  normal,  t h e  pres -  

s u r e  at t h e  j e t  mixer n o z z l e  w a s  t o o  low f o r  e f f i c i e n t  o p e r a t i o n  and t h e  

mixer hopper tended t o  f i l l  w i t h  s o l i d s .  Opera t ion  of t h e  mixer became 

i n c r e a s i n g l y  e r r a t i c  u n t i l  a t  1100 t h e  i n j e c t i o n  w a s  s h u t  down. The w i p e r  

p lug  was pumped down t h e  w e l l  and t h e  w e l l  w a s  s h u t  i n .  The t u b ,  m i x e r ,  

mixer hopper ,  and h igh  p r e s s u r e  l i n e s  were washed. 
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“he Moyno pumps w e r e  found t o  be low on o i l .  O i l  w a s  added and t h e  

pumps w e r e  r e s t a r t e d  and run  f o r  a s h o r t  t i m e  t o  e s t a b l i s h  t h a t  an adequate 

flow rate could now be  maintained. 

The i n j e c t i o n  w a s  r e s t a r t e d  a t  1215. A t  1327,  Bin 4 r an  empty and 

s o l i d s  flow w a s  switched t o  Bin 3 .  The ind ica t ed  s o l i d s  flow from Bin 4 
w a s  105,100 l b s  a f t e r  a c o r r e c t i o n  w a s  made f o r  a f a l s e  i n d i c a t i o n  between 

1101 and 1215 when no s o l i d s  had been flowing. Since 101,000 1bs had been 

charged t o  Bin 4 ,  t h e  m a s s  meter e r r o r  during t h i s  per iod w a s  apparent ly  

less than 5%. 

At 1440, t h e  packing on t h e  c e n t e r  plunger of t h e  i n j e c t i o n  pump f a i l e d  

and grout  flowed p a s t  t he  f a i l e d  packing i n t o  t h e  pump c e l l .  

w a s  ha l t ed .  

and t o  wash t h e  h igh  p res su re  piping.  

ing  t o  t h e  i n j e c t i o n  pump w e r e  also washed. 

the  pump c e l l  w a s  cleaned up, and t h e  ce l l  and the i n j e c t i o n  pump w e r e  

washed. 

The i n j e c t i o n  

The standby pump w a s  used t o  pump the  wiper plug down t h e  w e l l  

The tub and mixer and t h e  l i n e s  lead- 

Grout t h a t  had s p i l l e d  i n t o  

The fol lowing day t h e  i n j e c t i o n  pump w a s  repacked with new plungers ,  

adapter  r i n g s ,  and packing. 

t o  “run-in” t h e  packing. 

and t h e  d i sposa l  formation w a s  r e f r a c t u r e d  a t  3500 p s i .  

P i t  water w a s  r e c i r c u l a t e d  €or  several minutes 

The p res su re  r e l i e f  va lve  w a s  t e s t e d  t o  5000 p s i ,  

The p res su res  i n  rock cover w e l l s  w e r e  read j u s t  p r i o r  t o  t h e  i n j e c t i o n ,  

t h r e e  t i m e s  dur ing t h e  i n j e c t i o n ,  and a t  the  end of t h e  i n j e c t i o n .  These 

readings  are given i n  Table 1 3 .  
t h r e e  w e l l s ,  NW-175, NE-125, and NE-200. 

An apprec iab le  p re s su re  rise w a s  noted i n  

Table 13 .  Rock Cover Well P res su re  Readings 

E-300 
s-200 
W-300 
W-250 
W-175 
N-275 
N-200 
NE-125 
NE-200 

P r e i n j  ec t i o n  

3 
4 1  
0 
4 

-7 
11-1/2  

0 
5-1/2 
0 

0925 

4 
41 

0 
4 

-8 
11 

0 
19 
5 

1100 1340 

4 2  
40 41. 

3 3  
3 3-1/2 

-7 0 
11 11 
0 0  

24 25 
10 8 

-- 1455 

0 
4 2  

3 
3-11 2 
1 

11 
0 

35 
1 4  
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A p l o t  of wel lhead p r e s s u r e  d u r i n g  t h i s  phase of t h e  i n j e c t i o n  is 

g iven  i n  F ig .  1 4 .  

6 . 2 , 2  P a r t  2 ,  June 20 
~ ~ 

The i n j e c t i o n  was r e s t a r t e d  a t  084.5 on June  20. P i t  water was mixed 

w i t h  s o l i d s  and i n j e c t e d  f o r  t h e  f i r s t  1 3  minutes  of o p e r a t i o n  t o  e s t a b l i s h  

t h a t  t h e  i n j e c t i o n  pump would perform adequate ly .  It was q u i c k l y  found 

t h a t  t h e  t r a n s m i s s i o n  of t h e  pump w a s  maIfunct ioning ,  and t h e  pump could 

not: b e  r u n  i n  t h e  two h i g h e s t  g e a r s .  

w a s  about  t h e  maximum rate t h a t  could b e  a t t a i n e d .  Repai rs  t o  t h e  pump t r a n s -  

miss ion  would r e q u i r e  a t  l e a s t  s e v e r a l  hours  and would have r e s u l t e d  i n  t h e  

postponement of t h e  i n j e c t i o n  of t h e  remaining w a s t e  s o l u t i o n  f o r  a t  least  

a n o t h e r  day and,  perhaps ,  f o r  s e v e r a l  days i f  pump p a r t s  were r e q u i r e d  t h a t  

were not  on h i n d .  The d e c i s i o n  t o  c o n t i n u e  t h e  i n j e c t i o n  a t  t h e  a t t x i n a b l e  

low ra te  w a s  made. 

A s l u r r y  i n j e c t i o n  ra te  of 1.50 gal /min  

The p i t  water w a s  va lved  o f f  and t h e  flow of waste s o l u t i o n  w a s  s t a r t e d  

a t  0858. The in ; jec t ion  r a n  smoothly a t  a n  average  in jec t r ion  ra te  of 142 

gal /min.  A t  09.52, t h e  i n j e c t i o n  w a s  h a l t e d  f o r  t e n  minutes  t o  t i g h t e n  t h e  

packing of 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 a s  resumed a t  1002. A% 1 0 0 4 ,  

t h e  s o l i d s  f low w a s  swi.tched t o  Bin 1. The i n d i c a t e d  s o l i d s  f low from Bin 

3 w a s  136,800 l b s .  The t o t a l  weight  of s o l i d s  t h a t  had been charged t o  t h i s  

b i n  was 1 1 7 , 5 0 0  l b s ;  a inass meter e r r o r  of a t  least  16% was i n d i c a t e d .  An 

upward ad jus tment  of t h e  i n d i c a t e d  mix r a t i o  was made f o r  t h e  next: p a r t  of 

t h e  i n j e c t i o n  t o  compensate f o r  t h i s  error.  

Bin 1 r a n  empty a t  1 2 4 8 ,  and t h e  f low oE s o l i d s  w a s  switched t o  Bin  2 

(which had been r e f i l l e d  w i t h  t h e  s o l i d s  s t o r e d  i n  t h e  b l e n d i n g  t a n k s ) .  The 

s l u r r y  i n j e c t i o n  ra te  d u r i n g  t h i s  time averaged 144 gal./min. 

sol . ids  flow from Bin 1 was l.29,400 l b s ;  a t o t a l  of 118,000 l b s  had been 

charged,  a m a s s  meter e r r o r  of a t  l eas t  10%. 

‘Uie i n d i c a t e d  

By 1532 no more t h a n  a f e w  hundred g a l l o n s  of waste s o l u t i o n  remained 

i n  any of the waste s t o r a g e  t a n k s ,  and t h e  s o l u t i o n  fJ.ow was switched t o  

p i t  w a t e r .  The s o l i d s  i.n Bin 2 w e r e  exhausted a t  1610, and t h e  i n j e c t i o n  

w a s  ended. The s l u r r y  i n j e c t i o n  r a t e  d u r i n g  t h i s  p e r i o d  averaged 144 g a l /  

min. The i n d i c a t e d  s o l i d s  f low from Bin 2 was 166,500 l b s .  The charged 

weight  of s o l i d s  t o  t h i s  b i n  was 1 1 2 , 9 5 0  l b s ,  s o  t h e  mass meter e r r o r  was 4 7 % -  
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A s  i n  prev ious  i n j e c t i o n s ,  t h e r e  w e r e  s e v e r a l  occas ions  when s o l i d s  

accumulated i n  t h e  mixer cone and made normal c o n t r o l  of t h e  i n j e c t i o n  

v i r t u a l l y  imposs ib le .  01-1 a t  leas t  one of t h e s e  o c c a s i o n s ,  t h e  l e v e l  of 

s o l i d s  w a s  h i g h  enough t o  l i f t  t h e  s e n s i n g  cone o f  t h e  mass meter and g i v e  

an  i n d i c a t i o n  of a much lower s o l i d s  f low t h a n  w a s  ac tua l . ly  O C C U ~ K - ~ . ~ ~ .  

A p l o t  of wel lhead p r e s s u r e  d u r i n g  t h i s  phase of t h e  i n j e c t i - o n  i s  

g iven  i n  F i g .  15. 

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

The volume o f  waste s o l u t i o n  o r  p i t  water t h a t  w a s  pumped d u r i n g  t h i s  

i n j e c t i o n  w a s  measured by t h r e e  d i f f e r e n t  methods. The s o l u t i o n  fl.ow t o  

the  mixer was measured by a H a l l i b u r t o n  t u r b i n e  f low m e t e r  and by a record-  

i n g  o r i f i c e  meter. The volume of w a s t e  s o l u t i o n  t h a t  was pumped was measured 

by t h e  change i n  tank  s o l u t i o n  1.evel. These s e p a r a t e  measurements gave some- 

what d i f f e r e n t  r e s u l t s ,  as can b e  s e e n  i n  Table  14 ,  b u t  t h e s e  d i f f e r e n c e s  

are  n o t  l a r g e .  Some of t h e  smaller volumes g iven  i n  Table  1 4  are of doubt- 

f u l  accuracy ,  s i n c e  a s m a l l  e r r o r  i n  t h e  c h o i c e  of beginning and end p o i n t s  

could r e s u l t  i n  a l a r g e  e r r o r  i n  t h e  voI.ume o b t a i n e d .  A comparison of t h e  

l a r g e r  volumes shown i n  Table  14 shows g e n e r a l l y  good agreement,  and any one 

of t h e  t h r e e  sets of v a l u e s  could  b e  used f o r  purposes  of c a l c u l a t i o n  w i t h o u t  

s e r i o u s  e r r o r .  The t u r b i n e  metes r e a d i n g s  are g e n e r a l l y  more convenient  t o  

use  t h a n  e i t h e r  of t h e  o t h e r  v a l u e s  and are ,  t h e r e f o r e ,  used i n  subsequent  

c a l c u l a t i o n s .  

The volume of g r o u t  t h a t  was i n j e c t e d  w a s  measured by t h e  s t r o k e  counter  

on t h e  i n j e c t i o n  pump. These volumes w e r e  recorded  a t  f i v e  minute  i n t e r v a l s  

throughout  b o t h  i n j e c t i o n  days.  A s l u r r y  f l o w  r a t e  c a l c u l a t e d  from t h e s e  

volumes and t h e  cor responding  s o l u t i o n  f ].ow ra te  c d c u l a t e d  f roni t u r b i n e  

riieter r e a d i n g s  a r e  shown i n  F i g s .  1 6  and 17.  

The consumption of d r y  s o l i d s  w a s  measured by t h e  H a l l i b u r t c ~ n  inass 

f1.owmeter. These flowmeter r e a d i n g s  were recorded and were a l s o  noted  a t  

f i v e  minute  i n t e r v a l s  d u r i n g  t h e  i n j e c t i o n s .  The known weight  of s o l i d s  

charged t o  each of t h e  s t o r a g e  b i n s  w a s  used t o  check t h e  accuracy  of t h e  

m a s s  f lowmeter d u r i n g  t h e  i n j e c t i o n s .  T h i s  check w a s  t h e n  used to a d j u s t  

t h e  span  of t h e  ins t rument  t o  b i a s  t h e  subsequent  r e a d i n g s  by a n  a p p r o p r i a t e  

amount. 
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Table  14. Comparison o f  Volume Measurements from I n j e c t i o n  'l:LW-14 

Pumping Turbine Tank O r i f i c e  S o l u t i o n  
From T i m e  Time Meter Level  Meter 

( g a l )  ( g a l )  ( g a l )  (min) 

June 1 8  

0838-085s 
0855-1055 
1055-1100 
12 16-1 2 19 
1219-1415 
1415-1440 

June 20 

0845-0858 
0858- 10 58 
1058-1308 
130 8- 1 4  4 6 
1446-1510 
1510-1532 
1532-1611 

P i t  
T- 3 
T- 4 
P i t :  
T-4 
T-- 1 

P i t  
T - l  
'T- 2 
T-9 
T- 3 
T-4 
P i t  

1 7 
120 

5 
3 

116 
25 

13 
120 
130 

98 
24  
22 
39 

3,085 
18,998'  

883 
823 

17,950 
2,814* 

I, 410 
12,075 
14,033 
10,922 

2,555 
2,447 
4,243 

19,000 
l?  300" 

- 
17,800 

2 ? 500* 

- 
11 9 300 
13 900 
1.1,600 

3 300 
2 400 

- 

2,961 
19,662 

828 
501 

20,775 
3,240 

I., 650 
1 2  064 
14,386 
10,885 

2,741 
2,724 
5,072 

- 

*The accuracy  of t h e s e  v a l u e s  i s  low because of end p o i n t  u n c e r t a i n t i e s .  

The i n s t r u m e n t s  i n s t a l l e d  on each b i n  f o r  t h e  measurement of t h e  amount 

of s o l i d s  i.11 t h e  b i n  were t o t a l l y  u n r e l i a b l e  except  €01- t h e  s t r a i n  gage 

r e a d i n g s  on Bin 1. The M e t r i t a p e s  on Bin 2 gave obvious ly  f a l s e  r e a d i n g s ,  

and t h e  s t r a i n  gages oil Bins 3 and 4 gave q u i t e  poor r e s u l t s .  The s t r a i n  

gage r e a d i n g s  are compared w i t h  t h e  i n a s s  f lowmeter r e a d i n g s  i n  F i g .  1 8 ;  

t h e y  look  q u i t e  s i m i l a r  t o  t h e  r e s u l t s  o b t a i n e d  i n  I n j e c t i o n  ILW-1.3. 

The b u l k  s t o r a g e  b i n s  w e r e  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  and w e r e  found 

t o  b e  v i r t u a l l y  empty - a1.l of t h e  s o l i d s  charged t o  the b i n s  were consumed. 

E n  t h e  a n a l y s i s  t h a t  follows, i t  i s  assumed t h a t  each b i n  was e s s e n t i a l l y  

empty when t h e  s o l i d s  f low was switched t o  a n o t h e r  b i n .  It  i s  s t a n d a r d  

p r a c t i c e  a t  t h e  end of each i n j e c t i o n  t o  a t t e m p t  t o  remove any remaining 

s o l i d s  from b i n s  t h a t  have p r e v i o u s l y  been "emptied" by prolonged a e r a t i o n  

and v i b r a t i o n .  It i s  assumed t h a t  i n  t h i s  i n j e c t i o n  no s i g n i f i c a n t  amount 

of s o l i d s  w a s  l e f t  i n  any of t h e  b i n s  t o  b e  remcjved by t h i s  procedure.  The 

e f f e c t  on t h e  d a t a  ana1 .ys i s  of a n  e r r o r  i n  t h i s  assumption would n o t  be l a r g e  

i n  any c a s e .  
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The re la t ive  v i s c o s i t y  of t h e  g r o u t  i n  t h e  tub w a s  measured w i t h  a 

v i s c o s i t y  meter; t h e s e  r e a d i n g s  were recorded .  

The mix r a t i o  ( t h e  weight  of d r y  s o l i d s  mixed w i t h  each g a l l o n  of waste 

s o l u t i o n  o r  water )  i s  a u t o m a t i c a l l y  determined d u r i n g  t h e  i n j e c t i o n  by a 

d i v i s i o n  of t h e  r e a d i n g  of t h e  mass flowmeter ( lbs /min)  by t h e  r e a d i n g  of 

t h e  t u r b i n e  flowmeter (ga l /min) ;  t h i s  r a t i o  i s  recorded ,  The accuracy  of 

t h i s  r a t i o  i.s dependent on t h e  accuracy  of t h e  i n d i v i d u a l  r e a d i n g s ,  which 

f o r  t h e  mass flowmeter d u r i n g  a t  least  p a r t  of t h e  i n j e c t i o n  i s  known t o  b e  

dubious (about  40% more s o l i d s  were recorded coming o u t  of Bin 2 on June 20 

t h a n  w e r e  charged t o  i t ) .  Some check on t h e  mass flowmeter r e a d i n g s  i s  

t h e r e f o r e  desirab1.e.  Grout v i s c o s i t y  could b e  one such check, b u t  d u r i n g  

t h i s  i n j e c t i o n  t h e  v i s c o s i t y  meter r e a d i n g s  d i d  n o t  c o r r e l a t e  weS.1 w i t h  t h e  

mix r a t i o  d u r i n g  much of t h e  run;  i t  is b e l i e v e d  t h a t  t h i s  instrument.  i s  

p o o r l y  p o s i t i o n e d  s o  t h a t  i t  r e c o r d s  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  a s t a g n a n t  zone, which i s  n o t  n e c e s s a r i l y  typical .  of t h e  g r o u t  i n  t h e  

whole tub.  Another check on t h e  m a s s  f lowmeter r e a d i n g s  i s  provided by 

t h e  r a t i o  of g r o u t  volume t o  s o l u t i o n  volume. T h i s  r a t i o  i s  s u b j e c t  t o  

several p o s s i b l e  e r r o r s ;  t h e  flowmeter o r  s t r o k e  counter  may b e  misread ,  

t h e  r e l a t i o n s h i p  of t h e  volume r a t i o s  t o  t h e  mix r a t i o  i s  n o t  well. known 

through t h e  whole range of r a t i o s ,  t h i s  r e l a t i o n s h i p  may- v a r y  c o n s i d e r a b l y  

between d i f f e r e n t  b a t c h e s  of waste s o l u t i o n  and d i f f e r e n t  b a t c h e s  of s o l i d s ,  

and any i n c r e a s e  o r  d e c r e a s e  i n  tub  holdup volume between r e a d i n g s  would 

b i a s  t h e  r e s u l t s .  D e s p i t e  t h e s e  p o t e n t i a l .  e r r o r s  t h e  volume r a t i o  is a 

u s e f u l  check on t h e  mix r a t i o  c a l c u l a t e d  from m a s s  f lowmeter r e a d i n g s .  

The s o l i d s  consumption d u r i n g  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  i s  i n d i -  

c a t e d  i n  Table  15. The v a l u e s  i n  t h i s  t a b l e  are computed from I) t h e  weight  

of s o l i d s  charged t o  each b i n ,  2 )  t h e  m a s s  f lowmeter r e a d i n g s ,  and 3) t h e  

volume r a t i o .  The r e s u l t s  i n  Table  15 i n d i c a t e  t h a t  on June 18 t h e  m a s s  

m e t e r  r e a d i n g s  w e r e  c l o s e r  t o  t h e  b i n  weights  t h a n  were t h e  weights  ca lcu-  

l a t e d  from t h e  volume r a t i o s ,  b u t  t h a t  on June  20 Z h e  volume r a t i o  gave 

b e t t e r  r e s u l t s .  This  is  p a r t i c u l a r l y  t r u e  d u r i n g  t h e  emptying of Bin 2 ,  

when t h e  mass meter gave r e s u l t s  t h a t  were a lmost  50% high .  

The numbers shown i n  Table  1 5  are  t o t a l s  f o r  approximate two hour p e r i -  

o d s  of o p e r a t i o n .  A comparison f o r  s h o r t e r  p e r i o d s  of o p e r a t i o n  i s  g iven  

i n  F i g .  19.  I n  t h i s  f i g u r e ,  trhe mass m e t e r  i n d i c a t e d  s o l i d s  consumption 
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Table 15. S o l i d s  Consump t i o n  During ILW-14 

Mass Meter Calcula ted  from 
Wt* Charged I n d i c a t i o n  Volume Ra t io  Bin No. 

2 119,260 128,900 151,200 
4 101,300 102,200 112,645 
3 117,530 77 300 84,450 

June 20 
_I- 

3 59,500 36 ,595  

2 112,950 165,900 109,270 
1 118,020 129,400 102,800 

c a l c u l a t e d  from t h e  volume r a t i o  f o r  t h e  same time I n t e r v a l ,  and t h i s  

r a t i o  is  p l o t t e d  f o r  t h e  e n t i r e  i n j e c t i o n ,  I n  t h i s  p l o t  a r a t i o  g r e a t e r  

than 1.0 i n d i c a t e s  e i t h e r  a h igh  mass meter i n d i c a t i o n ,  a l o w  volume r a t i o  

i n d i c a t i o n ,  o r  both.  A r a t i o  less than 1 .0  i n d i c a t e s  t h e  oppos i t e  s i t u a t i o n .  

A r a t i o  very  much d i f f e r e n t  than 1.0 i n d i c a t e s  t he  p r o b a b i l i t y  of a major 

e r r o r  i n  one measurement o r  t h e  o the r .  A near  cons tan t  r a t i o  t h a t  i s  d i f -  

f e r e n t  from 1.0 sugges t s  an e r r o r  i n  t h e  conversion of volume r a t i o  t o  mix 

r a t i o .  The curve i n d i c a t e s  t h a t  on June 18 t h e r e  w a s  one per iod  .in which 

t h e  two techniques f o r  t h e  de te rmina t ion  of s o l i d s  consumption gave q u i t e  

d i f f e r e n t  r e s u l t s .  

a t  about 0.85. On June 20, however, t h e  r a t i o  was much h igher  and much 

more i r r e g u l a r .  S ince  the m a s s  meter t o t a l s  d id  no t  check w e l l  wi th  the  

b in  weights  on June 20, t h e  most probable  reason f o r  t h e  v a r i a t i o n  shown 

i n  F ig .  19 is  an i r r e g u l a r  e r r o r  i n  the mass meter reading. Such an e r r o r  

could be caused by a bui ldup  of s o l i d s  on t h e  mass meter sens ing  cone, 

followed by a s loughing of a p a r t  of t h e  bui ldup .  

observed previous ly ,  but t h e  necessary  c o r r e c t i o n  t o  the  mass metes read- 

ings  t o  compensate f o r  them have u s u a l l y  been s m a l l .  A buildup heavy enough 

t o  cause e r r o r s  of t h e  magnitude seen  on June 20 is m o s t  unusual. 

A t  a l l  o t h e r  t i m e s  on this  day ,  the r a t i o  w a s  s teady  

Such bui ldups have been 

The c a l c u l a t e d  mix r a t i o  dur ing  I n j e c t i o n  ILW-14 i s  given i n  Fig.  20. 

This  r a t i o  i s  based on t h e  m a s s  meter r ead ings  f o r  June 18 and on the volume 

r a t i o s  for June 20. The ratio For both days has been normalized so  t h a t  
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t h e  t o t a l  q u a n t i t y  of s o l i d s  consumed would correspond t o  t h e  q u a n t i t y  

o r i g i n a l l y  charged to  t h e  s t o r a g e  b i n s .  

6 . 4  E v a l u a t i o n  -.- of I n j e c t i o n  

The most s t r i k i n g  i n c i d e n t  dur ing  t h i s  i n j e c t i o n  w a s  t h e  f a i l u r e  of 

t h e  packing of t h e  i n j e c t i o n  pump. This  f a i l u r e  f o r c e d  t h e  shutdown of t h e  

i n j e c t i o n ,  r e s u l t e d  i n  the d i s c h a r g e  of g r o u t  i n t o  t h e  pump c e l l ,  and neces- 

s i t a t e d  a n  immediate c leanup o p e r a t i o n  b e f o r e  pump r e p a i r s  could b e  s t a r t e d .  

‘The s i g n i f i c a n c e  of t h i s  i n c i d e n t  is not  g r e a t ,  however. The i n j e c t i o n  w a s  

h a l t e d  and the  w e l l  w a s  s h u t  i n  accord ing  t o  e s t a b l i s h e d  procedures .  The 

r e l a t i v e l y  small  volume of g r o u t  t h a t  had been d ischarged  w a s  c leaned  up ,  

t h e  pump w a s  r e p a i r e d ,  and t h e  i n j e c t i o n  was resumed. F a i l u r e s  of t h i s  

t y p e  have been a n t i c i p a t e d  i n  g e n e r a l ,  and procedures  have been w r i t t e n  to 

cope. The s p e c i f i c  f a i l u r e  t h a t  d i d  occur  w a s  n o t  a n t i c i p a t e d  and probably 

could n o t  have been,  and no changes i n  t h e  procedures  are sugges ted  t o  cope 

w i t h  s imi l a r  f a i l u r e s  i n  t h e  f u t u r e .  

The c o n t r o l  of t h e  mix r a t i o  w a s  c o n s i d e r a b l y  more ragged i n  I n j e c t i o n  

ILW-14 t h a n  i n  prev ious  i n j e c t i o n s ,  p a r t i c u l a r l y  d u r i n g  t h e  l a s t  h a l f  of 

t h e  i n j e c t i o n .  The primary c a u s e  of t h e  r e l a t i v e l y  l a r g e  f l u c t u a t i o n s  t h a t  

occur red  w a s  t h e  changing b i a s  of t h e  mass m e t e r  d u r i n g  t h i s  p a r t  of t h e  

i n j e c t i o n .  A mass meter b i a s  h a s  been observed i n  t h e  p a s t  ( u s u a l l y  caused 

by s o l i d s  accumulat ion on t h e  s e n s i n g  cone) ;  b u t ,  h e r e t o f o r e ,  i t  has  been 

r e l a t i v e l y  c o n s t a n t  and a c o r r e c t i o n  f o r  t h i s  b i a s  could b e  made q u i t e  

e a s i l y .  I n  t h e  l a s t  h a l f  of t h i s  i n j e c t i o n ,  however, t h e  s o l i d s  seem t o  

have b u i l t  up on t h e  mass meter s e n s i n g  cone, sloughed o f f ,  b u i l t  up a g a i n ,  

and o s c i l l a t e d  i n  t h i s  manner throughout  t h i s  p a r t  of t h e  i n j e c t i o n .  This  

behavior  i s  shown g r a p h i c a l l y  i n  F ig .  19.  This  phenomenon h a s  n o t  been 

observed i n  ea r l i e r  i n j e c t i o n s .  

behavior  should  have occurred  d u r i n g  t h i s  i n j e c t i o n ,  and no c u r e  f o r  t h e  

t r o u b l e  can b e  sugges ted .  The b e s t  approach t h a t  can b e  o f f e r e d  is t o  

check t h e  r e l i a b i l i t y  of t h e  m a s s  meter r e a d i n g s  as f r e q u e n t l y  as p o s s i b l e  

d u r i n g  t h e  i n j e c t i o n  and make compensating ad jus tments  when i n d i c a t e d .  7Jp 

t o  t h e  p r e s e n t  t i m e ,  t h e  r e l i a b i l i t y  of t h e  mass meter h a s  been checked 

whenever a b i n  r u n s  empty - f o u r  t i m e s  d u r i n g  t h e  i n j e c t i o n .  T h i s  check 

i s  v i t a l  b u t  i s  obvious ly  n o t  f r e q u e n t  enough t o  d e t e c t  more than  a rela- 

t i v e l y  c o n s t a n t  b i a s  i n  t h e  i n s t r u m e n t ;  more f r e q u e n t  checks are needed. 

No r e a s o n  i s  known why such anomalous 



P o s s i b l e  ways of making such f r equen t  checks are  t o  use  the  s t o r a g e  b i n  

s t r a i n  gage readings  (if they can be made more r e l i a b l e ) ,  t o  use  v i s c o s i t y  

meter readings  (unproven as y e t ) ,  o r  to  r e l y  on t h e  r a t i o  o f  the volume of 

s l u r r y  t o  t h e  volume of l i q u i d  as a b e l i e v a b l e  i n d i c a t i o n  of t he  mix r a t i o .  

This  volume r a t i o  i s  s u b j e c t  t o  s e v e r a l  p o s s i b l e  e r r o r s ,  bu t  i t  would be  

easy  to o b t a i n  during an i n j e c t i o n ,  could be c a l c u l a t e d  aver as s h o r t  an  

in te rva l  as d e s i r e d ,  and would be a u s e f u l  check on t h e  mass meter per for -  

mance. 

recommended. During normal opera t ion ,  t h e  m i x  r a t i o s  ca l cu la t ed  from meter 

readings and from volume r a t i o s  should b e  reasonably c lose ;  a wide and con- 

t inued drivergence would be an  e a r l y  i n d i c a t i o n  of instrument  e r r o r  samewhere. 

The r o u t i n e  c a l c u l a t i o n  of t h i s  r a t i o  dur ing  f u t u r e  i n j e c t i o n s  is  

The volume r a t i o  can be  c a l c u l a t e d  from readings  taken from e x i s t i n g  

ins t ruments ;  an automatic  c a l c u l a t i o n  (and record ing)  of t h i s  r a t i o  could 

probably be  obtained wi th  r e l a t i v e l y  s imple modi f ica t ions  t o  t h e  instrument  

readouts ,  however, and would be most worthwhile. 

7.0 EVALUATION OF I N J E C T I O N  SERIES 

7 . 1  Logging Resu l t s  

The cased obse rva t ion  w e l l s  w e r e  logged a f t e r  t h e  completion of Ingee- 

t i o n  ILW-14. A summary of t h e  r e s u l t s  of t hese  logs  is  given i n  Table 1 6 .  

All e l e v a t i o n s  i n  t h i s  t a b l e  a re  r e l a t e d  t o  mean sea l e v e l .  

Table  16. Eleva t ions  ( i n  f t )  of Grout Shee ts  in 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 l e v e l )  

--11_ - 

Well - 
I n j e c t i o n  w e l l  -30 
W-300 Plugged; o u t  of service 

hW-100 None 

N-100 +3 

N-150 S m a l l  peak a t  - 3 2 ;  l a r g e  peak a t  -28 

NE-125 Smal l  peaks a t  -67 and -65; l a r g e  peak a t  -54  

E-320 None 

S-100 Plugged a t  41.6 

s-220 Peaks a t  -30, - 2 4 ,  -20, and -15; large peak at -11 



Two of t h e  o b s e r v a t i o n  w e l l s  (W-300 and S-100) w e r e  plugged dur ing  

t h i s  i n j e c t i o n  se r ies  and are probably  unusable  i n  t h e  f u t u r e .  Ttio of t h e  

remaihing w e l l s  (NW-100 and NE-125) have been r u p t u r e d  a t  some t i m e  i n  t h e  

p a s t  b u t  are  s t i l l  u s a b l e .  Three w e l l s  ( N - - 1 5 0 ,  E-320, and S-220) are  i - n t a c t .  

These t h r e e  i n t a c t  wells are  t h e  only  o b s e r v a t i o n  w e l l s  a t  t h e  f r a c t u r i n g  

s i t e  t h a t  were c o n s t r u c t e d  t o  a s p e c i f i c a t i o n  t h a t  t h u s  f a r ,  a t  l eas t ,  have 

proven t o  b e  adequate  ( a  2-1/2 i n .  c a s i n g  w i t h  t h e  bottom 300 f t  cemented 

t o  t h e  w e l l  b o r e  w i t h  a polymeric  water-base g e l ) .  The o t h e r  o b s e r v a t i o n  

w e l l s  had a 1-1/4 I D  c a s i n g  and w e r e  cemented w i t h  r e g u l a r  cement a l o n g  t h e  

e n t i r e  tub ing  l e n g t h .  

The p a t t e r n  of g r o u t  s h e e t s  t h a t  is i n d i c a t e d  by t h e  logging  r e s u l t s  

i s  similar t o  t h e  p a t t e r n  i n d i c a t e d  by t h e  p r e v i o u s  i n j e c t i o n  series .- g r o u t  

s h e e t s  t h a t  are g e n e r a l l y  f l a t  and h o r i z o n t a l  b u t  t o  t h e  nor thwes t  of t h e  

i n j e c t i o n  w e l l  are 20 t o  30 f t  h i g h e r  t h a n  elsewhere.  I t  h a s  long been 

suspec ted  t h a t  a f o l d  e x i s t s  i n  t h e  rock  of t h e  disposal .  zone t o  t h e  north-  

w e s t  O E  t h e  i n j e c t i o n  w e l l  and t h a t  t h i s  f o l d  c a u s e s  l o c a l l y  anomalous 

behavi-or of t h e  g r o u t  s h e e t .  The logging  r e s u l t s  of t h i s  i n j e c t i o n  series 

are c o n s i s t e n t  w i t h  t h i s  theory .  

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

d u r i n g  t h e  t h r e e  i n j e c t i o n s  sugges t  a p a t t e r n  f o r  t h e  g r o u t  s h e e t s  t h a t  i s  

n o t  i n c o n s i s t e n t  w i t h  t h e  loggi.ng r e s u l t s .  An i n c r e a s e  i n  rock cover  w e l l  

p r e s s u r e  d u r i n g  a n  i n j e c t i o n  i s  assumed t o  i n d i c a t e  a g r o u t  s h e e t  p a s s i n g  

benea th  t h e  b a s e  of t h e  w e l . 1 ;  on t h e  b a s i s  of t h i s  assumption,  t h e  g r o u t  

s h e e t  of I n j e c t i o n  ILW-12 went n o r t h e a s t  and s o u t h  and perhaps  southwest  

( t h e r e  are  no moni tor ing  wells i n  t h e  southwest  quadrant  and no way of 

v e r i r y i n g  thi-s  s p e c u l a t i o n ) .  'The g r o u t  s h e e t  of ILW-13 went n o r t h ,  nor th-  

eas t ,  and south .  The g r o u t  s h e e t  of ILW-14 (June 28)  went n o r t h  and nor th-  

east w i t h  a f i n g e r  t o  t h e  nor thwes t .  The complete absence of any p r e s s u r e  

change i n  N-200 i s  n o t  wholly c o n s i s t e n t  w i t h  t h i s  i n t e r p r e t a t i o n  b u r  can 

h e  r e c o n c i l e d  w i t h  i t .  I n  g e n e r a l ,  t h e s e  d a t a  are s u g g e s t i v e  enough t o  

w a r r a n t  t h e  r e l a t i v e l y  minor e f f o r t  r e q u i r e d  t o  o b t a i n  siinilar d a t a  d u r i n g  

f u t u r e  i n j e c t i o n s .  The sugges ted  g r o u t  s h e e t  p a t t e r n s  a r e  skecched i n  

F l g .  21 .  
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Fig.  2 1 .  Grout Sheet Locations Indicated by Pressure Changes 
in Rock Cover Monitoring Wells 

The indicated monitoring well locations are at a 
depth of 600 ft; the indicated observation well 
locations are at a depth of 800 ft. The obser- 
vation wells are underlined. 
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7 . 2  Sugges t ions  f o r  Improvement 

7 . 2 . 1  Mechanical 
_I-____ 

A good view of t h e  i n f e r i o r  of t h e  mix t u b  is  n o t  a n  absolr i te  n e c e s s i t y  

f o r  t h e  smooth o p e r a t i o n  of an  i n j e c t i . o n ;  as long as t.he l e v e l  i n d i c a t o r  

on t h e  t u b  i s  f u n c t i o n a l  and t h e  mix p r o p o r t i o n i n g  is reasonably  adequate ,  

t h e  i n j e c t i o n  can b e  cont inued  even though t h e  view of  t h e  tub  i n t e r i o r  i s  

t o t a l l y  obscured.  Opera t ion  i n  t h i s  manner i s  n o t  d e s i r a b l e ,  however. The 

a p p a r e n t  f l u i d i t y  of t h e  f r e s h l y  mixed g r o u t  is  a good q u a l i t a t i v e  i n d i c a t o r  

of t h e  s o l i d s  p r o p o r t i o n  i n  t h e  mix, and t h e  appearance of a p a r t i c u l a r l y  

t h i c k  or p a r t i c u l a r l y  t h i n  g r o u t  i n  t h e  mix tub i s  f r e q u e n t l y  t h e  f i r s t  

i n d i c a t i o n  of t r o u b l e  w i t h  t h e  mix p r o p o r t i o n i n g  operatj-on. D e s p i t e  t h i s  

recognized  need,  an inadequate  view of t h e  mixed g r o u t  i n  t h e  n i x  tub  has 

been a p e r e n n i a l  problem w i t h  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 .  I t  seems t o  

have been aggrava ted  by t h e  1973 change from a r e c t a n g u l a r  tub  t o  a round 

one. P a r t l y  because t h e  g r o u t  s u r f a c e  i s  now c l o s e r  to t h e  t o p  of t h e  t u b  

and more of t h e  s p l a s h e s  t h a t  occur  w i l l  h i t  and obscure  t h e  viewing window; 

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

i n j e c t i o n s ;  and perhaps p a r t l y  because of changed flow p a t t e r n s .  D e s p i t e  

t h e  e f f o r t s  t h a t  have been made t o  remedy t h e  s i t u a t i o n ,  s h o r t l y  a f t e r  t h e  

l a s t  t h r e e  i n j e c t i o n s  have been s t a r t e d ,  t h e  viewing window and l ~ i g h t  p o r t s  

have been q u i c k l y  covered w i t h  s p l a s h e d  g r o u t  on t h e  i n s i d e  s u r f a c e s .  The 

o u t s i d e  s u r f a c e s  have a l so  been f r e q u e n t l y  covered w i t h  dry  s o l i d s  mix t h a t  

h a s  leaked from an  a i r  .sI.i.de o r  connec t ion .  The combination oE t h e s e  f a c t o r s  

h a s  e f f e c t i v e l y  r e s t - r i c t e d  v i s i o n  i n t o  t h e  n i x  t u b  d u r i n g  a s i g n i E i c a n t  p a r t  

of t h e  l a s t  t h r e e  i n j e c t i o n s .  C o r r e c t i v e  e f f o r t s  t h a t  have been t r i e d  t o  

d a t e  have c e n t e r e d  on d e v i c e s  f o r  washing t h e  i n s i d e  s u r f a c e  of t h e  viewing 

window. These d e v i c e s  have been o n l y  p a r t i a l l y  s u c c e s s f u l ,  and something 

a d d i t i o n a l  i s  needed t o  keep t h i s  w-iindow s u r f a c e  c l e a n e r  d u r i n g  an i n j e c t i o n .  

I n  a d d i t i o n ,  c l e a n i n g  d e v i c e s  shou1.d b e  provided for t h e  i n s i d e  s u r f a c e s  of 

t h e  l i g h t  p o r t s  and t h e  o u t s i d e  s u r f a c e s  of bo th  t h e  viewing window and t h e  

l i g h t  p o r t s .  

The 1975 series of i n j e c t i o n s  were marked by o c c a s i o n a l  i n t e r r u p t i o n s  

of d r y  s o l i d s  flow caused by t h e  d r y  s o l i d s  b r i d g i n g  i n  t h e  mixer cone. 

Upon some o c c a s i o n s  t h e  s o l i d s  accumulated suf  f i c ie rn t ly  t o  "f lood" t h e  mass 



meter; t h i s  r e s u l t e d  i n  erroneous mass meter readings ,  ba th  a t  t h e  t i m e  

and usua l ly  f o r  a cons iderable  per iod t h e r e a f t e r .  This phenomena usua l ly  

occurred a f t e r  a pause i n  the  i n j e c t i o n ;  i t  w a s  not  observed i n  i n j e c t i o n s  

p r i o r  t o  t h e  1975 series. It is suspected t h a t  t h i s  condi t ion  has  r e s u l t e d  

from the  change i n  t h e  e l e v a t i o n  of t h e  grout  d i scharge  i n t o  t h e  mixing tub 

t h a t  w a s  made when the  new tub was i n s t a l l e d  a f t e r  t h e  1972 i n j e c t i o n  series. 

With t h e  grout  d i scharge  nozzle  a t  i ts  previous e l eva t ion ,  some wet t ing  of 

t h e  mixer cone could occur during any pause i n  an i n j e c t i o n ,  bu t  t h e  ex ten t  

of t h i s  wet t ing  would be r e l a t i v e l y  s m a l l .  With t h e  grout  d i scharge  nozzle  

i n  i t s  p resen t  higher  e l e v a t i o n ,  however, t h e  wet t ing  of t he  mixer cone can 

be more ex tens ive  and can even inc lude  the  base  of t he  mass meter and the  

r e l a t i v e l y  narrow passages between t h e  mass meter and t h e  mixer cone. 

t h e  i n j e c t i o n  is resumed a f t e r  a pause, t he  w e t  su r f aces  i n  t h e  mixer cone 

would temporar i ly  accumulate a crust of damp s o l i d s .  This c r u s t ,  i f  exten- 

sive enough, could o b s t r u c t  t h e  flow of f r e s h  dry s o l i d s .  The l a r g e r  t h e  

su r face  area t h a t  w a s  wetted during an  i n j e c t i o n  pause,  t he  more l i k e l y  

subsequent t r o u b l e  wi th  s o l i d s  flow would be.  Any c o r r e c t i v e  change i n  the  

e l e v a t i o n  of t h e  grout  d i scharge  nozzle  a t  t h i s  t i m e  would r e q u i r e  substan- 

t i a l  changes i n  the  mixing system and may not  be f e a s i b l e  f o r  some t i m e  t o  

come. In t he  meantime, some method of breaking t h e  s o l i d s  bui ldup in t he  

mixer cone i s  needed, p re fe rab ly  some method t h a t  can be operated rou t ine ly  

from o u t s i d e  the  c e l l .  A powered scraper b a r  i s  one p o s s i b i l i t y ,  pulsed 

compressed a i r  j e t s  is  another .  Perhaps several devices  might be t r i e d ,  

b u t  t h e  need f o r  something has  become evident .  

When 

Seve ra l  modi f ica t ions  t o  t h e  ins t rumenta t ion  of t h e  Shale  F rac tu r ing  

The v i s c o s i t y  m e t e r  should be moved t o  a p o s i t i o n  F a c i l i t y  are needed. 

where a s tagnant  g rou t  l a y e r  could not  form around t h e  probe and b i a s  the  

instrument  readings.  A mounting on an e x t e n s i b l e  a r m  so  t h a t  t h e  probe 

could be extended i n t o  t h e  grout  t o  t ake  readings  and r e t r a c t e d  a t  o the r  

t i m e s  i s  one p o s s i b i l i t y ;  a p e r i o d i c  water f l u s h  of t h e  probe and its vicin- 

i t y  i s  another .  The s t r a i n  gages on Bins 3 and 4 should be  co r rec t ed ,  and 

a gage should be i n s t a l l e d  on Bin 2. The Metr i tapes  on Bin 2 could be re- 
moved. F i n a l l y ,  the vel-ume r a t i o  ( t h e  volime of s l u r r y  pumped divided by 

t h e  volume of s o l u t i o n  pumped) is  a s i g n i f i c a n t  measure of t h e  i n j e c t i o n  

performance and sAould be ind ica t ed  and recorded during an injection. 
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7.2.2 Procedura l  

The volume r a t i o  i s  a u s e f u l  check on t h e  mass meter performance, and 

a f r e q u e n t  comparison of t h i s  r a t i o  w i t h  t h e  mass meter r e a d i n g s  should  b e  

made throughout  a n  i n j e c t i o n .  I n  most i n j e c t i o n s ,  such a comparison would 

have i n d i c a t e d  noth ing  b u t  a g e n e r a l  agreement;  b u t  i n  an o c c a s i o n a l  i n j e c -  

t i o n  (such a s  ILW-14) t h i s  comparison would have i n d i c a t e d  a major mass 

meter mal func t ion  e a r l y  enough f o r  c o r r e c t i v e  a c t i o n  t o  be taken .  

The p r o p o r t i o n i n g  of t h e  v a r i o u s  d r y  b u l k  s o l i d s  i n  t h e  s o l i d s  mix i s  

done by weighing t h e  d e s i r e d  amounts of each s o l i d  i n t o  a weigh tank .  The 

p r o p o r t i o n i n g  i s  usua1l.y c l o s e  t o  t h e  d e s i r e d  v a l u e s ,  b u t  occasional l -y  i t  

i s  n o t .  For 1nject : ion ILW-14, fOK i n s t a n c e ,  t h e  p e r c e n t a g e  of f l y  a s h  i n  

t h e  mix prepared  on one day (June 9 )  was 31.5% ( i t  shou1.d have been 38.5%) 

and t h e  percentage  of a t t a p u l g i t e  i n  a l l  m i x  b a t c h e s  was g r e a t e r  t h a n  20% 

( i t  should  have been 1 5 . 4 % ) .  These v a l u e s  are l i s t e d  i n  Table  1 2 .  This  

s o l i d s  p r o p o r t i o n i h g  problem arises becauses  t h e r e  are no s t o r a g e  b i n s  f o r  

t h e  i n d i v i d u a l  c o n s t i t u e n t s  of t h e  s o l i d s  mix a t  t h e  i n j e c t i o n  s i t e .  In 

consequence, t h e  f l y  ash  and cement are brought  t o  t h e  s i t e  i n  b u l k  t r a n s -  

p o r t e r  t r u c k s  (one t r u c k  p e r  day of each i n g r e d i e n t ) .  The weight  of t h e  

cement i s  u s u a l l y  q u i t e  c l o s e  t o  t h e  d e s i r e d  weight ,  b u t ,  because  of prob- 

l e m s  at: t h e  Kingston S t e a m  P l a n t  l o a d i n g  and weighing s t a t i o n s ,  t h e  d e l i v e r e d  

weight  of f l y  a s h  may b e  q u i t e  d i f f e r e n t  from t h e  d e s i r e d  weight  (usua1l.y 

l ess ) .  When a s h o r t a g e  is d i s c o v e r e d ,  t h e  mix can e i . ther  b e  prepared  w i t h  

less f l y  a s h  t h a n  t h e  r e c i p e  c a l l s  f o r  o r  t h e  b lending  of t h e  last b a t c h  

of s o l i d s  mix can b e  delayed u n t i l  more f l y  a s h  can b e  o b t a i n e d .  

c h o i c e  h a s  been t a k e n  t o  d a t e  and no recognized  a d v e r s e  consequences have 

been observed.  Apparent ly  t h e  mix composi t ion can be v a r i e d  a p p r e c i a b l y  

w i t h o u t  l a r g e  e f f e c t s  on t h e  p r o p e r t i e s  of e i t h e r  t h e  s o l i d s  mix o r  t h e  

g r o u t .  The l i m i t i s  t o  which t h i s  v a r i a t i o n  can b e  pushed a r e  unknown, how- 

ever, and the wisdom of expl-or ing t h e s e  l i m i t s  s e e m s  dubious.  Some e x t r a  

t ime s p e n t  i n  p r o p o r t i o n i n g  t h e  s o l i d s  mix could poss ib ly  avoid  some ma:jor 

t r o u b l e s .  

The f i r s t  
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