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Bibliography of Publications From the Toxic Substances
Hydrology Program, U.S. Geological Survey

By David W. Morganwalp, Compiler

Abstract

The U.S. Geological Survey began the Toxic Substances Hydrology Program in 1982 to study, in an inter-
disciplinary atmosphere, the fate and effects of toxic substances in the environment. The objective of the Program
is to provide the earth-science information needed to prevent or mitigate contamination of the Nation’s ground
and surface waters. To achiceve this goal, rescarch is conducted in four categories—focused ficld investigations
ol contaminated sites, additional research on toxic substances hydrology, development of methods to study or
sample contaminated waters, and investigations of nonpoint sources of contamination. This report contains cita-
tions of reports on research conducted under the auspices of the Program from the beginning of the Program
through the end of 1993.

Introduction

In many areas, contamination from point and nonpoint sources has impaired the quality of the Nation's
ground and surface waters. To design efficient and cost-effective ways to prevent and cleanup contaminated
waters, an understanding of the processes that control the transport and fate of contaminants is needed. Methods
for sampling contaminated water and investigative approaches to characterize contaminated sites also are needed.
The U.S. Geological Survey began the Toxic Substances Hydrology Program in 1982 to study, in an inter-
disciplinary atmosphere, the fate and effects of toxic substances in the environment.

The objective of the Toxic Substances Hydrology Program is to provide the earth-science information
needed to understand the transport and fate of toxic substances in the Nation’s ground and surface waters. To
achicve this goal, research is conducted in four categories—field investigations of contaminated sites, additional
rescarch on toxic substances hydrology, development of methods to study or sample contaminated waters, and
investigations of nonpoint sources of contamination.

This report contains citations for reports resulting from the program that describe the results of studies from
the beginning of the program through the end of 1993. Publications were included if research conducted at a
Toxic Substances Hydrology Program site was the subject matter of the publication or if the publication reported
on research funded by the Program, but was not conducted at a Program site. Publications that described research
conducted at a Program site not funded by the Program also were included. However, abstracts were not
included. The report is divided into several major sections, each of which is described in the introduction to the
section. Many of the section introductions are based on written material provided by researchers who are
working at Toxic Substances Hydrology Program sites, and their publications appear in the bibliography.
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Field Investigations of Ground- and Surface-Water Contamination

Ficld investigations are conducted at sites where applied and basic rescarch and methods development
activities are conducted at places known (o be contaminated by common types of contaminants. The sites func-
tion as ficld laboratorics where process-oriented rescarch is conducted in an interdisciplinary environment. The
objective of the rescarch is to gain knowledge that is transferable to other arcas or sites with similar contamina-
tion problems. Thercfore, the primary emphasis at a particular ficld investigation site is not on the site itself, but
on the development of sampling methods [or particular contaminants, investigative methods or approaches, and
an understanding of contaminant transport processes.

The following sections list the publication of past and current ficld investigations.

Sewage-Contaminated Water on Cape Cod, Massachusetts

Land disposal, which is commonly uscd to disposec of untreated and treated wastewater in the United
States, can result in degradation of ground-water quality. To gain an understanding of the processes that control
the migration of wastewater in ground water, the Toxic Substances Hydrology Program initiated a study at one
site on Cape Cod, Massachusetts. The research site is located near Falmouth, Massachusetts, where the disposal
of treated sewage in infiltration beds at Otis Air Base has created a plume of contaminated ground water in a
sand-and-gravel aquifer. The rapid infiltration of wastewater since 1936 has resulted in a plume that is more
than 4 kilometers long. Rescarchers from the U.S. Geological Survey and other institutions are studying the
hydrologic, chemical, and microbiological processes that affect the fate of the dissolved contaminants in this
plume. The research has focused on the effects of spatial variability of aquifer properties and the stecp
geochemical gradients within the plume on the transport, dilution, and transformation of contaminants. Tracer
experiments have been used cxtensively at the site to investigate processes that control the transport of contami-
nants in the heterogencous sand-and-gravel aquifer. The tracer experiments have involved the injection of non-
reactive and reactive solutes, microbes, and microspheres into the aquifer. In addition, the site has been used to
test ground-water sampling, drilling, and coring methods.
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Crude Oil in the Subsurface Environment at Bemidji, Minnesota

Contamination of ground water caused by the release of hydrocarbons from leaking underground storage
tanks, fire training areas, pipeline failures, and other releases to the environment is a problem throughout the
United States. To gain a greater understanding of the processes that control the movement of these nonaqueous
phase liquids, the U.S. Geological Survey Toxic Substances Hydrology Program initiated a multidisciplinary
research project at the site of a crude-oil pipeline failure that occurred on August 20, 1979, near Bemidji, Minne-
sota. After cleanup efforts were completed at this site, 400,000 liters of crude oil remained in the unsaturated
zone and in the underlying glacial outwash aquifer. This site has provided a unique opportunity for researchers
from the U.S. Geological Survey and other institutions to study a contaminant plume where the source is well
documented and the plume is located in a remote area. The objectives of research at this site are to obtain an
understanding of the transport and fate of petroleum derivatives in the subsurface, and to use this understanding to
develop predictive models of contaminant transport. The emphasis of the research has been to characterize the
hydrogeochemical environment, identify the controlling geochemical reactions, and investigate the multiphase
flow of crude oil.

Field Investigations of Ground-Water and Surface-Water Contamination 15



16 Bibliography of Publications From the Toxic Substances Hydrology Program, U.S. Geological Survey



Aiken, G.R., Capel, P.D., Furlong, E.T., Hult, M.F.,

and Thorn, K.A., 1991, Mechanisms controlling
the transport of organic chemicals in subsurface
environments, in Mallard, G.E., and Aronson,
D.A., eds., U.S. Geological Survey Toxic Sub-
stances Hydrology Program—Proceedings of the
technical meeting, Monterey, Calif., March 11-15,
1991: U.S. Geological Survey Water-Resources
Investigations Report 91-4034, p. 633-637.

Aiken, G.R., and Thom, K.A., 1989, Variability in the

chemistry of nonvolatile organic acids
downgradient from the oil body at Bemidji,
Minnesota, in Mallard, G.E., and Ragone, S.E.,
eds., U.S. Geological Survey Toxic Substances
Hydrology Program—Proceedings of the tech-
nical meeting, Phoenix, Ariz., September 26-30,
1988: U.S. Geological Survey Water-Resources
Investigations Report 88-4220, p. 35-40.

Aiken, G.R., Thom, K.A., and Brooks, M.H., 1987,

Nonvolatile organic acids in ground water
contaminated with crude oil, in Franks, B.J., ed.,
U.S. Geological Survey Program on Toxic
Waste—Ground-Water Contamination—
Proceedings of the third technical meeting,
Pensacola, Fla., March 23-27, 1987: U.S.
Geological Survey Open-File Report 87109,

p. C-31—C-32.

Appenzeller, Tim, 1992, Deep-living microbes mount a

relentless attack on rock:  Science, v. 258, p. 222.

Baedecker, M.J., and Cozzarelli, .M., 1991,

Geochemical modeling of organic degradation
reactions in an aquifer contaminated with crude
oil, in Mallard, G.E., and Aronson, D.A., eds.,
U.S. Geological Survey Toxic Substances
Hydrology Program—Proceedings of the
technical meeting, Monterey, Calif., March 11-15,
1991: U.S. Geological Survey Water-Resources
Investigations Report 91-4034, p. 627-632.

Baedecker, M.J., Cozzarelli, .M., Evans, J.R., and

Hearn, P.P., 1992, Authigenic mineral formation
in aquifers rich in organic material, in Kharaka,
Y.K., and Maest, A.S., eds., Low temperature
environments, v. 1 of Water-rock interaction—
Proceedings of the 7th International Symposium
on Water-Rock Interaction—WRI-7, Park City,
Utah, July 13-18, 1992: Rotterdam, A.A.
Balkema, p. 257-261.

Baedecker, M.J., Cozzarelli, .M., and Hopple, J.A.,

1987, The composition and fate of hydrocarbons
in a shallow glacial-outwash aquifer, in Franks,

B.J.. ed., U.S. Geological Survey Program on
Toxic Waste—Ground-Water Contamination—
Proceedings of the third technical meeting.
Pensacola, Fla., March 23-27, 1987:  U.S.
Geological Survey Open-File Report 87-109,
p. C-23—C-24.

Baedecker, M.J., Cozzarelli, .M., Sicgel, D.L.,

Bennett, P.C., and Eganhouse. R.P., 1993, Crude
oil in a shallow sand and gravel aquifer—III, Bio-
gecochemical reactions and mass balance model-
ing in anoxic ground water:  Applied Geo-
chemistry, v. 8, no. 6, p. 569-586.

Bacdecker, M.J., and Eganhouse, R.P., 1991,

Partitioning and transport of hydrocarbons from
crude oil in a sand and gravel aquifer, in Preprints
of papers presented at the 201st National Meeting
of the American Chemical Society, Division of
Environmental Chemistry, Atlanta, Georgia,
April 14-19, 1991:  Washington, D.C.,
American Chemical Society, v. 31, no. 1,

p. 463-466.

Bacdecker, M.J., Eganhouse, R.P., and Lindsay, S.S.,

1984, Organic geochemistry of crude-oil
contaminants—Preliminary results and project
plan, in Hult, M.F., ed., Ground-water
contamination by crude oil at the Bemidji,
Minnesota, research site, U.S. Geological Survey
Toxic Waste—Ground-Water Contamination
Study: U.S. Geological Survey Water-
Resources Investigations Report 84-4188,

chap. E, p. 65-79.

Baedecker, M.J,, Siegel, D.I., Bennett, P.C., and

Cozzarelli, LM., 1989, The fate and effects of
crude oil in a shallow aquifer—I, The distribution
of chemical species and geochemical facies, in
Mallard, G.E., and Ragone, S.E., eds., U.S.
Geological Survey Toxic Substances Hydrology
Program—Proceedings of the technical meeting,
Phoenix, Ariz., September 26-30, 1988: U.S.
Geological Survey Water-Resources
Investigations Report 88-4220, p. 13-20.

Bachr, A.L., and Hult, M.F., 1987, Mathematical

modeling of hydrocarbon and oxygen transport
coupled with microbial degradation in the
unsaturated zone, in Franks, B.J., ed., U.S.
Geological Survey Program on Toxic Waste—
Ground-Water Contamination—Proceedings of
the third technical mecting, Pensacola, Fla.,
March 23-27, 1987:  U.S. Geological Survey
Open-File Report 87109, p. C-27—C-28.

Field Investigations of Ground-Water and Surface-Water Contamination 17



Baehr, A.L.. and Hult, M.E., 1989, Determination of
the air-phase permeability tensor of an
unsaturated zone at the Bemidji, Minnesota,
rescarch site, in Mallard, G.E., and Ragone, S.E.,
eds.. U.S. Geological Survey Toxic Substances
Hydrology Program—Proceedings of the
technical meeting, Phoenix, Ariz., September 2630,
1988:  U.S. Geological Survey Water-Resources
Investigations Report 88-4220), p. 55-62.

Bachr, A.L., and Hult, M.F., 1991, Evaluation of
unsaturated zone air permeability through
pncumatic tests:  Water Resources Research,

v. 27, no. 18, p. 2605-2617.

Bennett, P.C., 1985, Solid phase studies of quartz and
aluminosilicates in an aquifer contaminated by
crude petroleum:  Syracuse, State University of
New York, College of Environmental Science
and Forestry, unpublished M.S. thesis.

Bennett, P.C., 1987, Solid phase studies of aquifer
sediments, Bemidji, Minnesota, research site, in
Franks, B.J., ed., U.S. Geological Survey
Program on Toxic Waste—Ground-Water
Contamination—Proceedings of the third
technical meeting, Pensacola, Fla., March 23-27,
1987: U.S. Geological Survey Open-File
Report 87-109, p. C-21—C-22.

Bennett, P.C., 1989, Silica mobility in a petroleum-
contaminated aquifer, in Mallard, G.E., and Ragone,
S.E.,eds., U.S. Geological Survey Toxic Substances
Hydrology Program—Proceedings of the technical
meeting, Phoenix, Ariz., September 26-30,

1988: U.S. Geological Survey Water-Resources
Investigations Report 88-4220, p. 5-11.

Bennett, P.C., 1991, Quartz dissolution of organic-rich
aqueous systems—II, Apparent solubility and
rate of dissolution: Geochimica et
Cosmochimica Acta, v. 55, p. 1781-1797.

Bennett, P.C., 1991, The chemistry of silica-organic
complexation in a petroleum-contaminated aquifer,
in Mallard, G.E., and Aronson, D.A., eds., U.S.
Geological Survey Toxic Substances Hydrology
Program—Proceedings of the technical meeting,
March 11-15, 1991, Monterey, Calif.: U.S.
Geological Survey Water-Resources Investigations
Report 91-4034, p. 638-640.

Bennett, P.C., and Hiebert, F.K., 1992, Microbial
mediation of silicate diagenesis in organic-rich
waters, in Kharaka, Y.K., and Maest, A.S., eds.,
Low temperature environments, v. 1 of Water-
rock interaction—Proceedings of the 7th

International Symposium on Water-Rock
Interaction—WRI-7, Park City, Utah, July 13-18,
1992: Rotterdam, A.A. Balkema, p. 267-270.

Bennett, P.C., Melcer, M., Siegel, D.1., and Hassett, J.,
1988, The dissolution and solubility of quartz in
dilute aqueous solution of organic acids and 25
C: Geochimica et Cosmochimica Acta, v. 52,
p. 1521-1530.

Bennett, P.C., and Siegel, D.I., 1987, Increased
solubility of quartz in water by organic
compounds: Nature, v. 326, p. 684-687.

Bennett, P.C., and Siegel, D.1., 1989, Silica-organic
complexes and enhanced quartz dissolution in
water by organic acids, in Miles, D.L., ed.,
Water-Rock Interaction—WRI-6—Proceedings
of 6th International Symposium on Water-Rock
Interaction, Malvern, England, August 3-8, 1989:
Rotterdam, A.A. Balkema, p. 69-72.

Bennett, P.C., Siegel, D.I., Baedecker, M.J., and Hult,
M.F., 1993, Crude oil in a shallow sand and
gravel aquifer—I, Hydrogeology and inorganic
gcochemistry:  Applied Geochemistry, v. 8,
no. 6, p. 529-549.

Bennett, P.C., Siegel, D.I., Hill, B., and Glaser, P.,
1991, The fate of silicate minerals in a peat
bog: Geology, v. 19, p. 328-331.

Berndt, M.P., 1987, Metal partitioning in a sand and
gravel aquifer contaminated by petroleum:
Syracuse, New York, Syracuse University,
unpublished M.S. thesis, 57 p.

Bemdt, M.P., 1987, Metal partitioning in aquifer
sediments, Bemidji, Minnesota, research site, in
Franks, B.J., ed., U.S. Geological Survey
Program on Toxic Waste—Ground-Water
Contamination—Proceedings of the third
technical meeting, Pensacola, Fla., March 23-27,
1987: U.S. Geological Survey Open-File
Report 87-109, p. C—-17—C-19.

Bilir, S.1., 1992, Hydrogeologic characterization of a
glacial aquifer contaminated by crude oil near
Bemidji, Minnesota: ~ Austin, University of
Tex., at Austin, unpublished M.A thesis, 223 p.

Chang, F.H., Bullert, J., and Denzin, B., 1990, Effect
of environmental parameters on biodegradation
of crude oil and model hydrocarbon in
groundwater environment, in Flierman, C.B., and
Hazen, T.C., eds., Proceedings of the First
International Symposium on Microbiology of the
Deep Subsurface, Orlando, Fla., January 15-18,
1990: p. 7-53—7-65.

18 Bibliography of Publications From the Toxic Substances Hydrology Program, U.S. Geological Survey



Chang, F.H., and Ehrlich, G., 1984, Microbial

reconnaissance at the site of a petroleum spill
near Bemidji, Minnesota—Preliminary results and
project plan, in Hult, M.F., ed., Ground-water
contamination by crude oil at the Bemidji,
Minnesota, research site, U.S. Geological Survey
Toxic Waste—Ground-Water Contamination—
Proceedings of the technical meeting, Tucson,
Ariz., March 20-22, 1984: U.S. Geological
Survey Water-Resources Investigations Report
84-4188, chap. H, p. 97-107.

Chang, F.H., Hult, M., Noben, N.N., 1987,

Quantitative studies of biodegradation of
petroleum and some model hydrocarbons in
ground water and sediment environments, in
Fairchild, D.M., ed., National Conference on
Ground-Water Quality and Agricultural
Practices—Proceedings of Ground-Water Quality
and Agricultural Practices, Norman, Okla.,

May 1-2, 1986: Chelsea, Michigan, Lewis
Publishers, p. 295-318.

Chang, F.H., Noben, N.N., Brand, Danny, and Hult,

M.F., 1988, Microbial degradation of crude oil
and some model hydrocarbons, in Ragone, S.E.,
ed., U.S. Geological Survey Program on Toxic
Waste—Ground-Water Contamination—
Proceedings of the second technical meeting,
Cape Cod, Mass., October 21-25, 1985: U.S.
Geological Survey Open-File Report 86481,
p. C-33—C-42.

Chang, F.H., Noben, N.N., and Bullert, J.A., 1987,

Microbial degradation of petroleum in subsurface
environments, Bemidji, Minnesota, research site,
in Franks, B.J., ed., U.S. Geological Survey
Program on Toxic Waste—Ground-Water
Contamination—Proceedings of the third
technical meeting, Pensacola, Fla., March 23-27,
1987: U.S. Geological Survey Open-File
Report 87-109, p. C-35—C-39.

Chang, F.H., Wang, Hai, Denzin, Brenda, Buller,

Julie, 1991, Kinetics of crude-oil biodegradation
by bacteria indigenous to sediment and ground
water, in Mallard, G.E., and Aronson, D.A., eds.,
U.S. Geological Survey Toxic Substances
Hydrology Program—~Proceedings of the
technical meeting, Monterey, Calif., March 11-15,
1991: U.S. Geological Survey Water-Resources
Investigations Report 91-4034, p. 646-649.

Coontz, R.J., 1990, Simulation of groundwater flow at

the Bemidji, Minnesota crude-oil spill site, and
implications for advective transport of dissolved
contaminants: Palo Alto, Calif., Stanford
University, M.S. thesis, 80 p.

Cozzarelli, .M., Baedecker, M.J., Eganhouse, R.P.,

and Goerlitz, D.F., 1994, The geochemical
evolution of low-molecular-weight organic acids
derived from the degradation of petroleum
contaminants in groundwater: Geochimica et
Cosmochimica Acta, v. 58, no. 2, p. 863-877.

Cozzarelli, .M., Eganhouse, R.P., and Baedecker,

M.]., 1989, The fate and effects of crude oil in a
shallow aquifer—II, Evidence of anaerobic
degradation of monoaromatic hydrocarbons, in
Mallard, G.E., and Ragone, S.E., eds., U.S.
Geological Survey Toxic Substances Hydrology
Program—Proceedings of the technical meeting,
Phoenix, Ariz., September 26-30, 1988: U.S.
Geological Survey Water-Resources Investiga-
tions Report 88-4220, p. 21-33.

Cozzarelli, .M., Eganhouse, R.P., and Baedecker,

M.J., 1990, Transformation of monoaromatic
hydrocarbons to organic acids in anoxic ground-
water environment: Environmental Geology
and Water Sciences, v. 16, no. 2, p. 135-141.

Eganhouse, R.P., Baedecker, M.J., Cozzarelli, LM.,

Aiken, G.R., Thorn, K.A., and Dorsey, T.F.,
1993, Crude oil in a shallow sand and gravel
aquifer—II, Organic geochemistry:  Applied
Geochemistry, v. 8, no. 6, p. 551-567.

Eganhouse, R.P., Dorsey, T.F., and Phinney, C.S.,

1987, Transport and fate of monoaromatic
hydrocarbons in the subsurface, Bemidji,
Minnesota, research site, in Franks, B.J., ed., U.S.
Geological Survey Program on Toxic Waste—
Ground-Water Contamination—Proceedings of
the third technical mecting, Pensacola, Fla.,
March 23-27, 1987:  U.S. Geological Survey
Open-File Report 87-109, p. C-29.

Eganhouse, R.P., Dorsey, T.F., Phinney, C.S., and

Westcott, A.M., 1993, Determination of C4-C,j
aromatic hydrocarbons in water by purge-and-
trap capillary gas chromatography: Joumnal of
Cromatography, v. 628, p. 81-92.

Field Investigations of Ground-Water and Surface-Water Contamination 19



Essaid, H.I., Herkelrath, W.N., and Hess, K.M., 1991,
Air, 0il, and water distributions at a crude-oil spill
site, Bemidji, Minnesota, in Mallard, G.E., and
Aronson, D.A., eds., U.S. Geological Survey
Toxic Substances Hydrology Program—
Proceedings of the technical meeting, Monterey,
Calif., March 11-15, 1991:  U.S. Geological
Survey Water-Resources Investigations Report
91-4034, p. 614-620.

Essaid, H.I., Herkelrath, W.N., and Hess, K.M., 1993,
Simulation of fluid distributions observed at a
crude-oil spill site incorporating hysteresis, oil
entrapment, and spatial variability of hydraulic
properties: Water Resources Research, v. 29,
no. 6, p. 1753-1770.

Essaid, H.I., and Hess, K.M., 1993, Monte Carlo
simulations of multiphase flow incorporating
spatial variability of hydraulic properties:
Ground Water, v. 31, no. 1, p. 123-134.

Franzi, D.A., 1987, Sedimentary and post-depositional
processes related to aquifer properties at the
Bemidji research site, north central Minnesota, in
Franks, B.J., ed., U.S. Geological Survey
Program on Toxic Waste—Ground-Water
Contamination—Proceedings of the third
technical meeting, Pensacola, Fla., March 23-27,
1987: U.S. Geological Survey Open-File
Report 87-109, p. C-7—C-8.

Franzi, D.A., 1988, Surficial and subsurface distribution
of aquifer sediments at the Bemidji, Minnesota,
research site, in Ragone, S.E., ed., U.S. Geological
Survey Program on Toxic Waste—Ground-Water
Contamination—Proceedings of the second
technical meeting, Cape Cod, Mass., October 21—
25, 1985:  U.S. Geological Survey Open-File
Report 86481, p. C5—C-10.

Grabbe, R.R., 1984, Methods for the identification and
qualification of organic compounds in crude oil, in
Hult, M'F,, ed., Ground-water contamination by
crude oil at the Bemidji, Minnesota, research site,
U.S. Geological Survey Toxic Waste—Ground-
Water Contamination Study—Papers presented at
the toxic waste technical meeting, Tucson, Ariz.,
March 20-22, 1984:  U.S. Geological Survey
Open-File Report 84-4188, chap. F,

p. 81-86.
Guo, Lifeng, 1992, Mass transfer across an aromatic

hydrocarbon-water interface in a porous
medium—a laboratory study in a plate

model: Minneapolis, University of Minnesota,
M.S. thesis, 113 p.

Herkelrath, W.N., Essaid, H.I., and Hess, K.M., 1991,
Field and modeling studies of immiscible fluid
flow above a contaminated water-table aquifer, in
Proceedings of the International Hydrology and
Water Resources Symposium 1991, Challenges
for Sustainable Development, Perth, Australia,
October 24, 1991: p. 424-428.

Hess, K.M., Herkelrath, W.N., and Essaid, H.1., 1992,
Determination of subsurface fluid contents at a
crude-oil spill site:  Journal of Contaminant
Hydrology, v. 10, p. 75-96.

Hiebert, F.K., and Bennett, P.C., 1992, Microbial
control of silicate weathering in organic-rich
ground water:  Science, v. 258, p. 278-281.

Hult, M.F., 1984, Ground-water contamination by
crude oil at the Bemidji, Minnesota, research
sitt—An introduction, in Hult, M.F., ed.,
Ground-water contamination by crude oil at the
Bemidji, Minnesota, research site, U.S.
Geological Survey Toxic Waste—Ground-Water
Contamination Study—Papers presented at the
toxic waste technical meeting, Tucson, Ariz.,
March 20-22, 1984: U.S. Geological Survey
Open-File Report 844188, chap. A, p. 1-15.

Hult, M.F., 1985, Non-disruptive measurement of
organic fluid thickness and position in the shallow
subsurface, in Proceedings of the National Water
Well Association/American Petroleum Institute
Conference on Petroleum Hydrocarbons and
Organic Chemicals in Ground Water—Prevention,
Detection and Restoration, Houston, Tex.,
November 5-7, 1984: Worthington, Ohio,
National Water Well Association.

Hult, M.F., 1987, Microbial oxidation of petroleum
vapors in the unsaturated zone, in Franks, B.J., ed.,
U.S. Geological Survey Program on Toxic Waste—
Ground-Water Contamination—Proceedings of the
third technical meeting, Pensacola, Fla., March 23—
27,1987: U.S. Geological Survey Open-File
Report 87-109, p. C-25—C-26.

Hult, M.F., 1987, Movement and fate of crude oil
contaminants in the subsurface environment at
Bemidji, Minnesota—Introduction, in Franks,
B.J., ed., U.S. Geological Survey Program on
Toxic Waste—Ground-Water Contamination—
Proceedings of the technical meeting, Pensacola,
Fla., March 23-27, 1987: U.S. Geological
Survey Open-File Report 87-109, p. C-3—C-5.

20 Bibliography of Publications From the Toxic Substances Hydrology Program, U.S. Geological Survey




Hult, M.F., 1989, Mobilization, transport, and fate of
hydrocarbon vapors in the unsaturated zone, in
Mallard, G.E., and Ragone. S.E., eds., U.S.
Geological Survey Toxic Substances Hydrology
Program—Proceedings of the technical meeting,
Phoenix, Ariz., September 26-30, 1988: U.S.
Geological Survey Water-Resources Investiga-
tions Report 88-4220, p. 53.

Hult, M.F., 1989, Subsurfacc contamination at the
Bemidji, Minnesota, research site, in Mallard,
G.E., and Ragone, S.E., eds., U.S. Geological
Survey Toxic Substances Hydrology Program—
Proceedings of the technical meeting, Phoenix,
Ariz., September 26-30, 1988: U.S. Geological
Survey Water-Resources Investigations Report
88-4220, p. 3.

Hult, M.F., 1991, Overview of research on
contamination of the subsurface by crude oil at
the Bemidji, Minnesota, toxic substances
research site, in Mallard, G.E., and Aronson,
D.A., eds., U.S. Geological Survey Toxic
Substances Hydrology Program—Proceedings of
the technical meeting, Monterey, Calif., March
11-15,1991: U.S. Geological Survey Water-
Resources Investigations Report 91-4034,

p. 611613,

Hult, MLF., and Grabbe, R.R., 1988, Distribution of
gases and hydrocarbon vapors in the unsaturated
zone, in Ragone, S.E., ed., U.S. Geological
Survey Program on Toxic Waste—Ground-Water
Contamination—Proceedings of the second
technical meeting, Cape Cod, Mass., October 21-25,
1985: U.S. Geological Survey Open-File
Report 86481, p. C—17—C=-20.

Hult, M.F., Landon, M.K., and Plfannkuch, Hans-Olaf,
1991, Field validation of conceptual models of
mobilization and transport of volatile petroleum
derivatives in the unsaturated zone near Bemidji,
Minnesota, in Mallard, G.E., and Aronson, D.A.,
eds., U.S. Geological Survey Toxic Substances
Hydrology Program—Proceedings of the
technical meeting, Monterey, Calif., March 11-15,
1991: U.S. Geological Survey Water-
Resources Investigations Report 91-4034,

p. 621-626.

Landon, M.K., 1993, Investigation of mass loss based
on evolution of composition and physical
properties of spilled crude oil contaminating a
shallow outwash aquifer: Minneapolis,
University of Minnesota, M.S. thesis, 270 p.

Landon, M.K., and Hult, M.F., 1991, Evolution of
physical propertics and composition of a crude oil
spill, in Mallard, G.E., and Aronson, D.A., eds.,
U.S. Geological Survey Toxic Substances
Hydrology Program—Proceedings of the
technical mecting, Monterey, Calif., March 11- 15,
1991:  U.S. Geological Survey Walter-Resources
Investigations Report 91-4034, p. 641-645.

Lovley, D.R., Bacdecker, M.I., Loncrgan, D.J.,
Cozzarelli, .M., Phillips, E.J.P., and Siegel, D.I.,
1989, Oxidation of aromatic contaminants
coupled to microbial iron reduction:  Nature,

v. 339, no. 6222, p. 297-299.

Lovley, D.R., and Lonergan, D.J., 1990, Anacrobic
oxidation of toluene, phenol, and p-Cresol by the
dissimilatory iron-reducing organism, GS-15:
Applied and Environmental Microbiology, v. 56,
no. 6, p. 1858.

Lovley, D.R., and Phillips, E.J.P., 1989, Requircment
for a microbial consortium to completely oxidize
glucose in Fe(Il)-reducing sediments:  Applied
and Environmental Microbiology, v. 55, no. 12,
p. 3234-3236.

Marley, N.A., Bennett, P.C., Janecky, D.R., and
Gaffney, J.S., 1989, Spectroscopic evidence for
organic acid complexation with dissolved silica
in aqueous system—I, Oxalic Acid:  Organic
Geochemistry, v. 14, p. 525-528.

Miller, R.T., 1984, Determination of hydraulic
conductivity in three dimensions and its relation
to dispersivity, in Hult, M.F., ed., Ground-Water
Contamination by Crude Oil at the Bemidji,
Minnesota, research site, U.S. Geological Survey
Toxic Waste Ground-Water Contamination
Study—Papers presented at the toxic-waste
technical meeting, Tucson, Ariz., March 20-24,
1984: U.S. Geological Survey Open-File
Report 864188, chap. D, p. 49-63.

Miller, R.T., 1987, Effects of local hydraulic
discontinuities on the transport of crude-oil
residuals in ground water, Bemidji, Minnesota,
research site, in Franks, B.J., ed., U.S. Geological
Survey Program on Toxic Waste—Ground-Water
Contamination—Proceedings of the third
technical meeting, Pensacola, Fla., March 23-27,
1987: U.S. Geological Survey Open-File
Report 87-109, p. C-9.

Field Investigations of Ground-Water and Surface-Water Contamination 21



Miller, R.T., 1988, Hydrogeology and preliminary
regional flow modeling at the Bemidii,
Minnesota, rescarch site, in Ragone, S.E., ed.,
U.S. Geological Survey Program on Toxic
Waste—Ground-Water Contamination—
Proceedings of the second technical meeting,
Cape Cod, Mass., October 21-25, 1985: U.S.
Geological Survey Open-File Report 86-481,
p. C-11—C-16.

Nourse, S.M., 1986, A laboratory investigation of
mass transfer from hydrocarbons to water in
porous media:  Minneapolis, University of
Minnesota, unpublished M.S. thesis, 112 p.

O’Dell, C.H., 1988, A laboratory investigation of the
relationship between groundwater velocity and
mass transfer from a simulated aromatic hydro-
carbon spill at the water table interface:
Minneapolis, University of Minnesota, M.S. thesis,
233 p.

Olhoeft, G.R., 1986, Direct detection of hydrocarbon and
organic chemicals with ground penetrating radar
and complex resistivity, in Proceedings of the
National Water Well Association/American
Petroleum Institute Conference on Petroleum
Hydrocarbons and Organic Chemicals in Ground
Water, Houston, Tex., November 12-14, 1986:
National Water Well Association, p. 284-305.

Olhoeft, G.R., 1988, Geophysical methods of
contaminant detection, in Ragone, S.E., ed., U.S.
Geological Survey Program on Toxic Waste—
Ground-Water Contamination—Proceedings of
the technical meeting, Cape Cod, Mass., October
21-25, 1985: U.S. Geological Survey Open-
File Report 86-481, p. A7.

Olhoeft, G.R., 1991, Quantitative statistical
description of subsurface heterogeneities with
ground penetrating radar at Bemidji, Minnesota,
in Mallard, G.E., and Aronson, D.A., eds., U.S.
Geological Survey Toxic Substances Hydrology
Program—Proceedings of the technical meeting,
Monterey, Calif., March 11-15, 1991: U.S.
Geological Survey Water-Resources
Investigations Report 91-4034, p. 650-653.

Olhoeft, G.R., Lucius, J.E., and Bochicchio, R.M., 1989,
Scales of length and connectivity from ground
penetrating radar, in Mallard, G.E., and Ragone,
S.E., eds. U.S. Geological Survey Toxic Substances
Hydrology Program—Proceedings of the technical
meeting, Phoenix, Ariz., September 2630, 1988:

U.S. Geological Survey Water-Resources
Investigations Report 88-4220, p. 555.

Plannkuch, H.O., 1979, Interim report and

recommendations on monitoring program for site
M.P.926.5: Report prepared for Lakehead Pipe
Line Company, Inc., 12 p. (Available for
inspection at the Minnesota Pollution Control
Agency, St. Paul, Minnesota; U.S. Geological
Survey, Mounds View, Minnesota; and
University of Minnesota, Department of Geology
and Geophysics, Minneapolis, Minnesota).

Pfannkuch, H.O., 1984, Determination of the

contaminant source strength from mass exchange
processes at the petroleum-ground-water
interface in shallow aquifer systems, in
Proceedings of the National Water Well
Association/American Petroleum Institute
Conference on Petroleum Hydrocarbons and
Organic Chemicals in Ground Water, Houston,
Tex., November 5-7, 1984: National Water
Well Association, p. 111-129.

Pfannkuch, H.O., 1984, Mass-exchange processes at

the petroleum-water interface, in Hult, M.F., ed.,
Ground-Water Contamination by Crude Oil at the
Bemidji, Minnesota, research site, U.S.
Geological Survey Toxic Waste Ground-Water
Contamination Study—Papers presented at the
toxic-waste technical meeting, Tucson, Ariz.,
March 20-22, 1984: U.S. Geological Survey
Water-Resources Investigations Report 844188,
chap. C, p. 23-47.

Pfannkuch, H.O., 1987, Bulk and distributed

parameter mass-transfer models for
determination of the source strength at an oil
spill/ground-water interface, in Franks, B.J., ed.,
U.S. Geological Survey Program on Toxic
Waste—Ground-Water Contamination—
Proceedings of the third technical meeting,
Pensacola, Fla., March 23-27, 1987: U.S.
Geological Survey Open-File Report 87—-109,

p. C-11—C-12.

Pfannkuch, H.O., and Hult, M.F., 1984, The influence

of transient hydrologic events on oil-to-water
transfer in shallow aquifers, in Proceedings of the
National Water Well Association/American
Petroleum Institute Conference on Petroleum
Hydrocarbons and Organic Chemicals in Ground
Water, Houston, Tex., November 5-7,

1984: National Water Well Association.

22 Bibliography of Publications From the Toxic Substances Hydrology Program, U.S. Geological Survey



Pfannkuch, H.O., Nourse, S.N., and Hult, M.F., 1988,
Mass transfer at the alkane-water interface in
laboratory columns of porous media, in Ragone,
S.E., ed., U.S. Geological Survey Program on
Toxic Waste—Ground-Water Contamination—
Proceedings of the second technical meeting,
Cape Cod, Mass., October 21-25, 1985: U.S.
Geological Survey Open-File Report 86-481,

p. C-29—C-32.

Phinney, C.S., and Cozzarelli, .M., 1992, A
comparison of analytical techniques for
measurement of volatile hydrocarbons in ground
water, in Proceedings of the 40th American
Society of Mass Spectrometry Conference on
Mass Spectrometry and Allied Topics,
Washington, D.C., May 31-June 5, 1992:
American Society of Mass Spectrometry,

p. 659-660.

Pollock, D.W., 1984, Use of computer for simulation
for evaluating the movement of petroleum in the
shallow subsurface, in Hult, M.F., ed., Ground-
Water Contamination by Crude Oil at the
Bemidji, Minnesota, research site, U.S.
Geological Survey Toxic Waste Ground-Water
Contamination Study—Papers presented at the
toxic-waste technical meeting, Tucson, Ariz.,
March 20-22, 1984 U.S. Geological Survey
Water-Resources Investigations Report 844188,
chap. B, p. 17-21.

Rees, T.F., and Ranville, J.F., 1987, Characterizing
colloids in natural water, in Franks, B.J., ed., U.S.
Geological Survey Program on Toxic Waste—
Ground-Water Contamination—Proceedings of
the third technical meeting, Pensacola, Fla.,
March 23-27, 1987: U.S. Geological Survey
Open-File Report 87-109, p. C-33.

Rizk, Z.E., 1986, Oil spills weathering: Minneapolis,
University of Minnesota, M.S. thesis, 84 p.

Siegel, D.I., 1987, Geochemical facies and mineral
dissolution, Bemidji, Minnesota, research site, in
Franks, B.J., ed., U.S. Geological Survey
Program on Toxic Waste—Ground-Water
Contamination—Proceedings of the third
technical meeting, Pensacola, Fla., March 23-27,
1987: U.S. Geological Survey Open-File
Report 87-109, p. C—13—C-15.

Siegel, D.I., Baedecker, M.J., and Bennett, P., 1986,
The effects of petroleum degradation on
inorganic water-rock reactions, in Proceedings of
the Fifth International Symposium on Water-

Rock Interaction, Reykjavik, Iceland, August 8-17,
1986: International Association of Geo-
chemistry and Cosmochemistry, p. 524-527.

Siegel, D.L,, Bennett, P.C., Baedecker, M.J., Bemndt,
M.P., and Franzi, D.A., 1988, Inorganic
geochemistry of ground water and aquifer matrix:
First-year results, in Ragone, S.E., ed., U.S.
Geological Survey Program on Toxic Waste—
Ground-Water Contamination—Proceedings of
the second technical meeting, Cape Cod, Mass.,
October 21-25, 1985:  U.S. Geological Survey
Open-File Report 86481, p. C-17—C-20.

Siegel, D.1., and Franzi, D.A., 1984, Inorganic
geochemistry of ground-water and sediments in
an aquifer contaminated by crude
oil: Preliminary results and project plan, in
Hult, M.F., ed., Ground-Water Contamination by
Crude Oil at the Bemidji, Minnesota, research
site, U.S. Geological Survey Toxic Waste
Ground-Water Contamination Study—Papers
presented at the toxic-waste technical meeting,
Tucson, Ariz., March 20-22, 1984: U.S.
Geological Survey Water-Resources Investiga-
tions Report 844188, chap. G, p. 87-95.

Smith, S.E., and Hult, M.F., 1993, Hydrogeologic data
collected from a crude-oil spill site near Bemidji,
Minnesota, 1983-91: U.S. Geological Survey
Open-File Report 93-496, 158 p.

Thorn, K.A., 1987, The use of carbon-13 nuclear
magnetic resonance spectroscopy in the analysis
of complex samples of environmental interest, in
Franks, B.J., eds., U.S. Geological Survey
Program on Toxic Waste—Ground-Water
Contamination—Proceedings of the technical
meeting, Pensacola, Fla., March 23-27, 1987:
U.S. Geological Survey Open-File Report
87-109, p. E-13—E-17.

Thom, K.A., and Aiken, G.R., 1989, Characterization
of nonvolatile organic acids resulting from the
biodegradation of crude oil by nuclear magnetic
resonance spectrometry, in Mallard, G.E., and
Ragone, S.E., eds., U.S. Geological Survey Toxic
Substances Hydrology Program—Proceedings of
the technical meeting, Phoenix, Ariz.,
September 26-30, 1988: U.S. Geological
Survey Water-Resources Investigations Report
88-4220, p. 41-51.

Field Investigations of Ground-Water and Surface-Water Contamination 23



Thom, K.A., and Aiken, G.R., 1991, Sources in crude

oil of nonvolatile organic acids downgradient
from an oil body at Bemidji, Minnesota, in
Mallard, G.E., and Aronson, D.A,, eds., U.S.
Geological Survey Toxic Substances Hydrology
Program—Proceedings of the technical meeting,
Monterey, Calif., March 11-15, 1991: U.S.
Geological Survey Water-Resources
Investigations Report 91-4034, p. 654-658.

Thom, K.A., and Aiken, G.R., 1993, NMR

24

investigation of the biodegradation of crude-oil

into nonvolatile organic acids in a contaminated
aquifer, in Preprints of papers presented at the
205th National Meeting of the American
Chemical Society, Division of Environmental
Chemistry, Denver, Colorado, March 28-April 3,
1993: Washington, D.C., American Chemical
Society, v. 33, no. 1, p. 165-166.

White, D.L., 1991, Point dilution method determina-

tion of groundwater velocities at the Bemidji
Research Site:  Austin, University of Texas at
Austin, ML.S. thesis, 145 p.

Bibliography of Publications From the Toxic Substances Hydrology Program, U.S. Geological Survey



Creosote Waste in Ground Water Near Pensacola, Florida

Ground-water and surface-water contamination by wood preservatives (such as creosote and
pentachlorophenol) is a common problem. In 1983, a creosote works near Pensacola, Florida, was selected by the
U.S. Geological Survey’s Toxic Substances Hydrology Program to gain an understanding of the processes that
control the transport of organic contaminants in ground water. Pine poles were treated with wood preservatives at
this site from 1902 to 1981. Creosote, diesel fuel, and pentachlorophenol were discharged to two unlined
impoundments that had a direct hydraulic connection to an underlying sand-and-gravel aquifer. This activity
created a waste plume that extends downgradient in the upper part of the sand-and-gravel aquifer for
approximately 300 meters south toward Pensacola Bay. The focus of this multidisciplinary research project was
an investigation of the processes that affect the occurrence, transport, transformation, and fate of the toxic
contaminants associated with wood preservatives. Researchers investigated the transport, sorption, dispersion,
biodegradation, and geochemistry of these complex organic wastes.
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Chlorinated Solvents in Ground Water at Picatinny Arsenal, New Jersey

Contamination of ground water by chlorinated solvents is a major problem because these compounds are
used in many different industrial and commercial processes, including metal degreasing, dry cleaning, fumiga-
tion, and organic synthesis, and because these compounds are relatively soluble compared to other synthetic
organic contaminants. Under the auspices of the Toxic Substances Hydrology Program, U.S. Geological Survey
researchers are conducting an interdisciplinary study of the transport and fate of chlorinated solvents at Picatinny
Arsenal in north-central New Jersey. From 1960 to 1985, chlorinated solvents, primarily trichloroethylene
(TCE), entered the unconfined glacial sand-and-gravel aquifer at this site through two unlined wastewater lagoons
and a dry well and created a plume of TCE-contaminated ground water. Research at the Picatinny site has
focused on the following major areas: (1) the transport of chlorinated solvents in the unsaturated zone, (2) the
microbial transformation of chlorinated solvents in the saturated zone, (3) the solute-transport modeling of
chlorinated solvents in the saturated zone, (4) the chemical processes affecting transport of chlorinated solvents in
the saturated zone, and (5) the evaluation of remediation processes for chlorinated solvents in the saturated and
unsaturated zones.

More specifically, researchers at this site have investigated the following:

N The effect of soil moisture on TCE-vapor sorption to unsaturated-zone soil,
. The fate of TCE vapors that volatilize from the water table during an infiltration event,

. The rates of microbially mediated reductive dechlorination of TCE and cis-1,2-dichloroethylene that occur
naturally in the aquifer,

- The use of a reactive multispecies solute-transport model to predict and understand the transport of TCE
and its breakdown products in ground water,

e The rate of TCE-desorption from aquifer sediments exposed to long-term TCE contamination,

o The feasibility of using aerobic cometabolic biotransformation of TCE as a remediation process in the
unsaturated zone, and

. The use of surfactants to enhance desorption of TCE from aquifer sediments during pump-and-treat
remediation.
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Gasoline in Ground Water in Galloway Township, New Jersey

The United States is faced with the cleanup of thousands of leaking underground storage tanks, most of
which contain gasoline. To provide industry, regulators. and the public with a better understanding of the pro-
cesses that control the movement of the components of gasoline in the subsurface, U.S. Geological Survey
researchers initiated a study under the auspices of the Survey's Toxic Substances Hydrology Program at the site of
a leaking underground gasoline tank in Galloway Township, New Jersey.

The objectives of this interdisciplinary study are to develop field and laboratory methods to quantily the
factors that control hydrocarbon transport and microbial degradation in the subsurface and to develop mathemati-
cal models of the governing processes. Natural and remediation conditions are under investigation.

Field and laboratory methods for estimating the rate of microbial degradation of hydrocarbons based on
vapor transport in the unsaturated zone have been developed along with the mathematical models required to
analyze the data from these experiments. Mathematical models have becn developed o optimize hydrocarbon
vapor-extraction remediation systems. An extensive water-quality data base, which has been used to interpret the
anaerobic and aerobic degradation of hydrocarbons that occur under natural conditions, exists for the site.
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Organic Compounds in the Lower Calcasieu River, Louisiana

Many rivers, estuaries, and streams in the United States receive effluent discharges from petrochemical
plants. This practice has resulted, in many cases, in the occurrence of hazardous organic chemicals and trace
elements in water, bottom sediments, and aquatic organisms. To gain a better understanding of the fate of hazard-
ous organic chemicals in surface-water environments, the U.S. Geological Survey’s Toxic Substances Hydrology
Program initiated an investigation of the lower Calcasieu River in Louisiana.

Many petrochemical plants are located along the lower Calcasicu River. These plants use the river for
elfluent discharge, cooling water supply, and transportation. The investigation involved a multidisciplinary
approach to define the fate and transport of trace metals, volatile organic compounds, and chlorinated organic
compounds in an estuarine environment. The study team investigated the movement of toxic chemicals in water,
suspended sediment, bottom material, and tissue samples. Other studics looked at the characteristics of naturally
occurring organic compounds in freshwater and saltwater and the uptake of contaminants by a brackish water
clam (rom uncontaminated areas to define downstream movement of chlorinated compounds in arcas where
contamination was not detectable in bottom material and water samples. Studics looked at remobilization of
synthetic organic compounds from bottom material exposed to different ionic strength waters that might be
present during dredging activities and at potential movement of contaminants from secdiments to the water column
by exchange of interstitial water across the sediment-water interface. Also, toxicity tests that use a marine
amphipod were run in association with chemical tests to determine the impacts on biota of priority pollutants in
this estuary. Tracer studies and a hydrologic model were developed to understand contaminant movement within
the study area.
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The Fate of Anthropogenic Contaminants in the San Francisco Bay Estuary and Tributaries,
California

The San Francisco Bay Estuary, California, receives a diverse group of anthropogenic contaminants that
vary widely in their environmental behavior, sources, seasonality, and toxicity. The objectives of this project are
to (1) determine how contaminants from riverine and local sources are transported and transformed under varying
hydrologic conditions, (2) determine the ultimate fate of these contaminants, and (3) develop approaches to detect
or quantify ecological responses to the presence of contaminants in this river-estuary system. More specifically,
this project has included studies on (1) the fate of pesticides discharged into the San Francisco Bay’s river-estuary
system, (2) the fate and distribution of organic contaminants in bay sediments, (3) the history of organic, as well
as inorganic, contaminants in the bay, and (4) the adverse effects of trace metals on benthic aquatic organisms.

The primary determinants of organic contaminant distribution, such as pesticides, in the river-estuary
system are considered to be the geographic location of the pesticide source(s), the biogeochemical properties of
the pesticides, and the hydrology of the system. Field studies measure the distribution of pesticides in the water
column, sediments, and biota. When combined with laboratory studies of the biogeochemical properties of the
pesticides and hydrodynamic modeling, these results can be used to predict distributions of organic contaminants
under different conditions or in other environments.

Other geochemical studies of San Francisco Bay have included an aerial survey of surficial bay sediments
to determine concentrations and distributions of dichloro-diphenyl-trichloro-ethane (DDT), DDT metabolites,
polychlorinated biphenyls (PCB's), polycyclic aromatic hydrocarbons (PAH's), aliphatic biomarkers (indicative
of anthropogenic petroleum contamination), and other hydrocarbons. This mixture of organic compounds
provides information on sources of organic input into the San Francisco Bay.

In another study, which was partially funded by the National Oceanographic and Atmospheric Administra-
tion, a collaborative effort has examined the historic profile of organic, as well as inorganic, contaminants in the
San Francisco Bay sediments. Two cores with unbroken sedimentary records, one from Richardson Bay and the
other from San Pablo Bay, have shown the transition from the preindustrial to the industrial era. This transition is
clearly observed by an increase in concentrations of anthropogenic contaminants.

The biological effect, spatial distributions, and temporal trends of trace metal contamination in the San
Francisco Bay are being investigated by using bottom sediments and benthic organisms. The specific objectives
of this study are to characterize biochemical, physiological, and population variables that are potential indicators
of toxic effects; investigate marginal environmental conditions, such as salinity changes, that enhance the toxico-
logical effects of trace metals; and investigate biological processes, such as the selection of tolerant species or
populations, that reduce the sensitivities of aquatic organisms to trace metals.
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Ground-Water Contamination by Heavy Metals Near Tar Creek, Oklahoma

Years of mining for heavy metals has resulted in abandoned mines that are a source of ground- and surface-
water contamination in many areas of the United States. To gain an understanding of the controlling processes in
the transport of heavy-metal contaminants, which can be applied at other sites, the U.S. Geological Survey’s
Toxic Substances Hydrology Program initiated an investigation of the fate of heavy-metal contamination from
abandoned lead and zinc mines in the Tar Creek drainage basin in northeastern Oklahoma and southeastern
Kansas. Investigators from several disciplines studied the geochemical and microbiological reactions that
mobilize iron, zinc, cadmium, lead, manganese, and nickel in the underground mine workings and the effect of
transport and deposition of these metals in the surface-water drainage. Specific studies included modeling to
determine the important geochemical reactions that control mine- and surface-water composition, investigating
microbiological activity in surface water, and studying the biological uptake of metals by plants.
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Acidic Ground-Water Contamination from Copper Mining Near Pinal Creek, Arizona

Active and abandoned metal mines are a source of ground-water and surface-water contamination in many
areas of the United States. To gain an understanding of the processes that control the transport of heavy-metal
contaminants and acidic ground water, the U.S. Geological Survey's Toxic Substances Hydrology Program
initiated an investigation of an acidic plume of contaminated ground water. The plume is in an alluvial aquifer
along Miami Wash and lower Pinal Creek (Gila County, Arizona) and discharges to a perennial stream. The site
is downstream from a major copper-mining district and upstream from a reservoir used for public water supply in
Phoenix. The objective of this investigation is to determine the processes that control the transport of metals
through the aquifer and into the perennial stream. Research at the site has used field and laboratory investigations
and computer geochemical modeling techniques to identify many of the important reactions and processes that
occur in the plume and in perennial streamflow. As the plume moves downgradient, it is neutralized through
reaction with carbonate minerals and bicarbonate. Some metal contaminants are retarded by solid-aqueous
partitioning reactions at the pH front, whereas other contaminants are easily transported in neutralized plume
water ahead of the pH front. The contaminant load in neutralized water is discharged to Pinal Creek, where a
proportion of the metals is partitioned to solid phases on the streambed. The acidic core of the plume may
eventually reach the stream. Ongoing research seeks to constrain the large uncertainties in modeling
hydrogeochemical processes at the site. The strengths and limitations of existing computer codes to simulate the
observed geochemistry accurately are being tested. Data limitations are being addressed through detailed study of
critical redox reactions and metal-partitioning reactions between solid and aqueous phases. Estimates of
chemical mass balances at the site are being combined with results of ground-water age dating and solute tracer
studies to constrain and improve hydrogeochemical models.
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Metals in the Headwaters of the Upper Arkansas River, Colorado

Years of mining in the Leadville, Colorado, area have resulted in acid mine drainage and runofl from
numerous piles of mine wastes and tailings that contribute heavy metals to the Arkansas River. These metals are
exerting a toxic effect on aquatic life. Studies of this system have provided valuable insight into the mechanisms
of metal transport and transformation in streams affected by mine drainage. Instream transformation processes
that affect metals, including precipitation, dissolution, sorption, and photoreduction have been studied in the con-
text of tracer-dilution experiments to define hydrologic transport. These experiments, mostly conducted in St.
Kevin Gulch, which is an acidic, metal-rich stream that is a tributary to the Arkansas River, have provided an
opportunity to develop simulation models of reactive solute transport. Efforts arec now shifting to investigations
related to the response of St. Kevin Gulch to planned remediation. The results of these investigations can be
applied to many areas in the United States where abandoned metals mines are contaminating surface water.
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Arsenic Contamination in the Whitewood Creek-Belle Fourche River-Cheyenne River System,
Western South Dakota

Standard practice in the past was to discharge mining waste to the most convenient river or stream. This
practice has resulted in the degradation of surface-water quality by leaching of toxic trace elements associated
with alluvially deposited mine wastes. An understanding of the fate of arsenic and heavy metals in stream sedi-
ments is needed to effectively remediate or prevent surface-water contamination. To investigate the effect of
contaminated stream sediments and mine-waste discharges and drainage. the U.S. Geological Survey's Toxic
Substances Hydrology Program initiated a study of arsenic contamination in the Whitewood Creck-Belle Fourche
River-Cheyenne River System, western South Dakota.

Between 1876 and 1977, finely ground mill tailings were discharge to Whitewood Creek. This activity
resulted in alluvial flood-plain sediments that contain high concentrations of arsenic and trace metals. The
objectives of this project were to investigate the distribution, transport, and ultimate fate of arsenic and trace
metals in the contaminated sediments of the river system, the partitioning of trace metals between solid phases
and dissolved phases in the system, and the effect of arsenic and trace metals on the ecology of the river system.
An interdisciplinary team of researchers investigated the partitioning of arsenic between arsenopyrite (FeAsS)
and iron hydroxides in streambed sediments and suspended sediments, the identification of colloids in alluvial
seeps along Whitewood Creek, the bioaccumulation of arsenic by benthic invertebrates, and other related topics.
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Research on Flow and Transport in Fractured Rock at Mirror Lake, New Hampshire

Cleaning contaminated ground water and conducting water-quality investigations in fractured rock are
daunting tasks because very few tools are available to characterize or predict contaminant transport in fractured
rock. The goal of the research project at the Mirror Lake site in New Hampshire is to develop field techniques
and interpretive methods for characterizing fluid movement and chemical transport in fractured rock aquifers.
The field techniques and interpretive methods are to be developed from correlating information from a variety of
hydrogeologic investigative techniques, including fracture and lithologic mapping, surface and borehole
geophysics, hydraulic and tracer testing, geochemical and isotopic analyses, and ground-water flow and transport
modeling. Because of the extreme spatial heterogeneity of fractured rock, two equally important scales of
investigation have been developed as part of the fractured rock research project. The first scale of investigation is
geared toward the characterization of flow and transport processes over length dimensions that are significant to
point sources of contamination in fractured rock. Two dense clusters of wells (experimental well fields) have
been developed for this purpose. The second scale of investigation involves characterizing flow and transport
processes in fractured rock over larger length dimensions. This second scale of investigation is important in
identifying approaches for placing point sources of contamination into a regional hydrogeologic framework that
is based on sparse, spatially distributed data. A series of aerially distributed bedrock wells in the Mirror Lake
watershed has been installed for this purpose.
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Research From the Irrigation Drainage Program

In response to concemns expressed by the U.S. Congress and environmental organizations over selenium
contamination at the Kesterson National Wildlife Refuge in California, the Department of the Interior initiated a
program in 1985 to identify the nature and extent of irrigation-induced water-quality problems that might exist in
other irrigated areas of the Western United States. The program is concerned with irrigation or drainage facilities
constructed or managed by the Department, national wildlife refuges managed by the Department, and other
migratory-bird or endangered-species management areas that receive water from projects funded by the
Department. The program has the following phases associated with each area: (1) site identification,

(2) reconnaissance investigations, (3) detailed studies, (4) planning, and (5) remediation. Projects conducted
under the first three phases are carried out by interdisciplinary study teams composed of researchers from the
U.S. Geological Survey, the U.S. Fish and Wildlife Service, the U.S. Bureau of Reclamation, and the U.S. Bureau
of Indian Affairs. A U.S. Geological Survey researcher is project chief for each of the interdisciplinary study
teams. The U.S. Geological Survey participates in the last two phases under a Memorandum of Understanding
with the U.S. Bureau of Reclamation.
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Subsurface Injection of Liquid Waste in Florida

Subsurface injection of liquid waste is the emplacement of waste liquids associated with manufacturing,
sewage treatment, petroleum production, and other activities for disposal purposes into porous geologic forma-
tions. The emplacement is accomplished by pumping wastes down a well designed for waste disposal. Some
wastes, such as highly concentrated acids used in the steel industry, require wells made of specialized alloy or
fiberglass construction materials. Sandstones, unconsolidated sands, and fractured and solution-riddled lime-
stones are the typical geologic formations that are used to dispose of liquid waste.

In 1963 the U.S. Geological Survey began investigating the effects of subsurface injection of liquid wastes
from industrial and municipal sources in Florida. The reports from these studies cover the characterization of the
hydrogeology of the injection well sites and potential injection intervals, description of the injection wells, and
the geochemical and hydraulic effects of waste injection. Of particular note are studies that describe the reactions
of the injected waste with the receiving formations and the native ground water. These studies have been funded
in part by the Federal-State Cooperative Program of water resources studies and in part by the U.S. Geological
Survey Toxic Substances Hydrology Program and predecessor Federal programs from 1970 to 1991.
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Research on Ground- and Surface-Water Contamination

This section contains important research that was funded by the Toxic Substances Hydrology Program, but
does not fit into any of the other sections in this bibliography. Most of this research was conducted by the
National Research Program, which is a part of the U.S. Geological Survey’s Water Resources Division, with
funding from the Toxic Substances Hydrology Program. The National Research Program conducts basic and
applied research in support of the mission of the U.S. Geological Survey. Funding from the Toxic Substances
Hydrology Program is used for research on such topics as research on solute transport theory and the effects of
toxic substances on the environment. This section contains publications written on projects that are not involved
with Toxic Substances Hydrology Program sites. This includes a diverse set of topics that deal with the ecology
of toxic substances, ground- and surface-water hydrology, and ground- and surface-water geochemistry.
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Methods Development

Methods development is an important part of the Toxic Substances Hydrology Program. Under the
auspices of the program, researchers are developing methods for sample collection and preparation, laboratory
analysis, and data interpretation. The new methods are used to increase understanding of the movement of toxic
substances in the environment and are applied in water-quality assessments, site investigations, and remediation
programs. Examples of publications are papers on (1) the development of new analytical methods for the deter-
mination of pesticide metabolite concentrations in water, (2) sampling methods for sampling volatile organic
compounds in ground water, (3) methods to determined the age of ground water by using chloroflurocarbons,
(4) development of filtration systems to remove suspended particles from surface water for later analysis, and
(5) the application of immunoassay for the detection of pesticides in soil and water samples.
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Investigations of Contamination From Nonpoint Sources

Research on nonpoint-source contamination in the Toxic Substances Hydrology Program is conducted on
many fronts. The overall objective of the research is to improve the understanding of important controls on the
movement of contaminants from the point of application or use to ground water and surface water. It is expected
that this understanding will provide the general scientific basis to protect the quality of the Nation’s water
resources. This part of the bibliography contains sections on regional reconnaissance studies on the occurrence of
agricultural chemicals in the Midcontinent of the Unites States; research from the five Management Systems
Evaluation Areas, where researchers are studying the environmental impact of alternative farming systems;
research on the nonpoint sources of contaminants in relation to land use; an investigation of nonpoint-source
ground-water contamination and its impact on the Cedar River, Iowa; and an investigation of the fate of
agricultural chemicals in ground water near Plains, Georgia.

Research on Agricultural Chemicals in the Upper Midwest

In 1989, under the auspices of the Toxic Substances Hydrology Program, the Midcontinent Initiative was
begun to study the fate of agricultural chemicals in the Nation’s corn- and soybean-producing region. The overall
purpose of the initiative is to improve the understanding of factors that control the movement of agricultural
chemicals from the point of application to ground water and surface water. It is anticipated that this understand-

- ing will provide the general scientific basis to help develop agricultural management practices that will protect the
quality of the Nation’s water resources.

Research in the Midcontinent of the Unites States focused on the occurrence, movement, and fate of agricultural
chemicals. A series of regional reconnaissance studies were done to determine the temporal and spatial pattems of
occurrence of nitrate and selected herbicides in surface water, precipitation, ground water, and surface-water reservoirs.

Surface Water—Several reconnaissance studies were conducted to look at different aspects and scales of sur-
face water in the Midcontinent of the United States. A reconnaissance of 122 small river basins in the Midcontinent
was conducted from 1989 to 1990. Water samples were collected from 149 sites in these basins to determine the con-
centration of nitrates and selected herbicides in surface waters before and after the spring application of agricultural
chemicals. The samples resulted in a series of "snapshots” that demonstrated a spring flush of herbicides from agricul-
tural fields in the Midcontinent area. This reconnaissance was followed by an intensive temporal sampling of nine
small basins that were selected from the original 122 and a series of temporal samplings of the Mississippi River
and its major tributaries. Samples also were collected from the Mississippi River during the flooding of 1993 in
the Midwest, which also demonstrated the spring flush of herbicides from agricultural fields into the surface
waters of the Midcontinent.

Precipitation—The objective of the precipitation reconnaissance was to determine the occurrence and distribu-
tion of selected herbicides in atmospheric deposition in 23 Midwest and Northeastern States. Weekly samples of wet
atmospheric deposition were collected from 81 National Atmospheric Deposition Program/National Trends Network
sites. As a continuation of the herbicides in precipitation project, a study was initiated on the fate of herbicides in
precipitation in pristine watersheds. This study is being conducted at Isle Royale National Park, Michigan, which
also was a sampling site for the herbicides in precipitation reconnaissance. The objectives of this study are to determine
the fate of atmospherically deposited atrazine (a commonly used and detected herbicide) in a watershed where herbi-
cides are not used and to develop analytical methods to measure low-level atrazine concentrations in water and soils.

Ground Water—The objective of this two-phase reconnaissance was to determine the spatial and seasonal dis-
tribution of selected herbicides and nitrate in the near-surface aquifers of the com- and soybean-producing area of the
Midwest. The first phase was a general reconnaissance of 300 wells; the second phase resampled 100 selected wells
in order to answer questions about why herbicides were not found where they were expected during sampling in the
first phase.

Reservoirs—The objectives of the Reservoir Reconnaissance are to determine the occurrence, temporal dis-
tribution, and persistence of selected herbicides and herbicide metabolites in the outflow from 76 reservoirs in the Mid-
west and to determine if the persistence of high concentrations of herbicides in reservoir outflow can be attributed to
factors associated with reservoir and drainage basin characteristics, land use, herbicide use, and climatic differences.
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Management Systems Evaluation Areas

The Management Systems Evaluation Area (MSEA) Program is part of an interagency initiative to evaluate
the effects of agricultural management (farming) systems on water quality. The cooperating agencies of the
MSEA Program are the U.S. Department of Agriculture’s Agricultural Research Service (ARS) and Cooperative
State Research Service (CSRS), the U.S. Environmental Protection Agency, the U.S. Geological Survey, and
other Federal and State agencies. .

The general goal of the MSEA Program is to reduce the effect of agriculture on the environment through
implementation of improved farm management practices. The cooperating agencies of the MSEA Program are
collaborating on research at scales ranging from laboratory experiments to small watersheds (about 20 square
miles). The objectives of this research are to (1) measure the effects of prevailing and modified farming systems
on ground- and surface-water quality, (2) understand the processes and factors affecting the fate of selected
agricultural chemicals on ecosystems, (3) assess the effects of selected agricultural chemicals on ecosystems,

(4) assess the projected benefits to water quality of implementing modified farming systems, (5) evaluate the
socioeconomic impacts of using modified farming systems in the Midwest, and (6) transfer appropriate
agricultural technology to farmers.

Five MSEA’s were selected to represent the principal hydrogeologic settings and geographic diversity of
prevailing farming systems in the Midwest. MSEA’s in sand and gravel settings are located in Minnesota,
Nebraska, and Ohio; those in loess and till settings are located in Iowa and Missouri. Research focuses on
processes that affect ground-water quality at all MSEA’s, but processes that affect surface-water quality are also
a major consideration at the Iowa and Missouri MSEA’s.
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Research on Nonpoint Sources of Ground-Water Contamination in Relation to Land Use

In 1984, under the auspices of the Toxic Substances Hydrology Program, a program was initiated to study
nonpoint-source ground-water contamination. The objectives of the program were to investigate the relationship
of land use activities to ground-water quality and to test the transferability of these relationships to other areas.
The following areas were selected for study:

. Gulf Coastal Plain, Louisiana and Mississippi
. Long Island, New York

. Philadelphia area, Pennsylvania

. Potomac-Raritan-Magothy outcrop area, New Jersey
. Houston area, Texas

. Floridian Aquifer, Florida

. Edwards Aquifer, Texas

. Combined Regolith, North Carolina

. San Joaquin Valley, California

. Arkansas River Valley, Colorado

. Albuquerque-Belen Basin, New Mexico

. High Plains Aquifer, Kansas

. High Plains Aquifer, Nebraska

. Connecticut River Valley, Connecticut

These areas covered a variety of hydrogeologic settings, climates, and land use types; organics and trace
metals were the principal contaminants of concem. Seven of these studies (New York, New Jersey, Florida, Col-
orado, Kansas, Nebraska, Connecticut) were selected for more intensive evaluations. These studies used statisti-
cal methods to identify relations between ground-water contamination and land use.

An outgrowth of the New York and the New Jersey studies was a study of nonpoint-source contamination
in the Mid-Atlantic coastal plain. The Mid-Atlantic Coastal Plain Study concentrates on the effect of urban, sub-
urban, industrial, and agricultural land use on the occurrence of volatile organic compounds, selected pesticides,
metals, and nutrients in ground water. Additionally, the study is trying to correlate and predict the distribution
and movement of contaminants in ground water in relation to the patterns of land use.
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Transport of Nonpoint Contaminants in the Cedar River, lowa

This project describes the movement of selected agricultural chemicals between surface water in the Cedar
River and ground water in an adjacent alluvial aquifer in east-central Iowa. The selected chemicals include:
nitrate, alachlor, ametryn, atrazine, cyanazine, deethylatrazine, deisopropylatrazine, metolachlor, metribuzin,
prometon, prometryn, propazine, simazine, and terbutryn. On a small scale, chemical movements were
investigated by installing observation wells in the alluvial aquifer adjacent to the river at an unfarmed site 15
kilometers downstream of Cedar Rapids, lowa. Ground-water samples from these wells, as well as river and
other surface-water samples, were collected during base-flow conditions and selected periods of runoff from
May 1989 through July 1991. A two-dimensional ground-water flow model was used to describe quantitatively
the movement of bank-storage water into and out of the alluvial aquifer in response to rising and falling river
stages. On a large scale, the movement of agricultural chemicals from ground water to surface water was
quantified for two periods of time in 1989 and 1990 along a 117-kilometer reach of the Cedar River.
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Agricultural Chemicals in Ground Water Near Plains, Georgia

The objectives of investigations being conducted at a 2-acre research plot near Plains, Georgia, are to study
the fate and transport of agricultural chemicals in the unsaturated zone and in ground water and to test the hypothesis
that lateral transport can occur in the unsaturated zone. This interdisciplinary study was a cooperative venture of
the U.S. Geological Survey, the Agricultural Research Service (U.S. Department of Agriculture), and the U.S.
Environmental Protection Agency. Soil data from the research plot where bromide tracer and agricultural
chemicals were applied are being used to verify chemical transport and farm management models.
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Program Overview Reports and Review Papers

This section of the bibliography contains citations for two kinds of publications— those that give a
descriptive overview of the activities, objectives, and accomplishments of the U.S. Geological Survey’s Toxic
Substances Hydrology Program, and review articles that were commissioned under the auspices of the Toxic
Substances Hydrology Program or produced with Program funds. The review articles discuss the current thinking
and understanding about processes that control the transport and fate of toxic substances in the environment.
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Proceedings of the U.S. Geological Survey Toxic Substances Hydrology Program’s
Technical Meetings

This section of the bibliography lists the proceedings from technical meetings conducted under the auspices
of the U.S. Geological Survey’s Toxic Substances Hydrology Program. These meetings are conducted
approximately every 2-1/2 years. Papers are presented at the meetings on research conducted at Toxic Substances
Hydrology Program sites and on other research related to toxic substances in the environment. Individual papers
from each proceedings are listed in the appropriate section of this bibliography; for example, proceedings papers
on the Bemidji, Minnesota, site are listed in the bibliography’s section on Bemidji.
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