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Environmental aspects of produced-water  
salt releases in onshore and coastal  
petroleum-producing areas of the  
conterminous U.S.  – a bibliography 
 
By James K. Otton 
 
Abstract 
 

Environmental effects associated with the production of oil 
and gas have been reported since the first oil wells were drilled 
in the Appalachian Basin in Pennsylvania and Kentucky in the 
early to mid-1800s.  The most significant of these effects are 
the degradation of soils, ground water, surface water, and 
ecosystems they support by releases of suspended and dissolved 
hydrocarbons and co-produced saline water. Produced water salts 
are less likely than hydrocarbons to be adsorbed by mineral 
phases in the soil and sediment and are not subject to 
degradation by biologic processes.  Sodium is a major dissolved 
constituent in most produced waters and it causes substantial 
degradation of soils through altering of clays and soil textures 
and subsequent erosion. Produced water salts seem to have the 
most wide-ranging effects on soils, water quality, and 
ecosystems.  Trace elements, including boron, lithium, bromine, 
fluorine, and radium, also occur in elevated concentrations in 
some produced waters.  Many trace elements are phytotoxic and are 
adsorbed and may remain in soils after the saline water has been 
flushed away.  Radium-bearing scale and sludge found in oilfield 
equipment and discarded on soils pose additional hazards to human 
health and ecosystems. 

 This bibliography includes studies from across the oil- and 
natural-gas-producing areas of the conterminous United States 
that were published in the last 80 yrs.  The studies describe the 
effects of produced water salts on soils, water quality, and 
ecosystems.  Also included are reports that describe (1) the 
inorganic chemistry of produced waters included in studies of 
formation waters for various purposes, (2) other sources of salt 
affecting water quality that may be mistaken for produced water 
effects, (3) geochemical and geophysical techniques that allow 
discrimination of salt sources, (4) remediation technologies 
designed to repair damage caused to soils and ground water by 
produced water salts, and (5) contamination by naturally 
occurring radioactive materials (NORM)at oilfield sites. 
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Introduction 
 

Environmental effects of produced-water salts have occurred 
in all regions where oil and gas have been and are produced.  The 
most significant of these effects are (1) degradation of ground 
and surface water quality; (2) death of plants and destruction of 
soil textures; (3) resultant erosion of soils and siltation of 
nearby waterways; (4) contamination of production equipment and 
soils by radium-bearing produced waters, scale and sludge; and 
(5) adverse effects on ecosystems. 

Numerous investigations of the effects of produced water 
salt releases across the producing areas of the United States 
have been conducted, but there has been no previous attempt to 
compile a bibliography of the resulting reports.  Research into 
the remediation of these effects has been going on for decades 
and has grown recently with research sponsored by the U.S. 
Environmental Protection Agency through the Integrated Petroleum 
Environmental Consortium and by research being conducted at other 
institutions.  The bibliography presented here is intended to 
provide a reasonably comprehensive compilation of studies 
conducted within the last 80 yr (through September 2005). It 
presents the information in three forms, a master bibliography in 
which all reports are listed alphabetically by author, a state-
by-state alphabetical listing derived from the master 
bibliography, and a topical index of the reports.  Some reports 
cover more than one state and are listed separately under each 
state. 

Included in this bibliography are references that describe: 
1. Direct effects on soil, ground water, surface water, and 

aquatic organisms and waterfowl by produced waters released 
from oilfield production and gas-processing operations at 
specific sites.  

2. Geochemical data from waters produced with oil and gas, in 
cases where the reader may make inferences about the 
potential harmful effects of releases of such produced waters 
by examining the data.  

3. The origins of saline ground or surface waters in oil- and 
gas-producing areas whether or not the investigator concludes 
that produced water is the source of the salts.  

4. Techniques that might be used to document the sources of 
salinity using geochemical indicators or geophysics. 

5. Geochemistry, occurrence, or effect of NORM, principally 
radium-226 and radium-228, in produced waters or in solid 
precipitates (scale and sludge) derived from produced waters.   
NORM is treated separately here, as the U. S. Environmental 

Protection Agency has placed some emphasis on oilfield NORM as a 
potential radiological hazard associated with oilfield operations 
and may regulate oilfield NORM in the future (Loren Setlow, U. S. 
Environmental Protection Agency, oral commun., 2005).  Several 
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states have published such regulations.  A comprehensive 
bibliography on oilfield NORM was given by Smith (1997).  The 
bibliography here presented includes many of Smith’s references 
as well as some she did not cite, and numerous others since 1997.  

No systematic effort was made to search for papers 
describing dissolved hydrocarbon phases in water, but some are 
included that were discovered during the course of this 
compilation. 

 

 
Sources 
 

The bibliographic entries, Universal Resource Locators 
(URLs), and annotations are derived from:   
1.  The author’s files.  
2. Keyword searching of selected digital databases available to 

United State Geological Survey (USGS) employees.  
3. Examination of new publications received by the USGS library 

in Denver.  
4. Keyword searches of major online search engines.  
5. Searching of online and hard copies of publication lists by 

Federal and State agencies that study oil and gas 
environmental problems and water quality problems. 

6. Reviews by other authors of papers cited here.  
  
The URL for many reports is also given for those that were 

active during assembly of this report in 2005. Many reports are 
followed by annotations. 
 
 
Qualifications and limitations 
 

This bibliography includes many county or multi-county water 
quality reports in various states where authors have suggested 
that oil production may be a source of elevated salinity and 
concentrations of trace elements or chloride. Many of the 
included reports will indicate those state agencies that are 
likely to have additional sources of information on water quality 
not listed here.  

Many studies of suspected contamination by oilfield produced 
water capture a specific period of time during which the effects 
were being documented; in some cases, the effects may have been 
mitigated either by natural processes or by human intervention 
since a particular study was done and reports were issued.   

The bibliography here presented does not include reports in 
several specific categories, as follows: 
1. Online informal reports of oil brine spills into creeks, salt 

scar damage by oilfield brines, and work by various non-
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governmental organizations on brine damage. These reports are 
likely to be ephemeral and are of unknown reliability.   

2. Reports of studies outside of the United States.   
3. Documents related to litigation involving alleged soil and 

water damage from oilfield production activities.   
4. County soil surveys by the Natural Resource Conservation 

Service that may show “brine-damaged soils” or similar map 
units. 

5.  Papers describing technologies developed to allow beneficial 
use or cleanup of produced water unless descriptions of 
effects are also described. 

6. Papers describing analytical methods for oilfield waters. 
7. Documents describing regulations for handling and disposing 

of oilfield brines.  
8. Resistivity data for oilfield brines except where geochemical 

data for the brine is also given and the study is regional in 
nature. 

No attempt was made to evaluate the completeness, scientific 
accuracy, or reliability of the listed reports.  Not all 
references may be readily accessible. 
 
Maps 
 

Figure 1 shows areas of onshore oil and gas production in 
the United States.  Figure 2 portrays the salinity of produced 
waters sampled from wells across the United States.     
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Figure 1- Map showing the distribution of oil and gas wells 
drilled in the conterminous United States.  Individual wells are 
not represented, but rather 0.25-mile cells that either contain 
only oil wells (green), only gas wells (red), a mix of oil and 
gas wells (yellow), or dry holes (gray).  Modified from Mast and 
others (1998). 
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Figure 2- Map showing the salinity of produced waters in samples 
derived from wells across the conterminous United States.  About 
58,700 edited records are represented, derived from an online 
provisional database available at 
http://energy.cr.usgs.gov/prov/prodwat/into.htm. 
The introductory material at that webpage describes the origin 
and editing of the database, as does the paper by Breit and 
others (2000). 
Note that the Appalachian Basin from western New York to 
northeast Tennessee and the Sacramento Valley of California are 
poorly represented in the database (compare with fig. 1). 
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 NOTE: This symposium volume presents 91 papers describing 
most environmental concerns related to oil and gas 
production.  Papers related to produced water releases are 
listed elsewhere herein. 
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U.S. General Accounting Office, 1989, Drinking water--safeguards 

are not preventing contamination from injected oil and gas 
wastes: Report RCED-89-87, 47 p. 

 
U.S. Geological Survey, 1984, National Water Summary 1983- 

Hydrologic events and issues: U.S. Geological Survey Water-
Supply Paper 2250, 243 p. 

 
U.S. Geological Survey, 1990-2000, Ground water atlas of the 

United States: U.S. Geological Survey HA730, published in 13 
chapters (A-N). Available at: 
http://capp.water.usgs.gov/gwa/gwa.html

 NOTE: The thirteen atlas chapters cover the entire U.S. 
including Alaska, Hawaii, and Puerto Rico.  Chapters for 
hydrocarbon-producing states provide basic hydrologic and 
water-quality information including references to oilfield 
brine effects for selected aquifers.  Discussion of natural 
ground-water brine contributions to surface waters are also 
described in several instances.  Reference lists are 
extensive. 

 
U.S. Soil Conservation Service, 1983, Dryland salinity study, 

Texas cooperative river basin survey: U.S. Department of 
Agriculture, Soil Conservation Service report, 123 p. 

 
Van Biersel, T.P., 1985, Hydrogeology and chemistry of an oil-

field brine plume within a shallow aquifer system in 
southern Bond County, Illinois: Carbondale, Illinois, 
Southern Illinois University, Master's thesis, 162 p.  

 
Van Denburgh, A.S., and Rush, F.E., 1974, Water-resources 

appraisal of Railroad and Penoyer Valleys, east-central 
Nevada: Nevada Division of Water Resources, Water Resources 
Reconnaissance Series, Report No. 60, 61 p. 

 
Van der Leeden, Frits, Cerrillo, L.A., and Miller, D.W., 1975, 

Ground-water pollution problems in the northwestern United 
States:  U.S. Environmental Protection Agency, Office of 
Research and Development, Robert S. Kerr Environmental 
Research Laboratory Report EPA/660/3-75-018, 341 p. 

 
Van Hassesl, J.H., Cherry, D.S., Hendricks, J.C., and Specht, 

W.L., 1988, Discrimination of factors influencing biota of a 
stream receiving multiple-source perturbations:  
Environmental Pollution, v. 55, n.4, p. 172-287. 

 
Van Metre, P.C., and Callender, E., 1996, Identifying water-

quality trends in the Trinity River, Texas, USA, 1969–1992, 
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using sediment cores from Lake Livingston: Environmental 
Geology, v. 28, p. 190-200. 

 
Van Sickle, Virginia, and Groat, C.G., 1990, Oil field brines-

another problem for Louisiana's coastal wetlands, in U.S. 
Environmental Protection Agency, Proceedings of the First 
International Symposium on Oil and Gas Exploration and 
Production Waste Management Practices, September 10-13, 
1990, New Orleans, Louisiana, p. 659-675.  

 NOTE: The authors document volumes of produced water 
releases for 14 fields in various parishes, describe the 
ecological effects of produced water releases on dominant 
wetland plants, give detailed organic and major and minor 
element chemistry of selected discharges, and discuss role 
of discharges in wetland losses.   

 
Vavrek, M.C., and Colgan, Wes, III, 2003, Use of a hydroseeder to 

revegetate oil brine spill sites [abs.] in Sublette, Kerry, 
ed., Proceedings of the 10th International Petroleum 
Environmental Conference, November 11-14, 2003, Houston, 
Texas: Tulsa, Oklahoma, The University of Tulsa Division of 
Continuing Education and the Integrated Petroleum 
Environmental Consortium (IPEC), 1 p.  Available at: 
http://ipec.utulsa.edu/Ipec/Conf2003/2003agenda.html

 
Vavrek, M.C., Hunt, Howard, Colgan, Wes, II, and Vavrek, D.L, 

2004, Status of oil brine spill site remediation in 
Sublette, Kerry, ed., Proceedings of the 11th International 
Petroleum Environmental Conference, October 12-15, 2004, 
Albuquerque, N.M.: Tulsa, Oklahoma, The University of Tulsa 
Division of Continuing Education and the Integrated 
Petroleum Environmental Consortium (IPEC), 23 p.  Available 
at: http://ipec.utulsa.edu/Ipec/Conf2004/2004agenda.html

 NOTE: This paper reviews the status of remediation 
techniques for sites contaminated with brine and/or oil and 
gives 171 references on soils, saline soils, brine and oil-
contaminated soils, and remediation of saline soils in 
general and oilfield-contaminated soils in particular, only 
some of which are in this bibliography.  The IPEC meeting 
literature is not captured in the references in this paper. 

 
Veenstra, John, Warden, R.W., and Harris, T.M., 2001, Remediation 

of brine-impacted soil: evaluation of several performance 
enhancements coupled with a leachate collection system in 
Sublette, Kerry, ed., Proceedings of the 8th International 
Petroleum Environmental Conference, November 6-9, 2001, 
Houston, Texas: Tulsa, Oklahoma, The University of Tulsa 
Division of Continuing Education and the Integrated 
Petroleum Environmental Consortium (IPEC), 21 p.  Available 
at:  http://ipec.utulsa.edu/Ipec/Conf2001/conf_toc.html
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Veil, J.A., Puder, M.G., Elcock, Deborah, and Redweik, R.J., Jr., 

2004, A white paper describing produced water from 
production of crude oil, natural gas, and coal bed methane: 
U.S. Department of Energy, National Energy Technology 
Laboratory under Contract W-31-109-Eng-38. Prepared by 
Argonne National Laboratory, 87 p.  Available at: 
http://www.ead.anl.gov/pub/doc/ProducedWatersWP0401.pdf

 NOTE: This paper provides an overview of the chemical and 
physical characteristics of produced water, potential 
effects on the environment, volumes of produced water 
generated in the U.S., regulatory requirements and 
management options, and costs of management.   

  
Wagner, J.F., 1990, Toxicity and radium 226 in produced water- 

Wyoming's regulatory approach, in U.S. ENVIRONMENTAL 
PROTECTION AGENCY, Proceedings of the First International 
Symposium on Oil and Gas Exploration and Production Waste 
Management Practices, September 10-13, 1990, New Orleans, 
Louisiana, p. 987-994.   

 NOTE: Author describes results of toxicity tests of waters 
from Wyoming oil fields, summarizes results of radium-226 
analyses for selected waters, and gives references some of 
which are not captured herein.  

 
Wait, R.L., and McCollum, M.J., 1963, Contamination of fresh-

water aquifers through an unplugged oil-test well in Glynn 
County, Georgia: Georgia Geological Survey Mineral 
Newsletter, v. 16, nos. 3-4, p. 74-80. 

 
Waite, B.W., and Blauvelt, S.C., 1988, Oil and gas waste fluids 

of Pennsylvania: Northeastern Environmental Science, v. 7, 
n. 2, p. 105-110. 

 
Walker, F.H., 1959, Natural brines of Indiana and adjoining parts 

of Illinois and Kentucky: Indiana Geological Survey Report 
of Progress, v.13, 58 p. 

 NOTE:  Author reports the results of analyses of 473 brines 
by formation from company and State geological survey 
sources. 

 
Walker, L. E., 1967, Occurrence and quality of ground water in 

Coleman County, Texas: Texas Water Development Board Report 
No. R-57, 114 p. 

 
Walker, L.E., 1979, Occurrence, availability and chemical quality 

of ground-water in the Edwards Plateau region of Texas: 
Texas Department of Water Resources Report 235, 337 p.  

 

 98

http://www.ead.anl.gov/pub/doc/ProducedWatersWP0401.pdf


Walters, R.S., and Auchmoody, L.R., 1989, Vegetation re-
establishment on a hardwood forest site denuded by brine: 
Landscape and urban planning, v. 17, n. 2, p.127-133. 

 
Ward, P.E., 1961, Geology and ground-water features of salt 

springs, seeps, and plains in the Arkansas and Red River 
basins of western Oklahoma and adjacent parts of Kansas and 
Texas: U.S. Geological Survey Open-File Report 63-132, 94 p. 

 NOTE: This report describes salt springs, the bedrock 
sources, and related ground character in two important 
drainages in Oklahoma, Texas, and Kansas and demonstrates 
that bedrock salt sources must be considered in any salt 
contaminant study.  See also the next three papers.  The 
abstract is at http://ok.water.usgs.gov/abstracts/ofr63-
132.html

 

Ward, P.E., 1961, Salt springs in Oklahoma: Oklahoma Geological 
Survey Oklahoma Geology Notes, v. 21, no. 3, p. 81-84. 

Ward, P.E., 1961, Shallow halite deposits in northern Woodward 
and southern Woods Counties, Oklahoma: Oklahoma Geological 
Survey Oklahoma Geology Notes, v. 21, no. 10, p. 275-277. 

Ward, P.E., 1962, Shallow halite deposits in the Flowerpot Shale 
in southwestern Oklahoma: U.S. Geological Survey 
Professional Paper 450-E, 14 p. 

Ward, P.E., and Wilmoth, B.M., 1968, Ground-water hydrology of 
the Monongahela River basin in West Virginia: West Virginia 
Geologic and Economic Survey River Basin Bulletin 1, 54 p. 

 
Warner, D.L., and McConnell, C.L., 1993, Assessment of 

environmental implications of abandoned oil and gas wells: 
Journal of Petroleum Technology, v. 45, n.9, p. 874-880. 

 
Weathers, M.L., Moore, K.R., Ford, D.L., and Curlee, C.K., 1994, 

Reclamation of saltwater-contaminated soil in Big Lake 
field: Transactions of the Gulf Coast Association of 
Geological Societies, v. 44, p. 737-743.  

 NOTE: This paper documents the Texon scar, a major salt scar 
(11 mi2) that formed in west Texas, the natural remediation 
of the area, and experimental techniques that were developed 
to remediate a portion of it.  

 
White, D.E., 1968, Groundwater resources of Upton County, Texas: 

Texas Water Development Board Report 78, 132 p.  
 
White, D.E., 1971, Groundwater resources of Ward County, Texas: 

Texas Water Development Board Report 125, 219 p.  
 NOTE: Author gives TDS and other geochemical data for brine 

disposal pits in the county, brine volumes and disposal 
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methods by field for 1961 and 1967, and ground water wells 
where contamination is indicated. 

 
White, G.J., 1992, Naturally occurring radioactive materials 

(NORM) in oil and gas industry equipment and wastes, a 
literature review: Bartlesville, Oklahoma, U.S. Dept. of 
Energy Report DOE/ID/01570-T158, 34 p. 

 
White, N.F., and Sunada, D.K., 1974, Ground-water quality study: 

Journal of the irrigation and drainage division, Proceedings 
of ASCE, v. 100, n. IR3, p.277-292. 

 
Whitesell, L.E., 2003, Brine impact on water quality in Seminole 

County, Oklahoma:  Eye on Environment (DEPARTMENT OF 
ENERGY), v. 7, n. 1, p. 3.  Available at 
http://www.npto.doe.gov/Petroleum/publications/newsletters/e
oe/eyewin02.pdf

 
Whittemore, D.O., 1981, Geochemical identification of saltwater 

sources in the Smoky Hill River Valley, McPherson, Saline, 
and Dickinson Counties, Kansas: Kansas Geological Survey 
Open-File Report 81-6, 78 p. 

 
Whittemore, D.O., 1984, Geochemical identification of salinity 

sources, in French, R.H., Salinity in watercourses and 
reservoirs: Proceedings of the 1983 International Symposium 
on State-of-the-Art Control of Salinity, Salt Lake City, 
Utah, p. 505-514. 

 
Whittemore, D.O., 1988, Bromide as a tracer in ground-water 

studies: geochemistry and analytical determination, in 
Proceedings of the ground water chemistry conference, Feb, 
16-18, 1988, Denver, Colorado: Dublin, Ohio, National Water 
Well Association, p. 339-360. 

 
Whittemore, D.O., 1995, Geochemical differentiation of oil and 

gas brine from other saltwater sources contaminating water 
resources: case studies from Kansas and Oklahoma:  
Environmental Geosciences, v. 2, p. 15-31. 

 
Whittemore, D.O., 2004, Geochemical identification of sources of 

salinity in ground waters of the High Plains aquifer west of 
the Johnson oil field in central McPherson County, Kansas: 
Kansas Geological Survey Open-file Report No. 2004-4, 16 p. 

 
Whittemore, D.O., Bryson, W.R., Dealy, M.T., O'Connor, R.E., and 

Schoof, J.E., 1986, Management of oil-field-brine pollution 
in Kansas via a state task force, in Burkhead, C.E., ed., 
Thirty-sixth annual conference on environmental engineering, 
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transactions: Kansas University, School of Engineering, and 
Division of Continuing Education, variously paginated. 

 
Whittemore, D.O., Grieve, E.R., Young, D.P., and Wilson, B.B., 

2005, Water quality in the High Plains aquifer and the 
Cimarron River in Seward and Meade Counties, Kansas: Kansas 
Geoilogical Survey Open-File Report 2005-27, 42 p. Available 
at: 
http://www.kgs.ku.edu/Hydro/Publications/2005/OFR05_27/OFR20
05_27.pdf

 NOTE: As part of a study of the origins of salinity in the 
aquifer and the river, the authors review data for some 
aquifer ground waters suspected to be contaminated with 
oilfield brine and draw the conclusion that the source is 
natural salts. 

 
Whittemore, D.O., MacFarlane, P.A., Doveton, J.H., Butler, J.J., 

Jr., Chu, Tyan-Ming, Bassler, Rod, Smith, Martin, Mitchell, 
James, and Allen, Wade, 1993, The Dakota Aquifer Program 
Annual Report, FY92: Kansas Geological Survey 
Open-file Report 93-1, unpaginated.  Available online at 
http://www.kgs.ukans.edu/Dakota/vol3/fy92/index.htm     
NOTE: See especially “Salinity source investigations in 
central Kansas”. 

 
Whittemore, D.O., and Pollock, L.M., 1979, Determination of 

salinity sources in water resources of Kansas by minor 
alkalai metal and halide chemistry: Manhattan, Kansas, 
Kansas State University, Kansas Water Resources Research 
Institute Contribution 208, 28 p. 

 
Whittemore, D.O., Sophocleous, M., Bryson, W.R., Schoof, J., and 

Bell, T.C., 1985, Interagency study of oilfield brine 
pollution in Kansas, in Schmidt, K.G., ed., Groundwater 
contamination and reclamation, Proceedings of a symposium 
held in Tucson, Arizona, August 14-15, 1985: Bethesda, 
Maryland, American Water Resources Association Technical 
Publication Series v. 85-2, p 109-116. 

 
Whittemore, D.O., Welch, J.E., Hale, J.M., Hathaway, L.R., and 

Bird, W., 1987, Soluble salts in unsaturated zone of 
abandoned brine ponds within oil fields of the Equus beds 
area, Kansas [abs.]: Midwest Ground Water Conference, 
Program with Abstracts, n. 32, unpaginated. 

 
Wilhelm, C.J., and Schmidt, L., 1935, Preliminary report on the 

disposal of oil-field brines in Ritz-Canton oil field, 
McPherson County, Kansas: U.S. Bureau of Mines Report of 
Investigations No. 3297, 20 p. 
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Wilhelm, C.J., Thorne, H.M., and Pryor, M.F., 1936, Disposal of 
oil-field brines in the Arkansas River drainage area in 
western Kansas: U.S. Bureau of Mines, Report of 
Investigations No. 3318, 28 p. 

 
Wilke, Janine, 1991, Use of the Geonics EM-13 and 34-3 to define 

a contamination plume caused by unauthorized annular 
disposal of brine [abs.]: Geological Society of America 
Abstracts with Programs, v.23, n.3, p.66. 

 
Williams, C.C., and Bayne, C.K., 1946, Ground-water conditions in 

Elm Creek Valley, Barber County, Kansas, with special 
reference to contamination of ground water by oil-field 
brine: Kansas State Geological Survey Bulletin 64, 1946 
Reports of Studies, pt. 3, p. 77-124. 

 
Wilmoth, B.M., 1971, Occurrence of shallow ground water in 

selected areas of West Virginia in Proceedings of the West 
Virginia Academy of Science 1970, v. 42, p. 202-208. 

 NOTE:  This and related studies by Wilmoth below document 
the occurrence of saline formation waters at shallow depths 
throughout much of West Virginia.  This phenomenon must be 
evaluated wherever produced water releases from oilfield 
operations are suspected as a source of contamination. 

 
Wilmoth, B.M., 1972, Salty ground water and meteoric flushing of 

contaminated aquifers in West Virginia: Ground Water, v. 10, 
n. 1, p. 99-105. 

 NOTE: Author reviews salt water contamination and natural 
remediation in several case studies including some oilfield 
brine contamination. 

 
Wilmoth, B.M., 1975, Development of fresh ground water near salt 

water in West Virginia: Ground Water, v.13, n.1, p. 25-32. 
 
Wilson, A.J., and Scott, L.M., 1992, Characterization of 

radioactive piping scale with an evaluation of subsequent 
land contamination: Health Physics, v. 63, p. 681-685. 

 

Wimberly, E.T., 1973, Reconnaissance of water quality in the 
vicinity of Sunniland oil field, Collier County, Florida, 
1971-72: U.S. Geological Survey Water-Resources 
Investigations Report 35-73, 10 p.  

 
Wimberly, E.T., 1974, Quality of surface water in the vicinity of 

oil exploration sites, Big Cypress area, south Florida:  
U.S. Geological Survey Open-file Report 74-012, 26 p.  
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Winn, Rosilee, 1992, Delineation of oilfield-brine contamination 
by electromagnetic-conductivity survey, Midland County, 
Texas: Odessa, Texas, University of Texas of the Permian 
Basin, Master’s thesis, 78 p. 

 NOTE: Geophysical surveys show that brines derived from 
production in the Buchanan field have polluted the Ogalalla 
aquifer. 

 
Winslow, A.G., Doyel, W.W., and Wood, L.A., 1957, Salt water and 

its relation to fresh ground water in Harris County, Texas 
in Contributions to the hydrology of the United States: U.S. 
Geological Survey Water Supply Paper 1360-F, p. 375-407. 

 NOTE: Authors evaluate the possible sources of salt-water 
intrusion in the heavily used aquifers in Harris County, 
including possible leakage of surface pits and oil wells. 

 

Winslow, A.G., Hillier, D.E., and Turcan, A.N., Jr., 1968, 
Saline ground water in Louisiana: U.S. Geological 
Survey Hydrologic Investigations Atlas HA-310, 4 
sheets. 

Winslow, David, 1939, Soil erosion in the Seminole County oil-
field [abs.]:  Proceedings of the Oklahoma Academy of 
Sciences, v. 19, p. 159. 

 
Woodall, D.W., 1998, Tracking oil and gas produced water in an 

open water estuarine system using salinity as a conservative 
tracer:  Baton Rouge, Louisiana State University, Master’s 
thesis, 194 p. 

 
Woodall, D.W., Gambrell, R.P., Rabalais, N.N., and DeLaune, R.D., 

2001, Developing a method to track oil and gas produced 
water discharges in estuarine systems using salinity as a 
conservative tracer: Marine Pollution Bulletin, v. 42, n. 
11, p. 1118-1127. 

 
Wright, J., Pearson, C., Kurt, E.T., and Watkins, J.W., 1957, 

Analysis of brines from oil-productive formations in 
Oklahoma: U.S. Bureau of Mines Report of Investigations 
5326, 71 p. 

 
Wunsch, D.R., 1997, Hydrodynamics of the shallow salt-water 

interface in the unglaciated Appalachian Plateau [abs.]: 
American Association of Petroleum Geologists Bulletin, v. 
81, p.1568. 

 NOTE: This abstract suggests that shallow saline formation 
waters are common in the Appalachian basin.  This must be 
considered whenever produced water contamination is thought 
to be a source of salinity in surface water or ground water 
in the area.  See also papers by Wilmoth.  
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Wurbs, R.A., Karama, A.S., Saleh, Ishtiaque, and Ganze, C.K., 

1993, Natural salt pollution and water supply reliability in 
the Brazos River Basin:  Texas Water Resources Institute 
Technical Report No. 160, 170 p.  Available online at 
http://www.twdb.state.tx.us/RWPG/rpgm_rpts/92483332a.pdf

 NOTE: This study analyzes TDS, chloride, and sulfate loads 
for the Brazos River system (Lubbock to Galveston) and 
analyzes salt management options.  The study authors 
uncritically assume that the salt in the drainage is from 
natural sources.  

 
Wyoming Department of Environmental Quality, Water Quality 

Division, 1978, Water quality rules and regulations: chapter 
VII: surface discharge of water associated with the 
production of oil and gas: Cheyenne, Wyoming, Department of 
Environmental Quality, 7 p.  

 
Yates, R.G., 2000, Transportation of brine components and 

revegetation of a brine spill site in the Tallgrass Prairie 
Preserve: Tulsa, Oklahoma, University of Tulsa Ph.D. thesis, 
295 p. 

 
Yates, Rick, Houston, Lorrie, Tapp, Bryan, Harris, Tom, and 

Sublette, K.L., 1997, Impacts of brine spills in the 
Tallgrass Prairie Preserve in Sublette, K.L, ed., 
Proceedings of the 1997 4th Annual International Petroleum 
Environmental Conference San Antonio, TX - September 9-12, 
1997, 31 p. Available online at: 
http://ipec.utulsa.edu/Ipec/Conf/4thIPEC.pdf

 
Yates, R., Sublette, K., Harris, B., Haggerty, J., and van 

Waasbergen, R., 1996, Correlation of surface water quality 
and oil production in Sublette, K.L., ed., Environmental 
issues and solutions in petroleum exploration, production 
and refining, Proceedings of the Third International 
Petroleum Environmental Conference, Sept. 24-27, 1996, vol. 
1: Spring field, VA, NTIS, p. 73-87. 

 
Yensen, N.P., Hinchman, R.R., Negri, M.C., Mollock, G.N., Settle, 

T., Keiffer, C.S., Carty, D.J., Rogers, B., Martin, R., 
Erickson, R, and Adams, R.H., 2000, Using halophytes to 
manage oilfield saltwater: disposal by irrigation/ 
evapotranspiration and remediation of soils in Sublette, K. 
L., ed., Proceedings of the 6th International Petroleum 
Environmental Conference, November 16-18, 1999, Houston, 
Texas: University of Tulsa Division of Continuing Education 
and the Integrated Environmental Consortium, p.1133-1188.  
Also available online at 
http://ipec.utulsa.edu/Ipec/Conf/6thIPEC.pdf
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Young, J.R., and Madabhushi, G.V., 1978, Salinity problems of 
groundwater in southern Arkansas counties: Paper presented 
at the Symposium on salinity problems in groundwater at the 
Fall meeting of the American Geophysical Union, San 
Francisco, December 4-8, 1978: Arkansas Soil and Water 
Conservation Commission, 19 p.     

Zhang, Hailin, Alemayehu, Dejene, and Carter, Brian, 1999, Salt 
characterization of brine contaminated soils in Sublette, K. 
L., ed., Proceedings of the 6th International Petroleum 
Environmental Conference, November 16-18, 1999, Houston, 
Texas: Available online at 
http://ipec.utulsa.edu/Ipec/Conf/6thIPEC.pdf

 

Zielinski, R.A., and Budahn, J.R., 2004, Mode of occurrence and 
environmental mobility of oilfield NORM at USGS research 
site B, Osage Skiatook Project, northeastern Oklahoma [abs.] 
in Sublette, Kerry, ed., Proceedings of the 11th 
International Petroleum Environmental Conference, October 
12-15, 2004, Albuquerque, N.M.: Tulsa, Oklahoma, The 
University of Tulsa Division of Continuing Education and the 
Integrated Petroleum Environmental Consortium (IPEC), 1 p.  
Available at: 
http://ipec.utulsa.edu/Ipec/Conf2004/2004agenda.html

 

Zielinski, R.A., Cathcart, J.D., Hannah, T.L., and Bullock, J.H., 
Jr., 2003, Determining the distribution of subsurface salt 
contamination using the composition of oak leaves: a case 
study at an oil production site, northeast Oklahoma, in 
Sublette, K. L., ed., Programs and Papers: 10th 
International Petroleum Environmental Conference, Houston, 
TX, November 11-14, 2003, 17 p. 
http://ipec.utulsa.edu/Ipec/Conf2003/2003agenda.html  

 

Zielinski, R.A., and Otton, J.K., 1999, Naturally Occurring 
Radioactive Minerals (NORM) in produced water and oil-field 
equipment--An issue for the energy industry: U.S. Geological 
Survey Fact Sheet FS-0142-99, 4 p. Available at: 
http://pubs.usgs.gov/fs/fs-0142-99/

 

Zielinski, R.A., and Otton, J.K., 2000, Assessment of sources of 
soil salinity near an oil field production site using the 
chemistry of surface water and soil leachates, in Sublette, 
Kerry, ed., Proceedings of the 7th International Petroleum 
Environmental Conference, November 7-10, 2000, Albuquerque, 
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N.M.: Tulsa, Oklahoma, The University of Tulsa Division of 
Continuing Education and the Integrated Petroleum 
Environmental Consortium (IPEC), 14 p.  Available at: 
http://ipec.utulsa.edu/Ipec/Conf/7thIPEC.pdf

 
Zielinski, R.A., Otton, J.K., and Budahn, J.R., 1998, Use of 

radium isotope data to assess NORM contamination at an E&P 
site, in Sublette, K.L., ed., Proceedings of the Fourth 
International Petroleum Environmental Conference, September 
9-12, 1997, San Antonio, TX: South-Central Environmental 
Resource Alliance and University of Tulsa, 15 p.  

 
Zielinski, R.A., Otton, J.K., and Budahn, J.R., 2001, Use of 

radium isotopes to determine the age and origin of 
radioactive barite at oil-field production sites. 
Environmental Pollution, v. 113, p. 299-309. 

 
Zielinski, R.A., Rice, C.A., and Otton, J.K., 2002, Use of soil 

leachates to define the extent of brine-impacted soils and 
bedrock at the Osage-Skiatook petroleum environmental 
research "B" site, northwestern Oklahoma, in Sublette, 
Kerry, ed., Proceedings of the 9th International Petroleum 
Environmental Conference, October 22-25, 2002, Albuquerque, 
N.M.: Tulsa, Oklahoma, The University of Tulsa Division of 
Continuing Education and the Integrated Petroleum 
Environmental Consortium (IPEC), 30 p.  Available at: 
http://ipec.utulsa.edu/Ipec/Conf2002/tech_sessions.html 

 Also available at http://water.usgs.gov/pubs/wri/wri03-4260/

 

Zonge, K.L., Figgins, S.J., and Hughes, L.J., 1985, Use of 
electrical geophysics to detect sources of groundwater 
contamination [abs.]: Society of Exploration Geophysics 
Abstracts, v. 1985, n. 1, p. 147-149. 
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