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CHAPTER I 

INTRODUCTION 

STATUTORY REQUIREMENTS AND GENERAL PURPOSE 

Under Section 3001(b)(Z)(A) of the 1980 Amendments t o  the Resource 

Conservation and Recovery Act (RCRA), Congress temporarily exempted 

several types of so l id  wastes from regulation as hazardous wastes, 

pending fur ther  study by the  Environmental Protection Agency 

( E P A )  . I  Among the categories  of wastes exempted were 'dri 11 ing 

f lu ids ,  produced waters, and other wastes associated with the 

exploration, development, or  production o f  crude a i l  o r  natural gas or 

geothermal energy. " Sect ion 8002 (m) of the  Amendments requires the 

Administrator . t o  study these wastes and submit a f ina l  report  t o  

Congress. This report  responds t o  those requirements. Because of the 

many inherent differences between the o i l  and gas industry and the 

geothermal .energy industry,  the report  i s  submitted in three volumes. 

Volume 1 ( t h i s  volume) covers the o i l  and gas industry; Volume 2 covers 

the geothermal energy industry; Vo1 ume 3 covers S ta te  regul atory 

summaries f o r  the o i l  and gas industry and includes a glossary of terms. 

This report  discusses wastes generated only by the onshore segment of the 

o i l  and gas industry.  

The or iginal  dead1 ine f o r  t h i s  .study was October 1982. EPA f a i l ed  to  
meet tha t  deadline, and in August 1985 the Alaska Center f o r  the 

Environment sued the Agency fo r  i t s  f a i l u r e  t o  conduct the study. 

EPA 1s also required to make regulatory determinations affecting the oil and gas and 

geothermal energy industr~es under several other major statutes. These include design lng 

appropriate effluent limitations guidelines under the Clean Water Act, determining emissions 

standards under the Clean Alr Act, and ~mplementlng the requ~rements of the underground lnjectlon 

control program under the Safe D r i n k ~ n g  Water Act. 



EPA entered into a consent order, obligating it to submit the final 
Report to Congress on or before August 31, 1987. In April 1987, this 
schedule was modified and the dead1 ine for submittal of the final Report 
to Congress was extended to December 31, 1987. 

Following submission of the current study, and after public hearings 
and opportunity for comment, the Administrator of EPA must determine 
either to promulgate regulations under the hazardous waste management 
provisions of RCRA (Subtitle C) or to declare that such regulations are 

unwarranted. Any regulations would not take effect unless authorized by 

an act of Congress. 

This does not mean that the recommendations of this report are 
limited to a narrow choice between application of full Subtitle C 
regulation and continuation of the current exemption. Section 8002(m) 
specifically requires the Administrator to propose recommendations for 
"[both] Federal and non-Federal actions" to prevent or substantially 
mi tigate any adverse effects associated with management of wastes from 
these industries. EPA interprets this statement as a directive to 

consider the practical and prudefit means available to avert health or 
environmental damage associated with the improper management of oil, gas, 
or geothermal wastes. The Agency has identified a wide range of possible 
actions, including voluntary programs, cooperative work with States to 
modify their programs, and Federal action outside of RCRA Subtitle C, 
such as RCRA Subtitle D, the existing Underground Injection Control 
Program under the Safe Drinking water Act, or the National Pollution . 

Discharge El iminat ion System under the Clean Water Act. 

In this light, EPA emphasizes that the recommendations presented here 
do not constitute a regulatory determination. Such a determination 
cannot be made until the pub1 ic has had an opportunity to review and 
comment on this report (i . e.,  the determination cannot be made unti 1 June 
1988). Furthermore, the Agency is, in several important areas, 
presenting optional approaches involving further research and 
consul tation with the States and other affected parties. 



STUDY APPROACH 

The s tudy  f a c t o r s  a re  l i s t e d  i n  t h e  v a r i o u s  paragraphs o f  Sec t i on  

8002(m), which i s  quoted i n  i t s  e n t i r e t y  as E x h i b i t  1 (page 1-13) .  For  

c l a r i t y ,  t he  Agency has designed t h i s  r e p o r t  t o  respond s p e c i f i c a l l y  t o  

each study f a c t o r  w i t h i n  separate chapters  o r  s e c t i o n s  o f  chapters .  It 

i s  impor tan t  t o  no te  t h a t  a l t hough  every s tudy  f a c t o r  has been weighed i n  

a r r i v i n g  a t  t h e  conc lus ions  and recommendations o f  t h i s  r e p o r t ,  no s i n g l e  

s tudy  f a c t o r  has a de te rm in ing  i n f l u e n c e  on the  conc lus ions  and 

recommendations. 

The s tudy  f a c t o r s  a re  d e f i n e d  i n  t he  paragraphs below, which a l s o  

i n t r o d u c e  t h e  methodologies used t o  analyze each s tudy  area w i t h  r e s p e c t  

t o  t h e  o i l  and gas i n d u s t r y .  More d e t a i l e d  methodo log ica l  d i scuss ions  

can be found 1 a t e r  i n  t h i s  r e p o r t  and i n  t h e  suppor t i ng  documentat ion and 

appendices. 

STUDY FACTORS 

The p r i n c i p a l  s tudy  f a c t o r s  o f  concern t o  Congress a r e  l i s t e d  i.n 

subparagraphs ( A )  th rough ( G )  o f  Sec t i on  8002(m)( l )  (see E x h i b i t  1 ) .  The 

i n t r o d u c t o r y  and conc lud ing  paragraphs o f  t h e  Sect ion ,  however, a l s o  

c o n t a i n  d i r e c t i v e s  t o  t h e  Agency on t h e  con ten t  o f  t h i s  s tudy.  T h i s  

work has t h e r e f o r e  been organ ized t o  respond t o  t h e  f o l l o w i n g  

comprehensive i n t e r p r e t a t i o n  o f  t h e  8002(m) s tudy  f a c t o r s .  

Studv Fac to r  1 - D e f i n i n q  Exempt Wastes 

RCRA desc r ibes  t h e  exempt wastes i n  broad terms, r e f e r r i n g  t o  

" d r i l l i n g  f l u i d s ,  produced waters,  and o'ther wastes assoc ia ted  w i t h  t h e  

e x p l o r a t i o n ,  development, o r  p r o d u c t i o n  o f  crude o i l  o r  n a t u r a l  gas o r  

geothermal energy. " The Agency, t h e r e f o r e ,  r e 1  i e d  t o  t h e  e x t e n t  p o s s i b l e  

on t h e  l e g i s l a t i v e  h i s t o r y  o f  t h e  amendments, which p rov ides  guidance on 

t h e  d e f i n i t i o n  o f  o t h e r  wastes. The t e n t a t i v e  scope o f  t h e  exemption i s  

d iscussed i n  Chapter I 1  o f  t h i s  volume. 



Study F a c t o r  2 - S p e c i f y i n s  t h e  Sources and Volumes o f  Exempt Wastes 

I n  response t o  Sec t i on  8002(m) ( l ) (A ) ,  EPA has developed es t ima tes  o f  

t h e  sources and volumes o f  a11 exempt wastes. The es t ima tes  a r e  

presented i n  'Chapter 11, "Overview o f  t h e  I n d u s t r y . "  

Comprehensive i n f o r m a t i o n  on t h e  volumes o f  exempt wastes f rom o i l  

and gas opera t  ions  i s  n o t  r o u t i n e l y  co1 l e c t e d  nat.ionwide; however, 

es t ima tes  o f  t o t a l  volumes produced can be made th rough  a  v a r i e t y  o f  

approaches. 

Wi th  respec t  t o  d r i l l i n g  muds and r e l a t e d  wastes, two methods f o r  

e s t i m a t i n g  volumes a r e  presented.  The f i r s t ,  developed e a r l y  i n  t h e  

s tudy  by EPA, es t ima tes  d r i l l i n g  wastes as a  f u n c t i o n  o f  t h e  s i z e  o f  

rese rve  p i t s .  The second method i s  based on a survey conducted by t h e  

American Petro leum I n s t i t u t e  (API) on p r o d u c t i o n  o f  d r i l l i n g  muds and 

comple t ion  f l u i d s ,  c u t t i n g s ,  and o t h e r  assoc ia ted  wastes d i scha rged  t o  

rese rve  p i t s .  Both methods and t h e i r  r e s u l t s  a r e  i n c l u d e d  i n  Chapter 11. 

S i m i  1  a r l  y ,  EPA and API developed independent es t ima tes  o f  produced 

water  volumes. EPA's f i r s t  es t ima tes  were based on a  survey o f  t h e  

i n j e c t i o n ,  p roduc t i on ,  and h a u l i n g  r e p o r t s  o f  S t a t e  agencies; API 's  were 

based on i t s  own survey o f  p r o d u c t i o n  o p e r a t i o n s .  Again, t h i s  r e p o r t  

p resen ts  t h e  r e s u l t s  o f  b o t h  methodologies.  

Study F a c t o r  3 - C h a r a c t e r i z i n s  Wastes 

S e c t i o n  8002(m) does n o t  d i r e c t l y  c a l l  f o r  a  l a b o r a t o r y  a n a l y s i s  o f  

t h e  exempted wastes, b u t  t h e  Agency cons ide rs  such a  rev iew  t o  be a  

necessary and a p p r o p r i a t e  element o f  t h i s  s tudy .  A n a l y s i s  o f  t h e  

p r i n c i p a l  h igh-volume wastes ( i  .e., d r i l l i n g  f l u i d s  and produced waters )  

can h e l p  t o  i n d i c a t e  whether any o f  t h e  wastes may be hazardous under t h e  



definitions of RCRA Subtitle C. Wastes were examined with regard to 

whether they exhibited any of the hazardous characteristics defined under 
40 CFR 261 of RCRA, including extraction procedure toxicity, 
ignitability, corrosivity, and reactivity. Also, a compositional 
analysis was performed for the purpose of determining if hazardous 

constituents were present in the wastes at concentrations exceeding 
accepted health-based limits. 

EPA therefore conducted a national. screening type program that 
sampled facil ities to compile relevant data on waste characteristics. 

Sites were selected at random in cooperation with State regulatory 
agencies, based on a division of the United States into zones (see 
Figure 1-1).  Samples were subjected to extensive analysis, and the 
results were subjected to rigorous quality control procedures prior to 
their publication in January 1987. Simultaneously, using a different 

sampling methodology, API sampled the same sites 'and wastes covered by 
the EPA-sponsored survey. Chapter I1 of this report, "Overview of the 
Industry, " presents a summary of results of both programs. 

Study Factor 4 - Describins Current Disposal Practices 

Section 8002(m)(l)(B) calls for an analysis of current disposal 
practices for exempted wastes. Chapter 111, "Current and A1 ternative 
Waste Management Practices," summarizes EPA's review, which was based on 
a number of sources. Besides reviewing the technical literature, EPA 
sent representatives to regulatory agencies of the major oil- and 
gas-producing States to discuss current waste management technologies 
with State representatives. In addition, early drafts of this study's 
characterizations of such~technologies were reviewed by State and 
industry representatives. 



Figure 1-1 
Oil and Gas Production Zones 

Divisions of the United States 
Used for the 

RCRA Section 8002(m) Study of 
Oil and Gas Wastes 



The Agency intent ional ly has n o t  compiled an exhaustive review of 

waste management technologies used by the o i l  and gas industry.  As 
stressed throughout t h i s  volume, conditions and methods vary widely from 

Sta te  t o  S ta te  and operation t o  operation. Rather, the Agency has 

described the principal and common methods of managing field-generated 

wastes and has discussed these pract ices  in general and qua l i t a t ive  terms 

i n  re la t ion  t o  t h e i r  effect iveness  in protecting human health and the 

environment. 

S t u d y  Factor 5 - Documentinq Evidence o f  Damaqe t o  H u m a n  Health and the 

Environment Caused by Manaqement o f  Oil and Gas Wastes 

Section 8002(m)(1)(0) requires EPA t o  analyze "documented cases" of 

health and environmental darnage related t o  surface runoff or leachate.  

Although EPA has followed t h i s  ins t ruc t ion ,  paragraph ( 1 )  of the sect.ion 

a lso  re fers  t o  "adverse e f f e c t s  of such wastes [ i . e . ,  exempted wastes, 

not necessarily only runoff and leachate] on  humans, water, a i r ,  heal th ,  

we1 fa re ,  and natural resources.  . . . " 

Chapter I V ,  "Damage Cases," summarizes EPA's e f f o r t  t o  co l l ec t  

documented evidence of harm t o  human heal th ,  the environment, or valuable 

resources. Cases were accepted for  presentation in t h i s  report  only i f ,  

p r ior  to  commencement of f i e l d  work, they met the standards of the t e s t  

of proof, defined as (1 )  a  s c i e n t i f i c  study, ( 2 )  an administrative 

finding of damage under S ta t e  or  other applicable au thor i ty ,  or 

( 3 )  determination of damage by a  court .  Many cases met more than one 

such t e s t  of proof. 

A number of issues of in te rpre ta t ion  have been raised tha t  must be 

c l a r i f i e d  a t  the outse t .  F i r s t ,  in the Asency's opinion, the case study 

approach, such as tha t  cal led fo r  by Section 8002(m), i s  intended only t o  

define the nature and range of known damages, not t o  estimate the  

frequency or  extent o f  damages associated with typical operations.  The 



r e s u l t s  p resented here should n o t  be i n t e r p r e t e d  as hav ing  s t a t i s t i c a l  

s i g n i f i c a n c e .  The number o f  cases r e p o r t e d  i n  each ca tegory  bears no 

s t a t i s t i c a l l y  s i g n i f i c a n t  r e l a t i o n s h i p  t o  t h e  a c t u a l  types and 

d i s t r i b u t i o n  o f  damages t h a t  may o r  may n o t  e x i s t  across t h e  U n i t e d  

S ta tes .  

Second, t h e  t o t a l  number o f  cases bears no i m p l i e d  o r  i n tended  

r e l a t i o n s h i p  t o  t h e  t o t a l  e x t e n t  o f  damage f rom o i l  o r  gas o p e r a t i o n s  

caused a t  p resent  o r  i n  t h e  p a s t .  

T h i r d ,  Sec t i on  8002(m) ( l ) (D )  makes no ment ion o f  d e f i n i n g  

r e l a t i o n s h i p s  between documented damages and v i o l a t i o n s  o f  S t a t e  o r  o t h e r  

Federal r e g u l a t i o n s .  As a  p r a c t i c a l  n e c e s s i t y ,  EPA has i n  f a c t  r e l i e d  

h e a v i l y  on S t a t e  enforcement and comp la in t  f i l e s  i n  g a t h e r i n g  
2 documentat ion f o r  t h i s  s e c t i o n  o f  t h e  r e p o r t .  Consequently,  a  

l a r g e  p r o p o r t i o n  o f  cases r e p o r t e d  here  i n v o l v e  v i o l a t i o n s  o f  S t a t e  

r e g u l a t i o n s .  However, t h e  f a c t  t h a t  t h e  m a j o r i t y  o f  cases presented here  

i n v o l v e  S t a t e  enforcement a c t i o n s  i m p l i e s  n o t h i n g ,  p o s i t i v e  o r  nega t i ve ,  

about t h e  success o f  S t a t e  programs i n  e n f o r c i n g  t h e i r  requ i rements  on 

i n d u s t r y .  

Study Fac to r  6 - Assessinq P o t e n t i a l  Danqer t o  Human H e a l t h  o r  t h e  

Environment f rom t h e  Wastes 

S e c t i o n  8002(m) ( l ) (C )  r e q u i r e s , a n a l y s i s  o f  t h e  p o t e n t i a l  dangers o f  

su r face  r u n o f f  and l eacha te .  These p o t e n t i a l  e f f e c t s  can i n v o l v e  a l l  

t ypes  o f  damages over  a  l o n g  p e r i o d  of  t ime  and a r e  n o t  n e c e s s a r i l y  

l i m i t e d  t o  t h e  c a t e g o r i e s  o f  damages f o r  which documentat ion i s  c u r r e n t l y  

a v a i l a b l e .  

Other sour-ceb hdve included evldence submitted by private clt ~ z e n s  or s u p p l ~ e d  by attorneys 

in response to inquiries from EPA researchers. 



Several methods of estimating potential damages are avail able, and 

EPA has combined two approaches in responding to this study factor in 
Chapter V, "Risk Modeling." The first has been to use quantitative risk 
assessment mode1 ing techniques developed for use el sewhere in the RCRA 

program. The second has been to apply more qualitative methods, based on 
traditional environmental assessment techniques. 

The goal of both the quantitative and the qualitative risk 
assessments has been to define the most important factors in causing or 
averting human health risk and environmental risk from field operations. 

For the quantitative evaluation, EPA has adapted the EPA Liner Location 
Model, which was built to evaluate the impacts of land disposal of 
hazardous wastes, for use in analyzing drilling and production 
conditions. Since oil and gas operations are in many ways significantly 
different from land disposal of hazardous wastes, all revisions to the 
Liner Location Model and assumptions made in its present application have 

been extensively documented and are summarized in Chapter V .  The 
procedures of traditional envi ronment.al assessment needed no modif icat ion 
to be appl ied. 

As is true in the damage case work, the results of the modeling 
analysis have no statistical significance in terms of either the pattern 
or the extent of damages projected. The Agency modeled a subset of 

prototype situations, designed to roughly represent signi f icant 
variations in conditions across the country. The results are very useful 
for characterizing the interactions of technological, geological, and 
climatic differences as they influence the potential for damages. 

 stud.^ Factor 7 - Reviewins the Adeauacv of Government and Private 
Measures to Prevent and/or Mitiqate anv Adverse Effects 

Section 8002 (m) (1) requires that the report's conclusions of any 
adverse effects associated with current management of exempted wastes 



i n c l u d e  c o n s i d e r a t i o n  of t h e  "adequacy o f  means and measures c u r r e n t l y  

employed by the  o i l  and gas i n d u s t r y ,  Government agencies, and o t h e r s "  t o  

d ispose o f  o r  r e c y c l e  wastes o r  t o  p revent  o r  m i t i g a t e  those adverse 

e f f e c t s .  

N e i t h e r  t h e  damage case assessment n o r  t h e  r i s k  assessment p rov ided  

s t a t i s t i c a l l y  r e p r e s e n t a t i v e  da ta  on the  e x t e n t  o f  damages, making i t  

imposs ib le  t o  compare damages i n  any q u a n t i t a t i v e  way t o  t h e  presence and 

e f f e c t i v e n e s s  o f  c o n t r o l  e f f o r t s .  The Agency's response t o  t h i s  

requ i rement  i s  t h e r e f o r e  based on a  q u a l i t a t i v e  assessment o f  a l l  t h e  

m a t e r i a l s  ga thered d u r i n g  t h e  course o f  assembling t h e  r e p o r t  and on a  

rev iew  o f  S t a t e  r e g u l a t o r y  programs presented i n  Chapter V I I ,  "Cu r ren t  

Regu la tory  Programs." Chapter V I I  rev iews t h e  elements o f  programs and 

h i g h l i g h t s  p o s s i b l e  i n c o n s i s t e n c i e s ,  l a c k  o f  s p e c i f i c i t y ,  p o t e n t i a l  

problems i n  implementat ion,  o r  gaps i n  coverage. I n t e r p r e t a t i o n  o f  t h e  

adequacy o f  these c o n t r o l  e f f o r t s  i s  p resented i n  Chapter V I I I ,  

"Conc lus ions . "  

Study Fac to r  8 - D e f i n i n q  A l t e r n a t i v e s  t o  Cur ren t  Waste Manaqement 

P r a c t i c e s  

S e c t i o n  8002 ( m ) ( l )  r e q u i r e s  EPA t o  analyze a l t e r n a t i v e s  t o  c u r r e n t  

d i s p o s a l  methods. EPA's d i s c u s s i o n  i n  response t o  t h i s  s tudy  f a c t o r  i s  

i n c o r p o r a t e d  i n  Chapter 111, "Cur ren t  and A l t e r n a t i v e  Waste Management 

P r a c t i c e s . "  

Chapter 111 merges t h e  concepts o f  c u r r e n t  and a l t e r n a t i v e  waste 

management p r a c t i c e s .  I t  does n o t  s i n g l e  o u t  p a r t i c u l a r  t echno log ies  as 

p o t e n t i a l  s u b s t i t u t e s  f o r  c u r r e n t  p r a c t i c e s  because o f  t h e  wide v a r i a t i o n  

i n  p r a c t i c e s  among S ta tes  and among d i f f e r e n t  t ypes  o f  o p e r a t i o n s .  

Fur thermore,  waste management techno logy  i n  t h i s  f i e l d  i s  f a i r l y  s imp le .  

A t  l e a s t  f o r  t h e  major  h igh-volume waste streams, no s i g n i f i c a n t ,  

f i e l d - p r o v e n ,  newly i nven ted  techno log ies  t h a t  can be cons idered 

" i n n o v a t i v e "  o r  "emerging" a re  i n  t h e  research  o r  development s tage.  



Practices that are routine in one location may be considered innovative 

or alternative elsewhere. On the other hand, virtually every waste 
management practice that exists can be considered "current" in one 

specific situation or another. 

This does not mean that improvements are not possible: in some cases, 

currently avai 1 able techno1 ogies may not be properly selected, 
implemented, or maintained. Near-term improvements in waste management 

in these industries will likely be based largely on more effective use of 
what is already available. 

Study Factor 9 - Estimatinq the Costs of Alternative Practices 

Subparagraph (F) calls for analysis of costs of alternative 
practices. The first several sections of Chapter V I ,  "Costs and Economic 

Impacts of Alternative Waste Management Practices," present the Agency's 

analysis o f  this study factor. . 

For the purposes of this report, EPA based its cost estimates on 21 . 

prototypical regional projects, defined so as to capture significant 

differences between major and independent companies and between stripper 

operations and other projects. The study evaluates costs of waste 

disposal only for the two principal high-volume waste streams of concern, 

drilling fluids and produced waters, employing as its baseline the use of 

unlined reserve pits located at the drill site and the disposal.of 
produced waters in injection wells permitted under the Federal 
Underground Injection Control Program and located off site. 

The study then developed two alternative scenarios that varied the 

incremental costs of waste management control technology, applied them to 

each prototype project, and modeled the cost impacts of each. The 



f i r s t  scenar io  imposes a  s e t  o f  requi rements t y p i c a l  o f  f u l l  S u b t i t l e  C 

management r u l e s ;  t h e  second rep resen ts  a  l e s s  s t r i n g e n t  and e x t e n s i v e  

range o f  requi rements based, i n  essence, on u n i f o r m  na t i onw ide  use o f  t h e  

most u p - t o - d a t e  and e f f e c t i v e  c o n t r o l s  now be ing  a p p l i e d  by any o f  t h e  

S ta tes .  Model r e s u l t s  i n d i c a t e  cumu la t i ve  annual cos ts , .  a t  t h e  p r o j e c t  

l e v e l ,  of each o f  t h e  more s t r i n g e n t  c o n t r o l  scenar ios .  

Study F a c t o r  10 - E s t i m a t i n q  t h e  Economic Impacts on I n d u s t r v  o f  

A l t e r n a t i v e  P r a c t i c e s  

In response t o  t he  requi rements o f  subparagraph ( G ) ,  t h e  f i n a l  two 

s e c t i o n s  o f  Chapter V I  present  t h e  Agency's a n a l y s i s  o f  t h e  p o t e n t i a l  

economic impacts o f  na t i onw ide  i m p o s i t i o n  o f  t h e  two c o n t r o l  scenar ios  

analyzed a t  t h e  p r o j e c t  l e v e l .  

Both t h e  cos t  and t h e  economic impact p r e d i c t e d  i n  t h i s  r e p o r t  a re  

a d m i t t e d l y  l a r g e .  Many s i g n i f i c a n t  v a r i a t i o n s  i n f l u e n c e  t h e  economics o f  

th . is  i n d u s t r y  and make i t  d i f f i c u l t  t o  g e n e r a l i z e  about impacts on e i t h e r  

t h e  p r o j e c t  o r  t h e  n a t i o n a l  l e v e l .  I n  p a r t i c u l a r ,  t h e  p r i c e  o f  o i l  

i t s e l f  g r e a t l y  a f f e c t s  bo th  l e v e l s .  F l u c t u a t i o n s  i n  t h e  p r i c e  o f  o i l  

over  t h e  p e r i o d  d u r i n g  which t h i s  s tudy  was prepared have had a  pro found 

i n f l u e n c e  on p r o j e c t  economics, making i t  d i f f i c u l t  t o  draw conc lus ions  

about t h e  c u r r e n t  o r  f u t u r e  impacts o f  m o d i f i e d  waste management 

p r a c t i c e s .  

Never the less ,  t h e  Agency b e l i e v e s  t h a t  t h e  a n a l y s i s  p resented here  i s  

a  reasonable response t o  Congress's d i r e c t i v e s ,  and t h a t  t h e  r e s u l t s ,  

w h i l e  t h e y  cannot be exac t ,  a c c u r a t e l y  r e f l e c t  t h e  genera l  impacts t h a t  

m igh t  be expected i f  envi ronmental  c o n t r o l  requ i rements  were made more 

s t r i n g e n t .  



tXHIB1T 1. 
Sect ion 8C02(m) Resource Cons'ervation and Recovery Act as amended by PL 96-482 

"(m) D r i l l i n g  F l u l d s ,  Produced Waters, and Other Wastes Associated w i t h  the Extraction, 

Development, o r  Product lon of Crude 01 1 o r  Natura l  Gas o r  Geothermal Energy.- (1 )  The 

Admln is t ra tor  s h a l l  conduct a  deta i l e d  and comprehensive study and submit a  repor t  on 

the adverse e f f e c t s ,  if any, o f  d r i l l i n g  f l u i d s ,  produced waters, and other  wastes 

associated w i t h  the exploration, development, o r  product ion o f  crude o i l  o r  n a t u r a l  gas 

o r  geothermal energy on human hea l th  and the environment, i nc lud ing ,  but not l i m i t e d  t o  

the e f fec ts  o f  such ~ a s t e s  on humans, water,  a i r .  hea l th ,  we l fa re ,  and n a t u r a l  resources 

and on the adequacy o f  means and measures c u r r e n t l y  employed by the o i l  and gas and 

geothermal d r i l l i n g  and product ion indust ry ,  Government agencies, and others t o  dispose 

o f  and u t i l i z e  such wastes and t o  prevent o r  s u b s t a n t i a l l y  m i t i g a t e  such adverse 

e f f e c t s .  Such study s h a l l  include an ana lys ls  o f -  

"(A) the sources and volums o f  d ~ s c a r d e d  m a t e r ~ a l  generated per year from such 
wastes; 

" ( B )  present d isposal  p rac t i ces  

"(C) potent la1  danger t o  human h e a l t h  and the  environment from the surface r u n o f f  o r  

leachate; 

"(D) documented cases whlch prove o r  hsve cdused danger t o  human h e a l t h  and the 

env ironrnent from surface runof f  o r  leachate; 

" ( E )  a l t e r n a t i v e s  t o  current  d isposal  methods: 

" ( F )  the cost o f  such a l t e r n a t i v e s ;  and 

" ( G )  the impact o f  those a l t e r n a t i v e s  on the exp lo ra t  )on f o r ,  and development and 

product ion o f ,  crude o i l  and n a t u r a l  gas o r  geothermal energy. 

I n  fur therance o f  t h i s  study, the  Admin is t ra tor  s h a l l ,  as he deems appropr ia te,  review 

studles and other  ac t ions  o f  other.Federa7 agencies concerning such wastes w i t h  a view 

toward avoid ing d u p l i c a t i o n  o f  e f f o r t  and the need t o  expedl te  such study. The 

Admin is t ra tor  s h a l l  p u b l i s h  a repor t  o f  such and s h a l l  inc lude appropr ia te f l n d i n g s  and 

recomnendat ions f o r  Federal and non-Federal act  ions concerning such e f f e c t s .  

" ( 2 )  The Admln is t ra tor  s h a l l  complete the  research and study and submit the r e p o r t  

requ i red  under paragraph (1 )  not  l a t e r  than twenty-four months from the date o f  

enactment o f  the S o l l d  Waste Disposal Act Amendments o f  1980. Upon complet ion o f  the 

study, t h e  Administrator s h a l l  prepare a sumnary o f  the f i n d i n g s  o f  the  study, a p lan  

f o r  research, development, and demonstration respect ing the  f i n d i n g s  o f  the study, and 

s h a l l  submit the f i n d i n g s  and the  study, along w i t h  any recomnendations r e s u l t i n g  from 

such study, t o  the Comnlttee on Environment and Pub l i c  Works o f  the Uni ted States Senate 

and the  C o n i t t e e  on I n t e r s t a t e  and Foreign Commerce o f  the  Uni ted s ta tes  House of 

Representat ives. 

" ( 5 )  There are author ized t o  be appropr ia t ions not  t o  exceed $1,000,000 t o  c a r r y  out  the  

p rov is ions  o f  t h i s  subsect ion. 



CHAPTER I1 

OVERVIEW OF THE INDUSTRY 

DESCRIPTION OF THE OIL  AND GAS INDUSTRY 

The o i l  and gas  i n d u s t r y  e x p l o r e s  f o r ,  deve lops ,  and produces 

petroleum r e s o u r c e s .  In 1985 t h e r e  were approximate ly  842,000 producing 

o i l  and gas  w e l l s  i n  t h i s  c o u n t r y ,  d i s t r i b u t e d  th roughout  38 S t a t e s .  

They produced 8 .4  mi 11 ion b a r r e l  s1 o f  o i l ,  1 . 6  mi1 1 ion b a r r e l s  of  

n a t u r a l  ga s  1 i q u i d s ,  and 44 b i l l i o n  c u b i c  f e e t  o f  n a t u r a l  g a s  d a i l y .  The 

American Petroleum I n s t i t u t e  e s t i m a t e s  domes t ic  r e s e r v e s  a t  28.4 b i l l i o n  

b a r r e l s  o f  o i l ,  7 .9  b i l l  ion  b a r r e l s  o f  n a t u r a l  g a s  1  i q u i d s ,  and 193 

t i - i  1  l ion c u b i c  f e e t  o f  g a s .  Petroleum e x p l o r a t i o n ,  development ,  and 

p roduc t ion  i n d u s t r i e s  employed approximate ly  421,000 people  i n  

1985 . 2  

The i n d u s t r y  i s  a s  v a r i e d  a s  i t  i s  l a r g e .  Some a s p e c t s  o f  

e x p l o r a t i o n ,  devel  opment, and p roduc t ion  can change markedly from r e g i o n  

t o  r eg ion  a n d  S t a t e  t o  S t a t e .  Well d e p t h s  range  from a s  l i t t l e  as 30 t o  

50 f e e t  i n  some a r e a s  t o  o v e r  30,000 f e e t  i n  a r e a s  such a s  t h e  Anadarko 

Basin o f  Oklahoma. Pennsylvania  has  been producing o i l  f o r  120 y e a r s ;  

Alaska f o r  o n l y  15 .  Maryland has  approximate ly  14 producing w e l l s ;  Texas 

has  269,000 and completed a n o t h e r  25,721 i n  1985 a l o n e .  Product ion  from 

a s i n g l e  we71 can vary  from a high o f  about  11,500 b a r r e l s  p e r  day ( t h e  

1985 ave rage  f o r  w e l l s  on t h e  Alaska North S lope )  t o  l e s s  t han  10 b a r r e l s  

p e r  day f o r  many thousands  o f  " s t r i p p e r "  w e l l s  l o c a t e d  i n  Appalachia  and 

Crude o i l  product ion has trad~t?onally been expressed In barrels. A barrel 1s equivalent 
3 to 5.61 ft3. 0.158 m , or 42 U . S .  gallons. 

These numbers, provided to EPA by the Bureau of Land Management (@LM) , are generally 
accepted. 



3 the more developed portions of the r e s t  of the country. Overall ,  

70 percent of a l l  U.S. o i l  wells a re  s t r ippe r s ,  operating on the margins 

of p r o f i t a b i l i t y .  Together, however, these s t r ippe r s  contr ibute  14 

percent of to t a l  U.S. production--a number tha t  appears small ,  ye t  i s  

roughly the equivalent of the immense Prudhoe Bay f i e l d  in Alaska. 

Such s t a t i s t i c s  make i t  c l ea r  t h a t  a short  discussion such as t h i s  

cannot provide a comprehensive or  ful ly  accurate .description of t h i s  

industry.  The purpose of t h i s  chapter i s  simply t o  present the 

terminology used in the r e s t  o f  t h i s  report4 and t o  provide an  
overview of typical exploration, devel opment , and production methods. 

With t h i s  as introduction, the chapter then defines  which o i l  and gas 

wastes E P A  considers t o  be exempt within the scope of RCRA Section 8002; 

estimates the volumes of exempt wastes generated by onshore o i l  and gas 

operations; and presents the r e s u l t s  of sample surveys conducted by EPA 

and the American Petroleum I n s t i t u t e  to  character ize the content of 

exempt o i l  and gas wastes. 

~xp1.ora.t i on and Devel opment 

A1 though geological and geophysical s tudies  provide informat ion 

concerning potential  accumulations of petroleum, the only method tha t  can 

confirm the presence o f  petroleum i s  exploratory d r i l l i n g .  The majority 
of exploratory wells a re  "dry" and must be plugged and abandoned. When 
an exploratory well does discover a commercial deposi t ,  however, many 

development wells are  typica l ly  needed t o  ex t rac t  o i l  o r  gas from tha t  

reservoi r .  

The d e f ~ n ~ t ~ o n  of "str~pper" well may vary from State to State. For example, North Dakota 

defines a stripper as a well that produces 10 barrels per day or less at 6,000 feet or less; 11 to 
15 barrels per day from a depth of 6,001 feet to 10,000 feet; and 16 to 20 barrels per day for wells 
thdt are 10.000 feet deep. 

A glossary o f  terms IS also provided In Volume 3. 



Exploratory and development we1 1 s are mechanically similar and 
generate similar wastes up to the point of production. In order to bring 

a field into production, however, development wells generate wastes 

associated with well completion and stimulation; these processes are 

discussed below. From 1981 to 1985, exploration and development drilling . 

combined averaged 73,000 wells per year (API 1986). Drilling activity 

declined in 1986 and by mid-1987 rebounded over 1986 levels. 

In the early part of the century, cable-tool drill ing was the 
predominant method of well drilling, The up-and-down motion of a 

chisel-like bit, suspended by a cable, causes it to chip away the rock, 

which must be periodically removed with a bailer. Although an efficient 

technique, cable-tool drill ing is 1 imited to use in shallow, low-pressure 
reservoirs. Today, cable-tool drilling is used on a very limited basis 

in the United States, having been replaced almost entirely by rotary 

drilling. 

Rotary drilling provides a safe method for controlling high-pressure 

oil/gas/water flows and allows for the simultaneous drilling of the well 
and removal of cuttings, making it possible to drill wells over 30,000 

feet deep. Figure 11-1 illustrates the process. The rotary motion 

provided by mechanisms on the drill rig floor turns a drill pipe or stem, 
thereby causing a bit on the end of the pipe to gouge and chip away the 

rock at the bottom of the hole. The bit itself generally has three 

cone-shaped wheels tipped with hardened teeth and is weighted into place 

by thick-walled collars. Well casing is periodically cemented into the 

hole, providing a uniform and stable conduit for the drill stem as it 

drills deeper into the hole. The casing also seals off freshwater 

aquifers, high-pressure zones, and other troublesome formations. 

Most rotary drilling operations employ a circulation system using a 

water- or oil -based fluid, called "mud" because of its appearance. The 





mud is pumped down the hollow drill pipe and across the face of the bit 

to provide lubrication and remove cuttings. The mud and cuttings are 

then pumped back up through the annular space between the drill pipe and 
the walls of the hole or casing. Mud is generally mixed with a weighting 
agent such as barite, and other mud additives, thus helping it serve 
several other important functions: (1) stabilizing the wellbore and 
preventing cave-ins, (2) counterbalancing any high-pressure oil, gas, or 
water zones in the formations being drilled, and (3) providing a medium 
to alleviate problems "downhole" (such as stuck pipe or lost circulation). 

Cuttings are removed at the surface by shale shakers, desanders, and 
desilters; they are then deposited in the reserve pit excavated or 
constructed next to the rig. The reclaimed drilling mud is then 
recirculated back to the well. The type and extent of solids control 

equipment used influences how well the cuttings can be separated from the 
dri 11  ing fluid, and hence influences the volume of 'mud discharged versus 
how much is recirculated. Drilling mud must be disposed of when excess 

mud is collected, when changing downhole conditions require a whole new 
mud formulation, or when the well is abandoned. The reserve p'it is 
generally used for this purpose. (Reserve pits serve multiple waste 
management functions. See discussion in Chapter 111.) If the well is a 
dry hole, the drilling mud may be disposed of downhole upon abandonment.. 

The formation of a drilling mud for a particular job depends on types 
of geologic formations encountered,. economics, availability, problems 
encountered downhole, and well data collection practices. Water-based 
drill ing muds predominate in the United States. Colloidal materials, 
primarily bentonitic clay, and weighting materials, such as barite, are 
common constituents. Nunlerous chemical additives are available to give 
the mud precise properties to facilitate the drilling of the well; they 

include acids and bases, salts, corrosion inhibitors, vi scosi f iers, 



dispersants, fluid loss reducers, lost circulation materials, 

flocculants, surfactants, biocides, and lubricants. (See a1 so Table 
111-2.) 

. 
Oil-based drilling fluids account for approximately 3 to 10 percent 

of the total volume of drilling fluids used nationwide. The oil base may 

consist of crude oil, refined oil (usually fuel oil or diesel), or 
mineral oil. Oil -based drill ing fluid provides lubrication in 
directionally drilled holes, high-temperature stability in very deep 
holes, and protection during drilling through water-sensitive formations. 

In areas where high-pressure or water-bearing formations are not 

anticipated, air drilling is considerably faster and less expensive than 
drilling with water- or oil-based fluids. (Air drilling cannot be used 

in deep wells.) In this process, compressed air takes the place of mud, 
cooling the bit and 1 ifting the cuttings back to the surface. Water is 
injected into the return 1 ine for dust suppression, creating a slurry 
that must b e  disposed of. - In the United States, air drilling i s  most 
commonly used i'n the Appalachian Basin, in southeastern . 

Kansas/northeastern Oklahoma, and in the Four Corners area of the 
Southwest. Other low-density drilling fluids are used in special 
situations. Gases other than air, usually nitrogen, are sometimes 

useful. These may be dispersed with liquids or solids, creating wastes 
in the form of mist, foam, emulsion, suspension, or gel. 

Potential producing zones are commonly measured and analyzed (logged) 
during drilling, a process that typically generates no waste. If 
hydrocarbons appear to be present, a drill stem test can tell much about 

their characteristics. When the test is completed, formation fluids 

collected in the drill p i p e  must be disposed o f .  

If tests show that comlnercial quantities of oil and gas are present, 
the well must be prepared for production or "completed." "Cased hole" 



completions are the most common type. F i r s t ,  production casing i s  r u n  

into the hole and cemented permanently i n  place. Then one or  more 

s t r ings  of production tubing are  se t  in the hole, productive in te rva ls  

are isolated with packers, and surface equipment i s  i n s t a l l ed .  Actual 

completion involves the use of a gun or explosive charge tha t  perforates  

the production casing and begins the flow of petroleum in to  the well .  

During these completion operations,  d r i l l i n g  f l u i d  in the well may be 

modified or replaced by specialized f l u i d s  t o  control flow from the 

formation. A typical completion f lu id  consis ts  of a  brine solution 

modified with petroleum products, r e s ins ,  polymers, and other chemical 

addi t ives .  When the well i s  produced i n i t i a l l y ,  the completion f l u i d  may 

be reclaimed or t reated as a waste product tha t  must be disposed of .  For 

long-term corrosion protect ion,  a packer f lu id  i s  placed into the 

casing/tubing annulus. Sol ids- f ree  diesel  o i l ,  crude o i l ,  produced 

water, or spec ia l ly  t rea ted  d r i l l  ing f l u i d  are preferred packer f l u i d s .  

Following well completion, o i l  or gas i n  the surrounding for~r~at ions  

frequently i s  n o t  under su f f i c i en t  pressure t o  flow f ree ly  in to  the well 

and be removed. T h e  formation may be impacted with indigenous mater ial ,  

the area d i r e c t l y  surrounding the borehole may have become packed with 

cu t t ings ,  o r  the formation may have inherent low permeability. 

Operators use a  var iety of st imulation techniques t o  correct  these 

conditions and increase o i l  flow. .Acidizing introduces acid into the 

production formation, dissolving formation matrix and thereby enlarging 

exis t ing channels in carbonate-bearing rock. Hydraulic f rac tur ing  

involves pumping specialized f lu ids  carrying sand ,  g lass  beads, o r  

s imilar  materials in to  the  production formation under high pressure; t h i s  

c rea tes  f rac tures  in the rock tha t  remain propped open by the sand, 

beads, or  s imilar  mater ials  when pressure is released. 



Other special ized f lu ids  may be pumped down a production well t o  

enhance i t s  y i e ld ;  these can include corrosion inh ib i to r s ,  sur fac tants ,  

f r i c t i o n  reducers, complexing agents,  and cleanup addi t ives .  A1 though 

the formation may re t a in  some of these f l u i d s ,  most a re  returned t o  the 

surface when the well i s  i n i t i a l l y  produced or a re  slowly released over 

time. These f l u i d s  may require di sposal , independent of disposal 

associated w i t h  produced water. 

Dr i l l ing  operations have the potent ial  t o  c rea te  a i r  pol lut ion from 

ssveral sources. The actual d r i l l  ing equipment i  t s e l  f  i s  t yp ica l ly  run 
by large diesel  engines tha t  tend t o  emit s ign i f i can t  quan t i t i e s  of 

pa r t i cu la t e s ,  su l fu r  oxides, and oxides of nitrogen, which are  subject  t o  

regulation under the Clean Air Act. The pa r t i cu la t e s  emitted may contain 

heavy metal s as we1 1 as polycycl i c  organic matter (POMs) . Part icul a r ly  

fo r  deep wells,  which require the most power t o  d r i l l ,  and in la rge  

f i e l d s  where several d r i l l i n g  operations may be in progress a t  the same 

time, cumulative diesel  emissions can be important. O i l - f i r ed  turbines 

are. a l so  used as a source o f  power on newer d r i l l i n g  r i g s .  Other sources 

of a i r  pol 1 ution incl ude vol a t  i 1 i  za t i  on of 1 ight  organic compounds from 

reserve p i t s  and other  holding p i t s  t ha t  may be in use during d r i l l i n g ;  

these a re  exempt wastes. These l i g h t  organics can be vo la t i l i zed  from 

recovered hydrocarbons or from solvents or  other chemicals used in the 

product ion process f o r  cleaning, f rac tur ing ,  o r  we1 1 completion. The 

volume of v o l a t i l e  organic compounds i s  ins igni f icant  in comparison t o  

diesel  engine emissions. 

Production 

Production operations generally include a l l  a c t i v i t i e s  associated 

with the  recovery of petroleum from geologic formations. They can be 

divided into a c t i v i t i e s  associated with downhole operations and 

a c t i v i t i e s  associated with surface operations.  Downhole operations 

include primary, secondary, and t e r t i a r y  recovery methods; we1 1 

workovers; and well st imulation a c t i v i t i e s .  Ac t iv i t i e s  associated with 



surface operations include oi l/gas/water separation, f1 uid treatment,  and 

disposal of produced water. Each of these terms i s  discussed b r i e f ly  

be1 o w .  

Downhol e Operations 

Primary recovery r e fe r s  t o  the i n i t i a l  production of o i l  or gas from 

a reservoir  using natural pressure or a r t i f i c i a l  l i f t  methods, such as 

surface or subsurface pumps and gas l  i f t ,  t o  bring i t  out of the 

formation and to  the surface.  Most reservoirs  are  capable of producing 

o i l  and gas by primary recovery methods alone, b u t  t h i s  a b i l i t y  decl ines  

over the l i f e  of the well .  Eventually, v i r tua l ly  a l l  wells must employ 

some form of secondary recovery, typ ica l ly  involving in jec t ion  of gas or  

l iquid into the reservoir  t o  maintain pressure within the producing 

formation. Waterflooding i s  the most frequently employed secondary 

recovery method. I t  involves inject ing t reated fresh water, seawater, o r  

produced water into the formation. through a separate we11 or wells.  

Tert iary recovery r e fe r s  t o  the recovery of the l a s t  portion o f  the 

o i l  t ha t  can be economically produced. Chemical, physical,  and thermal 

methods are available and may be used in combination. Chemical methods 

involve inject ion of f l u i d s  containing substances such as sur fac tants  and 

polymers. Miscible o i l  recovery involves inject ion of gases, such as 

carbon dioxide and natural gas, which combine with the  o i l .  Thermal 

recovery methods include steam inject ion and in s i t u  combustion ( o r  " f i r e  

flooding").  When o i l  eventually reaches a production we1 1 ,  injected 

gases or  f lu ids  from secondary and t e r t i a r y  recovery operations may be 

dissolved o r  carr ied in formation o i l  o r  water, o r  simply mixed with 

them; t h e i r  removal i s  discussed below in conjunction with surface 

production operations. 

Workovers, another aspect of downhol e production aperat ions, are  

designed t o  res tore  or increase production from wells whose flows are  



inhibi ted by downhole mechanical f a i l u r e s  or blockages, such as sand  or 
paraff in  deposi ts .  Fluids c i rcu la ted  into the well fo r  t h i s  purpose must 

be compatible with the formation and must not adversely a f f ec t  

permeability. They are  sirnilarbto completion f ? u i d s ,  described e a r l i e r .  

When the well i s  p u t  back into production, the workover f l u i d  may be 

reclaimed or disposed o f .  

Other chemicals may be periodical ly  or continuously pumped down a 
production well t o  inh ib i t  corrosion, reduce f r i c t i o n ,  or  simply keep the 

well flowing. For example, methanol may be punlped down a gas well t o  
keep i t  from becoming plugged with ice .  

Surface Operations 

Surface production operations general ly  incl ude gathering of the 

produced f lu ids  ( o i l ,  gas,  gas l i qu ids ,  and water) from a  well or  group 

of wells and separation and treatment of the f l u i d s .  See 

Figures 11-2, 11-3, and 11-4. A s  producing reservoi rs  a re  depleted, t h e i r  

water/oil r a t i o s  may increase s teeply .  New wells may produce l i t t l e  i f  

any water; s t r ippe r  wells may vary grea t ly  in the volume of water they 

produce. Some may produce more than 100 bar re ls  of water f o r  every barrel  

of o i l ,  par t icu lar ly  i f  the wells a re  subject t o  waterflooding operations.  

Vir tual ly  a l l  of t h i s  water must be removed before the product can be 

t ransfer red  t o  a pipel ine.  (The maximum water content allowed i s  

general ly  l e s s  than 1 percent.)  The o i l  may a lso  contain completion o r  

workover f l u i d s ,  st imulation f l u i d s ,  or  other chemicals (biocides,  

fungicides) used as an  adjunct t o  production. Some oil/water mixtures 

may be easy t o  separate ,  but others may e x i s t  as f i n e  emulsions t h a t  do 



- 

Figure 11-2 Typical Production Operation, Showing Separation of Oil, Gas, and Water 

Produced waters are not always Injected as lndlcated In thls flgure. Produced water may be trucked to central treatment and dlsposal 
tacllltles, dlscharged Into dlsposal plts, dlscharged to surface or coastal waters, or used for beneflclal or agricultural use. 



CASING HEAD 

OIL AND GAS 
PRODUCTION 

OIL AND GAS EMERGENCY 
SEPARATOR 

RESERVOIR 

Figure 11-3 Oil Production With Average H,O Production With Dissolved/Associated Gas 

Produced waters are not always injected as indicated in this figure. Produced water may be trucked to central treatment and disposal 
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Figure 11-4 High OillH20 Ratio Without Significant Dissolved/Associated Gas 

Produced waters are not always injected as indicated in this figure. Produced water may be trucked to central treatment and disposal 
facilities, discharged into disposal pits, discharged to surface or coastal waters, or used for beneficial or agricultural use. 



not separate of t h e i r  own accord by gravi ty.  Where s e t t l i n g  i s  possible ,  

i t  i s  done in large or  small tanks,  the l a rge r  tanks affording longer 

residence time t o  increase separation ef f ic iency .  Where emu1 sions are  

d i f f i c u l t  t o  break ,  heat i s  usually applied i n  "heater t r e a t e r s . "  

Whichever method i s  used, crude o i l  flows from the f ina l  separator  t o  

stock tanks.  The sludges and l iquids  tha t  s e t t l e  out of the o i l  as tank 

bottoms throughout the separation process must be col lected and discarded 

along w i t h  the separated water. 

The la rges t  volume production waste, produced water, flows from the 

separators into storage tanks and in the majority of o i l  f i e l d s  i s  highly 

sa l ine .  Most produced water i s  injected down disposal wells o r  enhanced 

recovery wells.  Produced water i s  a1 so discharged t o  t i da l  areas and 

surface streams, discharged t o  s torage p i t s ,  o r  used f o r  beneficial  or  

agr icu l tura l  use. (Seawater i s  35,000 ppm chlorides .  Produced water can 

range from 5,000 t o  180,000 ppm ch lor ides . )  I f  the produced water i s  

injected down a disposal well or an enhanced recovery well ,  i t  may be 

t rea ted  t o  remove so l ids ,  which are  also disposed of .  

Tank bottoms are  per iodical ly  removed from production vesse ls .  Tank 

bottoms are  usually hauled away from the product ion s i t e  f o r  disposal .  

Occasionally, i f  the  bottoms are  f l u i d  enough, they may be disposed of 

along with produced water. 

Waste crude o i l  may also be generated a t  a  production s i t e .  I f  crude 

o i l  becomes contaminated w i t h  chemicals or  i s  skimmed from surface 

impoundments, i t  i s  usually reclaimed. Soil and gravel contaminated by 

crude o i l  as a r e su l t  of normal f i e l d  operations and occasional leaks and 

spi 11 s require  di sposal . 

Natural gas requires d i f f e ren t  techniques t o  separate  out crude o i l ,  

gas 1 iquids,  entrained sol i d s ,  and other  impurit ies.  These separation 

processes can occur in  the f i e l d ,  in a  gas processing plant ,  o r  both, but 



more frequently occur a t  an o f f s i  t e  processing plant .  Crude o i l ,  gas 

1  iquids,  some f r ee  water, and entrained sol ids can be removed in 

conventional separation vessels .  More water may be removed by any of 

several dehydration processes, frequently through the use of glycol ,  a 
l iquid dessicant ,  or various sol id  dessicants .  Although these separation . 

media can generally be regenerated and used again, they eventually lose 

t h e i r  effect iveness  and must be disposed of .  

Both crude o i l  and natural gas may contain the highly toxic  gas 

hydrogen su l f ide ,  which i s  an exempt waste. (Eight hundred ppm in a i r  i s  

le tha l  t o  humans and represents a n  occupational hazard, b u t  not an 

ambient a i r  toxics  threa t  t o  human health o f f s i t e . )  A t  plants where 

hydrogen su l f ide  i s  removed from natural gas,  su l fur  dioxide (SO2) 
release r e s u l t s .  (EPA requires compliance with the National Ambient Air 

Qua1 i t y  Standards ( N A A Q S )  fo r  su l fur  dioxide; DO1 a1 so has authori ty  t o  

regulate these emissions.) Sul fur  i s  often recovered from the hydrogen 

su l f ide  (H2S) as a  commercial byproduct. H2S dissolved in crude o i l  

does n o t  pose any danger, but &hen i t  i s  produced a-t ths well head in 

cjaseous' form, i  t poses ser ious occupational r i  sks through possi bl e  1  eaks 

or blowouts. These r i sks  are also present l a t e r  in the production 

process when the H2S i s  separated out in various "sweetening" 

processes. The amine, iron sponge, and selexol processes are three 

exarnpl es of commerci a1 processes fo r  removing acid gases from natural 

gas. Each H2S removal process r e su l t s  in spent o r  waste separation 

media, which must be disposed of .  .EPA d i d  not sample hydrogen su l f ide  

and sulphur dioxide emissions because of  t h e i r  r e l a t ive ly  low volume and 

infrequency of occurrence. 

Gaseous wastes are generated from a var iety of other  

production-related operations.  Volat i le  organic compounds may a lso  be 

released from minute leaks in production equipment o r  from pressure vents, 

on separators and storage tanks. When a gas well needs t o  be cleaned 

out ,  i t  may be produced wide open and vented d i r e c t l y  t o  the atmosphere. 



Emissions f rom v o l a t i l e  o rgan ic  compounds are  exempt under Sec t i on  

3001(b) (2) (A)  of  RCRA and rep resen t  a  ve ry  low p o r t i o n  o f  n a t i o n a l  a i r  

emiss ions .  Enhanced o i l  recovery  steam genera to rs  .may burn  c rude o i l  as 

f u e l ,  thereby  c r e a t i n g  a i r  emiss ions.  These wastes a re  nonexempt. 

DEFINITION OF EXEMPT WASTES 

The f o l l o w i n g  d i s c u s s i o n  presents  EPA's t e n t a t i v e  d e f i n i t i o n  o f  t h e  

scope o f  t h e  exemption. 

Scope o f  t h e  Exemption 

The c u r r e n t  s t a t u t o r y  exemption o r i g i n a t e d  i n  EPA's proposed 

hazardous waste r e g u l a t i o n s  o f  December 18, 1978 (43 FR 58946). Proposed 

40 CFR 250.46 con ta ined  standards f o r  " s p e c i a l  wastesM-- reduced 

requi rements f o r  seve ra l  types o f  wastes t h a t  a r e  produced i n  l a r g e  

volume and t h a t  EPA be1 i eved  may be l ower  i n  t o x i c i t y  t han  o t h e r  wastes 

r e g u l a t e d  as hazardous wastes under RCRA'. One o f  these c a t e g o r i e s  o f  

s p e c i a l  wastes was "gas and o i l  d r i l l . i n g  muds and o i l  p r o d u c t i o n  b r i n e s . "  

I n  t h e  RCRA amendments o f  1980, Congress exempted most o f  these 

s p e c i a l  wastes f rom t h e  hazardous waste requi rements o f  RCRA S u b t i t l e  C, 

pending f u r t h e r  s tudy  by EPA. The o i l  and gas exemption, S e c t i o n  

3001(b)(Z)(A) ,  i s  d i r e c t e d  a t  " d r i l l i n g  f l u i d s ,  produced waters ,  and 

o t h e r  wastes assoc ia ted  w i t h  t h e  e x p l o r a t i o n ,  development, o r  p r o d u c t i o n  

o f  c rude o i l  o r  n a t u r a l  gas."  The l e g i s l a t i v e  h i s t o r y  does n o t  e l a b o r a t e  

on t h e  d e f i n i t i o n  o f  d r i l l i n g  f l u i d s  o r  produced waters,  b u t  i t  does 

d i scuss  " o t h e r  wastes" as f o l l  ows : 

The te rm " o t h e r  wastes assoc ia ted "  i s  s p e c i f i c a l l y  i n c l u d e d  t o  
des igna te  waste m a t e r i a l s  i n t r i n s i c a l l y  d e r i v e d  f rom t h e  p r i m a r y  
f i e l d  ope ra t i ons  assoc ia ted  w i t h  t h e  e x p l o r a t i o n ,  development, o r  
p r o d u c t i o n  o f  c rude o i l  and n a t u r a l  gas. It would cover  such 
substances as: hydrocarbon b e a r i n g  s o i l  i n  and around r e 1  a ted  
f a c i l i t i e s ;  d r i l l  c u t t i n g s ;  and m a t e r i a l s  (such as hydrocarbons, 



water, sand and emulsion) produced from a well in conjunction with 
crude oil and natural gas and the accumulated material (such as 
hydrocarbons, water, sand, and emulsion) from production separators, 
fluid treating vessels, storage vessels, and production 
impoundments. (H.R. Rep No. 1444, 96th Cong., 2d Sess. at 32 (1980)). 

The phrase "intrinsically derived from the primary field 
operations . . . "  is intended to differentiate exploration, development, 
and production operations from transportation (from the point of 
custody transfer or of production separation and dehydration) and 
manufacturing operations. 

In order to arrive at a clear working definition of the scope of the 

exemption under Section 8002(m), EPA has used these statements in 

conjunction with the statutory language of RCRA as a basis for making the 

following assumptions. about which oil and gas wastes should be included 

in the present study. 

Although the legislative history underlying. the oil and gas 
exemption is limited to "other wastes associated with the 
exploration development or production of crude oil or natural 
gas," the Agency,believes that the rationale set forth in that 
history is equally appl icable to produced waters and drill ing . 
f l u i d s .  Therefore, in developing criteria to define the scope of 
the Section 3001(b)(2) exemption, the Agency has applied this 
legislative history to produced waters and drilling fluids. 

The potential exists for small volume nonexempt wastes to be 
mixed with exempt wastes, such as reserve pit contents. EPA 
believes i t  is desirable to avoid improper disposal of hazardous 
(nonexempt) wastes through di 1 uti on with nonhazardous exempt 
wastes. For example, unused pipe dope should not be disposed of 
in reserve pits. Some residual pipe dope, however, will enter the 
reserve pit as part of normal field operations; this residual p i p e  
dope does not concern €PA. EPA is undecided as to the proper 
disposal method for some other waste streams, such as rigwash that 
often are disposed of in reserve pits. 

Using these assumptions, the test o f  whether a particular waste 
qua1 if i es under the exemption can be made in re1 at i on to the fol 1 owing 

three separate criteria. No one criterion can be used as a standard when 

defining specific waste streams that are exempt. These criteria are as 

foll ows. 



1. Exempt was t e s  must be a s s o c i a t e d  wi th  measures ( 1 )  t o  l o c a t e  o i l  
o r  gas  d e p o s i t s ,  ( 2 )  t o  remove o i l  o r  n a t u r a l  g a s  from t h e  ground,  
o r  ( 3 )  t o  remove i m p u r i t i e s  from such s u b s t a n c e s ,  p rovided  t h a t  
t h e  p u r i f i c a t i o n  p roces s  i s  an i n t e g r a l  p a r t  o f  pr imary  f i e l d  
o p e r a t i o n s  . 5  

2 .  Only was te  s t r eams  i n t r i n s i c  t o  t h e  e x p l o r a t i o n  f o r ,  o r  t h e  
development and product ion  o f ,  c rude  o i l  and n a t u r a l  g a s  a r e  
s u b j e c t  t o  exemption. Waste s t reams g e n e r a t e d  a t  o i l  and gas  
f a c i l i t i e s  t h a t  a r e  not  un ique ly  a s s o c i a t e d  wi th  t h e  e x p l o r a t i o n ,  
development,  o r  product ion  a c t i v i t i e s  a r e  not exempt. (Examples 
would i n c l u d e  spen t  s o l v e n t s  from equipment c l eanup  o r  a i r  
emis s ions  from d i e s e l  eng ines  used t o  o p e r a t e  d r i l l i n g  r i g s . )  

C l e a r l y  t h o s e  subs t ances  t h a t  a r e  e x t r a c t e d  from t h e  ground o r  
i n j e c t e d  i n t o  t h e  ground t o  f a c i l i t a t e  t h e  d r i l l i n g ,  o p e r a t i o n ,  o r  
maintenance o f  a  wel l  o r  t o  enhance t h e  r ecove ry  of  o i l  and g a s  
a r e  cons ide red  t o  be uniquely  a s s o c i a t e d  wi th  pr imary f i e l d  
o p e r a t i o n s .  A d d i t i o n a l l y ,  t h e  i n j e c t i o n  o f  m a t e r i a l s  i n t o  t h e  
p i p e l i n e  a t  t h e  wellhead which keep t h e  l i n e s  from f r e e z i n g  o r  
which s e r v e  a s  s o l v e n t s  t o  p reven t  p a r a f f i n  accumula t ion  i s  
i n t r i n s i c a l l y  a s s o c i a t e d  w i t h  pr imary f i e l d  o p e r a t i o n s .  With 
r ega rd  t o  i n j e c t i o n  f o r  enhanced r ecove ry ,  t h e  i n j e c t e d  m a t e r i a l s  
must f u n c t i o n  p r i m a r i l y  t o  enhance recovery  o f  o i l  a n d ' g a s  and 
must be recognized  by t h e  Agency a s  being a p p r o p r i a t e  f o r  enhanced 
recovery .  A n  example would be produced w a t e r .  In t h i s  c o n t e x t ,  
" p r i m a r i l y  f u n c t i o n s "  means t h a t  t h e  main reason  f o r  i n j e c t i n g  t h e  
m a t e r i a l s  i s  t o  enhance r ecove ry  o f  o i l  and gas  r .a ther  t han  t o  
s e r v e  a s  a  means f o r  d i s p o s i n g  of t h o s e  m a t e r i a l s .  

3 .  D r i l l i n g  f l u i d s ,  produced w a t e r s ,  and o t h e r  was t e s  i n t r i n s i c a l l y  
d e r i v e d  from primary f i e l d  o p e r a t i o n s  a s s o c i a t e d  wi th  t h e  
e x p l o r a t i o n ,  development ,  o r  p roduc t ion  of  c rude  o i l ,  n a t u r a l  g a s ,  
o r  geothermal energy a r e  s u b j e c t  t o  exemption. Primary f i e l d  
o p e r a t i o n s  encompass p r o d u c t i o n - r e l a t e d  a c t i v i t i e s  bu t  no t  
t r a n s p o r t a t i o n  o r  manufac tur ing  a c t i v i t i e s ,  With r e s p e c t  t o  o i l  
p roduc t ion ,  pr imary f i e l d  o p e r a t  i ons  encompass t h o s e  a c t i v i t i e s  
o c c u r r i n g  a t  o r  nea r  t h e  we l lhead ,  bu t  p r i o r  t o  t h e  t r a n s p o r t  o f  
o i l  from an i n d i v i d u a l  f i e l d  f a c i l i t y  o r  a  c e n t r a l l y  l o c a t e d  
f a c i l i t y  t o  a  c a r r i e r  ( i . e . ; p i p e l i n e  o r  t r u c k i n g  concern)  f o r  
t r a n s p o r t  t o  a r e f i n e r y  o r  t o  a  r e f i n e r .  With r e s p e c t  t o  n a t u r a l  
g a s  p roduc t ion ,  pr imary f i e l d  o p e r a t i o n s  a r e  t h o s e  a c t i v i t i e s  
o c c u r r i n g  a t  o r  nea r  the wel lhead  o r  a t  t h e  g a s  p l a n t  b u t  p r i o r  t o  
t h a t  p o i n t  a t  which t h e  g a s  i s  t r a n s f e r r e d  from an i n d i v i d u a l  
f i e l d  f a c i l i t y ,  a  c e n t r a l l y  l o c a t e d  f a c i l i t y ,  o r  a  g a s  p l a n t  t o  a  
c a r r i e r  f o r  t r a n s p o r t  t o  marke t .  

Thus, wastes associated with such processes as oil r e f i n ~ n g ,  petrochem~cal-related 
manufacturing, or electricity generation are not  exempt because those processes do not occur at the 
primary field operat ions. 



Primary field operat ions may encompass the primary, secondary, and 
tertiary production of oil or gas. Wastes generated by the 
transportatiori process itself are not exempt because they are not 
intrinsically associated with primary field operations. An 
example would beepigging waste from pipeline pumping stations. 

Transportation for the oil and gas industry may be for short or 
long distances. Wastes associated with manufacturing are not 
exempt because they are not associated with exploration, 
development, or production and hence are not intrinsically 
associated with primary field operations. Manufacturing (for the 
oil and gas industry) is defined as any activity occurring within 
a refinery or other manufacturing facility the purpose of which is 
to render the product commerci a1 ly saleable. 

Using these definitions, Table 11-1 presents definitions of exempted 

wastes as defined by EPA for the purposes of this study. Note that this 

is a partial 1 ist only. Although it includes all the major streams that 

EPA has considered in the preparation.of this report, others may exist. 

In that case, the definitions listed above would be applied to determine 

their status under,RCRA. 

Waste Volume Estimation Method01 ogy 

Information concerning volumes of wastes from oil and gas 

exploration, development, and product ion operat ions i s  not routinely 

collected nationwide, making it necessary to develop methods for 

estimating these volumes by indirect methods in order to comply with the 

Section 8002(m) requirement to present such estimates to Congress. For 
this study, estimates were compiled independently by EPA and by the 
American Petroleum Institute (API) using different methods. Both are 

discussed be1 ow. 

Estimatinq Volumes of Drillina Fluids and Cuttinss 

EPA considered several different method01 ogies for determining volume 
estimates for produced water and drilling fluid. 



Table 11-1 Partial List of Exempt and Nonexempt Wastes 

Drill cuttings 

Drilling fluids 

Urll completion, treatment, 

and st imulat ion f luids 

Packing f 7u rds 

Sand, hydrocarbon sol lds . 
and other d2posits removed 
from product ion we1 1s 

Pipe scale, hydrccarbon 

solids, hydrates, and other 
deposits removed from 
piping and equip~nrnt 

Hydrocarbon-bearing soil 

.P igg ~ n g  wastes from 

gethering lines 

' Wastes from subsurface 
93s storage and retrieval 

Waste lubricants, hydraulic 
fluids, motor 011, and 
paint 

Waste solvents from clean- 

up operat ions 

Off-specification and 

unused mbterials Intended 

for disposal 

Incinerator ash 

P~gging bastes from 

transportat Ion pipelines 

Table 11-1 

EXEHPT WASTES 

Basic sediment dnd wjter 
and other tank bottcms 

from storage facilities 
and separators 

Produced water 

Const~tuents removed from 

produced water before it 

is lnjected or otherwise 

disposed of 

Accumulated materials (such 
as hydrocarbons, so 1 ids, 
sand. and emulsion) from 

produitlon separators, 
f luid-tredt ing vessels. 
and product ion ~rnpountlments 

that are not mixed wlth 

separdtlon or tre3tment 

med i a 

Drilljng muds from offshore 

operations 

NONEXEMPT WASTES 

Appropr~ate flu~ds ~njected 
downhole for secondary and 

tertiary recovery operations 

Liquid hydrocarbons removed 
from the proauction stream 

but not from 0 1 1  ref in~ng 

Gases removed from tne 

production stream, such as 

hydrogen sulfide, carbon 
dioxide, and volatilized 
hydrocarbons 

Materials ejected from a 
production well during the process. 

known as blowing down a we1 1 

Waste crude oil froin 

primary f ~ e l d  operations 

Light organics v o l ~ t  1 1   zed 
from recovered hydrocarbons 

or from solvents or other 
chemica 1s used for cleaning, 
fracturing, or kell completion 

Sanitary wastes, trash, and Waste iron sponge, glycol, and 

gray water other separation medla 

Gases, such as SOX, NOx, Filters 
and particuldtss from gas 
turbines or other machinery Spent catalysts 

Drums (f i 1 led, part la1 ly Wastes from truzh- and drum- 

f i 1 led, or cleaned) whose cleaning operat ions 

contents are not intended 

for use Waste solvents from equipment 

maintenance 

Spills from pipelines or 

other transport methods 



EPA's e s t i m a t e s :  For  s e v e r a l  r e g i o n s  o f  t h e  c o u n t r y ,  e s t i m a t e s  o f  

volumes o f  d r i l l i n g  f l u i d s  and c u t t i n g s  g e n e r a t e d  from w e l l  d r i l l i n g  

o p e r a t i o n s  a r e  a v a i l a b l e  on t h e  b a s i s  o f  w a s t e  volume p e r  f o o t  o f  w e l l  

d r i l l e d .  E s t i m a t e s  r a n g e  f rom 0 . 2  b a r r e l / f o o t  ( p r o v i d e d  by t h e  West 

V i r g i n i a  Dept .  o f  N a t u r a l  R e s o u r c e s )  t o  2 .0  b a r r e l s / f o o t  ( p r o v i d e d  by 

N L  Baro id  Co. f o r  C o t t o n  V a l l e y  f o r m a t i o n  w e l l s  i n  P a n o l a  County,  

T e x a s ) .  EPA t h e r e f o r e  c o n s i d e r e d  t h e  p o s s i b i l  i  t y  o f  u s i n g  t h i s  a p p r o a c h  

n a t i o n w i d e .  I f  i t  were  p o s s i b l e  t o  g e n e r a t e  such  e s t i r n a t e s  f o r  a l l  a r e a s  

o f  t h e  c o u n t r y ,  i n c l u d i n g  a l l o w a n c e s  f o r  a s s o c i a t e d  w a s t e s  such  a s  

c o m p l e t i o n  f l u i d s  and w a s t e  cement ,  n a t i o n w i d e  f i g u r e s  would t h e n  be 

c o m p a r a t i v e l y  e a s y  t o  g e n e r a t e .  They c o u l d  be based  on t h e  t o t a l  f o o t a g e  

o f  a l l  w e l l s  d r i l l e d  i n  t h e  U .S . ,  a  s t a t i s t i c  t h a t  i s  r e a d i l y  a v a i l a b l e  

from API. 

T h i s  method prov3d i n f e a s i b l e ,  however,  b e c a u s e  o f  a  number o f  

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

e s t i m a t e s  t h a t  would be b o t h  comprehens ive  and v a l i d  f o r  a l l  a r e a s  o f  t h e  

c o u n t r y .  For  i n s t a n c e ,  t h e  use o f  s o l i d s  c o n t r o l  equipment  a t  d r i l l i n g  

s i t e s ,  which d i r e c t l y  a f f e c t s  w a s t e  g e n e r a t i o n ,  i s  n o t  s t a n d a r d i z e d .  In  

a d d i t i o n ,  E P A  would have t o  d i f f e r e n t i a t e  among o p e r a t i o n s  u s i n g  v a r i o u s  

d r i l l i n g  f l u i d s  ( o i l - b a s e d ,  w a t e r - b a s e d ,  and g a s - b a s e d  f l u i d s ) .  These  

and o t h e r  c o n s i d e r a t i o n s  c a u s e d  t h e  Agency t o  r e j e c t  t h i s  method o f  

e s t i m a t i n g  volumes o f  d r i  l l  i n g - r e 1  a t e d  w a s t e s .  

Another  methodology would be t o  d e v e l o p  a  formal  model f o r  e s t i m a t i n g  
w a s t e  volumes based  on a l l  the  f a c t o r s  i n f l u e n c i n g  t h e  volume o f  d r i l l i n g  

w a s t e  p roduced .  These  f a c t o r s  would i n c l u d e  t o t a l  d e p t h  d r i l l e d ,  

g e o l o g i c  f o r m a t i o n s  e n c o u n t e r e d ,  d r i l l i n g  f l u i d  u s e d ,  s o l i d s  c o n t r o l  

equipment  u s e d ,  d r i l l i n g  problems e n c o u n t e r e d ,  and s o  f o r t h .  Such a  

model c o u l d  t h e n  be a p p l i e d  t o  a  r e p r e s e n t a t i v e  sample  o f  w e l l s  d r i l l e d  

n a t i o n w i d e ,  y i e l d i n g  e s t i m a t e s  t h a t  c o u l d  t h e n  be e x t r a p o f  a t e d  t o  p roduce  

n a t i o n w i d e  volumes e s t i m a t e s .  



This method, too, was rejected as infeas ib le .  I t  would have required 

access t o  data derived from the d r i l l e r ' s  logs and mud logs maintained a t  
individual well s i t e s ,  which would have been very d i f f i c u l t  t o  acquire. 

Beyond t h i s ,  other data and analyt ical  needs f o r  building such a  model 

proved t o  be beyond the resources avai lable  f o r  the pro jec t .  

With these methodologies unavailable, €PA developed i t s  estimates by 

equating the wastes generated from a d r i l l i n g  operation with the volume 

of the reserve p i t  constructed t o  service the well .  Typically,  each well 

i s  served by a s ingle  reserve p i t ,  which i s  used primarily f o r  e i t h e r  

temporary or- permanent disposal of d r i l l i n g  wastes. Based on  f i e l d  

observations,  E P A  made the exp l i c i t  assumption tha t  reserve p i t s  a re  

sized t o  accept the wastes ant ic ipated from the d r i l l i n g  operation. The 

Agency then col lected information on p i t  s izes  during the f i e l d  sampling 

program in 1986 (discussed l a t e r  in t h i s  chapter ) ,  from l j t e r a t u r e  

searches,  and by extensive contact w i t h  S t a t e  and Federal regulatory 

personnel. 

EPA developed three generic p i t  s izes  (1 ,984- ,  22,700-, and 

87,240-barrel capacity) to  represent the range of ex is t ing  p i t s  and 

assigned each Sta te  a percent d i s t r ibu t ion  fo r  each p i t  s i z e  based on 
f i e l d  observation and discussion with selected S ta t e  and industry 

personnel. For example, from the data co l lec ted ,  Utah's d r i l l i n g  s i t e s  

were characterized as having 35 percent small p i t s ,  50 percent medium 
p i t s ,  and 15 percent large p i t s .  Using these S ta t e - spec i f i c  percent 

d i s t r ibu t ions ,  EPA was then able to  readi ly ca lcu la te  an estimate of 

annual d r i l l  ing waste volumes per year fo r  each S ta t e .  Because Alaska's 

operations a re  generally la rger  than operations in the other  o i l -  and 

gas-producing S ta t e s ,  Alaska's generic p i t  s izes  were d i f f e ren t  (55,093- 

and 400,244- barrel capacity . ) 



Although the EPA method is relatively simple, relying on a well site 
feature that is easily observable (namely, the reserve pit), the method 

does have several disadvantages. It does not explicitly account for 

waste volume increases and decreases due to evaporation, percolation, and 

rainwater collection. The three generic pit sizes may not adequately 

represent the ~ i d e  range of pit sizes used for drilling, and they all 

assume that the total volume of each reserve pit, minus a nominal 2 feet 

of freeboard, will be used for wastes. Finally, the information 

collected to determine the percent distributions of pit sizes within 

States may not adequately characterize the industry, and adjusting the 

distribution would require gathering new information or taking a new 

survey. All of these uncertainties detract from the accuracy of a risk 

assessment or an economic impact analysis used to evaluate alternative 

waste management techniques. 

The American Petroleum Institute's estimates: As the largest 

national oil trade organization, the API routinely gathers and analyzes 
many types of 'information on the oil and gas industry. In addition, in 

conducting its independent estimates of dri 1 1  ing waste vo1 umes, API was 
able to conduct a direct survey of operators in 1985 to request waste 

volume data--a method that was unavailable to EPA because of time and 

funding limitations. API sent a questionnaire to a sample of operators 
nationwide, asking for estimated volume data for drilling muds and 

completion fluids, drill cuttings, and other associated wastes discharged 
to the reserve pit. Completed questionnaires were received for 693 

individual wells describing drilling muds, completion fluids, and drill 

cuttings; 275 questionnaires also contained useful information concerning 

associated wastes. A P I  segregated the sampled wells so that it could 
characterize drilling wastes within each of 11 sampling zones used in 

this study and within each of 4 depth classes. Since API maintains a 

data base on basic information on all wells drilled in the U.S., 

including location and depth, it was able to estimate a volume of wastes 

for the more than 65,000 wells drilled in 1985. The API survey does have 



several significant limitations. Statistical representativeness of the 
survey is being analyzed by EPA. Respondents to the survey were 
primarily large oil companies. The survey was accompanied by a letter 
that may have influenced the responses. Also, EPA experience with 
operators indicates that they may underestimate reserve pit volumes. 

Even though volumetric measurement and statistical analysis represent 
the preferred method for estimating drilling waste volumes, the way in 

which API's survey was conducted and the data were analyzed may have some 

drawbacks. Operators were asked to estimate large volumes of wastes, 

which are added slowly to the reserve pit and are not measured. Because 

the sample size is small in comparison to the population, it is 
questionable whether the sample i s  an unbiased representation of the 
drill ing industry. 

Estimatinq Volumes of Produced Water 

By far the largest volume pr.oducti.on waste. from oii and gas . 

operations i s  produced water. Of all the wastes generated from oil and 

gas operations, produced water figures are reported with the most 
frequency because of the reporting requirements under the Underground 
Injection Control (UIC) and National Pollution Discharge Elimination 
System (NPDES) programs. 

EPA' s estimates: Because produced water figures are more readily 
available than drilling waste data, EPA conducted a survey of the State 
agencies of 33 oil- and gas-producing States, requesting produced water 
data from inject ion reports, product ion reports, and haul ing reports. 
For those States for which this information was not available, EPA 
derived estimates calculated from the oil/water ratio from surrounding 

States (this method used for four States) or derived estimates based on 
informat ion provided by State representatives (this method used for six 
States). 



API's estimates:  I n  addition t o  i t s  survey of d r i l l i n g  wastes, API 

conducted a supplemental survey t o  determine to t a l  volumes of produced 

water on a State-by-State  bas is .  A P I  sent a produced water survey form 

t o  individual compznies requesting 1985 crude o i l  and condensate volumes 

and produced water volumes and d i s t r ibu t ion .  Fourteen operators in 23 

States  responded. Because most of the operators were act ive in more than 

one S ta t e ,  API was able t o  include a t o t a l  of 170 d i f f e ren t  survey 

points.  API  then used these data t o  generate water- to-oi l  r a t i o s  (number 

of barrels  of water produced with each barrel  of o i l )  fo r  each operator 

in each S ta t e .  By extrapolation, the r e s u l t s  of the survey y ie ld  an 

estimate of the to ta l  volume of produced water on a statewide bas is ;  the 

statewide estimated produced water volume to t a l  i s  simply the product of 

the estimated Sta te  r a t i o  (taken from t h i s  survey) and the known to ta l  

o i l  production fo r  the S ta t e .  API reports  t h i s  survey method t o  have a 

95 percent confidence level for  produced water volumes. No standard 

deviation was reported with t h i s  confidence l eve l .  

For most S ta tes ,  the f igure  'generated by t h i s  method agrees closely.  

with the f igure arrived a t  by E P A  in i t s  survey of S ta t e  agencies in 33 

oil-producing Sta tes .  For a few S ta t e s ,  however, the EPA and API numbers 

are s igni f icant ly  d i f f e r e n t ;  Wyoming i s  an example. Since most of the 

respondents to  the A P I  survey were major companies, t h e i r  production 

operations may not be t r u l y  representat ive of the industry as a whole. 

Also, the API method did n o t  cover a l l  of the S ta tes  covered by EPA.  

Neither method can be considered completely accurate,  so judgment i s  

needed to  determine the best method to  apply fo r  each S ta t e .  Because the 

Wyoming S ta t e  agency responsible fo r  o i l  and gas operations believes t h a t  
the API number i s  grea t ly  in e r r o r ,  the  S ta te  number i s  used i n  t h i s  

report .  Also, since the API survey did not cover many of the S ta tes  in 

the Appalachian Basin, the EPA numbers fo r  a1 1 of the Appalachian Basin 

S ta tes  are  used here. I n  a l l  other cases,  however, the API-produced 

water volume numbers, which were derived in p a r t  from a f i e l d  survey, a re  

believed t o  be more accurate than EPA numbers and a re  therefore used in 

t h i s  report .  



Waste Volume Estimates 

Dr i l l ing  waste volumes fo r  1985, calculated by both the € P A  and API 

methods, appear in Table 11-2. A1 though the number of wells d r i l l e d  fo r  

each S ta t e  d i f f e r s  between the two methods, both methods fundamentally 

r e l i ed  upon API data .  The EPA method estimates tha t  2.44 b i l l i o n  bar re ls  

of waste were generated from the d r i l l i n g  of 64,508 wells ,  f o r  an average 

of 37,902 bar re ls  of waste per well .  The API method estimates t h a t  361 

mill ion bar re ls  of waste were generated from the  d r i l l i n g  of 69,734 

wells,  f o r  an average of 5,183 bar re ls  of waste per well. EPA has 

reviewed API's survey methodology and be1 ieves the A P I  method i s  more 

r e l i a b l e  in predicting actual volumes generated. For the purposes of 

t h i s  repor t ,  E P A  will  use the API estimates f o r  d r i l l i n g  waste volumes. 

Produced water volumes for  1985, calculated by both the EPA and API 

methods, appear in Table 11-3. The €PA method estimates 11.7 b i l l i o n  

bar re ls  of produced water. The A P I  method estimates 20.9 b i l l  ion bar re ls  

of produced water. 

CHARACTERIZATION OF WASTES 

I n  support of t h i s  study, EPA col lected samples from o i l  and gas 

exploration, development, and production s i t e s  throughout the  country and 
analyzed them t o  determine t h e i r  chemical composition. The Agency 

designed the sampling plan t o  ensure tha t  i t  would cover the country's 

wide range of geographic and geologic conditions and tha t  i t  would 

randomly se l ec t  individual s i t e s  f o r  study within each area 

(USEPA 1987). One hundred one samples were col lected from 49 s i t e s  in 26 

d i f f e r e n t  loca t ions .  Operations sampled included central  ized treatment 

faci  1 i t  i e s ,  central  disposal f a c i l  i  t i e s ,  d r i l l  ing operations,  and 

production f a c i l i t i e s .  For a more de ta i led  discussion of a l l  aspects of 

EPA's sampling program, see USEPA 1987. 



Table 11-2 Es t imated U.S. D r i l l i n g  Waste Volumes, 1985 

EPA method API method 
Number o f  Vol umea Number o f  ~ o l  umeb 

S t a t e  w e l l s  d r i l l e d  1,000 b b l  w e l l s  d r i l l e d  1,000 bbl 

A1 abama 
A1 as ka  
Ar izona 
Arkansas 
Cal i f o r n i  a 
Colorado 
F l o r i d a  
Georg i a 
Idaho 
I l l i n o i s  
I nd iana  
Iowa 
Kansas 
Kentucky 
Lou is iana  
Mary1 and 
Mich igan 
M i s s i s s i p p i  
M issou r i  
Montana 
Nebraska 
Nevada 
New Mexi co 
New York 
N o r t h  Dakota 
Ohio 
Oklahoma 
Oregon 
Pennsyl van i  a 



Tab1 e 11-2 (cont inued)  

EPA method API  method 
Number of Vol umea Number of ~ o l  umeb 

S t a t e  we l l s  d r i l l e d  1,000 bbl we l l s  d r i l l e d  1,000 bbl 

South Dakota 
Tennessee 
Texas 
Utah 
Virginia  
Washington 
West Vi rg in ia  
Wyom i ng 

U.S. Total 

a Based on t o t a l  a v a i l a b l e  rese rve  p i t  volume, assuming 2. f t  of f reeboard ( r e f  . ) .  
Based on t o t a l  volume of d r i l l i n g  muds, d r i l l  c u t t i n g s ,  completion f l u i d s ,  

c i r c u l a t e d  cement, formation t e s t i n g  f7 u i d s ,  and o the r  water  and sol  i d s .  
Not c a l cu l a t ed .  

EPA notes  t h a t  f o r  Wyoming, t he  S t a t e ' s  numbers a r e  1,332 and 11,988,000, 
r e spec t i ve ly .  



Tab le  11-3 Es t ima ted  U.S. Produced Water Volumes, 1985 

EPA volumes API volumes 
S t a t e  1,000 b b l  Source 1,000 b b l  Source 
- 

A1 abama 34,039 
A1 as ka 112,780 
A r i z o n a  288 
Arkansas 226,784 
Cal i f o r n i  a 2,553,326 
Co lo rado  154,255 
F l o r i d a  85,052 
I l l i n o i s  8,560 
I n d i a n a  5,846 
Kansas 1,916,250 
Kentucky 16,055 
L o u i s i a n a  794,030 
Mary1 and 0 
M ich igan  64,046 
M i s s i s s i p p i  361,038 
M i s s o u r i  2,177 
Montana 159,343 
Nebraska 73,411 
Nevada 3,693 
New Mexico 368,249 
New York 4,918 
N o r t h  Dakota 88,529 
Oh io  13,688 
Okl ahoma 1,627,390 
Oregon 3 3 
Pennsy lvan ia  31,131 
South Dakota 3,127 
Tennessee 800 
Texas 2,576,000 
U tah  126,000 
V i r g i n i a  0 
West V i r g i n i a  7,327 
Wyoming 253,476" 

U.S. T o t a l  11,671,641 20,873,243** 

Sources : a. 
b. 

I n j e c t i o n  Repo r t s  
P r o d u c t i o n  Repo r t s  
Haul i ng Repo r t s  
E s t i m a t e  c a l c u l a t e d  f r om w a t e r l o i l  r a t i o  f r om s u r r o u n d i n g  S t a t e s  
Es t ima te  c a l c u l a t e d  f r om w a t e r l o i l  r a t i o  f r o m  o t h e r  y e a r s  f o r  wh i ch  
d a t a  were a v a i l a b l e  
Es t ima te  c a l c u l a t e d  f r om i n f o r m a t i o n  p r o v i d e d  by S t a t e  
r e p r e s e n t a t i v e .  See Tab le  1-8,  (Westec, 1987) t o  exp l  a i n  f o o t n o t e s  
a - f  
A P I  i n d u s t r y  su rvey  
Not  surveyed 

* Wyoming s t a t e s  t h a t  1,722,599,614 b a r r e l s  o f  produced w a t e r  were 
genera ted  i n  t h e  S t a t e  i n  1985. For  t h e  work done i n  Chapter  V I ,  t h e  
S t a t e ' s  numbers were used. 

** I n c l u d e s  o n l y  S t a t e s  surveyed.  



Cent ra l  p i t s  and t rea tment  f a c i l i t i e s  r e c e i v e  wastes f rom numerous 

o i l  and gas f i e l d  ope ra t i ons .  S ince l a r g e  geographic areas a r e  s e r v i c e d  

by these  f a c i l i t i e s ,  t h e  f a c i l i t i e s  tend t o  be v e r y  l a r g e ;  one p i t  i n  

Oklahoma measured 15 acres and was as deep as 50 f e e t  i n  p laces .  Cen t ra l  

p i t s  a r e  used f o r  l o n g - t e r m  waste s to rage and i n c o r p o r a t e  no t rea tmen t  o f  

p i t  con ten ts .  T y p i c a l  ope ra t i ons  accept d r i l l i n g  waste o n l y ,  produced 

waters on l y ,  o r  bo th .  Long-term, n a t u r a l  evapora t i on  can concen t ra te  t h e  

chemical c o n s t i t u e n t s  i n  t h e  p i t .  Cen t ra l  t r ea tmen t  and d i s p o s a l  

f a c i l i t i e s  a re  designed f o r  r e c o n d i t i o n i n g  and t r e a t i n g  wastes t o  a l l o w  

f o r  d i scha rge  o r  f i n a l  d i s p o s a l .  t i  ke c e n t r a l  p i t s ,  c e n t r a l  t r e a t m e n t  

f a c i l i t i e s  can accept d r i l l i n g  wastes on l y ,  produced water  o n l y ,  o r  

bo th .  

Reserve p i t s  a re  used f o r  o n s i t e  d i sposa l  o f  waste d r i l l i n g  f l u i d s .  

These rese rve  p i t s  a r e  u s u a l l y  dewatered and b a c k f i l l e d .  Waste 

byproducts p resent  a t  p roduc t i on  s i t e s  i n c l u d e  s a l t w a t e r  b r i n e s  ( c a l l e d  

produced wa te rs ) ,  t a n k  bot tom sludge, and " p i g g i n g  wax," which can 

accumulate i n  t h e  g a t h e r i n g  l i n e s .  

E x t r a c t s  f rom these samples were prepared b o t h  d i r e c t l y  and f o l l o w i n g  

t h e  proposed €PA T o x i c i t y  C h a r a c t e r i s t i c  Leaching Procedure (TCLP). They 

were analyzed f o r  o rgan ic  compounds, meta ls ,  c l a s s i c a l  wet chemis t r y  

parameters, and c e r t a i n  o t h e r  ana ly tes .  

API conducted a  sampl i ng program concu r ren t  w i t h  €PA1 s. API 's  

un i ve rse  o f  s i t e s  was s l i g h t l y  s m a l l e r  t han  EPA's, b u t  where t h e y  

over lapped,  t h e  r e s u l t s  have been compared. API 's methodology was 

designed t o  be comparable t o  t h a t  used by EPA, b u t  API 's sampl ing and 

a n a l y t i c a l  methods, i n c l u d i n g  q u a l i t y  asscrance and q u a l i t y  c o n t r o l  

procedures, v a r i e d  somewhat f rom EPA1s. These d i s s i m i l a r i t i e s  can l e a d  

t o  d i f f e r e n t  a n a l y t i c a l  r e s u l t s .  Fo r  a  more d e t a i l e d  d i s c u s s i o n  o f  a l l  

aspects o f  API 's  sampl ing program, see API 1987. 



Sampl i ng Methods 

Methods used by EPA and by API are  discussed br ie f ly  below, w i t h  

emphasis placsd on EPA's program. 

E P A  Sam~linq Procedures 

P i  t s am~l  i nq: A1 1  p i t  samples were composi ted grab sampl e s .  The E P A  

f i e l d  team took two cornposited samples f o r  each p i t - -one  sludge sample 

and one supernatant sample. Where the p i t  did not contain a  d i sc re t e  

1  iquid phase, only a sludge sample was taken. Sludge samples are  defined 

by €PA for  t h i s  report  as tank bottoms, d r i l l i n g  muds, or other samples 

tha t  contains a  s igni f icant  quantity of so l ids  (normally grea ter  than 

1 percent) .  E P A  a l so  col lected samples of d r i l l i n g  mud before i t  entered 

the reserve p i t .  

Each p i t  was divided in to  four quadrants, with a  sample taken from 

the center of each quadrant,' using e i t h e r  a  coring device or a  dredge. 

The coring device was 1 ined with Teflon or g lass  to  avoid sample . 

contamination. This device was preferred because of i t s  ease of use and 

deeper penetration. The quadrant samples were then combined to  make a  

s ingle  composite sample representat ive of tha t  p i t .  

EPA took supernatant samples a t  each of the four quadrant centers  

before co l lec t ing  the sludge samples, using a s t a i n l e s s  s tee l  l iqu id  

th i e f  sampler t h a t  allows l iquid t o  be retr ieved from any depth. Samples 

were taken a t  four evenly spaced depths between the l iquid surface and 

the sludge-supernatant in te r face .  EPA followed the same procedure a t  
each of the sampling points and combined the r e s u l t s  into a  s ingle  

composite f o r  each s i t e .  

To capture v o l a t i l e  organics, v o l a t i l e  organic analysis  (VOA) v ia l s  

were f i l l e d  from the f i r s t  l iquid grab sample col lected.  A11 other  



sludge and l iquid samples were composited and thoroughly mixed and had 

any foreign material such as stones and other v i s i b l e  t rash  removed pr ior  

t o  sending them to  the laboratory fo r  analysis  (USEPA 1987). 

Produced water: To sample produced water, E P A  took e i t h e r  grab 

samples from process l i nes  or composited samples from tanks.  Composite 

samples were taken a t  four evenly spaced depths between the l iquid  

surface and the bottom of the tank, using only one sampling point per 

t a n k .  Storage tanks tha t  were inaccessible from the top had t o  be 

sampled from a tap a t  the tank bottom or a t  a flow l i n e  ex i t ing  the 

tank. For each s i t e  locat ion,  EPA combined individual samples in to  a 
s ingle  container t o  c rea te  the t o t a l  l iqu id  sample fo r  tha t  loca t ion .  

EPA mixed a l l  composited produced water samples thoroughly and removed 

v i s ib l e  t rash  pr ior  t o  t ransport  t o  the laboratory (USEPA 1987). 

Central treatment f a c i l i t i e s :  Both l iquid and sludge samples were 

taken a t  central  treatment f a c i l  i t i e s .  All were composi ted grab samples 

using the same techniques described above f o r ' p i t s ,  tanks,  or process 

l i nes  (USEPA 1987). 

API  Samplinq Methods 

The API team divided p i t s  i n to  s ix  sections and sampled in an "S" 

curve pat tern in each sect ion.  There were 3 0 ' t o  60 sample loca t ions  

depending upon the  s i z e  of the pit :  API's sampling device was a metal or 
PVC pipe, which was driven into the p i t  so l ids .  When the pipe could not 

be used, a stoppered j a r  attached t o  a ridged pole was used. Reserve p i t  

supernatant was sampled using weighted bo t t l e s  or bottom f i l l  i n g  

devices. Produced waters were usually sampled from process pipes or 

valves. API did n o t  sample central  treatment f a c i l i t i e s  (API 1987). 

Anal yti cal Methods 

As f o r  sampling methods, analyt ical  methods used by EPA and by API 

were somewhat d i f f e r e n t .  Each i s  b r i e f ly  discussed below. 
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EPA Anal v t  i c a l  Met hods 

EPA analyzed wastes f o r  t h e  RCRA c h a r a c t e r i s t i c s  i n  accordance w i t h  

t h e  O f f i c e  o f  S o l i d  Waste t e s t  methods manual (SW-846). I n  a d d i t i o n ,  

s ince  the  T o x i c i t y  C h a r a c t e r i s t i c  Leaching Procedure (TCLP) has been 

proposed t o  be a  RCRA t e s t ,  EPA used t h a t  a n a l y t i c a l  procedure f o r  

c e r t a i n  wastes, as a p p r o p r i a t e .  EPA a l s o  used EPA methods 1624 and 1625, 

i so tope  d i l u t i o n  methods f o r  o rgan ics ,  which have been determined t o  be 

s c i e n t i f i c a l l y  v a l i d  f o r  t h i s  a p p l i c a t i o n .  

EPA's survey analyzed 444 o rgan ic  compounds, 68 i n o r g a n i c s ,  19 

convent iona l  contaminants, and 3 RCRA c h a r a c t e r i s t i c s  f o r  a  t o t a l  o f  534 

ana ly tes .  Analyses performed inc luded  gas and l i q u i d  chromatography, 

atomic abso rp t i on  spec t romet ry  and mass spectrometry,  u l t r a v i o l e t  

d e t e c t i o n  method, i n d u c t i v e l y  coupled plasma spectrometry,  and d i o x i n  and 

f u r a n  a n a l y s i s .  A1 1 analyses f o l l  owed standard [PA method01 og ies  and 

p r o t o c o l  s and i nc luded  f u l l  qua1 i t y  assurance/qual i t y  c o n t r o l  (QA/QC) on 

c e r t a i n  t e s t s  (USEPA 1987). 

O f  these 534 ana ly tes ,  134 were de tec ted  i n  one o r  mor2 samples. For  

about h a l f  o f  t h e  s ludge samples, e x t r a c t s  were taken us ing  EPA's proposed 

T o x i c i t y  C h a r a c t e r i s t i c  Leaching Procedure (TCLP) and were analyzed f o r  a  

subset o f  o rgan ics  and me ta l s .  Samples f rom c e n t r a l  p i t s  and c e n t r a l  

t rea tment  f a c i l i t i e s  were analyzed f o r  136 c h l o r i n a t e d  d i o x i n s  and fu rans  

and 79 p e s t i c i d e s  and h e r b i c i d e s  (USEPA 1987). 

A P I  Anal v t i c a l  Methods 

A P I  analyzed f o r  125 organ ics ,  29 metals ,  15 conven t i ona l  

contaminants,  and 2 RCRA c h a r a c t e r i s t i c s  f o r  each sample. The same 

methods were used by API and EPA f o r  a n a l y s i s  o f  meta ls  and conven t i ona l  



pollutants  w i t h  sonie minor var ia t ions .  For organics analysis  EPA used 

methods 1624C and 1625C, while A P I  used E P A  methods 624 and 625 .  While 

the two method types are  comparable, niethod 1624 (and 1625C) may give a  

more accurate r e su l t  because of l e s s  interference from the matrix and a  

lower detection l imi t  than methods 624 and 625. I n  addi t ion,  QA/QC on 

API's program has n o t  been ver i f ied  by E P A .  See USEPA 1987 f o r  a 
discussion of EPA analyt ical  methods. 

Results 

Chemical Constituents Found b y  E P A  in Oil and  Gas Extraction Waste Streams I 

As previously s t a t ed ,  E P A  col lected a  to t a l  of 101 samples from 

d r i l l i n g  s i t e s ,  production s i t e s ,  waste treatment f a c i l i t i e s ,  and 
C 

commercial waste storage and disposal f a c i l i t i e s .  Of these 101  samples, 

4 2  were sludge samples and 59 were l iquid samples (USEPA 1987).  

Health-baszd numbers in milligrams per l i t e r  (rng/L) were tabulated 

fo r  a1 1 const i tuents  for  which there are  Agency-verified l imi t s .  These 

are  e i t h e r  reFerence doses fo r  noncarcinogens (Rfds) or  r i sk - spec i f i c  

doses (RSDs) f o r  carcinogens. RSDs were calcul a ted,  using the  f o l l  owing 

r i s k  l eve l s :  10-6 fo r  c l a s s  A (human carcinogen) and 1 0 - 5  f o r  c l a s s  B 

(probable human carcinogen). Maximum contaminant l imi t s  (MCLs) were 

used, when avai lab le ,  then Rfds or  RSDs. An MCL i s  an enforceable 

drinking water standard tha t  i s  used by the Office of Solid Waste when 

ground water i s  a  main exposure pathway. 

Two multiples of the heal th-based 1 imits (or  MCLs) were calculated 

fo r  comparison with the  sample l eve l s  found in the wastes. Multiples of 

100 were used t o  approximate the regulatory level s e t  by the EP t ox ic i ty  

t e s t  ( i . e . ,  100  x the drinking water standards f o r  some metals and 



pesticides). Multiples of 1,000 w2re used to approximate the 

concentration of a leachate which, as a first screen, is a threshold 
level of potential regulatory concern. Comparison of constituent levels 

found by direct analysis of waste with multiples of health-based numbers 

(or MCLs) can be used to approximate dispersion of this waste to surface 
waters. Comparison of constituent levels found by TCLP analysis of waste 

with multiples of health-based numbers (or MCLs) can be used to 

approximate dispersion of this waste to ground water. 

For those polyaromat i c  hydrocarbons (PAHs) for which verified 

health-based numbers do not exist, 1 imits were estimated by analogy with 
known toxicities of other PAHs. If structure activity analysis (SAR)  

indicated that the PAH had the potential to be carcinogenic, then it was 

assigned the same health-based number as benzo(a)pyrene, a potent 

carcinogen. If the SAR analysis yielded equivocal results, the PAH was 

assigned the limit given to indeno-(1,2,3-cd) pyrene, a PAH with possible 

carcinogenic potential. If the SAR indicated that the PAH was not likely 

to be carcinogenic, then it.was assigned the same.number as naphthalene, 

a noncarci nogen . 

The analysis in this chapter does not account for the frequency of 

detection of constituents, or nonhuman health effects. Therefore, it 

provides a useful indication of the constituents deserving further study, 

but may not provide an accurate description of the constituents that have 

the potential to pose actual hurnan.health and environmental risks. 

Readers should refer to Chapter V ,  "Risk Modeling," for information on 

human health and environmental risks and should not draw any conclusions 

from the analysis presented in Chapter I1 about the level of risk posed 
by wastes from oil and gas wells. 

EPA may further eval uate constituents that exce2ded the heal th-based 

l i m i t  or MCL multiples to determine fate, transport, persistence, and 
toxicity in the environment. This evaluation may show that constituents 



des ignated as secondary i n  t h e  f o l l o w i n g  d i s c u s s i o n  may n o t ,  i n  f a c t ,  be 

o f  concern t o  EPA. 

A l though t h e  T o x i c i t y  C h a r a c t e r i s t i c s  Leaching Procedure (TCLP) was 

per formed on t h e  s ludge samples, t h e  o n l y  c o n s t i t u e n t  i n  t h e  l e a c h  

e x h i b i t i n g  concen t ra t i ons  t h a t  exceeded t h e  m u l t i p l e s  p r e v i o u s l y  

desc r ibed  was benzene i n  p r o d u c t i o n  t a n k  bot tom s ludge.  A l l  o f  t h e  o t h e r  

chemical c o n s t i t u e n t s  t h a t  exceeded t h e  .mu1 t i p l  es were f rom d i r e c t  

a n a l y s i s  o f  t h e  waste. 

C o n s t i t u e n t s  Present a t  Leve ls  o f  P o t e n t i a l  Concern 

Because of t h e  l i m i t e d  number o f  samples i n  r e l a t i o n  t o  t h e  l a r g e  

u n i v e r s e  o f  f a c i l i t i e s  f rom which t h e  samples were drawn, r e s u l t s  o f  t h e  
C 

waste sampling program conducted f o r  t h i s  s tudy  must be analyzed 

c a r e f u l l y .  EPA i s  conduct ing  a  s t a t i s t i c a l  a n a l y s i s  o f  these sanples.  

Tab le  1 1 - 4  shows EPA and A P I  chemical c o n s t i t u e n t s  t h a t  were p resen t  

i n  o i l  and gas e x t r a c t i o n  waste streams i n  amounts g r e a t e r  t han  

hea l  th -based 1 i m i  t s  mu1 t i p l  i ed by 1,000 (p r imary  concern)  and those 

c o n s t i t u e n t s  t h a t  occur red  w i t h i n  t h e  range o f  m u l t i p l e s  o f  100 and 1,000 

(secondary concern) .  Benzene and a rsen ic ,  c o n s t i t u e n t s  o f  p r i m a r y  and 

secondary concern r e s p e c t i v e l y ,  by t h i s  d e f i n i t i o n ,  were modeled i n  t h e  

r i s k  assessment chap te r  (Chapter V ) .  The t a b l e  compares waste st ream 

l o c a t i o n  and sample phase w i t h  t h e . c o n s t i t u e n t s  found a t  t h a t  l o c a t i o n  

and phase. Tab le  11-5 shows t h e  number o f  samples compared w i t h  t h e  

number o f  d e t e c t s  i n  EPA samples f o r  each c o n s t i t u e n t  o f  p o t e n t i a l  

concern. 

The l i s t  o f  c o n s t i t u e n t s  o f  p o t e n t i a l  concern i s  n o t  f i n a l .  EPA i s  

c u r r e n t l y  e v a l u a t i n g  t h e  da ta  c o l l e c t e d  a t  t h e  c e n t r a l  t r ea tmen t  

f a c i l i t i e s  and c e n t r a l  p i t s ,  and more chemical c o n s t i t u e n t s  o f  p o t e n t i a l  

concern may r e s u l t  f r om t h i s  e v a l u a t i o n .  A1 so, s t a t i s t i c a l  a n a l y s i s  o f  

t h e  sampl ing da ta  i s  c o n t i n u i n g .  





Table 11-5 EPA Samples Containing Constituents of Concern 

Legend: 
L: Liquid sample 
S: Sludge sample 
# (#) Number of samples (number of detects) 
+ TCLP extract and direct extracts 

Primary concern 

R enzene 
Phenanthrene 
Idad 

Central pit I Drilling 

Barium 

Secondary concern 

Arsenic 
Fluoride 

Central treatment 
Central pit 

53  (1) 
$3 (1) 

, 

Influent 

, s l  (1) 

Production 
Midpoint 

l.5 (3) 

Tank 

$2 (1) 
(2) 

Pit 

$18 (7) 

Drilling mud 

S2 (1) 

S l  .(I) 

Effluent 

L3 (2)S3 (1) 

s 3  (3) 
S2 (1) 

. 

Tank bottom 

s 1  (1) + 
S l  (1) 

Tank bottoms 

s l  (1) 
S l  ( 1 )  
L1 (1) 

Endpoint 

L21 (16) 
L21 (5) 

1 I S l ( 1 )  

L24 (21) 

L24 (9) 

I 
S1 (1)'  s 3  (3) 

S3 (3) 
s 3  (3) 

s 3  (3) 

S3 ( 1 )  
s 3  (3) 

S21 ( 1  1 )  

S l  (1) 

I ~ 1 7  (17) ~ 2 0  (20) . 

Ll(1)  



Comparison to Constituents of Potential Concern Identified in the Risk 
Arral vs i s 

This report's risk assessment selected the chemical constituents that 

are most likely to dominate the human health and environmental risks 

associated with drilling wastes and produced water endpoints. Through 
this screening process, EPA selected arsenic, benzene, sodium, cadmium, 

chromium VI, boron, chloride, and total mobile ions as the constituents 
to model for risk assessment. 6 

The chemicals selected for the risk assessment modeling differ from 

the constituents of potenti a1 concern ident i fied in this chapter's 

analysis for at least three reasons. First, the risk assessment 

screening accounted for constituent mobility by examining several factors 

in addition to solubility that affect mobility (e.g., soil/water 
partition coefficients) whereas, in Chapter 11 ,  constituents of potential 

concern were not selected on the basis of mobility in the environment. 

Second, certzin constituents were selected for the risk assessment' 

model ing based on their potential to cause adverse environmental effects 

as opposed to human health effects; the Chapter I1  analysis considers 
mostly human health effects. Third, frequency of detection was 

considered in selecting constituents for the risk analysis but was not 

considered in the Chapter I1 analysis. 

Facility Analysis 

Constituents of potential concern were chosen on the basis of 

exceedances in liquid samples or TCLP extract. Certain sludge samples 

are listed in Tables 11-4 and 11-5, since these samples, through direct 

Mobile ions modeled in the risk assessment ~nclude chloride, sodl~m, potasslum, 
calcium, magnesium, and sulfdte. 



chemical  a n a l y s i s ,  i n d i c a t e d  t h e  presence o f  c o n s t i t u e n t s  a t  l e v e l s  

exceeding t h e  mu1 t i p l  es p r e v i o u s l y  descr ibed.  One s ludge sample analyzed 

by t h e  TCLP method conta ined benzene i n  an amount above t h e  l e v e l  o f  

p o t e n t i a l  concern. T h i s  sample i s  i n c l u d e d  i n  Tables 11-4 and 11-5.  The 

s ludge samples a re  shown f o r  coniparison w i t h  t h e  1 i q u i d  samples and TCLP 

e x t r a c t  and were no t  t h e  b a s i s  f o r  cho i ce  as a c o n s t i t u e n t  o f  p o t e n t i a l  

concern. C o n s t i t u e n t s  found i n  t h e  1 i q u i d  samples o r  t h e  TCLP e x t r a c t  i n  

amounts g r e a t e r  than 100 t imes t h e  hea l th -based number a re  cons idered 

c o n s t i t u e n t s  o f  p o t e n t i a l  concern by EPA. 

Cen t ra l  Treatment F a c i l  i ty 

Benzene, t h e  o n l y  c o n s t i t u e n t  found i n  l i q u i d  samples a t  t h e  c e n t r a l  

t r ea tmen t  f a c i l i t i e s ,  was found i n  t h e  e f f l u e n t  i n  amounts exceeding t h e  

1 eve1 o f  p o t e n t  i a1 concern. 
* 

Cen t ra l  P i t  Faci  1 i t  y 

No c o n s t i t u e n t  was found i n  t h e  1 i q u i d  phase i n  amounts -exceeding t h e  

l e v e l  o f  p o t e n t i a l  concern a t  c e n t r a l  p i t  f a c i l i t i e s .  

D r i l l i n q  F a c i l i t i e s  

Lead and bar ium were found i n  amounts exceeding t h e  l e v e l  o f  

p o t e n t i a l  concern i n  t h e  l i q u i d  phase of  t h e  t a n k  bottoms and t h e  r e s e r v e  

p i t s  t h a t  were sampled. F l u o r i d e  was found i n  amounts t h a t  exceeded 100 

t imes t h e  hea l th -based number i n  rese rve  p i t  supernatant .  

P roduc t i on  F a c i l i t y  

Benzene was p resen t  i n  amounts t h a t  exceedsd t h e  l e v e l  o f  p o t e n t i a l  

concern a t  t h e  m i d p o i n t  and t h e  endpo in t  l c c a t i o n s .  Exceedances o f  t h e  



level of potential concern that occurred only at the endpoint location 

were for phenanthrene, barium, arsenic, and antimony. Benzene was 

present in amounts exceeding the multiple of 1,000 in the TCLP leachate 

of one sample. 

WASTE CHAWCTERIZATIOM ISSUES 

Toxicity Characteristic Leaching Procedure (TCLP) 

The TCLP was designed to model a reasonable worst -case mismanagement 
scenario, that of co-disposal of industrial waste with municipal refuse 

or other types of biodegradable organic waste in a sanitary landfill. As 

a generic model of mismanagement, this scenario is appropriate for 

nonregulated wastes because those wastes may be sent to a municipal 

landfill. However, most waste from oil and gas exploration and 

production is not disposed of in a sanitary landfill, for which the test 

was designed. Therefore, the test may not reflect the true hazard of the 

waste when it is managed by other methods. tlowever, if these wastes were 

to go to a sanitary 1 andf i l l ,  EPA be1 ieves the TCLP would be an 
appropriate leach test to use. 

For example, the TCLP as a tool for predicting the leachability of 

oily wastes placed in surface impoundments may actually overestimate that 

leachabil i ty. One reason for this overestinlation involves the fact that 

the measurement of volatile compounds is conducted in a sealed system 
during extraction. Therefore, all volatile toxicants present in the 

waste are assumed to be available for leaching to ground water. None of 

the volatiles are assumed to be lost from the waste to the air. Since 
volatilization is a potentially significant, although as yet 

unquantified, route of loss from surface impoundments, the TCLP may 

overestimate the leaching potential of the waste. Another reason for 

overestimation is that the TCLP assumes that no degradation--either 

chemical, physical, or biological - -will occur in the waste before the 



leachate actually leaves the impoundment. Given that leaching is not 
likely to begin until a finite time after disposal and will continue to 

occur over many years, the assumption of no change may tend to 

overestimate leachability. 

Conversely, the TCLP may underestimate the 1 eaching p~tential of 

petroleum wastes. One reason for this assumption is a procedural problem 

in the filtration step of the TCLP. The amount of mobile liquid phase 

that is present in these wastes and that may migrate and result in 

ground-water contamination is actually underestimated by the TCLP. The 

TCLP requires the waste to be separated into its mobile and residue solid 

phases by filtration. Some production wastes contain materials that may 

clog the filter, indicating that the waste contains little or no mobile 

fraction. In an actual disposal environment, however, the liquid may 

migrate. Thus, the TCLP may underestimate the leaching potential of 

these materials. Another reason for underestimation may be that the 

acetate extraction fluid used is not as aggressive as real world leaching 

fl u-id since other sol ubil izing species (e.g., detergents, sol vents, humic . 

species, chelating agents) may be present in leaching fluids in actual 

disposal units. The use of a citric acid extraction rnedia for more 

aggressive leaching has been suggested. 

Because the TCLP is a generic test that does not take site-specific 
factors into account, it may overestimate waste leachability in some 

cases and underestimate waste 1each.ability in other cases. This is 
believed to be the case for wastes from oil and gas exploration and 

product i on. 

The EPA has several projects underway to investigate and quantify the 
leaching potential of oily matrices. These include using filter aids to 

prevent clogging of the filter, thus increasing filtration efficiency, 

and using column studies to quantitatively assess the degree to which 

oily materials move through the soil. These projects may result in a 

leach test more appropriate for oily waste. 



Sol ubi  1 i t y  and Mobi 1  i t y  o f  C o n s t i t u e n t s  

Barium i s  u s u a l l y  found i n  d r i l l i n g  waste as bar ium s u l f a t e  ( b a r i t e ) ,  

which i s  p r a c t i c a l l y  i n s o l u b l e  i n  water  (Consid ine 1 9 7 4 ) .  Barium s u l f a t e  

may be reduced t o  bar ium s u l f i d e ,  which i s  water  s o l u b l e .  I t  i s  t h e  

r e l a t i v e  i n s o l u b i l i t y  o f  bar ium s u l f a t e  t h a t  g r e a t l y  decreases i t s  

t o x i c i t y  t o  humans; t h e  more s o l u b l e  and mobi le  bar ium s u l f i d e  i s  a l s o  

much more t o x i c  (Sax 1984). Barium s u l f i d e  fo rma t ion  f rom bar ium s u l f a t e  

r e q u i r e s  a  m o i s t  anoxic  environment. 

The o rgan ic  c o n s t i t u e n t s  p resent  i n  t he  l i q u i d  samples i n  

concen t ra t i ons  o f  p o t e n t i a l  concern were benzene and phenanthrene. 

Benzene was found i n  produced waters and e f f l u e n t  f rom c e n t r a l  t rea tment  

f a c i l i t i e s ,  and phenanthrene was found i n  produced waters.  
C 

An impor tan t  comnringling e f f e c t  t h a t  can i nc rease  t h e  m o b i l i t y  o f  

nonpolar  o rgan ic  s o l v e n t s  i s  t he  addi,t ion o f  smal l  amounts o f  a  more 

s o l u b l e  o rgan ic  s o l v e n t .  T h i s  e f f e c t  can s i g n i f i c a n t l y  inc rease t h e  

e x t e n t  t o  which no rma l l y  i n s o l u b l e  m a t e r i a l s  a re  d i s s o l v e d .  Th i s  

s o l u b i l i t y  enhancement i s  a  l o g - l i n e a r  e f f e c t .  A l i n e a r  i nc rease  i n  

coso lven t  c o n c e n t r a t i o n  can l e a d  t o  a  l o g a r i t h m i c  i nc rease  i n  

s o l u b i l i t y .  Th i s  e f f e c t  i s  a l s o  a d d i t i v e  i n  terms o f  c o n c e n t r a t i o n .  For  

ins tance,  i f  a  number o f  coso l ven ts  e x i s t  i n  smal l  concen t ra t i ons ,  t h e i r  

t o t a l  c o n c e n t r a t i o n  may be enough t o  have a  s i g n i f i c a n t  e f f e c t  on 

nonpo lar  s o l v e n t s  w i t h  which t h e  coso lven ts  come i n  c o n t a c t  (Nked i -K izza  

1985, Woodburn e t  a l .  1986). Common o rgan ic  coso lven ts  a r e  acetone, 

t o 1  uene, e thano l  , and xy1 enes (Brown and Donne1 l y  1986). 

Other  f a c t o r s  t h a t  must be cons idered when e v a l u a t i n g  t h e  m o b i l i t y  o f  

these i n o r g a n i c  and o rgan ic  c o n s t i t u e n t s  i n  t h e  environment a r e  t h e  use 

o f  s u r f a c t a n t s  a t  o i l  and gas d r i l l i n g  and p r o d u c t i o n  s i t e s  and t h e  



general corrosivity of produced waters. Surfactants can enhance the 

solubil ity of many constituents in these waters. Produced waters have 

been shown to corrode casing (see damage cases in Chapter IV) . 

Changes in pH in the environment of disposal can cause precipitation 

of compounds or elements in waste and this can decrease mobility in the 

environment. Also adsorption of waste components to soil particles will 

attenuate mobility. This is especially true of soils containing clay 

because of the greater surface area of clay-sized particles. 

Phototoxic Effect of Polycyclic Aromatic Hydrocarbons (PAH) 

New studies by Kagan et al. (1984), Allred and Giesy (1985), and 

Bowling et al. (1983) have shown that very low concentrations (ppb in 

some cases) of polycyclic aromatic hydrocarbon (PAH) are lethal to some 

forms of aquatic wild1 ife when they are introduced to sun1 iyht after 

exposure to the PAtis. This is called the phototoxic effect. 

In the study conducted by All red and G i e s y  (1985), it was shown that 
anthracene toxicity to Da~hni a p111 ex resulted from activation by solar 

radiation of material present on or within the animals and not in the 

water. It appeared that activation resulted from anthracene molecules 

and not anthracene degeneration products. Additionally, it was shown 
that wavelengths in the UV-A region (315 to 380 nm) are primarily 
responsible for photo-induced anthcacene toxicity. 

It has been shown that PAHs are a typical component of some produced 

waters (Davani et al., 1986a). The practice of disposal of produced 

waters in unlined percolation pits is allowing PAHs and other 

constituents to migrate into and accumulate in soils (Eiceman et a1 ., 
1986a, 1986b) . 



pH and Other RCRA Character is t ics  

Of the RCRA parameters r eac t iv i ty ,  i g n i t a b i l i t y ,  and cor ros iv i ty ,  no  

waste sample fa i led  the f i r s t  two .  Reactivity was low and i g n i t a b i l i t y  

averaged 200'~ for  a l l  waste tes ted .  On the average, cor ros iv i ty  

parameters were n o t  exceeded, b u t  one extreme did f a i l  t h i s  R C R A  t e s t  

(See Table 11-6).  A sol id  waste i s  considered hazardous under RCRA i f  

i t s  aqueous phase has a pH l e s s  than or equal t o  2 or greater  t h a n  o r  

equal t o  12.5 .  As previously s t a t ed ,  a sludge sample i s  defined by E P A  

in t h i s  document as a sample containing a s igni f icant  quantity of so l ids  

(normally grea ter  t h a n  1 percent) .  

O f  the major waste types a t  o i l  and gas f a c i l i t i e s ,  waste d r i l l i n g  

muds and produced waters have an average neutral pH. Waste d r i l l i n g  

f lu id  samples ranged from neutral values t o  very basic values, and 

produced waters ranged from neutral t o  acidic  values. I n  most cases the 

sludge phase tends t o  be more basic than the l iquid phases. An exception 

i s  the tank bo t tom waste a t  central  treatment f a c i l i t i e s ,  which has an 
a.verage acidic  value. Dr i l l ing  waste tends t o  be basic in the l iquid  and 

sludge phases and fa i led  the RCRA t e s t  fo r  a1 ka l in i ty  in one extreme 

case. A t  production f a c i l i t i e s  the pH becomes more acidic  from the 

midpoint location to  the endpoint. This i s  probably due t o  the removal 

of hydrocarbons. This neutral iz ing e f fec t  of hydrocarbons i s  a l so  shown 

by the neutral pH values of the production tank bottom waste. An 

in te res t ing  anomaly of Table 11-6 i s  the a1 kaline values of the inf luent  

and ef f luent  of central  treatment f a c i l i t i e s  compared to  the ac id ic  

values of the tank bottoms a t  these f a c i l i t i e s .  Because central  

treatment fac i  1 i  t i e s  accept waste dr i  11 ing f l u i d s  and produced wate rs ,  

acidic  const i tuents  of produced waters may be accumulating in tank bottom 

sludges. The r e l a t ive  ac id i ty  of the produced waters i s  a lso indicated 

by casing f a i l u r e s ,  as shown by some of the damage cases in Chapter IV. 
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Use o f  Constituents of Concern 

The screening analysis conducted for the risk assessment identified 

arsenic, benzene, sodium, cadmium, chromium VI, boron, and chloride as 
the constituents that likely pose t h e  greatest human health and 

environmental risks. The risk assessment's findings differ from this 

chapter's findings since this chapter's analysis did not consider the 

frequency of detection of constituents, mobil i ty factors, or nonhuman 

health effects (see Table 1 1 - 7 ) .  Some constituents found in Table 11-4 

were i n  waste streams causing damages as documented in Chapter IV. 



Table 11-7 Comparison of Potential Constituents of Concern 
That Were Modeled in  Chapter V 

Chapter Reasons for not Including in Chapter V 
Chemical II* V** risk analysis *** 

Benzene P Yes NIA 

Phenanthrene P No Low frequency in drilling pit and produced water samples; 
low ground-water mobility; relatively low concentration- 
to-toxicity ratio; unverified reference dose used for 
Chapter 2 analysis. 

Lead P No Low ground-water mobility. 

Barium P No Low ground-water mobility. 

Arsenic S Yes N/ A 

Fluoride S No Relatively low concentration-to-toxic0 ratio. 

Antimony S No Low frequency in drilling pit and produced water samples. 

- 
P = primary concern in Chapter II; S = secondary concern in Chapter II. 

** Yes = modeled in Chapter V analysis; no = not modeled in Chapter V analysis. 

*** Table summarizes primary reasons only; additional secondary reasons may also exist. 
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CHAPTER I11 

CURRENT AND ALTERNATIVE MASTE MANAGEMENT PRACTICES 

INTRODUCTION 

Managing wastes produced by the oil and gas industry is a large 
task. By the estimates gathered for this report, in 1985 over 361 

million barrels o f  drilling muds and 20.9 billion barrels of produced 
water were disposed of in the 33 States that have significant 
exploration, development, and production activity. In that same year, 

there were 834,831 active oil and gas wells, of which about 70 percent 

(580,000 wells) were stripper operations. 
v 

The focus of this section is to review current waste management 
technologies employed for wastes at all phases of the exploration- 
development-production cycle of the onshore oil and gas industry. It is 
convenient to divide wastes into two broad categories. The first 

category includes drilling muds, wellbore cuttings, and chemical 
additives related to the drilling and well completion process. These 

wastes tend to be managed together and may be in the form of liquids, 
sludges, or solids. The second broad category includes all wastes 
associated with oil and gas production. Produced water is the major 
waste st ream and i s  by far the highest volume waste associated with oil 
and gas production. Other production-related wastes include relatively 
small volumes of residual bactericides, fungicides, corrosion inhibitors, 
and other additives used to ensure efficient production; wastes from 
oil/gas/water separators and other onsi te processing facil i ties; 
production tank bottoms; and scrubber bottoms. 1 

For the purpose of t h i s  chapter, a l l  waste streams, whether exempt or nonexempt, a re  

discussed. 



In addition to looking at these two general waste categories, it is 
also important to view waste management in relation to the sequence of 

operations that occurs in the life cycle of a typical well. The 
chronology involves both drilling and production--the two phases 
mentioned above--but it also can include "post-closure" events, such as 
seepage of native brines into fresh ground water from improperly plugged 

or unplugged abandoned wells or leaching of wastes from closed reserve 
pits. 

Section 8002(m) o f  RCRA requires EPA to consider both current and 
alternative technologies in carrying out the present study. Sharp 
distinctions between current and alternative technologies are difficult 
to make because of the wide variation in practices among States and among 
different types of operations. Furthermore, waste management technology 
in this field is fairly simple. At least for the major high-volume 
streams, there are no significant newly invented, field-proven 

technologies in the research or development stage that can be considered 

"innovative" or "emerging." A1 though practices that are routine in one 

1 ocation may be considered innovative or a1 ternative el sewhere, virtually 
every waste management practice that exists can be considered "current" 
in one specific situation or another. This is because different 
cl imatol ogical or geological settings may demand different management 
procedures, either for technical convenience in designing and running a 
facility or because environmental settings in a particular region may be 
unique. Depth to ground water, soil permeability, net 
evapotranspiration, and other site-specific factors can strongly 
influence the selection and design o f  waste management practices. Even 
where geographic and production variables are simil ar, States may impose 
quite different requirements on waste management, including different 
permitting conditions. 



Long-term improvements in waste management need not rely, however, 

purely on increasing the use of better existinq technology. The Agency 
does foresee the possibility of significant technical improvements in 
future technologies and practices. Examples include incineration and 
other thermal treatment processes for drilling fluids; conservation, 
recycl ing, reuse, and other waste minimization techniques; and wet air 
oxidation and other proven technologies that have not yet been applied to 
oil and gas operations. 

Sources o f  Information 

The descriptions and interpretations presented here are based on 
State or Federal regulatory requirements, published technical 
informat ion, observations gathered onsi te during the waste sampl ing 
program, and interviews with State officials and private industry. 
Emphasis is placed on practices in 13 States that' represent a 

cross-section of the petroleum extraction industry based on their current 
drilling activity, rank in production, and geographic distribution. (See 

Table 111-1.) 

Limitations 

Data on the prevalence, environmental effectiveness, and enforcement 
of waste management requirements currently in effect i n  the 

petroleum-producing States are difficult to obtain. Published data are 
scarce and often outdated. Some o f  the State regulatory agencies that 
were interviewed for this study have only very limited statistical 
information on the volumes of wastes generated and on the relative use of 
the various methods of waste disposal within their jurisdiction. Time 
was not available to gather statistics from other States that have 
significant oil and gas activity. This lack of concrete data makes it 

difficult for EPA to complete a definitive assessment of available 
disposal options. EPA is collecting additional data on these topics. 



Table 111-1 States with Major 0 1 1  Production Used as Primary 

References I n  This Study 

Alaska 

Arkansas 

California 

Colorado 

Kansas 

Louisiana 

Michigan 

New Hexlco 

Ohio 

Ok 1 ahoma 

Texas - 

West Virginia 

W y o m ~ n g  



DRILLING-RELATED WASTES 

Description o f  Waste 

Drilling wastes include a wide variety of materials, ranging in 
volume from the thousands of barrels of fluids ("muds") used to drill a 

well, to the hundreds of barrels of drill cuttings extracted from the 
borehole, to much smaller quantities of wastes associated with various 
additives and chemicals sometimes used to condition drilling fluids. A 

general description of each of these materials is presented in broad 

terms below. 

Drillin9 Fluids (Muds) 

The 1 argest vol ume dri 11 i ng-re1 ated wastes generated are the spent 
drilling fluids or muds. The composition of modern drilling fluids or 
muds can be quite complex and can vary widely, not only from one 
geographical area to another but a1 so from one depth to another in a 
particular well as it is drilled. 

Muds fall into two general categories: water-based muds, which can be 
made with fresh or saline water and are used for most types of drilling, 
and oil-based muds, which can be used when water-sensitive formations are 
drilled, when h igh  temperatures are encountered, or when i t  is necessary 
to protect against severe drill string corrosion in hostile downhole 
environments. Drilling muds contain four essential parts: (1) liquids, 
either water or oil; (2) reactive solids, the viscosity- and 
density-building part of the system, often bentonite clays; (3) inert 
solids such as barite; and (4) additives to control the chemical, 

physical, and biological properties of the mud. These basic components 
perform various functions. For example, clays increase viscosity and 



density, barium sulfate (barite) acts as a weighting agent to maintain 
pressure in the well, and lime and caustic soda increase pH and control 
viscosity. Additional conditioning materials include polymers, starches, 
lignitic material, and various other chemicals (Canter et al. 1984). 

Table 111-2 presents a partial 1 ist, by use category, of additives to 
drilling muds (Note: this table is based on data that may, in some cases, 
be outdated. ) 

Cutt inss 

Well cuttings include all sol id materials produced from the geologic 
formations encountered during the drilling process that must be managed 
as part of the content of the waste drilling mud. Drill cuttings consist 
of rock fragments and other heavy materials that settle out by gravity in 
the reserve' pit. Other materials, such as sodium chloride, are soluble 
in fresh water and can pose problems in waste disposal. Naturally 
occurring .arsenic may a1 so b.e encountered in significant concentrat ions 

in certain wells and in certain parts o f  the country and must be disposed 
of appropriately. (Written communication with Mr. Don Basko, Wyoming Oil 
and Gas Conservation Commission.) 

Waste Chemical s 

In the course of drilling operations, chemicals may be disposed of by 
placing them in the well's reserve pit. These can include any substances 
del i berately added to the drilling mud for the various purposes mentioned 

above (see Tab1 e I I 1-2 ) .  



Table 111-2 Characterization of 011 

and Gas Dr~lllng Flu~ds 

Source: I~iformatlon In this table was taken from Amer~cdn 
Petroleum Institute (kP1) Bullet in 13F (1978). Or1 lllng 
p r x t  Ices have evolked slgn ~f 1cant ly In some respects slnce 
~ t s  publ~catlon; the information presented below may 
therefor2 not be fully dccurate or current. 

Bases 

Bases used In formulating drllllng f luld are predominantly fresh 
water, with mlnor use of saltwater or 011s. ~ncludlng dlesel and 
rn~neral 011s. It 1s estimated that the Industry used 30,000 tons of 
d~esel 011 per year in dr~lllng fluid in 1978.' 

- - - -  - - - 

Ueightlng Agents 

Comnon weighting agents found In dr~lling f l u ~ d s  are barite, calc~um 

carbonate, an3 galena (PLS) . b  Approximately 1,900,000 tons of 
barite. 2,500 tons of calclum carbonate, and 50 tons of galena (the 
m~neral form of lead) are used in drilling each year. 

Viscos~f~ers found in drlll~ng f l u ~ d  ~nclude: 

Bentonite clays 650.000 tons/year 
Attapulgitelsep1olite 85,000 tonslyear 
Asphalt/gi lsonite 10,000 tonslyear 

Asbestos 10,000 tonslyear 
010-polymers 500 tons/year 

a This figure Included contribut Ions from offshore operat Ions. 
According to API, use of diesel oil in drilling fluid has been 
substantially reduced in the past 10 years principally as a result of 
~ t s  restricted use in offshore operations. 

API states that galena is no longer used In drllllng mud. 



Table 111-2 (continued) 

-- -~ - 

Dispersants 

Dispersants used In drllling flu~d ~nclude: 

rn Cadm~um. chromium, ~ron, 
and other metal llgnosulfonates 65,000 tonslyear 

rn Natural, causticlzed chromium 
and zinc lignite 50,000 tonslyear 
lnorgan~c phosphates 1,500 tons/year 

Modified tannins 1.200 tonslyear 

Fluld Loss Reducers 

Flu~d loss reducers used In drilling fluid include: 
Starch/organ!c polymers 15,000 tons/year 

Cellulosic polymers (CMC, HEC) 12,500 tonslyear 

Guar gum 100 tonslyear 

Acrylic polymers 2,500 tons/qear 

Lost Circulat lon Materials 

Lost circulation mater~als used comprise a variety of nontoxlc 
substances lncludlng cellophane, iotton seed, rice hul Is, ground 

Formica, ground leather, ground paper, ground pecan and walnut 
shells, mica. and wood and cane flbers. A total of 20,000 tons of 
tnese materials 1s used per year. 



Table ! I I - 2  (continued) 

Surfdce Active Agents 

Surface act lve agents (used as ernulsif ~ e r s ,  detergents, defoarnants) 
~ n c  lude: 

Fatty acids, naphthenic acids, and soaps 5,000 

tonslyear 
Organic sulfateslsulfonates 1,000 tonslyear 
Aluminum stearat? (quantity not avai lable) 

Lubricants 

Lubricants used include: 

Vegetable oils 500 tons/year 

Graphite <5 tonslyear 

Fl~~culdtlng Agents 

The primary flocculating agents used in drilling are: 

Acrylic polymers 2,500 tonslyear 

Blocldes used in drllllng include: ' 
Organic amlnes, amides, amine salts 1.000 tonslyear 
Aldehydes (paraformaldehyde) 500 tons/year 
Chlor ~nated phenols <1 tonlyear 

b Organosu lfur compounds and (quantity not avai lable) 

organo~netall i c s  

Miscel laneous 

Miscellaneous dr~lllng fluid addit~ves include 

Ethoxylated alkyl phenols 1,800 tonslyear 
Aaliphat ic alcohols <10 tonslyear 
Aluminum anhydride derivatives (quantities not 
and chrom alum avai lable) 



Table I I 1 - 2  ( con t i nued )  

Corrmercial chemicals used i n  d r i l l i n g  f l u i d  i nc lude :  

Sodium hyd rox ide  50,000 t o n s l y e a r  

r Sod~um c h l o r i d e  50,000 t o n s l y e a r  

Sodium carbonate  20,000 t o n s l y e a r  

C a l c ~ u m  c h l o r i d e  12,500 t o n s l y e a r  

Calcium hyd rox ide /ca l c ium o x i d e  10,000 t o n s l y e a r  

r Potassium c h l o r i d e  5000 t o n s l y e a r  

Sodium chromate/dichromatea 4,000 t o n s l y e a r  

• Calcium s u l f a t e  500 t o n s l y e a r  

Potassium hydrox ide 500 t o n s l y e a r  

Sodium b i ca rbona te  500 t o n s l y e a r  

Sodium s u l f i t e  50 t o n s l y e a r  

Magnesium ox ide  <10 t o n s l y e a r  e 

Bdrium carbonate  ( q u a n t i t y  n o t  ava i lab l e )  

These c o m e r c i a l  chemicals a r e  used f o r  a  v a r l e t y  o f  pvrposes 

i n c l u d i n g  pH c o n t r o l ,  c o r r o s i o n  i n h i b i t i o n ,  i nc reas ihg  f l u i d  phase 

d e n s i t y ,  t r e d t i n g  ou t  ca l c ium s u l f a t e  i n  low pH muds, t r e a t i n g  ou t  

ca l c ium s u l f a t e  i n  h i g h  pH muds. 

Cor ros ion  i n h i b i t o r s  used i nc lude :  

I r o n o x ~ d e  

Amnonium b i s u l f ~ t e  

B a s ~ c  z i n c  carbonate  

Z inc  chromate 

100 tons/year  

100 tons/year  

100 t o n s l y e a r  

<I0 t o n s l y e a r  

a A P I  s t a t e s  t h a t  sodium chromate i s  no longer  used ~n d r i l l i n g  

mud. 



Fracturinq and Acidizinq Fluids 

Fracturing and acidizing are processes commonly used t o  enlarge 

ex is t ing  channels and open new ones t o  a  wellbore fo r  several purposes: 

To increase permeability of the production formation of a wel l ;  

To increase the zone of influence of injected f lu ids  used in 
enhanced recovery operations; and 

To increase the r a t e  of inject ion of produced water and 
industr ia l  waste material into disposal we1 1 s .  

The process of "fractur ing" involves breaking down the formation, 

often through the appl i ca t  ion of hydraul i c  pressure,  followed by pumping 

mixtures of gelled carrying f lu id  and sand into the induced f rac tures  t o  
hold open the f i s su res  in the rocks a f t e r  the hydraulic pressure i s  

released. Fracturing f lu ids  can be oil-based or water-based. Additives 

a re  used t o  reduce the leak-off r a t e ,  t o  increase the amount of propping 

agent carr ied by the f l u i d ,  and t o  reduce pumping f r i c t i o n .  Such 

additives may include corrosion inhib i tors ,  sur fac tants ,  sequestering 

agents, and suspending agents.  The volume of f ractur ing f lu ids .used  t o  
st imulate a  well can be s igni f icant . '  Closed systems, which do 

n o t  involve reserve p i t s ,  a re  used very occasionally (see discussion 

below). However, closed systems are widely used in Cal i fornia .  Many o i l  

and gas f i e l d s  current ly being developed contain low-permeability 

reservoirs  t h a t  may require  hydraul i c  f ractur ing f o r  commercial 

production of o i l  o r  gas. 

Mobile Oil Co. recently set a well stimulation record (single stage) in a Wilcox 
formation well in Zapata County, Texas, by placing 6.3 million pounds of sand, using a fracturing 

f luld volume of  1.54 mi 1 1  Ion gallons (World 01 1, January 1987). 



The process of  " a c i d i z i n g "  i s  done by i n j e c t i n g  a c i d  i n t o  t h e  t a r g e t  

f o rma t ion .  The a c i d  d i s s o l v e s  t h e  rock ,  c r e a t i n g  new channels t o  t h e  

w e l l b o r e  and enhancing e x i s t i n g  ones. The two b a s i c  types  o f  a c i d i z i n g  

t rea tmen ts  used are:  

Low-pressure a c i d i z i n g :  a c i d i z i n g  t h a t  avo ids  f r a c t u r i n g  t h e  
fo rma t ion  and a l l o w s  a c i d  t o  work th rough  t h e  n a t u r a l  pores 
( m a t r i x )  o f  t h e  fo rma t ion .  

Ac id  f r a c t u r i n g :  a c i d i z i n g  t h a t  u t i l i z e s  h i g h  p ressu re  and h i g h  
volumes o f  f l u i d s  ( a c i d s )  t o  f r a c t u r e  r o c k  and t o  d i s s o l v e  t h e  
m a t r i x  i n  t h e  t a r g e t  f o rma t ion .  

The types  o f  ac ids  no rma l l y  used i n c l u d e  h y d r o c h l o r i c  a c i d  ( i n  

concen t ra t i ons  r a n g i n g  f rom 15 t o  28 pe rcen t  i n  water ) ,  h y d r o c h l o r i c -  

h y d r o f l u o r i c  a c i d  m i x t u r e s  (12 pe rcen t  and 3 pe rcen t ,  r e s p e c t i v e l y ) ,  and 

a c e t i c  a c i d .  Fac to rs  i n f l u e n c i n g  t h e  s e l e c t i o n  o f  a c i d  t y p e  i n c l u d e  

f o r m a t i o n  s o l u b i l i t y ,  r e a c t i o n  t ime,  r e a c t i o n  p roduc ts  e f f e c t s ,  and t h e  

s l u d g i n g  and emuls ion- fo rming p r o p e r t i e s  o f  t h e  c rude o i l .  The p roduc ts  

o.f spent a c i d  a r e  p r i m a r i l y  carbon d i o x i d e  and water .  

Spent f r a c t u r i n g  and a c i d i z i n g  f l u i d  may be d ischarged t o  a  tank ,  t o  

t h e  r e s e r v e  p i t ,  o r  t o  a  workover p i t .  

Compl e t  i on and Workover F l  u i d s  

Complet ion and workover f l u i d s  a r e  t h e  f l u i d s  p laced  i n  t h e  w e l l b o r e  

d u r i n g  comp le t i on  o r  workover t o  c o n t r o l  t h e  f l o w  o f  n a t i v e  f o r m a t i o n  

f l u i d s ,  such as water ,  o i l ,  o r  gas. The base f o r  these f l u i d s  i s  u s u a l l y  

water .  Var ious  a d d i t i v e s  a r e  used t o  c o n t r o l  d e n s i t y ,  v i s c o s i t y ,  and 

f i l t r a t i o n  r a t e s ;  p reven t  g e l l i n g  o f  t h e  f l u i d ;  and reduce c o r r o s i o n .  

They i n c l u d e  a  v a r i e t y  o f  s a l t s ,  o rgan ic  polymers, and c o r r o s i o n  

i n h i b i t o r s .  
\ 



When the completion or workover operation i s  completed, the f lu ids  in 

the wellbore are discharged into a tank, the reserve p i t ,  or a workover 

p i t .  

Riqwash and Other Miscellaneous Wastes 

Rigwash materials are compounds used t o  clean decks and other r i g  

equipment. They are  most ly detergents but can include some organic 

solvents ,  such as degreasers. 

Other miscellaneous wastes include pipe dope used t o  lubr ica te  

connections in pipes, sani tary sewage, t r a sh ,  sp i l l ed  diesel  o i l ,  and 

lubricat ing o i l .  

All of these materials may, in many operations,  be disposed of in the 

reserve p i t .  

ONSITE DRILLING WASTE MANAGEMENT METHODS 

Several waste management methods can be used t o  manage o i l  and gas 

d r i l l i n g  wastes ons i te .  The material presented below provides a separate 

discussion fo r  reserve p i t s ,  1 andspreading, annular disposal , 
so l id i f i ca t ion  of reserve p i t  wastes, treatment and disposal of l iqu id  

wastes t o  surface water, and closed treatment systems. 

Several waste management methods may be employed a t  a pa r t i cu la r  s i t e  

simultaneously. Issues associated with reserve p i t s  a re  par t icu lar ly  

complex because reserve p i t s  a re  both an essent ial  element of the 

d r i l l i n g  process a method fo r  accumulating, s tor ing ,  and disposing of 

wastes. This section therefore begins with a general discussion of 



several aspects of reserve pi ts--design,  construction, operation, and 

closure--and then continues with more spec i f ic  discussions of the  other 

technologies used to  manage d r i l l i n g  wastes. 

Reserve P i ts  

Description 

Reserve p i t s ,  a n  essent ia l  design component in the grea t  majority of 

we1 1 d r i  11 ing operat ions,)  a re  used t o  accumul a t e ,  s t o r e ,  and, t o  

a large extent ,  dispose of spent d r i l l i n g  f l u i d s ,  cu t t ings ,  and 

associated d r i l l  s i t e  wastes generated during d r i l l  ing, completion, and 

t e s t ing  operations.  

There i s  generally one reserve p i t  per we1 1 .  In 1985, an estimated 

70,000 reserve p i t s  were constructed. In the pas t ,  reserve p i t s  were 

used both t o  remove and dispose of d r i l l e d  sol ids  and cut t ings  and t o  

s to re  the act ive mud'system pr ior  t o  i t s  being recycled t o  the  well being 

d r i l l e d .  As more advanced sol ids  control and d r i l l i n g  f lu id  technology 

has become avai lable ,  mud tanks have begun t o  replace the reserve p i t  as 

the s torage and processing area f o r  the ac t ive  mud system, with the 

reserve p i t  being used t o  dispose of waste mud and cu t t ings .  Reserve 

p i t s  w i l l ,  however, continue t o  be the principal method of d r i l l i n g  f l u i d  

storage and management. 

A reserve p i t  i s  typ ica l ly  excavated d i r e c t l y  adjacent t o  the s i t e  of 

the r i g  and associated d r i l l i n g  equipment. P i t s  should be excavated from 

undisturbed, s t ab le  subsoil so as t o  avoid p i t  wall f a i l u r e .  Where i t  i s  

impossible t o  excavate below ground l eve l ,  the  p i t  berm (wall)  i s  usually 

constructed as an earthen dam t h a t  prevents runoff of l i qu id  in to  

adjacent areas.  

' Closed systems, w h ~ c h  do not involve reserve p ~ t s ,  are used very occasionally (see 
discussion below). However, closed systems are wldely used I n  Cal lfornia. 



In addition t o  the components found in d r i l l i n g  mud, common 

const i tuents  found in reserve p i t s  include s a l t s ,  o i l  and grease,  and 

di ssol ved and/or suspended heavy metal s .  Sources of sol ubl e  sal  t 

contamination include formation waters, downhole s a l t  l ayers ,  and 

d r i l l i n g  f lu id  addi t ives .  Sources of organic contamination include 

lubricat ing o i l  from equipment leaks,  well pressure control equipment 

t e s t i n g ,  heavy oil-based lubricants  used t o  f ree  stuck d r i l l  pipe, and, 

in some cases ,  oil-based muds used t o  d r i l l  and complete the t a rge t  
4 formation. Sources of potenti a1 heavy metal contamination 

include d r i l l  ing f lu id  addi t ives ,  d r i l l e d  sol ids ,  weighting mater ia l s ,  

pipe dope, and sp i l led  chemicals (Rafferty 1985).  

The reserve p i t  i t s e l f  can be used fo r  f ina l  disposal of a l l  o r  part  

of the d r i l l i n g  wastes, with or without pr ior  ons i te  treatment of wastes, 

or for  temporary storage pr ior  t o  o f f s i t e  disposal .  Reserve p i t s  a re  

most' often used in combinat ion with some other disposal techniques, the 

select ion of which depends on waste type, geographical location of the 

s i t e ,  cl imate, regulatory requ irernents, and ( i f  appropriate) 1  ease 

agreements with the landowner. 

The major onsi t e  waste' disposal methods include: 

. Evaporation of supernatant;  

Backfil l ing of the p i t  i t s e l f ,  burying the p i t  so l ids  and 
d r i l l e d  cu t t ings  by using the p i t  walls as a  source of material 
( the  most common technique) ; 

Landspreading a l l  o r  part  of the p i t  contents onto the area 
immediately adjacent t o  the p i t ;  

Charles A. Koch of the North Dakota Industrial Comnission, 011 and Gas Division, states 

that "A company would not normally change the entire drilling fluid for just the target zone. This 

change would add drastically to the cost of drilling." 



. Onsite treatment and discharge; 
Injecting or pumping all or part of the wastes into the well 
annulus; and 

. Discharge to surface waters. 
Another less common onsite management method is chemical 

sol idification of the wastes. 

Dewatering and burial of reserve pit contents (or, alternatively, 
landspreading the pit contents) are discussed here because they are 
usually an integral aspect of the design and operation of a reserve pit. 
The other techniques are discussed separately. 

Dewatering of reserve pit wastes is usually accomplished through 

natural evaporation or skimming of pit liquids. Evaporation is used 

where climate permits. The benefits of evaporation may be overstated. 

. In the arid climate of Utah, 93 percent of produced waters in an unlined 
pit percolated into the surrounding soil. Only 7 percent of the produced 

water evaporated (Davani et al, 1985). Alternatively, dewatering can be 
accomplished in areas of net precipitation by siphoning or pumping off 
free liquids. This is followed by disposal of t h e  liquids by subsurface 

injection or by trucking them offsite to a disposal facility. 
Backfilling consists of burying the residua1 pit contents by pushing in 
the berms or pit walls, followed by compaction and leveling. 
Landspreading can involve spreading the excess muds that are squeezed out 
during the burial operat ion on surrounding soi 1 s; where waste quahti t ies 
are large, landowners' permission is generally sought to disperse this 
material on land adjacent to the site. (This operation is different f rom 

commercial landfarming, which is discussed later.) 



Envi ronment a1 Performance 

Construction of reserve p i t s  i s  technical ly  simple and 

straightforward. They do not require intensive maintenance t o  ensure 

proper function, b u t  they may, in cer ta in  circumstances, pose 

environmental hazards duri ng thei r  operational phase. 

P i t s  are generally bu i l t  or excavated into the surface so i l  zones or  

into unconsolidated sediments, both of which are  commonly highly 

permeable. The p i t s  a re  generally unl ined,5 and, as a  r e s u l t ,  

seepage of 1  iquid and dissolved sol ids may occur through the p i t  s ides  

and bottom into any shallow, unconfined freshwater aquifers  tha t  may be 

present.  When p i t s  a re  1 i ned, materi a1 s  used i  ncl ude pl a s t  i  c  1  i  ners ,  

compacted s o i l ,  or c lay.  Because reserve p i t s  a re  used fo r  temporary 

storage of d r i l l i n g  mud, any seepage of p i t  contents t o  ground water may 

be temporary, b u t  i t  can in some cases be s ign i f i can t ,  continuing f o r  

decades (USEPA 1986). 

Other routes of environmental exposure associated with reserve p i t s  

include rupture of p i t  berms and overflow of p i t  contents,  with 

consequent discharge t o  land o r  surface water. This can happen in areas 

of high r a in fa l l  or where so i l  used f o r  berm construction i s  pa r t i cu la r ly  

unconsolidated. In such s i tua t ions ,  berms can become saturated and 

weakened, increasing the potential  fo r  f a i lu re .  Leaching of pol 1 utants  

a f t e r  p i t  closure can a lso  occur and may be a  long-term problem 

especial ly  in areas with highly permeable s o i l s .  

An A P I  study suggests that  37 percent of reserve p i t s  are l ~ n e d  with a clay or synthetic 
1 lner. 



Annular Disposal o f  Pumpable Dr i l l ing  Wastes 

Description 

Annular disposal involves the pumping of waste d r i l l i n g  f l u i d s  down 

the annulus created between the surface and intermediate casing of a  we71 

(see Figure I I I - 1) .  (Disposal of sol ids i s  accompl i  shed by using buri a1 , 
s o l i d i f i c a t i o n ,  landfarming, or landspreading techniques.) Disposal down 

the surface casing in the absence of an intermediate casing i s  a l so  

considered annular disposal . Annular disposal o f  pumpabl e  d r i  11 ing 

wastes i s  s igni f icant ly  more cos t ly  than evaporation, dewatering, or  1  and 

appl icat ion and i s  generally used when the waste d r i l l i n g  f l u i d  contains 

an objectionable level of a  contaminant or contaminants (such aso 

chlorides ,  metals, o i l  and grease,  or  acid) which, in turn ,  l i m i t s  

a v a i l a b i l i t y  of conventional dewatering or  land application of d r i l l i n g  

wastes. However, fo r  disposal in a "dry" hole, cost's may be r e l a t ive ly  

low. No s t a t i s t i c s  a re  avai lable  on how frequently annular in jec t ion  o f  

d r i l l i n g  wastes i s  used. . . 

Environmental Performance 

The wel l ' s  surface casing i s  intended t o  protect  f resh ground-water 

zones during d r i l l i n g  and a f t e r  annular in jec t ion ,  To avoid adverse 

impacts on ground water in the v ic in i ty  of the well a f t e r  annular 

in jec t ion ,  i t  i s  important tha t  surface casing be sound and properly 

cemented in place. There i s  no f eas ib le  way t o  t e s t  the surface casing 

f o r  in t eg r i ty  without incurring s ign i f i can t  expense. 

Assuming the annulus i s  open and the surface casing has i n t e g r i t y ,  

the  c r i t i c a l  implementation fac tor  i s  the pressure a t  which th'e reserve 
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pit contents are injected. The receiving strata are usually re1 atively 
shallow, permeable formations having low fracture pressures. If these 
pressures are exceeded during annular injection, the strata may develop 

vertical fractures, potenti a1 ly a1 lowing migration of drill ing waste into 

freshwater zones. 

Another important aspect of annular injection is identification and 
characterization of the confining shale layer above the receiving 
formation. Shallow confining layers are, very often, discontinuous. Any 
unidentified discontinuity close to the borehole increases the potential 
for migration of drilling wastes into ground water. 

Drilling Waste Solidification 

Description 

Surface problems with onsite burial of reserve pit contents reported 
by'landowners (such as reduced load-bearing c'apacity of the ground over 
the pit site and the formation of wet spots), as well as environmental 
problems caused by leaching of salts and toxic constituents into ground 
water, have prompted increased interest in reserve pit waste 
solidification. 

In the solidification process, the total reserve pit waste (fluids 
and cuttings) is combined with solidification agents such as commercial 
cement, flash, or lime kiln dust. This process forms a relatively 
insoluble concrete-like matrix, reducing the overall moisture content of 

the mixture. The end product is more stable and easier to handle than 
reserve pit wastes buried in the conventional manner. The solidification 
process can involve injecting the solidifying agents into the reserve pit 



o r  pumping t h e  wastes i n t o  a  m i x i n g  chamber near  t h e  p i t .  The waste does 

n o t  have t o  be dewatered p r i o r  t o  t rea tment .  S o l i d i f i c a t i o n  can i nc rease  

t h e  weight  and bu1 k o f  t h e  t r e a t e d  waste, which may i n  some cases be a  

d isadvantage o f  t h i s  method. 

Envi ronrnental Performance 

S o l i d i f i c a t i o n  o f  rese rve  p i t  wastes o f f e r s  a  v a r i e t y  o f  

e n v i  ronmental improvements over  simp1 e  b u r i  a1 o f  wastes, w i t h  o r  w i t h o u t  

dewater ing.  By reduc ing  t h e  m o b i l i t y  o f  p o t e n t i a l l y  hazardous m a t e r i a l s ,  

such as heavy meta ls ,  t h e  process decreases t h e  p o t e n t i a l  f o r  

contaminat ion  o f  ground water  f rom leacha te  o f  u n s o l i d i f i e d ,  b u r i e d  

rese rve  p i t  wastes. Bottom sludges, i n  which heavy me ta l s  1  a r g e l y  

accumulate, may con t i nue  t o  l e a c h  i n t o  ground water .  (There a re  no da ta  

t o  e s t a b l i s h  whether t h e  use o f  k i l n  dus t  would add harmfu l  c o n s t i t u e n t s  

t o  reserve  p i t  waste. A d d i t i o n  o f  k i l n  dus t  would i nc rease  t h e  volume of 

waste t o  be managed.) 

Treatment and Discharge o f  Liquid Wastes to  Land or Surface Water 

De'scri p t  i on 

Discharge o f  waste d r i l l i n g  f l u i d  t o  su r face  water  i s  p r o h i b i t e d  by 

EPA's zero  d ischarge e f f l u e n t  g u i d e l i n e .  However, i n  t h e  G u l f  Coast 

area, t h e  l i q u i d  phase o f  waste d r i l l i n g  muds hav ing  l ow  c h l o r i d e  

concen t ra t i ons  i s  c h e m i c a l l y  t r e a t e d  f o r  d i scha rge  t o  su r face  water .  The 

t r e a t e d  aqueous phase ( a t  an a p p r o p r i a t e  a l k a l i n e  pH) can then  be 



6 discharged t o  land or surface water bodies. The addition of 

selected reagents t o  reserve p i t  l i qu ids  must achieve the  necessary 

react ions t o  a1 1 ow e f fec t ive  separation of the suspended sol ids  p r io r  t o  

dewatering of the  sludge in the reserve p i t .  

Onsite treatment methods used p r io r  t o  discharge are  commercially 

avai lable  f o r  reserve p i t  f lu ids  as well as fo r  so l ids .  They are  

typica l ly  provided by mobile equipment .brought t o  the d r i l l  s i t e .  These 

methods include pH adjustment, aera t ion ,  coagul a t  ion and f loccula t ion ,  

cent r i fugat ion ,  f i 1  t r a t i o n ,  dissolved g a s  f l o t a t i o n ,  and reverse 

osmosis. All these methods, however, a re  more expensive t h a n  the more 

common approach of dewateri ng through evaporation and percol a t ion .  

Usually, a treatment company employs a combination of these methods t o  

t r e a t  the sludge and aqueous phases of reserve p i t  wastes. 

Environmental Performance 

Treatment and discharge of l i qu id  wa.stes are  used primarily t o  

shorten the time necessary t o  c lose  a  p i t .  

Cl osed Cycl e Systems 

Description 

A closed cycle waste treatment ,system can b,e an a l t e rna t ive  t o  the  

use of a reserve p i t  f o r  ons i te  management and disposal of d r i l l i n g  

David Flannery states that his interpretation of EPA's effluent gu~delines would 
preclude such a discharge. "On July 4, 1987, a petition was filed with EPA to revise the effluent 
guideline. If that pet it ion 1s granted, stream discharges of drill~ng fluid and produced fluids 
would be a1 lowed at least from operations in the Appalachian States." 



wastes. Essent ial ly  an adaptation of offshore systems for  onshore use, 

closed systems have come in to  use r e l a t ive ly  recently.  Because of t h e i r  

high cos t ,  they are  used very ra re ly ,  usually only when operations are  

located a t  extremely de l i ca t e  s i t e s  (such as a highly sens i t ive  wi ld l i f e  

a rea ) ,  in special development areas (such as in the center  of an 

urbanized a r e a ) ,  o r  where the cost of land reclamation i s  considered 

excessive. They can also be used where l imited a v a i l a b i l i t y  of makeup 

water fo r  d r i l l i n g  f lu id  makes control of d r i l l  cu t t ings  by d i lu t ion  

infeas ib le .  

Closed cycle systems are  defined as systems in which mechanical 

sol ids control equi pment (shakers, impact type sediment separation, mud 

cleaners ,  cent r i fages ,  e t c . )  and col lect ion equipment ( r o l l - o f f  boxes, 

vacuum trucks,  barges, e t c . )  a re  used t o  minimize waste mud and cut t ing  

volumes t o  be disposed of ons i te  or o f f s i t e .  This in turn maximizes the 

volume of d r i l l i n g  f l u i d  returned t o  the act ive mud system. Benefits 

derived from the use of t h i s  equipment include the following (Hanson e t  

a l .  1986): . . 

A reduction in the amount of water.or o i l  needed f o r  mud 
maintenance; 

An increased r a t e  of d r i l l  b i t  penetration because of be t t e r  
sol ids control ; 

Lower mud maintenance cos ts ;  

Reduced waste volumes t o  be'disposed of ;  and 

Reduction in reserve p i t  s i z e  o r  to t a l  elimination of the 
reserve p i t .  

Closed cycle systems range from very complex t o  f a i r l y  simple. The 

degree of so l ids  control used i s  based on the mud type and/or d r i l l i n g  

program and the economics of waste t ransportat ion t o  o f f s i  t e  disposal 



f a c i l i t i e s  ( p a r t i c u l a r l y  t h e  d o l l a r s  pe r  b a r r e l  charges a t  these 

f a c i l  i t i e s  versus t h e  c o s t  pe r  day f o r  a d d i t i o n a l  s o l  i d s  c o n t r o l  

equipment r e n t a l ) .  Closed systems a t  d r i l l  s i t e s  can be opera ted  t o  have 

r e c i r c u l a t i o n  o f  t h e  l i q u i d  phase, t h e  s o l i d  phase, o r  bo th .  I n  r e a l i t y ,  

t h e r e  i s  no comple te ly  c losed  system f o r  s o l i d s  because d r i l l  c u t t i n g s  

a r e  always produced and removed. The c l o s e d  system f o r  s o l i d s ,  o r  t h e  

mud r e c i r c u l a t i o n  system, can va ry  i n  des ign  f rom s i t e  t o  s i t e ,  b u t  t h e  

system must have s u f f i c i e n t  so l  i d s  hand1 i n g  equipment t o  e f f e c t i v e l y  

remove t h e  c u t t i n g s  f rom muds t o  be reused. 

Water removed f rom t h e  mud and c u t t i n g s  can be reused. I t  i s  

p o s s i b l e  t o  opera te  a separate c l o s e d  system f o r  water  reuse o n s i t e  a long 

w i t h  t h e  mud r e c i r c u l a t i o n  system. As w i t h  mud r e c i r c u l a t i o n  systems, 

t h e  des ign  o f  a wa te r  r e c i r c u l a t i o n  system can v a r y  f rom s i t e  t o  s i t e ,  

depending on t h e  qua1 i t y  o f  water  r e q u i r e d  f o r  f u r t h e r  use. T h i s  may 

i n c l u d e  chemical t r ea tmen t  o f  t h e  water .  

Envi ronmental Performance 

A l though c losed  systems o f f e r  many envi ronmental  advantages, t h e i r  

h i g h  c o s t  s e r i o u s l y  reduces t h e i r  p o t e n t i a l  use, and t h e  mud and c u t t i n g s  

must s t i l l  u l t i m a t e l y  be d isposed o f .  

Disposal o f  D r i  11 ing  Wastes on t h e  N o r t h  Slope o f  Alaska--A Special  
Case 

The N o r t h  Slope i s  an a r c t i c  d e s e r t  c o n s i s t i n g  o f  a wet c o a s t a l  p l a i n  

u n d e r l a i n  by up t o  2,500 f e e t  o f  permaf ros t ,  t h e  upper f o o t  o r  two o f  

which thaws f o r  about 2 months a yea r .  The N o r t h  Slope i s  cons ide red  t o  

be a s e n s i t i v e  area because o f  t h e  ex t remely  s h o r t  growing season o f  t h e  

tund ra ,  t h e  s h o r t  f ood  cha in ,  and t h e  l a c k  o f  spec ies  d i v e r s i t y  found i n  



t h i s  area.  Because of the a rea ' s  severe climate,  f i e l d  pract ices  f o r  

management of d r i l l i n g  media and resul t ing waste a re  d i f f e ren t  on the 

North Slope of Alaska from those found elsewhere in the country. In the 

Arct ic ,  production pads a re  constructed above ground using gravel.  This 

type of construction prevents melting of the permafrost. Reserve p i t s  

are  constructed on the production pads using gravel and native s o i l s  fo r  

the p i t  wal ls ;  they become a permanent par t  of the production f a c i l i t y .  

P i t s  are  constructed above and below grade. 

Because production-related reserve p i t s  on the North Slope are  

permanent, the contents of these p i t s  must be disposed of per iodica l ly .  

This i s  done by pumping the aqueous phase of a  p i t  onto the tundra. This 

pumping can take place a f t e r  a  p i t  has remained inact ive fo r  1 year t o  

allow for  s e t t l i n g  of so l ids  and freeze-concentration of cons t i tuents ;  

the aqueous phase i s  tes ted  fo r  e f f luent  l imi t s  fo r  various const i tuents  

established by the ~ t a t ' e  of Alaska. The National Pollutant Discharge 

Elimination System (NPDES) permit system does not cover these 

discharges. A n  a l t e rna t ive  t o  pumpin-g of the reserve p i t  l iqu ids  onto 

the tundra i s  t o  "road-spread" the l iquid ,  using i t  as a dust control 

agent on the gravel roads connecting the production f ac i l  i t i .es .  Pr ior  

t o  promulgation of new S ta t e  regulat ions,  no  standards other than "no o i l  

sheen" were establ i  shed f o r  water used fo r  dust control .  ADEC now 
requires tha t  a t  the.edge of the roads, any leachate ,  runoff,  or dust 

must not cause a  violat ion of the S ta te  water qual i ty  standards. Alaska 

i s  evaluating the need f o r  s e t t i n g .  standards fo r  the qua1 i t y  of f l u i d s  

used t o  avoid undesirable impacts. Other North  Slope disposal options 

fo r  reserve p i t  l iqu ids  include disposal of the reserve p i t  1  iquids 

through annular in jec t ion  or  disposal in Class I1  wel ls .  The majority of 

reserve p i t  l iqu ids  are  disposed of through discharge t o  the tundra. 

Reserve p i t s  on the North Slope are  closed by dewatering the p i t  and 

f i l l i n g  i t  with gravel .  The sol ids are  frozen in place above grade and 



below grade. Freezing in place of sol id waste is successful as long as 
hydrocarbon contamination of the .pit contents is minimized. Hydrocarbon 
residue in the pit contents can prevent the solids from freezing 
completely. In above-grade structures thawing will occur in the brief 

summer. If the final waste surface is below the active thaw zone, the 
wastes will remain frozen year-round. 

Disposal of produced waters on the North Slope is through subsurface 
injection. This practice does not vary significantly from subsurface 

injection of production wastes in the Lower 48 States, and a description 
of this practice can be found under "Production-Re1 ated Wastes" be1 ow. 

Environmental Performance 

Management of drilling media and associated waste can be problematic 
in the Arctic. Because of the severe climate, the reserve pits 
experience intense freeze-thaw cycles that can break down the stability 
of the pit walls, making them vulnerable to erosion. From time to time; 

reserve pits on the North Slope have breached, spilling untreated 1 iquid 
and solid waste onto the surrounding tundra. Seepage of untreated 
reserve pit fluids through pit walls is also known to occur. 

Controlled discharge of excess pit liquids is a State-approved 
practice on the North Slope; however, the long-term effects of 
discharging large quantities of liquid reserve pit waste on this 
sensitive environment are of concern to EPA, Alaska Department of 
Environmental Conservation (ADEC) , and officials from other Federal 
agencies. The existing body of scientific evidence is insufficient to 

conclusively demonstrate whether or not there are impacts resulting from 
this practice. 



OFFSITE WASTE MANAGEMENT METHODS 

Offsite waste management methods include the use of centralized 
disposal pits (centralized injection facilities, either privately or 
commercially operated, will be discussed under "subsurface injection" of 
production wastes), centralized treatment facilities, commercial 

landfarming, and reconditioning and reuse of drilling media. 

Central i zed Disposal Pits 

Description 

Centralized disposal pits are used in many States-to store and 
dispose of reserve pit wastes. In some cases, large companies developing 
an extensive oil or gas field may operate centralized pits within the 
field for better environmental control and cost considerations. Most 
centralized pits are operated commercially, primarily for the use of 

smaller operators who cannot afford to construct properly designed and 

sited disposal pits for their own use. They serve the disposal needs for 
drilling or production wastes from multiple wells over a large 
geographical area. Centralized pits are typically used when storage and 
disposal of pit wastes onsite are undesirable because of the high 
chloride content of the wastes or because o f  some other factor that 

7 raises potential problems for the operators. Wastes are 
.generally transported to central ized disposal pits in vacuum trucks. 
These centralized pits are usually located within 25 miles of the field 
sites they serve. 

' Operators, for instance, may be required under t h e ~ r  lease agreements with landowners not 

to dispose of their pit wastes onslte because o f  the potential for ground-water contamination. 



The number of commercial centralized pits in major oil-producing 
States may vary from a few dozen to a few hundred. .The number of 
privately developed centralized pits is not known. 

Technically, a centralized pit is identical in basic construction to 
a conventional reserve pit. It is an earthen impoundment, which can be 
lined or unlined and used to accumulate, store, and dispose of drilling 
fluids from drilling operations within a certain geographical area. 

Centralized pits tend to be considerably larger than single-well pits; 
surface areas can be as large as 15 acres, with depths as great as 50 

feet. Usually no treatment of the pit contents is performed. Some 
centralized pits are used as separation pits, allowing for sol ids 

settling. The liquid recovered from this settling process may then be 

injected into disposal wells. Many centralized pits also have State 
requirements for oil skimming and recl amati on. 

Environmental Performance 

Centralized pits are a storage and disposal operation; they usually 
perform no treatment of wastes. 

Closure of centralized pits may pose adverse environmental impacts. 
In the past some pits have been abandoned without proper closure, 
sometimes because of the bankruptcy of the original operator. So far as 

EPA has been able to determine, only one State, Louisiana, has taken 
steps to avoid this eventuality; Louisiana requires operators to post a 
bond or irrevocable letter of credit (based on closing costs estimated in 
the facility plan) and have a t  least $1 mill ion of 1 iability insurance to 
cover operations of open pi t s , 



Central i zed Treatment Faci  1 it i es 

Description 

A centralized treatment facility for oil and gas drilling wastes is a 
process facility that accepts such wastes solely for the purpose of 
conditioning and treating wastes to allow for discharge or final 

disposal. Such facilities are distinct from centralized disposal pits, 
which do not treat drilling wastes as part of their storage and disposal 

functions. The use of such facilities may remove the burden of disposal 
of wastes from the operators in situations where State regulations have 
imposed stringent disposal requirements for burying reserve pit wastes 
onsite. 

Central ized treatment may be an economical ly viable a1 ternative to 
onsite waste disposal for special drilling fluids, such as oil-based 
muds, which cannot be disposed of in a more conventional manner. The 
removal, hauling, and treatment costs incurred by treatment at commercial 
sites will generally outweigh .l andspreading or onsi te burial costs. A 

treatment facility can have a design capacity large enough to accept a 
great quantity of wastes from many drilling and/or production facilities. 

Many different treatment technologies can potentially.be applied to 

centralized treatment of oil and gas drilling wastes. The actual method 
used at the particular facility would depend on a number of factors. One 
of these factors is type of waste. Currently, some facilities are 
designed to treat sol ids for pH adjustment, dewatering, and 
so1 idification (muds and cuttings), while others are designed to treat 
produced waters, completion fluids, and stimulation fluids. Some 
facilities can treat a combination of wastes. Other factors determining 

treatment method include faci l i ty capacity, discharge options and 
requirements, so1 id waste disposal options, and other relevant State or 
1 ocal requirements . 



Environmental Performance 

Experience with centralized treatment is limited. Until recently, it 

was used only for treatment of offshore wastes. Its use in recent years 
for onshore wastes is commercially speculative, being principally a 
commercial response to the anticipated impacts o f  stricter State rules 
pertaining to oil and gas drilling and production waste. The operations 
have not been particularly successful as business ventures so far. 

Commerci a1 Landfarmi ng 

Description 

Landfarming is a method for converting reserve pit waste material 
into soil-like material by bacteriological breakdown and through soil 

incorporation. The method can also be used to process production wastes, 
such as production tank bottom, emergency pit cleanouts, and scrubber 
bottoms. Incorporation into soil uses di lut'ion, biodegradation, chemical 

alteration, and metals adsorption mechanisms of soil and soil bacteria to 
reduce waste constituents to acceptable soil levels consistent with 
intended land use. 

Solid wastes are distributed over the land surface and mixed with 
soils by mechanical means. Frequent turning or disking of the soil is 
necessary to ensure uniform biodegradation. Waste-to-soil ratios are 
normally about 1:4 in order to restrict concentrations of certain 
pol 1 utants in the mixture, particul arly chlorides and oi 1 (Tucker 1985). 

Liquids can be applied to the land surface by various types of irrigation 
including sprinkler, flood, and ridge and furrow. Detailed landfarming 

design procedures are discussed in the literature (Freeman and Deuel 
1984) . 



Landfarming nethods have been applied t o  reserve p i t  wastes in 

commercial o f f s i t e  operations.  The technique provides both treatment and 

f ina l  disposi t ion of s a l t s ,  o i l  and grease,  and so l ids .  Landfarming may 

eventually produce large volumes of so i l  -1 i  ke material t ha t  must be 

removed from the area t o  allow operations t o  continue. 

Requirements for  l a t e r  reuse or  disposal of t h i s  material must be 

determined separately.  

Environmental Performance 

Landfarming i s  generally done in areas large enough t o  incorporate 

the volume of waste t o  be t rea ted .  I n  commercial landfarming operations 

where the volume of materials t reated within a  given area i s  large,  s teps 

must be taken t o  ensure protection of surface and ground water. I t  i s  

important, fo r  instance, t o  minimize application of f r e e  l iqu ids  so as t o  

reduce rapid t ransport  of f lu ids  through the s o i l s .  

The process i s  most su i t ab le  for  the treatment of organics, 

especial ly  the  l i g h t e r  f l u i d  f rac t ions  tha t  tend t o  d i s t r i b u t e  themselves 

quickly in to  the so i l  through the action of biodegradation. Heavy metals 

a re  a l so  " t reated" in the sense t h a t  they are adsorbed ont'o clay 

pa r t i c l e s  in the s o i l ,  presumably within a few fee t  of where they are  

applied; but the capacity of s o i l s  t o  accept metals i s  l imited depending 

upon clay content.  Similar ly,  the.abi1it.y of the so i l  t o  accept 

chlorides and s t i l l  sustain beneficial  use i s  a lso l imited.  

Some S ta t e s ,  such as Oklahoma and Kansas, prohi b i t  the use of 

commercial landfarming of reserve p i t  wastes. Other S ta tes ,  such as 

Louisiana, a1 low reuse of cer ta in  materials t rea ted  a t  commercial 

l  andfarming fac i l  i  t i e s .  Materials determined t o  meet cer ta in  c r i t e r i a  

a f t e r  treatment can be reused fo r  applications such as da i ly  sani ta ry  



1 andfi 11 covering or roadbed construct ion. When reusing 1 andfarmed 
material, it is important that such material not adversely affect any 
part of the food chain. 

Reconditioning and Reuse o f  Drilling Media 

Description 

Reconditioning and reuse of drilling media are currently practiced in 

a few well-defined situations. The first such situation involves the 
reconditioning of oil-based muds. This is a universal practice because 
of the high cost of oil used in making up this type of drilling media. 
A second situation involves the reuse of reserve pit fluids as "spud" 

muds, the muds used in drilling the initial shallow portions of a well in 

which lightweight muds can be used. A third situation involves the 
increased reuse of drilling fluid at one well, using more efficient 

sol ids removal. Less mud is required for drilling a single well if 
efficient solids control is maintained. Another application for reuse of 

drilling media is in the plugging procedure for well abandonmeit. 
Pumpable portions of the reserve pit are transported by vacuum truck to 
the well being closed. The muds are placed in the wellbore to prevent 
contamination of possibly productive strata and freshwater aquifers from 
saltwater strata. The ability to reuse drilling media economically 
varies widely with the distance between drill i ng operations, frequency 
and continuity of the drill ing schedule, and compati bil i ty between muds 
and formations among drill sites. 

Envi ronment a 1 Performance 

The above discussion raises the possi bil i ty of minimization of 
drilling fluids as an approach to l imi ting any potential environmental 
impacts of drill ing-re1 ated wastes. Experience in reconditioning and 
reusing spud muds and oil-based muds does not provide any estimate of 



spec i f ic  benefi ts  t h a t  might be a g or reuse of 

most~conventional d r i l l i n g  muds. c l ing a t  the  

project level can be considerable pective,  benefi ts  

a re  unknown. The potential  fo r  a t  l e a s t  some increased recycl ing and 

reuse appears t o  ex i s t  primarily through more e f f i c i e n t  management of mud 

hand1 ing systems. Specific attempts t o  minimize the volume of muds used 

are  discouraged, a t  present,  by two fac tors :  (1 )  d r i l l i n g  mud systems are  

operated by independent contractors ,  f o r  whom sa les  of muds are  a primary 

source of income, and ( 2 )  the central  concern of a11 pa r t i e s  i s  

successful d r i l l i n g  of the well, resu l t ing  in a general bias in favor of 

using virgin mater ials .  

In s p i t e  of these economic dis incent ives ,  recent industry s tudies  

suggest t ha t  the benefi ts  derived from decreasing t h e  volume of d r i l l i n g  

mud used t o  d r i l l  a s ingle  well a re  s ign i f i can t ,  resu l t ing  in mud cost 

reductions of as much as 30 percent (Amoco 1985). 

PRODUCTION-RELATED WASTES 

Waste Characterization 

Produced Water 

When o i l  and gas are  extracted from hydrocarbon reservoirs ,  varying 

amounts of water often accompany the o i l  or gas being produced. This i s  

known as produced water. Produced water may or ig ina te  from the reservoir  

being produced or  from waterflood treatment of the f i e l d  (secondary 

recovery). The quantity of water produced i s  dependent upon the method 

of recovery, the nature of the formation being produced, and the length 

of time the  f i e l d  has been producing. Generally, the r a t i o  of produced 

water t o  o i l  o r  gas increases over time as the well i s  produced. 

Most produced water i s  strongly sa l  ine.  Occasionally, chlor ide 

l eve l s ,  and leve ls  of other cons t i tuents ,  may be low enough ( i . e . ,  l e s s  



t han  500 ppm c h l o r i d e s )  t o  a l l ow  t h e  w a t e r  t o  be used f o r  b e n e f i c i a l  

purposes  such a s  c r o p  i r r i g a t i o n  o r  l i v e s t o c k  w a t e r i n g .  More o f t e n ,  

s a l i n i t y  l e v e l s  a r e  c o n s i d e r a b l y  h i g h e r ,  r ang ing  from a few thousand  

p a r t s  p e r  m i l l i o n  t o  ove r  150,000 ppm. Seawater ,  by c o n t r a s t ,  i s  

t y p i c a l l y  about  35,000 ppm c h l o r i d e s .  Produced wa te r  a l s o  t e n d s  t o  

c o n t a i n  q u a n t i t i e s  o f  petroleum hydrocarbons ( e s p e c i a l l y  lower  mo lecu la r  

weight  compounds), h i g h e r  mol ecu l  a r  weight  a1 kanes ,  polynucl  e a r  a roma t i c  

hydrocarbons ,  and m e t a l s .  I t  may a l s o  c o n t a i n  r e s i d u e s  o f  b i o c i d e s  and 

o t h e r  a d d i t i v e s  used a s  p roduc t ion  chemica l s .  These can i n c l u d e  

c o a g u l a n t s ,  c o r r o s i o n  i n h i b i t o r s ,  c l e a n e r s ,  d i s p e r s a n t s ,  emu1 s i o n  

b r e a k e r s ,  p a r a f f i n  c o n t r o l  a g e n t s ,  r e v e r s e  emulsion b r e a k e r s ,  and s c a l e  

i n h i b i t o r s .  

Rad ioac t ive  m a t e r i a l s ,  such a s  radium, have been found i n  some o i l  

f i e l d  produced w a t e r s .  Ra-226 a c t i v i t y  i n  f  i l  t e r e d  and u n f i l t e r e d  

produced w a t e r s  has  been found t o  r ange  between 16 and 395 

. p i c o c u r i e s / l i t e r ;  Ra-228 a c t i v i t y  may r ange  from 170 t o  570 

p i c o c u r i e s / l  i t e r  (USEPA 1985) .  The ground-water  s t a n d a r d  f o r  t h e  Maximum 

Contaminant Level (MCL) f o r  combined Ra-226 and Ra-228 i s  

5 p i c o c u r i e s / l i t e r  (40  C F R ,  P a r t  257, Appendix 1 ) .  No s t u d y  has  been 

done t o  de t e rmine  t h e  pe rcen tage  o f  produced w a t e r  t h a t  c o n t a i n s  

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

Low-Volume Product ion  Wastes 

Low-vol ume p r o d u c t i  on- re1  a t e d  w a s t e s  i  ncl ude many o f  t h e  chemical  

a d d i t i v e s  d i s c u s s e d  above i n  r e l a t i o n  t o  d r i l l i n g  ( s e e  Tab le  111 -2 ) ,  a s  

well a s  p roduc t ion  t a n k  bottoms and s c r u b b e r  bot toms.  

O n s i t e  Management Methods 

O n s i t e  management methods f o r  p roduc t ion  w a s t e s  i n c l u d e  s u b s u r f a c e  

i n j e c t i o n ,  t h e  use  o f  e v a p o r a t i o n  and p e r c o l a t i o n  p i t s ,  d i s c h a r g e  o f  

produced w a t e r s  t o  s u r f a c e  w a t e r ,  and s t o r a g e .  



Subsurface Injection - 

Description: Today, subsurface inject ion i s  the primary method fo r  

disposing of produced water from onshore operations,  whether f o r  enhanced 

o i l  recovery ( E O R )  or fo r  f ina l  disposal .  Nationally, an estimated 80 

percent of a l l  produced water i s  disposed of in in jec t ion  wells permitted 

under EPA's Underground Injection Control ( U I C )  program under the 

authority of the Safe Drinking Water ~ c t . ~  I n  the major 

oil-producing Sta tes ,  i t  i s  estimated t h a t  over 90 percent of production 

wastes are disposed of by t h i s  method. Subsurface inject ion may be done 

a t  inject ion wells ons i t e ,  o f f s i t e ,  o r  a t  central ized f a c i l i t i e s .  The 

mechanical design and procedures are generally the same in a l l  cases.  

In enhanced recovery pro jec ts ,  produced water i s general l y  

reinjected in to  the same reservoir  from which the water was i n i t i a l l y  

produced. Where inject ion i s  used solely fo r  disposal ,  produced water i s  

injected in to  sal twater  formations, the original ' formation, or 'o lder  

depleted producing formations. Certain physical c r i t e r i a  make a 

formation su i tab le  for  disposal ,  and other  c r i t e r i a  make a formation 

acceptable t o  regulatory au thor i t ies  f o r  disposal .  

The sequence of s teps  by which waste i s  placed in subsurface 

formations may include: 

Separation of f r e e  o i l  and grease from the produced water; 

T a n k  storage of the produced water; 

F i l t r a t i o n ;  

Chemical treatment (coagulation, f loccula t ion ,  and possibly pH 
adjustment) ; a n d ,  ul timatel y ,  

Injection of the f lu id  e i t h e r  by pumps or  by gravi ty flow. 

A P I  states that 80 to 90 percent o f  all produced water IS lnjected ~n Class I I  we1 1s. 

111-35 



By regulat ion,  inject ion fo r  the  purpose of disposal must take place 

be1 ow a1 1 format ions containing underground sources of drinking water 

(USDWs). Figure 111-2 displays a  typical disposal well pumping in to  a  

zone located below the  freshwater t ab le  (Templeton and Associates 1980).  

The type of well often preferred by S ta t e  regulatory agencies i s  the well 

spec i f i ca l ly  d r i l l e d ,  cased, and completed t o  accept produced water and 

other  o i l  and gas production wastes. Another type of disposal well i s  a  

converted production well ,  the more prevalent type of disposal and 

enhanced recovery well .  A n  inject ion well ' s  locat ion and age and the 

composition of injected f lu ids  are the important f ac to r s  in determining 

the 1  eve1 of mechanical i n t eg r i ty  and environmental protect ion the we1 1  

can provide. 

Although i t  i s  not a  very widespread prac t ice ,  some produced water i s  

disposed of through the  annulus of  producing wells.  In t h i s  method, 

produced water i s  injected through the annular space between the  

production casing and the production tubing (see Figure 111-3). 9 

Inject ion occurs usin-g l i t t l e ' o r  no pressure'. The disposal zone i s  

shallower than the producing zone in  t h i s  case.  Testing of annular. 

disposal wells i s  involved and expensive. 

One method of t e s t ing  the mechanical i n t eg r i ty  of the casing used f o r  

annular in jec t ion ,  without removing the tubing and packer, i s  through the 

use of radioactive t r a c e r s  and sensing devices. This method involves the  

pumping of water spiked with a low-level radioact ive t r a c e r  in to  the 

in jec t ion  zone, followed by running a  radioact ivi ty-sensing logging tool 

through the tubing s t r i n g .  This procedure should de tec t  any shallow 

casing leaks or any f l u i d  migration between the casing and the  borehole. 

Most S ta t e  regulatory agencies discourage annular inject ion and allow the 

prac t ice  only in small-volume, low-pressure appl icat ions.  

I n  t h e  State o f  Ohio, produced water i s  g r a v i t y - f e d  i n t o  the annulus r a t h e r  than being 

pumped. 
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Environmental performance: From the environmental standpoint,  the 

primary issue with disposal of produced waters i s  the potential  f o r  

chloride contamination of arable lands and fresh water. Other 

const i tuents  in produced water may also a f fec t  the qual i ty  of ground 

water. Because of t h e i r  high so lub i l i t y  in water, there  i s  no  pract ical  

way to  immobilize chlorides chemically, as can be done with heavy metals 

and many other pol lutants  associated with o i l  and gas production. 

Injection of produced water be1 ow a1 1  und.erground sources of drinking 

water i s  environmentally beneficial  i f  proper safeguards ex i s t  t o  ensure 

tha t  the s a l t  water will reach a  properly chosen disposal horizon, which 

i s  su f f i c i en t ly  isolated from usable aquifers .  This can be accomplished 

by inject ing water into played-out formations or as part  of a  

waterflooding program t o  enhance recovery from a  f i e l d .  Problems t o  be 

avoided include overpressurization of the receiving formation, which 

could lead t o  the migration of the injected f lu ids  or  native formation 

f lu ids  into f,resh water via improperly completed or abandoned wells in 

the pressurized area.  ~ n b t h e r  problem i s  leaking of injected f lu ids  into 

freshwater zones through holes in the tubing and casing. 

The U I C  program attempts t o  prevent these potential  problems. The 

EPA U I C  program requires periodic mechanical i n t eg r i ty  t e s t s  (MITs) t o  

detect  leaks in casing and ensure mechanical i n t eg r i ty  of the in jec t ion  

well. Such tes t ing  can de tec t  performance problems i f  i t  i s  

conscientiously conducted on schedule. The Federal regulations require  

tha t  mechanical i n t eg r i ty  be tested fo r  a t  l e a s t  every 5 years.  I f  leaks 

are  detected or mechanical i n t eg r i ty  cannot be establ ished during the 

tes t ing  of the well ,  the response i s  generally t o  suspend disposal 

operations unt i l  the well i s  repaired or t o  plug and abandon the well i f  

repair  proves too cos t ly  o r  ine f f i c i en t .  The Federal regulations also 

require tha t  whenever a  new well or ex is t ing  disposal well i s  permitted, 

a  one-quarter mile radius around the well must be reviewed fo r  the  

presence of manmade or  natural conduits t ha t  could lead t o  injected 

f lu ids  or  native brines leaving the in jec t ion  zone. I n  cases where 



improperly plugged or completed wells are found, the permit applicant 

must correct the problems or agree to limit the injection pressure. 
Major factors influencing well failure include the design, construction, 
and age of the well itself (converted producing wells, being older, are 
more 1 i kely to fail a test for integrity than newly constructed Class I1 
injection wells); the corrosivity of the injected fluid (which varies 
chiefly in chloride content); and the injection pressure (especially if 
wastes are injected at pressures above specified permit limits). 

Desiqn, construction, operation, and testinq: There is considerable 

variation in the actual construction of Class I1  wells in operation 
nationwide because many wells in operation today were constructed prior 
to enactment of current programs and because current programs themselves 

may vary quite significantly. The legislation authorizing the UIC 
program directed EPA to provide broad flexibility in its regulations so 
as not to impede oil and gas production, and to impose only requirements 

that are essential to the protection of USDWs. Similarly, the Agency was 
required to approve State programs for oil and gas we1 1 s whether or. not 
they met EPA's regulations as long as they contained the minimum required 
by the Statute and were effective in protecting USDWs. For these reasons 
there is great variability in UIC requirements in both State-run and 
EPA-run programs. In general, requirements for new injection wells are 
quite extensive. Not every State, however, has required the full use of 
the "best available" technology. Furthermore, State requirements have 
evolved over time, and most injectjon wells operate with a lifetime 
permit. In practice, construction ranges from wells in which a11 USDWs 
are fully protected by two strings of casing and cementing, injection is 
through a tubing, and the injection zone is isolated by the packer and 

cement in the wellbore to shallow wells with one casing string, no 
packer, and little or no cement. 

With respect to requirements for mechanical integrity testing of 
injection wells, Federal UIC requirements state that "an injection well 



has mechanical in tegr i ty  i f :  ( 1 )  there i s  no  s igni f icant  leak in the  

casing, t u b i n g  or packer; and ( 2 )  there i s  no  s igni f icant  f lu id  movement 

in to  an underground source of drinking water through ver t ica l  channels 

adjacent t o  the inject ion well bore." Translation of these general 

requirements into spec i f ic  t e s t s  var ies  across S ta t e s .  

In addition t o  i n i t i a l  pressure t e s t ing  pr ior  t o  operation of 

inject ion wells ,  S ta tes  (including those tha t  do not have primacy under 

the UIC program) a1 so require monitoring 'or  mechanical in tegr i ty .  t e s t s  of 

Class I 1  inject ion wells a t  l e a s t  once every 5  years.  I n  l i eu  of such a  

casing pressure t e s t ,  the operator may, each month, monitor or  record the 

pressure in the casing/tubing annulus during actual inject ion and report  

the pressure on a  yearly bas is .  

To date ,  a b o u t  70 percent of a l l  Class I1 injecti-on wells have been 

tested nationwide, though s t a t i s t i c s  vary across E P A  Regions. Data on 
these t e s t s  avai lable  a t  the Federal level are  not highly de ta i led .  

Although Federal l eg i s l a t ion  l i s t s  a  number of spec i f i c  monitoring 

requirements (such as.monitoring of inject ion pressures,  volumes, and 

nature of f lu id  being injected and 5-year t e s t s  fo r  mechanical 

i n t e g r i t y ) ,  technical information such as inject ion pressure and waste 

character izat ion i s  n o t  reported a t  the Federal l eve l .  (These data  are  

often kept a t  the S ta t e  l e v e l . )  Until recent ly,  Federal data on 

mechanical in tegr i ty  t e s t s  l i s t e d  only the number of wells passing and 

f a i l i n g  within each S ta t e ,  without 'any explanation of the type of f a i l u r e  

or  i t s  environmental consequences. 

For in jec t ion  we1 1  s  used t o  access underground hydrocarbon storage 

and enhanced recovery, a  well may be monitored on a  f i e l d  or project  

basis ra ther  than on an individual well basis by manifold monitoring, 

provided the  owner or operator demonstrates t h a t  manifold monitoring i s  



comparable t o  i n d i v i d u a l  w e l l  m o n i t o r i n g .  M a n i f o l d  m o n i t o r i n g  may be 

used i n  cases where f a c i l i t i e s  c o n s i s t  o f  more t h a n  one i n j e c t i o n  w e l l  

and ope ra te  w i t h  a  common man i fo ld .  Separate m o n i t o r i n g  systems f o r  each 

w e l l  a r e  n o t  r e q u i r e d  p rov ided  t h e  owner o r  o p e r a t o r  demonstrates t h a t  

man i fo ld  m o n i t o r i n g  i s  comparable t o  i n d i v i d u a l  w e l l  m o n i t o r i n g .  

Under t h e  Federal  UIC program, a l l  ground water  w i t h  l e s s  than  10,000 

mg/L t o t a l  d i s s o l v e d  s o l i d s  (TDS) i s  p r o t e c t e d .  Casing cemented t o  t h e  

s u r f a c e  i s  one b a r r i e r  aga ins t  con tamina t i on  o f  USDWs. S t a t e  programs 

va ry  i n  t h e i r  requ i rements  f o r  cas ing  and cementing. For  example, Texas 

r e q u i r e s  sur face cas ing  i n  s t r a t a  w i t h  l e s s  than 3,000 pprn TDS; 

Lou is iana,  l e s s  than  1,500 ppm TDS; New Mexico, l e s s  than  5,000 ppm TDS. 

However, a l l  w e l l s  must be designed t o  p r o t e c t  USDWs through a  

combinat ion  o f  s u r f a c e  casing,  l o n g  s t r i n g  o r  i n t e r m e d i a t e  cas ing ,  

cementing, and g e o l o g i c  c o n d i t i o n s .  

P r o x i m i t v  t o  o t h e r  w e l l s  and t o  ~ r o t e c t e d  a q u i f e r s :  When a  new 

i n j e c t i o n  w e l l  i s  d r i l l e d  o r  an e x i s t i n g  w e l l  i s  conver ted  f o r  i n j e c t i o n ,  

t h e  area sur round ing  t h e  s i t e  must be i nspec ted  t o  determine whether 

t h e r e  a r e  any w e l l s  o f  r e c o r d  t h a t  may be unplugged o r  i nadequa te l y  

p lugged o r  any a c t i v e  w e l l s  t h a t  were improper l y  completed. The r a d i u s  

o f  concern i n c l u d e s  t h a t  area w i t h i n  which underground p ressu res  w i l l  be 

increased.  A l l  S t a t e s  have adopted a t  l e a s t  t h e  minimum Federal  

requi rement  o f  a one -quar te r  m i l e  r a d i u s  o f  rev iew;  however, t h e  Agency 

i s  concerned t h a t  problems may s t i l l  a r i s e  i n  i ns tances  where 

undocumented w e l l s  (such as d r y  h o l e s )  e x i s t  o r  where w e l l s  o f  r e c o r d  

cannot be l oca ted .  

S t a t e s  t y p i c a l l y  reques t  i n f o r m a t i o n  on t h e  p e r m i t  a p p l i c a t i o n  about 

t h e  p r o x i m i t y  o f  t h e  i n j e c t i o n  w e l l  t o  p o t a b l e  a q u i f e r s  o r  t o  p roduc ing  

w e l l s ,  o t h e r  i n j e c t i o n  w e l l s ,  o r  abandoned o i l -  o r  gas-produc ing  w e l l s  



within a one-quarter mile radius.  In Oklahoma, fo r  instance, additional 

r e s t r i c t ions  are placed on UIC Class 11 wells within one-half mile of an 

act ive or reserve municipal water supply well unless the applicant can 

"prove by substant ial  evidence" tha t  the inject ion well will  not pol lute  

a municipal water supply. 

Although these requirements e x i s t ,  i t  i s  important t o  recognize the 

following: 

Pol icy on review of nearby wells var ies  widely from Sta te  t o  
S ta t e ,  and the inject ion well operator has had only a 1 imited 
respons ib i l i ty  t o  ident i fy  possible channels of communication 
between the inject ion zone and freshwater zones. 

Many inject ion operations predate current regulations on the 
review of nearby wells and, because of "grandfather" clauses ,  are  
exempt. 

Operation and maintenance: Incentives fo r  compliance with applicable 

S ta te  or Federal UIC requirements will  tend t o  vary according t o  whether 

a well i s  used fo r  enhanced recovery or purely fo r  waste disposal .  Wells 

used for  both purposes may be converted 'production wells or wells 

constructed spec i f ica l ly  as Class I1 we1 1s.  

I n  order fo r  enhanced recovery t o  be successful,  i t  i s  essent ia l  fo r  

operators t o  ensure t h a t  f l u ids  a re  injected into a spec i f ic  reservoir  

and t ha t  pressures within the producing zone are  maintained by avoiding 

any communication between t h a t  zone and others .  Operators therefore have 

a strong economic incentive t o  be scrupulous in operating and maintaining 

Class I1 we1 1s used fo r  enhanced recovery. 

On the other hand, economic incentives fo r  careful operation of 

disposal wells may not be as strong. The purpose here i s  t o  dispose of 

f lu ids .  The nature of the  receiving zone i t s e l f ,  although regulated by 

Sta te  or  Federal ru l e s ,  i s  n o t  of fundamental importance t o  the we11 



operator as long as the  receiving formation i s  able t o  accept injected 

f l u i d s .  We1 1 s  used fo r  disposal a re  often o lder ,  converted production 

wells and may be subject t o  more frequent f a i l u r e s .  

Evaporation and  Percolation Pi t s  

Description: Evaporation and percolation p i t s  (see discussion above 

under "Reserve P i t s " )  are  a1 so used fo r  produced water disposal . An 

evaporation p i t  i s  defined as a surface impoundment tha t  i s  l ined by a 
clay or synthet ic  1  ine r .  An evaporation/percolation p i t  i s  one t h a t  i s  

unl ined. 

Environmental performance: Evaporation of produced water can occur 

only under su i tab le  cl  imatic conditions,  which 1  imi t s  the potent ial  use 

of t h i s  prac t ice  t o  t he  more ar id producing areas within the S ta t e s .  

Percolation of produced water into so i l  has been allowed more often in 

areas where the ground water underlying the p i t  area i s  s a l i n e  and i s  not 

su i t ab le  f o r  use as i r r iga t ion  water, l ivestock water, o r  drinking 

water. The use of evaporation and percolation p i t s  has the potent ial  t o  

degrade usable ground water through seepage of produced water 

cons t i tuents  into unconfined, freshwater aquifers  underlying such 

p i t s .  10 

Discharse of Produced Waters t o  Surface Water Bodies 

Description: Discharge of produced water t o  surface water bodies i s  

generally done under the NPDES permit program. Under NPDES, discharges 

a re  permitted fo r  (1) coastal or  t i d a l l y  influenced water, 

( 2 )  agr icu l tura l  and wild1 i f e  beneficial  use, and ( 3 )  discharge of 

produced water from s t r i p p e r  o i l  wells t o  surface streams. Discharge 

under NPDES often occurs a f t e r  the produced water i s  t rea ted  t o  control 

lo  This phenomenon is documented In Chapter I V .  
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pH and min imize  a v a r i e t y  o f  common p o l l u t a n t s ,  such  a s  o i l  and g r e a s e ,  

t o t a l  d i s s o l v e d  s o l  i d s ,  and s u l f a t e s .  T y p i c a l  t r e a t m e n t  methods  i n c l u d e  

s i m p l e  o i l  and g r e a s e  s e p a r a t i o n  f o l l o w e d  by a  s e r i e s  o f  s e t t l i n g  and 

skimming o p e r a t i o n s .  

Env i ronmenta l  p e r f o r m a n c e :  D i r e c t  d i s c h a r g e  o f  p roduced  w a t e r s  must  

meet S t a t e  o r  F e d e r a l  p e r m i t  s t a n d a r d s .  A1 though  p o l l u t a n t s  s u c h  a s  

t o t a l  o r g a n i c  c a r b o n  a r e  l i m i t e d  i n  t h e s e  d i s c h a r g e s ,  l a r g e  volumes o f  

d i s c h a r g e s  c o n t a i n i n g  low l e v e l s  o f  s u c h  p o l l u t a n t s  may be damaging t o  

a q u a t i c  communi t i e s .  11 

O t h e r  P r o d u c t i o n - R e l a t e d  P i t s  

D e s c r i p t i o n :  A wide  v a r i e t y  o f  p i t s  a r e  used f o r  a n c i l l a r y  s t o r a g e  

and management o f  p roduced  w a t e r s  and o t h e r  p r o d u c t i o n - r e l a t e d  w a s t e s .  

These  can  i  nc1 ude : l 2  

1 .  B a s i c  sediment '  p i t :  P i t  used i n  ' c o n j u n c t i o n  w i t h  a  t a n k  b a t t e r y  
f o r  s t o r a g e  o f  b a s i c  s e d i m e n t  removed f rom a  p r o d u c t i o n  v e s s e l  o r  
f rom t h e  bot tom o f  an o i l  s t o r a g e  t a n k .  ( A l s o  r e f e r r e d  t o  a s  a 
burn p i t . )  

2 .  B r i n e  p i t :  P i t  used  f o r  s t o r a g e  o f  b r i n e  used  t o  d i s p l a c e  
h y d r o c a r b o n s  f rom an underground  hydrocarbon  s t o r a g e  f a c i l i t y .  

3 .  C o l l e c t i n s  p i t :  P i t  used f o r  s t o r a g e  o f  p roduced  w a t e r  p r i o r  t o  
d i s p o s a l  a t  a  t i d a l  d i s p o s a l  f a c i l i t y ,  o r  p i t  used f o r  s t o r a g e  o f  
produced w a t e r  o r  o t h e r  o i l .  and g a s  w a s t e s  p r i o r  t o  d i s p o s a l  a t  a  
d i s p o s a l  w e l l  o r  f l u i d  i n j e c t i o n  w e l l .  . I n  some c a s e s ,  one  p i t  i s  
b o t h  a  c o l l e c t i n g  p i t  and a  skimming p i t .  

4 .  C o m ~ l e t i o n / w o r k o v e r  p i t :  P i t  used  f o r  s t o r a g e  o r  d i s p o s a l  o f  
s p e n t  c o m p l e t i o n  f l u i d s ,  workover  f l u i d s ,  and d r i l l i n g  f l u i d ;  
s i l t ;  d e b r i s ;  w a t e r ;  b r i n e ;  o i l ;  scum; p a r a f f i n ;  o r  o t h e r  
m a t e r i a l s  t h a t  have  been c l e a n e d  o u t  o f  t h e  w e l l  b o r e  o f  a  w e l l  
b e i n g  comple ted  o r  worked o v e r .  

This phsnomenon 1s documented in  C h a p t e r  IV. 

l 2  List a d a p t e d  f rom Texas R a i l r o a d  Corrmisslon R u l e  8 ,  amended March 5 ,  1984 
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Emersency produced wa te r  s t o r a s e  p i t :  P i t  used f o r  s t o r a g e  o f  
produced wa te r  f o r  a  l i m i t e d  per iod  of  t ime.  Use of  t h e  p i t  i s  
n e c e s s i t a t e d  by a  temporary shutdown of  a  d i s p o s a l  wel l  o r  f l u i d  
i n j e c t i o n  well  and/or  a s s o c i a t e d  equipment ,  by temporary over f low 
of  produced wa te r  s t o r a g e  t a n k s  on a  producing l e a s e ,  o r  by a  
producing well  l oad ing  up wi th  format ion  f l u i d s  such t h a t  t h e  well  
may d i e .  Emergency produced wa te r  s t o r a g e  p i t s  may sometimes be 
r e f e r r e d  t o  a s  emergency p i t s  o r  blowdown p i t s .  

6 .  F l a r e  p i t :  P i t  t h a t  c o n t a i n s  a  f l a r e  and t h a t  i s  used f o r  
temporary s t o r a g e  o f  l i q u i d  hydrocarbons t h a t  a r e  s e n t  t o  t h e  
f l a r e  d u r i n g  equipment mal func t ion  but  a r e  not  burned. A f l a r e  
p i t  i s  used i n  con junc t ion  wi th  a  g a s o l i n e  p l a n t ,  n a t u r a l  gas  
p roces s ing  p l a n t ,  p r e s s u r e  maintenance o r  r e p r e s s u r i z i n g  p l a n t ,  
t a n k  b a t t e r y ,  o r  w e l l .  

7 .  Skimmins p i t :  P i t  used f o r  skimming o i l  o f f  produced w a t e r  p r i o r  
t o  d i s p o s a l  o f  produced wa te r  a t  a  t i d a l  d i s p o s a l  f a c i l i t y ,  
d i s p o s a l  w e l l ,  o r  f l u i d  i n j e c t i o n  w e l l .  

8. Washout   it: P i t  l o c a t e d  a t  t r u c k  y a r d ,  t a n k  y a r d ,  o r  d i s p o s a l  
f a c i l i t y  f o r  s t o r a g e  o r  d i s p o s a l  of  o i l  and g a s  was te  r e s i d u e  
washed o u t  o f  t r u c k s ,  mobile  t a n k s ,  o r  skid-mounted tanks.13 

The Wyoming Oi l  and Gas Conserva t ion  Commission would add p i t s  
t h a t  r e t a i n  f l u i d s  f o r  d i s p o s a l  by e v a p o r a t i o n  such a s  p i t s  used 
f o r  gas  w e l l s  o r  p i t s  used f o r  dehydra t ion  f a c i l i t i e s .  

Environmental performance: A1 1 o f  t h e s e  p i t s  may c a u s e  adve r se  

environmental  impact i f  t h e i r  c o n t e n t s  l e a c h ,  i f  t hey  a r e  improper ly  

c l o s e d  o r  abandoned, o r  i f  t hey  a r e  used f o r  improper pu rposes .  A1 though 

they  a r e  neces sa ry  and use fu l  p a r t s  o f  t h e  p roduc t ion  p r o c e s s ,  t h e y  a r e  

s u b j e c t  t o  p o t e n t i a l  abuse.  An example would be t h e  use o f  an emergency 

p i t  f o r  d i s p o s a l  ( th rough p e r c o l a t i o n  o r  e v a p o r a t i o n )  of  produced w a t e r .  

O f f s i t e  Management Methods 

Road o r  Land A p p l i c a t i o n s  

D e s c r i p t i o n :  Unt rea ted  produced wa te r  i s  sometimes d i s p o s e d  o f  by 

a p p l i c a t i o n  t o  roads  a s  a  d e i c i n g  agen t  o r  f o r  d u s t  c o n t r o l .  

l 3  The Alaska Department o f  Env~ronmental Conservation quest ions whether p ~ t s  d e s c r ~ b e d  In 
Items 1, 6,  and 8 should be exempt under RCRA. 



Environmental  pe r fo rmance :  Road o r  l a n d  a p p l i c a t i o n  o f  produced 

w a t e r s  may c a u s e  c o n t a m i n a t i o n  o f  ground w a t e r  t h r o u g h  l e a c h i n g  o f  

produced w a t e r  c o n s t i t u e n t s  t o  unconf ined  f r e s h w a t e r  a q u i f e r s .  Many 

S t a t e s  do n o t  a l l o w  road  o r  l a n d  a p p l i c a t i o n  o f  produced w a t e r s .  

We1 1 Pl uggi  ng and Abandonment 

There  a r e  an e s t i m a t e d  1 , 2 0 0 , 0 0 0  abandoned o i l  o r  g a s  w e l l s  i n  t h e  

Uni ted  S t a t e s .  

To a v o i d  d e g r a d a t i o n  o f  ground w a t e r  and s u r f a c e  w a t e r ,  i t  i s  v i t a l  

t h a t  abandoned w e l l s  be p r o p e r l y  p l u g g e d .  P l u g g i n g  i n v o l v e s  t h e  

placement  o f  cement o v e r  p o r t i o n s  o f  a w e l l b o r e  t o  pe rmanen t ly  b l o c k  o r  

s e a l  f o r m a t i o n s  c o n t a i n i n g  hydrocarbons  o r  h i g h - c h l o r i d e  w a t e r s  ( n a t i v e  

b r i n e s ) .  Lack o f  p l u g g i n g  o r  improper  p l u g g i n g  o f  a we l l  may a l l o w  

n a t i v e  b r i n e s  o r  i n j e c t e d  w a s t e s  t o  m i g r a t e  t o  f r e s h w a t e r  a q u i f e r s  o r  t o  

come t o  t h e  s u r f a c e  t h r o u g h  t h e  w e l l b o r e .  The p o t e n t i a l  f o r  t h i s  i s  

h i g h e s t  where  b r i n e s  o r i g i n a t e  from a n a t u r a l  l y  p r e s s u r i z e d '  f o r m a t  i o n  

such  a s  t h e  Coleman J u n c t i o n  f o r m a t i o n  found i n  West Texas .  F i g u r e  111-4 

i l l  u s t r a t e s  t h e  p o t e n t i a l  f o r  f r e s h w a t e r  c o n t a m i n a t i o n  c r e a t e d  by 

abandoned w e l l s  ( I l l i n o i s  EPA 1978). 

Environmental  Per fo rmance  

P r o p e r  w e l l  p l u g g i n g  i s  e s s e n t i , a l  f o r  p r o t e c t i o n  o f  ground w a t e r  and 

s u r f a c e  w a t e r  i n  a l l  o i l  and g a s  p r o d u c t i o n  a r e a s .  
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CHAPTER IV 

DAMAGE CASES 

INTRODUCTION 

Purpose o f  the  Damage Case Review 

The damage case study e f f o r t  conducted for  t h i s  report  had two 

principal objectives:  

To Respond t o  the Requirements of Section 8002(m)(CL 

The primary objective was t o  respond t o  the requirements of Section 
8002(m) of RCRA,  which require EPA t o  ident i fy documented cases t h a t  
prove or have caused danger t o  human health and the environment from 
surface runoff or leachate.  I n  in te rpre t ing  t h i s  passage, EPA has 
emphasized the importance of s t r i c t  documentation of cases by 
establ ishing a t e s t  of proof (discussed below) tha t  a l l  cases were 
required t o  pass before they could be included in t h i s  report .  I n  
addition, EPA has emphasized development of recent cases tha t  i l  l u s t r a t e  
damages created by current prac t ices  under current S ta t e  regulat ions.  
This has been complicated in some instances by recent revis ions t o  
regulatory requirements in some Sta tes .  The majority of cases presented 
in t h i s  chapter (58 out of 61) occurred during the l a s t  5 years.  
Historical damages t h a t  occurred under pr ior  engineering pract ices  or 
under previ ous regul atory regimes have been excl uded unless such 
h is tor ica l  damages i l l u s t r a t e  health or  environmental problems tha t  the 
Agency believes should be brought t o  the a t ten t ion  of Congress 
now. The overall  object ive i s  t o  present documented cases tha t  
show reasonably c l ea r  l i nks  of cause and e f fec t  between waste management 
pract ices  and resul t ing damages, and t o  ident i fy  cases where damages have 
been most s igni f icant  in terms of human health or  environmental impacts. 

The primary example of this is the problem of abandoned wells, discussed at length under 

Miscellaneous Issues below. The abandoned well problem results for the most part from inadequate 

past plugging practices. Although plugging practices have since been improved under State 

regulations, associated damages t o  health and the environment are continuing. 



To Prov ide  an Overview o f  t h e  Nature o f  Damaqes Assoc ia ted  w i t h  O i l  and 
Gas E x p l o r a t i o n ,  Development, o r  P roduc t i on  A c t i v i t i e s  

I n  t h e  course o f  accumul sting' damage cases, EPA has acqu i red  a  
s i g n i f i c a n t  amount o f  i n f o r m a t i o n  t h a t  has p rov ided  h e l p f u l  i n s i g h t s  i n t o  
t h e  n a t u r e  o f  damages. 

Methodology f o r  Ga the r ing  Damage Case I n f o r m a t i o n  

The method01 ogy f o r  i d e n t  i f y i n g  , c o l  1  e c t  i ng, and p rocess ing  damage 

cases was o r i g i n a l l y  presented i n  d r a f t  form i n  t h e  Techn ica l  Report 

pub l i shed  on October 31, 1986. The methodology, which d i f f e r s  m i n i m a l l y  

f rom t h e  d r a f t ,  i s  o u t l i n e d  below. 

I n f o r m a t i o n  Cateqor ies  

The damage case e f f o r t  a t tempted t o  c o l l e c t  and r e c o r d  seve ra l  

c a t e g o r i e s  o f  i n f o r m a t i o n  on each case. I n i t i a l l y ,  t h i s  i n f o r m a t i o n  was 

organ ized i n t o  a  da ta  base- f rom which p o r t i o n s  o f  cases were drawn f o r  

use i n  t h e  f i n a l  repor t . .  Categor ies  o f  i n f o r m a t i o n  were as f o l l o w s :  

1. C h a r a c t e r i z a t i o n  o f  s p e c i f i c  damaqe t ypes :  For  each case, t h e  
envi ronmental  medium i n v o l v e d  was determined (ground water ,  
su r face  water ,  o r  l a n d ) ,  a long w i t h  t h e  t y p e  o f  i n c i d e n t  and 
c h a r a c t e r i z a t i o n  of damage. Only cases w i t h  documented damage 
were i nc luded .  Types o f  p o t e n t i a l  h e a l t h  o r  envi ronmental  damages 
o f  i n t e r e s t  a r e  shown on Tab le  I V - 1 .  

2 .  The s i z e  and l o c a t i o n  o f  t h e  s i t e :  S i t e s  were l o c a t e d  by nea res t  
town and by county.  Where s i g n i f i c a n t  hyd rogeo log i ca l  o r  o t h e r  
p e r t i n e n t  f a c t o r s  a re  known, t h e y  were i nc luded ;  however, t h i s  
t y p e  o f  i n f o r m a t i o n  has been d i f f i c u l t  t o  ga the r  f o r  a l l  cases. 

3. The o p e r a t i n s  s t a t u s  o f  t h e  f a c i l i t y  o r  s i t e :  A l l  p e r t i n e n t  
f a c t o r s  r e l a t i n g  t o  t h e  s i t e ' s  s t a t u s  ( a c t i v e ,  i n a c t i v e ,  i n  
process o f  shutdown, e t c . )  have been noted.  



Table IV-1 Types of Damage of Concern to This Study 

1. Human Health Effects (acute and chronic): While there are some instances 

where contamination has resulted in cases of acute adverse human health 

effects, such cases are difficult to document. Levels of pollution exposure 

caused by oil and gas operations are more likely to be in ranges associated 

with chronic carcinogenic and noncarcinogenic effects. 

2. Environmental Effects: Impairment of natural ecosystems and habitats, 

including contaminating of soils, impairment of terrestrial or aquatic 

vegetation, or reduction of the quality of surface waters. 

3. Effects on Wildlife: Impairment to terrestrial or aquatic fauna; types of 

damage may include reduction in species' presence or density, impairment 

of species' health or reproductive ability, or significant changes in 

ecological relationships among species. 

4. Effects on Livestock: Morbidity or mortality of livestock, impairment in the 

marketability of livestock, or any other adverse economic or health-based 

impact on livestock. 

5. Imuairrnent of Other Natural Resources: Contamination of any current or 

potential source of drinking water, disruption or lasting impairment to 

agricultural lands or commercial crops, impairment of potential or actual 

industrial use of land, or reduction in current or potential use of land. 



4. Identification of the type and volume of waste involved: While 
the type of waste involved has been easy to define, volumes often 
have not. 

5. Identification of waste manaqement practices: For each incident, 
the waste management practices associated with the incident have 
been presented. 

6. Identification of any pertinent requlations affectins the site: 
State regulations in force across the oil- and gas-producing 
States are discussed at length in Appendix A .  Since it would be 
unwieldy to attempt to discuss all pertinent regulations in 
relation to each site, each documented case includes a section on 
Compl i ance Issues that discusses significant regul atory issues 
associated with each incident as reported by sources or 
contacts. * In some cases, interpretations were necessary. 

7. Type of documentation available: All documentation available for 
each case was included to the extent possible. For a few cases, 
documentation is extensive. 

For the purpose o f  this report, the data base was condensed and is 

presented in ~ ~ b e n d i x  C. 

Sources and Contacts 

No attempt was made to compile a complete census of current damage 

cases. States from which cases were drawn are listed on Table IV-2. As 

evident from the table, resources did not permit gathering of cases from 
all States. 

Within each of the States, every effort was made to contact all 
available source categories listed in the Technical Report (see Table 

I V - 3 ) .  Because time was extremely 1 imi ted, the effort re1 ied principally 
on informat ion avai 1 able through re1 evant State and local agencies and 

All discussions have been reviewed by State off ic~als and by any other sources or 
contacts who provided information on a case. 



Table IV-2 States From Which Case Information Was 
Assembled 

1. Alaska 

2. Arkansas 

3. California 

4. Colorado 

5. Kansas 

6. Louisiana 

7.  Michigan 

8. New Mexico 

9. Ohio 

10. Oklahoma 

1 1 Pennsylvania 

12. Texas 

1 3. West Virginia 

14. Wyoming 



Table IV-3 Sources of Information 
Used in Developing Damage Cases 

1. Relevant State or Local Agencies: 
including State environmental agencies; 
oil and gas regulatory agencies; State, 
regional, or local departments of health; 
and other agencies potentially 
knowledgeable about damages related to 
oil and gas operations. 

2. EPA Regional Offices 

3.  Bureau of Land Mana~ement 

4. Forest Service 

5. Geological Survey 

6 .  Professional or trade associations 

7. Public'interest or citizens' mouns 

8. Attorneys engaped in litipation 



on con tac ts  p rov ided  through p u b l i c  i n t e r e s t  o r  c i t i z e n s '  groups. I n  

some ins tances,  cases were developed th rough con tac ts  w i t h  p r i v a t e  

a t t o r n e y s  d i r e c t l y  engaged i n  l i t i g a t i o n .  Because these nongovernmental 

sources o f t e n  prov ided i n f o r m a t i o n  on i n c i d e n t s  o f  which S t a t e  agencies 

were unaware, such cases were sometimes undocumented a t  t h e  S t a t e  l e v e l .  

S t a t e  agencies were, however, p rov ided  w i t h  rev iew  d r a f t s  o f  case 

w r i t e - u p s .  They, i n  t u r n ,  p rov ided  ex tens i ve  a d d i t i o n a l  i n f o r m a t i o n  and 

comments. 

Case Study Development 

V i r t u a l l y  a l l  o f  t h e  da ta  used here  were gathered th rough d i r e c t  

con tac ts  w i t h  agencies and i n d i v i d u a l s ,  o r  th rough f o l l o w u p  t o  those 

contac ts ,  r a t h e r  than th rough secondary re fe rences .  For  each S ta te ,  

researchers  f i r s t  con tac ted  a l l  S t a t e  agencies t h a t  p l a y  a  s i g n i f i c a n t  

r o l e  i n  t h e  r e g u l a t i o n  o f  o i l  o r  gas ope ra t i ons  and s e t  up appointments 

f o r  f i e l d  v i s i t s .  A t  t h e  same t ime,  con tac ts  and appointments were made 

where p o s s i b l e  w i t h  l o c a l  c i t i z e n s '  groups and p r i v a t e  a t t o r n e y s  i n  each 

S t a t e .  V i s i t s  were made i n  t h e  p e r i o d  between December 1986 and February 

1987. Dur ing  t h a t  t ime,  researchers  ga thered a c t u a l  documentat ion and 

made as many a d d i t i o n a l  c o n t a c t s  as p o s s i b l e .  

Tes t  o f  P roo f  

A l l  cases were c l a s s i f i e d  accord ing  t o  whether t h e y  met one o r  more 

formal  t e s t s  o f  p r o o f ,  a c l a s s i f i c a t i o n  t h a t  was t o  some e x t e n t  

judgmental.  Three t e s t s  were used, and cases were cons idered t o  meet t h e  

documentat ion standards o f  8002(m) ( C )  i f  they  met one o r  more o f  them. 



The tests were as follows: 

1. Scientific investiqation: A case could meet documentation 
standards if damages were found to exist as part of the findings 
of a scientific study. Such studies could be extensive formal 
investiiat ions supporting 1 i tigation or a State enforcement 
action, or they could, in some instances, be the results of 
technical tests (such as monitoring of wells) if such tests 
(a) were conducted with State-approved quality control procedures, 
and (b) revealed contamination levels in excess of an applicable 
State or Federal standard or guideline (such as a drinking water 
standard or water quality criterion). 

2. Administrative rul ins: A case could meet documentation standards 
if damages were found to exist through a formal administrative 
finding, such as the conclusions of a site report by a field 
investigator, or through existence of an enforcement action that 
cited specific health or environmental damages. 

3. Court decision: The third way in which a case could be accepted 
was if damages were found to exist through the ruling of a court 
or through an out-of-court settlement. 

EPA considered the possibility of basing its damage case review 

solely on cases that have been trjed in court. and for which damage 
determinations have been made by jury or judicial decision. This 
approach was rejected for a variety of reasons. First and most 
important, EPA wanted wherever possible to base its damage case work on 
scientific evidence and on evidence developed by States as part of their 
own regulatory control programs. Since States are the most important 
entity in controlling the environmental impacts of this industry, the 
administrative damage determinations they make are of the utmost concern 
to EPA. Second, comparatively few cases are litigated, and many 
litigated cases, perhaps a majority, are settled out of court and their 
records sealed through agreements between plaintiffs and defendants. 
Third, as data collected for this report indicate, many litigated cases 
are major cases in which the plaintiff may be a corporation or a 
comparatively weal thy 1 andowner with the resources necessary to develop 



the detai led evidence necessary t o  successfully l i t i g a t e  a  pr ivate  s u i t  

(see damage case LA 65 on pages IV-78 and IV-79). Private c i t i zens  

ra re ly  bring cases to  court because court cases are  expensive t o  conduct, 

and most of these cases are  se t t l ed  o u t  of cour t .  

Review by  S ta t e  Groups and Other Sources 

All agencies, groups, and individuals who provided documentation or 

who have jur i sd ic t ion  over the s i t e s  in any spec i f ic  S ta te  were sent 

d ra f t  copies of the damage cases.  Because of the t igh t  schedule f o r  

development of the report ,  there  was l imited time avai lable  fo r  damage 

case review. Their comments were incorporated t o  the  extent possible;  

E P A  determined which comments should be included. 

Limitations o f  the  Methodology and I t s  Results 

Schedtrle f o r  Collect ion of Damaqe Case Information 

The time peri.od over which the damage case study work occurred was 

shor t ,  covering portions of three consecutive months. In addi t ion,  much 

of the f i e l d  research was arranged or conducted over the December 

1986-January 1987 holiday period, when i t  was often d i f f i c u l t  t o  make 

contacts with S ta t e  agency representat ives  or pr ivate  groups. To the 

extent tha t  resources permitted, followup v i s i t s  were made t o  f i l l  gaps. 
Nevertheless, coverage of some Sta tes  had t o  be omitted e n t i r e l y ,  and 

coverage in others (pa r t i cu la r ly  Oklahoma) was l imi ted .  

Limited Number of Oil-  and Gas-Producinq Sta tes  in Analysis 

Of the S ta tes  or ig ina l ly  intended t o  be covered as discussed in the 

Technical Report, several were omitted from coverage; however, S ta tes  



v i s i t ed  account for  a s igni f icant  percentage of U.S. o i l  and gas 

production (see Table IV-2). 

Di f f icu l ty  i n  Obtaininq a Representative Sample 

In general ,  case s tudies  are  used t o  gain f ami l i a r i ty  with ranges of 

issues involved in a par t icu lar  study topic ,  not t o  provide a s t a t i s t i c a l  

representation of damages. Therefore, although every attempt was made t o  
produce representat ive cases of damages associated with o i l  and gas 

operations,  t h i s  study does not a s se r t  t h a t  i t s  cases a re  a s t a t i s t i c a l l y  

representat ive record of damages in each Sta te .  Even i f  an attempt had 

been made t o  c rea te  a s t a t i s t i c a l l y  val id study s e t ,  such as  by randomly 

se lec t ing  d r i l l  ing operations fo r  review, i t  woild have been d i f f i c u l t  

fo r  a number of pract ical  reasons. 

F i r s t ,  record keeping varies  s ign i f i can t ly  among S ta t e s .  A few 

S ta t e s ,  such as Ohio, have unusually complete and up-to-date central  

records of enforcement actions and compl ai n t s .  . More of ten ,  however, 

enforcement records a re  incomplete and/or di s t r i  buted throughout regional 

of f ices  within the S ta t e .  Schedules were such t h a t  only a few o f f i ces ,  

usually only the S ta t e ' s  central  o f f i ces ,  were v i s i t ed  by researchers .  

Furthermore, t h e i r  a b i l i t y  t o  co l l ec t  f i l e s  a t  each o f f i c e  was 1 imited by 

the time avai lable  on  s i t e  (usual ly 1 day, b u t  never more than 3 days) 

and by the  a b i l i t y  of each S ta t e  t o  spare s t a f f  time t o  a s s i s t  in the 

research. The number of cases found a t  each o f f i c e  and the amount o f  

material gathered were influenced strongly by these cons t r a in t s .  

Second, very of ten damage claims against o i l  and gas operators a re  

s e t t l e d  out of cour t ,  and information on known damage cases has often 

been sealed through agreements between landowners and o i l  companies. 



This is typical practice, for instance, in Texas. In some cases, even 

the records of well-publicized damage incidents are almost entirely 
unavailable for review. In addition to concealing the nature and size of 
any settlement entered into between the parties, impoundment curtails 

access to scientific and administrative documentation of the incident. 

A third general limitation in locating damage cases is that oil and 

gas activities in some parts of the country are in remote, sparsely 

populated, and unstudied areas. In these areas, no significant 

population is present to observe or suffer damages, and access to sites 

is physically difficult. To systematical ly document previously 

unreported damages associated with operations in more remote areas would 

have required an extensive original research project far beyond the 

resources available to this study. 

Organization o f  Th is  Presentation 

As noted throughout this report., conditions affecting exploration, 

development, and production of oil .and gas vary extensively from State to 

State, and by regions within States. While it would be logical to 

discuss damage cases on a State-by-State basis, the following discussion 
is organized according to the zones defined for other purposes in this 

project. Within each zone the report presents one or more categories of 

damages that EPA has selected as fairly illustrative of practices and 
conditions within that zone, focusing principally on cases of damage 
associated with management of high-vol ume wastes (drill ing fluids and 

produced waters). Wherever possible, State-specific issues are discussed 

as we1 1. 



A t  t h e  end o f  t h i s  chapter  a re  a  number o f  misce l laneous c a t e g o r i e s  

o f  damage cases t h a t ,  a l though s i g n i f i c a n t  and wel l-documented, a r e  

assoc ia ted  e i t h e r  w i t h  management o f  l ower  volume exempt wastes o r  w i t h  

types  o f  damage n o t  immediate ly  r e l a t e d  t o  management o f  wastes f rom 

c u r r e n t  f i e l d  opera t  i ons .  Such c a t e g o r i e s  i n c l u d e  damages caused by 

unplugged o r  improper l y  plugged abandoned we1 1  s  . 

NEW ENGLAND 

The New England zone i nc ludes  Maine, New Hampshire, Vermont, 

Massachusetts, Rhode I s l a n d ,  and Connect icu t .  No s i g n i f i c a n t  o i l  and gas 

a r e  found i n  t h i s  zone, and no damage cases were c o l l e c t e d .  

APPALACHIA 

The Appal ach i  an zone i n c l  udes Del aware, Kentucky, Mary1 and, New 

Jersey,  New York, Ohio, Pennsylvania,  Tennessee, V i r g i n i a ,  and West 

V i r g i n i a .  Many o f  t hese  S ta tes  have min imal  o i l  and gas p r o d u c t i o n .  

Damage cases were c o l  l e c t e d  f rom Ohio, West V i r g i n i a ,  and Pennsylvania.  

Opera t ions  

O i l  and gas p r o d u c t i o n  i n  t h e  Appalachian Bas in  tends t o  be marg ina l ,  

and o p e r a t i o n s  a r e  o f t e n  low-budget  e f f o r t s .  Funds f o r  p rope r  

maintenance o f  p r o d u c t i o n  s i t e s  may be l i m i t e d .  A l though t h e  abso lu te  

amount o f  o i l  produced i n  t h e  Appalachian zone i s  smal l  i n  comparison 

w i t h  t h e  r e s t  o f  t h e  coun t r y ,  t h e  produced w a t e r - t o - p r o d u c t  r a t i o s  a r e  

t y p i c a l l y  ve ry  h i g h  and produced wa te rs  c o n t a i n  h i g h  c o n c e n t r a t i o n s  o f  

c h l o r i d e s  . 3 

Oavtd f ldnnery, on behalf  of various o i  1 and gas t rade  organizat ions,  s ta tes  t h a t  ". . . i n  

absolute terms, the discharge o f  produced water from we l l s  i n  the Appalachian s ta tes  i s  smal l . "  



In West Virginia in  1985, 1,839 new wel ls  were completed a t  an 

average depth of 4,270 f e e t .  Only 18 exploratory wel ls  were d r i l l e d  in  

t h a t  year .  In Pennsylvania 4,627 new wel ls  were completed in 1985 t o  an 

average depth 2 , 2 8 7  f e e t ;  59 exploratory wells  were d r i l l e d  in t h a t  

year .  Ac t iv i ty  in Ohio i s  developmental r a t h e r  than exploratory,  with 

only 78 exploratory wel ls  d r i l l e d  in 1985 out of a t o t a l  of 6,297 wel ls  

completed. The average depth of a  new well in 1985 was 3,760 f e e t .  

Types o f  Operators 

Oil and gas production in  t he  Appalachian Basin i s  dominated by small 

opera tors ,  some wel l -es tab l i shed ,  some new t o  t he  indus t ry .  Major 

companies s t i l l  hold l e a se s  in some a reas .  Since most ex t rac t ion  in  t h i s  

zone i s  economically marginal ,  many operators  a r e  suscep t ib le  t o  market 

f l uc tua t i ons .  

Major Issues 

Contanination of Ground Water from Rese-rve P i t s  

Damage case inc iden ts  r e su l t i ng  from unlined reserve p i t s ,  with 

subsequent migration of contaminants i n t o  ground water,  a r e  found in t h e  

S t a t e  of Ohio. 

In 1982, drilling actlvitles of an unnamed 0 1 1  and gas company contamlnated the well that 
served a house and barn owned by a Mr. Bean, who used the water for h ~ s  dairy operations. 
Analysls done on the water well by the Ohlo Department of Agriculture found high levels of 
barlum, iron, sodium, and chlor~des. (Barturn 1s a common constituent of drilllng mud.) Because 
the barium content of the w ~ t e r  well exceeded State standards, Mr. Bean was forced to shut down 
his dairy operations. Milk prod~ced at the Bean farm following contamination of the water well 
contained 0.63 mg/L of barium. Concentrat ions of chlorides, barium, iron, sodium, and other 
residues in the water well were above the U.S. EPA's Secondary D r ~ n k ~ n g  Water Standards. Mr. 
Bean drilled a new well, which also became contamlnated. As o f  September 1984, !4r. Bean's water 

I V -  13 



well was still showing signs of contamination from the drilling-related wastes. It is not 
known whether Mr. Bean was able to recover financially from the disruption o f  his dairy business. 

(OH 4914 

This case i s  a violat ion of current Ohio regulat ions regarding 

dr i  11  ing mud and produced waters. 

I l leqa l  Disposa7 of Oil Field Wastes in Ohio 

I l lega l  disposal of o i l  f i e l d  wastes i s  a problem in Ohio, as 

elsewhere, b u t  the S ta t e  i s  making an aggressive e f f o r t  t o  increase 

compliance with S ta t e  waste disposal requirements and i s  t ry ing  t o  
maintain complete and up-to-date records. The S t a t e  has recent ly banned 

a l l  sal  twater disposal p i t s .  A l e g i s l a t i v e  i n i t i a t i v e  during the spring 

of 1987 attempted t o  overturn the ban. The attempt was unsuccessful. 

The Miller Sand and Gravel Co , thougn an active producer of sand and gravel, has also served 
as an illegal disposal site for oil field wastes. An investigation by the Ohlo Department of 
Natural Resources (ONR) found that the sand and gravel pits and the surrounding swamp were 
contdminated with oil and high-chloride produced waters. Ohio inspectors noted a flora kill af  

un-spec~fied size. Ohio Department of Health laboratory analysis of soil and liquid samples from 
the pits recorded chloride concentrations of 269.000 mg/l. The surround~ng swamp chloride 

concentrat ions ranged from 303 mg/L (upstream from the pits) to 60.000 mg/L (area around the 
pits). This type of discharge is prohibited by Sthte regulations. (OH 45j5 

This discharge was a violat ion of S ta te  regulat ions.  

References for case cited: Ohio EPA, DiLis~on of  Publ~c Water Supply, Northeast 
District Office, interoffice comnunication froin E. Mohr to M. Hilovsky describing test results on 
Mr. Bean's water well, 7/21/86. Letters from E .  Mohr, Ohio EPA, to Mr. Bean and Mr. Hart explaining 
water sampling results, 10/20/82. Letter from Miceli Dairy Products Co, to E. Mohr, Ohio EPA. 
explaining test results from Mr. Bean's milk and water well. Letters from E. Mohr. Ohio EPA, to Mr. 
Bean explaining hater sampling results froin tests completed on 1017182, 2/2/83, 10/25/83, 6/15/84, 
8/3/84, and 9/17/84. Generalized stratigraphic sequence of the rocks in the Upper Portion of the 
Grand River Basin. 

References for case cited: Ohio EPA, Div~sion of Wastewater Pollution Control. Northeast 

District Office, interoffice comnunication from E. Mohr to 0. Hasbrauck, District Chief, concerning 
the results from sampling at the sand and gravel site. Ohio Department of Health. Environmental 
Sample Submission Reports from samples taken on 6/22/82. 
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Equity 01 1 & Gas Funds, lnc., operates Well t l  on the Engle Lease, hnox County. An Ohio DNR 
official rnspected the site on April 5, 1925. There were no saltwater storage tanks on slte to 
collect the hlgh-chlorlds produced water that was being discharged from a plastic hose leadlng 
from the tank bat.tery into a culvert that, In turn, emptied into a creek. The inspector took 
photos and samples. Both produced water and oil and grease levels were of sufficient magnitude 
to cause damage to flora and fauna, according to the notice of ~iolation filed by the State. 
The inspector noted that a large area of land along the culvert had been contaminated with oil 
and produced water. The suspension order indicated that the "...violations present an iminent 
danger to public health and safety and are likely to result ln imnediate and substantial damage 
to natural resources." The operator was required by the State to " .  . .restore the disturbed land 
surface and remove the 011 from the stream in accordance with Section 1509.072 of Ohlo Revised 
Statutes.. . . "  (OH 0716 

This was an illegal discharge that violated Ohio regulations. 

In another case: 

Zenlth 01 1 & Gas Co. operated Well #1 in Hopewell Township. The Ohio DNR Issued a suspension 
order to Zenith in March of 1984 after State inspectors discovered produced water discharges 
onto the surrounding site from a breech in a produced water plt and pipe leading from the pit. 
A Notice of Violation had been issued in February 1984, but the violations were still in effect 
in March 1584. A State inspection of an adjacent site. also operated by Zenlth Oil & Gas Co , 

. discovered a plastic hose extending from one of the tank batteries discharging hlgh-chloride 
produced water into a breached pit and onto the site surface. Another tank was discharging 
produced hater from an open'valve directly o'nto the site surface. State inspectors also 
expressed concern about lead and mercury contamination from the discharge. Lead levels in the 
d~scharge were 2.5 tlmes the accepted level for drlnking water, and mercury levels here 925 ' 

tlnles the acceptable levels for drinking water, according to results' f i'led for the State by a 
private laboratory. The State issued a suspension order stating that the discharge was 
"...causing contamination and pollution.. . "  to the surface and subsurface soil, and in order to 
remedy the problem the operator would have to restore the disturbed land. (Ohio no longer 
allows the use of produced water disposal plts.) (OH 12) 7 

This was an illegal discharge that violated Ohio regulations. 

References for case cited: The Columbus Water and Chemical Testing Lab, lab reports. 
Ohio Department of Natural Resources. Division of Oil and Gas, Notice of Violation, 5/5/85. 

References for case c ~ t e d :  Ohio Department of Natural Resources. D~vision of Oi 1 and 
Gas, Suspension Order f84-07. 3/22/84. Musk ingurn County Complaint Form. Columbus Water and 
Chemical Testing Lab sampling report. 



Contamination o f  Ground Water from Annular Disposal o f  Produced Water 

Ohio allows annular disposal of produced waters. This prac t ice  i s  

n o t  widely used elsewhere because of i t s  potent ial  fo r  creat ing 

ground-water contamination. Produced water containing high l eve l s  of 

chlorides tends t o  corrode the s ingle  s t r ing  of casing protecting ground 

water from contaminat ion during annul a r  di sposal . Such corrosion crea tes  

holes in a wel l ' s  casing tha t  can allow migration of produced water into 

ground water. Under the Federal UIC program, Ohio requires operators of 

annul a r  disposal we1 1 s t o  conduct radioactive t r a c e r  surveys t o  determine 

whether produced water i s  being deposited in the correct  formations. 

Tracer surveys are more expensive than conventional mechanical i n t eg r i ty  

t e s t s  f o r  underground inject ion we1 1 s ,  and only 2 percent of a l l  t r a c e r  

surveys were witnessed by D N R  inspectors in 1985. 

The D o n o f r ~ o  w e l l  was a  p r o d u c t i o n  011 w e l l  w i t h  an annu la r  d i s p o s d l  hookup fed  by a  100-bb l  

produced wdter  s to rage  t a n k .  I n  December 1975, s h o r t l y  a f t e r  comp le t i on  o f  t h e  w e l l ,  t e s t s  

conducted by t h e  Columbus Water and Chemical T e s t i n g  Lab on t h e  D o n o f r i o  r e s i d e n t i a l  water  w e l l  

'showed c h l o r i d e  c c n c e n t r a t i o n g  of  4,550 pprn. One month a f t e r  t h e  w e l l  contamination was 

repo r ted ,  s e v e r a l  s p r i n g s  on t h e  Oonof r l o  p r o p e r t y  showed contaminat  i o n  f r om h i g h - c h l o r  i d e  

produced water  ano o i l ,  accord ing t o  Ohio EPA i n s p e c t i o n s .  On January 8 ,  1976, Ohio EPA 

i n v e s t i g a t e d  t h e  s i t e  and r e p o r t e d  ev idence of  01 1  o v e r f l o w  f rom t h e  D o n o f r i o  w e l l  p roduc t  i o n  

f a c i i ~ t y ,  lack  o f  d l k l n g  around s to rage  tanks,  and t h e  presence o f  s e v e r a l  produced water  

s to rage  p i t s .  I n  1986, 11 years  d f t e r  t h e  f i r s t  r e p o r t  o f  con tam ina t i on ,  a  c o u r t  o rde r  was 

issued t o  d isconnect  t h e  annu la r  d i s p o s a l  l i n e s  and t o  p l u g  t h e  w e l l .  The c a s i n g  recovered from 

t h e  w e l l  show?d t h a t  i t s  c o n d i t i o n  ranged f rom f a i r  t o  v e r y  poo r .  The c a s i n g  was covered w i t h  
r u s t  and sca le ,  and s i x  ho les  were found.' (OH 38)' 

Comnents i n  t h e  Docket by Dav id  F lanne ry  and American Pet ro leum I n s t i t u t e  (API )  p e r t a i n  

t o  OH 38. Mr. F lanne ry  s t a t e s  t h a t  " . . . t h e  wa te r  w e l l  i nvo l ved  i n  t h a t  case showed con tam lna t ron  

l e v e l s  wh ich  predated t h e  comnencement o f  annu la r  d i s p o s a l . .  . . "  EPA b e l i e v e s  t h i s  s ta tement  r e f e r s  

t o  b a c t e r i a l  con tan i i na t i on  o f  t h e  w e l l  d i scove red  i n  1974. (EPA no tes  t h a t  t h e  damage case 

d i scusses  c h l o r i d e  con tam ina t i on  o f  t h e  wdter  w e l l ,  n o t  b a c t e r i a l  con tam ina t i on .  ) 

References f o r  case c i t e d :  Ohio Department of  N a t u r a l  Resources, D i v i s i o n  o f  01 1  and 

Gas, i n t e r o f f i c e  comnunicat ion  f r om M .  Sharrock t o  S .  K e l l  on t h e  c o n d i t i o n  o f  t h e  c a s i n g  removed 

f r o m  t h e  D o n o f r i o  w e l l .  Comnunicat ion f r om A t t o r n e y  Genera l ' s  O f f i c e ,  E . S .  Pos t ,  d i s c u s s i n g  c o u r t  

o r d e r  t o  p l u g  t h e  D o n o f r i o  w e l l .  Pe r r y  County Cormon P leas Cour t  Case #19262. L e t t e r  f r om R . M .  

K i m b a l l ,  A s s i s t a n t  A t t o r n e y  General .  t o  Sco t t  K e l l ,  Ohio Department o f  N a t u r a l  Resources, p r e s e n t i n g  

cdse sumnary f r om 1974 t o  1984. Ohio  Department of  H e a l t h  l a b  sampl lng  r e p o r t s  f r om 1976 t o  1985. 

Columbus Water and Chemical T e s t l n g  Lab, sampl ing  r e p o r t s  front 12/1/75, 7/27/84, and 8 /3 /84.  
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This well could not pass the current c r i t e r i a  fo r  mechanical 

in tegr i ty  under the U I C  program. 

An a l te rna t ive  t o  annular disposal of o i l  f i e l d  waste i s  underground 

inject ion in Class 11 wells,  using tubing and packer, b u t  these Class I1 

disposal wells are  s igni f icant ly  more expensive than annular disposal 

operations. 

I l leqal  Disposal o f  Oil and Gas Waste in West Virqinia 

Envi ronmental damage from i l l  egal di sposal of wastes associated with 

d r i l l i n g  and production i s  by f a r  the most common type of problem in West 

Virginia. Results of i l l ega l  disposal include f i s h  k i l l s ,  vegetation 

k i l l s ,  and death of l ivestock from drinking polluted water. Fluids 

i l l e g a l l y  disposed of include o i l ,  produced waters of u p  t o  180,000 ppm 

chlorides ,  d r i l l i n g  f l u i d s ,  and fractur ing f lu ids  t h a t  can have a  pH of 

as low as 3.0 (highly a c i d i c ) .  

I l lega l  disposal in t h i s  S ta t e  takes many forms, including draining 

of sal twater  holding tanks into streams, breaching of reserve p i t s  in to  

streams, siphoning of p i t s  into streams, or discharging of vacuum truck 

contents into f i e l d s  or  streams. 

Enforcement i s  d i f f i c u l t  both because of l imited ava i l ab i l i t y  of 

S ta t e  inspection and enforcement personnel and  because of the remote 

location of many d r i l l  s i t e s  (see Table VII-7) .  Many i l l ega l  disposal 

incidents come t o  l i g h t  through complaints from landowners or anonymous 

informers. 
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Eeginning i n  1979, Allegheny Land and Minera l  Company o f  West V i r g i n i a  operated a gas 

w e l l ,  FA-226, on the p roper ty  o f  Ray and Char lo t te  Wi l l ey .  The w e l l  was loca ted  i n  a 

corn f i e l d  where c a t t l e  were f e d  i n  w in te r ,  and w i t h i n  1.000 feet  o f  the W i l l e y ' s  

residence The w e l l  was a lso  adjacent t o  a stream known as the  Bever l i n  Fork.  Allegheny 

Land and Minera l  operated another gas w e l l  above the residence known as the #A-306, a lso  

located on proper ty  owned by the Wi l leys  Allegheny Land and Minera l  maintained open 

reserve p i t s  &nd an open waste d l t c h ,  which ran i n t o  B e v e r l ~ n  Fork. The d i t c h  served t o  

dispose o f  produced water,  o i l ,  d r i p  gas, detergents, f r a c t u r i n g  f l u i d s ,  and waste 

product ion chemicals. Employees o f  the company t o l d  the Wi l leys  t h a t  f l u i d s  i n  the  p i t s  

were safe f o r  t h e i r  l i v e s t o c k  t o  d r i n k .  

The W i  l l e y s  a l leged  t h a t  t h e i r  c a t t l e  drank the f l u i d  i n  the reserve p i t  and became 

poisoned, causing abor t ions,  b i r t h  defects ,  weight loss,  contaminated m i l k ,  and death. 

Hogs were a lso  a l l e g e d l y  poisoned, r e s u l t i n g  i n  i n f e r t i l i t y  and p i g  s t i l l - b i r t h s ,  

according t o  the complaint f i l e d  i n  the c i r c u i t  cour t  o f  Doddridge County, by the  

Wi l leys ,  against A1 legheny Land and Minera l .  The Wi l leys  claimed t h a t  the s o l  1  on the 

farm was contaminated, causing a decrease i n  crop product ion and q u a l i t y ;  t h a t  the  ground 

water o f  the farm has contaminated, p o l l u t i n g  the  water w e l l  from which they drew t h e i r  

domestic water supply; and tha t  the value o f  t h e i r  r e a l  e s t a t e  had been d imin ished as a 

r e s u l t  o f  these damages. Laboratory t e s t s  o f  s o i l  and water from the proper ty  conf irmed 

t h i s  contaminat ion. The U i  l l e y s  incurred laboratory  expenses i n  having t e s t i n g  done on 

l i v e s t o c k ,  s o i l ,  and water.  A judgment f i l e d  i n  the  c i r c u i t  cour t  o f  Doddridge County 

was entered i n  1983 wherein the Wi l leys were awarded a cash sett lement i n  cour t  f o r  a  

t o t a l  o f  $39,000 p lus  i n t e r e s t  and costs.1° (WV 18)11 

T h i s  practice would violate current West Virginia regulations. 

On February 23 ,  1983, Tom Ancona, a f u r  t rapper .  f i l e d  a complaint concerning a f i s h  

k i l l  on S t i l l w e l l  Creek. A second complaint was a lso  f i l e d  anonymously by an employee o f  

Mar ie t ta  Royalty Co. Ancona, accompanied by a State f i s h e r i e s  b i o l o g i s t ,  fo l l owed a 

t r a i l  cons is t ing  o f  dead f i s h ,  f rogs,  and salamanders up t o  a d r i l l  s i t e  operated by 

Mar ie t ta  Royalty Co., according t o  the  complaint f i l e d  w i t h  the West V i r g i n i a  DNR. There 

they found a syphon hose d r a i n i n g  the  d r i l l i n g  waste p i t  i n t o  a t r i b u t a r y  o f  S t l l l w e l l  

Creek. Ac id leve ls  a t  the  p i t  measured a pH o f  4.0, enough t o  shock and k i l l  aquat ic  

l i f e ,  according t o  West V i r g i n i a  D i s t r i c t  F isher ies  B i o l o g i s t  Scott  Morr ison. Samples 

and photographs were taken by the DNR. No.dead aquat ic  l i f e  was found above the  sample 

lo Uest V i r g i n i a  Department o f  Energy s ta tes  t h a t  " .  . .now the  D i v i s i o n  does not  a1 low t h a t  

type o f  p r a c t i c e ,  and would no t  l e t  a  landowner subvert the rec lamat ion law." 

l 1  References f o r  case c i t e d  Complaint form f i l e d  i n  c i r c u i t  c o u r t  o f  Doddridge County, 

West V i r g i n i a ,  t81-c-18. Judgment form f i l e d  i n  c i r c u i t  cour t  o f  Doddridge County, Uest V i r g i n i a .  

Water q u a l i t y  sumnary o f  Ray W i l l e y  farm. L e t t e r  from D. J. Horvath t o  Ray Wi l ley .  Water ana lys is  

done by Mountain S ta te  Environmental Service. Veter inary repor t  on c a t t l e  and hogs o f  W i l l e y  farm. 

Lab repor ts  from Nat ional  Veter inary Services Laborator ies documenting abnormal i t ies i n  W i l l e y  

l i v e s t o c k .  



s l t e .  Mar le t td  Royalty Co. was f i n e d  a t o t a l  o f  $1.000 p lus  $30 1n cour t  

cos ts .12  (WV 20)13 

T h i s  d i s c h a r g e  was i n  d i r e c t  v i o l a t i o n  o f  West V i r g i n i a  r e g u l a t i o n s .  . 
I l l e q a l  D i s p o s a l  o f  O i l  F i e l d  Waste i n  P e n n s v l v a n i a  

I n  P e n n s y l v a n i a ,  d i s p o s i n g  o f  o i l  and g a s  w a s t e s  i n t o  s t r e a m s  p r i o r  

t o  1985 v i o l a t e d  t h e  S t a t e ' s  g e n e r a l  w a t e r  q u a l i t y  c r i t e r i a ,  b u t  t h e  

r e g u l a t i o n s  were r a r e l y  e n f o r c e d .  In  a  s t u d y  conduc ted  by t h e  U .  S .  F i s h  

and Wild1 i f e  S e r v i c e ,  s t r e a m  d e g r a d a t i o n  was found i n  r e l a t i o n  t o  c h r o n i c  

d i s c h a r g e s  t o  s t r e a m s  f rom o i l  and g a s  o p e r a t i o n s :  

The U.S. F i s h  and W i l d l i f e  Servlce conducted a survey o f  severa l  streams i n  Pennsylvania from 

1982-85 t o  determine the Impact on aquatic l l f e  over a per iod  o f  years resulting from discharge 

o f  o i l  f i e l d  wastes t o  streams. The area s tud ied  has a h i s t o r y  o f  chronic  discharges o f  wastes 

from o i l  and gas operat lons.  The discharges were p r i m a r i l y  o f  produced water from product ion 

and enhanced recovery operat lons.  The streams s tud ied  were Miami Run. South Branch o f  Cole 

Creek, Panther Run, Foster Brook, Lewis Run, and P i t h o l e  Creek. The study noted a dec l ine  

downstream from discharges i n  a1 1 f i s h  populat ions and p o p ~ l a t  ions o f  f rogs,  salamanders, and . 
c r a y f i s h .  ( P A  02)14 

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

t h e  N a t i o n a l  P o l l u t a n t  D i s c h a r g e  E l i m i n a t i o n  System (NPDES) p e r m i t  sys tem.  

The West V i r g i n l a  Department o f  Energy s ta tes  tha t  "This a c t i v i t y  has now been regulated 

under West V i r g i n i a ' s  general permrt f o r  d r i l l i n g  f l u i d s .  Under t h a t  permlt the re  would have been 
no environmental damage." 

l 3  References f o r  case c i t e d :  Complaint Form #6/170/83. Vest V i r g i n i a  Department o f  

Natura l  Resources, 2/25/83. West V i r g i n i a  Department o f  Natura l  Resources Inc iden t  Report ing Sheet, 

2/26/83.  Sketches o f  Mar ie t ta  d r i  11 s i t e .  Complaint f o r  Sumnons o r  Warrant, 3/28/83. Surmnons t o  

Appear. 3/18/83. Mar ie t ta  Royal ty  Prosecut ion Report,  West V i r g i n i a  Department o f  Natura l  

Resources. I n t e r o f f i c e  memorandum c o n t a ~ n i n g  s p i l l  ~ n v e s t i g a t i o n  d e t a i l s  on Mar ie t ta  Royal ty  

inc iden t .  

I4  References f o r  case c i t e d :  U.S. Frsh and W i l d l i f e .  Sumnary o f  Data from F ive  Streams i n  

Northwest Pennsylvania, 3/85. Background in format ion on the streams selected f o r  f ~ s h  t i s s u e  

ana lys is ,  undated but a f t e r  10/23/85. Tables 1 through 3 on p o i n t  source discharge samples 

c o l l e c t e d  i n  the  creeks included i n  t h i s  study, undated but a f t e r  10/30/84. 

I V -  19 



The long-term environmental impacts of chronic, widespread illegal 

disposal include loss of aquatic life in surface streams and soil salt 

levels above those tolerated by native vegetation. In 1985, Pennsylvania 

established State standards concerning this type of discharge. 
Discharges are now permitted under the NPDES system. 

The northwestern area of Pennsylvania was officially designated as a 
hazardous spill area (Clean Water Act, Section 311(k) )  by the U.S. EPA in 
1985 because of the large number of oily waste discharges that have 

occurred there. Even though spills are accidental releases, and thus do 

not constitute wastes routinely associated with the extraction of oil and 

gas under the sense of the 3001 exemption, spills in this area of 
Pennsylvania appear to represent deliberate, routine, and continuing 

illegal disposal of waste oil. 

Breaching of pits, opening of tank battery valves, and improper oil 
. separation have resulted in an unusually high number of sites discharging 
oil directly to streams. The issue was originally brought to the 

attention of the State through a Federal investigation of the 500,000 

acre A1 legheny National Forest. That investigation discovered 500 

separate spills. These discharges have affected stream quality, fish 
population, and other re1 ated aquatic 1 i fe. 

The U.S. EPA declared a four-county area (~ncludlng Hckean, Warren, Venango, and Elk 
count~es) a major spill area in the sumner of 1985. The area is the oldest comnercial 
oil-producing region in the world. Chronic low-level releases have occurred in the 
region slnce earliest production and contlque to t h ~ s  day. EPA and other agencies (e.g., 
U . S .  Fish and Uildlife. Pennsylvania Fish and Game, Coast Guard) were concerned that 
continued discharge into the area's streams has alreadj and will ~n the future have major 
environmental impact. The area is dotted with thousands of marglnal stripper wells 
(producing a high ratlo of produced water to oil), as well as thousands of abandoned 
wells and p~ts. In the Allegheny Reservo~r itself, divers spotted 20 of 81 known 
improperly plugged or unplugged wells, 7 of wh~ch were leaking oily high-chloride 
produced water Into the reservoir and have since been plugged. EPA i s  concerned that 
many others are also leaking native oily produced water. 



The Coast Guard (USCG) surveyed the forest for oil spills and produced water 
discharges. ~dent~fying those of particular danger to be cleaned imnediately, by 

government if necessary. In the Allegheny For2st alone, USCG identifled over 500 sites 
where oil was leaking from wells, pits, p~pelines, or storage tanks. In 59 cases, oil 

was h i n g  discharged directly into streams; 217 sltes showed evidence of past discharges 
and were on the verge of discharging agaln into the Ailegheny Reservoir. Illegal ' 
disposal of oil field wastes has had a detrimental effect on the environment: "...there 

has been a lethal effect on trout streams and damage to timber and habitat for deer, bear 

and grouse." On Lewis Run, 52 discharge sites have been identified and the stream 
supports little aquatic life Almost all streams in the Allegheny Forest have suppressed 
fish population as a "...d~rect result of pollution from oil and gas activity " (API 
notes that oil and produced water leaks into streams are prohibited by State and Federal 

regulat ions. ) 1 5  (PA 09)" 

These leaks are  prohibited by S ta t e  and  Federal regulat ions.  

However, discharges are  allowed, by permit, under the NPDES program. 

Damaqe t o  Water Wells from Oil or Gas Well Dri l l inq and Fracturinq 

I n  West Virginia,  the minimum distance established for  separating o i l  

o r  gas w2lls from drinking water wells i s  200 f e e t .  Si t ing of o i l  or gas 
17 d r i l l  s i t e s  near domestic water wells i s  not uncommon. West- 

Virginia has n o  automatic provision requiring d r i l l e r s  t o  rep1 ace water 

wells l o s t  in t h i s  way; owners must replace them a t  t h e i r  own expense 

I S  Colmnents in the docket by API pertain to PA 09. hPI states that "...litigation is 
currently pend~ng with respect to this case in which questions have been raised about the factual 
basls for government action in this case." 

l6 References for case cited: U.S. GeologiCal Survey letter from Buckwalter to Rice 
concerning sampllng of water in northern Pennsylvania, 10/27/86. Pennsylvania Departmerit of 
Environmental Resources press release on analys~s of water samples, undated but after 8/83. Oi 1 and 
Water: When One of the By products of High-grade Oil Product~on is a Low-grade Allegheny National 

Forest, It's Time to Take a Hard Look at Our Priorlt ies, by Jim Morrison, Pennsylvania Wildlife, 
Vol. 8, No. 1. Pittsburgh Press, "Spoiling a Wilderness," 1/22/84; "Oil Leaking into Streams at 300 
Sites in Northwestern Area of the State," 1985. Warren Times, "Slick Issues Underscore Oil Cleanup 
in National Forest," 1986. 

l7 According to members of the Legal Aid Society of Charleston. West Virginia, landowners 

have little control over where oil and gas wells are sited. Although a provision exists for 
hearings to be held to question the siting of an oil or gas well, this process is rarely used by 
private landowners for economic and other reasons. 



or sue the d r i l l e r .  Where there i s  contamination of a  freshwater source, 

S ta t e  regulations presume an o i l  o r  gas d r i l l i n g  s i t e  i s  responsible i f  

one i s  located within 1,000 f e e t  of the water source. 

During the f rac tur ing  process, f rac tures  can be produced, allowing 

migration of native br ine,  f rac tur ing  f l u i d ,  and hydrocarbons from the  

o i l  o r  gas well t o  a nearby water well .  When t h i s  happens, the water 

well can be permanently damaged and a  new well must be d r i l l e d  or an 
a l t e rna t ive  source of drinking water found. 

I n  1962. Kalser Gas Co. d r i l l e d  a  gas w e l l  on the p roper ty  o f  M r .  James Parsons. The w e l l  was 

f r a c t u r e d  us ing a  t y p i c a l  f r a c t u r i n g  f l u i d  o r  ge l .  The r e s i d u a l  fracturing f l u i d  mlgrated i n t o  

M r .  Parson's ha te r  w e l l  ( kh ich  was d r i l l e d  t o  a  depth o f  416 f e e t ) ,  according t o  an ana lys is  by 

the West V i r g ~ n i a  Environmental Health Servlces Lab o f  w e l l  water samples taken from the 

p roper ty .  Dark and l i g h t  ge lat inous m a t e r i a l  ( f r a c t u r i n g  f l u i d )  was found, along w ~ t h  whi te  

f i b e r s .  (The gas w e l l  i s  located less than 1,000 f e e t  from the  water w e l l . )  The ch ie f  o f  the 

labora to ry  advised t h a t  the water w e l l  was contaminated and u n f i t  f o r  domestlc use, and t h a t  an 

a l t e r n a t i v e  source o f  domestic water had t o  be found. Analys is  showed the water t o  con ta in  h igh  

leve ls  o f  fluoride, sodium, i ron ,  and manganese. The water,  according t o  DNR o f f i c i a l s ,  had a  

hydrocaroon odor, l n d l c a t l n g  tne presence o f  gas. To date M r .  Parsons has not resumed use o f  

the w e l l  as a  domestic water source. (API s ta tes  t h a t  t h i s  damage r e s u l t e d  from a  ma l func t ion  

o f  t h e f r d c t u r l n g p r o c e s s  I f  t h e f r a c t u r e s a r e n o t  l t rn l ted  t o  t h e p r o d u c l n g  f o r m a t ~ o n ,  t h e o i l  

and gas are l o s t  from the  reservo i r  and a re  unrecoverable.)' '  (UV i 7 ) 1 9  

Comnents i n  the  Docket p e r t a i n  t o  WV 17 ,  by David Flannery and West V i r g i n l a  Department 

o f  Energy. M r .  Flannery s ta tes  tha t  ". . . t h ~ s  IS an area where water problems have been known t o  
occur independent of o i l  and gas operat ions."  EPA be l ieves t h a t  the "problems" M r .  Flannery i s  

r e f e r r i n g  t o  are the  n a t u r a l  h i g h  l e v e l  o f  f l u o r i d e ,  a l k a l i n i t y ,  sodium, and t o t a l  d i sso lved  s o l i d s  

i n  the water.  However, the  cons t i tuen ts  o f  coqcern found i n  t h l s  water w e l l  were t h e  ge la t inous  

m a t e r i a l  associated w i t h  the  f r a c t u r i n g  process, and hydrocarbons. West V i r g l n i a  Department o f  

Energy s ta tes  t h a t  the WVDOE "...had no knowledge t h a t  the P i t t s b u r g  sand was a  f r e s h  water 

source." Also, WVDOE po ln ted  out t h a t  UV Code 228-1-20 " . . . requ i res  an operator  t o  cement a  s t r i n g  
of caslng 30 f e e t  below a l l  f r e s h  water zones." Accord~ng  t o  case study records, Kalser  Gas Co. 

d i d  I n s t a l l  a  cement s t r i n g  o f  casing 30 feet  below the  P i t t s b u r g  sand, from whlch M r .  Parson drew 
h l s  water.  

l9 References f o r  case c i t e d :  Three lab  r e p o r t s  conta in ing a n a l y s ~ s  o f  water w e l l .  L e t t e r  

from J.  E .  Rosencrance, Environmental Heal th  Services Lab, t o  P. R .  M e r r i t t ,  San i ta r ian ,  Jackson 

County, West V i r g i n l a .  L e t t e r  from P. R .  M e r r i t t  t o  J. E .  Rosencrance request ing ana lys is .  L e t t e r  

from M. W. Lewis, O f f i ce  o f  01 1  and Gas, t o  James Parsons s t a t i n g  S ta te  cannot he lp  i n  recover ing 

expenses, and M r .  Parsons must f i l e  c i v i l  s u i t  t o  recover damages. Water w e l l  i nspec t ion  repor t  - 
complaint.  Sample repor t  forms. 



There were no violations of West Virginia regulations in this case. 

Damage cases involving drilling activity in proximity to residential 

areas are known to have occurred in Pennsylvania: 

C i v ~ l  suit was brought by 13 families living In the village of Belmar against a 
Meadrille-based oil drllling company, Norwesco Development Corporation, in June 1986. 
Norwesco had drilled more than 200 wells near Belmar, and res~dents of the village 
claimed that the activity had contaminated the ground water from which they drew thelr 
domestic water supply. The Pennsylvania Department of Environmental Resources and the 
Pennsylvanla Fish Comlsslon cited Norwesco at least 19 times for violations of State 
regulations. Norwesco claimed it has not responsible for contamination of the ground 
water used by the vlllage of Belmar. Norwesco suggested instead that the contamination 
was from old, long-abandoned wells. The Pennsylvanla Department of Environmental 
Resources (DER) agreed with Belmar residents that the contamination was from the current 
drllllng operations. Ground water in Belmar had been pristine prlor to the drilling 
operation of Norwesco. All fam~lies relying on the ground water lost their domestic 
water supply The water from the contamlnated wells would "...burn your eyes in the 
sho~er, and your skin is so dry and itchy when you get out." Famllies had to buy bottled 
water for drinking and had to drrve, In some cases, as far as 30 miles to bathe. Not 
only were residents not able to drink or bathe using the ground water; they could not use 
the water for washing clothes or household items wlthout causlng permanent stalns. 
Plumbing fixtures were pitted by the high level of total dissolved solids and high 
chlor~de levels. 

In early 1986. OER ordered Norwesco to provide Belmar wlth an alternative water supply 
that was equal in quallty and quantlty to what the Belmar residents lost when their wells 
were contamlnated. In November 1986 Norwesco offered a cash settlement of $275,000 to 
construct a new water system for the vlllage and provided a temporary water supply. ( P A  
08120 

This case represents a violation o f  Pennsylvania regulations. 

Problems with Landspreadins in west  Virqinia 

Landspreading of drilling muds containing up to 25,000 ppm chlorides 

was allowed in West Virginia until November 1, 1987. The new limit is 

12,500 ppm chlorides. These concentrations o f  chlorides are considerably 

20 References for case cited: Pittsburgh Press. "Franklin County V I  llage Sees Hope after 
Bad Water Ordeal." 12/7/86. Mornlng News. "Oil Drilling Firm Must Supply Water to Homes," 1/7/86; 
"Village Residents Sue Drilling Company," 6/7/86. 



h i g h e r  t h a n  c o n c e n t r a t i o n s  p e r m i t t e d  f o r  l a n d s p r e a d i n g  i n  o t h e r  S t a t e s  

and a r e  s e v e r a l  t i m e s  h i g h e r  t h a n  n a t i v e  v e g e t a t i o n  can t o l e r a t e .  

Landspreading o f  t h e s e  h i g h - c h l o r i d e  muds may r e s u l t  i n  damage t o  a r a b l e  

l a n d .  T h i s  waste d r i l l i n g  mud may k i l l  s u r f a c e  v e g e t a t i o n  where t h e  mud 

i s  d i r e c t l y  a p p l i e d ;  s a l t s  i n  t h e  wastes can l e a c h  i n t o  s u r r o u n d i n g  s o i l ,  

a f f e c t i n g  l a r g e r  p l a n t s  and t r e e s .  Leaching o f  c h l o r i d e s  i n t o  s h a l l o w  

ground w a t e r  i s  a l s o  a  p o t e n t i a l  p rob lem a s s o c i a t e d  w i t h  t h i s  p r a c t i c e .  

In early 1986 Tower Drilling land-appl~ed the contents of a reserve pit to an area 100 feet by 
150 feet. All vegetation died in the area where pit contents were directly applied, and three 
trees adjdcent to the land application area were dying allegedly because of the leaching of high 
levels of chlorides into the soil A complaint was made by a private citizen to the Vest 
Virginia DNR. Samples taken by West Virginia DNR of the contaminated soil measured 18,000 ppm 
chlor~des '~(WV 13)" 

Land a p p l y i n g  r e s e r v e  p i t  c o n t e n t s  w i t h  more t h a n  12,500 ppm 

c h l o r i d e s  i s  now i n  v i o l a t i o n  o f  West V i r g i n i a  r e g u l a t i o n s .  

Problems w i t h  Enhanced O i l  Recovery (EOR)  and Abandoned W e l l s  i n  Ken tucky  

The Mar tha  O i l  F i e l d ,  l o c a t e d  i n  n o r t h e a s t e r n  Kentucky,  i s  s i t u a t e d  

on t h e  b o r d e r  o f  Lawrence and Johnson count i .es and occup ies  an a rea  i n  - 

excess o f  50 square m i l e s .  O i l  p r o d u c t i o n  began i n  t h e  e a r l y  1920s and 

secondary r e c o v e r y  o p e r a t i o n s  o r  w a t e r f l o o d i n g  commenced i n  1955. 

Ash1 and E x p l o r a t i o n ,  I nc . ,  ope ra ted  UIC-permi t t e d  i n j e c t i o n  we1 1  s  i n  t h e  

a rea .  App rox ima te l y  8,500 b a r r e l s  o f  f r e s h  w a t e r  were b e i n g  i n j e c t e d  p e r  

day a t  an average p r e s s u r e  o f  700 pounds p e r  square  i n c h .  

Corments in the Docket by David Flannery and API pertain to WV 13. The statements by 
API and Mr. Flannery are identical. They state that it might not be "...possible to determine 
whether it was the chloride concentration alone which caused the vegetation stress." Also, they 
claim that the damage was short term and " .  . .full recovery of vegetation was made." Neither 
cornenter submitted supporting documentation. 

22 References for case clted: West Virginia Department of Natural Resources complaint form 
r6/131/86. Analytical report on soil analysis of kill area. 



Several field investigations were conducted by the U.S. Environmental 

Protection Agency, Region I V ,  to appraise the potential for and extent of 

contamination of ground-water resources. Field inspections revealed 

widespread contamination of underground sources o f  drinking water (USDWs) . 

From A p r i l  29 th rough May 8 ,  1986, r e p r e s e n t a t i v e s  o f  t h e  U . S .  EPA. Reglon I V ,  conducted a  

su r face  water  l n v e s t r g a t i o n  ~n t h e  B l a i n e  Creek watershed near Mar tha,  Kentucky.  The s tudy  was 

requested by t h e  U S .  EPA Water Management D ~ v ? s i o n  t o  p r o v i d e  a d d i t i o n a l  b a s e l l n e  i n f o r m a t i o n  

on stream water  q u a l i t y  c o n d l t l o n s  i n  t h e  B l a l n e  Creek a rea .  B l a i n e  Creek and l t s  tributaries 
have been seve re l y  impacted by o i  1  p roduc t i on  a c t i v i t i e s  conducted i n  t h e  Martha f i e l d  s ~ n c e  t h e  

e a r l y  1900s. The Water Management D i v l s i o n  issued an administrative o r d e r  r e q u l r r n g  t h a t  

w a t e r f l o o d l n g  o f  t h e  o i l - b e a r ~ n g  s t r a t a  cease by February 4, 1986, and a l s o  r e q u i r i n g  t h a t  

d i r e c t  o r  i n d i r e c t  b r l n e  d i scha rges  t o  area streams cease by May 7 .  1986. 

For  t h e  s tudy  I n  1986, 27 wa te r  chemistry sampl lng s t a t i o n s ,  13 o f  which were a l s o  biological 

sampl ing s t a t r o n s ,  were established i n  t h e  B l a i n e  Creek watershed F i v e  streams I n  t h e  s tudy  

area were cons lde red  c o n t r o l  s t a t i o n s .  B i o l o g i c a l  sampl lng i n d r c a t e d  t h a t  mac ro inve r teb ra tes  I n  

t h e  imnedia te  Msrtha o r 1  f i e l d  area were s e v e r e l y  impacted. Many spec ies  were reduced o r  absent 

a t  a l l  s t a t i o n s  w l t h i n  t h e  o i l  f i e l d .  B l a l n e  Creek s t a t i o n s  downstream o f  t h e  o i l  f i e l d ,  

a l t hough  impacted. showed g radua l  improvement i n  t h e  b e n t h i c  mac ro inve r teb ra tes .  C o n t r o l  

s t a t i o n s  e * h i t i t e d  t h e  g r e a t e s t  diversity o f  b e n t h i c  mac ro inve r teb ra te  spec les .  Water chemis t r y  

r e s u l t s  f o r  chlorides g e n e r a l l y  i n d i c a t e d  e l e v a t e d  l e v e l s  I n  t h e  Martha o i l  f i e l d  d ra inage  

area.  C h l o r i d e  va lues i n  t h e  a f f e c t e d  area of t h e  o i l  f i e l d  ranged from 440 t o  5,900 mg/L. 

C o n t r o l  s t a t l o n  c h l o r i d e  va lues ranged f rom 3 t o  42 mg/L. 

I n  May o f  1 3 8 7 ,  EPA. Region f V ,  conducted another  su r face  water  investigation o f  t h e  B l a i n e  

Creek watershed. The s tudy  was des igned t o  document changes ~n water  q u a l l t y  I n  t h e  watershed 

1 year f o l l o w i n g  t h e  c e s s a t i o n  o f  o i l  p r o d u c t i o n  a c t i v i t i e s  i n  t h e  Martha o i l  f i e l d .  By May o f  

1987, t h e  major  ope ra to r  ~n t h e  area.  Ashland E x p l o r a t i o n ,  I n c . ,  had ceased o p e r a t i o n s .  Some 

Independent ly  owned p r o d u c t i o n  w e l l s  were s t i l l  i n  se rv rce  a t  t h r s  t une .  C h l o r i d e  l e v e l s ,  

c o n d u c t i v i t y ,  and t o t a l  d i s s o l v e d  s o l l d s  l e v e l s  had s i g n i f i c a n t l y  decreased a t  s tudy  s t a t i o n s  

w i t h i n  t h e  Martha o i l  f i e l d .  Marked improvements were observed i n  t h e  b e n t h l c  i n v e r t e b r a t e  

comnunity s t r u c t u r e s  a t  s t a t i o n s  w ~ t h ~ n  t h e  Martha f i e l d .  Ner spec les  t h a t  a r e  cons lde red  

s e n s ~ t i v e  t o  water q u a l l t y  conditions were p resen t  i n  1987 a t  most o f  t h e  biological sampl ing 

s t a t i o n s ,  ~ n d ~ c a t l n g  t h a t  s i g n i f i c a n t  wate t  q u a l i t y  improvements had occu r red  f o l l o w i n g  

c e s s a t i o n  o f  o i l  p r o d u c t i o n  activities i n  t h e  Martha f l e l d .  C h l o r i d e  l e v e l s  i n  one s t ream i n  

t h e  B l a i n e  Creek watershed decreased f rom 5,900 mg/L t o  150 m g / ~ . ' ~  

23 References f o r  case c l t e d :  Martha 011 F l e l d  Water Q u a l i t y  Study, Martha, Kentucky,  U.S. 

EPA, Athens, Georg la ,  May 1986. Martha O i l  F i e l d  Water Q u a l r t y  Study, Martha, Kentucky,  U.S. EPA, 
Athens, Georg ia ,  May 1987. 



In response  t o  EPA's n o t i c e  o f  v i o l a t i o n s  and o t h e r  r e q u i r e m e n t s ,  

Ashland proposed t o  EPA t h a t  i t  would p r o p e r l y  p lug  and abandon a l l  

e x i s t i n g  i n j e c t i o n  w e l l s ,  o i l  p roduc t ion  w e l l s ,  and w a t e r - s u p p l y  w e l l s  

and most g a s  p roduc t ion  w e l l s  i n  t h e  Martha f i e l d .  €PA, Region IV,  

i s s u e d  t o  Ashland an Order  on Consent With A d m i n i s t r a t i v e  C i v i l  P e n a l t y  

under  t h e  a u t h o r i t y  o f  S e c t i o n  1 4 2 3 ( 9 ) ( 2 )  o f  t h e  SDWA. Ashland has  pa id  

an a d m i n i s t r a t i v e  p e n a l t y  of  $125,000 and w i l l  p lug  and abandon 

app rox ima te ly  1,433 wells i n  compliance w i th  EPA s t a n d a r d s .  I f  

w a r r a n t e d ,  Ashland w i l l  p rov ide  a l t e r n a t i v e  w a t e r  s u p p l i e s  t o  p r i v a t e  

wa te r  wel l  u s e r s  whose suppl i e s  have been a d v e r s e l y  a f f e c t e d  by o i l  

p roduc t ion  a c t i v i t i e s .  

SOUTHEAST 

The S o u t h e a s t  zone i n c l u d e s  North C a r o l i n a ,  South C a r o l i n a ,  and 

Georg ia .  There i s  l i t t l e  o i l  and g a s  a c t i v i t y  i n  t h i s  zone .  No f i e l d  

r e s e a r c h  was conducted t o  c o l l e c t  damage c a s e s  i n  t h i s  zone.  

GULF 

The Gulf zone i n c l u d e s  Arkansas ,  Lou i s i ana ,  M i s s i s s i p p i ,  Alabama, and 

F l o r i d a .  A t t e n t i o n  i n  t h e  damage c a s e  e f f o r t  was focused  on Arkansas  and 

Lou i s i ana ,  the two major  p roduce r s  o f  t h e  zone.  

Ope ra t i ons  

O p e r a t i o n s  i n  Arkansas  a r e  predominant ly  smal l  t o  mid - s i zed  

o p e r a t i o n s  i n  mature  p roduc t ion  a r e a s .  A s i g n i f i c a n t  p e r c e n t a g e  o f  



production in t h i s  area comes from s t r ippe r  wells,  which produce 1  arge 

volumes of associated produced water containing high leve ls  of 

chlor ides .  For Arkansas, most production occurs in the southern portion 

of the S ta t e .  

The average depth of a  new well d r i l l e d  in Arkansas in 1985 was 4,148 

f e e t .  T h a t  year 121 exploratory wells were d r i l l e d  and 1 ,055 new wells 

were completed. 

Louisiana has two d i s t i n c t  production areas .  The northern half of 

the S ta te  i s  dominated by marginal s t r ippe r  production from shallow wells 

in mature f i e l d s .  The southern half of Louisiana has experienced most 

of the S ta t e ' s  development a c t i v i t y  i n  the l a s t  decade. There has been 

heavy, capi ta l - in tens ive  development of the Gulf Coast area,  where gas i s  

the principal product. Wells tend to  be of medium depth; operations are 

typica l ly  located in or near coastal wetland areas on barge platforms or 

small coastal is lands.  Operators dredge canals and es tuar ies  t o  gain 

access t o  , s i t e s .  

I n  t h i s  area,  reserve p i t s  are constructed out of the materials found 

on coastal is lands,  mainly from peat, which i s  highly permeable and 

suscept ible  t o  damage a f t e r  exposure t o  reserve p i t  f lu ids .  Reserve p i t s  

on barges are  self-contained,  b u t  are allowed to  be discharged in 

par t icu lar  areas i f  l eve ls  of cer ta in  const i tuents  in wastes are below 

specified 1  imi t s .  If  cer ta in  const i tuents  are found in concentrations 

above these l imi t s  in the waste, they must be injected or  stored in p i t s  

(unl i  ned) on coastal  is lands.  



For many operators in the Gulf Coast area,  produced water i s  

discharged d i r ec t ly  t o  adjacent water bodies. Fields in t h i s  region have 

an average water/oil r a t i o  of from 4:l t o  6 : l .  The Louisiana Department 

of Environmental Qua l i ty  ( D E Q )  i s  now requiring tha t  operators apply f o r  

permits for  these discharges.  A t  t h i s  wri t ing,  the Louisiana D E Q  had 

received permit appl icat ions fo r  approximately 750 t o  800 discharge 

points.  Results of f i e l d  work done by the Louisiana D E Q ,  the  Louisiana 

Geological Survey, and the Louisiana University Marine Consortium show 

tha t  roughly 1.8 t o  2.0 mill ion bar re ls  of produced water a re  discharged 

da i ly  in t h i s  area.  According t o  the  Louisiana Geological Survey, many 

receiving water bodies contain fresh water, with some receiving water 

bodies 70 times f resher  than the o i l  f i e l d  discharges.  The U.S. Fish and 

Wildlife Service has s ta ted tha t  i t  will  aggressively oppose any permits 

f o r  produced water discharges in the Louisiana wetlands of the  Gulf Coast. 
C 

The averages depth of a  new well d r i l l e d  in northern Louisiana in 1985 

was 2,713 f e e t ;  along the Gulf Coast i t  was 10,15Q f e e t .  In the  northern 

part  of the S ta t e ,  244 exploratory wells were d r i l l e d  and 4,033 

producti-on wells were compl'eted. In the southern par t  of the S t a t e ,  215 

exploratory we1 1 s  were dr i  11 ed and 1,414 production we1 1 s  were 

completed. 

Types of Operators 

In Arkansas, operators are  generally small t o  mid-sized independents, 

including some establ ished operators and others new t o  the industry.  

Because production comes mostly from s t r ippe r  wel ls ,  operators tend t o  be 

vulnerable t o  market f luc tua t ions .  

Northern Louisiana's operators,  1 i  ke those in  Arkansas, tend t o  be 

small t o  mid-sized independents. They share the same economic 

vulnerabil i  t i e s  with t h e i r  neighbors in Arkansas. In addi t ion,  however, 



Louisiana's more marginal operations may be particularly stressed by the 

new Rule 29B, which requires the closing out and elimination of all 

current and future onsite produced water disposal pits by 1989. 

Estimated closing costs per pit are $20,000. 

Operators in southern Louisiana tend to be major companies and large 

independents. They are less susceptible to fluctuating market conditions 

in the short term. Projects in the south tend to be larger than those in 

the north and are located in more environmentally sensitive areas. 

Major Issues 

Ground-Water Contamination from Unlined Produced Water Disposal Pits and 

Reserve Pits 

Unlined produced water disposal pits have been used in Louisiana for 

many years and are only now being phased out under Rule 298. Past 

practice has,. however, resulted in damages to ground water and danger to 

human heal t h. 

In 1982, suit was brought on behalf of Dudley Romero et al. against operators of an oil 
waste comnercial disposal facility, PAB Oil Co. The plaintiffs stated that their 

domestic water wells were contaminated by wastes dumped into open pits in the PAB Oil Co. 
facility which were alleged to have migrated into the ground water, rendering the water 

wells unusable. Oil field wastes are dumped into the waste pits for skimning and 

separation of oil. The pits are unlined. The PA6 facility was operating prior to 

Louisiana's first comnercial oil field waste facility regulations. After promulgation of 
new regulations, the facility continued to operate for 2 years in violation of the new 
regulations, after which time the State shut down the facility. 

The plaintiff's water wells are downgradient of the facility, drilled to depths of 300 

to 500 feet. Problems with water wells date from 1979. Extensive analysis was performed 

by Soil Testing Engineers, Inc., and U.S. EPA, on the plaintiff's water wells adjacent to 
the site to determine the probability of the well contamination coming from the PAB Oil 
Co. site. There was also analysis on surface soil contamination, Soil Testing 



Engineers. I n c . ,  determined t h a t  i t  was poss lb le  f o r  the wastes I n  the P A 0  011 Co. p ~ t s  

t o  reach and contamlnate the Romeros' water w e l l s .  Surface sampling around the  perimeter 
o f  the  P A 6  O i l  Co s i t e  found h igh  concentrat ions o f  metals. R e s i s t i v i t y  t e s t i n g  showed 
t n a t  plumes of c h l o r i d e  contamination i n  the  water t a b l e  lead from the p i t s  t o  t h e  water 

w e l l s .  Borlngs tha t  determined the subst rata makeup suggested tha t  i t  would be poss ib le  

f o r  wastes t o  contaminate the  Romero ground water w ~ t h i n  the t ime tha t  the  f a c l l i t y  had 

been i n  operst ion i f  the  i n t e g r i t y  o f  the c l a y  cap I n  the p i t  had been l o s t  (as by deep 

excavation somewhere h l t h i n  i t ) .  The p l t  was 12 feet  deep and w i t h i n  range t o  perco la te  

i n t o  the water-bearing sandy s o i l .  

The p l a l n t  i f f s  complained o f  sickness, nausea, and d izz iness,  and a  loss o f  c a t t l e .  The 

case was s e t t l e d  out  o f  c o u r t .  The p l a i n t i f f s  recelved $140,000 from P A 0  O i l  Co. 

( L A  i i7jz4 

Unlined commercial disposal pits are now illegal in Louisiana. 

The ground in this area is highly permeable, allowing pit contents to 
leach into soil and ground water. Waste constituents potentially 

leaching into ground water *om unlined pits include arsenic, cadmium, 

chromium, copper, lead, nickel, zinc, and chlorides. There have been 
incidents illustrating the permeability of subsurface formations in this 

area. 2 5 

Allowable Discharqe of Drillins Mud into Gulf Coast Estuaries 

Under existing Louisiana regulations, drill ing muds from onshore 
operations may be discharged into estuaries of the Gulf of Mexico. The 
State issues permits for this practice on a case-by-case basis. These 

24 References f o r  case c i t e d :  S o i l  Test ing Engineers. I n c . ,  B r ~ n e  Study, Romero, e t  a l . ,  

Abbev i l l e ,  Louisiana, 10/19/82. U.S. EPA lab  ana lys is  of p i t s  and we l l s ,  10/22/81. Da te l ine ,  

Louis iana:  F i g h t i n g  Chemical Dumping, by Jason Berry ,  May-June, 1983. 

25 A gas w e l l  operated by Conoco, which had been plugged and abandoned, blew out  below t h e  

sur face f rom December 11, 1985, t o  January 9, 1986. The blowout sent gas through f a u l t  zones and 

permeable formations t o  the land surface owned by Claude H. Gooch. The gas could be i g n i t e d  by a  
match h e l d  t o  the ground. The gas was a lso  determined t o  be a  p o t e n t i a l  hazard t o  d r i n k i n g  water 

w e l l s  I n  the  ~mnediate area. 



e s t u a r i e s  a r e  o f t e n  v a l u a b l e  commercial  f i s h i n g  g rounds .  S ince  t h e  muds 

can c o n t a i n  h i g h  l e v e l s  o f  t o x i c  me ta l s ,  t h e  p o s s i b i l i t y  o f  

b i oaccumu la t i on  o f  t hese  m e t a l s  i n  s h e l l f i s h  o r  f i n f i s h  i s  o f  concern  t o  

EPA. 

In 1964, the Glendale Drilling Co., under contract to Woods Petroleum, was drilling from a 
barge at the intersection of Taylor's Bajou and Cross Bayou. The operation was discharging drill 
cuttings and mud into the bayou within 1,300 feet of an active oyster harvesting area and State 

oyster seedlng area. At the t ime of discharge, oyster harvests were in progress. (It is State 

policy in Louisiana not to grant permits for the discharge of drill cuttings within 1,300 feet 
of an active oyster harvestlng area. The Louisiana Department of Envlronrnental Quality does not 
allow discharge of whole mud Into estuaries.) 

A State Water Pollution Control Division inspector noted that there were two separate discharges 
occurring from the barge and a low mound of mud was protruding from the surface of the water 
beneath one of the discharges. Woods Petroleum had a letter from the Louisiana Department of 

Environmental Quality a~thorizing them to discharge the drill cuttings and associated mud, but 
this permlt would presumably not have been issued ~f it had been known that the drilling would 
occur near an oyster harvestlng area. While no damage was noted at time of inspection, there 
was great concern expressed by th2 Louisiana Oyster Growers Association, the Louisiana 
Department o f  Wildlife and Fisheries. Seafood Division, and some parts of the Department of 
Water Pollution Control Dlvision of the Department of Environmental Quality. The concern of 
these groups stemed from the possibllrty that the discharge of muds and cuttings with high 

content of metals may have long-term impact on the,adjacent comnercial oyster flelds and the 
. State oyster se'ed fields in nearby Junop Bdy. In such a situat~on, metals can precipitate from 

the discharge, settling In progressively higher concentrations in the bayou sediments where the 

oysters mature. The bioaccumulation of these metals by the oysters can have an adverse impact 

on the oyster population and could also lead to human health problems if contaminated oysters 
are consumed. 

The Department of Environmental Quality declded ~n this case to direct the oil company to stop 
the discharge of drill cuttings and muds into the bayou. In this instance, the Department of 

Environmental Qua 1 ity ordered that a dr I 1 1  cutt ing barge be used to contaln the remainder of the 
drill cuttings. The company was not ordered to clean up the mound of drill cuttings that it 

had already deposited in the bayou. (LA 20)'~ 

A c t i v i t i e s  i n  t h i s  case, though a l l o w e d  by t h e  S t a t e ,  a r e  i l l e g a l  

acco rd ing  t o  S t a t e  l aw .  

26 References for case cited: Louisiana Department of Environmental Qua1 ity, Water 

Pollution Control Division, Office of Water Resources, internal memorandum, 6/3/85. 



I l l e q a l  D i sposa l  o f  O i l  F i e l d  Waste i n  t h e  L o u i s i a n a  G u l f  Coast  Area 

The m a j o r i t y  o f  damage cases c o l l e c t e d  i n  L o u i s i a n a  i n v o l v e  i l l e g a l  

d i s p o s a l  o r  inadequate  f a c i l i t i e s  f o r  con ta inment  o f  wastes gene ra ted  by 

o p e r a t i o n s  on t h e  G u l f  Coast .  Fo r  example: 

Two Lou is iana  Water P o l l u t i o n  Con t ro l  i nspec to rs  surveyed a  swamp ad jacent  t o  a  KEDCO 

O i l  Co. f a c i l i t y  t o  assess f l o r a  damage recorded on a  N o t i c e  o f  V i o l a t i o n  issued t o  KEDCO 

on 3/13/81. The N o t i c e  o f  V i o l a t i o n  d iscussed produced water  d ischarges i n t o  an ad jacent  

cana l  t h a t  emptled i n t o  a  cypress swamp f rom a  p l p e  p r o t r u d i n g  f rom the  p i t  levee.  

Ana lys i s  o f  a  sample c o l l e c t e d  by a  M r .  M a r t i n ,  t h e  compla inant ,  who expressed concern 

over  t h e  h i g h - c h l o r i d z  produced water d ischarge i n t o  t h e  cana l  he used t o  o b t a i n  water  

f o r  h i s  c r a w f i s h  pond. showed s a l i n i t y  l e v e l s  o f  32,000 ppm (seawater i s  35.000 ppm). 

On A p r i l  1 5 ,  1981, t h e  Water P o l l u t i o n  C o n t r o l  i nspec to rs  made an e f f o r t  t o  measure t h e  

e x t e n t  o f  damage t o  t h e  t r e e s  i n  t he  cypress swamp. A f t e r  su rvey ing  t h e  s i z e  o f  t h e  

swamp, they  randomly s e l e c t e d  a  compass b e a r i n g  and surveyed a  t r a n s e c t  measuring 200 
f e e t  by  20 f e e t  th rough t h e  swamp. They counted and then c!assi f ied a l l  t r e e s  i n  t h e  

area accord ing t o  t h e  degree of damage t h e y  had susta ined.  I nspec to rs  found t h a t  " . . . a n  

approximate t o t a l  area o f  4,088 acres o f  swamp was seve re l y  damaged." W i t h i n  t h e  

randomly s e l e c t e d  t r a n s e c t ,  they c l a s s i f i e d  a l l  t r e e s  according t o  t h e  degree o f  damage. 

Out o f  a  t o t a l  o f  105 t r e e s ,  73 percent  were dead, 18 percent  were s t ressed ,  and 9 

pe rcen t  were normal.  The i n s p e c t o r s '  r e p o r t  noted t h a t  a l t hough  t h e  t r a n s e c t  r a n  th rough  

a  h e a v i l y  damaged area,  t h e r e  were o t h e r  areas much more seve re l y  impacted. They 

t h e r e f o r e  concluded, based upon data  c o l l e c t e d  and firsthand observa t i on ,  t h a t  t h e  

percentages o f  damaged t r e e s  recorded " . . . a r e  a  r e p r e s e n t a t i v e ,  ~f n o t  c o n s e r v a t i v e ,  

es t ima te  o f  damage over  t h e  e n t l r e  a f f e c t e d  a rea . "  I n  t h e  o p i n i o n  o f  t h e  ~ n s p e c t o r s ,  

t h e  d i scha rge  of produced water had been o c c u r r i n g  f o r  some t ime .  j udg ing  by t h e  amount 

o f  damage sus ta ined  by t h e  t r e e s .  KEDCO was f i n e d  $9,500 by t h e  S t a t e  o f  Lou is iana  and 

p a l d  $4,500 I n  damages t o  the  owner o f  t h e  a f f e c t e d  c r a w f i s h  farm. (LA 45)" 

T h i s  d i s c h a r g e  was i n  v i o l a t i o n  o f  L o u i s i a n a  r e g u l a t i o n s .  

27 References f o r  case c i t e d :  Lou is iana Department o f  N a t u r a l  Resources, Water P o l l u t i o n  

C o n t r o l  Division, i n t e r n a l  memo, Cormier and S t .  Pe t o  Givens, concern ing damage e v a l u a t i o n  o f  swamp 

near t h e  KEDCO 011  Co. f a c i l ~ t y  6/24/81. N o t i c e  o f  V i o l a t i o n ,  Water Pollution C o n t r o l  Log 

12-8-81-21. 



Most of the damage cases collected involved small operations run by 

independent companies. Some incidents, however, involved major oil 
companies: 

Sun 0 1 1  Co. operates a s i t e  located i n  the Chacahoula F i e l d .  A Department o f  Natura l  

Resources inspector noted a s i t e  con f igu ra t ion  dur ing an inspect ion (6125162) o f  a tank b a t t e r y  

surrounded by a p i t  levee and a p i t  (30 yards by 50 ya rds ) .  The p i t  was d ischarg ing produced 

water i n t o  the adjacent swamp i n  two places, over a low par t  i n  the levee and from a p ipe  t h a t  

had been put through the r i n g  levee d ra in ing  d i r e c t l y  i n t o  the swamp. Produced water,  o i l ,  and 

grease were being discharged i n t o  the swamp. Chlor ide concentrat ions from samples taken by the 

inspectors ranged from 2 , 9 4 8  t o  4.848 ppm. and o i l  and grease concentrat ions measured 1 2 . 6  t o  

26 .7  ppm. The inspector noted t h a t  the discharge i n t o  the swamp was the  means by which the 

company d ra ins  the tank b a t t e r y  r l n g  levee area. A n o t l c e  o f  v i o l a t i o n  was issued t o  Sun O i l  by 

the Department o f  Ndtura l  Resources. ( L A  1 5 ) ' ~  

This discharge was in viol at ion of Louisiana regulations. 

Some documented cases noted damage to agricultural crops: 

Dr. Wilma Subra documented damage t o  0 . T .  Ca f fe ry ' s  sugar cane f i e l d s  adjacent t o  a production 

s i t e ,  which included a sa l twa te r  d isposal  w e l l ,  i n  S t .  Mary Par ish.  The operator  was Sun O i l .  

The documentation was c o l l e c t e d  between J u l y  o f  1985 and November.of 1986 and. inc luded repor ts  

of s a l t  concentrat ions In.so11 a t  var ious locat ions i n  the sugar cane f i e l d s ,  along w i t h  

descr ip t ions  o f  acconipanying damage. Dr .  Subra noted tha t  the sugar cane f i e l d s  had various 

areas tha t  were barren and contained wnat appeared t o  be sludge. The product ion f a c i l i t y  IS  

upgradlent from the sugar cane f i e l d s ,  and Dr. Subra surmlsed t h a t  produced water was discharged 

onto the so11 surface from the  f a c i l i t y  and t h a t  a  plume of s a l t  con tamina t~on  spread 

downgradient, thereby a f f e c t i n g  7.3 acres o f  sugar cane f i e l d s ,  over a per lod  o f  a  year and a 

h a l f .  

I n  Ju ly  1985, Dr. Subra noted t h a t  the cane f i e l d ,  though i n  bad condition, was predominantly 
covered w i t h  sugar cane. There were, however, weeds o r  barren s o i l  coverin5 a p o r t i o n  of the  
s i t e .  The patch of weeds and barren s o i l  hatched the area o f  h lghest  s a l t  concentrat ion.  I n  the 
area where the topography suggested t h a t  b r i n e  concentrat ions would be lowest, the  sugar cane 

appeared hea l thy .  Subsequent f i e l d  invest  i g a t  Ion and so1 1 sampl ing conducted by Dr. Subra i n  

November o f  1986 found the f i e l d  t o  be near l y  barren, w i t h  p r a c t i c a l l y  no sugar cane growing. 

28 References f o r  case c i t e d :  Louisiana Department o f  Natura l  Resources, Water P o l l u t i o n  

Contro l  D i v i s i o n ,  i n t e r n a l  memo from Corm~er t o  Givens, 8/16/82,  concerning Sun 011 Co. b r i n e  

discharge, Chacahoula F i e l d .  Log 12-8-81 -122. Lab analys is ,  7/2/82.  



Dr.  Subra measured concen t ra t i ons  of  s a l t s  i n  t h e  s o i l  r ang ing  from a  low o f  1 ,403 ppm t o  

35 .265  ppm a t  t h e  edge o f  t h e  f i e l d  ad jacen t  t o  t h e  o i l  o p e r a t i o n .  Sun has undertaken a  
rec lamat ion  p r o j e c t  t o  r e s t o r e  t h e  land.  I t  i s  es t imated t h a t  t h e  p r o j e c t  w i l l  t a k e  2  t o  3  

years  t o  complete.  I n  t h e  i n t e r i m ,  Sun O i l  Co. w i l l  pay t h e  sugar cane farmer f o r  l oss  o f  

c rops .29  ( L A  63130 

The S t a t e  o f  Lou i s i ana  has  n o t  t aken  any enforcement  a c t i o n  i n  t h i s  

c a s e ;  i t  i s  u n c l e a r  whether  any S t a t e  r e g u l a t i o n s  were v i o l a t e d .  

Most damage a s s o c i a t e d  w i th  i l l e g a l  d i s p o s a l  i nvo lves  d i s p o s a l  o f  

produced wa te r  c o n t a i n i n g  h igh  l e v e l  s o f  c h l o r i d e  ( b r i n e ) .  I1 l e g a l  

d i s p o s a l  o f  o t h e r  t y p e s  o f  o i l  f i e l d  was te  a l s o  result  i n  envi ronmenta l  

damage : 

Chevco-Kengo Serv ices,  I n c .  operates  a  c e n t r a l i z e d  d i s p o s a l  f a c i l i t y  near A b b e v i l l e ,  

Lou i s iana .  Produced water  and o t h e r  wastes a r e  t r a n s p o r t e d  f rom sur rounding p r o d u c t i o n  f i e l d s  

by vacuum t r u c k  t o  t h e  f a c i l ~ t y .  Complaints were f l l e d  by p r i v a t e  c i t i z e n s  a l l e g i n g  t h a t  

d ischarges f rom t h e  f a c i l i t y  were damaging crops o f  r i c e  and c rawf i sh ,  and t h a t  t h e  f a c i l i t y  

represented a  t h r e a t  t o  t h e  h e a l t h  o f  nearby r e s i d e n t s .  An i n s p e c t i o n  o f  t h e  s i t e  by t h e  Water 

P o l l u t i o n  C o n t r o l  D i v i s i o n  o f  t h e  Department o f  N a t u r a l  Resources found t h a t  a t r u c k  washout p i t  

was ernptylng o i l  f i e l d  wastes i n t o  a  roads ide  d i t c h  f l o w i n g  i n t o  nearby cou lees.  

C ~ v i l  s u i t  was brought by p r i v a t e  c i t i z e n s  aga ins t  Chevco-Kengo Serv ices,  I n c . ,  ask ing  f o r  a  

t o t a l  of $4 m i l l i o n  i n  p r o p e r t y  damages, pas t  and f u t u r e  c r o p  l o s s ,  an'd exemplary damages. Lab 

a n a l y s ~ s  performed by t h e  Department of  N a t u r a l  Resources o f  waste'samples i n d i c a t e d  h i g h  me ta l s  

con ten t  o f  t h e  wastes. e s p e c i a l l y  i n  samples taken f rom the  area near t h e  f a c i l i t y  and i n  t h e  

ad jacent  r i c e  f i e l d s ,  i n d i c a t i n g  t h a t  t he  d i scha rge  o f  wastes from t h e  f a c i l i t y  was t h e  source 

o f  damage t o  t h e  sur rounding land.  The case i s  i n  ~ i t i ~ a t ~ o n . ~ ~  ( ~ ~ 9 0 ) ~ '  

The S t a t e  d i d  no t  i s s u e  a  n o t i c e  o f  v i o l a t i o n  i n  t h i s  c a s e .  However, 

t h i s  t y p e  o f  d i s c h a r g e  i s  i l l e g a l .  

29 A P I  s t a t e s  t h a t  an a c c i d e n t a l  re lease  occu r red  i n  t h i s  case. EPA reco rds  show t h i s  

re lease  l a s t e d  2  years .  

30 References f o r  case c i t e d :  Documentation from Dr.  Wilma Subra, i n c l u d i n g  a  s e r i e s  o f  

maps documenting changes i n  t h e  sugar cane over  a p e r i o d  o f  t ime,  12/86. Maps showing l o c a t i o n  o f  

sampl ing and s a l t  concen t ra t i ons .  

API s t a t e s  t h a t  these d ischarges were a c c i d e n t a l .  

32 References f o r  case c i t e d :  Lou is iana  Department o f  N a t u r a l  Resources, Water P o l l u t i o n  

C o n t r o l  D i v i s i o n ,  i n t e r n a l  memo, l ab  a n a l y s i s ,  and photographs, 8/25/83. L e t t e r  f rom Ues t l and  O i l  

Development Corp. t o  Lou is iana  Department o f  N a t u r a l  Resources, 4/15/83. 



Illeqal Disposal o f  Oil Field Waste in Arkansas 

The majority of damage cases found in Arkansas relate t o  illegal 

dumping of produced water and oily waste from production units. Damages 

typically include pol 1 ut ion of surface streams and contamination o f  soil 

with high levels of chlorides and oil, documented or potential 

contamination o f  ground water w i t h  elevated levels o f  chlorides, and 

damage to vegetation (especially forest and timberland), from exposure to 

high levels of chlorides. 

An o i l  product ion u n i t  operated by M r .  J. C .  Langley was d ischarg ing o i l  and produced water i n  

large quantities onto the p roper ty  o f  M r .  Melv in  Dunn and M r .  W .  C .  Shaw The 011 and produced 

water discharge a l leged ly  caused severe damdge t o  the proper ty ,  i n t e r f e r e d  w i t h  l i v e s t o c k  on the 

proper ty ,  and delayed cons t ruc t ion  o f  a  planned lahe. M r .  Dunn had spoken repeatedly w i t h  a 

company representat ive operat ing the f a c i l i t y  concerning the o i l  and produced water discharge, 

but no changes occurred i n  the  operat ion o f  the f a c i l i t y .  A complaint was made t o  Arkansas 

Department of P o l l u t i o n  Contro l  and Ecology (ADPCE), the operator was informed o f  the s i t u a t i o n ,  

and the f a c i l i t y  was brought i n t o  compliance. M r .  Dunn then h i r e d  a p r i v a t e  a t to rney  i n  order 

t h a t  remedial ac t ion  be taken. I t  i s  not known whether the operator cleaned up the damaged 
proper ty .33 (AR 0 7 ) ~ ~  

This discharge was in violation of Arkansas regulations. 

On September 20, 1984, an anonymous complaint was f l l e d  w i t h  ADPCE concerning the discharge o f  

o i l  and produced water i n  and near Smackover Creek from product ion u n i t s  operated by J. S .  Beebe 

O i l  Account. Upon i n v e s t l g a t i o n  by ADPCE. i t  was found t h a t  sa l twa te r  was leak ing from a s a l t  

water d isposal  w e l l  located on the s i t e .  M r .  Beebe wrote a l e t t e r  s t a t i n g  h i s  w i l l i ngness  t o  

co r rec t  the  s i t u a t i o n .  On November 16, 1964. the  s i t e  was again inves t iga ted  by ADPCE, and i t  

was found t h a t  p l t s  on l o c a t i o n  were being used as the pr imary d isposal  f a c i l l t y  and were 

33 API s ta tes  t h a t  t h i s  inc iden t  c o n s t i t u t e d  a s p i l l  and i s  the re fo re  a non-RCRA Issue. 

34 References f o r  case c i t e d :  Arkansas Department o f  P o l l u t i o n  Con t ro l  and Ecology (ADPCE) 

Complaint form, #EL 1721, 5/14/84. L e t t e r  from Michael Landers, a t to rney  t o  M r .  Ounn, requesting 

i n v e s t l g a t i o n  from Wayne Thomas concerning Langley v i o l a t i o n s .  L e t t e r  from J. C .  Langley t o  Wayne 

Thomas, ADPCE, denying responsib i  1  i t y  f o r  damages o f  Dunn and Shaw proper ty ,  6/5/84. Cert i f  i e d  

l e t t e r  from Wayne Thomas t o  J. C. Langley discussing v ~ o l a t i o n s  o f  f a c i l i t y  and requ i red  remedial 

ac t  ions, 5/30/87. Map o f  v i o l a t i o n  area, 5/29/84. ADPCE o i l  f i e l d  waste survey documenting 

unreported o i l  s p i l l  on Langley u n i t .  5/25/84. L e t t e r  from Michael Landers, a t to rney  t o  ADPCE, 

discussing damage t o  proper ty  of Dunn and Shaw, 5/11/84. 



over f lowing and leak ing I n t o  Smackover Creek. The ADPCE issued a Not ice o f  V i u l a t ~ o n  ( L I S  

84-0E6) and noted t h a t  the  p i t s  were below the creek l e v e l  and overf lowed i n t o  the  creek when 

heavy r a l n s  occurred. One p i t  was b e ~ n g  siphoned over the p i t  w a l l ,  wh i le  waste from another 

p i t  was f low ing  onto the  ground through an open p ipe.  The f l o o r s  and w a l l s  o f  t h e  p i t s  were 

saturated,  a l lowing seepage o f  waste from t h e  p i t s .  ADPCE ordered M r .  Eeebe t o  shut down 

product ion and c lean up the s l t e  and f ined  him $10,500. (AR 1 0 ) ' ~  

These d ischarges  were o c c u r r i n g  i n  v i o l a t i o n  o f  Arkansas r e g u l a t i o n s .  

The S t a t e  o f  Arkansas has l i m i t e d  resources  f o r  i n s p e c t i n g  d i s p o s a l  

f a c i l i t i e s  assoc ia ted  w i t h  o i l  and gas p roduc t i on .  (See Tab le  V I I - 7 . )  

Fur thermore,  t h e  two S t a t e  agencies r e s p o n s i b l e  f o r  r e g u l  a t  i ng o i  1 and 

gas o p e r a t i o n s  ( t h e  Arkansas O i l  and Gas Commission (OGC) and t h e  

Arkansas Department o f  P o l l u t i o n  Con t ro l  and Ecology (ADPCE)) have 

ove r lapp ing  j u r i s d i c t i o n s .  I n  t h e  nex t  case, t h e  landowner i s  t h e  

Arkansas Game and F i s h  Commission, which at tempted t o  en fo rce  a  p e r m i t  i t  

issued t o  t h e  o p e r a t o r  f o r  d r i l l i n g  a c t i v i t y  on t h e  Commission's l a n d .  

As o f  summer 1987, no p e r m i t  had been issued by e i t h e r  t h e  OGC or t h e  

ADPCE . 

I n  1983 and again i n  1985, James M Roberson. an 0 1  1  and gas operator .  was given surface , 

access by the Arkansas Game and F l s h  Comnission f o r  d r l l l l n g  i n  areas I n  the  Sulphur R ive r  

WI l d l  i f e  Management Area (SRWMA), but was not  issued a d r i  11 ing permi t  by e i t h e r  o f  the  S ta te  

agencies t h a t  share jurisdiction over o i l  and gas operat ions.  Surface r i g h t s  a r e  owned by the 

Arkansas Game and F i s h  Comnission. The Comiss ion  attempted t o  w r i t e  i t s  own perml ts  f o r  t h i s  

operat ion t o  p ro tec t  the  w l l d l i f e  management area resources. Mr. Roberson repeatedly  v i o l a t e d  

the requirements contained i n  these sur face use permi ts .  and the Comnlssion a l s o  determined tha t  
he was i n  v i o l a t i o n  o f  general State and Federal regu la t ions  app l i cab le  t o  h i s  opera t ion  i n  t h e  
absence o f  OGC o r  ADPCE permi ts .  These v i o l a t i o n s  l e d  t o  re lease o f  o i l  and h igh-ch lo r ide  

produced Mater i n t o  t h e  wetland areas o f  t h e  Sulphur R ive r  and Mercer Bayou from a leak ing  

sa l twa te r  d isposal  w e l l  and i l l e g a l  produced water d isposal  p i t s  maintained by the  operator .  

35 References f o r  case c i t e d :  ADPCE complaint form #EL 1792, 9/20/84, and 8/23/84. ADPCE 

inspect ion r e p o r t ,  9/5/84. L e t t e r  from ADPCE t o  J. S. Beebe out l i n i n g  f i r s t  run o f  v i o l a t  ions, 

9/6/84. L e t t e r  s t a t i n g  w i l l i ngness  t o  cooperate from Beebe t o  ADPCE, 9/14/84. ADPCE complaint form 

#EL 1789, 9/19/84. ADPCE inspect ion r e p o r t ,  9/25 and 9/26/84. ADPCE complaint form #EL 1822, 

11/16/84. ADPCE Not ice o f  V i o l a t i o n ,  Findings o f  Fact,  Proposed Order and C i v i l  Penal ty  Assessment, 

11/21/84. Map o f  area. M~scel laneous l e t t e r s .  



O i l  and sa l twater  damage t o  the  area was documented i n  a study conducted by Hugh A .  Johnson, 

Ph.D., a professor  o f  b io logy  a t  Southern Arkansas Un ivers i t y .  His study mapped c h l o r i d e  leve ls  

around each w e l l  s i t e  and ca lcu la ted  the a f fec ted  area. The h ~ g h e s t  ch lo r tde  l e v e l  recorded t n  

the wetland was 9,000 ppm ( n a t i v e  vegetat ion b e g ~ n s  t o  be stressed from exposure t o  250  ppm 

c h l o r i d e s ) .  He found tha t  s l g n i f  icant  areas around each w e l l  s i t e  had dead o r  s t ressed 

vegetation r e l a t e d  t o  excessive c h l o r i d e  exposure. The Game and F i s h  Comnission fears t h a t  

cont inued discharges o f  produced water and o i l  i n  t h l s  area w l l l  threaten the las t  remalnlng 

f o r e s t  land i n  the Red R ~ v e r  bottoms.36 (AR 0 3 ) ~ ~  

These discharges were in violat ion of S ta te  and Federal regulat ions.  

Jur i sd ic t ion  in the above case i s  unclear. Under a 1981 amendment t o  

the S ta te  Oil and Gas Act, OGC was granted formal permit authori ty  over 

o i l  and gas operations,  but t h i s  authority i s  t o  be shared in cer ta in  

s i tua t ions  with the A D P C E .  Jur i sd ic t ion  i s  t o  be shared where Underground 

Injection Control (UIC) wells are  concerned, b u t  i s  not c l ea r ly  defined 

with respect t o  construction or  management of reserve p i t s  or disposal of 

d r i l l i n g  wastes. ADPCE has made attempts to  c l a r i f y  the s i tua t ion  by 

issuing informal l e t t e r s  of authorization t o  operators ,  b u t  these a re  not 

universally recognized throughout the S ta t e .  ( A  f u l l  discussion o f .  t h i s  

issue can be found i n  Chapter VII and in Appendix A . )  

36 AP1 s ta tes  t h a t  the Arkansas Water and A l r  P o l l u t i o n  Act gives a u t h o r i t y  a t  severa l  

l eve ls  t o  requ i re  cleanup o f  these i l l e g a l  a c t l v l t i e s  and t o  prevent f u r t h e r  occurrences. EPA 

bel ieves t h a t  even though State and Federal Laws e x i s t  which p r o h i b i t  t h ~ s  type o f  a c t i v i t y ,  no 

mechanism f o r  enforcement 1s ~n p lace.  

37 References f o r  case c i t e d :  L e t t e r  from Steve Forsythe, Department o f  the I n t e r i o r  

(DOI), t o  Pat Stevens, Army Corps o f  Engineers (ACE). s t a t i n g  t h a t  a c t i v i t ~ e s  o f  M r .  Roberson have 

r e s u l t e d  i n  s ~ g n l f ~ c a n t  adverse environmental impacts and d ts rup t ions  and t h a t  DO1 recomnends 

remedial a c t l o n  be taken. Chlor ide Analysis o f  S o i l  and Water Samples o f  Selected S i tes  i n  M i l l e r  

County, Arkansas, by Hugh A .  Johnson, Ph.D., 10/22/85. L e t t e r  t o  Pat Stevens, ACE, from Dick 

Whit t  ington, EPA, d ~ s c u s s i n g  damages caused by Jimny Roberson ~n Sulphur River  W i  l d l  i f e  Management 

Area (SRLJMA) and recomnending remedial act  i on  and den la l  o f  new permi t  a p p l i c a t i o n .  011 and Gas 

w e l l  d r ~ l l l n g  perml ts  dated 1983 and 1985 f o r  Roberson a c t i v i t ~ e s .  A number o f  l e t t e r s  and 

complaints addressing problems i n  SRWMA r e s u l t ~ n g  from a c t i v ~ t i e s  of James Roberson. Photographs. 

Maps. 



Improper1 v Ogerated Inject ion We1 1 s 

Improper operation of injection wells raises the potential for 

long-term damage to ground-water supplies, as the following case from 

Arkansas illustrates. 

On September 19, 1984, Mr. James Tribble made a complaint to the Arkansas Department of 
Pollution Control and Ecology concerning salt water that was comlng up out of the ground in hls 

yard, killlng h ~ s  grass and threatening h1s water well. There are many oil wells In the area, 
and water flooding is a comnon enhanced recovery method at these sites. Upon inspection of the 

wells nearest to h ~ s  residence, it was discovered that the operator, J. C McLain, was injecting 
salt water into an unpermltted well. The salt water was b e ~ n g  lnjected into the casing, or 

annulus, not into tubing. Injection into the unsound casing allegedly allowed migration into 
the freshwater zone. A produced water pit at the same site was near overflowing. State 
inspectors later noted in a followup inspection that the violations had been corrected. No f ~ n e  

was levied. (AR 12) 38 

Operation of this well would now be in violation of UIC requirements. 

MIDWEST 

The Midwest zone includes the States of Michigan, Iowa, Indiana, 

Visconsin, Illinois, and Mi-ssouri. Damage cases were collected in 

Michigan. 

Operations 

Michigan produces both oil and gas from limestone reef formations at 
sites scattered throughout the State at a depth of 4,000 to 6,000 feet. 

38 References for case cited: ADPCE Complaint form, #EL 1790, 9/19/84. ADPCE inspection 
report, 9120184. Letter from AOPCE to Mr. J. C. McLain describing violations and required 
corrective act ion, 9/21/84. ADPCE rernspect ion report, 10/11/84. 



Oil and gas development is relatively new in this area, and most 

production is primary (that is, as yet it involves no enhanced or 
secondary recovery methods, such as water flooding). Exploration in 

Michigan is possibly the most intense currently under way anywhere in the 

country. The average depth of new wells drilled in 1985 was 4,799 feet. 

In that year 863 wells were completed, of which 441 were exploration 

wells. 

Types o f  Operators 

Operators in Michigan include everything from small independent 

companies to the major oil companies. 

Major Issues 

Ground-Water Contamination in Michiqan 

All the damage cases gathered in Michigan are based on case studies 

written by the Michigan Geological Survey, which regulates oil and gas 

operations in the State. All of these cases deal with ground water 

contamination with chlorides. While the State has documented that 

damages have occurred in a1 1 cases, sources of damages are not always 
evident. Usually, several potential sources of contamination are listed 

for each case, and the plume of contamination i s  defined by using 

monitoring wells. Most of the cases involve disposal of produced waters. 

In June 1983, a water well owned by Mrs. Geneva Brown was tested after she had filed a 
complaint to the Michigan Geological Survey. After responding, the Michigan Geological Survey 
found a chloride concentrat~on of 490 ppm in the water. Subsequent sampling from the water well 
of a neighbor, Mrs. Dodder, showed that her well measured 760 ppm chloride in August. There are 
a total of 15 oil and gas wells in the area surrounding the contaminated water wells. Only five 
of the wells are still producing, recovering a combination of oil and produced water. The 
source of the pollution was evidently the H. E. Trope, Inc., crude oil separating facilities and 
brine storage tanks located upgradient from the contaminated water wells. Monitoring wells were 
installed to confirm the source of the contaminat ion. St iff diagrams were used to confirm the 
similarity of the constituents of the formation brine and the chloride contamination of the 



affected hater wells. Sample results located two plumes of chlorlae contamination ranglng in 
concentration from 550 to 1,800 ppm thdt are traveling In a southeasterly direction downgradient 
from the produced water storage tanks and crude oil separator faclllties owned by H.E. Trope 
(MI 0 5 ) ~ ~  

Produced water sp i  11 s  from production f  aci 1  i t  i  es a re  covered by 

Michigan regulations.  

Ground-water contamination in the S ta t e  has also been caused by 

in jec t ion  wells,  as i l l u s t r a t e d  by the following case: 

In April 1980, residents of Green Rldge Subdivision, located in Section 15, Laketon Townshlp. 
Muskegon County, complained of bad-tasting water from their domestlc water wells. Some wells 

sampled by the local health department revealed elevated chloride concentrations. Because of the 
proximity of the Laketon 011 Fleld, an Investigation was started by the Michigan Geological 
Survey. The Laketon Oil Field consists of dry holes, producing 0 1 1  wells, and a produced water 
dlsposal well, the Harris 011 Corp. Lappo dl. Oil wells produce a mixture of oil and produced 

water. The produced water 1s separated and dlsposed of by gravity in the prod~ced water disposal 
well and is then placed back ~n the produclng formation. After revlewlng monitoring well and 
electrical resiStivity survey data, the Mictllgan Geological Survey concluded that the source of the 
contaminatioc was the Harris Oil Corp. tappo # I  produced water disposal well, which was being 
operated ~n violation of UIC regulations. (MI 06)~' 

This disposal well was being operated in v io la t ion  of S ta t e  

regulat ions.  

Damage t o  ground water under a d r i l l  s i t e  can occur even where 

operators take speci a1 precautions f o r  dr i  11 i  ng near resident  i  a1 areas .  

A n  example follows: 

39 References for case cited: Open file report, Mlchigan Department of Natural Resources, 
Investigation of Salt-Contaminated Groundwater in Cat Creek Oil Field, Hersey Township, conducted by 
D. W. Forstat, 1984. Appendix includes correspondence relating to ~nvestigatlon, area water well 

drilling logs, Stiff dlagrams and water analys~s, site monitor well drllling logs, and water sample 
analys~s for samples used in the Investigation. 

40 References for case cited: Open file report, Michlgan Department of Natural Resources, 
Investigation of Salt-Contarnlnated Groundwater in Green Ridge Subdivision, Laketon Township, 
conducted by 8 .  P .  Shirey, 1980. Appendix includes correspondence relating to investigation, area 
water well drllling logs, S t ~ f f  diagrams and water analysls, site monltor well drilling logs, and 
water sample analysls for samples used in the lnvestigat~on. 



Drilling operations at the Bbrhe Unit ~l caused the temporary chloride contamination of two 
domestic water wells and longer lasting chloride contamination of a third well closer to the drill 
site. The operation was carried out in accordance with State regul6tions and special site 
restrictions required for urban areas, using rig engines equipped with mufflers, steel mud tanks 
for containment of drilling wastes, llning for earthen pits that may contain salt water, and the 
placement of a conductor casing to a depth of 120 feet to Isolate the well from the freshwater zone 
beneath the rig. 

The drilling location is underlain by permeable surface sand, w ~ t h  bedrock at a depth of less 
than 50 feet. contamination of the ground water may have occurred when material flushed from the 
mud tanks remained in the lined pit for 13 days before removal (The material contained high 
levels of cnlorides, and liners can leak.) According to the State report, this kould have allowed 
for sufflclent time for contaminants to migrate into the freshwater aquifer. A leak from the 
produced water storage tank was also reported by the operator to have occurred before the 

contamination was detected in the water wells. One shallow well was less than 100 feet directly 
east of the drill pit area and 100 to 150 feet southeast of the produced water leak site. Chloride 
concentrations in this well measured by the Mlchigan Geological Survey were found to range from 750 
(915175) to 1.325 (5/23/75) ppm By late August, two of the wells had returned to normal, while 
the third well still measured 28 times its original background concentration of chloride. (MI 
04) 

C 

In t h i s  c a s e ,  damages r e s u l t e d  from p r a c t i c e s  t h a t  a r e  no t  i n  v i o l a t i o n  

of S t a t e  r e g u l a t i o n s .  

' PLAINS 

The P l a i n s  zone i n c l u d e s  North Dakota,  South Dakota,  Nebraska, and 

Kansas. All of t h e s e  S t a t e s  have o i l  and gas  p roduc t ion ,  but  f o r  t h i s  

s t u d y ,  Kansas was t h e  only  S t a t e  v i s i t e d  f o r  damage c a s e  c o l l e c t i o n .  

Discuss ion  i s  l i m i t e d  t o  t h a t  S t a t e .  

41 References for case cited: Open file report, Michigan Department of Natural Resources, 
Report on Ground-Water Contamination, Sullivan and Company, J.D. Burke No. 1 ,  Pennfield Township, 
conducted by J .  R .  Byerlay, 1976. Appendix includes correspondence relating to investigation, area 
water well drilling logs, Stiff diagrams and water analysis, site monltor well drilling logs, and 
water sample analysis for samples used in the investigatlon. 



Operations 

O i l  and gas p r o d u c t i o n  i n  Kansas encompasses a  wide geograph ica l  area 

and ranges f rom marg ina l  o i l  p r o d u c t i o n  i n  t h e  c e n t r a l  and e a s t e r n  p o r t i o n s  

o f  t h e  S t a t e  t o  s i g n i f i c a n t  gas p r o d u c t i o n  i n  t h e  western p o r t i o n  o f  t h e  

S t a t e .  Kansas i s  t h e  home o f  one o f  t h e  l a r g e s t  gas f i e l d s  i n  t h e  wor ld ,  

t h e  G ian t  Hugoton f i e l d .  Other  major  areas o f  o i l  p r o d u c t i o n  i n  Kansas 

i n c l u d e  t h e  Cen t ra l  Kansas Up1 i f t  area, b e t t e r  known as t h e  "Kansas O i l  

Patch," t h e  E l  Dorado F i e l d  i n  t h e  eas t  and south,  and t h e  Eastern  Kansas 

Shoes t r i ng  sandstone area. The Eastern  Kansas Shoes t r i ng  sandstone 

p r o d u c t i o n  area i s  composed ma in l y  o f  marg ina l  s t r i p p e r  o p e r a t i o n s .  The 

o v e r a l l  r a t i o  o f  produced water  t o  o i l  i n  Kansas i s  about 40:1, b u t  t h e  

r a t i o  v a r i e s  depending on economic c o n d i t i o n s ,  which may f o r c e  t h e  h i g h e r  

w a t e r - t o - o i l  r a t i o  w e l l s  ( i . e . ,  those i n  t h e  M i s s i s s i p p i a n  and Arbuck le  

produc ing  fo rma t ions )  t o  shut  down. 

The average depth o f  a  new w e l l  d r i l l e d  i n  Kansas i n  1985 was 3,770 

f e e t .  I n  t h a t  yea r  6,025 new w e l l s - w e r e  completed. O f  those,  1,694 were 

e x p l o r a t o r y .  

Types o f  Operators 

Opera tors  i n  Kansas i n c l u d e  t h e  f u l l  range f rom majors  t o  smal l  

independents. The Hugoton area i s  dominated by majors  and m i d - s i z e d  t o  

l a r g e  independents. Spo t t y  o i l  p r ~ d u c t i o n  i n  t h e  n o r t h e r n  h a l f  o f  e a s t e r n  

Kansas i s  dominated by smal l  independent producers,  and o i l  p r o d u c t i o n  i s  

densely developed i n  t h e  southern ha1 f .  



Major Issues 

Poor Lease Maintenance 

There are documented cases in Kansas of damage associated with 

inadequate lease maintenance and i 1 1  egal operation of pits. These cases 

commonly result in contamination of soil and surface water with high levels 

of chlorides as well as long-term chloride contamination o f  ground water. 

Temple O i l  Company and Wayside Product i o n  Company opera ted a  number o f  0 1  1  p r o d u c t i o n  leases 

i n  Montgomery County.  The leases were opera ted k i t h  i l l e g a l l y  ma in ta ined  s a l t w a t e r  containment 

ponds, ~ m p r o p e r l y  abandoned rese rve  p i t s ,  unapproved emergency s a l t w a t e r  p i t s ,  and imprope r l y  

abandoned s a l t w a t e r  p i t s .  Numerous o i l  and s a l t w a t e r  s p i l l s  were recorded d u r i n g  o p e r a t i o n  o f  

t h e  s i t e s  Documentation o f  these i n c i d e n t s  s t a r t e d  i n  1977 when ad jacen t  landowners began t o  

complain about s o i l  p o l l u t i o n ,  v e g e t a t i o n  k i l l s ,  f i s h  k i l l s ,  and p o l l u t i o n  o f  f r eshwa te r  streams 

due t o  o i l  and s d l t w a t e r  r u n o f f  f rom these s i t e s .  The leases a l s o  c o n t a i n  a  l a r g e  number o f  

abandoned, unplugged w e l l s ,  wh ich  may pose a  t h r e a t  t o  ground w a t e r . 4 P  Complaints were 

r e c e i v e d  by  t h e  Conservat ion  D i v i s i o n ,  Kansas Department o f  H e a l t h  and t h e  Environment (KDHE), 
Montgomery County S h e r i f f ,  and Kansas F i s h  and Game Comnission. A t o t a l  of  39 v i o l a t i o n s  on 

these leases were documented between 1983 and 1984 

A sample t aken  b y  kDHE f rom a  4  1 /2 - foo t  t e s t  h o l e  between a  f r eshwa te r  pond and a  c reek on one 

lease showid c h l o r i d e  c o n c e n t r a t i o n s  o f  65;500 ppm. Water samples taken f rom p i t s  on o t h e r  

leases showed c h l o r i d e  c o n c e n t r a t i o n s  rang ing  f rom 5,000 t o  82.000 ppm. 

The Kansas Corpo ra t i on  Comnission (KCC) issued an a d m i n i s t r a t i v e  o r d e r  i n  19!4, f i n i n g  Temple 

and Wayside a  t o t a l  o f  $80,000. I n i t i a l l y ,  $25,000 was c o l l e c t e d ,  and t h e  ope ra to rs  c o u l d  

reapp l y  f o r  l i censes  t o  ope ra te  i n  Kansas i n  36 months i f  t hey  i n i t i a t e d  adequate c o r r e c t i v e  

measures The case i s  c u r r e n t l y  i n  p r i v a t e  l i t i g a t i o n .  The KCC found t h a t  no progress  had 

been made towards b r i n g i n g  t h e  leases i n t o  compl iance and, t h e r e f o r e ,  reassessed t h e  ou ts tand ing  

$55,000 p e n a l t y .  The hCC has s i n c e  sought j u d i c a l  enforcement o f  t h a t  p e n a l t y  i n  t h e  D i s t r i c t  

Cou r t ,  and a  j o u r n a l  e n t r y  has been s igned and was rev iewed by t h e  KCC and i s  now ready t o  be 

f i l e d  i n  D i s t r i c t  Cou r t .  A d d i t i o n a l l y .  i n ' a  separa te  l a w s u i t  between t h e  landowners. t h e  

l esso rs ,  and t h e  Temples r e g a r d i n g  o p e r a t i o n  o f  t h e  leases,  t h e  landowners were success fu l  and 

t h e  leases have r e v e r t e d  back t o  t h e  landowners. The new o p e r a t o r s  a r e  prevented f r o m  o p e r a t i n g  

w i t h o u t  KCC a u t h o r i t y .  (kS 0 1 ) ~ ~  

42  Comnents i n  t h e  Docket by t h e  Kansas Corpo ra t i on  Comnission ( B e a t r i c e  Stong) p e r t a i n  t o  

KS 01. W i th  r e g a r d  t o  t h e  abandoned w e l l s ,  Kansas Corpo ra t i on  Comnission s t a t e s  t h a t  t hese  w e l l s  

a r e  " . . .cemented f rom t o p  t o  bo t tom. . . " ,  t h e y  have " . . . l i m i t e d  resource energy . . . "  and t h e  s t a t i c  

f l u i d  l e v e l  these r e s e r v o i r s  c o u l d  s u s t a i n  a r e  " . . . w e l l  below t h e  l o c a t i o n  o f  any d r i n k i n g  o r  usab le  

water . "  

43 References f o r  case c i t e d :  The Lansas Corpo ra t i on  Conmission Cour t  Order d e s c r i b i n g  t h e  

evidence and charges a g a i n s t  t h e  Temple 011 Co., 5/17/84. 



T h i s  case rep resen ts  h a b i t u a l  v i o l a t i o n  o f  Kansas r e g u l a t i o n s .  

On January 31. 1966, t h e  Kansas Department o f  Hea l th  and t h e  Environment (KDHE) inspected t h e  

R e i t z  lease i n  Montgomery County, operated by Markin Harr  o f  E l  Doraao. Arkansas. The lease 

i nc luded  an unperm i t t ed  emergency pond c o n t a i n i n g  water t h a t  had 56,500 ppm c h l o r i d e s .  A l a r g e  

seeping area was observed by KDHE Inspec to rs  on the  south  s i d e  o f  t h e  pond, a l l o w i n g  t h e  f l o w  o f  

s a l t  h a t e r  down t h e  s lope  f o r  about 30 f e e t .  The company was notified and was asked t o  a p p l y  

f o r  a pe rm i t  and i n s t a l l  a l i n e r  because t h e  pond was cons t ruc ted  o f  sandy c l a y  and sandstone. 

The ope ra to r  was d i r e c t e d  t o  imnedia te ly  empty t h e  pond and b a c k f i l l  i t  i f  a l l r i e r  was no t  

i n s t a l l e d  On February 23, t h e  lease was re inspec ted  by KDHE and t h e  emergency pond was s t i l l  

f u l l  and a c t ~ v e l y  seep lng.  I t  appeared t h a t  t h e  lease had been shut down by t h e  o p e r a t o r .  A 
"pond o rae r "  wds issued by KDHE r e q u i r i n g  t h e  company t o  d r a i n  and b a c k f i l l  t h e  pond. On A p r i l  

29, t h e  pond was s t 1 1 1  f u l l  and seeping 

Water samples taken f rom the  p i t  by KDHE showed c h l o r i d e  concen t ra t i ons  o f  f rom 30,500 ppm 

(4/29/66) t o  56,500 ppm (1 /31/86) .  Seepage from t h e  p ~ t  showed c h l o r  1de concen t ra t  ions o f  17,500 

ppin (2 /24 /86 ) .  The Kansas Department o f  H e a l t h  and the  Env~ronment  s t a t e d  t h a t  " . . . t h e  use o f  

t h e  pond . . .  has caused o r  i s  l i k e l y  t o  cause p o l l u t i o n  t o  t h e  s o i l  and t h e  waters  o f  t h e  S t a t e . "  

An a d m i n i s t r a t i v e  p e n a l t y  of $500 was assessed aga ins t  t h e  o p e r a t o r ,  and i t  was ordered t h a t  t h e  

pond be d ra ined  and bachf i l l e d .  (KS 0 8 ) ~ ~  

Th i s  a c t i v i t y  i s  i n  v i o l a t i o n  o f  c u r r e n t  Kansas r e g u l a t i o n s .  

Such i n c i d e n t s  a r e  a  recogn ized problem i n  Kansas.. On May 13, 1987, 

t h e  Kansas Corpo ra t i on  (KCC) added new lease  maintenance r u l e s  t o  t h e i r  

o i l  and gas r e g u l a t i o n s .  These new r u l e s  r e q u i r e  f o r  a1 1  p i t s ,  

d r i l l i n g  and produc ing ,  and r e q u i r e  emptying o f  emergency p i t s  w i t h i n  48 

hours.  S p i l l s  must now be r e p o r t e d  i n  24 hours.  The q u e s t i o n  o f  concern 

i s  how s t r i n g e n t l y  t hese  r u l e s  can be enforced,  i n  t h e  l i g h t  o f  t h e  

e v i d e n t  r e l u c t a n c e  o f  some opera to rs  t o  comply. (See Tab le  VII-7.) 

44 References f o r  case c i t e d :  Kansas Department o f  H e a l t h  and Environment Order assess ing 

c i v i  1 p e n a l t y ,  i n  t h e  m a t t e r  o f  Marv in  Harr .  Case No. 86-E-77, 6/10/86. Pond Order i ssued  by 

Kansas Department o f  H e a l t h  and Envlronment. i n  t h e  m a t t e r  o f  Marv in  Har r ,  Case No. 86-PO-008, 

3/21/86. 



Unl i ned Reserve P i t s  

Problems w i t h  unlined reserve p i t s  are  i l l u s t r a t e d  in the following 

cases.  

between February 9 and 27, 1986. t h e  E l l i o t t  $1 was d r i l l e d  on t h e  p r o p e r t y  o f  M r .  Lahrence 

Koeh l i ng .  The Hutchinson S a l t  member, an underground fo rma t i on ,  was pene t ra ted  d u r i n g  t h e  

d r i l l i n g  o f  E l l i o t t  11.  The d r i l l i n g  process d i s s o l v e d  between 100 and 200 cub i c  f e e t  o f  s a l t .  

which was disposed o f  i n  t h e  u n l i n e d  rese rve  p i t .  The rese rve  p i t  l i e s  200 f e e t  away f rom a  

w e l l  used by Mr. Koeh l i ng  f o r  h i s  ranch ing  ope ra t i ons .  W i t h i n  a  few weeks o f  t h e  d r i l l i n g  o f  

t h e  E l l i o t t  $1,  Mr. K o e h l i n g ' s  nearby w e l l  began t o  pump water c o n t a i n i n g  a  s a l t w a t e r  d r i l l i n g  

f l u i d .  

Ground water  on t h e  Koeh l i ng  ranch has been contaminated w i t h  h i g h  l e v e l s  o f  c h l o r i d e s  a l l e g e d l y  

because o f  l each ing  o f  t h e  rese rve  p i t  f l u l d s  i n t o  t h e  ground wa te r .  Water samples t aken  f rom 

t h e  K o e h l ~ n g  l i v e s t o c k  water  w e l l  by t h e  KCC Conservat ion  D i v i s i o n  showed a  c h l o r i d e  

c o n c e n t r a t i o n  o f  1650 mg/L f iackground concen t ra t i ons  o f  chlorides were i n  t h e  range o f  100 t o  

150 ppm. I t  7s s t a t e d  i n  a  k C C  r e p o r t ,  da ted kovember 1986, t h a t  f u r t h e r  movement o f  t h e  

s a l t w a t e r  plume can be a n t i c i p a t e d ,  t h ~ s  p o $ l u t i n g  t h e  Koeh l i ng  domest ic water w e l l  and t h e  

water  w e l l  used by a  fa rmstead over  1  m11e downstream f rom t h e  Koeh l i ng  ranch.  I t  i s  a l s o  

s t a t e d  i n  t h ~ s  hCC r e p o r t  t h a t  o t h e r  w e l l s  d r i l l e d  i n  t h e  area u s l n g  u n l i n e d  rese rve  p i t s  would 

have s i m i l a r l y  a f f e c t e d  t h e  groundwater .  

The KCC now b e l i e v e s  t h e  source o f  g round:w~ter  con tam ina t i on  i s  n o t  t h e  rese rve  p l t  f rom t h e  

E l l i o t t  t l .  The kCC has d r i l l e d  two monitoring w e l l s ,  one 10 fee t  f rom t h e  edge o f  t h e  rese rve  

p i t  l o c a t i o n  and t h e  o t k e r  w i t h i n  400 f e e t  o f  t h e  a f f e c t e d  water w e l l ,  between t h e  a f f e c t e d  w e l l  

and t h e  rese rve  p i t  The m o n l t o r i n g  w e l l  d r i l l e d  10 f e e t  f rom t h e  rese rve  p i t  s i t e  t e s t e d  60 

ppm c h l o r i d e s  (EPA notes  t h a t  i t  i s  no t  known i f  t h i s  m o n i t o r ~ n g  b e l l  was l oca ted  upg rad ien t  

f rom t h e  rese rve  p i t  . )  The m o n l t o r i n g  w e l l  d r i l l e d  between t h e  a f f e c t e d  w e l l  and t h e  rese rve  

p i t  t e s t e d  750 ppm c h l o r i d e s .  (EPA notes  t h a t  t h e  l e v e l  o f  c h l o r i d e s  i n  t h i s  m o n i t o r i n g  w e l l  i s  

more than t w i c e  t h e  l e v e l  o f  c h l o r i o e s  a l l owed  under t h e  EPA d r i n k i n g  water  s tanda rds ) .  The 

case i s  s t i l l  open, pending f u r t h e r  i n v e s t i g a t i o n .  € P A  b e l i e v e s  t h a t  t h e  ev idence p resen ted  t o  

d a t e  does no t  r e f u t e  t h e  e a r l i e r  KCC r e p o r t ,  wh ich  c i t e d  t h e  rese rve  p l t  as t h e  source o f  

ground-water con tam ina t i on ,  s i n c e  t h e  recen t  KCC r e p o r t  does not  suggest an a l t e r n a t i v e  source 

o f  contaminat i o n .  (KS 0 5 ) ~ ~  

Unpermitted reserve p i t s  are  i n  violat ion o f  current  Kansas 

regul a t  i ons . 

4 5  References f o r  case c i t e d :  Sumnary Repor t ,  Koeh l i ng  Water We l l  P o l l u t i o n ,  22-10-15W, 

KCC, Conser ra t  i o n  Division, J i m  Schoof, Ch ie f  Eng ineer ,  11/86. 



Mr.  L e s l i e ,  a  p r i v a t e  landowner ~n  Kansas, suspected t h a t  c h l o r i d e  con tam ina t i on  o f  a  n a t u r a l  

s p r i n g  occu r red  as a  r e s u l t  o f  t h e  presence o f  an abandoned r e s e r v e  p i t  used when Western 

D r i l l i n g  I n c .  d r i l l e d  a  w e l l  ( L e s l i e  $1) a t  t h e  L e s l i e  Fdrm. D r i l l l n g  i n  t h i s  area r e q u l r e d  

p e n a t r a t l o n  o f  t h e  Hutch inson S a l t  member, d u r i n g  wh ich 200 t o  400 c u b l c  f e e t  o f  r ock  s a l t  wzs 

dissolved and d ischarged i n t o  t h e  rese rve  p i t .  The ground i n  t h e  area c o n s i s t s  o f  h i g h l y  

unconso l i da ted  s o i l s ,  w,hich would a l l o w  f o r  m l g r a t l o n  o f  p o l l u t a n t s  i n t o  t h e  ground water  

Water a t  t h e  t o p  o f  t h e  L e s l i e  $1 had a  c o n d u c t i v i t y  o f  5,050 umhos. Conductivity o f  t h e  s p r l n g  

water  equa led 7 ,250 umhos. As no ted  by t h e  KCC, " ve ry  s d l i n e  water "  was comlng o u t  o f  t h e  

s p r i n g s  C o n d u c t i v i t y  o f  2,000 umhos w i l l  damage s o i l ,  p r e c l u d i n g  growth  o f  v e g e t a t i o n .  No 

f i n e s  were l e v i e d  i n  t h i s  case as t h e r e  were no v i o l a t i o n s  o f  S t a t e  r u l e s  and r e g u l a t i o n s .  The 

L e s l i e s  f i l e d  s u i t  i n  c i v i l  c o u r t  and won t h e ~ r  case f o r  a  t o t a l  o f  $11,000 f rom t h e  o i l  and gas 

o p e r a t o r . 4 6  (KS 0 3 ) ~ '  

Current Kansas regulations call for a site-by-si te evaluation to 

determine if liners for reserve pits are appropriate. 

Problems with 1n.jection Wells 

Problems with injection wells can occur as a result of inadequate 

maintenance, as i 1 1  ustrated by the fol lowing case. 

On J u l y  12, 1981, t h e  Kansas Department of  H e a l t h  and t h e  Environment (KDHE) r e c e i v e d  a  

comp la in t  f rom A l b e r t  R ichmeier .  a  landowner o p e r a t i n g  an irrigation w e l l  i n  t h e  South  Solomon 

R i v e r  v a l l e y .  HIS i r r i g d t l o n  w e l l  had encountered s a l t y  wa te r .  An i r r i g a t i o n  w e l l  belonging t o  ' 

an ad jacen t  landowner, L .  M .  Paxson, had become s a l t y  I n  t h e  f a l l  o f  1980. 0 1 1  has been 

produced i n  t h e ' a r e a  s i n c e  1952, and s i n c e  1962 secondary recove ry  by water  f l o o d i n g  has been 

used. Upon i n v e s t  l g a t  i o n  by t h e  KDHE, ~t was discovered t h a t  t h e  cause o f  t h e  p o l l u t  I on  was a  

s a l t w a t e r  I n j e c t i o n  w e l l  nearby ,  opera ted by Pet ro-Lewls .  A  c a s l n g  p r o f l l e  c a l l p e r  l o g  was r u n  

by an o p e r a t o r - c o n t r a c t o r  under t h e  d i r e c t i o n  o f  KDHE s t a f f ,  wh ich  revea led  numerous h o l e s  i n  

t h e  c a s i n g  o f  t h e  i n j e c t i o n  w e l l .  The p roduc ing  fo rma t i on .  t h e  Kansas C i t y - L a n s i n g ,  r e q u l r e s  as  

much as 800 p s ~  a t  t h e  we l lhead w h i l e  I n j e c t i n g  f l u i d  t o  c r e a t e  a  p r o f i t a b l e  enhanced o i l  

r ecove ry  p r o j e c t .  To remedia te  t h e  c o n t a m i n a t ~ o n ,  t he  a l l u v i a l  a q u i f e r  was pumped, and t h e  

i n l t i a l  c h l o r i d e  c o n c e n t r a t i o n  o f  6,000 mgjL was lowered t o  600 t o  700 mg/L i n  a  y e a r ' s  t i m e .  

C h l o r l d e  contaminat  i o n  i n  some areas was lowered f rom 10,000 mg/L t o  near  background l e v e l s .  

However, a  contamination problem con t i nues  ~n  t h e  Paxson w e l l ,  wh lch  shows c h l o r i d e s  i n  t h e  

range o f  1.1GO mg/L even though KDHE, t h rough  pumplng, has t r l e d  t o  reduce t h e  

46  API s t a t e s  t h a t  LDHE had authority over  p i t s  a t  t h i s  t i m e .  The KCC now r e q u i r e s  p e r m i t s  

f o r  such p i t s .  

47 Reference f o r  case c i t e d :  F l n a l  Repo r t ,  Gdry L e s l i e  S a l t w a t e r  P o l l u t i o n  Problem, 

Klngman County,  KCC Conservat ion  Division, J i m  Schoof, Chief  Eng ineer ,  9 /86 .  Conta ins  l e t t e r s .  

memos, and a n a l y s i s  pertaining t o  t h e  case. 



concentration. After attemprs at repair. Petro-Lewis decided to plug the Injection 
we1 1 4a  (KS 06)" 

Operation of such a  well would v io la te  current Kansas and U I C  

regul a t  ions. 

The Texas/Oklahoma zone includes these two S ta t e s ,  both of which are  

large producers of o i l  and gas. As of December 1986, Texas ranked as the 

number one producer in the U.S. among a l l  o i l  -producing S ta t e s .  Because 

of scheduling cons t ra in ts ,  research on t h i s  zone concentrated on Texas, 

and most of the damage cases collected come from tha t  S ta te .  

Operat i ons 

Oil and gas operations in Texas and Oklahoma began in the 1860s and 

are  among the most mature and extensively developed in the U.S. These 

two States  include v i r t u a l l y  a l l  types of operations,  from large-sca le  

exploratory projects and enhanced reco-very projects  t o  marginal 

small-scale s t r ippe r  operations.  I n  f a c t ,  the Texas/Oklahoma zone 

includes most of the country's s t r ippe r  well production. Because of 

t h e i r  maturity, many operations in the area generate s igni f icant  

quant i t ies  of associated produced water. 

48 Comnents in the Docket by the KCC (Bill Bryson) pertain to KS 06. KCC states that of 
the affected irrigation wells, one is "...back in service and the second 1s approaching near normal 
levels as it continues to be pumped." API states that Kansas recelved prlmacy for the UIC program 
in 1984. 

49 References for case cited: Richmeier Pollution Study. Kansas Department of Health and 

Env~ronment. C. Blackburn and W. R. Bryson, 1983. 



Development of o i l  and gas reserves remains ac t ive .  In 1985, some 

9,176 new wells were completed in Oklahoma, 385 of which were exploration 

wells.  I n  Texas in the same year,  25,721 wells were completed on shore, 

3,973 of which were exploration wells.  The average depth of wells in the 

two areas i s  comparable: Oklahoma, 4,752 f e e t ;  Texas, 4,877 f e e t .  

Because the scale  and character of operations var ies  so widely, cases of 

environmental damage from t h i s  zone are  a l so  varied and are  not l imited 

t o  any pa r t i cu la r  type of operation. 

Types o f  Operators 

Major operators a re  the principal players in exploration and 

development of deep f ron t i e r s  and capi ta l - in tens ive  secondary and 

t e r t i a r y  recovery pro jec ts .  As elsewhere, the major companies have the 

best record of compliance with environmental requirements of a11 types; 

they are  l e a s t  l i k e l y  t o  cut corners on operations,  tend t o  use 

high-qua1 i ty  materi a1 s and methods when d r i l l  ing, and are  general l y  

responsible -in handling well abandonment obl igat ions.  

Smaller independent operators in the zone are  more suscept ible  t o  

f luc tua t ing  market conditions.  They may lack su f f i c i en t  cap i t a l  t o  

purchase f i r s t -qua1  i ty  materials and employ best avail able operating 

methods. 

Major Issues 

Discharqe of Produced Water and Dri l l inq Muds in to  Bays and Estuaries of 

the Texas Gulf Coast 

Texas allows the discharge of produced water in to  t i d a l l y  affected 



es tuar ies  and bays of the Gulf Coast from nearby onshore development. 

Cases in which permitted discharges have created damage include: 

I n  Texas, o i l  and gas producers  o p e r a t i n g  near t h e  Gu l f  Coast a r e  p e r m i t t e d  t o  d i scha rge  

produczd water  i n t o  su r face  streams 1 f  they  a r e  found t o  be t i d a l l y  a f f ec ted .  Along w i t h  t he  

produced water ,  r e s ~ d u a l  p r o d u c t i o n  chsmica ls  and o rgan i c  c o n s t ~ t u e n t s  may be d ischarged,  

i n c l u d i n g  lead, z i n c ,  chrom~um,  barrum, end w a t e r - s o l u b l e  p o l y c y c l i c  aromat ic  hydrocarbons 

(PAHs). PAHs a r e  knodn t o  accumulate i n  sediment,  p roddc ing 1  i v e r  and l i p  tumors i n  c a t f i s h  and 

a f f e c t i n g  mixed f u n c t i o n  ox idase systems o f  mama l s ,  r e n d e r ~ n g  a  reduced imnune response. I n  

1964, a s t u d y  conducted by t h e  U.S. F i s h  and W i l d l i f e  Se rv i ce  o f  sediment i n  Tdbb's Bay, which 

rece i ves  d ischarged proouced water as we1 1  as d ischarges f rom upstream i n d u s t r y  ( I  . e . ,  

discharges f rom sh ips  i n  t h e  t iouston Sh ip  Channel) .  i n d i c a t e s  severe  deg rada t i on  o f  t h e  

environment by PhH con tam ina t i on  Sediment was c o l l e c t e d  f rom w ~ t h i n  100 yards  of  s e v e r a l  t i d a l  

d l s c h ~ r g e  p o i n t s  o f  0 1 1  f i e l d  produced wa te r .  A n a l y t i c a l  r e s u l t s  o f  these sedlmsnts i n d i c a t e d  

severe deg rada t i on  o f  t h e  environmerrt by PAH con tam ina t i on .  The s tudy  no ted  t h a t  sediments 

con ta ined  no b e n t h i c  fauna,  and because o f  wave a c t ~ o n ,  t h e  contaminants  were c o n t ~ n u o u s l y  

resuspended, a l l o w ~ n g  c h r o n i c  exposure o f  contdminants t o  t h e  water  column. I t  i s  conc luded by 

t h e  U S. F i s h  and W i l d l i f e  Se rv i ce  t h a t  shr imp, c rabs,  o y s t e r s ,  f i s h ,  and f i s h - e a t i n g  b l r d s  i n  

t h i s  l o c a t i o n  have t h e  p o t e n t i a l  t o  be h e a v i l y  c o n t a m ~ n a t e d  w i t h  PAHs. Whi le these d i scha rges  

have t o  be w l t h l n  Texas Water Q u a l i t y  Standards.  these s tandards  a r e  f o r  conven t i ona l  p o l l u t a n t s  

and do no t  cons ide r  t h e  water  s o l u b l e  components of  o i l  t h a t  d r e  i n  produced water  such as 

PAHS. 50 ( T X  55)5i 

50 NPDES pe rm l t s  have been a p p l i e d  f o r ,  bu t  EPA has no t  issued p e r m i t s  f o r  these d ~ s c h a r g e s  

on t h e  Gul f  Coast .  The Texas Rdi l r o a d  Comnission (TRC) issues p e r m i t s  f o r  these d i scha rges .  The 

TRC disagrees w i t h  t h e  source o f  damage i n  t h i s  case. 

References f o r  case c i t e d :  L e t t e r  f rom U.S. Department o f  t h e  I n t e r i o r ,  F i s h  and 

W i l d l ~ f e  Serv lce ,  s ~ g n e d  by  H. Da le  H a l l ,  t o  R a i l r o a d  Comnission o f  Texas, discussing deg rada t i on  of  

Tabb's Bay because o f  d i scha rge  o f  produced water  i n  upstream estuaries; Inc ludes  l a b  a n a l y s l s  f o r  

p o l y c y c l i c  aromat ic  hydrocarbons i n  Tabb's Bay sedlrnent san~p les .  Texas R a i l r o a d  Comn~ss ion  Proposa l  

f o r  Dec i s i on  on P e t r o n i l l d  Creek case documenting t h a t  something o t h e r  t h a n  produced water  i s  

k ~ l l i n g  a q u a t i c  organlsrns i n  t h e  c reek .  (Roy spears,  Texas Parks and W ~ l d l i f e ,  d i d  LC50 s tudy  on 

s u n f ~ s h  and sheepshead minnows u s i n g  produced water and Aranssas Bay wa te r .  Produced water  d i l u t e d  

t o  proper  s a l i n i t y  caused m o r t a l i t y  o f  50 pe rcen t .  (Seawater c o n t a i n s  19,000 ppm c h l o r ~ d e s .  ) 



These discharges are  not in v io la t ion  of ex is t ing  regulat ions.  

Produced water discharges conta in a h igh  r a t i o  o f  calcium Ions t o  magnesium ions.  This h igh  

rat10 o f  calclurn T O  magneslurn has been found by Texas Parks and U i l d i l f e  o f f ~ c ~ a l s  t o  be l e t h a l  

t o  common A t l a n t l c  croaker, even when t o t a l  s a l i n ~ t y  leve ls  a re  w r t h i n  t o l e r a b l e  l i m i t s .  I n  a 

bloassay s t ~ d y  conddcted by Texas Parks and W l l d l l f e ,  t h i s  f r s h  was exposed t o  var lous r a t l o s  of 

ca lc ium t o  magnesium, and i t  was found t h a t  I n  96-hour LC50 s tud ies ,  m o r t a l i t y  was 50 percent 

when exposed t o  calclum-magnesium r a t i o s  o f  6:1, the n a t u r a l  r a t l o  b e ~ n g  1 3. Near ly  a l l  o f  011 

f r e l d  produced water discharges on f ~ l e  w i t h  the Army Corps of Engineers I n  Galveston con ta in  

r a t l o s  exceeding the 6 : 1  r a t l o ,  known t o  cause mortality I n  A t l a n t l c  croaker as establ rshed by 

the LC50 t e s t  52 (TX 3115' 

These discharges a re  not in v io la t ion  o f  current  regulat ions.  

Until very recent ly,  the Texas Rail road Commission (TRC) a1 lowed 

discharge o f  produced water into Pe t roni l la  Creek, par t s  of which are  20 

miles inland and n o t  t i d a l l y  a f fec ted .  

For over 50 years, or 1  operators ( rnc ludrng  Texaco and Arnoco) have been a l lowed t o  discharge 

produced water i n t o  P e t r o n r l l a  Creek, a  supposedly t i d a l l y  in f luenced creek. Discharge areas 

were as much as 20 m i les  in land  and contained f r e s h  water.  I n  1981, t h e  pollution o f  P e t r o n r l l a  

Creek from discharge o f  produced water became an Issue when s tud ies  done by the Texas Parks and 

U i  l d l  I f e  and Texas Department o f  Water' Resources documented the severe degradat Ion o f  the water 

and damage t o  n a t i v e  f l s h  and vegetat ion.  A l l  f reshwater species o f  f i s h  and vegetat ion were 

dead because o f  exposure t o  t o x i c  const r tuents  i n  discharge l i q u ~ d .  Por t ions  o f  

the creek were black o r  b r ~ g h t  orange I n  c o l o r .  Heavy 011 s l i c k s  and o r l y  slrme were 

observable along discharge areas. 

Impacts were observed I n  B a f f i n  Bay, I n t o  whlch the creek emptles. P e t r o n i l l a  Creek i s  t h e  
on ly  freshwater source f o r  Ba f f rn  Bay, which 1s a nursery f o r  many f i s h  and s h e l l f i s h  i n  the 
Gul f  o f  Mexico. Sediments I n  B a f f r n  Bay show e levated leve ls  o f  t o x l c  cons t l tuen ts  found i n  

P e t r o n i l l a  Creek. For 5 years, the Texas Department of Water Resources and Texas Parks and 

U ~ l d l l f e ,  along w ~ t h  environmental groups,.worked t o  have the discharges stopped. I n  1981, a 

hear ing was h e l d  by the Texas Rarlroad Comnrssion (TRC). The conclus ion o f  the  hearrng was t h a t  

discharge o f  the produced water p lus  d isposa l  o f  o ther  t r a s h  by the pub l rc  was degrading 

Pet ron i  1  l a  Creek. The TRC i n i t  l a t e d  a j o l n t  comnit tee (Texas Department o f  Water Resources, 

Texas Parks and U ~ l d l  l f e  Department, and TRC) t o  establish the  source o f  the t rash ,  c lean up 

52 API coments I n  the Docket p e r t a i n  t o  TX 31. A P I  s ta tes  t h a t  models show t h a t  " . . . r a p i d  

mix ing I n  Bay waters r e s u l t s  i n  no p o l l u t i o n  t o  Bay waters as a whole from calc ium ions o r  from the  

calcium-magnesium r a t i o . "  

53 References f o r  case c l t e d :  Toxrc E f f e c t s  o f  Calcium on the At lan t  IC Croaker: An 

I n v e s t i g a t r o n  of One Component of 011 F i e l d  Br ine,  by Kenneth N .  Knudson and Charles E .  B e l a i r e ,  

undated . 



t r a s h  from the creek, and conauct additional studies Af ter  t h i s  work was completed, a second 

hearing was he ld  i n  1984. The creek was shown t o  conta in h igh  l e v e l s  o f  chromium, barium, o i l ,  

grease, and EPA p r l o r i t y  p o l l u t a n t s  naphthalene and benzene. 011 operators s ta ted  t h a t  a no 

dumping order would put them out o f  bus~ness  because 011 production I n  t h ~ s  area 7s marg lnal  

I n  1986, the TRC ordered a h a l t  t o  d~scharge  o f  produced water I n t o  non t ida l  po r t lons  of 

Petron i 1 l a  Creek. ( T X  29) 54 

Although discharges a re  now prohibited in t h i s  creek, they are  

allowed in other t i d a l l y  affected areas .  

Long-term environmental impacts associated with t h i s  type of 

discharge are  unknown, because of l imited documentation and analysis .  

Bioaccumulation of heavy metals in the food chain of es tuar ies  could 

potent ial ly  a f fec t  human health through consumption of crabs,  clams, and 

other foods harvested off  the Texas Gulf Coast. 

A1 te rna t  ives t o  coastal  discharge do e x i s t .  They include underground 

inject ion of produced water and use of produced water tanks. While the 

Texas Railroad Commission has not stopped the prac t ice  of coastal 

discharge, i t  i s  current ly evaluating the need t o  preclude t h i s  type of 

discharge by col lect ing data from new appl icat ions,  and i t  i s  seeking 

delegation of the NPDES program under the Federal Clean Water Act. The 

TRC current ly asks applicants for  t i da l  discharge permits t o  analyze the 

produced water t o  be discharged fo r  approximately 20 to  25 const i tuents .  

54 References f o r  case c i t e d :  The E f f e c t s  o f  B r lne  Water Discharges on P e t r o n i l l a  Creek, 

Texas Parks and W i  l d l  i f e  Department, 1981. Texas Department o f  Water Resources i n t e r o f f  i c e  

memorandum documenting s p i l l s  i n  P e t r o n i l l a  Creek from 1980 t o  1983. The In f luence o f  O i l f l e l d  

Br ine  Water Discharges on Chemical and B i o l o g i c a l  Condit ions i n  P e t r o n i l l a  Creek, by Frank Shipley, 

Texas Department o f  Water Resources. 1984. L e t t e r  from Dick Whi t t ington,  EPA, t o  Richard Lowerre, 

documenting absence o f  NPDES permi ts  f o r  discharge t o  Petroni  l l a  Creek. F i n a l  Order of TRC, bannlng 

discharge o f  produced water t o  Pe t ron i  l l a  Creek, 6/23/86.  Numerous l e t t e r s ,  a r t i c l e s ,  l ega l  

documents, on P e t r o n i l l a  Creek case. 



Leachinq of Reserve P i t  Constituents into Ground Water 

Leaching of reserve p i t  const i tuents  in to  ground water and so i l  i s  a  

problem in the Texas/Oklahoma zone. Reserve p i t  l i n e r s  a re  general ly  not 

required in Texas and Oklahoma. When p i t s  a re  constructed in permeable 

so i l  without l i n e r s ,  a higher potent ial  e x i s t s  f o r  migration of reserve 

p i t  const i tuents  into ground water and s o i l .  A1 though pol 1 utant 

migration may n o t  always occur during the ac t ive  l i f e  of the reserve p i t ,  

problems can occur a f t e r  closure when dewatered d r i l l i n g  mud begins t o  

leach into the surrounding s o i l .  Pol lutants  may include chlor ides ,  

sodium, barium, chromium, and arsenic .  

On November 20, 1981, the Michigan-W~scons~n Pipe Line Company began drilling an oil and gas 
well on the property of Ralph and Judy Ualker Drilling was completed on March 27. 1982. 

Unlined reserve pits were used at the drill site. After 2 months of drilling, the water we11 
used by the Walkers became polluted with elevated levels of chloride and barium (683 ppm and 
1,750 ppb, resp'ectively). The Walkers were forced to haul fresh water from Elk City for 
household use. The Ualkers flled a complaint with the Oklahoma Corporation Comnission (OCC), and 
an investigation was conducted. The Michigan-Wisconsin Pipe Line Co. was ordered to remove all 
drrlllng mud froni the reserve pit. 

In the end, the Walkers reta~ned a private attorney and sued Michigan-Uiscons~n for damages 
sustained because of migration of reserve pit fluids into the freshwater aquifer from which they 
drew their domestic water supply. The Walkers won their case and received an award of 

$so,oao. 55 (OK 0 8 ) ~ ~  

Constructing a reserve p i t  over a  f ractured shale ,  as in t h i s  case,  

i s  a violat ion of OCC ru les .  

In 1973, Horizon Oil and Gas drilled an 013 well on the property of Dorothy Moore. As was the 
comnon practice, the reserve pit was dewatered, and the remaining mud was buried on site. In 
1985-86, problems from the buried reserve pit waste began to appear. The reserve pit contents 

55 API states that the Oklahoma Corporation Comnission is in the process of developing 
regulations to prevent leachlng of salt muds into ground water. 

56 References for case clted: Pretrial Order, Ralph Gall Walker and Judy Walker vs. 
M~chigan-Wisconsin Pipe Line Company and Big Chief Drilling Company, U.S. District Court, Western 
District of Oklahoma, fCIV-82-1726-R. Direct Examination of Stephen G. McLin, Ph. 0. Dlrect 
Examination of Robert Hall. Direct Examination of Laurence Alatshuler, M 0. Lab results from 
Walker water well. 



were seeping I n t o  a nearby creek and pond. The surrounding s o i l  had very h igh  c h l o r i d e  

content as establ ished by Dr. B ~ l l y  Tucker, an agronomist and so l  1 s c i e n t i s t .  Extensive eros ion 

around the reserve p i t  became e v ~ d e n t ,  a  comon problem w i t h  h i g h - s a l i n i t y  s o i l .  O i l  s l i c k s  

were v l s l b l e  i n  the adjacent creek and pond. An i r r i g a t i o n  h e l l  on the proper ty  was tes ted  by 

D r .  Tucker and was found t o  have 3000 ppm ch lo r ides ;  however, no moni tor ing we l l s  had been 

d r l l l e d  t o  t e s t  the ground water p r i o r  t o  the d r l l l i n g  o f  the o i l  w e l l ,  and background leve ls  o f  

ch lo r ides  were not establ ished.  Dorothy Moore has f l l e d  c i v i l  s u l t  agalnst the  operator  f o r  

damages sustained dur lng the 011 and gas d r l l l i n g  a c t i v i t y .  The case 1s pending. 5 7 

(OK 0 2 ) ~ ~  

Oklahoma performance standards prohibit  leakage of reserve p i t s  into 

ground water. 

Chloride Contamination of Ground Water from Operation of Injection Wells 

The Texas/Oklahoma zone contains a  large number of inject ion wells 

used b o t h  f o r  disposal of produced water and fo r  enhanced or  t e r t i a r y  

recovery projects .  This la rge  number of inject ion wells increases the 

potential  fo r  inject ion well casing leaks and the poss ib i l i t y  of ground 

water contamination. 

The Devore k l ,  a sa l twa te r  injection w e l l  located on the proper ty  o f  Ver l  and V ~ r g i n i a '  

Hentges, was d r i l l e d  i n  1947 as an exploratory  w e l l .  Shor t l y  a f terwards,  i t  was permi t ted  by 

the Oklahoma Corporat ion Comnission (OCC) as a sa l twater  i n j e c t i o n  w e l l .  The i n j e c t i o n  

formation, the Layton, was known t o  be capable o f  accepting 80 b a r r e l s  per hour a t  150 p s i .  I n  

1984, George Kahn acquired the  w e l l  and the OCC granted an exception t o  Rule 3-305, Operat ing 

Requirements f o r  Enhanced Recovery I n j e c t  ion and Disposal We1 l s ,  and permi t ted the w e l l  t o  

i n j e c t  2,000 b a r r e l s  per day a t  400 p s i .  La te r  i n  1984. i t  appeared t h a t  the re  was sa l twa te r  

migration from the lntended I n j e c t i o n  zone o f  the  Devore $1 t o  the  sur face.59 The 

Hentges a l leged  tha t  the m i g r a t i n g  s a l t  water had p o l l u t e d  the  ground water used on t h e i r  

ranch. 

57 API comnents i n  the Docket p e r t a i n  t o  OK 02 A P I  s ta tes  t h a t  " .  . . t h e r e  i s  no evidence 

t h a t  there has been any seepage whatsoever I n t o  sur face water." API s ta tes  t h a t  the re  a r e  no 

i r r i g a t i o n  w e l l s  on Mrs. Moore's farm. Fur ther ,  ~t s ta tes  t h a t  eros ion has been occurring fo r  years 

and 1s the " . . . r e s u l t  o f  na tu ra l  conditions coupled w i t h  the f a i l u r e  o f  Mrs. Moore t o  r e p a l r  

ter races t o  prevent o r  l i m i t  such eros ion."  A P I  has not  provlded suppor t ing documentation. 

58 References f o r  case c i t e d :  Extensive s o i  1  and water ana lys is  r e s u l t s  c o l l e c t e d  and 

in te rp re ted  by Dr. B i l l y  Tucker, agronomist and so l  1 s c ~ e n t i s t ,  St1 l l w a t e r ,  Okla. Correspondence 

and conversat ion w i t h  Randal l  Wood, p r l v a t e  a t to rney ,  Stack and Barnes, Oklahoma C i t y ,  Okla. 

59 Comnents by API i n  the  Docket p e r t a i n  t o  OK 06. API s ta tes  t h a t  " . . . t e s t s  on the  w e l l  

pressure t e s t  and t racer  logs i n d i c a t e  the l n j e c t l o n  w e l l  i s  not  a  source o f  s a l t  water." API has 

not provided documentation w i t h  t h i s  statement. 



I n  a d d i t i o n ,  they a l leged  t h a t  the m i g r a t ~ n g  s a l t  water was f i n d i n g  i t s  way t o  t h e  surface and 

p o l l u t i n g  Warren Creek, a freshwater stream used by downstream res iden ts  f o r  domestic water.  

Sa l t  water discharged t o  the surface had contaminated the s o i l  and had caused vegetat ion k i l l s .  

A repor t  by the OCC concluded tha t  " . . . t h e  Devore $1  s a l t  water d isposal  w e l l  o p e r a t ~ o n s  are 

responsib le  f o r  the contaminant plume I n  the  adjacent a l luv lurn and streams." The OCC requ i red  

t h a t  a workover be done on the w e l l .  The workover was completed, and the operator  cont inued t o  

dispose o f  s a l t  water i n  the w e l l .  The Hentges then sought p r i v a t e  lega l  ass is tance and f i l e d  a 

lawsui t  against George Kahn, the operator,  f o r  $300,000 i n  ac tua l  damages and $3,000,000 i n  

p u n i t i v e  damages. The lawsui t  i s  pending, scheduled f o r  t r i a l  i n  October 1987. 60 

(OK 06)  61 

Although at the time, the.OCC permitted injection into the well at 

pressures that may have polluted the ground water, Oklahoma prohi bits any 

contamination of drinking-water aquifers. 

llleqal Disposal of Oil and Gas Wastes 

Illegal disposal of oil and gas exploration and production wastes is 

a common problem in the Texas/Oklahoma zone. Illegal disposal can take 

many forms, including breaching of reserve pits, emptying of vacuum 

trucks into fields and ditches,.and draining o f  produced water onto the 

land surface. Damage to surface. soil, vegetation, and surface water may 

result as illustrated by the examples below. 

On May 16, 1984, Esenjay Petroleum Co. had completed the  L.W. Blng I 1  w e l l  a t  a depth o f  9,900 

f e e t  and had h i r e d  T&L Lease Service t o  c lean up the  d r i l l  s i t e .  During cleanup, the reserve 

p i t ,  con ta in ing  hlgh-chromium d r i l l i n g  mud, was breached by T&L Lease Service. a l l o w i n g  d r i l l i n g  

mud t o  f l ow i n t o  a t r i b u t a r y  o f  Hardy Sandy Creek. The d r i l l l n g  mud was up t o  24 inches deep 
along the n o r t h  bank o f  Hardy Sandy. D r i l l i n g  mud had been pushed i n t o  the t r e e s  and brush 

adjacent t o  t h e  d r i l l  s i t e .  The s p i l l  was repor ted t o  the  operator  and the  Texas Ra i l road  

Comnlssion (TRC). The TRC ordered cleanup, which began on May 20. 

60 A P I  s ta tes  tha t  the operator  now bel ieves o l d  abandoned sa l twa te r  p i t s  t o  be the  source 

o f  contaminat ion as the w e l l  now passes U I C  t e s t s .  

61 References f o r  case c i t e d :  Remedial Ac t ion  Plan fo r  Aquifer Restorat ion w i t h l n  Sect ion 

# 2 ,  Townsh~p 21 North, Range 2 West, Noble County. Oklahoma, by Stephen G. McLtn, Ph. D.  Surface 

P o l l u t i o n  a t  the De Vore I 1  Sal twater  Disposal S i t e ,  Oklahoma Corporat ion Comnission, 1986. 

D i s t r i c t  Court o f  Noble County, Amended P e t i t i o n ,  Ver l  E. Hentges and V i r g l n l a  I. Hentges vs. George 

Kahn, kc-84-110, 7/25/85. Lab ana lys is  records o f  De Vore w e l l  f rom Oklahoma Corporat ion Commission 

and Southwell Labs. Comnunicatlon w i t h  Alan DeVore, p l a i n t i f f s '  a t to rney .  



Because of h igh leve ls  o f  chromium contained i n  the d r i l l i n g  mud, warnings were issued by the 

Lavaca-Navldad River  Au thor i t y  t o  res idents and landowners downstream of the s p i l l  as i t  

represented a poss ib le  h e a l t h  hazard t o  c a t t l e  watering from the  a f fec ted  streams. The River  

Au thor i t y  a lso  advised against ea t ing  the f l s h  from the a f fec ted  ha te rs  because o f  the h igh  
chromium leve ls  ~n the drilling mud. ( T X  ~ 1 ) ~ '  

T h i s  d i s c h a r g e  was a  v i o l a t i o n  o f  S t a t e  and Fede ra l  r e g u l a t i o n s ,  

On September 15, 1983. TXO Product ion Company began d r i l l i n g  i t s  Dunn Lease Well No. 82 i n  

L ive  Oak County. On October 5. 1983, employees o f  1x0 broke the reserve p i t  levee and began 

spreading d r i  11 ing mud downhi 11 from the s i t e ,  towards the fence 1 ine o f  proper ty  owned by the 

Dunns. By October 9, the mud had entered the draw t h a t  flows ~ n t o  two stock tanks on the Dunn 

proper ty .  On November 24 and 25. dead f l s h  were observed i n  the stock tank.  On December 17. 

Texas Parks and W i l d l i f e  documented over 700 f i s h  k i  ) l e d  i n  the stock tanks on the Dunn 

proper ty .  Despite repeated requests by the Dunns, TXO d i d  not  c lean up the d r i l l i n g  mud and 

p o l l u t e d  water from the Dunn p roper ty .  

Lab r e s u l t s  from TRC and Texas Department o f  Heal th  ind ica ted  tha t  the s p i l l e d  d r i l l i n g  mud was 

h igh  ~n leve ls  of arsenic ,  ba r~um,  chromium, lead, s u l f a t e s ,  o ther  metals, and chlorides. I n  

February 19d3, the TRC s t a t e d  tha t  the stock tanks contained unacceptable leve ls  o f  n i t rogen ,  

barium, chromium, and i r o n ,  and tha t  the chemicals present were de t r imenta l  t o  bo th  f i s h  and 

l i ves tock .  (The Dunns water t h e i r  cows a t  t h i s  same stock t a n k . )  A f t e r  f u r t h e r  analysis, the 

T R C  issued a memorandum s t a t i n g  tha t  the f i s h  had d ied because o f  a c o l d  f r o n t  movlng through 

the area, i n  s p i t e  of the f a c t  t h a t  the s o i l ,  sediment, and water in-and around the stock pond 

contained harmful substances. U l t ima te ly ,  TXO was f i n e d  $1.000 by the T R C ,  and TXO p a i d  the 

~ u n n s  a cash set t lemmt f o r  damages sustained 63 (TX 2 d 4  

T h i s  a c t i v i t y  was i n  v i o l a t i o n  o f  Texas r e g u l a t i o n s .  

62 References f o r  case c i t e d :  Memorandum from Lavaca-Nav idad River  Au thor i t y  document ing 

events o f  Esenjay reserve p i t  discharge. 6/27/84, signed by J .  Henry Neason. L e t t e r  t o  TRC from 

Lavaca-Navidad River  Au thor i t y  thanking the TRC f o r  tak ing  a c t i o n  on the  Esenjay case, "Thanks t o  
your enforcement act ions,  we are s lowly  educating the  operators i n  t h i s  area on how t o  work w i t h i n  

the law." Agreed Order, Texas Ra i l road  Comnission, #2-83,043, 11/12/84, f i n i n g  Esenjay $10,000 f o r  

de l ibe ra te  discharge o f  d r i l l i n g  muds. L e t t e r  from U.S. €PA t o  TRC i n v i t ~ n g  TRC t o  a t tend  meeting 

w i t h  Esenjay Petroleum t o  discuss discharge o f  reserve p i t  l n t o  Hardy Sandy Creek, 6/1/84, signed by 

Thomas G. Giesberg. Texas Rai l r o d d  Com?ss ion  s p i l l  repor t  on Esenjay operat ions, 5/18/84. 

63 A P I  s ta tes  t h a t  the f i s h  d ~ e d  from oxygen dep le t ion  o f  the water.  The Texas Ra l l road  

Comniss~on be l ieves  t h a t  the  f i s h  d ied  from exposure t o  c o l d  weather. 

64 References f o r  case c i t e d :  Texas Ra l l road  Comiss ion  Motion t o  Expand Scope o f  Hearing, 

#2-82,919, 6/29/84. Texas Ra i l road  Comiss ion  Agreed Order, #2-82.919, 12/17/84. Analysis by Texas 

Veter inary Medical Diagnost ic Laboratory System on dead f i s h  i n  Dunn stock tank.  Water and s o i l  

sample ana lys is  from the Texas Ra i l road  Comiss ion.  Water and s o i l  samples from the  Texas 

Department o f  Heal th .  L e t t e r  from Wendell Taylor,  TRC, t o  J e r r y  Mu l l i can ,  TRC, s t a t i n g  t h a t  the  

f i s h  k ~ l l  was the  r e s u l t  o f  c o l d  weather, 7/13/84. Miscellaneous l e t t e r s  and memos. 



NORTHERN MOUNTAIN 

The Northern zone i n c l u d e s  Idaho ,  Montana, and Wyoming. Idaho has  no 

commercial p roduc t ion  o f  o i l  o r  g a s .  Montana has  moderate  o i l  and g a s  

p r o d u c t i o n .  Wyoming has  s u b s t a n t i a l  o i l  and g a s  p roduc t ion  and accoun t s  

f o r  a l l  t h e  damage c a s e s  d i s c u s s e d  i n  t h i s  s e c t i o n .  

Opera t  i ons 

S i g n i f i c a n t  volumes o f  both o i l  and g a s  a r e  produced i n  Wyoming. 

A c t i v i t i e s  range  from s m a l l ,  marginal  o p e r a t i o n s  t o  major  c a p i t a l  - and 

e n e r g y - i n t e n s i v e  p r o j e c t s .  Oi l  p roduc t ion  comes both from mature  f i e l d s  

producing high volumes o f  produced wa te r  and from newly d i s c o v e r e d  

f i e l d s ,  where o i l / w a t e r  r a t i o s  a r e  s t i l l  r e l a t i v e l y  low. Gas p roduc t ion  

comes from mature f i e l d s  a s  wel l  a s  from very  l a r g e  new d i s c o v e r i e s .  

Although t h e  ave rage  new wel l  d r i l l e d  i n  Wyoming i n  1985 was about  

7 ,150  f e e t ,  e x p l o r a t i o n  i n  t h e  S t a t e  can be i n t o  s t r a t a  a s  deep  a s  25,000 

f e e t .  I n  1985, 1,332 new wells were completed i n  Wyoming, o f  which 541 

were e x p l o r a t o r y .  

Types o f  Opera to r s  

Because o f  t h e  c a p i t a l - i n t e n s i v e  n a t u r e  o f  s econda ry  and t e r t i a r y  

r ecove ry  p r o j e c t s  and l a r g e - s c a l e  d r , i l l i n g  p r o j e c t s ,  many o p e r a t i o n s  i n  

t h e  S t a t e  a r e  conducted by t h e  major  o i l  companies .  These companies a r e  

l i k e l y  t o  implement envi ronmenta l  c o n t r o l s  p r o p e r l y  d u r i n g  d r i l l i n g  and 

comple t ion  and a r e  g e n e r a l l y  r e s p o n s i b l e  i n  c a r r y i n g  o u t  t h e i r  wel l  

abandonment obl i g a t i o n s .  Independents  a1 s o  o p e r a t e  i n  Wyoming, p roducing  



a significant amount of oil and gas in the State. Independent operators 

may be more vulnerable to fluctuating market conditions and may be more 

likely to maintain profitability at the expense of environmental 
protection. 

Major Issues 

Illeqal Disposal of Oil and Gas Wastes 

Wyoming Department of Environmental Qual i ty offici a1 s be1 ieve that 

illegal disposal of wastes is the most pervasive environmental problem 

associated with oil and gas operations in Wyoming. Enforcement of State 

regulations is made difficult as resources are scarce and areas to be 

patrolled are large and remote. (See Table VII-7.) 
* 

Altex 01 1 Company and its predecessors have operated an 01 1 product ion f ~ e l d  for several 
decades south of Rozet, Wyoming. (Altex purchased the property in 1984.) An access road runs 
through the area, which, according to Wyornlng Department of Environmental Quality (WDEQ), for ' 
years was used as a drainage for produced water from the oil field operations. 

In August of 1985,'an offlc~al with UDEQ collected so11 samples from the road ditch to ascertain 
chloride levels because ~t hdd been observed that trees and vegetation along the road were dead 
or dying. WDEQ analysis of the samples showed chloride levels as high as 130,000 ppm. The road 
was chained off in October of 1985 to preclude any further illegal disposal of produced 
water.65 (WY 0 2 ) ~ ~  

In early Octoher 1985, Cities Service Oil Company had completed drilling at a slte northeast 
of Cheyenne on Highway 85. The dr~lling contractor. Z&S 011 Construction Company. was suspected 
of illegally disposing of drilling fluids at a site over a mile away on the Pole Creek Ranch. 
An employee of Z&S had given an anonymous 'tip to a County detective. A stake-out of the 

65 Comnents ~n the Docket from the Wyom,ng Oil and Gas Conservation Comnission (WOGCC) (Mr. 
Don Basko) pertain to WY 03. WOGCC states that "...not all water from Altex Oil producing wells.. 
caused the contamination problem." Further, WOGCC states that "Illegal dumping, as well as a flow 
line break the previous wlnter, had caused a high level of chloride in the soil which probably 

contributed to the sagebrush and cottonwood trees dying." . 

66 References for case cited: Analysis of site by the Wyoming Department of Environmental 

Qual ity (WDEQ). Quality Division Laboratory, File dej52179, 12/6/85. Photographs of dead and dying 
cottonwood trees and sagebrush in and around site. Conversation with WDEQ officials. 



illegal cperation was made w ~ t h  law enforcement and WDEQ personnel. Stake-out personnel took 
samples and photos of the reserve pit and the dump site. During the stake-out, vacuum trucks 
were witnessed draining reserve pit contents down a slope and into a small pond on the Pole 
Creek Ranch. After suff~cient evidence had been gathered, arrests were made by Wyoming law 
enforcement personnel, and the trucks were impounded. The State sued Z&S and won a total of 
$10.000. ( W Y  0 1 ) ~ ~  

This activity was in violation of Wyoming regulations. 

During the week of Apri 1 8, 1985, field personnel at the ByronIGarland field operated by 
Marathon 011 Company were clean~ng up a storage yard used to store drums of 0 1 1  field 
chemicals. Drums contalnlng discarded production chemicals were punctured by the f ~ e l d  
employees and allowed to drain into a ditch adjacent to the yard. Approximately 200 drums 

containing 420 gallons of f l u ~ d  were dra~ned into the trench. The chemicals were demulsifiers, 
reverse demulsif~ers, scale and corrosion inh~bitors, and suriactants. Broken transformers 
containing PCBs were leaking Into soil In a nearby area. Upon discovery of the condition of the 

yard, Wyoming Department of Environmental Qua1 ity (UOEQ) ordered Marathon to beg in cleanup 
procedures. At the request of the UDEQ, ground-water monltors were inst~lled, and monitoring of 
nearby Arnoldus Lake was begun. The State f ~ l e d  a c ~ v i l  suit against Marathon and won a $5000 
fine and $3006 in expenses for lab work 6 " ~ ~  05)~' 

This activity was in direct violation of Wyoming regulations. 

Recl amat i on Probl ems 

A1 though Wyoming's mining industry has rules governing recl amat ion o f  

sites, no such rules exist covering oil and gas operations. As a result, 

reclamation on privately owned land is often inadequate or entirely 

1 acking, according t o  WDEQ offici a1 s. By contrast, recl amat i on on 

Federal lands is believed to be consistently more thorough, since Federal 

67 References for case cited: WDEQ memorandum document ~ n g  chronology of events leading to 
arrest of Z&S employees and owners. Lab analysis of reserve pit mud and effluent, and mud and 
effluent found at dump slte. Consent decree from Dlstr~ct Court of Flrst Judicial District, Laramie 
County, Wyoming, docket $108-493, The People of the State of Wyoming vs. Z&S Construction Company. 
Photographs of vacuum trucks dumping at Pole Creek Ranch. 

" API states that the operator, thinking the drums had to be empty before transport 
offsite, turned the drums upside down and drained 420 gallons of chemicals into the trench. 

'' References for case cited: Sumnary of Byron-Garland case by Marathon employee J. C. 
Fowler. List of drums, contents, and field uses. Cross-section of disposal trench area. Several 
sets of lab analyses. Map of Garland field d~sposal yard. Newspaper articles on incident. 
District court consent decree, The People of the State of Wyoming vs. Marathon Oil Company, 
#108-87. 



leases  specify reclamation procedures t o  be used on spec i f ic  s i t e s .  WDEQ 

o f f i c i a l s  s t a t e  tha t  t h i s  will  be of growing concern as the S ta te  

continues t o  be opened u p  t o  o i l  and gas development. 70 

WDEQ o f f i c i a l s  have photographs and l e t t e r s  from concerned 

landowners, regarding reclamation problems, b u t  no developed cases .  The 

Wyoming Oil and Gas Conservation Commission submitted photographs 

documenting comparable reclamation on both Federal and pr ivate  lands.  

The issue i s  a t  l e a s t  p a r t i a l l y  related t o  d r i l l i n g  waste management, 

since improper reclamation of s i t e s  often involves inadequate dewatering 

of reserve p i t s  before closure.  As a r e s u l t  of t h i s  inadequate 

dewatering, reserve p i t  cons t i tuents ,  usually chlor ides ,  are  alleged to  

migrate u p  and o u t  of the p i t ,  making revegetation d i f f i c u l t .  The 

potential  a l so  e x i s t s  fo r  migration of reserve p i t  const i tuents  in to  

ground water. . 

Discharqe of Produced Water in to  Surface Streams 

Because much of the produced water in Wyoming-is r e l a t ive ly  low i n  

chlor ides ,  several operations under the benefici a1 use provision of the 

Federal NPDES permit program are allowed t o  discharge produced water 

d i r ec t ly  in to  dry stream beds or  1 ive streams. The pract ice o f  chronic 

discharge of low-level pol lutants  may be harmful t o  aquatic communities 

in these streams, since residual hydrocarbons contained in produced water 

appear t o  suppress species d ive r s i ty  in l i v e  streams. 

A study was undertaken by the Columbia National Fisheries Research Laboratory of the U. S. 
Fish and Wildlife Service to determine the effect of continuous discharge of low-level oil 
effluent into a stream and the resulting effect on the aquatic cornunity in the stream. The 
discharges to the stream contained 5.6 mg/L total hydrocarbons. Total hydrocarbons in the 
receiving sediment were 979 mg/L to 2,515 mg/L. During the study, samples were taken upstream 

70 WOGCC disagrees with WDEQ on thls statement 



and d~~nstredm from the discharge Spscles diversity and comunity structure were studied. 

Water analysis was done on upstream and downs:ream samples. The study found a decrease in 
species dlvers ity of the macrcbenthos cornunity (fish) downstream from the discharge, further 

characterized by total elimination of some species and drastic alteration of comunity 

structure. The study found that the downstream comnunlry was characterized by only one dominant 

specles, wh~le the upstream comunity was dominated by three species. Total hydrocarbon 

concentrations in water and sediment increased 40 to 55 fold downstream from the discharge of 
produced water The authors of the study stated that "...based on our findings. the fisheries 

and aqudtlc resources would be protected if discharge of oil into fresh water were regulated to 
prevent concentrations in receiving streams water and sed~ment that would alter structure of 

macrobenthos cornunit ies . "  (WY 07)~' 

These discharges are permitted under NPDES. 

SOUTHERN MOUNTAIN 

The Southern Mountain zone includes the States of Nevada, Utah, 

Arizona, Colorado, and New Mexico. All five States have some oil and gas 
production, but New Mexico's is the most significant. The discussion 
below is limited to New Mexico. 

Operat i.ons 

Although hydrocarbon production is scattered throughout New Mexico, 

most comes from two distinct areas within the State: the Permian Basin in 
the southeast corner and the San Juan Basin in the northwest corner. 

Permian Basin production is primarily oil, and it is derived from 
several major fields. Numerous 1 arge capital - and energy-intensive 
enhanced recovery projects within the basin make extensive use o f  Cop 
flooding. The area also contains some small fields in which production 

References for case cited: Petroleum Hydrocarbon Concentrations In a Salrnonld Stream 

Contaminated by 011 Field Discharge Uater and Effects on the Macrobenthos Comnunity, by D.F. 
Uoodward and R . G .  Riley. U.S. Department of the Interior, Fish and Uildlife Service, Columbia 
National Flsher ~ e s  Research Laboratory, Jackson, Uyorn~ng, 1980; submitted to Transact Ions of the 
American Fisheries Society. 



is derived from marginal stripper operations. This is a mature 

production area that is unlikely to see extensive exploration in the 

future. The Tucumcari Basin to the north of the Permian may, however, 

experience extensive future exploration if economic conditions are 

favorabl e. 

The San Juan Basin is, for the most part, a large, mature field that 

produces primarily gas. Significant gas finds are still made, including 

many on Indian Reservation lands. As Indian lands are gradually opened 

to oil and gas development, exploration and development of the basin as a 

whole will continue and possibly increase. 

Much of the State has yet to be explored for oil and gas. The 

average depth of new wells drilled in 1985 was 6,026 feet. The number 

of new wells drilled in 1985 was 1,734, of which 281 were exploratory.* 

Types o f  Opera tors  

The capital - and energy- intensive enhanced recovery .projects in the 

Permian Basin, as well as the exploratory activities under way around the 

State, are conducted by the major oil companies. Overall, however, the 

most numerous operators are small and medium-sized independents. Small 
independents dominate marginal stripper production in the Permian Basin. 

Production in the San Juan Basin is dominated by midsize independent 

operators. 

Major I s s u e s  

Produced Water Pit and Oil Field Waste Pit Contents Leachinq into Ground 

Water 

New Mexico, unlike most other States, still permits the use of 

unlined pits for disposal of produced water. This practice has the 

potential for contamination of ground water. 



In July 1985, a study was undertaken in the Duncan 011 Field In the San Juan Basin by faculty 
members in the Department of Chemistry at New Mexico State University, to analyze the potential 
for unlined produced water pit contents, including hydrocarbons and aromatic hydrocarbons. to 
m~grate into the ground water The oil field is situated In a flood plain of the San Juan 
River. The slte chosen for investigation by the study group was similar to at least 1.500 other 
nearby production sltes in the flood plain The stud) group aug test pits around the disposal 
pit on the chosen site. These test pits were placed abovegradient and downgradlent of the 
disposal plt, at 25- and 50-mster intervals. A total of 9 test pits were dug to a depth of 2 
meters, and soil and ground-water samples were obtained from each test pit. Upon analysis, the 
study group found volatile aronatic hydrocarbons were present in both the soil and water samples 

of test pits downgradlent, demonstrating migration of unlined produced water pit contents into 
the ground water. 

Environmental impact was sumnarized by the study group as contaminat ion of shallow ground water 
with produced water pit contents due to leaching from an unlined produced water disposal pit. 
Benzene was found in concentrations of 0.10 ppb. New Mexico Water Quallty Control Comisslon 
standard 1s 10 ppb. Concentrations of ethylbenzene, xylenes, and larger hydrocarbon molecules 
were found. No contamination was found in test pits placed abovegradlent from the disposal 
pit. Physical slgns of contgmination were also present, downgradient from the disposal pit, 
including black, oily staining of sands above the water table and black, oily film on the water 
~tself. Hydrocarbon odor was also present (NM 0 2 ) ~ ~  

I t  i s  now i l l ega l  t o  dispose of more than f ive  bar re ls  per day of 

produced water into unlined p i t s  in t h i s  part  of New Mexico. 

As a re'sul t of t h i s  study., the use o f  unlined produced water p i t s  was 

l imited by the S ta te  t o  wells producing no more than f i v e  ba r re l s  per day 

of .  produced water. While t h i s  i s  a more s t r ingent  requirement than the  

previous ru l e ,  the  potent ial  fo r  contamination of ground water with 

hydrocarbons and chlorides  s t i l l  e x i s t s .  I t  i s  estimated by individuals  
fami l ia r  with the industry in the S ta t e  tha t  20,000 unlined emergency 

'' References for case cited: Hydrocarbons and Aromatic Hydrocarbons in Groundwater 
Surrounding an Earthen Waste Disposal Pit for Produced Water in the Duncan 011 Fleld of New Mexico, 
by G.A. Eiceman, J.T. McConnon, Masud Zaman, Chris Shuey, and Douglas Earp, 9/16/85. Polycyclic 
Aromatic Hydrocarbons 1n Soil at Groundwater Level Near an Earthen Pit for Produced Water in the 
Duncan Oil Fleld, by 8.  Davan1,'K. Lindley, and G.A. Eiceman, 1986. New Mexico Oil Conservation 

Commission hearing to define vulnerable aquifers, comments on the hearing record by Intervenor Chris 
Shuey. Case No. 8224. 



produced water disposal pits are still in existence in the San Juan Basin 

area o f  New Mexico. 7 3 

New Mexico has experienced problems that may be due to centralized 

oil field waste disposal facilities: 

Lee Acres "modified" l a n d f i l l  (meaning refuse IS covered weekly instead o f  d a i l y  as i s  done i n  

a "sani tary"  l a n d f i l l )  i s  located 4 5 mi les E-SE o f  Farmington, New Mexico. I t  i s  owned by the 

U.S. Bureau o f  Land Management (BLM). The l a n d f i l l  1s approximately 60 acres In s i z e  and 

includes four  un l ined  l iqu id-waste lagoons o r  p i t s ,  th ree  of which were a c t i v e l y  used. Since 

1981, a  v a r i e t y  o f  l i q u i d  wastes associated w i t h  the  o i l  and gas indus t ry  have been disposed of 

i n  the lagoons. The predominant p o r t l o n  o f  l i q u i d  wastes disposed o f  i n  the lagoons was 

produced water, which i s  known t o  conta in aromat i c  v o l a t  l l e  organic compounds (VOCs). According 

t o  the New Mexico Department o f  Heal th  and Environment, Environmental Improvement D i v i s i o n ,  75 

t o  90 percent o f  the produced water disposed o f  i n  the lagoons o r i g i n a t e d  from Federal and 

Ind ian o i l  and gas leases managed by BLM. Water produced on these leases was hauled from as f a r  

away as Nageezi, which i s  40 m i les  from the Lee Acres s i t e .  Disposal o f  produced water i n  these 

un l lned  p i t s  was, according t o  New Mexico State o f f i c i a l s .  i n  d i r e c t  violation of BLM's r u l e  

NTL-20, which p r o h i b i t s ,  wi thout  p r i o r  approval,  d isposal  o f  produced waters i n t o  u n l  lned p i t s ,  

o r i g i n a t i n g  on Federa l ly  owned leases. The Department o f  the I n t e r i o r  s ta tes  tha t  d tsposal  i n  

the lagoons was " .  . .spec i f  i c i i l l y  author ized by the State o f  New Mexico f o r  d isposal  o f  produced 

water . "  The State o f  New Mexico s ta tes  tha t  "There 1s no t r u t h  whatsoever t o  the asser t ion  t h a t  

the l a n d f l l l  lagoons were s p e c i f i c a l l y  author ized by the State o f  New Mexico f o r  d isposal  o f  

produced water." Use. o f  the p ~ t s  ceased on 4/19/85; 8,800 c u b ~ c  yards o f  waste were d~sposed  o f  

p r i o r  t o  c losure .  

New Mexico's Environmental Improvement D i v i s i o n  (NMEID) asser ts  t h a t  leachate from the  un l ined  

waste lagoons t h a t  conta in o i l  and gas wastes has con t r ibu ted  t o  the  contamination of severa l  

water w e l l s  I n  the Lee Acres housing subd iv i s ion  located downgradient from the lagoons and down- 

gradlent  from a r e f i n e r y  operated by Glant,  located nearby. NMEIO has on f i l e  a  s o i l  gas survey 

tha t  documents extensive contaminat ion w i t h  c h l o r i n a t e d  VOCs a t  the  l a n d f i l l  s i t e .  High leve ls  

o f  sodium, ch lo r ides ,  lead, chromium, benzene, toluene, xy lenes, chloroethane, and 

t r i c h l o r o e t h y l e n e  were found i n  the  waste lagoons. An electromagnetic t e r r a i n  survey o f  the  Lee 

Acres l a n d f i l l  s l t e  and surrounding area, conducted by NMEID, located a plume o f  contaminated 
ground water extending from the l a n d f i l l .  Th is  plume runs i n t o  a plume o f  contaminat ion known t o  

e x i s t ,  emanating from the r e f i n e r y .  The plumes have become mixed and are the source o f  

73 Governor Carruthers r e f u t e s  t h i s  and s ta tes  t h a t  "Unlined p i t s  i n  f r e s h  water areas i n  

Southeast New Mexico were banned beginning i n  1956, w i t h  a general p r o h i b i t  i on  adopted i n  1967." 

EPA notes t h a t  New Mexico s t i l l  permi ts  un l ined  p i t s  t o  be used f o r  d isposal  o f  produced water if 

the p i t  does no t  receive more than f i v e  b a r r e l s  o f  produced water per day. 



conIaminat ion o f  the ground water serv ing the Lee Acres housing subd iv i s ion .  '' One 
domestic w e l l  was sampled extens ive ly  by NMElD and was found t o  conta in extremely h igh  l e v e l s  o f  

ch lo r ides  and e levated leve ls  o f  c h l o r i n a t e d  VOCs. inc lud ing  t r i ch lo roe thane  (Department o f  

the  I n t e r i o r  (DOI) s ta tes  tha t  i t  i s  unaware o f  any v i o l a t ~ o n s  o f  New Mexico ground-water 

standards involved i n  t h i s  case. New Mexico s ta tes  t h a t  State ground-water standards f o r  

c h l o r i d e ,  t o t a l  d isso lved s o l  ids,  benzene, xy lenes, 1, 1-dichloroethane, and ethy lene d i c h l o r i d e  

have been v i o l a t e d  as a r e s u l t  of the plume o f  contaminat ion. I n  add i t i on ,  the  EPA Safe 

Dr ink ing  Water Standdrd f o r  t r ~ c h l o r o s t h y l e n e  has been v i o l a t e d . )  hew Mex~co S t a t e  o f f i c i a l s  

s t a t e  tha t  "The l a n d f i l l  appears t o  be the p r i n c i p a l  source o f  c h l o r i d e ,  t o t a l  d i sso lved  s o l i d s  

and most c h l o r i n a t e d  VOCs, whi le  the r e f i n e r y  appears t o  be the  p r i n c i p a l  source o f  aromatic 

VOCs and ethylene d i c h l o r i d e . "  

During the  per iod  a f t e r  d isposal  operat ions ceased dnd before the s i t e  wds closed, access t o  

the  lagoons was e s s e n t i a l l y  u n r e s t r i c t e d .  While NMEID be l leves  t h a t  i t  IS poss ib le  t h a t  non-o i l  

and gas wastes i l l e g 3 l l y  disposed o f  du r ing  t h i s  period'may have con t r ibu ted  t o  the documented 

contaminat ion, the  pr imary source o f  ground-water contaminat i o n  appears t o  be from 01 1  and gas 

wastes. 

The State has ordered BLM t o  prov ide p u b l i c  water t o  res iden ts  a f fec ted  by the  contaminat ion 

develop a ground-water monitoring system, and invest igBte the types o f  d r ~ l l l n g ,  d r l l l ~ n g  

procedures, and w e l l  cons t ruc t ion  methods t h d t  generdted the wdste accepted by the l a n d f i l l .  

ELM submitted a mot ion- to-s tay the order so as t o  include Giant Re f in ing  Company and E l  Paso 

Natu ra l  Gas i n  cleanup operat ions.  The-motion was denied. The case went i n t o  l i t i g a t i o n  

According t o  S ta te  o f f i c i a l s .  "The State o f  New Mexico agreed t o  dismiss i t s  lawsu i t  on ly  a f t e r  

the Bureau o f  Land Management agreed t o  conduct a  somewhat d e t a i l e d  hydrogeologic i n v e s t i g a t i o n  

i n  a reasonably expedi t ious per iod  o f  t ime.  The lawsuit  was not  dismissed because of lack o f  

evidence of 'contaminat ion emanating from the  l a n d f i l l . "  The r e f i n e r y  company has completed an 
. - 

7  4 
I n  a l e t t e r  dated 8/20/87, Giant Ref ln ing Company s ta tes  t h a t  "Benzene, to luene and 

xy lenes a re  natura 1 l y  occurr lng compounds i n  crude b i  1, and a re  consequently i n  h i g h  concentrdt  ions 

i n  the produced water associated w i t h  tha t  crude o i l .  The o n l y  gaso l ine  a d d i t i v e  used by Giant t h a t  
has been found i n  the water o f  a r e s i d e n t i a l  w e l l  i s  DCA (ethy lene d i c h l o r i d e )  which has a lso  been 

found i n  t h e  l a n d f i l l  plume." Giant a lso  notes t h a t  the r e f i n e r y  leaks i n  the  l a s t  2 years r e s u l t e d  

i n  less than 30.000 gal lons o f  d iese l  being released r a t h e r  than the  100,000 ga l lons  s t a t e d  by the 

Department o f  I n t e r i o r  i n  a l e t t e r  t o  EPA o f  8/11/87. 



extensive hydrogeologic investigation and has implemented containment and cleanup 
measures. 7 5  (NM 0 5 ) ' ~  

Current New Mexico regulations prohibit  use of unlined commercial 

d i  sposal pi t s . 

Damaqe t o  Ground Water from Inadequately Maintained Injection Wells 

As in other  S ta t e s ,  New Mexico has experienced problems with 

inject ion wells.  

A saltwater injection well, the 80-3, operated by Texaco, is used for produced water disposal 
for the Moare-Devonian oil field in southeastern New Mexico. Injection occurs at about 10,000 

ft. The Ogallala aquifer, overlying the oil production format~on, 1s the sole source of potable 
ground water in much of southeastern New Mexico. Dr. Daniel B. Stephens. Associate Professor of 
Hydrology at the New Mexico Institute of Mining and Technology. concluded that injection well 
80-3 has contributed to a salthater plume of contamination in the Ogallala aqulfer. The plume 
is nearly 1 mile long and contains chlorlde concentrat~ons of up to 26,000 ppm. 

A local rancher sustained damage to crops after Irrigating with water contaminated by this 
saltwater plume. In 1973, an irrigation well was completed satisfactorily on the ranch of Mr. 
Paul Harn~lton, and, ~n 1977, the well began producing water with chlorides of 1,200 ppm. Mr. 
Hamilton's crops were severely damaged, resulting in heavy economic losses, and h ~ s  farm 
property was foreclosed on. There is no evidence of crop damage from irrigation prior to 1977 

Mr. Hamilton initiated a private law suit agalnst Texaco for damages sustained to his ranch. 
Texaco argued that the saltwater plume was the result of leachate of brines from unlined b r ~ n e  
disposal pits, now banned in the area. Dr. Stephens proved that if old pits in the vicinity, 

7 5  Comnents in the Docket from BLM and the State of New Mexico pertain to NM 05. ELM states 
that the refinery upgradient from the subdivision is responsible for the contamination because of 
their ". . .extremely sloppy housekeeping practices. . ." which resulted in the loss of " .  . .hundreds of 
thousands of gallons of refined product through leaks in their under-ground piping system." The 
Department of the Interior states that "There IS. in fact, mounting evidence that the landfill and 
lagoons may have contributed little to the residential well contamination In the subdivis~ons." DO1 
states ". . .we strongly recomnend that this case be deleted from the Damage Cdses [Report to 
Congress] . "  "New Mexico states that "EID [Environmental Improvement Division] strongly be1 ieves 
that the Lee Acres Landfill has caused serious ground water contamination and is well worth 
~nclusion in the 011 and Gas Damage Cases chapter of your [EPA] Report to Congress on Oil. Gas and 
Geothermal Wastes." 

76 References for case cited: State of New Mexico Administrat~ve Order No. 1005; contains 
water analysis for open ptts, monitor wells, and impacted domestic wells. Motion-to-stay Order No. 
1005. Denial of motion to stay. Newspaper articles. Southwest Research and information Center, 
Response to Hearing before Water Quality Control Commission, 12/2/86. Letter to Dan Derkics, EPA, 
from Department of the Interior, refuting Lee Acres damage case, 8/11/87. Letter to Dan Derkics, 
EPA, from NMEID, refuting Department of the Interior letter of 8/11/87, dated 8/18/87. Letter to 
Dan Derkics, EPA, from Giant Refining Company, 8/20/87. 



previously used for saltwater disposal, had caused the contaminat~on, high chloride levels 
would have been detected In the irrigat ion well prlor to 1977. Dr Stephens also demonstrated 
that the 80-3 Injection well had leaked some 20 million gallons of brine into the fresh ground 
water, causing chloride contamination of the Ogallala aquifer from which Mr. Hamilton drew his 
~rrigat~on water Based on this evidence a jury awarded Mr. Hamilton a cash settlement from 
Texaco for damages susta ~ n e d  both by the ieaklng inject ion well and by the abandoned dlsposal 
pits. The well has had workovers and additional pressure tests since 1578. The well is still 

in operation, in compliance k ~ t h  UIC regulations. ( N M  0 1 ) ~ ~  

Cur ren t  U I C  r e g u l a t i o n s  r e q u i r e  mechanical i n t e g r i t y  t e s t i n g  every  5 

y e a r s  f o r  a l l  C la s s  I I w e l l s .  

The well  i n  t h e  above c a s e  was t e s t e d  f o r  mechanical i n t e g r i t y  

s e v e r a l  t imes  d u r i n g  t h e  cou r se  of  t h e  t r i a l ,  d u r i n g  which t h e  

p l a i n t i f f ' s  h y d r o l o g i s t ,  a f t e r  c o n t a c t i n g  t h e  Texas Ra i l road  Commission, 

d i scove red  t h a t  t h i s  i n j e c t i o n  well  would have been c l a s s e d  a s  a  f a i l e d  

well  u s ing  c r i t e r i a  e s t a b l i s h e d  by t h e  S t a t e  of  Texas f o r  such " t e s t s .  

However, a t  t h e  t ime ,  t h e  well  d i d  not  f a i l  t h e  t e s t  u s ing  c r i t e r i a  

e s t a b l i s h e d  by t h e  S t a t e  of  New Mexico. Both S t a t e s '  have primacy under  

t h e  UIC program. 

The West Coast  zone i n c l u d e s  Washington, Oregon, and C a l i f o r n i a .  Of 

t h e  t h r e e  s t a t e s ,  C a l i f o r n i a  has t h e  most s i g n i f i c a n t  hydrocarbon 

p roduc t ion ;  Washington and Oregon have only  minor o i l  and g a s  a c t i v i t y .  

Damage c a s e s  were c o l l  e c t e d  only  i n  Cal i  f o r n i  a .  

Operat i ons 

C a l i f o r n i a  has  a  d i v e r s e  o i l  and g a s  i n d u s t r y ,  ranging  from s t r i p p e r  

p roduc t ion  i n  very  mature f i e l d s  t o  deep e x p l o r a t i o n  and l a r g e  enhanced 

recovery  o p e r a t i o n s  . Southern Cal i  f o r n i  a  and t h e  San Joaqui  n  Val 1  ey a r e  

dominated by l a r g e  c a p i t a l -  and e n e r g y - i n t e n s i v e  enhanced r ecove ry  

7 7  References for case cited: Oil-Field Brine Contamination - A Case Study, Lea Co. New 
Mexlco, from Selected Papers on Water Quality and Pollution in New Mexlco - 1984; proceed7ngs of a 
symposium, New Mexico Bureau of Mlnes and Resources. 



projec ts ,  while the coastal f i e l d s  are  experiencing ac t ive  exploration. 

Cal i fornia 's  most mature production areas are  in the lower San Joaquin 

Valley and the Sacramento Basin. The San Joaquin produces b o t h  o i l  and 

gas. The Sacramento Valley produces mostly gas. 

The average depth of new wells d r i l l e d  'in Cal i forn ia  in 1985 was 

4,176 f e e t .  Some 3,413 new wells were completed in 1985, 166 of which 

were exploratory. 

Types of Operators 

Operators in Cal i forn i  a range from small independents t o  major 

producers. The majors dominate cap i t a l -  and energy-intensive pro jec ts ,  

such as coastal  development and large enhanced recovery projects .  

Independents tend t o  operate in the mature production areas dominated by 

s t r ippe r  production. 

Major  Issues 

Discharqe of Produced Water a n d  O i l y  Wastes t o  Ephemeral Streams 

I n  the San Joaquin Valley, the S ta t e  has long allowed discharge of 

o i ly  high-chloride produced water t o  ephemeral streams. After discharge 

t o  ephemeral streams, the produced water i s  diverted into central  sumps 

fo r  disposal through evaporation and percolation. I n f i l t r a t i o n  of 

produced water into aquifers  i s  assumed t o  occur, but o f f i c i a l  opinion on 
i t s  potential  fo r  damage i s  divided. Some o f f i c i a l s  take the posit ion 

tha t  the aquifers  a re  na tura l ly  brackish and thus have no beneficial  use 

fo r  agricul ture  or human consumption. A report  by the Water Resources 

Control Board, however, suggests tha t  produced water may percolate into 

useable ground-water s t ruc tu res .  



For the purposes of t h i s  study conducted by BeanlLogan Consul t ing Geologis ts ,  ground water i n  

the study area was categor ized according t o  geotype and compared t o  produced water i n  sumps t h a t  

came from product ion zones. Research was conducted on sumps i n  Cymric Val ley,  M c h i t t r i c k  

Val ley.  Midway Val ley.  E lk  Hills, Buena V i s t a  H i l l s ,  and Buena V is ta  Val ley product ion f i e l d s  

While t h i s  recent research was not investigating ground-water damages per se, the  study suggests 

obvious p o t e n t i d l  f o r  damages r e l a t i n g  t o  the ground water.  TF hydrogeologic ana lys is  prepared 

f o r  t h e  C a l i f o r n i a  S ta te  Water Resources Contro l  Board concludes t h a t  about 570.000 tons o f  s a l t  

from produced water were deposited i n  1981 and t h a t  a t o t a l  o f  14.8 m i l l i o n  tons have been 

deposi ted s ince 1900. The C a l i f o r n i a  Water Resources Board suspects tha t  a p o r t l o n  o f  the s a l t  

has percolated i n t o  the ground water and has degraded i t .  I n  a d d i t i o n  t o  suspected degradation 

o f  ground water, o f f i c e r s  o f  the  C a l i f o r n i a  Department o f  F i s h  and Game o f t e n  f i n d  b i r d s  and 

animals entrapped i n  the  o i l y  deposits i n  the a f f e c t e d  ephemeral streams. Exposure t o  the  o ~ l y  

deposi ts  o f t e n  proves t o  be f a t a l  t o  these b i r d s  and  animal^.'^ (CA ~ 1 ) ~ '  

T h i s  i s  a  p e r m i t t e d  p r a c t i c e  under c u r r e n t  C a l i f o r n i a  r e g u l a t i o n s .  

As ide  f rom concerns over  c h r o n i c  deg rada t i on  o f  ground water ,  t h i s  

p r a c t i c e  o f  d ischarge t o  ephemeral streams can cause damage t o  w i l d l i f e .  

The volume o f  wastes mixed w i t h  n a t u r a l  r u n o f f  sometimes exceeds t h e  

h o l d i n g  c a p a c i t y  o f  t h e  ephemeral streams. The combined volume may then  

over f low t h e  d i v e r s i o n s  t o  t h e  sump areas and c o n t i n u e  downstream, 

con tamina t i ng  s o i  1  and endangering s e n s i t i v e '  w i  l d l  i f e  h a b i t a t .  The o i l  

and gas i n d u s t r y  contends t h a t  i t  i s  r a r e  f o r  any wastes t o  pass t h e  

d i v e r s i o n s  s e t  up t o  channel f l o w  t o  t h e  sumps, b u t  t h e  C a l i f o r n i a  

Department o f  F i s h  and Game b e l i e v e s  t h a t  i t  i s  a common occur rence.  

Produced water from the Crocker Canyon area f lows downstream t o  where i t  i s  d i v e r t e d  i n t o  

Val ley Waste Disposal 's  large un l  ined evaporat ion/percolat  ion sumps f o r  0 1  1 recovery 

(coopera t i ve ly  operated by l o c a l  o i l  producers) .  I n  one instance, d iscovery by C a l i f o r n i a  F i s h  

and Game o f f i c i a l s  o f  a s i g n i f ~ c a n t  s p i l l  was made over a month a f t e r  i t occurred. According t o  

the  C a l i f o r n i a  State Water Q u a l i t y  Board, the  inc ident  was probably caused by heavy r a i n f a l l ,  as 

a consequence o f  which the volume o f  r a i n  and waste exceeded the  containment capac i t y  o f  the  

d isposal  f a c i l i t y .  The sumps became eroded, a l low ing  o i l y  waste t o  f l ow down t h e  v a l l e y  and 

i n t o  a w i l d l i f e  h a b i t a t  occupied by severa l  endangered species inc lud ing  blunt-nosed leopard 

l l z a r d s ,  San Joaquin k i t  foxes, and g ian t  kangaroo r a t s .  

78 API s ta tes  t h a t  the  C a l i f o r n i a  Regional Water Q u a l i t y  Board and EPA are p resen t l y  dec id ing 

whether t o  promulgate a d d i t i o n a l  permi t  requirements under the  Clean Water Act and NPDES. 

'' References f o r  case c i t e d :  Lower Westside Water Q u a l i t y  I n v e s t i g a t i o n  Kern County, and 

Lower Westside Water Q u a l i t y  l n v e s t i g a t i o n  Kern County: Supplementary Report,  Bean/Logan Consul t ing 

Geologists, 11/83; prepared f o r  C a l i f o r n i a  State Water Resources Cont ro l  Board. Westslde 

Groundwater Study, Michael R .  Rector,  I n c . ,  11/83; prepared f o r  Western O i l  and Gas Associat ion.  



Accoroing t o  t he  S t a t e ' s  r e p o r t ,  t h e r e  were 116 known w i l d l i f e  losses i n c l u d i n g  11 g i a n t  

kangaroo r a t s .  The count of dead animals was es t ima ted  a t  o n l y  20 percen t  o f  t h e  a c t u a l  number 

o f  anlrnals aes t royed  because o f  t h e  de lay  i n  f i n d i n g  t h e  s p i l l ,  a l l o w i n g  po isoned an imals  t o  

leave t h e  area be fo re  d y i n g  Vege ta t i on  was covered w i t h  waste th roughout  t h e  s p i l l  a rea .  The 
C a l i f o r n i a  Department o f  F ~ s h  and Game does no t  b e l l e v e  t h i s  t o  be an ~ s o l a t e d  i n c ~ d e n t .  The 

C a l i f o r n i a  Water Resources C o n t r o l  Board. d u r i n g  i t s  i n v e s t i g a t i o n  o f  t h e  i n c i d e n t ,  no ted  

" . . . d e p o s i t s  of  o l d e r  accumulated o i l ,  thereby i n d i c a t i n g  t h a t  t h e  same channel  had been used 

f o r  wastewater d i s p o s ~ l  conveyance ~ n  t h e  past  p r i o r  t o  t h e  recen t  discharge. Cleanup 

a c t i v i t i e s  conducred l a t e r  r e v e a l e d  t h a t  b u l l d u p  o f  o l d e r ' o ~ l  was s i g n i f i c a n t . "  The companies 

i m p l i c a t e d  i n  t h i s  i n c l d e n t  were f i n e d  $100,000 and were r e q u i r e d  t o  c l e a n  up t h e  area.  The 

companies den ied  r e s p o n s i b ~  1  ~ t y  f o r  t h e  d i scha rge .  (CA 08)" 

Th i  s  re1  ease was i n  v i  01 a t  i on o f  Cal i f o r n i  a  r e g u l  a t  i ons . 

ALASKA 

The Alaska zone i nc ludes  Alaska and Hawai i .  Hawai i  has no o i l  o r  gas 

p roduc t i on .  Alaska i s  second o n l y  t o  Texas i n  o i l  p r o d u c t i o n .  

Operat i ons 

A1 aska's  o i l  o p e r a t i o n s  are  d i v i d e d  i n t o  two e n t i r e l y  separa te  areas, 

t h e  ~ e n a i  Peninsula ( i n c l u d i n g  t h e  western shore o f  Cook I n l e t )  and t h e  

N o r t h  Slope. Because o f  t h e  areas '  remoteness and harsh  c l i m a t e ,  

ope ra t i ons  i n  bo th  areas a re  h i g h l y  c a p i t a l -  and e n e r g y - i n t e n s i v e .  For  

t h e  purposes o f  damage case development, and indeed f o r  most o t h e r  types  

o f  ana lys i s ,  ope ra t i ons  i n  these two areas a re  d i s t i n c t .  Types o f  damages 

i d e n t i f i e d  i n  t h e  two areas have l i t t l e  i n  common. 

80 References f o r  case c i t e d :  Repor t  o f  011 Spi  11 i n  Buena V i s t a  V a l l e y ,  by Mike G l i nzak ,  

California O i v i s i o n  o f  011 and Gas (DOG), 3/6/86; map o f  s i t e  and photos  accompany t h e  r e p o r t .  
L e t t e r s  t o  Sun E x p l o r a t i o n  and P roduc t i on  Co. f rom DOG, 3/12 and 3/31/86. Newspaper a r t i c l e s  i n  

B a k e r s f i e l d  C a l i f o r n i a n ,  3/8/66, 3/11/86, and undated. C a l i f o r n i a  U a t e r  Qua1 i t y  C o n t r o l  Board, 

A d m i n ~ s t r a t i v e  C ~ v l l  L i a b i l i t y  Complaint  XACL-016, 8/8/86. California Water Q u a l i t y  C o n t r o l  Board, 

I n t e r n a l  memoranda, Smith t o  P f i s t e r  concern ing c leanup o f  s i t e ,  5/27/86; Smith t o  Nevins 

concern ing d e s c r i p t i o n  o f  damage and i n v e s t i g a t i o n ,  i n c l u d i n g  map, 8/12/86. C a l i f o r n i a  Department o f  

F i s h  and Game, Dead Endangered Species ~ n  a  C a l i f o r n ~ a  011 S p i l l ,  by  Capt.  E.A Simons and L t .  M .  
Ak ln ,  undated. Fact  Sheets: Buena V i s t a  Creek 0 1 1  S p i l l ,  Kern  County, 3/7/86, and Mamnals 

Occu r r i ng  on E l k  H i l l s  and Buena V i s t a  H i l l s ,  undated. L e t t e r  f rom L t .  A k i n  t o  EPA c o n t r a c t o r ,  

2/24/87. 



A c t i v i t i e s  on t h e  Kenai Pen insu la  have been i n  p rogress  s i n c e  t h e  

l a t e  1950s, and gas i s  t h e  p r imary  product .  P roduc t i on  l e v e l s  a re  modest 

as compared t o  those on t h e  N o r t h  Slope. 

N o r t h  Slope ope ra t i ons  occur  p r i m a r i l y  i n  t h e  Prudhoe Bay area, k i t h  

some s m a l l e r  f i e l d s  l o c a t e d  nearby. O i l  i s  t h e  p r imary  p roduc t .  

P roduc t i on  has been under way s i n c e  t h e  t rans -A laska  p i p e l i n e  was 

completed i n  t h e  mid 1970s. Much o f  t h e  o i l  r ecove ry  i n  t h i s  area i s  now 

i n  t h e  secondary phase, and enhanced recovery  th rough  water  f l o o d i n g  i s  

on t h e  increase.  

There were 100 w e l l s  d r i l l e d  i n  t h e  S t a t e  i n  1985, a l l  o f  them on t h e  

N o r t h  Slope. I n  1985, one e x p l o r a t o r y  w e l l  was d r i l l e d  i n  t h e  N a t i o n a l  

Petro leum Reserve - A1 aska (NPRA) and two development w e l l s  were d r i l l e d  

on t h e  Kenai Peninsula.  

Types o f  Operators 

There a re  no sma l l ,  independent o i l  o r  gas ope ra to rs  i n  A laska 

because o f  t h e  h i g h  c a p i t a l  requi rements f o r  a l l  a c t i v i t i e s  i n  t h e  

r e g i o n .  Operators i n  t h e  Kenai Pen insu la  i n c l u d e  Union O i l  o f  C a l i f o r n i a  

and o t h e r  major  companies. Ma jor  producers on t h e  N o r t h  Slope a r e  ARC0 

and Standard Alaska P roduc t i on  Company. 

Major  Issues  

Reserve P i t s ,  No r th  Slope 

Reserve p i t s  on t h e  N o r t h  Slope a r e  u s u a l l y  u n l i n e d  and made o f  

permeable n a t i v e  sands and g r a v e l s .  Very l a r g e  amounts o f  wa te r  f l o w  i n  

t h i s  a rea  d u r i n g  breakup each s p r i n g  i n  t h e  phenomenon known as "sheet  

f l o w . "  Some o f  t h i s  wa te r  may unavo idab ly  f l o w  i n t o  and o u t  o f  t h e  

r e s e r v e  p i t s ;  however, t h e  p i t s  a re  designed t o  keep wastes i n  and keep 



surface waters out. Discharge of excess liquids from the pits directly 

onto the tundra is permitted under regulations of the Alaska Department 
of Environmental Conservation (ADEC) if discharge standards are met. (See 
summary on State rules and regulations.) 

Through the processes of breakup and discharge, ADEC estimates that 

100 million gallons of supernatant are pumped onto the tundra and, 

roadways each year,81 potentially carrying with it reserve pit 

constituents such as chromium, barium, chlorides, and oil. Scientists 

who have studied the area believe this has the potential to lead to 

bioaccumulation of heavy metal s and other contaminants in local wild1 ife, 
thus affecting the food chain. However, no published studies that 

demonstrate this possibility exist. Results from preliminary studies 

suggest that the possibility exists for adverse impact to Arctic wildlife 

because of discharge of reserve pit supernatant to the tundra: 

I n  1983, a  s tudy o f  t h e  e f f e c t s  o f  r ese rve  p i t  d ischarges on water  q u a l i t y  and t h e  

m a c r o ~ r i v e r t e b r a t e  comnuii,ty o f  t und ra  ponds was undertaken by t h e  U. S  F i s h  and W i l d i i f e  

Se rv i ce  ;n t h e  Prudhoe 8ay o i  1  product  i on  area o f  t h e  N o r t h  Slope Discharge t o  t h e  

tundi.3 ponds i s  a  comnon d i s p o s a l  method f o r  rese rve  p i t  f l u i d  i n  t h i s  area.  The s tudy  

shows a c l e a r  d i f f e r e n c e  i n  water  q u a l i t y  and b i o l o g i c a l  measures among rese rve  p i t s .  

ponds r e c r  i v  in3  d ischarges f rom rese rve  p i t s  ( r e c e i v i n g  ponds) ,  d i s t a n t  ponds a f t r c t e d  by 

, 
d ischarges through sur face wdter  f l o w ,  and c o n t r o l  ponds no t  6 f f e c t e d  by discharges. 

Ponds d i r e c t l y  r e c e i v i n g  d i scha rges  had s i g n i f i c a n t l y  g r e a t e r  concen t ra t i ons  o f  chromium, 

a rsen i c ,  cad~nium, n i c k e l ,  and bar ium than d i d  c o n t r o l  ponds, and d i s t d n t  ponds showed 

significantly h i g h e r  l e v e l s  o f  chromium than d i d  c o n t r o l  ponds. Chromiu~n l e v e l s  i n  

rese rve  p i t s  and I n  ponds ad jacen t  t o  d r i l l  s i t e s  may have exceeded EPA ch ron i c  t o x i c i t y  

c r ~ t e r i a  f o r  protection o f  a q u a t i c  l i f e .  (AK 0 6 ) ~ ~  

These discharges  were permitted by the State of Alaska. No NPDES 
permits have been issued for these discharges. New Alaska regulations 

have more stringent effluent limits. 

Statement by  L a r r y  D i e t r i c k  t o  C a r l a  Greathouse 

82 References f o r  case c i t e d  The E f f e c t s  o f  Prudhoe Bay Reserve P i t  F l u i d s  on t h e  Water 

Q u a l i t y  and Mac ro inve r teb ra tes  o f  Tundra Ponds. ~y Robin L .  West and E l a i n e  Snyder-Conn, Fa i rbanks 

f ~ s h  an3 U ~ l d l ~ f e  Enhancement O f f i c e ,  U.S. F i s h  and U i l d l i f e  Se rv i ce ,  F a ~ r b a n k s ,  Alaska. 9/87. 



I n  the  sumer o f  1985, a f i e l d  method was developed by the  U.  5. F ish  and W i l d l i f e  Servlce t o  

evaluate t o x i c i t y  o f  reserve p i t  f l u ~ d s  discharged l n t o  tundra wetlands a t  Prudhoe Bay, Alaska. 

Results o f  the study document acute t o x l c ~ t y  e f f e c t s  o f  reserve p l t  f l u l d s  on Daphnla. Acute 

t o x i c i t y  i n  Dapnnia was observed a f t e r  96 hours of exposure t o  l i q u i d  i n  f i v e  reserve p i t s .  

Daphnla exposed t o  l i q u l d  i n  rece lv lng  ponds a lso  had s i g n l f l c a n t l y  h igher  d e a t h / i m o b i l i z a t ~ o n  

than d l d  Daphnla exposed t o  l i q u i d  i n  c o n t r o l  ponds a f t e r  96 hours. At Dr l l l  S i t e  1, a f t e r  96 

hours, 100 percent o f  the  Daphnla introduced t o  the reserve p i t  had been imnobi 1 ized o r  were 

dead, as compared t o  a c o n t r o l  pond which showed less than 5 percent ~rmnobi l ized o r  dead a f t e r  

96 hours. At Dr l l l  S i t e  12, 80 percent o f  the Daphnia exposed t o  the reserve p i t  11qu1d were 

dead o r  inmobi l ized ~ f t e r  96 hours and less than 1 percent o f  Daphnia exposed t o  the  c o n t r o l  

pond were dead o r  imnob 11 ,zed (AK 07)~' 

I n  June 1985, f l v e  d r i l l  s i t e s  and three c o n t r o l  s i t e s  were chosen f o r  s t u d y ~ n g  the e f f e c t s  o f  

d r ~ l l i n g  f l u ~ d s  and t h e i r  discharge on f ~ s h  and waterfowl h a b ~ t a t  on the Nor th Slope o f  Alaska. 

Bioaccumulation ana lys ls  was done on f i s h  t i s s u e  uslng water samples c o l l e c t e d  from the reserve 

p i t s .  Fecundity and growth were reduced i n  daphnids exposed f o r  42 days t o  l i q u i d  composed o f  

2 . 5  percent and 2 5  percent d r i l l l n g  f l u i d  from the se lected d r i  11 s i t e s .  Bloaccumulation o f  

barlum, t l tanlum, i ron ,  copper, dnd molybdenum was documented I n  f i s h  exposed t o  d r i l l i n g  f l u i d s  

f o r  as l i t t l e  as 96 hours. (AK 08)'' 

Erosion of reserve p i t s  and subsequent discharge of reserve p i t  

contents t o  the tundra cons t i tu t e  another potent ial  environmental problem 

on the North Slope. If  exploration d r i l l i n g  p i t s  a re  n o t  closed out a t  

the end of a d r i l l i n g  season, they may breach during "breakup." Reserve 

p i t  contaminants a re  then released d i r e c t l y  t o  the  tundra. ( A s  described 

i n  Chapter I 1  I ,  production reserve p i t s  a re  d i f f e ren t  from exploration 

reserve p i t s .  Production reserve p i t s  a re  designed t o  l a s t  f o r  as long 

as 20 yea r s . )  A reserve p i t  wall may be poorly constructed o r  su f fe r  

s t ruc tura l  damage during use; the wall may be breached by the hydrostat ic  

head on the walls due t o  accumulation of prec ip i ta t ion  and produced 

f l u i d s .  New exploration reserve p i t s  a re  generally constructed 

below-grade. Flow of gravel during a p i t  breach can choke or  cut off  

tundra streams, severely damaging o r  eliminating aquatic hab i t a t .  

83 API corrments I n  the Docket p e r t a i n  t o  AK 07. API discusses the relevance o f  the  Daphnia 

study t o  the  damage cases. 

84 References f o r  case c i t e d :  An I n  S ~ t u  Acute T o x i c i t y  Test w i t h  Daphn~a: A Promising 

Screening Tool f o r  F i e l d  B l o l o g ~ s t s ?  by E la ine  Snyder-Conn, U . S .  F i s h  and W l l d l i f e  Service. F i s h  

and W l  l d l  i f e  Enhancement, Fairbanks, Alaska, 1985. 

85 References f o r  case c i t e d :  E f f e c t s  o f  O i l  D r i l l i n g  F l u i d s  and Thei r  Discharge on F i s h  

and Waterfowl Habl ta t  i n  Alaska, U. S .  F i sh  and W i  l d l  l f e  Service, Columbia Nat ional  F lshery Research 

Laboratory, Jackson F i e l d  S ta t ion ,  Jackson. Wyoming, February 1986. 



The Awuna Test Wel l  No. 1, wh ich  i s  11,?00 f e e t  deep, i s  i n  t h e  N a t i o n a l  Pet ro leum Reserve i n  

Alaska (tiPRA) and was a s i t e  s e l e c t e d  f o r  c leanup o f  t h e  NPRA by t h e  U.S. Geo log i ca l  Survey 

(USGS) i n  1983. The s i t e  i s  i n  t h e  n o r t h e r n  f o o t h i l l s  o f  t h e  Brooks Range. The w e l l  was spud 

on February 29, 1980, and ope ra t i ons  were completed on A p r i l  20,1981. A s i d e  o f  t h e  rese rve  p i t  

berm washed out  i n t o  t h e  tund ra  d u r i n g  s p r i n g  breakup, a l l o w i n g  rese rve  p i t  f l u i d  t o  f l o w  on to  

t h e  tund ra .  As documented by t h e  USGS c leanup team, h i g h  l e v e l s  o f  chrom~um,  011, and grease 

have leached i n t o  t h e  s o l  1 downgradient f rom t h e  p i t .  Chromium was found a t  2 . 2  t o  3 .0  mglkg 

d r y  we igh t .  The h ~ g h  l e v e l s  o f  0 1  1 and grease may be f rom t h e  use o f  A r c t i c  Pack ( 8 5  pe rcen t  

d i e s e l  f u e l )  a t  t h e  we1 1 over  t h e  w i n t e r  o f  1980. The c leanup team no ted  t h a t  t h e  downslope 

s o i l s  were d i s c o l o r e d  and p u t r e f l e d ,  p a r t i c u l a r l y  i n  t h e  upper l a y e r s .  The pad i s  l o c a t e d  i n  a 

r u n o f f  area a l l o w i n g  f o r  e r o s i o n  of pad and p i t  i n t o  sur round ing t u n d r a .  A v e g e t a t i o n  kill area 

caused by rese rve  p ~ t  f l u l d  exposure i s  approx imate ly  equal  t o  h a l f  an a c r e .  Areas o f  t h e  d r l l l  

pad may remain ba r ren  f o r  many years  because o f  contaminat i o n  of  s o i  1 w i t h  s a l t  and 

hydrocarbons. The w e l l  s i t e  i s  i n  a c a r i b o u  c a l v i n g  area 86 (AK 1216' 

This type of reserve pit construction i s  no longer permitted under 

current A1 as ka regul at i ons . 

Waste Disposal on the North Slope 

Inspection o f  oil and gas activities and enforcement of State 

regulations on the North Slope is difficult, as illustrated by the 

following case: 

N o r t h  Slope Salvage, I n c .  (NSSI) opera ted a sa lvage bus iness ~n Prudhoe Bay d u r i n g  1982 and 

1983. Du r i ng  t h i s  t ime,  NSSJ accepted d e l i v e r y  o f  v a r i o u s  d i sca rded  m a t e r i a l s  f r om o i l  

p r o d u c t i o n  companies on t h e  N o r t h  Slope, i n c l u d i n g  more than 13,000 f i f t y - f i v e  g a l l o n  drums. 900 

o f  which were f u l l  o r  h e l d  more than r e s i d u a l  amounts o f  o i l s  and c h e m ~ c a l s  used i n  t h e  

development and recovery  o f  o i l .  The drums were stockpiled and managed by  NSSI I n  a manner t h a t  

a l l owed  t h e  d ischarge o f  hazardous substances. Whi le t h e  NSSI s t t e  may have s t o r e d  chemica ls  

and wastes f r om o t h e r  operations t h a t  suppor ted o i  1 and gas e x p l o r a t i o n  and p r o d u c t i o n  ( e . g . ,  

v e h i c l e  maintenance m a t e r ~ a l s ) ,  such s to rage  would have c o n s t i t u t e d  a v e r y  sma l l  percentage o f  

NSSI's t o t a l  i n v e n t o r y .  

86 API s t a t e s  t h a t  e x p l o r a t o r y  r e s e r v e  p i t s  must now be c losed  1 yea r  a f t e r  cessation of 

d r i l l l n g  o p e r a t i o n s .  EPA notes  t h a t  t t  i s  impor tant  t o  distinguish between e x p l o r a t o r y  and 

p r o d u c t i o n  r e s e r v e  p i t s .  P roduc t i on  rese rve  p i t s  a r e  permanent s t r u c t u r e s  t h a t  remain open as long 

as t h e  w e l l  o r  g roup o f  w e l l s  i s  p roduc ing .  Th i s  may be as l ong  as 20 yea rs .  

87 References f o r  case c i t e d :  F i n a l  W e l l s i t e  Cleanup on N a t i o n a l  Pet ro leum Reserve - 
Alaska, USGS, J u l y  1986. 



The s i t ~ a t i o n  was discovered by the Alaska Department of Envrronmental Conservat ion (ADEC) i n  

June 1983. A t  t h i s  t ime, the State o f  Alaska requested Federal enforcement, bu t  Federal a c t l o n  

was never taken. An inadequate cleanup e f f o r t  was mounted by N S S I  a f t e r  c o n f r o n t a t i o n  by ADEC. 

To preclude f u r t h e r  discharges o f  hazardous substances, ARC0 and Sonio p a i d  f o r  the cleanup 

because they were the  pr imary con t r ibu to rs  t o  the  s i t e .  Cleanup was completed on August 5 ,  
1983, a f t e r  58.000 ga l lons  o f  chemicals and water were recovered. I t  i s  unknown how much o f  the 

hazardous substances was c a r r i e d  I n t o  the tundra. The discharge consis ted o f  o i l  and a v a r i e t y  

o f  organic  substances known t o  be t o x i c ,  carcinoge'nic, mutagenic, o r  suspected o f  being 

carcinogenic o r  mutagenic (AK 1 0 ) ~ '  

Disposal of Dri 1 1  ins Wastes, Kenai Peni nsul a 

Disposal of drilling wastes is the principal practice leading to 

potential environmental degradation on the Kenai Peninsula. The 

following cases involve central ized facil i ties, both commercial and 

privately run, for disposal of drill ing wastes: 

Operators o f  the  S t e r l i n g  Special  Waste S i t e  have had a long h i s t o r y  of substandard 

moni tor ing,  having f a i l e d  dur ing 1977 and 1978 t o  c a r r y  out any w e l l  sampling and otherwise 

having performed on ly  i r r e g u l a r  sampling. T h ~ s  was i n  v i o l a t i o n  o f  ADEC permit requirements t o  

perform q u a r t e r l y  repor ts  o f  water q u a l i t y  samples from the moni tor ing w e l l s .  An i n t e r n a l  ADEC 

memo ( L . G .  E lph ic  t o  R.T. Wil l iams. 2 / 2 5 / 7 6 )  noted " . . .we  must not  f o r g e t . .  . t h a t  t h l s  i s  the  

S t a t e ' s  f i r s t  sanct ioned hazardous waste s l t e  and as such must recelve c lose observation dur lng  

i t s  initial operat ing per iod.  #.90 

A perml t  f o r  the s i t e  was re issued by ADEC i n  1979 despi te  knowledge by ADEC o f  lack o f  

e f f e c t i v e  ground-water monitoring. I n  J u l y  o f  1980, ADEC Engineer R .  Wi l l iams v i s i t e d  the  s i t e  

and f i l e d  a repor t  n o t i n g  tha t  the " . . . o p e r a t i o n  appears completely out o f  c o n t r o l . "  Mon i to r ing  

w e l l  samples were analyzed by ADEC a t  t h i s  t ime and were found t o  be i n  excess o f  d r i n k i n g  water 

standards f o r  i r o n ,  lead, cadmium, copper, z inc ,  arsenic ,  phenol, and o i l  and grease. One 

p r i v a t e  water w e l l  i n  the  v a c i n i t y  showed 0.4 ppb l , l , l - t r i c h l o r o e t h a n e .  The S t e r l i n g  School 
w e l l  showed 2 . 1  g/L mercury. (Subsequent t e s t s  show mercury concentrat ion below de tec t ion  

l i m i t s - - 0 . 0 0 1  mg/kg.) Both contaminat ion inc iden ts  are a l leged  t o  be caused by the S t e r l i n g  

Alaska Department o f  Environmental Conservation (ADEC) s ta tes  t h a t  t h i s  case " .  . .b an 

example o f  how t h e  o i l  i ndus t ry  inappropr ia te ly  considered the  limits of the exemption [under RCRA 

Sect i o n  30011 . " 

89 References f o r  case c r ted :  Report on the Occurrence, Discovery, and Cleanup o f  an 01  1 

and Hazardous Substances Discharge a t  Lease Tract  57,  Prudhoe Bay, Alaska, by J e f f  Mach - ADEC, 

1984. L e t t e r  t o  Dan Derkics, EPA, from Stan Hungerford, ADEC, 8/4/87. 

The term "hazardous waste s r t e "  as used i n  t h i s  memo does not  r e f e r  t o  a "RCRA S u b t i t l e  C 

hazardous waste s i t e . "  



Special Uaste Site. Allegations are unconf irmed by the ADEC. (AK 03) 91 

Practices at the Sterling site were in violation of the permit. 

This case involves a 45-acre gravel pit on Poppy Lane on the Kenai Peninsula used since the 
1970s for disposal of wastes associated with gas development. The gravel plt contains barrels 
of unidentified wastes, drilling muds, gas condensate, gas condensate-contaminated peat, 
abandoned equipment, and soil contaminated with diesel and chemicals. The property belongs to 
Union Oil Co., which bought it around 1968. Oumping of wastes in this area is illegal; reports 
of last observed dumping were in October 1985, as witnessed by residents ~n the area. 
In this case, there has been demonstrated contamination of adjacent water wells with organic 
compounds related to gas condensate (ADEC laboratory reports from October 1986 and ear 1 ~ e r )  . 
Alleged health effects on residents of neighboring properties include nausea, diarrhea, rashes, 
and elevated levels of metals (chromium, copper) in blood in two residents. Property values 
have been effectively reduced to zero for residential resale. A fire on the site on July 8, 
1981, was attributed to combustion of petroleum-related products, and the fire department was 
unable to extinguish it. The fire was allegedly set by people ~llegally dispos~ng of wastes in 
the pit. Fumes from organic liquids are noticeable in the breathing zone onslte. UNOCAL has 
been directed on several occasions to remove gas condensate in wastes from the site. Since June 
19, 1972, disposal of wastes regulated as solid wastes has been illegal at this site. The case 
has been actively under review by the State since 1981. (AK 01) 92 

References for case cited: Dames and Moore well monitoring report, showing elevated 
metals referenced above, October 1976. Dowl~ng Rice & Associates monitoring results, 1/15/80. and 
Mar Enterprises monitoring results, September 1980, provided by Walt Pederson, showing elevated 
levels of metals, 01 1 ,  and grease in ground water. Detailed letter from Eric Meyers to Glen Aikens, 
Deputy Comn~ssioner, ADEC, recounting permit history of site and fa1 lure to conduct proper 
monitoring, 1/22/62. Test ~mony and transcripts from Walt Pederson on pub1 ic forums complaining 
about damage to drinking water and mismanagement of site. ~kanscri~ts of waste logs of site from 
9/1/79 to 8120184, ind~cating only 264,436 bbl of muds received, during a period that should have 
generated much more waste. Letter from Howard Keiser to Union Oil, 12/7/81, indicating that 
" .  . .dr~lling mud IS b e ~ n g  disposed of by methods other than at the Sterling Special Waste Site and 
by methods that could possibly cause contaminat~on of the ground water." 

92 References for case cited: Photos showlng Illegal dumping in progress. Field 
investigations. State of Alaska Ind~vidual Fire Report on "petroleum dump," 7/12/81. File memo on 
s ~ t e  visit by Howard Keiser, ADEC Environmental Field Officer, in response to a complaint by State 
Forestry Officer, 7/21/81. Memo from Howard Keiser to Bob Martin on his objections to granting a 
permit to Union Oil for use of s ~ t e  as disposal site on basis of impairment of wildlife resources. 
7/28/83. Letter, ADEC to Union Oil, objecting to lack of cleanup of site despite notification by 
ADEC on 10/3/84. Analytical reports by ADEC indicating gas condensate contamination on site, 
8/14/84. EPA Potential Hazardous Waste Site Identification, indicating continued dumping as of 
8/10/85. Citizens' complaint records. Blood test indicating elevated chromium for neighboring 
res~dent Jessica Black, 1/16/85. Letter to Mike Lucky of ADEC from Union 011 conf irming cleanup 
steps, 2/12/85. Memo by Carl Reller, ADEC ecologist, indicating presence of significant toxics on 

site, 8/14/85. Minutes of Waste Disposal C o m n ~ s s ~ o n  meeting, 2/10/85. ADEC analytic reports 
ind~cating gas condensate at site, 10/10/85. Letters from four different real estate firms in area 
confirming inability to sell residential property in Poppy Lane area. Letter from Bill Lamoreaux, 
ADEC, to J. Black and R. Sizemore referencing h ~ g h  selenium/chromium in the ground water in the 
area. Miscellaneous technical documents. EPA Potential Hazardous Waste Site Preliminary 

Assessment, 21 12/87. 



These a c t i v i t i e s  are i l l ega l  under current Alaska regulat ions.  

MISCELLANEOUS ISSUES 

Improperl y Abandoned and Improperl y Pl ugged We1 1 s 

Degradation of ground water from improperly plugged and unplugged 

wells i s  known t o  occur in Kansas, Texas, and Louisiana. Improperly 

plugged and unplugged we1 1 s  enable native brine t o  migrate u p  the 

wellbore and into freshwater aquifers .  The damage sustained can be 

extensive.  

Probl ems a1 so occur when unidentified improperly pl ugged we1 1 s  a re  

present in areas being developed as secondary recovery pro jec ts .  After 

the formation has been pressurized fo r  secondary recovery, nat ive brine 

can migrate up. unplugged or improperly plugged we1 1 s ,  potenti a1 l y  causing 

extensive ground-water contamination with chlor ides .  

I n  1961. Gulf  and i t s  predecessors began secondary recovery operat ions i n  the East Gladys U n i t  

i n  Sedgwlck County, Kansas Our lng secondary recovery, water IS pumped ' ~ n t o  a  ta rge t  format ion 

a t  h i g h  pressure, enhancing o i l  production. Thls pumplng o f  water pressur izes the  format ion,  

which can a t  tlmes r e s u l t  i n  b r ines  being fo rced  up t o  the  sur face through unplugged o r  

Improperly plugged abandoned we l l s .  When Gu l f  began t h e l r  secondary recovery i n  t h i s  area, i t  

was w i t h  the knowledge t h a t  a  number o f  abandoned w e l l s  e x l s t e d  and cou ld  lead t o  escape o f  s a l t  

water l n t o  f r e s h  ground water.  

Gerald Blood a l leged  t h a t  three lmproperly plugged we l l s  i n  p r o x i m i t y  t o  the  Gladys u n i t  were 

the  source o f  f r e s h  ground-water contaminat \on on h i s  p roper ty .  M r .  Blood runs a  peach orchard 

i n  the  area. Apparent ly n a t i v e  b r l n e  had mlgrated from the nearby abandoned w e l l s  i n t o  the  

f r e s h  ground water from which M r .  Blood draws water f o r  domestlc and i r r i g a t i o n  purposes. 
Contamination o f  ~ r r l g a t i o n  we l l s  was f i r s t  noted by M r .  Blood when, i n  1970, one o f  h i s  t ruck  

gardens was k l l l e d  by i r r l g d t i o n  w l t h  s a l t y  water. B r lne  m l g r a t l o n  contamlnated two more 
i r r i g a t i o n  w e l l s  i n  the mid-1970s. By 1980, b r i n e  had contaminated the  i r r i g a t i o n  w e l l s  used t o  

i r r i g a t e  a  whole sec t ion  of M r .  Blood's land. By t h i s  time, adjacent landowners a l s o  had 

contaminated we l l s .  Mr. Blood l o s t  a  number o f  peach t rees  as a  r e s u l t  o f  the contamlnat lon o f  

h l s  i r r i g a t i o n  w e l l ;  he a lso  l o s t  the  use of h i s  domestlc w e l l .  



The Bloods sued G u l f  O i l  i n  c i v i l  c o u r t  f o r  damages sus ta ined  by t h e i r  f a rm  f rom c h l o r i d e  

con tam ina t i on  of  t h e i r  i r r l g a t l o n  and r e s i d e n t ~ a l  w e l l s .  The Bloods won t h e ~ r  case and were 

awarded an undisclosed amount o f  money.93 (KS 14)" 

Current UIC regulations prohibit contamination o f  groundwater. 

The potential for environmental damage through ground-water 

degradation is high, given the thousands of wells abandoned throughout 

the country prior t o  any State regulatory plugging requirements. 

I n  Uest Texas, thousands o f  o i  1  and gas we1 1s have been d r l  l l e d  ove r  t h e  l a s t  s e v e r a l  

decades, many o f  which were never p r o p e r l y  p lugged.  There e x l s t s  i n  t h e  subsur face o f  

t h l s  area a  geo log i c  f o r m a t i o n  known as t h e  Coleman Junction, w h ~ c h  c o n t a i n s  ex t reme ly  

s a l t y  n a t i v e  b r i n e  and possesses n a t u r a l  a r t e s i a n  p r o p e r t i e s .  S ince t h i s  f o r m a t i o n  i s  

r e l a t i v e l y  sha l l ow ,  most 0 1  1 and gas w e l l s  p e n e t r a t e  t h ~ s  format i o n .  I f  an abandoned 

w e l l  i s  n o t  p r o p e r l y  plugged, t h e  b r i n e  con ta ined  I n  t h e  Coleman J u n c t i o n  i s  under enough 

n a t u r a l  p ressu re  t o  r i s e  t h rough  t h e  improper ly  plugged w e l l  and t o  t h e  su r face .  

Accord ing t o  s c i e n t i f i c  da ta  developed over  s e v e r a l  years ,  and presented by Mr. Ra lph 

Hoelscher,  t h e  ground water  i n  and around San Angelo. Texas, has been seve re l y  degraded 

by t h i s  seepage o f  na t  l v e  b r ~ n e ,  and much o f  t h e  a g r i c u l t u r a l  l and  has absorbed enough 

s a l t  as t o  be nonp roduc t i ve .  Th i s  s i t u a t i o n  has c r e a t e d  a  h a r d s h i p  f o r  fa rmers  i n  t h e  

area.  The Texas R a i l r o a d  Comnlssion s t a t e s  t h a t  s o i l  and ground water  a r e  contamlnated 

. w i t h  c n l o r i d e s  because o f  t e r r a c i n g  and f e r t i l ~ z l n g  o f  t h e  l and .  Accord ing t o  Mr. , . 
Hoelscher,  a  l ong - t ime  farmer  i n  t h e  area,  l l t t l e  o r  no fertilizer 1s used I n  l o c a l  

a g r i c u l t u r e .  (TX 1 1 ) ' ~  

Improper abandonment o f  oil and gas wells is prohibited in the State 

of Texas.  

93 API s t a t e s  t h a t  damage i n  t h i s  case was b ro&h t  about by " o l d  , n j e c t ~ o n  p r a c t i c e s  " 

94 References f o r  case c l t e d :  U.S. D i s t r i c t  Court  f o r  t h e  d i s t r ~ c t  o f  Kansas, Memorandum 

and Order.  B lood vs .  G u l f ;  Response t o  Defendants '  Statement o f  Uncon t rove r ted  Fac ts ;  and Memorandum 

I n  Opposi t   on t o  Mot i o n  f o r  Sumnary Judgment. Means Labo ra to r l es ,  I n c .  , water  sample r e s u l t s .  

Department o f  Hea l t h .  D i s t r i c t  O f f i c e  t 1 4 ,  water  samples r e s u l t s .  Ex tens i ve  miscellaneous 
memoranda, l e t t e r s ,  a n a l y s i s .  

95 References f o r  case c i t e d :  Water a n a l y s i s  o f  Ra lph Hoelscher 's  d o m e s t ~ c  w e l l .  S o i l  

S a l l n i t y  Ana l ys l s ,  Texas A g r ~ c u l t u r a l  Ex tens ion Se rv i ce  - The Texas A&M University System, S o i l  

Tes t i ng  Labo ra to ry ,  Lubbock, Texas 79401. Photographs. Conversat lon  w l t h  Wayne F a r r e l l ,  San Angelo 

H e a l t h  Department. Conversat lon  w ~ t h  Ra lph Hoelscher ,  r e s i d e n t  and farmer .  



I n  t h e  1950s. o i l  was discovered I n  what 1s known as the  Yankee Canyon F l e l d ,  Texas, p roduc~ng  

from the Canyon Sand a t  about 4,000 f e e t .  I n  1958, the f i e l d  was converted t o  t h e  water f l o o d  

secondary recovery process. More than 50 w e l l s  were d r i l l e d  i n  t h i s  f i e l d  w i t h  o n l y  12 t o  15 o f  

the w e l l s  producing wh i le  the balance o f  the  o l d  we l l s  remain unplugged and abandoned. One 

w e l l  i s  located on a farm owned by J.K. Roberts and i s  about 200 yards from h i s  70- foot  deep 

domestic water w e l l .  Chlor ides i n  h i s  w e l l  have climbed from 148 ppm i n  1940 t o  3,080 ppm i n  

1970. M r .  Hoelscher be l leves t h a t  the unplugged abandoned w e l l  200 yards from M r .  Rober t 's  

water w e l l  i s  a l l ow ing  m i g r a t i o n  of s a l t  water i n t o  the  freshwater a q u i f e r .  Responding t o  

pressure from the  l o c a l  media and from M r .  Hoelscher, the Texas Ra i l road  Comiss ion  performed 

remedial work on a number o f  we l l s  i n  the  f i e l d  i n  the 1980s. (TX 15) .  9  6 

These scientific studies and the work of Mr. Hoelscher led t o  the 

formation of the Texas Rail road Commission we1 1 plugging fund. 

Ground-water degradation from improperly plugged and abandoned wells 

is also documented in Louisiana. The case cited below illustrates the 

impact improperly plugged or unplugged wells can have on agricultural 

land. This case demonstrates not only that high chloride produced water 

contamination of ground water from abandoned wells can cause significant 

crop damage, but also that the cost o f  conclusively identifying the 

source o f  contamination is high. 

Crow Farms, I n c . ,  the DpetatOr o f  the Ange l~na  P l a n t a t i o n  i n  Louisiana, i n i t i a t e d  a $7 m i l l i o n  , 

c i v i l  s u i t  against operators  o f  a c t i v e  and abandoned o i l  t e s t  we l l s ,  011 p r o d u c t ~ o n  w e l l s ,  and . 

an i n j e c t  ion we1 1, f o r  a  1 legedly causing progress ive loss o f  a g r i c u l t u r a l  revenue because o f  

n a t i v e  b r i n e  contaminat ion o f  ground water used t o  i r r i g a t e  1.7 square m i les  o f  r i c e ,  soybeans, 

and rye .  Analysis o f  t h e  s i t e  by p r i k a t e  t e c h n i c a l  consul tants  concluded t h a t  i t  w i l l  take 27 

years t o  res to re  the s o i l  and a longer p e r i o d  t o  res to re  the a q u i f e r .  

At l eas t  seven w e l l s  have a l leged ly  a f f e c t e d  the  ground water i n  the area, inc lud ing  two 

a c t i v e  o i l  product ion w e l l s  operated by Smith, Wentworth and Coqulna and f i v e  abandoned o i l  t e s t  

w e l l s  d r i l l e d  by Hughes & New O i l  Co. An extens ive study conducted by Ground-Water Management, 

I n c .  concluded t h a t  Crow Farms, I n c . ,  used' i r r i g a t i o n  w e l l s  contaminated by b r i n e  water from the  

01 1-producing format ion.  Crow Farms. I n c . ,  engaged Donald 0. Whittemore o f  the Kansas 

Geologica l  Survey t o  chemical ly  " f i n g e r p r r n t "  the wastes and con f i rm t h a t  the  produced water In 

96 References f o r  case c i t e d :  L e t t e r  from J. K.  Roberts o f  259 Robin Hood T r a i  1, San 

Angelo, Texas, t o  U.S. Army Engineer D i s t r i c t ,  Major C. A .  A l len ,  exp la in ing  the water w e l l  

contaminat ion; enclosed w i t h  l e t t e r  are sampling r e s u l t s  f rom the  water w e l l .  SW Laborator ies,  

sampl~ng repor ts  from 6/8/70. L e t t e r  from E . G .  Long. Texas Water Q u a l i t y  Board t o  L.D. Gayer, 

a t to rney  f o r  M r .  Roberts exp la in ing  t h a t  case w i l l  be forwarded t o  the  Texas Ra i l road  Cormission. 

L e t t e r  and sampling repor t  from F.B. Conselman, consu l t i ng  j e o l o g i s t  t o  W .  Marschal l ,  exp la in ing  

sample r e s u l t s  and recornendat ions.  



the lrrigation water originated in the oil-producing forrnatlon. This produced water traveled 
up unplugged or impi.operly plugged wells or down the annulus of producing kells, leaking into 
the freshwater aquifer used ior Irrigation, thereby contaminating the aqu~fer with chlorlde 
levels beyond the tolerance levels of the crops. Records of the case state, "Surface casings 
may not have been properly cemented into the Tertiary clays underlying the alluvial fresh water 
aquifer. If these casings were not proper l y  cemented, brine could percolate up the outside of 
these casings to the fresh water aquifer at an oil or gas well test location where Improper 
abandonment procedures occurred. Any produced water in contact with steel caslngs wili rapidly 
corrode through the steel wall thickness gaining cormunication with the origlnal bore hole." 

Crow F a r m  has spent in excess of $250,000 In identifying the source of ground-water 
degradation. The case is pending " (LA 651~' 

Under UIC r e g u l a t i o n s ,  c o n t a n i i n a t i o n  o f  g round  w a t e r  i s  p r o h i b i t e d .  

Contamination o f  Ground Water with Hydrocarbons 

I m p r o p e r l y  comple ted  o i l  and g a s  w e l l s  can  l e a k  h y d r o c a r b o n s  i n t o  

f r e s h w a t e r  a q u i f e r s  and c a u s e  c o n t a m i n a t i o n  o f  pub1 i c  d r i n k i n g  w a t e r  

s u p p l i e s .  

The Flora Vlsta Water Usi.rs Associatian. Flora V~sta. New Mexico, operates a cormunity water 
system th3t serves 1,500 residents and small businesses. The Association began operation of the 
system, in 1983 with two wells. each capable of delivering 60 to 70 gallons per minute. In 1980, 

Manana Gas. Inc., drilled the Mary Vheeler No. 1-E and began producing natural gas'and 01 1 on a 
production slte less than 300 feet frcm one of the Flora Vista water wells. In 1983, one Flora 
Vista w.tter supply well became contaminated w ~ t h  oil and grease, allegedly by the Mandna Gas 
well, and ~ J S  taken out of servlce. After eitenslve testing and ~nvestigation, the New Mexlco 
Oil Conservation Division concluded that the M~nana Gas well was the source of 0 1 1  and grease 
contamination of the Flora Vista water well. The Conservation Div?slon invest~gatlan Included 

97 Conlnents in the Docket from Louisiana's Off ice of Conservation pertain to LA 65. The 

Office of Conservation states that "...the technical evidence that has been gathered and is being 
presented by Angelina is currently belng refuted by the defendant oi 1 companies." One defendant oi 1 
company hypotheslses that " . . .  Bayon Cocodrie was the source of the contamination based on a review 
of data presented by Angel~na at the hearing." Another defendant oil company states that " . . .  
saltwater was present, as an occurrence of nature, in the base of the Mississippi River Alluvial 
Aqulfer" and ". . . excessive pumpage could result rn upconing bringing t h ~ s  salt water to the 
surface." 

References for case cited: Brine Contarninat ion of Angel ina Plantation. Concordia Parish, 
Louisiana, by Groundwater Management, Inc.; includes extensive tables, testing, maps, figures, 

8/25/86. Geochemical Identif~cation of the Salt Water Source Affecting Ground Water at Angelina 
Plantation, Concordia Parish. Louisiana, by D .  0 .  Whitternore, 4/86. Calculated Chloride 
Distr~bution and C~lculated Plume, Soil Testing Engineers, Inc., 1986. 



water ana lys ls  on a f fec ted  water we l l s  and on f l v e  monitoring w e l l s  as w e l l  as pumplng t e s t s  
t o  ascer ta in  the  source o f  the contamination. Although the gas w e l l  l i e s  downgradient from the 

water w e l l ,  i t  was demonstrated tha t  pumping o f  the water w e l l  drew the o i l  and grease 

upgradient ,  thus contaminat ing the  water w e l l .  Water now has t o  be purchased from the  town o f  

Aztec and piped t o  F l o r a  V is ta .  There i s  no i n d ~ c a t ~ o n  i n  r e p o r t s  t h a t  the production w e l l  

responsib le  f o r  t h i s  contaminat ion has been shut down o r  reworked t o  prevent f u r t h e r  

contaminat ion o f  ground water.  The State asser ts  tha t  very recent work done a t  the  s i t e  has 

determined the  source o f  contaminat~on t o  be a dehydrator located near the product ion 

( N M  0 3 ) l o 0  

State regulations prohibit contamination of ground water. 

Led County, New Mexico, has been an area of major hydrocarbon product ion f o r  a number o f  

decades. O i l  f ~ e l d  contaminat ion o f  freshwater sources became apparent as e a r l y  as the  1950s. 

Contamination o f  the freshwater aqu l fe r  has r e s u l t e d  from sur face waste p i t  seepage and seepage 

from product ion and i n j e c t i o n  w e l l  casings. Leakage o f  o i l  f rom o i l  product Ion w e l l  casings has 

been so great i n  some areas as t o  a l low ranchers t o  produce o i l  from the top  o f  the  Ogal la la  

a q u i f e r  using w indm>l l  pumps attached t o  contaminated water w e l l s  Approximately 400,000 b a r r e l s  

o f  o i l  have been pumped o f f  the top of the Ogal la la  aqui fer  t o  date,  al though p roduc t ion  1s 

decreasing because o f  r e p a i r s  o f  large leaks I n  o i l  product ion we l l s .  Over 120 domestic water 

we l l s  i n  the area have been so ex tens ive ly  contaminated w i t h  o i l  and b r i n e  as t o  preclude 

f u r t h e r  use o f  the w e l l s  f o r  domestic o r  i r r i g a t i o n  purposes. Many res iden ts  have been us ing 

b o t t l e d  water f o r  a decade o r  more as a r e s u l t  o f  the contaminat ion. (NU 0 4 ) l o 1  

State regulations prohi b.i t contamination of ground water. 

Oil Spills in the Arctic 

Spills of crude oil and hydrocarbon products constitute a potential 

source of long-term environmental damage in the Arctic. A1 though spi 1 1  s 

may be small in volume when compared to the total volume of oil and gas 

produced on the North Slope, impacts of oil spills in the Arctic are more 

long-term and far-reaching than in more temperate climates. Spills 

99 ~omnents i n  the Docket by the  Governor o f  New Mexico p e r t a i n  t o  NM 03. The Governor 

s ta tes  t h a t  the case i n c o r r e c t l y  c i t e s  the gas w e l l  as the source o f  hydrocarbon contaminat ion and 

comnents t h a t  another OGC r e p o r t  s p e c i f i c a l l y  e l im ina ted  the  gas w e l l  because o f  " . . . f u l l y  cemented 

sur face cas ing extending t o  a depth o f  over 220 fee t . "  The New Mexico O i l  and Gas Comnission i s  

s t  i 11 i n v e s t i g a t i n g  the  source o f  contaminat ion .  

loo References f o r  case c i t e d :  F i n a l  Report On F lo ra  V ls ta  Contam~nat ion Study, October 
1986, prepared by David G. Boyer, New Mexico O i l  Conservation D i v i s i o n .  Water ana lys is  r e s u l t s  o f  

the F l o r a  V is ta  Well f i e l d  area. 

lo' References f o r  case c i t e d :  Sampling data from r e s i d e n t i a l  w e l l s  i n  Ogal la la  a q u i f e r  i n  
Lea County, N.M. Report: Organic Water Contaminants i n  New Mexico, by Dennis McQui l lan,  1984. 

Windmil ls I n  the 011 F i e l d ,  by J o l l y  Schram. c i r c a  1965. 



are endemic t o  a l l  o i l  and gas operations,  and in the harsh North Slope 

climate, cer ta in  levels  of sp i l lage  can be expected despi te  the vigilance 

o f  operators.  I n  1986, there  were a  to t a l  of 425 reported s p i l l s  on the 

North Slope. 102 

From 1971 t o  1975, a  study was done f o r  the Department o f  the I n t e r i o r  by i n d i v i d u a l s  from 

Iowa State U n ~ v e r s i t y  concerning water b i r d s ,  t h e l r  wetland resources, and the development o f  

o i l  a t  Storkersen Point  on the  North Slope o f  Alaska. The area i s  c l a s s l f  led as an a r c t l c  

wetland. Contained i n  the study area was a  capped o i l  w e l l  (owner o f  w e l l  not mentioned). 

Adjacent t o  the capped o i l  w e l l  was a  pond tha t  had been severely p o l l u t e d  dur ing the  d r i l l i n g  

o f  t h i s  w e l l .  Damage i s  sumnarized ~n  the study as fo l l ows :  

"The r e s u l t s  o f  severe 011 p o l l u t i o n  are ind ica ted  by the des t ruc t ion  o f  a l l  i nver tebra te  and 

p l a n t  l r f e  i n  the contaminated pond a t  the Storkersen Point w e l l ;  the basin i s  useless t o  water 

b i r d s  fo r  food, and the contaminated sed~ments con ta ln  p o l l u t a n t s  which may spread t o  adjacent 

wet lands. Petroleum compounds ~n  bottom sediments break down s lowly,  espec ia l l y  i n  c o l d  

c l imates,  and o i l - l o a d e d  sed~ments can be l e t h a l  t o  important and abundant midge larvae,  and 

small sh r imp- l i ke  crustaceans. Repopulation o f  waters over p o l l u t e d  sediments by f ree-sw~mning 

inver tebrates i s  u n l i k e l y  because most aquatic inver tebrates w i  11 be subjected t o  contact  d i t h  

t o x i c  sed~ments on the  bottom o f  wetlands dur ing  the egg o r  overwinter ing stage o f  t h e i r  l l f e  

cyc le .  Unfor tunate ly ,  human- induced change may create permanent damage before we can study. 

assess, and p r e d i c t  the compl icat ions.  F i r s t  order damage r e s u l t i n g  from o i l  development w l l l  

be d i r e c t  e f f e c t s  of o i l  p o l l u t i o n  on vegetat ion and wetland systems. 011 s p i l l s  almost 

anywhere i n  t h t s  area where slopes are gradual and drainage pa t te rns  i n d e f i n i t e ,  cou ld  r e s u l t  i n  

the deposi t ion o f  0 1  1  i n  many baslns ddr lng the  sp r ing  thaw when mel t  water f lows over the 

impermeable tundra surface. Any major reduct ion o f  food organisms through degradation o f  

p re fe r red  hab l ta ts  ,by i n d u s t r i a l  act  l v i t y  w i  11 be detrimental t o  l o c a l  aquat l c  b l r d  

populations." (AK 09)lo3 

Provisions fo r  hand1 ing o i l  s p i l l s  are  covered in A1 aska regulat ions.  

lo2 Standard Alaska I n c .  comnents t h a t  sp l  11s are not  unique t o  the  A r c t i c  and tha t  t h i s  

case i s  out o f  date. The company bel ieves the inc lus ion  o f  t h i s  case exaggerates the  lmpact o f  o i l  

s p i l l s  i n  the  A r c t i c .  

lo3 References f o r  case c i t e d :  Water B i rds and Thel r  Wet land Resources i n  Re la t ion  t o  01 1  

Development a t  Strokersen Po in t ,  Alaska, Uni ted States Department o f  t h e  I n t e r i o r .  F i s h  and W i l d l i f e  

Service. Resource Pub1 i c a t  i on  129, 1977. 



CHAPTER V 

R I S K  MODELING 

INTRODUCTION 

This chapter summarizes the methods and r e su l t s  of a r i sk  analysis  of 

cer ta in  wastes a s s o c i ~ t e d  with the onshore exploration, development, and 

production of crude o i l  and natural gas. The r i sk  analysis  r e l i e s  

heavily on the information developed by EPA on the types,  amounts, and 

cha rac te r i s t i c s  of wastes generated (summarized in Chapter 11) and  on  
waste management pract ices  (summarized in Chapter 111). In addi t ion,  

t h i s  quant i ta t ive  modeling analysis was intended t o  comp1en;ent EPA's 

darnage case assessment (Chapter IV). Because the scope.of the model 

e f f o r t  was 1 imited, some of the types of damage cases kcported in 

Chapter IV are  not addressed here. On the other hand, the r i s k  modeling 

of ground-water pathways covers the potential  fo r  cer ta in  more subt1.e or 

long-term r i sks  tha t  might n o t  be evidenced in the contemporary damage 

case f i l e s .  The methods and r e su l t s  of the r i sk  analysis  are  documented 

in de ta i l  in a supporting EPA technical report  (USEPA 1987a). 

EPA's r i s k  model ing study estimated releases  o f .  contaminants from 

selected o i l  and gas vastes  into ground and surface waters, modeled f a t e  

and t ransport  of these contaminants, and estimated potential  exposures, 

health r i s k s ,  and environmental impacts over a 200-year modeling period. 

The study was not designed t o  estimate absolute leve ls  of national o r  

regional r i s k s ,  but r a the r  t o  invest igate  and compare potent ia l  r i s k s  

under a wide variety of conditions.  

Object ives  

The main object ives  of the r i s k  analysis were t o  (1) character ize and 

c l a s s i fy  the m a j ~ r  r i s k - i n f l  uencing fdc tors  ( e . g . ,  waste types, waste 



management practices, environmental settings) associated with current 

operations at oil and gas facilities;' (2) estimate distributions 

of major risk-influencing factors across the population of oil and gas 

facilities within various geographic zones; (3) evaluate these factors in 

terms of their relative effect on risks; and (4) develop, for different 

geographic zones of the U.S., initial quantitative estimates of the 

possible range of baseline health and environmental risks for the variety 

of existing conditions. 

Scope and Limitations 

The major portion of this risk study involved a predictive 

quantitative model ing analysis focusing on 1 arge-vol ume exempt wastes 
managed according to general ly prevai 1 ing industry practices. EPA a1 so 

examined (but did not attempt quantitative assessment of) the potential 

effects of oil and gas wastes on the North Slope of A!aska, and reviewed 

the locztions of oil and gas activities relative to certain environments 

of special interest, including endangered species habitats, wetlands, and 

public lands. 

Specifically, the quantitative risk modeling analysis estimated 
long-term human health and environmental risks associated with the 

disposal of drilling wastes in onsite reserve pits, the deep well 

injection of produced water, and the direct discharge of produced water 
from stripper wells to surface waters. These wastes and waste management 

practices encompass the major waste streams and the niost common management 

practices within the scope of this report, but they are not necessarily 

those giving rise to the most severe or largest number of damage cases of 

the types presented in Chapter IV. For risk modeling purposes, EPA 
generally assumed full compliance with applicable current State and 

References i n  t h i s  chapter t o  o i l  and gas f a c i l ~ t i e s ,  s i t e s ,  o r  activities r e f e r  t o  

exploration, developnent, and product ion operat ions.  



Federal regulations for the practices studied. Risks were not modeled 
for a wide variety of conditions or situations, either permitted or 
illegal, that could give rise to damage incidents, such as waste spills, 

land application of pit or water wastes, discharge of produced salt water 

to evaporation/percolation pits, or migration of injected wastes through 

unplugged borehol es. 

In this study, EPA analyzed the possible effects of selected waste 

streams and management practices by estimating risks for model 

scenarios. Model scenarios are defined as hypothetical (but realistic) 

con~binations of variables representing waste streams, management 

practices, and environmental settings at oil and gas facilities. The 

scenarios used in this study were, to the extent possible, based on the 

range of conditions that exist at actual sites across the U.S. EPA 

developed and analyzed more than 3,000 model scenarios as part of this 

analysis. 

€PA also estimated the geographic and ~ a s t e  practice frequencies of 

occurrence of the model scenarios to account for how well they represent 

actual industry conditions and to account far important variations in oil 

and gas operations across different geographic zones of the u.s.' These 

frequencies were used to weight the model results, that is, to account 

for the fact that some scenarios represent more sites than others. 

However, even the weighted risk estimates should not be interpreted as 
absolute 1 - i  sks for real facil i ties because certain major ri sk-influencing 
factors were not modeled as variables and because the frequency of 

occurrence of fai 1 ure/rel ease modes and concentrations of toxic 
constitu~nts were not available. 

' The 12 zones used in the risk assessment are identical to the zones used as p a r t  of EPA 's  

waste sampling and analysis study (see Chapter I I ) ,  with one exception: zone 1 1  (Alaska) was divided 
into zone 11A representing the North Slope and zone 110 representing the Cook Inlet-Kenai Peninsula 

area. 



A  p r i n c i p a l  l i m i t a t i o n  o f  t h e  r i s k  a n a l y s i s  i s  t h a t  EPA had o n l y  a  

r e 1  a t i v e l y  sma l l  sample s e t  o f  waste c o n s t i t u e n t  c o n c e n t r a t i o n  d a t a  f o r  

t h e  was te  streams under  s tudy .  As a  r e s u l t ,  t h e  Agency was u n a b l e  t o  

c o n s t r u c t  r e g i o n a l  e s t i m a t e s  o f  t o x i c  c o n s t i t u e n t  c o n c e n t r a t i o n s  o r  a  

n a t i o n a l  f requency  d i  s t r i  b u t  i o n  o f  c o n c e n t r a t i o n s  t h a t  c o u l d  be d i r e c t l y  

r e l a t e d  t o  o t h e r  key geophys i ca l  or- waste management ' v a r i a b l e s  i n  t h e  

s tudy .  P a r t l y  because o f  t h i s  d a t a  l i m i t a t i o n ,  a l l  model s c e n a r i o s  

d e f i n e d  f o r  t h i s  s tudy  were ana lyzed  under  two d i f f e r e n t  s e t s  o f  

assumpt ions:  a  " b e s t - e s t i m a t e n 3  s e t  o f  assumpt ions and a  " c o n s e r v a t i v e "  

s e t  o f  assumpt ions.  The b e s t - e s t i m a t e  and c o n s e r v a t i v e  s e t s  o f  assumpt ions 

a r e  d i s t i n g u i s h e d  by d i f f e r e n t  waste c o n s t i t u e n t  c o n c e n t r a t i o n s ,  d i f f e r e n t  

t i m i n g  f o r  r e l e a s e s  o f  d r i l l i n g  waste and produced wa te r ,  and, i n  some 

cases, d i f f e r e n t  r e l e a s e  r a t e s  ( see  t h e  l a t e r  s e c t i o n s  on model s c e n a r i o s  

and model p rocedures  f o r  more d e t a i l ) .  The b e s t - e s t i m a t e  assumpt ions 

r e p r e s e n t  a  s e t  o f  c o n d i t i o n s  which,  i n  EPA's judgment,  b e s t  c h a r a c t e r i z e  

t h e  i n d u s t r y  as a  whole,  w h i l e  t h e  c o n s e r v a t i v e  assumpt ions d e f i n e  

h i g h e r - r i s k  ( b u t  n o t  w o r s t - c a s e )  c o n d i t i o n s .  I t  i s  i m p o r t a n t  t o  c l a r i f y  

t h a t  t h e  b e s t - e s t i m a t e  and c o n s e r v a t i v e  assumpt ions a r e  n o t  n e c e s s a r i l y  

based on a  comprehensive s t a t i s t i c a l  a n a l y s i s  o f  t h e  f r equency  o f  

occu r rence  o r  a b s o l u t e  range o f  c o n d i t i o n s  t h a t  e x i s t  ac ross  t h e  i n d u s t r y ;  

i n s t e a d ,  t h e y  r e f l e c t  EPA's b e s t  judgment o f  a  r easonab le  range  o f  

c o n d i t i o n s  based on a v a i l a b l e  d a t a  ana lyzed  f o r  t h i s  s tudy .  

Ano ther  ma jo r  l i m i t a t i ~ n  o f  t h e  s t u d y  i s  t h e  gene ra l  absence o f  

e m p i r i c a l  i n f o r m a t ' o n  on t h s  f requency ,  e x t e n t ,  and d u r a t i o n  o f  waste 

r e l e a s e s  f r om t h e  o i l  and gas f i e l d  management p r a c t i c e s  under  

c o n s i d e r a t i o n .  As d e s c r i b e d  below, t h i s  s tudy  used a v a i l a b l e  e n g i n e e r i n g  

judgments r e g a r d i n g  t h e  n a t u r e  o f  a  v a r i e t y  o f  f a i l u r e / r e l e a s e  mechanisms 

f o r  was te  p i t s  and i n j e c t i o n  w e l l s ,  b u t  no assumpt ions were made 

As used here, the term best e s t ~ m a t e  1s d i f f e r e n t  from the s t a t i s t i c a l  concept c f  maxlmum 

1iAel lhood (1 .e . .  best )  est lrnate. 



eregarding the r e l a t ive  frequency or probabili ty of occurrence of such 

f a i  1  ures . 

Although E P A  believes tha t  the scenarios analyzed are r e a l i s t i c  and 

representative,  the r i s k  modeling for  both s e t s  of scenarios incorporated 

cer ta in  assunptions that  tend t o  overestimate r i s k  values. For example, 

fo r  the health r i s k  estimates i t  was assumed tha t  individuals ingest 

u n t r e ~ t e d  contaminated water over a  l i fe t ime,  even i f  contaminant 

concentrations were t o  exceed concentrations a t  which an odor or t a s t e  i s  

detectable .  I n  addition, ingested concerltrations were assunled to  equal 

the estimated center l i n e  ( i . e . ,  highest)  concentration in the 

contaniinant plume. 

Other features  of the study tend t o  resu l t  in underestimation of 

r i sk .  For exarnple, the analysis  focuses on r i sks  associated with 

d r i l l i n g  or  production a t  s ingle  o i l  o r  gas wells,  ra ther  than on the 

r i sks  associated with multiple wells cluster.ed in a  f i e l d ,  which could 

r e su l t  in grea ter  r i sks  and impacts because of overlapping e f f e c t s .  

Also, the analysis  does not account f o r  natural or  other  source 

background levels  of chemical const i tuents  which, when combined with the 

contamination leve ls  from o i l  and gas a c t i v i t i e s ,  could r e su l t  in 

increased r i s k  l eve l s .  

QUANTITATIVE RISK ASSESSMENT,METHODOLOGY 

EPA c~nducted  the quant i ta t ive  r i s k  assessmmt through a  four-s tep 

process (see Figure V - 1 ) .  The f i r s t  th ree  s teps- -col lec t ion  of input 

da ta ,  specif icat ion of model scenarios,  and development of modeling 

procedures--are described in the following subsections.  The l a s t  s t ep ,  

estimation o f  e f f e c t s ,  i s  described in subsequent sect ions of t h i s  

chapter t h a t  address the quant i ta t ive  model ing r e s u l t s .  
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Input Data 

EPA collected three main categories of input data for the 

quantitative modeling: data on waste volumes and constituents, waste 

management practices, and environmental settings. Data on waste volumes 

were obtained from EPA's own research on sources and volumes of wastes, 

supplemented by the results of a survey of oil and gas facilities 

conducted by the American Petroleum Institute (API) (see Chapter 11). 
Data on waste constituents were obtained from EPA's waste stream chemical 

analysis study. The results of EPA's research on current waste 
manayenlent practices, supplemented by API's studies (see Chapter 111), 

were the basis for defining necessary input parameters concerning waste 

managenlent practices . Data needed to characterize environmental settings 

were obtained from an analysis of conditions at 266 actual drilling an3 

production locations sampled from areas with high levels of oil and gas 

activity (see USEPA 1987a, Chapter 3, for more detail on the sample 
selection and analytical methods). 

Model Scenar i os 

The model scenarios in this analysis are unique combinations of the 

variables used to define waste streams, waste management practices, and 

environmental settings at oil and gas facilities. Although the model 

scenarios are hypothetical, they were designed to be: 

Representative of actual industry conditions (they were 
developed using actual industry data, to the extent avai 1 abls) ; 

Broad in scope, covering prevalent industry characteristics but 
not necessarily all sets of conditions that occur in the industry; 
and 

Sensitive to major differences in environmental conditions (such 
as rainfall, depth to ground water, and ground-water flow rate) 
across various geographic zones of the U.S. 



As illustrated in Figure V-2, EPA decided to focus the quantitative 

analysis on the human health and environmental risks associated with 

three types of environmental releases: leaching of drilling waste 

chemical constituents from onsite reserve pits to ground water below the 

pits (drilling sites); release of produced water chemical constituents 

from underground injection well s to surface aqui fers4 (production 

sites); and direct discharge of produced water chemical constituents to 

streams and rivers (stripper well production sites). 

Chemical Constituents 

EPA used its waste sampling and analysis data (described in 

Chapter 11) to characterize drilling wastes and produced water for 

quantitative risk modeling. Based on the available data, EPA could not 

develop separate waste stream characterizations for various geographic 

zones; one set of waste characteristics was used to represent the 

nation. The model drill ing waste rebresents only water-based drill ing 

muds (not oil -based muds or wastes from air drilling), which are by far 

the most prevalent dril'l ing mud type. Also, the model drilling waste 

does not represent one specific process waste, but rather the combined 

wastes associated with well drilling that generally are disposed of in 

reserve pits. 

For both drilling wastes and produced water, EPA used a systematic 

methodol ogy to select the chemical constituents o f  waste streams 1 i kely 

to dominate risk estimates (see USEPA 1987a, Chapter 3, for a detailed 

description of this methodol ogy) . The major factors considered in the 

chemical selection process were (1) median and maximum concentrations in 

For the purpose of this report, a surface aquifer is def lned as the geologic unit nearest 
the land surface that transmits sufficient quantities of ground water to be used as a source of 

drinking water. It is distinguished from aquifers at greater depths, which may be the injection zone 
for an underground injection well or are too deep to be generally used as a drinking water source. 
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the waste samples; (2) frequency of detection in the waste samples; 

(3) mobility in ground wzter; and (4) concentrations at which-human 

health effects, aquatic toxicity, or resource damage start to occur. 

Through this screening process, EPA selected six chemicals for each waste 
type that were likely to dominate risk estimates in the scenarios 

modeled. For each selected chemical, two concentrations were determined 

from the waste characterization data. The 50th percentile (median) was 

used to set constituent concentrations for a "best-estimate" waste 

characterization, while the 90th percentile was used for a "conservative" 
waste characterization. The selected chemicals and concentrations, shown 

in Table V-1, served as model waste streams for the quantitative risk 

analysis . 

Of the chemicals selected, arsenic and benzene were modeled as 

potential carcinogens. Both substances are rated as Group A in EPA's 

weight-of-evidence rating system (i.e., sufficient evidence of 

carcinogrnici ty in humans). Soroe scientists, however, be1 ieve that . 

arsenic may not be carcinogenic and nlay be a necessary element at low 
levels. Sodium, cadmium, and chromium VI were modeled for 
noncarcinogenic effects. The critical (i.e., most sensitive) health 

effects for these constituents are hypertension for sodium and liver and 

kidney damage for cadmium and chromium VI. It is emphasized that the 

effect threshold for sodium used in this analysis was based on potential 

effects in the high-risk (not general) population. (The level used is 
slightly higher than EPA's 20 mg/L suggested guidance level for drinking 
water.) The high-risk population is defined to include individuals with 

a genetic predisposition for hypertension, pregnant women, and 
hypertensive patients. Finally, boron, chloride, sodium, cadmium, 

chromium VI, and total mobile ions were modeled for their potential 
aquatic toxicity and resource damage effects. Table V - 2  lists the cancer 

potency factors and effects thresholds used in the study. 



Table V - 1  Model Constituents and ~oncentratlons~ 

Concent rat ions 

Produced water Median Upper 902 

constituents (mg/L) (m9; L 

Arsenic 0.02 1.7 
Benzer~e 0 47 2.9 
Boron 9 3 120 
Sod i um 9,400 67,000 
Chloride 7,300 35,000 
Mobile ions b 23,000 110,000 

Drilling wdste pit liq~i~cis ~ , t  s o i l d s j ~ c ~ ~ ~  pit so1ids,/direct 
(water-based) Median Upper 90% Median Upper 90% Median Upper 90% 
const >tuents [mgil [mg/L) (mg/kg) 

krsen IC 0.0 0.16 0 . 0  0. 0 0 2 ~  0.0 0.010 
Cadmium 0.056 1.4 0.011 0.29 2.0 5.4 
Sod i um 6,700 44,000 1. 200e 4, 4 0 0 ~  8,500 59,000 
Chloride 2,500 39.000 2, OOof 11, OOof 17,000 8d,000 
Chi-o~n~um V I  0.43 290 0 0.78 2 2 190 
Mobile ions 17,000 95,000 4,000 16,000 100,000 250.000 

 h he median constituent concsntrations from the relevant sdmples in the EPA waste sampling/ 
analysis study were used for a "best-estimate" waste charactsrization, and the 90th percentile 
concer~trations were used for a "conservative" haste characterization (daxa source. USEPA 1987b). 

b~obile Ions include chloride, sodium, potassium, calc~um, magnesium, and sulfate. 

'TCLP = toxicity ch~racterist ic leaching procedure. 

d ~ p p e r  90th percentile arsenic values estimated bdsed on detect ion 1 imit. 

e ~ r e l  iminary examinat ions indicate that the sodium TCLP values may overestimate the actual 
ledchable sodiuni concentrat ions in reserve pit samples. The accuracy of these concentrat ions is the 
subject of an ongolng evaluation. 

f~hlorlde TCLP values are est~mated based on sodl~m data. 



Table V - 2  T o x i c i t y  Parameters and Ef fects  ~ h r e s h o l d s ~  

Cancer Human noncancer 

Mode 1  potency f a c t o r  threshold Aquatic t o x i c i t y  Resource damage 

cons t i tuen t  (ms,'kd-d)-I (mg/~g-d )  threshold (mg/L) th resho ld  (mgiL) 

Benzene 

Arsenic 

Sod i urn 

Cadmi urn 

Chromium V 1  

Chlor lde 

Boron 

T o t a l  mobl le  

ions d  

N A ~  

N A 

83.4 

0.00066 

0  Oil 

tJA 

N A 

a ~ e e  USEPA 1987a f o r  d e t a i  l ed  d e s c r i p t i o n  and documentat i on .  

b~~ = not appl icable;  Ind icates t ha t  an e f f e c t  type was not modeled f o r  a s p e c i f i c  chemical.  

' ~ o t  considered carc lnogenic by the ora 1  exposure rou te .  

d ~ e p r e s e n t s  t o t a l  mass o f  ions mcbi le  i n  ground water.  

e ~ o r  surface water o n l y  (assumes a background l e v e l  o f  65 mg/L and a th resho ld  l i m i t  o f  400 

mg/L) . 

f ~ o r  ground water o n l y .  



The chemicals selected for  r i sk  modeling d i f f e r  from the const i tuents  

of potential  concern ident i f ied  in Chapter I1 fo r  a t  l e a s t  three 

in~portant reasons. F i r s t ,  the analysis in Chapter I1 considers the 

hazards of the waste stream i t s e l f  b u t ,  urllike the select ion process used 

fo r  t h i s  r i s k  analysis ,  does not consider the potential  for  waste 

const i tuents  t o  migrate through ground water and r e s u l t  in exposures a t  

d i s t an t  locat ions.  Second, cer ta in  const i tuents  were selected based on 

t h e i r  poterltial t o  cause adverse environmental ( a s  opposed t o  human 

heal th)  e f f e c t s ,  while the analysis in Chapter I1 considers only human 

health e f f ec t s .  Third, frequency of detection was considered in 

select ing const i tuents  fo r  the r i s k  modeling b u t  was n o t  considered in 

the Chapter 11 analysis .  

Waste Mznaqement Practices 

Three general waste management pract ices  were considered i n  t h i s  

study: ons i te  reserve p i t s  f o r  d r i l l i n g  waste; underground .injection 

wells for  produced water; and d i r ec t  discharge of produced water t o  

r ivers  and  streams ( f o r  s t r ippe r  wells on ly ) .5  EPA considered the  

underground in jec t icn  of produced water in disposal wells and 

waterflooding we1 l ~ . ~  The design cha rac te r i s t i c s  and parameter values 

modeled f o r  the d i f f e ren t  waste management pract ices  are  presented in 

Tables V-3 and V - 4 .  These values were developed from an evaluation of 

EPAts and API 's  waste volume data +(see Chapter 11) and waste management 

pract ice survey r e s u l t s  (see Chapter 111) for  the nation as a whole. 

A t  present, there are no Federal effluent guidelines for stripper wells (1.e.. c ; ~  l wells 

producing less than ten barrels of crude oi 1 per day), and, under Federal law, these wells are allowed 
to discharge directly to surface waters subject to certain restrictions. Most other onshore oil and 

gas facilities are subject to the Federal zero-discharge requirement. 

Waterflooding is a secondary recovery method in which treated fresh water, ssawater, or 

produzed wdter is injected into a petroleum-he~ring formation to help maintain pressure and to displace 

a portion of the remaining crude oil toward production wells. lnjeciion wells used for wdterflooding 

may have different designs, operatir,g practices, and economic considerations than those of disposal 
wells, which are used simply to dispose of unwanted fluid underground. 



Table  V-3 D r i  ] l i n g  P i t  waste (Water-Bdsed) Management Practices 

Waste P i t  

Ons i t e  ainounta dimens lons(m)  

p i t  s i z e  ( b a r r e l s )  D i sposa l  p r a c t l c e  L W  D 

Large 26,000 Reserve p l  t -u r i  1 i ned  59 4 7  ~ . 3 ~  

Reserve p i t -  1 i ned ,  

capped 

Med i urn 5,900 Reserve p i t - u n l i n e d  

Reserve p l t - l i f i e d ,  

capped 

I .  €50 Reserve p i t - d n l i n e d  

Reserve p i t - l i n e d ,  

capped 

'per w e l l  d r i l l s d  ( i n c l u d e s  s o l i d s  d n d  liquids) 

b ~ a s t e  depths  f o r  l a rge ,  medium. and smo l l  p i t s  were 1 . 5 ,  1 . 2 , ' a n d  1 . 1  

meters ,  r e s p e c t i v e l y .  



Table V - 4  Produced Yoter Management Pract~ces 

Mdndgement practice Variable Va liles 

Uarerflood injection Inject ion ratea High = 1,000 bbl/d 
Low = 100 bblld 

Waterflood injection 

Disposal injection 

Disposal injection 

Surface water d~scharge 
(stripper we1 1s only) 

Inject ion pressure b 

Injection rate 

Injection pressure 

Discharge rate 

Hlgh = 2,006 psi 
Low = 300 PSI 

High = 3,000 bbl/d 

Low = 100 bbl/d 

High = 800 psi 
Low = 100 psi 

High = 100 bblld 

Medlurn = 10 bbl/d 
Low = 1 bbl/d 

alnject ion rates used to calculate reledse volumes from grout sea 1 
ial lures of waterf lood and dis~osal wells. 

b~nject ion pressures used to calculdte release volumes from casing 
fa I lures of waterf lood and d~sposal we1 1s. 



Environmental Set t inqs 

The values developed for  each of  the eight  var iables  used to  

character ize environmental s e t t ings  in the mode1 and the sources used t o  
der ive these values a re  presented in Table V-5. These values were 

selected by examining the environmental conditions a t  266 actual d r i l l  ing 

and product ion 1 ocati  ons. 

Modeling Procedures 

E P A  modeled waste constituent re1 eases,  envi ronmental t ransport  and 

f a t e ,  and r i sks / e f fec t s  over a  200-year period using the procedures 

b r i e f ly  described in t h i s  sect ion.  Refer t o  Chapter 4 of E P A ' s  

supporting techn7cal report  (USEPA 1987a) fo r  more de ta i l  on these 

model i ng procedures. 

As previous'ly s t a t ed ,  three types o f  chemical re leases  were modeled 

de terminis t ica l ly :  leaching into ground water from ons i te  reserve p i t s ;  

re lease t o  surface aquifers  from in jec t ion  wells ;  and d i r e c t  discharge t o  

streams and  r ive r s  ( f o r  strippst-  wells only) .  EPA used two s e t s  of 

assumptions, referred t o  as best-estimate and conservative,  f o r  modeling 

releases  from reserve p i t s  and in jec t ion  wells.  These s e t s  of 

assumptions are  defined i n  Table V-6. 

For reserve p i t  re leases ,  E P A  considered leaching during both the  

ac t ive  f i l l  period (assumed t o  be 1 year) and the  closed phase. Leachate 

flow was estimated using various equations derived from Darcy's Law, 
depending on the condition being modeled: l ined or  unlined p i t ,  and 

ac t ive  f i l l  period or  closed period. During the ac t ive  period, re lease  

was modeled as prirnarily a function of the l iquid  depth and the  hydraulic 

conduct ivi t ies  of the d r i  11 ing mud sol ids 1 ayer, the 1 iner  ( i f  p resent ) ,  

and the subsoi l .  During the closed period, re lease  was modeled as 

primarily a  function of net recharge and the hydraulic conduct ivi t ies  of 



Table V-5 Velues and Suurces f o r  Er,v i ronmental  S e t t i n g  Va r i ab les  

V a r i a b l e  Values Source of  va lues  

Ground-water f l o w  

f i e l d  t y p e  

t iet  recharge 

Depth t o  ground 

water  

Unsatura ted zone 

p e r m e a b i l i t y  

D i s tance  t o  su r face  

r a t e r  

Sur face water  

f l o w  r d t e  

D i s tance  t o  n m r e s t  

d r i n k i n g  water w e l l  

Downstream d i s t a n c e  

t o  neares t  su r face  

water  I n t a k e  

H ~ g h  = 20. in!yr 

Medium = 10 I r i l y r  

Low = I i n l y r  

Deep = 21  m (drilling) 
= 18 m (p roduc t  i o n )  

Shal low = 6.1 m ( d r r l l ~ n g )  

= 4 . 6  m ( p r o d u c t i o n )  

C lose = 60 m 

Medium = 200 m 

Far  = 1 , 5 0 O m  

High = 850 f t 3 / sec  
3 LON = 40 f t  /sec 

C lose = 60 m 

Medium = 200 m 

Far  = 1.500 m 

Close = 0  km d 

Medium = 5  hm 

Fa r  = 5 0 k m  

NUUA CRASTIC systemb 

and USGS topograph ic  maps 

NWWA DRASTIC System 

NUWA DRASTIC System 

NWWA DRASTIC Systein 

USGS mapsC 

USGS h y d r o l o g i c  f i l e  

USGS maps and l o c a l  
u t i l i t i e s  (wa te r  

supp l  ~ e r s )  

Assumpt ione 

a ~ r o u n d - w a t e r  f l o w  f i e l d  t yp5s  d e f i n e  combinat ions  o f  ground-water v e l o c i t i e s ,  

s a t u r a t e d  zone th i cknesses ,  and a q u i f e r  c o n f i g u r a t i o n s  ( e . g  , con f i ned  vs .  
uncon f i ned  c o n d i t i o n s ) .  See Table V - 7 .  

'u.s. Geo log i ca l  Survey quadrangle topographic maps. 

scena r i os  w l t h  t h e  "c lose"  d l s t a n c e  t o  t h e  neares t  downstream su r face  water  

i n take ,  t h e  assumed d i s t a n c e  i s  no t  a c t u a l l y  "zero,"  b u t  r a t h e r  i s  a  s u f f i c i e n t  

d i s t a n c e  t o  a l l o w  complete m i x i n g  o f  t h e  contaminants w i t h i n  t h e  su r face  water  body. 

e ~ h s  va lues f o r  downstream d i s t a n c e  t o  t h e  nea res t  s u r f a c e  water  i n t a k e  were 

chosen t o  r e f l e c t  a  reasonab le  range, and they  a r e  used o n l y  f o r  a  sma l l  number o f  

scena r i os  i n v o l v i n g  d i r ~ c t  d ischarges by s t r ~ p p e r  w e l l s .  



Table V-6 Cef init ion of Best Est irndte and Conservative Release Assumptions 

Consr ituent 
Release concentrat isn Failurelrelease 

Release source assumpt )on in wastea timing 

- - 

Re lease voiume 

Unlined Pits Best-est imate 50rh % (rned~dn) Releas2 begins in year 1 Cdlculated by release equat Ions 

Canservative 90th Z Release begins in year 1 Calcdlated by release equations 
(same as best-estrmate) 

-----------------------------------------------------------------------------------------------------------------------  

Lined Pits Best-est inate 50th % Liner failure begins in Calculated by release equations 
year 25 

Conservative 90th % Llner fallure begins in Calculated by release equations 

year 5 (same as best-est  mate) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Inject ion We1 lsl Best-estimate 50th % One year release 111 year 0.2-36 bbl/d for waterf lood 
Casing Fa~lure 1 for waterf lood wells; we1 1s; 0.05-38 bblld for 

constant annua 1 releases disposal we1 1s 
during years 11-13 for 
d~sposal wells 

Conservative 90th % Constant annual releases Same as best-estimate 
during years 11-15 for 
waterf lood and disposal 
wells 

-----------------------------------------------------------------------------------------------------------------------  

injection Wells1 Best-estlmate 50th '/, Constant annual releases 0.00025-0.0025 bbl/d for 
Grout Seal Failure during years 11-15 for waterflood wells; 0.00025- 

waterflood and disposal 0.0075 bblld for disposal wells 
wells 

Conservat ive 90th % Constant annual releases 0.05-0.5 bbl/d for waterflood 
durlng years 1-20 for wells; 0.05-1.5 bblfd for 
waterf lood and disposal disposal wells 
wells (~~nnediate fa1 lure, 

no detection) 

a ~ e e  Table V-I. 



the same layers  considered during the act ive period. For unlined p i t s ,  

re lease was assumed t o  begin immediately a t  the s t a r t  of the modeling 

period. For lined p i t s ,  f a i l u r e  ( i . e . ,  increase in hydraulic 

conductivity of the l i n e r )  was assumed to  occur e i t h e r  5 or  25 years 

a f t e r  the s t a r t  of the modeling period. I t  was assumed t h a t  any l iqu ids  

remaining in unlined reserve p i t s  a t  the time of closure would be land 

applied adjacent t o  the p i t .  Liquids remaining in l ined p i t s  were 

assumed to  be disposed o f f s i t e .  

For modeling releases  to  surface aquifers  from Class I 1  inject ion 

wells,  a  20-year inject ion well operating period was assumed, and two 

f a i l u r e  mechanisms were studied: ( 1 )  f a i l u r e  of the well casing ( e . g . ,  a  

corrosion hole) and  ( 2 )  f a i l u r e  of the grout seal separating the inject ion 

zone from the surface aqififer. A t  t h i s  time, the Agency lacks the data  

necessary t o  estimate the probabili ty of casing or grout seal f a i l u r e s  

occurring. A well casing f a i l u r e  assumes t h a t  injected f lu ids  a re  ex i t ing  

the well ttlrough a  hole' in the casing protecting the slirface aquifer .  I n  

most cases,  a t  l e a s t  two s t r ings  of casing 'protect the surface aquifer  

and, i n  those cases ,  a  release t o  t h i s  aquifer would be highly unlikely.  

The Agency has made exhaustive invest igat ions of Class I well ( i . e . ,  

hazat-dous waste disposal well)  f a i lu res  and has found no evidence of 

release of injected f l u i d s  through two s t r ings  of casing. However, the 

Agency i s  aware tha t  some Class I I  wells were constructed with only one 

s t r ing  of casing; therefore,  the scenarios modeled f a l l  within the realm 
of possible f a i l u r e s .  Since in t eg r i ty  of the casing must be tes ted  every 

5 years under current EPA guidelines (more frequently by some S t a t e s ) ,  

EPA assumed f o r  the conservative scenarios tha t  a  re1 ease would begin on 

the f i r s t  dhy a f t e r  the t e s t  and would l a s t  unt i l  the next t e s t  ( i . e . ,  

5 years) .  For the best-estimate scenarios,  E P A  assumed t h a t  the release 

lasted 1 year ( the  minimurn feas ib le  modeling period) in the case o f  

waterflood wells and 3 years in the case of disposal wells,  on the 

supposition t h a t  shor te r  re lease durations would be more l i k e l y  f o r  



waterfloodiny where inject ion flow ra t e s  and volumes are  important 

economic considerations for  the operation. EPA a l so  assumed here t h a t  

the re lease  flow from a f a i l ed  well would remain constant over the 

duration of the f a i l u r e .  This simplifying assumption i s  more l i k e l y  t o .  

hold in low-pressure wells than in the high-pressure wells more typical 

of waterflooding operations.  I n  high-pressure wells the high flow r a t e  

would 1 ikely enlarge the casing holes more rapidly,  resu l t ing  in more 

inject ion f lu id  escaping into the wrong horizon and a  noticeable drop of 

pressure in the reservoi r .  

For the grout seal type of f a i l u r e ,  EPA estimated fo r  conservative 

modeling purposes tha t  the f a i l u r e  could l a s t  fo r  20 years ( i . e . ,  as long 

as the well opera tes ) .  This i s  n o t  an unreasonable worst-case assumption 

because the current regulations allow the use of cementing records t o  

determine adequacy of the cement job, ra ther  t h a n  actual t e s t ing  through 

the use of logs.  If the cementing records were flawed a t  the ou t se t ,  a  

cementing f a i l u r e  might remain undetected. As part  of i t s  review of the 

Underground Inje'ct ion Control (UIC) regul a t  ions, the P,gency i s  considering 

requiring more re1 i ab le  t e s t ing  of the cementing of we1 1 s ,  ~ h i c h .  would 

considerably 1 essen the 1 i  kel i  hood of such scenari 0s.  For an a1 t e rna t  i  ve 

best-estimate scenario,  the Agency assumed a 5-year duration of f a i l u r e  

as a more typical possibility. 

Because of a  lack of both data ,and adequate modeling methods, other  
potent ia l ly  important migration pathways by which underground in jec t ion  

of waste could contaminate surface aquifers  ( e . g . ,  upward contaminant 

migration from the in jec t ion  zone through f r ac tu res / f au l t s  in confining 

1 ayers or abandoned borehol e s )  were not modeled. 

Chemical t ranspor t  was modeled f o r  ground water and surface water 

( r i v e r s ) .  Ground-water flow and mass t ranspor t  were modeled using EPA's 
Liner Location Risk and Cost Analysis Model (LLM) (USEPA 1986). The LLM 



uses a  s e r i e s  o f  predetermined f l o w  f i e l d  types t o  d e f i n e  ground-water  

c o n d i t i o n s  (see Table V - 7 ) ;  a t r a n s i e n t - s o u r c e ,  one-dimensional ,  

w e t t i n g - f r o n t  madel t o  assess unsatura ted  zone t r a n s p o r t ;  and a  m o d i f i e d  

v e r s i o n  o f  t h e  Randoni Walk So lu te  Transpor t  Model ( P r i c k e t t  e t  a1 . 1981) 

t o  p r e d i c t  ground-water  f l o w  and chemical t r a n s p o r t  i n  t h e  s a t u r a t e d  

zone. A l l  g round-wa te r  exposure and r i s k  es t imates  presented i n  t h i s  

r e p o r t  a re  f o r  t he  downgradient c e n t e r  l i n e  plume c o n c e n t r a t i o n .  

Chemical t r a n s p o r t  i n  r i v e r s  was modeled us ing  equat ions  adapted f rom EPA 

(USEPA 1984a) ; these equat ions  can account f o r  d i l u t i o n ,  d i s p e r s i o n ,  

p a r t i c u l a t e  adso rp t i on ,  sedimentat ion,  degradat ion  ( p h o t o l y s i s ,  

h y d r o l y s i s ,  and b iodegrada t i on ) ,  and v o l  a t  i 1  i z a t  i on. 

EPA used the  LLM r i s k  subrrrodel t o  es t ima te  cancer  and c h r o n i c  

noncancer r i s k s  f rom t h e  i n g e s t  i o n  o f  contarn'inated ground and su r face  

water .  The maasure used f o r  cancer r i s k  was the  maximum (ove r  t h e  

ZOO-year model i n g  p e r i o d )  1  i f e t  ime excess7 i n d i v i d u a l  r i  sk, assuming an 

i n d i v i d u a l  inges ted contaminated ground o r '  su r face  water  over  an e n t i r e  

l i f e t i m e  (assumed t o  be 70 y e a r s ) .  These r i s k  numbers represent  t h e  

es t imated p r o b z b i l i t y  o f  occurrence o f  cancer i n  an exposed i n d i v i d u a l .  

For  example, a  cancer r i s k  es t ima te  o f  1 x  i n d i c a t e s  t h a t  t h e  

chance o f  an i n d i v i d u a l  g e t t i n g  cancer  i s  approx imate ly  one i n  a  m i l l i o n  

over  a  70-year  l i f e t i m e .  The measure used f o r  noncancer r i s k  was t h e  

maximum ( o v e r  t h e  200-year  model ing p e r i o d )  r a t i o  o f  t h e  es t ima ted  

chemical dose t o  t h e  dose o f  t h e  chemical a t  which h e a l t h  e f f e c t s  beg in  

t o  occur  ( i . e . ,  t h e  t h r e s h o l d  dose) .  Ra t i os  exceeding 1.0 i n d i c a t e  t h e  

p o t e n t i  a1 f o r  adverse e f f e c t s  i n  some exposed i n d i v i d u a l s ;  r a t i o s  l e s s  

than 1.0 i n d i c a t e  a  ve ry  low l i k e l i h o o d  o f  e f f e c t  (assuming t h a t  

background exposure i s  zero,  as i s  done i n  t h i s  s t u d y ) .  A l though these 

r a t i o s  a re  not p r o b a b i l i t i e s ,  h i g h e r  r a t i o s  i n  genera1 a re  cause f o r  

g r e a t e r  concern. 

' Excess r e f e r s  t o  the  r r s k  increment a t t r i b u t a b l e  only  t o  exposure r e s l r l t l n g  from the  

releases considered i n  t h ~ s  ana lys is .  Background exposures were assumed t o  be zero. 



Table V-7 D e f i n i t i o n  of Flow F i e l d s  Lsed i n  Ground-Uater Transpor t  Model ing 

key var,dbles d e f i n i n g  f  lck f i e l d a  

Flow f i e l d  A q u i f e r  c o n f i g u r a t i o n  b 
H o r i z o n t a l  ground-wdter 

v e l o c i t y  

8 Unconf ir led 3qu i f e r  10 m l y r  

C Unconf ined a q u i f e r  100 m i y r  

D Unccnf ined a q u i f e r  1,000 m l y r  

E Unconf ined a q u i f e r  10,000 m i y r  

F  C o n f ~ n e d  a q u i f e r  

K Conf ined a q u ~ f e r  

0.05 m/yr i n  t h e  conf rn tng l a y e r  and 

100 m/yr  w i t h i n  t h e  d q u i f e r  

0 .05  m/yr I n  t h e  confining ldye r  and 

10 m l y r  w i t h i n  t h e  a q r l l t e r  

a S e v c r a ~  o t h e r  ba r  l db les ,  such q s  p o r o s i t y ,  d i s t i r ~ g u i s h  t h e  f  1,1w f i e l d s ,  bu t  t he  

v a r i a b l e s  1 i s t e J  here a r e  t h e  nlost impor tant  f o r  t h e  purpose o f  t h i s  p r e s e r ~ t a t i o n .  

genera l ,  an ~ q u i f e r  i s  de f i ned  is a  g e o l o g i c a l  u n i t  t h a t  can t rar rsmi t  

s i g n i f i c a n t  q u a n t i t i e s  o f  wa te r .  An u n ~ o n f i r ~ e d  a q u i f e r  i s  one t h a t  i s  o n l y  p a r t l y  

f i l l e d  w i t h  water ,  such t h d t  t h e  upper sur face o f  t h e  s a t u r a t e d  zone IS f r e e  t o  

r i s e  and d e c l i n e .  A con f i ned  a q u i f e r  i s  one t h a t  i s  comp le te l y  f i l l e d  w i t h  water  

and t h a t  i s  o v e r l a i n  by a  c o f i f i n l n g  l d y s r  (a  rock u n i t  t h a t  r e s t r i c t s  t h e  movement 

o f  ground w a t e r ) .  



As a means of assessing potential  e f f ec t s  on aquatic organisms, €PA 

estimated, fo r  each model scenario involving surface water, the volume 

contaminated above an aquatic e f f ec t s  threshold. EPA also estimated the 

volumes of ground and surface water contaminated above various resource 

damage thresholds ( e . g . ,  the secondary drinking water standard fo r  

chloride) . 

QUANTITATIVE RISK MODELING RESULTS: HUMAN HEALTH 

This section summarizes the health r i sk  modeling r e s u l t s  for  ons i te  

reserve p i t s  ( d r i l l  i n g  wastes),  underground inject ion we1 1 s (produced 

water) ,  and d i r ec t  discharges t o  surface water (produced water, s t r ippe r  

well scenarios only) .  Cancer r i sk  estimates are presented separately 

frorn noncancer r i sk  estimates throughout. This section a1 so sui~lniarizes 

EPA's preliminary estimates of the s i ze  of populations tha t  could 

possibly be exposed through drinking water. 

Onsitz Reserve Pi t s - -Dr i l l ing  Wastes 

Cancer and noncancer health r i sks  were analyzed under both 

best,-estimate and conservative modeling assumptions for  2 ,134  model 

scenariosa of onsi te  reserve p i t s .  Arsenic was the only potential  

carcinogen among the const i tuents  modeled for  ons i te  reserve p i t s .  Of 

the noncarcinogens, only sodium ex.ceeded i t s  e f f ec t  thresh01 d ;  nei ther  
cadmiurn nor chrorniun! VI exceeded t h e i r  thresholds in any model scenarios 

( in  i t s  highest r i s k  scenario,  cadmium was a t  15 percent of threshold; 

chromium VI, l e s s  than 1 perc?nt) ,  

1,134 = 9 inf~\tration/unsaturated zone t y p e s  x 7 ground-water flow fleld t y p e s  x 3 
exposure distances x 3 slze categories x 2 liner types. 



Nationally Weiqhted Risk O i  s t r i  butions 

Figure V-3  presents the nationally weighted frequency d i s t r ibu t ions  

of human health r i sk  estimates associated with unlined ons i te  reserve 

p i t s .  The f igure includes best-estimate and conservative modeling 

resul t j  fo r  both cancer ( t o p )  and noncancer (bottom) r i s k s .  Only the 

r e s u l t s  fo r  unlined reserve p i t s  a re  given because the presence or 

abserlce of a l i n e r  had 1 i t t l e  influence on r i s k  l eve l s  (see sect ion on 

major f ac to r s  affect ing health r i s k ) .  Many of the  scenarios in  the  

f igure  show zero r i sk  because the nearest  potential  exposure well was 

estimated t o  be more than 2 kilometers away (roughly 61 percent of a l l  

scenar ios) .  
0 

Under best-estimate assumptions, there  were no cancer r i s k s  from 

arsenic 'because arsenic  was not included as a const i tuent  of the  modeled 

waste ( i . e . ,  the median arsenic concentration in the f i e l d  sampling data  

was below d e t ~ c t i o n  l i m i t s ;  see Table V-1). Under conservative 

assumptions, nonzero cancer r i sks  resu l t ing  from arsenic  were estimated 

f o r  18 percent of the nationally weighted reserve p i t  scenarios ,  with 

roughly 2 percent of the  scenarios having cancer r i sks  grea ter  than 

1 x lo-'. Even under conservative model i  ng assumptions, d r i  11 i  ng waste 

p i t  scenarios produced maximum l i f e t ime  cancer r i s k s  of l e s s  t h a n  1 in 

100,000 fo r  individuals drinking affected water. 

A few threshold exceedances f o r  sodium were estimated under both 

best-est imate and conservative assumptions. Under best-est imate 

assumptions, more than 99 percent of nat ional ly weighted reserve p i t  

scenarios posed no noncancer r i sk  (i . e . ,  they were below threshold) .  A 
few model scenarios had noncancer r i s k s ,  but none exceeded 10 times the  

sodium threshold. Under conservative assumptions, 98 percent of 

nat ional ly weighted reserve p i t  scenarios did not pose a noncancer r i s k .  

The remaining 2 percent o f  reserve p i t  scenarios had estimated exposure 

point sodium concentrations between u p  t o  32 times the threshold. 
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Figure V-3 Nationally Weighted Distribution of Health Risk 
Estimates. Unlined Reserve Pits 



Based on a literature review conducted as part of the development of 
the Liner Location Model data base (USEPA 1986), chloride is the only 
model drilling waste constituent for which either a taste or odor 
threshold concentrat ion is known. EPA (1984b) reports that the taste 
threshold for chloride is rouyl~ly 250 mg/L (i .e., this is the minimum 
chloride concentration in water that a person may be able to taste). For 
the highest cancer risk case, the maxinium chloride concentration at the 
?xposure well was estimated to be 400 mg/L; for the highest noncancer 
risk case, the maximum chloride concentration at the exposure well was 

estimated to be approximately 5,000 mg/L. Therefore, it appears that, if 
w;ter contained a high enough arsenic concentration to pose cancer risks 
on the order of 1 x or sodium concentrations 100 times the effect 
threshold, people may be able to taste the chloride that would also 

1 i kely be present. The question remains, however, whether people would 

actually discontinue drinking water containing these elevated chloride 
concentrations. EPA (1984b) cautions that consumers may become 
accustomed to 'the taste of chloride levels somewhat higher than 250 mg/L.. 

For purposes of illustration, Figure V-4 provides an example of the 
effect o f  weighting the risk results to account for the estimated 
national frequency of occurrence of the model scenarios. Essentially, 
weighting allows risk results for more commonly occurring scenarios to 
"count" more than results from 1 ess commonly occurring scenari 0s. 
Weighting factors were developed and appl ied for the following variables, 
based on estimated frequency of occurrence at oil and gas sites: pit 
size, distance to drinking water well, ground-water type, depth to ground 
water, recharge, and subsurface permeabil ity. Other potenti a1 ly 
important risk-influencing factors, especially waste composition and 
strength, were not modeled as variables because o f  lack of information 

and thus are not accounted for by weighting. 

In the example shown in Figure V-4 (conservative-estimate cancer 
risks for unlined onsite pits), weighting the risk results decreases the 
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risk (i-e., shifts the distribution toward lower risk). This happens 

primarily because close exposure distances (60 and 200 meters), which 

correspond to relatively high risks, occur less frequently and thus are 

less heavily weighted than greater distances. In addition, the effect of 

pit size weighting tends to shift the weighted distribution toward lower 

risk because small (i .e., lower risk) pits occur more frequently and are 

thus more heavily weighted. These factors override the effect of flow 

field weighting, which would tend to shift the distribution toward higher 

risk because the high-risk flow fields for arsenic (C and D) are heavily 
weighted. The national weightings of recharge, depth to ground water, 

and subsurface pernteabil i ty probably had 1 i ttle overall impact on the 
risk distribution (i.e., if weighted only for these three factors, the 

distribution probably would not differ greatly from unweighted). All 

weighting factors used are given in Appendix B of the EPA technical 
support document (USEPA 1987a). 

Zone-Weishted Risk Distributions 

Overall, differences in risk distributions among zones were 

relatively small. Cancer risk estimates under best-estimate modeling 

assumptions were zero for all zones. Under conservative assumptions, the 

cancer risk distributions for zones 2 (Appalachia), 4 (Gulf), 6 (Plains), 
and 7 (Texas/Oklahoma) were slightly higher than the distribution for the 
nation as a whole. The cancer risk distributions for zones 5 (Midwest), 

8 (Northern Mountain), 9 (Southern Mountain), 10 (West Coast), and 1 l B  

(Alaska, non-North Slope) were lower than the nationally weighted 

distribution; zones 10 and 11B were much lower. The risk distributions 

for individual zones generally varied from the national distribution by 

less than one order of magnitude. 

Noncancer risk estimates under best-est imate model ing assumptions 
were extremely low for all zones. Under conservative assumptions, zones 

2, 4, 5, 7, and 8 had a small percentage (1 to 10 percent) of weighted 



scenarios with threshold exceedances f o r  sodi um;  other zones had 1 ess  

than 1 percent. There was l i t t l e  va r i ab i l i t y  in the noncancer r i s k  

d i s t r ibu t ions  across zones. 

The reasons behind the differences in r i sks  across zones are  related 

t o  the zone-specific r e l a t ive  weightings of reserve p i t  s i ze ,  dis tance t o  

receptor populations, and/or environmental variables . For example, the 

main reason zone 10 has low r i sks  r e l a t ive  t o  other zones i s  t h a t  
92 percent of d r i l l i n g  s i t e s  were estimated t o  be in an ar id se t t ing  

above a r e l a t ive ly  low-risk ground-water flow f i e l d  having an aquitard 

(flow f i e l d  F ) .  Zone 110 has zero r i sks  because a l l  potential  exposure 

wells were estimated t o  be more than 2 kilometers away. 

I n  summary, differences in cancer r i sks  among the geographic zones 

were not g rea t .  Cancer r i sks  were only prevalent i n  the f a s t e r  aquifers  

( i . e . ,  flow f i e l d s  C ,  D ,  and E, with C having the highest cancer r i s k s ) .  

Zone 4 ,  with the highest cancer r i sks  overa l l ,  a l so  was assigned the 

highest weighting among the zones fo r  flow f i e l d  C .  Soncancer r i s k s  

caused by sodium were highest i n  zone 5 .  Noncancer r i sks  occurred only 

in the more slow-moving flow f i e l d s  ( i . e . ,  flow f i e l d s  A, B,  and K ,  with 

A having the highest noncancer r i s k s )  ; among the zones, zone 5 was 

assigned the highest weighting for  flow f i e l d  A .  €PA considered the 

possible ro le  of d i s t r ibu t ions  of s i z e  and distance t o  exposure points ,  

b u t  determined tha t  aquifer  configuration and veloci ty  probably 

contributed most strongly t~ observed zone differences i n  estimates of 

human health r i sks .  The consis tent  lack of r i s k  f o r  zone 11B, however, 

i s  en t i r e ly  because of the large distance t o  an exposure point.  (See the 

section tha t  follows on estimated population d i s t r i b u t i o n s . )  

Eva1 uation of Major Factors Affectinq Health Risk 

EPA examined the e f f e c t  of several parameters re la ted  t o  p i t  design 

and environmental s e t t ing  that were expected t o  influence the release and 



t r a n s p o r t  o f  contaminants l e a k i n g  f rom o n s i t e  r e s e r v e  p i t s .  To assess 

t h e  e f f e c t  o f  each o f  these p a r a ~ e t e r s  i n  i s o l a t i o n ,  a l l  o t h e r  parameters 

were h e l d  cons tant  f o r  t h e  comparisons. The r e s u l t s  p resented i n  t h i s  

s e c t i o n  a r e  no t  weighted accord ing  t o  e i t h e r  n a t i o n a l  o r  z o n e - s p e c i f i c  

f requenc ies  o f  occurrence.  Ins tead,  each model scenar io  i s  g i v e n  equal 

we igh t .  Thus, t h e  f o l l  owing comparisons a re  n o t  a p p r o p r i a t e  f o r  d rawing 

conc lus ions  concern ing  l e v e ? s  o f  r i s k  f o r  t h e  n a t i o n a l  p o p u l a t i o n  o f  

o n s i t e  rese rve  p i t s .  They a re  a p p r o p r i a t e  f o r  examining t h e  e f f e c t  o f  

s e l e c t e d  parameters on es t imates  o f  human h e a l t h  r i s k .  

The presence o r  absence o f  a  conven t i ona l ,  s i n g l e  s y n t h e t i c  l i n e r  

underneath an o n s i t e  rese rve  p i t  had v i r t u a l l y  no e f f e c t  on t h e  200-year  

maximum h e a l t h  r i s k  es t imates .  A l i n e r  does a f f e c t  t i m i n g  o f  exposures 

and r i s k s ,  however, by reduc ing  t h e  amounts o f  l e a c h a t e  (and chemica ls )  

r e 1  eased e a r l y  i n  t h e  model i ng p e r i o d .  EPA' s  model i ng assumed a  s i n g l e  

s y n t h e t i c  l i n e r  w i t h  no l e a k  d e t e c t i o n  o r  l eacha te  c o l l e c t i o n .  (Note 

t h a t  t h i s  i s  s i g n i f i c a n t l y  d i f f e r e n t .  f rom t h e  r e q u i r e d  S u b t i t l e  C . 1  i n e r  * 

system des ign  f o r  hazardous waste l a n d  d i sposa l  u n i t s . )  Fu r the rmore ,  EPA 

assumed t h a t  such a  l i n e r  would e v e n t u a l l y  degrade and f a i l ,  r e s u l t i n g  i n  

r e l e a s e  o f  t h e  contaminants t h a t  had been conta ined.  Thus, ove r  a  l o n g  

model ing pe r iod ,  mob i l e  contaminants t h a t  do n o t  degrade o r  degrade v e r y  

s l o w l y  (such as t h e  ones modeled here)  w i l l  produce s i m i l a r  maximum r i s k s  

whether t hey  a re  d isposed o f  i n  s i n g l e - s y n t h e t  i c - 1  i n e d  o r  u n l  i ned p i t s  

(un less  a  s i g n i f i c a n t  amount o f  t h e  con ta ined  chemical i s  removed, such 

as by d redg ing ) .  Th i s  f i n d i n g  shou ld  n o t  be i n t e r p r e t e d  t o  d i s c o u n t  t h e  

b e n e f i t  o f  l i n e r s  i n  genera l .  Measures o f  r i s k  ove r  t i m e  p e r i o d s  s h o r t e r  

t han  200 yea rs  would l i k e l y  be l o w e r  f o r  l i n e d  p i t s  t han  f o r  u n l i n e d  

ones. Moreover, by d e l a y i n g  any r e l e a s e  c j f  contaminants,  l i n e r s  p r o v i d e  

t h e  o p p o r t u n i t y  f o r  management a c t i o n s  (e.g., removal ) t o  he1 p p reven t  

contaminant  seepage and t o  m i t i g a t e  seepage shou ld  i t  occur .  



Figure V - 5  represents unweighted r i sks  associated with unlined 

reserve p i t s  under the conservative modeling assumptions fo r  t h r e e .  

reserve p i t  s izes  and three distances t o  the exposure point.  Each 

combination of distance and reserve p i t  s i ze  includes the r i s k  r e s u l t s  

from a1 1 environmental s e t t ings  modeled ( t o t a l  of 63) ,  equally weighted. 

Figure V - 5  shows t h a t  the unweighted r i s k  leve ls  decline with increasing 

distance t o  the downgradient drinking water well .  The decline i s  

generally l e s s  than an order of magnitude from 60 t o  200 meters, and 

greater  than an order of magnitude from 200 t o  1,500 meters. Median 

cancer r i s k  values exceed lo-'' only a t  the 60-meter dis tance,  and 

median dose-to-threshold r a t i o s  for  noncancer e f f e c t s  exceed 1.0 only fo r  

large p i t s  a t  the 60-meter dis tance.  Risks also decrease as reserve p i t  

s i ze  decreases a t  a l l  three dis tances,  although r i sks  fo r  small and large 

p i t s  are  usually within the  same order of magnitude. 

Figure V-6 compares r i s k s  across the seven ground-water flow f i e l d  

types modeled in t h i s  ana lys is .  Both cancer and noncancer r j sks  vary 

substanti  a1 ly '  across flow f i e l d s .  The noncancer r i s k s  (from sodi um) a re  

grea tes t  in the slower moving flow f i e l d s  tha t  provide l e s s  d i lu t ion  

( i . e . ,  flow f i e l d s  A, B ,  and K ) ,  while the cancer r i sks  (from arsenic)  

are  grea tes t  in the higher velocity/higher flow se t t ings  ( i . e . ,  flow 

f i e l d s  C ,  D ,  and E ) .  Sodium i s  highly mobile in ground water, and i t  i s  

di luted t o  below threshold levels  more readi ly in the high-velocity/ 

high-flow aquifers .  Arsenic i s  only moderately mobile in ground water 

and tends not to  reach downgradient exposure points within the 200-year 

modeling period in the slower flow f i e l d s .  If the modeling period were 

extended, cancer r i sks  resu l t ing  from arsenic would appear in the more 

slowly moving flow f i e l d  scenarios.  

As would be expected, b o t h  cancer and noncancer r i s k s  increased with 

increasing recharge rate and with increasing subsurface permeabil i  t y .  

Risk differences were generally l e s s  t h a n  an order of magnitude. Depth 

to  ground water had very l i t t l e  e f f ec t  on the 200-year maximum r i s k ,  
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although risks were slightly higher for shallow ground-water settings. 

This lack of effect occurs because the risk-producing contaminants are at 

ledst moderately mobile and do not degrade rapidly, i f  at all; thus, the 

main effect observed for deeper ground-water settings was a delay in 

exposures. 

Underground Injection- -Produced Water 

Cancer and noncancer health risks were analyzed under both best- 

estimate and conservative modeling assumptions for 168 model Class I1 
underground injection we1 1 scenarios .' Two injection we1 1 types 
were differentiated in the modeling: waterflooding and dedicated 

disposal. Design, operating, and regulatory differences between the two 

types of wells possibly could affect the probability o f  failure, the 

probability of detection and correction of a failure, and the likely 

magnitude of release given a failure. 

- Two type; of injection well failure mechanism were modeled: grout 

seal failure and well casing failure. All results presented here assume 

that a failure occurs; because of a lack of sufficient information, the 

probability of either type of failure mechanism was not estimated and 

therefore was not directly incorporated into the risk estimates. If 
these types of failure are low-frequency events, as EPA believes, actual 
risks associated with them would be much lower than the conditional risk 

estimates presented in this section. No attempt was made to weight risk 

results according to type of failure, and the two types are kept separate 
throughout the analysis and discussion. 

Nationally Weiqht2d Risk Distributions 

The risk estimates associated with injection well failures were 

weighted based on the estimated frequency of occurrence of the foll owing 

168 = 7 ground-water floh fleld types x 3 exposure d~stances x 2 size categorjes x 2 well 
types i 2 failure mechanisms. 



variables:  inject ion we11 type, distance t o  nearest  drinking water wel l ,  

and ground-water flow f i e l d  type. I n  addition, a l l  r i s k  r e su l t s  f o r  

grout seal f a i l u r e  were weighted based on inject ion r a t e .  As fo r  reserve 

p i t s ,  insuf f ic ien t  information was avai lable  t o  account for  waste 

cha rac te r i s t i c s  and other possibly important var iables  by weighting. 

Grout seal f a i l u r e :  Best-estimate cancer r i s k s ,  given a grout seal 

f a i l u r e ,  were estimated t o  be zero fo r  more than 85 percent of the model 

scenarios,  The remaining scenarios had s l igh t ly  higher r i sks  b u t  never 

d i d  the best-estimate cancer r i s k  exceed 1 x 10". Under conservative 

assumptions, roughly 65 percent of the scenarios were estimated t o  have 

zero cancer r i s k ,  while the remaining 35 percent were estimated t o  have 

cancer r i sks  ranging u p  t o  4 x ( l e s s  than 1 percent of the 
4 scenarios had greater  than 1 x 10 r i s k ) .  These modeled cancer r i sks  

were a t t r ibu tab le  t o  exposure t o  two produced water cons t i tuents ,  benzene 

and arsenic .  Figure V - 7  (top portion) provides a nat ional ly weighted 

frequency d i s t r ibu t ion  of the bes t -es t  imate and conservat ive-est  imate 

cancer r i s k s ,  giver1 a 'grout  seal f a i l u r e .  Figure V - 7  shows the combined 

d i s t r ibu t ion  fo r  the two well types and two inject ion r a t e s  considered in 

the analysis ,  the three exposure dis tances,  and the seven ground-water 

se t t ings .  As with d r i l l i n g  p i t s ,  many of the zero r i s k  cases were 

because the  nearest potent ial  exposure well was estimated to  be more than 

2 kil  orneters away (roughly 64 percent of a1 1 scenar ios) .  

Modeled noncancer r i s k s ,  given a grout seal f a i l u r e ,  are  en t i r e ly  

a t t r ibu tab le  t o  exposures t o  sodium. There were no sodium threshold 

exceedances associated with grout seal f a i lu res  under best-estimate 

conditions.  Under conservative conditions,  roughly 95 percent of the 

nationally weighted model scenarios a l so  had no noncancer r i s k .  The 

remaining 5 percent had estimated sodium concentrations a t  the exposure 

point t ha t  exceeded the e f f ec t  threshold, with the maximum concentration 

exceeding the e f f e c t  threshold by a f ac to r  of 70. The nat ional ly 
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weighted frequency d i s t r ibu t ion  of the estimated dose/threshold r a t i o s  

for  sodium i s  shown in the bottom portion of Figure V - 7 .  

Data a re  avai lable  on the t a s t e  and odor thresholds of two produced 

water model const i tuents :  benzene and chloride.  For the maximum cancer 

r i sk  scenar'o assuming a grout seal f a i l u r e ,  the estimated concentrations 

of benzene and chloride a t  the exposure well were below t h e i r  respective 

t a s t e  and odor thresholds.  However, fo r  the maximum noncancer r i s k  

scenario assuming a grout seal f a i l u r e ,  the estimated chloride 

concentration did exceed the t a s t e  threshold by roughly a fac tor  of 

three.  Therefore, people might be able t o  t a s t e  chloride in the highest 

noncancer r i s k  scenarios,  b u t  i t  i s  questionable whether anybody would 

discontinue drinking water containing such a chloride concentration. 

Well casins f a i lu re :  The nationally weighted d i s t r ibu t ions  of 

estimated cancer and noncancer r i s k s ,  given an inject ion well casing 

f a i l u r e ,  a re  presented in Figures V-8 and V-9. Figure.V-8 gives the r i sk  

d i s t r ibu t ions  fo r  scenarios with high inject ion pressure,  and Figure V-9 

gives the r i s k  d i s t r ibu t ions  for  scenarios with low inject ion pressure. 

(Because of a lack of adequate data t o  estimate the d i s t r ibu t ion  of 

inject ion pressures,  r e s u l t s  fo r  the high 2nd  low pressure categories  

were not weighted and therefore had t o  be kept separa te . )  

Best-estimate cancer r i s k s ,  given a casing f a i l u r e ,  were zero for  
approximately 65 percent of b o t h  the high and low pressure scenarios;  the 

remaining scenarios had cancer r i s k  estimates ranging up t o  5 x 

fo r  high pressure and 1 x for  low pressure. The majority 

(65 percent) of both high and low pressure scenarios a l so  had no cancer 

r i sks  under the conservative assumptions, although approximately 

5 percent of the high pressure scenarios and 1 percent of the low 

pressure scenarios had conservative-estimate cancer r i sks  grea ter  t h a n  
1 x (maximum of 9 x l o 4 ) .  The r e s t  o f  the scenarios had 

conservative-estimate cancer r i sks  grea ter  than zero and l e s s  than 

1 
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For  noncancer  e f f e c t s ,  t h e r e  were few th resh01  d  exceedances f o r  

sodium under  b e s t - e s t i m a t e  assumpt ions,  and t h e  h i g h e s t  exceedance was by 

l e s s  t h a n  a  f a c t o r  o f  f i v e .  Under c o n s e r v a t i v e  assumpt ions,  t h e r e  were 

more numerous exceedances o f  t h e  t h r e s h o l d ,  g i v e n  a  w e l l  c a s i n g  f a i l u r e .  

App rox ima te l y  22 p e r c e n t  o f  t h e  n a t i o n a l l y  we igh ted  h i g h  p r e s s u r e  

s c e n a r i o s  were e s t i m a t e d  t o  exceed t h e  sodium t h r e s h o l d ,  neve r  by more 

t h a n  a  f a c t o r  o f  70. App rox ima te l y  13 p e r c e n t  o f  l o w  p r e s s u r e  s c e n a r i o s  

were e s t i m a t e d  t o  exceed t h e  sodium t h r e s h o l d ,  neve r  by more t h a n  a 

f a c t o r  o f  35. 

As was t h e  case w i t h  g r o u t  sea l  f a i l u r e s ,  i t  does n o t  appear  t h a t  

peop le  would t a s t e  o r  sme l l  c h l o r i d e  o r  benzene i n  t h e  maximum cancer  

r i s k  s c e n a r i o s  assuming c a s i n g  f a i l u r e s  ( i . e . ,  peop le  would p r o b a b l y  n o t  

r e f u s e  t o  d r i n k  wa te r  c o n t a i n i n g  t h e s e  c o n c e n t r a t i o n s ) .  Fo r  t h e  maximum* 

noncancer  r i s k  scena r i os ,  s e n s i t i v e  i n d i v i d u a l s  may be a b l e  t o  t a s t e  

c h l o r i d e  o r  sn ie l l  benzene. I t  i s  u n c e r t a i n  whether  peop le  wou ld  

d i s c o n t i n u e  d r i n k i n g  w a t e r  a t  t h e s e  con taminan t  1  eve1 s,  however.  

Zone-Weiqhted R i s k  D i s t r i b u t i o n s  

I n  gene ra l ,  t h e  e s t i m a t e d  cancer  and noncancer  r i s k  d i s t r i b u t i o n s  

a s s o c i a t e d  w i t h  i n j e c t i o n  w e l l  f a i l u r e s  ( b o t h  g r o u t  sea l  and c a s i n g  

f a i l u r e s )  v a r i e d  1  i t t l e  among zones. D i f f e r e n c e s  i n  r i s k  ac ross  zones 

were p r i m a r i l y  l i m i t e d  t o  t h e  ext remes o f  t h e  d i s t r i b u t i o n s  (e .g . ,  9 0 t h  

p e r c e n t i l e ,  maximum). 

The cancer  r i s k  d i s t r i b u t i o n s  f o r  b o t h  g r o u t  sea l  and c a s i n g  f a i l u r e s  

i n  zones 2 and 5 were s l i q h t l ~  h i g h e r  t h a n  t h e  d i s t r i b u t i o n  f o r  t h e  

n a t i o n  a s  a  whole.  T h i s  i s  p r i m a r i l y  because o f  t h e  r e l a t i v e l y  s h o r t  

d i s t a n c e s  t o  exposure w e l l s  i n  t h e s e  two zones (compared t o  o t h e r  

zones) .  I n  c o n t r a s t ,  zones 8 and 11B had cancer  r i s k  d i s t r i b u t i o n s  f o r  

i n j e c t i o n  w e l l  f a i l u r e s  t h a t  were s l i q h t l v  l o w e r  t h a n  t h e  n a t i o n a l  



d i s t r ibu t ion .  This difference i s  primarily because of the r e l a t ive ly  

long dis tance t o  exposure wells in these zones. (For almost 80 percent 

of production s i t e s  i n  both zones, i t  was estimated tha t  the c loses t  

exposure well was more than 2 kilometers away.) A s imi lar  pat tern of 

zone differences was observed for  the noncancer r i s k  r e s u l t s .  

Evaludtion of Major Factors Affectinq Health Risk 

I n  general,  estimated r i sks  associated w i t h  well casing f a i l u r e  are  

from one t o  two orders of magnitude higher t h a n  r i sks  associated with 

grout seal f a i l u r e .  This i s  because under most conditions modeled, well 

casing f a i lu res  are  estimated t o  release a  grea ter  waste volume, and thus 

a  larger  mass of contaminants, than grout seal f a i l u r e s .  
* 

The r i sks  estimated f o r  disposal and waterflood wells are  generally 

s imilar  in magnitude. For assumed casing f a i l u r e s ,  waterflood wells are  

estinihted t o  cause s l i g h t l y  ( n o  more t h a n  a fac tor  of 2 . 5  times) higher 

r i sks  than disposal wel ls .  This pattern i s  the, n e t  r e su l t  of two 

differences i n  the way waterflood and disposal wells were modeled. The 

release durations modeled for  disposal wells are  longer than those f o r  

waterflood wells,  b u t  the in jec t  ion pressures modeled fo r  waterfl ood 

wells a re  grea ter  than those modeled f o r  disposal wel ls .  For assumed 

grout seal f a i l u r e s ,  disposal wells are estimated t o  cause s l  igh t ly  (no 

more than a fac tor  of 3 times) higher r i sks  than waterflood wells.  This 
pattern r e s u l t s  because the inject ion ra tes  modeled fo r  disposal wells 

are  u p  t o  3 times grea ter  than those modeled fo r  waterflood wells.  

The dis tance t o  a  potent ia l ly  affected exposure we11 a t  an inject ion 

s i t e  i s  one of the most important indicators  o f  r i s k  potent ia l .  I f  a l l  

other  parameters remain constant,  carcinogenic r i s k s  decline s l i g h t l y  

l e s s  t h a n  one order of magnitude between the 60-meter and 200-meter well 

dis tances;  carcinogenic r i sks  decline between one and two orders of 



magnitude from the 200-meter to the 1,500-meter well distances. The 

effect of well distance is a little less pronounced for noncarcinogenic 

risks. Sodium threshold exceedances drop by less than an order of 

magnitude between the 60-meter and 200-meter well distances and by 

approximately one order of magnitude between the 200-meter and 

1,500-meter well distances. The reduction in exposure with increased 

distance from the well is attributable to three-dimensional dispersion of 

contaniinants within the saturated zone. In addition, the 200-year 

modeling period limits risks resulting from less mobile constituents at 

greater distances (especially 1,500 meters). Degradation is not a factor 

because the constituents producing risk degrade very slowly (if at all) 

in the saturated zone. 

Cancer and noncancer r i s k  estimates decrease with decreasing 

injection rate/pressure. This relationship reflects the dependence of 

risk upon ths total chemical mass released into the aquifer each year, 

which is proportional to either the assumed injection flow rate (grout . . 

seal failure) or pressure (casing failure) . 

Figure V-10 shows how the unweighted health risk estimates associated 

with injection well casing failures varied for the different ground-water 

flow fields. The figure includes only results for the conservative 
model ing assumptions, the high injection pressure, and the 60-meter 

modeling distance, because risk estimates under best-estimate assumptions 
and for other modeling conditions were substantially reduced and less 

varied. As shown, conservative-estimate carcinogenic risks ranged from 

roughly 2 x (for flow field F )  to approximately 6 x (for 

flow field D). The difference in the risk estimates for these two flow 

fields is due 'primarily to their different aquifer configurations. Flow 
field D represents an unconfined aquifer, which is more susceptible to 

contamination than a confined aquifer setting represented by flow field F. 
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The ground-water flow f i e l d  a l so  influenced the potent ial  f o r  

noncarcinogenic e f f e c t s .  The conservative-estimate sodium concentrations 

a t  60 meters exceeded the threshold concentration by a fac tor  ranging up 

t o  70 times. The unconfined flow f i e l d s  with slow ground-water 

velocities/low flows ( A ,  B ,  C )  produced the highest exceedances, which 

can be a t t r ibuted  t o  l e s s  d i lu t ion  of sodium in these flow f i e l d s .  

Direct Discharge of Produced Water t o  Surface Streams 

Cancer and noncancer r i  sks were analyzed under b o t h  best - e s t  imate and 

conservative waste stream assumptions (see Table V-1) fo r  a t o t a l  of 

18 model scenarios of d i r ec t  discharge of s t r ippe r  well-produced f lu ids  

to  surface waters. These scenarios included d i f f e ren t  combinations of 

three discharge r a t e s  (1 ,  10, and 100 bar re ls  per day) ,  three downstream 

dis tances to  an intake p o i n t  ( t he  length of the mixing zone, 

5 kilometers, and 50 kilometers),  and two surface water flow r a t e s  (40 
3 and 850 cubic fee t  per second, or  f t  Js)..  The discharges in these 

scenarios were assumed to  be a t  a constant r a t e  over a 20-year period. 

Results presented fo r  i he  s t r i p p e r  we1 1 scenarios a re  unweighted because 

frequency estimates f o r  the parameters tha t  define the scenarios were not 

developed. 

For the best-est imate waste stream, there were no cancer r i s k s  

grea ter  than 1 x estimated f o r  any of the scenarios.  However, 

cancer r i s k s  grea ter  than 1 x were estimated fo r  17 percent of the 

scenarios with the conservative waste stream--the maximum was 3.5 x 

1 0 ' ~  ( f o r  the high-rate discharge in to  the  l o w - f l o w  stream, and a 
drinking water intake immediately downstream of the  discharge po in t ) .  

These cancer r i sks  were due primarily t o  exposure t o  a rsenic ,  although 

benzene a lso  contributed s l i g h t l y .  For noncancer r i s k s ,  none o f  the 

scenarios had a threshold exceedance f o r  sodium, regardless of whether 

the best-estimate or conservative waste stream was assumed. 



EPA recognizes tha t  the model surface water flow ra t e s  (40 and  
3  850 f t  / s )  a re  r e l a t ive ly  high and  tha t  discharges into streams or  

3 r ive r s  with flow ra t e s  l e s s  than 40 f t  / s  could r e s u l t  i n  greater  r i sks  

than are  presented here. Therefore, t o  supplement the r i sk  r e s u l t s  for  

the model scenarios,  E P A  analyzed w h a t  a  r ive r  or stream flow r a t e  would 

have to  be (g  iven the nlodel waste stream corlcentrat i  ons and di sctiarges 

r a t e s )  in order for  the contaminant concentration in the mixing zone 

(assuming instantaneous and complete mixing b u t  no other  removal 

processes) t o  be a t  cer ta in  leve ls .  

The r e su l t s  of t h i s  analysis ,  presented in Table V-8, demonstrate 

that  reference concentrations of benzene would be exceeded only i n  very 
3 low-flow streams ( i  . e . ,  l e s s  than 5 f t  / s )  under a l l  of the model 

conditions analyzed. I t  i s  unlikely tha t  streams of t h i s  s i z e  would be 

used as drinking water sources for  long periods of time. However, 

concentrations of arsenic and sodium under conservative modeling 

conditions could exceed-reference leve ls  in the mixing zone in r e l a t ive ly  

large streams, which night be used as drinking water sources. The 

concentrations would be reduced a t  downstream dis tances,  although 

estimates of the surface water flow ra t e s  corresponding t o  reference 

concentrations a t  d i f f e ren t  distances have n o t  been made. 

Potential ly  Exposed Population 

Preliminary estimates of the potent ia l ly  exposed popu?ation were 

developed by estimating the number of individuals using pr ivate  drinking 

water wells and public water supplies located downgradient from a sample 

of o i l  and gas wells.  These estimates were based on data obtained from 

local water suppl iers  and  300 USGS topographic maps. One hundred of the 

maps were selected from areas containing high leve ls  of d r i l l i n g  a c t i v i t y ,  

and 200 were selected from areas containing high l eve l s  of production. 



Tab12 V-8 Su r face  Water Flow Rates A t  Whlch Concentrations o f  Waste Stream 

C o n s t i t u e n t s  i n  t h e  M l x i n g  Zone W111 Exceed Reference ~ e v e l s '  

Waste s t ream d i scha rqe  r a t e  

C o n c e n t r j t  i on  H lgh Med I urn Low 

Constituent ~n waste (100 BPD) (10  BPD) ( 1  BPD) 

3 b  3  3  
Arsen ic  Med~an  < 5 f t / s  - - ~ 0 . 5  f t  IS - < . 0 5 f t  I s  

3  3  3  
Median - < l f t / s  - 0 . 1  f t  / S  - < 0 . 0 1  f t  / S  

3  3" 3 
9 0 t h  X - < 3 f t I s  - c 0 .3  f t  i s  - < 0  03 f t  / s  

. . 
3 3 3  

Sod I urn Median - < 3 f t / s  - < 0 .3  f t  / s  - < 0.03 f t  / s  

a ~ h e  r e f e r e n c e  l e v e l s  r e f e r r e d  t o  a r e  t h e  a r s e n ~ c  and benzene c o n c e n t r a t i o n s  

t h a t  cor respond t o  a  1 x  l o - '  l i f e t  ime cancer r l s k  l e v e l  (assuming a  70-kg 
individual ~ n g e s t s  2 L /d )  and E P A ' s  suggested yu ldance l e v e l  f o r  sodium f o r  the  

p r e v e n t i o n  o f  hype r tens ion  I n  h ~ g h - r i s k  l n d l v i d u a l s .  

b ~ h o u l d  be l n t e r p r e r e d  t o  mean t h a t  t h e  c o n c e n t r a t ~ o n  o f  a r s e n i c  ~n t h e  m l x l n g  

zone would exceed t h e  1 x lf5 l i f e t i m e  cancer r i s k  l e v e l  i f  t h e  r e c e i v i n g  
3 st ream o r  r i v e r  was f l o w i n g  a t  a r a t e  o f  5  f t  / s  o r  lower .  I f  t h e  s t ream o r  

r i v e r  was f l o w l n g  a t  a  h i g h e r  r a t e ,  then t h e  maxlrnum c o n c e n t r a t i o n  o f  a r s e n i c  

wsu ld  no t  exceed t h e  1  x  l o - '  l i f e t i m e  cancer r i s k  l e v e l .  



Table V-9 summarizes the sample r e su l t s  fo r  the population potent ia l ly  

exposed through private  drinking water wells.  As shcwn i n  t h i s  t a b l e ,  

over 60 percent of the o i l  a n d  gas wells i n  b o t h  the d r i l l i n g  and 

production sample d i d  n o t  have pr ivate  drinking water wells within 2,000 

meters downgradient and only 2 percent of the o i l  and gas wells were 

estimated t o  have pr ivate  drinking water wells w i t h i n  the 60-meter ( i . e . ,  

h igher - r i sk)  distance category. Moreover, the numbers of potent ia l ly  

affected people per o i l  and gas well in the 60-meter distance category 

were re1 a t ive ly  small. One other in te res t ing  finding demonstrated in 

Table V-9 i s  tha t  fewer potent ia l ly  affected individuals were estimated 

to  be in the 1,500-meter distance category t h a n  in the 200-meter 

category. This s i tua t ion  i s  believed t o  occur because some residences 

located f a r the r  from o i l  and  gas wells were on  the other s ide of surface 

waters that  appeared to  be a  point of ground-water discharge. 

The sample r e su l t s  fo r  the population potent ia l ly  exposed through 

public water- supplies are  summarized in Table V-10, These r e su l t s  show a 
pattern simil.ar t o  those for  pr ivate  drinking water wells;  t h i s  i s ,  most 

o i l  and gas wells do not have public water supply intakes within 2,000 

meters and of those tha t  d o  only a  small f ract ion have public water 

supply intakes within the 60-meter distance category. 

The r e su l t s  in Tables V-9 and V-10 are  fo r  the nation as a  whole. 

Recognizing the l imi ta t ions  of the.sample and of the analysis  methods, 

EPA's data suggest that  zone 2 (Appalachia) and  zone 7 (Texas/Oklahoma) 

have tlls grea tes t  r e l a t i v e  number of potent ia l ly  affected individuals per 

o i l  and gas well ( i . e . ,  po tent ia l ly  affected individuals a re ,  on the 

average, c loser  to  o i l  and gas wells in these zones r e l a t ive  t o  other  
zones). I n  addition, zone 4 (Gulf) has a  r e l a t ive ly  large number of 

individuals potent ia l ly  affected through public water suppl ies .  Zone I 1  

(Alaska) and zone 8 (Northern Mountain) appear t o  have r e l a t ive ly  fewer 

potent ia l ly  affected individuals per o i l  and gas well .  Further 



Table V-9 Population Patentlally Expcsed Through Private Drinking 
Water Wells at Sampl? Drilling and Production Areas 

Distance 

categorya 

Drillinq s3rnole results Product~on sample results 

No. ( X I  of 01 l/gas No. ( X )  of 01 l/gas 
wells with private Maxi~num no. of wells with private Maximum no, of 

drinking water potentidlly affected drink~ng water potentially affected 
wells within indlvidudls per oil wells within individuals per oil 

distance category and gas well distance category and gas well b b 

60 meters 

200 meters 

1.50G meters 

>2,000 meters 

a~rinl,ing water wells wzre counted as 60 meters downgradient if they were klthin 0 and 130 meters, were 
counted ds 200 meters downgradient if they were wlthin 130 and 800 meters, and were counted as 1,500 meters 
downgrddient if.they were within 800 and 2,000 meters. 

b~hese rat 10s largely overest imate the number of people actually affected per 01 1 and gas well (see text) and 
should be used to estimate the total number of people affected only with caution. The figures are intended 
simply to give a preliminary ~nd~cation of the potentially exposed population and the distribution o f  that 
population in differ~nt distance categories. 

'~ot available; distances greater than 2,000 meters from oil and gas wells were not modeled. 



Table V-10 Popdlation Potentially Exposed Through Public Water 
Supp1:es at Sample Drilling and Prcduction Areas 

Distance 
Cdt?CJory a 

Drillina samgle results Production samale results 

No. ( 7 : )  of oi ligas No. ( % )  of o~l/gas 
wells with privdte Maximum no of wells with private Maximum no. of 

drinhing water potent i,jlly affected drinklng water potentially affected 
wells within individuals per oil wells within ind~vrduals per oil 

diitance catejury and gas well distance category and gas well b b 

200 meters 217 ( 0 . 8 )  0 .76  2 10 ( 0 . 7 )  8 . 1  

1,500 meters 232 ( 9  8 )  0 . 5 5  61 7 ( 2 )  0 3 9 

a Publ~c water supply intakes were counted as 60 meters d3wngradient if they were within 0 and 130 meters, were 
counted as 203 m2ters downgradient if they were within 130 and 800 meters, and wers counted as 1,500 meters 

dawngrxlient if they were within BOD and 2,000 me'ters. 

b~hese ratios largely overest~mate the number of people actually affected per oil and gas well (see text) an3 

should be used to estiindte the total number of people affected only with cautisn. The figures are intended 

simply t o  give a preliminary indication of the potentinlly exposed population and the distr~bution of that 

po.pulation in different distance categories. 

'~ot available; distances greater than 2,000 meters from oil and gas wells were not modeled 



discussion of the differences i n  population estiinates across zones i s  

provided in the supporting technical report  (USEPA 1987a). 

The number of potent ia l ly  affected people per o i l  and gas well in 

Tables V-9 and V-10 represents the maximum number of people i n  the sample 

tha t  could be affected i f  a l l  t he  o i l  and gas wells in the sample 

resul ted i n  ground-wat.er contamination out t o  2,000 meters. The number 

of persons actual ly  affected i s  probably much smaller because ground 

water may n o t  be contaminated a t  a l l  ( i f  any) of the s i t e s ,  some of the 

individuals may re ly  on surface water or rainwater ra ther  than on  ground 

water, arid some of the individuals and publ i c  water supplies may not have 

drinking water wells t ha t  are  hydraulically connected t o  possible release 

sources. A1 so, the sample popul a t  i  on  potenti a1 l y  exposed through publ i c  

water supplies i s  probably f a r  l e s s  than estimated, because public water 

i s  frequently t rea ted  pr ior  to  consumption (possibly resu l t ing  in the 

removal of o i l  and gas waste contaminants). and because many supply systenis 

u t i l i z e  multiple sources of water, with water only a t  times being drawn 

from possibly contaminated souraces. Therefore, these rat,ios la rge ly  

overestimate the number of people ac tua l ly  exposed per o i l  and gas well 

and  should be used to  estimate the to t a l  number of people affected only 

with caution. The f igures  are  intended simply t o  give a  preliminary 

indication of the potent ia l ly  exposed population and the d i s t r ibu t ion  of 

tha t  population in d i f f e ren t  dis tance categories .  

For the purposes of t h i s  study, resource damage i s  defined as the 

exceedance of pre-se t  threshold ( i . e . ,  "acceptable") concentrations f o r  

individual contaminants, based on l eve l s  associated with aquatic 

t o x i c i t y ,  t a s t e  and odor, or  other  adverse impacts. Potential 

ground-water and surface water damage was measured as the  maximum (over 

the 200-year modeling time period) annual volume of contaminated water 



flowing past various points downgradient or  downstream of the source. 

Only the volume of water tha t  exceeded a  damage threshold concentration 

was considered t o  be contaminated. This Reasure of potential  

ground-water and surface water damage was computed fo r  each of three 

distances downgradient or downstream from a source: 63, 200, and 

1,500 meters. 

These estimates of resource damage supplement, b u t  should be 

considered separate from, the damage cases described i n  Chapter IV.  The 

resource damage re su l t s  summarized here are s t r i c t l y  for  the model 

scenarios considered in t h i s  analysis ,  which represent:  (1)  seepage of 

reserve p i t  wastes; ( 2 )  re leases  of produced water from inject ion well 

f a i l u r e s ;  and ( 3 )  d i r ec t  discharge of produced water from s t r ippe r  wells 

t o  streams and r i v e r s .  While thsse releases  may be s imilar  t o  some of 

the damage cases described in Chapter IV, no attempt was made t o  

cor re la te  the scer~ar ios  t o  any .given damage c a s e ( s ) .  I n  addi t ion,  

Chapter IV describes damage cases from several types of releases  ( e . g . ,  

land appl icat ion)  that  were not modeled as part  of t h i s  quant i ta t ive  r i s k  

analysis .  

Potential Ground-Water Damage--Drilling Wastes 

Two contaminants were modeled for  ground-water resource damage 

associated w i t h  ons i te  reserve p i t s .  These contaminants were chloride 
ions i n  concentrations above EPA's secondary maximum contaminant level 

and to t a l  mobile ions (TMI) in concentrations exceeding the level of 

to ta l  dissolved s a l t s  predicted t o  be injur ious t o  sens i t ive  and 

moderately sens i t ive  crops. Chloride i s  highly mobile in ground water 

and the other ions were assumed t o  be equally mobile. 

On a national bas is ,  the  r i s k s  of s igni f icant  ground-water damage 

were very low f o r  the model scenarios included in the analysis .  Under 



t h e  b e s t - e s t i m a t e  model ing assumptions, o n l y  2 pe rcen t  o f  n a t i o n a l l y  

weighted rese rve  p i t  scenar ios  were es t ima ted  t o  cause measurable 

ground-water  damage a t  60 msters r e s u l t i n g  f rom T M I .  Under t h e  . 
c o n s e r v a t i v e  model ing assumptions, l e s s  than  10 percent  o f  r e s e r v e  p i t s  

wsre assoc ia ted  w i t h  ground-water  plumes contaminated by c h l o r i d e  and T M I  

a t  60 meters and fewer than 2 percen t  a t  200 meters.  On a  r e g i o n a l  

b a s i s ,  t h e  upper 9 0 t h  p e r c e n t i l e  o f  t h e  d i s t r i b u t i o n s  f o r  resou rce  

damage, under c o n s e r v a t i v e  model ing assumptions, were above ze ro  f o r  

zones 2 ,  5 ,  and 8, T h i s  zone p a t t e r n  i s  s i m i l a r  t o  t h e  zone p a t t e r n  o f  

noncancer human h e a l t h  r i s k s  f rom sodium. Flow f i e l d  A was more h e a v i l y  

weighted f o r  these t h r e e  zones than  f o r  t h e  remain ing  zones, and t h i s  

f low f i e l d  a l s o  was r e s p o n s i b l e  f o r  t h e  h i g h e s t  downgradient 

c o n c e n t r a t i o n s  o f  sodium o f  a l l  t h e  f l o w  f i e l d s  modeled. 

The m o b i l i t i e s  o f  c h l o r i d e  and t o t a l  mob i l e  s a l t s  i n  ground water  

were t h e  same as t h e  m o b i l i t y  o f  sodium, which was r e s p o n s i b l e  f o r  t h e  

noncancer human h e a l t h  r i s k s .  Thus, t h e  e f f e c t s  o f  several.  p i t  d e s i g n .  

and envi ronmental  parameters on t h e  vo1u:ne o f  ground wi i ter  contaminated 

above c r i t e r i a  concen t ra t i ons  f o l l o w e d  t r e n d s  v e r y  s i m l l a r  t o  t hose  

f o l  1  owed by t h e  noncancer human hea l  t h  r i s k s  . These parameters i n c l  uded 

r e s e r v e  p i t  s i z e ,  n e t  recharge,  subsur face p e r m e a b i l i t y ,  and depth  t o  

ground wa te r .  I n  c o n t r a s t  t o  t h e  t r e n d  i n  noncancer human h e a l t h  r i s k s ,  

however, t h e  magnitude o f  resource  damage sometimes increased w i t h  

i n c r e a s i n g  d i s t a n c e  f rom t h e  r e s e r v e  p i t .  Th i s  i s  because contaminant  

c o n c e n t r a t i o n s  (and thus  h e a l t h  r i s k s )  decrease w i t h  d i s t a n c e  t r a v e l e d ;  

however, t h e  w i d t h  o f  a contaminant  plume (and thus  t h e  volume o f  

contaminated water)  inc reases up t o  a  p o i n t  w i t h  d i s t a n c e  t r a v e l e d .  

Even tua l l y ,  however, t h e  c e n t e r  l i n e  concen t ra t  i o n  o f  t h e  plume f a 1  1s 

below t h r e s h o l d ,  and t h e  es t imated volume o f  contaminated wa te r  a t  t h a t  

d i s t a n c e  f a l l s  t o  zero .  F i n a l l y ,  as was t h e  case w i t h  noncancer human 

h e a l t h  r i s k s ,  o n l y  t h e  s lower  aqu i fe rs  were assoc ia ted  w i t h  s i g n i f i c a n t  

es t ima tes  o f  resource  damage. 



Potenti a1 Ground-Water Damage- -Produced Uater 

As they were fo r  dr i l l ing.wastes ,  chloride and t o t a l  mobile ions were 

modeled to  estimate ground-water resource damage associated w i t h  

underground inject ion of produced water. Under best-estimate conditions,  

the r i sk  of ground water becoming contaminated above the thresholds i f  

inject ion well casing f a i lu res  were t o  occur was negl igible .  Furthermore, 

in a l l  b u t  a few scenarios (approximately 1 percent. of the nat ional ly 

weighted scenarios) ,  the resource damage e s t  imates did n o t  exceed zero 

under conservative assumptions. Estimated resource damage was almost 

en t i r e ly  confined t o  the 60-meter modeling d is tance .  

GI-out sehl f a i l u r e s  were estimated to  pose a s l i g h t l y  smaller r i sk  of 

contaminating ground whter above the chloride or TMI thresholds than 

inject ion well casing f a i l u r e s .  I n  roughly 99 percent of the nat ional ly 

weighted scenarios,  grout seal f a i l u r e s  never resul ted in threshold 

exceedances, regardless o f  the se t  of co i~di t ions  ass~cmed (bes t - e s t  imate 

vs. conservative) or the dwngradient distance analyzed. Again, estimated 

resource damage was almost en t i r e ly  confined t o  the 60-meter modeling 

distance. 

I n  general,  inject ion well f a i lu res  were estimated t o  contamirtate 

larger  volunles of ground water above the damage c r i t e r i a  under conditions 

involving higher inject ion rates/p,ressures and  lower ground-water 

velocities/flows ( i . e . ,  flow f i e l d s  A ,  B ,  C ,  and K ) .  The estimated TMI 
concentration exceeded i t s  threshold fo r  the low inject ion r a t e  very 

ra re ly ,  and only out t o  a distance of 60 meters. Chloride and TMI 

threshold exceedances were l imited almost exclusively t o  conditions 

involving the high in jec t ion  r a t e  or pressure. The slower velocity/lower 

flow ground-water se t t ings  permit l e s s  d i lu t ion  (i . e . ,  a higher 

probabi l i ty  of threshold exceedance) of const i tuents  modeled f o r  resource 

damage e f f e c t s .  In a trend s imilar  t o  t h a t  observed fo r  health r i s k s ,  



waterflood we1 1s were estimated to  contaminate 1 arger volumes of ground 

water than disposal wells under condi t i ens  involving casing f a i l u r e s ,  b u t  

di spvsal we1 1 s were e s t  irnated t o  contaminate 1 at-ger vol umes under 

conditions involving grout seal f a i l u r e s .  Final ly ,  the resource damage 

estimates For inject ion well f a i l u r e s  (and also f o r  reserve p i t  leachate)  

indicate  tha t  Ti41 i s  a greater  ccntr ibutor  t o  ground-water contamination 

than chloride.  The reason for  t h i s  difference i s  tha t  t h e  mabile s a l t s  

concentration in the model produced water waste stream i s  more than three 

times the chloride concentration (see Table V - I ) ,  while the resource 

damage thresholds d i f f e r  by a f ac to r  of two (see Table V - 2 ) .  

Poten t ia l  Surface Water Damage 

EPA examined the potential  for  surface water damags resu l t ing  from 

the influx of ground water contaminated by reserve p i t  seepage and 

in jec t ion  well f a i l u r e s ,  as well as surfbce water damage resu l t ing  from 

d i rec t  discharge of s t r ippe r  well prod~ced water. For a l l  model., 

scenarios ,  ETA e s t  inated the average annual surface water cmcent ra t ions  

of waste const i tuents  t o  be below t h e i r  res?ect ive thresholds a t  the 

point where they enter  the surface water; t ha t  i s ,  the threshold 

concentrations fo r  various waste const i tuents  were not exceeded even a t  

the point of maximum concentration in surface waters. This i s  because 

the input chemical mass i s  d i lu ted  subs tant ia l ly  upon enter ing the 

surface water. Surface water usually flows a t  a much higher r a t e  than 

ground water and a lso  allows for  more complete mixing than ground water. 

Both of these fac tor  suggest t ha t  there  will  be grea ter  d i lu t ion  in 

surface water than in ground water. One would expect, t h e r ~ f o r e ,  t h a t  
the low concentrations in ground water estimated f o r  reserve p i t  seepage 

and inject ion well f a i lb res  would be d i lu ted  even fur ther  u?on seeping 

in to  surface water. 



These l imited modeling r e su l t s  do n o t  imply tha t  resource damage 

could n o t  occur from larger  releases ,  e i t h e r  through these or other 

migration pathways or from releases t o  lower flay surface waters ( i . e . ,  
3 streams.with flows below 40 f t  / s ) .  I n  addition, surface water damages 

could occur during short  periods ( l e s s  than a  year) of low stream flow or 

peak waste discharge, which were n o t  modeled in t h i s  study. 

EPA analyzed w h a t  a r i ve r  or stream flow r a t e  would have t o  be (given 

the model produced water concentrat ions and di scharge ra tzs  from s t r ippe r  

wel ls)  in order fo r  contaminant concentrations in the mixing zone 

(assuming instantaneous and complete m i x i n g  b u t  n o t  other removal 

processes) t o  exceed resource damage c r i t e r i a .  The r e su l t s  of t h i s  

analysis a re  summarized in Table V-11. As shown, the maximum 

concentrations of chlor ide,  boron, sodium, and TMI i n  streams or r ive r s  

caused by ths discharge of produced water from s t r ippe r  wells would 

(under n~ost model ing condi t ions)  not exceed 'resource dhmage c r i t e r i a  

.u.nless the receiving stream or r ive r  was flowing a t  a ' r a te  below ' 

1 f t 3 / s .  The exceptions are  scenarios Hith a  conservative waste stream 

concentration and high discharge r a t e .  I F  produced water was discharged 

t o  streams or r ive r s  under these conditions,  the maximum concentrations 

of sodium and TMI could exceed resource damage c r i t e r i a  in surface waters 
3 flowing u p  t o  5 f t  / s .  (The maximum concentrations in any surface 

water flowing a t  a g rea ter  r a t e  would n o t  exceed the c r i t e r i a . )  

The r e s u l t s  suggest t h a t ,  i f  produced waters from s t r ippe r  wells are  

discharged t o  streams and r ive r s  under conditions t h a t  are s imi lar  t o  

those modeled, resource damzge c r i t e r i a  would be exceeded only i n  very 

small streams. 

ASSESSMENT OF WASTE DISPOSAL ON ALASKA'S NORTH SLOPE 

In accordance with the scope of the study required by RCRA Section 

8002(m), t h i s  assessment addresses only the potential  impacts associated 



Table V-11 Surface Water Flaw Rates A t  Which Concentrat ions o f  Waste Stream 

Const i tuents  I n  the Mixing Zone k i l l  Exceed 

Aquat IC E f  i e c t s  and 2e:ource Damage ~ h r e s h o l d s ~  

Const i tuent  

Concen t ra t~on  Waste stream d ischar re  r a t e  

i n  waste High (100 BFD) Medium (10 BPD) L O H  ( 1  BPD) 

Sod i um 

Chlor ide 

To ta l  Mob1 l e  Ions 

Median 
3 b  

< 0.7 f t  / s  
3 - - 0.07 f t  / s  - < 0.007 f t 3 / s  

90th % 
3  

< 5  f t / s  
3  

< 0.5 f t  / s  
3 - - - < 0.05 f t  / s  

Med i an 

90th X 

Median 

90th % 

3  3 3 
Median - < 0 .4  f t  / s  - < 0.04 f t  I s  - < 0.004 f t  1 s  

90th ?! 
3  

< 2  f t / s  
3 

c 0.2 f t  / s  
3  - - - < 0.02 f t  / s  

a ~ h e  e f f e c t  thresholds and e f f e c t s  considered i n  t h i s  ana lys is  were as f o l l o w s :  Sodium-83 
mg/L. which might r e s u l t  i n  t o x i c  e f f e c t s  o r  osrnoregulatory problems f o r  freshwdter aqua t i c  

org3nisms (note:  w h i l e  t h i s  threshold i s  based on t o x i c i t y  data repor ted i n  t h e  l i t e r a t u r e ,  

i t  i s  dependent on severa l  assumpt ions and i s  specu la t i ve ) ;  ch lor ide--250 mg/L, which i s  

EPA's secondary-dr ink ing water standard designed t o  prevent excess cor ros ion  o f  pipes i n  hot  
water systems and t o  prevent ob jec t ionab le  tas tes ;  boron--] mg/L. which i s  a  concentrat ion i n  

i r r i g d t i o n  water t h a t  cou ld  damage s e n s i t i v e  crops ( e . g . ,  c i t r u s  t rees ;  plum, pear, and apple 

t rees ;  grapes; and avocados); and t o t a l  mobi le  Ions--335 mg/L, which may be a t o l e r a b l e  l e v e l  

f o r  freshwater species but  would probably put  them a t  a  disadvantage i n  competing w i t h  

b rack ish  o r  marine organisms. 

b ~ h o u l d  be ~ n t e r p r e t e d  t o  mean t h a t  the  concentrat i on  of sodium i n  the m i x ~ n g  zone would 

exceed the  modeled e f f e c t  threshold (descr ibed i n  foo tno te  a)  i f  the r e c e i v ~ n g  stream o r  
r i v e r  was f low ing  a t  a  r a t e  of 0.7 f t J / s  o r  lower. I f  the stream o r  r i v e r  was f low ing  a t  a  

h igher  ra te ,  then the  maximum concentrat ion o f  sodium would no t  exceed the e f f e c t  l e v e l .  



w i t h  the rnanasement of exempt o i l  and gas wastes on Alaska's North 

Slope. I t  does not analyze r i sks  or impacts from other a c t i v i t i e s ,  such 

as s i t e  development or road construction. The North Slope i s  addressed 

i n  a separate ,  qua l i t a t ive  assessment because readi ly avai lable  release 

and t ransport  models fo r  possible use in a quant i ta t ive  assessment are 

n o t  appropriate fo r  many of the cha rac te r i s t i c s  of the North Slope, such 

as the freeze-thaw cycle,  the presence of permafrost, and the typical 

reserve p i t  designs. 

Of the various wastes and waste management pract ices  on the North 

Slope, i t  appears tha t  the management of d r i l l i n g  waste in above-ground 

reserve p i t s  has the grea tes t  potenti a1 for  adverse environmental 

e f f e c t s .  The potential  fo r  d r i l l i n g  wastes t o  cause adverse human health 

e f f ec t s  i s  small beciiuse the potential  for  human exposure i s  small. 

Virtually a l l  produced water on the North Slope i s  re injected 

approximately 6,000 t o  9 ,000  fee t  below the 1 and surface i n  acc'ordance 

with discharge permits issued by the S ta te  of Alaska. The receiving 

forn~at ior~  i s  n o t  an undet-ground source of drinking water and i s  

e f fec t ive ly  sealed from the surface by permafrost. Consequently, the 

potential  f o r  environmental or human health impacts associated w i t h  

produced f lu ids  i s  very small under routine operating conditions.  

During the summer thaw, reserve p i t  f l u ids  a re  disposed of ir! 

underground inject ion we1 1 s ,  relea,sed d i r ec t ly  onto the tundra or  appl ied 

t o  roads i f  they meet qual i ty  r e s t r i c t i o n s  specif ied in Alaska discharge 

permits, o r  stored i n  reserve p i t s .  Und2rground in jec t ion  of reserve p i t  

f lu ids  should have minor adverse e f f ec t s  for the sane reasons as were 

noted above f o r  produced waters. If  reserve p i t  f l u i d s  are  managed 

through the other  approaches, however, there  i s  much greater  potential  

fo r  adverse environmental e f f e c t s .  



Discharges o f  rese rve  p i t  f l u i d s  on to  the  t u n d r a  arid roads a r e  

r e g u l a t e d  by pe rm i t s  issued by t h e  Alaska Department o f  Envi ronmental  

Conserva t ion  (ADEC).  I n  t h e  pas t ,  rese rve  p i t  d ischarges  have 

o c c a s i o n a l l y  exceeded p e r m i t  l i n l i t a t i o n s  f o r  c e r t a i n  c o n s t i t u e n t s .  New 

pe rm i t s  , t h e r e f o r e ,  spec i  f y  seve ra l  p r e - d i  schartje r e q u i  t-ements t h a t  must 

be met t o  h e l p  ensure t h a t  t he  discha)-cje i s  c a r r i e d  ou t  i n  an acceptab le  

manner. 

Only one U.S. Government s tudy  o f  t h e  p o t e n t i a l  e f f e c t s  o f  r e s e r v e  

p i t  d ischarges  on t h e  Nor th  Slope i s  known t o  be complete. West and 

Snydet--Conn (1987), w i t h  t h e  U.S. F i s h  and W i l d l i f e  Serv ice ,  examined how 

rese rve  p i t  d ischarges  i n  1983 a f f e c t e d  water  q u a l i t y  and i n v e r t e b r a t e  

con~muni t ies  i n  r e c e i v i n g  tund ra  ponds and i n  h y d r o l o g i c a l l y  connected 

d i s t a n t  ponds. A l though t h e  n a t u r e  o f  t h e  da ta  and t h e  s t a t i s t i c a l  

a n a l y s i s  p rec luded a d e f i n i t i v e  d e t e r m i n a t i o n  o f  cause and e f f e c t ,  

severa l  c o n s t i t u e n t s  and c h a r a c t e r i s t i c s  (chromium, barium, a r s e n i c ,  

n i c k e l ,  hardness, a1 k a l  i n i  t y ,  and t u r b i d i t y )  were found i n  e l e v a t e d  

c o n c e n t r a t i o n s  i n  r e c e i v i n g  ponds when c o ~ p a r e d  t o  c o n t r o l  ponds. A lso ,  

a l k a l i n i t y ,  chromium, and a l i p h a t i c  hydrocarbons were e l e v a t e d  i n  

h y d r o l o g i c a l l y  connected d i s t a n t  ponds when compared t o  c o n t r o l s .  

Accompanying these water  q u a l i t y  v a r i a t i o n s  was a  decrease i n  

i n v e r t e b r a t e  taxonomic r i chness ,  d i v e r s i t y ,  and abundance f rom c o n t r o l  

ponds t o  r e c e i v i n g  ponds. 

West and Snyder-Conn, however, caut ioned t h a t  these r e s u l t s  cannot  be 

w h o l l y  e x t r a p o l a t e d  t o  p resent -day  o i l  f i e l d  p r a c t i c e s  on t h e  N o r t h  Slope 

because some i n d u s t r y  p r a c t i c e s  have changed s i n c e  1983. For  example, 

t hey  s t a t e  t h a t  "chrome l i g n o s u l f o n a t e  d r i l l  muds hav? been p a r t l y  

rep1 aced by non-chrome 1  i gnosu l  fonates ,  and d i e s e l  o i  1  has been 1  a r g e l y  

rep laced  w i t h  l e s s  t o x i c  m ine ra l  o i l  i n  d r i l l i n g  ope ra t i ons . "  Also,  

S t a t e  r e g u l a t i o n s  concern ing  rese rve  p i t  d ischarges  have become 

i n c r e a s i n g l y  s t r i n g e n t  s ince  t h e  t i m e  t h e  s tudy  was conducted. West and 



Snyder-Conn additionally concluded t h a t  reserve p i t  discharges should be 

subject t o  standards for  tu rb id i ty ,  a l k a l i n i t y ,  chromium, arsenic ,  and 

barium t o  reduce the l ikelihood of biological impacts. ADEC's 1987 

t u n d r a  discharge permit spec i f ies  e f f luent  l imi ta t ions  for  chromium, 

arsenic ,  barium, and several other inorganics, as well as an ef f luent  

l imitat ion for  s e t t l e a b l e  so l ids  (which i s  re lated t o  t u r b i d i t y ) .  The 

1987 permit requires monitoring fo r  a lka l in i ty ,  b u t  does not specify an 

ef f luent  1  imit for  t h i s  parameter. 

Reserve p i t s  on the North Slope are  frequently constructed above 

grade o u t  of native s o i l s  and gravel.  Below-grade s t ruc tures  a re  a l so  

b u i l t ,  generally a t  exploratory s i t e s ,  and occasionally a t  newer 

production s i t e s .  Although the mud so l ids  tha t  s e t t l e  a t  the bottom of 

the p i t s  act  as a  ba r r i e r  t o  f lu id  flow, f lu ids  from above-ground reserve 

p i t s  (when thawed) can seep through the  p i t  walls and  onto the tundra.  

No information was obtained on  w h a t  percentage of the approximately 300 . 

reserve p i t s  on the North Slope are  actu'ally leaking; however, i t  has 

been documented tha t  "some" p i t s  d o  in fac t  seep ( A R C O  1985, Standard Oil 

1987). While such seepage i s  expected to be su f f i c i en t ly  concentrated t o  
adversely a f fec t  s o i l ,  water, vegetation, iind dependent fauna in areas 

surrounding the reserve p i t s ,  it  i s  not known how large an area around 

the p i t s  nlay be affected.  Preliminary s tudies  provided by industry 

sources indicate tha t  seepage from North Slope reserve p i t s ,  designed and 

managed in accordance with exis t ing S ta t e  regulat ions,  should n o t  cause 
damage t o  vegetation more than 50 f e e t  away from the p i t  walls (ARCO 

1986, Standard Oil 1987). I t  i s  important t o  note tha t  ADEC adopted 

regulations tha t  should help t o  reduce the occurrence of reserve p i t  

seepage and any impacts o f  d r i l l i n g  waste disposal .  These regulations 

became ef fec t ive  in September 1987. 

While some of the potent ia l ly  toxic  const i tuents  in reserve p i t  

l iqu ids  a re  known t o  bioaccumulate ( i . e . ,  be taken u p  by organisms l o w  in 



the food chain with subsequent accumulation in organisms higher i n  the 

food chain) ,  there  i s  no  evidence t o  conclude tha t  bioaccumulation from 

reserve p i t  discharge or seepage i s  occurring. I n  general,  

bioaccumulation i s  expected t o  be small because each spring thaw brings a  

large onrush of water tha t  may help f lush residual contamination, and 

higher level consumers are generally migratory and should not be exposed 

fo r  extended periods. I t  i s  recognized, however, t ha t  tundra invertebrates  

cot ls t i tute  the major food source f o r  many bird species on the Arctic 

coabtal pl a in ,  par t icu lar ly  during the breeding and rearing seasons, 

which coincide with the period t h a t  tundra and road discharges occur. 

The Fish and Wildlife Service i s  in the process of invest igat ing the 

e f f e c t s  of reserve p i t  f lu ids  on invertebrates  and b i rds ,  and these and 

other s tudies  need t o  be completed before conclusions can be reached w i t h  

respect to  the occurrence of bioaccumulation on the  North Slope. 

With regard t p  the p i t  so l ids ,  the walls of operating p i t s  have 

slumped on rare  occasions, allowing mud and cut t ings  t o  s p i l l  onto the 

surrounding tundra. As long as these releases  a re  promptly cleaned up, 

the adverse e f f e c t s  t o  vegetation, s o i l ,  and wi ld l i f e  should be temporary 

(Pollen 1986, McKendrick 1986). 

ADEC's new reserve p i t  closure regulations f o r  the North Slope 

contain strengthened requirements f o r  reserve p i t  so l ids  t o  be dewatered, 

covered with ear th mater ials ,  g r a d ~ d ,  and vegetated. The new regulat ions 

a l so  require  owners of reserve p i t s  t o  continue monitoring and t o  

maintain the cover f o r  a  minimum of 5 years a f t e r  closure.  I f  the  

reserve p i t  i s  constructed below grade such t h a t  the so l ids  a t  c losure 

are  a t  l e a s t  2 f e e t  below the bottom of the so i l  layer  tha t  thaws each 

spring,  the sol ids will  be kept permanently frozen ( a  phenomenon referred 

t o  as freezeback).  The sol ids in closed above-grade p i t s  will  a l so  

undergo freezeback i f  they are  covered with a su f f i c i en t  layer  of ear th 

material t o  provide insulat ion.  I n  cases where the so l ids  a r e  kept 



permanently frozen, no leaching or erosicn of the so l id  waste 
const i tuents  should occu1-. However, ADEC's regulations d o  not require 

reserve p i t s  t o  be closed in a  manner tha t  ensures freezeback. 

Therefore, some operators may choose t o  close t h e i r  p i t s  in a  way tha t  

permits the sol ids  t o  thaw during the spring. Even when the so l ids  a re  

not frozen, migration o f  t h s  waste const i tuents  will  be inhibited by the 

reserve p i t  cover and the low r a t e  of water i n f i l t r a t i o n  through the 

so l ids .  Nevertheless, in t h e  long term, the cover could slump and allow 

increased snow accuniulation in depressed areas.  Melting of t h i s  snow 

could r e su l t  i n  i n f i l t r a t i o n  into the p i t  and subsequent leaching of the 

thawed sol id  waste contaminants. Also, for  closed above-grade p i t s ,  

long-term erosion of the cover could conceivably allow waste sol i d s ,  i f  

thawed, to  migrate t o  surrounding areas .  Periodic monitoring would 

fores ta l  1 such possi bi 1 i t i e s .  

LOCATIONS OF O I L  AND GAS ACTIVITIES I N  RELATION TO ENVIRONMENTS OF 

' SPECIAL INTEREST 

EPA analyzed the proxinity o f  o i l  and gas a c t i v i t i e s  t o  three 

categories of environments of special i n t e re s t  t o  the public: endangered 

and threatened species habi ta t s ,  wet1 ands, and pub1 i c  1  ands. The r e s u l t s  

of t h i s  analysis  are intended only t o  provide a  rough approximation of 

the degree o f  and potent ial  f o r  overlap between o i l  and gas a c t i v i t i e s  and 

these areas .  The r e s u l t s  should not be interpreted t o  mean tha t  areas 

where o i l  and gas a c t i v i t i e s  are  located are  necessarily adversely 

affected.  

All of the 26 S ta t e s  having t h e  highest leve ls  of o i l  and gas 

ac t iv i ty  are within the h is tor ica l  ranges o f  numerous endangered and 

threatened species hab i t a t s .  However, of 190 counties across the  U.S. 

ident i f ied  as having high leve ls  of exploration and production, only 13 



( o r  7 p e r c e n t )  have F e d e r a l l y  d e s i g n a t e d  c r i t i c a l  hab i  t a t s 1 '  w i t h i n  t h e i r  

bounda r i es .  These 13 c o u n t i e s  encompass t h e  c r i t i c a l  h a b i t a t s  f o r  a  

t o t a l  o f  10 d i f f e r e n t  spec ies ,  o r  about  10 p e r c e n t  o f  t h e  spec ies  f o r  

wh i ch  c r i t i c a l  h a b i t a t s  have been des igna ted  on t h e  Federa l  l e v e l .  

Wet1 ands c w a t e  h a b i t a t s  f o r  many forms o f  w i  l d l  i f e ,  p u r i f y  n a t u r a l  

wa te rs  by rer r~ov i  ng sediments  and o t h e r  con taminan ts ,  p r o v i d e  f l o o d  and 

s to rm  damage p r o t e c t i o n ,  and a f f o r d  a  number o f  o t h e r  b e n e f i t s .  I n  

gene ra l ,  A laska  and L o u i s i a n a  a r e  t h e  S t a t e s  w i t h  t h e  most we t l ands  and 

o i l  and gas a c t ~ v i t y .  App rox ima te l y  50 t o  75  p e r c e n t  o f  t h e  N o r t h  S lope  

a rea  c o n s i s t s  o f  wet1 ands (Bergman e t  a1 . 1977) .  Wet1 ands a r e  a1 so 

abundant t h roughou t  F l o r i d a ,  b u t  o i l  and gas a c t i v i t y  i s  c o n s i d e r a b l y  

l e s s  i n  t h a t  S t a t e  and i s  c o n c e n t r a t e d  p r i m a r i l y  i n  t h e  panhandle area.  
* I n  a d d i t i o n ,  o i l  and gas h c t i v i t i e s  i n  I l l i n o i s  appear t o  be c o n c e n t r a t e d  

i n  a reas  w i t h  abundant we t l ands .  O t h e r  S t a t e s  w i t h  abundant we t l ands  

( N o r t h  Ca ro l  i na, South Caro l  i na, Georg i a, New Je rsey ,  Maine, and 

M innsso ta )  have v e r y  l i t t l e  onshore o i l  and gas a c t i v i t y .  

Fo r  t h e  purpose o f  t h i s  a n a l y s i s ,  p u b l i c  l a n d s  a r e  d e f i n e d  as t h e  

w ide  v a r i e t y  o f  l a n d  a ress  owned by  t h e  Federa l  Government and 

a d m i n i s t e r e d  by t h e  Bureau o f  Land Management (BLM), N a t i o n a l  F o r e s t  

S e r v i c e ,  o r  N a t i o n a l  Park  S e r v i c e .  Any development on t h e s e  l a n d s  must 

f i r s t  pass t h r o u g h  a  f o rma l  env i r onmen ta l  p l a n n i n g  and r e v i e w  p rocess .  

I n  many cases, t h e s e  l a n d s  a r e  no t .  e n v i r o n m e n t a l l y  s e n s i t i v e .  N a t i o n a l  

Fo res t s ,  f o r  example, a r e  e s t a b l  i shed f o r  mu1 t i p l e  uses, i n c l u d i n g  t i m b e r  

development ,  m i n e r a l  e x t r a c t i o n ,  and t h e  p r o t e c t i o n  o f  env i r onmen ta l  

va lues .  P u b l i c  l a n d s  a r e  i n c l u d e d  i n  t h i s  a n a l y s i s ,  however, because 

t h e y  a r e  cons ide red  " p u b l i c l y  s e n s i t i v e , "  i n  t h e  sense t h a t  t h e y  a r e  

commonly va lued  more h i g h l y  by s o c i e t y  t h a n  comparable a reas  o u t s i d e  

lo  C r l t l c 3 1  h a b ~ t d t s ,  w h ~ c h  are much s ~ n a l l e r  and mare rigorously def lned than h i s t o r i c a l  

ranges, a r e  areas con td l r , l ng  p h y s ~ c a l  clr b i o ! o g i c d l  f d c t o r s  essent l a 1  t o  t h e  conse rva t i on  o f  t h e  

spec ies .  



t h e i r  boundaries. The study focuses only on lands within the National 

Forest and National Park Systems because of recent pub1 i c  i n t e r e s t  in o i l  

and gas development in these areas ( e . g . ,  see S ier ra  Club 1986; 

Wilderness Society 1987). 

The National Forest System compri ses 282 National Forests,  National 

Grasslands, and other  areas and includes a t o t a l  area of approximately 

191 mill ion acres.  Federal o i l  and gas leases ,  fo r  e i the r  exploration or 

production, have been granted fo r  about 25 mill ion acres (roughly 

27 percent) of the system. Actual o i l  and gas a c t i v i t y  i s  occurring on a 

much smaller acreage d is t r ibuted  across 11 uni ts  in eight  S ta t e s .  More 

than 90 percent of current  production on a l l  National Forest System lands 

takes place i n  two uni t s :  the L i t t l e  Missouri National Grassland in 

North Dakota and the Thunder Basin National Grassland in Wyoming. 

The National Park System contains almost 80 mill ion acres made u p  by 

337 units  and 30 a f f i l i a t e d  areas.  These uni ts  include national parks, 
. . 

preserves, monuments, recreat ion areas ,  seashores, and other areas .  All 

uni t s  have been closed t o  fu ture  leasing of Federal minerals except fo r  

four national recreat ion areas where mineral 1 easing has been authorized 

by Congress and permitted under regulation. I f  deemed acceptable from an 

environmental standpoint,  however, nonfederally owned minerals within a 

un i t ' s  'boundaries can be leased .I1 Ten uni t s  (approximately 3 

percent of the t o t a l )  cur rent ly  have ac t ive  o i l  and gas operations within 

t h e i r  boundaries. Approximately 23 percent of the land area made up by 

these ten uni t s  i s  current ly under lease  (approximately 256,000 ac res ) ;  

however, 83 percent of the  area within the ten uni t s  (almost one mill ion 

acres) i s  l easable .  The National Park Service a l so  has ident i f ied  

32 additional uni t s  t h a t  do not have act ive o i l  and gas operations a t  

present,  but do have the potential  f o r  such a c t i v i t i e s  in the fu ture .  

l 1  Nonfederally owned minerals wlthln National Park System units exlst where the Federal 
Government does not own all the land within a unit's boundaries or does not possess the subsurface 
mineral rights. 
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Several of these uni t s  a l so  have acres tha t  a re  under lease f o r  o i l  and 

gas explorat ion,  development, and production. I n  t o t a l ,  approximately 

334,700 acres w i t h i n  the National Park System ( o r  roughly 4 percent of 

the t o t a l )  are  current ly under lease  fo r  o i l  and gas.  

CONCLUSIONS 

EPA's major conclusions, along with a summary of the main findings on 

which they are  based, are l i s t e d  below. €PA recognizes tha t  the  

conclusions are  l imited by the lack of complete data  and the necessary 

r i s k  modeling assumptions. I n  pa r t i cu la r ,  the l imited amount of waste 

sampling data and the lack of empirical evidence on the probabil 'ity of 

in jec t ion  well f a i l u r e s  have made i t  impossible t o  estimate precisely the 

absolute nationwide or regional r i sks  from current waste n~anagement 

prac t ices  fo r  o i l  and gas  wastes. Nevertheless, € P A  be1 ieves tha t  the  

r i s k  analysis  presented here has yielded many useFul conclusions r e l a t ing  

to .  the nature of potent ial  r i sks  and the circrrmstances undet- which they 

are  1 i kely t o  occur. 

General Concl us i ons 

For the vast majority of model scenarios evaluated in t h i s  
study, only very small t o  negl igible  r i s k s  would be expected t o  
occur even i f  the toxic  chernical(s) of concern were of r e l a t i v e l y  
high concentration in the wastes and there  was a re lease  in to  
ground water as was assumed' i n  t h i s  analysis .  Nonetheless, the  
model r e s u l t s  a l so  show tha t  there  a re  real  i s t i c  conlbinations of 
measured chemical concentrations ( a t  the 90th percent i le  l eve l )  
and release scenarios tha t  could be of substant ial  concern. EPA 
cautions t h a t  there  a re  other release modes n o t  considered in t h i s  
analysis  t h a t  could also contr ibute  t o  r i s k s .  I n  addi t ion,  there  
a re  almost cer ta in ly  toxic  contaminants i n  the 1 arge unsampl ed 
population of reserve p i t s  and produced f l u i d s  t h a t  could exceed 
concentration level s measured in the r e l a t i v e l y  small number of 
waste samples analyzed by E P A .  



EPA's modeling of resource danages t o  surface water--both in 
terms of ecological impact and of resource degradation- -generally 
did not show s igni f icant  r i sk .  This was t rue  both f o r  ground- 
water seepage and d i r ec t  surface water discharge (from s t r ippe r  
wells) pathways fo r  d r i l l  ing p i t  and produced water waste 
streams. This conclusion holds fo r  the range of receiv ng  water 

4 i f lowsra tes  nlo e led ,  which included only modera~e (40 f t  / s )  t o  
la rge  (850 f t  / s )  streams. I t  i s  c lear  tha t  potent ia l  damages 
t o  smaller streams would be qui te  sens i t ive  t o  r e l a t i v e  discharge 
or ground-water seepage r a t e s .  

O f  the  hundreds of chemical const i tuents  detected in both 
reserve p i t s  and produced water, only a few  fro^ e i t h e r  scurce 
appear t o  be of primary concern r e l a t ive  t o  health or 
environmental damages. Based on an analysis  of toxic01 ogical 
data ,  the frequency and measured concentrations of wdste 
const i tuents  in the r e l a t ive ly  small number of sampled waste 
streams, and the mobility of these const i tuents  i n  ground water, 
EPA found a l imited number of const i tuents  t o  be of primary 
relevance in the assessment o f  r i sks  via ground water. Based on 
current  data and analysis ,  these const i tuents  include arsenic ,  
benzene, sodium, ctiloride, cadmium, chromium, boron, and mobile 
s a l t s .  All of these const i tuents  were included in the 
,quant i ta t ive  r i sk  modeling in t h i s  study. Cadmium, chromium, and 
boron did not produce r i sks  or  resource damages mder  the 
cocdi t ions modeled. Note: This coficl usion i s  qua! i  f ied by the 
small number of sampled s i t e s  f o r  which waste composition could b.e 
evaluated. 

B o t h  fo r  reserve p i t  waste and produced water, there  i s  a very 
wide ( s i x  or more orders of magnitude) var iat ion in estimated 
health r i sks  across scenarios,  depending on the d i f f e ren t  
combinations of key variables  influencing the individual scenarios.  
These variables  include concentrations of toxic  chemicals in the  
waste, hydrogeologic parameters, waste amounts and management 
prac t icss ,  and dis tance t o  exposure points.  

Dr i l l ing  Wastes Disposed o f  i n  Onsite Reserve P i t s  

Most of the 1,134 ons i te  reserve p i t  scenarios had very small or 
no r i sks  t o  human health via ground-water contamination o f  
drinking water f o r  the conditions modeled. Under the 
best-estimate assumptions, there  were no carcinogenic waste 
const i tuents  modeled (median concentrations fo r  carcinogens in the 
EPA samples were zero or be1 ow detec t ion) ,  and more t h a n  
99 percent of the  nationally weighted reserve p i t  scenarios 
resul ted in exposure t o  noncarcinogens (sodium, cadmium, chromium) 



a t  c o n c e n t r a t i o n  l e v e l s  below h e a l t h  e f f e c t  t h resho lds .  Under 
more conse rva t i ve  assurnptions, i n c l u d i n g  t o x i c  c o n s t i t u e n t s  a t  
9 0 t h  p e r c e n t i l e  s a ~ p l e  concen t ra t i ons ,  no scenar ios  eva lua ted  

5 12 y i e l d e d  l i f e t i m e  cancer  r i s k s  as h i g h  as 1 i n  100,000 ( 1  x  10- ) ,  
and o n l y  2 percent  o f  t h e  n a t i o n a l l y  weighted cons r v a t i v e  s scenar ios  showed cancer r i s k s  g r e a t e r  t han  1 x  10- . Noncancer 
r i s k s  were es t imated by t h r e s h o l d  exceedances f o r  o n l y  2 percen t  
o f  n a t i o n a l l y  weighted scenar ios ,  even when t h e  90 th  p e r c e n t i l e  
c o n c e n t r a t i o n  o f  sodium i n  t h e  waste st\-earn was assumed. The 
maximum s o d i m  c o n c e n t r a t i o n  a t  d r i n k i n g  water  w e l l s  was es t ima ted  
t o  be rough ly  32 t irnes t h e  t h r a s h o l d  f o r  hype r tens ion .  I n  genera l ,  
these model ing r e s u l t s  suggest t h a t  most o n s i t e  r e s e r v e  p i t s  w i l l  
p resent  ve ry  low r i s k s  t o  hunan h e a l t h  th rough  ground-water  
exposure pathways. 

I t  appears t h a t  people may be a b l e  t o  t a s t e  c h l o r i d e  i n  t h e  
d r i n k i n g  water  i n  those scenar ios  w i t h  t h e  h i g h e s t  cancer  and 
noncancer r i s k s .  I t  i s  ques t i onab le ,  however, whether people 
would a c t u a l l y  d i s c o n t i n u e  d r i n k i n g  water  c o n t a i n i n g  thsse  
e leva ted  c h l o r i d e  concen t ra t i ons .  

Weight ing  t h e  r i s k  r e s u l t s  t o  account f o r  d i f f e r e n t  d i s t r i b u t i o n s  
o f  hydrogeo log ic  v a r i a b l e s ,  p i t  s i ze ,  and exposure d i s t a n c e  across 
geographic zones r e s u l t e d  i n  l i m i t e d  v a r i a b i l i t y  i n  r i s k s  across 
zones. R isk  d i s t r i b u t i o n s  f o r  i n d i v i d u a l  zones g e n e r a l l y . d i d  n o t  
d i f f e r  f rom t h e  n a t j ~ n a l  d i s t r i b u t i o n  by more than one o r d e r  o f  
magnitude, except  f o r  zones 10 (West Coast) and 116 . (Alaska,  
non-North S lope) ,  which u s u a l l y  were ex t remely  low.  Note: [PA 
was unable t o  develop geograph ica l  comparisons o f  t o x i c  
c o n s t i t u e n t  concen t ra t i ons  i n  d r i l l i n g  p i t  wastes. 

Several  f a c t o r s  were eva lua ted  f o r  t h e i r  i n d i v i d u a l  s f f e c t s  on 
r i s k .  O f  these f a c t o r s ,  ground-water  f l o w  f i e l d  t y p e  and exposure 
d i s t a n c e  had t h e  g r e a t e s t  i n f l u e n c e  ( seve ra l  o rde rs  o f  magni tude) ;  
recharge r a t e ,  subsur face p e r m e a b i l i t y ,  and p i t  s i z e  had l e s s ,  b u t  
measurable, i n f l u e n c e  (app rox ima te l y  one o r d e r  o f  magni tude) .  
T y p i c a l l y ,  t h e  h i g h e r  r i s k  cases occur  i n  t h e  c o n t e x t  o f  t h e  
l a r g e s t  u n l  i n e d  p i t s ,  t h e  s h o r t  (60-meter )  exposure d i s tance ,  and 
h i g h  subsur face p e r m e a b i l i t y  and i n f i l t r a t i o n .  Depth t o  ground 
wa te r  and presence/absence o f  a  s i n g l e  s y n t h e t i c  l i n e r  had 
v i r t u a l  l y  no measurabl e  i lif l uence over  t h e  200-year  rriodel i n g  
p e r i o d ;  however, r i s k  es t ima ted  ove r  s h o r t e r  t ime  pe r iods ,  such as 
50 years ,  would l i k e l y  be l o w e r  f o r  l i n e d  p i t s  compared t o  u n l i n e d  
p i t s ,  and l ower  f o r  deep ground water  coinpared t o  sha l l ow  ground 
water .  

l 2  A cancer r i s k  es t lma te  o f  1 x l n d ~ c a t e s  t h a t  t h e  chance o f  an ~ n d l b ~ d u a l  contracting 

caricer over  d 70-year average 1 l f e t l n . e  i s  a p p r o u ! ~ ~ ~ a t e l )  1 i n  100,000. The Agency e s t d b l i s h e s  t h e  

c u t o f f  b e t h e m  acceptab le  and unacceptable l e v e l s  o f  cancer r i s k  between 1 x l o - '  and 1 x 



Estimated ground-water resource damage (caused by exceedance of 
water qual i ty  thresholds for  chloride and t o t a l  mobile ions) was 
very limited and es sen t i a l ly  confined t o  the c loses t  modeling 
distance (60  meters) .  These rescurce damage estimates apply only 
to  the pathway modeled (leaching through the bottom of ons i te  

' p i t s )  and not to  other  niechanisms of potential  ground-water 
contamination a t  d r i l l i n g  s i t e s ,  such as s p i l l s  or intent ional  
surface releases .  

No surface water resource damage (caused by exceedance of 
thresholds fo r  chlor ide,  sodium, cadmium, chromium V I ,  o r  t o t a l  
mobile ions) was predicted fo r  the seepage of leachate- 
contaminated ground water into flowing surface water. This 
finding, based on limited modeling, does not imply tha t  resource 
damage could n o t  occur from larger  re leases ,  e i the r  through t h i s  
or  other  pathways of migrat on, or from releases  t o  lower flow i surface waters (below 40 f t  / s ) .  

Produced Water Di sposal in Inject ion We1 1 s 

All r i sk  r e su l t s  f o r  underground inject ion presented i n  t h i s  
chapter assume tha t  e i t h e r  a  grout seal or  well casing f a i l u r e  
occurs. However, as ant ic ipated under EPA's Underground Inject ion 
Control (UIC) regul atory program, these f a i  1  ures are  probably 
low-frequency events, and the actual r i sks  resu l t ing  from grout 
seal and casing f a i l u r e s  a re  expected t o  be much lower than the 
conditional r i sks  presented here.  The r e s u l t s  d u  not,  however, 
r e f l e c t  other possible release pathways such as migration through 
unplugged boreholes or f rac tures  in confining layers ,  which a lso  
could be of concern. 

Only a very small minority o f  in jec t ion  well scenarios resul ted 
in meaningful r i sks  t o  human heal th ,  due to  e i t h e r  grout seal or  
casing f a i l u r e  modes of release of produced water to  drinking 
water sources. In terms of carcinogenic r i s k s ,  none of the 
best-estimate scenarios (median arsenic and benzene sample 
concentrations) y i  lded l i fe t ime r i sks  grea ter  than 5 per t 1,000,000 (5  x 10- ) t o  the maximally exposed individual.  When 
the 90th percent i le  benzene and arsenic concentrations were 
examined, a maximum o f  35 percent of EPA's nat ional ly weighted 
scenarios had r i sks  grea ter  than 1 x w i t h  u p  t o  5 percent 
having gancer r i s k s  grea ter  than ! x 1 0 - ~ ' ( t h e  highest r i s k  was 
9 x 10- ) .  The high cancer r i s k  scenarios corresponded t o  a  
very short  (60-meter) exposure distance combined with re1 a t ive ly  
h i g h  inject ion pressure/rates and a  few spec i f i c  ground-water flow 
f i e l d s  ( f i e l d s  C and D in Table V - 7 ) .  



Noncancer health e f f ec t s  modeled were l imited t o  hypertension in 
sens i t ive  individuals caused by ingestion of sodium i n  drinking 
water. I n  the best-estimate scenarios,  u p  t o  8 percent of EPA's 
nat i ona1 l y  weighted scenarios had thresh01 d exceedances f o r  sodi um 
in ground-water supplies.  I n  the conservative scenarios ,  where 
90th percent i le  sodium concentrations were assumed in the  
inject ion waters, threshold exceedances in d r i n k i n g  water were 
predicted for  a  maxinrum of 22 percent of the nat ional ly weighted 
scenarios.  The highest sodi u ~ n  concentrat i o n  predicted a t  exposure 
wel?s under conservative assumptions exceeded the threshold f o r  
hypertension by a  fac tor  of 70. The high noncancer r i s k  scenarios 
corresponded t o  a  very short  (60-meter) exposure d is tance ,  high 
inject ion pressures/rates ,  and re1 a t ive ly  slow ground-water 
velocities/low flows. 

I t  appears t h a t  people would not t a s t e  or smell chlor ide or  
benzene a t  the concentration leve ls  estimated fo r  the highest 
cancer r i s k  scenarios,  but s ens i t ive  individuals would be more 
l i k e l y  t o  detect  chloride or benzene t a s t e s  or  odors in those 
scenarios with the highest noncancer r i s k s .  I t  i s  questionable,  
however, whether the detectable  t a s t e s  or smells a t  these 1 eve1 s  
would generally be su f f i c i en t  t o  discourage use of ths water 
supply. 

. A s  with the reserve p i t  r i s k  modeling r e s u l t s ,  adjusting 
(weighting) the  inject,ion we1 1 resu? t s  t o  account fo r  differences 
among various geographic zones resul ted in r e l a t ive ly  small 
differences in r i sk  d i s t r ibu t ions .  Again, t h i s  lack of 
substant ial  v a r i a b i l i t y  in r i s k  across zones niay be the r e s u l t  of 
l imi ta t ions  of the study approach and the fac t  tha t  geographic 
comparisons of toxic  const i tuents  in produced water was not 
possible.  

Of several f ac to r s  evaluated fo r  t h e i r  e f f e c t  on r i s k ,  exposure 
dis tance and ground-water flow f i e l d  type had the g rea te s t  
influence (two t o  three orders of magnitude). Flow rate/pressure 
had l e s s ,  b u t  measurabl e ,  influence (approximately one order of 
magnitude). Injection well type ( i . e . ,  waterflood vs. disposal)  
had moderate but contradictory e f f e c t s  on the r i s k  r e s u l t s .  For 
casing f a i l u r e s ,  high-pressure waterfl ood we1 l  s were estimated t o  
cause health r i s k s  t h a t  were about 2 times higher than the r i s k s  
from lower pressure disposal wells under otherwise s imi lar  
conditions.  However, fo r  grout seal f a i  1 ures ,  the  r i s k s  associated 
with disposal wells were estimated t o  be up t o  3 times higher than 
t he  r i sks  in s imilar  circumstances associated with waterflood 
wel l s ,  caused by the higher inject ion r a t e s  f o r  disposal .  



Estimated ground-water resource damage ( r e su l t ing  from 
exceedance of thresholds fo r  chlor ide,  boron, and to t a l  mobile 
ions) was extremely limited and was e s sen t i a l ly  confined t o  the 
60-meter modeling dis tance.  This conclusion applies only t o  
re leases  from Class I I  inject ion wells ,  and n o t  t o  other 
mechanisms of potent 'ai  ground-water contamination a t  o i l  and gas 
production s i t e s  ( e . g . ,  seepage through abandoned boreholes or 
f rac tures  in confining layers ,  leaching from brine p i t s ,  s p i l l  s )  . 
No surface water resource damage ( r e su l t ing  from exceedance of 
thresholds fo r  chlor ide,  sodium, boron, and to t a l  mobile ions) was 
predicted fo r  seepage i n t o  flowing surface water of ground water 
contaminated by d i r ec t  re leases  from in jec t ion  wells.  This 
finding does n o t  imply tha t  resource damage could n o t  occur via 
mechanisms and pathways not covered by t h i s  l imited surface water 
modeling, or i n  extremely low flow streams. 

S t r i  pper We1 1 Produced Water Discharged Directly in to  Surface Water 

Under conservative modeling assumptions, 1 7  percen of scenarios 
(unweighted) had cancer r i sks  grea ter  th n 1 x 10'& ( the  maximum 8 cancer r i s k  estimate was roughly 4 x 10- ) .13  The maximum 
cancer r i s k  under best-estjmate waste stream assumptions was 4 x lo-'. 
No exceedances of noncancer e f f ec t  thresholds or surface water 

. resource damage thresholds were predicted under any of the 
conditions modeled. 7he l iri ted surface water mode.1 iny performed 
applies o ly t o  scenarjos w i t h  moderate- to  high-flow streams (40 9 to 850 f t  / s ) .  Preliminary analyses indica te ,  however, t h a t  
resource damage c r i t e r i a  would generally be exceeded in only very 
small streams (i . e . ,  those flowing a t  l e s s  than 5 f t 3 / s ) ,  given 
the sampled waste stream chemical concentrations and discharge 
r a t e s  fo r  s t r ippe r  wells of u p  t o  100 bar re ls  per day. 

Dri 11 i ng and Production Wastes Managed on A1 aska's North '51 ope 

Adverse e f f e c t s  t o  human health are expected t o  be negl igible  or  
nonexistent because the potential  f o r  human exposure to  d r i l l i n g  
waste and produced f lu id  contaminants on  the North Slope i s  very 
small. The grea tes t  potential  fo r  adverse environmental impacts 
i s  caused by discharge and seepage of reserve p i t  f l u i d s  containing 
toxic substances onto the tundra. A f i e l d  study conducted i n  1983 
by the U.S. Fish and Ki ld l i f e  Service indicates  tha t  t u n d r a  
discharges o f  reserve p i t  f l u i d s  may adversely a f f ec t  water 
qual i ty  and invertebrates  i n  surrounding areas;  however, the 

l 3  These results arc ""weighted because t he  f requency of occurrence of the parameters t h a t  
d e f ~ n e  the strlpper well scenjrlos bias not  es t imated.  



r e s u l t s  of t h i s  study cannot be wholly extrapolated t o  present-day 
pract ices  on the N ~ r t h  Slope because some industry prac t ices  have 
changed and S t a t e  reguldtions concerning reserve p i t  discharges 
have becone increasingly more s t r ingznt  s ince 1983. Preliminary 
s tudies  from industry sources indicate  tha t  seepage from operating 
above-ground reserve p i t s  on the North Slope may damage vegetation 
within a radius of 53 f e e t .  The Fish and Wildlife Service i s  in 
the process of studying the e f f e c t s  of reserve p i t  f l u i d s  on 
tundra organisms, and these s tudies  need t o  be completed before 
more d e f i n i t i v e  conclusions can be made with respect t o  
cnvi ronniental impacts on the North Slope. 

Locations of Oil and Gas Activities in Relation to Environments 
o f  Special Interest 

All of the  top 26 S ta tes  tha t  have the highest l eve l s  of onshore 
o i l  and gas a c t i v i t y  are  w i t h i n  the h i s to r i ca l  ranges of numerous 
endangered and threatened species hab i t a t s ;  however, of 190 
counties ident i f ied  as having high leve ls  of exploration and 
production, only 13 (or  7 percent) have federa l ly  designated 
c r i t i c a l  habi ta t s  fo r  endangered species within t h e i r  boundaries. 
The grea tes t  potential  fo r  overlap between onshore o i l  and gas 
a c t i v i t i e s  and wetlands appears t o  be in Alaska (pa r t i cu la r ly  the  
North Slope) ,  Louisiana, and I l l  i no i s .  Other S ta tes  with abundant 
wetlands. have very 1 i t1  l e  onshore o i l  and gas a c t i v i t y .  Any 
development on pub1 i c  1mds must f i r s t  pass t h r o u y h  a formal 
environmental review process and some plrblic lands,  such as 
Nations1 Forests ,  are  ana aged f o r  mu1  t i p l e  uses including o i l  and 
gas development. Fedzral o i l  and gas leases  have been granted fo r  
approximately 25 million acres (roughly 27 percent) of the 
Ndtional Forest System. All uni ts  of the National Park System 
have been closed t o  future leasing of federa l ly  owned minerals 
except f o r  4 National Recreation Areas where mineral leasing has 
been authorized by Congress. I f  deemed acceptable from an  
environmental standpoint,  however, nonfederally owned minerals 
within the park boundaries can be leased. I n  t o t a l ,  approximately 
4 percent of the  land area in the National Park System i s  
current ly under lease  fo r  o i l  and gas a c t i v i t y .  
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CHAPTER VI 

COSTS AND ECONOMIC IMPACTS OF ALTERNATIVE 
WASTE MANAGEMENT PRACTICES 

OVERVIEW OF THE COST AND ECONOMIC IMPACT ANALYSIS 

This chapter provjdes estimates of the cost and selected economic 

impacts of implementing. a l t e rna t ive  waste managenlent pract ices  by the o i l  

znd  gas industry. The industry 's  current or "baseline" pract ices  a re  

described in Chapter 111. In addition to  current prac t ices ,  a  number of 

a l te rnht ives  are  avai lable .  Some of these o f fe r  the potential  f o r  higher 

levels  of environrnental control . Section 8002(m) of RCRA requires an 

assessment of the cost and Smpact of these a l t e rna t ives  on o i l  and gas 

expl orat  ion, devel opment , and product i  on.  

This chapter begins by providing cost e s t i r a t e s  fo r  baseline and 

a1 te rna t  i v e  waste managecent prast  i c e s .   he h o ~ i  prevalent current 

p r a c t i c ~ s  a re  reserve p i t  storage and disposal fo r  d r i l l i n g  wastes and 

Class I I  deep well in jec t ion  fo r  produced water. In addi t ion,  several 

other waste management pract ices  are  included in the cost evaluation. 

The cost estimates f o r  the  baseline and a l t e rna t ive  waste management 

pract ices  are  presented as the cost per unit  of waste disposal ( e .g . ,  
cost  per barrel  of d r i l l i n g  waste, cost  per barrel of produced water) .  

These uni t  cost estimates allow fo'r a comparison among disposal methods 

and are  used as input information fo r  the economic impact analysis .  

After establ ishing the cost of baseline and a1 te rna t ive  pract ices  G n  

a  unit-of-waste b a s i s , ' t h e  chapter expands i t s  focus t o  assess the impact 

of higher waste management costs  b o t h  on individual o i l  an3 gas projects  

and on the industry as a ~ h o l s .  For the purpose o f  t h i s  assessment, 

three hypothetical regulatory scenarios fo r  waste management a re  

defined. Each scenar i o  s?eci f  i  es a di s t  i  nct s e t  of it1 t e rna t  i  ve 

environmentally pratect  ive waste minagemen t pi-act ices i o r  



o i  1 and gas p r o j e c t s  t h a t  gene ra te  p o t e n t i  a1 l y  hazardous was te .  P r o j e c t s  

t h a t  do n o t  gene ra te  hazardous waste may c o n t i n u e  t o  use b a s e l i n e  

p r a c t i c e s  under  t h i s  approach. 

A f t e r  t h e  t h r e e  was te  management s c e n a r i o s  have been d e f i n e d ,  t h e  

rema inder  o f  t h e  c h a p t e r  p r o v i d e s  e s t i m a t e s  o f  t h e i r  c o s t  and economic 

impac t .  F i r s t ,  t h e  impac t  o f  each s c e n a r i o  on t h e  c a p i t a l  and o p e r a t i n g  

c o s t  and on t h e  r a t e  o f  r e t u r n  f o r  r e p r e s e n t a t i v e  new o i l  and gas 

p r o j e c t s  i s  es t ima ted .  Us ing  t h e s e  c o s t  e s t i m a t e s  f o r  i n d i v i d u a l  

p r o j e c t s  as a  b a s i s ,  t h e  c h a p t e r  t h e n  p r e s e n t s  r e g i o n a l -  and n a t i o n a l -  

l e v e l  c o s t  e s t i m a t e s  f o r  t h e  waste management s c e n a r i o s .  

The c h a p t e r  t h e n  d e s c r i b e s  t h e  impact  o f  t h e  waste management 

s c e n a r i o s  on e x i s t i n g  p r o j e c t s  ( i  . e . ,  p r o j e c t s  t h a t  a r e  a l r e a d y  i n  

p r o d u c t i o n ) .  It p r o v i d e s  e s t i m a t e s  o f  t h e  number o f  w e l l s  and t h e  amount 

o f  c u r r e n t  p r o d u c t i o n  t h a t  would be shu t  down as a r e s u l t  o f  impos ing  

a1 t e r n a t  i v e  waste management p r a c t i c e s  under  each s c e n a r i o .  F i n a l  l y ,  t h e  

c h a p t e r  p r o v i d e s  e s t i m a t e s  o f  t h e  l o n g - t e r m  d e c l i n e  i n  domest i c  

p r o d u c t i o n  b rough t  about  by t h e  c o s t s  o f  t h e  waste management s c e n a r i o s  

and e s t i m a t e s  o f  t h e  impac t  o f  t h a t  d e c l i n e  on t h e  U.S. ba lance  o f  

payments, S t a t e  and Fede ra l  revenues,  and o t h e r  s e l e c t e d  economic 

aggrega tes .  

The a n a l y s i s  p resen ted  i n  t h i s  c h a p t e r  i s  based on t h e  i n f o r m a t i o n  

a v a i l a b l e  t o  EPA i n  November 1987. A l t hough  much new waste g e n e r a t i o n  

and was te  management-data was made a v a i l a b l e  t o  t h i s  s tudy ,  b o t h  by EPA 

and t h e  American Pe t ro l eum I n s t i t u t e ,  c e r t a i n  d a t a  l i m i t a t i o n s  d i d  

r e s t r i c t  t h e  l e v e l  o f  a n a l y s i s  and r e s u l t s .  I n  p a r t i c u l a r ,  d a t a  on waste 

g e n e r a t i o n ,  management p r a c t i c e s ,  and o t h e r  i m p o r t a n t  economic parameters  

were g e n e r a l l y  a v a i l a b l e  o n l y  i n  te rms o f  s t a t e w i d e  o r  n a t i o n w i d e  



averages. Largely because of t h i s ,  the cost study was conducted using 

"average regional projects"  as the basic production uni t  of analysis .  

This lack of desired de ta i l  could obscure special a t t r i b u t e s  of both 

marginal and above average pro jec ts ,  t h u s -  biasing ce r t a in  impact e f f e c t s ,  

such as the number of well closures.  

The scope of the study was a l so  somewhat l imited in other  respects .  

For example, not a l l  potential  costs  of a l te rna t ive  waste management 

under the RCRA amendments could be evaluated, most notably the  land ban 

and correct ive action regulations current ly under devel opment . The 

Agency recognizes tha t  t h i s  could subs tant ia l ly  understate potential  

costs  of some of the regulatory scenarios studied. The analysis was able 

t o  dis t inguish separately between underground in jec t ion  of produced water 

fo r  disposal purposes and inject ion f o r  waterflooding as a  secondary or 

enhanced energy recovery method. However, i t  was not possible during the 

course of preparing t h i s  report  t o  evaluate the cos ts  or  impacts of 

a l t e rna t ive  waste management regulations on t e r t i a r y  (chemical, thermal, 

and other advanced E O R )  recovery, wlli c h i s  becolni ng an increasingly 

important feature of fu ture  U.S. o i l  and gas production. 

COST OF BASELINE AND ALTERNATIVE WASTE MANAGEMENT PRACTICES 

Identification o f  Waste Management Practices 

The predominant waste management pract ices  current ly employed by the 

o i l  and gas industry a re  described in Chapter 111 of t h i s  report .  For 

d r i l l i n g  operations,  wastes are  typica l ly  stored in an unlined surface 

impoundment during d r i l l i n g .  After d r i l l i n g ,  the wastes are  dewatered, 

e i the r  by evaporation or  vacuum truck, and buried ons i te .  Where vacuum 

trucks are  used fo r  dewatering, the f l u i d s  are  removed fo r  o f f s i t e  



disposal, typically in a Class I 1  injection well. For production 

operations, the predominant disposal options are injection into a Class 
I 1  onsite well or transportation to an offsite Class I 1  disposal 

facility. Where onsite injection is used, the Class I 1  well may be used 

for disposal only or it may be used to maintain pressure in the reservoir 

for enhanced oil recovery. 

In addition to the above disposal options, a number of additional 

practices are considered here. Some of these options are fairly common 

(Table VI-1). For example, 37 percent of current drill sites use a lined 

disposal pit; 12 percent of production sites in the lower 48 States 

(Lower 48) discharge their produced water to the surface. Other disposal 

options considered here (e.g., incineration) are not employed to any 

significant extent at present. 

F o r  drilling waste disposal, nine alternative practices were reviewed 

for t he  purpose of estimating comparative unit costs and evaluating 

subsequent cost-effectiveness i.n complying with alternative regulatory 

options : 

1. Onsite unlined surface impoundment; 

2. Onsi te sing1 e-synthetic-1 iner surface impoundment; 
3. Offsite single-synthetic-liner surface impoundment; 

4. Offsite synthetic cornposi te 1 iner with leachate collection (SCLC), 
Subtitle C design; 

5. Landfarming consistent with current State oil and gas field 
regul at i ons; 

6. Landfarming consistent with RCRA Subtitle C requirements; 

7. Waste solidification; 
8. Incineration; and 

9. Vol ume reduct i on. 



Tabie V I -1  Sumnary o f  Bsssline Disposa l  P r a c t i c e s ,  by Zone, 1985 

D r i l l i n g  waste d ~ s p o s a l  Produced water  d l s p o s i t l o n  

l p ~ r c p n t  o f  drill s i ? e s L  (percent  of  produced wa te rs )  

Class I 1  I n i e c t i o n  

U n l ~ n e d  L ined  Surface 

i c n e  f d c i l i t i e s  f a c i i i t l e s  d ischarge €OR D i s p o ~ a l  

Gulf  

Midwest 

P l a i n s  

Texas/ 

Oh. l a  homa 

Nor thern  

Mountaln 

Southern 

Mountain 

West Coast 

A laska 

T o t a l  U .5  

Lower 48 

S t a t e s  

Sources: D r i  11 i n g  waste and produced water  d ~ s p o s a l  i n fo rma t  I on  f rom API , 1987a except 

f o r  produced water d i s p o s a l  pe rcen ts  f o r  t h e  Appalachian zone, w h ~ c h  a r e  based on 

pe rsona l  c o ~ m u n i c a t l o n s  w i t h  reg rona l  i n d u s t r y  sources. 

NOTE: Produced water  d i s p o s l t l o n  pe rcen ts  f o r  t o t a l  U.S. and Lower 48 a r e  based on 

survey sample w e ~ g h t s .  W e ~ g h t ~ n g  by  o i l  p r o d u c t i o n  r e s u l t s  i n  a f i g u r e  o f  9  pe rcen t  

d ~ s c h a r g e  I n  t h e  Lower 48 ( A P I  1987b). 



I n  addition t o  these disposal options,  costs  were also estimated fo r  

ground-water monitoring and genera1 s i t e  management for  waste disposal 

s i t e s .  These 1  a t t e r  pract ices  can be necessary adjunct requirements fo r  

various f ina l  disposal options t o  enhance environmental protect ion.  

For produced water, two a l t e rna t ive  pract ices  were considered i n  the 

cost analysis :  Class I in ject ion wells and Class I 1  in jec t ion  wells .  

Both c lasses  may be used for  water disposal or f o r  enhanced energy 

recovery waterflooding. They may be located e i t h e r  ons i te  or ,  i n  the 

case of disposal wel ls ,  o f f s i t e .  To depict  the var iat ion in use pa t te rns  

of these wells,  cost  estimates were developed f o r  a wide range of 

in jec t ion  capaci t ies .  

Cost o f  Waste Management Practices 

For each waste disposal option, engineering design parameters of 

representat ive waste management faci 1  i  t i e s  were establ ished f o r  .the 

purpose of costing (Table V I - 2 ) .  For the baseline disposal methods, 

parameters were sel ected t o  typi fy current prac t ices .  For waste 

management pract ices  tha t  achieve a higher level of environmental control 

than the  most common baseline prac t ices ,  parameters were selected t o  

typify the best ( i  . e . ,  most environmental ly  pro tec t ive)  current  design 

prac t ices .  For waste management pract ices  tha t  would be acceptable f o r  

hazardous waste under Sub t i t l e  C of RCRA, parameters were selected t o  

represent compliance with these regulations as they exis ted in ear ly  1987. 

Capital and operating and maintenance (O&M) cos t s  were estimated f o r  

each waste management pract ice based on previous EPA engineering cost  

documents and t a i lo red  computer model runs, or iginal  contractor  

engineering cost es t imates ,  vendor quotat ions,  and other sources. 1 

Capital costs  were annualized using an 8 percent discount r a t e ,  the  

Sse f oc l t r~o tes  t o  Tables VI-3 and V I - 4  and Eas te rn  Research Group 1987 f o r  a  detailed 
source l i s t .  



Table V I - 2  Sumnary o f  Engineering Design Elements f o r  Basel ine and A l t e r n a t i v e  Waste Management Prac t i ces  

A l t e r n a t i v e  C a p i t a l  costs  0 & M costs  Closure costs  Post-c losure costs 

U n l ~ n e d  p i t  P i t  excavation (0 .25  acre) N e g l i g i b l e  

Clear ing and grubblng 

Contingency 

Contractor fee 

P i t  b u r l a 1  ( e a r t h  F l l l  o n l y )  

Cont ingency 

Contractor  fee  

One- 1 i ne r  p ! t  (waste bur ied  Clear lng and grubbing Negligible 

on s i t e )  P i t  excavation (0.25 acre) 

Berm construct  ion (g rave l  

and vegetat ion) 

30-mi l  synthet ic  l i n e r  

L l n e r  protection 

( g e o t e x t i l e  sub l ine r )  

Engineering, con t rac to r .  

and inspect ion fee 

Contingency 

Pit b u r i a l  ( e a r t h  f l l l )  

Capplng 

- 30-mi l  PVC syn the t i c  membrane 

- tops011 

Revegetat ion 

Enginrerrng, con t rac to r .  and 

inspect ion fee 

Contingency 

O f f s i t e  one- l i ne r  f a c i l i t y  P i t  excavation (15 acres) Operat lng labor Same costs  as ons l te  one- 

* Same costs  as ons i te  one- - c l e r ~ c a l  s t a f f  l l n e r  p i t  

l i n e r  p i t  w i t h  a d d i t i o n  o f :  - foremen S o l i d i f i c a t i o n  

- land cost Maintenance, labor and Free 11qu1d removal and 

- u t i l l t y  s i t e  work suppl ies t reatment 

- pumps U t ~ l ~ t i e s  

- spare par ts  P lan t  overhead 

- dredglng equipment Dredglng 

- i n l e t l o u t l e t  s t ruc tu res  

- construct  ion and f i e l d  

expense 



Table V 1 - 2  (continued) 

Alternative Capital costs 0 & M costs Closure costs Post-closure costs 

Offsite SCLC facility Pit excavation (15 acres) Same costs as *Same costs as onsite one- (See ground-water 
Same costs as comnercial comnercial one-liner pit liner pit with addition of monitoring and site 

one-liner pit with the synthetic cap management) 
addition of: Equipment decontamination 

- additional pit liners 
- clay 1 iner replaces 
geotext i le sub 1 i ner 

Ground water monitoring Ground-water monitoring Ground-water 
and site management we1 is monitoring wells 

Leachate collection sampling and 

system lab~ratory fees 
- drainage t t les Leachate tredtment 

- leachate collect ton 
layer (sand or gravel) 
for single-liner case 

only 
- leachate collect ion 

liner for single-liner 

case only 
Signs/fencing 

RCRA permitting (for RCRA 

scenario) 

Soil poisoning (to 
prevent disruption by 
long-rooted plants) 

Cover drainage tile 
- collection layer 

(sand or gravel) 
- geotextile filter 
fabric in one-liner pit 

Monitoring 

Certification, 

supervision 

Monitoring well 

samp 1 i ng 
Leachate treatment 

Not ice to local 
author it ies 

IJotat ion on property 

deed 
Facility inspection 

Maintenance and 
repair 

Cover replacement 

Engineering and 
inspection fees 

Cont~ngency 

Offsite, multiple- • Land cost Labor Revegetation 

application landfarming Land clearing cost Ground-water Testing 

Building cost monitoring 

Lysimeter cost (RCRA Soil core cost 

scenario) Maintenance 

Cluster wells (RCRA Utilities 

scenario) Insurance. taxes, and 

G & A 

Land authority and 

property deed cost 

Ground-water monitoring 

cost 
Soil core cost 

Erosion control cost 

Vegetative cover cost 



Table VI-2 (cont ~nued) 

Alternative Capital costs 0 & M costs Closure costs Post-closure costs 

Offsite. multiple- * Wind dispersal control 
application laridfarming (RCRA scenario) 

(cont inued) Storage tanks 
Engineering and inspection 

Contingency 
Retent ion pond (RCRA 

scenario) 
Berms (RCRA scenario) 

Engineer~ng and 
inspection costs 

Cont ingency 

Volume reduction Equipment rental Chemicals 
- mechanical or vacuum * Labor 
separation equipment 

Tanks 
< 
n 

I 

Inject ion (Class 11)  Convert existing well to 
disposal well 
- completion rig contract 
- drilling fluids 
- cementing 
- logging and perforating 
- stimulation 
- liner and tubing 
Site work/building 

Holding tanks 
S k i m  tanks 
F I lters and pumps 
Pipelines 

Labor Plug and abandon 

Chemicals 
Electricity 
Filters 
Disposal of filtrates 

Pump maintenance 
Pressure tests 

Liability costs 



Table V I - 2  (cont inued) 

A l t e r n a t i v e  C a p ~ t a l  costs 0 & M cos ts  Closure cos ts  Post-c losure costs  

I n j e c t i o n  (Class I) D r i l l  new w e l l  

- d r i l l i n g  r i g  con t rac t  

- complet ion r l g  con t rac t  

- cementing 

- logging and per fo ra t  rng 

- s ~ t e  preparat ion 

- casing 

- l i n e r  

- tub ing 

Storage tanks 

Annular f l u i d  tank 

F i l t e r s  

Pumps 

P ipe l ines  - 
S i t e  work/bui ldings 

RCRA permi t  cos t  (RCRA 

scenar l o )  

Same cos ts  as Class I 1  Plug and abandon 

w e l l s ' w i t h  a d d i t r o n  o f *  

- t r a c e r  survey 

- cement bond log 

- p ipe eva lua t ion  

- d ~ s p o s a l  o f  

f i l t r a t e  rn 

hazardous waste 

f a c i l i t y  



approximate after-tax real cost of capi ta1 for this industry. Annual ized 

capital costs were then added to O&M costs to compute the total annual 

costs for typical waste management unit operations. Annual costs were 

divided by annual waste-hand1 ing capacity (in barrels) to provide a cost 

per barrel of waste disposal. Both produced water disposal costs and 

drilling waste (i.e., muds and cuttings) disposal costs are expressed on 

a dollars-per-barrel basis. 

The average engineering unit cost estimates for drilling wastes are 

presented in Table VI-3 for each region and for a composite of the 

Lower 48. Regional cost variations were estimated based on varying land, 

construction, and labor costs among regions. The costs for the Lower 48 

composite are estimated by weighting regional cost estimates by the 

proportion of production occurring in each region. (Throughout the 

discussion that follows, the lower 48 composite will be referenced to 

illustrate the costs and impacts in question.) 

For the Lower 48 composite, the drill ing waste disposal cost 

estimates presented in Table V 1 - 3  range from $ 2 . 0 4  per barrel for onsite, 

unlined pit disposal to $ 1 5 7 . 5 0  per barrel for incineration. Costs for 

the disposal options are significantly higher for Alaska because of the 

extreme weather conditions, long transportation distances from population 

and material centers to drill sites, high labor costs, and other unique 

features of this region. 

Costs for produced water are presented in Table VI-4. Disposal costs 

include injection costs, as well as transport, loading, and unloading 

charges, where appropriate. Injection for EOR purposes occurs onsite in 
either Class I 1  or Class I wells. Class . I 1  disposal occurs onsite in all 

zones except Appalachia. Class 1 disposal occurs offsite except for the 
Northern Mountain and A1 aska zones. We1 1 capacities and transport 
distances vary regionally depending on the volume of water production and 

the area under production. 



Table V I - 3  Un i t  Costs of D r i l l i n g  Waste Disposal Options. by Zone (Do l la rs  per B a r r e l  o f  Waste. 1985 Basis) 

Zorle 

Texas/ r lorthern Southern West 

Disposal op t  i o n  Appalachian Gulf H~dwes t  P la>ns  Oklahoma Mountaln Coast Alaska Lower 48 Mountaln 

Surface impoundmenta 

Unl ~ n e d  (0.25 acre)  $ 2.09 $ 1.98 $ 2.00 $ 1.9e $ 2.10 $ 2  00 $ 2.00 f 2 0 4  $ 2 6 9  $ 2.04 

Single-1 i n e r  (0.25 acre)  4.62 4  32 4 .35 4.29 4.63 4  35 4.35 4.46 6  16 4.46 

SCLC (15 acres)  18.26 12.41 25.61 19.54 11 66 13.73 20.69 27.54 20.27 15.52 

Landfarming b 

Current 

Subt i t  l e  C 

13.21 12.06 12.41 15.91 17.01 16.14 15.93 16.42 N . E .  15.47 

30.23 31.58 28.34 39.14 43 31 36.45 36.38 . 38.45 N . E .  37.12 

s o l  i d ~ f  i c a t  ionc 8.00 8.00 8 .00 8.@0 8.00 8 00 8.00 8 .00 N E .  8 . 0 0  

I n c i n e r a t i o n  d 157.50 157.50 157 50 157.50 157.50 157.50 157.50 157.50 N . E .  157.50 

< 
Y 

Volume reduc t ion  ,and o f f s i t e  15.16 3 .18 17.24 9 .50 5.83 5 40 6.15 21.87 5  67 6  74 
I 
P s i n g l e - l i n e r  d isposale 
N 

Volume reduc t ion  and 19.27 7.94 25.50 15 94 9  91 11.90 12.93 30.71 12.57 11.95 

o f f s i t e  SCLC disposale 

N . E .  = Not est imated; d isposa l  method not  p r a c t i c a l  and/or in format ion no t  a v a i l a b l e  f o r  Alaska. 

a ~ o u r c e :  Pope Reid Associates 1985a. 1985b. 1987a; costs f o r  SCLC d isposa l  inc lude t r a n s p o r t a t i o n  charges. 

b ~ o u r c e :  Pope Reid Associates 1587b. 

'source: Erlandson 1986; Webster 1387; Tesar 1986; Camp. Dresser & McKee 1986; Hanson and Jones 1986; Cu l l i nane  e t  a l .  1986; Nor th American 

Environmental Serv ice 1985. 

d ~ o u r c e :  USEPA 1986. 

e ~ o u r c e :  Slaughter 1987; Ra f fe r ty  1987. Costs inc lude equipment renta' l  and t ranspor t  and d isposal  o f  reduced volume o f  waste. A1 1 costs  a re  a1 located 

over the o r i g i n a l  volume o f  waste so t h a t  per -bar re l  costs of waste d isposa l  are comparable t o  the  other  cost  est imates i n  the t a b l e .  



Table VI-4 Unit Casts sf Underground Injection 
of Produced Wdt.er, by Zone 

(Dallars per Bdrrel of Water) 

Class I 1  iri~cticn Class I ~n>,ect icna 
Zone Disposal ECR Disposal EOR 

Appd lachlan b $1.26-1.33 

Gulf 0.10 

Midwest 0.29 

Pla~ns 0.14 

Texas/Ok lahoma 0.11 

Northern Mountain 0.01 

Southern Mounta~n 0.07 

Vest Coast 0.04 

Alaska 0.05 

Lower 48 States 0.10 0.14 0.92 0 78 

a D~sposal costs for Class I ~ n j e c t ~ o n  include transportation and 
load~ng/unload~ng charges except for the Northern Hounta~n zone and 
Alaska, where onsite d~sposal is expected to occur. 

Class 11 disposal costs for Appalachian zone lncludes transport and 
lodding/unloading charges. Lower estimate is for intermediate scenarios; 
higher estimate is f o r  baseline.practice due to change in transport 
distances. For all other zones, Class 1 1  disposal is assumed to occur 
onsite. 

Sources: Tilden 1987a, 19E7b. 

NOTE: Base year for costs 1s 1985. 



Produced water disposal costs  range from $0.01 t o  $1.33 per barrel 

f o r  Class I 1  disposal and EOR in jec t ion  and from $0.40 t o  $6.12 per 

barrel fo r  Class I disposal and EOR in jec t ion .  Costs fo r  Class I 

f a c i l i t i e s  are  subs tant ia l ly  higher because of the increased d r i l l i n g  

completion, moni tor ing ,  and surface equipment cos ts  associated with waste 

management f a c i l  i t  i es  t h a t  accept hazardous waste. 

The t ransportat ion of waste represents a n  additional waste management 

cost fo r  some f a c i l i t i e s .  Transportation of d r i l l i n g  or production waste 

fo r  o f f s i t e  central ized or commercial disposal i s  practiced now by some 

companies and has been included as a potential  disposal option in the 

waste management scenarios.  Dr i l l ing  waste t ransport  cos ts  range from 

$0.02 per barrel/mile fo r  nonhazardous waste t o  $0.06 per barrel/mile fo r  

hazardous waste. Produced water t ransport  cos ts  range from $0.01 per 

barrel/mi 1 e (nonhazardous) t o  $0.04 per barrel/mi 1 e (hazardous) . 
Distances t o  disposal f a c i l i t i e s  were estimated based on  the volume of 

wastes produced, f a c i l i t y  capac i t ies ,  and the area served by each 

f a c i l i t y .  Waste t ransportat ion a lso  involves cos ts  fo r  loading and 

unl oadi n y .  

WASTE MANAGEMENT SCENARIOS AND APPLICABLE WASTE MANAGEMENT 

PRACTICES 

In order t o  determine the potential  cos ts  and impacts of changes in 

oi 1 and gas waste disposal requi rernents, three waste management scenarios 

have been defined. The scenarios have been designed t o  i l l u s t r a t e  the 

cost and impact of two  hypothetical additional l eve l s  of environmental 

control in re la t ion  t o  current baseline prac t ices .  E P A  has not ye t  

i den t i f i ed ,  defined, or  evaluated i t s  regulatory options f o r  the o i l  and 

gas industry; therefore ,  i t  should be noted tha t  these scenarios do not 

represent regulatory determinations by EPA.  A regulatory determination 

will  be made by E P A  following the Report t o  Congress. 



Baseline Scenario 

The Baseline Scenario represents the current situation. It 

encompasses the principal waste management practices now permitted under 

State and Federal regulations. Several key features of current practice 

for both drilling waste and produced water were summarized in Table VI-1, 

and the distribution of disposzl practices shown in Table V I - 1  is the 

baseline assumption for this analysis. 

Intermediats Scenario 

The Intermediate Scenario depicts a higher level of control. 

Operators generating wastes designated as hazardous are subject to 

requirements more stringent than those in the Base1 ine Scenario. An 

exact definition of "hazardous" has not been formulated for this 

scenario. Further, even if a definition were posited (e.g., failure of 

the E.P. toxicity test), available data are insufficient to determine the 

proportion of the industry's wastes that. would fail any given test. ' 

Pending an exact regulatory definition of "hazardous" and the development 

of better analytical data, a range of alternative assumptions has been 

employed in the analysis. In the Intermediate 10% Scenario, the Agency 

assumed, for the purpose of costing, that 10 percent of oil and gas 

projects generate hazardous waste and in the Intermediate 70% Scenario 

that 70 percent of oil and gas projects generate hazardous waste. 

For drilling wastes designated hazardous, operators would be required 

to use a single-synthetic-1 iner facility, landfarming with site 

management (as defined in Table VI-Z), solidification, or incineration. 

Operators would select from these avai 1 abl e compl i ance measures on the 

basis of lowest cost. Since a substantial number of operators now employ 

a single synthetic liner in drilling pits, only those sites not using a 

1 iner would be potentially affected by the drilling waste requirements of 
the lnterrnediate Scenario. 



For produced waters, the Intermediate Scenario assumes injection into 

Class I1 facilities for any produced water that is designated hazardous. 

Operators now discharging waste directly to water or 1 and (approximately 

9 to 12 percent of all water) would be required to use a Class I1 

facility if their wastes were determined to be hazardous. 

"Affected operations" under a given scenario are those oil and gas 

projects that would have to alter their waste management practices and 

incur costs to comply with the requirements of the scenario. For 

example, in the Intermediate 10% Scenario, it is assumed that only 

10 percent of oil and gas projects generate hazardous waste. For 

drilling, an estimated 63 percent of oil and gas projects now use unlined 

facilities and are therefore potentially affected by the requirements of 

the scenario. Since 10 percent of these projects are assumed to generate 

hazardous waste, an estimated 6.3 percent of the projects are affected 

operations, which are subject to higher disposal costs. 

The Subtitle C Scenario 

In the Subtitle C Scenario, wastes designated as hazardous are 
subject to pollution control requirements consistent with Subtitle C of 
RCRA. For drilling wastes, those wastes that are defined as hazardous 
must be disposed of in a synthetic composite liner with leachate 
collection (SCLC) facility employing site management and ground-water 

monitoring practices consistent with RCRA Subtitle C, a 1 andfarming 
facility employing Subtitle C site management practices, or a hazardous 

waste incinerator. In estimating compliance costs EPA estimated that a 

combination of volume reduction and offsi te dedicated SCLC disposal would 

be the least-cost method for disposal of drilling waste. For production 

wastes, those defined as hazardous must be injected into Class I disposal 
or EOR injection wells. 



Since v i r tua l ly  no  d r i l l i n g  or production operations current ly use 

Sub t i t l e  C f a c i l i t i e s  or Class I in ject ion wells in the baseline,  a l l  

projects t h a t  generate produced water are potent i a1 ly  affected.  I n  the 

Sub t i t l e  C 10% Scenario, 10 percent of these projects  are  assumed t o  be 

affected;  in the Sub t i t l e  C 70% Scenario, 70 percent of these projects  

a re  affected.  The Sub t i t l e  C Scenario, l i k e  the Intermediate Scenario, 

does not es tab l i sh  a formal def in i t ion  of "hazardous"; nor does i t  

attempt t o  estimate the proportion of wastes tha t  would be hazardous 

under the scenario.  As w i t h  the Intermediate Scmar io ,  two assumptions 

(10 percent hazardous, 70 percent hazardous) are  employed, and a  range of 

costs  and impacts i s  presented. 

This Sub t i t l e  C Scenario does not, however, impose a l l  possible 

technological requirements of the Solid Waste Act Amendments, such as the 

land ban and correct ive action requirements of the Hazardous Solid Waste 

Amendments (HSWA) , fo r  which regul atory proposal s  a re  currently under 

development in the Office of Solid Waste. Although the spec i f ic  

regulatory requirements and  th.eir possible appl icat ions to  o i l  and gas 

f i e l d  prac t ices ,  especi a1 ly  deep we1 1 inject ion prac t ices ,  were not 

su f f i c i en t ly  developed t o  provide su f f i c i en t  guidelines for  cost 

evaluation in t h i s  repor t ,  the Agency recognizes tha t  the f u l l  

application of these fu ture  regulations could subs tant ia l ly  increase the 

costs  and impacts estimated fo r  the Sub t i t l e  C Scenario. 

The S u b t i t l e  C - 1  Scenario 

The Sub t i t l e  C - 1  Scenario i s  exactly the same as the Sub t i t l e  C 

Scenario, except tha t  produced water used in waterfloods i s  considered 

part  of a production process and i s  therefore exempt from more s t r ingent  

( i . e . ,  Class I )  control requirements, even i f  the water i s  hazardous. As 

shown in Table VI-I ,  approximately 60 percent of a l l  produced water i s  

used in waterfloods. Thus, only about 40 percent o f  produced water i s  

potent ia l ly  affected under the Sub t i t l e  C-1 Scenario. The requirements 



of the Sub t i t l e  C-1 Scenario fo r  d r i l l i n g  wastes are  exactly the same as 

those of the Sub t i t l e  C Scenario. As with the other  scenarios ,  

a l t e rna t ive  assumptions of 10 and 70 percent hazardous are  employed in 

the Sub t i t l e  C-1 Scenario. 

Summary of Waste Management Scenarios 

Table VI-5 summarizes the major features  of a l l  the waste management 

scenarios .  I t  i den t i f i e s  acceptable disposal pract ices  under each 

scenario and the percent of wastes affected under each scenario.  The 

Sub t i t l e  C 70% Scenario enforces the highest level of environmental 

control in waste management prac t ices ,  and i t  a f f e c t s  the l a rges t  percent 

of f a c i l i t i e s .  

COST AND I M P A C T  OF T H E  WASTE MANAGEMENT SCENARIOS FOR TYPICAL 

NEW OIL AND GAS PROJECTS 

Economic Model s 

An economic simulation model, developed by Eastern Research Group 

(ERG) and de ta i led  in the Technical Background Document ( E R G  1987), was 

employed t o  analyze the impact of waste managenlent cos ts  on new o i l  and 

gas pro jec ts .  The economic model simulates the performance and measures 

the p r o f i t a b i l i t y  of o i l  and gas exploration and development pro jec ts  

both before and a f t e r  the implementation of the waste management 

scenarios.  For the purposes of t h i s  repor t ,  a "project"  i s  defined as a 

s ingle  successful development we1 1 and the 1 eas i  ng and exploration 

a c t i v i t i e s  associated with t h a t  wel l .  The cos ts  f o r  the model project  

include the costs  of both the unsuccessful and the  successful leasing and 

exploratory and devel opment dr i  11 i ng required, on average, t o  achieve one 

successful producing we1 1 . 



Table VI -5  Assumed Yaste Management PrscL lces  f o r  A l t e r n d t i v e  Waste Managener~t Scenar ios 

Waste D r i l l i n o  wastes P r o d u z ~ d  waters  

management Potent  l a 1  l y  P o t e n t i a l l y  

sccnar 10 D isposa l  method a f f e c t e d  ope ra t i ons  0 I sposa 1 met hod a f f e c t e d  ope ra t i ons  

Rdse l l ne  Un l i ned  su r face  impoundment 

L i ned  sur face impoundment 

C lass  I 1  i n j e c t i o n  

Sur face d i scha rge  

N.A. 

I n te rn led la te  Base l i r ie  p r a c t  Ices  f o r  Fdc11 i t  i es  no t  now 

nonhazardous wastes u s i n g  l i n e r s .  

For hazardous has tes :  a p p r o ~ i m a t e l y  632 

- L ined  su r face  o f  t o t a l d  

impoundment 

- Landfarming w i t h  s i t e  

management 

- S o l i d i f  ] ca t  i o n  

- I n c i n e r a t  )on  

B a s e l i r ~ e  p r a c t i c e s  f o r  F a c i l i t ~ e s  n o t  now 

nonhazardous wastes u s i n g  Class I 1  
Class II I n j e c t  i o n  f o r  i n j e c t  ion :  

hazardous wastes approx ima te l y  20;: 

o f  t o t a l  d  

S u b t l t l e  C Base l i ne  p r a c t i c e s  f o r  A l l  f a c ~ l ~ t l e s  b 

nonhazardous wastes 

For hazardous wastes '  

- SCLC impoundmerit 

w i t h  S u b t i t l e  C 

s  , t e  mallagement 

- Landfarmrng w i t h  

S u b t i t l e  C s i t e  

managemefit 

- Hdzdrdous waste 

~ n c i n c r a t  i on  

B a s e l i n e p r a c t i c e s f o r  A l l f a c i l i t i e s e  

nonhdzardous wastzs 

C lass  I i n j e c t  i o n  f o r  

hazardous wastes 

S u b t i t l e  C-1 Same ds S u b t i t l e  C Same as S u b t i t l e  C B a s e l ~ n e  p r a c t i c e s  f o r  F a c i l i t i e s  no t  now 

scena r i o  scendr l oC  nonl~az3rdous wastes w a t e r f  l ood ing :  

For  hazardous wastes:  app rox ima te l y  40X 

- Class  I i n j e c t i o n  f o r  o f  t o t a l  f 

nonwater f loods 

- C lass  11 i ~ j e c t i o n  f o r  

w a t e r f l o o d s  

I n  t h e  l n te rmed ia te  10% Scenar io ,  10% o f  t h e  63%, o r  6 .3%,  a r e  assumed t o  be hazardous; i n  t h e  I n t e r m e d ~ a t e  70% 
Scenar io ,  70:: o f  t h e  63%, o r  44.1%, a r e  assumed t o  be hazardous. 

I n  t h e  S u b t i t l e  C 10% Scenar io ,  1OX o f  t h e  100%. o r  10.0X. a r e  assumed t o  be hazardous; i n  t h e  S u b t i t l e  C 7OX 

Scendr io ,  70% o f  t h e  1 0 0 k  o r  70.0'4, a r e  assumed t o  be hazardous. 

I n  t h e  S u b t i t l e  C-1 10;; Scenar io,  10% o f  t h e  100%, o r  lO.OX, a r e  assumed t o  be hazardous; i n  t h e  S u b t i t l e  C-1 70% 

Scenar io .  70% o f  t h e  100%. o r  70.02, a r z  assumed t o  be hazardous. 

111 t h e  l n te rmed ia te  10% Scenar io.  10% o f  t h e  202, o r  2.0% a r e  assumed t o  be hazardous; i n  t h e  I n te rmed ia te  70;: 
Scendl.10, 702 o f  t he  20X, o r  14.0%, a r e  dssurn~sd t o  be hazardous. 

I n  t h e  S u h t i t l e  C 1VA Scenar io ,  10% o f  t h e  1002, o r  10.0%, a r e  assumed t o  be hazardous; i n  t h e  S u b t i t l e  C 70% 
Scenar io ,  70Z o f  t h e  IOOZ, o r  70.0%, a r e  assumed t o  be hazardous. 

I n  t h e  S u h t l t l e  C-1 1077 Scenar io ,  10% o f  t h e  40X, o r  4.0%, a r e  hazardous and n o t  exempt bscause o f  water f  l o o d ~ n g .  

I n  t h e  S u b t i t l e  C-1 70% Scenar io ,  70% o f  t h e  40%. o r  28.0%. a r e  hazardous and n o t  exempt because of  wa te r f l ood lng .  



For t h i s  study, model projects  were defined fo r  o i l  wells (with 

associated casinghead gas) in the nine act ive o i l  and gas zones and fo r  'a 

Lower 48 composite. Model gas projects  were defined fo r  the two most 

act ive gas-producing zones ( the  Gulf and Texas/Oklahoma zones). Thus, 1 2  

model pro jec ts  have been analyzed. The Technical Background Document fo r  

. the Report t o  Congress provides a  de ta i led  descr ipt ion of the assumptions 

and data sources underlying the model pro jec ts .  

A d i s t i n c t  s e t  of economic parameter values i s  estimated f o r  each of 

the model pro jec ts ,  providing a complete economic descr ipt ion of each 

project .  The following categories of parameters are  specif ied f o r  each 

project : 

1.  Lease Cost: i n i t i a l  payments t o  Federal or S ta t e  governments or  
t o  pr ivate  individuals fo r  the r igh t s  t o  explore f o r  and t o  
produce o i l  and gas. 

2 .  Geological and Geophysical Cost: cost of ana ly t ic  work p r io r  t o  
d r i l l i n g .  

3 .  Dril l ing Cost per W e l l .  

4 .  Cost of Production Equipment. 

5. Discovery Efficiency: the number of wells d r i l l e d  f o r  one 
successful we1 1 . 

6. Production Rates: i n i t i a l  production r a t e s  of o i l  and g a s  and 
production decl ine r a t e s .  

7 .  Operation and Maintenance Costs. 

8. Tax Rates: Rates fo r  Federal and S ta t e  income taxes ,  severance 
taxes,  royalty payments, depreciat ion,  and depletion. 

9 .  Price: well head se l l ing  pr ice  of o i l  and gas ( a l so  ca l led  the 
" f i r s t  purchase price" of the  product). 

10. Cost of Capital:  real  a f t e r - t a x  r a t e  of return on equity and 
borrowed investment capi ta l  f o r  the industry.  

11. Timing: length of time required f o r  each project  phase ( i  . e . ,  
l eas ing ,  exploration, development, and production). 



The actual parameter values for  the 1 2  model projects  a re  summarized i n  

Table VI-6.  

For each of the 1 2  model projects ,  the economic performance i s  

estimated before ( i . e , ,  basel-ine) and a f t e r  each waste management 

scenario has been implemented. Two nieasures of economic performance are 

employed in the i m p a c t  assessment presented here. One i s  the a f t e r - t ax  

r a t e  of return.  The other i s  the cost of production per barrel of o i l  

(here defined as the cost  of the resources used in production, including 

p ro f i t  t o  the owners of c a p i t a l ,  excluding t r ans fe r  payments such as 

royal t ies  and taxes) .  A number of other economic output parameters are  

described in the Technical Background Document. 

Quantit ies of Wastes Generated by the  Model Projects 

To ca lcula te  the waste management costs  for  each representat ive 

pro jec t ,  i t  was necessary t o  develop estimates of the quant i t ies  of 

d r i l l  ing and p r o d u i t i ~ n  wastes generated by these f a c i l  i t  i e s .  These 

e'stirnates, based on a recent A P I  survey, are  provided in Table V I - 7 .  

Dri l l ing wastes are shown on the basis  of bar re ls  of waste per we1 1 .  

Production wastes are  provided on the basis of bar re ls  of waste per 

barrel of o i l  . 

For the Lower 48 composite, an estimated 5,170 barrels  of waste a re  

generated fo r  each well d r i l l e d .  For producing wells ,  approximately 10 

barrels  of water are  generated for  every barrel of o i l .  This l a t t e r  

s t a t i s t i c  includes waterflood projects ,  some of which operate a t  very 

high water- to-oi l  r a t i o s .  

Model Project Waste Management Costs 

Model project waste management costs  are  estimated fo r  the  baseline 

and fo r  each waste management scenario using the cost  data presented in 
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Table VI-7  Aver-age Quant i t  les of Uaste Generated, by Zone 

Model pro j e c t l  
zone 

Drilling waste 
barrels /well  

Produced water 

kppa lachian 

Gulf 

Midwest 

Plains  

TerasIOk lahorna 

Northern Mountain 

Southern Mountain 

West Coast 

Alaska 

Lower 48 S ta tes  

Gulf (gas only)  

Texas/Oklahoma (gas only) 

a Barrels  of water per mil l lon cublc f e e t  of natural  gas 

Sources: A P I  1987a; Flannery and Lannan 1987. 



Tables VI-3 and VI-4 and the waste quantity data shown in Table VI-7. 

For each model project, waste management costs are calculated for each 

waste management scenario. 

For each model project and scenario, the available compliance methods 

were identified (Table VI-5). Cost estimates for all available 

conipliance methods, including transportation costs for offsite methods, 

were developed based on the unit cost factors (Tables VI-2 and VI-3) and 

the waste quantity estimates (Table VI-7). Each model facility was 

assumed to have selected the lowest cost compliance method. Based on 

compliance cost comparisons, presented in more detail in the Technical 

Background Document, the following compl i ance methods are empl oyed by 

affected facilities under the waste management scenarios: 

Intermediate Scenario 

1. Drilling wastes - single-liner onsite facility; volume reduction 
and transport to offsite single-1 iner facility if cost-effective. 

2. Production wastes - Class I 1  onsite facility. 

Subtitle C Scenario 

1. Drilling wastes - transport to offsite SCLC facility with site 
management and with volume reduction if cost-effective. 

2. Production wastes - for waterfloods, onsite injection in Class I 
facility; for nonwaterfloods, transport and disposal in offsite 
Class I facility. 

Subtitle C-1 Scenario 

1. Drilling wastes - transport to offsite SCLS facility with site 
management and with volume reduction if cost-effective. 

2. Production wastes - waterfloods exempt; for nonwaterfloods, 
transport and injection in offsite Class I facility. 

For each model facility under each scenario, the least-cost 
compliance method was assumed to represent the cost of affected 

projects. Costs for unaffected projects were estimated based on the cost 



of base1 ine pract ices .  Weighted average costs  fo r  each model under each 

scenario (shown in Tables VI-8 and VI-9) incorporate both affected and 

unaffected pro jec ts .  For example, i n  the Sub t i t l e  C 70% Scenario, while 

70 percent of projects must dispose of d r i l l i n g  wastes in Sub t i t l e  C 

f a c i l i t i e s ,  the other 30 percent can continue t o  use baseline pract ices .  

The weighted average cost i s  calculated as follows: 

Percentage Dri l l ing waste Weighted 
Project cateqorv of projects  disposal cost cost 

Affected operat ions 

Unaffected operations 3 0% $15,176 $ 4,552 

Weighted average $47,800 

For d r i l l i n g  wastes, the weighted average costs  range from $15,176 

per well in the Basel ine t o  547,800 per well in the RCRA Sub t i t l e  C 70% 

case. Thus, the economic analysis assumes that  each well incurs an 

addit4onal 532,624 under the R C R A  s u b t i t l e  C 70% Scenario. For produced 

water, costs  per barrel .of water disposed of range from $0.11 in the 

Base1 ine t o  $0.62 in ths R C R A  Sub t i t l e  C 70% Scenario. Thus, there  i s  a n  
additional cost of $0.52 per barrel of water under t h i s  scenario.  

Impact of Waste Management Costs on Representat i ve Projects 

The new o i l  and gas projects  incur additional cos ts  under the  

a l t e rna t ive  waste management scenarios for  both d r i l l i n g  and production 

waste management. By incorporating these costs  in to  the economic model 

simulations, the  impact of these costs  on f inancial  performance of 

typical new o i l  and gas projects  i s  assessed. These impacts a re  

presented in Tables VI-10 and VI-11. 

As shown i n  Table VI-10, the internal r a t e  of return can be 

subs tant ia l ly  affected by waste management cos ts ,  par t icu lar ly  in the 

Sub t i t l e  C 70% Scenario. From a base case level of 28.9 percent, model 



Table VI-8 Weighted Average Regional Costs of Dri 1 1  ing Waste Management 
for Model Projects Under Alternative Waste Management Scenarios 

(Dollars per Well) 

Subt 1t le C 10% Subtitle C 70% 

Model project/ intermediate and and 
zone Baseline 10% 7 0% Subtitle C-1 10% Subtitle C-1 70% 

Appalachian 

Gulf 

Midwest 

Plalns 

Northern Mountain 

Southern Mountaln 

Vest Coast 

Alaska 

Lower 48 States 

NOTE: Costs in 1985 dollars, based on 1985 cost factors. 

Source: ERG estimates. 



Table VI-3 Weignted Average Unit Costs of Produced Uater Management 
for Model Projects under Alternative Uaste Management Scenarios 

(Dollars per barrel of Water) 

Model project: Gssel ine Iitermediat~ Suht  i t  le  C Subt it le C-! 
zone 10% 70;: 10% 70;; 1 OX 7  OX 

Gulf 0 .08  0  08 0.10 0 .16  0 . 6 5  0.15 0 .57  

Mldwest 0 .14  0 . 1 4  0.14 0.22 0 .65  0.15 0 .20  

Plains 0 .16  0 .16  0 . 1 6  0 .23  0 .74  0 .20  0 .47  

Texas/Ok lahoma 0.13  0.13 0 .13  0 .20  0 . 6 1  0 . 1 5  G.31 

horthern Mountain 0.07  OC7  0.07 0 .11  0 .36  0 .09  0.22 

Southern Mountain 0 .13  0  13 0  13 0 . 1 9  0 .55  0 .14  0 .23  

. Uest Coast 0.04 0 0 4  0 .04  0 .08  0 . 3 4  0 .07  0 .26  

Alaska 0.31  0 .31  0 .31  . 0 .46  1 . 4 2  0 .34  0 5 6  

Lower 48 Stjtes 0.11 0 . 1 1  0.12 0 . 1 8  0.62 0 . 1 5  0 . 3 5  

FtOTE: Waste management costs applied to both oil and gas production wastes. 
Costs In 1985 dollars. 

Source: ERG estimates. 
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p r o j e c t  a f t e r - t a x  i n t e r n a l  r a t e s  o f  r e t u r n  d e c l i n e  under t h e  waste 

management scenar ios  t o  t h e  13.0 t o  28.8 percent  range f o r  t h e  Lower 48 

average. . 
The a f t e r - t a x  c o s t  o f  p roduc ing  hydrocarbons can a l s o  i nc rease  

s u b s t . a n t i a l l y .  As Table V I -11  shows, these c o s t s  can incre t ise  by up t o  

$2.98 pe r  b a r r e l  o f  o i l  e q u i v a l e n t  (BOE) ,  a  20 pe rcen t  inc rease over  

b a s e l i n e  cos ts .  The impacts o f  these c o s t  inc reases on a  n a t i o n a l  l e v e l  

a re  desc r ibed  f u r t h e r  below. 

REGIONAL- AND NATIONAL-LEVEL COMPLIANCE COSTS OF THE WASTE 
MANAGEMENT SCENARIOS. 

The c o s t  o f  waste management f o r  t h e  t y p i c a l  p r o j e c t s  under each 

waste management scenar io  (see Tables V I - 8  and V I - 9 )  were used i n  

c o n j u n c t i o n  w i t h  annual d r i l l i n g  ( A P I  1986) and product ion ,  l e v e l s  (API 

1987c) t o  es t ima te  t h e  r e g i o n a l -  an3 n a t i o n a l - l e v e l  annual c o s t s  o f  t h e  

waste management scenar ios .  These cos ts ,  which i n c l u d e  b o t h  d r i l l  i n g  and 

p r o d u c t i o n  waste d i sposa l  cos ts ,  a r e  presented i n  Table VI -12 .  

N a t i o n a l - l e v e l  c o s t s  range f rom $49 m i l l i o n  i n  t h e  I n t e r m e d i a t e  10% 

Scenar io t o  more than $12.1 b i l l i o n  i n  t h e  S u b t i t l e  C 70% Scenar io .  

The c o s t s  p resented i n  Table V I -12  do n o t  i n c l u d e  t h e  e f f e c t s  o f  

c l o s u r e s .  They a re  based on 1985 . d r i l l i n g  and p r o d u c t i o n  l e v e l s ,  

assuming t h a t  no a c t i v i t i e s  a re  c u r t a i l e d  because o f  t h e  r e q u i r e n e n t s  o f  

t h e  waste management scenar ios .  I n  r e a l i t y ,  each o f  t h e  waste manag~ment 

scenar ios  would r e s u l t  i n  b o t h  t h e  e a r l y  c l o s u r e  o f  e x i s t i n g  p r o j e c t s  and 

t h e  c a n c e l l a t i o n  o f  new p r o j e c t s .  To t h e  e x t e n t  t h a t  t h e  l e v e l  o f  o i l  

and gas a c t i v i t y  d e c l i n e s ,  t o t a l  aggregate compliance c o s t s  i n c u r r e d  

under each waste nianagement scenar io  w i l l  be lower ,  b u t  t h e r e  w i l l  be 

o t h e r  c o s t s  t o  t h e  n a t i o n a l  economy caused by l ower  l e v e l s  o f  o i l  

p r o d u c t i o n .  These e f f e c t s  a re  desc r ibed  more f u l  l y  be1 ow. 
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CLOSURE A N A L Y S I S  FOR E X I S T I N G  WELLS 

The potential of the waste management scenarios to shut down existing 

producing wells was estimated using the model facility approach. The 

model facility simulations for existing projects, however, do not include 

the initial capita? cost of leasing and drilling the production well. 

For the analysis of existing projects, it is assumed that these costs 

have already been incurred. The projects are simulated for their 

operating years. If operati~g revenues exceed operating costs, the 

projects remain in production. 

Closures of existing wells are estimat'ed by using a variable called 

the economic 1 imit (i .e., a level of production below which the project 

cannot continue to operate profitably) . Under the waste management 

scenarios, produced water disposal costs are higher and, therefore, the 

economic limit is higher. Some projects that have production levels that 

exceed the base1 ine economic 1 irnit would fall below the economic 7 imit 
under the alternative waste management scenarios. Those projects not 

meeting this higher level of production can be predicted to close. This 

analysis was conducted only with respect to stripper wells. To the 

extent that certain high-volume, low-margin wells may a1 so be affected, 

the analysis may understate short-term project closures. 

The economic limit analysis requires information on the distribution 
of current production levels across wells. Because of the lack of data 
for most States, the economic limit analysis is presented here only for 

Texas and on a national level. The 1985 distribution of production by 

volume size class for Texas and for the Nation as a whole is shown in 

Table V1-13. 

Table VI-14 displays the results of the economic limit analysis. 

Under baseline assumptions, the representative Lower 48 project requires 

2.40 barrels per day to remain in operation. The economic limit for 



Table VI-13 Distribution of 011 Prod~ct~on 
Across Existing Projects, 1985 

Production Total 011 
Interval (BOPO) Number Product  on 

Reg i an bbl/d of Wells 1000 bbld 

. . 

Texas < 1 

1.0 - 1.5 
1.6 - 2 . 5  
2 . 6  - 3 5 

3.6 - 4.5 
4.6 - 5.5 
5 . 6  - 6 . 5  

6.6 - 7.5 
7.6 - 8.6 
9.6 - 1.05 

Tota 1 
436 

Sources: :The Effect of Lower Oil Prices on Production From Proved U.S. 
011 Reserves," Energy and Environmental Analysis. Inc., 
February 1987, taken from Figure 2-2. Indicators: A Monthlv 

Data Revlew-April 1986, Railroad Comnission o f  Teas, April 

1986. 
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affected operations r i s e s  t o  3.01 t o  4 . 2 0  barrels  per day under the  waste 

management scenarios.  The increase i n  the economic l imi t  r e su l t s  i n  

closures of from 0.03 percent t o  36.20 percent of a l l  producing wells.  

The "lower-range e f fec t s "  in Table V I - 1 4  assume tha t  only affected 

wells ( i . e . ,  wells generating hazardous produced waters) producing a t  

levels  between the baseline economic l imi t  and the economic l imi t  under 

the waste management scenarios will be closed. The "upper-range e f fec t s "  

assume tha t  a l l  affected wells producing a t  levels  below the economic 

1 imit under the waste management scenarios will  be closed, and are  

adjusted t o  account fo r  the change in o i l  prices from 1985 t o  1986. 

Under the lower-range e f fec t s  case,  production losses are estimated 

a t  between 0.00 and 3.07 percent of to t a l  production. Under the 

upper-range e f fec t s  assumptions, production closures range from 0.25 t o  
4 . 7 9  percent o f  the t o t a l .  These r e su l t s  are indicat ive of the 

immediate, short-term impact of the waste management scenarios caused by 

we1 1 closures . 

The r e s u l t s  of the Texas simulation mirror those of the 

national-level analysis .  This would be expected, since nearly 30 percent 

of a l l  s t r ippe r  wells a re  i n  Texas, and the S ta te  i s ,  therefore,  

ref lected d ispropor t ionate ly  in the nat ional- level  analysis .  Under the 

lower-range e f fec t s  assumptions, Texas production declines between 0.00 

and 2.07 percent. Under the upper-range e f fec t s  assumptions, Texas 

production declines between 0.24 and 3.71 percent. 

THE INTERMEDIATE AND LONG-TERM EFFECTS OF THE WASTE 

MANAGEMENT SCENARIOS 

Product ion  E f f e c t s  o f  Compl i ance Costs 

The intermediate and long-term e f fec t s  of the waste management 

scenarios will  exceed the short-term e f f e c t s  for  two  principal reasons. 



F i r s t ,  the increases in d r i l l i n g  waste management cos t ,  which do not a f f ec t  

ex is t ing  producers, can influence new project decisions.  Second, the 

higher operating cos ts  due t o  produced water disposal requirements may 

re su l t  in some project cancel lat ions because of the expectation of reduced 

p r o f i t a b i l i t y  during operating years .  Although such projects  might be 

expected t o  generate p ro f i t s  in t h e i r  operating years (and therefore might 

be expected t o  operate i f  d r i l l e d ) ,  the reduced operating p r o f i t s  would n o t  

j u s t i f y  the i n i t i a l  investment. 

The intermediate and long-term production e f f e c t s  were estimated using 

Department of Energy (DOE)  production forecasting models. As described 

above, an economic simulation model was used to  ca lcu la te  the increase i n  

the cost of resource extract ion under each waste management scenario.  

These cos ts  were used in conjunction with the DOE F O S S I L 2  model (DOE 1935) 

and the DOE PROLOG model (DOE 1 9 8 2 )  t o  generate estimates of intermediate 

and  long-term production e f fec t s  of the waste management scenarios.  

For the F O S S I L 2  model, an. e s t i ~ a t e  of the increase in resource 

extract ion costs  fo r  each waste management scenario,  based on model project  

analysis ,  was provided as an input.  Simulations were performed t o  measure 

the impact of t h i s  cost increase on the baseline level of production. 

For the PROLOG model, no  new simulations were performed. Instead, 

r e s u l t s  of previous PROLOG modeling were used t o  ca lcu la te  the e l a s t i c i t y  

o f  supply with respect t o  pr ice in the PROLOG model. The model project  

simulation r e su l t s  were used to  ca lcu la te  an o i l  pr ice decl ine tha t  would 

have the  same impact as  the cost increase occurring under each a1 t e rna t ive  

waste management scenario.  These pr ice increases were used in conjunct ion 

with an estimate of the  pr ice e l a s t i c i t y  of supply from the PROLOG model t o  
estimate an expected decl ine in production f o r  each waste management 

scenario.  



Table V1-15 shows the r e su l t s  of t h i s  analysis.  The long-term impacts 

of the waste managemer!t scenarios range from levels  tha t  are  below the 

detection l imi t s  of the modeling system to declines in production ranging 

u p  t o  32 percent in the year 2000, based on the PROLOG analysis .  For the 

FOSSIL2 simulations, production declines were estimated to  range from "not 

detectable" t o  18 percent i n  the year 2000 and from "not detectable"  t o  29 

percent in the year 2010. 

Additional Impacts o f  Compl iance Costs 

The decline in U.S. o i l  production brought about by the cost of the 

waste management scenarios would have wide-ranging e f f e c t s  on  the U.S. 

economy. Domestic production declines would lead t o  increased o i l  imports, 

a  deter iorat ion in the U.S .  balance of t rade ,  a  strengthening of OPEC's 

position in world markets, and a n  increase i n  world o i l  pr ices .  Federal 

and  State  revenues from leasing and from production and income taxes would 

decline.  Jobs would be los t  i n  the o i l  and gas d r i l l i n g ,  servicing,  and 

other supporting indus t r ies ;  jobs would be created in the waste management 

industr ies  ( e . g . ,  contractors who d r i l l  and complete Class I inject ion 

wel l s ) .  

I t  i s  beyond the scope of t h i s  report  t o  fu l ly  analyze a l l  of these and 

other macroeconomic e f f e c t s .  To i l l u s t r a t e  the magnitude of some of these 

e f f e c t s ,  however, f ive  categories of impacts were defined and quantified 
(o i l  imports, balance of t rade ,  o i l  p r ice ,  Federal leasing revenues, and 

State  production taxes) .  These are presented in Table VI-16. Measurable 

e f f ec t s  are  evident fo r  a l l  b u t  the lowest cost (Intermediate 10% Scenario).  

The impacts of the waste management scenarios on the U.S .  economy were 

analyzed u t i l  izing the DOE FOSSIL2/WOIL model ing system. Cost increases 

fo r  U.S. o i l  producers c rea te  a s l i g h t  decrease in the world o i l  supply 

curve ( i . e . ,  the amount  of o i l  t ha t  would be brought t o  market a t  any o i l  

price dec l ines) .  The model simulates the impact of t h i s  s h i f t  on the world 

petroleum supply, demand, and pr ice.  



Table V1-15 Long-Term Impacts on P roduc t i on  o f  Cost Increases 

under Waste Management Scenar ios  

Est imated resource Dec l i ne  o f  domest ic o i l  p r o d u c t i o n  i n  lower 43 S t a t e s  

e x t r a c t  i o n  c o s t  Year 1??0 Year 2nOO Year 1010 

Scenar io  increase ( X )  FOSSIL2 PROLOG FOSSIL2 PRO1 05 FO3SIL2 

I n t e r m e d i a t e  10% 0.16 No d e t e c t a b l e  '140 d e t e c t a b l e  No d e t e c t a b l e  No d e t e c t a b l e  No d e t e c t a b l e  

change change change change change 

I n t e r m e d ~ a t e  70X 2.49 No d e t e c t a b l e  No d e t e c t a b l e  1.4X No d e t e c t a b l e  1 .63: 
change ' change ctiange t o  0 .47 

S u b t ~ t l e  C 10% 9.51 No d e t e c t a b l e  0 3X t o  0.4X 4.2%. 1 .6% t o  3.5% 6 . 3 %  
change 

S u b t i t l e  C  70% 68.84 3.2% 6.9% t o  7 . 8 %  19.1X 13.1% t o  32.4;; 28.6% 

S u b t i t l e  C-1 10X 4.73 No d e t e c t a b l e  No d e t e c t a b l e  1.4X 0 .3% t o  1.4% 3.2X 

change change 

S u b t i t l e  C-1 70% 36.51 2  1 X  3.7X t o  4.3% 12.5% 10.7% t o  18.5% 19. OY 

Source: ERG e s t i m a t e s  f o r  e x t r a c t ~ o n  c o s t  i nc rease  and f o r  PROLOG impazts.  A p p l i e d  Energy Serv ices  o f  A r l i n g t o n .  V i r g i n i a .  

(Wood 1987) f o r  FOSSIL2 r e s u l t s ,  based on s p e c i f i c  r uns  o f  U.S Department of  Energy FOSSIL2 Model f o r  a l t e r n a t i v e  s c e n a r i o  c o s t  

i nc reases .  Department o f  Energy base l i ne  c rude  o i l  p r i c e  per  b a r r e l  assumptions i n  FOSSIL2 were $20.24 i n  1930. $33.44 i n  2G00. 

and $52.85 i n  2010. 





A new equilibrium shows the following e f f e c t s :  

A lower level of domestic supply (previously depicted in 
Table VI-15); 

A higher world o i l  price ( see  Table VI-16); 

A decrease in U.S .  o i !  consumption caused by the higher world 
o i l  p r ice ;  and 

A n  increase in U.S. imports t o  p a r t i a l l y  subs t i tu t e  f o r  the 
dec l ins  in domestic supply ( a l so  shown in Table VI-16). 

The f i r s t  numerical column in Table VI-16 shows the decl ine in U.S. 

production associated with each waste management scenario.  These 

project ions,  derived from simulations of the FOSSIL2/WOIL modeling 

system, were previously shown in Table VI-15. The second column in 

Table 11-16 provides FOSSILZ/WOIL projections of the increase in 

petroleum imports necessary t o  replace the l o s t  domestic suppl ies .  The 

projections range from "not detectable"  t o  1.1 million bar re ls  per day, 

equal t.0 1.4 t o  18.1 percent of current imports of approximately 6.1 

mill ion bar re ls  per day. 

The th i rd  column in Table VI-16 shows the increase in the U.S. 

balance of t rade d e f i c i t  resu l t ing  from the increase in imports and the 

increase in the world o i l  pr ice.  The increase in the U.S. balance of 

t rade  d e f i c i t  ranges from $0.2 t o  $17.5 b i l l i o n  under the waste 

management scenarios.  The projected increase in petroleum imports under 

the most r e s t r i c t i v e  regulatory scenarios could be a  matter f o r  some 

concern in terms of U.S. energy secur i ty  perspectives,  making the country 

somewhat more vulnerable t o  import disrupt  ions and/or world o i l  p r ice  

f luc tua t ions .  In the maximum case estimated (Sub t i t l e  C 70% Scenario) ,  

import dependence would increase from 56 percent of U.S. crude o i l  

requirements in the base case t o  64 percent in the year 2000. 



The four th  column shows the  crude petroleum p r i ce  increase  projected 

under each of t he  waste management scenar ios  by the  FOSSIL2/!40IL modeling 

system. This increase  ranges from 50.06 t o  $1.08 per barre l  of o i l  ( a  
0.2 t o  3 percent i nc r ea se ) .  This increase  i n  o i l  p r i c e  t r a n s l a t e s  i n to  

an increase  in co s t s  t o  t he  consunier of $0.4 t o  $ 6 . 4  b i l l i o n  in t he  year  

2000 (column f i v e ) .  These es t imates  a r e  derived by mult iplying 

FOSSIL2-projected U.S. crude o i l  consumption i n  the  year 2000 by the  

projected p r i c e  inc rease .  The es t imates  assume t h a t  t he  p r i c e  inc.rease 

i s  f u l l y  passed through t o  the  consumer with no addi t ional  downstream 

markups. 

Federal l eas ing  revenues wi 11 a1 so  decl ine under the  waste management 

scenar ios .  These revenues cons i s t  of l e a se  bonus payments ( i  . e . ,  i n i t i a l  

payments f o r  the  r i g h t  t o  explore Federal l ands )  and r o y a l t i e s  ( i . e . ,  

payments t o  t he  Federal government based on the  value of production on 

Federal l a n d s ) .  Both of these  revenue sources wi l l  dec l ine  because of 

the  produ.ction dec l ines .asso ,c ia ted  w i t t i  t he  waste management scenar ios .  

I f  the  revenue sources a r e  combined, t he r e  wi l l  be a  reduction of $19 t o  

$280 mi l l ion  in Federal revenues in t he  year 2000. 

S t a t e  governments genera l ly  charge a  t ax  on crude o i l  production i n  

t h e  form of severance t a x e s ,  s e t  as a  percentage of t h e  s e l l i n g  p r i c e .  

On a  nat ional  b a s i s ,  t h e  t ax  r a t e  cu r r en t l y  averages approximately 6 . 7  

percent .  Applying t h i s  t ax  r a t e ,  t he  seventh column in Table VI-16 shows 

the  projected decl ine  i n  S t a t e  tax  .revenues r e s u l t i n g  from the  waste 

management scenar ios .  These es t imates  range from about $60 mi l l ion  t o  

$900 m i  11 ion per year .  
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CHAPTER VII 

CURRENT REGULATORY PROGRAMS 

INTRODUCTION 

A v a r i e t y  o f  programs e x i s t  a t  t h e  S t a t e  and F e d e r a l  l e v e l s  t o  

c o n t r o l  t h e  e n v i r o n m e n t a l  i m p a c t s  o f  w a s t e  management r e l a t e d  t o  t h e  o i l  

and g a s  i n d u s t r y .  T h i s  c h a p t e r  p r o v i d e s  a  b r i e f  o v e r v i e w  o f  t h e  

r e q u i r e m e n t s  o f  t h e s e  p rograms .  I t  a l s o  p r e s e n t s  summary s t a t i s t i c s  on 

t h e  i m p l e m e n t a t i o n  o f  t h e s e  p rograms ,  c o n t r a s t i n g  t h e  nunibers o f  w e l l s  

and o t h e r  o p e r a t i o n s  r e g u l a t e d  by t h e s e  programs w i t h  r e s o u r c e s  a v a i l a b l e  

t o  implement r e g u l a t o r y  r e q u i r e m e n t s .  

S t a t e  programs have been i n  e f f e c t  f o r  many y e a r s ,  and many have  

e v o l v e d  s i g n i f i c a n t l y  o v e r  t h e  l a s t  d e c a d e .  The m a t e r i a l  p r e s e n t e d  h e r e  

p r o v i d e s  o n l y  a  g e n e r a l  i n t r o d u c t i o n  t o  t h e s e  complex programs and d o e s  

n o t  a t t e m p t  t o  c o v e r  t h e  d q a i l s  o f  S t a t e  s t a t u t e s  and c u r r e n t  S t a t e  

imp1 e m e n t a t  i o n  pol i c y .  A d d i t i o n a l  m a t e r i a l  on S t a t e  r e g u l a t o r y  programs 

can  be  found i n  Appendix A .  F e d e r a l  programs a r e  a d m i n i s t e r e d  b o t h  by 

t h e  Environmental  P r o t e c t i o n  Agency and by t h e  Bureau o f  Land Managemel~t 

w i t h i n  t h e  U.S. Depar tment  o f  t h e  I n t e r i o r .  

STATE PROGRAMS 

The t a b l e s  on t h e  f o l l o w i n g  p a g e s  compare t h e  p r i n c i p a l  f u n c t i o n a l  

r e q u i r e m e n t s  o f  t h e  r e g u l a t o r y  c o n t r o l  programs i n  t h e  p r i n c i p a l  o i l -  and 

g a s - p r o d u c i n g  S t a t e s  t h a t  have been t h e  f o c u s  o f  most  o f  t h e  a n a l y s i s  o f  

t h i s  s t u d y .  These  S t a t e s  a r e  A1 a s k a ,  A r k a n s a s ,  Cal i f o r n i a ,  C o l o r a d o ,  

Kansas ,  L o u i s i a n a ,  Mich igan ,  New Mexico,  Ohio ,  Oklahoma, T e x a s ,  West 

V i r g i n i a ,  and Wyoming. 



Table VII-1 covers requirements f o r  reserve p i t  design, construct ion,  

and operation; Table VII-2 covers reserve p i t  c losure and waste removal. 

Table VII-3 presents requirements f o r  produced water p i t  design and 

construct ion,  while Table VII-4 compares requirements f o r  the produced 

water surface discharge 1 imi t s .  Table VII-5 deals  with produced water 

in j ec t  ion we1 1 construct ion; these requirements fa1 1 under the general 

Federal Underground Injection Control program, which i s  discussed 

separately below under Federal programs. Final ly ,  Table VII-6 discusses 

requirements fo r  well abandonment and plugging. 

FEDERAL PROGRAMS--EPA 

Federal programs discussed in t h i s  section include the Underground 

Inject ion Control ( U I C )  program and the Effluent Limitations Guide1 ines 

program administered by the E P A .  

Underground Inject ion Control 

The Underground Inject ion Control (UIC) program was establ ished under 

Part C of the Safe Drinking Water Act (SDWA) t o  protect  underground 

sources of drinking water (USDWs) from endangerment by subsurface 

emplacement of f lu ids  through wells.  Part C of the SDWA requires  EPA t o :  

1 .  Ident i fy the S ta t e s  fo r  which U I C  programs may be necessary--EPA 
1 i s ted  a l l  S t a t e s  and ju r i  sdictio-ns; 

2 .  Promulgate regulations establ ishing minimum requirements f o r  S ta t e  
programs which: 

prohibit  underground in jec t ion  t h a t  has n o t  been authorized by 
perrni t or by ru le ;  

require applicants fo r  permits t o  demonstrate t h a t  underground 
inject ion will  n o t  endanger USDWs; 

i ncl ude inspection, monitoring , record- keepi ng , and report ing 
requirements. 



These minimum requirements are contained in 40 CFR Parts 144 and 

146, and were promulgated in June 1980. 

3.,Prescribe by regulation a program applicable to the States, in 

cases where States cannot or will not assume primary enforcement 

responsibility. These direct implementation (DI) programs were 

codified in 40 CFR Part 147. 

The regulations promulgated in 1980 set minimum requirements for 5 

classes of wells including Class I 1  wells--wells associated with oil and 

gas production and hydrocarbon storage. In December 1980, Congress 

amended the SDWA to allow States to demonstrate the effectiveness of 

their in-place regulatory programs for Class I1 wells, in lieu of 
demonstrating that they met the minimum requirements specified in the UIC 

regulations. In order to be deemed effective, State Class I1 programs 

had to meet the same statutory requirements as the other classes of 

wells, including prohibition of unauthorized injection and protection of 

underground sources of drinking water. ($1425 SDWA). Because of the 

large number of Class I 1  wells, the regulations allow for authorization 
by rule for existing enhanced recovery wells (i.e., wells that were 

injecting at the time a State program was approved or prescribed by 

EPA). In DI States, these wells are subject to requirements specified in 
Part 147 for authorization by rule; which are very similar to 

requirements applicable to permitted wells, with some relief available 

from casing and cementing requirements as long as the wells do not 

endanger USDWs. In reviewing State programs where the intent was to 

"grandfather" existing wells as long as they met existing requirements, 

EPA satisfied itself that these requirements were sufficient to protect 

USDWs. In addition, all States adopted the minimum requirements of 

5146.08 for denlonstrat ing mechanical integrity of the we1 1 s (ensuring 
that the well was not leaking or allowing fluid movement in the 

borehole), at least every 5 years. This requirement was deemed by EPA 



t o  be a b s o l u t e l y  necessary i n  o r d e r  t o  p revent  endangerment o f  USDWs. I n  

a d d i t i o n ,  EPA and t h e  Sta tes  have been conduct ing  f i l e  rev iews o f  a l l  

w e l l s  whether g rand fa the red  o r  s u b j e c t  t o  new a u t h o r i z a t i o n - b y - r u l e  

requ i rements .  F i l e  rev iews are  assessments o f  t h e  t e c h n i c a l  i ssues  t h a t  

would no rma l l y  be p a r t  o f  a  p e r m i t  d e c i s i o n ,  i n c l u d i n g  mechanical 

i n t e g r i t y  t e s t i n g ,  c o n s t r u c t i o n ,  cas ing  and cementing, o p e r a t i o n a l  

h i s t o r y ,  and m o n i t o r i n g  reco rds .  The i n t e n t  o f  t h e  f i l e  r e v i e w  i s  t o  

ensure t h a t  i n j e c t i o n  w e l l s  n o t  s u b j e c t  t o  p e r m i t t i n g  a re  t e c h n i c a l l y  

adequate and w i  11 n o t  endanger underground sources o f  d r i n k i n g  water .  

Because o f  91425 and t h e  mandate a p p l i c a b l e  t o  Federal  programs 

n o t  t o  i n t e r f e r e  w i t h  o r  impede underground i n j e c t i o n  r e l a t e d  t o  o i l  and 

gas p roduc t i on ,  t o  qvo id  unnecessary d i s r u p t i o n  o f  S t a t e  programs and t o  

cons ide r  v a r y i n g  g e o l o g i c ,  h y d r o l o g i c ,  and h i s t o r i c a l  c o n d i t i o n s  i n  

d i f f e r e n t  S ta tes ,  EPA has accepted more v a r i a b i l i t y  i n  t h i s  program than  

i n  many o f  i t s  0th-er r e g u l a t o r y  programs. Now t h a t  t h e  progfam has been 

i n  p l a c e  f o r  severa l  years ,  t h e  Agency, i s  s t a r t i n g  t o  l o o k  a t  t h e  

adequacy o f  t h e  c u r r e n t  requ i rements  and may e v e n t u a l l y  r e q u i r e  more 

s p e c i f i c i t y  and l e s s  v a r i a t i o n  among S ta tes .  

E f f l uen t  L imi ta t ions  Guide1 ines 

On October 30, 1976, t h e  I n t e r i m  F i n a l  BPT E f f l u e n t  L i m i t a t i o n s  

Gu ide l i nes  f o r  t h e  Onshore Segment 'o f  t h e  O i l  and Gas E x t r a c t i o n  P o i n t  

Source Category were promulgated as 41 FR (44932). The ru lemak ing  a l s o  

proposed Best A v a i l a b l e  Technology Economical ly  Ach ievab le  (BAT) and New 

Source Performance Standards. 



On A p r i l  13, 1979, BPT E f f l u e n t  L i m i t a t i o n s  Gu ide l i nes  were 

promulgated f o r  t h e  Onshore Subcategory, Coastal  Subcategory, and 

A g r i c u l t u r a l  and W i l d l i f e  Water Use Subcategory o f  t h e  O i l  and Gas 

E x t r a c t i o n  I n d u s t r y  ( 4 4  FR 22069). E f f l u e n t  l i m i t a t i o n s  were reserved 

f o r  t h e  S t r i p p e r  Subcategory because o f  i n s u f f i c i e n t  t e c h n i c a l  da ta .  

The 1979 BPS r e g u l a t i o n  e s t a b l i s h e d  a zero  d i scha rge  l i m i t a t i o n  f o r  

a l l  wastes under t h e  Onshore Subcategory. Zero d i scha rge  A g r i c u l t u r a l  

and Wild1 i f e  Subcategory 1 i m i t a t i o n s  were es tab l i shed ,  except f o r  

produced water ,  which has a 35-mg/L o i l  and grease l i m i t a t i o n .  

The American Petro leum I n s t i t u t e  (API)  cha l lenged t h e  1979 r e g u l a t i o n  

( i n c l u d i n g  t h e  BPT r e g u l a t i o n s  f o r  t h e  O f f sho re  Subcategory) (661  

F.20.340(1981)).  The c o u r t  remanded EPA's d e c i s i o n  t r a n s f e r r i n g  1,700 

w e l l s  f rom t h e  Coastal  t o  t h e  Onshore Subcategory (47 FR 31554). The 

c o u r t  a l s o  d i r e c t e d  EPA t o  cons ider  s p e c i a l  d i scha rge  l i m i t s  f o r  gas 

w e l l s .  

Summary o f  Major  Regu la to ry  A c t i v i t y  Re la ted  t o  Onshore O i l  and Gas 

October 13, 1976 - I n t e r i m  F i n a l  BPT E f f l u e n t  L i m i t a t i o n s  Gu ide l i nes  

and Proposed (and Reserved) BAT E f f l u e n t  

L i m i t a t i o n s  Gu ide l i nes  and New Source Performance 

Standards f o r  t h e  Onshore Segment o f  t h e  O i l  and 

Gas E x t r a c t i o n  P o i n t  Source Category 

A p r i l  13, 1979 - F i n a l  Rules 

- BPT F i n a l  Rules f o r  t h e  Onshore, Coasta l ,  and 

W i  l d l  i f e  and A g r i c u l t u r a l  Water Use Subcategor ies 

- S t r i p p e r  O i  1 Subcategory reserved 

- BAT and NSPS never  promulgated 



July 21, 1982 - Response to American Petroleum Institute vs. EPA 

Court Decision 

- Recategorization of 1,700 "onshore" wells to 
Coastal Subcategory 

- Suspension of regulations for Santa Maria Basin, 

Cal i forni a 

- Planned reexamination o f  marginal gas we1 1 s for 
separate regul ations 

Onshore Segment Subcategories 

Onshore 

BPT Limitation 

- -  Zero discharge 

Defined: discharge of wastewater pollutants into navigable 

waters from ANY source associated with production, field 
exploration, drilling, well completion, or we11 treatment (i.e., 

produced water, drilling muds, drill cuttings, and produced sand). 

Stripper (Oil We1 1 s)' 

Category reserved 

Defined: JEJ barrels per we1 1 per calendar day or less o f  crude 

oil. 

Thls subcategory does not ~ n c l u d e  rnarg~nal gas wells. 
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Coastal 

BPT Limitations 

- -  No discharge of f ree  o i l  ( n o  sheen) 

- -  Oil and grease: 7 2  mg/L (da i ly )  

48 mg/L (average monthly) 

(produced waters) 

Defined: Any body of water landward of the t e r r i t o r i a l  seas or 

any wetlands adjacent to  such waters. 

Wildlife and Aqriculture Use 

BPT Limitations 

- -  Oil and  Grease: 35 mg/L (produced waters) 

- -  Zero Discharge: ANY waste pol lutants  

Defined: That produced water i s  of good enough qual i ty  t o  be 

used fo r  wi ld l i f e  or  l ivestock watering or  other  agricul tural  uses 

west of the 98th meridian. 



FEDERAL PROGRAMS--BUREAU OF LAND MANAGEMENT 

Federal programs under the Bureau of Land Management ( B L M )  within the 

U.S. Department of the In ter ior  are  discussed in t h i s  sect ion.  

Introduction 

Expl orat  ion, development, d r i l l  ing, and  product ion of onshore oi 1  and 

gas on Federal and  Indian lands are  regulated separately from non-Federal 

lands.  This separation of authori ty  i s  s igni f icant  fo r  western S ta t e s  

where o i l  a n d  gas a c t i v i t y  on Federal and Indian lands i s  a  la rge  

proportion of statewide ac t iv i ty .  

Regul a tory Agencies 

The U.S. Department of the In t e r io r  exercises authori ty  under 43 C F R  

3160 f o r  regulation of onshore o i l  and gas pract ices  on Federal and 

Indian 1  ands. The Department of the In t e r io r  administers i t s  regulatory 

program through BLM o f f i ces  in the producing S ta t e s .  These o f f i ces  

generally have procedures in place fo r  coordination with S ta te  agencies 

on regulatory requirements. Where wri t ten agreements are  not in place,  

BLM usually works cooperatively with the respective S ta t e  agencies. 

Generally, where S t a t e  requirements are  more s t r ingent  than those of BLM, 
operators must comply with the S ta t e  requirements. Where S ta t e  

requirements a re  l e s s  s t r ingen t ,  operators must meet the BLM-requirements. 

The Bureau works closely with the U.S. Forest Service f o r  surface 

s t ipu la t ions  in Federal fo res t s  or  Federal grass1 ands. This cooperative 

arrangement i s  spec i f i ca l ly  provided fo r  in the Federal regulat ions.  



Rules and Regul a t i  ons 

BLM has authority over o i l  and gas a c t i v i t i e s  on Federal lands. The 

authority includes 1 easing, bonding, royalty arrangements, construction 

and well spacing regulat ions,  waste handling, most waste disposal ,  s i t e  

reclamation, and s i t e  maintenance. 

His tor ica l ly ,  BLM has controlled o i l  and gas a c t i v i t i e s  through 

Notices t o  Lessees (NTLs) and through the issuance of permits. The 

Bureau i s  working t o  revise  a l l  notices into Oil and Gas Orders, which 

will  be Federally promulgated. To date ,  Oil and Gas Order No. 1 has been 

i ssued. 

While the regulat ions,  NTLs, and orders provide the general basis  fo r  

regulation of o i l  and  gas a c t i v i t i e s  on Federal and Indian lands,  there  

are  var iat ions i n  actual application of some of the requirements among 

BLM d i s t r i c t s .  I n  many cases ,  the var iat ions are  in response t o  spec i f ic  

geographical or geological characteri  s t i c s  of part  icul a r  areas.  

For example, in middle and southern Florida,  the water tab le  i s  near 

the surface.  As a r e s u l t ,  BLM requires the use of tanks instead of mud 

p i t s  fo r  o i l  and gas d r i l l i n g  a c t i v i t i e s  on Federal lands in t h i s  area.  

In southeast New Mexico, there i s  simultaneous development of potash 

resources and o i l  and gas resources, and d r i l l i n g  and development 

requirements are  imposed t o  accommodate the jo in t  development 

a c t i v i t i e s .  In general,  more s t r ingent  controls  of wastes and of 

disposal a c t i v i t i e s  a re  required f o r  o i l  and gas a c t i v i t i e s  tha t  could 

af fec t  ground-water aquifers  used fo r  drinking water. 



Drillinq 

Before beginning to drill on Federal land, operators must receive a 

permit to drill from BLM. The permit application must include a 

narrative description of waste handling and waste disposal methods 

planned for the well. Any plans to line the reserve pit must be detailed. 

The lease is required to be covered by a bond prior to beginning 

drilling of the well. But.the bonds may be for multiple wells, on a 

lease basis, statewide basis, or nationwide basis. The current bond 

requirement for wells on a single lease is $10,000. Statewide bonds are 

$25,000, but bonds must be provided separately for wells on public land 

.and wells on Federally acquired land. The requirement for a nationwide 
bond is $150,000. 

. . BLM considers reserve pits, and some 'other types of pits, as 
temporary. Except, in special circumstances, reserve pits do not have to 

be lined. NTL-2B contains the following provisions for "Temporary Use of 

Surface Pits": 

Unlined surface pits may be used for handling or storage of fluids 
used in drilling, redrilling, reworking, deepening, or plugging of a 
well provided that such facilities are promptly and properly emptied 
and restored upon completion of the operations. Mud or other fluids 
contained in such pits shall not be disposed of by cutting the pit 
walls without the prior authorization of the authorized officer. 

Unl ined pits may be retained as emergency pits, if approved by the 
authorized officer, when a well goes into production. 

Landspreading of drilling and reworking wastes by breaching pit walls 
is a1 lowed when approved by the authorized officer. 



P r o d u c t i o n  

Produced wate rs  may be d isposed  o f  by underground i n j e c t i o n ,  by  

di.sposa1 i n t o  1  ined. p i t s ,  o r  "by o t h e r  accep tab le  methods."  An 

a p p l i c a t i o n  t o  d i spose  o f  produced w a t e r  must s p e c i f y  t h e  proposed method 

and p r o v i d e  i n f o r m a t i o n  t h a t  w i l l  j u s t i f y  t h e  method s e l e c t e d .  One 

a p p l i c a t i o n  may be s u b m i t t e d  f o r  t h e  use o f  one d i s p b s a l  method f o r  

produced wa te r  f r om w e l l s  and l e a s e s  l o c a t e d  i n  a  s i n g l e  f i e l d ,  where t h e  

wa te r  i s  produced f r om t h e  same f o r m a t i o n  o r  i s  o f  s i m i l a r  qua1 i t y .  

D i sposa l  i n  P i t s :  A number o f  genera1 requ i remen ts  a p p l y  t o  d i s p o s a l  

i n t o  permanent s u r f a c e  d i s p o s a l  p i t s ,  whether  1  i n e d  o r  u n l i n e d .  The p i t s  

must: 

1. Have adequate s t o r a g e  c a p a c i t y  t o  s a f e l y  c o n t a i n  a l l  produced 
w a t e r  even i n  t hose  months when e v a p o r a t i o n  r a t e s  a r e  a t  a minimum; 

2 .  Be c o n s t r u c t e d ,  ma in ta i ned ,  and ope ra ted  t o  p r e v e n t  u n a u t h o r i z e d  
s u r f a c e  d i scha rges  o f  wa te r ;  u n l e s s  s u r f a c e  d i s c h a r g e  i s  
a u t h o r i z e d ,  no s iphon ,  excep t  between p i t s ,  w i l l  be p e r m i t t e d ;  

3 .  Be fenced t o  p r e v e n t  1  i v e s t o c k  o r  w i l d 1  i f e  e n t r y  t o  t h e  p i t ,  when 
r e q u i r e d  by an a u t h o r i z e d  o f f i c e r ;  

4 .  Be k e p t  r easonab l y  f r e e  f r om s u r f a c e  accumula t ions  o f  l i q u i d  
hydrocarbons by use o f  approved skimmer p i t s ,  s e t t l i n g  t anks ,  o r  
o t h e r  s u i t a b l e  equipment;  and 

5 .  Be l o c a t e d  away f r o m  t h e  e s t a b l i s h e d  d r a i n a g e  p a t t e r n s  i n  t h e  a rea  
and be c o n s t r u c t e d  so as t o  p r e v e n t  t h e  e n t r a n c e  o f  s u r f a c e  wate r .  

Approva l  o f  d i s p o s a l  o f  produced w a t e r  i n t o  u n l i n e d  p i t s  w i l l  be 

cons ide red  o n l y  i f  one o r  more o f  t h e  f o l l o w i n g  a p p l i e s :  

The w a t e r  i s  o f  equa l  o r  b e t t e r  q u a l i t y  t h a n  p o t e n t i a l l y  
a f f e c t e d  ground w a t e r  o r  su r face  wate rs ,  o r  c o n t a i n s  l e s s  t h a n  
5,000 ppm t o t a l  d i s s o l v e d  s o l  i d s  (annual  average) and no 
o b j e c t i o n a b l e  l e v e l s  o f  o t h e r  t o x i c  c o n s t i t u e n t s ;  



A substantial proportion of the produced water is being used for 
beneficial purposes, such as irrigation or 1 ivestock or wild1 i fe 
watering; 

The volume of water disposed of does not exceed a monthly 
average of 5 barrel s/day/faci 1 i ty ; and 

A National Pollutant Discharge Elimination System (NPDES) permit 
has been granted for the specific disposal method. 

Operators using unlined pits are required to provide information 

regarding the sources and quantities of produced water, topographic map, 
evaporation rates, estimated soil percol at ion rates, and "depth and 
extent of all usable water aquifers in the area." 

Unlined pits may be used for temporary containment of fluids in 
emergency circumstances as well as for disposal of produced water. The 
pit must be emptied and the fluids appropriately disposed o f  within 48 
hours after the emergency. 

'Where disposal in lined pits is allowed, the linings of the pits must 
be impervious an3 must not deteriorate in the presence of hydrocarbons, 
acids, or alkalis. Leak detection is required for all lined produced 
water disposal pits. The recommended detection system is an "underlying 
gravel-filled sump and lateral system." Other systems and methods may be 
considered acceptable upon application and evaluation. The authorized 
officer must be given the opportun'ity to examine the leak detection 
system before installation of the pit liner. 

When applying for approval of surface disposal into a 1 ined pit, the 
operator must provide information including the 1 ining materi a1 and leak 
detection method for the pit, the pit's size and location, its net 
evaporation rate, the method for disposal of precipitated solids, and an 
analysis of the produced water. The water analysis must include 
concentrat ions of chlorides, sulfates, and other (unspecified) 
constituents that could be toxic to animal, plant, or aquatic life. 



Injection: Produced waters may be disposed of into the subsurface, 
either for enhanced recovery of hydrocarbon resources or for disposal. 

Since the establishment of EPA's underground injection control program 

for Class I 1  injection wells, 6LM no longer directly regulates the use of 

injection wells on Federal or Indian lands. Instead, it defers to either 

EPA or the State, where the State has received primacy for its program, 

for all issues related to ground-water or drinking water protection. 

Operators must obtain their underground injection permits from either EPA 

or the State. 

BLM still retains responsibility for making determinations on 

injection wells with respect to lease status, protection of potential oil 

and gas production zones, and the adequacy of pressure-control and other 

safety systems. It also requires monthly reports on volumes of water 
injected. 

When a we1 1 is a dry hole, plugging must take place before removal of 

the drilling equipment. The mud pits may be allowed to dry before 

abandonment of the site. No abandonment procedures may be started 

without the approval of an authorized BLM representative. Final approval 

of abandonment requires the satisfactory completion of all surface 
reclamation work called for in the'approved drilling permit. 

Within 90 days after a producing well ceases production, the operator 

may request approval to temporarily abandon the well. Thereafter, 
reapproval for continuing status as temporarily abandoned may be required 

every 1 or 2 years. Exact requirements depend on the District Office and 

on such factors as whether there are other producing wells on the lease. 

The well may simply be defined as shut-in if equipment is left in place. 



Plugg ing  requ i rements  f o r  w e l l s  a r e  determined by t h e  BLM D i s t r i c t  

O f f  i c e .  T y p i c a l  l y ,  these w i  11 i n c l u d e  such r e q u i  rements as a  1 0 0 - f o o t  

cement p l u g  over  t h e  shoe o f  t h e  su r face  cas ing  ( h a l f  above, h a l f  be low) ,  

a  20- t o  5 0 - f o o t  p l u g  a t  t h e  t o p  o f  t h e  ho le ,  and p lugs  ( u s u a l l y  100 f e e t  

across)  above and below a l l  hydrocarbon o r  f reshwa te r  zones. 

IMPLEMENTATION OF STATE AND FEDERAL PROGRAMS 

Tab1 e  VII-7 presen ts  p r e l  i m i n a r y  summary s t a t i s t i c s  on t h e  ,resources 

o f  S t a t e  o i l  and gas r e g u l a t o r y  programs f o r  t h e  13 S ta tes  f o r  which 

S t a t e  r e g u l a t o r y  programs have been summarized i n  Tables V I  1-1 th rough  

VII-6. Top ics  covered i n c l u d e  r a t e s  o f  gas and o i l  p roduc t i on ,  t h e  

number o f  gas and o i l  we1 1  s, t h e  nuqber o f  i n j e c t i o n  w e l l s ,  t h e  number o f  

new w e l l s ,  t h e  r e s p o n s i b l e  S t a t e  agency i nvo l ved ,  and t h e  number o f  t o t a l  

f i e l d  s t a f f  i n  enforcement p o s i t i o n s .  

Table VII-8 p r e s e n t s . s i m i l a r  s t a t i s t i c s  c o v e r i n g  a c t i v i t i e s  o f  t h e  

Bureau o f  Land ~ a n a ~ e m e n t .  Since o f f i c e s  i n  one S t a t e  o f t e n  have 

r e s p o n s i b i l i t i e s  f o r  o t h e r  S ta tes ,  each o f f i c e  i s  l i s t e d  s e p a r a t e l y  a long 

w i t h  t h e  r e l a t e d  S ta tes  w i t h  which i t  i s  i n v o l v e d .  S t a t i s t i c s  p resented 

i n c l u d e  t h e  number o f  o i l  and gas produc ing  leases ,  t h e  number o f  

nonproducing o i l  and gas leases ,  and t h e  number o f  enforcement personnel  

a v a i l a b l e  t o  oversee produc ing  l eases .  



Table VII- 1 Reserve Pit Design. Constructron and Operation 

General statement of Commingling Permrtt ing/ 

State object ive/purpose L lners Overtopping provisron oversight 

Alaska The pits must be 
rendered impervious. 

Arkansas Oil & Gas Comnission 
(revisions (OGC) ; no spec if ic regu- 

due in '88) lations governing con- 
struction or management 

of reserve pits. Dept. 
of Pollution Control & 

Ecology (DPCE) incorpo- 
rates specific require- 

ments i n  letters of 
authorizataion serving 
as informal permits, but 

regulatory basis and 
legal enforceability not 

supported by OGC. 

California No degradation of 
ground-water quality; if 
waste is hazardous, de- 
tailed standards apply 

to the pits as "surface 

Whether reserve pit re- 
qurres lining (and what 

kind of lining) depends 
on proximity to surface 
water and populations. 
whether the pit is 

above permafrost, and 
what kind of pit 
management strategy is 

used; visual monitoring 
required, and ground 
water monitoring 

usually required. 

OK.: No regulatory re- 

quirement. 

DPCE: 20-mil synthetic 
or 18-24 inch thick lin- 
er (per authorization 

letter). 

Liners may or may not be 
required, depending on 
locat ion and loca 1 regu- 
lations; in limited 

cases where fluids 

Fluid mgmt provision 
enta~ls use of 

dewatering practices to 
keep to a minimum the 

hydrostatic head in a 
containment structure 

to reduce the potential 
for seepage and to 

prevent overflow during 

spring thaw. 

1-ft freeboard (DPCE: 
2-ft per authorization 

letter). 

Reserve pit "drilling 
wastes" defined as in- 

cluding "dri111vg muds, 
cuttings. hydrocarbons. 
brine, acid. sand, and 
ernuls~ons or mixtures of 

fluids produced from and 
unique to the operation 
or maintenance of a 
well." 

DPCE only: no high TD5 
completion fluids (per 

authorization letter). 

Individual permit for 
active and new pits. 

OGC: No separate permit 
for reserve pit. 
DPCE: Terms of permit- 

trng for reserve pits 
incorporated in letter 
of authorization. 

Use of nonapproved ad- Regional Water Quallty 

ditives and fluids ren- Control Boards (RWQCBs) 

ders the waste subject have authority to per- 
to regulation as a haz- mit, oversee management. 

ardous waste. 
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Coclr~ I ny I I ny 

p rov  I S  lor1 

Lou~s ia r l r ,  P r e v e n t c o n t a m r r l a t l o n o f  i l n e r s r ~ o t r e q ~ i r e r ! f u r  2 - f t f r e e t ~ c l a r d , p r o t e ~ -  I i o p r o c l u c e 3 h a t t . r o r  t137e ~t r- I ~ I ' J ~ ~ I ?  retit:- 

a q u i f e r s .  ~ n c l u d ~ r ?  on: l t e  r e ; e r v ~  p ! ! ~ .  t 13n o f  s u r f a c e  water b j  waste or  1 a t  o n s r t e  ( IIICIII~I~PC~ f  ~ r i dnc  I, 1  
- 7 

USDWs. and p r o t e c t  s u r -  l r n e r s  ( 1 0  cm/sec) levee:. W J  115, ari(4 fa: ~ I I ~ I E :  re-,prvN ) f  n b  

f ace  water reqd f o r  o f f  s  I t e  cclrn- d ra inaye  d:tche:, cnlni~c.r:idI f d ~ i  111 re: 

merc id !  f a c ~ l l t ~ e s  

L l n e r s  reqd r red  when 

d r ~ l l r r i u  w i t h  s a l t  

w a t e r - b a w d  d r ~ l l r n g  

f l u ~ d s ;  c r  when d r l  l l r c g  

th rough s a l t  o r  b r  ~ n e -  

c o n t a ~ n ~ n g  formatron:. 

I n  o t h e r  areas,  e t c e p -  

t l o n s  m y  be granted.  

h u t  r a r e l y  a r e  reque:t- 

ed; l ~ n e r s  must he PO 
m11 v l r g r n  P V C  o r  i t s  

e q u ~ v a l e n t  

 he^ Mexrco Prevent  contamlnat ron o f  L i n e r s  no t  requ r red  f o r  

s u r f a c e  and subsur face o n s l t e  rese rve  p l t s .  ~ n  

water  t h e  Nor thwest ,  1  rne rs  

may be r e q u i r e d  f o r  com- 

m e r c ~ a l  f a c i l r t i e s  

Prevent escape o f  produced l io requirelnent f o r  1 I ~ I -  

water ;  p revent  e rs .  except where r e -  

c o n t a r n ~ n a t ~ o n  o f  land. q u i r e d  on a  

su r face  water ,  and s r t e - s p e c r f  IC 

ground wa te r .  b a s i s  i~ 

hydrogeo l o g  i c a  1  l y 

s e n s r t r v e  areas 

No s a l t  c u t t i n g 3  a: s o l -  I n r l i v ~ c i u d i  perrnl t  borirl. 

~ d s ,  o i l .  r e f u s e .  con- and PIIL 1;onmental a s -  

p l e t ~ o n  o r  t e s t  f l u r d s .  se:sr,~r.r~t reqcl 

Perrnrts a r e  r r q d  f o r  

centra11i .ed f a c r l ~ t ~ e s  

W I  t h *.erne excent l c n s  
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Table VII-2 (continued) 

Dead 1 inel 
State general standard 

Land disposal1 
application 

Road 
application 

Surface water 
discharge 

Annular 
inject ion 

Kansas As soon as practical, 
evaporate or dewater and 
backfill; 365 days, or 
sooner if specifically 
required by Comnission 
(proposed). 

Louisiana 

- 
u Michigan 

I 

New Mexico 

Within 6 months of com- 
pletion of drilling or 
workover act ivlt ~ e s ,  
fluids must be analyzed 
for pH. O&G. metals and 
salinity, and then re- 
moved; exemption for 
wells less than 5,000 ft 
deep i f  native mud used. 

At closure, all free 
liquids must be removed 
and the residue encapsu- 
lated onsite or dis- 
posed of offsite. 

Landfarming is prohib- If approved by Kansas 
ited; in-situ disposal Department of Health 
may be prohibited in and Environment. 
sensitive areas. 

Onsite land treatment 
or trenching of fluids 
and land treatment, bur- 
ial or solidification of 
nonfluids allowed pro- 
vided specs are met (in- 
cluding pH. electrical 
conductivity, and certain 
metals). 

In-situ encapsulation 
requires a 10-mil PVC 
cap 4 ft below 
grade; offsite disposal 
must be in a lined land- 
fill with leachate col- 
lection and ground-water 
monitoring 

Pits are evaporated and 
residue generally burled 
onsite. 

Prohibited. 

Permits issued for dls- Surface caslng must be 
charge of wastewater at least 200 ft below 
from treated drilling the lowest USDW. 
site reserve pits, so 
long as limitations 
for oi 1 and grease. TSS. 
metals, chlorides, pH 
are met. Dilution allowed 
to meet chloride limits. 

Prohibited. We1 l must have produc- 
tion casing and injected 
fluid must be isolated 
below freshwater hori- 
zons; exception granted 
if, among other things, 
pressure gradient is 
less than 0.7 psi. 

Prohibited. 



Cead 1  i ne! Land d i : r~osa~!  

i t d t e  aenera 1  startdaro app 1 i ra :  i c n  

Rc3:l 

a?; 1 i ~ c t  ion  

Ohio W i t h i n  5 months o f  t h e  D r l l l i n g  f l u i d ;  may be 

comnencernent o f  d r  I l i -  disposed o f  by land a p - .  

ing,  b a c r f  ill end remove p l i c ? t ! o r ~ ;  p i t  solids 
conc re te  hases and may be t u r i e r j  o r ' s i t e .  

d r l l l l n g  equipment.  except where h i s t c r r j  o f  

w : th in  9 months, g rade ground-wi t e r  problems 

arid revege ta te  area not  

reqd f o r  p r o d u c t i o n .  

< 
c-. 
H 

I 
N 
N Texas 

W l t h ~ n  12  months o f  Landfdrm;ng o f  wa te r -  

d r i l l i n g  o p e r a t i o n ' s  hased muds 1s a l l owed .  

c e s s a t i o n ,  dewater and pe rm i t  reqd, s i t i n g  and 

leave. €-month e x t e n s i o n  r a t e  a p p l i c a t i o r  r e q t s .  

f o r  good cause, o n l y  60 waste a n a l y s i s .  revege-  

days a l l o w e d  f o r  c i r c u -  t a t i o n  * ) t h i n  129 days 

l a t i n g  and f r a c t u r e  p i t s .  

W i t h i n  30 days t o  1 year Landfarming p r o h i b i t e d  

f rom when d r i l l i n g  f o r  water-based 

ceases (depend i n0  on d r i l l i n g  f l u i d s  hav ing  

t h e  f l u i d ' s  C1 c o n t e n t )  g rea te r  than 3.000 m a i l  

dewater.  b a c k f i l l .  and C.1 a i d  o i  1-l:a:ed 

compac t . wastes. o n s i t e  b u r i a l  

p r o h i b i t e d  f o r  

o i l - b a s e d  d r l l l i n g  

f l u i d s  ( b u t  b u r i a l  o f  

s o l i d s  ob ta ined  w h i l e  

us ing  o i l - b a s e d  d r i l l i n g  

f l u  i d  a  1  lowed) 

P r o h i b i t e d  

Minor pe rm i t  r e q u i r e d  

f o r  d i scha rge  o f  f l u i d  

f r a c t i o n  f rom t r e a t e d  

r e - e r v e  p l t s .  p r i o r  

n o t i f  and 2 4 -  

hour h ioassdy te;t 

reqd, d i scha rye  may not 

v i o l a t e  T X  W3S o r  haz 

me ta l s  l im i t : ,  Xpecs 

i n c l u d e  06G ( 1 5  my/L ) .  

C1 (1.000 my/L c o a s t a l .  

500 mg/L i n -  l dnd ) .  T S S  

( 5 0  my/L).  COD (200 

mq/L), TD5 (3000 mq/L ) 

5 tdnd3 rd  w e l l  t rea tment  

f l u i d s  r a n  t ~ e  1njecterJ. 

same rer ; t5  a<, f o r  anntj- 

l a r  ~ r o d ~ ~ e d  water 

d~:po:.a 1 ,  per;:il t  

aerlera I1 reqd 

0 1 1 s i t e  i r ~ j e c t i o n  a l -  

lowed. apprnda l  reqd. 

s u r f a c e  cas ing  must he 

s e t  a t  l eas t  200 f t  be- 

low t r e a t a b l e  water :  

1 i m t t s  on pre::ure so 

t h a t  v e r t  i r a l  f r a c t u r e s  

w i l l  no t  ex tend t o  hase 

o f  t r e , j t +h le  water .  

One- t  ime annular i n  l ec -  

t i o n  a  1 lowed. "minor 

pe rm i t "  r equ i red .  

l i m i t s  on su r face  

i n j e c t i o n  pre::ure. 

c a s i n g  s e t  such t h a t  

usab le  qdf3 1 l t y  h d t e r  

p r o t e c t e d  t o  depth  

recommended by TW! 



Dead 1  in^/ Ldnd d l < . p ~ s a  II; R i 3 : l  :>ur f 4 r . ~  wd!?:  kr1:t. ; i l r  

jr,:;: I , . ? :  1u.1 S t a t e  gene ra l  :tart la-cl apn l  i c a t  io't t , , , r ? , r o c  1 ., I C ~ I -  t ! o r  

W .  V i r g i n i a  W i t h ~ n  E months f rom 

when d r i l l i n g  ceases 

W i t h i n  1  yea r  of  use, 

remove l i q u l d s  and r e -  

c l a i m  p ~ t ;  reclamat Ion  

bond re leased  a f t e r  p ~ t  

c l o s u r e  inspected and 

approved. 

C u t t i n g s  may bc b u r i e d  

o n s i t e ,  a f t e r  p h y ~ l c a l  

t reatmeri t .  f l u i d ?  rneet- 

Ing spec; can LJE. a p [ . i i ~ r J  

t o  t he  land. spec: i n -  

c lude o i l  (no v l r i t ~ i e  

sheen on l and )  and ! \ 

(25.0GC mg,'L), m o n l t o r -  

I ng  reqd f o r  o t h e r  pa-  

rameters 

Permit  reqd f o r  l and  

a p p l i c a t ~ o n ,  d i scha rge  

must mect water  q u a l i t y  

11m'its. i n c l u d i n a  OC5 

(2.030 o r  20,000 I b /  

acre.  depend~ng  on 

whether s o i l  i n c o r p o r a t -  

ed ) .  C1 (1 .500  mq/L) 

Pe-m!t regd f o r  road F'r ~ h i t ~ l t  earl, excc-pt where O:IP-t Imp i n i e c t  ion  a l -  

apr l :ca t  i on ,  l o c a t  lor ]  DL6 [let errr ~ r ~ r s  d ~ s c t ~ a r g e  lower1 u!irlcr sorr~e c o r i t l ~  - 

and 3p[ i19cat  ton re r l t s  w i l l  not cause s l g  t ~ ( : n s  ~n O I L  ~ r r r n i  t  

~m;~o:r.r! thrcugt.  DL0 e n v i r  c t d ' ~ l , l r j ~  3r contaml -  

menlo rand JI-i nc3te pllt, 1 I L  r id ter  'JSFJ- 

p l i e s .  apr111cat lor ]  must 

~ n c  lude corfiplete arla l y -  

si:, volurre,  l oc3 t1on .  

and nanlv of rer,eiv lrtg 



Table V I I - 3  Produced Water P i t  Design and C o n s t r u c t i ~ n  

General statement of 

S ta te  ob jec t  ive/purpose L i r iers Eremptions P e r m i t t ~ n g / o v e r s i g h t  

Alaska Produced water 1s a  " d r i l l i n g  

waste" and i s  sub jec t  t o  the 

same r e q t s  as i n  Table V I I - 1 .  

Arkansas No discharge i n t o  any water of 

( r e v i s i o n s  the S ta te  ( i n c l u d i n g  ground 

due i n  '88) water) .  

C a l i f o r n i a  Nondegradation o f  S ta te  

waters; p i t s  no t  permi t ted  i n  

n a t u r a l  drainage channels o r  

where they may be i n  comnunica- 

t i o n  w i t h  freshwater-bearlng - 
aqu i fe rs .  

< - Colorado 

Kansas 

Louis iana 

Prevent po 1  l u t  i on  (broadly  de- 

f i n e d )  o f  S ta te  waters; 

prevent exceeding o f  stream 

standards . 

Considerat ion o f  p r o t e c t i o n  o f  

s o i l  and water resources from 

p o l l u t i o n .  

P i t s  must be l i n e d  o r  u n d e r l a ~ d  

by t i g h t  s o i l ;  p i t s  p r o h i b i t e d  

over porous s o i l ;  (DPCE author- 

i z a t  Ion l e t t e r  requ i res  tanks) .  

L iners reqd where necessary t o  

comply w i t h  the S ta te ' s  nondeg- 

radat ion p o l l c y ;  s p e c i f i c  stan- 

dards f o r  const ruct ion/opera-  

t ~ o n  may be established by 

RWOCBs . 

Same as f o r  reserve p i t s  ( f o r  Exemptions from l i n e r  

p i t s  r e c e i v i n g  more than 5 bb l /d  requirement f o r  p i t s  o v e r l y ~ n g  

90% of the  p i t s  are impermeable m a t e r i a l s  o r  

l ined; 2/3 c lay .  1/3 synthetic) receiving water w i t h  less than 

5.000 ppm TDS. 

S t r i c t  l i n e r  and seal 

requirements i n  conjunct ion 

w i t h  hydrogeologic 

~ n v e s t  jgat ion.  

A l l  p i t s  must be l i n e d  such P i t s  i n  c e r t a i n  coas ta l  areas. 

tha t  the  hydrau l i c  c o n d u c t i v i t y  prov ided they are p a r t  o f  a 
i s  less than lo-' cm/sec. treatment t r a i n  f o r  o i l  and 

grease removal. 

I n d ~ v r d u a l  permi t ;  a p p l i c a t i o n  

reqd w i t h i n  30 days of produc- 

ing waste. 

Subject t o  p e r m i t t i n g  a u t h o r i t y  

of Regional WQCB. 

I n d i v ~ d u a l  permit 

No permi ts  issued f o r  un l ined  

p i t s .  



M:ch;yar E r rne  cannot  be run  t o  ear then 

r e s e r v o i r s  o r  ponds. 

New Mer ~c:, 

< 
U 
U 

I Texas 
TU 
Ln 

P ~ t s  must he l ~ q u r d  t i g h t .  

waste cannot be s t o r e d  f o r  more 

than 180 days; p l t s  may no t  be 

used f o r  u l t ~ m a t e  d i s p o s a l .  

P i t s  must he sea led w i t h  an rm- 

p e r v l o u s  material. I n  ada:t ron: 

o f f s l t e  p i t s  must c o n t a r n  f l u -  

rds w ~ t h  less  than 3.500 ppa C1 

Pe rm i t  f o r  u n l l n e d  p l t  den ied 

un less  ope ra to r  c o n c l u s ~ v e l y  

shows p ~ t  w r l l  no t  p o l l u t e  

a g r ~ c u l t u r a l  land. su r face  o r  

subsur face water ,  emergency 

111 t s  senera 1  l y  e ienp ted  

W V ~ r g ~ n i a  Same as f o r  rese rve  p l t s  

Wyomrng 

I n  t h f s o u t h e a s t .  3 0 - m i l  l r n e - s  S r r , ; t ~ l - r n l u r n t . 1 ; , t s a ~ , r j , : i t r ,  .n 

k l t h  leak d e t e - t ~ c .  a r e  r ~ q : I .  s ~ e ~ l !  ie:l d rear  t h a t  a r e  a  1 -  

~n  t h e  no r thwes t ,  i7ner: a r e  redrly s a i ~ r , ~ .  dr id  r r ,  d r t ~ , ' ,  w r t l ,  

r eqd  c v e r  sper r f  red vl i  i oe rsh  l e  out f re:,h w + t e r  

a q u i f e r s  

12 - i nch ,  1 0 ' ~  cm/src s o i l  

l ~ n e r  f o r  corn1 p ~ t s .  s : t e -  

s p e c ~ f  rc l ~ r r e r  req t  r f  corn1 

p r t  con ta rns  d e l e t e r r o u s  f  l u ~ d s  

Genera l l y .  a l l  p r t ;  o t t l e r  ' than 

emergency p ~ t s  r e q u i r e  l i n e r s  

unles; ( 1 )  t h e r e  i s  no su r face  

o r  subsur face water i n  t he  

area.  o r  ( 2 )  t h e  p i t  1s unt ier-  

l a ! d  b y  a n a t u r a l l y  occd r r l qa  

impervrous b a r r i e r .  l l n e r s  

r e q u r r e d  f o r  enrergency p i ? :  rr, 

s e n s l t  l v e  area; 

Same as f o r  rese rve  p ~ t s  

L i n e r s  no t  reqd except where 

t h e  po ten t  l a 1  f o r  cormunlcat I on  

between t h e  p ~ t  con ten ts  a r ~ d  

s u r f a c e  water  o r  sha l low around 

water  IS  h rgh .  . . 

I f  11nc. requ l rer i .  i n d ~ v l r l u a l  

p t ' r ~ s i t  a f t e r  he5r i r ~ j  

Protluc r,d water d ~ ~ l ~ u s d l  p l d r ~  

mus! t ~ e  s u t ~ i n  I t t ed 

I n d i v i t l u a l  permi t  

Same as f o r  reserve p ~ t s .  

l n d ~ v ~ d u a l  pe rm l t  reqd ~ f  p l t  

r ece i ves  more than 5 b b l l d a y  

produced wa te r ,  a rea-wlde p e r -  

m i t s  a l s o  granted,  i n d r v r d u a l  

p e r m i t s  and more s t r l n y e n t  

terms f o r  corrunerclal p ~ t s  



Table V11-4 Produced Uzter Surface Dischbrge L i m i t s  

State Onshore Coasta l / t  i d a l  Benef i c  i a  1 use Permi t t i ng /overs igh t  

Alaska 

Arkansas Proh ib i ted .  Not app l i cab le .  

Produced water i s  sub,]ect t o  

the discharqe req ts  f o r  reserve 

p i t  f l u i d s  i n  Table V11-1. 

C a l i f o r n i a  I n  some cases. produced waters Po l i cy  f o r  enclosed bays and Discharge a 1 lowed t o  cana 1s. Permit reqd from RVQCB f o r  
u l t i m a t e l y  disposed o f  i n  sumps estuar ies p r o h i b i t s  discharge d i t ches .  arid ephemeral stream: benef i c l a  1 use. 

are al lowed t o  f i r s t  be d i s -  o f  mate r ia l s  o f  petroleum o r i -  before reuse; specs issued by 

charged i n t o  canals o r  ephemer- g i n  i n  s u f f i c i e n t  q u a n t i t i e s  t o  one RUQCB inc lude  ObG ( 3 5  m g / ~ )  

a1 streams t h a t  c a r r y  the be v i s i b l e  o r  i n  v i o l a t i o n  o f  and C1 (200 mg/L).  

s a l t  water t o  the  sumps. waste discharge req ts ;  Ocean 
Plan sets  l i m i t s  f o r  ObG, arse- 

n i c .  t o t a l  chromium, e t c .  

Y 

Colorado 
IU 
ul 

Kansas 

Discharge must no t  cause p o l l u - '  N/A 

t ion  (broadly  def ined) o f  any 

waters o f  the s t a t e ;  must no t  

cause exceeding of stream 

standards. 

P roh ib i ted .  

Louisiana Discharges a1 lowed i n t o  lower Discharge al lowed if t r e a t e d  t o  

d i s t r i b u t a r i e s  o f  M i s s i s s i p p i  remove residua 1 ObG. 

and Atchafalaya Rivers;  d i s -  

charges i n t o  waters of the 

State requ i re  a permi t  a f t e r  

11/20/86; fac i 1 i t y  deemed i n  

compliance ercept  where an i n -  

v e s t i g a t i o n  o r  a complaint has 

been f i l e d .  

Specs f o r  w i l d l i f e  and a g r i c u l -  Permit reqd from Water Q u a l i t y  

t u r a l  use inc lude O&G (10 mg/L) Contro l  D i v i s i o n  o f  Department 

and TDS (5,000 mg/L. 30-day av- of Heal th .  

erage) . 

Road a p p l i c a t i o n  requi res ap- 

proval  by Dept. o f  Heal th  and 

Environment. 

I n d i v i d u a l  permi ts  f o r  surface 

discharges requ i red  a f t e r  

11/20/8b. 
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Table VII-5 Produced Water I n j e c t r o n  We l l  C o n s t r u c t ~ o n  

S t a t e  Casing 

M I T  p reSsure  

and d u r a t i o n  MI1 f requency Abandoned wel  1s 

A laska Safe  and a p p r o p r i a t e  cas ing ,  30 mln a t  1,500 p s i  o r  0 .25 Be fo re  ope ra t t on ;  t h e r e a f t e r  114-mi le  area o f  r ev iew .  

cemented t o  p r o t e c t  01 1, gas. p s i / f t  t imes v e r t i c a l  dep th  o f  month ly  r e p o r t i n g  o f  c a s i n g -  

and f r e s h  water ;  d e t a i l e d  cas ing shoe, whichever i s  t u b i n g  annulus p r e s s u r e .  

c a s i n g  specs. g r e a t e r ;  max. p ressu re  d e c l i n e  

10%. 

Arkansas We l l  must be cased and cemented Determined by  AOGC on a  case- Be fo re  operation; t h e r e a f t e r  112-mi le  area o f  r ev iew .  

so as n o t  t o  damage o i l .  gas, o r  by-case b a s i s .  eve ry  5  years .  

f r e s h  water .  

C a l i f o r n i a  Safe  and a p p r o p r i a t e  cas ing;  From h y d r o s t a t i c  t o  t h e  p r e s -  W i t h i n  3  months a f t e r  i n -  114-ml le  f ~ x e d  r a d ~ u s  i n  combl- 

cementing specs. sure  reqd t o  f r a c t u r e  t h e  i n -  j e c t  I on  conrnences and annua l  l y  n a t i o n  w i t h  r a d l a l  f low equa- 

j e c t i o n  zone o r  t h e  propcsed t h e r e a f t e r .  a f t e r  any anomblous t i o n  and documented geological 

~ n j e c t ~ o n  pressure .  wh ichever  r a t e  o r  p ressu re  change. o r  as f e a t u r e s  a r e  used t o  d e f i n e  

- occurs f l r s t ;  s t e p  r a t e  t e s t  requested by DOG area o f  r e v l e w .  

may be walved. 

Colorado 
H 
I 

N 
03 

Kansas 

Lou i s i ana  

Safe  and adequate c a s i n g  o r  15 min a t  300 p s i  o r  t h e  min-  e e f o r e  o p e r a t i o n .  t h e r e a f t e r  114-mi le  area o f  rev iew;  n o t i c e  

t u b i n g  t o  p reven t  leakage, and  mum i n j e c t i o n  p ressu re .  which- eve ry  5 years ;  exceptions f o r  t o  sur face and work lng  i n t e r e s t  

cemented so as n o t  t o  damage ever  i s  g r e a t e r ,  max. va r i ance  w e l l s  m o n i t o r i n g  annu lus  p res -  owners w i t h i n  1  m i l e .  

01 J, gas. or  f r e s h  water .  10%. su re  mon th l y  

W e l l  must be cased and cemented For  o l d  w e l l s .  100 p s i ;  f o r  Be fo re  o p e r a t i o n ;  t h e r e a f t e r  1 / 4 - m ~ l e  area o f  r ev iew  

t o  p reven t  damage t o  hydrocar -  new we1 1s. 100 p s l  o r  t h e  eve ry  5 years  

bon sources o r  f r e s h  and usab le  au tho r i zed  pressure ,  wh ichever  

wa te r .  i s  g r e a t e r ;  a l t e r n a t i v e  t e s t s  

al lowed; 30-minute t e s t :  

Casing must be s e t  t h rough  t h e  For  new w e l l s .  30 m in  a t  300 Ee fo re  ope ra t i on ;  t h e r e a f t e r  114-mi le  area o f  r ev iew .  

deepest USDW and cemented t o  p s i .  o r  max. a l l o w a b l e  p r e s -  eve ry  5 yea rs .  

t h e  su r face .  sure ,  whichever i s  g r e a t e r ;  f o r  

conver ted w e l l s ,  t h e  l e s s e r  o f  

1,000 p s i  o r  max. a l l o w a b l e  

pressure ,  bu t  no lower t h a n  300 

p s i ;  max. va r l ance  o f  5  p s l .  





?1! 1 pre:c.ure 

S t a t e  Ca: i nq and d~:r?t l o r -  I!] i f requerlcy 4tiar1d[:p,ed we 1 11. 

20 r r l n  a: 1 5 t o  2 t imes  the  

\ n j e r t ) o v  pressure, m d r  u a r i -  

arlce 5% 

i u r f a c e  cas ing  m ~ s t  be s e t  be- Same as LOu1:iiina 

low f reshwa te r  sources, c a s r r g  

cemented t o  the sur face.  

Refore ~ r r j r - t t  1or8, t l ~ e r e d f t c r  Rot rcr- t n  I ~ r i r l o w ~ ~ e r ~ .  a r ~ d  or!er.~ 

eber-y  5 ycars  t c r ;  t i 9 t h l n  Ili '11 It,. 1 1 4 - I P ~  lc.  

a r c d  of r r s v  ie!v.  



Table V l i - 6  Wcll ,4b~ndonrr,ent/Plugging 

States Pl~gging deadi~ne Plugging oversignt 

Alaska 1 year following end of operator's ac- Plugglng method must be approved before 

tivity within :he field, if well not beginning work; indemnity bond released 
completed, must be abdndoned or sus- after approval of well dban.O'onrnr3nt. 

pended Lefore removal of drilling 

equipment; bridge plugs reqd for sus- 
pena2d wells. 

Arkansas I f  not completed, must he at~~ndonedl Plugging permit; ons ite supcrv is ion by 

plugged before drllllng equip is AOGC official; bond or other evidence 
released form the drilllng operation; of findnacial responsibility reqd, and 
no time limit for temporary released only after plugging!abandon- 

obandonrnent of properly cdsed w e l l .  ment completed. 

California 6 months after drilling activity ceases Indemnity bond released after proper 

or 2.year-s after drilling equipment abdndonment or completion is ensured 
IS removed; unless temp abandonment of 

properly cased well. 

Colorado Gensrally, 6 months after prcduction Plugging method must be approved; COGC 

ceases: extens~ons require must have opportunity to k~tness; 

semi-annual statds report ~lanket or individua.1 bond reqd. 

90 days after operations cease. wnere Plugying plan reqd before beg~nnlng 

tempbrsry abandonment, annua 1 exten- work; report ceqd after completion. 

sions require notice and st~tus reports. 

Lou~sidna Ulthin 90 days of notlce in "lnactlve 
Well Report" unless a plan is subnlitted 
describing the well's future use. 

M~stiigdn Within 60 ddys after cessation of 
drilling activities; with~n 1 yedr af- 

Plugglng method must be approved 

ter cessatlon o f  production (with ex- 
tensions. if suff lcient reason to re- 
t a ~ n  well). 
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CHAPTER VIII 

CONCLUSIONS 

From the analysis  conducted fo r  t h i s  repor t ,  i t  i s  possible t o  draw a 

number of general conclusions concsrning the management of o i l  and  gas 

wastes. These conclusions are  presented below. . 

Avai 1 able  waste management pract ices  vary in t h e i r  environmental 
performance. 

0 

Based on i t s  review of current and a l t e rna t ive  waste management 

prac t ices ,  E P A  concludes tha t  the environmental performance of ex is t ing  

waste management pract ices  and technologies var ies  signi f i cant ly .  The 

re1 i ab i l  i ty of waste management pract ices  will  depend largely on the 

environmental s e t t i n g .  However, some methods wi 11 generally be l e s s  

r e l i a b l e  than others because of more d i r ec t  routes of potent ial  exposure 

to  contaminants, lower maintenance and operational requirements, 

i n f e r i o r i t y  of design, or  other f ac to r s .  Dependence on l e s s  re1 iab le  

methods can in ce r t a in  vulnerable locat ions increase the potent ial  fo r  

environmental damage re la ted  t o  malfunctions and improper maintenance. 

Examples of technologies or  pract ices  tha t  a re  l e s s  re1 iab le  in locat ions 

vulnerable t o  envi ronrnental damage, i ncl ude: 

Annular disposal of produced water (see damage case OH 38, 
page IV-16); 

Landspreading or  roadspreading of reserve p i t  contents (see 
damage case WV 13, page I V - 2 4 ) ;  

Use of produced water storage p i t s  ( see  damage case AR 10,  
page IV-36); and  



Surface discharges of drilling waste and produced water to 
sensitive systems such as estuaries or ephemeral streams (see 
damage cases TX 55, page IV-49; TX 31, page IV-50; TX 29, 
page 11-51; WY 07, page IV-60; and CA 21, page IV-68). 

Any program to improve management o f  oil and gas wastes in the near 
term will be based largely on technologies and practices in current use. 

Current technologies and practices for the management of wastes from 

oil and gas operations are well established, and their environmental 

performance is generally understood. Improvements in State regulatory 

requirements over the past several years are tending to increase use of 

more desirable technologies and practices and reduce reliance on others. 

Examples include increased use of closed systems and underground 

injection and reduced reliance on produced water storage and disposal 

pits. 

,Long-term improvements in waste management need not rely, however, . . 

purely on increasing the use of better existinq technology. The Agency 

does foresee the possibility of significant technical improvements in 

future techno1 ogies and practices. Examples include incinerat ion and 

other thermal treatment processes for drilling fluids; conservation, 

recycl ing, reuse, and other waste minimization techniques; and wet air 

oxidation and other proven technologies that have not yet been applied to 

oil and gas operations. 

Because of Alaska's unique and sensitive tundra environment, there 

has been special concern about ths environmental performance o f  waste 

management practices on the North Slope. Although there are limited and 

prel imi nary data that indicate some environmental impacts may occur, 

these data and EPA's initial analysis do not indicate the need to curtail 

current or future oil exploration, development, and production operations 

on the North Slope. However, there is a need for more environmental data 



on the performance of existing technology to provide assurance that 

future operations can proceed with minimal possible adverse impacts on 

this sensitive and unique environment. The State of Alaska has recently 

enacted new regulations which will provide additional data on these 

practices. 

EPA is concerned in particular about the environmental desirability 

of two waste management practices used in Alaska: discharge of reserve 

pit supernatant onto tundra and road appl ication of reserve pit contents 

as a dust suppressant. Available data suggest that applicable discharge 

limits have sometimes been exceeded. This, coupled with preliminary 

biological data on wildlife impacts and tundra and surface water 

impairment, suggests the need for further examination of these two 
practices with respect to current and future operations. The new 

regulations recently enacted by the State of Alaska should significantly 

reduce the potential for tundra and wildlife impacts. 

Increased segregation o f  waste may help improve management o f  oil and 
gas wastes. 

The scope of the exemption, as interpreted by EPA in Chapter I 1  of 

this report, excludes certain re1 atively low-vol ume but possibly 
high-toxicity wastes, such as unused pipe dope, niotor oil, and similar 

materials. Because some such wastes could be hazardous and could be 

segregated from the large-volume wastes, it may be appropriate to require 

that they be segregated and that some of these low-volume wastes be 

managed in accordance with hazardous waste regulations. While the Agency 

recognizes that small amounts of these materi a1 s may necessarily become 

mixed with exempt wastes through normal operations, it seeks to avoid any 

deliberate and unnecessary use of reserve pits as a disposal mechanism. 

Segregation of these wastes from high-volume exempt wastes appears to be 

desirable and should be encouraged where practical. 



Although t h i s  issue i s  n o t  exp l i c i t l y  covered i n  Chapter VII, EPA i s  

aware tha t  some States  d o  require segregation of cer ta in  of these 

low-volume wastes. E P A  does not have adequiite data on which t o  judge 

whether these S ta te  requirements are adequate i n  coverage, are 

enforceable, a re  environmentally e f f ec t ive ,  or could be extended t o  

general operations across the country. The Agency concludes tha t  fur ther  

study of t h i s  issue i s  des i rab le .  

Stripper operations constitute a special subcategory of the oil and gas 
industry. 

Str ippers  cumulatively contribute approximately 1 4  percent of to t a l  

domestic o i l  production. As such, they represent an economically 

important component of the U.S. petroleum industry.  Two aspects of the 

s t r ippe r  industry r a i se  issues of consequence t o  t h i s  study. 

F i r s t ,  generation of production wastes by s t r ippe r s  i s  more 

s igni f icant  t h a n  t h e i r  t o t a l  petroleum production would indicate .  Some 

s t r ippe r  wells yield more than 100 bar re ls  of produced water for  each 

barrel of o i l ,  f a r  higher on a  percentage production basis than a  typical 

new well ,  which may produce l i t t l e  or no water fo r  each barrel of o i l .  

Second, s t r ippe r  operations as a  ru l e  are  highly sens i t ive  t o  small 

f luctuat ions in market prices and cannot eas i ly  absorb additional cos ts  
f o r  waste management. 

Because of these two fac tors - - inherent ly  high waste-production r a t e s  

coupled with economic vulnerability--EPA concludes tha t  s t r ippe r  

operations cons t i tu t e  a  special  subcategory of the o i l  and gas industry 

tha t  should be considered independently when developing recommendations 

f o r  possible improvements in the management of o i l  and  gas wastes. In 



the event tha t  additional Federal regulatory action i s  contemplated, such 

special consideration could indicate  the need f o r  separate regulatory 

actions spec i f i ca l ly  ta i lored  to  s t r i p p e r  operations.  

Documented damage cases and quant i ta t ive  modeling r e s u l t s  ind ica te  
t h a t ,  when managed in accordance with S ta t e  and Federal requirements, 
exempted o i l  and gas wastes r a re ly  pose s ign i f i can t  th rea t s  t o  human 
heal t h  and the  envi ronment . 

Generalized modeling of human health r i sks  from current waste 

management pract ices  suggests tha t  r i sks  from properly managed operat ions 

are  low. The damage cases researched in the course of t h i s  pro jec t ,  

however, indicate  tha t  exempt wastes from o i l  and gas exploration, 

development, and production can endanger human health and cause 

environmental damage when managed in violat ion of ex is t ing  S t a t e  

requirements. 

Damaqe Cases 

I n  a large portion of the cases developed f o r  t h i s  study, the types 

of mismanagement tha t  lead t o  such damages are  i  1 legal under current 

S ta t e  regulations although a  few were legal under S ta te  programs a t  the 

time when the damage or ig ina l ly  occurred. Evidence suggests tha t  

v io la t ions  of regulations d o  lead t o  damages. I t  i s  n o t  possible t o  

determine from avai lable  data how frequently v io la t ions  occur or  whether 

v io la t ions  would be l e s s  frequent i f  new Federal regulations were imposed. 

Documented damages suggest t h a t  a l l  major types of wastes and waste 

management pract ices  have been associated t o  some degree with 

endangerment of human health and damage t o  the environment. The 

principal types of wastes responsible fo r  the damage cases include 

general reserve p i t  wastes (pr imari ly  d r i l l i n g  f l u i d s  and d r i l l  cu t t ings ,  



b u t  a l so  miscellaneous wastes such as pipe dope, rigwash, diesel  f u e l ,  

and crude o i l ) ;  f ractur ing f lu ids ;  production chemicals; waste crude o i l ;  

produced water; and a var ie ty  of miscellaneous wastes associated w i t h  

exploration, development, or production. The principal types of damage 

sometimes caused by these wastes include contamination of drinking-water 

aquifers and foods above leve ls  considered safe  for  consumption, chemical 

contamination o f  1 ivestock, reduction of property values, damage t o  

native vegetation, destruction of wetlands, and endangerment of wi ld l i f e  

and impairment of wi ld l  i  f e  habi ta t .  

I R i  s  k Model i  n q  

I The r e s u l t s  of the r i s k  modeling suggest tha t  of the hundreds of 

chemical const i tuents  detected i n  b o t h  reserve p i t s  and produced f l u i d s ,  
, only a few from e i the r  source appear to  be of concern to  human health and 

the environment via ground-water and surface water pathways. 'The 

principal const i tuents  of potential  concsrn, based on a n  analysis of 

t h e i r  toxicological da ta ,  t h e i r  frequency of occurrence, and t h e i r  

mobility in ground water, include arsenic ,  benzene, sodium, chlor ide,  

boron, cadmium, chromium, and mobile s a l t s .  All of these const i tuents  

were included in the quant i ta t ive  r i s k  modeling; however, boron, cadmium, 

and chromium did n o t  produce r i sks  or resource damages under the 

conditions modeled. 

For these const i tuents  of potential  concern, the quant i ta t ive  r i s k  

modeling indicates  tha t  r i sks  t o  human health and the environment a re  

very small t o  negl igible  when wastes a re  properly managed. However, 

although the r i sk  modeling employed several conservative assumptions, i t  

was based on a r e l a t ive ly  small sample of s i t e s  and was l imited in scope 

t o  the management of d r i l l i n g  waste in reserve p i t s ,  the underground 

inject ion of produced water, and the surface water discharge of produced 

water from s t r ippe r  wells.  Also, the r i s k  analysis  did not consider 



migration of produced water contaminants through fractures or unplugged 

or irnproperl y pl ugged and abandoned we1 1 s. Nevertheless, the re1 at i vely 

low risks calculated by the risk model ing effort suggest that complete 

adherence to existing State requirements would preclude most types of 

damages. 

Damages may occur in some instances even where wastes are managed in 
accordance with currently applicable State and Federal requirements. 

There appear to be some instances in which endangerment of human 

health and damage to the environment may occur even where operations are 

in compliance with currently applicable State and federal requirements. 

Damaqe Cases 

Some documented damage cases illustrate the potential for human 

heal th endangerment or env.ironmontal damage frorn such legal practices as 
discharge to ephemeral streams, surface water discharges in estuaries in 

the Gulf Coast region, road application of reserve pit contents and 

discharge to tundra in the Arctic, annular disposal of produced waters, 

and landspreading of reserve pit contents. 

R i  s k Model i nq 

For the constituents of potential concern, the quantitative 

evaluation did indicate some situations (less than 5 percent of those 

studied) with carcinogenic risks to maximally exposed individuals higher 

then 1 in 10,000 (lx10-~) and sodium levels in excess of interim limits 

for public drinking water supplies. Although these higher risks resulted 

only under conservative modeling assumptions, including high (90th 

percentile) concentration levels for the toxic constituents, they do 

indicate potential for health or environmental impairment even under the 



general assumption of compliance with standard waste management 

pracedures and applicable S ta te  and Federal requirements. Quan t i t a t ive  

r i sk  modeling indicates tha t  there i s  an extremely wide variat ion ( s i x  or  

more ordsrs of magnitude) in heal t h  and envi ronmentaf damage potent i a1 

among d i f f e ren t  s i t e s  and locat ions,  depending on waste volumes, wide 

differences in measured toxic  const i tuent  concentrations,  management 

prac t ices ,  local hydrogeological conditions,  and  distances t o  exposure 

points.  

Unplugged and  improperly plugged abandoned wells can pose s igni f icant  
environmental problems. 

Docun~entation assembled for  the damage cases and contacts with S ta t e  

o f f i c i a l s  indicate  tha t  ground-water* damages associated with unplugged 

and improperly p1 ugged abandoned we1 1 s  are a signi f  i  cant concern. 

Abandoned disposal wells may leak disposed wastes back t o  the surface or 

t o  usable ground water. Abandoned production wells may leak native 

brine,  potent ia l ly  leadi'ng t o  contamination of usable subsurface s t r a t a  

or  surface waters. 

Many older wells,  d r i l  led and abandoned pr ior  t o  current improved 

requirements on well c losure,  have never been properly plugged. Many 

States  have adequate regulations current ly in place; however, even under 

some Sta tes '  current regulat ions,  we1 1 s  are abandoned every year without 

being properly plugged. 

Occasionally companies may f i l e  fo r  bankruptcy p r io r  t o  implementing 

correct  plugging procedures and neglect t o  plug well s .  Even when wells 

are  cor rec t ly  plugged, they may eventually leak in some circumstances i n  

the presence of corrosive produced waters. The potent ial  f o r  

environmental damage occurs wherever a  well can ac t  as a  conduit between 

usable ground-water suppl ies  and s t r a t a  containing water with high 



chloride l eve l s .  This may occur when the high-chloride s t r a t a  are  

pressurized natural ly  or a re  pressurized a r t i f i c i a l l y  by disposal or  

enhanced recovery operations,  thereby allowing the  chlor ide-r ich waters 

t o  migrate eas i ly  into usable ground water. 

Discharges of d r i l l i n g  muds and produced waters t o  surface waters have 
caused l o c a l l y  s ign i f i can t  environmental damage where discharges a re  not 
in compliance with S t a t e  and Federal s t a t u t e s  and regulat ions or where 
NPDES permits have not been issued. 

Damage cases indicate  tha t  surface water discharges of wastes from 

explorat ion,  development, and production operations have caused damage or 

danger t o  lakes,  ephemeral streams, e s tua r i e s ,  and sens i t ive  environments 

when such discharges a re  not carr ied o u t  properly under applicable 

Federal and Sta te  programs and regulat ions.  This i s  pa r t i cu la r ly  an 

issue in areas where operations have not yet received permits under the 

Federal NPDES program, par t icu lar ly  along the Gulf Coast, where permit 

appl icat ions have been received b u t  permits have not yet been issued, and 

on the Alaskan North Slope, where no NPDES permits have been issued. 

For the  Nation as a whole, Rrgul a t ion  of a1 1 o i l  and gas f i e l d  wastes 
under unmodified Sub t i t l e  C of RCRA would have a subs tant ia l  impact on 
the  U.S. economy. 

The most cos t ly  hypothetical hazardous waste management program 

evaluated by E P A  could reduce to t a l '  domestic o i l  production by as much .as  

18 percent by the year 2000. Because of attendant world pr ice  increases ,  

t h i s  would r e s u l t  in an annual d i r e c t  cost  passed on t o  consumers of over 

$6 b i l l i o n  per year.  This scenario assumes t h a t  70 percent of a l l  

d r i l l i n g  and production wastes would be subject t o  the current  

requirements of Sub t i t l e  C of RCRA.  If  only 10 percent of d r i l l i n g  

wastes and produced waters were found t o  be hazardous, S u b t i t l e  C 

regul a t  i on would resul t in a decl i ne of 4 percent in U. S. production and 



a  $1.2 b i l l i o n  c o s t  i nc rease  t o  consumers, compared w i t h  b a s e l i n e  cos ts ,  

i n  t h e  yea r  2000. 

EPA a l s o  examined t h e  cos t  o f  a  S u b t i t l e  C scenar io  i n  which produced 

waters i n j e c t e d  f o r  t h e  purpose o f  enhanced o i l  recovery  would be exempt 

f rom Sub t i  t l  e  C requ i rements .  Th i s  scenar io  y i e l d e d  p r o d u c t i o n  dec l  ines  

rang ing  f rom about 1 .4  t o  12 percent  and cos ts  passed on t o  consumers 

rang ing  f rom $0.7 t o  $4 .5  b i l l i o n  per  yea r ,  depending on whether 10 

percent  o r  70 percent  o f  t h e  wastes ( e x c l u d i n g  produced waters i n j e c t e d  

f o r  enhanced o i l  recovery)  were r e g u l a t e d  as hazardous wastes. 

I These S u b t i t l e  C es t imates  do n o t ,  however, f a c t o r  i n  a l l  o f  t h e  

Hazardous and S o l i d  Waste Ac t  Amendments r e l a t i n g  t o  S u b t i t l e  C l a n d  

I d isposa l  r e s t r i c t i o n s  and c o r r e c t i v e  a c t i o n  requi rements c u r r e n t l y -  under 

r e g u l a t o r y  development. I f  these two requi rements were t o  app ly  t o  o i l  

and gas f i e l d  wastes, t h e  impacts o f  S u b t i t l e  C r e g u l a t i o n  would be 
. substant  i a1 1  y '  increased.  

I 

I The Agency a l s o  eva lua ted  compliance cos ts  and economic impacts f o r  

an i n t e r m e d i a t e  r e g u l a t o r y  scenar io  i n  which moderate ly  t o x i c  d r i l l i n g  

wastes and produced waters  would be s u b j e c t  t o  s p e c i a l  RCRA requi rements 

l e s s  s t r i n g e n t  than those o f  S u b t i t l e  C .  Under t h i s  scenar io ,  a f f e c t e d  

d r i l l i n g  wastes would bs managed i n  p i t s  w i t h  s y n t h e t i c  1 i n e r s ,  caps, and 

ground-water  m o n i t o r i n g  programs and r e g u l a t e d  produced waters would 

con t i nue  t o  be i n j e c t e d  i n t o  Class I 1  w e l l s  ( w i t h  no su r face  d ischarges  

a l lowed f o r  produced waters exceeding p r e s c r i b e d  c o n s t i t u e n t  

c o n c e n t r a t i o n  l i m i t s ) .  T h i s  scenar io  would r e s u l t  i n  a  domestic 

p r o d u c t i o n  d e c l i n e ,  and a cos t  passed on t o  consumers i n  t h e  y e a r  2000, 

o f  1 .4  percent  and $400 m i l l  i o n  per  yea r ,  r e s p e c t i v e l y ,  i f  70 pe rcen t  o f  



the wastes were regulated. I f  only 10 percent of the wastes were subject 

t o  regulat ion,  t h i s  intermediate scenario would r e s u l t  i n  a  production 

decline of l e s s  than I percent and a n  increased cost t o  consumers of 

under $100 million per year .  

The economic impact analysis a lso estimates a f f ec t s  on U . S .  foreign 

trade and Sta te  tax revenuss. Ey the year 2000, based on U.S.  Department 

of Energy models, the EPA cost r e s u l t s  projected a n  increase in national 

petroleum imports ranging from l e s s  than 100 thousand t o  1.1 million 

bar re ls  per day and a  corresponding increase in the U.S. balance of 

payments d e f i c i t  ranging from l e s s  than $100 thousand t o  $18 b i l l i o n  

annually, depending on differences in regulatory scenarios evaluated." 

Because of the decl ine i n  doinestic production, aggregated S ta t e  tax 

revenues would be depressed by an annual amount ranging from a  few 

mi 11 ion t o  alnlost a  b i l l  ion do1 1  a r s ,  depending on regul atol-y assumptions. 

Regulation of a1 1  exempt wastes under f u l l  , unmcdi  f ied  R C M  S u b t i t l e  C 
appears unnecessary a n d  impractical a t  t h i s  time. 

There appears to  be no need f o r  the iniposition of f u l l ,  unmodified 

RCRA Sub t i t l e  C regulation of hazardous waste f o r  a l l  high-volume exempt 

o i l  and gas wastes. Based on knowledge of the s i z e  and d ive r s i ty  of the 

industry,  such regulations could be l o g i s t i c a l l y  d i f f i c u l t  t o  enforce and 

could pose a  substant ial  f inancial  ,burden on the o i l  and gas industry,  

pa r t i cu la r ly  or) small producers and s t r i p p e r  operations. Nevertheless, 

elements of the Sub t i t l e  C regulatory program may be appropriate in 

se l ec t  circumstances. Reasons for the above t en ta t ive  conclusion a re  

described be1 ow. 

The Agency considers imposition of f u l l ,  unmodified S u b t i t l e  C 

regul a t  i ons fo r  a1 1  oi 1  and gas expl ora t ion ,  development , and production 

wastes t o  be unnecessary because of fac tors  such as the following. 



Damages and risks posed by oil and gas operations appear to be 
linked, in the majority of cases, to violations of existing State 
and Federal regulations. This suggests that implementation and 
enforcement of existing authorities are critical to proper 
management of these wastes. Significant additional environmental 
protection could be achieved through a program to enhance 
compliance with existing requirements. 

State programs exist to regulate the management of oil and gas 
wastes. Although improvenents may be needed in some areas of 
design, implementation, or enforcement of these programs, EPA 
believes that these deficiencies are correctable. 

Existing Federal programs to control underground injection and 
surface water discharges provide sufficient legal authority to 
handle most problems posed by oil and gas wastes within their 
purview . 

The Agency considers the imposition of full Subtitle C regulations 
for all oil and gas exploration, development, and production wastes to be 

impractical because of factors such as the following: 

EPA estimates that the economic impacts of in~position of full 
Subtitle C regulations (excluding the corrective action and land 
disposal restriction requirements), as they would apply without 
modification, would significantly reduce U.S. oil and gas 
production, possibly by as much as 22 percent. 

If reserve pits were considered to be hazardous waste management 
facilities, requiring permitting as Subtitle C land disposal 
facilities, the administrative procedures and lengthy application 
processes necessary to issue.these permits would have a drastic 
impact on development and production. 

Adding oil and gas  operations to the universe o f  hazardous waste 
generators would potentially add hundreds of thousands of sites to 
the universe of hazardous waste generators, with many thousands of 
units being added and subtracted annually. 

Manifesting of all drilling fluids and produced waters offsite to 
RCRA Subtitle C disposal facil i ties would pose difficult logistical 
and administrative problems, especially for stripper operations, 
because of the 1 arge number of we1 1 s now in operation. 



States have adopted variable approaches to waste management. 

State regulations governing proper management of Federally exempt oil 

and gas wastes vary to some extent to accommodate important regional 
differences in geological and climatic conditions, but these regional 

environmental variations do not fully explain significant variations in 

the content, specificity, and coverage of State regulations. For 

example, State we1 1 -plugging requirements for abandoned product ion we1 l s 
range from a requirement to plug within 6 months of shutdown of 

operations to no time 1 imit on plugging prior to abandonment. 

Implementation of existing State and Federal requirements is a central 
issue i n  formulating recommendations in response to Section 8002(m). 

A preliminary review of State and Federal programs indicates that 

most States have adequate regulations to control the management of'oil 

and gas .wastes. Generally, these State programs are improving. A1 aska, , 

for example, has just promulgated new regulations. It would be 
desirable, however, to enhance the implementation of, and compliance 

with, certain waste management requirements. 

Regulations exist in most States to prohibit the use of improper 

waste management practices that have been shown by the damage cases to 

lead to environmental damages and endangerment of human health. 
Nevertheless, the extent to which thsse regulations are implemented and 

enforced must be one of the key factors in forming recommendations to 

Congress on appropri ate Federal and non- Federal actions. 



CHAPTER IX 

RECOMMENDATIONS 

Fo77uwing p u b l i c  hear ings  on t h i s  r e p o r t ,  EPA w i 7 7  draw more 

s p e c i f i c  conc7usions and make f i n a l  recommendations t o  Congress rega rd ing  

whether t h e r e  i s  a need f o r  new Federa7 r e g u l a t i o n s  o r  o t h e r  actions. 
These recommendations w i 7 7  be made t o  Congress and t h e  pub7 ic  w i t h i n  

6 months o f  t h e  p u b l i c a t i o n  o f  t h i s  r e p o r t .  

Use of Subtitle D and other Federal and State authorities should be 
explored as a means for implementing any necessary additional controls on 
oil and gas wastes. 

EPA has concluded that imposition of full, unmodified RCRA Subtitle C 
regulation of hazardous waste for all exempt oil and gas wastes may be 
neither desirable nor feasible. The Agency be1 i eves, however, that 

further review of the current and potential additional future use of 
other Federal and State authorities (such as Subtitle D authority under 
RCRA and authorities under the Clean Water Act and the Safe Drinking 
Water Act) is desirable. These authorities could be appropriate for 
improved management of both exempt and nonexempt, high-volume or 
low-volume oil and gas wastes. 

EPA 
and 
and 

may consider undertaking cooperative efforts with States to review 
improve the design, implementation, and enforcement of existing State 
Federal programs to manage oil and gas wastes. 

EPA has concluded that most States have adequate regulations to 
control most impacts associated with the management of oil and gas 

wastes, but it would be desirable to enhance the implementation of, and 
compliance with, existing waste management requirements. EPA has also 



concluded that variations among States in the design and implementation 
of regulatory programs warrant review to identify successful measures in 

some States that might be attractive to other States. For example, EPA 
may want to explore whether changes in State regulatory reporting 

requirements would make enforcement easier or more effective. EPA 

therefore recommends additional work, in cooperat ion with the States, to 

explore these issues and to develop improvements in the design, 

implementation, and enforcement of State programs. 

During this review, EPA and the States should also explore 

nonregulatory approaches to support current programs. These might 

include development of training standards, inspector training and 

certification programs, or technical assistance efforts. They might also 

involve development of interstate commissions or other organizational 

approaches to address waste management issues common to operations in 

major geological regions (such as the Gulf Coast, Appalachia, or the 

Soljthwest). Such commissions might serve as a forum for discussion of 

regional waste management efforts and provide a focus for development and 

del i very of nonregul atory programs. 

The industry should explore the potential use of waste minimization, 
recycl i ng, waste treatment, innovative techno1 ogi,es , and materi a1 s 
substitution as long-term improvements in the management of oil and gas 
wastes. 

Although in the near term it appears that no new technologies are 
available for making significant technical improvements in the management 

of exempt wastes from oil and gas operations, over the long term various 

innovative technologies and practices may emerge. The industry should 

explore the use of innovative approaches, which might include 

conservation and waste minimization techniques for reducing generation of 

drilling fluid wastes, use of incineration or other treatment 

technologies, and substitution of less toxic compounds wherever possible 

in oil and gas operations generally. 




