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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  gene ra t ed  a t  ORNL i s  p e r i o d i c a l l y  

mixed wi th  a cement-base b lend  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- 

meable s h a l e  format ion  a t  an approximate depth  of 240 m (800 f t ) .  The 

g r o u t  mix sets s h o r t l y  a f t e r  t h e  i n j e c t i o n ,  permanently f i x i n g  t h e  

r a d i o n u c l i d e s  i n  t h e  s h a l e  format ion .  A series of 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  w a s t e  sol .ut ion w a s  made between 1977 and 1979. A 

t o t a l  of 1 . 2  m i l l i o n  R (314,000 g a l )  of waste s o l u t i o n  con ta in ing  

81,780 Ci of r a d i o n u c l i d e s  w a s  i n j e c t e d .  Th i s  r e p o r t  is an  account  of 

t h i s  i n j e c t i o n  series - p r e p a r a t i o n s ,  i n j e c t i o n s ,  r e s u l t s ,  and conclus ions .  

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

fo l lows  : 

Volume of 
waste 

- 
I n j e c t i o n  Date ( a )  (gal) 

ILW-15 6-30-77 344,400 91,000 

ILW- 16 11- 1 7  -7 7 208,200 55,000 

ILW-17 9-1-78 311 ,500 82,300 

ILW-18 5-19-79 325,600 86,014 

1,189,700 314,3 L4 
-- 

Volume of 
g r o u t  

Act i v i  t y  
( R )  ( g a l )  (Ci) 

549,000 145,037 26,528 

301,000 79,500 15,982 

520,400 137,500 22,362 

526,100 139,000 16,908 

1,896,500 501,037 81,780 
- __- 

I n  I n j e c t i o n  ILW-15 a smal l  l e a k  of g r o u t  t o  t h e  waste p i t  eroded 

the d r a i n  v a l v e s  and f o r c e d  a shutdown of t h e  i n j e c t i o n  wh i l e  r e p a i r s  

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

w a s  t e rmina ted  about  two- th i rds  through t h e  i n j e c t i o n  when t h e  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 blew a connect ing  r o d  through t h e  b lock .  

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

t o  I n j e c t i o n  ILW-17, a i r  pads w e r e  i n s t a l l e d  on a l l  bu lk  s o l i d s  s t o r a g e  

b i n s .  A l l  subsequent  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 r 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 wi thou t  n o t a b l e  i n c i d e n t s .  

Logs of t h e  obse rva t ion  w e l l s  i n d i c a t e d  t h a t  a l l  g rou t  s h e e t s  were 

w i t h i n  t h e  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 h a s  been used f o r  t h e  r o u t i n e  d i s p o s a l  

of i n t e r m e d i a t e - l e v e l  w a s t e  s o l u t i o n  a t  t h e  Oak Ridge N a t i o n a l  Labora tory  

( O W L )  since 1966. I n  t h i s  p r o c e s s  t h e  waste s o l u t i o n  i s  mixed w i t h  

cement and o t h e r  a d d i t i v e s ;  t h e  r e s u l t i n g  mix tu re ,  o r  g r o u t ,  i s  then 

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

200 and 300 m (700 and 1000 ft) - w e l l  below t h e  level a t  which groundwater 

is  encountered .  The i n j e c t e d  g r o u t  forms a t h i n ,  approximate ly  horizon- 

t a l  s h e e t  several hundred me te r s  (up t o  1000 f t )  a c r o s s  du r ing  t h e  cour se  

of t h e  i n j e c t i o n .  The g r o u t  sets s h o r t l y  af ter  completion of t h e  

i n j e c t i o n ,  t h e r e b y  permanently f i x i n g  t h e  r a d i o a c t i v e  w a s t e s  i n  t h e  s h a l e  

fo rma t ion .  

p a r a l l e l  t o  t h e  p reced ing  s h e e t s .  

Subsequent i n j e c t i o n s  form s h e e t s  t h a t  are approximate ly  

Reports summarizing t h e  1972 and 3975 series of  i n j e c t i o n s  have 

been p u b l i s h e d ;  ’ t h e  expe r imen ta l  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  are d e t a i l e d  i n  r e f .  3 .  

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

concen t r a t ed  i n t e r m e d i a t e - l e v e l  w a s t e  (ILW). Th i s  r e p o r t  d e s c r i b e s  t h e  

p r e p a r a t i o n s ,  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 i 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 conc lus ions  from t h e  

series as a whole. 

Following t h e  1975 



2 .  DESCRIPTION OF PROCESS AND PTANT 

In t h e  s h a l e  f r a c t u r i n g  p r o c e s s  an a l k a l i n e  w a s t e  s o l u t i o n  i s  mixed 

w i t h  a sol. ids b lend  composed of cement and o t h e r  a d d i t i v e s  and t h e n  

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

depth  between 200 and 300 m (700 and 1000 f t ) .  

i n j e c t e d  g rou t  i s  s u f f i c i e n t l y  h i g h  t o  i n i t i a t e  t h e  format ion  of a c r a c k  

between a d j a c e n t  l a y e r s  oE s h a l e .  A s  t h e  i n j e c t i o n  con t inues ,  t h e  g r o u t  

f i l l s  t h i s  c r ack  and ex tends  i t  f u r t h e r  t o  form a t h i n ,  approximate ly  

horizontal .  s h e e t  s e v e r a l  hundred meters (up t o  1000 f t )  i n  e x t e n t .  

F i g u r e  l shows an i s o m e t r i c  v i e w  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 .  

The p r e s s u r e  of t h e  

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

t h e  d e t e r m i n a t i o n  of t h e  o r i e n t a t i o n  of t h e  g rou t  s h e e t ,  and rock  cover 

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

s h a l e  above t h e  groul: s h e e t s .  A s k e t c h  of each w e l l  t ype  i .s gi-ven i n  

F ig .  2.  A l l  w a s t e  in1jections are made through s l o t s  c u t  i n  t h e  c a s i n g  

and sur rounding  cement o f  t h e  i n j e c t i o n  wel.1. A s  t h e  g rou t  s h e e t  sp reads  

o u t  from t h e  i n j e c t i o n  well ,  i t  i n t e r s e c t s  t h e  cemented c a s i n g  of one 

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

w e l l  w i . 1 1  t h e n  d e t e c t  t h e  p re sence  of t h e  g r o u t  s h e e t ,  t he reby  e s t a b l i s h -  

i n g  t h e  depth  of t h e  g r o u t  s h e e t  a t  t h a t  p o i n t .  

w e l l s  are used t o  p e r i o d i c a l l y  de te rmine  t h e  p e r m e a b i l i t y  of t h e  s h a l e  

cover  rock  at a dep th  oE 180 m (600 f t ) .  

The rock  cover moni tor ing  

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

of a w a s t e  pump, a j e t  mixer,  a su rge  t ank ,  and a h igh-pressure  i n j e c t i o n  

pump; a flow diagram i s  shown i n  Fig.  3 ,  Preblended s o l i d s  are s t o r e d  i n  

b u l k  s t o r a g e  b i n s  f o r  u s e  as needed. 

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  t h e  even t  t h a t  t h e  main 

i n j e c t i o n  pump should  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,  con t inuous ly  mixed w i t h  t h e  preblended sol . ids ,  and 

d i scha rged  i n t o  t h e  s u r g e  tank. From t h e  s u r g e  t a n k  t h e  g rou t  i s  pumped 

down a tube  hung i n  t h e  i n j e c t i - o n  w e l l .  and ou t  i n t o  t h e  s h a l e  formation.  

A s tandby i n j e c t i o n  pump i s  always 

2 
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Fig .  1. OWL Shale Frac tur ing  Disposal Plant. 



4 

b- 
4
 

+
=

 
L

L
 u 

L
L

 

0
 

8
 u7 

52 



5 

I YC) 
t- n
 

v
)
 

Y
 

Z
 

I- W
 

0
 

0
 

a
 

a
 

a
 

t;; I;; w
 

U
 

%
 



G 

Fi.ve underground waste s t o r a g e  t a n k s  w i t h  a t o t a l  c a p a c i t y  of 

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

P r i o r  t o  each i n j e c t i 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  s i t e  through 

a was te  t r a n s f e r  l i n e  a t  t h e  r a t e  of %75 R/min (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  a n  i n j e c t i o n ,  t h e  s o l i d s  cement, f l y  a s h ,  

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

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

two p r e s s u r e  t anks  (?- tanks) ,  and s t o r e d  i n  f o u r  b u l k  s t o r a g e  b i n s .  'These 

b i n s  [ c a p a c i t y ,  66 m3 (2780 E L 3 )  each]  are 3.7 m (12 f t )  i n  di-ameter and 

i n s t a l l e d  on l e g s  so that: i1hei.r bottoms are ~ 1 . 8  m ( 6  f t )  above t h e  top  

of t h e  mixing c e l l .  During a n  i n j e c t i o n ,  t h e  c o n t e n t s  of each b i n  i n  

Curti are a e r a t e d  and f low through an a i r  s l i d e  (an enc losed  chu te  t h a t  

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

cel.1. and,  from t h e r e ,  inLo t h e  mixer. 

The j e t  mixer i s  a d e v i c e  f o r  mixi.ng t h e  w a s t e  s o l u t i o n  and t h e  s o l i d s ,  

A s  the w a s t e  s o l u t i o n  i s  pumped through t h e  m i x e r ,  t h e  s o l i d s  drop i n t o  

t h e  mixer and are  subsequent ly  p icked  up by t h e  j e t  stream and thoroughly  

mixed w i t h  t h e  w a s t e .  The r e s u l t i n g  g r o u t  is  con t inuous ly  d i scha rged  

i n t o  t h e  s u r g e  tank .  The m i x e r  bowl i s  connected t o  t h e  hopper t o  c u n f i n e  

t h e  s o l i d s  and any g r o u t  t h a t  might s p l a s h  o u t  o f  t h e  mixer. For  

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

The s u r g e  t ank  a l lows  t h e  f lows  of t h e  w a s t e  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 du r ing  an  i n j e c t i o n .  

who c o n t r o l s  bo th  pumps, observes  t h e  level of g rou t  i n  t h e  s u r g e  t ank  

e i t h e r  by means of a mirror-and-window arrangement on t h e  t o p  of t h e  

t a n k  o r  by observ ing  a f l o a t - t y p e  level gage. 

of  one o r  t h e  o t h e r  of t h e  pumps as t h e  g r o u t  l eve l  f l u c t u a t e s .  

an  i n j e c t i o n ,  a i r  i s  withdrawn con t inuous ly  from t h e  s u r g e  t ank ,  fi1:tered 

through. 3. h igh-e f f i c i ency  f i - I t e r ,  and d i scha rged .  

A s i n g l e  o p e r a t o r ,  

H e  a d j u s t s  t h e  f low r a t e  

During 

The c o n t r o l  of t h e  p r o p o r t i o n s  a t  which s o l i d s  and w a s t e  s o l u t i a 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  cri t ical . .  

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

I f  t h e  p r o p o r t i o n  of 
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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 r o p o r t i o n  of s o l i d s  i s  

t o o  low, t h e  g rou t  w i l l  f a i l  t o  r e t a i n  a l l  of t h e  a s s o c i a t e d  l i q u i d  and 

w i l l  e x h i b i t  "phase s e p a r a t i o n ' '  on s e t t i n g .  

some s m a l l  f r a c t i o n  of t h e  r a d i o n u c l i d e s  (<<I%) will remain wi th  t h e  

w a t e r  and t h u s  w i l l  n o t  b e  immobilized. 

between t h e s e  two ext remes  i s  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  p r o p o r t i o n  shou ld  n o t  exceed 10% a t  most and should  b e  k e p t  

w i t h i n  5% i f  p o s s i b l e .  During a w a s t e  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 of t h e  f low rates of t h e  w a s t e  stream 

and t h e  d r y  s o l i d s  s t r eam and a manual o r  au tomat i c  c a l c u l a t i o n  of 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  is  measured by a m a s s  f lowmeter,  a dev ice  

t h a t  con t inuous ly  weighs t h e  f low of s o l i d s ,  i n s t a l l e d  immediately below 

t h e  me te r ing  hopper.  

a t u r b i n e  flowmeter.  

by a manual ad jus tment  of e i t h e r  t h e  s o l i d s  o r  t h e  w a s t e  f l o w  ra te .  

(General ly ,  t h e  s o l i d s  f l o w  r a t e  i s  a d j u s t e d . )  

T h i s  i s  u n d e s i r a b l e  because 

The d e s i r a b l e  o p e r a t i n g  range  

The f low rate of t h e  waste l i q u i d  i s  measured by 

During an i n j e c t i o n ,  t h e  mix r a t i o  can be  v a r i e d  

Three cel ls  are  provided  f o r  t h e  mixing and i n j e c t i n g  equipment -- 

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

pump, and one f o r  t h e  wel lhead  and a s s o c i a t e d  p i p i n g .  

made of a 30-cm (12-in.) t h i c k n e s s  of c o n c r e t e  b l o c k  and are  roofed  w i t h  a 

1.9-cm (3/4-in.)  g r a t i n g  covered w i t h  s h e e t  m e t a l .  

b u t  un l ined .  The roof  of  t h e  mixer ce l l  i s  f i x e d  i n  p l a c e ;  t h e  r o o f s  of 

t h e  pump ce l l  and wel lhead  c e l l  are removable. 

i n  t h e  pump c e l l  and t h e  wel lhead  are under c o n s i d e r a b l e  p r e s s u r e  du r ing  

an i n j e c 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  

are made of b u l l e t p r o o f  g l a s s  and t h e  r o o f  g r a t i n g  i s  covered w i t h  

0.6-cm (1/4- in . )  s teel  p l a t e  on bo th  s i d e s .  

c e l l s  through a ha tch  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 cel.1. 

A l l  ce l l s  are 

The ce l l s  are p a i n t e d  

Because t h e  p rocess  p i p i n g  

Access may be gained t o  t h e  

The i n j e c t i o n  pump" i s  c a p a b l e  of o p e r a t i n g  over  a r ange  of p r e s s u r e s  

and f low rates between 4 1 . 4  MPa (6000 p s i )  and 400 R/min (105 gpm) and 

6.9 MPa (1000 p s i )  and 2650 R/min (700 gpm). A steel  s p l a s h  p l a t e ,  which i s  

* 
A H a l l i b u r t o n  HT-400 t r i p l e x  pos i t i ve -d i sp lacemen t  pump. 
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f i t t e d  around t h e  head of t h e  pimp and ex tends  t o  t h e  walls, 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  ce l l .  
* A s tandby 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, i s  

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

v ia  t h e  wel lhead mani fo ld ,  t o  t h e  i n j e c t i o n  well. Its f u n c t i o n  is  t o  

provi.de 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 g r o u t  i n  t h e  event  t h a t  

t h e  main i n j e c t i o n  pump f a i l s .  T h i s  pump is  n o t  r e q u i r e d  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 i p i n g  manifold connec ts  t h e  i n j e c t i o n  pump, t h e  inject;-on well, 

t h e  s tandby i n j e c t i o n  pump, and t h e  w a s t e  p i t .  

10 p lug  val.ves, 2 check valves, a p r e s s u r e  r e l i e f  valve [set a t  41.4 MPa 

(6000 p s i ) ] ,  a p r e s s u r e  gage connec t ion ,  and 13  unions.  The components 

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

Chiksan s w i v e l  j o i . n t s  are  used between t h e  i n j e c t i o n  pump and t h e  p i p i n g  

mani fo ld ,  and between t h e  p i p i n g  manifold and t h e  wel lhead ,  t o  damp 

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

This  manifold c o n t a i n s  

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

s1ot l : ing t h e  c a s i n g  of t h e  i n j e c t i o n  well and washing equipment a f t e r  an 

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

b e  i n j e c t e d  w i t h  t h e  w a s t e  s o l u t i o n .  Water must be  r eused ,  where f e a s i b l e ,  

t o  prevent  t h e  contaminated w a t e r  f r o m  const i tut- i .ng a l a r g e  f r a c t i o n  of 

t h e  was te  be ing  i n j e c t e d .  The waste  p i t ,  a conc re t e  p i t  3 . 6  x 3.6 x 2 . 7  in 

(12 x 1 2  x 9 f c )  d e e p ,  w a s  b u i l t  to serve t h i s  func t ion .  Washup w a t e r  

and water  t h a t  i s  used i n  s l o t t . i n g  o p e r a t i o n s  d r a i n  t o  t h e  waste p i t  and 

are pumped out  of t h e  p i t  by t h e  was te  pump f o r  r euse .  

An emergency waste t r e n c h  i~s  provided as a p r e c a u t i o n  a g a i n s t  t h e  

u n l i k e l y  p o s s i b i l i t y  t h a t ,  l a t e  i n  t h e  C O U K S ~  o-E a w a s t e  i n j e c t i o n ,  t h e  

wel lhead might r u p t u r e  and a l l o w  t h e  i n j e c t e d  g rou t  t o  f low back up  t h e  

w e l l .  I n  such  a n  even t ,  t h e  g r o u t  would flow from t h e  wel lhead c e l l  

through a n  48-cm (18-i.11.) l i n e  t o  t h e  400,000-R (100,000-gal)  w a s t e  

t r e n c h  where i t  would s e t  and be  covered w i t h  e a r t h f i l l .  

A c e l l  of f -gas  system removes 595 m3/min (21.00 cfm) of a i r  from t h e  

mixer c e l l ,  pump c e l l ,  and wel lhead c e l l ,  through a roughing and a 

~ 

j; 
A s t andar  d t ruck-moun t ed Ma 1.1. i b u r  t on  po s i t :i.ve-dis p laceinen t pump . 
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h igh-e f f i c i ency  f i l t e r  i n  series, and exhaus t s  it through a s h o r t  s t a c k .  

A s e p a r a t e  of f -gas  system provided f o r  t h e  s u r g e  t ank  exhaus t s  through a 

demis t e r  mounted above t h e  tank and a h igh -e f f i c i ency  Filter, and then  

d i s c h a r g e s  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  ce l l  of f -gas  f i l t e r s .  

Necessary in fo rma t ion  on the p r o g r e s s  of an i n j e c t i o n  is obta ined  

from read ings  of t h e  waste t ank  levels, t h e  waste f low rate ,  t h e  g rou t  

f low rate ,  t h e  s o l i d s  f low ra te ,  and t h e  i n j e c t i o n  p r e s s u r e .  The o r i e n t a -  

t i o n  of t h e  g r o u t  s h e e t  i s  determined by logging  t h e  v a r i o u s  obse rva t ion  

wells a f t e r  the i n j e c t i o n  h a s  been completed.  

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

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

w a t e r  c o n t a i n s  on ly  a small 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  (<<lX), p r o v i s i o n s  are made f o r  i t s  removal. A f t e r  each i n j e c -  

t i o n  o r  series of i n j e c t i o n s ,  the wel lhead s h u t o f f  v a l v e  is opened and 

any f r e e  w a t e r  is b led  back through the i n j e c t i o n  w e l l  and c o l l e c t e d .  

U l t i m a t e l y ,  t h i s  recovered w a t e r  i s  r e t u r n e d  t o  the w a s t e  co l l . ec t ion  

system i n  Be the l  Valley. 

Four in . j ec t ions  are 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 f o u r  i n j e c t i o n s ,  the o l d  s l o t  i s  

plugged wi th  cement and n f r e s h  s l o t  i s  c u t  i n  the i n j e c t i o n  w e l l  c a s i n g  

3 m (10 f t )  above t h e  p rev ious  one. The technique  f o r  c u t t i n g  t h e  well 

c a s i n g  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  o f  

t ub ing  hanging i n  t h e  i n j e c t i o n  w e l l  and o u t  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  casing a t  that p o i n t .  The e r o s i v e  

a c t i o n  of t h e  sand c u t s  t h e  c a s i n g  and t h e  sur rounding  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.  

through the annulus  between t h e  tub ing  and the c a s i n g ,  t h e  degraded sand 

i s  allowed t o  se t t le  i n  a w a s t e  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 w a t e r  produced by t h e  s l o t t i n g  o p e r a t i o n  

can be  kep t  t o  a minimum. 

The tub ing  s t r i n g  is slowly roca ted  by a h y d r a u l i c  power swive l  s o  t h a t  

a complete c u t  of t h e  c a s i n g  i s  made. 

The spent  s l u r r y  i s  brought  t o  t h e  s u r f a c e  

A s k e t c h  of  t h i s  o p e r a t i o n  i s  shown i n  F ig .  4 .  
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The mix r a t i o  t o  b e  used i n  each  i n j e c t i o n  is determined p r i o r  t o  

t h e  i n j e c t i o n  by a series of " c o m p a t i b i l i t y  tests." 

samples are t aken  o f  t h e  d r y  s o l i d s  t h a t  w e r e  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 are mixed i n  various 

p r o p o r t i o n s  w i t h  a s y n t h e t i c  w a s t e  s o l u t i o n  having  a composition simi.lar 

t o  t h a t  of  t h e  waste t o  b e  i n j e c t e d .  

pe rcen tage  of free w a t e r  t h a t  h a s  s e p a r a t e d  from t h e  g r o u t  a f t e r  s e v e r a l  

hours of s t a n d i n g  ( the phase s e p a r a t i o n )  are determined f o r  each g r o u t  

sample. 

of w a s t e  s o l u t i o n  t h a t  w i l l  f o r m  a g r o u t  w i t h  minimum phase s e p a r a t i o n  

( p r e f e r a b l y  ~ 5 % )  and minimum a p p a r e n t  v i s c o s i t y  ( p r e f e r a b l y  ~ 4 0  cP) i s  

s e l e c t e d  € o r  use dur ing  t h e  i n j e c t i o n .  

For t h e s e  tests, 

The appa ren t  v i s c o s i t y  and t h e  

The p a r t i c u l a r  r a t i o  of t h e  weight  of d r y  s o l i d s  t o  t h e  volume 



3. TN.JECTT0N ILW-lS 

3 . 1  P r e l i m i n a r y  P r e p a r a t i o n s  

3.1.1 Waste t r a n s f e r  and a n a 1 y G  

A p r o p o r t i o n a l  sample o f  t h e  waste 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  ob ta ined  as t h e  solut: ion is  pumped from t h e  waste s t o r a g e  t anks  

i n  Be the l  Va l l ey  t o  t h o s e  a t  t h e  s h a l e  f r a c t u r i n g  si te.  

ana lyzed ,  and the r e s u l t s  are  w e d  t o  e s t a b l i s h  t h e  t r a n s u r a n i c  con ten t  

of  t h e  waste s o l u t i o n .  

d i s p o s a l  l i m i t  of 1 0  nCi /g  w i l l  n o t  b e  exceeded by t h e  upcoming inject:i.on. 

I t  i s  al.so used t o  p r e p a r e  a s y n t h e t i c  w a s t e  s o l u t i o n  f o r  c o m p a t i b i l i t y  

tests wi th  t h e  blended d r y  s o l i d s .  

The sample i s  

T h i s  a n a l y s i s  ensl i re  t h a t  t h e  n o n r e t r i e v a b l e  

I n  t h e  case of I n j e c t i o n  ILW-JL5, t h e  waste t r a n s f e r  o p e r a t i o n  had 

t o  b e  de layed  u n t i l  a new was te  t ransfer  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 w a s  n o t  a v a i l a b l e  u n t i l  ve ry  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  w a s  made. The t r a n s u r a n i c  con ten t  and t h e  compat ib i l i . ty  

t e s t s  w e r e  by n e c e s s i t y ,  t he reEore ,  based on a n a l y s e s  of grab  samples of 

t h e  waste so lu t i . on  i n  two of t h e  w a s t e  s t o r a g e  t anks  i n  Be the l  Va l l ey .  

A p r o p o r t i o n a l  sarnple was t aken  and anal-yzed, b u t  t h e  r e s u l t s  w e r e  n o t  

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 a n a l y s e s  of b o t h  

t h e  grab  and t h e  p r o p o r t i o n a l  satuples are  g iven  i.n Table  1. The r e s u l t s  

are  si-milar f o r  s o l u b l e  components b u 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  i n  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 a n k s  w e r e  f i l l e d  with s o l u t i o n  f r o m  Tank W-10. 

The f i l l e d  t ank  volumes w e r e  as fo l lows :  T-I., 55,910 R (14,772 g a l ) ;  

T-2, 55,910 R (14,772 gal!; T-3, 93,100 R (24,597 g a l ) ;  T - 4 ,  93,100 R 

(24 ,597  ga l ) ;  and 'T-9, 49,000 R (12,947 g a l ) .  

3 .1 .2  S o l i d s  b l end ing  ..... 

Five  b a t c h e s  of d r y  s o l i d s  w e r e  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 p . .  Four of t h e s e  w e r e  loaded i n  the s t o r a g e  

b i n s ;  t h e  f i n a l  b a t c h  was l e f t  i n  t h e  b lending  t a n k s  €or  l a t e r  t r a n s f e r  

t o  an empty b i 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  were used 

f o r  t h e  s o l i d s  mix are  g iven  i n  Table  2. 

12 
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Table 1. Composition of waste s o l u t i o n  f o r  I n j e c t i o n  TLW-15 
I_ __^_lll I 

Grab sample  

Component W- 8 w- 10 P r o p o r t i o n a l  sample 
1_-- ___- 

wo3-, M 0.81 0.67 NAa 

NH&+, - PI 0.016 0.025 NA 

~ 1 3 + ,  0.019 0.010 NA 

~ r 3 + ,  3 .8  x 1@-" 1 . 9  x lovLt  NA 

+, E 0.261 0.120 

Na', M 2.243 1.435 

NA 

NA 

c o p - ,  0.45 0.33 NA 

OB-, 0 .71  0.37 

c1-, 0.172 0.162 

NA 

NA 

S 0 k 2 ' ,  - M 0.102 0.113 Nh 

S p e c i f i c  g r a v i t y  1.184 1.123 NA 

1 3 7 C s ,  C i / Q  N A ~  7.7 x 10-2 6 . 1  x I O - ?  
(C i /ga l )  (0.29) (0.23) 

9 O ~ r ,  c i / a  NA 1.5 x 4.0 io-& 
(Ci/gal) (5.73 10-4) (1.52 x 10-3) 

6 0 ~ 0 ,  C i / R  NA 8.5 8.2 x 10-3 

~ O ~ R U ,  C i / P ,  NA 7 . 3  r( lo-'+ 1 .0  x 10-3 

(c i /ga l )  (3.22 x (3.09 x lo-?) 

(Ci  / g a l )  (2 .76 x 10-3) (3.92 x 
230Pu,  C i / Q  NA 1 . 2  x 10-6 4.8 x 

(C i /ga l )  (4.52 x (1.82 x 10-5) 

1 .9  x 10-6 
( 7 . 2  x 10-6) 

n NA = n o t  ana lyzed .  
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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 r e v i o u s l y  been used f o r  s h a l e  f r a c t u r i n g  

o p e r a t i o n s ,  a sample was o b t a i n e d  and t e s t e d  w i t h  s y n t h e t i c  waste. 

r e s u l t i n g  g r o u t s  w e r e  found t o  behave s i m i l a r l y  t o  t h o s e  prepared  w i t h  

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

The 

The f l y  a sh  w a s  ob ta ined  from t h e  Sou theas t  F l y  A s h  Company. Th i s  

s u p p l i e r ' s  l o a d i n g  and weighing f a c i l i t i e s  were  r e p o r t e d  t o  be such t h a t  

t h e  weight  of f l y  ash d e l i v e r e d  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 t h a n  had been t h e  case €or d e l i v e r i e s  from t h e  TVA S t e a m  

P l a n t  a t  Kingston, Tennessee. The g r o u t s  p repa red  w i t h  a sample of t h i s  

f l y  a sh  w e r e  found t o  behave s i m i l a r l y  t o  t h o s e  prepared  w i t h  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  w a s  used i n  t h i s  i n j e c t i o n .  The c l a y ,  

s u p p l i e d  by t h e  American A r t  Clay Company, w a s  t h e  " Indian  Red" p o t t e r y  

type .  The suga r  w a s  d e l t a  g luconolac tone .  

3 . 1 . 3  T e s t s  of mix COMIatibility_ 

Samples of t h e  b lended  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  

w e r e  t e s t e d  w i t h  w a t e r  and s y n t h e t i c  w a s t e  s o l u t i o n s .  

w a s  measured, 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  m i x  r a t i o s .  

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

( t o  s i m u l a t e  doTm-hole c o n d i t i o n s ) ;  however, a few w e r e  made a t  2000 rpm 

(to s i m u l a t e  t u b  c o n d i t i o n s ) .  Not a l l  combinations of wastes and s o l i d s  

w e r e  e v a l u a t e d .  I n s t e a d ,  each b a t c h  of  blended s o l i d s  w a s  t e s t e d  w i t h  

on ly  t h e  p a r t i c u l a r  waste s o l u t i o n  w i t h  which i t  would l i k e l y  b e  mixed 

d u r i n g  t h e  i n j e c t i o n .  

of d r y  s o l i d s  w i t h  s y n t h e t i c  w a s t e  o r  water w e r e  much more f l u i d  t h a n  had 

been observed  p r e v i o u s l y .  

and t h e  l l v i s c o s i t i e s "  w e r e  lower.  The r e s u l t s  a l so  i n d i c a t e d  t h a t  t h e  

phase  s e p a r a t i o n  of t h e  g r o u t  i n  t h e  fo rma t ion  would be  ~ 1 %  f o r  a mix 

r a t i o  of 0.96 kg/R ( 8  l b / g a l )  w i t h  W-8 w a s t e  and ~ 3 %  f o r  a mix r a t i o  

of 0.96 kg/R (8 l b / g a l )  w i t h  W-10 waste. 

w e r e  no ted  i n  t h e  m i x  c o m p a t i b i l i t y  tests f o r  ILW-14 a t  0.72 kg/R ( 6  l b / g a l ) .  

Phase s e p a r a t i o n  

I n  most cases, t h e  g r o u t s  w e r e  p repared  by 

The r e s u l t s  i n d i c a t e d  t h a t  v i r t u a l l y  a l l  combinations 

The phase  s e p a r a t i o n s  of t h e  g r o u t s  were h i g h e r ,  

Equ iva len t  phase  s e p a r a t i o n s  
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The observed g r o u t  " v i s c o s i t i e s 1 '  w e r e  about  20 CP a t  0.96 kg/R (8 l b / g a l )  

and 50 CP a t  1.08 kg/R (9 ]-?)/gal) .  

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 ) .  

'Tests w i t h  water i n d i c a t e d  a phase 

The only  sample of blended s o l i d s  t h a t  formed g r o u t s  w i th  "reasonable"  

phase s e p a r a t i o n s  [ i .e. ,  <I% phase s e p a r a t i o n  at ~ 0 . 8 4  kg/R (7 l b / g a l ) ]  

w a s  t h e  one ob ta ined  from the  b l e n d h g  t anks .  

sample had a %i-scos i ty"  o f  25 cP and a phase  s e p a r a t i o n  of ~ 1 %  a t  a mix 

r a t i o  of 0.84 kg/R ( 7  l b / g a l ) .  

t h e  i 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  less severe handl ing .  

Grouts  made from t h i s  

These s o l i d s  had n o t  been sub jec t ed  t o  

3.1.. 4 F a c i l i t y  modif icat ions-  

The HT-400 i n j e c t i o n  pump w a s  ex tens i -ve ly  r econd i 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 .  4 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 a n s -  

mis s ion ,  and a new se t  of remote c o n t r o l s  w e r e  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  4-1 /2  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  

w i l l  permi t  s tower opera t i .on  of t h e  pump f o r  t h e  s a m e  volume of f l u i d  

pumped and should extend packing l i f e .  The new t r ansmiss ion  r ep laced  

an  o b s o l e t e  t r ansmiss ion  f o r  which r e p a i r  p a r t s  were becoming d i f f i - c u l t  

t o  o b t a i n .  

The i n s t r u m e n t a t i o n  of t h e  s o l i d  s t o r a g e  b i n s  w a s  modif ied.  

A Moni t ro l  remote sounding u n i t  (Monitrol. Manufactur ing Co .) w a s  

i n s t a l l e d  on b i n s  1, 3 ,  and 4 .  T h i s  dev ice  c o n s i s t s  of a hol low steel  

f l o a t  (about  10 i.n. i n  d iameter )  on a cab le .  When a level 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  t o p  of t h e  b i n  and t h e  s o l i d s  level 

i s  i n d i c a t e d .  On b i n  2 ,  t h e  M e t r i t a p e s  w e r e  removed and a s o n i c  level  

i n d i c a t o r  (Sonargage, S tevens  I n t e r n a t i o n a l ,  Inc . )  w a s  i n s t a l l e d  t o  

measure t h e  d i - s tance  between t h e  t o p  of t h e  b i n  and t h e  s o l i d s  level by 

de termining  t h e  t i m e  r e q u i r e d  f o r  a sound p u l s e  t o  t ravel  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  weighr of d r y  s o l i d s  p e r  

volume of waste s o l u t i o n )  is determined from mass flowmeter r e a d k g s  of 

t h e  ra te  of s o l i d s  f low and f r o m  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  pumped). These 
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two de te rmina t ions  sometimes g i v e  c o n f 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  wou1.d be  useful .  i n  such cases. S ince  

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  bo th  d i l u t e  t h e  

r a d i o n u c l i d e  c o n c e n t r a t i o n  and p rov ide  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  apprec i ab ly  

less than  t h a t  emi t t ed  by an e q u a l  volume o f  waste s o l u t i o n  and t h e  

d e c r e a s e s  should  b e  p r o p o r t i o n a l  t o  t h e  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 tors  were mounted on the w a s t e  l ine  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  moni tors  were provided i n  

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

New hoses  w e r e  i n s t a l l e c l  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  manifold.  A l s o ,  A new l i g h t i n g  system was i n s t a l l e d  on 

t h e  n i x i n g  tub .  This  s y s t e m  c o n s i s t e d  o€ a p a i r  o f  12-V s p o t l i g h t s  

l o c a t e d  h0.6 m (qJ2 I t )  above t h e  t o p  of t h e  mixing tub  a t  t h e  end of a 

tube  t h a t  w a s  i n t e g r a l  w i t h  t h e  top  of t h e  tub.  

3 .1 .5  P re l imina ry  - maintenance 

Iluririg 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  system w e r e  s e r v i c e d  and t h e  3-in.  master v a l v e  was overhauled.  

The mass flowmeter was cleaned and checked. The Gadco p u l s e  dampeners 

were r ep laced  w i t h  a i r  chambers. A series o f  ad jus tments  was made t o  

t h e  i n j e c r i o n  pump t r ansmiss ion ,  and t h e  in- jec t ion  pump w a s  packed. 

F i n a l l y ,  rhe p r e s s u r e  r e l i e f  val.ve w a s  c leaned  and s e t ,  and t h e  well w a s  

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  accepted  

w a t e r  at a ra te  of 320 K/min ( 8 4  gpm) ‘2nd a p r e s s u r e  o f  2 %  MPa (3200 p s i ) .  

3 .2  I n j e c t i o n  on June 30,  1977 

S u f f i c i e n t  s o l i d s  were on hand t o  p e r m i t  rhe i n j e c t i o n  of 333,000 R 

(88,000 g a l )  of was t e  [ l e a v i n g  a hee l  of 3000 Y, (800 gal) i n  each tank]  

and 19,000 9, (5000 gal) of w a t e r  if  a mix r a t i o  t h a t  averaged no h i g h e r  

t han  0 . 7 8  kg/R (6 .5  I b / g a l )  w e r e  used. T e s t s  of t h e  blended 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 b e  expected t o  occur  
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a t  t h i s  mix r a t i o .  The r e l evance  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  g r o u t  s h e e t  se t s  up under cons ide rab le  

p r e s s u r e )  i s  n o t  e n t i r e l y  c l -ear ,  however, and a de l ibera te1 .y  l i g h t  mix 

r a t i o  of 0.78 kglR (6 .5  l b / g a l )  w a s  chosen f o r  t h i s  i n . j ec t ion  i n  an  

a t tempt  t o  de te rmine  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. Wastewa.ter w a s  

pumped from t h e  p i t  t o  reopen t h e  f r a c t u r e .  S o l i d s  fl-ow, which w a s  

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

s l i d e s  that: permiLtted t h e  escape  of d ry  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  roo€ .  The i n j e c t i o n  w a s  h a l t e d  a t  090'7 t o  r e p a i r  t h i s  ho le .  

The i n j e c t i o n  w a s  resumed a t  0945 w i t h  p i t  w a t e r  and s o l i d s  from 

b i n  1. A t  0946 t h e  f low w a s  swi tched  froin 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  w a s  exper ienced  wi th  t h e  i n j e c t i o n  pump t r a n s -  

rnissi-on; t h e  pump could 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 h e  most 

e f f i c i e n t  gea r  f o r  t h e  e x i s t i n g  in jec t : ion  p r e s s u r e ,  and had t o  be run  a t  

~ ~ 7 2 0  R/min (190 gpm), which w a s  %75% of t h e  ra te  i n  prev ious  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 f low 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  swi t ch  t o  a s m a l l e r  o r i f i c e .  

The i n j e c t i o n  w a s  resumed a t  1.030. 

A t  1115 t h e  f l o a t  on t h e  leve l  measuring dev ice  on b i n  1 broke  

from i t s  c a b l e  and dropped i n t o  t h e  b in .  Readings taken up t o  t h a t  t i m e  

showed c o n s i d e r a b l e  poin t - to-poin t  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 d ry  s o l i d s  p e r  u n i t  

volume of was te  s o l u t i o n )  w a s  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 dur ing  a g iven  i n t e r v a l  ( a s  measured by 

che m a s s  meter)  w a s  d iv ided  by t h e  volume of waste pumped dur ing  t h e  

s a m e  i n t e r v a l  ( a s  measured by t h e  t u r b i n e  f lowmeter) .  I n  t h e  second,  

t h e  volume of s l u r r y  pumped by t h e  inject: i-on pump dur ing  a g iven  i n t e r v a l  

w a s  d iv ided  by che volume o-E w a s t e  pumped dur ing  t h e  s a m e  interval. and 

t h i s  r a t i o  w a s  r e l a t e d  t o  t h e  mix r a t i o  by a p r e v i o u s l y  determined 

c a l i b r a t i o n  curve.  Experience i n  p rev 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 i v e s  more uniform r e s u l t s  except  when t h e  m a s s  meter i s  

b i a s e d  by a s o l i d s  accumulat ion on t h e  sens ing  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  poin t - to-poin t  f l u c t u a t i o n s ,  

is  no t  i n f luenced  by mass-meter b i a s  and thus  serves as a u s e f u l  check 

on the m a s s - m e t e r  r ead ings .  
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The mix r a t i o s  i n d i c a t e d  by m a s s - m e t e r  r ead ings  and ob ta ined  from 

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

and ,  excep t  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- 

m e t e r  b i a s ,  which w a s  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 

e s t i m a t e d  t o  b e  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  w a s  subsequent ly  run 

a t  an i n d i c a t e d  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 .  

A t  1200, t h e  f low 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  level  measuring dev ice  might be  p lugging  t h e  

b i n  o u t l e t  1.ed u s  t o  swi t ch  t h e  s o l i d s  f low t o  b i n  2 a t  1212. 

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

window, made i t  necessa ry  t o  s t o p  t h e  i n j e c t i o n  a t  1305. A f t e r  t h e  hoppcr 

had been washed, t h e  i n j e c t i o n  w a s  resumed ( a t  1325) .  Overheat ing of 

t h e  Moyno waste pumps caused ano the r  i n t e r r u p t i o n  i n  t h e  i n j e c t i o n  a t  

1356. Opera t ion  w a s  resumed a t  1405. The i n j e c t i o n  w a s  suspended a t  

1412 t o  wash t h e  mixing cone hopper aga in .  Most of t h e s e  i n t e r r u p t i o n s  

w e r e  caused more o r  less d i r e c t l y  by t h e  d i f f i c u l t i e s  w i th  t h e  i n j e c t i o n  

pump t r ansmiss ion .  These d i E f i c u l t i e s  made i t  imposs ib le  t o  o p e r a t e  

t h e  i n j e c t i o n  pump excep t  a t  a r e l a t i v e l y  low f low rate. A t  t h i s  low 

ra te ,  t h e  f l o w  of s o l i d s  i n  t h e  mixer hopper w a s  i r r e g u l a r  and tended to 

s t o p  a l t o g e t h e r  a t  t i m e s .  In an e f f o r t  t o  keep t h e  s o l i d s  f lowing ,  t h e  

o p e r a t o r s  s topped  and r e s t a r t e d  t h e  Moyno waste pumps more f r e q u e n t l y  

than  u s u a l ;  t h i s  mode of o p e r a t i o n  r e s u l t e d  i n  t h e  ove rhea t ing  of t h e  

pump motors  and an o c c a s i o n a l  t r i p p i n g  of t h e  thermal  over load  swi t ch .  

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

t o  be  almost  f u l l  of w a s t e  g rou t .  It w a s  found t h a t  one o r  more of t h e  

valves on t h e  valve r a c k  between t h e  h igh-pressure  system and t h e  d r a i n  

t o  t h e  w a s t e  p i t  had e roded  and would no longe r  hold  p r e s s u r e .  The 

master valves on t h e  wel lhead  w e r e  c l o s e d ;  t h e  w e l l  c e l l  w a s  e n t e r e d ,  

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

t o  t h e  wel lhead  (bypass ing  t h e  valve r a c k ) .  The c o n t e n t s  of t h e  waste 

p i t ,  fol lowed by 5700 R (1500 g a l )  of water, w e r e  t hen  pumped down t h e  

t u b i n g  s t r i n g  and t h e  tub ing  master valve w a s  c losed .  The w e l l  c e l l  w a s  

e n t e r e d  again,  and t h e  d i s c h a r g e  l i n e  f rom t h e  i n j e c t i o n  pump w a s  
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2 1  

connected d i r e c t l y  t o  t h e  master v a l v e  on t h e  annulus .  

[5700 Q (1500 g a l ) ]  had been pumped down t h e  annulus ,  t h e  annulus  v a l v e  

w a s  c l o s e d  and t h e  equipment washed. 

A f t e r  f r e s h  w a t e r  

The w a s t e  s o l u t i o n  f low rate and t h e  wellhead 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  are shown i n  F igs .  6 and 7. 

3.3 I n t e r i m  procedures  

On J u l y  1, a l l  h igh -p res su re  valves were checked. Three valves 

(V-2, V-5,  and V-8) w e r e  found t o  be  t o o  eroded t o  hold p r e s s u r e ;  t h e  

valve body w a s  c u t  on V-8 ,  and t h i s  en t i r e  v a l v e  had t o  be r ep laced .  The 

p lugs  of V-2, V-5, V-3, and V-9 w e r e  r ep laced .  The t r ansmiss ion  on t h e  

i n j e c t i o n  pump w a s  checked, and t h e  a i r  supply  system w a s  modified so t h a t  

h ighe r -p res su re  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  

t u b i n g  s t r i n g ,  t h e  annu lus ,  and t h e  f r a c t u r e  were found t o  be  open. The 

mass m e t e r  was cleaned.  

The p r e s s u r e s  i n  t h e  rock  cover  w e l l s  w e r e  r ead  bo th  p r i o r  t o  and 

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 r e a d i n g s  are g iven  i n  Table 3. 

An a p p r e c i a b l e  p r e s s u r e  rise w a s  no ted  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  w a s  resumed a t  0815 w i t h  water from t h e  w a s t e  p i t  and 

s o l i d s  from b i n  2 .  Flow was switched t o  T-3 a f t e r  2 min of o p e r a t i o n .  

Fewer t r a n s m i s s i o n  problems w e r e  exper ienced  w i t h  t h c  i n j e c t i o n  pump 

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 ,  and t h e  i n j e c t i o n  ra te  averaged between 

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

A t  0905, t h e  w a s t e  f low w a s  switched t o  T-4 and t h e  s o l i d s  flow w a s  

swi tched  t o  b i n  3 .  Bin 2 had con ta ined  56,200 kg (123,600 l b )  of s o l i d s ;  

t h e  consumption shown by t h e  m a s s  m e t e r  w a s  92,000 kg (202,000 l b ) .  

The m a s s  meter w a s  obv ious ly  r e a d i n g  q u i t e  high,  b u t  most of t h i s  e r r o r  

probably  occurred  on June  30 when t h e  mix r a t i o  i n d i c a t e d  by t h e  mass 

m e t e r  w a s  as much as 0.48 kg/R ( 4  l b / g a l )  h i g h e r  t han  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. 

methods of measurement were i n d i c a t i n g  approximate ly  t h e  s a m e  mix r a t i o .  

On J u l y  2 ,  t h e  two 
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Table  3. 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 wells 
d u r i n g  I n j e c t i o n  ILIJ-15 

-___-.-- ..I.I 

Rock Reading taken  on June 30, 1977, a t :  

well P r e - I n j e c t i o n  1030 1200 1.340 1505 

E-300 76 (11) 83 (12)  72 (10.5) 52 (7.5) 4 1  (6) 
___ .-.. - . .- .- .. .I.-- 

s-200 48  (7) 55 (8) 62 (9) 62 (9) 62 (9) 

W-300 -7 (-1) - 7  (-1) -7 (-1) -7 (-1) -7 (-1) 

NW-250 14  ( 2 )  1 4  (2) 0 -I/+ (-2) -14 (-2) 

W-175 -51 (-7.4) - 5 1  (-7.4) -58 ( -8 .4 )  -68 (-9.8) -58 (-8.4) 

N-275 21 (3) 2 1  ( 3 )  2 8  ( 4 )  2 1  ( 3 )  14 ( 2 )  

N-200 -54 (-7.9) -54 (-7.9) -58 (-7.9) --S4 (-7.9) -54 (-7.9) 

NE-125 -51 (-7.4) -51 (-7.4) 69 (10) 86 (12.5) 97 (14) 

NE-200 -83 (-1.2) 83 (12) 172 (25) 221 (32) 203 (29.5) 
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This  i s  shown i n  F igs .  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 Fig .  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  emphasizes t h e  d i f f e r e n c e  between them). 

A t  0 9 2 4 ,  t h e  i n j e c t i o n  had t o  be  s topped  because t h e  t r ansmiss ion  

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 evea led  t h a t  t h e  coo l ing  

sys tem f o r  t h e  t r ansmiss ion  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  system 

had been r e p a i r e d ,  t h e  i n j e c t i o n  w a s  resumed ( a t  0957). During t h e  

shutdown pe r iod ,  t h e  mass meter w a s  observed t o  be  i n d i c a t i n g  a s o l i d s  

f low of 340 kg/min (750 lb/min)  wi th  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  mix r a t i o  of 

0.56 kg/R (4 .7  l b / g a l ) .  An a b e r r a t i o n  of t h i s  magnitude w a s  probably 

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-mat-er r ead ings  were 

probably  u n r e l i a b l e  a t  t h i s  t i m e .  S h o r t l y  a f t e r  t h e  i n j e c t i o n  w a s  resumed, 

che 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 r empt ing  t o  hold  w a s  i nc reased  t o  

0.96 kg/R ( 8  l b / g a l )  t o  p a r t i a l l y  compensate f o r  t h e  m a s s - m e t p r  b i a s .  

A t  1142, the f low had t o  be  swi tched  t o  b i n  4 because b i n  3 r a n  

empty. Bin 3 had conta ined  55,000 kg (120,000 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  mass meter was 68,000 kg (150,000 l b ) .  

A t  1254, t h e  mixer  hopper w a s  f looded  wi th  cement and t h e  i n j e c t i o n  

was h a l t e d  t o  clear t h e  hopper.  The i n j e c t i o n  was resumed a t  1321. 

A t  1 4 3 3 ,  b i n  4 r a n  empry and t h e  f low w a s  switched 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 lending  t a n k s ) .  Bin  4 had 

con ta ined  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 on 

t h e  mass meter w a s  82,000 kg (180,000 lb) - a 542 e r r o r .  

A t  1510, t h e  Moyno waste pump stlopped pumping -- t h e  thermal  over load  

swi t ch  had kicked  ou t .  Although t h e  punip w a s  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 a g a i n  a t  1522.  Opera t ion  w a s  resumed a t  1528, 

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

The i n j e c t i o n  was h a l t e d  t o  c lear  t h e  mixer hopper a t  1540 b u t  w a s  

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

t h e  i n j e c t i o n  was t e rmina ted .  The tub ing  and t h e  annulus  were washed w i t h  

800 R (210 gal) and 2400 !L (630 g a l )  of water r e s p e c t i v e l y .  The tub ing  

mani fo ld  w a s  a lso washed. 

The w a s t e  s o l u t i o n  f l o w  ra te  and t h e  wel lhead p r e s s u r e  du r ing  t h i s  

p a r t  of t h e  i n j e c t i o n  are shown i n  F igs .  LO and 11. 
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The waste s o l u t i o n  remaining i n  che was te  t anks  a t  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 kl. (1100 gal) i n  T-2, 13,800 2 (3650 g a l )  i n  T-3 ,  6600 R (1750 g a l )  

i n  T-lt, and 3400 R (900 g a l )  i n  T-9. A c o n s i d e r a b l e  amount of s o l i d s  

remained i n  b i n s  1 and 2 .  

Table  4 g i v e s  p r e s s u r e  r ead ings  f o r  t h e  rock  cover  wells 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  du r ing  t h e  i n j e c t i o n .  An a p p r e c i a b l e  

p r e s s u r e  r i se  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  Data Analys is  

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  in jec t i .on  

was determined by t h r e e  methods. 'The . so lu t ion  f low t o  t h e  mixer was 

measured by bo th  a H a l l i b u r t o n  t u r b i n e  flowmeter and a r eco rd ing  o r i f i c e  

meter .  'The was te  s o l u t i o n  w z s  measured by t h e  change i n  tank  sol.ution 

l e v e l .  A comparison of t h e  volumes ob ta ined  wi th  the t h r e e  iiiethotls 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 r ead 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  f low was s t a b l e  

enough to estimate 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  tank  levels  and the t u r b i n e  m e t e r  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 readings  was u s u a l l y  good 

( w i t h i n  5%) except  for t h e  p e r i o d  a f t e r  1350 on Ju1.y 2 when t ank  T-9 w a s  

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 w a s  r ead ing  $15% lower 

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

they  a r e  used i ~ n  t h e  subsequent  calcul-at : ions.  

The s t r o k e  coun te r  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 rou t  c h a t  w e r e  i n j e c t e d .  These volumes w e r e  recorded  a t  

5-min in te rva1 .s  throughout  bo th  i n j e c t i o n  days.  

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

f lowmeter.  T h e  f lowmeter r e a d i n g s ,  which w e r e  a l s o  no ted  ac 5-min 

i n t e r v a l s  du r ing  t h e  i n j e c t i o n ,  w e r e  recorded ,  The known weight of s o l i d s  

charged L O  each of t h e  sco rage  b i n s  was used a s  a p e r i o d i c  check on t h e  

accuracy of t h e  m a s s  f lowmeter du r ing  t h e  i n j e c t i o n .  I f  che r ead ings  of 
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Table 4. Pressure r ead ings ,  in 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-15 

Rock Reading taken  on J u l y  2 ,  1977, atl: 
cover 
well Prc:-Inj e c t i o n  0925 1230 1450 

__----.I- I_ _- ________ 

-. - ---I__. I __ I____ 
E-200 69 (10) 66 (9.5) 24 (3.5) 0 

5-200 103 (13) 97 (14) 83 ( 1 2 )  124 (18) 

W-300 0 u 0 0 

103 (15) Nw-250 7 (1-1 7 (1) 69 (10) 

NW-175 -37 (-5.4) -17 (-2.5) 131 (19) 131 (19) 

N-275 -7 (-1) - 3  (-0.5) 0 0 

N-200 -51 (-7.4) -54 (-7.9) -7 (-1) 0 

NE-125 103 (15) 176 (25.5) 345 (50) 359 (52) 

NE-200 49  (10) 76 (11) 152 (22) 183 (26.5) 
____--- --I- I 



Table 5. Comparison oE volume measurements from I n j e c t i o n  ILW-15 

Turbine Tank O r i f  i c e  
Pumping meter level meter 

Tank t i m e  
T i m e  s o l u t i o n  (min) ( R )  ( ga l )  ( R )  (gal) ( a >  ( g a l )  

June 30 

1040-1125 
1216-1300 
1425-1441 

J u l y  2 

0825-0855 
0910-0925 
I O  45- I 1 4  5 
1210-1250 
1335-1345 
1350-1440 

T- 4 
T- 3 
T- 3 

T- 3 
T- 4 
T- 2 
T- 1 
T- 1 
T- 9 

45 
44  
16 

30 
15 
60 
40 
10 
50 

25,560 6,752 24,100 6,366 22,570 5,962 
20,860 5,512 20,610 5,446 

8,360 2,208 8,320 2,199 

19,45C 5,139 18,750 4,353 19,970 5,276 
8,920 2,356 9,470 2,501 

28,190 7,447 34,940 9,232 35,070 9,265 

5,050 1,597 6,000 1,585 
24,850 6,564 25,030 6,613 18,823 4,973 

28,920 7,642 33,770 8,922 25,960 6,858 
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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 ,  t hey  could also have been used t o  de te rmine  t h e  ra te  of 

s o l i d s  consumption. However , t h e s e  r e s d i n g s  were genernl1.y too  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.  Bo:ti t h e  z e r o  and 

t h e  span of all t h r e e  s t r a i n  gage r ead ings  were s e r i o u s l y  i n  e r r o r .  

The sona r  gage on b i n  2 w a s  c o n s i s t e n t l y  e r r a t i c ;  thus  t h e  r ead ings  of 

t h i s  i n s t rumen t  were n o t  recorded .  The Monitrol  r ead ings  showed 

c o n s i d e r a b l e  poin t - to-poin t  s ca t t c r  (F ig .  1 2  i s  a t y p i c a l  se t  of r e a d i n g s ) .  

Such r e a d i n g s  sugges t  t h a t  (1) t h e  s o l i d s  level  i n  a b i n  be ing  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  inscrument  i s  

measuring t h e  actual .  1c:veI a t  a s p c c i f i c  t i m e  and l o c a t i o n  i n  t h e  t ank ,  

and ( 3 )  t h i s  a c t u a l  level. can be  only  approximately r e l a t e d  t o  t h e  weight  

of s o l i d s  i n  t h c  tank.  

The b u l k  s t o r a g c  b i n s  con ta ined  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 u n .  T h i r t y  t r u c k  loads  ot s o l i d s  w e r e  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 loads  from b i n  4 ,  1 2  l oads  

from b i n  1, and 1 4  l o a d s  from b i n  2 .  S ince  each t r u c k  1.oad is  es t ima ted  

t o  con ta in  about  1000 kg (2200 l b )  of s o l i d s ,  t h e  c o r a l  weight  of 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 ima ted  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 I b ) .  

The mix r a t i o  { t h e  weight  of d r y  solids mixed wi th  each g a l l o n  of 

w a s t e  solution or water )  i s  a u t o m a t i c a l l y  de te rmi  tied du r 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  m a s s  f lowmeter ( lb lmin)  by t h e  r ead ing  

of t h e  t u r b i n e  flowmeter (gpm). T h e  accuracy of t h i s  r a t i o  i s ,  n f  cou r se ,  

dependent on the  accuracy  of t h e  i n d i v i d u a l  r ead ings  (which i n  the case  

of t h e  mass flowmeter were suspecit du r ing  a l a r g e  p a r t  of t h e  in jec : t ion) .  

A check on t h e  m a s s  f lowmeter r e a d i n g s  i s  provided by t h e  r a t i o  of g r o u t  

volume t o  s o l u t i o n  volume. ']his r a t i o  i s  s u b j e c t  t o  s e v e r a l  p o s s i b l e  

e r r o r s ;  f o r  exampLe, t h e  f1owmetc.r o r  s t r o k e  coun te r  may be  misread ,  the 

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  the  mix r a t i o  i s  n o t  wel l  known 

through 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  of t h e  r a t i s  may 

va ry  somewhat w i th  d i f f e r e n t  ba t ches  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  tub holdup volume between r ead ings  would b i a s  

t h e  r e s u l t s .  D e s p i t c l  t h e s e  p o t e n t i a l  e r r o r s ,  t h e  volume r a t i o  is  a u s e f u l  

check on t h e  mix r a t i o  c a l c u l a t e d  from m a s s  f lowmeter r ead ings .  Three 
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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  are shown i n  

F i g u r e  13:  
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 p rev ious  i n j e c t i o n s .  The observed 

r e l a t i o n s h i p  w a s  used t o  c a l c u l a t e  s o l i d s  consumption i n  I n j e c t i o n  ILW-15. 

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 

The consumption of sol. ids d u r i n g  v a r i o u s  s t a g e s  of t h e  i n j e c t i o n  i s  

summarized i n  Tab le  6 .  The v a l u e s  i n  t h i s  t a b l e  were computed from 

(1) t h e  weight of s o l i d s  charged t o  each b i n ,  ( 2 )  the  mass flowmetcr 

r e a d i n g s ,  and (3) t h e  volume ratio. 

Washout of t h e  d r a i n  valves occur red  at; about 1440 on ,June 30. 

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

found t h a t  p r e s s u r e  could  n o t  b e  main ta ined  i n  t h e  h igh -p res su re  p i p i n g  

mani fo ld  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 pimp; t h i s  would be  

t h e  case on ly  i f  more t h a n  one v a l v e  w e r e  l e a k i n g .  S ince  t h e  well had 

t o  b e  c l e a r e d  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 (bypass ing  t h e  va lve  r ack )  and 

t h e  w e l l  w a s  pumped f r e e  of g rout  and s h u t  i n .  

p r e s s u r e  valves i n  t h e  v a l v e  r a c k  on t h e  fo l lowing  day r e v e a l e d  t h a t  

t h r e e  of  them w e r e  t o o  eroded t o  ho ld  p r e s s u r e ;  t h e r e f o r e ,  t h e y  w e r e  

r ep laced .  

Examination of t h e  high- 

The r e s u l t s  i n  Table  6 i n d i c a t e  t h a t  t h e  mass-meter r e a d i n g s  w e r e  

h igh .  

b u t  t h e  e r r o r  i s  smaller and more c o n s i s t e n t  t han  t h a t  i n  t h e  mass-meter 

i n d i c a t i o n s .  

used t o  relate t h e  volume r a t i o  t o  t h e  mix r a t i o ;  a similar b i a s  o f  

approximate ly  t h e  same magnitude w a s  no ted  i n  I n j e c t i o n  ILW-14. 

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

The s o u r c e  of t h i s  e r r o r  i s  probably  a b ias  in the curve  

Values f o r  t h e  c a l c u l a t e d  m i x  r a t i o  d u r i n g  I n j e c t i o n  TLW-15 are 

g iven  i n  F igs .  1 4  and 15. 

h a s  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  q u a n t i t y  consumed. 

T h i s  r a t i o ,  which i s  based on t h e  volume r a t i o ,  

The r a d i a t i o n  monitor r e a d i n g s  showed no clear c o r r e l a t i o n  w i t h  t h e  

mix r a t i o  and w e r e  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 .  

moni tors  t o  r educe  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 .  

Sh-ielding of t h e  
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Table 6. S o l i d s  consumption, i n  kg (lb), dur ing  I n j e c t i o n  ILW-15 

Calcula ted  
Weight Weight Weight Mass-meter from 

Bin No. charged remaining consumed i n d i c a t i o n  volume r a t i o  

w 
4 

1 56,200 ( 1 2 3 , 6 0 0 )  12 ,300  ( 2 7 , 0 0 0 )  44 ,100  ( 9 7 , 0 0 0 )  56,800 (124 ,900)  33 ,900  ( 7 4 , 5 0 0 )  

2 56 ,200  ( 1 2 3 , 7 0 0 )  1,820 ( 4 , 0 0 0 )  54,600 ( 1 2 0 , 0 0 0 )  91,800 (201,900) 69,400 ( 1 5 2 , 7 0 0 )  

3 54,600 (120,000) 1 ,820  ( 4 , 0 0 0 )  52,700 ( 1 1 6 , 0 0 0 )  68 ,200  (150,000) 53,200 ( 1 1 7 , 0 0 0 )  

4 53,000 ( 1 1 6 , 7 0 0 )  1 ,820  ( 4 , 0 0 0 )  51,400 (113,000) 81,900 (180,000) 7 9 , 1 0 0  ( 1 7 4 , 0 3 5 )  

2 55,600 (122 ,400)  12 ,300  (27 ,000)  43,200 (95,000) 48 ,200  (106,100)  37,OOC ( 8 1 , 3 3 3 )  
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3.6 Eva lua t ion  of t h e  I n j e c t i o n  

More di.f f i c u l t i e s  were experienced du r ing  t h i s  i n j e c t i o n  than  would 

normally be expected.  These d i f f i c u l t i e s  i nc luded  an i n j e c t i o n  pump 

t r ansmiss ion  t h a t  p e r i o d i c a l l y  malEunccioned , waste pumps t h a t  ove rhea ted ,  

a f r e q u e n t l y  e r r a t i c  inass flowmeter, and a washout of several  s h u t o f f  

v a l v e s .  More p o s i t i v e  a s p e c t s  i nc luded  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 r y  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 a n s m i s s i o n  obviously d i d  no t  f u n c t i o n  well dur ing  

t h i s  in jec . t ion .  Problems w i t h  t h e  r r ansmiss 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. 

During much of t h e  i n j e c t i o n ,  t h e  pump had t o  be run a t  a reduced rate;  

t h i s  r a t e  was I-ower than t h a t  r e q u i r e d  f o r  b e s t  o p e r a t i o n  of t h e  j e t  

mixer and,  as a r e su 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  sol.i.ds w a s  t o  s t a r t  and s t o p  t h e  

waste pump several  t i m e s ;  however, t h i s  procedure r e s u l t e d  i n  ove rhea t ing  

of t h e  Moyno waste pumps and e i t h e r  caused o r  a c e r b a t e d  t h e  problems 

experienced w i t h  t h e s e  pimps. The f r e q u e n t  s t o p s  and s tar ts  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  experi-enced w i t h  t h e  m a s s  f lowmeter;  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  fI.ooding of t h e  bottom of  t h e  

m i x e r  hopper (and a t  least t h e  lower p a r t  uf the mass meter)  w i t h  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  we t t ed  s u r f a c e s .  

I n  most cases, t h e  a f f e c t e d  area w a s  probably smal~l~;  however, on some 

occ-asions t h e  mass-me ier cone w a s  we t t ed  and subsequen t ly  became coated 

wirh s o l i d s ;  on t h e s e  occas ions  t h e  e f f e c t  on in s t rumen t  accuracy would 

be cons ide rab le .  

Con t ro l  of t h e  m i x  r a t i o  w a s  e r r a t i c  d u r i n g  t h i s  i n j e c t i o n .  A r a t i o  

of 0.78 kg/R (6.5 l b / g a l )  w a s  planned,  h u t  the o v e r a l l  average r a t i o  w a s  

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

r a t i o  w e l l  bel.ow t h i s  average. The primary r eason  f o r  t h e  d i f f i . cu l . t y  

wi.th t h e  c o n t r o l  was t h e  b i a s e d  m a s s  flowmeter r ead ings .  Ea r 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  bellween 

t h e  m i x  r a t i o ,  as suggested by t h e  r a t i o  of t h e  pumped volumes and 

t h e  m i x  r a t i o  i -nd ica ted  by the  m a s s  meter; however, t h e r e  was r e l u c t a n c e  
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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  m a s s  meter w a s  as g r e a t  as it a c t u a l l y  

w a s .  
no a c c u r a t e  check could  b e  made on t h e  m a s s  meter u n t i l  b i n  3 had been 

emptied - l a t e  i n  t h e  i n j e c t i o n .  

m e t e r  w a s  r ead ing  %25% h i g h ,  which w a s  t h e  smallest e r r o r  noted du r ing  

t h e  i n j e c t i o n ,  and tended t o  conf i rm t h a t  an e r r o r  d i d  e x i s t  b u t  w a s  
n o t  l a r g e .  

Because b i n  1 w a s  neve r  emptied and b i n  2 w a s  drawn from on 2 days,  

T h i s  check i n d i c a t e d  t h a t  t h e  mass 

Keeping t h e  mix r a t i o  compara t ive ly  low dur ing  an i n j e c t i o n  p rov ides  

several advantages ;  f o r  example, t h e  mechanical problems are fewer w i t h  

a l e a n  mix, and t h e r e  is  less 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  w h i l e  

unused waste s o l u t i o n  remains i n  t h e  t anks .  There is  no comparable incen- 

t ive  t o  run  w i t h  a h i g h  m i x  r a t i o .  

d i f f e r e n t  mix r a t i o s  i n  t h e s e  c i r cums tances ,  t h e  normal tendency, t he re -  

f o r e ,  i s  t o  b e l i e v e  t h e  in s t rumen t  t h a t  shows t h e  h i g h e r  mix r a t i o .  

When ins t rumen t  r e a d i n g s  i n d i c a t e  

In  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  of t h e  mix r a t i o  t h a n  d i d  t h e  m a s s  meter; however, even t h i s  

i n d i c a t i o n  w a s  -11% h i g h e r  t h a n  t h e  a c t u a l  mix r a t i o .  

w a s  a l s o  no ted  i n  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. S ince  t h i s  r a t i o  p rov ides  a 

u s e f u l  check on t h e  accuracy  of t h e  mass m e t e r ,  t h e s e  r e a d i n g s  should 

con t inue  t o  b e  t aken  and computed du r ing  an i n j e c t i o n .  

A simllar  e r r o r  

The level 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 weight measurement w a s  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 i l y  (except  f o r  a ze ro  

e r r o r ) ,  as i t  had i n  p rev 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  n o t  f u n c t i o n  p rope r ly  du r ing  t h i s  

i n j e c t i o n .  

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

p e r e n n i a l  problem appea r s  t o  have  been solved.  

The p r o p o r t i o n i n g  of t h e  d r y  s o l i d s  w a s  much b e t t e r  f o r  t h i s  i n j e c t i o n  

t h a n  f o r  p rev 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  w a s  blended had an 

a p p r e c i a b l y  d i f f e r e n t  composition from t h e  s t a n d a r d  mix. 
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3.7 Pos t - In j  e c t i o n  Opera t ions  

The p r e s s u r e  a t  t h e  i n j e c t i o n  well. w a s  4.59 MPa (665 p s i )  on 

Ju ly  6 ,  1977. The ra te  of p r e s s u r e  d e c r e a s e  was propor t iona l -  t o  t h e  

loga r i thm o f  t i m e  u n t i l  t h e  b leedback  o p e r a t i o n  w a s  s t a r t e d  and t h e  

p r e s s u r e  o b s e r v a t i o n  w a s  s topped.  The f i n a l  observed p r e s s u r e  w a s  

2.14 MPa (310 psF) . 
Bleedback from I n j e c t i o n  ILW-15, which w a s  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 R (1630 gal), 

The i n i t i a l  rate w a s  16 .3  R/h (4 .3  g a l h ) ,  w h i l e  t h e  f i n a l  rate was less 

t h a n  1.1 R/h (0.30 g a l / h ) .  

back volume, Th i s  rat(’ of b leedback  is  q u i t e  low i n  comparisoii to 

prev ious  measurements. 

F i g u r e  16  i s  a p l o t  of the recovered  b leed-  

The o b s e r v a t i o n  w e l l s  were logged. No trace of t h e  i n j e c t i o n  w a s  

found j n  w e l l s  S-220, E--320, PW-100, o r  N-200. 

wells N-100 and N-150 a t  244 m ( 8 0 1  f t )  and 249 m (817 f t )  r e s p e c t i v e l y .  

Three peaks  w e r e  observed i n  w e l l  N-125 a t  247 m ($10 ft) , 247.2 m (811 f t )  , 
and 248 m (815 f t ) .  

Minor peaks were no ted  i n  



43 

10 100 
DAYS OF BLEEDBACK 

Fig.  16. Volume of bleedback recovered  a f t e r  Injection ILW-15. 



4. I N J E C T I O N  ILW-16 

4 .1  P re l imina ry  P r e p a r a t i o n s  

4.1 e 1. Mast e t r a E - f e r  and a i - ~ ~ d y s ~  

A p r o p o r t i o n a l  sample of t h e  w a s t e  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  ob ta ined  as t h e  s o l u t i o n  is  pumped from t h e  w a s t e  s t o r a g e  t anks  

i n  Be the l  Va l l ey  t o  t h e  w a s t e  s t o r a g e  t anks  a t  t h e  s h a l e  f r a c t u r i n g  s i te .  

The sample is  ob ta ined  o n l y  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  ear1.ier 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  tests. For  t h i s  

r eason ,  a g rab  sample from one of t h e  waste s t o r a g e  tanks i n  B e t h e l  Va l l ey  

w a s  analyzed f o r  t h i s  i n j e c t i o n .  The a n a l y s e s  of b o t h  samples are  g iven  

i n  Table  7 .  A s  seen ,  t h e  r e s u l t s  a re  s imilar  f o r  s o l u b l e  components b u t  

d i - s s i m i l a r  f o r  insol .uble  components. 

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

T-2, 56,320 R (14,881 g a l ) ;  T-3, 92,900 R (24,545 g a l ) ;  T-4,  94,530 9, 

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

4.1.2 F a c i l i t y  m o d i f i c a t i o n s  

One measure of t h e  mix r a t i o  du r 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 r o u t  volume t o  w a s t t s  volume. I n  

i n j e c t i o n s  p r i o r  t o  ILW-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  t aken  from t h e  s t r o k e  coun te r  and t h e  t u r b i n e  

flowmeter.  For  I n j e c t i o n  ILW-16, an  in s t rumen t  w a s  dev i sed  t o  p rov ide  

a n  i n d i c a t i o n  of  the i n s t a n t a n e o u s  v a l u e  of t h i s  r a t i o .  

of t h i s  r a t i o  w a s  p lanned ,  b u t  t h e  r e c o r d e r  w a s  n o t  a v a i l a b l e  i n  t i m e  

f o r  t h e  i n j e c t i o n .  

A recorded  t r a c i n g  

The f l o a t s  on  t h e  Moni t ro l  s o l i d s  levcl measuring dev ices  w e r e  f i r m l y  

a t t a c h e d  t o  t h e  cab le s .  S a f e t y  l i n e s  w e r e  a l s o  provided.  

4.1.3 P re l imina ry  maintenance .-~ 

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

i n  the  b i n s  w e r e  removed and d isposed  o f .  The b i n s  and the mass-meter 

cone w e r e  c l eaned ,  and t h e  m a s s  meter was reworked. 

44 
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Table 7. Composition of waste solution for Injection ILW-16 
-I 

Component Grab sample Proportional sample 
_..... 

0.635 

1.5 10-5 

0.029 

0.178 

2.575 

0 . 3 4  

0.49 

0.039 

0.119 

1. 1676 

0.065 
( 0 . 2 4 7 )  

9.8 x 10-5 

9.0  x 10-4 

5.3 10-4 

(3.7 10-4) 

( 3 . 4  10-3) 

(2 10-3) 

5.9 x 10-6 

8.5 10-7 

(2.25 x 10-5) 

(3.2 x 10-6) 

(1 .5  x 10-5) 
4.0 x 

N A ~  

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

0.072 
(0,271) 

7.7 10-3 

1.0 10-3 

4.1  LO-^ 

3.2 

9.6 ioe7 

(0,0293) 

(3.9 x 10-3j 

(1.55 x 

(1.2 x 10-3) 

(3 .64 x 

9.6 
( 3 . 6 4  x 

a NA = no t  analyzed. 
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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 ,  several maintenance tasks 

w e r e  completed.  For example, t h e  valves i n  t h e  h igh -p res su re  system 

w e r e  c leaned  and checked and several c o r e s  and i n s e r t s  WFJW r ep laced .  

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

valve seats on t h e  i n j e c t i o n  punip were rep laced ,  t h e  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 l  cd that. 1-hey werc cemented. Tnerefore,  t h e  

cement was removed from one hose, and t h e  second hose w a s  r ep laced .  The 

mass meter w a s  r e p a i r e d  and c a l i b r a t e d .  

4.1.4 . Plup.ging .... ._ and s l o t t i n s  ____. .... ~ i n j e c t i o n  w e l l  

Four i n j e c t i o n s  had been made i.nto t h e  exik- t ing s l o t  at 250 m 
(822 f t )  ; o p e r a t i n g  procedures  r e q u i r e  t h a t  t h e  ex i . s t i ng  s l o t  be plugged 

and a new s l o t  b e  c u t  a t  a depth  3 in (10 f t )  above t h e  p rev ious  s l o t .  On 

November 1.4, a b a t c h  of cement g rou t  w a s  mixed and pumped i n t o  t h e  well. 

This  g rou t  was displ.aced w i t h  21.5 g a l  of  w a t e r  and t h e  well. w a s  s h u t  i n  

under  p r e s s u r e .  

The p lugging  o p e r a t i o n  was t hen  r e p e a t e d  w i t h  a second b a t c h  o f  cement 

s l u r r y ,  which w a s  d i s p l a c e d  wit:h 795 R (210 g a l )  o f  water. On November 1 6 ,  

t h e  pl-ug h e l d  a t  a p r e s s u r e  of 34.5 MPa (5000 ps i . ) .  \ hen  t h e  depth  of 

t h e  p lug  w a s  measured, 246 m (806 f t ) ,  i t  w a s  found t o  b e  1.8 in (6 f t )  

t o o  h igh .  Therefore ,  t h e  p l u g  w a s  d r i l l e d  out  t o  248 m (814 ft). 

O n  November 1.5, t h e  p lug  fai.led when t e s t e d  under p r e s s u r e .  

The w e l l  w a s  s l o t t e d  a t  247 .5  rn (812 f t )  u s i n g  p r e s s u r e  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 ( 1 5 0  gpm). 

T h i r t y - f i v e  s a c k s  of  sand and 22.7 kg (50 l b )  of WG-6 suspender  were used. 

The w e l l  was p res su red  t o  34.5 MPa (5000 p s i )  b u t  would n o t  break; a 

p r e s s u r e  of 37.9 MPa (5500 p s i )  w a s  r e q u i r e d .  

pumping l ~ 7 6 0 0  R ( 2 0 0 0  g a l )  of water, The i n j e c t i o n  pressure g r a d u a l l y  

decreased  d u r i n g  t h i s  p e r i o d  from 37.9 t o  33.1 MFa (5500 t o  4800 p s i ) ,  

wh i l e  t h e  i -nject ior i  ra te  i n c r e a s e d  f r o m  380 t o  760  Elmin (100 t o  200 gpm). 

The s l o t  w a s  en l a rged  by 

4.1.5 S o l i d s  b l end ing  ..- 

F i v e  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  

Four  of t h e s e  w e r e  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 te .  



b i n s ,  w h i l e  t h e  remaining one w a s  l e f t  

t r a n s f e r  t o  an empty b i n .  “hc weigh t s  

were used f o r  t h e  s o l i d s  mi-x are g iven  

i n  t h e  b lending  t anks  f o r  la ter  

of the v a r i o u s  i n g r e d i e n t s  t h a t  

i n  Table  8. 

It has been observed  p r e v i o u s l y  t h a t  t h e  e f f e c t i v e n e s s  w i t h  which 

t h e  g r o u t s  made from t h e  b lended  s o l i d s  will r e t a i n  w a t e r  v a r i e s  i n v e r s e l y  

wi th  t h e  number of b l end ing  t r a n s f e r s  t o  which t h e  s o l i d s  are s u b j e c t e d .  

Blending o p e r a t i o n s  i n  t h e  1-aboratory are compara t ive ly  g e n t l e ,  and a 

r a t i o  of  0 .72 kg of d r y  m i x  p e r  l i ter  of w a s t e  (6 l b / g a l )  is a lmost  

always s u f f i c i e n t  t o  bind a l l  t h e  w a t e r .  Blending o p e r a t i o n s  i n  t h e  

f i e l d  are more r i g o r o u s ,  and a r a t i o  of  a t  least 0.84 kg/Q ( 7  l b / g a l )  

is u s u a l l y  r equf red .  R e s u 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 s u b j e c t e d  t o  one less b lend ing  t r a n s f e r )  would b ind  more waste 

p e r  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 j e c t i o n ,  t h e r e f o r e ,  a tes t  w a s  d e s i r e d  t o  de te rmine  whether one of t h e  

f o u r  b l end ing  t r a n s f e r s  could  b e  e l i m i n a t e d  w i t h o u t  a d v e r s e  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 w e r e  t o  be 

t r a n s f e r r e d  one t i m e  fewer t h a n  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 .  

e s s e n t i a l l y  done as p lanned ,  a l though  a f a i l u r e  of the bag s o l i d s  conveyer 

a t  t h e  s ta r t  of t h e  b l end ing  o p e r a t i o n  compl ica ted  t h e  procedure.  

I n  t h i s  

Th i s  w a s  

The conveyer f a i l e d  a f t e r  t h e  t r u c k s  c o n t a i n i n g  t h a t  day’s  supply  of 

cement and Ely ash had a l r e a d y  a r r i v e d .  Repa i r s  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  o f  t h e  day t h a t  no t i m e  would b e  l e f t  f o r  

b l end ing  o p e r a t i o n s ;  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 e x p e d i t i o u s l y  as p o s s i b l e .  Accordingly,  t h e  c o n t e n t s  

of t h e  t r u c k s  w e r e  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 a n k s ,  one - th i rd  of t h e  

cement and one - th i rd  oE , the  f l y  a s h  be ing  charged t o  each  tank.  

fo l 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  

w e r e  added t o  t h e  cement and f l y  a s h  i n  t h e  scale t a n k ,  and t h e s e  s o l i d s  

w e r e  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  b i n .  

r e p e a t e d  f o r  t h e  materials 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  t anks .  

The 

Th i s  procedure  w a s  

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 w e r e  t r a n s f e r r e d  more t i m e s  t h a n  u s u a l ;  however, t h e  mix as a whole 

w a s  s u b j e c t e d  t o  one less t r a n s f e r  t h a n  r e q u i r e d  by t h e  normai b l end ing  
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procedure  (except  f o r  t h e  f i r s t  b a t c h  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  treatment of this b a t c h  w a s  n e c e s s a r i l y  anomalous). T r a n s f e r s  of 

cement o r  f l y  a sh  are n o t  cons idered  t o  have any i n f l u e n c e  on m i x  

p r o p e r t i e s ;  however, i t  i s  b e l i e v e d  that  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 improvised b lending  procedure could t h e r e f o r e  s e r v e  

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

The fo l lowing  materials w e r e  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, s u p p l i e d  by t h e  Sou theas t  Fly Ash Company; 

a t t a p u l g i t e ,  A t t a p u l g i t e  150 d r i l l i n g  c l a y ;  c l a y ,  " Indian  Red" p o t t e r y  

c l a y ,  s u p p l i e d  by t h e  American A r t  Clay Company; s u g a r ,  d e l t a  gluconolactone.  

4.1.6 T e s t s  of m i x  c o m p a t i b 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  and 

t h e  second p r e s s u r e  t a n k  w e r e  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 tests were a l s o  made w i t h  w a t e r .  

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  m i x  r a t i o s .  

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  p repared  by mixing t h e  d ry  

s o l i d s  and waste s o l u t i o n  a t  b o t h  5000 rpm ( t o  s t i m u l a t e  down-hole 

c o n d i t i o n s )  and 2000 rpm ( t o  s t i m u l a t e  t u b  c o n d i t i o n s ) .  The samples 

from b i n s  2 ,  3 ,  and 4 w e r e  much l i k e  t h o s e  t e s t e d  f o r  I n j e c t i o n  ILW-15; 

t hey  w e r e  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 kg/R (9 l b / g a l ) ,  and 

Phase s e p a r a t i o n  and r h e o l o g i c a l  

Most 

l i t t l e  d i f f e r e n c e  w a s  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 r o u t s  

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

of t h e s e  g r o u t s  w a s  %2% a t  0.96 t o  l .08  kg/R (8 t o  9 l b / g a l ) .  

11 appa ren t  v i s c o s i t y "  w a s  ~ 3 0  cP a t  0.96 kg/R (8 l b / g a l )  and 50 cP a t  

1.08 kg/R ( 9  l b / g a l ) .  

samples had a p p r e c i a b l y  d i f f e r e n t  c h a r a c t e r i s t i c s .  

o f  t h e s e  g r o u t s  w a s  <2% a t  0.84 kg/R (8 l b / g a l ) ,  and t h e  "apparent  

v i s c o s i t y "  w a s  ~ 3 5  cP a t  0.84 kg/R ( 7  l b / g a l )  and 50 cP a t  0.96 kg/L 

( 8  l b / g a 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 k g / t  (7  l b / g a l )  resembled t h e  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 mix r a t i o  of 0.12 t o  0.24 kg/ll (1 t o  2 l b / g a l )  g r e a t e r .  Mix 
c o m p a t i b i l i t y  d a t a  a t  5000 rpm are shown i n  Table  9.  

The 

However, g r o u t s  made from b i n  1 and p r e s s u r e  t ank  

The phase s e p a r a t i o n  
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Table  9. Mix c o m p a t i b i l i t y  t e s t s  €o r  l n j  e c t i o n  LLW-16a 
( A l l  t e s t s  m a c l e  a t  5000 rpm) 

........... ~ .._.. _.._ ___ 

Mix r a t io  Dens i ty  Phase  Apparent 
Bin ~ s e p a r a t i o n  v i s c o s i t y  

number (kg/R) ( l b / g a l )  (kg/R) (lb/gaJ.) (% 1 (CP> 

4 0.84 
0.96 
1.08 

3 0.84 
0.96 
1.08 

3. 0.84 
0.96 
1.08 

1 C!. 84 
0.96 

P- tank  0.84 
0.96 

7 
8 
9 

7 
8 
9 

7 
8 
9 

7 
8 

7 
8 

l . 4 5  1.2.05 
1.47 1 2 . 2 2  
1.50 12.50 

1.48 12.30 
1 . S 1  12.55 
1.54 12.85 

1.44 12.0 
1 . 4 7  12.25 
1.50 12.50 

1.43 11 .9  
1.48 12.35 

l . 4 6  1 2 . 1 5  
1.48 12.30 

4 . 1  
1 .6  
1 . 2  

6. 4 
3 . 2  
2 - 7  

3.8 
1 . 7  
0.78 

1 .6  
0.8 

N i l  
N i l  

~ 

25 
37 
58 

2 1  
29 
44 

22 
35 
56 

4 1  
76 

28 
53 

a Data obtai-ned from J .  G. Moore. 



Grouts  made w i t h  water and t h e  s o l i d s  i n  bfn 1. had a phase separa-  

t i o n  of 3% a t  a mix r a t i o  of  0.84 kglY, ( 7  l b / g a l )  The “‘apparent 

v i s c o s i t y “  of t h i s  g r o u t  w a s  *40 CP gnder  t u b  c o n d i t i o n s .  

4 ., 2 I n  j ect  ion 

Surficient s o l i d s  were on hand t o  permit: t h e  i n j ec t t an  of 333,100 9, 

(88,000 g a l )  of w a s t e  f leav-ing a heel of 3030 Q (800 g a l )  i n  each t a n k ]  

and 18,900 Q (5000 g a l )  of water a t  a mix ratio of v e r y  nearly 0.84  kg/R 

(7 l b / g a l ) .  Tests of t h e  blended s o l i d s  had i n d i c a t e d  t h a t  considerable 

phase s e p a r a t i o n  wou1.d b e  expec ted  t o  occur  a t  this mix ratlo. The 

relevance o f  t h e  phase  s e p a r a t  i n n  tests t o  t h e  underground s t t u a t i o n  

( in  which t h e  g r o u t  sets under consTderable p r e s s u r e )  i s  i n  some doubt ,  

however, and the 0.84 kglR (7  l b / g a l )  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 he  F r a c t u r e  w a s  reopened ;rind expanded by 

pumping w a t e r  th rough t h e  f r a c t u r e .  

p r e s s u r e  of 3 7 . 9  MPa (5500 p s i - )  and 3 f l o w  rate of 380 LF,/min (100 gpm); 

a f t e r  several minutes ,  t h e  ra te  was  i n c r e a s e d  t o  760 Rlmin (200 gpm) and 

t h e  p r e s s u r e  had dropped to 33.1 MYa (4800 p s i ) .  

(2000 g a l )  of wa te r  was pumped, 

The fracrure was reopc!ned a t  a 

Approximately 7600 R 

The i n j e c t i o n  w a s  begun a t  0922  on November 1 7 ,  1977. Since 110 

a p p r e c i a b l e  s o l i d s  f low could  ’be o b t a i n e d  from any of  the f o u r  b f n s ,  the 

i n j e c t i o n  w a s  t e m p o r a r i l y  h a l t e d  t o  c o r r e c t  this s i t u a t i - o n .  S o l i d s  flow 

w a s  s t a r t e d  f r o m  b i n  1, and the i n j e c t i o n  w a s  resumed a t  0927 w i t h  waste 

from t a n k  T-3. 

(5000-psi) o p e r a t i n g  l i m i t ;  t o  keep t h e  p r e s s u r e  from exceeding t:his 

1 i m i t ,  t h e  i n j e c t i o n  pump w a s  o p e r a t e d  a t  a lower-than-usual vo lumet r i c  

ra te  - $720 R / m i n  (190 gpm). PloTs 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 l o w  r a t e  throughout  the i n j e c t i o n  are shown i n  

F igs .  1 7  and 18. The  f l o w  rate r e a d i n g s  are ave rage  values ( u s u a l l y  

over a 5-min p e r i o d )  i n d i c a t e d  by t h e  t u r b i n e  flowmeter.  

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  w a s  j u s t  under the 74.5-MFa 

The m i x  r a t i o  d u r i n g  t h e  i n j e c t i o n  w a s  ob ta ined  by d i v i d i n g  the 

s o l i d s  flow i n d i c a t e d  by t h e  m a s s  meter by t h e  l i q u i d  flow i n d i c a t e d  
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by the turhi-ne Elo~meter. 

di-viding t h e  volume of g r o u t  pumped over  a s h o r t  t i m e  i n t e r v a l  (measured 

by the s t r o k e  coun te r  on t h e  in j ec t i -on  pump) by [:he voluiac of waste 
pumped ov&i- the same in te rva l  and u s i n g  t h e  c o r r e l a t i o n  shown i n  F i g ,  1-3 

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  

correl.nt:ioli (90% pump e f f i c i e n c y )  wa.s used i n  all. volume 1-ati.o c a l c u l a t i o n s  

f o r  t:hts i n j e c t i o n ,  

A check on th i s  mix rnti.0 w a s  obta:i.ned by 

Diiririg ~ h e  i n j e c t i o n ,  t h e  mix r a t i o  was cal.cul.ated a t  5--min i n t e r v a l s  

f r o r n  bot:ir mass-meter and volume r a t h  i n d i c a t i o n s  and compared. T h i s  

comparison i s  shown i n  F i g .  19. S t a r t i n g  about  I000 h ,  a c o n s i s t e n t  

d i f  f e r e n c e  between t h e  mass-meter and volume r a t i o  I n d i c a t i o n s  i s  ev iden t .  

This d i f f e r e n c e  could have r e s u l t e d  irorn a s o l i d s  bu i ldup  on the m a s s -  

meter sens ing  cone, an e n o r  i n  t h e  t u r b i n e  flowmeter r ead ing ,  t h e  u s e  

of t h e  wrong volume r a t i o  carrel-ation, or  some imsuspected f a c t o r  .I 

Since t h e  d i f f e r e n c e  w a s  not  1.a-srg:e enough t o  be r e a l l y  s i g n i f i c a n t  and 

w a s  n o t  i n c r e a s i n g ,  no c o r r e c t i v e  acti-on w a s  taken. 

A t  1044, s o l i d s  El.ow became e r r a t i c  and w a s  swi tched  t o  b i n  3 .  A l l  

i n s t rumen t s  ( s t r a i n  gage r e a d i n g ,  l eve l  r ead ing  , mass-meter r ead ing ,  and 

voluriie r a t i o  r ead ings )  i n d i c a t e d  t h a t  a c o n s i d e r a b l e  quant"Lty of s o l i d s  

s t i 1 . l  1:erni~ined i n  bi.n I-; t h e r e f o r e  'cl-te sol~-i.ds flow w a s  swi.tchei1 back t o  

b i n  1. The f l o w  remained somewhat e r r a t i c  and was switched several till~es 

b e f o r e  i t  s t a b i - l i z e d  and t h e  remain:i.ng b i n  c o n t e n t s  could be wi . thdram.  

F i n a l l y ,  the f low was swi tched  to hi.n 3 a t  1130. 

A t  1245, the m a s s  m e t e r  s topped func t ion ing .  From t h i s  t i m e  u n t i l  

t h e  end of  the  i n j e c t i o n ,  t h e  on ly  a v a i l a b k  measurement of the m i x  r a t i o  

was Chat d e r i v e d  from t h e  volume rat:io. Because t h i s  measurement w a s  

a n  "a f t e r - the - f ac t "  measurement, i t  gave a n  average  v a l u e  of what t h e  

mix r a t i o  had been;  i.t d i d  n o t  g i v e  a n  in s t an taneous  value of t.he m i x  

rati.o a t  a p a r t i c u l a r  moment. (The experimental .  rati.0 i n d i c a t o r  t h a t  

could have given such a n  i n s t a n t a n e o u s  v a l u e  had developed a c o n s i d e r a b l e  

b i a s  and could not  b e  t r u s t e d , )  

o b s e r v a t i o n  of grout. i n  t h e  mix tub  was found t o  be u n r e l i a b l e ,  

very th-ick (>1.n'2 k.g/R (10 l b / g a l )  or v e r y  t h i n  [<0.24 kg/R ( 2  l b / g a l ) ]  

g r o u t s  c:ould b e  recognized;  all c o n c e n t r a t i o n s  between these extremes 

appeared t o  b e  e s s e n t : i a l l y  t h e  same. 

Es t ima t ion  of t h e  m i x  ratio from visual. 

Only 

The method of  mix control t h a t  was 
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improvised f o r  t h e  remainder of t h e  i n j e c t i o n  w a s  t o  change t h e  s o l i d s  

flow c o n t r o l  v a l v e  as l i t t l e  as p o s s i b l e ,  t o  make changes t o  t h e  s e t t i n g  

on ly  i f  t h e  g r o u 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 w a s  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  w a s  r a t h e r  e r r a t i c ,  as can b e  s e e n  i n  F ig .  1 9 .  Gene ra l ly ,  

a f a i r l y  c o n s t a n t  mix r a t i o  could b e  main ta ined  f o r  20 t o  30 mtn, t h e n  

an adjustment would o v e r c o r r e c t  and t h e  g r o u t  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 o u t  over  a pe r iod  of t i m e ,  

however, and t h e  ave rage  mix r a t i o  w a s  about  0.73 kg/R (6.1 l b / g a l ) .  

A t  1308, t h e  i n j e c t i o n  w a s  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 comple te ly  obscured w i t h  d u s t .  

had been washed, t h e  i n j e c t i o n  w a s  r e s t a r t e d  ( a t  1310);  however, i t  w a s  

necessa ry  t o  h a l t  t h e  i n j e c t i o n  a g a i n  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  w a s  r e s t a r t e d  a t  1320. 

A f t e r  t h e  window 

By 1400, t h e  i n j e c t i o n  press i i re  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  rate could  be inc reased .  

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/mi-n (230 gpm of s l u r r y  

[610 R/min (161 gpm) of was te ] .  

Durlng t h e  f i n a l  2 h of t h e  

A t  1610, t h e  i n j e c t i o n  pump d i e s e l  threw a connec t ing  rod through 

the block.  The s tandby pump w a s  used t o  wash t h e  w e l l  and t o  pump the 

s l o t  c l e a r  of  g r o u t .  

washed. The i n j e c t e d  w a s t e  volume w a s  208,924 R (55,198 g a l ) ;  t h e  t o t a l  

amount of s o l i d s  consumed w a s  178,200 kg (392,000 l b ) .  

The w e l l  w a s  va lved  s h u t ,  and t h e  eqiripment w a s  

'The p r e s s u r e s  i n  t h e  rock  cover w e l l s  w e r e  r ead  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  d u r i n g  t h e  i n j e c t i o n .  

i n  Table  10. 

These r ead ings  are g iven  

An a p p r e c i a b l e  p r e s s u r e  change was noted i n  several w e l l s .  

4.3 Data Ana lys i s  

The volume of w a s t e  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. 

w a s  measured by a t u r b i n e  flowmeter as w e l l .  as a r eco rd ing  o r i f i c e  meter.  

The volume of  w a s t e  s o l u t i o n  t h a t  was pumped o u t  of  t h e  waste s t o r a g e  

t anks  w a s  measured by t h e  change i n  t ank  s o l u t i o n  l e v e l .  

The s o l u t i o n  flow t o  t h e  mixer 
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A l l  t h r e e  measurements gave e s s e n t i a l l y  t h e  same r e s u l t s  (w i th in  %5%) . 
111 the t i m e  i n t e r v a l .  between 1320  and 1 4 4 8 ,  f o r  inslrance,  t h e  t ank  level  

rneasureuiesits i n d i c a t e d  t h a t  49 ,542  R ( 1 3 , 0 8 9  g a l )  of waste had bee.n 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  g a l ) ,  and t h e  osri.fice 

m e t e r  i n d i c a t e d  46 ,574  k (12,305 g a l ) .  h 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  chat-t: i s  shown i n  F ig .  20 t.o i n d i c a t e  iilie normal f l o w  f l u c t u a -  

i:ibns t h a t  occur  duri.ng a l l  i n j e c t i o n s  but  are  obscured i n  t h e  average  

v a l u e s  t h a t  are  u s u a l l y  r e p o r t e d .  Becairse t h e  t u r b i n e  m e t e r  r ead ings  

are g e n e r a l l y  more convenient  t o  use  than  t h e  tank leve l  r ead ings  or t h e  

o r i f i c e  meter r e a d i n g s ,  t hey  a re  used i n  t h e  subsequent  c -a l cu la t ions .  

The volumes o f  g r o u 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  

counter on t h e  i n j e c t i - o n  pump. 

i n t e r v a l s .  

These volamzs were recorded  a t  5-min 

B i n  l e v e l s  (plurnb bobs) and b i n  weigl1.t~ ( s t r a i n  gages)  on b i n s  1. and 

3 were al.so noted  a t  i n t e r v a l s .  B-i.ii 2 has no u s a b l e  level.  or wei-gh 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  the c o n t e n t s  of b i n  4 

w e r e  used. 

The s t r a i n  gage on Bin 1 f u n c t i o n e d  s a t i s f a c t o r i l y  i n  t h i s  injection, 

as it had i n  a l l  prev ious  ones.  A t  11-30, when t h e  b i n  was f i n a l l y  judged 

t o  b e  empty, t h e  stra-in gage i n d i c a t e d  ~ 5 %  sol - ids  remaining.  The compar- 

a t i v e l y  f t?w pl.uuib bob r e a d i n g s  t aken  on this b i n  l indicated a s o l i d s  level. 

%20% h i g h e r  than  t h e  s t r a i n  gage readri-ngs. 

The b u l k  s t o r a g e  bibs conta ined  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 the i n j e c t i o n .  Bin 1, which had been r e f i l l e d  w i t h  t h e  s o l i d s  

stored i n  t h e  b l end ing  tanks, was f u l l ;  b i n  4 was f u l l ;  b i n  2 w a s  empty, 

and bi.n 3 conta ined  a n  es&:imated 450 kg (1000 l b ) .  

The mix r a t i o  ( t h e  weight  of d r y  s o l i d s  mixed w i - t h  each volume of 

w a s t e  s o l u t i o n  or wate r )  i s  a u t o m a t i c a l l y  determined du r ing  the i n j e c t i o n  

by d i v i d i n g  the . rending of t h e  m a s s  f lowmeter by t h e  r ead ing  of the 

t u r b i n e  flowmeter.  T h i s  r a t i o  i s  recorded ,  A check on the  m a s s  f lowmeter 

r ead ings  i s  provided by t h e  r a t i o  of grout: voI.ume t o  s o l u t i o n  volume. 

Th i s  r a t i o  w a s  ca1.culated a t  5-min i ~ n t e r v a l s  duri.ng t h e  i .nj  e c t i o n  and 

conver ted  t o  a mi.x r a t i o  by means of  t h e  c o r r e l a t i o n  shown i n  Fi.g. 13,  

A p l o t  of bo th  of these mix r a t i o s  i s  shown i n  Fi.g. 1 9 .  

t h e s e  m i x  r a t i o s  i n d i c a t e s  t h a t  du r ing  t h e  t i m e  i:he mass meter w a s  working 

A comparison of 
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P i g .  20. Waste f l o w  ra tes  as i n d i c a t e d  by orifice meter du r ing  
I n j e c t i o n  ILW-16. 
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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  1 5 %  h i g h e 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 .  F o r  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 r ead ings  c o r r e l a t e s  b e t t e r  w i th  the measurements of 

s o l i d s  consumption than  dons t h e  m i x  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 ;  t h e r e f o r e ,  i t  appears  t h a t  t h e  mass-metier m i x  r a t i o  w a s  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 te r  p a r t  of 

the i n j e c t i o n  (when tile m a s s  meter w a s  i nope 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 ve ry  c l o s e l y  w i t h  t h e  q u a n t i t y  

of s o l i d s  withdrawn from b i n  2 and i s  t h u s  probably ve ry  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  averaged $0.86 kg/R ( 7 . 2  l b / 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 ,  i t  averaged $0.84 kg/L 

(7 .0  l b / g a l )  I 

4.4 E v a h a t i o n  of t h e  I n j e c t i o n  

The d i e s e l  d r i v e  of t h e  in i jec t ion  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  TLGJ-16. I n  a d d i t i o n ,  o t h e r  problems w e r e  

encountered :  (1) t h e r e  w a s  d i f f i c u l t y  i.n 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 mecer s topped func t ion ing  approx iha te 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 r e s s u r e  w a s  

uncomfortably h igh  throughout  t h e  e n t i r e  operat i -on.  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  g e n e r a l l y  r a n  m o r e  smoothly than  

d i d  prcv lous  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  w a s t e  pumps, l a c k  of t r ansmiss ion  problems wi th  t h e  i n j e c r i o n  

pump, and accep tab le  c o n t r o l  of t h e  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 ) .  

Determinat ion of t h e  mix r a t i o  from t h e  r a t i o  of pumped volumes i.s 

c1earl .y a u s e f u l  check on t h e  mass m e t e r  and a v i t a l  emergency backup. 

An i n s t an taneous  reading  and r eco rd ing  of t h e  volume rati.0 would have been 

u s e f u l  du r ing  t h i s  i n j e c t i o n  s i n c e  they  would have pe rmi t t ed  much more 

p r e c i s e ,  c o n t r o l  of t h e  mix r a t i o  du r ing  t h e  I.asr. h a l f  of t h e  i n j e c t i o n  

( a f t e r  t h e  m a s s  meter had f a i l e d ) .  P rov i s ion  f o r  t h e s e  r ead ings  w i l l  

be  made f o r  I n j e c c 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 t i m e  less than  t:he 

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  as those  
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i n  t h e  o t h e r  b i n s .  A r e d u c t i o n  i n  t h e  number of b l end ing  t r a n s f e r s  

s i m p l i f i e s  t h e  b l end ing  procedure  somewhat, improves t h e  mix p r o p e r t i e s  

a p p r e c i a b l y ,  and appea r s  t o  have no e f f e c t  on b u l k  f l o w a b i l i t y .  

Some d i f f i c u l t y  w a s  exper ienced  in s t a r t i n g  t h e  s o l i d s  f low from 

each  of t h e  b i n s .  The r eason  f o r  t h i s  d i f f i c u l t y  i s  riot known. 

4.5  P o s t - I n j e c t i o n  Opera t ions  

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  dropped from 4738 kPa (687 p s i )  

a t  18  11 a f t e r  t h e  i n j e c t i o n  had been completed t o  297 kPa ( 4 3  p s i )  a t  

18 days  a f t e r  t h e  i n j e c t i o n .  Th i s  ra te  of p r e s s u r e  f a l l  i s  much more 

r a p i d  than  t h a t  observed a f t e r  I n j e c t i o n  ILW-15. The v a l u e s  measured 

f o r  I n j e c t i o n  ILW-16 are g iven  i n  Table  11. 

A bleedback  o p e r a t i o n  w a s  a t t empted ,  b u t  no w a t e r  w a s  recovered.  

A l l  of t h e  obse rva t ion  w e l l s ,  excep t  NE-125, were logged. N o  trace 

of t h e  i n j e c t i o n  w a s  seen i n  E-300; however, minor peaks w e r e  no ted  i n  we l l s  

N-100 and NW-100 a t  232 m ( 7 6 3  f t )  and 230 m (754 f t )  r e s p e c t i v e l y .  An 

enlargement  of a n  e x i s t i n g  peak w a s  observed i n  S-220 a t  240 m ( 7 8 8  f t ) .  

A new peak w a s  s een  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 small volume of contaminated water 

had l eaked  from t h e  w e l l . .  The re fo re ,  t h i s  w e l l  w a s  n o t  logged. 
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T a b l e  11. W e l l h e a d  pressure  readings 
af ter  In jec t ion  TT,W-16 

-._..-I ... . . . . - .. . .. . 
Pressure 

T i m e  ( d a y s )  ( p s i )  

0.75 4738 

1 4497 

4 189 7 

1. I. 89 7 

14 4 4 1  

1 5  414 

18 297 

687 
652 

275 

130 

64 

60 

43  



5 .  INJECTION ILW-17 

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

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

The w a s t e  s o l u t i o n  t o  b e  i n j e c t e d  w a s  accumulated i n  t anks  W-8 and 

W - 1 0  i n  Be the l  Va l l ey .  

(30 ,000  g a l )  and 189,000 R (50,000 g a l )  r e s p e c t i v e l y .  A grab sample of 

t h e  so lu t ion  in each  of t h e s e  tanks w a s  t aken  and analyzed f o r  r ad io -  

chemical c o n s t i t u e n t s .  The r e s u l t s  are g iven  i n  Table  1 2 .  No chemical 

a n a l y s e s  o f  t h e  waste s o l u t i o n  w e r e  made f o r  this i n j e c t i o n .  

The volumes i n  t h e s e  t anks  w e r e  114,000 R 

The f i l l e d  t a n k  volumes w e r e  as fo l lows :  T-1, 55,912 R ( 1 4 , 7 7 2  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  g a l ) ;  and T-9, 49 ,205  R (13,000 g a l ) .  

5.1.2 F a c i l i t y  m o d i f i c a t i o n s  

A new d i e s e l  engine  was provided  f o r  t h e  i n j e c t i o n  pump [Cummins 

VT-1710 C ,  470 kW (630 hp) ac 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  bu lk  s t o r a g e  

b i n s .  

w e r e  i n s t a l l e d  on each  b i n  at f o u r  levels:  25 c m  (10 i n . )  from t h e  bottom 

o u t l e t  (measured a l o n g  t h e  s i d e  of t h e  cone ) ,  63 cm ( 2 5  in.), 1 0 2  c m  (40 i n . ) ,  

and immediately below t h e  j u n c t i o n  between t h e  cone and t h e  ver t ical  

s i d e s  C3 m (10 f t )  Erom t h e  bot tom o u t l e t ] .  The pads in t h e  bottom t h r e e  

levels  w e r e  a l i g n e d  v e r t i c a l l y  w h i l e  t h o s e  i n  t h e  t o p  level w e r e  s t agge red .  

A i r  w a s  s u p p l i e d  t o  each  ver t ica l  row of f o u r  pads a t  0.71 m3/min 

( 2 5  cm) and 20.7 kPa ( 3  p s i ) .  

two sets of pads. 

S i x t e e n  pads,  1 9  cm ( 7 - 1 / 2  i n . )  by 9.5 cm ( 3 - 3 / 4  in . )  o v e r a l l ,  

F i g u r e  2 1  i l l u s t r a t e s  t h e  arrangement of 

A r e c o r d e r  w a s  ob ta ined  f o r  t h e  volume r a t i o  (volume of g r o u t  

p e r  volume of was te)  measurement. 

63 



6 4  

Table  1 2 .  Composition of waste solution f o r  I n j e c t i o n  1LI.J-17 

6OCO 7 . 9  10-~  3.0 x 10-3 6.3 x loRLt 2 , 4  x 

1 3 4 C S  8.5 x 3.2 x 2.6 10-4 1.0 x 10-3 

9 0 ~ r  3.0 x L O  x 10-3 3 . 2  1.2 

137cs 8 . 2  x 3 .1  x IOm1 6.8 x I O n 2  2.6 x 10-I 

6Ru 3.1 x 1.2 x l o m 2  None None 

24+, None None 1.19 4 .5  x 10-5 

2 3 9- 7 Lt Opu 6.3 x 2.4 x None Nolie 
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ORNL DWG 80- ! i36 

Fig.  21. Air-pad arrangement on bulk s torage  b in .  
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5 .1  3 Pre l imina ry  maintenance 

A f t e r  t h e  complet ion of TLU-16> t h e  s o l i d s  remaining i.n t h e  b i h s  

w e r e  removed and d isposed  o f .  

w a s  c leaned  and reworked. 

The b i n s  were c l eaned ,  and t h e  m a s s  m e t e r  

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  valves i n  t h e  

h igh-pressure  system were greased  and worked. e The cement was chipped 

o u t  of one valve (V-9) ,  and a 15-cm (6-in.)  n i p p l e  w a s  r ep laced .  The 

c o r e  and i n s e r t s  w e r e  changed on valves V-5 and V - 1 4 ,  and t h e  r e l i e f  

valve w a s  r e p a i r e d .  The i n j e c t i o n  pump wa-s repacked ,  and n e w  p lunge r s  

w e r e  i n s t a l l e d ;  a l l  valves on t h e  pump, two se 'a t s ,  and t h e  p o t  g a s k e t s  

w e r e  r e p l a c e d .  

PreI.i.minary t e s t s  of  t h e  mass meter showed a c o n s i s t e n t  and g r o s s l y  

e r r o i l e m s  reading .  Because t h e  f a l s e  r ead ing  could n o t  be c o r r e c t e d  

p r i o r  t o  t h e  i n j e c t i o n ,  t h i s  i n s t rumen t  wa-s n o t  ope ra t ed  d u r i n g  the 

i n  j e c t  i o n .  

5.1.4 S lo t t i -ng  .. i n j e c t i o n  -- well 

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  b r e a k  down file format ion  

was unsuccess fu l .  It seemed l i k e l y  t h a t  the s l o t  w a s  plugged and t h a t  

a new s l o t  would have t o  b e  c u t .  Toward t h i s  end,  t h e  wel lhead w a s  r i g g e d  

f o r  s l o t t i n g ,  and t h e  t u b i n g  s t r i n g  was lowered t o  t a g  t h e  bottom. The 

bottom was found t o  b e  a t  246 m (807 f t )  - approximately 15  m (5 f t )  

above t h e  s l o t .  

The wel l  w a s  s l o t t e d  a t  244 m (802 f t ) .  The s l o t t i n g  p r e s s u r e  

v a r i e d  between 31  MPa (450 psi.) a t  570 R/min (1.50 gpm) and 25 MPa 

(3.500 p s i )  a t  640 R/min ( 1 7 0  gpm). Thirt:y-fi.ve sacks  of sand and 

22 kg (50 l b )  o f  WG-6 suspender  w e r e  used.  Tne wel lhead w a s  r e r i g g e d  f o r  

pumping, and t h e  w e l l  w a s  p r e s s u r i z e d  t o  b reak  down t h e  formation.  Rreak- 

down occurred  a t  24 MPa (3500 p s i )  and 420  R/min (110 gpm). The f r a c t u r e  

w a s  en la rged  by g r a d u a l l y  i n c r e a s i n g  t h e  f l o w  t o  757 R / r n i n  (200 gpm) a t  

25 MPa (3700  p s i ) .  A t o t a l  o f  2500 R ( 6 6 0  g a l )  w a s  pumped. 

5.1.5 S o l i d s  b l end ing  

F i v e  ba t ches  of  d r y  s o l i d s  w e r e  b lended 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  si te.  Four of t h e s e  w e r e  I.oaded i n  t h e  s t o r a g e  b i n s ,  
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w h i l e  t-le remaining one w a s  l e f t  i n  t h e  b lending  t anks  f o r  laCer t r a n s f e r  

t o  :i~i empty b in .  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  w a s  f e a r e d  t h a t  i f  a f u l l  charge of s o l i d s  

w e r e  pu t  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 

p lug  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  11-Id-15. For t h i s  

r e a s o n ,  on ly  two P-tank l o a d s  of s o l i d s  were charged t o  b i n  3;  the t l l i r d  

P-tank load  t h a t  would have normally been put  i n t o  b i n  3 w a s  d iv ided  

among b i n s  1, 2 ,  arid 4 .  As a consequence, t h e  wejght  uF 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  w a s  nor p r e c i s e l y  known f o r  t h i s  in . jec t ion .  The 

we igh t s  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  tlir s o l i d s  mix a r e  

g iven  i n  Tab le  1‘3. 

For I n j e c t i o n  LLW-17, t h e  s o l i d s  c o n t e n t s  of b i n s  L ,  2 ,  3 ,  arid 4 

w e r e  determined i n  t h e  weigh t ank  and then  t r a n s f e r r e d  s u c c e s s i v e l y  I:(J 

a P-tank arid a s t o r a g e  b i n .  This  a b b r e v i a t e d  b lending  procedure ,  which 

involved  one fewer t r a n s f e r  rhan had been used i n  p rev ious  i n j e c t i o n s ,  

r e s u l t e d  i n  an  improvenient in several r e s p e c t s .  

The P o r t l a n d  cement was ob ta ined  from I d e a l  Basic I n d u s t r i e s ;  t h e  

o t h e r  mix components were ob ta ined  from t:he same s u p p l i e r s  as i n  

Tn j ec t  i on ILW- 16. 

5 .2  I n j e c t i o n  

The m a s s  meter could  n o t  b e  made ope rab le  f o r  t h i s  i n j e c t i o n  wi thou t  

a l eng thy  de lay .  Accordingly,  t h e  d e c i s i o n  w a s  made t o  monicor t h e  

p r o p o r t i o n i n g  of s o l i d s  and w a s t e  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  the l a s t  h a l f  of I n j e c t i o n  TLW-16). Here t h e  volume r a t i o  i s  

t h e  r a t i o  of the volume of t h e  i n j e c t e d  g r o u t  (measured by che 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  w a s t e  so lu t io r i  (measured by 

t h e  t u r b i n e  flowmeter) ; t h i s  r a t i o  i s  d i r e c t l y  dependent  on t h e  p r o p o r t i  on 

at which t h e  w a s t e  s o l u t i o n  and t h e  d ry  s o l i d s  are mixed. A p l o t  of t h e  

c o r r e l a t i o n  between t h e s e  r a t i o s  is g iven  i n  F ig .  1 3 .  The middle l i n e  

of thc! c o r r e l a t i o n  w a s  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 c i o n  . 
The volume r a t i o  can b e  ob ta ined  by two methods, bo th  of which 

w e r e  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 g rou t  and the 
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volume of waste pumped dur ing  a g iven  t i m e  i n t e r v a l  ( u s n a l l y  5 min) are 
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 r ead ings .  Ttiese 

r ead ings  are s u b t r a c t e d  from p rev ious  r ead ings ,  and t h e  r a t i o  of t h e s e  

d i f  f ererices 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 i m e  i n t e r v a l .  

The r a t i o  i n d i c a t o r  p rov ides  a second de te rmina t ion  of t h e  volume r a t i o .  

T h i s  dev ice ,  f i r s t  used i n  I n j e c t i o n  ILW-16, t a k e s  s i g n a l s  from t h e  s t r o k e  

coun te r  and t h e  waste flowmeter and provides  an i n d i c a t i o n  of t h e  vel-ume 

r a t i o  a t  that  p a r t i c u l a r  moment. Th i s  i n d i c a t i o n  was zeroed du r ing  t h e  

p r e i n j e c t i o n  s l o t t i n g  o p e r a t i o n ;  i t  w a s  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 ,  the f r a c t u r e  w a s  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  w a s  reopened a t  a 

p r e s s u r e  of 41 MYa (6000 p s i )  and a f low r a t e  of 454 t /min  (120  gpm) a 

Approximately 3000 R (800 g a l )  of water w a s  pumped. 

The i n j e c t i o n  w a s  begun a t  0832 on September 1, 1978, w i t h  water from 

t h e  w a s t e  p i t  a n d  s o l i d s  from b i n  3.  The i n i t i a l  f l o w  rates were kept: low 

t o  minimize t h e  i n j e c t i o n  p r e s s u r e ;  a f t e r  15 t o  20 min, t h e  i n , j e c t i o n  

p r e s s u r e  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  race could  be  

i n c r e a s e d  t o  about  606 R/min (160 gpm) of wastle [ 908  Rlmin (240 gpm) of 

g r o u t ] .  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  (we 1 lhead measurement) and waste 

f low ra te  throughout  t h e  i n j e c t i o n  are shown i n  F i g s .  22 and 23. Tfle f l m  

rate read ings  are average  v a l u e s  ( u s u a l l y  over  a 5-min pe r iod )  i n d i c a t e d  

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  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  and t h e  cor responding  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 in F i g  13. These v a l u e s  f o r  t h e  mix r a t i o  are p l o t t e d  

i n  F i g  24. I n  F i g  25 ,  t h e  e q u i v a l e n t  v a l u e s  from t h e  r txorded  in s t an -  

taneous  volume r a t i o  are given.  These numbers are 1.10% lower t h a n  those  

i n  F ig .  24 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  n e x t  hour ,  and then  almost  i d e n t i c a l  f o r  t h e  remainder  o f  t h e  

in jec t r ion .  No r eason  is known f o r  t h e  e r r a t i c  performance of t h i s  

i n s t rumen t  du r ing  t h e  f i rs t  2 h of t h e  i n j e c t i o n .  

The u s u a 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  (va ry ing  t h e  s o l i d s  

f e e d  rate t o  ma in ta in  an  i n d i c a t e d  mix r a t i o )  could n o t  be used i n  t h i s  

i n j e c t i o n  because  t h e  m a s s  meter w a s  i nope rab le .  S ince  t h e  method of mix 
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c o n t r o l  used du r ing  t h t :  l.ast h a l f  of 1n.j e c t i o n  ILW-16 (occas iona l  

ad jus tment  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  ca1.culated r n i x  r a t i o )  

had r e s u l t e d  i n  r a t h e r  e r ra t ic  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  

w a s  t r i e d  f o r  t h i s  i n j e c t i o n .  Afrre-r- the i n j e c t i o n  c o n d i t i o n s  had 

s t a b i l i z e d ,  t h e  s o l i d s  f low valve w a s  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  w a s  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 .  If a d i . f f e r e n t  mix r a t i o  wa.s r e q u i r e d ,  t h e  volume of t h e  bypass  

stream was reduced o r  i .nereased, as needed, and no adjustmenrr 110 t h e  

s o l i d s  flow v a l v e  w a s  made. Th i s  ope ra t ing  procedure w a s  found t o  work 

e x c e p t i o n a l l y  well; f l u c t u a t i o n s  i n  t h e  mix r a t i o  were snialler and less 

f r e q u e n t  t han  i n  p rev 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 smaller and 1.ess f r a n t i c  tliari t hose  made h e r e t o f o r e .  

In g e n e r a l ,  the €].ow 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  w a s  

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 p o s s i b l y  s i g n i t 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  f rom s p o r a d i c  b r idg ing  a t  the  

b i n  o u c l e t s ,  ( 2 )  the di.f f e r e n t  o p e r a t i n g  technique  (d i scussed  in t h e  

p rev ious  paragraph)  r e s u l t e d  i n  f a r  fewer changes be ing  made t o  t h e  

so l - ids  f low r a t e  and gave th-Ls f low t i m e  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 dur ing  irhe b lending  o p e r a t i o n  ( a s  w a s  

t h e  case  i n  t h i s  i n j  e c t i o n )  had b c t r e r  Elowabi l i ty  iAan those  t - r a n s f e r r e d  

t h r e e  t i m e s  (as w a s  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  1.113 and a t  1634 - t h e  wi.ndow of t h e  

s o l i d s  hopper had become completely obscured w i t h  d u s t  and tile i - n j e c t i o n  

w a s  h a l t e d .  The hopper w a s  subsquent ly  washed, and rhe  in j ec ' i  Lon w a s  

r e s t a r t e d  . 
A s  u s u a l ,  some flow i n s t a b i l i t i e s  occur red  whenever t h e  waste pump 

s u c t i o n  w a s  switched from one w a s t e  t ank  t o  ano[:lier. A t  such times, t h e  

w a s t e  pump would l o s e  i.ts p r i m e  and several. ininutes would be r equ i r ed  

t o  r e e s t a b l i s h  normal. f 1 . 0 ~ ~  Except f o r  t h e s e  i r r e g u l a r i t i e s ,  t h e  i n j e c -  

t i o n  proceeded q u i t e  smoothly. 

During (:he run ,  a running t o t a l  was kept  of t h e  c a l c u l a t e d  consumption 

of d r y  s o l i d s .  By about  1200, i t  w a s  clear t h a t  LIE c a l c u l a t e d  consumption 

w a s  h ighe r  t han  t h e  a c t u a l  consumption by ~ 1 5 % ;  t h u s  t h e  mix r a t i o  was 
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i n c r e a s e d  t o  ~ 0 . 9 6  kg/Q (8 l b / g a l )  t o  compensate f o r  t h e  d iscrepancy .  

By 1500, when b i n  1 r a n  empty, anorhe r  check was poss ib l e .  Because t h e  

r e s u l t s  i n d i c a t e d  t h a t  a d i f f e r e n c e  between c a l c u l a t e d  and a c t u a l  

consumption s t i l l  e x i s t e d ,  t h e  mix r a t i o  w a s  i n c r e a s e d  a g a i n  - t o  berween 

1.08 kg/R (9 l b / g a l )  and 1.2 kg/R (10 l b / g a l ) .  These h igh  appa ren t  r a t i o s  

w e r e  main ta ined  u n t i l  t h e  t h e  i n j e c t i o n  had been completed.  

A t  1826 ,  t h e  w a s t e  t a n k s  w e r e  e s s e n t i a l l y  empty and f low w a s  swi tched  

t o  f r e s h  water. The s o l i d s  f low w a s  s topped  a t  1834, and t h e  i n j e c t i o n  

w a s  ended a t  1840. 

The w i p e r  p l u g  w a s  pumped down t h e  w e l l  w i t h  3180 9, (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  w a s  va lved  s h u t ,  and t h e  equipment w a s  washed. During 

t h e  washdown o p e r a t i o n ,  one of t h e  hoses  between t h e  sump tub  and t h e  

s u c t i o n  manifold of t h e  HT-400 w a s  found t o  be  plugged w i t h  sand.  

Readings of t h e  p r e s s u r e s  i n  t h e  rock  cover  w e l l s  (Table  14) were 

t a k e n  a t  i n t e r v a l s  d u r i n g  t h e  i n j e c t i o n .  These p r e s s u r e  changes are 

smaller than  t h o s e  u s u a l l y  observed.  

5 .3  Data Ana lys i s  

The volume of w a s t e  s o l u t i o n  OK 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 

w a s  measured by a r u r b i n e  flowmeter as w e l l  as a r eco rd ing  o r i f i c e  meter. 

The volume of waste s o l u t i o n  pumped w a s  measured by t h e  change i n  t ank  

s o l u t i o n  level.  The agreement between t h e  t a n k  leve l  measurements and 

t h e  t u r b i n e  flowmeter r e a d i n g s  w a s  ve ry  good; t h e  o r i f i c e  meter r ead ings  

w e r e  ( ~ 9 %  l o w .  For t h e  t i m e  i n t e r v a l  du r ing  which waste w a s  be ing  pumped 

from t h e  s t o r a g e  t a n k s  (between 0906 and 1752) ,  f o r  i n scance ,  t h e  t ank  

leve l  measurements i n d i c a t e d  t h a t  292,150 R (77,186 ga l )  of waste were 

pumped, t h e  t u r b i n e  f lowmeter  i n d i c a t e d  294,610 Q (77,837 g a l ) ,  and the 

o r i f i c e  m e t e r  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 

r e a d i n g s  are g e n e r a l l y  more convenient  t o  u s e  t h a n  t h e  t a n k  l eve l  r ead ings  

o r  t h e  o r i f i c e  meter r ead ings ;  t h e r e f o r e ,  they  are used i n  t h e  subsequent  

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



Table 1 4 .  P r e s s u r e  r ead ings ,  i n  kPa ( p s i g )  , of rock cover w e l l s  
dur ing  I n j e c t i o n  ILW-17 

ROCK Reading taken on SeptemSer 1, 1978, a t :  
cover 
w e l l  0920 1240 1440 1540 1720 

E-300 

NE-125 

NE-200 

N-200 

N-275 

NW-175 

Ni- 2 5 0 

W-300 

s-200 

1413 (21.5) 

0 

-37.2 (-5.4) 

-40.7 (-5.9) 

-20.0 (-2.9) 

31.0 (4.5) 

34.5 (5) 

-3.4 (-0.5) 

137.9 (20) 

210 (30.5) 

0 

-64 .1  (-9.3) 

-67.6 (-9.8) 

20.7 (3)  

-47.6 (-6.9) 

20.7 (3) 

-3.4 (-0.5) 

141.3 (20.5) 

238 (34.5) 

-17 .2  (-2.5) 

-73.1 (-10.6) 

-71.0 (-13.3) 

3.4 (0.5) 

-57.2 (-8.3) 

3.4 (0 .5)  

0 

137.9 (20) 

2 4 1  (35) 

-24.1 (-3.5) 

-77.9 (-11.3) 

-74.5 (-1O.S) 

0 

-60.7 (-8.8) 

0 

-3.4 (-0.5) 

134.5 (19.5) 

252 (36.5)  

-32.4 (-4.7) 

-81.4 (-11. 8) Q\ 

-84 .8  (-12.3) 

-4.8 (-0.7) 

-69.6 (-10.1) 

-6.9 (-l.O) 

-4 

0 

131.0 (19) 
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The volumes of g r o u t  i n j e c t e d  w e r e  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 w e r e  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 w e r e  no ted  a t  i n t e r v a l s .  

Bin 2 h a s  no u s a b l e  weigh gage i n s t a l l e d .  The b i n  l eve l  measurements 

(plumb bobs) w e r e  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 b e  broken from t h e  u n i t ,  as had occurred  i n  

an  ear l ie r  i n j e c t i o n .  

The r e a d i n g s  ob ta ined  w i t h  t h e  s t r a i n  gage on b i n  3 w e r e  n o t  

c r e d i b l e  s i n c e  they  i n d i c a t e d  t h a t  t h e  amount of s o l i d s  withdrawn w a s  

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 and 4 i n d i c a t e d  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 h a t  sugges t ed  by t h e  mix r a t i o  c a l c u l a t i o n s .  

The l a t te r  numbers are n o t  unreasonable  s i n c e  t h e  mix r a t i o  c a l c u l a t i o n s  

i n d i c a t e d  t h a t  more s o l i d s  w e r e  be ing  consumed than  were o r i g i n a l l y  

s t o r e d  i n  t h e  b i n s .  The s t r a i n  gage measurements g e n e r a l l y  showed a 

uni form wi thdrawal  rate of s o l i d s ;  F ig .  26 shows t h e  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 

m i x  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  con ta ined  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 .  Twenty t r u c k  l o a d s  of s o l i d s  w e r e  removed 

from t h e  f o u r  s t o r a g e  b i n s :  s i x  l o a d s  from b i n  1, s i x  from b i n  4 ,  f o u r  

from b i n  2 ,  and f o u r  from b i n  3 .  Each t r u c k  load  is  e s t i m a t e d  t o  

c o n t a i n  ~ ~ 1 0 0 0  kg (2200 Ib )  of s o l i d s .  The weight  of s o l i d s  charged t o  

b i n  3 w a s  40,610 kg (89,530 l b ) ,  and t h e  weight  of s o l i d s  charged t o  

t h e  P-tanks w a s  55,256 kg (121,817 l a ) .  The weight  of s o l i d s  charged 

r o  each  of 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 

lt3,lOO-kg (40,000-lb) b a t c h  of s o l i d s  w a s  d i v i d e d  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  n o t  be  

de te rmined .  It i s  e s t i m a t e d ,  however, t h a t  b i n  1 conta ined  66,680 kg 

(147,000 l b )  of s o l i d s ,  b i n  2 conta ined  64,000 kg (141,000 l b ) ,  and 

b i n  4 con ta ined  43,500 kg (140,000 l b ) .  One needs  only  t o  s u b t r a c t  t h e  

amount of s o l i d s  remaining a t  t h e  end of the i n j e c t i o n  from t h e s e  numbers 

i n  o r d e r  t o  o b t a i n  t h e  approximate weight  of s o l i d s  consumed. These 

numbers, g iven  i n  T a b l e  15, are compared w i t h  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  vo lumet r i c  r a t i o  r ead ings  and t h e  carrel-at ion 
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Table  15. Comparison of m i x  ratios i o r  I n j e c t i o n  ILW-17 
-- 

Actual s o l i d s  Actual mix Calcula ted  Calcula ted  
Waste volume r a t i o  s o l i d s  u s e  mix r a t i c  

A C t L l d l  
use  

,___ 
- 

T i m e  Bin (kg) (lb) ( t )  (ga l )  (kg/P) ( l h i g a l )  (kg) (1b) (kg/?) ( l b / g a l )  c a l c u l a t e d  - 
08 3 2-09 5 2 3 36,680 80,700 45,800 12,100 0.80 6.67 41,550 91,600 0.91 7.57 0.88 

0952-1232 2 60,100 132,200 92,090 2 4 , 3 3 0  0.65 5.43 78,650 173,400 0.86 7.13 0.76 

1232-1507 1 64,500 142,000 89,590 13,670 0.72 6.00 78,830 173,780 0.88 7.711 0.82 

1507-1708 4 57,600 126,500 67,300 17,780 0.86 7.13 63,890 140,550 0.95 7.92 0.90 

1708-1834 1 51,600 113,600 48,370 12,780 1.07 8.89 55,260 121,817 1 . 1 4  9.53 0.93 
- 
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given  i n  F ig .  1 2 .  It seems appa ren t  from t h e  d a t a  i n  Table  15 t h a t  t h e  

ca lcu l .a ted  m i x  r a t i o  was 10 t o  20% h i g h e r  than  t h e  a c t u a l  m i x  r a t i o .  

'This error can be  compensated f o r  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 l r ion  

of t h e  c a l i b r a t i o n  curve  (F ig .  1 2 ) -  

5.4 Eva lua t ion  of t h e  I n j e c t i o n  

The m o s t  d i s t i -ngu i sh ing  f e a t u r e  of I n j e c t i o n  ILW-17 w a s  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  b u l k  s t o r a g e  b i n s  

wi thou t  t h e  s t o p s ,  s tar ts ,  and s l u g  f low c h a r a c t e r i s t i c  of s o l i d s  

f l o w  dur ing  p rev ious  i n j e c t i o n s .  A l s o ,  r 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 w a s  devoid of t h e  30-min c y c l e s  t h a t  were s o  appa ren t  du r ing  

the l a s t  ha].€ of I n j e c t i o n  ILW-1.6. This  improvement w a s  l a r g e l y  t h e  

r e su l t .  of a d i f f e r e n t  o p e r a t o r  t echn ique ,  b u t  was a s s i s t e d  by t h e  more 

uniform s o l i d s  f1 .o~ .  

Some i r r e g u l a r  o p e r a t i o n  occurred  immediately b e f 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  swi tched  f rom one waste t ank  t o  ano the r .  

'The waste puiiip l o s e s  i t s  p r i m e ,  and a pe r iod  of several  minutes  i s  r e q u i r e d  

b e f o r e  normal o p e r a t i o n  can be resumed. This  problem a p p e a r s  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  w a s t e  p ip ing  system and probably 

cannot  be  e a s i l y  c o r r e c t e d .  

P e r i o d i c  c l ean ing  of t h e  mixer hopper i s  s t i l l  r e q u i r e d  sometimes 

because  v i s i o n  i n t o  t h e  hopper g r a d u a l l y  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 si.mple c o r r e c t i o n  f o r  such  s . i tuat i0n.s  can be sugges ted .  

A l l  i n s t r u m e n t a t i o n  (except  f o r  t h e  m a s s  meter )  worked w e l l .  Even 

t h e  s t r a i n  gages on two of t he  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 P o s t - I n j e c t i o n  Opera t ions  

The p r e s s u r e  i n  t h e  annulus  of t h e  in j ecL ion  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 r e s s u r e ,  which w a s  

186 MPa (2700 p s i ) ,  f e l l  t o  %6.9 MPa (1000 p s i )  approximately 30 min 

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 rate 

of p r e s s u r e  decay w a s  l o w e r  t han  a f t e r  I n j e c t i o n  ILW-16 bu t  about  t h e  

sarrie as a f t e r  I n j e c t i o n  ILW-15. 
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s h e e t  t h a t  could  be  a t t r i b u t e d  

w e l l  E-300, N-100, o r  NW-100. 

240 m ( 7 8 7  f t ) ;  i n  a d d i t i o n ,  a 

a t  252 m (826  f t ) .  The log  is  

peak may s imply be  h i g h e r  r e s o  

A bleedback  of f r e e  water 

w a t e r  was c o l l e c t e d .  

The rock  cover  moni tor ing  

Fol lowing t h e  i n j e c t i o n ,  a l l  t h e  cased o b s e r v a t i o n  w e l l s  t h a t  w e r e  

s e r v i c e a b l e  were logged. W e l l  NE-125 , whose c.asing had been p u l l e d  a p a r t  

d u r i n g  I n j e c t i o n  ILW-13, i s  bad ly  contaminated and no longe r  usab le .  The 

c a s i n g  of w e l l  W-300 w a s  r u p t u r e d  du r ing  I n j e c t i o n  ILW-14. No g r o u t  

t o  i n j e c t i o n  ILW-17 was observed i n  

A new peak w a s  observed i n  w e l l  5-220 a t  

p o s s i b l e  peak w a s  observed i n  w e l l  N-150 

somewhat ambiguous, however, and t h e  l a t t e r  

u t i o n  of an e x i s t i n g  peak. 

from i n j e c t i o n  ILW-17 w a s  a t tempted .  No 

w e l l s  were t e s t e d  t o  de te rmine  t h e  ra te  

of w a t e r  acceptance .  Each w e l l  w a s  p r e s s u r i z e d  t o  5 1 7  kPa (75 p s i )  w i th  

a gas  c y l i n d e r ,  and t h e  volumes of water accepted  a f t e r  1 and 2 h were 

determined.  With t h e  e x c e p t i o n  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  t h o s e  ob ta ined  on p rev ious  occas ions ,  i n d i c a t i n g  t h a t  

t h e  i n t e g r i t y  of t h e  o v e r l y i n g  rock  format ion  has  n o t  changed. ( I n  t h e  

case of W-300, a l e a k  a t  t h e  coupl ing  prec luded  any meaningful  d a t a . )  

The r e s u l t s  are g iven  i n  Table  16 .  
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Tab1.e 16. Water acceptance  r a t e s  f o r  rock cover mon i to r ing  wells ~ 

i n  R/h (gph) 

Rock 1979 1973 
cover  
FJC?ll F i r s t  hour Second hour F i r s t  hour Second hour 

-_ 

NCJ-175 

NW-250 

\?-300 

S-300 

E-300 

N-27.5 

NE-125 

N-200 

NE-200 

8 .5  (2.25)  

0.89 (0.24) 

3 .05 (0.81) 

1 .64 (0.43) 

0.12 (0.032) 

0.25 (0.066) 

5.38 (1.42) 

2.73 (0.72)  

2.03 (0.54) 

8 . 2  (2.17) 

1 .0  (0.26)  

5 .54 (1.46) 

1.28  (0.34) 

0.10  (0.026) 

0.19 (0.050) 

3.33 (0.813) 

2.00 (0.53) 

1.64 ( 0 . 4 3 )  

5 .7  (1 .5)  

1.1 (0.3) 

0.4 (0.1) 

2 .8  (0.75) 

None 

0.2 (0.05) 

4.5 ( 1 . 2 )  

4.5 (1 .2)  

1 .9  (0 .5)  

5.7 (1.5) 

l.1 (0.3) 

None 

1 .9  (0.5) 

None 

0.2 (0.05) 
4.5 (1.2) 

4.5 ( 1 . 2 )  

1.9 (0 .5)  



6 ,  INJECTION ILW-18 

6 . 1  Prel i .mlnary P r e p a r a t i o n s  

6.1.1 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 s  a v a i l a b l e  f o r  I n j e c t i o n  ILW-18 c o n s i s t e d  of 

113,600 R (30,000 gal.) of  waste i n  t a n k  W-8, 151,400 R (40,000 g a l )  of 

w a s t e  i n  t a n k  W-10, and $37,800 P, (10,000 g a l )  of waste i n  o t h e r  t anks .  

Samples w e r e  t a k e n  o f  t h e  s o l u t i o n s  i n  t anks  W-8 and W-IO and a n a l y s e s  

w e r e  ob ta ined  (Table 17). 

o r  ana lyzed;  t h e i r  o p e r a t i o n a l  h i s t o r y  i n d i c a t e d  t h a t  t h e y  w e r e  q u i t e  

d i l u t e  as compared w i t h  t h e  s o l u t i o n s  i n  W-8 and W-IO, would c o n t a i n  few 

r a d i o n u c l i d e s ,  and would behave chemica l ly  l i k e  s l i g h t l y  impure water. 

The remain ing  w a s t e  s o l u t i o n s  w e r e  n o t  sampled 

The w a s t e  s o l u t i o n  from t a n k  Id-8 w a s  s t o r e d  i n  t a n k s  T-1 [55,910 R 

(14,772 g a l ) ]  and T-2 118,900 R (5,000 g a l ) ] .  The waste s o l u t i o n  from 

t a n k  W-10 w a s  pumped t o  t a n k s  T-2 [37,460 S (9,897 g a l ) ] ,  T-4 193,520 t 

(24,709 g a l ) ] ,  T-9 [49,100 R (12,975 g a l ) ] ,  and T-3 [T3,000 R (14,000 g a l ) ] .  

The remaining space  in Tank T-3 w a s  f i l l e d  witlh d i l u t e  misce l l aneous  

w a s t e  [39,580 R (10,458 g a l ) ] .  

6.1.2 S o l i d s  b l e n d i n g  

F i v e  b a t c h e s  of d r y  s o l i d s  w e r e  blended 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 te .  

b i n s ,  wh i l e  t h e  f i f t h  w a s  l e f t  i n  t h e  b l end ing  t a n k s  f o r  later t r a n s f e r  

t o  an empty b i n .  

t i o n s  f o r  I n j e c t i o n  ILW-17 was fo l lowed i n  t h e  p r e p a r a t i o n  of t h e  f i r s t  

f o u r  b a t c h e s ;  t h e  d r y  s o l i d s  w e r e  loaded  i n  t h e  s c a l e  t a n k ,  and w e r e  

t h e n  blown s u c e s s i v e l y  t o  t h e  f i r s t  b l end ing  t ank  and t o  t h e  s t o r a g e  

b in .  The second b lend ing  t a n k  w a s  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 lend ing  t a n k  w a s  needed f o r  s t o r a g e  of t h e  f i n a l  

b a t c h  o f  s o l i d s ,  t h i s  b a t c h  of s o l i d s  w a s  blended an a d d i t i o n a l  t i m e .  

Four of them were loaded  in  t h e  storage 

The a b b r e v i a t e d  b l end ing  procedure  used i n  t h e  prepara-  

The we igh t s  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  m t x  

are g iven  i n  Tab le  18. 

a3 
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Table 1 7 .  Analyses of wsTe solucions f o r  I n j e c t i o n  LLW-18 

Tank W- 8 Tank W-10 

Volume, R ( g a l )  

S p e c i f i c  g r a v i t y  

~ 1 3 + ,  - M 

Cu2$-, - M 

K', - M 

Na+, - M 

OH-, E 
C O ~ ~ - ,  

 SO^^-, E 
NO3-,  __ M 

Gross  a, C i / R  
(C i /ga l )  

Gross  y ,  C i l R  
( C i / g a l )  

3 7cs 
1 3 'tcs 

9 0 S r  

60co 

Cm 

Pu 

114,000 (30,000) 

1.2018 

0.041 

1.5 x 10-3 

0.389 

3.37 

0.64 

0.50 

0.04 

1 . 6  

3.7 10-6 ( 1 . 4  10-5) 

8 .6  x (3 .3 io+) 

0.063 (0.239) 

3.0 10-4 (1.1 10-3) 

5.0 io-''. (2.1 

3.17 ( 1 . 2  IO-') 

1 . 0  x IO-'+ ( 4 . 0  x lo-'+) 

1.53 x (5 .8 x IO-') 

150,000 (40 ,000)  

1. 1.186 

0.03 

1.1 x 1.0-~ 

0.136 

1.88 

0.29 

0.27 

0.045 

0.968 

2 . 6  x 10-6 (9.7 x 10-6) 

1.1 x lov2 ( 4 . 2  x 

4 . 4  x 10-2 (0.165) 

2.1 1.0-3 (8.0 

1.0 (4.0 IO+)  

5.0 (2 .0  x 1.0-~)  

1.24 10-7 (4 .7  x 

1.67 x ( 6 . 3  x 
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A new sol.i.ds f e e d e r  w a s  used t o  r e p l a c e  t h e  H a l l i b u r t o n  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  scale tank .  

This f e e d e r  w a s  a Carter-Day " A i r  Swept" f e e d e r  valve, which ut iSi .zed a 

f low of a i r  through a r o t a r y  valve t o  aerate and t r a n s f e r  t h e  s o l i d s  

be ing  f e d  thi:ough t h e  valve. A s  i n s t a d l e d ,  the o p e r a t i o n  w a s  found t o  be 

too  dus ty ;  t h e r e f o r e ,  t h e  valve w a s  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  o f  mix c o m p a t i b i l i t y  
_l_.-.. 

The blended d r y  s o l i d s  from each O E  t h e  s t o r a g e  b i n s  were sartipl~ed 

A few tests were aS.so made and t e s t e d  writh s y n t h e t i c  w a s t e  s o l u t i o n s .  

w i t h  water. 

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 .  

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

a t  bo th  5000 +pin ( t o  simul.ate down-hole cond i t ions )  and 2000 rpni ( t o  

s i m u l a t e  tub  c o n d i ~ t i o n s ) .  The r e s u l t s  of a se1ect:i.m of t h e  m i x  coni- 

p a t i b i l i t y  tests ase shown I n  Table  19 .  A s  u s u a l ,  some d i f fe renc izs  were 

observed between t h e  c h a r a c t e r i s t i c s  of the g r o u t s  sheared  a t  2000 r p m  and 

t h o s e  sheared  a t  5000 rpm. The a d d i t i o n a l  s h e a r  approxi-mately doubled 

t h e  appa ren t  v i s c o s i t y  of t h e  g r o u t  and reduced i t s  phase s e p a r a t i o n  by 

several p e r c e n t  e These di.%-ferences ~ w h i c h  are  s i m i l a r  t o  t h o s e  observed 

h e r e t o f o r e ,  w e r e  expected.  However ,  t h e  h i g h  appa ren t  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  v e r y  l o w  mix r a t j o s  were n o 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 kg/R ( 4  and 5 l b / g a l )  were approximately e q u i v a l e n t  t o  

those  determined f o r  I n j e c t i o n  ILW-16 a t  0.84 and 0.96 kg/Q ( 7  and 8 l b / g a l ) .  

P a r t  o f  t h i s  d i f f e r e n c e  may b e  due t o  the mors concen t r a t ed  waste 

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,  

s i n c e  t h e  c o m p a t i b i l i t y  tes ts  w i t h  water showed much t h e  same e f f e c t s ,  t h e  

major p a r t  of t h e  d i f f e r e n c e  could  probabl-y b e  at t r - i .buted t o  t h e  iIbbrevi- 

a t e d  b lending  procedure  used Cor the s o l i d s  i n  t h i s  i n j e c t i o n .  

this phenomenon has  been observed previ -ous ly ,  t h e  magnitude of the: 

d i f f e r e n c e  i n  t h i s  case w a s  somewhat Isrge-r t h a n  a n t i c i p a t e d "  

Yhase s e p a r a t i o n  and r h e o l o g i c a l  p r o p e r t i e s  were determined 

Most of t h e  tests w e r e  made 

Although 

The r e s u l t s  of t h e s e  kests  i n d i c a t e d  that  a mix r a t i o  of about 

0.72 kg/R (6 l b / g a l )  would g e n e r a l l y  produce a g rou t  w i t h  a l o w  phase  
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Tab le  19.  M i x  c o m p a t i b i l i t y  tests f o r  Injection IZW-1Sa 

(All tests made a t  5000 rpm) 

Mix r a t i o  Dens i ty  Phase Apparent 
- 

Bin s e p a r a t i o n  viscosity 
number S o l u t i o n  (kg/R) ( l b / g a l )  (kg/R) ( l b l g a l )  (73 (CP) 

4 w- 10 

!dater 

3 w- 8 

2 w- 10 

W- 8 

Water 

1 W- 8 
w- 10 

Water 

0.60 
0.72 

0.72 
0. S4 

0.60 
0.72 
0.84 

0.36 
0.48 

0.60 
0.72 

0.72 
0.84 

0.60 

0.60 
0.72 

0.48 
0.72 

5 1.333 
6 1.381 

6 1.309 
7 1.345 

5 l. 375 
6 1.405 
7 1.429 

3 1.245 
4 1.279 

5 1.363 
6 1.387 

6 1.28.5 
7 1.339 

5 1.345 

5 1.309 
6 1.345 

4 1.201 
6 1.321 

11.1 
11.5 

10" 9 
1 1 . 2  

11.45 
11.7 
11.9 

10.4 
10.65 

11.35 
11.55 

10.7 
11.15 

1 1 . 2  

10.9 
11.2 

10.0 
11 

4 
1 . 4  
4 .1  
2.8 

0.9 
0.6 
0 

1.8 
0 

0.2 
0 

3 . 6  
1.7 
3 

2.1 
1. ti 
1 .9  
0 

14.0 
24.5 

24 
35 

12.5 
2 1  
41  

10  
30 

19.5 
42 

2 1  
32.5 

25.5 
16 
33 

28 
5 2 

- 
a Data from J. G. Moore. 
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s e p a r a t i o n  and an apparent  v i s c o s i t y  of %30 cP. However, 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 lower m i x  

r a t i o .  A mix r a t i o  of about  0.48 kg/R ( 4  l b / g a l )  appeared t o  be  t h e  

upper l i m i t  f o r  t h i s  combination; a t  h ighe 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 rou t  appeared t o  b e  excessive. 

6.1.4 ___..I. S l o t t i n g  i n j e c t i o n  w e l l  

The i n j e c t i o n  w e l l  w a s  p r e s s u r i z e d  t o  b reak  down t h e  format ion ,  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 the 

annulus  w a s  a t tempted  b u t  n o t  achieved.  The tub ing  s t r i n g  w a s  diseon-  

nec ted  from t h e  wel lhead assembly and l i f t e d  t o  v e r i f y  t h a t  it w a s  n o t  

cemented t o  t h e  w e l l  bottom. 

a t tempted  wh i l e  t h e  tub ing  w a s  h e l d  o f f  the well bottom, b u t  t h e  a t tempt  

w a s  n o t  s u c c e s s f u l .  When t h e  tub ing  s t r i n g  w a s  logged,  a plug w a s  found 

a t  %12 m (40  f t )  above t h e  bottom of t h e  s t r i n g .  

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  

The tub ing  s t r i n g  w a s  removed from t h e  w e l l .  The lower two j o i n t s  - 
one 1 . 8  m ( 6  f t )  l ong ,  and one 9 m (30  f t )  long  - w e r e  found t o  be  plugged 

wi th  cement imterspersed  wi th  pockets  of w a t e r .  The rubber-wiper p lug  

was l o c a t e d  %1.5 m (5  f t )  from t h e  bottom of t h e  tub ing  s t r i n g .  

j o t n t s  were r ep laced ,  and t h e  tub ing  s t r i n g  w a s  r e i n s e r t e d  i n  t h e  well. 

The s t r i n g  was then  lowered t o  touch bottom, which w a s  found t o  be  

1 .5  m ( 5  f t )  above t h e  s l o t  of t h e  prev ious  i n j e c t i o n .  

The plugged 

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 r e s s u r e  v a r i e d  

between 32 MPa (4600 p s i )  a t  605 Q/min (160 gpm) and 20 ma (2950 p s i )  

a t  795  R/min (210 gpm); 50 sacks  of sand and 22 kg (50 l b )  of WG-6 

suspender  w e r e  used. The wel lhead w a s  r e r igged  f o r  pumping, and t h e  w e l l  

w a s  p r e s s u r i z e d  t o  b reak  dorm t h e  formation.  Breakdown occurred at 2 3  ma 
(3400 p s i )  and 636 R/min (165 gpm). 

6.1.. 5 E4isceltaneous maintenance 

Several maintenance procedures  were necessa ry  p r i o r  t o  t h e  i n j e c t i o n ,  

For example, t h e  m a s s  m e t e r ,  which had become inope rab le ,  was removed 

and reworked. I n s p e c t i o n  r evea led  t h a t  cement had g o t t e n  i n s i d e  t h e  

tncchanism and caused i t  t o  mal func t ion .  The ins t rument  w a s  c leaned ,  
ca l - ib ra t ed ,  and r e i n s t a l l e d .  



The p lunge r s  and packing of t h e  i n j e c t i o n  pump w e r e  r ep laced  (on 

conc lus ion  of t h e  s l o t t i n g  o p e r a t i o n ) ,  The packing w a s  t hen  run i n .  

All v a l v e s  w e r e  p r e s s u r e  t e s t e d  and t h e  r e l i e f  valve w a s  set a t  

36 MPa (5200 p s i ) .  The check valve, t h e  master v a l v e ,  and valve V-9 

w e r e  r e p a i r e d .  

The i n j e c t i o n  pump would n o t  s h i f t  p rope r ly .  Examination r evea led  

a r u s t e d  a i r  c y l i n d e r ,  which w a s  subsequen t ly  r ep laced .  

6.2 I n j e c t i o n  

Mix c o m p a t i b i l i t y  t e s t s  had i n d i c a t e d  t h a t  t h e  g rou t  v i s c o s i t y  might 

be  a p p r e c i a b l y  h i g h e r  t h a n  u s u a 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  

c e r t a i n  combinations of waste s o l u t i o n s  and s o l i d s  mixes. The re fo re ,  

t h e  sequence of waste t a n k  drawdown and b i n  usage w a s  planned t o  avoid 

t h o s e  combinations t h a t  tests had i n d i c a t e d  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  a u t o m a t i c a l l y  computed from 

mass-meter and t u r b i n e  flowmeter r e a d i n g s  and recorded .  The mix r a t i o  

w a s  a l s o  determined from t h e  r a t i o  of the pumped volumes of g r o u t  and 

w a s t e  s o l u t i o n ,  measured by t h e  stroke coun te r  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.  T h i s  r a t i o  w a s  a l s o  recorded .  Th i s  r a t i o  w a s  

conve r t ed  t o  a m i x  r a t i o  by t h e  c o r r e l a t i o n  shown i n  F ig .  1 3 .  During 

I n j e c t i o n  ILW-18, b o t h  of t h e  mix r a t i o  d e t e r m i n a t i o n s  w e r e  used. T h e  

mix r a t i o  w a s  c a l c u l a t e d  a t  approximate ly  5-min i n t e r v a l s  from both  t h e  

mass-meter r e a d i n g s  and t h e  volume r a t i o  measurements. The two v a l u e s  

t h u s  ob ta ined  were t h e n  compared to 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  set of r ead ings .  

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 through 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 34 MPa (4900 p s i )  and a flow ra te  of 454 Rlmin (120 gpm). 

Approximately 4000 R (1050 g a l )  of w a t e r  w a s  pumped. 

The i n j e c t i o n  w a s  begun a t  0840 on May 1 8 ,  1979, w i t h  w a t e r  from t h e  

waste p i t .  S o l i d s  flow w a s  s t a r t e d  from b i n  2 a t  0844.  A t  0912, t h e  w a s t e  

p i t  w a s  n e a r l y  empty and f l o w  w a s  swi tched  t o  T-1.. P l o t s  of the i n j e c -  

t i o n  p r e s s u r e  (wellhead measurement) and w a s t e  f low rate  throughout  t h e  
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i n j e c t i o n  are  shown i n  F igs .  27 and 28. 

ave1:age v a l u e s  ( u s u a l l y  over  a 5-min pe r iod )  i n d i c a t e d  by t h e  t u r b b e  

flowmeter 

The f l o w  ra te  r ead ings  are 

The i n d i c a t e d  mix r a t i o  as determined from t h e  volume rati.0 i s  shown 

i l l  F ig .  29, 

r e a d i n g s  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  r e a d i n g s  is  

shown i n  F ig .  30.  

are i n  v e r y  good agreement excep t  f o r  t h e  las t  30 min of t h e  i n j e c t i o n .  

T h i s  d i sc repancy  i s  d i scussed  la ter ,  

A comparison of  t h e  m i x  r a t i o  c a l c u l a t e d  from mass-meter 

The mix r a t i o s  c a l c u l a t e d  by t h e  two d i f f e r e n t  methods 

A t  1.008, the i - n j e c t i o n  wa.s hal . ted due t o  a l e a k  i n  t h e  mixing c e l l ,  

and t h e  sou rce  of t h e  l e a k  was determined.  Examination r evea led  a h o l e  

i n  the d i s c h a r g e  l i n e  from t h e  mixing j e t  (probably  eroded d u r i n g  t h e  

s l o t t i n g  o p e r a t i o n ) .  About 3400 R (900 g a l )  of waste was pumped t o  d i l u t e  

t h e  g r o u t  i n  t h e  mixing t u b  and h igh-pressure  l i n e s .  

which w a s  ob ta ined  and s t r a p p e d  t o  t h e  l e a k i n g  l i n e ,  s topped  t h e  l e a k  and 

pe rmi t t ed  c o n t i n u a r i o n  of t h e  i n j e c t i o n .  

A p i p i n g  p a t c h ,  

During t h e  shutdown pe r iod  (when t h e r e  w a s  no so l i -ds  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  sol . ids  f low of 

190 kg/min (420  lb /min) .  It seemed appa ren t  t h a t  some s o l i d s  bu i ldup  

had occurred  on t h e  sens ing  cone of  t h e  mass m e t e r  and w a s  b i a s i n g  t h e  

r ead ings .  

p rev ious  30 min of o p e r a t i o n ,  t h e  mass-meter r e a d i n g s  had averaged 10% 

h i g h e r  than  t h e  volume r a t i o  measurements),  and t h e  z e r o  of t h e  m a s s  

meter was a d j u s t e d  accord ingly .  

The magnitude o f  t h i s  b i a s  appeared t o  b e  %lo% (dur ing  t h e  

The i n j e c t i o n  was resumed a t  1127 and c m t i n u e d  wi thou t  i n c i d e n t  u n t i l  

1.620. During t h i s  p e r i o d ,  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  case i n  I n j e c t i o n  ILW-17), and f l u c t u a t i o n s  i n  t h e  m i x  

r a t i o  w e r e  smaller and less f r e q u e n t  than i n  most p rev ious  i n j e c t i o n s .  

The mix r a t i o  i n d i c a t e d  by t h e  m a s s - m e t e r  r e a d i n g s  w a s  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  t han  had o r i g i n a l l y  been charged t o  t h e  

b i n .  

a t  mix r a t i o s  a p p r e c i a b l y  h i g h e r  t han  t h o s e  t h a t  had r e s u l t e d  i n  ve ry  

t h i c k  g r o u t s  ri.11 t h e  mix compat i .b i l i ty  tests.  

The v i s c o s i t y  o f  t h e  g r o u t  mix d i d  no t  appear  t o  b e  excessive, even 
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A t  1620, t h e  flow of w a s t e  s o l u t i o n  t o  t h e  mixer j e t  became errat ic  

and t h e  i n j e c t i o n  w a s  h a l t e d .  A fragment of caked cement behind t h e  j e t ,  

which w a s  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  w a s  r e s t a r t e d  a t  1746. 

A t  1945, an apprec iab le  quan t i ty  of s o l i d s  remained even though 

most of t h e  waste 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  were mixed 

wi th  %12,000 Q (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  had s e t t l e d  i n  t h i s  tank 

dur ing  1 5  yea r s  of use.  A t  t h i s  t i m e ,  t h e  mix r a t i o  w a s  increased  t o  

between 1.08 and 1 . 2  kg/Q (9 and 10 1 b / g a l )  so 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  m a s s - m e t e r  read ings  

dropped sha rp ly  ( 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  during t h e  

remainder of t h e  i n j e c t i o n .  

Flow w a s  switched t o  w a t e r  a t  2010, and t h e  s o l i d s  flow w a s  s h u t  

o f f  a t  2014. 

of water, and t h e  cas ing  w a s  f lushed  wi th  7600 R (2000 g a l )  of w a t e r .  

The w e l l  w a s  then valved s h u t  and t h e  equipment washed. 

connect ions t o  t h e  wellhead w e r e  disconnected,  and b u l l  plugs were used 

t o  seal t h e  wellhead shut-off va lves .  

because some leakage  back up t h e  i n j e c t i o n  w e l l  had apparent 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 closed shutof f  valve.  

The wiper  p lug  w a s  pumped down t h e  w e l l  wi th  5700 Q (1500 g a l )  

T h e  p ip ing  

This  precaut ion  w a s  necessary  

The p res su res  i n  t h e  rock cover w e l l s  w e r e  read a t  i n t e r v a l s  during 

The l a r g e s t  p re s su re  t h e  i n j e c t i o n .  The r e s u l t s  are g iven  i n  Table 20. 

changes w e r e  observed i n  w e l l s  NE-125, NE-200, and S-200. 

6.3 Data Analysis  

The volume of w a s t e  s o l u t i o n  o r  p i t  w a t e r  pumped during t h i s  

i n j e c t i o n  w a s  measured by t h r e e  methods. 

w a s  measured by a Ha l l ibu r ton  t u r b i n e  flowmeter as w e l l  as a record ing  

o r i f i c e  meter. 

change in t h e  level o f  the t ank  s o l u t i o n .  

tank  level  measurements and t h e  t u r b i n e  flowmeter readings  w a s  gene ra l ly  

The s o l u t i o n  flow t o  t h e  mixer 

The volume of waste s o l u t i o n  pumped w a s  measured by t h e  

The agreement between t h e  



T a b l e  20. P r e s s u r e  r e a d i n g s  f o r  r o c k  cover w e l l s ,  i n  kPa ( p s i g )  - I n j e c t i o n  ILW-18 
~ I _  _____ 

Rock Read ings  t a k e n  on May 1 9 ,  1979 ,  a t :  
c o v e r  
w e l l  ?re- I n  j e c  t i o n  0920 1200 1310 1430 1545 1825 1930 

._ 

E-300 

NE-125 

NE-200 

N-200 

N-275 

NW-175 

Yd-250 

w-300 

s-200 

3.4 ( 0 . 5 )  3 . 4  (0 .5 )  

-3 .4  ( -3 .5)  3 . 4  (0 .5 )  

-25.5 (-3.7) -25.5 ( -3 .7 )  

0 0 

0 0 

0 -3 .4  ( -0 .5)  
0 0 

0 0 

162 (23 .5 j  200 (293 

14  (2 )  

172 (25)  

38 (5 .5 )  

0 

3.4 ( 0 . 5 )  

3 .4  (0 .5 )  

0 

0 

260 (37.5)  

1 4  (2) 

314 (45 .5 )  

145 ( 2 1 )  

34 (0 .5 )  

-2 (-0.3) 

-2 1-0.3)  

0 

0 

255 (37 )  

14  (2) 1 0 . 3  ( 1 . 5 )  

297 ( L 3 )  255 (37)  

269 (39)  276 (40)  

0 0 

0 9 

-10.3 (-1.5)  -14 (-2) 

0 0 

0 0 

2 4 1  (35)  234 (34)  

7 (loj 
a 

303 (44)  

0 

1 7 . 2  (2 .5 )  

-17.2 ( -2 .5 )  

0 

0 

207 (30)  

14  ( 2 )  
a 

24 ( 3 . 5 )  

- 2 1  (-3) 

0 

0 

186  (27)  

17 O T f  e c a l e .  
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v e r y  good; t h e  o r i f i c e  meter r e a d i n g s  ranged f rom 2% h i g h e r  t o  30% lower 

t h a n  t h e  t a n k  level measurements. It  w a s  no ted  t h a t  t h e  t u r b i n e  flow- 

meter r e a d i n g s  were 10% l o w  whi le  t a n k  T-9 w a s  b e i n g  emptied.  During 

I n j e c t i o n s  ILW-15 and TLW-1.7, e r r o r s  of t h e  same s i z e  were noted  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.) This  correspondence of 

e r r o r s  sugges ted  t h a t  t h e  c a l i b r a t i o n  t a b l e s  f o r  t h i s  t a n k  should  b e  

checked a g a i n s t  t h e  dimensions g iven  i n  t h e  tank  drawings.  This  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  are Qal0% in e r r o r .  Because t h e  

t u r b i n e  m e t e r  r e a d i n g s  are g e n e r a l l y  more convenient  t o  use  than  the t ank  

level r e a d i n g s ,  t h e y  are 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 

t h e  i n j e c t i o n  pump. These volumes w e r e  no ted  a t  5-min i n t e r v a l s .  

Weights ( s c r a i n  gages)  of b i n s  3 arid 4 w e r e  n o t e d  a t  i n t e r v a l s .  

No measurements are a v a i l a b l e  f o r  b i n s  l and 2 s i n c e  b i n  2 has no u s a b l e  

weigh gage i n s t a l l e d  and t h e  s t r a i n  gage on b i n  I 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 l  measurements (plumb bobs) w e r e  n o t  used 

i n  this 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 

b e  broken from t h e  u n i t ,  as had occurred  i n  an earlier 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  n o t  g i v e  c r e d i b l e  r e a d i n g s ;  bo th  t h e  

z e r o  and t h e  s l o p e  of t h c  curve w e r e  badly  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  reasonably  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  conta ined  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 .  F i f t e e n  t r u c k  l o a d s  of s o l i d s  w e r e  removed 

from t h e  f o u r  s t o r a g e  b i n s  and rhe  P-tanks.  Seven l o a d s  were removed 

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  f u 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  tanks .  Each t r u c k  load  i s  e s t i m a t e d  t o  c o n t a i n  

$1000 kg (2200 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 a f t 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 o  be 15,000 kg (33,000 I 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-meter 

r e a d i n g s  and from t h e  volume 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 be determined f o r  each s t o r a g e  b i n ,  based on the 



weight  of s o l i d s  a c t u a l l y  consumed. 

mix r a t i o s .  The r e s u l t s  from t h e  m a s s - m e t e r  and t h e  volume r a t i o  calcu-  

l a t i o n s  a r e  general.1.y s i m i l a r  ( a s  would be expec ted  from t h e  comparison 

shot4m i n  F i g .  30) .  The major d i f f e r e n c e  i s  i n  t h e  P-tank v a l u e s  and i s  

a r e f l e c t i o n  of t h e  improbably low m a s s - m e t e r  r e a d i n g s  d u r i n g  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  i~s  a p p r e c i a b l y  l e s s  t h a n  

e i t h e r  v a l u e  measured d u r i n g  t h e  i n j e c t i o n  f o r  b i n  2 ,  bu t  n e a r l y  t h e  

same d u r i n g  r h e  res t  of t h e  i n j e c t i o n .  

Table  21. i s  a comparison of t h e s e  

'The recorded  m a s s  f low rate of s o l i d s  w a s  ~ 1 2 %  lower t h a n  t h e  v a l u e s  

of t h e  mass-meter r e a d o u t  t h a t  w e r e  no ted  a t  i n t e r v a l s .  The recorded  

mix r a t i o  w a s  ~ 2 5 %  lower t h a n  t h e  r a t i o  c a l c u l a t e d  from the m a s s - m e t e r  

and t u r b i n e  flowmeter r e a d o u t s .  

6 . 4  E v a l u a t i o n  of t h e  I n j e c t i o n  

T h i s  i n j e c t i o n ,  l i .ke  ILIJ-17, w a s  c h a r a c t e r i z e d  by t h e  smoothness of 

o p e r a t i o n .  The s o l i d s  flowed evenly  from t h e  b u l k  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 w a s  g e n e r a l l y  good. 

I t  becomes more apparent  w i t h  each i n j e c t i o n  t h a t  t h e  f a c i l i t y  i s  

n e a r i n g  t h e  end of its u s e f u l  l i f e .  Several. m a l f u n c t i o n s  ( t h a t  could 

b e  a t t r i b u t e d  t o  worn equipment) occur red  d e s p i t e  t h e  p r e - i n j e c t i o n  

maintti:iiance. Extens ive  r e c o n d i t i o n i n g  would be r e q u i r e d  i f  f u r t h e r  u s e  oE 

t h e  f a c i l i t y  w e r e  planned e 

A good measurement of t h e  m i x  r a t i o  was provided by bot% 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 v a l u e  of having b o t h  

measurements is  demonstrated by t h e  d ivergence  i n  r e a d i n g s  t h a t  occur red  

d u r i n g  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 i m e ,  t h e  c ross -  

check provided by t h e  independent  mix r a t i o  d e t e r m i n a t i o n s  al lowed us  

t o  recognize  t h e  problem, r e a l i z e  che probable  c a u s e ,  and complete t h e  

i n j e c t i o n  w i t h  t h e  m i x  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 r o u t  appeared f l u i d  and wi thout  

e x c e s s i v e  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 e q u e n t l y  averaged 

0.84 t o  0.96 kg/R ( 7  t o  8 l b / g a l )  and sometimes were 2 1 . 2  kg/E (10 l b j g a l ) .  

Tests performed p r i o r  t o  t h e  i n j e c t i o n  had i n d i c a t e d  t h a t  m a t e r i a l  w i t h  



I .  

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-tanks 

Waste volume, R (gal) 

S c l i d s  consumed 

Tank weight kg 

Mass meter, kg (lb) 
( I b )  

Volume r a t i o ,  kg ( l b )  

Mix r a t i o  

Tank weight, kg/R 

Mass meter, kg/E 

Volume r a t i o ,  kg/R 

( I b / g a U  

( I b  /gal) 

( I b / g a l )  

81,340 
(21,490) 

57,300 
(126,000) 

68,080 
(149,770) 

67,100 
(147 , 560) 

0.70 
(5.86) 
0.84 

(6.97) 
0.83 

(6.87) 

67,000 
(17,700) 

57,300 
(126,000) 

57,400 
(126,200) 

62,950 
(138 500) 

0.85 
(7.11) 
0.86 

(7.12) 
0.94 

(7.82) 

66,600 
(17,600) 

59,100 
(130,000) 

57,400 
(126,200)  

58,780 
(129,300) 

0.89 
(7  * 37) 
0.86 

(7 15) 
0,88 

(7.32) 

81,800 
( 2 1  , 600) 

58,200 
(128,000) 

61,500 
(135,200) 

57 400 
(126,200) 

0 .71 

0.75 
(6.26) 
0,70 

(5.84) 

(5  * 93) 

50,300 
(13 'I 300) 

50 , 900 
(112,000) 

44,000 
(96,800) 
53,550 

(117,800) 

1 .01  
(8.42) 
0.87 

(7.28) 
1 .06 

(8.86) 
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m i x  r a t i o s  i n  excess 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 e a s o n  f o r  t h i s  d i s c r e p a n c y  between l a b o r a t o r y  

t c s t s  and f i e l d  r e su l t s  i s  n o t  known. 

a e r a t i o n  t h a t  i s  g i v e n  t o  t h e  mix i n  t h e  f i e l d  d u r i n g  the i n j e c t i o n .  

An eef:ra t r a n s f e r  d u r i n g  b lending  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 .  This  phenomenon needs i n v e s t i g a t i o n .  

It may be caused by t h e  a d d i t i o n a l  

6.5 Post-Tnj e c t i o n  Opera t ions  

AI1 cased  o b s e r v a t i o n  we1 l . s  t h a t  w e r e  s e r v i c e a b l e  were logged 

fo l lowing  t h e  i n j e c t i o n .  

d u r i n g  I n j e c t i o n  lLW-13, i s  badly  contaminated and no l o n g e r  u s a b l e .  'The 

casj-ng of well W-300 w a s  r u p t u r e d  d u r i n g  I n j e c t i o n  ILW-14. No g r o u t  sheet 

t h a t  could b e  a t t r i b u t e d  t o  I n j e c t i o n  TLW-18 w a s  noted i n  wel~l E-300, 

N-150, o r  NW-100. A new peak w a s  observed i n  well 5 - 2 2 0  a t  2 3 3  m (765 f t ) ;  

a s m a l l  peak was observed i n  w e l l  N-100 a t  226 m (742 f t ) .  

W e l l  NE-125, whose casi.ng was p u l l e d  a p a r t  

HI-eedback of water from the  i n j e c t i o n  w e l l  was s t a r t e d  on January  21. 

The i n i t i a l  bleedback r a t e  was 2 R/rnin; thi.s ra te  dropped t o  a s p o r a d i c  

t r ick1.e  a f t e r  24 h. B e t w e e n  1500 and 1900 R (400 t o  500 g a l )  w a s  c o l l e c t e d  

d u r i n g  t h i s  t i m e .  



7. EVALUATION OF THE INJECTTON SERIES 

7 . 1  Summary of I n j e c t i o n  Parameters  

T a b l e s  22 and 23 g i v e  i n s p e c t i o n  parameters  i n  metric 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  each i - n j e c t i o n  i n  t h i s  series.  

Values f o r  p r e v i o u s  o p e r a t i o n a l  i n j e c t i o n s  are 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  exper imenta l  i n j e c t i o n s  have been p r e v i o u s l y  

pub1 i s h e d .  

7 . 2  Grout Sheet  Monitor ing 

The r e s u l t s  o b t a i n e d  from t h e  logging  of t h e  cased observac ion  wells 

are presented  i n  Sects .  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 ,  are 

g iven  i n  Table  2 4 .  A schemi3ti.c r e p r e s e n t a t i o n  is  shown i n  F ig .  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 imi l a r  t o  t h a t  i n d i c a t e d  by previous 

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  15” 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  over  o t h e r  

g r o u t  s h e e t s  acid 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) w a s  l o s t  d u r i n g  t h i s  i n j e c t i o n  

series ( a f t e r  I n j e c t i o n  ILW-16) when t h e  cap w a s  broken d u r i n g  co ld  

weather  and a s m a l l  nmourit of contaminated water leaked  up t h e  we l l ,  

l e a v i n g  i t  t o o  contaminated t o  l o g .  F ive  u s a b l e  w e l l s  r tmain  i n  s e r v i c e  - 

N-100, N-150, NW-100, S-220, and E-320. Three of them are i n  t h e  same 

qu<idrant ,  and one ( 5 - 3 2 0 )  has  n e v e r  been in tc t r sec ted  by any g r o u t  s t ic tct .  

The i n f o r m a t i o n  t h a t  can b e  o b t a i n e d  from logging  t h e  o b s e r v a t i o n  well 

network i s  t h e r e f 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 be needed 

i f  i n j e c t i o n s  a t  t h i s  s i t e  were cont inued.  

The r e a d i n g s  of t h e  p r e s s u r e  changes i n  t h e  rock  cover  moni tor ing  

wells 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  are n o t  i n c o n s i s t e n t  with t h e  logging  r e s u l t s .  An i n c r e a s e  in rock  

cover  w e l l  p r e s s u r e  d u r i n g  an in - jec t ion  is assumed t o  i n d i c a t e  a g r o u t  

s h e e t  p a s s i n g  benea th  t h e  b a s e  of t h e  w e l l ,  whi1.e a fall i n  p r e s s u r e  i s  

101 



?a 's le  22. Summary of i n . j e c t i o n  parameters  ~~ metric u n i t s  
___I_~_ - ~____- 

I n j  e c  t ion 
number 

Waste- 
I l lus- 

Waste  w a t e r  Grou t  
K ix  r a t i o  

. -  / X g  s o l i d  'i 90Sr - ' 7 C s  244(; ,  23-4FLl Dep th  volume v o l u m e  volume / ~____ 
D a t e  (m) ( a )  ( a )  (9) i; liquid / ( c i j  ((:i) ( C i j  (c:) 

E x p e r i m e n t a l  i n j e c t  ions 

1- 7 

O p e r a t i o n a l  i n j e c t i o n s  

I L V I A  
IL'VJIB 
ILWZA 
ILW2B 
ILW3A 
ILW3B 

Water t e s t  _____ 

ILW4A 
Il,W43 
ILW5 
TLW6 
ILW7 
ILW8 
ILW9 
ILWlO 
I L W 1 1  
ILW12 
I iWl3 
I L i i l 4  
ILWl5 
lLW16 
ILWl7 
ILWl8 

_. 

T o t a l  ILW 

Feb.  1964- 
Aug. 1965 

Dec. 1 2 ,  1966 
Dec. 1 3 ,  1966 
Apr.  20 ,  1967 
Apr.  24 ,  1967 
Mov. 28 ,  1967 
Nov. 29 ,  1967 

Dec. 1 3 ,  1967 

Aor.  3 ,  1968  
A ? r .  4 ,  1968  
Oct .  30,  1968  
June 11, 1969 
S e p t .  23 ,  1970 
S e p t .  29,  1972 
O c t ,  1 7 ,  1972 
Nov. 8 ,  1972 
Dec. 5 ,  1972 
J a n .  2 i ,  1975 
hpr.  29 ,  1975  
.Tune 20,  1975 
J u n e  30,  1977 
N o v .  1 7 ,  1977 
Sep t .  1, 1978  
May 18, 1979 

288- 
266 

256 
256 
263 
263 
263 
263 

260 

260 
260 
257 
257 
257 
254 
254 
254 
254 
251 
251 
251 
251 
248 
24L 
241 

136,260 
9&, 410 

325,530 

1.1 7 ,300  
234,730 

90 ,900  
235,40ci 
309, 600 
300,300 

275,200 
258,500 
323 ~ 800 
286,  800 

97,300 
306,630 
314,000 
344,400 
208,900 
311,500 
314,200 

5 , 3 9 7 , 6 0 0  

314,200 

1 ,731 ,000  

264,703 

623,800 

374,9@C 

169 ~ 200 

j 6 7 , 5 0 0  
j29,7?:0 
347,300 
407,500 
308,100 
286,100 
354,200 
310,839 
113 ,900  
325,lCCi 
?50 ,300  
39 3,6G0 
224,100 
338,800 
368,800 

6 ,258 ,000  

2,566,000 

360,300 

872 ,100  

555,500 

494 ,500  
435,  Q 0 C  
478,  200 
551,40C; 
411,100 

503,330 
4 7 5 , 0 0 3  
1 5 9 , 3 0 3  
477 ,305  
525 ,003  
549,000 
300,900 
520,400 
526 ,100  

8,796,GiQ 

431,530 

1 , 4 3 6  5 , 2 3 7  

0 .74  3 1 9 , 9 5 0  ?;A 

0 . 7 3  1 , 0 5 0  58 ,500  SA 

0.66 9 , 0 0 0  i7,ooo X A  

4 ,300  51 ,900  NA .-I . 6 1 
0 . 6 5  8 , 9 0 0  8 9 , 0 0 0  Nh 
0 . 6 6  2,747 44 ,833  1 9 . 2  

0.67 500 69 ,400  >*A 

0 . 8 8  
0.9L 
0 . 8 5  
0 .86  
0 .79  
0 .76  
0 . 8 0  
6.66 
0.86 
0 . 8 0  
0 .77  

45 
231 

1,33S 
:;LO0 
1 , 3 2 4  
3 ,368  
2,874 

138  
1 , 6 1 8  

90 
28 

38,540 

28,000 
23 ,400  
1 8 , 8 0 0  
23 ,500  
1 2 , 7 5 2  
35 ,750  
30,592 
26 ,390  
1 4 , 9 6 4  
22 ,270  
16 ,380  

653 ,831  

0 . 2 0  
6.51 

26 .67  
155 .74  

1 . 0 2  
1 7 . 8 3  

3 .58  
None 
None 

2.27 
0 . 1 9  

NA 

NA 

NA 

1.lC 
1 . 1 5  
0 .24 
1 .77  
0 .13  
None 
0 .37  
Mone 
N o n e  
0 .03  
None 
0.66 
None 
3 . 3 7  
0 .29  



I. 

T a b l e  23. Sununary of i n j e c t i o n  p a r a m e t e r s  - E n g l i s h  u n i t s  _~ __I - 
Waste- 
plus- Mix r a t i o  

I n j e c t i o n  
number 

Exper imenta l  i n , j e c t i o n s  

1-7 

O p e r a t i o n a l  i n j e c t i o n s  

IL'dIA 
ILWlR 
ILW2A 
ILW2 B 
ILW3A 
ILW3B 

Water test 

ILW4A 
ILlJ4B 
TEN5 
ILW6 
TLK7 

ILF79 
ILNlO 
ILW11 
TLTJ12 
I L.Wl3 
ILWl4 
ILWl5 
ILWl6 
ILWl7  

r L m  

r Lwi  8 

T o t a l  ILW 

Feb. 1964- 
Aug. 1965 

Dec. 1 2 ,  1966 
Dec. 1 3 ,  1966 
Apr. 20,  1967 
A p r .  24,  1967 
NOV.  28,  1967 
Xov. 29, 1967 

Dec. 13, 1967 

Apr. 3 ,  1968 
Apr. 4 ,  1968 
Oct .  30,  1968 
June 11, 1969 
S e p t ,  23,  1970 
S e p t .  29,  1972 
O c t .  1 7 ,  1972 
Nov. 8 ,  1972 
Dec. 5 ,  1972 
J a n .  24,  1975 
A T r .  29,  1975 
J u n e  20, 1975 
J u n e  30, 1977 
Nov, 1 7 ,  1977 
S e p t .  1, 1976 
May 18, 1979 

845- 
8 7 2  

87 2 
87 2 
862 
862 
862 
862 

8.52 

852 
852 
842 
842 
842 
832 
832 
832 
832 
822 
822 
822 
822 
812 
802 
792 

36,000 
26,000 
86,000 
62,000 
31,000 
52,000 

24,010 
62,180 
81,800 
79,350 
83,000 
72,700 
68,300 
84,760 
75,760 
25,710 
a i ,  000 
82,970 
91  , 000 
55,200 
82,300 
83,014 

1, $26,054 

457,300 

69 ,931  

164,800 

99,050 

44,709 

97,090 

87,110 
91,750 

107,650 
81,400 
75 ,600  
93,570 
81 ,110  
30,100 
85,900 
92,  A70 

1O4,OOO 
59,200 
89,500 
97,434 

1 ,653 ,374  

678,000 

95,197 

230,405 

146,751 

44,709 

130,675 

115,174 
126,331 
145,670 
108,605 
114,000 
132,960 
125,490 

126,100 
138,700 

79,500 
137,500 
139,000 

2,323,907 

42,100 

145,037 

6.2 

6 . 1  

5 . 5  

5 . 1  

5 .6  
5.4 
5.5 
7 . 3  
7 .8  
7 . 1  
1 . 2  
6 .6  
6 . 3  
6 . 7  
5 .5  
7 . 2  
6.7 
6.4  

1 , 4 3 6  5,237 

3 

1,050 

9 , 0 0 0  

L ,  300 

500 
8 ,900  
2,747 

45 
231 

1 , 3 3 0  
1,100 
I ,  324 
3 , 3 6 8  
2,874 

138 
1 , 6 1 8  

90 
28 

38,640 

19 ,950  SA= 

58,500 N.4 

17 ,000  K.4 

51,900 N i l  

69,IrOO YLf 
89 ,000  S A  
44,833 19 .2  
28,000 0.20 
23,400 6 . 5 1  
13 ,800  26.67 
23,500 155.74 
12 ,752  1 . 0 2  
35,750 17 .83  
30,592 3.58 
26,390 Sone 
14 ,964  ?;one 
22,270 2.27 
16 ,880  0.19 

603,881 

NA 

NA 

1 . 1 0  

1.15 
0.24 
1 . 7 7  
0.13 
None 
0 . 3 7  
None 
Xone 
0 . 0 3  
None 
0 . 6 0  
None 
0 .07  
0 . 2 9  

-- U Nil = n o t  a n a l y z e d .  
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Table 2 4 .  E l e v a t i o n s  of g r o u t  s h e e t s  i n  
ob servar i n n  w e 1  Is 

( A l l  e l e v a t i o n s  are r e l a t e d  to mean sea l e v e l )  

I n j e c t i o n  W e l l  

Grout s h e e t  
e l e v a t i o n  

... .-.... I__ 

(m) ( f t>  

TLIJ- 15 

ILW- 16 

ILW-17 

ILW-18 

I n j e c t i o n  
N-100 
N-150 
NE- 1 2  5 

I n j e c t i o n  
N-1.00 
N-150 
Nw-100 
s-220 

I n j e c t i o n  
N-150 
s-220 

I n j e c t i o n  
N-100 
s-220 

-9 .1  
-1.5 
-9.5 
-3.0 
-4. 6 

-6.7 
9.8 
0.9 
9 .5  

-8.2 

-3.0 
-12.5 

-7.9 

S.L.  
16.1 
-1.2 

-30 
-5 

-31 
- 10 
-15 

-20 
32 

3 
31 

-27 

- 10 
-41  
-26 

s .L,  
53 
- 4 
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ORNL DWC 80-1068 

S- 

50 

01 

E - is0 
w u 
2 
U 
k - 
c3 

200 

250 

S- - 

- 

c 

NE-125 
INJECTION N-100 N-150 SURFACE 

1 

I 
I 
I 
I 
\ 

F i g .  31. Schematic r e p r e s e n t a t i o n  of grout  s h e e t  monitor ing r e s u l t s .  



106 

assumed t o  i n d i c a t e  a g r o u t  s h e e t  p a s s i n g  nearby. 

r e s u l . t s  i s  complicated however, by two f a c t o r s  : 

I n t e r p r e t a t i o n  of t h e  

D e v i a t i o n  s u r v e y s  w e r e  n o t  always made p r i o r  t o  c a s i n g  t h e  w e l l s .  

The amount o f  d e v i a t i o n  i s  a p p r e c i a b l e  f o r  some wells, b u t  t h e  

d i r e c t i o n  cannot  now b e  determined;  t h e  p o s i t i o n  a t  d e p t h  can o n l y  

b e  approximated f o r  t h e s e  w e l l s .  

'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  s e e m s  t o  

v a r y  wide ly  from w e l l  t o  w e l l ;  t h u s  a r e c o r d  of t h e  p r e s s u r e  response  

d u r i n g  numerous i n j e c t i o n s  i s  needed t o  e v a l u a 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 e a d i n g s  d u r i n g  1njec t i .on  ILW-1.5 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 g e n e r a l l y  n o r t h ;  t h e  l o g g i n g  r e s u l t s  i n d i c a t e  t h e  s a m e  

o r i e n t a t i o n .  The r e a d i n g s  d u r i n g  I n j e c t i o n  I'LW-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 ,  n o r t h w e s t ,  and s o u t h ;  t h e  loggimg 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 e a d i n g s  d u r i n g  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 r o u t  s h e e t  went east  and southwes t ;  t h e  l o g g i n g  r e s u l t s  i n d i -  

cate t h a t  t h e  g r o u t  s h e e t  went s o u t h  bur d i d  n o t  go nor thwes t  o r  

s o u t h e a s t .  The r e a d i n g s  d u r i n g  I n j e c t i o n  TLW-18 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 s o u t h  and northwest.; t h e  l o g g i n g  r e s u l t s  i n d i c a t e  t h a t  t h e  

groul: shee t  went s o u t h  w i t h  perhaps  a f i n g e r  t o  t h e  nor thwes t ,  b u t  no 

major movement t o  t h e  n o r t h .  Tn general.,  t h e s e  d a t a  sugges t  t h a t  t h e  

g r o u t  s h e e t  movement d u r i n g  a n  I n j e c t i o n  can b e  determined from well 

p r e s s u r e  r e a d i n g s  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  well t o  t h e  grout: s h e e t  

movements h a s  been e v a l u a t e d .  

7 . 3  F i e l d  Behavior of S o l i d s  Mix 

As e a r l y  as I n j e c t i o n  ILW-8 i t  w a s  recognized  t h a t  t h e  p r o p e r t i e s  of 
a grout  made from a d r y  s o l i d s  mix blended in t h e  f i e l d  di-Efered a p p r e c i a b l y  

from the  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  m i x  blended i n  t h e  

l a b o r a t o r y .  

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 i.ised i n  cornparati-ve 

b l e n d i n g  tes t s .  

'The f k l d - b l e n d e d  tnix had a lower v i s c o s i t y  and a h i g h e r  

'This phenomenon wa.s compensated f o r  by making all mix 
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c o m p a t i b i l i t y  tes ts  w i t h  f i e l d - b l e n d e d  samples ,  b u t  t h e  cause  of t h e  

re la t ive i n e f f e c t i v e n e s s  of t h e  f i e l d - b l e n d e d  mixes w a s  n o t  determined.  

I n  I n j e c t i o n s  ILW-15 through ILW-18, t h e  number of t r a n s f e r s  of s o l i d s  

d u r i n g  t h e  b lending  o p e r a t i o n  w a s  reduced by one i n  some c a s e s ;  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-b lended  

mix were much c l o s e r  t o  t h e  p r o p e r t i e s  o f  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  (more mix is  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 t h e  a t t a p u l g i t e  c r y s t a l s .  I n  

I n j e c t i o n  ILW-18, t h e  e n t i r e  s o l i d s  i n v e n t o r y  w a s  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  t i m e s ,  as had been t r a d i t i o n a l  h e r e t o f o r e ) .  T h e  s a m p l e s  

of t h i s  f i e l d - b l e n d e d  mix had p r o p e r r i e s  q u i t e  similar t o  t h o s e  of a 

labora tory-b lended  m i x ,  and a lower-than-normal mix r a t i o  w a s  sugges ted  

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  m i x  r a t i o  w a s  o c c a s i o n a l l y  

much h i g h e r  t h a n  thaz: recommended on t h e  b a s i s  of t h e  mix c o m p a t i b i l i t y  

t es t  d a t a ;  y e t  t h e  g r o u t  remained q u i t e  f l u i d  w i t h  no s u g g e s t i o n  of 

e x c e s s i v e  v i s c o s i t y .  The d r y  s o l i d s  mix t h a t  reached t h e  mixing j e t  

d u r i n g  t h e  i n j e c r i o n  w a s  a p p a r e n t l y  less e f f e c t i v e  t h a n  t h e  d r y  s o l i d s  

mix t h a t  w a s  sampled a t  t h e  t o p  of t h e  b u l k  s t o r a g e  b i n s  several  days 

ear l ier .  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  i s  probably  caused 

by t h e  a e r a t i o n  t h a t  o c c u r s  as t h e  mix is  withdrawn from t h e  s t o r a g e  b i n  

and p a s s e s  through t h e  a i r  s l i d e  t o  t h e  mixer.  The magnitude of t h i s  

d e t e r i o r a t i o n ,  e q u i v a l e n t  t o  a t  least  0.24 kg/R (2  l b / g a l ) ,  i s  a p p r e c i a b l e .  

I f  n o t  compensated f o r ,  i t  would r e s u l t  i n  t h e  i n j e c t i o n  of a g r o u t  w i t h  

an  u n d e s i r a b l y  h i g h  phase  s e p a r a t i o n .  This  i s  c l e a r l y  u n d e s i r a b l e ;  

however, t h e  mechanisms involved  are n o t  unders tood ,  and t h e  magnirude 

of the compensation that  is  needed can on ly  be e s t i m a t e d .  More work on 

t h e  loss  i n  m i x  e f f e c t i v e n e s s  i s  needed,  p a r t i c u l a r l y  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  m i x  components t o  even more a e r a t i o n  

t h a n  does t h e  e x i s t i n g  f a c i l i t y .  

7 . 4  I n j e c t i o n  Opera 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 t i o n  series w a s  t h e  s i g n i f i c a n t  

improvement i n  t h e  c o n t r o l  of t h e  m i x  r a t i o  t h a t  o c c u r r e d  a f t e r  a se t  of 
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a i r  pads had been i n s t a l l e d  on each of t h e  b u l k  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  whi-ch t h e s e  a i r  pads were 

used ,  t h e  f low of s o l i d s  from t h e  s t o r a g e  b i n s  w a s  much more un:i.Eorm, 

t h e  c o n c r o l  of t h e  s o l i d s  F ~ O V J  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  c o n s t a n t  v a l u e .  It: i s  v e r y  c l e a r  t h a t  

a smooth, even f low of d r y  s o l i d s  t o  che m i x e r  i s  e s s e n t i a l  t o  t h e  p r o p e r  

€ 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  volurne r a t i o  t o  de te rmine  t h e  mix r a t i o  h a s  proved 

t o  be a v a l i d  operati-ng technique.  The m a s s  f lowmeter h a s  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  accumulat ing on t h e  mixing 

c o n e ) ,  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  t e c h n i q u e  f o r  t h e  measure- 

ment of t h e  mix r a t i o  p r o v i d e s  a u s e f u l  check on t1ii.s ins t rument .  I n  

a d d i t i o n ,  t h e  volume r a t i o  measurements have proved t o  h e  an  a c c e p t a b l e  

means of mix p r o p o r t i o n i n g  when t h e  m a s s  meter i s  completely i n o p e r a b l e .  

Fol lowi.ng two i n j e c t i o n s  of t h i s  series, t h e  i n j e c t i o n  well w a s  found 

t o  be plugged w i t h  cement. P a r t i c u l a r  care was t a k e n  a t  t h e  conclus ion  

of I n j e c t i o n  ZLW-18 t o  sea l  o f f  t h e  w e l l  and p r e v e n t  any backflow. (It 

w a s  assumed t h a t  t h e  problem w a s  caused by a s l o w  leakage  back up t h e  

w e l l  a f t e r  t h e  well. was s h u t  i n . )  This  c a r e f u l  i s o l a t i o n  of t h e  wel-1 

appears  t o  have s o l v e d  t h e  probleru s i n c e  t h e  w e l l  w a s  c lear  d u r i n g  t h e  

s u b s  e quen t b l.ee dbac k opera  t i on. 

The E 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 number of u s a b l e  o b s e r v a t i o n  wells i s  n e a r  a minimum, and several  

mal func t ions  t h a t  could b e  a t t r i b u t e d  t o  worn equipment occurred  d u r i n g  

t h e  l as t  s e v e r a l  i n j e c t i o n s .  Extens ive  r e c o n d i t i o n i n g  would b e  r e q u i r e d  

i f  f u r t h e r  u s e  O E  t h e  f a c i l i . t y  w e r e  pl-anned. 

A new h y d r o f r a c t u r e  f a c i l i t y ,  current1.y under c o n s t r u c t i o n ,  w i - 1 1  

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 moni tor ing  

w e l l s .  F u t u r e  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  be  made w i t h  t h i s  f a c i l i t y .  
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