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DEEP WELL INJECTION OF INDUSTRIAL WASTE I N  TEXAS 

R.T. KENT 

UNDERGROUND RESOURCE WNAGEMENT, I N C . ,  A U S T I N ,  U .  S .  A .  

ABSTRACT 

Over 12.5 m i l l i o n  cub ic  meters o f  l i q u i d  waste are  generated annua l l y  i n  Texas and 

disposed o f  i n  surface impoundments. Many o f  these f a c i l i t i e s  are l oca ted  i n  c l i m a t -  

i c  and geo log ic  p rov inces  t h a t  a re  n o t  s u i t a b l e  f o r  su r face  waste d i sposa l .  Numerous 

cases o f  ground-water con tamina t ion  have occur red .  

posa l  i s  subsurface i n j e c t i o n .  

over  40 years, a l though chemical  wastes have been i n j e c t e d  i n  Texas f o r  o n l y  25 

years .  

proach. A l t e r n a t e  t rea tment  techno log ies ,  p re - t rea tmen t  f a c i l i t i e s ,  w e l l  cons t ruc-  

t i o n  p r a c t i c e s ,  and r e s e r v o i r  c o n d i t i o n s  must a l l  be reviewed p r i o r  t o  i n j e c t i o n .  

A f t e r  an e v a l u a t i o n  o f  each f a c t o r ,  t h e  p o t e n t i a l  r i s k s  must be balanced aga ins t  t h e  

b e n e f i t s  o f  i n j e c t i o n .  

Numerous geo log ic  fo rma t ions  e x i s t  i n  t h e  S t a t e  o f  Texas t h a t  are s u i t a b l e  f o r  

waste i n j e c t i o n .  These fo rma t ions  are  o f  l a r g e  a rea l  e x t e n t  and range i n  age from 

M i s s i s s i p p i a n  t o  Miocene. The l a r g e s t  number o f  i n j e c t i o n  w e l l s  a re  i n  t h e  G u l f  

Coast area, where t h e  pe t rochemica l  i n d u s t r y  i s  concent ra ted .  These w e l l s  a re  no r -  

m a l l y  completed below 1500 meters  subsur face  depth i n  Miocene age, unconso l ida ted  

sediments.  

One a l t e r n a t i v e  t o  sur face  d i s -  

The techn ique o f  subsur face  i n j e c t i o n  has e x i s t e d  f o r  

The r i s k s  o f  subsur face  i n j e c t i o n  must be eva lua ted  by  a m u l t i - d i s c i p l i n a r y  ap- 

Permeabi 1 i t i e s  i n  these sediments f r e q u e n t l y  exceeds 10 M3/M2/day. 

INTRODUCTION 

I n  t h e  l a s t  15  years ,  t h e r e  has been a growing p u b l i c  awareness o f  t h e  environmen- 

t a l  problems which have been c rea ted  by  our  advanced techno logy .  The r e s u l t s  o f  

t hese  advances a re  apparent:  inc reased l i f e  expectancy, s h o r t e r  work hours and more 

l e i s u r e  t ime .  However, as more i n d u s t r i e s  have been c rea ted  t o  c a t e r  t o  t h i s  way o f  

l i f e ,  a cor respond ing  inc reased volume o f  waste has been generated. Most t rea tment  

methods f o r  i n d u s t r i a l  waste r e s u l t  i n  sludges, f i l t e r  cake, a i r  p a r t i c l e  emissions, 

o r  o t h e r  b i - p r o d u c t s  which must be conta ined o r  i s o l a t e d .  Few t rea tment  o r  d isposa l  

systems e x i s t  which can remove t h e  wastes f rom t h e  b iosphere .  
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HISTORY OF SUBSURFACE INJECTION I N  TEXAS 

Subsurface i n j e c t i o n  o f  f l u i d s  has e x i s t e d  i n  Texas f o r  over 40 years .  The f i r s t  

sys temat ic  use o f  i n j e c t i o n  p robab ly  occur red  i n  an East Texas o i l  f i e l d  coopera t i ve  

p r o j e c t  around 1938, which i n v o l v e d  t h e  i n j e c t i o n  o f  produced s a l t  water back i n t o  

t h e  o i l  p roduc ing  zone. I s o l a t e d ,  s i n g l e  w e l l  i n j e c t i o n s  o f  o i l  f i e l d  b r i n e  were r e -  

p o r t e d  t o  have e x i s t e d  10 yea rs  b e f o r e  t h i s  p r o j e c t .  Gradua l ly ,  underground i n j e c -  

t i o n  o f  waste as a d i sposa l  a l t e r n a t i v e  became recogn ized by o t h e r  types  o f  indus-  

t r i e s ,  and by  1960, severa l  chemical  companies had o p e r a t i o n a l ,  i n d u s t r i a l  waste i n -  

j e c t i o n  systems. 

I n  1961, i n  o rde r  t o  assure t h e  p r o t e c t i o n  o f  groundwater f rom t h e  i n j e c t i o n  o f  

waste i n t o  t h e  subsurface, t h e  Texas L e g i s l a t u r e  enacted t h e  I n j e c t i o n  Wel l  Act, 

which was l a t e r  amended as t h e  D isposa l  Wel l  Act, and i s  now c o d i f i e d  i n  Chapter 27 

o f  t h e  Texas Water Code. T h i s  s t a t u t e  p r e s c r i b e s  t h e  p e r m i t t i n g  system f o r  subsur-  

f ace  d i sposa l  o f  i n d u s t r i a l  waste and produced o i l  f i e l d  b r i n e .  A l though t h e  tech- 

n ique  o f  i n j e c t i o n  was l a r g e l y  developed i n  t h e  o i l  f i e l d ,  t h e  r e g u l a t o r y  programs 

concern ing  t h i s  t y p e  o f  d i sposa l  have been d i r e c t e d  toward t h e  i n d u s t r i a l  w e l l s .  

Texas was t h e  f i r s t  s t a t e  i n  t h e  U n i t e d  S ta tes  t o  enac t  a law regard ing  i n d u s t r i a l  

waste we l l s ,  and t h e  c u r r e n t  U .  S. Environmental  P r o t e c t i o n  Agency program i s  s i m i l a r  

t o  t h e  Texas program. 

NEED FOR INJECTION WELLS 

Texas i s  a v e r y  i n d u s t r i a l i z e d  s t a t e .  Dur ing  1978, t h e  Texas chemical  i n d u s t r y  

produced over  15 m i l l i o n  m e t r i c  t ons  o f  i n d u s t r i a l  waste ( r e f .  1). O f  t h a t  amount, 

12.4 m i l l i o n  cub ic  meters were l i q u i d  i n  n a t u r e  and were disposed o f  i n  su r face  i m -  

poundments ( r e f .  2 ) .  

p rov inces  t h a t  a re  no t  s u i t a b l e  f o r  su r face  d i sposa l  o f  l i q u i d  waste. As a r e s u l t ,  

numerous i ns tances  o f  su r face  and ground-water contaminat ion  have occur red .  Recent 

S t a t e  and Federa l  l e g i s l a t i o n  has decreased t h e  use o f  su r face  impoundments, and a l -  

t e r n a t e  d i sposa l  methods must be developed. 

Most i n d u s t r i a l i z e d  areas a re  l o c a t e d  i n  c l i m a t i c  and geo log ic  

R I S K S  VS BENEFITS OF INJECTION 

The r i s k s  versus t h e  b e n e f i t s  o f  subsur face  i n j e c t i o n  must be eva lua ted  by  a mul- 

t i d i s c i p l i n a r y  team. Subsurface i n j e c t i o n  systems, i f  n o t  p r o p e r l y  designed and 

operated, can cause p o l l u t i o n  o f  f r e s h  ground-water resources .  

ways t h a t  con taminat ion  can occu r :  ( 1 )  Improper l y  designed systems can r e s u l t  i n  

c o r r o s i o n  o f  t h e  p r o t e c t i v e  cas ings  and tub ing ,  and leakage i n t o  f r e s h  water can oc- 

cur .  ( 2 )  Once t h e  waste has en te red  t h e  in tended r e s e r v o i r ,  f a r  below a l l  f r e s h  wa- 

t e r ,  i t  can escape b y  upward m i g r a t i o n  a long f a u l t s ,  f r a c t u r e s ,  o r  abandoned o i l / g a s  

w e l l s .  Because o f  t h e  magnitude o f  e x p l o r a t o r y  ho les  d r i l l e d  i n  Texas, t h e  most 

l i k e l y  method o f  escape i s  upward m i g r a t i o n  th rough  inadequa te l y  plugged, abandoned 

o i l  o r  gas we l l s .  

There a re  severa l  

Th i s  p o s s i b l e  avenue o f  escape can be enhanced i f  t h e  r e s e r v o i r  
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s e l e c t e d  f o r  i n j e c t i o n  has i n s u f f i c i e n t  p e r m e a b i l i t y  and area l  e x t e n t  t o  accept t h e  

waste w i t h o u t  s i g n i f i c a n t  p ressu re  inc reases .  

The r i s k  o f  con taminat ion  r e s u l t i n g  f rom i n j e c t i o n  can be reduced i f  s u f f i c i e n t  

geo log i c  i n f o r m a t i o n  i s  developed concern ing  t h e  proposed s i t e ,  i f  t h e  w e l l  i s  prop- 

e r l y  cased and completed, and t h e  o p e r a t i o n  i s  conducted i n  a prudent  manner. De- 

t a i l e d  e v a l u a t i o n s  and modern des igns  have made deep w e l l  d i sposa l  an env i ronmen ta l l y  

sound method o f  d i sposa l  i n  t h e  S ta te .  A w e l l  p lanned and operated i n j e c t i o n  w e l l  

f a c i l i t y  p e r m i t s  t h e  removal o f  s e l e c t e d  hazardous wastes from t h e  b iosphere  and i s o -  

l a t e s  them i n  deep geo log ic  p rov inces .  

waste have been i n j e c t e d  i n  Texas ( r e f .  3 ) .  

S ince  1961, over  159,000,000 c u b i c  meters o f  

AVAILABILITY OF GEOLOGIC HORIZONS FOR INJECTION 

Numerous g e o l o g i c  fo rma t ions  e x i s t  i n  Texas t h a t  a re  s u i t a b l e  f o r  waste i n j e c t i o n .  

These fo rma t ions  are o f  l a r g e  a rea l  e x t e n t  and range i n  age from M i s s i s s i p p i a n  t o  

Miocene. 

ments have r e s e r v o i r s  s u i t a b l e  f o r  d i sposa l .  

G e n e r a l l y  speaking, most g e o l o g i c  bas ins  w i t h  t h i c k  accumulat ions o f  s e d i -  

Fig.' 1. Loca t ion  o f  waste d i s p o s a l  w e l l s  i n  Texas. 

Based on a geo log ic  map o f  Texas and a rev iew  o f  numerous geophys ica l  logs  and d r i l l  

stem t e s t s ,  genera l  areas o f  p o t e n t i a l  l o c a t i o n s  f o r  sa fe  i n j e c t i o n  programs have 

been developed ( F i g u r e  1). 

1. From 1961 t o  September, 1980, 174 pe rm i t s  f o r  i n d u s t r i a l  waste i n j e c t i o n  w e l l s  

were issued.  The d i s t r i b u t i o n  o f  t h e  w e l l s  w i t h i n  t h e  S t a t e  a re  i n d i c a t e d  on F igu re  

1. 

Se lec ted  d a t a  f o r  these r e s e r v o i r s  a re  conta ined i n  Table 

The l a r g e s t  nunber o f  t hese  w e l l s  i s  i n  t h e  G u l f  Coast area where t h e  petrochemi- 
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c a l  i n d u s t r y  i s  concent ra ted ,  and f o r t u n a t e l y  where many geo log ic  ho r i zons  e x i s t  f o r  

i n j e c t i o n .  

su r face  depth  i n  Miocene-Oligocene age, unconso l ida ted  sediments. P e r m e a b i l i t y  i n  

t h e  Lower Miocene-01 igocene ( F r i o  Format ion)  f r e q u e n t l y  exceeds 10M3/M2/day. 

The w e l l s  i n  t h e  Gulf Coast a re  n o r m a l l y  completed below 1500 meters- sub- 

TABLE 1 
C h a r a c t e r i s t i c s  o f  d i sposa l  zones i n  Texas 

Format i o n  

G r a n i t e  wash 
Hunton 
Simpson 
E l l enburge r  
M i  s s i s s i pp i an 
Reef 
Yegua 
Catahoul a 
F r i o  
Miocene 
Woodbine 

L i t h o l o g y  

Chert  
L imestone 
Sandstone 
Do 1 o m i  t e  

Bioherm 
Sand 
Sand 
Sand 
Sand 
Sand 

Area o f  
t h e  S t a t e  

I 
I 
I 
I 1  

I 1  
V 
V 
V I  
V I  
V I I  

Approx . 
Depth( f t )  

5300-5500 
5700-5800 
6000-6200 
6 100-6300 

3800 

3700 
5800+ 

3400-4500 

3000-6000 
2500- 5000 

Aver. % 
P o r o s i t y  

Average 
K(md)* TDS** 

14 
29 
19 
10 

5 
30 
31 
30 
30 
30 

26,900 
30,600 

167,000 
100 131,000 

525 86,000 
300 70,000 
815 60,000 

2000 90,000 
1000 70,000 
2000 12,000 

* M i  1 1  i d a r c y .  
** T o t a l  D isso lved  S o l i d s  m i l l i g r a m s  per l i t e r .  

DEPENDABILITY OF INJECTION SYSTEM 

I n  a d d i t i o n  t o  minor eng inee r ing  f a i l u r e s  ( co r roded  casings, t u b i n g  f a i l u r e s ,  

e t c . ) ,  seve ra l  i n j e c t i o n  w e l l s  have developed i n j e c t i v i t y  problems assoc ia ted  w i t h  

i n c o m p a t i b i l i t y  between t h e  i n j e c t e d  waste and t h e  r e s e r v o i r  m a t r i x  o r  f o rma t ion  wa- 

t e r .  Genera l l y ,  these types  o f  problems can be d i v i d e d  i n  t h r e e  areas: mat r ix -waste  

i n c o m p a t i b i l i t y ,  f o rma t ion  water-waste i n c o m p a t i b i l i t y ,  and auto r e a c t i v i t y  o f  t h e  

waste under bo t tom h o l e  c o n d i t i o n s .  These problems are  g e n e r a l l y  o f  no env i ronmenta l  

concern. 

Auto r e a c t i v i t y  

Many o f  t h e  o rgan ic  chemical  waste p roduc ts  are temperature and pressure  sens i -  

t i v e .  The inc rease  i n  tempera ture  and pressure  f rom t h e  su r face  o f  t h e  ground t o  t h e  

i n j e c t i o n  zone can r e s u l t  i n  p r e c i p i t a t i o n  o f  s a l t s  o r  compounds. These suspended 

p a r t i c l e s  can r e s u l t  i n  p lugg ing  o f  t h e  fo rma t ion  face .  

e r a l l y  r e v e r s i b l e  b y  back f l o w i n g  t h e  w e l l .  

Waste-water- format ion water r e a c t i o n  

Th is  t ype  o f  damage i s  gen- 

Frequent ly ,  i n j e c t i v i t y  problems are  caused b y  t h e  p r e c i p i t a t i o n  o f  a l k a l i n e  met- 

a l s  such as barium, calc ium, magnesium, and s t r o n t i u n  as i n s o l u b l e  carbonates and 

s u l f a t e s .  
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Tab le  2 i s  a chemical  a n a l y s i s  o f  Lower F r i o  Format ion water and i n d i c a t e s  s i g n i f -  

i c a n t  q u a n t i t i e s  o f  these a l k a l i n e  me ta l s .  

n i f i c a n t  amounts o f  s u l f a t e  w i l l  cause p r e c i p i t a t i o n  t o  occur.  F requent ly ,  t h i s  

problem can be ave r ted  by i n j e c t i n g  a s o l u t i o n  which i s  no t  r e a c t i v e  wi th  t h e  waste 

I n j e c t i o n  o f  waste streams wi th any s i g -  

TABLE 2 

Chemical a n a l y s i s  o f  water f rom t h e  F r i o  Format ion,  H a r r i s  County, Texas 

S i l i c a  29 Carbonate 10 Bar iun  43 
Calcium 1850 C h l o r i d e  60140 Boron 25 
Magnesiun 440 TDS 124,900 mg/ l  Cadmiun <0.03 
Potassium 1590 PH 4.92 I r o n  13 
Sodi un 34500 F1 uor  i de 0.8 Manganese 1.5 
B ica rbona te  150 S u l f a t e  11 S t ron t i um 103 

A l l  analyses i n  m i l l i g r a m / l i t e r  except pH. 

and t h e  fo rma t ion  water.  Th i s  " b u f f e r "  zone can separa te  t h e  two uncompat ib le waters 

and keep them f rom mix ing .  

which can be added t o  t h e  waste t o  p revent  o r  r e t a r d  p r e c i p i t a t i o n .  

Waste s t ream - r o c k  m a t r i x  r e a c t i o n s  

I n  a d d i t i o n ,  many a n t i - s c a l i n g  a d d i t i v e s  a re  a v a i l a b l e  

I n  a rea  V I  o f  t h e  S t a t e  ( F i g u r e  l ) ,  t h e  i n j e c t i o n  i n t e r v a l  i s  no rma l l y  an 

unconso l ida ted  sand which f r e q u e n t l y  c o n t a i n s  i n t e r s t i t i a l  c l a y  m ine ra l s  d i spe rsed  

th roughout  t h e  sand m a t r i x .  

TABLE 3 

X-Ray a n a l y s i s  o f  core  samples (upper  F r i o  Format ion)  

M ine ra l  Range o f  Percent  o f  P a r t i c l e  S i ze  
Sand S i l t  C lay  

M o n t m o r i l l o n i t e  0 0- 7 1-12 
I l l i t e  0 1- 5 1-9 
Kaol  i n i t e  2-6 23-42 39-75 
Q u a r t z  69-93 18-48 11-24 
Fe 1 dspar 2-27 2- 8 2-11 
C a l c i t e  .3- 6.4 2-11 2- 7 

The p r i n c i p a l  m ine ra l  o f  t h e  i n j e c t i o n  i n t e r v a l  i s  quar tz ,  which i s  non- reac t ive  

f o r  a l l  p r a c t i c a l  purposes. However, t h e  s e n s i t i v i t y  o f  t h e  c l a y  m ine ra l s  inc reases  

as t h e  t o t a l  d i s s o l v e d  s o l i d s  o f  t h e  waste decreases, and i n j e c t i o n  o f  many organ ic  

waste w i t h  low concen t ra t i ons  o f  i n o r g a n i c  s a l t s  can g r e a t l y  reduce t h e  fo rma t ion  

p e r m e a b i l i t y  by  s w e l l i n g  t h e  i n t e r s t i t i a l  c l a y s .  

c o m p a t i b i l i t y  t e s t i n g  o f  wastes p r i o r  t o  i n j e c t i o n  has become a common p r a c t i c e .  

a r e s u l t ,  waste i n j e c t i o n  systems have become more dependable. 

I n  r e c e n t  years,  i n d u s t r y  has recogn ized t h e  comp lex i t y  o f  i n j e c t i o n  systems and 

As 



SUMMARY 

Since 1961, 159,000,000 cub ic  meters o f  waste has been i n j e c t e d  i n t o  deep s a l i n e  

a q u i f e r s  i n  Texas. Al though t h e r e  have been numerous i n j e c t i o n  w e l l  problems, none 

have r e s u l t e d  i n  s i g n i f i c a n t  r i s k s  t o  the  environment.  The f a i l u r e s  which d i d  occur 

were t h e  r e s u l t  o f  poor p lann inq  o r  ope ra t i ona l  e r r o r .  I n  recen t  years,  t h e  

m u l t i - d i s c i p l i n a r y  p lanning approach has been u t i l i z e d  and f a i l u r e s  a t t r i b u t e d  t o  

poor p lann ing  have decreased. 
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