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ABSTRACT 

I n t e r m e d i a t e - l e v e l  w a s t e  s o l u t i o n  g e n e r a t e d  a t  ORNL .is p e r i o d i c a l l y  
. . 

mixed w i t h  a  cement-base b l e n d  of d r y  s o l i d s  and i n j e c t e d  i n t o  an  imper- 

m e a b k s h a l e  fo rmat ion  a t  an. approximate  dep th  of 240 m (800 f t ) .  The 

. g r o u t  mix s e t s  s h o r t l y  a f t e r  t h e .  i n j e c t i o n ,  permanent ly  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  fo rmat iqn .  A  s e r i e s  of f o u r  i n j e c t i o n s  of . . 
. . 

. i n t e r m e d i a t e - l e v e l  was te  s o l u t i o n  was made between 1977' and 1979. A 

t o t a l  of '1.2 m i l l i o n  .ll (314,000 g a l )  0.f w a s t e  soluti .on c o n t a i n i n g  

81., 780 ~ i '  of r a d i o n u c l i d e s  'was i n j e c t e d .   h his r e p o r t  is  an  account  of 

t h i s  i n j e c t i o n  s e r i e s  - p r e p a r a t i o n s ,  i n j e c t i o n s ,  r e s u l t s  . . ; and conc lus i ' ons .  

The volumes and a c t i v f t i e s  t h a t  were  i n j e c t e d  can be  summarized a s  

f o l l o w s  : 

I n j e c t i o n  Date  

ILW-15 6-30-77 

, Volume of . . 

w a s t e  
Volume of 

g r o u t  
A c t i v i t y  

(Ci )  

26,528 

I n  I n j e c t i o n  ILW-25 a  s m a l l  l e a k  of g r o u t  t o  t h e  waste p i t  eroded 

t h e  d r a i n  v a l v e s  and f o r c e d  a  shutdown o f ,  t h e  i n j - e c t i o n  w h i l e  r e p a i r s  

were  made. The i n j e c t i o n  was completed 2  days  l a t e r .  I n j e c t i o n  ILW-16 

,was- t e r m i n a t e d  abou t  two- th i rds  th rough  t h e  i n j e c t i o n  when t ' h e . d i e s e 1  

' d r i v e  o f '  t h e  i n j e c t i o n  pump blew - a  c o n n e c t i n g .  rod th rough  t h e  b l o c k .  

The f a c i l i t y  and w e l l  were washed down.with  t h e  s t andby  pump. P r i o r  

t o  I n j e c t i o n  ' 1 ~ ~ - 1 7 , . a i r  pads were i n s t a l l e d  on a l l  b u l k  s o l i d s  s t o r a g e  

b i n s .  . A l l  subsequen t  i n j e c t i o n s '  have been 'marked' by a  much more even ' 
. 

. . 
f l o w  of s o l i d s  and a r e s u l t i n g  improvement i n  t h e  mix r a t i o  c o n t r o l .  

I n j e c t i o n s  ILW-17 and ILW-18 were made w i t h q u t  n o t a b l e  i n c i d e n t s .  
. . Logs of t h e  o b s e r v a t i o n  w e l l s .  i n d i c a t e d  t h a t  a l l  g r o u t  s h e e t s  were 

w i t h i n  the d i s p o s a l  zone. . . . 



1. INTRODUCTION 

The s h a l e  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 intermediate-1eveI.waste- s o l u t i o n  a t  t h e  Oak Ridge NationaL Laboratory 

(ORNL) s i n c e  1966. I n  t h i s  process  t h e  was te  s o l u t i o n  is mixed wi th  ' 

cement and o t h e r  a d d i t i v e s ;  t h e  r e s u l t i n g  mixture,  o r  g rou t ,  i s  then 

i n j e c t e d  i n t o  an impermeable s h a l e  formation a t  a s p e c i f i c  depth between 

200 and 300 m (700 and 100.0 f t )  - w e l l  below t h e  l e v e l  a t  which groundwater 

is  encountered. The i n j e c t e d  grout  forms a t h i n ,  approximately horizon- 

t a l  s h e e t  s e v e r a l  hundred meters  (up t o  1000 f t )  a c r o s s  dur ing  t h e  course  

of t h e  i n j e c t i o n .  The g rou t  s e t s . s h o r t l y  a f t e r  c o m p l e t i o n . o f . t h e  " 

i n j e c t i o n ,  thereby  permanently f i x i n g  t h e  r a d i o a c t i v e  wastes  i n  t h e  s h a l e  

formation. Subsequent i n j e c t i o n s  form s h e e t s  t h a t  a r e  approximately 

p a r a l l e l  t o  t h e  preceding shee t s .  

Reports  summarizing t h e  1972 and 1.975 s e r i e s  of i n j e c t i o n s  have 

been pull-islled; l' t h e  experimental  development program .and t h e  f i r s t  ' 

two o p e r a t i o n a l  i n j e c t i o n s  a r e  d e t a i l e d  i n  r e f .  3. ,Following t h e  1975. 

i n j e c t i o n  s e r i e s ,  t h e  . i n j e c t i o n  f a c i l i t y  was used f o r  fou r  i n j e c t i o n s  of 

concent ra ted  in te rmedia te - leve l  waste  (ILW). This  r e p o r t  d e s c r i b e s  t h e  

prepara t ions , .  o p e r a t i o n a l  procedures ,  and d a t a  f o r  t h e s e  i n j e c t t o n s  

i n d i v i d u a l l y ,  . . and t h e n . d i s c u s s e s  t h e  r e s u l t s  and .conclus ions  from t h e  

s e r i e s  a s  a whole. , . . 



2. DESCRIPTION OF PROCESS AND PLANT 
- 

I n  t h e  ' sha le  f r a c t u r i n g  p roces s  an a lka ' l i ne  waste  s o l u t i o n  i s 'm ixed  

w i t h  a s o l i d s  blend composed of cement and o t h e r  a d d i t i v e s  and then  

i n j e c t e d ,  under p r e s s u r e ,  i n t o  a bedded s h a l e  formation a t  a s p e c i f i c  

depth  between 200 and 300 m (700 and 1000 f t ) .  The p re s su re  of t h e  

i n j e c t e d  g rou t  is 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  formation of a crack  

between ad jacen t  l a y e r s  of sha l e .  A s  t h e  i n j e c t i o n  conti.nues, t h e  grout  

f i l l s  t h i s  c rack  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 meters  (up t o  1000 f t )  i n  ex t en t .  

F igu re  1 shows a n  i s o m e t r i c  view of t h e  s h a l e  f r a c t u r i n g  f a c i l i t y .  

Three 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 :  

an  i n j e c t i d n  we l l  f o r  t h e  i n j e c t i o n  of waste  grout ,  observa t ion  w e l l s  f o r  

t h e  'de te rmina t ion  of  the .  o r i e n t a t i o n  ' o f  t h e  grout  . s h e e t ,  and rock cover 

moni tor ing  w e l l s  f  0.r v e r i f i c a t i o n  d f  t h e  continued impermeabil 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.sketch  of each w e l l  type  is  given i n  

F ig .  2. A l l  waste  i n j e c t i o n s  . a r e -  ,made through s l o t s  cu t  i n  t h e  cas ing  

and surrounding cement of  t h e  i n j e c t i o n  we l l .  A s  t h e  grout  shee t  spreads  

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 cas ing  of one 

o r  more obse rva t ion  w e l l s .  A gamma-sensitive probe i n  t h e  observa t ion  

w e l l  w i l l  t hen  d e t e c t  t h e  p re sence 'o f  t h e  g rou t  s h e e t ,  thereby  e s t a b l i s h -  

i n g  t h e  d,cpth of , t h e  g rou t  3hcc t  a t  t h a t  point. The rock cover ~ ~ ~ o r ~ i ~ u r i ~ ~ g  

w e l l s  a r e  used t o  p e r i o d i c a l l y  determine t h e  permeabi l i ty  of t h e  s h a l e  

cover  rock  at. a depth  of  180 q (600 f t ) .  

The major p roces s  equipment used t o  i n j e c t  a ba t ch  of. waste.  cons ' t s t s  

of a was te  pump, a j e t  mixer ,  , a surge  tank,. and a high-pressur.e i n j e c t i o n  
. . 

pump; a f low diagram i s  shown.in Fig.  3. Preblended s o l i d s  a r e  s to red  i n  

bGlk s t o r a g e  b i n s  f o r  u se  a s  needed. ' A s tandby i n j e c t i o n  pump is  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 event tha t  the maim 

i n j e c t i b n  pump shquld f a i l .  During an i n j e c t i o n ,  waste  s o l u t i o n  is  

pumped t o  t h e  mixer,  cont inuous ly  mixed wi th  t h e  preblended s o l i d s ,  and 

d ischarged  i n t o  t h e  su rge  tank.  From t h e  su rge  t ank  t h e  g rou t  .is pumped 

down'a t ube  hung i n ,  t h e  i n j e c t i o n w e l l  a n d , o u t  i n t o  t h e  s h a l e  formation. 



ORNL-DWG 63-3830 

Fig. 1. ORNL Shale ~ractur ing  Disposal Plant. 
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WELL 
n 

OBSERVATION 
WELL 
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150 F' OF 9-5/8 N. 
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1050 FT OF 5-1/2 IN. 

1050 F' OF 2-7,/8 IN. 

MONITORING 
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500 FT OF 4 IN. 
CASING W 

100 FT OF OPEN 
WL E 

Fig. 2. Sketch of wells for fracturing facility. 
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PRE-BLENDED SOLIDS 

INJECTION 
PUMP 

INJECT ION 

F i g .  3 .  Flow diagram of  s h a l e  f r a c t u r i n g  f a c i l i t y .  
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F i v e  underground waste  s t o r a g e  t anks ,  w i th  a . t o t a 1  capac i ty  o f '  
' 

340,000 R (90,000 g a l ) ,  a r e  i n s t a l l e d  a t  t h e  s h a l e  f r a c t u r i n g  p l a n t .  

P r i o r  t o  each i n j e c t i o n ,  t h e  w a s t e  s o l u t i o n  i s  pumped t o  t h e  site through 

a  was t e  t r a n s f e r  l i n e  a t  t h e  r a t e  of %75 Rlmin (20,gpm) and s t o r e d  i n  t h e s e  

t anks  . 
A week o r  more b e f o r e  an  i n j e c t i o n ,  t h e  s o l i d s  - c.ement, f l y  ash ,  

A t t a p u l g i t e  150 ( a ' w a t e r - r e t a i n i n g  c l a y ) ,  a  c l a y  f o r  cesium r e t e n t i o n ,  and 

a  r e t a r d e r  - a r e  brought  t o  t h e  f r a c t u r i n g , s i t e ,  blended i n  t h e  d e s i r e d  

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

two p r e s s u r e  tanks  (P-tanks),  and s t o r e d  in. f o u r  bulk  s t o r a g e  b ins .  T h e s e  

L i u s  [capuclLy, 6 $  ma (2780 t t 3 j  eachJ a r e  3.7.m (12 f t )  i n  diameter  and 

i n s t a l l e d  on l e g s  s o  t h a t  t h e i r  bottoms a r e  %1.8 m ( 6 , f t )  above t h e  top  

of  t h e  mixing,  c e l l .  ~ u r i n ~  an  i n j e c t i o n ,  t h e  con ten t s  o f  . each b i n  i n  
t u r n  a r e  a e r a t e d  and flow through an a i r  s l i d e  (an enclosed chute  t h a t  

i s  cont inuous ly  a e r a t e d  from below) i n t o  a meter ing hopper i n  t h e  mixing 

c e l l  and, from t h e r e ,  i n t o  t h e  mixer. 

The j e t  mixer is  a  dev ice  f o r  mixing t h e  waste  s o l u t i o n  and t h e  s o l i d s .  

A s  t h e  was te  s o l u t i o n  i s  pumped through t h e  mixer,  t h e  s o l i d s  drop i n t o  

t h e  mixer and a r e  subsequent ly  picked up by t h e  j e t  s t ream and thoroughly 

mixed w i t h  t h e  waste .  The r e s u l t i n g  grout  is  cont innously discharged 

i n t o  t h e  su rge  tank .  The mixer bowl i s  connected t o  t h e  hopper t o  confine 

t h e  s o l i d s  and any g rou t  t h a t  might s p l a s h  ou t  of t h e  mixer. For 

convenience, an obse rva t ion  window i s  provided. 

The su rge , . t ank  a l lows  t h e  flows of t h e  was te  t r a n s f e r  pump and t h e  

i n j e c t i o n  pump t o  b e  synchronized dur ing  an i n j e c t i o n .  A s i n g l e  ope ra to r ,  

who c o n t r o l s  both pumps, observes t h e  l c v e l  of grout  i n  tllr s u r g e  tank  

e i t h e r  by means of  a  mirror-and-windnw arrangement on t h c  top  a f  t h e  

t a n k  o r  by observing a  f l oa t - type  l e v e l  gage. H e  a d j u s t s  t h e  flow r a t e  

of  one o r  t h e  , o t h e r  of  the-  pumps- a s  .,the grout. 1 evil. flustuate~. Dilring 

a n  i n j e c t i o n ,  a i r  i s  withdrawn cont inuous ly  from t h e  surge  tank,  f i l t e r e d  

through a  h i g h - e f f i c i e n c y ' f i l t e r ,  and discharged.  

The c o n t r o l  of  t h e  p ropor t ions  a t  which s o l i d s  and, waste  s o l u t i o n  

are mixed i n  t h e  f r a c t u r i n g  p l a n t  i s  c r i t i c a l .  . I f  t h e  p ropor t ion  of 

s o l i d s  i s  t o o  h igh ,  t h e  r e s u l t i n g  grout  w i l l  be  v i s c o u s ,  d i f f i c u l t  t o  



pump, and s u b j e c t  t o  premature s e t t i n g .  I f  t h e  p ropor t ion  of s o l i d s  i s  

too  low, t h e  grout  w i l l ' f a i l  t o  r e t a i n  a l l  of t h e  ?ssoc ia ted  l i q u i d  and 

w i l l  e x h i b i t  "phase separa t ion"  on s e t t i n g .  Th i s  is  undes i r ab le  because 

some sma l l  f r a c t i o n  of  t h e  r.ad.ionuclides ( < < l % ) . w i l l  remain wi th  t h e  
. . 

water  and t h u s  w i l l  n o t  be  immobilized. The d e s i r a b l e  ope ra t ing  range 

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

t h e  d e s i r e d  proport . ion sho'uld n o t  exceed 10% a t  m o ~ t  and should be kept  

w i t h i n  5% i f  poss ib l e .  During a  waste  i n j e c t i o n ,  t h i s  mix r a t i o  is  

determined from s e p a r a t e  measurements 0.f t h e  flow r a t e s  of t h e  waste  s t ream 

and' t h e  dry  s o l i d s  s t ream and a  manual or ;automatic c a l c u l a t i o n  o f  t h e i r  

r a t i o .  The s o l i d s  a d d i t i o n  r a t e  i s  measured by a  mass flowmeter, a  device  

t h a t  cont inuously weighs . the .  flow of s o l i d s ,  i n s t a l l e d  immediately below 

t h e  meter ing hopper. The flow r a t e  of t h e  waste  l i q u i d  i s  measured by 

a  t u r b i n e  flowmeter. During an i n j e c t i o n ,  t h e  mix r a t i o  can b e  v a r i e d  

by a  manual adjustment  of e i t h e r  t h e  s o l i d s  o r  , the  waste  flow r a t e .  

(General ly ,  t h e  s o l i d s  flow r a t e  i s  adjus ted . )  

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

one f o r  t h e  mixer and su rge  tank ,  one f o r  t h e  head end of t h e  i n j e c t i o n  

.pump, and one f o r  t h e  wellhead and a s soc i a t ed  p ip ing .  A l l  c e l l s  a r e  

made of a  30-cm (12-in.) t h i ckness  of conc re t e  b lock  and a re -  roofed wi th  .a 

1.9-cm (3/4-in;) g r a t i n g  covered wi th  s h e e t  meta l .  The c e l l s  a r e  pa in ted  

b u t  unl ined.  The roof  of t h e  mixer c e l l  is  f i x e d  i n  p l ace ;  t h e  r o o f s  of 

t h e  pump c e l l  and wellhead c e l l  a r e  removable. Because t h e  process  p ip ing  

i n  t h e  pump c e l l  and f h e  wellhead a r e  under cons ide rab le  p re s su re  dur ing  

. 'an i n j e d t i o n  [up , t o  34.5 MPa (5000 p s i ) ] ,  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 tp roo f  g l a s s  and t h e  roof g r a t i n g  is  covered wi th  
. . 

0.6-cm (1/4-in.) s t e e l  p l a t e  on both  s ides .  Access may be  gained t o  t h e  

c e l l s  through a  ha t ch  i n  t h e  roof of t h e  w e l l  c e l l  .and a  door i n  t h e  w a l l  

of t h e '  pump c e l l .  

The i n j e c t i o n  pump* i s  capable  of ope ra t ing  over  a  range of p re s su re s  

* .  and f low r a t e s  between 41.4 MPa (6000 p s i )  and 400 Rlrnin (105 gpm) and 

6.9 MPa (1000 p s i )  and 2650 Rlmin ( 7 0 0 , ' ~ ~ m ) .  A s t e e l  s p l a s h  p l a t e ,  which is  
... . . ." .... .- .. .- .-.----- * 

A Ha l l i bu r ton  HT-400 t r i p l e x  posi t ive-displacement  pump. 



f i t t e d  around t h e  head of  t h e  pump and ex tends  t o  t h e  w a l l s ,  f l o o r ,  and 

roof  of t h e  c e l l ,  i s o l a t e s  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  pump,, similar 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 was te  i n j e c t i o n .  During:an i n j e c t i o n  i t  is  connected, 

v i a  t h e  wellhead manifold,  t o  t h e  in j ' e c t ion  wel l .  Its func t ion  i s  t o  

provide  a means f o r  f l u s h i n g  t h e  w e l l  f r e e  of grout  i n  the event  t h a t  

t h e  main i n j e c t i o n  pump f a i l s .  Th i s  pump fs no t  r equ i r ed  t o  t r a n s f e r  

r a d i o a c t i v e  f l u i d s .  

A p ip ing  manifold connects  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  manifold con ta ins  

1 0  plug v a l v e s ,  2 check v a l v e s ,  a  p re s su re  r e l i e f  va lve  [ se t  a t  41..4 MPa 

(6000 p s i ) ] ,  a  p r e s s u r e  gage connect ion,  and 1 3  unions. The components 

of t h e  manifold a r e  r a t e d  a t  - >69 MPa (,10,000 p s i ) .  Ex t r a  high-pressure 

Chiksan swive l  j o i n t s  a y e  used between t h e  i n j e c t i o n  pump and t h e  p ip ing  

manifold,  and between t h e  p i p i n g  manifold and t h e  w e l l h e a d , . t o  damp 

v i b r a t i o n  between t h e  pumps and the .wel lhead .  

A cons ide rab le  volume of  water  i s  r equ i r ed  f o r  ope ra t ions  such as 

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

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

be i n j e c t e d  wi th  t h e  was t e  s o l u t i o n .  Water must. FP reu.s@d, where feasible, 

t o  prevent  t h e  contaminated water  from c o n s t i t u t i n g  a  large f r a c t i o n  of 

t h e  waste  being i n j e c t e d .  The waste p i t ,  a  concre te  pi - t  3 .6  x 3.6 x 2 . 7  m 

(12 x 12 x 9 f t )  deep,  was b u i l t  t o  s e rve  t h i s  func t ion .  Washup water 

and water  t h a t  is  used i n  s l o t t i n g  ope ra t ions  d r a i n  t o  t h e  waste p i t  and 

a r e  pumped out  of t h e  p i t  by t h e  waste pump f o r  reuse .  

An emergency waste  t r e n c h  is  provided as a  p recau 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 t e  i .n t h e  cn1~rsa of 3 W Q ~ ~ C  inj tct ir l r i~,  t he  

wellhead might r u p t u r e  and a l low t h e  i n j e c t e d  grout  t o  flow back up the 

w e l l .  I n  such a n  even t ,  t h e  g rou t  w ~ u l d  flow from t h e  wellhcnd. r.el.1. 

through an  48-cm (18-in.) l i n e  t o  t h e  400,000-R (100,000-gal) waste  

t r e n c h  where it  would s e t  and b e  covered wi th  e a r t h f i l l .  

A c e l l  off-gas system removes 595 m3/min (2100 cfm) of a i r  from t h e  

mixer c e l l ,  pump c e l l ,  and wellhead c e l l ,  through a  roughing and a  

* 
A s tandard  truck-mounted Ha l l i bu r ton  posi t ive-displacement  pump. 



high-ef f ic iency  f i l t e r  i n  s e r i e s ,  and exhaus ts  it through a  s h o r t  s t ack .  

A s e p a r a t e  off-gas system provided f o r  t h e  su rge  tank  exhausts  through a  

demis te r  mounted above t h e  tank  and a  h igh-ef f ic iency  f i l t e r ,  and then  

d ischarges  t h e  a i r  t o  t h e  s u c t i o n  s i d e  of t h e  c e l l  off-gas f i l t e r s .  

Necessary information on t h e  p rog res s  of an i n j e c t i o n  i s  obtained 

from readings  of t h e  waste tank  l e v e l s ,  t h e  waste  flow r a t e ,  t h e  grout  

flow r a t e ,  t h e  s o l i d s  flow r a t e ,  and t h e  i n j e c t i o n  p re s su re .  The o r i en t a -  

t i o n  of t h e  grout  shee t  i s  determined by logging t h e  va r ious  observa t ion  

w e l l s  a f t e r  t h e  i n j e c t i o n  has  been completed. 

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

phase s e p a r a t i o n  of t h e  i n j e c t e d  grout .  Even though t h i s  phase-separated 

water  con ta ins  only  a  smal l  f r a c t i o n  of t h e  r ad ionuc l ides  t h a t  have been 

i n j e c t e d  ( < < I % ) ,  p rov i s ions  a r e  made f o r  i t s  removal. Af t e r  each in j ec -  

t i o n  o r  s e r i e s  of i n j e c t i o n s ,  t h e  wellhead shu to f f  va lve  is  opened and 

any f r e e  water  i s  b l ed  back through t h e  i n j e c t i o n  w e l l  and c o l l e c t e d .  

Ul t imate ly ,  t h i s  recovered water  i s  r e tu rned  t o  t h e  waste  c o l l e c t i o n  

system i n  Bethe l  Val ley.  

Four i n j e c t i o n s  a r e  normally made i n t o  a  s i n g l e  s l o t  i n  t h e  i n j e c t i o n  

w e l l .  P r i o r  t o  t h e  next  s e r i e s  of fou r  i n j e c t i o n s ,  t h e  o ld  s l o t  i s  

plugged wi th  cement and a  f r e s h  s l o t  is  cu t  i n  t h e  i n j e c t i o n  w e l l  cas ing  

3 m (10 f t )  above t h e  previous one. The technique f o r  c u t t i n g  t h e  w e l l  

cas ing  c o n s i s t s  of pumping a  s l u r r y  of sand and water  down a s t r i n g  of 

tub ing  hanging i n  t h e  i n j e c t i o n  w e l l  and out  a  j e t  a t  t h e  bottom of t h e  

tub ing  s t r i n g  t o  impinge on t h e  cas ing  a t  t h a t  p o i n t .  The e r o s i v e  

ac t i .on 'of  t h e  sand c u t s  t h e  casing and t h e  surrounding cement and s h a l e  

t o  a  s u f f i c i e n t  depth t o  make subsequent i n i t i a t i o n  of t h e  d e s i r e d  

f r a c t u r e  r e l a t i v e l y  easy. The spen t  s l u r r y  i s  brought t o  t h e  s u r f a c e  

through t h e  annulus between t h e  tubing and t h e  cas ing ,  t h e  degraded sand 

i s  allowed t o  s e t t l e  i n  a  waste  p i t ,  and t h e  water  i s  r e c i r c u l a t e d  s o  

t h a t  t h e  volume of contaminated water  produced by t h e  s l o t t i n g  ope ra t ion  

can be kept  t o  a  minimum. , A  ske t ch  of  t h i s  ope ra t ion  i s  shown i n  Fig.  4. 

The tub ing  s t r i n g  i s  slowly r o t a t e d  by a  hydrau l i c  power swive l  so t h a t  

a  complete c u t  of t h e  cas ing  i s  made. 
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Fig.  4. Flow diagram of  s l o t t i n g  ope ra t i on .  



The mix r a t i o  t o  be  used i n  each i n j e c t i o n  i s  determined p r i o r  t o  . .. 

t h e  i n j e c t i o n  by a s e r i e s  of " compa t ib i l i t y  t e s t s . "  , For t h e s e  t ' e s t s ,  

samples a r e  taken of ' t h e  d ry  s o l i d s  t h a t  were blended f o r ,  t h e  ' i n j e c t i o n  

. . and '  s t o r e d  i n  . t h e  bulk  s t o r a g e  b i n s .  These samples a r e  'mixed i n  va r ious  

proport . ions w i t h  a  s y n t h e t i c  waste  s o l u t i o n  having a  composition s i m i l a r  

t o  t h a t  of t h e  was t e  t o  be  i n j e c t e d .  The apparent  v i s c o s i t y  and t h e  

. . 
perdentage 'of f r e e  water  t h a t  has  s epa ra t ed  from t h e  grout  a f ' t e r  s e v e r a l  

- . hours  of s tanding  ( t h e  phase s e p a r a t i o n )  a r e  determined f o r  each. grout  ' .  

sample. The p a r t i c u l a r  r a t i o  of t h e  weight of dry  s o l i d s  to'.. t h e  vdlume . 
. '  . '. 

of waste  s o l u t i o n  t h a t  w i l l  form a  g rou t  w i t h  minimum phase s e p a r a t i o n  : .. 

(p re fe rab ly  <5%) and minimum apparent  v i s c o s i t y  (p re fe rab ly  <40 cP) is  . , . 

s e l e c t e d  f o r  u s e  during t h e  i n j e c t i o n .  



3 .1  Pre l iminary  P repa ra t ions  

3.1.1 Waste t r a n s f e r  and a n a l y s i s  

A p r o p o r t i o n a l  sample of t h e  was te  s o l u t i o n  t o  b e  i n j e c t e d  is, 

r o u t i n e l y  obta ined  a s  t h e  s o l u t i o n  is  pumped from t h e  waste  s t o r a g e  tanks  

i n  Be.thel V a l l e y ' t o  t h d s e  a t  t h e  s h a l e  f r a c t u r i n g  s i t e .  The sample is  

ana lyzed ,  and t h e  r e s u l t s  a r e  used t o  e s t a b l i s h  the '  t r a n s u r a n i c  content  

of  t h e  was te  so lu t ion .  ,This  a n a l y s i s  ensure  t h a t  t h e  nonre t r i evab le  

d i s p o s a l  l i m i t  o,f 10 nCi/g w i l l  n o t  be 'exceeded by the upcoulil-ig ' injrctlun. 

It is a l s o  used t o  p repa re  a  s y n t h e t i c  waste  s o l u t i o n  f o r  c o m p a t i b i l i t y ,  

t e s t s  w i t h  t h e  blended d r y  s o l i d s .  

I n  t h e  case of I n j e c t i o n  'ILW-15, t h e  waste t , r ans fe r  ope ra t ion  had 

t o  be delayed u n t i l  a  new waste  t r a n s f e r  l i n e  could be.completed;  . 

t h u s  t h e  p r o p o r t i o n a l  sample was n o t  a v a i l a b l e  u n t i l  very  s h o r t l y  be fo re  

t h e  i n j e c t i o n  was made. The t r a n s u r a n i c  content  and the .  compa t ib i l i t y  

t e s t s  ,were by n e c e s s i t y ,  t heye fo re ,  based on analyses '  of grab samples of 

t h e  was te  s o l u t i o n  i n  two of t h e  w a s t e  s t o r a g e  tanks  i n  Bethe l  Val ley.  

A p r o p o r t i o n a l  sample was taken  and .ana lyzed ,  bu t  t h e  r e s u l t s  were not 

a v a i l a b l e  u n t i l  a f t e r  t h e  i n j e c t i o n  had been made. The ana lyses  of both 

t h e .  grab and t h e  p r o p o r t i o n a l  samples a r e  .g iven  i n  ~ a b i e  1. The. r e s u l t s  

a r e  s i m i l a r  f o r  s o l u b l e  components bu t  q u i t e  d i s s i m i l a r  f o r  i n s o l u b l e  

components. 

Waste s o l u t i o n  from Tank W-8 was s t o r e d  in .Tank T-1 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  o t h e r '  t anks  were , fj.l.l.ed ~~1i. t .h sol..ut i on  from Tank W-10. 

The f i l l e d  tank volumes were a s  follows:.  T-1, 55,910 9. (1.4,77? gal..) ; 

T-2, 55,910 R (14,772 g a l ) ;  T-3, 93,100 'C (24,597 g a l )  ; T-4, 93,100 R 

(24,597 g a l ) ;  and T-9, 49,000 R (12,947 g a l ) .  

3.1.2 S o l i d s  blending.  

F ive  ba t ches  of d r y  s o l i d s  were'bl.ended and loaded i n  t h ~  s t o r a g e  

b i n s  a t  t h e  f r a c t u r i n g  s i t e .  Four of t h e s e  were loaded i n  t h e  s t o r a g e  

b i n s ;  t h e  f i n a l  ba t ch  was l e f t  i n  t h e  blending tanks for ,  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  va r ious  i n g r e d i e n t s  t h a t . w e r e  used 

f o r  t h e  s o l i d s  mix a r e  given i n  Table 2. 
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Table 1. Composition.of.waste.so1ution . . for.Injection ILW-15 . 

' 'Grab sample . . 

Component W- 8 W- 10 ~ro~ortional .sample . . . 

NO3-, .M - ' . 0.81 . 0.67 N A ~ .  . . . .. .. 
. .  . 

0.016 N A NH4+, - M 0.025 . . 
. . 

AI~+,, g 0.019 .0.010 N A 

3.8 x 1.9 x.10-~ cr3+, 'g N A . . 

N A Specific gravity 1.184 1.i23 . . 

N A ~  7.7 x. 6.1 x 137~s, C ~ / R  
(Cilgal.) (0.29) (0.23) 

2 3 9 ~ ~ , C i / R  , NA None 1.9 x 10'~ 
(Cilgal) . . (7 .;i x 10-6) 

. . 
a~~ = not analyzed. 



Tsb l e  2.  Dry solids mix for I n j e c t i o n  ILW-1.5 

Bir -  1 Bin 2 Bin 3 Bin 4 P- t a n k s  

Blending d a t e  6/17/7.7 6/29/77 6/16!77 6/15/77 6/21/77 

Cement, 21,005 (46,410) ZL', 330 ,($5,923) .2L ,140 (46,'510) 21,560 (48,300,) . 21,080 (46,370) 
kg ( I t )  

F l y  a sh ,  21,941 (48,270) 21,800 (57,963) 20,440 (44,970) 17 ,  E23 (38,760) 23,240 (51,130) 
kg ( l b )  

A t t a p u l g i t e ,  8,769 (19,292) 8,634 (13,995) 8,570 (18,850) 8 ,953 (19,686) 6,890 (15,150) P -P 

kg ( l b )  

Sugar ,  Erg . 

( l b )  

T o t a l ,  kg 56 ,221  (123,686) 55,196 (123,631; 54,565 (120;324) 53,030 (116,673) 55,530 (122,164) 
( l b )  



The cement used i n  t h i s  i n j e c t i o n  w a s  Penn-Dixie, Type I. Because 

cement from t h i s  s u p p l i e r  had n o t  p rev ious ly  been used f o r  s h a l e  f r a c t u r i n g  

ope ra t ions ,  a  sample was obta ined  and t e s t e d  wi th  s y n t h e t i c  waste .  The 

r e s u l t i n g  g r o u t s  were found t o  behave s i m i l a r l y  t o  t hose  prepared wi th  

cement from o t h e r  s u p p l i e r s .  

The f l y  ash  w a s  ob ta ined  f r o m . t h e  Southeast  F ly  ~ s h c o m ~ a n ~ .  This  

s u p p l i e r ' s  loading  and weighing f a c i l i t i e s  were r epo r t ed  t o  be such t h a t .  

t h e  weight of f l y  a sh  de l ive red  i n  each t r a n s p o r t e r  t r u c k  would be more 

n e a r l y  uniform than  had been t h e  c a s e  f o r  d e l i v e r i e s  from t h e  TVA Steam 

P l a n t  a t  Kingston, Tennessee. The g r o u t s  prepared wi th  a  sample of t h i s  

f l y  ash  were found t o  behave s i m i l a r l y  t o  t hose  prepared wi th  TVA f l y  ash.  

A t t a p u l g i t e  150 d r i l l i n g  c l a y  was used i n  t h i s , i n j e c t i o n .  The c l a y , .  

suppl ied  by t h e  American A r t  Clay Company,.was t h e  "Ind-ian Red" p o t t e r y  

type.  The sugar  w a s  d e l t a  gluconolactone. 

3.1.3 T e s t s  of mix compa t ib i l i t y  

Samples 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  

were t e s t e d  w i t h  water  and s y n t h e t i c  was te  s o l u t i o n s .  Phase s e p a r a t i o n  

was measured, 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 .  I n  most c a s e s ,  t h e  g rou t s  were prepared by 

mixing t h e  d r y  s o l i d s  and was t e  s o l u t i o n  i n  a Waring b l ende r  a t  5000 rpm 

( t o  s imu la t e  d o ~ n - h o l e  c o n d i t i o n s ) ;  however, a few were made a t  2000 rpm 

( t o  s imu la t e  t ub  cond i t i ons ) .  Not a l l  combinations of was tes  and s o l i d s  

were..evaluated. In s t ead ,  each b a t c h  of blended s o l i d s  was t e s t e d  w i t h  

, ' only  the p a r t i c u l a r  wasLt! s u l u t i o n  wich which i t  would l i ' ke ly  be  mixed 

dur ing  t h e  i n j e c t i o n .  The r e s u l t s  i nd ica t ed  t h a t  v i r t u a l l y  a l l  'combinations 

of dry, s o l i d s  wi th  s y n t h e t i c  waste  o r  water  were much more f l u i d  than  had 

been observed previous ly .  The phase s e p a r a t i o n s  of t h e  g rou t s  were h ighe r ,  

and t h e  " v i s c o s i t i e s "  were lower. The r e s u l t s  a l s o  ind ica t ed  t h a t . t h e "  

phase s e p a r a t i o n  of t h e  g rou t  i n  t h e  formation would be  .<I% f o r  a  mix 

r a t i o  uf 0.96 kglR (8 l b / g a l )  w i th  W-8 waste  and < 3 % ' f o r  a  m i x . r a t i o  

of 0.96 kg/R (8 I b l g a l )  w i th  W-10 waste .  Equivalent  phase .bgparations 

. w e r e  nored i n  t h e  mix compa t ib i l i t y  t e s t s  f o r  ILW-1.4 a t .  0.72 k g l ~  (6'  l b l g a l ) .  



The observed g rou t  " v i s c o s i t i e s "  were about 20 cP a t  0.96 kg/% ( 8  l b / g a l )  

and 50 cP a t  1.08 k g / ~  '(9 l b l g a l ) .  i 'es ts  w i th  water  i nd ica t ed  a  

s e p a r a t i o n  of 4.3% a t  1.08 kg/R (9 l b / g a l ) .  

.The only  sample of blended s o l i d s  t h a t  'formed g r o u t s  wi th  "reasonable" 

phase s e p a r a t i o n s  [ i . e . ,  <1% p.hase s e p a r a t i o n  a t  <0.84 kg/R (7 l b / g a l ) ]  

:was  t h e  one obta ined  from t h e  blending tanks .  Grouts made from t h i s  

sample had a  "v iscos i ty" .  of 25 cP and a  phase s e p a r a t i o n  of 4% a t  a  mix 

. r a t i o  of 0.84 kg/R (7 i b l g a l ) .  These s o l i d s  had no t  been subjec ted  t o  

t h e  f i n a l  t r a n s f e r  i n t o  a  s t o r a g e  b i n ,  and t h e  improved performance.may 
. . 

have been t h e  r e s u l t  of t h i s  l e s s  . severe  handl ing.  

. 3 .1 .4  F a c i l i t y  mod i f i ca t ions  

- The HT-400 i n j e c t i o n  pump was ex tens ive ly  recondi t ioned  and modif ied.  

p r i o r  t o  t h i s  i n j e c t i o n .  A new 5-in. f l u i d  end, a  r e b u i l t  F u l l e r  t r ans -  

mi s s ion ,  and .a new s e t  of remote c o n t r o l s  were i n s t a l l e d .  The new f l u i d  . 

end r ep laced  a  f l u i d  end w i t h  4-112 i n .  p i s t o n s ;  t h e  l a r g e r  p i s t o n  s i z e  

k i l l  permit  s lower '  ope ra t ion  of t h e  pump . f o r  t h e  same. volume 'of f l u i d  

pumped and should extend packing l i f e .  The new t ransmiss ion  rep laced  

an  o b s o l e t e  t ransmiss ion  f o r  which r e p a i r  p a r t s  were becoming d i f f i c n l t  

KO 6 b t a i n .  

The in s t rumen ta t ion  of t h e  s o l i d  s t o r a g e  b i n s  was modified. 

A Moni t ro l  remote sounding u n i t  (Monitrol Manufacturing Co.) was 

i n s t a l l e d  on b i n s  1, 3 ,  and 4. Th i s  device  consists of a hollow steel 

f l o a t  (about  10 i n .  i n  diameter)  on a  cable .  When a l e v e l  measurement 

i s  d e s i r e d ,  t h e  f l o a t  i s  lowered u n t i l  i t  c o n t a c t s  t h e  s u r f a c e  of t h e  

s o l i d s  and t h e  d i s t a n c e  between t h e  top  of t h e  b i n  and t h e  s o l i d s  l e v e l  

i s  i n d i c a t e d .  On b i n  2,  t h e  Me t r i t apes  were removed and a  son ic  l e v e l  

i n d i c a t o r  (Sonargage, Stevens I n t e r n a t i o n a l ,  Inc . )  was i n s t a l l e d  t o  

measure ehe d i s t a n c e  between t h e  t o p  of t he  b i n  and t h e  s o l i d s  l e v e l  by 

de termining  t h e  t ime r equ i r ed  f o r  a  sound p u l s e  t o  t r a v e l  t h i s  d i s t a n c e .  

During an i n j e c t i o n ,  t h e  mix r a t i o  ( t h e  weight of dry  s o l i d s  per  

volume of waste  s o l u t i o n )  is determined from mass flowmeter readings  of 

t h e  r a t e  of  s o l i d s  flow and from volume r a t i o  measurements ( t h e  volume 

of  g rou t  pumped d iv ided  by t h e  volume of  waste  s o l u t i o n  These 



two d e t e r m i n a t i o n s  sometimes g i v e  con£ l i c t i n g  ' v a l u e s ,  and an  independent  

t h i r d  measurement of t h i s  r a t i o  would be  u s e f u l  i n  such  c a s e s .  S i n c e  

t h e  s o l i d s  t h a t  a r e  mixed w i t h  t h e  w a s t e  s o l u t i o n  w i l l  Goth d i l u t e  t h e  

r a d i o n u c l i d e  concen . t ra t ion  .and p r o v i d e  an  a p p r e c i a b l e  amount of s h i e l d -  
. . 

i n g , .  t h e  r a d i a t i o n  e m i t t e d  by a  u n i t  volume of g r o u t  would be  a p p r e c i a b l y  

less, t h a n .  tha't emitted by an  e q u a l  volume .of w a s t e  s o l u t i o n  and t h e  

d e c r e a s e s  shou ld  b e  p r o p o r t i o n a l  t o  the .  c o n c e n t r a t i o n  of s o l i d s . .  Two 

. ' r a d i a t i o n  moni to r s  were mounted on t h e  w a s t e  l i n e  between t h e  w a s t e  pump 

.and  t h e  mixer  c e l l  and on t h e  h igh-pressure  l i n e  between t h e  i n j e c t i o n  

'pump. and t h e  v a l v e  rack .  Readouts from t h e s e  m o n i t o r s  were  p rov ided  'in 

t h e  c o n t r o l  room. 

New h o s e s  were i n s t a l l e d  between t h e  mixing t u b  and t h e  i n j e c t i o n  

pump s u c t i o n  mani fo ld . .  . Also,  a .  new l i g h t i n g  ' sys tem was i n s t a l l e d  on 

. ' t h e  m i x i n g . t u b .  T h i s  'syst'em c o n s i s t e d  of a  p a i r  of 12-V s p o t l i g h t s  

l o c a t e d  %0.6 m (%2 f t )  above t h e  t o p  of t h e  mixing t u b  a t  t h e  end of a 

t u b e  t h a t  was i n t e g r a l  w i t h  t h e  t o p  of t h e  t u b .  

3  ..I. 5  ' P r e l i m i n a r y  maintenance 

During t h e  3  days  p r i o r  t o  t h e  i n j e c t i o n , .  t h e  v a l v e s  i n  t h e  high-  

p r e s s u r e  sys tem 'were  s e r v i c e d  and t h e  ?-in. master v a l v e  was overhau led .  

The mass f lowmeter w a s  c l e a n e d  and c h e c k e d . .  The Gadco p u l s e  dampeners '  

were  r e p l a c e d  w i t h  a i r  chambers'. A s e r i e ' s  of a d j u s t m e n t s  was made t o  

t h e  i n j e c t i o n . p u m p  t r a n s m i s s i o n , . a n d  t h e  i n j e c t i o n  pump was packed. 

F i n a l l y ,  t h e .  p r e s s u r e  r e l i e f .  v a l v e  was c leaned  and s e t ,  and t h e  w e l l  was 

p r e s s u r i z e d  t o  v e r i f y  t h a t  t h e  f r a c t u r e  was open. The f r a c t u r e  accep ted .  

w a t e r  a t  a  r a t e  o'f 320 Rlmin (84 gpm) and a  p r e s s u r e  of 22 MPa (3200 p s i ) .  

- '  3.2 I n j e c t i o n  on J U ? ~  30,  1977 

S u f f i c i e n t  s o l i d s  were on hand t o  pe rmi t  . . the i n j e c t i o n  of 333-,000 R 

(88,'000 g a l )  of w a s t e  [ l e a b i n g  a h e e l  of 3000 R (800 g a l )  i n  'each t ank]  

and 19,000 R (5000 g a l ) .  'of w a t e r  i f  a  mix r a t i o  t h a t  averaged no-  h i g h e r  

t h a n  0 .78 kg/R (6 .5  l b / g a l )  were used.  ~ e s t s  of t h e  b lended  s o l i d s  had 

i n d i c a t e d  t h a t  c o n s i d e r a b l e  phase  s e p a r a t i o n  would be ' . expec ted  t o  occur  



a t  - t h i s  mix r a t i o .  The re levance  of t h e  phase s e p a r a t i o n  t e s t s  t o  t he  

underground s i t u a t i o n  ( i n  which the  g rou t  shee t  s e t s  up under cons iderable  

p re s su re )  i s  not  e n t i r e l y  c l e a r ,  however, and a  d e l i b e r a t e l y  l i g h t  mix 

r a t i o  of 0.78 kg/R (6.5 1 b l g a i )  was chosen f o r  t h i s  i n j e c t i o n  i n  an 

a t tempt  t o  determine t h e  v a l i d i t y  'of t h e  t e s t .  

The i n j e c t i o n  was.begun a t  0904 on June 30, 1977. Wastewater was 

pumped from the  p i t  t o  reopen the  f r a c t u r e .  S o l i d s  f low,  which-was 

s t a r t e d  from b in  1, d i s c l o s e d  t h e . e x i s t e n c e  of a  ho le  i n  one of t h e  a i r  

s l i d e s  t h a t  permi t ted  t h e  escape. of dry s o l i d s  from t h e  s l i d e  t o  t h e  

mixing c e l l  roof .  The i n j e c t i o n  was h a l t e d  a t  0907 t o  repa i ' r  t h i s  ho le .  . 

The i n j e c t i o n  was resumed a t  0945 wi th  p i t  water  and s o l i d s  fr.om 

b i n  1. A t  0946 t h e  flow was switched from p i t  water  t o  waste s o l u t i o n  

(T-4). Some d i f f i c u l t y  was experienced with t h e  i n j - e c t i o n  pump t r ans -  

mi s s ion ;  t h e  pump c o u l d . n o t  be s h i f t e d  i n t o  f o u r t h  g e a r ,  t he  most 

e f f i c i e n t  gear  f o r  t h e  e x i s t i n g  i n j e c t i o n  p r e s s u r e ,  and had t o  be  run a t  

%720 R/min (190 gpm), which w a s  %75% of t he  r a t e  i n  previous i n j e c t i o n s .  

The o r i f i c e  i n  t h e  j e t  mixer was t o o  l a r g e  f o r  t h i s  lower flow r a t e ,  and 

t h e  i n j e c t i o n  was h a l t e d  a t  1002 i n  o rde r  t o  switch t o  a  sma l l e r  o r i f i c e .  

The i n j e c t i o n  was resumed a t  1030. 

A t  1115 the  f l o a t  oh t h e  l e v e l  measuring'  device  on b i n  1 broke 

from i t s  cab le  and dropped i n t o  t h e  b in .  ~ e a d i n ~ s  taken up t o  t h a t  time 

showed cons ide rab le  point- to-point  . v a r i a t i o n .  

During t h i s  i n j e c t i o n ,  t h e  mix r a t i o  (weight of dry  s o l i d s  per  u n i t  

volume .of waste s o l u t i o n )  was determined by two methods. ' I n  t h e  f i r s t  , . 

t h e  weight of s o l i d s  consumed dufing a  given i n t e r v a l  . ( a s  measured by 

t h e  mass meter)  was d iv ided  by the  volume of waste pumped during t h e  

same i n t e r v a l  ( a s  measured by the  t u r b i n e  flowmeter).  - I n  t he  second, 

t h e  volume of s l u r r y  pumped'by the  i n j e c t i o n  pump dur ing  a  given . i n t e r v a l  

was d iv ided  by t h e  volume 'of waste pumped dur ing  t h e  same i n t e r v a l  and 

t h i s  r a t i o  was r e l a t e d  t o  t h e  mix r a t i o  by a  p rev ious ly  determined 

c a l i b r a t i o n  curve. Experience i n  prev ious  i n j e c t i o n s  has shown t h a t  t h e  

. f i r s t  method g ives  more uniform r e s u l t s  except when t h e  mass meter  i s  

b i a sed  by a  s o l i d s  accumulation on t h e  s e n s i n g  .cone. The second method, 

a l though l e s s  p r e c i s e  and more s u b j e c t  t o  point- to-point  f l u c t u a t i o n s ,  

is  n o t  in f luenced  by mass-meter b i a s ' a n d  thus  s e r v e s  a s  a  u s e f u l  check 

on t h e  mass-meter readings .  . . 



The mix r a t i o s  i nd ica t ed  by mass-meter readings  and .ob ta ined  from 

pumped volume r a t i o s  a r e  p l o t t e d  i n  Fig. 5. The discrepancy is  l a r g e  

and, except  f o r  one i n t e r v a l  s h o r t l y  a f t e r  noon, c o n s i s t e n t .  The mass- 

meter b i a s ,  which was recognized q u i t e  e a r l y  i n  t h e  i n j e c t i o n ,  was 

es t imated  t o  be  approximately 140 kg/min (300 lb/min) o r  0.24 kg/R 

(2  l b / g a l )  [ a t  510 R/min (150 gpm)]. The i n j e c t i o n  was subsequent ly run 

a t  an ind ica t ed  mass-meter mix r a t i o  of about 0.96 kg/R (8  l b / g a l )  t o  

compensate f o r  t h i s  b i a s .  

At.1200, t h e  flow of s o l i d s  from b i n  1 become uneven. The f e a r  

t h a t  t h e  l o s t  f l o a t  .from t h e  l e v e l  measuring device ,might  be plugging the .  

b i n  o u t l e t  l e d  us  t o  swi tch  t h e  s o l i d s  f low-  t o  b i n  2 a t  1212. 

A.bui ldup of s o l i d s  i n  t h e  mixing cone hopper,  which obscured the  

window, made i t  necessary t o  s t o p  t h e  i n j e c t i o n  a t  1305. Af t e r  t h e  hopper 

had been.washed, t h e  i n j e c t i o n  was resumed ( a t  1325).  Overheating of 

t h e  Moyno waste  pumps caused another  i n t e r r u p t i o n  . in t h e  i n j e c t i o n  a t  

1356. Operation was resumed a t  1405. The i n j e c t i o n  was suspended a t  

1412 .t 'o wash t h e  mixing cone hopper again.  ~ o s t  of t hese  i n t e r r u p t i o n s  

. . were caused more o r  l e s s  ' d i r e c t l y  by the  d i f f i c u l t i e s  wi th  t h e  i n j e c t i o n  

pump t ransmiss ion .  These d i f f i c u l t i e s  made i t  impossible  t o  ope ra t e  

t h e  i n j e c t i o n  pump except  a t  a  r e l a t i v e l y  low flow r a t e .  A t  t h i s  low 

r a t e ,  t h e  flow of s o l i d s  i n  t h e  mixer hopper was i r r e g u l a r  and tended t o  

s t o p  a l t o g e t h e r  a t  t imes. I n  an e f f o r t  t o  keep t h e  s o l i d s  f lowing,  t h e  

ope ra to r s  stopped and r e s t a r t e d  t h e  Moyno waste pumps more f r equen t ly  

than  usua l ;  t h i s  mode of ope ra t ion  r e s u l t e d  i n  t h e  overheat ing of t h e  

pump motors and an occas iona l  t r i p p i n g  of t h e  thermal  overload switch.  

A t  1445, t h e  i n j e c t i o n  was h a l t e d  because t h e  waste p i t s  were observed 

t o  be almdst f u l l  of waste grout .  It was found t h a t  one . o r  more df t h e  

va lves  on.  t h e  va lve  rack  between t h e  high-pressure system and t h e  d r a i n  

. t o  t h e  waste  p i t  had eroded and would no longer  hold pressure .  The 

master  va lves  on t h e  wellhead were c losed;  t h e  w e l l  c e l l  was e n t e r e d ,  

and t h e  d ischarge  l i n e  from t h e  i n j e c t i o n  pump w a s  connected , d i r e c t l y  

t o  t h e  wellhead (bypassing t h e  va lve  r ack ) .  The con ten t s  of t h e  waste 

p i t ,  followed by 5700 R (1500 .gal)  of wa te r ,  were then  pumped down t h e  

tub ing  s t r i n g  and t h e  tub ing  master  va lve  was closed.  The w e l l  c e l l  was. 

en t e red  aga in ,  and t h e  d ischarge  l i n e  from t h e  ' i n j  e ,c t ion pump w a s '  
. . 
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connected d i r e c t l y  t o  t h e  master  va lve  on t h e  annulus.  . A f t e r  f r e s h , w a t e r  
. . , . 

[5700 R (1500 g a l ) ]  had been'pumped down t h e  annulus,  t h e  annulus va lve  

was c losed  and t h e  equipment washed. . . 

The. waste  s o l u t i o n  flow r a t e .  and t h e  wellhead p re s su re  du r ing .  t h i s  

p a r t  of t h e  i n j e c t i o n  a r e  shown i n  Figs. '  6 and 7. . : . , 

.3.3 In t e r im  procedures  

On Jul'y 1, a l l  high-pressure va lves  were checked. Three va lves  
. . 

(V-2; V-5, and V-'8) were found t o  be  too  eroded t o  hold p re s su re ;  t h e  

va lve 'body was cu t  on V-8, and t h i s  e n t i r e  va lve  had t o  be rep laced .  The 

. , plugs - o f .  V-2, V-5, V-3, and V-9 were. . replaced.  ' The t ransmiss ion  on t h e  

i n j e c t i o n  pump'was checked, and t h e , a i r . s u p p l y  system was modified so t h a t  
. . 

higher -pressure  a i r .  would be  a v a i l a b l e .  On p r e s s u r i z i n g  t h e  w e l l ,  t h e  

tub ing  . s t r i n g ,  t h e  annulus,  and t h e  f r a c t u r e  were found t o  be open. ' The 

inass meter  was c leaned .  

The p r e s s u r e s ' i n  t h e . r o c k c o v e r  w e l l s  were read  b o t h  p r i o r  t o  and 

' a t '  i n t e n r a l s  dur ing  t h e . i n j e c t i o n .  These readi'ngs a r e  given i n  Table 3. 

An apprec i ab le  r i s e -  was noted i n  two w e l l s ,  NE-125 and NE-200'. 
. . 

3.4 I n j e c t i o n  on J u l y  2, 1977 

The i n j e c t i o n  was resumed a t  0815 wi th  water .  from, t h e  waste  p i t  and 

so . l ids  froin b i n  2. Flow was switched t o  T-3 ' a f t e r  2 min of ope ra t ion .  

, 
. Fewer t ransmiss ion  problems were experienced wi th  t h e  i n j e c t i o n  pump 

' . dur ing  t h i s  ' p a r t  o f ,  t h e  i n j e c t i o n ,  and t h e  i n j e c t i o n  r a t e '  averaged .between 

870 and 910 R/min.(230 and 240 gpm).. 

A t  0905, f h e  waste  flow was switched t o  T-4'.and t h e  s o l i d s  flow was 

switched to.  b i n  3. Bin 2 had contained 56,200 kg (123,600 l b )  .of ' s o l i d s ;  

t h e  consumption shoyn b y  t h e  mass meter  was 92,000 kg (202,000 l b )  . 
The mass meter was obviously reading  q u i t e  high,  b u t  most of t h i s  e r r o r  

probably odcurred bn June 30 when. t h e  mix r a t i o  ind. icated by . the  mass 

meter was a s  much a s  0.48 k g / ~  (4 , l b /ga l )  h ighe r  than.  t h e  .mix ' r a t i o  

. . c a l c u l a t e d  from t h e  r a t i o  of  t h e  pumped volumes. On J u l y  2, t h e  two 

methods of measurement were i n d i c a t i n g  approximately t h e  same mix r a t i o .  
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Fig. 6 . .  Waste s o l u t i o n  flow r a t e s  f o r  I n j e c t i o n  ILW-15, June 30,' 1977. 





Tab.le 3 .  Prcsau rc  rcadingc ,  i n  @a ( p s i g ) ,  for rock cover wells 
, dur lng  I n j e c t i o n  ILW-15 . '  

. . - - . -- -----=-= - .--- - - . . .  
- 

Rock wading  raken on June 3 0 , .  19'1j, a l  : 
cover  
w e l l  Pre-Inj  e c t i o n  1030 1200 1340 . 1505 

E-300 7 6 .  ( i l l  
. . 

83 ' (12) ' . 72 (10.5) . 52 (7.5) . 41  (6) 

5-200 4.8 (7) 55 (8) 62 (9) .62 ( 9 j  62 (9) 



T h i s  i s  shown i n  F i g s .  8  and 9. F i g u r e  8  shows t h e  c a l c u l a t e d  mix r a t i o s ,  

and F i g .  9  shows t h e  r a t i o  of t h e s e  r a t ' i o s  (a means of p l o t t i n g  t h e s e  

v a l u e s  t h a t  more c l e a r l y . e m p h a s i z e s  t h e  d i f f e r e n c e  between them).  

At 0924, t h e  in ject i 'of i  had . t o  b e  s topped  because  t h e  t r a n s m i s s i o n  

on t h e  i n j e c t i o n  pump overhea ted .  I n s p e c t i o n  r e v e a l e d  t h a t  t h e  c o o l i n g ,  

sys tem f o r  t h e  t r a n s m i s s i o n  f l u i d  w a s  i n o p e r a t i v e ;  a f t e r  t h i s  sys tem 

had been r e p a i r e d ,  t h e  i n j e c t i o n  was resumed ( a t  0957).  . ~ u r i n g  t h e  

shutdown p e r i o d ,  t h e  mass mete r  was observed t o  b e  i n d i c a t i n g  a  s o l i d s  

f l o w  of 340 kg/min (750 lb /min)  w i t h  no s o l i d s  .flow. Under t h e  u s u a l  

o p e r a t i n g  c o n d i t i o n s ,  t h i s  would r e p r e s e n t  an e r r o r  i n  t h e  mTx r a t i o  of 

0:56 kg/& (4.7 1 b l g a l ) .  An a b e r r a t i o n  of t h i s  'magni tude was p robab ly  . 

temporary,  b u t  i t s  e x i s t e n c e  sugges ted  t h a t  t h e  mass-meter read. ings  were 

p robab ly  u n r e l i a b l e  a t  t h i s  t ime.  S h o r t l y  a f t e r  t h e  i n j e c t i o n  was resumed, 

t h e  mix r a t i o  t h a t  t h e  o p e r a t o r s  were a t t e m p t i n g  t o  ho ld  was i n c r e a s e d  t o  

0.96 kg12 ( 8  l b / g a l )  t o  p a r t i a l l y  compensate f o r  t h e  mass-meter b i a s .  

A t  1142, t h e  £.low had t o  be  swi tched  t o  b i n  4 because  b i n  3  r a n  . 

empty. B i n . 3  had contained.55,OOO kg ( 1 2 0 , 0 0 0 . l b )  of s o l i d s ;  t h e  i n d i c a t e d  

consumption on t h e  m a s k  mete r  w a s  68,000 kg (150,000 lb) ' .  

A t  1254, t h e  .mixer  hopper was f looded  w i t h  cement and t h e  i n j e c t i o n  

was h a l t e d  t o  c l e a r  t h e  .hopper .  The i n j e c t i o n  was resumed at  13.2'1. 

, ' A t  1433, b i n  4  ran,  empty and t h e  f low was swi tched  t o  b i n  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  from t h e  b l e n d i n g  tanks ') .  Bin 4  had 

c o n t a i n e d  53,000 kg (116,700 l b )  of s o l i d s ; '  t h e  i n d i c a t e d  consumption . . o n -  

t h e  mass mete r  was 82,000 kg (280,000 l b )  - a 54% e r r o r .  

A t  1510, t h e  Moyno was te  pump s topped  pumping - t h e  t h e r m a l  over load  

s w i t c h  had .kicked o u t .  ~ l t h o u ~ h  t h e  pump was r e s t a r t e d  a f t e r  a b r i e f  

pause ,  i t  s topped  ,pumping agair i  a t  1522. Opera t ion  was resumed a t  1528, 

a t  which t i m e  f low was swi tched  t o  p i t  wa te r .  

The i n j e c t i o n  was h a l t e d  t o  c l e a r  t h e  .mixer hopper a t  1540 b u t  was 

resumed a t  1549. A t  1555, t h e  f low was swi tched  t o  f r e s h  wate r .  A t  1618, 

t h e  i n j e c t i o n  was t e r m i n a t e d .  The t u b i n g  and , the  annu lus  were washed w i t h  

800 R (210 g a l )  and 2400 R (630 g a l )  of w a t e r  r e s p e c t i v e l y . '  The t u b i n g  

mani fo ld  was a l s o  washed. 
. . 

The w a s t e  ' s o l u t i o n  f low r a t e  and t h e  we l lhead  p r e s s u r e  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 r e  ~ h o w n  i n  F igs .  1 0  and 11. 
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~ i ~ .  .8. I n d i c a t e d  nix r a t i . 3 ~  f o r  I n j e c t i o n  ILW-15, J u l y  2, 1977.  
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Fig. 10. Waste solution flow rates for,Injection ILW-15, July 2, 1977. 
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The waste  s o l u t i o n  remaining i n  t h e  waste  tanks  st t h e  end of t h e  

i n j e c t i o n  t o t a l e d  30,500 R (8080 g a l )  -.2950 R (780 g a l )  i n  T-1, 

4200 R (1100 g a l )  i n  T-2, 13,800 R (3650 g a l )  i n  T-3, 6600 R (1750 g a l )  

i n  T-4, and 3400 R (900 g a l )  i n  T-9. A cons ide rab l e  amount of s o l i d s  

remained i n  b in s  1 and 2. 

Table  4  g ives  p r e s s u r e  r ead ings  f o r  t h e  rock cover  w e l l s  j u s t  p r i o r  

t o .  t h e  i n j e c t i o n  and a t  i n t e r v a l s  dur ing  t h e  i n j e c t i o n .  An app rec i ab l e  

p r e s s u r e  r i s e  was noted i n  f i v e  w e l l s :  NE-125, NE-200, N-200, NW-175, 

and NW-250. 

3 . 5  Llate 'Analys i s  

The volume of waste  s o l u t i o n  o r  p i t  water  pumped dur ing  t h i s  i n j e c t i o n  

was determined by t h r e e  methods. The s o l u t i o n  flow t o  t h e  mixer was 

measured by both a  H a l l i b u r t o n  t u r b i n e  flowmeter and a  record ing  o r i f i c e  

meter .  The waste s o l u t i o n  was measured by t h e  change i n  tank  s o l u t i o n  

l e v e l .  A comparison of t h e  volumes obta ined  wi th  t h e  t h r e e  methods i s  

g iven  i n  Table  5. During t h i s  i n j e c t i o n ,  t h e  o r i f i c e  meter read ings  were,  

f o r  t h e  most p a r t ,  q u i t e  e r r a t i c ;  even when t h e  recorded flow'was s t a b l e  

enough t o  e s t i m a t e  t h e  pumped volume, t h e  agreement of t h e  o r i f i c e  meter 

w i t h  t h e  t ank  l e v e l s  and t h e  t u r b i n e  meter  was g e n e r a l l y  poor. Agreement 

of t h e  t ank  l e v e l  r ead ings  and t h e  t u r b i n e  meter  read ings  was usua1,ly good 

( w i t h i n  5 % )  except  f o r  t h e  pe r iod  a f t e r  1350 on J u l y  2 when tank  T-9 was 

be ing  pumped; du r ing  t h i s  t i m e ,  t h e  t u r b i n e  meter  was read ing  %15% lower 

t h a n  t h e  t ank  l e v e l  measurements i n d i c a t e d .  Because t h e  t u r b i n e  meter  

r e a d i n g s  a r e  t y p i c a l l y  more convenient  t o  use  than t h e  tank  l e v e l  r ead ings ,  

t h e y , a r e  used i n  t h e  subsequent  c a l c u l a t i o n s .  

The s t r o k e  counter  on t h e  i n j e c t i o n  pump was used t o  measure t h e  

volumes of g rout  t h a t  were i n j e c t e d .  These volumes were recorded a t  

5-min i n t e r v a l s  throughout  b o t h  i n j e c t i o n  days. 

The consumption of d ry  s o l i d s  was measured by t h e  H a l l i b u r t o n  mass 

flowmerer.  The flowmeter r ead ings ,  which were a l s o  noted a t  5-min 

i n t e r v a l s  dur ing  t h e  i n j e c t i o n ,  were recorded.  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  was used a s  a  p e r i o d i c  c h e c k o n  t h e  

accuracy  of t h e  m a s s  f lowmeter dur ing  t h e  i n j e c t i o n .  I f  t h e  r ead ings  of 



Table .  4. P r e s s u r e  r e a d i n g s ,  i n  kPa ( p s i g )  , f o r  
r o c k  .cover w e l l s  - I n j e c t i o n  ILW-15' 

Rock Reading t aken  on J u l y  2 ,  1977, a t :  
cover  
w e l l  . Pre- In j  e c t i o n  0925 1230 , 1450 

E-200 69 (10) . 66 (9.5)'  24 (3 .5 )  0  



T a b l e  5 .  Cornpa,risori of volume measi rement i  from ~ n j e c t i o n  ILW-15 

. . 
Turbine -. ' -Tank O r i f i c e  

Pumping mete r  l e v e l  meter  
. . Tank , t ime  . 

'Time . s o l u t i o n  (min) ( a )  ( g a l )  ( a )  i g a l )  ( a )  . ( 'ga l )  

June  30 

. .  . 
J u l y  2 



t h e  v a r i o u s .  l e v e l  d e v i c e s  on t h e  b u l k  s t o r a g e  b i n s  had been c o n s i s t e n t  

and r e l i a b l e ,  they  could  a l s o  have been used t o  de te rmine  . the  rate of 

s o l i d s  consumption. However, t h e s e  r e a d i n g s  were  g e n e r a l l y  t o o  incon- 

s i s t e n t  and e r r a t i c  t o  be  used f o r  t h i s  purpose .  -Both t h e  z e r o  and 

t h e  span  of a l l  t h r e e  s t r a i n  gage r e a d i n g s  were  s e r i o u s l y  i n  e r r o r .  

The s o n a r  gag& on b i n '  2  was c o n s i s t e n t l y  e r r a t i ' c ;  t h u s  t h e  r e a d i n g s  of 

t h i s  ' i ns t rument  were n o t  r ecorded .  The M o n i t r o l  r e a d i n g s  showed 

c o n s i d e r a b l e  po in t - to -po in t  s c a t t e r  ( F i g .  12 i s  a  t y p i c a l  s e t  of r e a d i n g s ) .  

Such r e a d i n g s  s u g g e s t  t h a t  (1)  t h e  s o l i d s  l e v e l  i n  a  b i n  b e i n g  emptied 

. f l u c t u a t e s  r a p i d l y  a s  r a t h o l e s  form and c o l l a p s e ,  (2)  t h e  i n s t r u m e n t  i s  

.measur ing  t h e  a c t u a l  l e v e l  a t  a s p e c i f i c  t i m e  and l o c a t i ' o n  i n  t h e  t a n k ,  

and (3 )  t h i s  a c t u a l  l e v e l  can be  o n l y  approx imate ly  r e l a t e d  t o  t h e  weight  

of s o l i d s  i n  t h e  t a n k .  

The b u l k  s t o r a g e  b i n s  c o n t a i n e d  a c o n s i d e r a b l e  amount of s o l i d s  a t  

. t h e  end of t h e  i n j e c t i o n .  ~ t i i r t ' ~  t r u c k  l o a d s  of s o l i d s  were  removed from 

t h e  f o u r  s t o r a g e  b i n s :  2  l o a d s  from b i n  3 ,  2  l o a d s  from b i n  4 ,  12 loads: 

f r o m . b i n  1,' and 14 l o a d s  from b i n  2. S i n c e  each  t r u c k  l o a d  is e s t i m a t e d  

t o  c o n t a i n  about  1000 kg. (2200 l b )  of s o l i d s ,  t h e  t o t a l  w e i g h t ' o f  s o l i d s  

remaining a f t e r  t h e  i n j e c t i o n  i s  e s t i m a t e d  t o  be  30,000 kg (66,000 l b )  . 
. . 

The n e t  consumption of s o l i d s  was 246,000 kg (540,000 l b ) .  
. . 

' 

. T.he 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 

w a s t e  s o l u t i o n  o r  w a t e r )  .'is a u t o m a t i c a l l y  de te rmined .  d u r i n g  t h e  i n j e c t i o n  

by d i v i d i n g  t h e  r e a d i n g  of t h e  mass f lowmeter  ( lb /min)  by t h e  r e a d i n g  

of t h e  t u r b i n e  flowmeter (gpm). The accuracy  of t h i s  r a t i o  i s ,  of c o u r s e ,  

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 . i n  t h e  c a s e  

of t h e  mass , f lowmete r  were , suspec t  d u r i n g  a 1 a r g e . p a r t  of t h e  i n j e c t i o n ) .  

. .  . A check on t h e  mass f lowmeter r e a d i n g s .  is  prov ided  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  is  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 ' ;  f o r  example, t h e  f lowmeter  o r  s t r o k e  c o u n t e r  may be  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  is  n o t  w e l l  known. 

th rough  t h e  e n t i r e  range  o f -  r a t i o s , .  t h e  r e l a t i o n s h i p  o f ,  t h e  r a t i o s  may 

. . v a r y  somewhat 'wi th  d i f f e r e n t  b a t c h e s  of w a s t e  s o l u t i o n  o r  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  t u b  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 v o l u m e  r a t i o  i s  a  u s e f u l  

check o n . t h e  mix rati io.cal .culated from mass f lowmeter  r e a d i n g s .  Three  
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Fig. 12.  Monitrol  r e a d i ~ g s , s h o w i n g  level i n d i c a t i o n  f o r  b i n  3 ,  
J u l y  2, 1977. 



r e l a t i o n s h i p s  between t h e  volume r a t i o  and t h e  mix r a t i o  a r e  shown i n  

F igure  13: a. c a l c u l a t e d  r e l a t i o n s h i p  based on 100% pump e f f i c i e n c y ,  a 

c a l c u l a t e d  r e l a t i o n s h i p  based on 90% pump e f f i c i e n c y ,  and an observed 

r e l a t i o n s h i p  based on d a t a  p o i n t s  from previous in jec t . ions .  The observed 

r e l a t i o n s h i p  was used t o . c a l c u 1 a t e  s o l i d s  consumption ' in  I n j e c t i o n  ILW-15. 

The consumption.of s o l i d s  dur ing  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  

summarized i n  Table 6. The va lues  i n  t h i s  t a b l e  were computed from 

' (1)  t h e  weight o f .  s o l i d s  charged t o  each b i n , '  ( 2 )  t h e  mass flowmeter 

r ead ings ,  and (3) t h e  volume r a t i o .  

.Washout of t h e  d r a i n  va lves  occurred a t  about 1440 on June 30. 

The i n j e c t i o n  was h a l t e d  a s  soon. a s  t h i s  s i t u a t i o n  became known. It was 

found t h a t  p re s su re  could n o t  be  maintained i n  t h e  high-pressure p ip ing  

manifold by e i t h e r  t h e  i n j e c t i o n  pump o r  t h e  s tandby pump; t h i s  would b e  

t h e  ' c a se  only  i f  more . than one va lve  were leaking .  Since t h e  w e l l  had 

t o  be  c l ea red  promptly, a temporary bypass l i n e  was connected from t h e  

i n j e c t i o n  pump ' d i r e c t l y  t o  t h e  wellhead (bypassing t h e  va lve  rack)  and 

t h e  w e l l  was pumped f r e e  of g rou t  and s h u t  i n .  Examination of t h e  high- 

p re s su re  va lves  i n  t h e  va lve  rack  on t h e  foi lowing day . r evea l ed  t h a t  

t h r e e  of them were too  eroded t o  hold p re s su re ;  t he re fo re ;  they  were 

rep laced .  

The r e s u l t s  i n  Table 6 i n d i c a t e  t h a t  themass-meter  readings  were 

high.  The s o l i d s  consumption computed from t h e  volume r a t i o  is  a l s o  h igh ,  

b u t  t h e  e r r o r  i s  sma l l e r  and more c o n s i s t e n t  than  t h a t  i n  t h e  mass-meter 

i n d i c a t i o n s .  The source  of t h i s  e r r o r  i s  probably a b i a s  i n . t h e  curve 

used t o  r e l a t e  t h e  volume r a t i o  t o  t h e  mix r a t i o ; . a  s i m i l a r  b i a s  of 

approximately t h e  same magnitude w a s  noted i n  I n j e c t i o n  ILW-14. 

Values f o r  t h e  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-15 a r e  

given i n  F igs .  14 and .15 .  Th i s  r a t i o ,  which i s  based on the.volume r a t i o ,  

has, been normalized s o  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  i n j e c t e d  would 

correspond t o  t h e  . quan t i t y  'consumed. 

The r a d i a t i o n  monitor readings  showed.no c l e a r  c o r r e l a t i o n  wi th  t h e  

m i x , r a t i o  and were i n s e n s i t i v e  t o  m i x . f l u c t u a t i o n s .  Shie ld ing  of t h e  

monitors  t o  reduce background r a d i a t i o n  would probably i n c r e a s e  t h i s  

s e n s i t i v i t y  and,might improve t h e  r e s u l t s .  
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Fig. 13. Core la t ion  between mix r a t i o  and volume r a t i o .  
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T a b l e  6. S o l i d s  cons~mpt ion ,  i n  kg ( l b ) ;  during 1 n j  e c t i o n  ILW-15 . . 
. . 

. . 

Calcula ted  
. . Weight' Weight Weight Mass-meter from 

Bin No. charged r.emaining consumed .' i n d i c a t i o n  volume r a t i o  . . ' . 

56 , io0  (123,600) 12,300 ( 2 7 , 0 0 0 )  44,100 (97,000) 56,800 <124,900) 33,900 (74,500) 1. W 
. -  

2 56,200 ;123,700) 1,820 (4 ,000)  , 54,609 (120,000) 91,800. (201,900) 69',400 (152,700)' 
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F i g .  1%: C o r r e c ~ e d  mix r a t i o  f o r  I n j e c t i o n  I:W-PI, J-1r:e 30, 1977. 
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Fig. 15: Zorrected mix ratio for'1njection ILW-15, July 2, ,1977. 



3.6 Evalua t ion  of t h e  I n j e c t i o n  

.More d i f f i c u l t i e s  were experienced during t h i s  i n j e c t i o n  than would 

normally b.e expected.  These d i f f i c u l t i e s  included an i n j e c t i o n  pump 

t r a n s m i s s i o n  t h a t  p e r i o d i c a l l y  mal func t ioned ,  .was te  pumps t h a t  overhea ted ,  

a  f r e q u e n t l y  e r r a t i c  mass flowmeter,  and a  washout o f .  s e v e r a l  shu to f f  

v a l v e s .  .More p o s i t i v e  a s p e c t s  included t h e  s a t i s f a c t o r y  performance of 

t h e  new l i g h t i n g  system i n  t h e  mixing tub  and a  more c o n s i s t e n t  propor- 

t i o n i n g  of t h e  v a r i o u s  d ry  s o l i d s  i n g r e d i e n t s .  

The i n j e c t i o n  pump t r ansmis s ion  dbviously d i d  no t  f u n c t i o n  w e l l  dur ing  

t h i s  i n j e c t i o n .  Problems w i t h  t h e  t ransmiss ion  r e s u l t e d  d i r e c t l y  i n  

s e v e r a l  i n t e r r u p t i o n s  of t h e  i n j e c t i o n  and i n d i r e c t l y  caused s e v e r a l  more. 

Durink much of t h e  i n j e c t i o n ,  t h e  .bump. had t.o be run a t  a rcduced r a t e ;  

t h i s  r a t e  was lower than  t h a t  r equ i r ed  f o r  b e s t  ope ra t i on  of t h e  j e t  

mixer and,  a s  a  r e s u l t ,  a s o l i d s  bu i ldup  f r e q u e n t l y  occurred i n  t h e  mixer 

hopper.  One method of c l e a r i n g  t h e s e  s o l i d s  was t o  start  and s t o p  t h e  

was te  pump s e v e r a l  t imes;  however ,, t h i s  procedure r e s u l t e d  i n  overhea t ing  

of t h e  ~ 6 y n o  waste  pumps and e i t h e r  caused o r  acerba ted  t h e  problems 

exper ienced  wi th  t h e s e  pumps. The f r equen t  s t o p s  and s t a r t s  a l s o  probably 

c o n t r i b u t e d  t o  t h e  d i f f i c u l t i e s  experienced wi th  t h e  mass flowmeter; i n  

s e v e r a l . c a s e s ,  t h e  s t o p s  r e s u l t e d  i n  t h e  f looding  of t h e  bottom of t h e  

mixer  hopper (and a t  l e a s t  t h e  lower p a r t  of t h e  mass meter)  wi th  waste  

s o l u t i o n .  Ln t h e  subsequent r e s t a r t ,  s o l i d s  caked on t h e s e  wet ted s u r f a c e s .  

I n  most c a s e s ,  t h e  a f f e c t e d  a r e a  was probably sma l l ;  however, on some 

occas ions  t h e  mass-meter cone was wet ted  and subsequent ly  became coated 

w i t h  s o l f d s ;  on t h e s e  occas ions  t h e  e f f e c t  on instrument  accuracy would 

be  cons iderab le .  

Con t ro l  of t h e  mix r a t i o  was e r r a t i c  dur ing  t h i s  i n j e c t i o n .  A r a t t o  

of 0 .78 kg/R (6.5 l b / g a l )  was planned, bu t  t h e  o v e r a l l  average r a t i o  was 

0.66 kg/& (5.5 l b l g a l )  , and a  p o r t i o n  of t h e  i n j e c t i o n  w a s  made a t  a  mix 

r a t i o  w e l l  below t h i s  average.  The primary reason  f o r  t h e  d i f f i c u l - t y  

w i t h  t h e  c o n t r o l  was t h e  b i a s e d  mass flowmeter read ings .  Ear ly  i n  t h e  

i n j e c t i o n ,  i t  became obvious t h a t  t h e r e  was a  wide d i sc repancy  between 

t h e  mix r a t i o ,  a s  suggested by t h e  r a t i o  of t h e  pumped volumes and 

t h e  mix r a t i o  i n d i c a t e d  by t h e  mass meter ;  however, t h e r e  was r e l u c t a n c e  



t o  b e l i e v e  t h a t  t h e  e r r o r  i n  t h e  mass meter was as g r e a t  a s  i t  a c t u a l l y  

was. Because b i n  1 was never  emptied and b i n  2.was drawn from on 2  days, 

no accu ra t e  check  could b e  made o n  t h e  mass m e t e r  u n t i l  b i n  3 had been  

.emptied - l a t e  i n  t h e  inj.ection. ' .  Th i s  check ind ica t ed  t h a t  t h e  mass 

meter was reading  , '~25% .high,  which was t h e  sma l l e s t  e r r o r  noted during 

the '  i n j e c t i o n ,  and tended  t o  confirm t h a t  an e r r o r  d id  e x i s t  b u t  w a s  

' n o t  l a r g e .  

Keeping t h e  mix r a t i o  comparat ively low dur ing  an . i n j e c t i o n  provides  

s e v e r a l  advantages;. f o r  example, t h e  mechanical problems a r e  fewer w i th  

a l e a n  mix, and t h e r e  is' l e s s  l i k e l i h o o d  of d e p l e t i n g  t h e  s o l i d s  whi le  

unused waste  s o l u t i o n  remains i n  t h e  tanks. There 'is no 'comparable incen- 

t i v e  t o  run ,with a  h igh  mix r a t i o .  When instrument  readings  , i n d i c a t e  

d i f f e r e n t  mix r a t i o s  i n  t h e s e  circumstances, '  t h e  no'rmal tendency, . there-  

f o r e ,  i s  t o  b e l i e v e  t h e  instrument  t h a t  shows t h e  h ighe r  mix r a t i o .  

I n  t h i s  i n j e c t i o n ,  t h e  r a t i o  of t h e  pumped volumes gave a b e t t e r  

i n d i c a t i o n ' o f  t he .mix  r a t i o  than  d i d  t h e  mass meter ;  however, even t h i s  

i n d i c a t i o n  was '~11% highe r  t han  t h e . a c t u a 1  mix r a t i o .  A s i m i l a r  e r r o r  

wai  a l s o  noted in I n j e c t i o n  ILW-14; t h e  c a l i b r a t i o n  curve f o r  t h i s  

i n d i c a t i o n  should. probably be  .redrawn. Since t h i s  r a t i o  provides  a .  

u s e f u l  ' check on t h e  accuracy of t h e  mass meter ,  t h e s e  , r ead ings  should 

cont inue  t o  b e  taken and computed dur ing  an i n j e c t i o n .  

The l e v e l  measurements on t h e  s t o r a g e  b i n s  were too  e r r a t i c  t o  be 

used f o r  a  check on t h e  mix r a t i o ;  a .we igh t  measurement was needed. 

The s t r a i n  gage on b i n  1 performed s a t i s f a c t o r t l y  (except  f o r  a zero 

e r r o r ) ,  a s  i t  had i n  prev ious  i n j e c t i o n s .  The o t h e r  s t r a i n  gages,  which 

have a  h i s t o r y  of u n r e l i a b i l i t y ,  d i d  no t  func t ion  proper ly  dur ing  t h i s  

The new l i g h t i n g  system i n . t h e  mixing tub  worked q u i t e  we l l ;  t h i s  

problem appears  60 have been solved.  

The. propor t ion ing  o'f t h e  d r y  s o l i d s  was much b e t t e r  f o r  t h i s '  i n j e c t i o n  

than  f o r  prev ious  i n j e c t i o n s .  Only t h e  f i r s t  b i n  t h a t  was blended had an  

apprec iab ly  d i f f e r e n t  composition from t h e  s tandard  mix. . .  



3.7 Pos t - In j ec t ion  o p e r a t i o n s  

The p r e s s u r e  a t  t h e  i n j e c t i o n  w e l l  was 4'. 59 MPa (669 p s i )  on 

J u l y  6 ,  1977. The r a t e  of  p r e s s u r e  dec rease  was p ropor t iona l  t o  t h e  . 

l oga r i t hm of  t ime u n t i l  t h e  bleedback. o p e r a t i o n  was s t a r t e d  and t h e  

p r e s s u r e  observa t ion 'was  s topped.  The f i n a l  observed p re s su re  was 

2.14 MPa ('310 p s i ) .  

Bleedback from I n j e c t i o n  ILW-15, which was s t a r t e d  on August 22, 1977, 

and cont inued u n t i l  October 11, amounted t o  a  t o t a l  of 6170 L (1630 g a l ) .  

T h e . i n i t i a 1  r a t e  was 16.3 L/h (4.3 g a l / h ) ,  wh i l e  t h e  f i n a l  r a t e  was l e s s  

t h a n  1.1 Llh (0.30 g a l / h ) .  ?7igure 16  is  a p l o t - o f  t h e  recovered bleed-. 

back volume. T h i s . r a t e  o f .b l eedback  is  q u i t e  low in comparison t o  

p rev ious  measurements. 

The obse rva t ion  w e l l s  w e r e  logged. No trace o f  t h e  i n j e c t i o n  w a s  

found i n  w e l l s  5-220, E-320, NbT-100, n c  N-200. Minor peaks w e r e  noted i n  

w e l l s  N-100 and N-150 a t  244 m (801 i t )  and 249 m (817 f t )  r e s p e c t i v e l y .  

Three peaks  were  observed i n  w e l l  N-125 a t  247 m (810. f t )  , 247.2 m ( k l l  i t ) ,  

and 248 m (815 f t ) .  . . 
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DAYS OF BLEEDBACK 

Fig.' 16. Volume of bleedback recovered a f t e r  I n j e c t i o n  ILW-15:. 



4. INJECTION. ILW-16 

4 . 1  Pre l iminary  P repa ra t ions  

4.1.1 W a s t e . t r a n s f e r  and a n a l y s i s  

A p r o p o r t i o n a l  sample of t h e  waste  s o l u t i o n .  t o  be i n j e c t e d  is  

r o u t i n e l y  obta ined  a s  t h e  s o l u t i o n  i s  pumped. from t h e  waste  s t o r a g e  tanks  

i n  Bethe l  Val ley  t o  t h e  was te  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 .  

The sample is  obta ined  on ly  s h o r t l y  b e f o r e  t h e  i n j e c t i o n ,  however, and 

.an e a r l i e r  a n a l y s i s  i s  needed f o r  mix c o m p a t i b i l i t y  t e s t s .  For t h i s .  

rcooon,.  a grab oamplc f r o m  one df the  w a s t e  storage t anks  i n  ~ e t h r l  Val ley 

w a s  analyzed f o r  t h i s  i n j e c t i o n .  The ana lyses  of . both  . samples a r e  given 

i n  Table  7 . .  A s  s een ,  t h e  r e s u l t s  a r e  s i m i l a r  f o r  s o l u b l e  components bu t  

d i s s i m i l a r  . for  i n s o l u b l e  componenfg. . . 

The f i l l e d  t a n k  volumes were as fol lows:  T-1, 55,910 R (14,772 g a l ) ;  

T-2, 56,320 R (14,881 g d ) ;  T-3, 92,900 R (24,545 g a l )  ; T-4, '94,530. R 

(24,975 g a l )  ; and T-9, 48,890 R (12,918 g a l ) .  

4.1.2 F a c i l i t y  mod i f i ca t ions  

One measure of t h e  mix r a t i o .  dur ing  an i n j e c t i o n  (and a u s e f u l  'check 

on t h e  mass meter)  i s  t h e  r a t i o  of g rou t  volume t o  waste  volume. I n  

i n j e c t i o n s  p r i o r  to.lLW-16, t h i s  r a t i o  had been c a l c u l a t e d  a t  5-min 

i n t e r v a l s  from read ings  taken  from t h e  s t r o k e  counter  and t h e  t u r b i n e  
. . 

flowmeter.  For 1 n j  e c t i o n '  ILW-16, an  ins t rument  w a s  devised t o  ,.provide 

a n  i n d i c a t i o n  of t h e  in s t an t aneous  va lue  o f '  t h i s  r a t i o .  A recorded t r a c i n g  

o f '  t h i s  r a t i o  was b u t  t h e  r eco rde r  was not a v a i l a b l e  i n  . t ime 

foi. Lllt: 111J ecLlu11. 

The f l o a t s  on t h e  Moni t ro l  s o l i d s  l e v e l  measuring devices  were f i rmly  

a t t a c h e d  t o  t h e  c a b l e s ,  Safety l i n e s  w e r e  a1 sn prmr ideJ .  

4.1.3 P re l imina ry  maintenance 

S h o r t l y  a f t e r  t h e  complction of  I n j e c t i o n  ILW-15, the s o l i d s  .remaining 

i n  t h e  b i n s  were removed 'and disposed o f .  The b i n s  and t h e  mass-meter 

cone were c leaned ,  and t h e  mass meter was reworked. 



. . 

Table 7. Composition of waste solution for ~njection ILW-16 
. . . . . . 

Component,  tab sample Proportional sample . ' , . ' 

. . 

N A ~  .N03-, M 0.635 

NH~+, .M 1 . 5 ~ 1 0 - ~ .  . .  N A 

~ 0 3 ~ -  ; .M - .  

OH-, - M 
Cl', 2 
so42-,. 

specific gravity 

1 3 7 ~ s ,  ci/R 
(Cilgal) . 

9 0 ~ r ,  ci/,i , . 

(cilgal) 

60~o., C ~ / R  
(Cilgal) 

3 4 ~ s ,  . c ~ / R  
(Cilgal) . , . 

l.06~11, Ci/t 
(Cilgal) 

a CiIR '(Cilgal) 

%A = not analyzed. 
. . 



During the  3  days p r i o r  t o  t h e  i n j e c t i o n ,  s e v e r a l  maintenance t a s k s  

were completed. For  example, t h e  v a l v e s  i n  t h e  high-pressure system 

were c leaned  and checked and s e v e r a l  c o r e s  and i n s e r t s  were rep laced .  

I n  a d d i t i o n ,  t h e  remote t r ansmis s ion  s h i f t e r  was connected. Four of t h e  

va lve ,  s e a t s  on t h e  i n j e c t i o n  pump were rep1aced;the pump was repacked, 

and t h e  new packing was "run-in." Examination of t h e  s u c t i o n  hoses t o  

t h e  i n j e c t i o n  pump revea led  t h a t  they were cemented. Therefore,  t h e  

cement was removed from one hose,  and , the second hose was rep laced .  The 

mass m e t e r  was r e p a i r e d  and c a l i b r a t e d .  

4.1.4 Plugging and c l o t t i n g  injection w e l l  

Four i n j e c t i o n s  had been made i n t o  t h e  e x i s t i n g  s l o t  a t  250 m 

(822 f t ) ;  ope ra t ing  procedures  r e q u i r e  t h a t  t h e  e x i s t i n g .  s l o t  be plugged 

and a  new s l o t  b e  c u t  a t  a  depth  3  m (10 f t )  above t h e  previous s l o t .  On 

November 1 4 , ' a  b a t c h  of .cement g rou t  was mixed and pumped i n t o  t h e  we l l .  

Th i s  g r o u t  was d i s p l a c e d  w i t h  2.15 g a l  of water  and. t h e  w e l l  was shu t  i n  

under p re s su re .  On November 15 ,  t h e  p lug  f a i l e d  when t e s t e d .  under p re s su re .  

The p lugging  o p e r a t i o n  w a s  then  r epea t ed  w i t h  a  second ba t ch  of cement 

s l u r r y ,  which - w a s  d i s p l a c e d  w i t h  795 R (210 g a l )  of water .  On November 16 ,  

t h e  p lug  h e l d  a t  a p r e s s u r e  of 34.5 MPa (5000 p s i ) .  When t h e  depth of 

t h e  p lug  was measured, 246 m (806 f t ) ,  it was found t o  b e  1 .8  m (6  f t )  

roo high.  'Therefore, t h e  p l u g  was d r i l l e d  o u t  t o  248 m (814 f t ) .  

The w e l l  was s l o t t e d  a t  247.5 m. (812 Ef), us ing  p re s su re  t h a t  v a r i e d  

between 31  and 1 7  MPa (4500 and 2500 p s i )  a t  about 570 R/min (150 gpm). 

Th i r ty - f ive  sacks  of sand and 22.7 kg (50 l b )  of WG-6 suspender were used. 

The w e l l  was pressured  t o  34.5 MPa (5000 psi.) bu t  would n o t  break;  a 

p r e s s u r e  of 37.9 MPa (5500 p s i )  was requi red .  The s l o t  was en larged  by 

pumping 1~7600 R (2000 g a l )  o f  water,. The i n j e c t i o n  p tess l l re  g radua l ly  

decreased  dur ing  t h i s  pe r iod  from 3 7 . 9  to 33.1 MPa (5500 t o  /1800.poi ) ,  

wh i l e  t h e  i n j e c t i o n  rate inc reased  from 380 t o  760 E/min (100 t o  200 gpm). 

4.1.5 S o l i d s  b m  

F ive  ba tches  of d r y  s o l i d s  were blended and loaded i n  t h e  s t o r a g e  

b i n s  a t  t h e  f r a c t u r i n g  s i t e .  Four of t h e s e  were loaded i n  t h e  s t o r a g e  



b i n s ,  whi le  t h e  remaining one was l e f t  i n  t h e  blending t anks  f o r  l a t e r  

t r a n s f e r  t o . a n  empty bin.  The weights  of 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 . t h e  s o l i d s  mix a r e  given i n  Table 8. 

It has  been observed p rev ious ly  t h a t  t h e  e f f e c t i v e n e s s  w i th  which 

t h e  g r o u t s  made f r o m ' t h e  blended s o l i d s  w i l l  r e t a i n  water  v a r i e s  i n v e r s e l y  

wi th  t h e  number of blending t r a n s f e r s  t o  which t h e  s o l i d s  ar,e subjec ted .  

Blending ope ra t ions  i n  t h e  l a b o r a t o r y  a r e  comparat ively g e n t l e ,  and a  

r a t i o  of 0.72 kg of d r y  mix p e r  l i t e r  of waste  (6 l b l g a l )  i s  almost 

always s u f f i c i e n t  t o  bind a l l  . the water,. Blending ope ra t ions  i n  t h e  

f i e l d  a r e  more r igo rous ,  and a  r a t i o  of a t  l e a s t . 0 . 8 4  k g / ~  (7 l b / g a l )  

i s  u s u a l l y  requi red .  Resu l t s  of t h e  s o l i d s  c o m p a t i b i l i t y  t e s t i n g  f o r  

r e c e n t  i n j e c t i o n s '  show t h a t  t h e  blended s o l i d s  i n  t h e  P-tank (which' 

had been sub jec t ed  t o  one l e s s  b l e n d i n g . t r a n s f e r )  would b ind  more waste  

per  u n i t  weight t h a n . t h e  s o l i d s  i n  t h e  v a r i o u s  s t o r a g e  b i n s .  I n  t h i s ,  

i n j e c t i o n ,  t h e r e f o r e ,  a  t e s t  was d e s i r e d  t o  determine whether one of t h e  

f o u r  b lending  t r a n s f e r s  could b e  e l imina ted  wi thout  adverse  e f f e c t s  on 

mix q u a l i t y .  For t h i s  t e s t ,  t h e  s o l i d s . i n ' s t o r a g e  b i n  1 were t o  be  

t r a n s f e r r e d  one t ime fewer t han  t h e  s o l i d s  i n  t h e  o t h e r  s t o r a g e  b i n s  and 

any d i f f e r e n c e s  i n  v i s c o s i t y  o r  phase s e p a r a t i o n  noted.  This  was 

e s s e n t i a l l y  done a s  planned, a l though a  f a i l u r e  of t h e  bag s o l i d s  conveyer 

a t  t h e  s t a r t  of t h e  blending ope ra t ion ' compl i ca t ed  t h e  procedure. 

The conveyer f a i l e d  a f t e r  t h e  t rucks  conta in ing  t h a t  day 's  supply of 

cement and f l y  ash had a l r eady  a r r ived .  Repai rs  t o  t h e  conveyer would 

r e q u i r e  such a  l a r g e  p o r t i o n  of  t h e  day t h a t  n o t i m e  would be  l e f t  f o r  

blending ope ra t ions ;  on t h e  o t h e r  hand, t h e  t r u c k  o p e r a t o r s  wanted t h e i r  

t r u c k s  emptied as exped i t i ous ly  as poss ib l e .  Accordingly, t h e  con ten t s  

of t h e  t r u c k s  were t r a n s f e r r e d  , i n t o  t h e  p r e s s u r e  t anks ,  'one-third of  t h e  

cement and one-third of , the  f l y  a sh  being charged t o  each tank. The 

fol lowing day ( a f t e r  t h e  conveyer had been r e p a i r e d ) ,  , t h e  o t h e r  i n g r e d i e n t s  

were added t o  t h e  cement and f l y  a s h  i n  t h e  s c a l e  tank ,  and t h e s e  s o l i d s  

were blended and t r a n s f e r r e d  t o  t h e  s t o r a g e  bin. This proced~ l re  was 

repea ted  f o r  t h e  m a t e r i a l s  s t o r e d  i n  t h e  o t h e r  two p r e s s u r e  tanks.  

The' o v e r a l l . r e s u l t  was t h a t  t h e  cement and f ly-ash  components of t h e  

mix.were t r a n s f e r r e d  more t imes  than  usua l ;  however, t h e  mix a s  a whole 

was sub jec t ed  t o  one leis t r a n s f e r  t han  r equ i r ed  by the nonna'i b lending  



. . 

. . Table 8 .  Dry s o l i d s  mix f o r  ' ~ n j e c t i o n  ILW-'16 

Bin 1 Bin 2 Bin 3 Bin 4 P- t anks 

Blending 11/1(1/77 l l / ' l l / 7  7 11/8/77 11/7/77 1.1/14/77. 
d a t e  

cement, kg 22 ,)70 '(46,563) 21,400 (47,070) 21,830 (48,030) 21 ,:800 (47,950) 21,250 (46,740) 
( l b )  . . 

F l y  a sh?  23,210 (51.,079) 26,050 (57,330) 24,290 (53,430) 22,705 (45,950) 23,910 (52,600) ' 

kg ( lh) .  . . CI 
CO 

Clay, kg 
( l b )  

Sugar,  kg 25 (5L) 25 (54) 25 (54) 25' (54) . 25 (54) 
( l b )  

To ra l  58,438 (128,'564) 6C ,730 (133,514) 59,330 (130,534)' 57 ,970 (127,526) 57,815 (127,194) 



procedure (except  f o r  t h e  f i r s t  ba t ch  t r a n s f e r r e d  t o  t h e  s t o r a g e  b i n ;  

t h e  t rea tment  of t h i s  ba t ch  was n e c e s s a r i l y  anomalous). T rans fe r s  of 

cement, o r  ' f l y  ash a r e  n o t  considered t o  have any in f luence  on mix 

p rope r t i e s , ;  however, i t  is  be l ieved  t h a t  t r a n s f e r s  of a t t a p u l g i t e  have a 

marked e f f e c t .  The imprdvised blending procedure could t h e r e f o r e  s e rve  

t o  confirm o r  deny t h i s  b e l i e f .  

The . fo l lowing  m a t e r i a l s  were used i n  t h i s  i n j e c t i o n :  cement, 

Penn-Dixie Type I; f l y  ash ,  suppl ied  by t h e  Sou theas t .F ly  Ash:Company; 

a t t a p u l g i t e ,  , ~ t t a ~ u l ~ i t e  150 d r i l l i n g  c l ay ;  c l a y ,  "Indian Red'' $ o t t e r y  

, c l a y ,  suppl ied  by the.American A r t  Clay.Company; sugar ,  d e l t a  gluconoladtone. 

4.1.6 T e s t s  of mix compa t ib i l i t y  

Samples of ' t he  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 

t h e  second p r e s s u r e  tank  were t e s t e d  w i t h  . s y n t h e t i c  waste  s o l u t i o n s .  

A few t e s t s  were a l so .made  w i t h  water .  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 . w e r e  determined f o r  g r o u t s  made w i t h  v a r i o u s  mix r a t i o s .  Most 
. . 

of t h e  t e s t s  were made w i t h  grouts t h a t  were prepared by mixing t h e  d ry  

s o l i d s  'and Gas te  s o l u t i o h  a t  bo th  5000 rpm ( t o  s t i m u l a t e '  down-hole 

cond i t i ons )  and 2000 rpm ( t o  s t i m u l a t e  t u b  cond i t i ons ) .  The samples 

from b i n s  2 , ' .3 ,  and 4  were much l i k e  those  t e s t e d  f o r  I n j e c t i o n  ILW-15;' 

they  were q u i t e  f l u i d ,  even a t  m i x  r a t i o s  o f  1.08 k g / t  (9 l b / g a l ) , ,  and 

' .  l i t t l e .  d i f f e r e n c e  was observed- between t h e  c h a r a c t e r i s t i c s  of t h e  

sheared a t  ,2000 rpm and those  sheared a t  5000 rpm. The phase s e p a r a t i o n  

of these,  g rdu t s  was' ~ 2 %  a t  0.96 t o  1.08 k g / t  ( 8  t o  9  ~ b / ~ a l ' ) .  The 

"apparent v i s c o s i t y "  was ~ 3 0  cP a t ' 0 . 9 6  kg/& (8 l b / g a l )  and 50 cP a t  

1.08 k g / t  ( 9  l b / g a l )  . However, g rou t s  made from b i n  1 and p r e s s u r e  tank  

samples had apprec iab ly  d i f f e r e n t  c h a r a c t e r i s t i c s .  , The phase s e p a r a t i o n  
. . 

of t h e s e  g rou t s  w a s  ~ 2 %  a t  0.84 k g / t  (8 l b l g a l ) ,  and t h e .  "apparent ' .  
. . 

v i s c o s i t y "  was ~ 3 5  cP . . a t  0.84 k g / a  (7 l b / g a l )  and 50 cP a t  0.96 k g l t  

(8  l b ' l ga l ) .  The g r o u t s  made from s o l i d s  i n  t h e s e  b i n s  a t  a  mix r a t i o  of : 
. 0.84 kg/% (7 lb . /gal)  resen~blkrl the g r o u t s  made from s o l i d s  i n  b i n s  2,  3 ,  

and 4  a t  a  m i x r a t i o  of 0.12 t o  0.24 kg/& ( 1  t o  2 l b l g a l )  . g r e a t e r .  ~ i x '  

c o m p a ~ i b i l i t y  data aL 5000 rpm a r e  shown i n  Tab le .  9.  . , 



Tab le  9. Mix c o m p a t i b i l i t y  tests f o r  I n j e c t i o n  ILW-16~ 
( A l l  tests made a t  5000 rpm) 

Mix r a t i o  Dens i ty  Phase Apparent 
Bin se~asatiun v l scus l t y  

n i i m h ~ r  k g  h a 1  !kg/g.) ( l h / g a i  ) (2) ( r ~ )  

4 0.84 7 1.45 1.2.05 4 .1  25 
0.96 8 1.47 12.22 1.6 37 
1.08 9 1.50 12.50 1 . 2  5 8 

. . 
P-tank 0.84 7 1.116 12.15, N i l  28 

0.96 8 1 ,48  12 ,30  N i l  . . ,  53 

- ' ~ a t a  obtai l led from J. G. Moo're. 



Grouts made w i t h  w a t e r  and t h e  s o l i d s  i n ' b i n  1 had a  phase separa- 

t i o n  o f ,  3% a t  a mix r a t i o  of 0.84 k g / ~  (7 l b l g a l ) .  The "apparent 

v i s c o s i t y "  of t h i s  g rou t  was'%40 cP under  t ub  condi t ions .  

4.2 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 t o  permit  t h e  i n j e c t i o n  of ,333,100 R 

(88,000 g a l )  of waste  [ l e a v i n g  a h e e l  of 3030 R (800 g a l )  i n  each tank]  

and 18,900 '9.. (5000 g a l )  of water  a t  mix r a t i o  of very  n e a r l y  0.84 kg/R 

(7 . l b / g a l ) .  T e s t s  of t h e  blended s o l i d s  had ind ica t ed  t h a t  cons iderable '  

phase s e p a r a t i o n  would be  expected t o  occur- a t  t h i s  mix r a t i o .  The 

re levance  of t h e  phase s e p a r a t i o n  tests t o  t h e  underground s i t u a t i o n  

( i n  which t h e  grout  s e t s  under cons ide rab le  p re s su re )  i s  i n  sone doubt ,  

however, and t h e  0.84 kg/R (7 1 b l g a l j  mix r a t i o  was -chosen f o r  t h i s  

i n j e c t i o n .  

P r i o r  t o  t h e  i n j e c t i o n ,  t h e  f r a c t u r e  w a s  reopened and expanded'by 

pumping water  t h rough  t h e f r a c t u r e .  The f r a c t u r e . w a s  reopened a t  a  

p r e s s u r e  of 37.9 MPa (5500 p s i )  ' and a  flow r a t e  of 380 !L/rr,in (100. gpm) ; 

a f t e r  s e v e r a l  minutes,  t h e  r a t e  was increased  t o  760 R/min (200 gpm) and 

t h e  p re s su re .had  dropped t o  33.1MTa (4800 p s i ) .  Approximately 7600 R 

(2000 g a l )  of water  was pumped.. 

The i n j e c t i o n  was begun a t  0922 on November 17 ,  1977. S ince  no 

apprec i ab le  s o l i d s  f low could b e  obta ined  from any of t h e  f o u r  b i n s ,  t h e  

i n j e c t i o n ' w a s  temporar i ly  h a l t e d  t o  c o r r e c t  t h i s  s i t u a t i o n .  S o l i d s  flow 

was . s t a r t e d  from b i n  '1, and t h e  i n j e c t i o n  was resumed a t  0927 wi th  waste  

from tank  T-3. . The i n i t i a l  i n j e c t i o n  p r e s s u r e  was j u s t  under t h e  34.5-MTa 

(5000-psi) ope ra t ing  l i m i t ;  t o  keep t h e  p r e s s u r e  from exceeding t h i s  

l i m i t ,  t h e  i n j e c t i o n  pump was opera ted  a t  a  lower-than-usual vo lumetr ic  

r a t e  - s720 Rlmin (190 gpm). P l o t s  of t h e  i n j e c t i o n  p r e s s u r e  (wellhead 

measurement) and waste f low r a t e  throughout t h e  i n j e c t i o n  a r e .  shown i n  

Figs.  17  and 18. The f low rate read ings  a r e  average va lues  (u sua l ly  

over  a  5-min per iod)  i n d i c a t e d  by t h e  t u r b i n e  flowmeter. 
- The mix r a t i o  dur ing  t h e  i n j e c t i o n . w a s  obta ined  by d i v i d i n g  t h e  

s o l i d s  flow ind ica t ed  by t h e  mass meter  by t h e  l i q u i d  f low ind ica t ed  
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by t h e  t u r b i n e  flowmeter. A check on t h i s  mix r a t i o  was obta ined  by 

d i v i d i n g  t h e  volume of  g rou t  pumped over  a  s h o r t  t ime i n t e r v a l  (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) by t h e  volume of waste  

pumped over  t h e  same i n t e r v a l  and us ing  t h e  c o r r e l a t i o n  shown i n  Fig.  13  

t o  r e l a t e  t h e  volume r a t i o  t o  t h e  mix r a t i o .  The upper l i n e  of t h e  

c o r r e l a t i o n  (90% pump e f f i c i e n c y )  was used i n  a l l  volume r a t i o  c a l c u l a t i o n s  

f o r  t h i s  i n j e c t i o n .  

During t h e  i n j e c t i o n ,  t h e  mix r a t i o  w a s  c a l c u l a t e d  a t  5-min i n t e r v a l s  

from bo th  mass-meter and volume r a t i o  i n d i c a t i o n s  and compared. Th i s  

comparison 'is shown i h  F ig .  19. S t a r t i n g  +bout 1i)UU h ,  a  c0 ,ns i s ten t  

d i f f e r e n c e  between t h e  mass-meter and volume ratio inrli .catinns i s  ev iden t .  

Th i s  d i f f e r e n c e  could  have r e s u l t e d  from a  s o l i d s  bui ldup  on t h e  mass- 

meter  s ens ing  cone, an  e r r o r  i n  t h e  t u r b i n e  fluw~iieeer reading;  t h e  use  

of t h e  wrong volume r a t i o  c o r r e l a t i o n ,  o r  some unsuspected f a c t o r .  

S ince  t h e  d i f f e r e n c e  w a s  n o t  l a r g e  enough t o  he  r e a l l y  s i g n i f i c a n t  and 

was n o t  i nc reas ing ,  no c o r r e c t i v e ' a c t i o n  was taken. 

A t  1044, s o l i d s  f low became e r r a t i c  and was switched t o  b i n  3. A l l  

i n s t rumen t s  ( s t r a i n  gage r ead ing ,  l e v e l  reading ,  mass-meter reading ,  and 

volume r a t i o  readings)  i n d i c a t e d  that a cons ide rab le  q u a n t i t y  of s o l i d s  

s t i l l  remained i n  b i n  1; t h e r e f o r e  t h e  s o l i d s  flow was switched back t o  

b in  1. The flow remained somewhat e r r a t i c  and was switched s e v e r a l  t imes 

b e f o r e  it s t a b i l i z e d  and t h e  remaining b i n  con ten t s  could be withdrawn. 

F i n a l l y ,  t h e  flow was switched t o  b i n  3  a t  1130. 

A t  1245, t h e  mass meter  stopped func t ioning .  From t h i s  t ime u n t i l  

t h e  end of t h e  i n j e c t i o n ,  t h e  only  a v a i l a b l e  measurement nf t h p   mi^ r a t i o  

was t h a t  de r ived  from t h e  volume r a t i n .  R ~ r a l i s ~ ?  t h i s  measurement wac 

a n  "af te r - the- fac t"  measurement, i t  gave an average va lue  of what the  

mix r a t i o  had been; i t  d i d  n o t  g i v e  an  in s t an t aneous  v a l u e  of t h e  mix 

r a t i o  a t  a p a r t i c u l a r  moment. (The exper imenta l  r a t i o  i n d i c a t o r  t h a t  

could have given such a n  in s t an t aneous  v a l u e  had developed a cons ide rab le  

b i a s  and could n o t  be t r u s t e d . )  Es t imat ion  of  t h e  mix r a t i o  from visual.  

obse rva t ion  of g r o u t  i n  t h e  mix tub  was found t o  be u n r e l i a b l e .  Only 

very t h i c k  (>1.2 k g l ~  (Iu l b / g a l )  o r  v e r y  t h i n  rc0.24 kg/& (2 l b l g a l ) ]  

g r o u t s  could be  recognized;  a l l  concen t r a t ions  between t h e s e  extremes 

appeared t o  be  e s s e n t i a l l y  t h e  same. The method of  mix c o n t r o l  t h a t  was 



ORNL DWG 80-1026 

1 1 I I, I I I 
MASS-METER INDICATION 

-- -- VOLUME RATIO .INDICATION 

n 

- 

- - 

- 
- 

- 
- 

- 
I U 
I 

U - - L 

1 I 1 .. I I .  1 
0900 ~~, 1100 1'200 1300 1400 1 5 0 0  1 6 0 0  

CLOCK TIME 

. , . Fig.  19. I nd i ca t ed  mix r a t i o s  f o r  I n j e c t i o n  ILW-16. 



improvised f o r  t h e  remainder of  t h e  i n j e c t i o n  was t o  change t h e  s o l i d s  

' f l o w  c o n t r o l ' v a l v e  a s  l i t t l e  a s  p o s s i b l e ,  t o  make changes ' t o  t h e  s e t t i n g  

o n l y . i f  t h e  g rou t  appeared t o o  t h i c k  o r  t o o . t h i n  o r  i f  a volume r a t i o  

r ead ing  i n d i c a t e d  t h a t  a change was d e s i r a b l e .  The r e s u l t i n g .  c o n t r o l  of 

t h e  mix r a t i o  was r a t h e r  e r r a t i c ,  a s  can b e  seen  i n  Fig. 19. General ly ,  

a  f a i r l y  cons t an t  mix r a t i o  could b e  maintained f o r  20 . t o  30 min, then  

an  adjustment  would ove rco r rec t '  &id t h e  grout  would become q u i t e  t h i n  

o r  q u i t e  t h i c k .  These . f l u c t u a t i o n s  . averaged ou t  over  a  per iod  of t ime, 

however,' and t h e  average  mix r a t i o  was about 0.73 kg/R ( 6 . l . . l b / g a l ) .  . ' 

A t  1308, t h e  i n j e c t i o n  was i n t e r r u p t e d  because t h e  window of t h e  

s o l i d s  hopper had become completely obscured w i t h  dus t .  Af t e r  t h e  window 

had been washed, t h e  i n j e c t i o n  was. r e s t a r t e d  ( a t  1310); however, i t  was 

necessary  t o  h a l t  t h e  i n j e c t i o n  aga in ' and  wash t h e  hopper i n  o r d e r  t o  

e f f e c t .  s o l i d s  flow. The i n j e c t i o n  was r e s t a r t e d  a t  1320. 

By 1400, t h e  i n j e c t i o n  p r e s s u r e  had f a l l e n  t o  about 27.6 MPa (4000 p s i )  

and t h e  i n j e c t i o n  r a t e  could  b e  increased .  Du'ring t h e  f i n a l  2  h  of t h e  

- i n j e c t i o n ,  t h e  i n j e c t i o n  r a t e  averaged 870 R/min (230 gpm of s l u r r y  

[610 R/min (161 gpm) of was te] .  

A t  1610, t h e  i n j e c t i o n '  pump d i e s e l  threw a  connect ing rod ' through 

t h e  block.  The s tandby . pump - was used t o  wash t h e  w e l l  and t o  pump t h e  

s lo t .  c l e a r  of g rou t .  The w e l l  was valved s h u t ,  and t h e  equipment w a s  . . 

washed. The i n j e c t e d  was t e  volume was 208,924 R (55,198 g a 1 ) ; ' t h e  t o t a l  

amount of s o l i d s .  consumed was 178 ,'200 kg ' (392,000 lb).. 

'The 'pressures  i n  t h e  rock  cover w e l l s  were read  p r i o r  t o  t h e  in j ec -  

t i o n  and' a t  i n t e r v a l s  du r ing  t h e  i n j  ec t iqn .  These readings '  a r e  given 

. . i n  Table  10.  An apprec i ab le  p re s su re  change was noted i n  s e v e r a l  we l l s .  
. . 

4.3 Data Analysis  

'l'he volume o f  was te  s o l u t i o n  o r  p i t  water  pumped dur ing  t h i s  . 
' 

i n j e c t i o n  w a s  measured by t h r e e  methods. The s o l u t i o n  f low t o  t h e  mixer 

.was measured by a t u r b i n e  flowmeter a s  w e l l  a s  a  record ing  o r i f i c e  meter.  

'The volume of wasre s o l u t i o n  t h a t  was. pumped ou t  of t h e  waste  s t o r a g e  

t anks  was measured,by t h e  change i n  tank  s o l u t i o n  l e v e l .  



Table  10. P r e s s u r e  r e a d i n g s ,  i n  kPa ( p s i g )  , f o r  rock  cover  w e l l s  - I n j e , c t i o n  ILW-16 

Rock ' . . Reading . . t a k e n  on November 1 7 ,  1977, a t :  
cover  
w e l l  P r e - I n j e c t i o n  1020 ., 1210 1335 1500 1'635 

E-300 . 83 (12) 76 .  (11) 69 ( l o )  48 (7)  48 (7) 103 (159 



A l l  t h r e e  measurements gave e s s e n t i a l l y  t h e  s a m e . r e s u l t s  (wi th in  ~ 5 % ) .  

I n  t h e  t ime i n t e r v a l  between 1320 and 1448, f o r  i n s t a n c e ,  t h e  tank  l e v e l  

measurements i n d i c a t e d  t h a t  49,542 R (13,089 g a l )  of was te  had been pumped, 

t h e  t u r b i n e  flowmeter i n d i c a t e d  47,150 R (12 ,457 .ga l ) ,  and t h e  o r i f i c e  

meter  i n d i c a t e d  46,574 R (12,305 g a l ) .  . A s e c t i o n  of t h e  - o r i f i c e  meter 

r e c o r d e r  c h a r t  i s  shown i n  F ig .  20 t o  i n d i c a t e  t h e  normal flow f luc tua -  

t i o n s  t h a t  occur du r ing  a l l  i n j e c t i o n s  b u t  a r e  obscured i n  the average 

v a l u e s  t h a t  a r e  u s u a l l y  r epo r t ed .  Because t h e  t u r b i n e  meter readings  

a r e  g e n e r a l l y  more convenient  t o  u se  than  t h e  tank  l e v e l  readings  o r  t h e  

o r i f i c e  meter  readings ,  they  a r e  used i n  t h e  subsequent c a l c u l a t i o n s .  

The volumes of g rou t  t h a t  were i n j e c t e d  were measured by t h e  s t r o k e  

coun te r  on t h e  i n j e c t i o n  pump. These volumes were recorded a t  5-min 

i n t e r v a l s .  

Bin l e v e l s  (plumb bobs) and b i n  weights  ( s t r a i n  gages) on b i n s  1 and 

3  were a l s o  noted a t  i n t e r v a l s .  Bin 2  has  no usab le  l e v e l  o r  weigh gage 

i n s t a l l e d ,  and t h e  i n j e c t i o n  was completed b e f o r e  t h e  con ten t s  of b i n  4 

were used. 

The s t r a i n  gage on Bin 1 funct ioned s a t i s f a c t o r i l y  i n  t h i s  i n j e c t i o n ,  

a s  it  had i n  a l l  p rev ious  ones.  A t  1130, when t h e  b i n  was f i n a l l y  judged 

t o  b e  empty, t he  s t r a i n  gage i n d i c a t e d  <5% s o l i d s  remaining. The compar- 

a t i v e l y  few plumb bob r ead ings  taken  on t h i s  b i n  ind ica t ed  a  s o l i d s  l e v e l  

~ 2 0 %  h i g h e r  than t h e  s t r a i n  gage readings.  

The bu lk  s t o r a g e  b i n s  contained a  cons iderable  amount of s o l i d s  a t  

t h e  end of t h e  i n j e c t i o n .  Bin 1, which had been r e f i l l e d  wi th  t h e  s o l i d s  

s t o r e d  i n  t h e  b lending .  t anks ,  was, f u l l ;  b'in 4  was f u l l ;  b i n  2  was empty, 

and b i n  3  conta ined  a n  e s t ima ted  450 kg (1000 l b ) .  

The mix r a t i o  (the weight  of d ry  s o l i d s  mixed w i t h  each v n l n m ~  nf 

waste  s o l u t i o n  o r  water )  i s  au toma t i ca l ly  determined dur ing  t h e  i n j e c t i o n  

by d i v i d i n g  t h e  r ead ing  of  t h e  mass.flowmeter by t h e  reading  of the 

t u r b i n e  flowmeter. Th i s  r a t i o  i s  recorded.  A check on t h e  mass flowmeter 

r ead ings  i s  provided by t h e  r a t i o  of grout  volume t o  s o l u t i o n  volume. 

Th i s  r a t i o  was c a l c u l a t e d  a t  5-min i n t e r v a l s  dur ing  t h e  i n j e c t i o n  and 

converted t o  a  mix r a t i o  by means o f  t h e  c o r r e l a t i o n  shown i n  F ig .  13. 

A p l o t  of bo th  of t h e s e  mix r a t i o s  i s  shown i n  F ig .  19. A comparison of 

t h e s e  mix r a t i o s  i n d i c a t e s  t h a t  dur ing  t h e  t ime t h e  mass meter was working 
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FLOW RATE (gpm) - 

Fig. 20. Naste flow r a t e s  a s  i n d i c a t e d  by o r i f i c e  meter  dur ing  , 

I n j e c t i o n  ILW-16. 
. . 



i t  w a s  i n d i c a t i n g  a  mix r a t i o  from 5 t o  15% h ighe r  than  t h a t  c a l c u l a t e d  

from t h e  volume r a t i o s .  For t h i s  i n j e c t i o n ,  t h e  mix r a t i o  c a l c u l a t e d  

from t h e  mass-meter readings  c o r r e l a t e s  b e t t e r  with '  t h e  measurements of 

s o l i d s  consumption than  does t h e  mix r a t i o  ca l cu la t ed  from t h e  volume 

r a t i o ;  t h e r e f o r e ,  i t  appears  t h a t  t h e  mass-meter mix r a t i o  was t h e  c o r r e c t  

one du r ing  t h e  f i r s t  h a l f  of t h e  i n j e c t i o n .  During t h e  l a t e r  p a r t  of 

t h e  i n j e c t i o n  (when. t h e  mass meter  was inope rab le ) ,  however,. t h e  mix r a t i o  . . 

c a l c u l a t e d  from t h e  volume r a t i o  checked very  c l o s e l y  wi th  t h e .  q u a n t i t y  

of s o l i d s  withdrawn f rom.b in  2  and i s  thus  probably very  n e a r l y  c o r r e c t .  

U n t i l  1245, t h e r e f o r e ,  t h e  mix r a t i o  ave raged .~0 . ,86  kg/R (7.2 l b l g a l ) ;  

from 1245 u n t i l  t h e  end of t h e  i n j e c t i o n ,  it averaged ~ 0 . 8 4  kg12 

(7 .0  l b l g a l )  . 
. . 

4.4' Evalua t ion  of t h e  I s j e c t i o n  

The d i e s e l  d r i v e  of t h e  i n j e c t i o n  pump f a i l e d  about two-thirds . of 

t h e  way through I n j e c t i o n  ILW-16. I n  a d d i t i o n ,  o t h e r  problems were 

encountered:  (1) t h e r e  was d i f f i c u l t y  ' in s t a r t i n g  t h e '  f low of  s o l i d s  

from t h e  b i n s ,  (2) t h e  mass meter  stop'ped func t ion ing  approximate.ly one- 

t h i r d  of t h e  way through t h e  i n j e c t i o n ,  and ( 3 ' )  t h e  i n j e c t i o n  p re s su re  was 

uncomfortably h igh . th roughou t  t he  e n t i r e  opera t ion .  U n t i l  t h e  f i n a l  

pump f a i l u r e ,  however, t h i s  i n j e c t i o n  gene ra l ly  ran  more smoothly than 

d i d  previous  ones. P o s i t i v e  a s p e c t s  were t h e  s a t i s f a c t o r y  performance 

of t h e  was te  pumps, l a c k  of t ransmiss ion  problems wi th  t h e  i n j e c t i o n  

pump, and accep tab le  c o n t r o l  of t he  mix. r a t i o  ( q u i t e  good i n  t h e  f i r s t  

h a l f  of t h e  i n j e c t i o n  .and. adequate i n  t h e  second h a l f ) .  

Determina t ion 'of  t h e  mix r a t i o . f r o m  t h e  r a t i o  of pumped volumes is 

c l e a r l y  a u s e f u l  .check on t h e  mass.meter  and a  v i t a l  emergency backup. 

An in s t an t aneous  reading  and record ing  of t h e  volume r a t i o  would have been 

u s e f u l  dur ing  t h i s  i n j e c t i o n  s i n c e  they.would have permi t ted  much more 

p r e c i s e , c o n t r o l  of . the mix r a t i o  dur ing  t h e  1 a s t . h a l f  of the  i n j e c t i o n .  

( a f t e r  t h e  mass meter  had f a i l e d ) .  Provis ion  . f o r  t h e s e  readings  w i l l  

b e  made f o r  I n j e c t i o n  ILW-17. 

The s o l i d s  i n  b i n  1 t h a t  had been blended one time l e s s  than  t h e  

s o l i d s  i n  b i n s  2-4 flowed almost a s  e a s i l y  and mixed as r e a d i l y  a s  those' 



i n  t h e  o t h e r  b ins . .  A r educ t ion  'in t h e  number of b lending  t r a n s f e r s  

s i m p l i f i e s  t h e  b lending  procedure somewhat, improves t h e  mix p r o p e r t i e s  

app rec i ab ly ,  and appears  t o  have, no e f f e c t  on. bu lk  f l o w a b i l i t y .  

Some d i f f i c u l t y  was experienced i n  s t a r t i n g  t h e  s o l i d s  flow from 

each o f '  t h e  b ins . ,  The rdason f o r  t h i s  d i f f i c u l t y  is  no t  known. 
. . 

, 4.5 ' P o s t - ~ n j e c t i o n '  ope ra t i ons  
. . 

~ h &  p re s su re  a t  t h e  i n j e c t i o n  w e l l  dropped from 47.38 kPa (687 p s i )  

a t  1 8  h a f t e r  ' t h e  i n j e c t i o n  had been completed t o  297 kPa (43 p s i )  a t  

18  days a f . t e r  t h e .  i n j e c t i o n .  . This  r a t e  of p r e s s u r e  f a l l  i s  much. more -. 

r ap id  than t h a t  observed a f t e r  1n jec t . ion  ILW-15. The va lues  measured . .  

. . f o r  I n j e c t i o n  ILW-16 a r e  g iven  i n  Table 11. 

A -6leedback ope ra t i on  was a t tempted ,  bu t  .no water was recovered.  

. A l l  of . t h e  observat ' ion w e . l l s ,  except  NE-125, we.re logged. . No t r a c e  

of t h e  i n j e c t i o n  w a s  seen i n  E-300; however, minor peaks '  were noted i n  w e l l s  

'N-100 and NW-100 a t .  232 m (763 f t )  and 230 m (754 f t ) ,  r e s p e c t i v e l y .  , An 
. . 

enlargement of an e x i s t i n g  peak was observed i n  S-220. a t . 2 4 0  ,m (788 f t ) .  

A new peak was  seen  i n  N-150 a t  239 m (783 f t ) . '  The cap on w e l l  NE-125 

had been broken by f r e e z i n g ,  and a sma l l  iol 'ume. of contaminated'  water  

had leaked from t h e ' w e l l .  Therefore ,  t h i s  w e l l  was n o t  iogged. 
. . . . . . 



Table 11. Wellhead pressure  readings . : 
a f t e r  . ~ ' n j e c t i o n  ILW-16 

Prcssurs 

. . 
T i m e  (days) (kPa) (ps i )  

0.75  4738 687 



5. INJECTION ILW-17. . . 

5 . 1  Pre l iminary  P repa ra t ions  

5.1.1 Waste t r a n s f e r  and a n a l y s i s  

The waste  s o l u t i o n  t o  be i n j e c t e d  w a s  accumulated i n  tanks W-8 and 

W-10 i n .  Bethe l .  Valley. The volumes i n  t h e s e  tanks  were 114,000 R 

(30,0.00 g a l )  and 189,000 R (50,000 g a l )  - re ' spec t ive ly .  A grab sample of 

the'  s o l u t i o n ' i n  each of t h e s e  tanks  was taken and analyzed f o r  rad io-  

chemical c o n s t i t u e n t s .  The r e s u l t s  a r e  given i n  Table 12. No chemical 

ana lyses-  of t h e ,  waste  s o l u t i o n  were made i o r  t h i s  i n j e c t i o n .  

The f i l l e d  tarik volumes' were a s  fol lows : T-1, 55,912 11 (14,772 g a l )  ; 

T-2, 56,325 R (14,881 g a l ) ;  T-3, 92,445 R (24,424 g a l )  ; T-4, 93,414 R 

(24,680 ga l )  ; and T-9, 49,205 !? (13,000 g a l ) .  

5.1.2 F a c i l i t y  modi f ica t ions  

A new d i e s e l  engine w a s  provided f o r  t h e  i n j e c t i o n  pump [Cumins  

VT-1710 C ,  470 kW (630 hp) a t  2100 rpm]. 

An arrangement of a i r  pads w a s  i n s t a l l e d  on each of t h e  bulk  s t o r a g e  

b ins .  S ix t een  pads, 19 cm (7-112 in . )  by 9.5 cm (3-314 in . )  o v e r a l l ,  

were i n s t a l l e d  on each b i n  a t  f o u r  l e v e l s :  25 cm (10 in . )  from t h e  bottom 

o u t l e t  (measured a long  t h e  s i d e  of t h e  cone) ,  63 cm (25 i n . ) ,  102 cm (40 i n . ) ,  

and immediately'below t h e  j 'unct ion between t h e  cone and t h e  v e r t i c a l  
. . 

s i d e s  [ 3  m (10 f t )  .from t h e  bottom o u t l e t ] .  The pads i n  t h e  bottom t h r e e  
. . 

l e v e l s  .were al'igllerl v e r t i c a l l y  while chose i n  t h e  t o p  l e v e l  were s taggered .  
. . 

A i r  was suppl ied  t o  each v e r t i c a l '  row of f o u r  pads a t  0.71 m3/min 
. . 

(25 cm) and 20.7 kPa (3  p s i ) .  F igu re  21 i l l u s t r a t e s  t h e  arrangement of 

two s e t s  of pads. 

A r eco rde r  was obta ined  f o r  t h e  volume r a t i o  (volume of grout  

p e r  volume of h a s t e )  'meaiur.ement. 



Table  12. Composition of was te  s o l u t i o n  f o r  I n j e c t i o n  ILW-17 

' Tank W-8 Tank W-1U 

Coluyouent ( c ~ / Q . )  (Ci /ga l )  (CilR) (C i lga l )  

.3'.1,x l o+  '1.2 lo-2 None None 

2 4 4 ~ m  None  one 1.19 x 4.5 x 

2 3 ? - 2 4 0 ~ u  ' ' 6,.  3 x 2.4 x . None . . None 
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Fig.  21. Air-pad arrangement on b u l k  s t o r a g e  b in .  



5.1.3 P re l imina ry  maintenance 

A f t e r  t h e  completion of ILW-16, t h e  s o l i d s  remaining i n  t h e  b i n s  

were removed and d isposed  o f .  The b i n s  were c leaned ,  and t h e  mass meter 

was cleaned and reworked. 

During t h e  4 days  p r i o r  t o  I n j e c t i o n  ILW-17, t h e  va lves  i n  t h e  

h igh-pressure  system were greased  and worked. The cement was chipped 

o u t  of one va lve  (V-9) ,. and a 15-cm (6-in.) n i p p l e  h a s  rep laced .  The 

c o r e  and i n s e r t s  were changed on v a l v e s  V-5 and V-14, and t h e  r e l i e f  

v a l v e  was r e p a i r e d .  The i n j e c t i o n  pump was repacked, and new plungers  

were i n s t a l l e d ;  a l l  v a l v e s  on t h e  pump, two s e a t s ,  and the .  po t  gaske t s  

WPYP rppl  arpi-l. 

Pre l iminary  t e s t s  of  t h e  m a s s  meter showed a cmnsistent and e r n s s l y  

e r roneous  reading .  Because t h e  f a l s e  reading  could no t  be  co r r ec t ed  

p r i o r  t o  t h e  i n j e c t i o n ,  t h i s  instrument  was no t  opera ted  dur ing  t h e  

i n j  e c t i o n .  

5.1.4 S l o t t i n g  i n j e c t i o n  w e l l  

P r e s s u r i z a t i o n  of t h e  i n j e c t i o n  w e l l  t o  break  down t h e  f ~ r m a t i o n  

was unsuccessfu l .  It seemed l i k e l y  t h a t  t h e  s l o t  was plugged and t h a t  

a new s l o t  would have t o  be  c u t .  Toward t h i s  end, t he  wellhead was r igged  

f o r  s l o t t i n g ,  and t h e  tub ing  s t r i n g  was lowered t o  t a g  t h e  bottom. The 

bottom was found t o  be a t  246 m (807 ft) - approximately 1 5  m (5 f t )  

above t h e  s l o t .  

The w e l l  was s l o t t e d  a t  244 m (802 f t ) .  The s l o t t i n g  p re s su re  

v a r i e d  between 31 MPa (450 p s i )  a t  570 R/min (150 gpm) and 25 MPa 

(3500 p s i )  a t  640 !L/min (170 gpm). Th i r ty - f ive  sacks  of sand and 

22 kg (50 l b )  of WG-6 suspender  were used. The wellhead was r e r igged  f o r  

pumping, and t h e  w e l l  was p re s su r i zed  t o  break  down t h e  formation. Break- 

down occurred a t  24 MPa (3500 p s i )  and 420 !?,/min (110 gpm). The f r a c t u r e  

was en larged  by g r a d u a l l y  i n c r e a s i n g  t h e  f low t o  757 R/min (200 gpm) a t  

25 MPa (3700 p s i ) .  . A  t o t a l  o f  2500 R (660 g a l )  was pumped. 

S o l i d s  blending 

F ive  ba tches  of  d r y  s o l i d s  were blended and loaded i n  t h e  s t o r a g e  

b i n s  a t  t h e  f r a c t u r i n g  s i t e .  Four of t h e s e  were loaded i n  t h e  s t o r a g e  b i n s ,  



w h i l e  t h e  remaining one was l e f t  i n  t h e  blending tanks f o r  l a t e r  t r a n s f e r  

t o  an empty.bin.  The plumb bob l e v e l  i n d i c a t o r  on b i n  3  became s tuck  

i n  a  down p o s i t i o n ,  and i t  was f ea red  t h a t  i f  a  f u l l  charge of s o l i d s  

were put  i n  t h i s  b i n ,  t h e  i n d i c a t o r  might break loose  from i t s  cord and 
. . 

plug t h e  b i n  o u t l e t ,  .as had happened i n  I n j e c t i o n  ILW-15.. For t h i s  

reason ,  only two P-tank loads  of s o l i d s  were charged t o  b i n  3 ;  t h e  t h i r d  

' P-tank load t h a t  would have normally been put  i n t o  b i n  3  was d iv ided  

among b i n s  1, 2, and 4. A s  a  consequence, t h e  weight of s o l i d s  charged 

t o  t h e  i n d i v i d u a l  b i n s  was no t  p r e c i s e l y  known f o r  t h i s ,  i n j e c t i o n .  The 

weights,  of 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 w e r e  used f o r  t h e  s o l i d s  mix a r e  

given i n  Table 13. 

For I n j e c t i o n  ILW-17, t h e  so . l ids  con ten t s  of b i n s  1, 2 ,  3 ,  and 4 

were.determined i n  t h e  weigh tank  and then t r a n s f e r r e d  succes s ive ly  t o  

a  'P- tank and a  ' s t o r a g e  b in .  .This  abb rev ia t ed '  blending procedure,  which 

involved one fewer t r a n s f e r  than had been used i n  previous i n j e c t i o n s ,  
. . 

r e s u l t e d  i n  an improvement i n  s e v e r a l  r e s p e c t s .  

The Por t l and  cement was obta ined  from I d e a l  Basic  I n d u s t r i e s ;  t he  

o t h e r  mix components were obtained from t h e  same , supp l i e r s  a s  i n  

I n j e c t i o n  ILW-16. 

. . 

5.2 I n j e c t i o n  

The mass meter could no t  be made operable  f o r  t h i s  i n j e c t i o n  wi thout  

a  lengthy delay.  Accordingly, t h e  dec i s ion  was made t o  monitor  t h e  

of s o l i d s  and',was.te by volume r a t i o  c a l c u l a t i o n s  (as .  was 

done d u r i n g . t h e  l a s t  h a l f  of 1nject . ion ILW-16). Here t h e  volume r a t i o  i s  

t h e  r a t i o  of t h e  volume of t h e  i n j e c t e d  grout  (measured by t h e  i n j e c t i o n -  

pump s t r o k e  counter)  t o  t h e  volume of t h e  waste  s o l u t i o n  (measured by 

t h e  t u r b i n e  flowmeter);  t h i s  r a t i o  is  d i r e c t l y  dependent on t h e  p ropor t ion  

a t  which t h e  waste  s o l u t i o n  and t h e  dry s o l i d s  a r e  mixed. A p l o t  of t h e  

c o r r e l a t i o n  between these  r a t i o s  is  given i n  Fig.  13. The middle l i n e  

of t h e  c o r r e l a t i o n  was used f o r  t h e  volume r a t i o  c a l c u l a t i o n s  f o r  t h i s  

i n j e c t i o n . .  

The volume r a t i o  can be obta ined  by two methods, both of .which 

were used i n  t h i s  i n j e c t i o n .  I n  one method, t h e  volume of grout  and t h e  



. . 
T a b l e  13. Dry s o l i d s  mix f o r  I n j  ect2on ILW-1: 

Blending d a t e  ' 8/21/78 8122178 8/23/78 6/24/78 8/25/78 

Bin number 4 . 3 ,  1 1, 2 2, 5, 4 P-tanks 

Cement, kg 21,236 (46,720) 23,244 (51,243) 20,902 (46,080) 2C ,355 (44,875) 21,242 (46,830) 
( l b )  

F ly  ash, kg 23,, 329 (51,430) 24,513 (54,040) 26,490 (58,410). 22,512 (51,835) 20,380 (44,930) 
( l b )  

Sugar,  kg 24 (54) 24 (54) 24 (54) 24 (54) 24 (54) 
( lb )  



volume of waste pumped during a  given time i n t e r v a l  (u sua l ly  5  min) a r e  

noted from t h e  s t r o k e  coun te r ' and  i n t e g r a t e d  flowmeter readings ;  . These , 

' readings a r e  sub t r ac t ed  from previous  readings ,  and t h e  r a t i o  of t h e s e  

d i f f e r e n c e s  is  t h e  average'volume r a t i o  f o r  t h a t  p a r t i c u l a r  t ime i n t e r v a l .  

The r a t i o  i n d i c a t o r  provides  a  second de termina t ion  of t h e  volume r a t i o .  

This  device ,  f i r s t  used i n  I n j e c t i o n  ILW-16, t akes  s i g n a l s  from t h e  s t r o k e  

counter  and the  waste f lowmeter 'and provides an i n d i c a t i o n  of t h e  volume 

r a t i o  a t  t h a t  p a r t i c u l a r  moment. ,This i n d i c a t i o n  was zeroed dur ing  t h e  

. . p r e i n j  e c t i o n  s l o t t i n g  operat ion; '  i t  was recorded i n  ' I n j e c t i o n  ILW-17. 
' 

P r i o r  t o  t h e  i n j e c t i o n ,  t h e  f r a c t u r e  was reopened and expanded by 

pumping water  through t h e  f r a c t u r e .  The' f r a c t u r e  was reopened a t  a  

p re s su re  of 41 MPa (6000 p s i )  and a f l o w . r a t e  of 454 R/min (120 gpm). 

Approximately',3000 R (800 g a l ) .  of water  was pumped. 

The i n j e c t i o n  was begun a t  0832 on September.1,  1978, wi th  water  .from 

t h e  waste  p i t  and s o l i d s  from b i n  3.  The i n i t i a l  flow r a t e s  were ,  kept  l o w  

t o  minimize t h e  i n j e c t i o n  p re s su re ;  a f t e r  15 t o  20 min, t h e  i n j e c t i o n  

p re s su re  had dropped s u f f i c i e n t l y  t h a t  t h e  i n j e c t i o n  r a t e  could be 
. . 

increased  t o  about 606 R / m i n  (160 gpm) o f  waste [908  !2/min (240 gpm) of' . 

a 

g r o u t ] .  P l o t s  of t h e  i n j e c t i o n  p re s su re  (wellhead measurement) and waste  

flow ra te ' . th roughout  t h e  i n j e c t i o n  a r e  shown i n  Figs.  22 a& 23. The flow 

r a t e  readfngs '  a r e  average va lues  (u sua l ly  over a .5-min per iod)  i nd ica t ed  

by t h e  t u r b i n e  flowmeter. 

During t h e  i n j e c t i o n , . t . h e  volume r a t i o  was- c a l c u l a t e d  a t  5-min 

i n t e r v a l s  arid t h e  corresponding mix r a t i o w a s  determined from t h e  

, . c o r r e l a t i o n  shown i n  Fig.13..  These va lues  f o r  t h e  mix r a t i o  a r e  p l o t t e d  

i n  F ig  24. I n  F ig  25, t h e  equ iva l en t  valuris .from t h e  recorded in s t ah -  

taneous~volume r a t i o  a r e  given. These numbers a r e  %lo% lower than those  

i n . ~ i g . ' : 2 4  f o r  t h e  f i r s t  30 min of t h e  i n j e c t i o n ,  d r a s t i c a l l y  lower f o r  

t h e  'next' hour,  and,  then almost i d e n t i c a l  f o r  t he  remainder of t h e  

i n j e c t i o n .  ' N O  reason is  known f o r  t h e  e r r a t i c  performance of t h i s  

instrument  during t h e  f i r s t ,  2  11 of . t l ~ &  i i ~ j  e c t i u a .  

The usua l  method f o r  c o n t r o l l i n g  t h e  mix r a t i o  (varying t h e  s o l i d s  

. .  feed  r a t e  t o  maintain an ind ica t ed  mix . r a t i o )  could not.  be used . i n  t h i s  

: i n j e c t i o n  because t h e  mass meter was inoperable .  s i n c e  t h e  method of mix 
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.' Fig. :22,. Wellhead p r e s s u r e  measuremer-ts during Inject-Z.>n ILW-17. 
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Fig. 23.  Waste s o l u t i o n  flow r a t e s  f o r  I n j e c t i o n  ILW-17. 
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Fig .  24. Inc i ca t ed  mix ratios d . ~ r i n g  I n j  ection 'CLW-1.7. 
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. . . Fig. 25. Mix r a t i o s  during ~ n j e c t i o n  ILW-17.. 



c o n t r o l  used dur ing  t h e  l a s t  ha l f  of I n j e c t i o n  ILW-16 (occas iona l  

adjustment  of t h e  s o l i d s  f eed  r a t e  t o  c o r r e c t  t h e  c a l c u l a t e d  mix r a t i o )  , 

had r e s u l t e d  i n  r a t h e r  e r r a t i c  c o n t r o l ,  a  d i f f e r e n t  o p e r a t i o n a l  technique 

was t r i e d  f o r  t h i s  i n j e c t i o n .  Af t e r  t h e  i n j e c t i o n  condi t ions  had 

s t a b i l i z e d ,  t h e  s s l i d s  f low valve '  was l e f t  i n  a  f i x e d  p o s i t i o n  and t h e  

mix r a t i o  was c o n t r o l l e d  by bypassing waste  s o l u t i o n  around t h e  mixing 

j e t .  I f  a  d i f f e r e n t  mix r a t i o  was r equ i r ed ,  t h e  volume of t h e  bypass 

s t ream w a s  reduced o r  i nc reased ,  a s  needed, and no adjustment t o  t h e  

s o l i d s  f low va lve  was made. This  ope ra t ing  procedure was found t o  work 

e x c e p t i o n a l l y  w e l l ;  f l u c t u a t i o n s  i n  t h e  mix r a t i o  were sma l l e r  and l e s s  

f r equen t  than  i n  prev ious  i n j e c t i o n s  and t h e  c o r r e c t i o n s  t h a t  had t o  be 

made were sma l l e r  and iess f r a n t i c  than  those  made he re to fo re .  

I n  gene ra l ,  t h e  f low of s o l i d s  t o  t h e  mixer i n  t h i s  i n j e c t i o n  was 

much improved over t h a t  i n  prev ious  i n j e c t i o n s .  Three f a c t o r s  were 

thought  t o  be poss ib ly  s i g n i f i c a n t :  (1) t h e  i n s t a l l a t i o n  of t h e  new 

a i r  pads may have prevented t h e  s o l i d s  from sporad ic  br idging  a t  t h e  

b i n  o u t l e t s ,  ( 2 )  t h e  d i f f e r e n t  ope ra t ing  technique (d iscussed  i n  t h e  

previous  paragraph) r e s u l t e d  i n  f a r  fewer changes being made t o  t h e  

s o l i d s  f low r a t e  and gave t h i s  flow time t o  s t a b i l i z e ,  and (3) s o l i d s  

t h a t  had been t r a n s f e r r e d  twice  d u r i n g . t h e  blending ope ra t ion  ( a s  was 

t h e  case  i n  t h i s  i n j e c t i o n )  had b e t t e r  f l o w a b i l i t y  than  those  t r a n s f e r r e d  
, , 

t h r e e  t imes ( a s  was g e n e r a l l y  done i n  prev ious  i n j e c t i o n s ) .  The f i r s t  

of t h e s e  f a c t o r s  i s  thought . t o  have t h e  major e f f e c t .  . . 

Twice dur ing  t h e  i n j e c t i o n  - a t  1113 and a t  1634 - t h e  window of t h e  

s o l i d s  hopper had become completely obscured wi th  d u s t  and t h e  i n j e c t i o n  

was h a l t e d .  The hopper was subsquent ly washed, and t h e  i n j e c t i o n  was 
L ' e ' . ~ ~ ~  a ' ccd. 

A s  u s u a l ,  some f low i n s t a b i l i t i e s  occurred whenever t h e  waste  pump 

s u c t i o n  was switched from one waste tank t o  another .  A t  such t imes,  t h e .  

was te  pump would l o s e  i t s  prime and s e v e r a l  minutes would be r equ i r ed  . .  

t o  r e e s t a b l i s h  normal flow. Except f o r  t h e s e  i r r e g u l a r i t i e s ,  . the  i n j ec -  

t i o n  proceeded q u i t e  smoothly. 

During t h e  run ,  a  running t o t a l  was kept  of t h e  c a l c u l a t e d  corisumption 

of dry  s o l i d s .  By about  1200, it was c l e a r  t h a t  t h e  c a l c u l a t e d  consumption 

was h ighe r  than t h e  a c t u a l  consumption by ~ 1 5 % ;  thus  t h e  mix r a t i o  was, 



i nc reased  t o  -0.. 96 'kg/R . (8  ~ b ' / ~ a l ) .  . to compensate f o r  t h e  discrepancy.  

By 1500, when b i n  1 r a n  empty, another  check was poss ib l e .  ~ e c a u s e  the  

r e s u l t s  i nd ica t ed  t h a t  a . d i f f e r e n q e  between calcul.at'ed and a c t u a l  

consilmption s t i l l  ex i s t ed , .  t h e  mix r a t i o  was i n c r e a s e d . a g a i n  - t o  between 

1.08 kg/R (9 l b / g a l )  a n d  1 .2  kg/& ( 1 0  l b / g a l ) .  These h igh  apparent  r a t i o s  

were maintained u n t i l .  t he  t h e  i n j e c t i o n  .had been completed. 

A t  1826, t h e  waste  tanks  were e s s e n t i a l l y  empty and f low was switched 

t o  f r e s h  water .  The s o l i d s  ' f iow. was stopped a t  1834, a i d  t h e  i n j e c t i o n  , . 

was ended a t  1840. 

The wiper  plug,was pumped down t h e  w e l l  wi th  3180 R (840 g a l )  

of water .  Another 2380 R ,(630 g a l ) . w a s  pumped down t h e  cas ing  annulus.  

Then t h e  w e l l  was valved s h u t ,  and t h e  equipment was.washed. During 
. . 

' t h e  washdown ope ra t ion ,  one of t h e  hoses between t h e  sump tub  and t h e  . ,  

s u c t i o n  manifold 0 f . t h . e  HT-400.was found t o  be plugged wi th  sand.' 

Readings of t h e  . p r e s s u r e s  i n  t h e  rock cover .we.lls (Table.  . . 14) were 

taken a t  i n t e r v a l s  du r ing '  t h e  i n j e c t i o n .  These p re s su re  changes a r e  
. . 

sma l l e r  than those  u s u a l l y  observed. . .  

5.3 Data Ana lys i s '  
. . 

The volume' of waste s o l u t i o n  o t  p i t  water  pumped' dur ing  t h i s  : 
i n j e c t i o n  was measured 'by t h r e e  .methods. ' The s o l u t i o n  flow t o  t h e  mixer 

was measured by a  t u r b i n e  flowmeter a s  w e l l  a s  a  record ing  o r i f i c e  meter.  

The volume of waste s o l u t i o n  pumped was measured by t h e  change i n  tank 

s o l u t i o n  l e v e l ,  The agreement between t h e  tank  l e v e l  measurements and 

t h e  t u r b i n e  flowmeter readings  was very  good; t h e  o r i f i c e  meter readings  

were ~ 9 %  low. For t h e  t ime i n t e r v a l  dur ing  which waste was being pumped 

from t h e  s t o r a g e  tanks  (between 0906 and 1752),  f o r  i n s t a n c e ,  t h e  tank 

l e v e l  measurements i nd ica t ed  t h a t  292,150 R (77,186 g a l )  of waste were 

pumped, t h e  t u r b i n e  flowmeter i nd ica t ed  294,610 !L (77,837 g a l ) ,  and t h e  

o r i f i c e  meter i n d i c a t e d  268,800 R (71,018 g a l ) .  The t u r b i n e  meter 

readings  a r e g e n e r a l l y  more convenient , t o  u se  than  t h e  t a n k  l e v e l  readings  

o r  t h e  o r i f i c e  meter  readings ;  t h e r e f o r e ,  they a r e  used i n  t h e  subsequent 



. . 

..( . .  
Ta3le  14. P r e s s u r e  r e i t i n g s ,  i n  kPa ( p s i g ) ,  of , rock  cover  w e l l s  , . .  . 

. . 
c u r i n g  I n j e c t i o n  ILW-17 

Rock R ~ a k i n g  tak,en on September 1, 197.8, a t :  
cover  
w e l l  09213 1240 1440 ' 1540 1720 . .  



The volumes-of grout  i n j e c t e d  were 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 were recorded a t  5-min i n t e r v a l s .  

Weights ( s t r a i n  gages) on b i n s  1, 3 ,  and 4  were noted a t  i n t e r v a l s .  

Bin 2  has  no usab le  weigh gage i n s t a l l e d .  The b i n  l e v e l  measurements 

(plumb bobs) were n o t  used i n  t h i s  i n j e c t i o n  because of a  f e a r  t h a t  t h e  

f l o a t  p a r t  of t h e  u n i t  might be broken from t h e  u n i t ,  a s  had occurred i n  

an e a r l i e r  i n j e c t i o n .  

The readings  obtained wi.th t h e  s t r a i n  gage on b i n  3 were n o t .  

c r e d i b l e  s i n c e  they ind ica t ed  t h a t  t h e  amount of s o l i d s  wi t l id ram was 

26% of t h e  amount determined v i a  t h e  mix r a t i o  c a l c u l a t i o n s .  The s t r a i n  . . 

gages on b i n s  '1 arid 4  i nd ica t ed  t h a t  t h e  amount of.  s o l i d s  withdrawn w a s  

between 77 and 92% of t ha t . sugges t ed  by t h e  mix r a t i o  ca lcu la t . ions .  

The l a t t e r  numbers a r e  not  unreasonable s i n c e  th6  mix r a t i o  ca l cu la t ions '  

i nd i ca t ed  t h a t  more s o l i d s  were being consumed than ,were  o r i g : i ~ a l . l y  

s t o r e d  i n  t h e  b ins .  The s t r a i n  gage' measurements gene ra l ly  showed a  

uniform withdrawal r a t e  of s o l i d s ;  Fig. 26 shows the  . c a l c u l a t e d  amount . '  ' . 

of s o l i d s  withdrawn from b i n  .4 based on s t r a i n  gage measurements . . and on 

. mix r a t i o  c a l c u l a t i o n s .  . . . . 

The bulk  s t o r a g e  b i n s  contained an. app rec i ab le  amount o f , s o l i d s  a t  

t h e  end of t h e  i n j e c t i o n .  Twenty t rudk  loads of s o l i d s  were removed' 

from t h e  f o u r  s t o r a g e  b ins :  s i x  loads  from b i n  1, s i x  from b i n  4', fou r  

from b i n  2 ,  and fou r  from b i n  3 .  Each t r u c k  load is  es t imated  t o  

con ta in  %lo00 kg (2200 l b )  of s o l i d s .  The weight o f . s o l i d s  charged t o  

b i n  3 was 40,610 kg (89,530 l b )  , and the  weight of s o l i d s  chatged t o  
the P-tanks was 55,256 kg (121,817 l b ) .  The weight' of ~ o l i d s ;  charged 

t o  each df t h e  o t h e r  t h r e e  b i n s  i s  somewhat u n c e r t a i n  because: one 

18,100-kg (40,000-lb) ba tch '  of so l . i d s  was d iv ided  among t h e  t h r e e  b i n s  

and t h e  p r e c i s e  q u a n t i t y  of s o l i d s  charged t o  each b i n  could not  be 

determined. It i s  es t imated ,  however, t h a t  b i n  1 contained 66,680 kg 

(147,000 l b )  of s o l i d s ,  b i n  2  contained 64,000 kg (141,OO.O l b ) , .  and 

b i n  4 . con ta ined  63,500 kg (140,000 l b ) . .  One needs .on ly  t o  s u b t r a c t  t he  

amount of s o l i d s  remaining a t  t h e  end . of . t h e  i n j e c t i o n  from these  numbers 

i n  order  t o  o b t a i n  t h e  approximate weight of s o l i d s  consumed. These 

numbers, given i n  Table 15, a r e  compared wi th  t h e  c a l c u l a t e d  s o l i d s  

consumption based on t h e  volumetr ic  r a t i o  readings  and t h e  c o r r e l a t i o n  



I 1 1 

. . 

- 

STRAIN GAGE - 
MEASUREMENTS 

ORNL DWG 80-1001 

1630 1 600' 
CLOCK TIME 

Fig. .26. TWD meas?lrements of s o l i d s  withdrriin fr6m bin 4 dur ing  
I n j e c t i o n  ILW-17. 





given  i n  Fig.  12. It s e e m s  apparent  from t h e  .da ta  i.n Table .I5 t h a t  t h e  

c a l c u l a t e d  mix rat id was' 10 . t o  .20% h ighe r  than  t h e  a c t u a l  mix r a t i o .  

Th i s  e r r o r  can b e  compensated for -  i n  f u t u r e  i n j e c t i o n s  by an  a l t e r a t i o n  

of t h e  c a l i b r a t i o n  curve  ( ~ i g .  1 2 )  .' . . 

5.4 Evalua t ion  of t h e  I n j e c t i o n  

The most d i s t i n g u i s h i n g  feature of I n j e c t i o n  ILW-17 was t h e  smooth- . . , '  

n e s s  of ope ra t ion .  The s o l i d s  flowed evenly from t h e  bulk  s t o r a g e  b i n s  

w i thou t  t h e  s t o p s ,  starts,  'and s l u g  flow c h a r a c t e r i s t i c  of s o l i d s  

f low durihg previous  injections. ~ l s o , '  the conero l  of the s o l i d s  t g  

l i q u i d  mixing was devoid of t h e  30-min cyc le s  t h a t  were s o  apparent  dur ing  
. . . . 

t h e  l a s t  h a l f  .of I n j e c t i o n  ILW-16. This  improvement was l a r g e l y  t h e  

r e s u l t  of a  d i f f e r e n t  o p e r a t o r  technique,  bu t  was a s s i s t e d  b y . t h e  more 

u n i f  o m  s o l i d s  f . 1 0 ~ .  

Some i r r e g u l a r  ope ra t ion  occurred immediately bef o r e  and a f t e r  t h e  
, . 

s u c t i o n  of t h e  was te  pump w a s  switched from one waste  t a n k ' t o  another .  

The .was te  pump l o s e s  i ts  prime, and a  per iod  of s e v e r a l  minutes i s  requi red .  

b e f o r e  normal ope ra t ion  can be  resumed. Th5s problem appears  t o  be 
. . 

c h a r a c t e r i s t i c  of t h e  des ign  of t h e  waste  p ip ing  system and probably ' 

.cannot 'be e a s i l y  co r r ec t ed .  

P e r i o d i c  c l ean ing  of t h e  mixer hopper is  s t i l l  r equ i r ed ,  somctimes 

because v i s i o n  i n t o  t h e  hopper g radua l ly  becomes obscured and on o t h e r  

occas ions  because s o l i d s  accumulate i n  t h e  hopper and i n t e r f e r e  wi th  

normal flow. No s imple  c o r r e c t i o n  f o r  such s i t u a t i o n s  can be suggested.  

A l l  i n s t rumen ta t ion  (except  f o r  t h e  mass meter)  wnrked wel l .  Even 

t h e  s t r a i n  gages on two of t h e  s o l i d s  s t o r a g e  b i n s  gave r e l i a b l e  r ead ings ,  

. 5 . 5  Post-Inj  e c t i o n  Operat ions 
. . 

7%; p r e s s u r e  i n  t h e  annulus of t h e  i n j e c t i o n  w e l l  w a s  observed a t  

i n t e r v a l s  a f  t e r  t h e  i n j e c t i o n .  The f i n a l  i n j e c t i o n  p re s su re ,  which was 

186 MPa (2700 psl), f e l l  to ' ~ 6 . 9  ma (1000 p s i )  'appsoxiuiately 30 win 

a f t e r  t h e  end of t h e  i n j e c t i o n  and dec l ined  s lowly t h e r e a f t e r .  The r a t e  

of p r e s s u r e  decay was lower than  a f t e r  I n j e c t i o n  ILW-I6 but  about t h e '  

same as a f t e r  I n j e c t i o n  ILW-15. 



Following t h e  i n j e c t i o n ,  ' a l l  t h e  cased observa t ion  w e l l s  t h a t  were 

s e r v i c e a b l e  were logged. Well NE-125, whose cas ing  had been pu l l ed  a p a r t  

dur ing  I n j e c t i o n  ILW-13, i s  b a d l y  contaminated and no longer  usable .  The 

cas ing  of w e l l  W-300 w a s  rup tured  dur ing  I n j e c t i o n  ILW-14. No grout  
. . 

. . 
s h e e t  t h a t  could be a t t r i b u t e d  t o  i n j e c t i o n  ILW-17 was observed i n  

- , w e l l  E-300, N-100, o r  NW-100.' A new peak was observed i n  w e l l  S-220 a t  

240 m (787 f t ) ;  i n  a d d i t i o n ,  a  p o s s i b l e  peak was observed i n  . w e l l  . N-150 

a t  252 m (826 f t ) . ,  The log  is  somewhat ambiguous, however, and the  l a t t e r  

peak may simply be h ighe r .  r e s o l u t i o n  of an e x i s t i n g  peak. 

A bleedback of f r e e  water  frdm i n j e c t i o n  ILW-17 was at tempted.  .No 

water  was c o l l e c t e d .  . . 

The rock cover monitor ing w e l l s  w e r e ' t e s t e d  t o  determine'  the .  r a t e  

of water  acceptance. Each w e l l  w a s .  p r e s su r i zed .  t o  517 kPa (75 p s i )  wi th  

a  gas  c y l i n d e r ,  and t h e  volumes'of water  accepced a f t e r  1 and 2 h were 

determined. With t h e  .except ion  of w e l l  W-300, t h e  r e s u l t s  ob ta ined  were . ' 

. q u i t e  s i m i l a r  t o  those  obta ined  on previous  occas io .ns , . i nd i ca t ing  t h a t  

t h e  i n t e g r i t y  of t h e  over ly ing  rock f o r g a t i o n  has no t  changed. . (In t h e  

ca se  of W-300, a l e a k  a t  t h e  coupling precluded any meaningfu1,data . )  

The r e s u , l t s  Are given i n  Table 16. 



.. . . . 
Table  16.' Water acceptance  r a t e s  f o r  rock cover monitor ing w e l l s ,  

' . i n  &lh (gph) 

. Roclc~ .1.9 7 9 1 97.3 e 

cover  
w e l l  First hour , '  Second hour F i r s t  hour Second hour 

~. - 
NW-175 8 . 5 ( 2 . 2 5 )  8 .2  (2.17) , 5.7 (1.5) 5.7 (1.5) 

. . . 
NW-250 .0.89 (01 24) 1 .0  (0.26) 1.1 (0.3) 1.1 (0.3) 

W - ~ O O  3.05 (0.81) 5.54 (1.46) . 0.4  (0.1) None 

S-300 '1 .64  (0.43) 1.28 (0.34) 2.8 (0.75) 1 .9  (0.5) 

E-300 ' 0. i 2  (0.032).  0.10 '(0.026) None None 

0.25 (0.0'66) : 0 . 1 9 . ( 0 . 0 5 0 )  N-275 0 .2  (0.05) 0 . 2  (0.05) 

NE-125 5.38'  (1.42) 3 . 3 3  (0.88) 4.5 (1.2) 4.5 (1.2.) 

N-200 2.73 (0.723 2 . ~ 0  ( ' u . 5 ~ )  4.5 (s..z.j 4 .5  (1.2) 

NE-200 2.'03 (0.54) 1.64 (9.43) 1.9 (0.5) 1 . 9  (0.5) 



. . 

6. INJECTION 'ILW-18 . 

6.1 Pre l iminary  P repa ra t ions  

6.1.1 waste t r a n s f e r  and : ana lys i s  

The waste  s o l u t i o n s  a v a i l a b l e  f o r  I n j e c t i o n .  ILW-18 cons i s t ed  of 

113,600 i ;(30,000 g a l )  o f ' w a s t e  i n  tank  W-8, 151,400 R (40;OOO g a l )  of 

waste  i n  ' t a n k  W-10, and ~ 3 7 , 8 0 0 .  R (10,000 - g a l )  of was te  i n  o t h e r  tanks.  . . 

Samples were taken of t h e  s o l u t i o n s  i n  tanks W-8 and W-10 and ana lyses  

were obta ined   abl able , l 7 ) .  The remaining was te  s o l u t i o n s '  were n o t  sampled 

o r  analyzed;  t h e i r  o p e r a t i o n i l  h i s t o r y  ind ica t ed  t h a t  - t h e y  were i u i t e  

d i l u t e  a s  compared wi th  t h e  s o l u t i o n s  i n  W-8. and W-10, would c o n t a i n f e w  

rad ionucl ides . ,  and would behave chemical ly l i k e  s l i g h t l y  impure water .  

The was te  s o l u t i o n  from tank  W-8 was s t o r e d  i n  tanks  T-1 [55,910 R 

(14,772 g a l )  ] and T-2 [18,900 R (5,000 g a l )  ] . The waste  s o l u t i o n  from 

tank  W-10 was t o  t anks  T-2 [37,460 11 (9,897 g a l )  1, T-4 [93,5'20 R 

(24,709 g a l )  ] , T-9 .[49,100 R (12,975 g a l )  ] , and'  T-3 [53,000 R (14,000 g a l )  1. 
 h he remaining space  i n  Tank T-3 .was f i l l e d  w i t h . d i l u t e  miscel laneous 

waste  [,39,580 R (10,458 g a l ) ]  . 
. . 

6.1.2 S o l i d s  blending 
. . 

. . F i v e ' b a t c h e s  of d ry  s o l i d s  were blended and loaded i n  t h e  s t o r a g e  

b i n s  a t  t h e  f r a c t u r i n g  s i t e .  Four of them were loaded i n  t h e  s t o r a g e  

b i n s ,  whi le  t h e  f i f t h  was l e f t  i n  t h e  b lending  tanks  f o r  l a t e r  t r a n s f e r  

t o  an empty b i n .  The abbrevia ted .  blending procedure used i n  t h e  prepara- 

. , t i o n s  f o r  . I n j e c t i o n  ILW-17 was followed i n .  t h e  p repa ra t ion  of t h e  f i r s t  

fou r  ba tches ;  t h e  d r y  s o l i d s  were loaded i n  t h e  s c a l e  tank ,  and were 

then  blown suces s ive ly  t o  t h e  f i r s t  b lending  t a n k ' a n d  t o  t h e  s t o r a g e  

b in .  The, second b lending  t a n k  was n o t  used; however, s i n c e  t h e  s t o r a g e  

c a p a c i t y  of t h e  second b lending  tank  was needed f o r  s t o r a g e . o f  ' t h e  f i n a l  

lsatcli 01 s u l i d s ;  t h i s  batch of  s o l i d s  was 'blended an a d d i t i o n a l  time. 
. . 

The weights  of  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  t h e  s o l i d s  mix 

a r e  given i n  Table 18. 



.Table 17. Analyses of waste  s o l u t i o n s  f o r  I n j e c t i o n  ILW-18. 

Tank W- 8. Tank W-10 

Volume, R ( g a l )  114,000 (30,000) 150,000 (40,000) 

S p e c i f i c  g r a v i t y  1.2018 ' 1.1186 

Gross a ,  C i / R .  . 3.7 x lo-6 (1.4 2.6 x (9.7 x 
( C i l g a l )  



Table  18'. Dry s o l i d s  mix f o r  I n j e c t i o n  ILW-18 ' " 

Bin 1' . B i n  2 Bin 3 Bi-n 4 P- t anks . . . . 

Blending 5/11/79 5110179 5/9/79 5/8/79 5.114179 , '  . 
d a t e  , 

Cement , 21,452 (47;194) 21,755 (47,860) 21,255 (46,760) 21,114 '(46,450) 21,355 (46,980) . , 

kg ( l b )  . . . . 

Fly  ash ,  26,355 (57,980) 22,:600 (49,720) , 24,936 (54,860) 26,127 (57,480) 26,332 (57,930) . 

P o t t e r y  4,400 (9,680) 4 ,459 .(9,810) 4,373 (9,620) 4,510 (9,922) . . 4',345 (9,560) , 

c l a y ,  ' . . 

kg' ( l b )  

25 (54) 25 ' (54)  . . 25 (54) 25 ( 5 4 j  Sugar ; 25 (54) 
.. kg ( l b ) '  

60,931 (134 ,048)  57,570 (126,654) ' 59,093 c 1 3 0 , ~ ~ 4 )  60,271 ( 1 3 2 , 5 9 6 )  5 9 , 9 4 2  (131,872) T o t a l ,  
'kg ( l b )  . . 



A new s o l i d s  f e e d e r  w a s  used t o  r e p l a c e  t h e  Ha l l i bu r ton  screw 

conveyer t h a t  charged a t t a p u l g i t e  and p o t t e r y  c l a y  t o  t h e  s c a l e  tank.  

Th i s  f e e d e r  was a Carter-Day " A i r  Swept1' f eede r  va lve ,  which u t i l i z e d  a 

f low of a i r  through a r o t a r y  va lve  t o  a e r a t e  and t r a n s f e r  t h e  s o l i d s  

be ing  f e d  through t h e  va lve .  A s  i n s t a l l e d ,  t h e  ope ra t ion  was found t o  be  

t o o  dus ty ;  t h e r e f o r e ,  t h e  v a l v e  was removed and t h e  screw conveyer 

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

6.1.3 T e s t s  of mix c o m p a t i b i l i t y  

The 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  were sampled 

and t e s t e d  wi th  s y n t h e t i c  was t e  s o l u t i o n s . '  A few t e s t s  were a l s o  made 

w i t h  water .  Phase sepa ra t ion '  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 w i t h  v a r i o u s  mix r a t i o s .  Most of t h e  tests w e r e  made 

w i t h  g r o u t s  t h a t ' w e r e  prepared by mixing t h e  dry  s o l i d s  and waste  s o l u t i o n  

a t  bo th  5000 rpm ( t o  s imu la t e  down-hole.conditions) and 2000 rpm ( t o  

s i m u l a t e  t ub  cond i t i ons ) .  The r e s u l t s  of a s e l e c t i o n  of t h e  mix com- 

p a t i b i l i t y  tests a r e  shown i n  Table 19.. As.usua1, some d i f f e r e n c e s  were 

observed between t h e  c h a r a c t e r i s t i c s  of  t h e  g rou t s  sheared a t  2000 rpm and 

t h o s e  sheared  a t  5000 rprn. The a d d i t i o n a l  shea r  approximately doubled 

t h e  apparent  v i s c o s i t y  of  t h e  g rou t  and reduced i t s  phase s e p a r a t i o n  by 

s e v e r a l  pe rcen t .  These d i f f e r e n c e s ,  which a r e  s i m i l a r  t o  t hose  observed 

h e r e t o f o r e ,  were expected. However, the  h igh  apparent v i s c o s i t i e s  and 

low phase s e p a r a t i o n s  t h a t  were observed a t  very  low mix r a t i o s  were no t  

e n t i r e l y  expected.  The c h a r a c t e r i s t i c s  of t h e s e  g r o u t s  a t  mix r a t i o s  

of 0.48 and 0.6 kg12 ( 4  and 5 l b l g a l )  were approximately equ iva l en t  t o  

t h o s e  determined f o r  I n j e c t i o n  ILW-16 a t  0.84 and 0.96 kg12 (7 and' 8 l b / g a l ) .  

P a r t  of t h i s  d i f f e r e n c e  may b e  due t o ,  t h e  more concent ra ted  was te  

s o l u t i o n  t h a t  w a s  d i sposed  of  i n  I n j e c t i o n  ILW-18; on t h e  o t h e r  hand, 

since t h e  cornparibi l fey t e s t s  w i t h  wa te r  showed much t h e  same e f f e c t s ,  t h e  

major p a r t  o f  t h e  d i f f e r e n c e  could probably be  a t t r i b u t e d  t o  t h e  abbrevi-  

a t e d  b lending  procedure used f o r  t h e  s o l i d s  i n  t h i s  i n j e c t i o n .  Although 

t h i s  phenomenon h a s  been observed p rev ious ly ,  t h e  magnitude of t h e .  

d i f f e r e n c e  i n  t h i s  c a s e  was somewhat l s r g e r  t han  a n t i c i p a t e d .  

The r e s u l t s  o f  t h e s e  t e s t s  i n d i c a t e d  t h a t  a mix r a t i o  of about 

0.72 k g / ~  (6 l b l g a l )  would g e n e r a l l y  produce a grout  w i th  a low phase 



Table 19. . Mix conipat ib i l i ty  tests f o r  I n j e c t i o n  ILW-18a 
. . 

(All  t e s t s  made a t  5000 rpm) 

Mix r a t i o  Density Phase . Apparent 
Bin sepa ra t ion  v i s c o s i t y  

number s o l u t i o n  (kg/!&) ( l b / g a l )  (kglR) ( lb[gal)  (2)  (cP) 

. ' 4  W- 10 0.60 .5 1.333 . 11.1 4 ' .  14.0 
0.72 6 .  1.381 11.5 1.4 24.5 

. , 

Water . .0.72 . 6 1.309, 10.9 4. I 2 4 
0.84 . 7 1.345 '11.2 2.8 3 5 

Water 0.72' 6 1.285 10.7 3.6 21 
0.84 7 1.339 11.15 1.7 32.5 

Water . 0.48 4: 1.201.  10.0 1.9 28 
0.72 6 .1.321' 11 0 

. . 52 , . 

. . a. 
Data from J. G. Moore. 



s e p a r a t i o n  and an  ap.parent v i s c o s i t y  of. ~ 3 0 '  cP.   ow ever , ' . t h e  . p a r t i c u l a r  

combination of b i n  2 s o l i d s  and W-10 w a s t e  seemed' t o  , r e q u i r e  a 1ower.mix 

r a t i o .  A m i x . r a t i o . o f  about  0.48 kg/R- ( 4 l b l g a l )  a p p e a r e d ' t o  be  t h e  

upp'er l i m i t  f o r  t h i s  combination; a t ' h i g h e r  mix r a t i o s ,  t h e  . v i s c o s i t y  . 

,of t h e  g r o u t  appeared t o  b e  excess ive .  

6.1:4 S l o t t i n g  i n j e c t i o n  w e l l  

The i r i j e c t i o n  w e l l  was p r e s s u r i z e d  t o  break  down t h e  formation,  b u t  
. . 

no breakdown occurred.  C i r c u l a t i o n  down t h e  tub ing  s t r i n g  and up t h e  

. . .annulus was at tempted b u t  n o t  achieved. The tub ing  s t r i n g  was discon- . . 

nec ted  from t h e  wellhead assembly and l i f t e d  t o  v e r i f y  t h a t  i t  w a s  n o t  . .  
. . 

cemented to t h e  w e l l  bottom. ' C i r c u l a t i o n  down t h e ,  tub ing  s t r i n g ' w a s  

a t tempted  wh i l e  t h e  tub ing  was he ld  o f f  t h e  w e l l  bottom, b u t  t h e  a t tempt  

was n o t  succes s fu l .  When t h e  tub ing  s t r i n g  was logged, a  plug was- found 

a t  ~ 1 2  m (40 f t )  above t h e  bdttom of t h e  s t r i n g .  

The tub ing  s t r i n g  was removed 'from t h e  wel l .  The lower .two j o i n t s  - 
dne 1.8'  m ( 6 .  f t )  long ,  and one 9 m (30 f  t )  l o n g  - were found t o  be  plugged 

w i t h  cement i n t e r s p e r s e d  w i t h  pockets  o f ' w a t e r .  The rubber-wiper plug . . 
, 

w a s  l o c a t e d  ~ 1 . 5  m (5 f t )  from t h e  bot tom.of  t h e  tub ing  s t r i n g .  The plugged 

j o i n t s '  were, r ep l aced ,  and t h e  tubiilg s t r i n g  was r e i n s e r t e d  i n  t h e  w e l l .  

The s t r i n g  was then  lowered t o  touch bottom, which was found t o  be  
' 

1 .5  m (5 f t )  above t h e  s l o t  o f  t h e  previous  i n j e c t i o n .  

The w e l l  was s l o t t e d  a t  244.m (784 f t ) .  The s l o t t i n g  p re s su re  v a r i e d  

,between 32 MPa (4600 p s i )  a t  606 R/min (160 gpm) and 20 MPa (2950 p s i )  

a t  795 ~ l m i n  (210 gpm); 50 sacks  of sand and 22 kg ' (50  l b )  of ,WG-6 

suspender  were used. The weilhead was re r igged  f o r  pumping, and t h e  w e i l  

w a s  p re s su r i zed  t o  break  down . the  formation. '  Breakdown occurred a t  23  MPa 

(3400 p s i )  and 636 Rlmin (168 gpm). 
' 

6.1.5 Miscel laneous maintenance . . . . 

Seve ra l  maintenance procedures  were necessary  p r i o r  t o  t h e  i n j e c t i o n .  

For example, t h e  mass meter ,  which had become inope rab le ,  was removed 

and reworked. I n s p e c t i o n  revea led  t h a t  cement had go t t en  i n s i d e  t h e  

mechanism and caused i t  t o  malfunct ion.  The instrument  was  cleaned,  

ca l . i b ra t ed  , and r e i n s t a l l e d .  



The and packing of t h e  i n j e c t i o n  pump were . r ep l aced  (on 

conclus ion  o f ,  t h e  s l o t t i n g  ope ra t ion ) .  , The. packing was then  run i n .  

A l l  v a lves  were pres,sure t e s t e d  and t h e  r e l i e f  ' va lve  &as s e t  a t  . . .  

36 MPa (5200 p s i ) .  ' The check v a l v e ,  t h e  m a s t e r  v a l v e ,  and v a l v e  V-9 

were r epa i r ed .  

The i n j  ect. ion pump would n o t  s h i f t  properly.  Examination revea led  

a r u s t e d  a i r  c y l i n d e r ,  whfch was subsequent ly replaced.  

6.2 I n j e c t i o n  
. . 

Mix compa t ib i l i t y  t e s t s  had ind ica t ed  t h a t  t h e  grout  v i s c o s i t y  might 

be  apprec iab ly  h ighe r  than  usua l  i n  t h i s  i n j e c t i o n ,  p a r t i c u l a r l y  wi th  

. Cer t a in  combinations of was te  s o l u t i o n s  and s o l i d s  mixes. Theref o r e ,  

t h e  sequence of waste  tank  drawdown and b i n  usage was,planned t o  avoid 

those  combinations t h a t  t e s t s  had ind ica t ed  would be most d i f f i c u l t . t o  

Pump 

The mix r a t i o  f o r .  t h i s  i n j e c t i o n  w a s  au toma t i ca l ly  computed from 

mass-meter and turbi.ne flowmeter r ead ings  and recorded. The mix r a t i o  

was a l s o  determined from t h e  r a t i o  of t h e  pumped volumes of grout  and 

waste  s o l u t i o n ,  measured by t h e  s t r o k e  counter  of t h e  i n j e c t i o n  pump and 

t h e  t u r b i n e  flowmeter. Th i s  r a t i o  was . ' a l so  recorded. This  r a t i o  was 

converted t o  a  mix r a t i o  by t h e  c o r r e l a t i o n  shown i n  Fig.  13. During 

I n j e c t i o n  ILW-18, both of t h e  mix r a t i o  de te rmina t ions  were used. The 

mix r a t i o  was c a l c u l a t e d  a t  approximately 5-min i n t e r v a l s  from both t h e  

mass-meter readings  and t h e  volume r a t i o  measurements. The two va lues  

t hus  obta ined  were then  compared t o  determine whether a c o n s i s t e n t  b i a s  

e x i s t e d  i n  e i t h e r  s e t  of readings .  

P r i o r  t o  t h e  i n j e c t i o n ,  t h e  ' f r a c t u r e  was reopened and expanded by 

pumping water  through t h e  f r a c t u r e .  The f r a c t u r e  was reopened a t  a  

p re s su re  of 34 MPa .(4900 p s i )  and a  flow r a t e  of 454 ~ / m i n  (120 gpm). 

Approximately 4000 R (1050 gal.) of water  was pumped. 

The i n j e c t i o n  was begun a t  0840 on May 18, 1979, wi th  water  from t h e  

waste  p i t .  S o l i d s  flow was s t a r t e d '  from b i n  2 a t  0844. A t  0912, t h e  waste 

p i t  was n e a r l y  empty and f low was switched t o  T-1. P l o t s  of t h e  i n j  ec- 

' . t i o n  p re s su re  (wellhead measurement) and waste  flow r a t e  throughout t h e  



i n j e c t i o n  are shown i n  F igs .  27 and 28. The flow r a t e  readings  a r e  

a v e r a g e ' v a l u e s  ( u s u a l l y  over  a  5-min per iod)  i nd ica t ed  by t h e  t u r b i n e  

f  lowmeter. 

The i n d i c a t e d  mix r a t i o  a s  determined from t h e  volume r a t i o  i s  shown 

i n  F ig .  29.. A comparison of t h e  mix r a t i o  c a l c u l a t e d  from mass-meter 

r ead ings  w i t h  t h e  mix r a t i o  c a l c u l a t e d  from volume r a t i o  readings  i s  

s h o e  i n  F ig .  30. The mix r a t i o s  c a l c u 1 a t e d . b ~  t h e  two d i f f e r e n t  methods 

a r e  i n  v e r y  good agreement e x c e p t ' f o r  t h e  last  30 min of t h e  i n j e c t i o n .  

Th i s  d i screpancy  i s  d i scussed  l a t e r .  

A t  1008, t h e  i n j e c t i o n  was h a l t e d  due t o  a l e a k  i n  t h e  mixing c e l l ,  

and t h e  sou rce  o f .  t h e  l e a k  w a s  determined. Examination revea led  a  h o l e  

i n  t h e  d i scha rge  l i n e  from t h e  mixing jet  (probably eroded dur ing  t h e  

s l o t t i n g  ope ra t ion ) .  About 3400 R (900 g a l )  of waste  was pumped t o ' d i l u t e  

t h e  g rou t  i n  t h e  mixing t u b  and h igh-pressure  l i n e s .  A p ip ing  pa t ch ,  

which was ob ta ined  and s t r apped  t o  t h e  l eak ing .  l i n e ,  s topped t h e  l e a k  and 

pe rmi t t ed  con t inua t ion  of t h e  i n j e c t i o n .  

During t h e  shutdown per iod  (when t h e r e  was no s o l i d s  f low) ,  t h e  

mass meter  was observed t o  b e  i n d i c a t i n g  a  p o s i t i v e  s o l i d s  flow of 

190 kg/min (420 lb /min) .  It seemed apparent  t h a t  some s o l i d s  bui ldup  

had occurred  on t h e  sens ing  cone of the. mass meter and was b i a s i n g  t'he 

r ead ings .  The magnitude of t h i s  b i a s  appeared t o  be  ~10% (during t h e  

previous  30 min o f  ope ra t ion ,  t h e  mass-meter r ead ings  had averaged 10% 

h i g h e r  t han  t h e  volume r a t i o  measurements); and t h e  zero  of t h e  mass 

m e t e r  was a d j u s t e d  accord ingly .  

The i n j e c t i o n  w a s  resumed a t  1127 and continued without  Inc iden t  u n t i l  

1620. During t h i s  pe r iod ,  t h e  f low of s o l i d s  t o  t h e  mixer was smooth 

( a s  had been ' t h e  c a s e  i n  I n j e c t i o n  ILW-17) , and f l u c t u a t i 6 n s  i n  t h e  mix 

r a t i o  w e r e . s m a l l e r  and l e s s  f r equen t  t han  i n  most prev ious  i n j e c t i o n s .  

The mix r a t i o  i nd ica t ed  by t h e  mass-meter r ead ings  was i n  good agreement 

w i t h  t h a t  c a l c u l a t e d  from t h e  volume r a t i o  measurements, a l though a  

running inven to ry  of  t h e  weight  of s o l i d s  withdrawn from a  s t o r a g e  b i n ,  

gave a somewhat g r e a t e r  weight  than  had o r i g i n a l l y  been charged t o  t h e  

b i n .  The v i s c o s i t y  o f  t h e  g r o u t  mix d i d  n o t  appear  t o  be  excess ive ,  even 

a t  mix r a t i o s  app rec i ab ly  h ighe r  than  those  t h a t  had r e s u l t e d  i n  very  

t h i c k  g r o u t s  i n  t h e  mix c o m p a t i b i l i t y  tests. 
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FQ. 28. Waste solution f low r a t e s  du r ing  I n j e c t i o n  ILW-18. 
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A t  1620, t h e  f l o w  of waste  . s o l u t i o n  t o  t h e  mixer j e t  became e r r a t i c  

and t h e  ' i n j e c t i o n  was h a l t e d .  A fragment of caked cement behind' t h e  j e t ,  

which was found t o  be  t h e  cause of t h e  t r o u b l e ,  was removed, and t h e  

i n j e c t i o n  was r e s t a r t e d  a t  1746. 

A t  1945, an  apprec i ab le  q u a n t i t y  of s o l i d s  remained even .though 

most of t h e  was te  s o l u t i o n  had been i n j e c t e d .  These s o l i d s  w e r e  mixed 

wi th  s12,000 R (3 ,000  g a l )  of w a t e r  t h a t  had been pumped i n t o  Tank T-4 

and a g i t a t e d  t o  suspend some of t h e  s ludge '  t h a t . h a d  s e t t l e d  i n  t h i s  tank  

dur ing  15. y e a r s  of use.  ~t t h i s  t ime,  t h e  mix r a t i o  was increased  '.to 

between 1 ; 0 8  and .1 .2  kg/R (9 and 10  l b / g a l )  s o  t h a t  more of t h e  a v a i l a b l e  

s o l i d s  would b e  used. .Perhaps c o i n c i d e n t a l l y ,  t h e  mass-meter. readings  

dropped. s h a r p l y  ( i n d i c a t i n g  an  improbably low mix r a t i o ) .  The volume 

r a t i o  c a l c u l a t i o n s  were used f o r  mix r a t i o  de te rmina t ion  dur ing  t h e  
. . 

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

  low w a s  switched t o  water  a t  2010, and t h e  s o l i d s  f low w a s  s h u t  

o f f  a t  2014. The wiper  p lug  was pumped down t h e  w e l l  wi th  5700 R (1.500 g a l )  

of water ,  and t h e  cas ing  was f lushed  wi th  7600 R (2000 g a l )  of water .  

The w e l l  was then  valved s h u t  'and t h e  equipment washed. The' p ip ing  
. . 

connect ions t o  t h e  wellhead were d isconnected ,  and b u l l  p lugs  were used 
. . 

t o  s e a l  t h e  wellhead shut-off va lves .  Th i s  p recau t ion  w a s  necessary  

because some leakage  back up t h e  i n j e c t i o n . w e l 1  had appa ren t ly  occurred 

a f t e r  t h e  last  two i n j e c t i o n s  d e s p i t e  a  c losed  shutof f  valve.  
. . 

The p re s su res  i n  t h e . r o c k  cover w e l l s  were read a t  i n t e r v a l s  during '  

the ,  i n j ec t ion . '  The r e s u l t s  a r e  g iven  i n  Table 20. The l a r g e s t .  p r e s su re  . 
. . 

changes were observed i n , w e l l s  NE-125, NE-200, and S-200. 
, . 

. . 

6.3 Data Analys is  

The volume of was te  so lu t ion '  o r  p i t  water  pumped dur ing  t h i s  

i n j e c t i o n  was measured by t h r e e  methods. The s o l u t i o n  f low t o  t h e  mixer 

was measured 'by a  Ha l l i bu r ton ,  t u r b i n e  flowmeter: a s  w e l l  as a record ing  

o r i f  i ce .  meter .  " The volume of was te  s o l u t i o n  pumped was measured by t h e  , ' 

change i n  t h e  l e v e l  ' of t h e  t a n k  s o l u t i o n .  The agreement. between t h e  

t ank  l e v e l  measurements and t h e  t u r b i n e  flowmeter readings  was gene ra l ly  



. . 
Table  20. F r e s s u r e  r e a d i n g s  for rock cover w d l s ,  i n  kPa ( p s i g )  - I n j e c t i o n  ILW-18 

Rock .. . Readings tal-:en cn May 19,  19:9: at:. 
cover . . -. 
w e l l  . P r e - I n j e c t i z n  Q92C 1200 1310 1430 11.45 1825 1930 

E-300 3.5 (0.5) 3.; (C.5) 1 4  (2) 14 (2) 14 ( 2 )  1 1 . 5 )  7 (10) 14 (2) 
a .  .Z 'NE-125 -3.4 (-0.5'1, 3. ;  (C.5) 172 (25.) 314 (45.5) 297 (&3)  ,254 (37) ' . 

NE-200. -25.5 (-3.7). -25.3 (-3.7: 38 (5.5) 145 ' (21) '  269 (39) . 276 /40) 303 (44) 3 9 0 ( 5 6 . 5 )  . 

.N-200 ' 0 '0 0 .  34 i0 .5)  0 0 0 
0 .  

. . o  
" N-275 0 0 . .  3.4 (0.5) -2 (-0.3:) 0 o 17.2 (2 .5)  24 (3.5) , . 

.NW- 17 5 0 . . -3.5 (-0.5: 3'.4 (0.5) -2 (-0.3) -10.3 (-1.5) -14 i -2 )  -17.2 (-2.5). -21 (-3) 

NW-250 0 0 .  0 0 '  0 .  8 0' 0 

W-300 0 0 . 0 0 0 0 0 .  . 0 

S-200 i 6 2  (23.5) 200 :29) 260 (37.5) 255 (37) 241 (35) 234 i34) 207 ( 3 0 ) .  . 186 (27) 
a 

Off s c a l e .  



v e r y  good; t h e  o r i f i c e  mete r  r e a d i n g s  ranged from 2% h i g h e r  t o  30% lower 

' than  t h e  t a n k  l e v e l  measurements. .It was n o t e d  t h a t  t h e  tu r .b ine  flow- 

meter r e a d i n g s  were ,  10% l o w  w h i l e  t a n k  T-9. was b e i n g  empt ied.  . During 
. . 

I n j e c t i o n s  ILW-15 and ILW-17, e r r o r s  o f ' t h e . s a m e  s i z e  were  n o t e d  f o r  

t a n k  T-9. (Tank T-9 was n o t  used d u r i n g  ILW-16.) T h i s  'correspondence of 

e r r o r s  s u g g e s t e d .  t h a t  t h e  c a l i b r a t i d n  t a b l e s  f o r . . t h i s  t a n k  shou ld  be  

checked againi t  t h e  dimensions  g i v e n  Tn t h e ,  t a n k  drawings .  T h i s  check 

i n d i c a t e d  t h a t  t h e  c a l i b r a t i o n  t a b l e s  a r e  %lo% . . i n  e r r o r .  Because ' t h e  

t u r g i n e  mete r  r e a d i n g s  are g e n e r a l l y  more conven ien t  t o  us6  t h a n  t h e  t a n k .  

. l e v e l  r e a d i n g s ,  t h e y  a r e  used i n  t h e  subsequent,  . c a l c u l a t i o n s .  . 

The volume of i n j e c t e d  g r o u t  was measured by t h e  s t r o k e  c o u n t e r  on 

' the  i n j e c t i o n  pump. These volumes were n o t e d  a t  5-min i n t e r v a l s .  

Weights ( s t r a i n  gages)  of b i n s  3  and 4 were n o t e d  a t  i n t e r v a l s .  

No measurements a r e  a v a i l a b l e  f o r  b i n s  1 and 2  s i n c e  b i n  2  h a s  no u s a b l e  

weigh gage i n s t a l l e d  and the' s t r a i n  gage on b i n ' l  d i d  n o t  f u n c t i o n  d u r i n g  

t h i s . i n j e c t i o n .  The b i n . l e v e 1  measurements .(plumb bobs)  were n o t  used 

i n  t h i s  i n j e c t i o n  because  of a  . f ea r  t h a t  ' t h e  f l o a t  p a r t  of , . t h e  u n i t  might 

be  broken from t h e  u n i t ;  as had -occur red  i n  an e a r l i e r '  i n j e c t i o n .  

The s t r a i n  gage on b i n  3  d i d  no,t g i v e  c r e d i b l e  r e a d i n g s ;  .both t h e  
. . 

z e r o  and t h e  s l o p e  of t h e  curve  were bad ly  i n  e r r o r .  -The  s t r a i n  gage on 

b i n ,  4 gave v a l u e s  t h a t  agreed  reasonab ly  w e l l  w i t h  t h e  mix r a t i o  

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

The b u l k  s t o r a g e  b i n s  c o n t a i n e d  an a p p r e c i a b l e  amount of s o l i d s  a t  

t h e  end of t h e  i n j e c t i o n .  ~ i f t ' e e n  t r u c k  l o a d s  of s o l i d s  were removed 
, . 

froin t h e  f o u r  s t o r a g e  b i n s  and t h e  'P-tanks. Seven l o a d s  were rcmoved . . . . 

from b i n  2 ,  and two l o a d s  were removed from each of t h e  o t h e r  b i n s .  The 

- cone of b i n  2 . w a s .  e s s e n t i a l l y  fu l l ' ,  w h i l e  1 m ( 3  t o  4 f t )  of s o l i d s  
. . 

remained i n  t h e  o t h e r  t anks .  Each t r u c k  l o a d  is  e s t i m a t e d  t o '  c o n t a i n  

%lo00 kg (2.200. l b )  of s o l i d s  ; t h e  t o t a l . ,  weight  .of s o l i d s .  remaining af  r e r  

t h e  i n j e c t i o n  is t h e r e f o r e  e s t i m a t e d  t.0. be 15.,000 kg (33.,000' l b )  . The 

n e t  consumption of s o l i d s  w a s  t h e r e f o r e  283,000 kg (620,000 l b ) .  

Mix r a t i o s  a r e  c a l c u l a t e d  d u r i n g  an  . i n j e c t i o n  .from t h e  mass-eter 

r e a d i n g s  and from t h e  v o l u m e . r a t i o  c a l c u l a t i o n s .  A f t e r  an i n j e c t i o n ,  an 

a c t u a l  mix r a t i o  can b e . d e t e r m i n e d  f o r  each s t o r a g e  b i n ,  based o n . t h e . .  . , .  



weight of s o l i d s  a c t u a l l y  consumed. Table 21  is  a  comparison of t hese  

mix r a t i o s .  The r e s u l t s  from t h e  mass-meter and t h e  volume r a t i o  calcu- 

l a t i o n s  a r e  g e n e r a l l y  s i m i l a r  ( a s  would be expected from t h e  comparison 

shown i n  F ig .  30) .  The major d i f f e r e n c e  is  i n  t h e  P-tank va lues  and is  

a r e f l e c t i o n  of t h e  improbably low mass-meter readings  during t h e  l a s t  

30 min of t h e  i n j e c t i o n .  The a c t u a l  mix. r a t i o  is apprec iab ly  . l ess  than 

e i t h e r  v a l u e  measured dur ing  t h e  i n j e c t i o n  f o r  b i n  2 ,  b u t  n e a r l y ' . t h e  

same dur ing  t h e  r e s t  of t h e  in j , ec t ion .  

The recorded mass flow r a t e  of s o l i d s  was i 1 2 %  lower than t h e  va lues  

of t h e  mass-meter readout  t h a t  were noted a t  i n t e r v a l s .  The recorded 

mix r a t i o  w a s  225% ldwer than  the  r a t i o  c a l c u l a t e d  from the mass-meter 

and t u r b i n e  flowmeter readouts .  

6.4 'Evalua t ion  of t h e  I n j e c t i o n  

This  i n j e c t i o n .  l i k e  ILW-17, was characterized by t he  smoothness of 

ope ra t ion .  The s o l i d s  flowed evenly from t h e  bulk  s t o r a g e  b i n s ,  and t h e  

. . . . c o n t r o l  of ' t h e  s o l i d s  t o  l i q u i d  mixing. was gene ra l ly  good. 

It becomes mdre apparent  with each i n j e c t i q n  t h a t  t h e  f a c i l i t y  is  

n e a r i n g  t h e  end of i t s  u s e f u l  l i f e .  Seve ra l  mal func t ions  ( t h a t  could 

/. be  a t t r i b u t e d  . t o  worn equipment) -occurred d e s p i t e  t h e  p re - in j ec t ion  

maintenance. Extensive r econd i t i on ing  would be r equ i r ed  i f  f u r t h e r  u se  of 

t h e  f a c i l i t y  were planned. 

A good measurement of t h e  mix r a t i o  was provided by both t h e  mass- 

meter  and t h e  volume r a t i o  c a l c u l a t i o n s .  The va lue  of having both 

measurements i s  demonstrated by t h e  divergence i n  readings  t h a t  occurred 

du r ing  t h e ' l a s t  30 min of t h e . i n j e c t i o n .  During t h i s  t ime,  t h e  c ross -  

'check provided by t h e  independent mix r a t i o  de te rmina t ions  allowed us 

t o  r ecogn ize  t h e  problem, r e a l i z e  t he -  probable cause, and cornpl-kte t h e  

i n j e c t i o n  wi th  t h e  mix r a t i o  measured and c o n t r o l l e d  by volume r a t i o  

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

Throughout t h e  i n j e c t i o n ,  t h e  g rou t  appeared f l u i d  and without  

exces s ive  v i s c o s i t y ,  d e s p i t e  t h e  f a c t  t h a t  mix r a t i o s  f r equen t ly  averaged 

0.84 t o  0.96 kg/& ( 7  t o  8' l b l g a l )  and sometimes were - >1.2 kg/R (1'0 l b lga l ) ' .  

T e s t s  performed p r i o r  t o  t h e  i n j e c t i o n  had ind ica t ed  t h a t  m a t e r i a l  wi th  



. . 
Table 21. Comparison of mix r a t i o s  f o r  I n j e c t i o n  ILW-18 

. . 
' Bin 

2 3 . .  1 4 P- t anks 
. . 

Waste volume,, R (ga l )  81,340 67,000 ' 66,600 81,800 50,300 
(i1,490) (17,700) (17,600) (21,600) (1'3,300) . . 

Sc l ids  consumed 

Tank weight,  kg 
( lb )  . . 

Mass n e t e r ,  .kg (Ib)  

Volume r a t i o ,  kg ( lb )  

Mix r a t i o  
. . . . 

Tank weight,  kg/R 0.70 0.85 0.89 0.71 
. . 

1.01 
. . ( l b / g a l )  (5.86) (7.11) (7.37) (5.93) (8.42) 

Mass meter,  kg/& . O .  84 0.86 0.86 0.75 - 0.87 
( l b  jga l )  (6.97)' (7.12) (7.15) (6.26) ' . (7.28) 

Volume r a t i o ,  k g l ~  0.83 0.94 ' 0.88 0.70 1 :06 
' ( l b j g a l )  . '. (6.87) . (7.82) . (7.32) (5.84) (8.86) 



100 

mix r a t i o s  i n  exces s  of 0.72 kg/R' ' (6 l b / g a l )  would .be q u i t e  t h i c k  and. . . 

d i f f i c u l t  t o  pump. The r eason  f o r '  t h i s  d i screpancy  between l a b o r a t o r y  , 

tests and f i e l d  r e s u l t s  i s  n o t  known. It may b e  caused b y  t h e  a d d i t i o n a l  ' .  . 

a e r a t i o n  t h a t  i s  g iven  . t o  t h e  mix i n  t h e  - f i e l d  d u r i n g t h e  in j .ec t ion .  

An e x t r a  t r a n s f e r  du r ing  blending i s  known t o  have a  marked e f f e , c t  on 

mix p r o p e r t i e s ,  and i t  i s  n o t  unreasonable.  t o  b e l i e v e  t h a t  a d d i t i o n a l  
. . 

a e r a t i o n  would have  a s i m i l a r .  e f f e c t .  Th i s  phenomenon needs i n v e s t i g a t i o n .  

6.5 Pos t - In j ec t ion  Operat ions 

A l l  cased obse rva t ion  wells tha t  were s e r v i c e a b l e  were lnp,p,~d 

fo l lowing  t h e  i n j e c t i o n .  w e l l  NE-125, whose cas ing  was pu l l ed  a p a r t  

du r ing  I n j e c t i o n  ILW-13, i s  badly contaminated and no longer  usable .  The 

c a s i n g  of w e l l  W-300 was ruptured  du r ing  I n j e c t i o n  ILW-14. No grout  s h e e t  

t h a t  could b e  a t t r i b u t e d  t o  Tnjec t ion  ILW-18 was noted i n  w e l l  E-300, 

N-150, o r  NW-100. A new peak was observed i n  w e l l  S-220 a t  233 m (765 f t ) ;  

a  sma l l  peak was observed i n  w e l l  N-100 a t  226 m (742 f t ) .  

Bleedback of  water  from t h e  i n j e c t i o n  w e l l  was s t a r t e d  on January 2 1 .  

The i n i t i a l  bleedback r a t e  was 2  R/min; t h i s  r a t e  dropped t o  a spo rad ic  

t r i c k l e  a f t e r  24 h. Between 1500 and 1900 R (400 t o  500 g a l )  was c o l l e c t e d  

du r ing  t h i s  time. 



7. EVALUATION. OF THE INJECTION SERIES 

. . 7.1. Summary. of I n j e c t i o n  Paramete rs  
. . 

. T a b l e s  22 and 23 g i v e  i n s p e = t i o n  paramete rs  i n  m e t r i c  u n i t s  and 

i n  E n g l i s h  e q u i v a l e n t s ,  r e s p e c t i v e l y ,  f o r  e a c h . i n j e c t i o n  i n  t h . i s  s e r i e s .  

Values ' f o r  previous '  o p e r a t i o n a l  i n j e c t i o n s  a r e  a l s o  i n c l u d e d  i n  t h e s e  

t a b l e s .  Values  f o r  t h e  e a r l y  e x p e r i m e n t a l  i n j e c t i o n s  have been p r e v i o u s l y  

p u b l i s h e d .  

7.2 ' Grout Shee t .    on it or in^ 

The r e s u l t s  o b t a i n e d  from t h e  l o g g i n g  of t h e  cased o b s e r v a t i o n  w e l l s  

' a r e  p r e s e n t e d  i n  S e c t s .  3..7, 4.5, .  .5 .5 , '  and 6.5.  These r e s u l t s ,  c o r r e c t e d  
. . 

f o r  t h e  w e l l  s u r f a c e  e l e v a t i o n ' s  and d e v i a t i o n s  from t h e  v e r t i c a l ,  a r e  

g i v e n  i n  ~ a b l d  24, A s c h e m a t i c  > e p r e s e n t a t i 6 n  i s  shown i n  F i g .  31. 

The. p a t t e r n  of t h e  g r o u t  s h e e t s  i s  s i m i l a r  t o  t h a t  i n d i c a t e d  by p r e v i o u s  

i n j e c t i o n s  - g r o u t  s h e e t s  t h a t  g e n e r a l l y  f o l l o w , t h e  bedding p l a n e s  . . 

( i . e . ,  s l o p e  about  .l5O t o  t h e  n o r t h ) b u t  o c c a s i o n a l l y  c r o s s  o v e r  o t h e r  
. . 

' . g r o u t  s h e e t s  and go down-dip. M u l t i p l e  g r o u t  s h e e t s  from the. same . ' 

i n j e c t i o n  are observed.  

one' of t h e  . o b s e r v a t i o n  w e l l s  (NE-125) was. l o s t  d u r i n g  t h i s '  i n j e c t i o n  

s e r i e s  ( i f  ter 1nj e c t i o n  ILW-16) when t h e  'cap was broken d u r i n g  c o l d  

wea ther  and a  s m a l l  amount. of contaminated water '  l eaked  up t h e  w e l l ,  

l e a v i n g  i t  t o o  contaminated '  t o  log .  F i v e  u s a b l e  well's remain i n  s e r v i c e  - 

N-100, N-150, Nh-100, S-220, and E-32'0. Three  o f  them a r e  i n  t h e  Same 

q u a d r a n t ,  and one ,(E-320) h a s  never  been i n t e r s e c t e d  by any g r o u t  s h e e t .  

The i n f o r m a t i o n - t h a t  can be  obta ine 'd  from l o g g i n g  t h e  o b s e r v a t i o n  w e l l  

network i s  t h e r e i o r e  q u i t e  l i m i t e d ,  and a d d i t i o n a l  w e l l s  would b e  needed 
. . 

i f  i n j e c t i o n s '  a t  th i s .  s i t e ,  were con t inued .  

The r e a d i n g s  of t h e  p r e s s u r e . c h a n g e s  i n  t h e  rock ,  cover  moni to r ing .  

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

' t h a t  a r e  n o t  i n c o n s i s t e n t  w i t h  t h e  logg ing  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  an  i n j e c t i o n  is as.sumed 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  well, w h i l e  ' a  f a l l  i n  p r e s s u r e  i s  



Table  22. Summr .~  of i n j e c t i o n  l jarameters  - m a r i c  u n i t s  - 
Waste- 

p lus -  Mix r a t i o  

1r.j  e c t i o n  
number 

Wssse water  Grout 
Depth vo lune  volume volume ( k g  "lid) 1 3 7 ~ ~  2**C, 2 3 9 ~ ~  

Date  (m) ( a )  ( a )  ((1) L l i q u i d  (Ci)  (Ci )  (Ci )  (Ci)  

Experimer.ta1 i n j e c t  i o n s  

1-7 Feb .  1964- 288- 1,731,000 2,566,000 1,436 5,237 
~ u g .  1965  266 

Ope ra t i o r  sl i n j e c t i o n s  

ILJIA Dec. 1 2 ,  1966 266 135,260 264,700 360,300 
ILJIB Dec. 1 3 ,  1966 266 95,  i10  3.74 3 19 ,950  NA Nk 
ILWZA Apr. 20,  1967 263 325,500 623,800 872,100 
ILW2B Apr. 24, 1967 263 235, 700 3 .73  1 ,050  58,500 NA Nk 
IL73A Nov. 28, 1967 263 117,300 374,900 555,500 
ILW3B Nov. 29, 1967 263 I. 66 9,000 17 ,000  NA Nk 

Dec. 1 3 ,  1957 260 169,200 P 
Water t e s t  0 

h, 

ILJ4A Apr 3 ,  1463 260 91,.300 
IL74B Apr 4 ,  1963 260 235,400 367,500 49L,600 3 .61  4,300 51,900 NA 1 . 10  
ILJ5 Oct. 30, 1958 257 303,500 323,700 435,900 3.67 500 69,400 NA 1.15 
IL 46 June  11, 1959 257 301,300 347,300 478,200 1.65 8,900 89,000 NA 0.24 
IL .17 Sep t .  22, 1370 257 31i ,100  407,500 551,400 1 .66  2,747 44,833 19 .2  1.77 
I D 8  Sep t .  25, 1372 254 2?5,400 308,100 411,100 I .  88 45 28,000 0 .20  0.13 
IL.49 Oct. 17 ,  1972 254 25 3,500 236,100 431,500 I. 94 231 23,400 6 .51  None 
IL7410 Nov. 8, 1972 254 321,300 354,200 503,300 1 .85  1 ,330  18,800 26.67 0.37 
ILV11 Dec. 5, 1972 254 285,800 310,800 475,000 I .  86 1 ,100  23,500 155.74 None 
ILV12 Jan .  24, 1975 251 9 7,300 113,900 154,300 3.79 1 ,324  12,752 1 .02  None 
ILU13 Apr. 29, 1975 251 305,600 325,100 477,300 I. 76 3,368 35,750 17 .83  0.03 
ILW14 June  20, 1975 251 31i,OOO 350,000 525,000 I. 80 2,874 30,592 3.58 None 
ILW15 June  30, 1977 251 34 i ,  900 333,600 549,000 1.66 138 26,390 None 0.66 
ILW16 NOV. 17,  1977 248 203,900 224,100 300,900 b1.86 1 ,618  14,964 None None 
ILW17 Sep t .  1, 1978 244 311,500 338,800 520,400 I .  80 90 22,270 2.27 0.07 
ILW18 May 1 8 ,  1973 241 31 i ,  '00 358,800 526,100 1.77 28 16,880 0 .19  0.29 

T o t a l  ILW 5,397,SOO 6,258,000 8.796,OOO 38,640 603,881 



Table  23. Summary of i n j e c t i o n  parameters  - Eng l i sh  u n i t s  

Waste- 
p lu s -  Mix r a t i o  

Waste , water  Grout 
I n j e c t i o n -  . Depth volume volume volume ( l b  s o l i d  ) :I;; 1 . ~ 7 ~ ~  24kC; 23gFU 

number  ate ( f t >  , ( g a l )  ' ( g a l )  ( g a l )  g a l  l i q u i d  ( c i ) .  ( c i >  , ( c i )  

,Experimental  i n j e c t i o n s  

1-7 Feb. 1964- 845- 457,300 678,000 1 ,436  5,237 
Aug. 1965 872 

- O p e r a t i o n a l  i n j  e c t i c n s  . . 

ILWIA 
ILWlB 

Water t e s t  

Dec. 12 ,  1366 872 
Dec. 1 3 ,  1966 872 
Apr. 20, 1967 862 . . . 86,000 . 164,800 . 230,405 
Apr. 24, 1967 862 62,000 6 .1  1 ,050  58,500 NA N A 

Nov. 28, 1967 862 
NOV. 29, '196,7 .a62 317000 99,050 '146j751 . 5 .5  52,000 9,000 17 ,000  NA NA . ' 

Apr. 3 ,  1968 852 
Apr. 4 ,  1948 852 

ILW5 Oct .  30, 1968 842 81,800 87,110 115,174 5 .6  500 69,400 NA 1 . 15  
ILW6 . June' 11, 1069 842 79,350 91,750 126,331 5.4 8,900 89,000 NA 0.24 
ILW7 Sep t .  23, 1970 842 83,000 107,650 . 145,670 5.5 2,747 . 44 ,833  13 .2  . 1.77  
I L W ~  . Sep t .  29, 1972 ,832 72,700 . 81,400 108,605 7 .3  45 28,000 0.20 0.13 
ILW9 , - Oct. 1 7 ,  1972 832 68,300 75,600 '114,000 7 .8  . 231 23,400 6 .51  None 
ILW10 Nov. 8 ,  19T2 . 832 ' 84,760 93,570 132,960 7 . 1  . 1,330  . 1 8 , 8 0 0  26.67 0 .37  
ILW11 Dec. 5 ,  19;2 832 75,760 . 82 ,110  125,490 7.2 1 ,100  23,500 155.74 None 

. ILW12 Jan .  24, 1475 822 25,710 30,100 42,100 6.6 1 ,324  12,752 1 .02  None 
ILWl3. . ' Apr. 29, 1575 822 81 ,000 '  85,900 126,100 6 .3  3,368 35,750 17 .83  0 . 0 3 .  . . 
ILW14 June  20, 1575 822 82,970 92,470 138,700 6.7 ' 2,874 30 ,592 .  3 .58  . None, 
ILW15 June  30, 1577 822 91,000 104,000 145,037 5 . 5  138 26,390 . None . 0.66  
ILWl6 Nov. 17 ,  1477 .  812 . - 5 5 , 2 0 0  59,200 79,500 - 7.2 1 ,618  14 ,964  None 

. . 
None 

ILW17 Sep t .  1, 1578 802 82,300 89,500 137,500 6.7 : 9 0 '  22,270 2.27 0 .07  ' 

1 ~ w i 8  May 18 ,  1 9 7 9 '  792 83,014 97,434 139,000 ' .6.4 28 16 ,880  0 .19  0.29 
. . T o t a l  ILW 1,426,054. .  1 ,653,374 2,323,907 38,640 603,881 . 

.a 
NX = n o t  ana lyzed .  



Table 24. E l eva t ions  of g rou t  s h e e t s  i n  
obse rva t ion  w e l l s  

(A l l  e l e v a t i o n s  a r e  r e l a t e d  t o  mean s e a  l e v e l )  
.. . -. . .~ =-:, , - 

Grout s h e e t  
e l e v a t i o n  

I n j e c t i o n  Well (m) ' ( f t >  

I n j e c t i o n  . -9 .1  
N-100 -1.. 5  
N-150. -9.5 
NE-125 . , . -3 .0  

-4.6 

ILW-16 I n j  ec , t ion  . -6.7 -20 
N-100 9.8 3 2 
N-150 0.9 3 
NW-100 9.5 3 1 
S-220 -8.2 -27 

ILW- 18 I n j e c t i o n  S. L. ' S.L. 
N-100 16 .1  53 
S-220, -1.2 -4. 



'ORNL DWG 80-,1066 
NE-125 

. . 

.Fig. 31. . Schematic representation of grdut sheet monitoring. results. 



assumed t o  i n d i c a t e . a  g rou t  s h e e t  pass ing  nearby. I n t e r p r e t a t i o n  of t h e  

r e s u l t s  i s  complicated,  however, by two f a c t o r s : '  

1. Devia t ion  surveys  were n o t  always.madi p r i o r  t o  c a s i n g  t h e  we l l s .  

The amount of  d e v i a t i o n  i s  apprec i ab le  f o r  some,wells ,  bu t  t h e  

d i r e c t i o n  cannot now-be determined';. t h e  p o s i t i o n  a t  depth can only  

b e  approximated f o r  t h e s e  we l l s .  

2.  The magnitude of p r e s s u r e  response t h a t  i s  s i g n i f i c a n t  seems t o  

va ry  widely from w e l l  t o  we l l ;  t h u s  a  record of t h e  p re s su re  response 

d u r i n g  numcrous i n j c c t i o n s  i s  needed t o  eva lua t e  t h e  r e s u l t s ,  

The w e l l  p r e s s u r e  r ead ings  dur ing  I n j e c t i o n  ILW-15 i n d f c a t e  t h a t  t h e  

g rou t  s h c e t  wcnt g c n c r a l l y  n o r t h ;  t h c  logging r e s u l t s  i n d i c a t e  t h c  same 

o r i e n t a t i o n .  The r ead ings  dur ing  I n j e c t i o n  ILW-16 i n d i c a t e  t h a t  t h e  

g r o u t  s h e e t  went n o r t h ,  nor thwes t ,  and south ;  t h e  logging r e s u l t s  i n d i c a t e  

t h e  same o r i e n t a t i o n .  The r ead ings  dur ing  I n j e c t i o n  ILW-17 i n d i c a t e  

t h a t  t h e  g rou t  s h e e t  went e a s t  and southwest;  t h e  logging r e s u l t s  i nd i -  

c a t e  t h a t  t h c  g rou t  s h c c t  wcnt south  b u t  d id  not  go northwest  o r  

s o u t h e a s t .  The r ead ings  dur ing  I n j e c t i o n  ILW-18 i n d i c a t e  t h a t  t h e  grout  

s h e e t  went south  and nor thwes t ;  t h e  logging r e s u l t s  i n d i c a t e  t h a t  t h e  

g rou t  s h e e t  went sou th  w i t h  perhaps a  f i n g e r  t o  t h e  northwest ,  b u t  no 

major movement t o  t h e  no r th .  I n  gene ra l ,  t h e s e  d a t a  suggest  t h a t  t h e  

g r o u t  s h e e t  movement du r ing  a n  i n j e c t i o n  can be  determined from well 

p r e s s u r e  r ead ings  i f  (1) s u f f i c i e n t  w e l l s  a r e  a v a i l a b l e ,  (2 )  t h e  w e l l  . 

d e v i a t i o n  i s  known, and (3) t h e  s e n s i t i v i t y  of t h e  w e l l  t o  t h e  grout  sheef 

movements h a s  b e e n e v a l u a t e d .  
, , 

7.3 Field Behavior of So l id s  Mix 

A s  e a r l y  a c  I n j e c t i o n  ILTJ-8 i t  wag rccogniccd that t h c  properties of 

a g rou t  made from a  d r y ' s o l i d s  mix blended i n  t h e  f i e l d  d i f f e r e d  apprec i ab ly  

from t h e  p r o p e r t i e s  of  a  g r o u t  made from a  d r y  s o l i d s  mix blended i n  t h e  

l a b o r a t o r y .  The f ie ld-b lended  mix had a lower v i s c o s i t y  and a h ighe r  

phase s e p a r a t i o n ,  even when t h e  same i n g r e d i e n t s  were used i n  comparative 

b l end ing  t e s t s .  .This  phenomenon w a s  compensated f o r  by making ax1  mix 



compa t ib i l i t y  t e s t s  wi th  f ie ld-blended samples,  bu t  t h e  cause of t h e  

r e l a t i v e  i n e f f e c t i v e n e s s  of t h e  f ie ld-b lended  niixes'was no t  determined. 
, . 

I n  ' In jec t ions  ILW-15 through ILW-1.8, t h e  number. of t r a n s f e r s  of s o l i d s  . . ' ,  

dur ing  t h e  blending ope ra t ion  was reduced by. one i n  some cases ;  i n  each. ' . 

i n s t a n c e ,  t h e  phase s e p a r a t i o n  and t h e  v i s c o s i t y  of t h e  f ie ld-blended 

mix were much c l o s e r  t o  t h e  p r o p e r t i e s  of t h e  laboratory-blended mix. 

.These r e s u l t s  i n d i c a t e  t h a t  t h e  s o l i d s  t r a n s f e r , o p e r a t i o n  causes some 

d e t e r i o r a t i o n  i n  mix e f f e c t i v e n e s s ' ( m o r e  mix i s . . r e q u i r e d  f o r  water  . . , '  . 
. . . . . . 

r e t e n t i o n ) ,  probably. due t o  breakage of the. a t t a p u l g i t e  c r y s t a l s .  I n  . ' 

' 1 n j  e c t i o n  ILW-18, t h e  e n t i r e -  so l i 'ds  inventory  was t r a n s f e r r e d  only twice 

( i n s t e a d  .of t h r e e  times, a s  had been t r a d i t i o n a l  h e r e t o f o r e ) .  The sainples 

of '  t h i s  f  ield-blended mix had p r o p e r t i e s  q u i t e .  s i m i l a r  t o  ' those of a 

laboratory-blended mix, and a  lower-than-normal mix r a t i o  was suggested 

f o r  t h i s  i n j e c t i o n .  . During t h e  i n j e c t i o n ,  t h e  mix r a t i o  was occas iona l ly ,  
. . . . 

much h ighe r  than t h a t  recommended: on t l j d  b a s i s  of t h e  mix compa t ib i l i t y  

t e s t  data;.  y e t  t h e ' g r o u t  remained q u i t e  f l u i d  wi th  no sugges t ion  of 

exces s ive  v iscos . i ty .  The dry  s o l i d s  mix t h a t  reached the .mixing  j e t  
. . 

dur ing  the,  i n j e c t i o n  was apparent ly  l e s s  e f f e c t i v e  'than t h e  d r y . s o l i d s  . .  - 

mix t h a t  was sampled a t  . t h e  top' of t h e  bulk s t o r a g e  b i n s  s e v e r a l  days 

e a r l i e r .  This  d e t e r i o r a t i o n  i n  mix c h a r a c t e r i s t i c s  is: probably caused 

by t h e . a e r a t i o n  t h a t  .occurs  a s  t h e  'mix is.withdr 'awn from t h e  s t o r a g e  b i n  
. . 

and' passes  through t h e  a i r  s l i d e  t o  t he .mixe r .  .The magnitude of t h i s . '  

d e t e r i o r a t i o n ,  equ iva l en t  t o  a t  l e a s t  0 .24  kg/R ( 2  l b l g a l ) ,  i s  apprec i ab le .  

I f  no t  compensated f o r ,  it would r e s u l t  i n  t h e  i n j e c t i o n  of a g.rout wi th  . . 
. . 

an undes i rab ly  h igh  sepa ra t ion .  This  is  c l e a r l y  undes i r ab le ;  ' . 

however, t h e  mechanisms invqlved a r e  no't understood,  and t h e  magnitude 
. . 

of . t h e  compensat5on t h a t  is  needed can only be esbimated. More work on 
. .  . 

\ t h e  l o s s  ' i n  mix ef f e c t i v e n e s s  is  needed, par t i?cu lar ly  s i n c e  t h e  new s h a l e  

f r a c t u r i n g  f a c i l i t y  w i l l  s u b j e c t  t h e  mix components t o .  even more a e r a t i o n  . . 

than  does t h e '  e x i s t i n g .  f a c i l i t y .  

. . 
7.4 ~ n j e c t i o n  ope ra t ions  

. .  . 

The most s t r i k i n g  f e a t u r e  of t h i s  i n j e c r i o n  s e r i e s  was t h e  s i g n i f i c a n t  

improvement i n  t h e  control.  of t h e  mix r a t i o  t h a t  occurred a f t e r  a s e t  of 
. . 



. . 
a i r  .pads had been i n s t a l l e d  on each of t h e  bu lk  s t o r a g e  b i n s  p r i o r  t o  

I n j e c t i o n  ILW-17.:. During t h e  two i n j e c t i o n s .  i n  which t h e s e  a i r  pads were 

used ,  t h e  flow of s o l i d s  from t h e  s t o r a g e  b i n s  was much more uniform, . 

t h e .  c o n t r o l .  of t h e  s o l i d s  f low was f a c i l i t a t e d ,  and . t h e  mix r a t i o  was 

main ta ined  a t  a  much more n e a r l y  cons t an t  va lue .  It is  ve ry  c l e a r  t h a t  

a  smooth, even f low of dry  solids t o  t h e  mixer is  es sen t i a l .  t o  t h e  proper  

f u n c t i o n i n g ,  of t h i s  f a c i l i t y .  . . 

The u s e  of , t h e  volume r a t i o  t'o determine t h e  mix r a t i o  has  ,proved 

t o  be a  v a l i d  ope ra t i ng  technique.  The mass flowmeter 'has been found 

t o  develop an o c c a s i o n a l  b i a s  ' (caused by s o l i d s . a c c u m u l a t i n g  on the mixing 

cone ) ,  and t h e  a v a i l a b i l i t y  of an a l t e r n a t i v e  technique  f o r  t h e  measure- 

. ment 'a£ t h e  mix r a t i o  p rov ides  a  u s e f u l  check bn t h i s  ins t rument .  . I n  

a d d i t i o n ,  t.he volume r a t i o  measurements have proved t o  be an accep tab l e  

means of mix p ropor t i on ing  when t h e  m a s s  meter  i s  completely inoperab le .  

Following two i n j e c t i o n s  of t h i s  s e r i e s ,  t h e  i n j e c t i o n  w e l l  w a s  found 

t o  be plugged w i t h  cement. P a r t i c u l a r  ca re .was  taken  a t  t h e  conc lus ion  

of 1n j ec . t i on  ILW-18 t o  seal o f f  t h e  w e l l . a n d  prevent  any backf low. ( I t  

was ,assumed, t h a t  t h e  problem was caused' by a slow leakage back up t h e  

w e l l  af ter . t h e  w e l l  was s h u t  in .  ) This  'caref u l  i s o l a t i o n  of t h e  w e l l .  

appears  t o  have so lved  t h e  problem s i n c e  t h e  we.l.3. was c l e a r  dur ing  t h e  

. . subsequent  bleedback ope ra t i on .  

The f a c i l i t y  i s  c l e a r l y  approaching t h e  end of i t s  u s e f u l  l i f e .  

The numbe.r of u s a b l e  obse rva t ion  w e l l s  i s  near  a  minimum,. and s e v e r a l  ' 

. . 
. . m a l f u n c t ~ i o n s  t h a t  could be a t t r i b u t e d  t o  worn, equipment occurred dur ing  

. . t h e  l a s t  s e v e r a l  i n j e c t ' i o n s . .  Extens ive  r econd i t i on ing  would be  r equ i r ed  

i f  f u r r h e r  use of t h e  f a c i l i t y  were planned. 

A ncw hydro f r ac tu re  f a c i l i t y ,  c u r r e n t l y  under c o n s t r u c t i o n ,  w i l l  

. u t i l i z e  a  new i n j e c t i o n  w e l l  and w i l l  have a new network of .monitor in ,g  

w e 1 l . s .  Fu ture  o p e r a t i o n a l  i n j e c t i o n s  w i l l  b e  made wi th  t h i s  f a c i l i t y .  
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