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ABSTRACT 

HAYNES, R. J., T. A. BOGGS, R. E. MILLEMANN, R. J. FLORAN, 
and S. G. HILDEBRAND. 1979. Enhanced oil recovery: 
Environmental issues and state regulatory programs • 

. ORNL/TM-6943. Oak Ridge National Laboratory, Oak Ridge, 
Tennessee. 54 pp 

With continued high demand for oil and decline in supplies, 

enhanced oil recovery {EOR) methods will be used more frequently. 

Enhanced oil recovery includes gas, chemical, and thermal techniques 

(steam injection or in situ combustion). These methods can potentially 

extract as much oil as originally recovered by conventional methods, 

and thereby significantly expand recoverable domestic oil reserves. 

Improvements in EOR technology and recent government incentives should 

further accelerate use of EOR methods. 

During 1977-78, Oak Ridge National Laboratory (ORNL) prepared 

environmental assessments for nine EOR demonstration projects located 

in six states, and reviewed the oil regulations for all oil-producing 

states. These evaluations revealed a number of potentially important 

environmental impacts associated with EOR, including: (1) loss of 

vegetation, {2) excessive air emissions from thermal operations, {3) 

excessive erosion and sedimentation (mostly in hilly terrain) and 

subsequent deterioration of surface-water quality, {4) pollution of· 

land and surface waters from spills or leaks of oil or other chemicals, 

and (5) contamination of groundwater aquifers. Potential groundwater 

impacts include: (1) production of toxic and carcinogenic substances 

from synergistic interactions among chemicals used primarily in 

v 



micellar-polymer flooding; (2) formation of acid waters with small 

amounts of oil and residues of metals and metal oxides from in situ 

combustion; an~-(3) corrosion of well casings and potehtial leaks of 

hydrogen sulfide, primarily from injection of miscible carbon dioxide. 

For EOR technology to expand in an ~nvironmentally acceptable manner, 

environmental planning (including monitoring, protection measures, and 

reclamation strategies) must be an integral part of the initial project 

development. Acceptable monitoring, prevention, mitigation, and 

reclamation procedures are available for most of thP. idP.ntifiP.d 

environmental problems, but the best techniques may not be known by 

operators or required by law. Most states have stringent controls for 

plugging of abandoned wells and disposal of waste material, but other 

environmental considerations (e.g., reclamation plans, water quality 

and other monitoring programs, or abandonment plans) are often· 

lacking. The need for additional environmental planning and monitoring 

regulations specific for the oil-production industry is emphasized. 

States are encouraged to continue strenthening·and upgrading their 

oil-regulatory programs to safeguard the environment. 

Our evaluations also identified area~, where udditional information 

is needed. These ilre: (1) toxicity ctruJ cdr·c·tnogen1c1ty stud1es Of 

chemicals used in injection processes; (2) evaluation of groundwater 

monitoring methods; and (3)· studies of reclamation procedures·for soils 

contaminated by oil and brine. 
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INTRODUCTION 

Conventional oil recovery methods produce oil by using natural 

reservoir pressure or by flooding the reservoir with water. Enhanced 

oil recoVery (EOR) methods are those that use other techniques such 

as: (1) thermal enhancement (in situ combustion and steam injection), 

(2) chemical injection (micellar-polymer and alkaline flooding), and 

{3) gas injection (carbon dioxide and nitrogen). These processes move 

oil to production wells and promote recovery from partially depleted 

oil fields by minimizing capillary forces, reducing viscosity of the 

oil, overcoming gravity segregation, and increasing pressure in the 

reservoir. The EOR method used in a particular situation depends upon 

geologic factors and physical properties of th~ reservoir oil (Crull 

1978, National Petroleum Council 1976). 

With increasing demand for oil and declining domestic oil 

production, EOR is an economically attractive technology. Conventional 

recovery methods may remove on)y 30 to 35% of the oil-in-place (Crull 

1978, ERDA 1976), but as much as 50% of the remaining oil may be 

·recoverable using EOR processes (Crull 1978). Exact recoverable 

amounts are not known because most EOR projects, except for some 

thermal projects in the United States and Canada, are still in the 

pilot or demonstration phase (Crull 1978, Noran 1978). The National 

Petroleum Council {1976) estimated that oil recovery with EOR methods 
. ' 

could exceed conventional production in the United States by the late 

1980's, if EOR processes prove to be technically successful ~nd 

economically feasible and are applied commercially. From 1970 through 
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1977, active EOR projects in the United States increased from 133 to 

196, and included 24 thermal, 27 chemical, and 12 gas injection 

projects (Noran 1978). 

·The U.S. Department of Energy (DOE) is actively promoting the 

development and application of EOR technology by ~irect funding· of 

projects and with other incentives. As of September 30, 1978, DOE had 

provided various degrees of support to 38 industry projects and 42 

institutions in the United States (Linville 1978). The DOE now allows 

11 qualified 11 producers to charge world market prices.(> $18 a barrel), 

instead of the fixed 11 0ld 11 oil price (rv $5.72 a barrel), for oil 

produced by EOR methods (Crull 1978). Also, DOE may release some 

portion of a company•s crude oil production from price controls, if the 

company is committed to starting a qualified EOR project (The Energy 

Daily 1979). 

Anticipating an increase in the application of EOR methods, we 

attempt. in this paper to: (1) surrmarize potential environmental 

impacts, (2) evaluate and compare existing state regulations for oil 

production operations, (3) identify areas of environmental concern as a 

basis for possible changes ·in present state regulatory programs, and 

(4} arrange this information in a usab·le format. 

We believe that this paper will be helpful to those preparing 

environmental protection requirements and guidelines for EOR projects. 

Early recognition of environmental regulations of a particular state 

will allow development and implementation of specific couLract 

requirements for projects where additional environmental protection is 

warranted. Furthermore, recognition of potential problem areas might 
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encourage states to update and strengthen their oil-regulatory 

programs. We consiqer this aspect to be especially important, because 

individual states will be primarily responsible for inspection and 

enforcement of regulations once EOR technologies move from 

demonstration to co~ercial phase. 

Sources of Information 

Information for this report came from ORNL site visits and 

environmental assessments made for the·DOE Office of Fossil Energy 

during 1977 and 1978 of nine EOR projects in Kansas, Louisiana, 

Montana, Oklahoma, Pennsylvania, and West Virginia; from literature 

evaluations; from evaluation of rules and regulations pertaining to oil 

operations; and from oral and written communications with government 

and industry officials. Regulations for oil operations were obtained 

from the 41 states with recoverable reserves (Appendix A). We as~ume 

that cited rules and regulatory documents are current, but they are 

subject to change. 

A SUMMARY OF POTENTIAL ENVIRONMCNTAL CONSEQUENCES 

OF ENHANCED OIL RECOVERY 

Our evaluat{on of potential environmental impacts of EOR 

operations does not mean that major erivironmental problems will 

necessarily occur, because EOR projects are conducted in areas that 

have already been disturbed by oil production, and the methods are 

similar to those used for conventional oil production. Acceptable 

methods for minimizing and controlling environmental prohlems are 



ORNL/TM-6943 4 

available, although not necessarily required by present regulations. 

But witho1:.1t proper planning and implementation of control measures at 

appropriate stages of project development, important negative 

environmental impacts could occur. The following are examples of such 

impacts and each is discussed more fully below: (1) land disturbance 

and associated erosion, sedimentation, and loss of biota; (2) 

deterioration of surface-water quality; (3) contamination of 

groundwater aquifers; and (4) air pollution. 

Land Disturbance and Related Problems 

Pipeline installation and construction of well pads, roads, waste 

disposal pits, sediment ponds, and plant facilities (e.g., offices, 

parking areas, storage tanks) are sources of land disturbance. New 

wells and new roads frequently are not needed because existing ones 

from previous oil operations are used whenever possible. For commonly 

used 5-spot well patterns (four injection wells and one central 

production well) about 1.2 ha (3 acres) of land are usually disturbed 

for every 4 ha (10 acres) of project area •. Usually, loss of vegetation 

from project construction and operation is minor. However, significant 

impacts to endangered and threatened biota and to historic or 

archaeologic materials could arise without preproject planning and 

evaluation (U.S. Department of Interior 1976, 1977a). 

Accidental oil, ·br·ihe, and chemical spills can result in 

contamination of so1ls. and waters with subsequent loss of b·iota and 

land productivity. Reclamation procedures for oil-contaminated soils 

usually involve soil aeration by plowing. Addition of lime, 
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fertilizer, and mulch is sometimes beneficial (Schwendinger 1968). 

Soils contaminated with brine require reclamation procedures such as 

leaching with water or the application of soil amendments for removal 

of soluble salts (Curlin and McDermid 1961); more information is still 

needed on effective clean-up procedures and methods for restoration of 

soils contaminated with EOR-related effluents (Braxton et al. 1976, 

Schwendinger 1968, Curlin and McDermid 1961). 

Soil erosion and sedimentation are not unique to EOR-affected 

areas; they usually occur with any type of land development that 

involves surface disturbance. The potential for erosion and 

sedimentation is related to the extent and duration of surface 

disturbance, soil characteristics, weather, and topography. In 

general, erosion and sedimentation are most likely to occur on steep 

terrain with slopes greater than 30%. Road construction in such areas, 

resulting in the creation of unsightly highwalls (Fig. 1) and unstable 

down slopes (Fig. 2), is a main cause of erosion (Diseker and 

Richardson 1962). Also, erosion and runoff from dirt access roads can 

be a major source of stream sedimentation (Fig. 3). Without. adequate 

control measures for access roads, rates of erosion may equal 20,400 

metric tons per km2 (57,600 tons/sq mile), which is about 2000 times 

greater than comparative rates from an undisturbed watershed, compared 

with an undisturbed watershed in similar topography (U.S. Environmental 

Protection Agency 1976). 

Guidelines for minimizing and controlling erosion and 

sedimentation are available from state and federal agencies and other 

sources (U.S. Department of Interior l9/7b, U.S. Environmental 
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(ORNL-PHOTO 5341-78) 

Fig. 1. Highwalls created during construction of access roads and well sites. 
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ORNL-PHOTO 5343-78 

Fig. 2. Lands 1 ide causing erosion -and sedimentation problems. 
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(ORNL-PHOTO 5348-78) 

Fig. 3. Dirt access roads as a major source of erosion and stream sediment. 
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Protection Agency 1976, Hill 1976, Kathuria et al. 1976, U.S. Department 

of Agriculture 1975, West Virginia Department of Natural Resources 1975, 

Highway Research Board 1973, Curtis 1971, Meyer et al. 1970, Powell et 

al. 1970, Wischmeier and Mannering 1969, and Weigle 1965). These 

stress the importance of planning to reduce the surface disturbance and 

the interval between disturbance and revegetation. The guidelines 

recommend the use of mulch, terraces, revegetation plans, and proper 

construction and use of roads and sediment ponds (Figs. 4 and 5). 

Conflicts of land use are not generally expected to be serious, 

since most EOR projects are developed in active or recently abandoned 

oil fields. In many cases, livestock grazing and timber harvesting 

have coexisted with oil production. Thus, EOR projects are usually a 

continuation of previous land use, and major impacts are not expected. 

However, the potential for land-use conflicts would probably be greater 

in heavily populated areas with many land-use needs. 

Deterioration of Surface Waters 

Surface disturbances and stream crossings by roads and pipelines 

may cause significant increases in stream sedimentation and turbidity 

with detrimental effects on aquatic habitats and biota (Baddaloo 

1978). The extent and duration of such disturbances and the 

implementation of control measures will affect the degree of 

environmental impact. 
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(ORNL-PHOTO 4903-77) 

Fig. 4. A disturbed steep slope mulched and success­
fully revegetated with clover and fescue grass 
for erosion control. 
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Fig. 5. Properly constructed and maintained sediment ponds to control stream 
sedimentation. 



ORNL/TM-6943 12 

Other potential problems include seepage of pollutants from waste 

disposal pits and accidental spills of oil, brine, or other chemicals. 

The occurrence of accidental spills requires spill-prevention control 

and countermeasure (SPCC) plans for early detection and control of 

pollutants. Spill prevention regulations of the U.S. Environmental 

Protection Agency require the construction of dams, dikes, and 

culverts, and also surface-water monitoring. The quality of surface 

waters is further regulated in accorrlan~~ with thP w~tPr Pnll11tinn 

Cur1Lrul Act (P.L. 92-500), the Safe Drinking Water Act (P.L. 92-523), 

and the Toxic Substances Control Act (P.L. 94-469) (Booz-Allen and 

Ha~ilton 1978). 

Groundwater Contamination 

Enhanced oil recovery processes use water-soluble chemicals, which 

may be toxic to organisms and carcinogenic to man if transported in 

sufficient quantities to ground or surface waters. For example, some 

petroleum sulfonate surfactants, polymers, and biocides used in the 

micellar-polymer technique are known to be toxic to some organisms 

(Booz-Allen and Hamilton 1978, Braxton et al. 1976). 

Groundwater can be contaminated by: (1) thermal processes that 

increase subsurface temperatures and pressures leading to increased 

solubility of potentially hazardous compounds contained in underground 

formations; (2) carbon dioxide containing hydrogen sulfide; (3) seepage 

of chemicals and brine from waste disposal pits, especially those that 

are unlined; (4) escape of brines and chemical-laden produced water 

from oil-depleted reservoirs or disposal formations; and (5) long-term 
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migration of chemicals by natural flow out of the reservoir into 

freshwater aq~ifers and eventually to surface waters (Braxton et al. 

1976, Collins 1971). The last mechanism may cause problems long after 

completion of the project. 

For groundwater to become contaminated, communication must exist 

between the pollution source and the groundwater system, or between 

saltwater and freshwater aquifers that are hydraulically connected. 

Communication and translocation of potential contaminants (e.g., brine, 

oil, chemicals) can occur from broken or corroded well casings in both 

active and abandoned wells, and through underground drainage channels, 

fractures, and faults (Fig. 6). In addition to extraction of 

contaminated groundwater from wells, freshwater zones that become 

polluted may have natural surface outlets (springs) that are used for 

drinking by humans and wildlife. In active oil fields, operators 

generally inspect and maintain well casings on a regular basis to 

reduce the possibility of well failure. Yet, casing failures with 

subsequent leakage do occur, as evidenced by the long-standing 

pollution of freshwater aquifers in and near some oil fields. Failure 

of well casings has been a major operational problem in several EOR 

demonstration projects (Noran 1978). 

The potential for groundwater contamination depends on the EOR 

process, the age of the wells, and other interrelated site-specific 

characteristics such as local geochemical conditions, the number of oil 

wells, and seismic activity (Braxton et al. 1976). The EOR method used 

may increase the risk of groundwater pollution by accelerating 

corrosion of well casings and by further incredsing fluid pressure at 
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Fig. 6. Potential paths of groundwater contamination during EOR operations. 



15 ORNL/TM-6943 

depth, leading to the formation and propagation of fractures. The 

chances of well failures also increase with age of the wells (Braxton 

et al. 1976). 

The causal relationship between specific failures of well casings 

and groundwater contamination is difficult to assess, since the time for 

contaminants to appear in water supplies is often long. This time lag 

depends on the rate of fluid flow in the underground system and the 

distance between the leak and freshwater source. The chances for 

occurrence of well casing failures during or after EOR operation can be 

estimated from the record of groundwater contamination during primary 

and secondary recovery operations. A study of well failures in Texas 

Railroad Commission District III, a typical large oil field with likely 

sites for EOR projects, revealed five water quality violations/year/8000 

wells, or 0.0006 violations/year/well (Braxton et al. 1976). This 

figure may be conservative, with additional violations undetected. 

Although this probabilty can be used as a guide to many oil reservoirs, 

1t cannot be extrapolated to all areas. For example, the risk of well 

failures from blowouts is considerably greater in geopressured fields, 

such as those along the Gulf Coast, than in nonpressured fields. 

The failure of abandoned, poorly plugged wells is also a potential 

problem for many EOR projects, particularly in old oil fields in the 

northeast. In areas with improperly plugged wells, freshwater aquifers 

have been polluted for as long as 50 years, and are likely to remain so 

for the foreseeable future. Because EOR projects are located in 

existing oil fields and operational procedures are similar to those of 

conventional WQterfloods, it is necessary to locate, plug, or replug 
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all abandoned and improperly maintained wells within and near the 

injection pattern to prevent possible migration of reservoir fluids to 

ground or surface waters. In old oil fields. this task may be costly 

and difficult because the locations of such wells are not always 

known. Furthermore, many we~ls were abandoned before drilling and 

well-plugging permits were required. In addition to these water 

quality problems, each EOR technique is associated wi~h potential~ 

process-dependent impacts discussed in the following paragraphs. 

A major potentia·! prob.lem with micellar,.polymer flooding iS the 

large quantities of chemicals that will be present in the oil-producing 

formation after EOR operations cease. Field-wide application of the 

micellar-polymer technique will result in large usage of these 

chemicals, thereby increasing the possibility of their migration to 

uncontaminated freshwater sources. In laboratory tests; retention of 

sulfonate (one of the chemicals used in this technique) within a 

typical midwestern oil-bearing sandstone amounted to an average of 

about 1 kg/m3 (2500 lb/ac-ft), o~ 89% of the injected micellar. fluid, 

and polymer retention was 13 g/m3 (36 lb/acre-ft) or 30% of the 

injected polymer (Walker et al. 1976). In the field, most of the 

chemicals and water that appear at producing wells are disposed of by 

pumping into underground strata or i~to a ground-surface waste disposal 

pit. A small amount of sulfonate, which partitions into the oil phase, 

is generally piped to the refinery. 

Most, but not .all, chemicals used in EOR projects are cons.idered 
'\ 

to be relatively nontoxic (Braxton et al. 1976, National Petroleum 

Council 1976). However, there is little information in the literature 
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on the toxicity and carcinogenicity of many other chemicals with 

potential use in EOR processes (Booz-Allen and Hamilton 1978, Braxton 

et al. 1976, National· Petroleum Council 1976, Collins 1971). More 

information is needed for these chemicals to determine whether they 

should be used, and, if so, to establish adequate safeguards for their 

use and handling. For example, there is some evidence for the 

synergistic interaction between sulfonate surfactants and known 

compounds in crude oils which increases the solubilization of toxic 

fractions of the crude oil (Braxton et al. 1976). This solubilization 

may increase penetration of the ·organic toxicants through membrane 

barr-i e'rs of organisms. 

Specific water quality problems associated with in situ combustion 

include: (1) formation of water-soluble, secondary chemical compounds 

(e.g., metals and metal oxides) in the reservoir.during the high 

temperature combustion process; (2) corrosion and erosion of well 

casings, particularly by hot sand, resulting in fluid leaks; and (3) 

improper disposal of low pH produced water containing small amounts of 

oil and residues of metallic substances from the crude oil. 

There are no unique impacts on water quality from the 

co2-injection technique, but there are impacts not peculiar to co2 
flooding such as an increased probability of casing corrosion of 

producing wells and possible leaks of H~S (Braxton et al~ 1976). 

An additional problem area associated with all EOR techniques, not 

directly related to groundwater contamination, is the impact that may 

arise from local water shortages and encroachment of brine into 

freshwater aquifers. Most current EOR pilot projects use freshwater, 
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excessive consumption of which could result in localized drawdown of 

water supplies. This may deter widespread application of EOR processes 

in the Interior Basin and Mountain Regions of the United States, which 

already face the prospect of severe water shortages (Braxton et al. 

1976). 

In sunmary, the possib·ility of groundwater contamination during 

EOR operations deserves close attention and will be a serious concern 

in areas where groundwater is a principal component of the water 

supply, e.g., central and coastal Cal1forn1a. Federal legislation 

(e.g., Federal Water Pollution Control Act) and state regulations have 

provided rules and guidelines for the protection of·water quality, but 

more data are needed on the concentration, toxicity, carcinogenicity, 

and synergisti.c reactions of chemicals that remain in the oil reservoir 

or appear in effluents. In areas with freshwater aquifers, groundwater 

monitoring programs should be instituted on a routine basis for all 

planned EOR projects (Booz-Allen and·Hamilton 1978). 

Air Pollution 

Except for thermal projects, air emissions from EOR processes are 

not considered excessive on the basis· of current standards, because 

we'll pumps are usually dr1ven by electric motors 1nstead ot by internal 

combustion engines. However, steam generators used in steam-injection 

processes could produce s1gn1ficant emissions of sulfur dioxide, oxides 

of nitrogen, and suspended particulates; therefore, periodic sampling 

of the stack gases may be needed (Booz-Allen and Hamilton 1978, Braxton 

et al. 1976). Additional data are also needed on the characterization 

·•' 



19 ORNL/TM-6943 

of hydrocarbon emissions generated during in situ combustion and steam 

displacement. Emissions from EOR processes are regulated in accordance 

with the Clean Air Act Amendments of 1977 (P.L. 95-95), and regular 

monitoring of potentially significant emissions is required (U.S. 

Congress 1977). 

THE MATRIX: 

APPROACH AND TERMS USED FOR EVALUATION OF STATE REGULATORY PROGRAMS 

Our approach in evaluating and comparing state regulations for oil 

operations is a matrix of selected environmental protection, 

mitigation, and monitoring indices and the requirements of each state's 

oil-regulatory program (Table 1). The indices, which include 

environmental evaluation and review, monitoring, abandonment plans, and 

reclamation plans for the operation, are grouped in three categories: 

(1) preoperation, (2) operation, and (3) postoperation. References to 

state legislation and administrative agencies are listed in columns two 

and three, respectively, and a directory to state information sources 

is provided in Appendix A. Selected terms are defined in Appendix B. 

All states are listed in Table 1, although nine (Connecticut, Hawaii, 

Maine, Massachusetts, Minnesota, New Hampshire, Rhode Island, Vermont, 

and Washington) have no recoverable reserves, ~nd therefore no rules 

and regulations for oil operations (Miller et al. 1975). 

Laws other than those we have considered (e.g., Federal Clean Air 

and Water Pollution Control Acts and additional state air and water 

pollution laws) may be applied to EOR operations as they are still 

applicable, and the regulatory agency is ultimately responsible, even 
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State Admlnistrttive 
Specific requirements 

Permit required for tnhtnctd oil 
lttillltion 111ncvllttl 

recovery IEORI to drill or Predrilli"9 

reopen well lite 

Preoperetion 

Environmental Evaiuationa and ReviiiWI Required 

pl8n 

Historic · Spill prevention 
ercheologic 1nd tceldent 

inYIIntory control Plan 

Lind use 

Table 1. State programs for prevention of environmental impacts from oil-recovery operations• 

Detailed tnllysls 
lEIS, EIA or 
11111ivalmt) 

Operalion 

RIIUIItions covering 
diiPOIII· of Wiatt 

material 

SurfiCI 
Wlterl 

Monlt«lng Requlrtmtntl 

Ground wners Air quellty Terrntrltl 
Notlc» end/or permit ' 
rtQulrld to lblndon 

.end plug' 
Bond riQulrld 

iiiiPIGtion 

--------------------------------------------------------------------~--------------------------------------------------------------------------------------~---------------------------------------
Alabama Order 

No. 76-100 
(1977, 1979) 

Alllb Allskt ltlltuHI 
lndldmin. 
CIDdn 

Ari- Title 27, Chip. 4 
11971) 

Order No. 2-38 
revised 1972 

c.lifornie . Public Resources 
Code; Environ. 
Outlity Act 

Colorldo Oil end GIS Con· 
-tionAct 
lnd tmendmerm 

Connecticut 

DI!Mare W1ter end Air A• 
-.-Act. 
'fit!* 1, l'lrt Y I, 
Chip .... (1971) 

. Floridt Chtp.377, 
Floridt mtutes 

Act No.388 

State Oil and Ga 
8otrd 

Dtpt. of N.turll 
R-.Div. 
of Landa 

Oillnd GIS Con· 
-tionCom· 
miaion 

State Oillnd GIS 
Commission 

OeptofConllr· 
... tion, Oiv. of 
Oilll'od 0.. 

Oil end Ga Con· 
•-tionCom-
miaion 

Dtpt. of Nlturll 
Remurces•nd 
Erwlronmental 
Control; Water 
end Air Rnourcn 
Commission 

Dtpt. of Nlturel A• 
_,_,Oiv.of 
RnourceMtn~g~-

ment 

Dtpt. of Minn, 
Mi11i111oendGt· 
ology. Environ. 
Protection Diw. 

X 
Ruin for ldditional 
_.,., methods 
tra probtbly appli· 
Cl~to !Oit 

X 
EOR Prcliect• tre 

probably COYIIred b'/ 
rules for the injec· 
tion of substances 
for edditionel ,.. 

co-
)( 

Rules for repreuuring 
with liquids ere prob­
tbly eppliclble 

X 
Detailed plln required 

for EOR 

X 
Ruin tnd flllllltions 
for secondlry rec-v 
.,. probtbly tppliceble 
toEOR 

X 

X Only if H1 S is 
e~epected to be 
present. 

X 

X Most of tl')o oil and '!as deposit>! of Alaska lie on fed"""' lands end ara thereby regulated by the appropriate federel agency 

X 

X 

X 

X 

·Connecticut his no specific legislttion -ning oil end 111 operlti-. slncecno known ,...,.. occur there. 

X 

X X )( )( If • federal If H2S is Mty be required 
or 11111 exp!Ctld lin- if OPII'ttlon II 
EIS is re· eludes tr1lnlng to bl In en~en-
quired PfOII'Imllnd wironmtntllly 

drills) IIMitlve•n; 
EIS l1 rtqUired 
for permission 
to drill in 1 nt· 
ti111111l or 11111 

f-tor~ 

X 

X 

Must submit a dls­
PDIII plena• 
condition to 
drill 

X 

X 

X 

)( 

Fordiapo11l 
Mill 

X 

Only If H1S 
is preMnt 

or •f?!Cud 

Only if H1S 
illlCpectld 
or preMnt 

X 

)( 

X 

)( 

Detlilld riiPOI't of 
piiiiiiJing required 
within 30 days of 
completion 

X 

X 

X 

X 

When lasing 
nnellnds 

)( 

, For pulling 

Clsi"91 

)( 

X 

. )( 

)( 

RIIUIItory llllftCY mun 
wltntU plugglnti « 

inspKt comll'-ud IINII 

X 

A repr-ntative must 
be prtMnt 11 time of 
piUIIIIi"'l 

)( 
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Rnt«tlita 
to IIIP'OXimltl 
«itlntl contour 

"Returned to X 

• near • netural 
.11111 • possible" 

"As nttrly e poNibll X 
to iu condition tt 
the !Mginning of the ...... 

Including_, 
rolds 

X 

... , .•.. 

)( 

X 

loiN ..... r ... ...,..., to 
.·o,.l and gao leaalng'·of atate . 

land 

When ._...11111 lind for 
oil «gll,mtny-ir-

111 ftctors - CIOnlidel ed; 
-iNion may -h 
with CJttw .,.,. ..-ncift 

Efforit taken to minimi• 

the ""'*' on fish end 
wildK. 



State 

Hewali 

Illinois 

Indiana 

Iowa 

Kansas 

Kontuoky 

Louisiana 

Maryland 

Massachusetts 

Michigaro 

Minnesota 

State 
legislation 

ORNL/TM-6943 

Administrative 
agency (ies) 

Specific requirements 
for enhanced oil 
recovery (EOR) 

Permit required 
to drill or 

reopen well 

Predrilling 
site 

inspectiqn 

Preoperation 

Environmental Evaluations and Reviews Required 

Reclamation 
plan 

Land use 
plan 

Hi~toric 

archeologic 
inventory 

Spill prevention 
and accident 
control plan 

Detailed analysis 
(EIS, EIA or 

equivalent) 

Hawan has no specotic l89islation concerning oil and gn operations, since no known reserves occur there. 

(Ill aM (;H (';nn. 

servation Act 

Oil, Gas, and Coal 
Act 

Indiana Code (I C) 
1971, 13-4-7 
amended 1972 

Chap. 12 of Na­
tural RMOUr<M . 
Council Rules 

Kansas statutes 
55-146 and 

77-4111 et. seq. 

nu ....t r.a r.nn .. r. 

vation Committee, 
Dept. of lands 

·Dept. of Mines 
and Minerals; 
Div. of Oil and 
Gas 

Dept. of Natural 
Resources 

Natural Resources 
Counci I, GI!Oiogi- · 

cal Survey 

X 
Rules for secondary r• 
co-y may be appli-
cable to EOR 

Rulea for ~ary re-
co-y may be appli-
cable to EOR 

Rules for secondary re-
covery may be appli-
cable In EnR 

Corporation Com- X 
mission of Kansas Ruin for injecting liquids 

Into a well are probabiV 
applicable to EOR 

· Kantucky statutes, Dept. of Minea and 
Chap. 353 Minerals; Div. of 

Oil and Gas 

Act No. 157 of 
t949and 

Dept. of Conserva­
tion; Oiv, of Min-

numerous state erals 
orders and 
amendments 

Act 41, Sect. 9 
of Maryland 
Codes; Coastal 
F~~lilin R~ 

view Act 

Dept. of Natural 
Resources; Miry­
land Geological 

&Ymv. 

X 

X 

X 

X 

X 

X 

Maine hu no cp90ifio ltv illation c-ni"' oil and 111 operatiaN1 linaa M knDWn r1110rvca -r there. 

X EIS required if 

drillilliJOIIOI' 
off-;local 

cvumvmun~ 

proweCOBtll 
projKtsflm 

Aet. 61 P.A. 
1939 and 
Act i97 P.A. 
1959 

Dept. of Natural 
Resourees; Div. 
of Geologv 

X X 
.Public hearing required 

to receive evidence 
and testimony on ad­
ditional recovery 
methods 

Table 1 (continued) 

Operation 

Regulations covering 
disposal of waste 

material 

X 

X 
A trial test mrt be 

tfqllired 

X 

X 

X 

Surface 
waters 

Monitoring Requirements 

Ground waters 'Air quality 

J. 
l 

•· 
,) 

" 

I· 

,. 
i 

Terrestrial 
Notice and/or· permit 
rectuired to abandon 

and plug 

)( 

)( 

X 

X 

)( 

X 

X 

X 

Bond required 

X 

X 

X 

)( 

Maybe 
requiNd 

X 

X 
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Postoper ation 

Abandonment and Reclamation Procedures 

Regulatory agency must Restore site 
witness plugging or to appro)(imate 

inspect completed well original contour 

Revegetate 
disturbed 

areas 

Remove all 
facilities and 
equipment 

X "AI newly 11 pouible X 
in the- condi· 
tion when encoun­
tered" 

"Newly 11 ponible Must "restore 
to the condition the surf_ .. 
prior to drilling" . to the condi· 

tionit­
prior to drilling 

()nlyfw-s Fw-w 
projects projects 

X 

X 

X 

Other rules 
or remarks 

l!.lloo"' ,;.,...,. j~~,. l._u.l 
ye•ly 

~Urhn ltotap pib illlf"'l!!lell 
yewty 

Prohibited from drilling on 
a flood plain; 1 repr-.. 
tiwe may be required to 
oottend plugging 

su..,. pill roqulrlld til Ill 
filled 

Strict rules for u~i~Mrvround 
ltOQIIe of liQuids 

Stcwage pits rnuat be filled 
and leveled 



State 

Miuiuippi 

Missouri 

Montana 

NMIICII 

New Hampshire 

New Jersey 

New Me•ic:a 

New York 

Norttl Carolio\1 

North Dakar. 

Ohio 

State 
legislation 

·Title 53 

Code of Sr.te 
Regu&.tions 
10CSR !i0-1 
throu.-, 6 

Oil and Gas Con· 
servation Act 
of1953 

Chap. 57 Re­
vised sr.tutes_ 

Chap. 202 
Nevedl 
.statutes 

N.J.S.A. 
68:4A-Ii et IIQ. 

N.M. statutet 

Chap. "· Art. 3, 
9, 13, 14;spe-
cial orders No. 
R-1870, R-111-A, 
Mil R-3221 

N.Y. sr.tutes 
Chap. v. Sub-
chap. B. Part 
!i60-Ii58 

Oil end Gas Con-
senation Act 

N.D.statutes 
Chap. 38-08 

Ohi1> Revited 
Code; Chap. 

1609 

Administrative 
agency(ies) 

Oil Mil Gas 
ao.d: Air end 
Water Pollutions 
Control Commis· 
sion 

OiiMIIGa 
Couftc:il 

Oil Mil Gas Con­
servation Com­
million; Dept. 
of Lands 

OiiMIIGasCom­
miuion 

Oil Mil Gas Con· 
servation Com· 
million 

Dept. of Conser· 
vationand 
Economic Oe-
velapment 

Oil Conservltion 
Commiuion 

Dept. of Environ· 
mental Conser· 
vat ion 

Oapt. 1>l Nat.,.•l 
Mil Economic 
Resources 

Industrial Com· 
mission of N.D. 

Dept. of Natural 
Resources; Div. 
of Oil .,.t Gas 

23 

Specific requirements 
for ennanced oil 
recovery (EORI 

X 
Encour~g~~ tertiary oil 
..._yMdother 
-n:h projec:b 

Rules for gas Mel w.ter 
injection !MY be IP" 
plicabll to EOR 

X 

Rulasforseconaary 
recovery may be IP" 
plic:able to EOR 

X 
Rules tor iiljedol'ljj 
chemicals into a -11 
for additional recovery 
may be applicable to 
EOR 

X 
Rules for --.clary re· 
covery !MY be appli-
cable 

X 
Rules for .condary re-
co-Y may be appli-
cable 

Permit required 
to drill or 

reopen well 

X 

X 

X 

X 

X 

Predrilling 
site 

inspection 

Preoperation 

Environmental Evalu-ations and Reviews Required 

Reclamation 
plan 

Lilnd use 
plan 

Historic ·Spill prevention 
archeologic an.d accident 

inventory control plan 

Detailed analysis 
(EIS, EIA or. 
equivalent) 

New Hampshire has no specific legislation -ming oil end gas operations, si.- no known ,...._ occur there. 

X 

X 

X 

X 

X 

X 

Table1 (contlnuad) 

Operation 

Regulations covering 
disposal of waste 

material 

X 

x 

X 

X 

X 

X 

Disposal plan needed 
in order to drill 

. Disposal facilities 
must be inspected 

Disposal plan 
required in order 
to drill 

Surface 
waters 

Monitoring Requirements 

Ground waters Air quality Terrestrial 
Notice and/or permit 
required to abandon 

ilnd piiJQ 

X 

x 

Report required 

Report required 

X 

Agency determines 
UR!p....-·ptii8(jioljj 
prOCIIdure 

X 

)( 

Bond required 

x 

X 

X 

X 

·•J X 

X 

I X 

'I 
X 

Postoperation 

Abandonment and Rec~amation Procedures 

Regulatory agency must Restore site 
witness plugging or to approximate 

inspect completed well original contour 

Revegetate 
disturbed 

areas 

ORNL/TM-6943 

Remove all 
facilities and 
equipment 

Other rules 
or remarks 

---------------------------------~---------

X 

X 

X 

"Insofar• 
such-Ilion 
is pr8Ctic8ble" 

"LAnd.-edto 
ther810Nbie 
utisbction of 
the director" 

"Reasonable 
effort to unooth 
the surface in a 
condition simi~ 
totheed~t 

terrain" 

X 

X 

"Shall grade, '--· plant, sod, or 
seed 1ha distrubed arus to bind 
the soil ... .. 

)( 

X 

X 

)( 

Sloqge pi1S INII be ba­

fil-...lnlled ... -.-.... 

Pits bec*-filled Mil 
lewled 

Rule~ to all types of 
wells 

Pits fil ... leveled, Mil loca-
tion c:tur.d of "junk" 

Surface restoration must be 
approwecl by 1ha ...... tory 
agency 

Retaining walls of • surtac:e 
Rcnge pit - monitored 
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State 

Oltl--

State 
legislation 

Oltla, sututes 
Order No. 

128501, 
1211034, 
128781 

Misc. "-Per No. 
4,1'irol, 

Pa. Gas ()per• 
tions.-11· 

di'illinv. ~Mtrol· 
eum and coal 
mining ea 

South Carolina . ~ to revulate 
explorMion. 

clrillinL lri!"!J­
portinv. .... 
production Of 
oilandga 

South Dakota S.D. statutes; 

Ten..,._ 

Texa 

RuiMoftNt 

Board 

Title 80; Oil and 
Gas and other 
Acu; Or..- No. 
2 

Title 102. Tirqs 
statutes; Docket 
No. 20-65518 

Oil ll1d Gil Con­
mrvationAct 

Administrative 
agency(ies) 

Specific requirements 

for enhanced oi I 

recovery (EORI 

CorporMion Com- X 
miaion. Div. of Rules for secondary re-
Oil and Gas Con- cowry may be appli· 

mrvation cable 

Dept. of Geology 
• ...rMh ..... l n ... 
IOia"cet 

Dept. of Environ­

mental Resour-, 
Div. of Oil IIIII 
Gas 

Wner resources 
Commission 

GeOlogical so;:;ey; 
Bel. Of Natural 
R.-,rcesDe­
vtiCij)ll'ltM 

State Oil and Ga 
Board 

Railroad Commis­
lionofTexa; 
Oil and Gas Div. 

Oeot. of Nltural 
R.-,rces,Oil 

andGasDiv. 

X 
Injection of any foreign 

substance into a well 
<*quirei • perrnit 

X 
Rules for fluid injection 
may be appliCiblo to 
EOR 

X 

Permit required 
to drill or 

reopen well 

X 

X 

X 

Predrilling 

site 
inspection 

Preoperation 

Environmental Evaluations and Reviews Required 

Reclamation 
plan 

Included in 
the erosioil 

and Hdimen-
tation plan 

Land use 
plan 

Historic 
archeologic 

inventory 

Spill prevention 

and accident 
control plan 

Detailed analysis 

(EIS. EIA or 
equivalent) 

RIIOdi lsliiid he no spectftc .... litton CO~Xemtng o.l ana o8s operattonl, •• ,_ no known r-..es occur ttMtre. 

X 

X 

)( 

X 

X 

Table 1 (continued) 

Operation 

Regulations covering 

disposal of waste 

material 

Dilpoul liMn pub­
lished in f1eW1P1P8J 

X 

X 

X 

X 

X 

X 

X 

Surface 

waters 

Monitoring Requireme:nts 

Ground waters Air quality Terrestrial 
Notice and/or permit 

required to abandon 
and plug 

X 

X 

X 

X 

X 

Detailed plan 
required 

X 

X 

Bond required 

X 

)( 

X 

X 

X 

X 

X 

II 
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Postoperation 

Abandonment and Reclamation Procedures 

Regulatory agency must Restore site 
witness plugging or to approximate 

inspect completed well original contour 

WillcMck ...... 

X 

X 

Revegetate 

disturbed 
areas 

X 

Remove all 

facilities and 
equipment 

X 

Other r-ules 
or remarks 

R&llmlltiotl of nil "lim "WW' 
be CDwred 11'1 anotNr 
...,.:y•s rula 

Requira .n erosion and 1111;. 
IMIItftiOi'l j'IIM'I to be I"" 
perwd far ... ~ng 
.nmtin 

s.. - . ..-... beKtln 
sl\all be maintMwd in • 
Net- 8 a pristiM a.l· 

clition • possible" 

Vermont Vermont has no specific legillation concerning oil and gas operations, since no known reserves occur there . 
...:.::.::::.::..__""=""'--:-::"'="=~::-'""::~~~---------=..:~.::.=:...:.=.::::::::.:.::...:.;;:;:;:.;,;,;,;.;_;;::;.;;::;.;.;,;,;.;:~;;.;;;.::;;;..;.:;..;;;.;;.;,o,;..;;.;.;,.;,...,;..:.,;,;.,;........;.;......;.;...;.;._ ________ ., ___ .. ,•oo--•·•"'••-•·••-oo>•-•••"---·--·""""'--•-.. oo•••-...__ ______ ~_~ ............. .....,... _______________________ _ 

Vlrllnll Title 45.1 dlllp. 12 Dapt. of Labor x X x 

West Virginia 

W.-sin 

Wyoming 

d\ap. 12 and Industry; 
OilmdGas 

Bo.rd 

Rules.n~~~-anct 
orders of the 
conwnission 

Dept, of Natural 
R-rces;Oil 

and G. Conser· 
vation Committ" 

Dept. of Mi.,., 
Oil, and Gas 

Dilmion 

OilandGaCon­
_,.tionCom­
miaion 

X 
EO R projects covered 

.under the heading of 
"additional recovery 

methcxls" 

X 
Rules for "other reco-y 
operations" are appli­

cable to EOR 

X 

X X 

Wisconsin has no specific legisiMion coneeming oil and gas operations, since no known reserves occur there. 

'X 

•when State regula·tlons address the Index Identified in the Table heading, this. Is indicated with an '"X" or a brief statement. The column Is left blank ·if there are no such regulations. 

X 

X 

X 

)( 

Detailed report 
required 

Detaolld report 

required 

X 

X 

x 

"Op.,MCM" ... 
shall Ndaim 
the land ... , ....... 

lliiill not 
"u,._.....y 
damagl the ..... 
t .. of ttw land" 

X 

Miytii 
required 

)( 



25 ORNL/TM-6943 

where authority has been delegated to another agency. However, we have 

not assumed th.at such laws will be implemented for specific oil 

operations if they are not cited in the state's oil regulations. A 

survey of applicable federal laws is presented in Booz-Allen and 

Hamilton (1978). Although the state oil regulations we evaluated are 

current, it should be noted that the regulations and information in 

Table 1 and Appendix A are subject to change. 

RESULTS AND CONCLUSIONS 

All 41 states that have regulations governing ·oil operations 

require well-drilling permits, but only 19 require specific permits for 

EOR operations, and, except for Arkansas, all have specific rules for 

plugging abandoned wells. ·Thirty six states (88%) require posting of a 

bond and 38 (93%) have strict rules for disposal of wastes such as 

brine, injection chemicals, and oil-laden water. However, other 

environmental rules and regulations are frequently lacking. For 

example, only 13 (31%) of the states require reclamation of disturbed 

sites. Requirements for restoring land to its previous use and 

productivity and returning disturbed areas to their appro~imate 

original contour, including the elimination of highwalls, are not well 

defined; these requirements are characterized by such vague phrases as 

"reasonable effort," "as nearly as possible," and "insofar as 

practical." In states without reclamation requirements, many operators 

cooperate vo 1 untari ly with the state regula tory agency and 1 and owners 

in reclaiming disturbed site~. However, we have seen examples of 
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abandoned, unreclaimed oil fields littered with buildings, broken 

equipment, pipes, and other debris. 

Evaluation of reclamation plans before beginning a project is 

required only by Florida, Pennsylvania, and West Virginia; only Florida, 

which has little recoverable oil, requires a land-use plan and a 

predrilling site visit and evaluation. Florida also requires an 

environmental impact analysis (EIA) of the proposed project if it is to 

be located in an environmentally 11 sensitive area 11
; Maryland requires an 

EIA for coastal projects only. In Florida and Maryland, recommendations 

in the EIA may lead to more stringent environmental protection measures 

than those listed in Table 1. 

Conspicuously absent in most state programs are requirements for 

land (e.g., biotic inventories, soil analyses, erosion), air quality, 

and water quality monitoring programs. Monitoring to detect impacts to 

terrestrial ecosystems is not required by any state; water monitoring 

programs are required only by Alabama and California; and, only Alabama 

and Florida have air quality monitoring requirements, but they are only 

applicable if hydrogen sulfide is expected or present during project 

activities. Most states require the recording of chemical injection 

rates. Five states (Alabama, California, Florida, Pennsylvania, and 

Texas) have contingency-plan requirements for accidents and spills. 

We conclude that ~LaLe envir·orune11Lal protection requitements for' 

oil operations are not only unsatisfactory for EOR projects, but may 

also be unsatisfactory for oil recovery by conventional methods~ 

Because of the potential environmental impacts from both conventional 

and EOR processes, we believe that there is an urgent need for more 
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stringent and uniform reclamation and monitoring requirements by most 

states. Most reclamation requirements are too general and are directed 

more toward the correction instead of preventi~n of environmental 

impacts. We believe more effort should be placed on implementation of 

environmental protection and control measures during critical stages of 

project development. This effort should include requirements and 

guidelines for describing and evaluating ·environmental conditions 

before project construction, and the use of this information for 

planning and implementing monitoring and other programs for preventing 

and mitigating impacts. Some EOR methods are identical or similar to 

conventional methods. However, the use of heat and injection of 

chemicals new to the industry (especially in micellar-polymer flooding) 

demand the monitoring:of groundwater quality, because the movement of 

chemicals in groundwater systems affected by these processes is poorly 

understood. 

In the past, oil-industry practices have included few of the 

environmental protection measures which will likely be required in 

future EOR projects. Most state oil-regulatory programs are not 

designed to administer the stringent regulations required by recent 

federal environmental legislation, yet most of the regulation and 

enforcement responsibilities for oil operations are assumed by the 

stales. Some operators and state personnel chgrged with investigation 

and enforcement may have little or no experience in dealing with 

current environmental requirements; consequently they may not be 

familiar with the best available technology tor tontroll1ng 

environmental impacts. Therefore, states should continue to strengthen 
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and upgrade their oil-regulatory programs. Florida, which has the most 

comprehensive environ~ental regulations for oil operations, could serve 

as a model for other states. 

We believe the real challenge to decision-makers and project 

officers is to recognize weaknesses in rules and regulations at the 

planning stage of project development. Once such weaknesses are 

real1zed, a contract that provides for prevention and mitigation of 

potential impacts can be prepared and used until state regulations are 

updated to correct inadequacies. We do not advocate the promulgation 

of strict, inflexible rules and regulations that p1ace unreasonable 

demands on EOR or other oil-recovery operations. However, by 

recognizing potential environmental impacts as early as possible at 

various stages of development, appropriate environmental control and 

protection measures can be planned and implemented. Thus, minimal lo.ss 

of production and optimal environmental protection will result. We 

hope this report will be helpful in achieving this goal. 



29 ORNL/TM-6943 

LITERATURE CITED 

Baddaloo, E. G. 1978. An assessment of effects of pipeline activity in 

streams in the Durham and Northumberland counties of Ontario. pp. 

109-116. IN Pr~ceedings of the Third Annual Meeting, Canadian 

Land Reclamation Association, Laurentian University, Sudbury, 

Ontario. Canadian Land Reclamation Association, Guelph, Ontario, 

Canada. 

Booz-Allen and Hamilton. 1978. Development of environmental monitoring 

guidelines for EOR and EGR processes. Vols. 1-4. Rept. No. 

9014-018-017. Prepared for Office of Environmental Activities, 

Division of Program Control and Support, U.S. Department of 

Energy. Booz-Allen and Hamilton, Inc., Bethesda, Maryland. 

Braxton, C., R. Stephens, C. Muller, J. White, J. Post, J. Norton, 

M. Goldberg, and P. Stevenson. 197~. Potential environmental 

consequences of tertiary oil recovery. PB-260-646. Prepared for 

U.S. Environmental Protection Agency. Energy Resources Co., Inc., 

Cambridge, Massachusetts. 210 pp. 

Co111ns, G. A. 1971. Oil and gas wells - Potenti~l polluters of the 

environment? J. Water Pollut. Control Fed. 43:2383-2393. 

Crull, A. 1978. Prospects for enhanced recovery of petroleum 

finally? Energy 3:10-11. 

Curlin, J. w., and R. W. McD.ermid. 1961. Reclamation of timberlands 

damaged by oilfield waste. J. For. 59:171-174. 



ORNL/TM-6943 30 

Curtis, W. R. 1971. Terraces reduce runoff and erosion on surface 

mine benches (in Breathitt County, Kentucky). J. Soil Water 

Conserv. 26(5):196-199. 

Diseker, E. G., and E. C. Richardson. 1962. Erosion rates and control 

methods on highway cuts. Trans. Am. Soc. Agric. Eng. 5(2):153-155. 

Energy Research and Development Administration (ERDA). 1976. Fossil 

Energy Research Program of the Energy Research and Development 

Administration, FY1977. ERDA 76-63, Washington, D.C. 

Highway Research Board. 1973. Erosion control or:~ hi~hwa.v constt·uction. 

National Academy of Science, Washington, D.C. 52 pp. 

Hill, R. D. 1976. Sedimentation ponds: A critical review. Mining 

Pollution Control Repts. Industrial Environmental Research 

Laboratory, Cincinnati, Ohio. 

Kathuria, D. V., M. A. Nawrocki, and B. C. Becker. 1976. Effectiveness 

of surface mine sedimentation ponds. Prepared for U.S. 

Environment~l PrntPction Aaenr.y; Cincinnati. Ohio. 

Linville, B. (ed.). 1978. Contracts and grants for cooperative 

research on enhanced oil and gas recovery and improved drilling 

methods. U.S. Department of Energy Progress Review No. 16. 

Bartlesville Energy Technology Center, Oartlesville, Oklahoma. 

130 pp. 

Meyer, L. D., W. H. Wischmeier, and G.· R. Foster. 1970. Mulch rates 

required for erosion control on steep slopes. Soil Sci. Soc. Am. 

Proc. 34:928-931. 

.. 



31 ORNL/TM-6943 

Miller, B. M., H. L. Thomsen, G. L. Dolton, A. B. Coury, 

T. A. Hendricks, F. E. Lennartz, R. B. Powers, E. G. Sable, and K. 

L. Varnes. 1975. Geological estimates of undiscovered 

recoverable oil and gas resources in the United States. U.S. 

Geological Survey Circular 725. U.S. Geological Survey, 

Arlington, Vi~ginia. 78 pp. 

National Petroleum Courtcil. 1976. Enhanced oil recovery: An analysis 

of the potential for enhanced oil recovery from known fields in 

the United States- 1976 to 2000. National Petroleum Council, 

Washington, D.C. 231 pp. 

Noran, D. 1978. Growth marks enhanced oil recovery. Oil Gas J. 

6:113-140. 

Powell, M.D., W. C. Winter, and W. P. Bodwitch. 1970.· Community 

action guidebook for soil erosion and sediment control. National 

Association of Counties Research Foundation, Washington, D.C. 

Schwendinger, R. B. 1968. Reclamation of soil contaminated with oil. 

J. Inst. Pet. 54:182-197. 

The Energy Daily. 1979. DOE readies incentives for enhanced oil 

(5 Feb.) 7:1. 300 National Press Building, Washington, D.C. 

U.S. Congress. 1977. Clean Air Act Amendments of 1977. P.L. 95-95. 

95th Congress, Washington, D.C. 

u:s. Department of Agriculture. 1975. Standards and specifications for 

soil erosion and sediment control in developing areas. USDA, Soil 

Conservation Service, College Park, Maryland. 

U.S. Department of Interior. 1976. Endangered and threatened species: 

Plants: Part IV. Fed. Regist. (Wed., 16 June) 41:24524-24572. 



ORNL/TM-6943 32 

U.S. Department of Interior. 1977a. Endangered and threatened wildlife 

and plants: Pa·rt IV. Fed. Regist. (Thurs. 14 July) 

42:36420-36431. 

U.S. Department of Interior. 1977b. Oil and gas: Surface operating 

standards for oil and gas exploration and development. U.S. 

Bureau of Land Management, Cheyenne, Wyoming, and U.S. Geological 

Survey, Lakewood, Colorddu. 47 pp. 

u.s. Environmental Protection Agency (USEPA). 1976. Erosion and 

sediment control: Surface mining in the eastern United States. 

EPA-625/3-76-006 (2 vols.) Cincinnati, Ohio. 

Walker, C. J., F. W. Burtch, R. D. Thomas, and P. B. Lorenz. 1976. 

Floods near production response. Oil Gas J. 74:60-68. 

Weigle, W. K. 1965. Road erosion and spoil bank stability. Coal Mine 

Spoil Reclamation: Scientific Plann·ing for Regional Beauty and 

Prosperity. pp. 82-85. IN Proc., School of Forestry Research 

Sympos 1 urn,. Pennsylvania State University~ State Co 11 eae. 

Wt!~ L Vi r-g I n·J a Department ot Natura 1 Resources. 1975. Ora i nage Handbook 

for Surface Mining. West Virginia Department of Natural 

Resources, Division of Planning Development, and Division of 

Reclamation, in cooperation with USDA, SCS, Charleston, West 

Virginia. 327 pp. 

W1schmeiel·, W. II., and J. V. Mdnner1ng. 1969. Relation of soil 

properties to its erodibility. Soil Sci. Soc. Am. Proc. 

33:131-137. 

) 



33 ORNL/TM-6943 

APPENDIX A 

A State Directory of Information on Environmental Protection 

and Reclamation of Oil Recovery Sites 



State 

Alabama 

Alaska 

Arizona 

Arkansas 

California 

Colorado 

Connecticut 

Delaware 

Florida 

APPENDIX A 

A St&te Directory of Information on Environmental Protection and 

Reclamation Jf Oil Recovery Sites 

Agency 

State Oil & Gas Board 

Dept. of N3t. ResJur. 
Div. of La1ds 

Oi. & Gas :onserv. 
Coram. of A ~i zona 

Oil & Gas Comm. 

Dept. of Conserv. 
Div. of Oil & Gas 

Oil & Sas 'conserv. 
Com11. 

Dept.. of EnNiron. 
Pro"!:ec;::ion 

Dept. of Nat. Resour. 
& Ern,vi ron. ,~ontro 1 

Dept. of NaT.~ Resour.; 
Div. of Resour. Manage. 
Bur. of Geoi. 

Contact 

Ralph W. Adams 
Chai rrmn 

P.obert E. LeResche 

O:ohn Bannister 
Executive Secretary 

Ralph !Dumas 
Commissioner 

-~~- G. Nefferd 
Supervisor 

Douglas V. Rogers 

. 3tanley J. Pac, 
Commissioner 

Austin J. Olney, Acting 
Secreta·~y 

Farman Shields 

Location 

P.O. Drawer 0, Univ., AL 35486 
(205-3491-2852 j . 

323 E. 4th Ave., Anchorage, AK 99501 
(907-279-5577) 

1645 W. Jefferson, Suite 420, Phoenix, 
AZ 85007 (255-271-5161) 

314 E. Oak St., Eldorado, AR 71730 
(501-862-4965) . 

1416 9th St., Room 1316, Sacramento, 
CA 95814 (916-322-7683) 

Room 721 • 1313 Sherman St. , Denver, 
co 80203 (303-839-3531) 

St3te Office Bldg., 165 Capital Ave . 
Hartford, CT 06115 (203-566-5599) 

Edward tatnall Bldg., Legislative Ave., 
& William Pe~n St., Dover, DE 19901 
(302-678-4403) 

0~1 & Gas Adm., 903 West Tennessee.St., 
Tallahassee, FL 32304 (904-488-1555) 
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State 

Georgia 

Hawaii 

Idaho 

Illinois 

Indiana 

Iowa 

Kansas 

Kentucky 

Louisiana 

Maine 

Maryland 

Agency 

Dept. of Nat. Resour. 

Dept. of Lands & Nat. 
ResJur. 

Oil & Gas Conserv. 
Dept. of Lands 

Dept. of Mines & Minerals, 
Div. of Oil & Gas 

Dep•t. of Nat. Resot.r. 
Div. of Oil & Gas 

Im..e Nat. Resour. 
Counc. 

CorbServ. Div. of State 
Corp. Comm. of the 
St&te of Kansas · 

Dept. Mines & Minerals, 
Div. Oil & Gas 

Dept. of Conserv. 
Div. of Minerals 

Dept. of Conserv. 

De~t. of Nat. Resour. 
Maryland Geol. Surv. 

Contact 

Joe D. Tanner 

William Y. Thompson 

Gordon Trombley 
Director of Dept. of Lands 

George R. Lane 
Petroleum Engineer 

Joseph Cloud 
Director 

James R. vJest 

J. Louis Brock 
Administrator 

H. N. Kirkpatrick 

R. T. Sutton 
Commissioner of 
Conservation 

Richard Barringer 
Commissioner 

James Coulter, Secretary 
Kenneth Weaver, Director 

Location 

270 Washington St., SW, Atlanta, GA 
30334 {404-656-3530) 

Box 621, Honolulu, HI 96809 
{808-548-6550) 

Dept. of Lands, Statehouse, Boise, 
ID 83720 (208-384-3280) 

Room 704, William G. Stratton Bldg~ 
·Spri ngfi e 1 d, I L 62706 ..( 217-.782-7756) 

606 State Office Bldg., Indianapolis, 
IN 46204 (317-633-6344) 

Wallace State Bldg., East 9th & Grant St. 
Des Moines, IA 50319·(515-281-5913) 

245 N. Water, Wichita, KA 67202 
{316-263-3238) 

P.O. Box 680, 120 Gtaham Ave., 
Lexington, KY 40586 (502-564-3019) 

St. Office of Conserv., P.O. Box 44275, 
Capital Station, Baton Rouge, LA 
70804 (504-389-5161) 

State Office Bldg., Augusta, fvlE 
04333 (207-289-2212) 

Dept. of Nat. Resour., Tawes State 
Office Bldg., Annapolis, MD 21401 
(301-2'69-3041) . . 

w 
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State 

Massachusetts 

Michigan 

Minnesota 

Mi-ssissippi 

Missouri 

Montana 

Nebraska 

Nevada 

New Hampshire 

New Jersey 

Agency 

Exec. 0ffice of Environ. 
A.ffatrs 

Dep:. of Nat. Resour. 

Dept .. o.fNat. Resour .. 

State Oil & Gas B:oard 

Dep;:. of N'a;t. Resour. 
OH & Gas C'o~;~nc., !Div. 
of Geol . & Land Surv .. 

Dept. Nat. Resour. & 
Conserv., Board of· Oil 
& Gas 

Nebraska Oil & Gas 
Con sen·. Conm. 

Dept. of Conserv. & Nat. 
Resour.; Div. of Mineral 
Res our. 

Dept. of Resour. Econ. 
Dev. 

Bur. of Geol. & Topography, 
Dept. of Environ. 
Protection 

Contact 

::velyn Murphy 
Secretary 

-loward Tanner 
.J·irector-

!ahlTiam Nye 
•:ommiss.i oner 

C~yde De vis 
Supervisor 

Wallace Howe 
Administrator 

J.C. Orth 
0,"~ rector 
R.A. Ca:npbell 
Chairman 

Paul Ro)erts 
Director 

&lorman rlall 

George Gillman 
Commissnoner 

Kemble Widmer 
State Geologist 

Lccation 

Leverett Sal,tonstall Bldg., 100 
Cambridge St., Boston~ MA 02202 
f6l7-727-1700) 

BOx 3002f;, Lansing, MI 48909 
(5.17-373-1220!) 

30) Centennial Bldg., 658 Cedar St., 
St .. Paul, MN 55155 (612-296-2549). 

14J5 Woolfolk Bldg., P.O. Box 1332~ 
Jackson, MS 39205 (601-354-7104) 

P.O. Box 250, Rolla, MO 65401 
(314-364-1752) 

32 S. Ewing. Helena; Ml 59601 
( 406-449- 3647) 

P.O. Box 399, Si~ney, NE 69162 
(308-254-4595) 

Capital Complex Nye Bldg., 201 S. 
Fall St .• Carson City, NV 89710 
(702-885-4300) . 

P.O. Box 856 St. House Annex, Concord, 
NH 03301 (603-271-2411) 

P.O. Box 2809, Trenton, NJ 08625 
(609-292-2576) 

w 
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State 

New Mexico 

New York 

North Carolina 

:North !i.akota 

Ohio 

Oklahona 

'Oregon 

PennsyDvania 

Rhode Island 

South taroHna 

South Dakota 

Agency 

Oil Conserv. Comm. 

Dept. of Environ. Conserv. 

Dept. of Nat. & Econ. 
Resour. 

Industrial Comm. of North 
Dakota, Nat. Resour. 
Counc. 

Dept. of Nat. Resour., 
Div. of Oil & Gas 

Contact 

P. R. Lucero 
Chairman 
J. D. Ramey 
Secretary & Director 

Peter A. A. Serle 
Commi'ssi oner 

Howard Lee 
Director 

Carolyn fine 

Robt. Teater 
Director 
Ted DeBrosse 

Oklahoma Corp. Comm. Rex Privett 
Oil & Gas Conserv. Div. Chairman 

Dept. of Geol. & Mineral Donald !A. Hun 
Industries State Geologi:st 
Dept. of En vi ron. Resour., Charles Updegraft 
Oi~. of Dil I Gas 

Dept. of ·Nat. Resour. Denni·s 'Murphy 

S. C. Water Resour. Dev. Lucas Dargan 

Dept. of Nat. Hesour. Dev. Vern ·w. Butler 
Secreta!r:y 

Location 

P.O. Box 1148, State Fe, NM 
87501 
P.O. Box 2088~ Santa Fe, NM 
87501 

50 Wolf Rd., Albany, NY 12233 
(518-457-3446) 

P.O. Box 27687, Raleigh, NC 27611 
(919-733-4984) 

Governor's Office~ State Capital, 
Bismark, NO 58585 (701-224-2200) 

Fountain Sguare, Columbus, OH 43224 
(614-466-3770) 

Room 228, Jim Thorpe Bldg., Oklahoma 
City, OK 73105 (405-521-2302) 

1D69 Staie Offi~e Bldg., Portland, 
OR 97201 (503-229-S580) 

1205 Kossman Bldg., 1'00 Forbes .Ave., 
Pittsburgh,iPA 1522·2 '(412-565-5075) 

83 Park St.~ Providence, RI 02903 
(401-277-2771) 

P.O. Box 45~5, 3830 forest Dr., 
. Co 1 umbi a, SC 29240 (803-758-2514) 

·~oe Fos.s :office :s,M9. , Pierre, ·so 
3l501 ( 605 -224-3~:51 !) 

0 
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State 

Tennessee 

Texas 

Utah 

Vermont 

Virginia 

\~as hi ngton 

West Virginia 

Wisconsin 

Wyoming 

Agency 

·State Oil & Gas Board 

R::il r"Oad :omm. of Texas, 
Div. of Oil & Gas 

Dept. of t~at. Re5our., Div. 
of Oil & Gas & Mining 

Agency.of Environ. Conserv. 
(~~t. Gas & Oil Resour. 
Board) 

DeJt. of Labor & Industry 
DiJ. of Mined Land & 
Reo: 1 amat i c·n 

Dept. of Nat. Resour., 
Oil & Gas Conser~. 

Dept. of Mines, Cil & Gas 
Div., Oil & Gas Conserv. 
Com. 

Dept. of Nat. Resour. 

' Oil & Gas Conserv. 
Comm. 

Contact 

B. R. Allison 
Commissioner of Conservation 

Brooks Peden 
Sr. Legal Examiner 

Gordon Harmston 

Martin Johnson 
~ecretary 

\ 

Edmond M. Boggs 
Commissioner 
'William Roller 

Frank Brouillet 
!Commissioner 

RJbt. L. Dodd 
D~puty Director 
T1oma~. Huzzey 
:ommi~sioner 

Anthory S. Earl 
Secretary 

Edward Boland 

Location 

G-5 State Office Bldg., Nashville, 
TN 37219 (615-741-2301) 

Ernest 0. Thompson Bldg., Capital 
Station~ F.O. Box Drawer 12967, 
4ustin, TX 78711 (512-475-3003) 

State Capital, Salt Lake City, UT 
34114 (801-533-5356) 

~lontpel ier, VT 05602 (802-828-3357) 

P.O. Drawer U, Big Stone Gap, VA 
24219 (703-523-2925) 

Public Lands Bldg., Olympia, WA 98504 
(206-753-5327) 

1613 Washington St., E. Charleston, 
wv 2531: (304-348-2754) 

Box 7921, Madison, WI 53707 
(608-266-2621) 

Wyoming Bldg., P.O. 2640, Casper, 
WY 82602 (307-234-7147) 
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APPENDIX B 

GLOSSARY OF SELECTED TERMS 

ABANDONED WELL: An o·il well that is no longer maintained or in 

production. 

AQUIFER: A zone, stratum, or group of strata-that can store and 

transmit w~t?.r in sufficient quantitic5 for a specific use. 

BIOCIDE~ A chemical used for killing living, usually aquatic, 

organisms. 

BIOTA: The plants and animals of an area; flora and fauna. 

BRINE: Water saturated with or containing a high concentration of 

sodium chloride and/or other salts. 

CAPILLARY FORCE: A force due to adhesion, cohesion, and surface tension 

in oil or other liquids that are in contact with solids, thereby 

causing the liquid to move within the capillary tube. 

CARCINOGEN: Any substance that tends to indur.e cancer. 

CONVENTIONAL OIL RECOVeRY: Ust! ur rrdLural pressure in the oil reservoir 

or flooding the reservoir with water to move oil to a production 

well. 

EFFLUENT: A solid, liquid, or gas waste that P.nters the environment. 

EMULSION: A non-settling suspension of one finely divided liquid in 

another. 
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ENHANCED OIL RECOVERY (EOR): Any oil-recovery process that uses heat 

(steam injection or in situ combustion), injection of gases (e.g., 

carbon dioxide, high pressure nitrogen), or chemicals 

(micellar-polymer flooding) to recover oil that could· not be 

recovered by natural pressure in the oil reservoir or by 

waterflooding. 

ENVIRONMENTAL MONITORING: A series of analyses of an environmental 

component (e.g., air, water) to detect changes in quality-or· 

biotic response. Analyses of pre- and postimpact samples can be 

used to detect presence and extent of an impact. 

EROSION: Detachment and movement of soil or rock fragments by water, 

wind, ice, or. gravity. 

FRACTURE: Any discontinuity in a body of rock produced by force exerted 

upon it. Fractures include fissures (cracking or splitting apart) 

and faults (breaks in the-rock strata that cause dislocation of 

the strata along the fracture line). 

HIGHWALL: The unexcavated facP. of exposed overburden (i.e., soil, 

plants, and rocks and mineral) in a~ open road cut in hilly 

terrain, surfa~~ mine, or entry to an undergrourid mine. 

IMPROPERLY PLUGGED WELL: An unproductive or abandoned oil well that has 

·not been plugged according to existing legal requirements; or that 

allows migration of oil, gas, water, or any injected substance to 

strata other than those in which they occur or have been placed. 

IN-SITU COMBUSTION: A process that heats oil in the reservoir to 

increase its movement by decreasing its viscosity. Heat is 

applied by igniting the oil-sand and keeping the combustion zone 

active by the injection of air. 
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LEACHING: The removal from the soil of the more soluble materials by 

percolating waters. 

MICELLAR-POLYMER FLOODING: Mice 11 ar describes the reactive chemica 1 

injected into an oil reservoir that breaks down the surface 

tension between oil and water causing them to emulsify and move as 

one liquid. Polymer is a general term for organic chemicals that 

thicken water. The thickened water helps to move the micellar-oil 

P.mu 1 s inn to production we 11!;. 

MISCIBLE: Two or more substances which are able to mix together. In 

o11 recovery, the miscible agent (e.g., carbon dioxide) mixes with 

the oil, forming a single homogenous phase. This eliminates or 

reduces capillary forces, thereby increasing the flow of oil 

through reservoir rock. 

MULCH: A natural or artificial layer of plant residue (e.g., straw) or 

other material~ (e.g., sand or ~aper) on the soil surface. 

OIL RESERVES: That portion of the identified oil resource that can be 

extracted economically. 

ORIGINAL CONTOUR: The surface qonfiguration of land before disturbance, 

with all highwalls and refuse piles eliminated by backfilling and 

grading. 

RECLAMATION: The process of reconverting disturbed lands to their 

former uses or nther productiv~ uses. 

RESTORATION: The process of returning a site to its original condition. 

SECONDARY OIL RECOVERY: Injection of water or natural gas to augment 

natural reservoir pressure and force oil into production wells. 

Usually synonymous with conventional recovery. 
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SEDIMENT POND: Any ~atural or artificial impoundment·area or depres~ion 

used to remove sediment from water and store sediment or other 

debris. 

SEDIMENTATION: The process of depositing sediment, which is solid 

material in suspension moved from its site of origin. 

SOIL AMENDMENT: Any material, such as lime, sawdust, or synthetic 

conditioner, that is worked into the soil to make it more amenable 

to plant growth. 

SURFACTANT: In oil recovery, surfactants are chemicals that reduce the 

contractible force between oil and water. Each surfactant 

molecule has a polar end that is attracted to water, and an 

organic chain that is attracted to oil. 

SYNERGISTIC: Simultaneous actions of two or more substances which 

have a greater total effect than the sum of their individual 

effects. 

TERTIARY OIL RECOVERY: Third-generation oil recovery using methods 

other than conventional ones (including waterflooding). Often 

used synonomously (but sometimes erroneously) with enhanced oil 

recovery. 

· TOXIC: Refers to any substance that produces a harmful biological 

effect, i.e., kills, injures, or impairs an organism. 

VISCOSITY: The internal resistance offered by a fluid to flow; 

the more viscous a substance the slower it will flow. 
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WATERFLOODING: An oil-recovery operation in which water is injected 

into an oil reservoir to create a water drive to increase 

production. Usually considered to be a conventional and a 

secondary recovery operation. 

WASTE DISPOSAL FORMATION: An underground stratum or strata used for 

disposal of wastes resulting from oil operations. 

WASTE DISPOSAL PIT: A natural or man-made depression in the surface of 

the ground used for di&posal of wa~tc~ as~ociated with oil 

operations. 

WELL CASING: A heavy metal pipe or tubing lowered into a borehole 

during or after drilling in order to support the sides of the hole 

and thus prevent the walls from caving, to prevent loss of 

dri 11 i ng mud into porous ground, and to prevent unwanted fluids 

from entering the hole. 

WELL PAD: Oil-well site and adjacent area. 

WELL PATTERN: The pattern of location of injection and oil-production 

wells. In enhanced oil recovery projects, the most c.ornmon pattern 

is the 11 five-spot, 11 which consists of four injection wells 

surrounding a central production well. An 11 1nverted five-spot 11 is 

the reverse pattern. 

I'' 
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