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ABSTRACT 

Approx imate ly  325 deep-we l ls  a r e  o p e r a t i n g  th roughou t  t h e  wor ld ,  about 85 pe r -  

c e n t  o f  which a r e  i n  t h e  U n i t e d  S ta tes .  Over t h i r t y  yea rs  o f  observed o p e r a t i o n  

has shown t h a t  deep-wel l  systems a r e  f e a s i b l e  and s a f e  f o r  r e c e i v i n g  and con ta in -  

i n g  l a r g e  volumes o f  t o x i c  and hazardous waste w i t h o u t  any d e l e t e r i o u s  e f f e c t  upon 

t h e  q u a l i t y  o f  usab le  groundwater reserves  and t h e  environment when geo log ic  res -  

e r v o i r  parameters a r e  observed and i n d i v i d u a l  w e l l  comple t ions  a r e  by des ign  r a t h e r  

than  random cho ice .  

t h e  systems a r e  seve ra l  r a t h e r  s p e c t a c u l a r  and w e l l  p u b l i c i z e d  f a i l u r e s  which 

have c r e a t e d  ques t i ons  as t o  t h e  a d v i s a b i l i t y  o f  u s i n g  t h e  method f o r  waste manage- 

ment. However, i n  a lmost  a l l  o f  these cases o f  f a i l u r e  t h e  outcome was p r e d i c t a -  

b l e  f rom a v a i l a b l e  r e s e r v o i r  and comple t ion  da ta .  

Except ions  t o  t h e  g e n e r a l l y  f a v o r a b l e  o p e r a t i n g  h i s t o r y  o f  

Data show t h a t  t h e  chemical  and a l l i e d  i n d u s t r i e s  c o n s t i t u t e  approx imate ly  50 

pe rcen t  and pe t ro leum r e f i n i n g  approx ima te l y  20 pe rcen t  o f  t h e  users o f  deep-wel l  

systems. Sandstone r e s e r v o i r s  r e c e i v e  about 62 pe rcen t  o f  t h e  i n j e c t e d  e f f l u e n t  

and carbonate  r e s e r v o i r s  app rox ima te l y  34 pe rcen t .  Rocks o f  T e r t i a r y  age c o n t a i n  

about 40 pe rcen t  of  t h e  r e s e r v o i r s  w h i l e  n e a r l y  53 pe rcen t  a r e  d i s t r i b u t e d  through- 

o u t  Pa leozo ic  s t r a t a .  Depths of  i n j e c t i o n  range f rom under 300 m t o  g r e a t e r  than 

2440 m, 79 p e r c e n t  of  which l i e  between 300 m and 1830 m. Approx imate ly  21 pe rcen t  

o f  t h e  w e l l s  have been d r i l l e d  t o  a depth  range o f  300 m t o  600 m. 

o f  c o r r o s i v e ,  t o x i c  and hazardous l i q u i d s  w i t h  r e l a t i v e  ease and s a f e t y .  Equip- 

ment m o n i t o r i n g  has become h i g h l y  s o p h i s t i c a t e d  and dependable, b u t  r e s e r v o i r  

m o n i t o r i n g  s t i l l  needs t o  be r e f i n e d .  

Desp i te  s t r i n g e n t  r e g u l a t i o n s  b y  governmental agencies and l o c a l  p u b l i c  opposi-  

t i o n  t o  w e l l  c o n s t r u c t i o n ,  deep-wel l  systems remain t h e  most economical method f o r  

h a n d l i n g  l a r g e  volumes o f  ha rd  t o  t r e a t  l i q u i d  waste. 

r e g u l a t i o n s  a re  becoming more s t r i c t  and l e g a l  aspec ts  o f  deep-wel l  i n j e c t i o n  

a r e  s t i l l  i n  t h e  developmental  stage. 

Improvement o f  m a t e r i a l ,  equipment, and w e l l  des ign  have p e r m i t t e d  t h e  hand l i ng  

Cons t ruc t i on  and o p e r a t i n g  
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INTRODUCTION 

years has brought i n t o  acute focus the ch ron ic  dilemna t h a t  has plagued i n d u s t r y  

since the beginning o f  the i n d u s t r i a l  r e v o l u t i o n  -- the d isposal  o f  i t s  generated 

waste. The t ime i s  here when i n d u s t r y  and the general populat ion must e x i s t  sym- 

b i o t i c a l l y  and each must recognize the problems and the needs o f  t he  other .  

One system which has been used e f f e c t i v e l y  under favorable geologic  cond i t i ons  

i s  deep-well i n j e c t i o n .  This i s  a m o d i f i c a t i o n  o f  the system o f  d ispos ing o f  o i l  

f i e l d  b r i n e  by i n j e c t i o n  i n t o  subsurface rese rvo i r s  which has been used success- 

f u l l y  f o r  over 60 years. This unique method f o r  managing hard t o  t r e a t  and un- 

wanted i n d u s t r i a l  p l a n t  l i q u i d  e f f l u e n t  probably was f i r s t  used success fu l l y  over 

an extended pe r iod  o f  t ime by the Sohio Petroleum Co. r e f i n e r y  a t  Latonia i n  the  

State o f  Kentucky beginning i n  1941 ( r e f s .  1-2). Since t h a t  t ime, because o f  

economic considerat ions and the bas ic  s i m p l i c i t y  o f  operat ion the  number o f  opera- 

t i n g  w e l l s  worldwide now i s  est imated t o  be about 325. 

c i p a l l y  upon the  North American experience which, i t  i s  be l ieved,  may r e l a t e  t o  

any s i m i l a r  geolog ic  cond i t i on  wherever i t  may e x i s t .  This i s  in tended t o  be as 

comprehensive as the format w i l l  permi t  and t o  show the  s t reng th  and weakness o f  

deep-well i n j e c t i o n  as an e f f e c t i v e  system f o r  hazardous waste management. 

I t  must be emphasized t h a t  deep-well i n j e c t i o n  systems do n o t  o f f e r  the u l t i -  

mate s o l u t i o n  t o  the problems o f  i n d u s t r i a l  waste management i n  a l l  s i t u a t i o n s ,  

b u t  when used i n  areas where they are f e a s i b l e  and when operated w i t h i n  the l i m i t s  

estab l ished by the  host  rese rvo i r s  these systems are powerful t o o l s  t o  be used by 

i ndus t r y  . 

The p r o l i f i c  worldwide expansion o f  i n d u s t r i a l  complexes du r ing  the  past  t h i r t y  

The review i s  based p r i n -  

GEOLOGIC SUITABILITY 

As a background data review, because they are too  o f t e n  ignored dur ing feas i -  

b i l i t y  s tud ies and const ruct ion,  an o u t l i n e  o f  t he  bas ic  geolog ic  requirements 

f o r  an area f e a s i b l e  f o r  i n j e c t i o n  and the optimum cond i t i ons  des i red  f o r  a host  

r e s e r v o i r  are shown. 

The area must have a sedimentary sect ion;  a t  l e a s t  p a r t  o f  which i s  a sa laqui fer  

and i t  must be one o f  low seismic r i s k .  

as l a r g e  an area as poss ib le  surrounding the proposed w e l l  s i t e  ( r e f .  3)  should 

have the f o l l o w i n g  c h a r a c t e r i s t i c s  : 

More s p e c i f i c a l l y ,  the host  r e s e r v o i r  and 

1 )  Un i fo rm i t y  

2 )  Large areal  ex ten t  

3 )  Substant ia l  thickness 

4) High p o r o s i t y  and pe rmeab i l i t y  

5 )  Low pressure 

6) Sa laqu i fe r  

7 )  Separated from f resh  water horizons 
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8 )  

9)  

10) 
These cond i t i ons  are r e l a t i v e ,  and d e f i n i t i v e  f i g u r e s  may be es tab l i shed  o n l y  

However, each o f  these r e s e r v o i r  cond i t i ons  must be met by 

Adequate o v e r l y i n g  and under ly ing aquicludes 

No inadequately plugged w e l l s  o r  escape routes near the i n j e c t i o n  w e l l s  

C o m p a t i b i l i t y  between r e s e r v o i r  and i n j e c t e d  wastes 

when s p e c i f i c  volumes and i n j e c t i o n  r a t e s  have been determined f o r  a g iven system 

a t  a g i ven  l o c a t i o n .  

any i n j e c t i o n  system o r  t h a t  system w i l l  n o t  be successful e i t h e r  f o r  t he  con- 

t r o l l e d  i n j e c t i o n  o f  waste o r  f o r  t he  p r o t e c t i o n  o f  potable groundwater i n  the 

area o f  i n j e c t i o n .  

With the  a v a i l a b l e  ope ra t i ng  h i s t o r i e s  o f  numerous deep-well systems, i t  i s  

t ime t o  examine the  past  performance o f  these opera t i ng  systems t o  observe the  

present s ta tus  and t o  determine what the  f u t u r e  r o l e  o f  these systems i n  the  

scheme o f  i n d u s t r i a l  waste management is  t o  be. 

OPERATING SYSTEMS 

I n d u s t r i a l  and/or municipal deep-well systems have been operat ing i n  Canada, 

France, the Federal Republic o f  Germany, t he  German Democratic Republic, Japan, 

Mexico, Taiwan, the  U.S.A., and the U.S.S.R. w i t h  va ry ing  degrees o f  success fo r  

many years. 

l i t h o l o g i e s ,  a l l  geolog ic  ages, and a t  a wide range o f  depths. 

3 ( r e f .  4) show these d i v i s i o n s  determined from w e l l s  operat ing i n  the Uni ted 

States. 

This i n j e c t i o n  o f  i n d u s t r i a l  waste i s  be ing made i n t o  rocks o f  a l l  types o f  

Tables 1, 2 and 

TABLE 1 

Percentage o f  l i t h o l o g i c  types o f  hos t  r e s e r v o i r s  from 269 w e l l s  

L i t h o l o g y  Reservoi r  Percentage 
~~ ~ 

Sand and sandstone 62.1 
Limestone and dolomites 33.8 
Evapori t e s  3.0 
Shale 0.7 
Sch is t  and gneiss 0.4 

TABLE 2 

Percentage of host  r e s e r v o i r s  by geologic  age from 269 w e l l s  

System Reservoi r  Percentage 

T e r t i a r y  ( u n d i f f e r e n t i a t e d )  39.4 
Cretaceous 7 .o 
Jurass ic  0.0 
T r i  ass i  c 0.4 
Permian 10.4 
Pennsylvanian (Upper Carboniferous) 2.6 
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TABLE 2 (CONTD) 
Percentage o f  hos t  r e s e r v o i r s  by geo log ic  age f rom 269 w e l l s  

System Reservo i r  Percentage 

M i s s i s s i p p i a n  (Lower Carboni ferous)  1.9 
Devonian 11.9 
S i l u r i a n  2.9 
Ordovic ian 8.2 
Cambrian 14.9 
Precambrian 0.4 

TABLE 3 

Percentage o f  w e l l s  i n j e c t i n g  a t  va r ious  depths f rom 262 w e l l s  

Depth (in) We1 1 Percentage 
~~ 

0 - 305 8 
305 - 610 21 
610 - 915 13 
915 - 1220 13 

1220 - 1525 15 
1525 - 1830 17 
1830 - 2135 7 
2135 - 2440 5 
2440+ 1 

I t i s  es t ima ted  f rom t h e  w e l l  da ta  reviewed which was r e l a t e d  t o  w e l l s  o u t s i d e  

the  Un i ted  States t h a t  these percentages w i l l  n o t  change apprec iab l y  when a l l  t h e  

opera t i ng  and planned w e l l s  wor ldwide a re  considered s t a t i s t i c a l l y .  

TABLE 4 

Percentage o f  d i s t r i b u t i o n  o f  i n j e c t i o n  w e l l s  r e l a t e d  t o  the  i n d u s t r y  us ing  the  

system f rom 268 w e l l s  ( r e f .  4 )  

S I C *  dnd I n d u s t r y  Percentage Wel l  Use 

M in ing  (9.3%) 
10 Metal  m in ing  0.7 
12 Coal 0.4 
13 O i l  and gas e x t r a c t i o n  6.4 
14 Non-meta l l ic  m in ing  1.9 

Manufactur ing (80.6%) 
20 Food 2.2 
26 Paper 1.1 
28 Chemical and a l i i e d  products  48.9 
29 Petroleum r e f i n i n g  19.0 
32 Stone and conc re te  0.4 
33 Pr imary me ta l s  5.9 
34 Fabr i ca ted  meta ls  1.1 
35 Machinery - except  e l e c t r o n i c s  0.4 
36 E l e c t r o n i c s  0.4 
38 Photographi  cs 1.1 
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TABLE 4 (CONTD) 
Percentage of d i s t r i b u t i o n  of i n j e c t i o n  wells re la ted  t o  the industry using the 
system from 268 wells ( r e f .  4) 

SIC* and Industry Percentage Well Use 

Transportat ion,  Gas and 
Sani t a r y  Servi ces (9.8%) 
47 Transportation s e r v i c e  0.4 
49 Sani tary s e r v i c e  8.6 
50 Wholesale t r a d e  - durable  0.4 
55 Auto dea lers  and service 0.4 

Other (0.4%) 
72 Personal s e r v i c e  0.4 

~~~ ~ ~ ~~ 

* - Standard Indus t r ia l  Class i f ica t ion  

As a group, the pe'rformance of these systems has been except ional ly  good. In 
1972, these systems accounted f o r  0.08% of  the t o t a l  waste discharge of U .  S. 
industry which represented an i n j e c t i o n  volume of 114 000 m 3  per day o r  approxi- 
mately 42 mil l ion m 3  per year  ( r e f .  5 ) .  Once these  systems a r e  operat ing the 
user ,  because of the extremely favorable  economics may of ten i n j e c t  f l u i d s  which 
could e a s i l y  be t r e a t e d  on the sur face  and returned t o  the hydrologic cycle  by 
discharge i n t o  sur face  streams. 

OPERATING SYSTEM FAILURES 
Despite the  overal l  favorable  performance of deep-well systems, there  have 

been a few r a t h e r  spectacular  f a i l u r e s .  
damage has been i d e n t i f i e d .  

The cause of f a i l u r e s  i n  the  systems a r e  of three basic  types: 
adequate f e a s i b i l i t y  study p r i o r  t o  d r i l l i n g  o r  ignoring unfavorable aspects  of 
an adequate r e p o r t ,  which includes the 10 basic  reservoi r  c r i t e r i a  out l ined i n  
the  introduct ion,  2 )  I n -  
compat ibi l i ty  o f  in jec ted  f l u i d s  with formation f l u i d s .  
f a i l u r e  a r e  of the g r e a t e s t  concern and usual ly  remain as  a source of problems 
throughout the l i f e  of the system. 
usual ly  be remedied by pre in jec t ion  treatment and el iminated a s  a se r ious  problem 
source. 
follow: 
Rocky Mountain Arsenal, Colorado 

T h u s  f a r  no permanent environmental 

1 )  An in- 

Poor completion and/or operat ing techniques, and 3)  
The f i r s t  two causes f o r  

The t h i r d  cause, although of ten ser ious ,  may 

Cursory reviews of some of the more notable problem wells i n  the U .  S. 

In jec t ion  was made i n t o  21 m of open hole i n  highly f rac tured  Precambrian gneiss 
Between March 1962 and February 1966, a volume of 625 593 m 3  a t  a depth of 3671 m.  

was in jec ted  a t  an average r a t e  of 13 dm3/s and 3.4 MPa. 
t i o n ,  an earthquake of magnitude 1 .5  was recorded. 

After  7 weeks of in jec-  
From April 24, 1962 through 
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August 1967, 1514 earthquakes were recorded, a l l  c o r r e l a t i n g  c l o s e l y  w i t h  i n j e c -  

t i o n  schedules. The use o f  t h e  w e l l  was d i scon t inued  and se i sm ic  c o n d i t i o n s  ap- 

proached those p r i o r  t o  i n j e c t i o n  ( r e f .  6 ) .  

b l e  by in-depth f e a s i b i l i t y  s tud ies ,  b u t  t h i s  cannot be c e r t a i n .  

E r ie ,  Pennsylvania 

I n j e c t i o n  was i n t o  the  Bass I s l a n d  Dolomi te and t h e  Mount Simon sandstone i n  

a system composed o f  3 w e l l s .  

On A p r i l  14, 1968, t h e  cas ing  and t u b i n g  were l i f t e d  o u t  o f  t h e  w e l l  bore because 

o f  f a i l u r e  o f  t he  underground equipment. S u l p h i t e  l i q u o r s  backf lowed t o  t h e  sur-  

face a t  t h e  r a t e  o f  8.7 dm3/s and f l owed  d i r e c t l y  i n t o  Lake E r i e .  A f t e r  c o r r e c t -  

i n g  the  problem, t h e  system was never r e t u r n e d  t o  f u l l  use and was abandoned dur-  

i n g  t h e  l a t t e r  p a r t  o f  1972. 

degrading e f f e c t  upon t h e  environment ( r e f .  6) .  

prevented by d i f f e r e n t  complet ion methods and an e f f e c t i v e  m o n i t o r i n g  system. 

Marshal l ,  I l l i n o i s  

I n j e c t i o n  was i n t o  Devonian Dolomi te a t  a depth o f  approx imate ly  732 m, a t  a 

r a t e  o f  3.0 dm3/s and a pressure o f  558 kPa; o v e r a l l  a ve ry  success fu l  o p e r a t i o n  

u n t i l  Secureloy sec t i ons  i n  the  cas ing  were d i s s o l v e d  by c a u s t i c  waste, r e s u l t i n g  

i n  t h e  l o s s  o f  t he  w e l l .  The l o s s  o f  t h i s  w e l l  can be a t t r i b u t e d  d i r e c t l y  t o  t h e  

complet ion method used. Secureloy sec t i ons  should never  have been used i n  t h e  

cas ing e s p e c i a l l y  where exposed t o  an a c i d  o r  c a u s t i c  environment.  Th is  may have 

been prevented by s e t t i n g  t h e  i n j e c t i o n  t u b i n g  on a packer and f i l l i n g  t h e  annulus 

between t h e  cas ing and t u b i n g  w i t h  an i n h i b i t i n g  f l u i d .  The loss o f  t h e  w e l l  d i d  

n o t  c o n t r i b u t e  t o  any degredat ion o f  p o t a b l e  groundwater a q u i f e r s  o r  o t h e r  aspects 

o f  t h e  environment.  

Wi lmington, Nor th Caro l i na  

s tone w i t h  head pressure o f  262 kPa a t  a depth o f  259 m t o  312 m and a t  a r a t e  of 

13 dm3/s. 

depth o f  23 m represented t h e  o n l y  f r e s h  water  a q u i f e r s .  

head pressure i n  t h e  s a l a q u i f e r  was 1.3 MPa and permiss ion was g ran ted  by t h e  

Nor th Caro l i na  Department o f  Na tu ra l  Resources f o r  two o f  t h e  m o n i t o r  w e l l s  t o  be 

used as emergency i n j e c t i o n  w e l l s .  Pressure m o n i t o r i n g  d u r i n g  t h i s  t ime  i n d i c a t e d  

upward leakage i n t o  sha l l ow  a q u i f e r s .  Leakage a l s o  had been no ted  e a r l i e r  i n  

sha l l ower  mon i to r  w e l l s .  

by d r i l l i n g  a new i n j e c t i o n  w e l l ;  however, i t  was concluded t h a t  deep-wel l  i n j e c -  

t i o n  was n o t  f e a s i b l e  i n  t h a t  l o c a t i o n  and the  system was abandoned i n  November 

1972 i n  f a v o r  o f  a convent ional  waste t rea tmen t  f a c i l i t y  ( r e f .  7 ) .  

an adequate f e a s i b i l i t y  s tudy and should never  have been cons t ruc ted .  

Th is  s i t u a t i o n  may have been p r e d i c t a -  

Dur ing t h e  l i f e  o f  t h e  system 4.3/hm3 were i n j e c t e d .  

The backf low o f  s u l p h i t e  l i q u o r s  had a temporary 

This  s i t u a t i o n  c o u l d  have been 

I n j e c t i o n  began i n  e a r l y  1968 i n t o  a s a l a q u i f e r  o f  sand, s i l t ,  c l a y  and l i m e -  

Sur face sands t o  a The p e r m i s s i b l e  i n j e c t i o n  pressure was 103.4 kPa. 

W i t h i n  14 months t h e  

An at tempt  was made t o  salvage t h e  system i n  January 1977 

The outcome o f  t h i s  system probably  c o u l d  have been a c c u r a t e l y  p r e d i c t e d  w i t h  
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The f o u r  examples a re  i l l u s t r a t i v e  o f  the types o f  problems which have been en- 

countered w i t h  deep-well systems. 

i n v o l v e  the  same basic  problems. 

the systems a re  safe and have an impor tant  r o l e  i n  the waste management scheme. 

I n  a r e p o r t  e n t i t l e d  Hazardous Waste Disposal Methods: 

Use by the  Comptro l ler  General o f  t he  Uni ted States ( r e f .  8)  and dated November 19, 

1980, i t  was recomnended t h a t  t he  Admin is t ra tor ,  EPA: 

There are others which may be c i t e d ,  b u t  they 

On balance, when designed and used proper ly ,  

Major Problems With The i r  

" I d e n t i f y  a d d i t i o n a l  areas o f  the county s u i t a b l e  f o r  deep-well 

disposal o f  hazardous wastes (EPA - designated Class I w e l l s )  

and, when appropr ia te,  encourage i n d u s t r y  t o  use deep-well d i s -  

posal as a hazardous waste disposal a l t e r n a t i v e . "  

COMPLETION AND OPERATING TECHNIQUES 

Mate r ia l  

improved considerably. 

many types o f  p l a s t i c s  s u i t a b l e  f o r  i n j e c t i o n  tub ing  o r  t ub ing  l i n i n g  are ava i l a -  

b l e  which a l l o w  h i g h l y  corros ive,  t o x i c  and hazardous l i q u i d s  t o  be handled w i t h  

r e l a t i v e  ease and safety .  

and more dependable thus a i d i n g  i n  more smoothly operat ing systems. 

Design 

signed and completed as " o i l  w e l l s "  and converted t o  the i n j e c t i o n  o f  l i q u i d  i n -  

d u s t r i a l  waste t o  unique systems designed t o  handle s p e c i f i c  waste types t o  be 

i n j e c t e d  a t  a range o f  s p e c i f i c  r a t e s  and pressures. 

During the  past  t h i r t y  years cementing ma te r ia l  and completion hardware has 

Many co r ros i ve  r e s i s t a n t  a l l o y s  have been developed and 

Logging and t e s t i n g  equipment are more soph is t i ca ted  

I n d u s t r i a l  waste i n j e c t i o n  w e l l  design has evolved from the s ta tus  of w e l l s  de- 

MONITORING 

The mon i to r i ng  o f  some aspects o f  deep-well i n j e c t i o n  i s  w e l l  developed and 

h i g h l y  sophis t icated.  

ment i n s t a l l a t i o n  and the  i n j e c t i o n  w e l l  o f  a deep-well system. 
t o r i n g  can be maintained t o  determine equipment mal funct ion w i t h  moni tor  equipment 

programed f o r  automatic shutdown, remote alarm, automatic swi tch ing t o  standby 

equipment o r  whatever a d d i t i o n a l  a c t i o n  i s  requi red.  

equipment mon i to r i ng  ( r e f .  9). A r e s e r v o i r  moni tor  w e l l  may de tec t  waste passage 

w i t h i n  a given aqu i fe r ,  bu t  o f t e n  a s i n g l e  moni tor  w e l l  cannot c o n f i r m  the escape 

o f  waste o r  v e r t i c a l  f l u i d  movement by d i r e c t  observation, bu t  must r e l y  upon i n -  

t e r p r e t a t i o n  o f  c o l l e c t e d  data. However, a sys temat i ca l l y  planned moni tor  we l l  

network can o f t e n  he lp  de tec t  adverse f l u i d  movement i n  s u f f i c i e n t  t ime t o  l i m i t  

any damage t o  a minimum. I n  conjunct ion w i t h  a moni tor  we l l  system, i t  i s  o f t e n  

This i s  e s p e c i a l l y  t r u e  when app l i ed  t o  the  sur face t r e a t -  

Continuous moni- 

Reservoir mon i to r i ng  has n o t  reached the p o i n t  o f  s o p h i s t i c a t i o n  developed w i t h  
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advantageous t o  use r a d i o a c t i v e  t r a c e r s  t o  e s t a b l i s h  t h e  e x i s t e n c e  o f  suspected 

breaches i n  t h e  i n t e g r i t y  o f  t h e  r e s e r v o i r .  

a rea  o f  r e s e r v o i r  mon i to r i ng .  

advancement s i n c e  t h e  beg inn ing .  

There i s  need f o r  research  i n  t h e  

Th is  i s  a f i e l d  i n  wh ich  t h e r e  has been v e r y  l i t t l e  

OPERATIONAL ECONOMICS 

I n v e s t i g a t i o n s  by Wr igh t  ( r e f .  10 )  i n  1969, showed t h e  economic advantages of  

Tables 5 and deep-wel l  systems o v e r  o t h e r  methods o f  i n d u s t r i a l  waste d i s p o s a l .  

6 show c o s t s  f o r  t h e  y e a r  1969 i n  t h e  Great  Lakes (GL), M id -Con t inen t  (MC), and 

G u l f  Coast (GC) areas. 

t h e  r e l a t i o n s h i p  between i t ems  has remained a t  a r e l a t i v e l y  c o n s i s t e n t  r a t i o .  

W i th  t h e  a p p l i c a t i o n  o f  an accep tab le  average y e a r l y  i n f l a t i o n  f a c t o r ,  t h e  f i g u r e s  

presented  i n  Tables 5 and 6 shou ld  c l o s e l y  approx imate  p resen t  c o s t s .  

A l though t h e  e x a c t  d o l l a r  f i g u r e s  a r e  no l o n g e r  v a l i d ,  

TABLE 5 

Economic comparison o f  deep-wel l  systems and s u r f a c e  t rea tmen t  (U.S. - 8 )  
P1 a n t  C a p i t a l  Opera t i ng  Cost/Year Year l y  

& We1 1 Sur face  We1 1 Sur face  Savings 
Area Sys tern Treatment System Treatment Well System 

A-MC 225 000 500 000 20 000 100 000 80 000 
B-GC 300 000 140 000 52 000 178 000 126 000 
C-GL 468 000 1 250 000 62 000 395 000 333 000 
D-GL 270 000 1 500 OOO* 100 000 600 000 500 000 

* - I n c i n e r a t i o n ,  system c o s t  es t ima ted  

TABLE 6 

Deep-well f a c i l i t y  average o p e r a t i n g  c o s t  

Cumulat ive I n j e c t i o n / W e l l  I n j e c t i o n / W e l l / Y e a r  Year l y  Cost 
Area Wel ls *  ( m i l l i o n  m3)  ( m i l l i o n  m3)  (u.S. - $/m3 

GL 10 1.95 .236 0.111 
MC 5 .77 .258 0.042 
GC 14 1.07 .261 0.309 

* - A v a i l a b l e  d a t a  

OPERATING REGULATIONS 

The Safe D r i n k i n g  Water A c t  (SDWA) o f  1974 i s  t h e  p r i m a r y  l aw  p r o t e c t i n g  t h e  

su r face  and groundwater i n  t h e  U n i t e d  S t a t e s  ( r e f .  1 1 ) .  

Congress o f  t h e  U. S. recogn izes  t h e  p r i m a r y  r e s p o n s i b i l i t y  o f  t h e  S ta tes  t o  reg-  

u l a t e  i n j e c t i o n  w e l l s  f o r  t h e  p r o t e c t i o n  o f  a c t u a l  o r  p o t e n t i a l  p o t a b l e  ground- 

wa te r  sources. The A c t  r e q u i r e s  t h e  Env i ronmenta l  P r o t e c t i o n  Agency (EPA) t o  

l i s t  those S t a t e s  t h a t  need Underground I n j e c t i o n  Con t ro l  (UIC) programs and t o  

s e t  minimum n a t i o n a l  requ i rements  f o r  e f f e c t i v e  S t a t e  programs. 

funds  t o  i n d i v i d u a l  S ta tes  f o r  t h e  development o f  such programs and must approve 

Under t h e  SWDA, t h e  

EPA can g r a n t  
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the adequacy o f  t he  programs proposed by the States. 

c a r r y i n g  ou t  e f f e c t i v e  i n j e c t i o n  c o n t r o l  programs, and the law s t i p u l a t e s  t h a t  

EPA requirements should n o t  unnecessar i ly  d i s r u p t  State programs a l ready being 

e f f e c t i v e l y  enforced. Where a State f a i l s  t o  c a r r y  ou t  a U I C  program; however, 

EPA must c a r r y  ou t  such a program i t s e l f .  

EPA's requirements f o r  S ta te  U I C  programs were issued dur ing 1980. The regula- 

t i o n s  would set  d i f f e r e n t  requirements f o r  f i v e  d i f f e r e n t  types o f  w e l l s :  deep 

waste disposal w e l l s  ( o r  those below usable a q u i f e r s ) ,  w e l l s  r e l a t e d  t o  o i l  and 

gas production, w e l l s  f o r  spec ia l  processes such as s o l u t i o n  mining and geothermal 

energy, shal low w e l l s  ( o r  those i n j e c t i n g  i n t o  usable aqu i fe rs )  f o r  hazardous 

waste disposal, and a l l  others. 

a d r i n k i n g  water source a re  i n  abeyance a t  t h i s  t ime u n t i l  t he  Hazardous Waste 

Management Regulat ions are promulgated i n  f i n a l  form. Other h igh - r i sk  types o f  

w e l l s  w i l l  have t o  be author ized by permi ts  before they may be operated. 

r i s k  w e l l s  may be operated w i thou t  i n d i v i d u a l  permi ts  under general ru les .  The 

Congress s p e c i f i c a l l y  i n s t r u c t e d  EPA t o  develop regu la t i ons  t h a t  would n o t  i n t e r -  

fere w i t h  o i l  and gas product ion unless necessary t o  p r o t e c t  underground sources 

o f  d r i n k i n g  water. 

Where needed, U I C  permi ts  w i l l  impose both technologica l  and admin i s t ra t i ve  

requi  rements on disposal we1 1 operators. These requi  rements w i  11 cover construc- 

t i o n ,  operation, moni tor ing,  repo r t i ng ,  spec ia l  c o r r e c t i v e  act ions,  w e l l  abandon- 

ment, government access t o  operator  records and f a c i  1 i t i e s ,  and p rov i s ions  f o r  

permi t  review, mod i f i ca t i on ,  and terminat ion.  

Many States i n  the U. S. were ahead o f  the EPA i n  fo rmu la t i ng  regu la t i ons  con- 

t r o l l i n g  the cons t ruc t i on  and operat ion o f  underground i n j e c t i o n  systems. Others 

exerc ised t h e i r  perrogat ives and developed regu la t i ons  before having t h e i r  j u r i s -  

d i c t i o n a l  r i g h t s  usurped by a fede ra l  agency. 

have been developed, va ry ing  w ide ly  i n  t h e i r  requirements; b u t  a l l  are designed 

t o  permi t  c o n t r o l l e d  underground i n j e c t i o n  w i t h  adequate p r o t e c t i o n  f o r  ground- 

water aqui f e r s .  

Some States are already 

The regu la to ry  requirements f o r  hazardous waste disposal w e l l s  i n j e c t i n g  i n t o  

Lower- 

Many good se ts  o f  State regu la t i ons  

LEGAL ASPECTS OF INJECTION 

The d e t a i l  i nvo l ved  w i t h  t h i s  sub jec t  i s  f a r  too g r e a t l y  i nvo l ved  t o  attempt 

a d iscuss ion o f  the p o t e n t i a l  l e g a l  problems con f ron t i ng  an operator  o f  a waste 

i n j e c t i o n  system. Trelease ( r e f .  12) def ines 5 areas o f  r e s p o n s i b i l i t y  i n  which 

an operator  o f  an i n j e c t i o n  system might  be sub jec t  t o  l e g a l  ac t i on :  

1)  Nuisance 

2 )  Negl i gence 

3 )  L i a b i l i t y  w i thou t  f a u l t  
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4) Trespass 

5) Condi t ional  f a u l t  

Walker and Cox,(ref. 13) and Trelease ( r e f .  12)  agree t h a t  the l e g a l  aspects o f  

deep-well i n j e c t i o n  are i n  the  developmental stage and t h a t  t he re  i s  no general ac- 

ceptance o f  these systems as an env i ronmenta l ly  sound method o f  waste management. 

However, Trelease postu la tes t h a t  t he  cour ts  w i l l  consider deep-well i n j e c t i o n  a 

des i rab le  a c t i v i t y ,  n o t  t o  be discouraged, n o t  t o  be stopped; b u t  r e q u i r i n g  a l l  

i n d u s t r i e s  us ing the method t o  bear a l l  costs  when the re  i s  a ma l func t i on  and 

damage o r  i n j u r y  occurs. 

CONCLUSIONS 

Operating experience over th ree  decades has shown t h a t  deep-well systems may 

be operated s a f e l y  and success fu l l y  when the  s i t e  f o r  the w e l l  i s  p roper l y  chosen 

and the system designed f o r  t he  waste stream t o  be i n j e c t e d .  

The storage capac i t y  o f  p o t e n t i a l  host  sa laqu i fe rs ,  although considerable i n  

some areas, i s  f i n i t e  and should be t r e a t e d  as a na tu ra l  resource. The h igh  suc- 

cess r a t i o  i n  the use o f  deep-well systems does n o t  preclude caut ion i n  the use 

o f  t h i s  method no r  does i t  r e l i e v e  the  operators o f  t h e  r e s p o n s i b i l i t y  o f  c lose 

moni tor ing o f  i n j e c t e d  f l u i d ,  the rese rvo i r ,  and the meticulous maintenance of 

the we1 1 f a c i  1 i t i e s .  

Well design and cons t ruc t i on  i s  a m u l t i d i s c i p l i n e  e f f o r t  and each d i s c i p l i n e  

needed should be represented on the design team t o  ensure a successful venture. 
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