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I n t r o d u c t i o n  

h 'hi le  t h e  mining i n d u s t r y  has concerned i t s e l f  w i th  mine d ra inage  
i n  t h e  p a s t ,  r e c e n t  l e g i s l a t i o n  i n  Pennsylvania  has accen ted  the  
problem. R e c l a s s i f y i n g  a c i d  mine d r a i n a g e  a s  an i n d u s t r i a l  waste  and 
p r o h i b i t i n g  i t s  d i s p o s a l  i n t o  any stream, c l e a n  or p o l l u t e d ,  were the  
two b a s i c  changes i n  t h e  new Clean Streams B i l l  t h a t  caused a re- 
a p p r a i s a l  of an o l d  and p e r p l e x i n g  problem. With m i l l i o n s  of  g a l l o n s  
o f  mine wa te r  c o n t a i n i n g  s u l f u r i c  a c i d ,  f e r r o u s  s u l f a t e  and f e r r i c  
hydroxide be ing  d i scha rged  a n n u a l l y  i n  amounts of  a c i d i t y  vary ing  
fr0.n 50 t o  20 ,000  ppm. r e s e a r c h  has been a c c e l e r a t e d  i n  an a t t e m p t  t o  
c k t a i n  a s o l u t i o n .  

I r o n  d i s u l f i d e ,  FeS2, a s s o c i a t e d  i n  su r round ing  rock s t r a t a  as 
w e l l  as i n  t h e  c o a l  seam i t s e l f ,  undergoes chemical  change i n  t h e  
P resence  O f  a i r  .and water, r e s u l t i n g  i n  a c i d  water fo rma t ion .  
t h e r e  i s  some d isagreement  as t o  t h e  e x a c t  mechanism, t h e  fo l lowing  
r e a c t i o n s  are g e n e r a l l y  accep ted :  

While 

2FeS2 + 2H20 +- 702 2FeS04 + 2H*SO4 (1) 

4FeS04 + H2S04 + 02 +' 2Fe2(S01)3 + 2HzO (2) 

Fe?(SO4)? + 6 ~ ~ 0  2Fe(OH)3 I, + 3H2S04 ( 3 )  
There i s  no t y p i c a l  a c i d  mine w a t e r  and it i s  a more complex s o l u t i o n  
khan  t h e  above e q u a t i o n s  would i n d i c a t e .  
t o  f e r r i c  i r o n  r a t i o  va ry ,  b u t  pH i s  n o t  a t r u e  i n d i c a t o r  o f  t o t a l  
a c i d i t y .  Addi t iona l  i o n s  such  a s  s i l i c a ,  aluminum, manganese, 
ca lc ium and magnesium a r e  p r e s e n t ?  as w e l l  as a u t o t r o p h i c  b a c t e r i a  
h.hich a r e  thought  t o  a c c e l e r a t e  t h e  fo rma t ion  of a c i d .  

Not o n l y  does t h e  f e r r o u s  

Fihile c o a l  a s s o c i a t e d  i r o n  d i s u l f i d e  u s u a l l y  i s  i s o l a t e d  from 
2x:;gen and wa te r  i n  i t s  n a t u r a l  environment  i n  t h e  e a r t h ,  mining the  
zoa l  seam removes suppor t  from t h e  o v e r l y i n g  s t r a t a  induc ing  cav ing .  
4n. i n f l u x  o f  water and a i r ,  t o g e t h e r  w i t h  t h e  exposure  of a d d i t i o n a l  
~ c i d - p r o d u c i n g  m a t e r i a l s ,  p rov ide  a l l  of  t he  necessa ry  i n g r e d i e n t s  
For  t h e  abov'e r e a c t i o n s  t o  o c c u r .  . Even then ,  if t h e  water  could  be  
-emoved from t h e  mine immedia te ly ,  a c i d  wa te r  need no t  be produced.  
- n f o r t u n a t e l y ,  t h e  caved a r e a s  become i n a c c e s s i b l e  and t h e  over f low 
?s t h e  major c o n t r i b u t o r  of  a c i d  mine w a t e r .  
ins z e s s a t i o n  of  mining ac t iv i t ; , .  would aggrava te  t h e  problem, s i n c e  
: t  ] .east  i n  a c t i v e  mines wa te r  i s  pumped r e g u l a r l y  and t h u s  exposure 
',:me i s  min in ized .  

It becomes obvious t h a t  

some people  have advoca ted  t h a t  s u f f i c i e n t  c o a l  be p e r m i t t e d  t o  
acnain i n  p l a c e  t o  p reven t  c a v i n g .  As-lde from t h e  economic loss o f  
,,he c o a l  l e f t  behind ,  o t h e r  f a c t o r s  must be c o n s i d e r e d .  I n  many c o a l  
' ; e l a s  t he  sys t ema t i c  p u l l i n g  o f  p i l l a r s  and c o n t r o l l e d  cav ing  i s  t h e  
[nly way t h a t  e x c e s s i v e  rocK p r e s s u r e s  are r e l i e v e d  and t h e  excava t ion  
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can  be maintained. Another risk t o  l e a v i n g  p i l l a r s  behind i s  t h a t  
spontaneous combustion can l e a d  t o  a mine f i r e .  With mines going 
t o  g r e a t e r  depth because of  d e p l e t i o n  of shal lower d e p o s i t s ,  longwall 
mining w i l l  i n c r e a s e .  This  system more than  any o t h e r  r equ i r e s  
c o n t r o l l e d  caving, t hus  t h e  problem could become aggravated.  

The Coal Research Board of t h e  Commonwealth of  Pennsylvania i s  
s u p p o r t i n g  r e sea rch  p r o j e c t s  encompassing a wide v a r i e t y  of  s t u d i e s  
i n c l u d i n g :  d e s t r u c t i o n  of acid-forming b a c t e r i a  by phages; economic 
removal of i ron ;  more e f f i c i e n t  n e u t r a l i z a t i o n  of a c i d  water  on a 
commercial s c a l e ;  p u r i f i c a t i o n  of  a c i d  water  by a d i s t i l l a t i o n  process;  
and t h e  subsurface d i s p o s a l  o f  a c i d  mine wat.er. This  paper i s  con- 
cerned wi th  t h e  l a s t  p r o j e c t  l i s t e d .  While b e t t e r  abatement measures 
w i l l  minimize some of the p o l l u t i o n ,  without  doubt t h e r e  always w i l l  
b e  some water t h a t  must e i t h e r  be t r e a t e d  or disposed of i n  a p re -  
s c r i b e d  manner. While t h e  au tho r s  make no claim t h a t  deep wel l  
d i s p o s a l  i s  a panacea f o r  mine a c i d  problems, n e v e r t h e l e s s  i t  deserves 
c l o s e  s c r u t i n y  as one s o l u t i o n  t o  t h i s  problem. 

P resen t  Applicat ions of Subsurface Disposal 

Subsurface d i s p o s a l  involves  removing unwanted m a t e r i a l s  from 
t h e i r  o r i g i n a l  environment and p l a c i n g  them i n  i s o l a t e d  subterranean 
zones.  Permanent removal of  undesired l i q u i d  water g e n e r a l l y  is 
accomplished by u s i n g  i n j e c t i o n  w e l l s  t o  t r a n s p o r t  t h e  ma te r i a l  t o  
t h e  d i s p o s a l  zone. 

f3 The petroleum i n d u s t r y  first employed subsurface d i sposa l  i n  
e a r l y  p a r t  of t he  t w e n t i e t h  cen tu ry  t o  dispose of o i l  f i e l d  b r i n e s  . 
During t h e  p a s t  t e n  y e a r s ,  o t h e r  i n d u s t r i e s  have adopted t h i s  method 
t o  d i spose  of manufactured was te s .  I n j e c t i o n  we l l s  a r e  p r e s e n t l y  
be ing  used i n  t he  drug,  chemical, s t e e l ,  and paper manufacturing 
i n d u s t r i e s ( 2 ) .  Radioact ive m a t e r i a l  from nuc lea r  p l a n t s  a l s o  i s  
be ing  i n j e c t e d  i n t o  d i s p o s a l  wel l s .  

formation s e l e c t e d  as t h e  d i s p o s a l  zone. Disposal wells are d r i l l e d  
and completed i n  t h e  same manner as gas  and petroleum wells ,  and 
waste t r a v e l s  down t h e  w e l l  through a non-corrosive i n j e c t i o n  tube .  
Aurface f a c i l i t i e s  a s s o c i a t e d  with i n j e c t i o n  we l l s  c o n s i s t  of a waste 
g a t h e r i n g  and s to rage  system, f i l t e r i n g  equipment, and one or more 
pumps. Mult i -barreled displacement pumps u s u a l l y  are used with 
i n j e c t i o n  wells. 

I n j e c t i o n  w e l l s  a r e  d r i l l e d  from t h e  su r face  t o  the  geo log ic  

The r a t e  a t  which a d i s p o s a l  w e l l  can accept  f l u i d  depends upon 
t h e  f l u i d  p r o p e r t i e s ,  rock p r o p e r t i e s ,  t h e  s i z e  of t h e  wel l  and t h e  
p r e s s u r e  g r a d i e n t  i n  t h e  system. Pumps provide t h e  p re s su re  necessary 
t o  push t h e  waste i n t o  the d i sposa l  zone. The necessary  i n j e c t i o n  
p r e s s u r e  may be c a l c u l a t e d  from the  fol lowing r e l a t i o n s h i p :  

P i = P f -  ps + p1 ( 4 )  

where P = I n j e c t i o n  p r e s s u r e  from pump 
Pi = Well bottom formation p res su re  
P,' = Pressure of  f l u i d  column i n  well 
P1 = F r i c t i o n  l o s s  i n  i n j e c t i o n  tube 

( l )Refe rences  a t  end of pape r .  1 
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Formation p r e s s u r e  ( P f )  cannot  be measured u n t i l  the  we l l  has 
r eached  the d i s p o s a l  zone and, even then ,  an a c c u r a t e  measurement i s  
n o t  always p o s s i b l e .  An estimate o f  the fo rma t ion  p r e s s u r e  can  be 
made by m u l t i p l y i n g  the w e l l  d e p t h  by the g e o l o g i c  p r e s s u r e  g r a d i e n t .  
The g e n e r a l l y  accep ted  p r e s s u r e  g r a d i e n t  i s  one pound p e r  squa re  i n c h  
p r e s s u r e  p e r  f o o t  of  d e p t h ,  The f l u i d  column p r e s s u r e  (Ps )  can  be 
c a l c u l a t e d / f r o m  t h e  w e l l  d e p t h  and the f l u i d  d e n s i t y .  F r i c t i o n  loss 
( P i )  can be Ca lcu la t ed  from w e l l  dep th , '  i n j e c t i o n  tube  m a t e r i a l  and 
s i z e ,  and the  flow ra te .  Flow ra te  i n t o  t h e  d i s p o s a l  fo rma t ion  i s  
u s u a l l y  n o t  d i r e c t l y  p r o p o r t i o n a l  t o  i n j e c t i o n  p r e s s u r e .  A t  h ighe r  
p r e s s u r e s ,  i nc remen ta l  p r e s s u r e  i n c r e a s e s  r e s u l t  i n  a p r o p o r t i o n a t e l y  
g r e a t e r  f low rate .  

If it  becomes d e s i r a b l e  t o  i n c r e a s e  flow rate f o r  a g iven  p r e s s u r e ,  
t h e  format ion  p r o p e r t i e s  may be a l te red .  S e v e r a l  methods of  w e l l  
s t i m u l a t i o n  are p r a  t ced  i n  t h e  pe t ro leum i n d u s t r y  t o  ach ieve  a 
Tore  e f f i c i e n t  we l l ' i 3 j .  
n i t r o - s h o o t i n g ,  we l l  p e r f o r a t i n g ,  and a c i d i z i n g .  Hydraul ic  f r a c t u r i n g  
i s  t h e  most popular  o f  these methods.  

These p r a c t i c e s  a r e  h y d r a u l i c  f r a c t u r i n g ,  

Desp i t e  i n c r e a s e d  a p p l i c a t i o n ,  d i s p o s a l  wel l s  s t i l l  a r e  n o t  too  
?xmerous.  Only s i x  waste i n j e c t i o n  w e l l s  e x i s t  i n  Pennsylvania .  
T h i s  s c a r c i t y  r e s u l t s  from t h e  large f i n a n c i a l  inves tment  t h a t  must 
b e  made b e f o r e  t h e  s u c c e s s  o f  t h e  i n s t a l l a t i o n  can be a s c e r t a i n e d .  
The d r i l l i n g ,  c a s i n g ,  a n d - t e s t i n g  o f  a 2000 fee t  deep  d i s p o s a l  well 
c o s t s  approximate ly  $70,000. Although an a n a l y s i s  o f  an i n j e c t i o n  
w e l l ' s  performance cannot  be p r e d i c t e d  b e f o r e  f i e l d  t r ia l s ,  some 
c o n d i t i o n s  a r e  more f a v o r a b l e  t o  s u b s u r f a c e  d i s p o s a l  than  o t h e r s .  

P e r t i n e n t  Geologic F a c t o r s  

The main f a c t o r  t o  be cons ide red  when con templa t ing  t h e  
2 s t a b l i s h m e n t  o f  a d i s p o s a l  w e l l  i s  the  p resence  o f  t h e  ,proper  
geo log ic  fo rma t ions .  The d i s p o s a l  fo rma t ion  must have a l a r g e  enough 
$ t o r a g e  c a p a c i t y  t o  c o n t a i n  t h e  t o t a l  volume of  f l u i d  t h a t  w i l l  be 
i n j e c t e d  d u r i n g  the  l i f e  o f  t h e  w e l l .  T h i s  c a p a c i t y  depends upon the  
a r e a  and t h i c k n e s s  o f  t h e  fo rma t ion  and upon t h e  e f f e c t i v e  p o r o s i t y  
J f  t h e  fo rma t ion .  A d i s p o s a l  fo rma t ion  shou ld  a l s o  be sur rounded by 
r e l a t i v e l y  impermeable rocks  t o  p r e v e n t  m i g r a t i o n  o f  t h e  waste  away 
from t h e  d i s p o s a l  zone.  The d i s p o s a l  zone, however, shou ld  be very 
i e r a e a b l e  t o  a l low r a p i d  f low o f  the waste  away from t h e  w e l l  w i t h  
i minimum expend i tu re  o f  pumping ene rgy .  F i n a l l y ,  a p o t e n t i a l  d i s p o s a l  
zone should  no t  c o n t a i n  u s a b l e  ground wa te r  o r  any economic f u e l  o r  
r i inera l  d e p o s i t  t h a t  cou ld  be contaminated  by t h e  waste. 

The bi tuminous c o a l  f i e l d s  o f  c e n t r a l  and wes tern  Pennsylvania  
i e  i n  a r e g i o n  of s t r a t i f i e d  sed imen ta ry  fo rma t ions .  

J p d s t o n e s ,  l imes tones ,  skales,  s i l t s t o n e s  and c l a y s t o n e s ,  and a l l  vary 
n a r e a l  e x t e n t  and t h i c k n e s s .  S h a l e s ,  s i l t s t o n e s ,  and c l a y s t o n e s  
; r e  very  impermeable r o c k s  o f  low p o r o s i t y  and g e n e r a l l y  a r e  r u l e d  o u t .  
'he two remain ing  rocX types ,  i f  o c c u r r i n g  i n  l a r g e  enough bod ies ,  
a n  be cons ide red  p o t e n t i a l  d i s p o s a l  r e s e r v o i r s .  

Rock t y p e s  are 

Many sands tone  beds are q u i t e  t h i c k ,  u n d e r l i e  l a r g e  a r e a s ,  and 
f t e n  have h igh  va lues  o f  p o r o s i t y  and p e r m e a b i l i t y .  F l u i d  flow 
hrough a sands tone  b r i n g s  t h e  l i q u i d  i n t o  i n t i m a t e  c o n t a c t  w i t h  
p e  rocK, caus ing  a maximum amount o f  c o n t a c t  between t h e  waste land 
he fo rma t ion .  Sands tones  a r e  l a r g e l y  s i l i c a ,  a compara t ive ly  hen- 
'eac t i v e  e l emen t .  

1 
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Limestones g e n e r a l l y  e x h i b i t  lower pe rmeab i l i t y  and p o r o s i t y  
t h a n  sandstones and are o f t e n  p a r t i a l l y  d i s s o l v e d  by ground water,  
forming a s e r i e s  o f  s u b t e r r a n e a n  channels .  F l u i d  f low i n  t h e s e  
channe l s  i s  slmilar t o  f low i n  an  i r r e g u l a r  system of  p i p e s .  
Although formation t o  f l u i d  c o n t a c t  i s  minimal, t h e  e x t e n t  of t he  
f l u i d  migra t ion  is d i f f i c u l t  t o  determine.  Limestone is calcium 
carbonate ,  a more r e a c t i v e  compound than  s i l i c o n  d iox ide .  

General  geo log ic  s t r u c t u r a l  in format ion  i s  avai lable  for many 
o f  the  l a r g e r  rock  u n i t s  i n  c e n t r a l  and western Pennsylvania .  Detai led 
l i t h o l o g i c  informat ion  i s  very  l i m i t e d ,  however, and any area being 
cons ide red  f o r  a n  i n j e c t i o n  w e l l  s i t e  should  be thoroughly evaluated,  
even t o  the e x t e n t  o f  a co re  d r i l l i n g  program. Many we l l  d r i l l e r ' s  
l o g s  a r e  a v a i l a b l e  fo r  t h e  above a rea ,  bu t  exper ience  has shown t h a t  
t h e s e  o f t e n  do n o t  c o n t a i n  re l iable  l i t h o l o g i c  in fo rma t ion .  

Waste P r o p e r t i e s  V i t a l  t o  Subsurface Disposal  

wastes which are t o  be i n j e c t e d  i n t o  porous beds i d e a l l y  should have 
t h e  fo l lowing  p r o p e r t i e s  : 

The exper ience  o f  companies us ing  i n j e c t i o n  wel ls  has shown t h a t  

1. A pH less t h a n  t h e  format ion  water  
2 .  No suspended s o l i d s  
3 .  Low v i s c o s i t y  

5. High s p e c i f i c  g r a v i t y  
6 .  N o  s e l f -po lymer i z ing  m a t e r i a l s  
7 .  No d i s s o l v e d  gases  
8 .  No b a c t e r i a  

' 4 .  Low metal  c o n t e n t  

The waste should also be chemica l ly  s t a b l e  and compatible  w i t h  the  
formation rocK and f l u i d s .  The main concern i n  i n j e c t i n g  wastes  i n t o  
a porous formation is the p o s s i b i l i t y  o f  p lugging  the  d i s p o s a l  zone 
with suspended p a r t i c l e s  c a r r i e d  i n  t h e  waste o r  w i t h  p r e c i p i t a t e s  
r e s u l t i n g  from chemical  r e a c t i o n s  o c c u r r i n g  i n  t h e  d i s p o s a l  zone. 
Recovery o f  a plugged we l l  i s  expensive and time consuming. 

Acid mine water ,  while having a low pH and v i s c o s i t y  and 
c o n t a i n i n g  no se l f -po lymer i z ing  m a t e r i a l s ,  does no t  meet t h e  o the r  
c r i t e r i a .  Of p a r t i c u l a r  concern a r e  the presence  of  suspended s o l i d s ,  
b a c t e r i a ,  d i s so lved  gases, and c o n c e n t r a t i o n s  o f  i r o n .  Acid mine 
water is not chemica l ly  s t a b l e  and i t s  c o m p a t i b i l i t y  w i t h  t h e  formation 
w i l l  no t  be known u n t i l  samples of the rocK and connate water  a r e  
a v a i l a b l e .  It i s  f e l t  t h a t  t h e s e  problems, a l though d i f f i c u l t ,  a re  
no t  insurmountable and each  can be so lved .  

S p e c i f i c  Acid Mine  Water Disposa l  Problems 

i n d i c a t e s  t h a t  t hese  b a c t e r i a  c o l l e c t  on i r  n p a r t i c l e s  and form 
c o l o n i e s  as l a r g e  as 50 microns i n  diameter-94). P a r t i c l e s  of t h i s  
s i z e  could e a s i l y  p lug  a sands tone  f a c e .  I n  o t h e r  d i s p G s a 1  wells 
b a c t e r i a l  plugging h a s  been e l i m i n a t e d  by add ing  a b a c t e r i a c i d e  to 
tile waste b e f o r e  i n j e c t i o n .  Addikion o f  an e f f e c t i v e  bac te r i ac idz  
t o  a c i d  mine water  would k i l l  t h e  b a c t e r i a  and prevent  co lon iza t ion .  

Autotrophic  b a c t e r i a  are p r e s e n t  i n  a c i d  mine wa te r .  Research 
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Disso lved  gases a r e  d e t r i m e n t a l  because t h e y  promote c o r r o s i o n  
and p rov ide  material f o r  unwanted chemica l  r e a c t i o n s .  Oxygen and 
hydrogen S u l f i d e  which can occur  i n  mine water a r e  p a r t i c u l a r l y  
u n d e s i r a b l e ,  as b o t h  can r e a c t  w i t h  m e t a l l i c  i o n s  t o  produce 
p r e c i p i t a t e s .  Large volumes o f  d i s s o l v e d  g a s e s  can lower  pump 
e f f i c i e n c i e s .  The amount o f  d i s s o l v e d  gas p r e s e n t  i n  a c i d  mine water  
can be k e p t  minimal by a s s u r i n g  t h a t  t h e  wa te r  i s  c o l l e c t e d  and s t o r e d  
p r i o r  t o  i n j e c t i o n  w i t h  t h e  L e a s t  p o s s i b l e  exposure t o  a i r .  

Removal of  suspended p a r t i c l e s  i n  t h e  waste  i s  a l s o  an impor tan t  
c o n s i d e r a t i o n ,  p a r t i c u l a r l y  i f  t h e  d i s p o s a l  format ion  i s  a sands tone .  
P r e - i n j e c t i o n  f i l t e r i n g  shou ld  remove p a r t i c l e s  down t o  one micron.  
Coated p r e s s u r e  l e a f  f i l t e r s  a r e  normal ly  used  i n  t h i s  a p p l i c a t i o n .  
If  s u r f a c e  ' f i l t e r i n g  f a c i l i t i e s  are n o t  provided ,  t h e  d i s p o s a l  
f o r n a t i o n  may a c t  as a f i l t e r  and become p r o g r e s s i v e l y  l ess  permeable 
as i t  becomes plugged b j r  t h e  suspended p a r t i c l e s .  

Chemical r e a c t i o n s  between a c i d  mine water and t h e  fo rma t ion  
w a t e r  may be p reven ted  by i n j e c t i n g  a non- reac t ive  b u f f e r  zone be- 
tween t h e s e  two l i q u i d s .  The m a t e r i a l  s e l e c t e d  f o r  the  b u f f e r  zone, 
which w i l l  p h y s i c a l l y  s e p a r a t e  the  format ion  wa te r  and t h e  mine water ,  
should  be low i n  c o s t  and chemica l ly  i n e r t  w i t h  r e s p e c t  t o  t h e  mine 

:water, t h e  format ion  water, and t h e  r o c k .  A f t e r  waste  i n j e c t i o n  has 
coxnenced, l i q u i d  d i f f u s i o n  and d i s p e r s i o n  w i l l  occur  i n  the  fo rma t ion .  

'This a c t i v i t y  w i l l  eventua l l ; ,  cause t h e  format ion  wa te r  and t h e  waste 
t o  c o n t a c t  each  o t h e r .  I f  a s u f f i c i e n t  b u f f e r  zone has been i n j e c t e d ,  
t h i s  mixing w i l l  no t  occu r  u n t i l  n e a r  t h e  end o f  t h e  l i f e  o f  t h e  w e l l .  
When c o n t a c t  i s  e s t a b l i s h e d ,  t h e  waste  and t h e  format ion  w a t e r  w i l l  
be d i l u t e d  by t h e  b u f f e r  l i q u i d .  

The chemical  i n s t a b i l i t y  of  a c i d  mine water may cause  i n t r a -  
f o r m a t i o n a l  p r e c i p i t a t i o n .  Hopeful ly ,  t h i s  p o s s i b i l i t y  i s  reduced by 
t h e  lac ,<  o f  oxygen i n  t h e  d i s p o s a l  zone.  P o s s i b l e  o x i d a t i o n  of  f e r r o u s  
i r o n  t o  f e r r i c ,  and subsequent  p r e c i p i t a t i o n  of  f e r r i c  hydroxide  i s  of  

) p a r t i c u l a r  concern as t h i s  i s  a g e l a t i n o u s  m a t e r i a l .  The o x i d a t i o n  
\ ) s t a t e  o f  i r o n  i s  a f u n c t i o n  o f  pH, t h e r e f o r e ,  t h i s  r e a c t i o n  may be 
e l i m i n a t e d  by lower ing  t h e  pH o f  t h e  mine wa te r  p r i o r  t o  i n j e c t i o n  

\ t o  deep t h e  i r o n  i n  t h e  f e r r o u s  s t a t e .  Other  a n t i - p r e c i p i t a t i o n  
a g e n t s  used  i n  d i s p o s a l  wells a r e  c i t r a t e s  and sodium t r i p o l y p h o s p h a t e  (5) , 

, Conclus ions  

It i s  accepted  t ha t  many v a r i a b l e  f a c t o r s  a r e  invo lved  i n  the  
i n s t a l l a t i o n  of  a subsu r face  d i s p o s a l  w e l l .  T h e o r e t i c a l  s o l u t i o n s  

' a r e  a v a i l a b l e  f o r  man;' o f  t h e  f o r e s e e a b l e  problems, bu t  s e v e r a l  un- 
' e x p e c t e d  developments may o c c u r .  While p a s t  expe r i ence  w i t h  o t h e r  
' d i s p o s a l  wells may be used as a guide  t o  deve lop ing  a new we l l ,  i t  

can n o t  be expec ted  t o  p rov ide  answers f o r  a l l  problems tha t  may 
a r i s e .  Each d i s p o s a l  w e l l  w i l l  have t o  be approached as an i n d i v i d u a l  
e n g i n e e r i n g  problem. 
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