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THE NATIONAL RESEARCH PROGRAM OF THE
U.S. GEOLOGICAL SURVEY, WATER RESOURCES DIVISION
FISCAL YEAR 1994

Compiled by MARTHA L. NICHOLS

ABSTRACT

This report provides current information about the National Research Program (NRP) of
the U.S. Geological Survey's Water Resources Division (WRD) during fiscal year 1994.
Organized by NRP's six research disciplines—ecology, geomorphology and sediment
transport, ground-water chemistry, ground-water hydrology, surface-water chemistry, and
surface-water hydrology—the volume contains a summary of the problem, objective,
approach, and progress for each project that was active during fiscal year 1994. It also
contains bibliographic information that, because of the long-term nature of the program,
covers a 5-year period.

INTRODUCTION

This report, one in a series of annual reports, provides current information about the
National Research Program (NRP) of the U.S. Geological Survey's Water Resources Division
(WRD) during fiscal year 1994. Organized by NRP's six research disciplines, the volume
contains a summary of the problem, objective, approach, and progress for each project that
was active during fiscal year 1994. It also contains bibliographic information that, because of
the long-term nature of the program, covers a 5-year period. The bibliographic information
does not include abstracts or informal reports. Rather it contains those reports that are
readily available in the form of journal articles, U.S. Geological Survey (USGS) publications,
book chapters, or books.

BACKGROUND

The National Research Program has been an integral part of the U.S. Geological
Survey's Water Resources Division since the late 1950's. The NRP conducts basic and
problem-oriented research in support of the mission of the U.S. Geological Survey. Relevant
hydrologic information provided by the USGS is available today to assist the Nation in
solving its water problems because of a conscious decision made in years past to invest in
research. The NRP is designed to encourage pursuit of research topics aimed at providing
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new knowledge and insights into varied and complex hydrologic processes that are not well
understood. The emphasis of these research activities changes through time, reflecting the
emergence of promising new areas of inquiry and the demand for new tools and techniques
with which to address water-resources issues. Knowledge gained and methodologies
developed in this program apply to all of the hydrologic investigations of the USGS, to the
water-oriented investigations and operations of other agencies and to the general scientific
community. Through the years, many of the Geological Survey's major research and
resource assessment initiatives related to existing and emerging national water-resources
problems have had their origins in the NRP.

Since its beginning in the late 1950's, the NRP has grown to encompass a broad
spectrum of scientific investigations. The sciences of hydrology, mathematics, chemistry,
physics, ecology, biology, geology, and engineering are used to gain a fundamental
understanding of the processes that affect the availability, movement, and quality of the
Nation's water resources. Results of NRP's long-term research investigations often lead to
the development of new concepts, techniques, and approaches that are applicable not only to
the solution of current water problems but also to future issues that may affect the Nation's
water resources. Basic tools of hydrology that have been developed by the NRP include
ground-water modeling, geochemical modeling, and regional flood frequency analysis. These
and other tools developed by the NRP are in common use today throughout the USGS, in
other agencies, and in the private sector.

In consultation with NRP managers and research advisors, NRP projects set long-term
research goals. Projects typically conduct research during a period of several years as studies
progressively resolve questions of great complexity. In conducting such long-term efforts,
most projects employ a combination of detailed field observations, laboratory experiments and
analyses, and some kind of conceptual or mathematical modeling of the processes involved.
Often, NRP projects cooperate with WRD District projects and other NRP projects to conduct
multidisciplinary studies—combining, for example, ground-water flow with ground-water
chemistry or surface-water chemistry and ecology.

ORGANIZATION OF THE NATIONAL RESEARCH PROGRAM

The NRP is located principally in Reston, Virginia; Denver, Colorado; and Menlo Park,
California. A Chief, Branch of Regional Research (BRR), at each location is responsible for
managing the program and serves as a liaison with the WRD's operational program. The
Chief, BRR, reports directly to the Chief, Office of Hydrologic Research, who oversees the
entire program. Organized into about 120 projects, the NRP program has a permanent staff
of approximately 290 individuals and a nonpermanent staff that is made up primarily of
university students and faculty.

2 NATIONAL RESEARCH SUMMARY 1994



For technical administration, the NRP is subdivided into six disciplines with a Research

Adviser and Assistant Research Adviser assigned to each. The Research Advisers serve as a
peer resource to the research projects and as a technical consultant to management. The six
research disciplines, the scope of their activity, and the emphasis of current study are listed
below:

1

)

3)

Ecology.—Concerned with biological and microbiological processes that affect the quality
of water. To improve understanding of the biological effects of stress, hydrologic events,
and climatic trends, the solute composition of and solute transport in surface and
subsurface waters are investigated and studies are made of the response of organisms to
environmental factors. Current investigations include studies of the influence of
microbial processes on the fate of hazardous substances in ground water; the effect of
geochemical processes on the transfer of hazardous substances to food chains that could
include humans; the effect of hydrologic processes and associated environmental variables
on the composition of benthic and pelagic communities; the use of organisms to help
quantify and identify hydrologic events, such as floods or stress inputs; and the effect of
microbial production and transformations of organic materials in the carbon, nitrogen,
and sulfur cycles. Most studies are process-oriented and emphasize the interaction of .
physical and chemical aspects of hydrology with biological processes. The types of
hydrologic regimes included in these ecological investigations range from ground waters
to lakes, rivers and estuaries, and from coastal wetlands to forests and deserts.

Geomorphology and sediment transport.—Focuses on the understanding of channel
morphology and erosional processes that govern the source, mobility, and deposition of
sediment. Currently, research is aimed primarily at providing the capability for
deterministic and stochastic modeling, modeling sediment transport in alluvial channels,
and assessing the causes of changes in stream-sediment loads with time and the rates at
which rivers adjust to changes in the quantity of water and sediment contributed to the
channel.

Ground-water chemistry.—Concerned with inorganic, organic, and biochemical reactions
affecting natural and contaminated water in relation to mineralogic, geochemical, and
hydrologic conditions in the ground-water environment. Laboratory research includes
studies of the kinetics and mechanisms of electron-transfer reactions between mineral
surfaces and aqueous solutions, the adsorption behavior of inorganic and organic solutes
on particulate surfaces, the kinetics of silicate and carbonate mineral dissolution and
crystal growth, isotopic fractionation in mineral-water-gas systems, the exchange
properties of clays, and the thermodynamics of solubility and coprecipitation phenomena.
Field studies involve controls of mineral-water-gas reactions in a wide variety of
hydrochemical environments including shallow ground-water systems, regional aquifer
systems, deep sedimentary basins and subsurface brines, geothermal systems, freshwater-
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®

(6

4

saltwater interfaces, and the unsaturated zone. Studies include investigations of the
degradation of organic matter and attenuation of toxic metals in environmentally stressed
hydrochemical environments, relations between water quality and human health and
disease, and physical and chemical processes affecting dispersion of dissolved solutes.
Extensive applications of isotope data are made to identify water sources, cross-
formational leakage, water age, paleoclimatic conditions, and reactants and products in
the ground-water environment. Current modeling research focuses on the speciation of
metals and other dissolved solutes in natural and contaminant waters, prediction of the
thermodynamic properties of mineral-water reactions in ground-water systems, including
brines and other highly saline fluids, prediction of chemical and isotopic evolution in
water-rock systems, and age-dating ground water. ‘

Ground-water hydrology.—Focuses on developing understanding and techniques for
evaluating and predicting the quantity and quality of water moving through porous and
fractured media in order to effectively manage ground-water resources. Research into the
role of the unsaturated zone is being conducted to provide information needed to evaluate
ground-water conservation and management practices, such as artificial recharge,
phreatophyte control, and the reduction of evapotranspiration. Currently, investigations
of land subsidence are underway as are studies to determine how fracture zones,
permeability distributions, and geothermal conditions affect, or are affected by,
subsurface hydrologic processes. Comprehensive studies in borehole geophysics are
being conducted to improve the resolution and effectiveness of these subsurface
techniques. Efforts also are being made to develop new models and to refine existing
two- and three-dimensional models for use in understanding flow and solute transport in
porous media in both the saturated and unsaturated zones. Parameter-estimation
techniques to enhance and assess model accuracy also are being developed.

|
Surface-water chemistry.—Involves an assessment of natural and m\)ntaminant chemicals in
water and sediment, as well as the study of fundamental chemical and biochemical
processes that affect the movement of organic and inorganic solut%:}s and gases through
primarily surface-water systems. Projects now underway include icharacterization of
natural and manmade organic substances, identification of organic pollutants in natural
waters, interaction of trace metals and radionuclides with natural organic substances and
sediments, study of biodegradation processes of organic compounds, study of climate and
carbon fluxes, hydrochemistry and paleoclimatology in arid regions, investigations of
nutrient and metal fluxes in natural-water systems, study of the effect of contaminated
precipitation on corrosion of building materials, and study of the effects of acid rain on
water quality. ;
I
Surface-water hydrology.—Stresses studies to develop understanding and techniques
needed to improve the ability to predict the occurrence, distribution, movement, and
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quantity of the Nation's surface-water resources, and to explain quantitatively how these
resources may be affected by natural or human-induced changes. Ongoing projects
generally can be grouped into studies of: (a) all hydrologic processes that govern the
infiltration, evapotranspiration and runoff from basins, especially as they relate to an
analysis of the effect of land uses such as surface mining, agriculture, and urbanization;
(b) the laws of random processes and how these laws are related to the statistics of
extreme events, such as floods, droughts, or other natural hazards; the areal distribution
of hydrologic information; and the accuracy and reliability of deterministic models of
hydrologic systems; (c) the hydraulics or hydrodynamics of flow in single or multi-
dimensional surface-water systems, and how this flow is related to the safety and welfare
of people that encroach on the water body; (d) the sources, transport, and fate of
constituents that are related to water quality in surface waters; and (e) the accumulation,
movement, and melting of snow or ice, particularly the ways in which the presence of
affects climate, water supply, and (or) safety.

TECHNOLOGY TRANSFER

The dissemination of the new understanding and techniques that are developed by the

research projects is considered an important NRP activity. Results from NRP studies are

ublished in appropriate publication outlets to assure wide dissemination of research results.

utlets include refereed scientific journals and USGS Water-Supply Papers and Professional

pers. Knowledge of new techniques for hydrologic investigations, such as: sampling
methods, laboratory methods, or mathematical models, and other research results is
transferred to the scientific community and to the public through presentations at professional
society meetings and other scientific and public gatherings as well as through publications.
Furthermore, to disseminate research knowledge within and throughout the USGS, project
personnel conduct appropriate USGS training courses, collaborate with and advise other
USGS scientists, and provide technical programmatic advice to USGS management.

\

This report is intended to help with technology transfer by describing the work in
progress, the expertise, and most importantly the publications produced by the NRP. Readers
are encouraged to seek copies of these publications from the specific NRP project that
prepared them. Addresses and phone numbers of Project Chiefs are provided in the text.
For the reader's convenience two appendices are provided. The first is arranged
alphabetically by the name of the Project Chief and the second is arranged alphabetically by
topic.
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ECOLOGY

TITLE: Interactions Between Organic Solutes and Trace Metals in Natural Waters,
and Their Ecological Role (CR 84-286)

PERSONNEL: Diane M. McKnight, Project Chief

Debra A. Litwin, Secretary James McGutchen, Student
Richard A. Harnish, Hydrologist (University of Colorado)
Michael W. Anthony, Student Sarah A. Spaulding, Student,

(Colorado State University)

ADDRESS: U.S. Geological Survey
3215 Marine Street
Boulder, CO 80303

TELEPHONE: (303) 541-3015

PROBLEM: Aquatic humic substances and other classes of dissolved organic material
present in natural waters can control the biogeochemistry of trace metals and other solutes
and can influence ecological processes in lakes and streams. The nature and reactivity of the
dissolved organic material is in turn influenced by biological, chemical, and physical
processes occurring in the aquatic environment. Recent advances in isolating and
characterizing different fractions of the dissolved organic carbon (DOC) and in measuring
rates of microbial processes can be used to advance the understanding of the dynamic
relationship between aquatic biota and dissolved organic material and trace metals in different
environments.

OBJECTIVE: (1) Determine the processes involved in the biogeochemistry of dissolved
organic material and selected trace metals in several aquatic environments; (2) Describe the
temporal and spatial dynamics controlling the concentration and chemical speciation of trace
metals and DOC in aquatic environments; (3) quantify carbon and nutrient flux and other
ecological processes involving dissolved solutes in aquatic ecosystems over a range of spatial
and temporal scales.

APPROACH: (1) Use conventional and newly-developed methods to isolate and characterize
aquatic and humic substances and other organic acids from samples collected at several on-
going field sites; (2) conduct potentiometric titrations and other laboratory experiments to
determine the dependence of copper and iron complexation by humic substances and other
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organic fractions on pH and counterion concentration; (3) conduct field studies of
biogeochemical interactions between dissolved organic material and trace metals. Field sites
include two mountain streams, a shallow ground-water system and several lakes in Colorado;
(4) conduct field research at lakes and ponds in the Dry Valleys in Antarctica to determine
the carbon and nutrient cycling in ecosystems with only autochthonous production by algal
and microbial processes; (5) Evaluate global scale interactions involving dissolved organic
material and trace metals.

PROGRESS: A study of the temporal and spatial dynamics of trace metals and natural
organics in St. Kevin Gulch, a mountain stream, has shown that even at neutral pH,
photoreductive dissolution of hydrous iron oxides is an important process. We characterized
dissolved fulvic acids and colloidal organic material from three lakes in Loch Vale, the
Water, Energy, and Biogeochemical Budgets (WEBB) site in Rocky Mountain National Park.
We found that colloidal organic material was a more important fraction in the subalpine lake
than in the alpine lake where algal organic sources predominate. In previous research, we
have developed a way to evaluate dissolved organic carbon (DOC) sources by plotting atomic
C/N ratios versus the ratio of aromatic and aliphatic carbon. We are examining this approach
in Loch Vale by segregating samples from the alpine and subalpine parts of the watershed.
We are conducting a study of polar desert lakes and streams in Antarctica, through the
National Science Foundation (NSF)-Division of Polar Programs supported Long-Term
Ecological Research (LTER) project. This past season the antarctic research included
measurements of streamflow, mapping of algal distribution, and quantification of geochemical
reactions in the substream zone. We have conducted a study of radionuclide transport at the
Rocky Flats Plant; results indicate that interaction with organic-rich colloids are important in
transport, and that complexation by dissolved fulvic acid controls the chemical speciation of
dissolved plutonium.
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TITLE: The Role of Chemical Fluxes in the Biogeochemistry of Inland Surface
Waters, Including Lakes, Reservoirs, and Wetlands (CR 85-293)

PERSONNEL: James W. LaBaugh, Project Chief
Evelyn R. Warren, Office Auto. Assist.
Lana K. Gerlick, Office Auto. Clerk

ADDRESS: U.S. Geological Survey
P.O. Box 25046, MS 413
Denver Federal Center
Denver, CO 80225

TELEPHONE: (303) 236-4989

PROBLEM: Most studies of the biogeochemistry of inland aquatic ecosystems have been confined
to processes within the water body. The effect of ground-water fluxes to the water body on ecosystem
biogeochemical processes has been ignored. Detailed studies of all external chemical fluxes and their
relationship to the supply and loss of biologically important chemical elements are virtually
nonexistent, particularly for aquatic ecosystems lacking channelized surface-water inflow and outflow.
Research on these external fluxes and their quantitative significance is critical for decision makers
responsible for water quality and biological productivity of lakes, reservoirs and wetlands.

OBJECTIVE: The primary objective of hydrological-biogeochemical interaction research is to
understand relative contribution of all hydrologic processes controlling fluxes of biologically important
chemical elements between surface waters and their watersheds. The importance of different transport
pathways affecting the supply and loss of those elements from surface water will be quantified.
Although this research will emphasize experimental field work, conceptual models of hydrological-
biological interactions will be used to identify important mechanisms to be investigated further in the
field.

APPROACH: The supply and loss of biologically important chemical elements in surface waters
(lakes, reservoirs, wetlands) will be quantified by field sampling and experimental studies at existing
experimental field sites that have been the subject of intensive hydrologic research including onsite
measurement of the entire hydrologic cycle. Field data will be used to develop empirical models and
calibrate conceptual models of hydrological-biogeochemical interactions.

PROGRESS: Coauthor of one published report (U.S. Geological Survey Water Fact Sheet) and two
reports in press (journal-Limnology and Oceanography, and U.S. Geological Survey Public Issues in
Earth Science Circular), two reports submitted to journals, a chapter written for U.S. Fish and
Wildlife Service Biological Report submitted for Survey approval, and two chapters written for U.S.
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Geological Survey Water Supply Paper (all of the latter five as senior author). Prairie wetlands in the
same wetland complex (Cottonwood Lake area, North Dakota) were found to respond in different
ways to common changes in climate conditions over a 27-year period of study puncutated by
intermittent wet and dry conditions, including drought and high water levels of historic magnitude.
These data indicate the importance of understanding the hydrological processes that result in changes
in aquatic ecosystems before those changes are used to interpret changing climate conditions.
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56-90. Shingobee River headwaters area: U.S. Geo-
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1991, Spatial and temporal variation in Report 93-446, 2 p.
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p. 1588-1594.

LaBaugh, J.W., in press, Prairie pothole wetlands,
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Circular 1095, 32 p.
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Aquatic Ecosystems in semi-arid regions:
Saskatoon, Saskatchewan, Environment
Canada, The National Hydrology Research
Institute Symposium Series 7, p. 149-162.

McConnaughey, T.A., LaBaugh, J.W., Reddy,
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TITLE: Microbial Transformation of Dissolved Organic Carbon in Aquatic Environments
(CR 86-295)

PERSONNEL: Richard L. Smith, Project Chief
Betty L. Callahan, Secretary
Myron H. Brooks, Research Chemist
Craig Walker, Student

ADDRESS:  U.S. Geological Survey
3215 Marine Street
Boulder, Colorado 80303

TELEPHONE: (303) 541-3032

PROBLEM: Although it is recognized that micro-organisms play an important role in the
transformation of organic compounds in aquatic habitats, very little is known about the exact nature of
these transformations in either pristine or contaminated environments. Within the context of in situ
environmental conditions, the mechanisms, pathways, rates, and factors controlling carbon cycling by .
micro-organisms are poorly understood; however, these particular processes can significantly affect
the entire range of biogeochemical and geochemical processes occurring within the aquatic
environment.

OBJECTIVE: Study the mechanisms, pathways, and rates of transformation of organic compounds
(natural and contaminant) mediated by micro-organisms in aquatic habitats and identify some of the
factors controlling these transformations. Examine the effect that these transformations have upon
other biogeochemical processes.

APPROACH: Select a pristine alpine stream, an amictic Antarctic lake, and a sewage-contaminated
aquifer as the habitats of primary focus. Determine microbial processes in both water and sediment
samples by use of tracer techniques for laboratory and field studies. Develop sample-handling
techniques needed to maintain in situ conditions. Employ experiments with isolated cultures of
micro-organisms, when necessary, to help interpret the results obtained with natural samples.

PROGRESS: (1) A field trial was conducted to investigate denitrification (the microbial reduction of
nitrate to nitrogen gas) as a bioremediation mechanism to treat nitrate contamination in ground water,
Sodium formate was continuously injected for 16 days into a nitrate-contaminated aquifer to stimulate
in situ denitrification. The experiment was successful. The injection reduced ground-water nitrate
concentrations by 73 percent at a sampling well located 10 meters downgradient from the injection
well. However, the response time by the ground-water bacteria was longer than anticipated and nitrite
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concentrations increased. Therefore, more research is needed to learn how to better apply the
approach to the ground-water environment.

(2) A natural gradient tracer test was conducted at the USGS ground-water toxics site at Cape Cod,
Massachuseets, using >N enriched nitrate to measure the in situ, endogenous activity of denitrifying
bacteria in a nitrate-contaminated sand and gravel aquifer. Enrichment of >N in nitrite, nitrous oxide,
and nitrogen gas was detected after 30 days of transport, but the rate of activity was slow as compared
to the rate of nitrate transport. A transport model that can be used to determine the rates of the
individual steps of the denitrification pathway based on these breakthrough curves is currently being
developed. The tracer test-model approach will be applicable to measure other terminal electron-
accepting, microbial processes in ground water.

(3) A study was completed testing the ability of a genetically-engineered micro-organism (GEM) to
survive in sewage-contaminated ground water. The purpose was to test the utility of using GEMs for
ground-water bioremediation and to determine whether they could compete with indigenous
populations of micro-organisms for the long term in different geochemical conditions. The organism
that we tested survived for more than 15 months in contaminated ground-water, but rapidly declined in
uncontaminated areas. We used gene probes specific for the organism, to conclude that there was
some potential for gene exchange between the introduced bacterium and the native ground-water
populations.
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ber, L.B., Metge, D.W., and Scholl, M.A.,

stances Hydrology Program—Proceedings of

the technical meeting, Phoenix, Ariz.,
September 26-30, 1988: U.S. Geological
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TITLE: Characterization of Biotic and Biogeochemical Interactions at Environmental
Interfaces (CR 91-320)

PERSONNEL: Robert G. Striegl, Project Chief

Evelyn R. Warren, Secretary Patrick G. Hern, Student

Edward A. McConnaughey, Hydrologist (University of Colorado)
Kimberly Wickland, Biologist Catherine Michmerhuizen, Student
Lana K. Gerlick, Clerk (University of Minnesota)

ADDRESS:  U.S. Geological Survey
P.O. Box 25046, MS 413,
Denver Federal Center,
Denver, CO 80225

TELEPHONE: (303) 236-4993 .

PROBLEM: Recent increases in the atmospheric concentrations of carbon dioxide and methane
have emphasized the need for a more complete understanding of the processes that control carbon
transfer among air, land, and water. Knowledge of the amount, rate and chemical form of carbon
transfer across environmental interfaces, such as the land-air and water-air interfaces, is of particular
importance. These fluxes are commonly controlled by a combination of physical, biological, and
chemical processes at or near the interface. Isolation of the primary mechanisms that determine
carbon transfer across the interface allows for development of process-based models that can be used
for carbon mass-transfer estimates at the ecosystem or landscape scale. This process-based knowledge
is also useful for prediction of the long-term effects of land- or water-use change on carbon mass
transfer rates. -

OBJECTIVE: Characterize and quantify the carbon transfers that naturally occur across
environmental interfaces, and isolate the physical, biological and chemical controls of those fluxes.
Where possible, evaluate the effects of environmental change on the observ¢qi interactions. Develop
process based models that explain field and laboratory observations. ‘

APPROACH: Select field sites that represent a range in abiotic and biotic conditions that control
carbon transfer across environmental interfaces, and systematically measure relevant control variables
and fluxes. Conduct field and laboratory experiments to test hypothesized interactions. Current
investigations are focused on characterization of carbon dioxide and methane transfer across land-air
and water-air interfaces. Emphasis is placed on the physical and geochemical properties that control
carbon dioxide and methane transport and on factors that control the productlon and consumption of

these gases by microbiota in soil, fresh water, and sediments.
|

20 NATIONAL RESEARCH SUMMARY 1994



ECOLOGY

PROGRESS: Research is underway at the Boreal Ecosystem Atmosphere Study (BOREAS) site in
Saskatchewan, Canada. We are studying the influence of forest clear-cut practices on carbon dioxide
and methane flux in Jack Pine forest.

A test hole was drilled to the water table in the Amargosa Desert, Nevada, and gas sampling ports
were installed throughout the overlying unsaturated zone. Study of the upward migration of carbon
dioxide and water vapor from the water table to the atmosphere is ongoing.

Study of methane cycling in the North temperate lakes region indicate that up to 80 percent of CH,
released from lake sediments is oxidized in the water column. The remainder is released to the
atmosphere. Spring release of CH, accumulated in lake water under-ice cover was measured at 20
lakes in Minnesota and Wisconsin during the spring of 1993. The magnitude of these fluxes was
related to lake landscape position and hydrogeologic setting. Springtime CH, flux estimates are being
made for the United States portions of the north temperate lakes region. Measurements of
atmospheric CO, exchange with lakes at the Interdisciplinary Research Initiative (IRI) site indicate that
some lakes in the same watershed continually de-gas CO, throughout the summer, while others
continually uptake CO,. Chemical and biological control of these processes are being studied.

Numerical modeling of gas movements in and near static chambers placed on the soil surface indicates
that the chambers substantially under measure actual flux. The chambers actually disrupt the gradient
(and decrease the flux) that they are intended to measure. Field measurements verify the predicted
decrease.
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McConnaughey, T.A., 1991, Calcification in Chara Shen, G.T., Cole, J.E., Lea, D.W., Linn, L.J.,
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Calcium proton exchange during algal
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Society Symposium Series, no. 416, chap. 15,
p. 202-210.
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TITLE: Interdisciplinary Research Initiative (IRI) at the Shingobee Headwaters Research
Area, Minnesota (CR 90-323)

PERSONNEL: Thomas C. Winter, Project Chief
Dennis Merk, Technician /

ADDRESS: U.S. Geological Survey
P.O. Box 25046, MS 413
Denver Federal Center
Denver, CO 80225

TELEPHONE: (303) 236-4987

PROBLEM: Many advances in hydrologic research are limited by the lack of communication
between specialists in the large number of disciplines involved in studying the hydrologic system. For
example, nearly all specialists need estimates of the fluxes to and from the component of the
hydrologic system with which they are dealing. Lack of interaction among specialists studying the
interfaces of hydrologic components such as at the ground-water-surface-water interface, or the earth-
atmosphere interface has stymied progress in understanding the mutual interdependence of physical,
chemical and biological processes on the site scale as well as on the landscape scale. Ecosystems that
integrate all components of the hydrologic system and all phases of matter, such as lakes, are in
greatest need of interdisciplinary research.

OBJECTIVE: The Interdisciplinary Research Initiative (IRI) was designed to focus attention on lakes
and their contiguous watersheds. Lakes were selected because they are important aquatic systems that
integrate a large number of processes within their watersheds, and they have great importance to
society. Initial efforts will focus on the carbon cycle at two contrasting lakes and a few wetlands.

APPROACH: The basic question with respect to comparing carbon cycling processes relates to lake-
water residence time: how do lakes that have a short residence time because of large streams entering
and leaving them and that are presumably dominated by external fluxes, differ from those that have a
long residence time because they have no streams or very small streams entering and leaving them and
that are presumably dominated by internal cycling? Field experiments for both terrestrial and aquatic
systems will be selected jointly by all interested specialists and sampled for physical, chemical, and
biological characteristics so that all involved will be working with a common data base on common
problems.

PROGRESS: In addition to continuing to monitor a large array of climate variables, ground-water

levels, and stream discharge, specific research at the IRI site concentrated on: (1) biogeochemistry of
the hyporheic zone along the Shingobee River, (2) present and paleo-ecological characteristics of the
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Little Shingobee fen, (3) small-scale hydrologic and geochemical processes in the near-shore and
hyporheic zones on the inflow and outflow sides of Williams Lake, and (4) gas fluxes from Williams
Lake following ice-melt.

The study of small-scale ground-water flow and geochemical processes along the edge of Williams
Lake involved collection of hydraulic head gradients and water samples for major ion chemistry and
environmental isotopes along two transects on the inseepage side and two transects on the outseepage
side of the lake. The data were collected during two field trips, immediately after ice-melt in spring
and in midsummer. The head and chemistry data both indicated the commonality of flow reversals
related to focused recharge that occurred in early spring due to snowmelt and spring rains.

The paleoecological studies of the fen and of the lake sediments indicated that the major climate
changes that occurred since the last ice age are recorded in the sediments at the study site. This
record will be useful in relating the present day processes that are being monitored and studied to
climate changes over the past 13,000 years.

The studies of the hyporheic zone along the Shingobee River have indicated the importance of
understanding the biogeochemical transformations that take place in the several decimeters of sediment
directly underlying the river. These studies have been expanded to include the relatively large
contribution of water and solutes from springs along sections of the river bank.

A large number of papers reporting results from the IRI studies were presented at scientific meetings,
including, the Geological Society of America, Minnesota Lakes Association, American Geophysical
Union (fall meeting), American Geophysical Union (Ocean Sciences Meeting), North American
Bethological Society, American Chemical Society, American Society of Limnology and
Oceanography, Society of Wetland Scientists, and the American Quaternary Association. The fall
American Geophysical Union meeting had nearly half of a session devoted to IRI and the Society of
Wetland Scientistis meeting had a full session devoted to the Little Shingobee fen.
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TITLE: Limnological Phenomena in Impounded Rivers (CR 91-325)

PERSONNEL: G. Richard Marzolf, Project Chief
Darlene Puhr, Secretary

ADDRESS: U.S. Geological Survey
P.O. Box 25046, MS 458
Denver Federal Center
Denver, CO 80225

TELEPHONE: (303) 541-3040

PROBLEM: Dams have been built in this century that impound virtually all major rivers in the
United States. The purposes vary and include flood control, navigation, hydropower generation, and
storage for irrigation and domestic uses. About 2,500 reservoirs of 5,000 acre-feet or more, store
about 480 million acre-feet, about 1/4 of the annual runoff. Storage capacity is dominated by large
reservoirs such that the 600 largest store more than 90 percent of the total. Lake Powell, behind Glen
Canyon dam, stores water (about 27 million acre-feet) in the upper basin of the Colorado River for
controlled release according to the Colorado River Compact (8.23 million acre-ft per year) and to
generate electricity for sale to consumers in the southwestern United States (about 80 percent of the
generating capacity of the Colorado River Storage Project). Phenomena that control the quantity
(evaporation, losses to ground water, consumptive uses in the basin, regional drought or El Nifio
effects, and so forth) and (or) quality (salinity (chemistry), productivity, sediment-water column
exchange, and so forth) of Lake Powell waters are not understood.

OBIJECTIVE: General: To continue review of literature and of historic data sets, to continue field
reconnaissance, and to development long-term monitoring and research with the National Park Service
and the Bureau of Reclamation, the agencies with management and regulatory responsibility for Lake
Powell.

Specific: To initiate investigation of basic processes that mediate water quality in Lake Powell; and, to
couple understanding of processes in Lake Powell to management of water quality of the Colorado
River in the Grand Canyon National Park.

APPROACH: Several approaches have been explored, including (1) using of LANDSAT imagery,
(2) examining sediment and benthic chemistry, (3) examining productivity and water chemistry work
in the tailwaters of Glen Canyon Dam, and (4) initiating work on nutrient and trophic gradients in
Navajo Canyon.
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PROGRESS: Physical processes and biological responses: The reconnaissance profiling work in Lake
Powell with data logging conductivity/temperature/depth (CTD) instrumentation that was started in
1992 is now complete.

Sediment chemistry and benthic phenomena: The sampling phase of this study is complete. In the
1993 "shake-down" phase, 40 sediments cores and 30 benthic invertebrate samples were collected
from transects across the Colorado River arm of Lake Powell from near Hite, Utah, to Lower Good
Hope Bay in Lake Powell. Preliminary analysis of these cores was performed and used in the design
of 1994 sampling. The same transects of the Colorado River arm were revisited and a parallel set of
cores and benthic invertebrate samples were collected from sediments in the San Juan arm (from
Nokai Wash to Upper Piute Bay). There are about 140 cores in this set. The analysis has been
delayed by a shortage of technical help but it should be completed by fall 1994.

Diel cycles in the Lees Ferry tailwater: Hypolimnetic water from Lake Powell, released through Glen
Canyon Dam, is clear and cold (7-12°C since the reservoir first filled in 1981). The nitrate
concentration is high (0.30-0.40 mgN/L). Ammonia and soluble phosphorous concentrations are low
(less than detection limit of 2.5 fg N or P/L).

Estimates of the magnitude of primary production have been difficult to achieve in this reach of the
river. Cladophora is not evenly distributed on the substrate, so even precise measurement of carbon
fixation or photosynthetic oxygen production on a given piece of substrate placed in a chamber for the
measurement, yields the statistical problem of assessing the spatial variation and calculating an integral
rate of photosynthesis for the reach.

The approach of measuring diurnal changes in ambient oxygen concentrations is compromised by high
turbulence, crude bed roughness estimates required to assess it and the resultant diffusive exchange
with the atmosphere. All this may "swamp" photosynthetic oxygen addition beyond useful correction.
However, oxygen concentrations at the dam are often below saturation and the few measurements that
have been made suggest that full aeration is not realized until some distance below the Paria riffle,
some 30 km downstream from the dam.

Similarly diel changes in nitrate concentrations are difficult to observe because the NO;-N
concentrations are so high. Diel ammonia or phosphorus changes were not seen because
concentrations were below detection limits on rare occasions when those observations were made.
The search for chemical changes mediated by photosynthetic activity will require careful measurement
and analysis at short time intervals through a diel cycle.

The most likely time to observe such change is when Cladophora biomass is high, when daylength is

maximal, when discharge is low, and when measurements are made in water near the shore (brighter
light, lowest turbulent dilution).
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A minimum flow of 227 m%/s (8,000 ft*/s) for aerial photography in Grand Canyon was scheduled for
three days at the end of May 1994. Short interval sampling on the second of these days (3 sensors
sampling at 4 minute intervals and water sampling at 15 minute intervals from before dawn until after
dark) revealed significant changes in temperature, pH, oxygen concentration, specific conductance,
nitrate, and total soluble phosphorus. Analyses are incomplete but the approach has been shown to
yield interpretable information, so investigation will continue.
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TITLE: Interaction of Bacteria with Environmental Contaminants and Solid Surfaces in the
Aquatic Environment (CR 91-327 formerly WR 86-191)

PERSONNEL: Ronald W. Harvey, Project Chief
Betty L. Callahan, Secretary
David W. Metge, Hydrologist

ADDRESS: U.S. Geological Survey
3215 Marine Street
Boulder, Colorado 80303-1066

TELEPHONE: (303) 541-3034

PROBLEM: Although efforts have been made to explain the behavior of heavy metals and
refractory organic contaminants in aquatic habitats in the framework of known geophysical and
geochemical processes, much remains to be learned about the role of bacteria in such behavior. Of
particular interest are bacteria-contaminant interactions in ground water. Because of the persistence of
some contaminants in the subsurface environment and because of increasing demands for both high-
quality ground water and on-land disposal of toxic chemicals and radioisotopes, these interactions
should remain important environmental problems for the next few decades. Because significant
biotransformation/biodegradation of many environmental contaminants in aquifers and particle-laden
surface waters can occur at particle surfaces, explanations for bacteria-contaminant interactions in such
environments should take the presence of particles into account.

OBJECTIVE: Provide some of the microbiological information necessary for realistic predictions of
contaminant behavior in aquatic environments. Obtain information on specific mechanisms of
interactions between environmental contaminants and aquatic bacteria, taking into account adsorption,
active uptake, competition, biotransformation reactions, interaction with extracellular polymers, effects
of nutrient and physicochemical gradients, and effects of particle surfaces. Investigate the effect of
nutrient and physicochemical conditions on subsurface transport of bacteria (because the role of
bacterial transport on the fate of environmental contaminants in ground water is unknown).

APPROACH: (1) Study the influence of solid surfaces on microbial activity and mobility in particle-
laden aquatic environments, particularly freshwater aquifers; (2) study the effect of organic
contaminants on the distribution, transport, and activity of the bacterial population and the nature of
the microbial community in ground-water habitats; and (3) conduct flow-through column experiments
to assess the role of adherent bacteria on the mobility and fate of selected inorganic and organic
contaminants in simulated aquifer environments. Conduct flow-through column experiments to
investigate factors affecting sorption and movement of bacteria in porous media.
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PROGRESS: Three papers on subsurface microbial transport and one paper on bacterial communities
in contaminated groundwater were published. Research was completed on the initial ground water-
protozoa grant funded by the National Science Foundation (NSF) (Principal Investigators: Nancy
Kinner (University of New Hampshire (UNH)), Ronald Harvey (U.S. Geological Survey (USGS)),
and Colin Curds (the Natural History Museum (NHM), London)]. Four papers involving results from
this research were presented at the International Symposium on Subsurface Microbiology (Bath,
United Kingdom, September 1993). Research was started on a new (continuation) NSF grant focusing
on the role of protozoa in groundwater microbial communities and in the fate of subsurface organic
contaminants at the USGS Cape Cod Toxic Substances Hydrology Research Site. The research again
involves a collaborative effort between the USGS, UNH, and NHM. Graduate students from the
University of Colorado (CU), working in the USGS Boulder research facilities on a joint U.S.
Environmental Protection Agency (USEPA) grant to the USGS and CU, successfully radiolabelled
selected components of PRD1 phage (bacteria-specific virus) by adding radiolabelled compounds to
chemically-defined, minimal media containing its growing host. This allowed important new
information to be collected on both the transport behavior and inactivation rate of the virus under
different geochemical conditions in flow-through, porous media columns. A series of ground water
injection and recovery experiments to examine the effects of surfactants and geochemical conditions
upon the transport behavior of virus, virus-sized microspheres, protozoa, and bacteria was initiated at
the USGS study site in Cape Cod. Collaborators include UNH, CU, and Oregon State University
(OSU). Funding is provided by the USGS, NSF, USEPA, and National Geographic Society. Dave
Metge (USGS) demonstrated the strong pH-dependency of bacterial sorption in the presence of
selected dissolved organic contaminants in saturated columns of aquifer sediments. The 1993 editor's
citation for excellence in reviewing was awarded to Ron Harvey by the editor-in-chief of Water
Resources Research. Ron Harvey also co-organized a series of microbiology sessions for the Second
International Conference on Ground Water Ecology (Atlanta in March, 1994).
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TITLE: Effects of Toxic Substances on Aquatic Communities
(CR 92-337 formerly WR 75-137)

PERSONNEL: Harry V. Leland, Project Chief
Debra A. Litwin, Secretary

ADDRESS: U.S. Geological Survey
3215 Marine Street
Boulder, CO 80303

TELEPHONE  (303) 541-3021

PROBLEM: Water pollution is principally a biological problem in that its primary effect is on
aquatic organisms. Yet, most pollution assessment emphasizes the measurement of chemical and
physical variables rather than responses of aquatic organisms to these variables. There are several
reasons for this contradictory emphasis on physiochemical variables, but perhaps the most compelling
is the lack of predictive information on responses of aquatic organisms, singly or in association, to
specific environmental factors. There is a need to evaluate the predictability of measurements based
on such biological responses with a view towards their greater acceptance in water-quality assessment
and towards development of methods for objectively defining relationships among biological and
physiochemical variables in aquatic ecosystems.

OBIJECTIVE: Determine through detailed studies of organisms, simplified ecosystems, and natural
sites, the extent to which waterborne contaminants and (or) disturbance affect the production and
structure of aquatic plant assemblages and the growth and reproductive capacity of aquatic animals.
Evaluate methods assessing effects of chronic exposure to contaminants and (or) disturbances on
individual species and natural aquatic communities.

APPROACH: Evaluate methods for assessing effects of waterborne contaminants released to the
environment, including tests of embryogenesis and growth in fishes, survival of critical life stages of
aquatic invertebrates, and population growth rate of algae. Determine physiochemical factors
affecting responses and bioaccumulation of these contaminants. Evaluate methods and results of
laboratory studies by field experiments. Determine the utility of biological test methods for detecting
and monitoring environmental concentrations of toxicants. Examine the factors (physiochemical and
biological) influencing responses of natural aquatic communities.

PROGRESS: The project chief provided continuing support to national, regional and study-unit
National Water Quality Assessment (NAWQA) personnel in the development of the ecological
assessment element of the program. Integrated analyses of data on distributions of aquatic
communities, water quality and physical characteristics (basin-, segment-, reach- and microhabitat-
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scales) of the Yakima River Basin in Washington and the San Joaquin River Basin in California were
completed. "Distributions of Phytobenthos in the Yakima River Basin, Washington, in Relation to
Geology, Land Use and Other Environmental Factors" is the first report from pilot ecological
investigations in the NAWQA program. It describes an appropriate approach for integrating
biogeographic, physical and chemical-quality data for synoptic (spatial distribution) studies in other
NAWQA study-units. Reports prepared on the composition and structure of aquatic communities
(phytoplankton, periphyton and benthic invertebrates) of the San Joaquin River and its tributaries in
relation to water quality, instream/riparian habitat, and land use consider both spatial and temporal
trend analyses. Three reports on San Joaquin River investigations are in review or preparation. The
San Joaquin River studies provide NAWQA study-unit biologists an appropriate approach to temporal-

trend assessment.
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TITLE: Remote Sensing and Ecological Research in Wetlands (NR 73-090)

PERSONNEL: Virginia P. Carter, Project Chief
Carol L. Padgett, Secretary
Nancy B. Rybicki, Hydrologist
Christopher Lewis, Hydrologic Aid

ADDRESS: U.S. Geological Survey
430 National Center
12201 Sunrise Valley Drive
Reston, VA 22092

TELEPHONE: (703) 648-5897

PROBLEM: Wetlands are hydrologically controlled ecosystems essential to estuarine, marine,
lacustrine, and riverine productivity. To improve our understanding of these ecosystems we need
information on (1) wetland hydrologic variables/budgets and their relation to wetland vegetation and
nutrient cycling; (2) wetland dynamics and boundary fluctuations; (3) wetland functions and values;
and (4) short- and long-term temporal changes. Wetland plants may serve as sensitive hydrologic
indicators of water-quality parameters such as salinity, turbidity, pH, nutrients; presence of various
pollutants; or frequency and duration of inundation.

Submersed aquatic wetlands have many functions including (1) providing habitat for invertebrate
species; (2) providing food and (or) shelter for juvenile and adult fish, waterfowl, and other wildlife;
(3) retarding flow velocities, stabilizing bottom sediments, and slowing erosion; and (4) oxygenating
the water, recycling or transforming nutrients and heavy metals. Decline or disappearance of aquatic
plant communities or overgrowth of submersed vegetation under nutrient-enriched conditions is of
concern to scientists, ecologists, environmentalists, and managers. The facto;s affecting distribution
and abundance of submersed aquatic vegetation and the effect of submersed aquatlc vegetation on
water quality are poorly understood.

OBJECTIVE: (1) Determine factors responsible for the changing distributiomof submersed
macrophyte beds in the tidal Potomac River and other lacustrine and riverine environments; (2) study
processes controlling the survival, expansion, and decline of macrophyte populations; (3) determine
the effect of submersed macrophytes on water velocity, water quality, and carbon flux; (4)
characterize wetland transition zones and relate distribution of vegetation to soils, hydrology and
elevation; (5) examine seasonal and long-term changes in wetland ecology as related to changes in
environmental parameters including hydrology, water quality and land use; and (6) aid in the
development of models that utilize biological, hydrologic, and remotely sensed wetland data as part of
their primary data base. !
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APPROACH: (1) Conduct field and laboratory investigations of the factors affecting survival and
growth of submerged aquatic plants, (2) conduct field and laboratory experiments to measure
productivity and to determine the effect of submersed macrophytes on water quality and carbon flux,
(3) develop models illustrating relationships between plant success and other environmental factors, (4)
conduct studies on the hydrology and ecology of selected wetlands in the local area, at the Shingobee-
Williams Lake Watershed in Minnesota, and at the Water, Energy, and Biogeochemical Budgets
(WEBB) program site in Wisconsin.

PROGRESS: Continued research at the Allequash watershed in Wisconsin as part of the Water,
Energy, and Biogeochemical Budget (WEBB) thrust. The primary emphasis of the research is on the
effects of wetlands on carbon cycling and the identification of major carbon pools in the watershed.
We are working closely with members of the Wisconsin District office. Several vibracores were
taken in the primary wetland; they were sectioned, subsampled, and mailed to Reston, Virginia. We
are working closely with Geologic Division personnel to look at the carbon isotope concentration of
the peat, submersed and emergent macrophytes, and surface litter in the watershed. Preliminary
carbon isotope measurements from peat cores show considerable variability in the peat profile. Peat
depths were measured in the primary wetland and several other wetlands in the watershed.
Observation wells and piezometers were installed in the primary wetland and water level
measurements are being made monthly except during the winter. Water quality is being measured in
these wells as well. We have completed maps of the wetlands and lakes in each of the four
watersheds entering Trout Lake—Allequash, Mann, Stephenson, and North—and plan to digitize these
maps using the Geographic Information System (GIS) facility in Reston, Virginia.

Continued research in the Integrated Research Initiative (IRI) site in Minnesota. We completed the
stratigraphic profiling of the Little Shingobee Fen based on previous corings and took two additional
piston cores in the deepest part of the fen and over a shallow ridge which divides the fen into two
parts at the south end. These will be used for carbon isotope and pollen analysis. Stratigraphic
profiles of Little Shingobee Fen show that the fen began to form about 10,000 years ago in two deep
interconnected basins; early deposits were lake deposits and marl and later deposits show the presence
of emergent vegetation and trees. The deepest peat (17 meters) is found in the south end of the fen.
We installed additional piezometers in the south end of the fen for water level and water-quality
measurements. We also made diurnal measurements of dissolved oxygen and pH in the center and the
littoral zone of Williams and Shingobee Lakes to determine the effect of submersed aquatic
macrophytes on water quality in the littoral zone. Problems with the hydrolabs prevented us from
making maximum use of these data, and we plan to repeat the experiment when funding permits.
Organized and chaired a session on the IRI work at the Society of Wetland Scientists Meeting in
Portland, Oregon, in June 1994, and presented a paper on the vegetation and stratigraphy of Little
Shingobee Fen.
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Began a study of propagule availability in the tidal Potomac River. Previous work leads us to believe
that local increases in turbidity are primarily responsible for failure of certain areas in the river to
revegetate, but there is also the possibility that propagule transport into these areas is lacking or that
propagules transported to unvegetated sites during the growing season are not viable. We are testing
this hypothesis at three unvegetated sites (two previously vegetated, one never vegetated), using two
vegetated sites for reference. There are two manuscripts in press giving results of previous research
in the tidal Potomac River,"Role of weather and water quality in population dynamics of submersed
macrophytes in the tidal Potomac River and Estuary" (Estuaries) and "Invasions and declines of
submersed macrophytes in the tidal Potomac River and Estuary, the Currituck Sound-Back Bay system
and the Pamlico River Estuary" (Lake and Reservoir Management). Nancy Rybicki organized and
chaired a session on "Processes affecting submersed aquatic vegetation dynamics" at the Society of
Wetland Scientists Meeting in Portland, Oregon, in June 1994 and presented a paper on our laboratory
studies of the comparative growth of Hydrilla verticillata and Vallisneria americana under different

conditions of light and temperature.

Final manuscript on the hydrology and ecology of the western transition zone of the Great Dismal
Swamp of Virginia and North Carolina was published in Ecological Applications. Virginia Carter
presented the plenary address at the International Symposium on Wetlands: Ecological Gradients,
Boundaries, and Buffers in Niagara Falls, Canada, in April, 1994. Virginia Carter has also been
invited to be a member of the Environmental Task Force Wetlands Working Group, an interagency
Committee involved in determining the usefulness of classified data for mapping wetlands. Virginia
Carter still serves as technical consultant to the Branch of National Water Summary for the upcoming
National Water Summary on Wetlands. Virginia Carter consulted with the Mexican National Water
Commission on a recently completed study of the lagoon-wetland system of the Tamesi River in the
Mexican state of Tamaulipas, spending a week in Mexico at the expense of the Mexican Government.

REPORTS PUBLISHED 1989-1994:

Batiuk, Richard, Heasley, Patricia, Orth, Robert,
Moore, Kenneth, Stevenson, J.C., Dennison,
William, Staver, Lori, Carter, Virginia,
Rybicki, N.B., Hickman, R.E., Kollar, Stan,
Bieber, Steven, Bergstrom, Peter, 1993,
Chesapeake Bay submerged aquatic vegetation
habitat requirements and restoration goals—A
Technical Synthesis: U.S. Environmental Pro-
tection Agency, Chesapeake Bay Program/
Technical Rreport Series 83/92, 162 p.

Carter, Virginia, 1990, The Great Dismal
Swamp—an illustrated case study, in Lugo,

38 NATIONAL RESEARCH SUMMARY 1994

A.E., Brinson, Mark, and Brown, Sandra,
eds., Ecosystems of the World 15: Amsterdam,
Elseviers Publishing company, Forested Wet-
lands, p. 201-211,

1990, Importance of hydrologic data for inter-
preting wetland maps and assessing wetland
loss and mitigation: in Kiraly, S.J. Cross,
F.A., and Buffington, J.D., eds., Federal
Coastal Wetland Mapping Programs: U.S.
Fish and Wildlife Biological Report 90, no.
18, p. 79-85.



ECOLOGY

Carter, Virginia, Gammon, P.T., and Garrett,
M.K., 1993, Ecotone dynamics and boundary
determination in the Great Dismal Swamp,
Virginia and North Carolina: Ecological Appli-
cations, v 4, no. 1, p. 189-203.

Carter, Virginia, Gammon, P.T., Rosenberry,
D.O., and Turtora, Michael, 1993, Aquatic
macrophytes and selected physical properties
of Shingobee and Williams Lakes, Minnesota,
1991-1992: U.S. Geological Survey Open-File
Report 93-143, 41 p.

Carter, Virginia, and Rybicki, N.B., 1991, Light
attenuation in Back Bay, Virginia, in Marshall
H.G., and Norman M.D., eds., Back Bay
Symposium [Proceedings]: Old Dominion
University, Norfolk, Va., Department of Bio-
logical Sciences, p. 20-28.

1991, Light attenuation and submersed macro-
phyte distribution in the tidal Potomac and
Estuary: Estuaries, v. 13, no. 4, p. 441-452,

Carter, Virginia, Rybicki, N.B., and Hammer-
schlag, Richard, 1991, Effects of submersed
macrophytes on dissolved oxygen, pH, and
temperature under different conditions of
wind, tide and bed structure: Journal of Fresh-
water Ecology, v. 6, no. 2, p. 121-133,

Carter, Virginia, Rybicki, N.B., Jones, R.C.,
Barko, J.W., Dresler, P.V., Hickman, R.E.,
and Anderson, R.T., 1989, Data on physical,
chemical, and biological data and characteris-
tics of Hydrilla beds, mixed beds, and
unvegetated sites in the tidal Potomac River,
Maryland and Virginia, 1987: U.S. Geological
Survey Open-File Report 88-709, 196 p.

Carter, Virginia, Rybicki, N.B., Landwehr, J.M.,
and Turtora, Michael, in press, Role of
weather and water quality on population dy-

namics of submersed macrophytes in the tidal
Potomac River: Estuaries, v. 00.

Carter, Virginia, Rybicki, N.B., and Turtora,
Michael, 1991, Population dynamics of sub-
mersed macrophytes in the tidal Potomac
River, in 25th Annual Meeting, Aquatic Plant
Control Research Program: U.S. Army Corps
of Engineers, Miscellancous Paper A-91-3,
[Proceedings], p. 41-53.

Dennison, W.C., Orth, R.J., Moore, K.A., Steven-
son, J.C., Carter, Virginia, Koilar, Stan,
Bergstrom, P.W., and Batiuk, R.A., 1993,
Assessing water quality with submersed aquat-
ic vegetation: Bioscience, v. 43, no. 2, p.
86-94.

Jenter, H.L., Rybicki, Nancy, Baltzer, R.A., and
Carter, Virginia, 1990, Tidal mass exchange
between a submerged aquatic vegetation bed
and the main channel of the Potomac River:
American Society of Civil Engineers Hydraulic
Conference, Nashville, Tennessee, 1991, [Pro-
ceedings], p. 298-304.

Killgore, K.J., Morgan, R.P., II, and Rybicki,
N.B., 1989, Seasonal and temporal distribution
and abundance of fishes associated with sub-
mersed aquatic plants: North American Journal
of Fisheries Management, v. 9, no. 1, p.
101-111.

McConnaughey, T.A., LaBaugh, J.W., Rosen-
berry, D.O., Strigel, R.G., Reddy, M.M.,
Schuster, P.F., and Carter, Virginia, in press,
Carbon budget for a groundwater-fed lake-
Calcification supports summertime photosyn-
thesis: Limnology and Oceanography, v. 00.

Orth, Robert, Moore, Kenneth, Batiuk, Richard,
Heasly, Patsy, Dennison, William, Stevenson,
J.C., Staver, Lori, Carter, Virginia, Rybicki,
Nancy, Kollar, Stan, Hickman, R.E., and

ECOLOGY 39



ECOLOGY

Bieber, Steven, 1991, Water quality standards
based on species' habitat requirements—a case
study from the Chesapeake Bay using sub-
merged aquatic vegetation, in Water Quality
Standards for the 21st Century, Proceedings:
U.S. Environmental Protection Agency, Office
of Water WH-553, p. 177-181.

Robbins, E.I., D'Agostino, J.P., Ostwald, J.,

Fanning, D.S., Carter, Virginia, and Van
Hoven, R.L., 1993, Manganese nodules and
microbial oxidations of manganese in the
Huntley Meadows Wetland, Virginia, U.S.A.:
Catena, Supplement 21, p. 170-202.

Rybicki, Nancy, and Schening, M.R., 1990, Data

40

on the distribution and abundance of sub-
mersed aquatic vegetation in the tidal Potomac
River and transition zone of the Potomac Estu-
ary, Maryland and Virginia, and the District
of Columbia, 1988: U.S. Geological Survey
Open-File Report 90-123, 19 p.

NATIONAL RESEARCH SUMMARY 1994



ECOLOGY

TITLE: Modeling of Microbially Catalyzed Geochemical Reactions in Aquatic Environments
(NR 87-136)
PERSONNEL: Derek R. Lovley, Project Chief
Carol L. Wakelee, Secretary Debra Lonergan, Microbiologist
Elizabeth J. Phillips, Microbiologist Joan C. Woodward, Phys. Sci. Technician
Peggy Widman, Microbiologist Todd Anderson, Geochemist
ADDRESS: U.S. Geological Survey

430 National Center
12201 Sunrise Valley Drive
Reston, VA 22092

TELEPHONE: (703) 648-5825

PROBLEM:  Micro-organisms catalyze most of the natural redox reactions involving carbon, sulfur,
nitrogen, and metals. Thus, geochemical models of the distribution and fate of natural and
contaminant compounds must include a microbiological component, which requires an understanding
of the physiological characteristics of micro-organisms that control the rate and extent of microbially
catalyzed reactions.

OBJECTIVE: (1) Quantify the rates of microbial processes that influence the geochemistry of surface
water and ground water; (2) determine the physiological characteristics that control the rate and extent
of microbial processes; and (3) develop mathematical models of the distribution of microbial processes
in surface water and ground water.

APPROACH: Quantify rates and pathways of microbial processes with radiotracer, stable-isotope and
inhibitor techniques. Determine microbial physiological characteristics with experimental
manipulations of natural, mixed populations and pure cultures. Combine data on physiological
characteristics with appropriate geochemical models to generate models for the distribution of
microbial processes.

PROGRESS: It was demonstrated for the first time that, under the appropriate conditions, micro-
organisms can rapidly degrade benzene in the absence of oxygen. This finding is significant because
benzene is the contaminant of most concern when ground water is polluted with petroleum. Most
petroleum-contaminated aquifers contain extensive anoxic zones in which benzene and other aromatic
hydrocarbons persist. Numerous studies had suggested that micro-organisms needed oxygen to
degrade benzene. We demonstrated that the addition of Fe(IIl) ligands to sediments from a
contaminated aquifer made the Fe(III) oxides present in the aquifer more available for microbial
reduction. The stimulation of microbial Fe(IIl) reduction greatly increased the rates of aromatic
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hydrocarbon degradation. Even benzene was rapidly degraded in the absence of oxygen after an
adaption period. These studies demonstrate that oxygen is not necessarily required for rapid aromatic
hydrocarbon degradation and that the poor ability of micro-organisms to access Fe(III) oxides is an
important and previously unknown factor limiting the anoxic degradation of aromatic hydrocarbons in
aquifers. Furthermore, these results suggest that stimulating microbial Fe(Ill) reduction may be a
novel alternative to oxygen additions for bioremediating petroleum-contaminated aquifers. Field trials
on the use of enhanced microbial Fe(IIl) reduction for the bioremediation aromatic hydrocarbons are
underway. A paper describing these findings will be published in Nature in July 1994.

Molecular techniques were developed for studying microbial Fe(IlI) reduction in sedimentary
environments. This provides the opportunity to directly study the microbial ecology of environments
where Fe(III) reduction has a significant geochemical effect such as contaminated aquifers, deep
pristine aquifers, and aquatic sediments. Results to date indicate that Fe(IIl)-reducing communities are
highly diverse and that there is the potential for numerous interactions between these organisms.
Understanding these interactions will help understand the factors controlling the rate and extent of
Fe(III) reduction in sedimentary environments. Furthermore, these molecular techniques have
potential broad application to the study of a variety of other microbial processes.

We discovered that sulfate-reducing micro-organisms can enzymatically reduce Cr(VI) to Cr(III) and
purified the enzyme responsible for this activity. This finding is significant because the reduction of
Cr(VI) to Cr(Ill) is a potentially useful mechanism for bioremediaton of chromate-contaminated waters
and waste streams. A paper describing this discovery was published in Applied and Environmental
Microbiology.

We discovered micro-organisms with the capacity to oxidize S° to sulfate with Mn(IV) as the electron
acceptor at circumneutral pH as well as an organism which can dxspropompnate S° to sulfate and
sulfide. These findings help explain important geochemical phenomena in aquatic sediments for which
there were no previous pure culture microbiological models. A paper describing this will be
published in the July 1994 issue of Applied and Environmental Microbiology.

We found that a number of hydrofluorocarbons are readily consumed by micro-organisms living in
aquatic sediments and soils. These findings have important implications since the compounds are
being considered as alternatives to freon.

Studies on the use of dissolved hydrogen gas to predict the distribution of microbial processes in
ground water were completed and a manuscript describing this method w1ll\ be published in the July
1994 issue of Environmental Science and Technology. Ll
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A study demonstrating that uranium-reducing micro-organisms can be used as part of a processes for
concentrating uranium from uranium-contaminated soils was completed. A manuscript describing this
has received favorable reviews and publication is expected in Journal of Industrial Microbiology.
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TITLE: Vegetation and Hydrogeomorphic Relations (NR 90-145)

PERSONNEL: CIliff R. Hupp, Project Chief
Carolyn Wakelee, Secretary
Thomas M. Yanosky, Botanist
Michael Schening, Ecologist

ADDRESS: U.S. Geological Survey
430 National Center
12201 Sunrise Valley Drive
Reston, VA 22092

TELEPHONE: (703) 648-5206

PROBLEM: Many hydrogeomorphic processes are poorly understood. Botanical evidence studies
can improve flood or debris flow prediction for streams with short or no gaging-station records.
Improvement of our understanding of the relation among fluvial geomorphology, sedimentation, mass
wasting, plant chemistry, and plant ecology will provide insight into such problems as assessment of
water quality, wetland loss, long-term effects of climatic variation, and the frequency and magnitude
of destructive hydrogeomorphic phenomena. Botanical and geomorphic analyses may provide
substantial information about variable source areas of runoff production and ground-water recharge.

OBJECTIVE: (1) Continue development of the combined use of botanical evidence and maximum
likelihood estimators in flood-frequency prediction; (2) conduct basic research in the analysis and
interpretation of the role of vegetation in natural and disturbed fluvial systems, including riparian and
wetlands systems; (3) conduct basic research in the hydrogeomorphic-plant ecological aspects of
watershed dynamics, including the delineation of variable source areas of runoff production and
ground-water recharge, and analyses of nonpoint source pollution and basic plant-landform relations,
and (4) conduct basic research into tree-ring chemistry as an indication of ground and surface water
quality.

APPROACH: The approach is broadly interdisciplinary, employing techniques from the hydrologic,
geomorphic, chemical and ecologic sciences. Dendrogeomorphic (tree-ring landform analyses),
hydrologic (stream flow modeling, step-backwater analyses), and statistical (maximum likelihood
estimator, time series) techniques are used in the paleohydrologic (floods, debris flows, landsliding)
aspects of the project. The above techniques are combined with plant ecological analyses (plot and
plotless sampling, species/landform mapping, multivariate biostatistical analyses), geomorphic
analyses, and sedimentologic analyses to accomplish objectives 2 and 3. Objective 4 is accomplished
by investigating the relationship between pollutants in water and sediments, and subsequent levels in
plant tissues.

46 NATIONAL RESEARCH SUMMARY 1994



ECOLOGY

PROGRESS: A study of element concentrations within trees growing at an abandoned wood-
preserving plant site in Jackson, Tennessee, found that trees along the ground-water flowpath
contained elevated concentrations of some nutrients and trace metals seemingly related to site
activities. Trees sampled farthest downgradient from the site did not show evidence that contaminants
had reached them. This study was in an area of extreme hydrogeomorphic complexity, and extended
and refined the application of dendrochemistry to ground-water assessments.

Intensive investigations of baldcypress within the Cape Fear estuary, North Carolina, found large
concentrations of chloride, bromide, and sodium within growth rings of trees subjected to saline
flooding. A new technique to estimate the local onset of saltwater encroachment was based on
reconstruction of the heartwood/sapwood interface of trees at various times in the past. This
technique should be useful in situations in which large concentrations of elements are mobilized across
ring boundaries and stored in heartwood tissues. The study of trees within the Cape Fear estuary will
allow for the development of tree-growth and mortality models that may be applied in areas where
intrusion is expected.

A dendrochemical investigation of trees growing over a shallow aquifer near Baltimore, Maryland,
contaminated by a thick layer of floating oil found large concentrations of iron and some trace metals
in rings that formed during the suspected onset of contamination. Major nutrients (calcium,
potassium, and magnesium) were more highly concentrated in trees growing within than outside the
zone of oil contamination. It seems likely that concentrations of nutrients increased after the onset of
contamination, resulting in increased uptake by trees and translocation into heartwood rings. For the
first time in our studies, it was demonstrated that cadmium was taken up and stored in the rings of
some trees.

Studies have continued in wetland and bottomlands of the southeastern United States. Stream
channelization in Tennessee has altered sedimentation rates and the subsequent growth of bottomland
tree species. Dendrogeomorphic methods continue to be developed and tested in order to estimate
sedimentation rates in forested wetlands, thus providing information that otherwise is generally not
available.
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TITLE: Geochemistry of Riverine and Estuarine Waters (WR 68-046)
PERSONNEL: David H. Peterson, Project Chief |
Lucenia Thomas, Secretary Richard E. Smith, Research Oceanographer
Laurence E. Schemel, Oceanographer Daniel R. Cayan, Meteorologist
Stephen W. Hager, Oceanographer Reginald Uncles, Oceanographer
(United Kingdom)
ADDRESS: U.S. Geological Survey

345 Middlefield Road, MS 496
Menlo Park, CA 94025

TELEPHONE: (415) 354-3366

PROBLEM: The physical and chemical variability in rivers and estuaries is large, but forced by
weather and climate causes and interactions are not clearly defined. Variations appear to be very
important, but we don't yet understand how riverine-estuarine systems operate on very short and
moderately long time scales. Furthermore, the effect of anthropogenic activities also may be
important. Without such information we cannot understand and predict how these systems respond to
variations in climate and human activities including changes in the amount, character, and timing of
freshwater, toxic-waste, sediment and plant-nutrient inflows to these environments.

OBJECTIVE: To better understand the variability of the physics (circulation) and chemistry
(primarily oxygen, carbon, silicon, nitrogen and phosphorous dynamics) in riverine and estuarine
environments. To discriminate between natural variations due to atmospherlc/ oceanic forcing an
human-caused impacts. d(

APPROACH: Defining temporal/spatial variability in riverine/estuarine systems is largely
observational and will use shipboard and in place instrumentation as well as large meteorological/
hydrological/oceanographical data bases. Methods of analysis include statistical and numerical
simulation models of physical, chemical and biological processes influencing these systems over a
broad spectrum of space and time scales. Major estuaries, such as San Francisco Bay, will be used as
models for understanding and comparing behavior in others. Regional watershed variability will be
interpreted vis-a-vis large scale regional-atmospheric, global-atmospheric and oceanic conditions
including circulation, temperature, and precipitation. Intermediate linkage to watershed hydrology
will be incorporated. |
PROGRESS: Decades of observations supported by results from statistical-dynamical and numerical
models identify freshwater delta flow (DF) as the master control on mean-monthly salinity in the bay.
Further, even on tidal and spring/neap-time scales, DF influences the complex tidal signature of
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salinity stratification/destratification. Delta flow, in turn, is driven by two distinct, but perhaps not
independent, factors: atmospheric circulation and human intervention. San Francisco Bay salinity is
lowest in late spring in response to peak DF and is highest in late summer when DF is minimum.
Superimposed on this annual cycle is considerable interannual variability, which is largely dependent
on both the water content of winter snow pack in the Sierra Nevada to the east and the timing of
snowmelt runoff in spring. Human influences, such as the icglg-term decrease in DF due to water
diversions/exports, are most apparent in spring and are reflected in a long-term increase in the bay's
salinity. This "artificial" decrease in DF (or increase in exported DF) is confounded by atmospheric
influences. In dry years, the percent exported is higher than in wet years and, beyond that, a long-
term shift in atmospheric circulation has forced a trend toward earlier runoff, slightly decreasing
spring DF, and increasing salinity.

The Sacramento River is an important, if not most important, source of San Francisco Bay variability
including freshwater flows and associated suspended sediment. Thus, in wet years, the Yolo bypass is
a major source of suspended sediment as well as freshwater discharge. Similarly, winter transport of
particulate organic carbon to the bay is larger than previously thought. South San Francisco Bay, the
bay's cul-de-sac, shows important chemical characteristics that are more obscure in North Bay. The
response of South Bay water chemistry includes effects of changes in waste flow quality, evaporation,
as well as wet and dry year scenarios.
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TITLE: Fate of Organic Chemicals in Subsurface Environments (WR 71-068)

PERSONNEL: Edward M. Godsy, Project Chief
Kim N. Bui, Secretary
Ean Warren, Environmental Engineer
Jeff G. Ritchey Student, (San Jose State University)

ADDRESS: U.S. Geological Survey
345 Middlefield Road, MS 458
Menlo Park, CA 94025

TELEPHONE: (415) 329-4504

PROBLEM: Release of various synthetic organic compounds to the environment has caused soil
and ground-water pollution in many places. The processes that control the persistence and movement
of these compounds are not well understood. A better understanding is necessary to aid in
construction of models to predict movement and fate of pollutants in the subsurface and for design of
control and abatement techniques.

OBJECTIVE: (1) Determine the transformation pathways of selected organic compounds by means of
a combination of field observations and laboratory simulations of environmental conditions; (2) assess
the relative importance of physical, chemical, and biochemical processes in the transformation of these
compounds under ambient conditions; and (3) study relevant biotransformation processes in the
subsurface.

APPROACH: Select one or more field sites where ground water has become contaminated with
organic compounds. Collect and analyze water samples to discover the chemical transformations that
are occurring in the subsurface environment. Use laboratory-simulation studies to elucidate the
controls on these transformations.

PROGRESS: The project consists of field and laboratory studies of creosote and crude oil
contaminated ground water at the USGS Hazardous Waste Sites at Pensacola, Florida, and Bemidji,
Minnesota, respectively, with the aim of elucidating the various microbial and physical processes, and
factors that influence them, affecting separate groups of water soluble creosote and crude-oil derived
compounds during down gradient travel in the aquifer. Determination of the kinetics of substrate
utilization and transformation pathways of the major aromatic biodegradable components of the water
soluble fraction of creosote and crude oil using single compounds as carbon -and energy sources under
aerobic, sulfate reducing, iron reducing, and denitrifying conditions is presently underway. The
kinetics of biodegradation of the creosote derived compounds under methanogenic conditions has been
completed. Laboratory columns have been developed and the abiotic factors that affect movement of
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the major components of the creosote-derived compounds during down gradient travel with the ground
water have been determined. A solute transport model utilizing the laboratory determined Monod
kinetic substrate utilization parameters and sorption characteristics has been developed and refined.
This model has successfully modeled the transport of phenol, 2-, 3-, 4-methylphenol, quinoline, and
isoquinoline in the aquifer at the Pensacola study site. Work continues for the crude oil-derived
compounds found at the Bemidji study site.
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TITLE: Availability of Trace Elements in Sediments to Aquatic Organisms (WR 75-125)
PERSONNEL: Samuel N. Luoma, Project Chief

J. Stacey, Andrews, Secretary Daniel J. Cain, Biologist

James L. Carter, Hydrologist Alexander Van Geen, Chemist

Steven V. Fend, Hydrologist Cynthia L. Brown, Physical Scientist

Susan S. Kennelly, Hydrologist Michelle 1. Hornberggr, Physical Scientist
ADDRESS: U.S. Geological Survey

345 Middlefield Road, MS 465
Menlo Park, CA 94025

TELEPHONE: (415) 329-4481

PROBLEM: Concentrations of potentially toxic elements in sediments are 1drders of magnitude
higher than concentrations of these elements in water. The ability of the aquatic environment to
assimilate many toxic wastes depends upon how available this concentrated sediment-bound pool of
elements is to aquatic organisms. Development of realistic pollution regulations, in turn, depends on
prediction of assimilation capacities. Assessment of biological-indicator data for mineral exploration
and pollution assessment also depend upon the understanding of factors affecting the biological
availability of trace elements bound to sediments. It is established that the same biota in different
environments may differ widely in their susceptibility or their response to trace elements, and that
these differences may be at least partly related to the differences in the availability of metals in
sediments; however, little is known about the geochemical and physiological factors that influence the
transport of metals from sediments to organisms.

OBJECTIVE: (1) Study the partitioning of trace metals among the components of sediments and
identify the processes that control partitioning; (2) study the influence of geochemical partitioning of
trace metals in sediments on metal uptake by and effects of metals in organisms that contact sediments
directly; (3) study physiological characteristics of aquatic organisms that uptai(k: metal; (4) improve
methodology that makes use of biota and sediments as indicators of geochemical conditions; (5)
develop indices or models for predicting the bioavailability of metals after their release to the aquatic
environment; and (6) develop methods for assessing the presence of biological effects from toxic
wastes in aquatic communities in nature.

APPROACH: (1) Collect organisms and sediments from rivers, lakes, or estuaries across spatial or
temporal gradients of physicochemical conditions; analyze geochemical partitioning through the use of
chemical extractions, mathematical models, and statistics; and statistically assess relation of metal
concentrations in organisms to aspects of the specific geochemical gradient under study. (2) Use
laboratory studies on metal burdens in animals to assess biological influences such as animal size,
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intraspecific differences in metal tolerance, and physiological controls on metal uptake and
metabolism. (3) Geochemically modify sediments or use well-defined model sediments in laboratory
studies of metal uptake by organisms to identify physicochemical factors that affect metal availability
and to test models derived from field studies.

PROGRESS: CLARK FORK RIVER, MONTANA: Continued study of year-to-year variability in
metal concentrations in river. The past year was one of exceptionally high flows (and runoff) and was
one of two years with greatest metal concentrations. Four fold changes have occurred in metal
concentrations in the Clark Fork since 1986; all appear to be related to natural variability. Superfund
activities, in progress since the late 1980's, have had no discernable influence on contamination in the
river. Second year of seasonal sediment sampling indicated a distinct seasonal cycle in concentrations
in a low flow year that indicated metals are pumped out of sediments (geochemically) during low
flows; and sediment appear to be recontaminated by terrigenous inputs during high runoff. Methods
were developed to determine contribution of gut content to metal concentrations in small bioindicators.
Contribution varies with metal, but is less than 50 percent for most metals, even in undepurated insect
larvae.

SAN FRANCISCO BAY: Obtained first good data on metal concentrations on suspended particles in
Bay and began study of how concentrations and transect of metals change seasonally. Desorption of
most labile metals is obvious at freshwater-seawater interface; others are not desorbed. Obtained first
measurements of acid volatile sulfides (AVS) in intertidal sediments. Initial results show method gives
repeatable results, but AVS concentrations in surface sediments are highly variable. In studies of
sediment cores we have found a distinct discontinuity in contaminant concentrations that occurred in
approximately the late 1950's in the North and Central Bays. It appears that contaminants increased
dramatically in concentration at approximately the same time as the water projects began the rapid
increase in water diversion from the Bay. A simple model was developed by D. Shoellhamer of
California District based on these observations. Studies of clam, Potamocorbula amurensis, which
show great differences in metal distributions between a year of very high river flow and lower flow
years, appear consistent with these observations. Model development has begun that will allow
separation of interactions between particle inputs, dissolved metal concentrations and effects of salinity
in the clam data. Completed sampling in experiment to determine if sediment resuspension increases
dissolved metal concentrations in South Bay, as indicated by seasonal metal concentrations.

METAL BIOAVAILABILITY: Finished paper showing that clams avoid intensive digestion of particles
heavily contaminated with metals. By re-routing such particles through a less intensive process they
are able to reduce their metal exposure in contaminated environments. This also suggests that metals
were in sufficient concentrations (natural) in the environments where these animals evolved (that is,
the sediments) to cause selection for a mechanisms to avoid the costs of digestive assimilation of too
much metal.
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YAKIMA RIVER BASIN, WASHINGTON: Finished two papers discussing separation of factors
controlling benthic community structure in the Yakima basin. Results contrasted and complemented
NAWQA approach. NAWQA focused on anthropogenic factors as only thing important in
determining communities in Yakima. The present work showed that natural factors such as altitude
must be subtracted if anthropogenic effects are to be accurately interpreted.

COORDINATION: Through work with Aquatic Habitat Institute, F. Nichols' USGS Ecosystem
Initiative, and as chair of Interagency Ecological Program science advisory committee we contributed
to interagency efforts to coordinate research activities in San Francisco Bay.
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TITLE: Biotic Response to Climatic Variability and Human Impacts in Arid Lands (WR
76-145)

PERSONNEL: Julio L. Betancourt, Project Chief
' Ana M. MacKay, Admin. Ops. Assist.
Douglas Wellington, Comp. Prog. Analysist
Elizabeth A. Pierson, Botanist
Diane K. Aasen-Rylander, Biological Techn.

ADDRESS: U.S. Geological Survey
Desert Laboratory
1675 W. Anklam Road
Tucson, AZ 85745

TELEPHONE: (602) 670-6821

PROBLEM: Biotic responses to climatic change or human manipulation are inherently complex
because of wide differences in organism sensitivities and response times, the influence of history and
scale, and the various interactions between organisms and with the physical system. In arid and
semiarid lands, which cover about 12.5 percent of the Earth's land surface, the effects of climatic
variability on vegetation are greatly magnified, particularly because most plants exist near their
physiological limits. How arid land vegetation might in turn affect climate is uncertain, though there
is some indication that decreasing cover and increasing albedo could promote regional drought.
Whether in response to projected Greenhouse climates or intensified land use, vegetation in such
critical watersheds as the Rio Grande and Colorado River basins is apt to change in the near future.
There is a need to understand the direction and rate of this change and how it might affect water use
and availability in the region.

OBJECTIVE: To achieve a dynamic understanding of vegetation change and its relation to water
resources; to develop such an understanding in a manner appropriate to the hierarchy of spatial and
temporal scales implicit in a study of global change; and to determine whether responses of dryland
vegetation to global change are predictable from the past and present behavior of vegetation.

APPROACH: The primary task of the project is to document vegetation and hydrological responses
to climate variability on millennial to decadal time scales. The research entails monitoring of
vegetation plots, analysis of instrumental records, and development of proxy data for times and places
where direct measurements are unavailable. Plant demographic data will be collected to test
hypotheses about short-term (decadal) vegetation responses to climatic variability in the 20th century.
Paleoclimatological data will be developed for the southwestern region for the past 40,000 years.
These data can be used to illustrate the influence of climatic change on arid ecosystems; to anticipate
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how these ecosystems are apt to change in the future; and to test and validate outputs from global
circulation models. |
PROGRESS: 1. Climate-plant distribution model: Funding from National Bnbloglcal Survey, Global
Change Program FY93-97, and collaboration with Kent State and Unlversuy of Arizona.

Global change could affect the distribution of vascular plants in the Sonoran Desert. To forecast these
changes, we are developing an integrated climate-plant distribution model based on individual species.
Our modeling effort draws from (1) a plant distributional data base that includes 100,000 documented
occurrences for nearly 3,000 species in the Sonoran Desert; (2) detailed knowledge of the physiology,
ecology and demography of dominant species, which can be formalized in a rule-based expert system;
and (3) a statistically-based local climate model (LCM) that can predict key variables in
bioclimatology at monthly to daily resolution.

The monthly local climate model (MLCM) is a statistical model based on a canonical regression
function that estimates monthly maximum temperature and total precipitation. Solution of the
canonical regression function requires a set of predictor variables that represent the primary and
interactive effects of five boundary conditions: terrain, sea-surface temperatures in January and July,
CO, concentration, solar insolation, and windfield (January and July surface and 500 mb). Thus, the
MLCM uses boundary conditions that can be estimated for past, present, and future climate scenarios.
Most of the predictor variables represent changes in boundary conditions along windfield trajectories
that extend 1,000 km upwind and 30 km downwind from solution points. In this way, MLCM is
considered a semi-Lagrangian model.

The MLCM is calibrated with boundary conditions and instrumental records ﬁ:om a large number of
stations in the western United States (and in the near future, Mexico). The spatlal distribution of
these stations is sufficient to allow solutions of the MLCM over a large areaﬁ  of the southwestern
United States and Mexico; in this case, the "solution domain" is the Sonoran ‘Desert. Solutions are
made at a 10-km spacing over the solution domain. We have been using 1980 to 1984 as the
calibration period, but the model can also be calibrated with other periods (and verified against
others). Solutions of modern climate are made by setting boundary conditions to those representing
1980-1984. Given these boundary condtions, predictor variables are computed at all grid points in the
solution domain and applied to the canonical regression function.

Using the MLCM calibrated with only United States stations, we generated monthly climate
estimations for points of saguaro occurrence in our digitized atlas of saguaro (distribution. The model
can actually solve for points south of the border, though less accurately than fif calibrated with both
United States and Mexican data. Most saguaro locations did not have precise elevations noted, so
elevations were estimated based on averages within the grid cells; these "average" elevations were
used to calculate climatic variables for points of saguaro occurrence. ‘
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In general the experimental runs gave reasonable estimates for daily maximum temperature and
precipitation over much of the region. Probably the most serious breach of actual climate was in the
Vizcaino region of northern Baja California. The model predicted relatively high precipitation on the
Vizcaino Plain and adjacent areas during July and August, when, in fact, these places are very dry
during the summer. The discrepancy was caused by the model's inability to account for the effects of
strong upwelling just offshore, which dominates the climate of the Vizcaino region for most of the
year. These results are of interest in that they suggest that climates favorable for saguaro would occur
in the northern part of Baja California in the absence of upwelling. The relationship between
upwelling regimes and plant distribution could be tested in the fossil record. However, the history of
upwelling during the Holocene is poorly known, as is the vegetation history of the Vizcaino Plain.

In most monthly simulations, points of saguaro occurrence showed sharp frigid, arid, and thermal
limits within the two-dimensional regional climate space. As expected, the points clustered in the
tropical semiarid part of the regional space. Within the zone occupied by saguaro, the points of
known occurrence were concentrated in the warmer arid quadrant during most months. This suggests
that in the cooler, wetter parts of its range, saguaros are restricted to edaphic outposts where local
aspect and soil effects ameliorate the prevailing climate toward warmer, more arid conditions.

There was a consistent tendency for the arid limits to occur at higher precipitation amounts under cool
temperatures than at warm ones. This trend could be a result of a seasonal reversal in maximum
temperatures over the latitudinal range of saguaros. In winter, the northern part of the range is cooler
and receives more rainfall. In summer, the northern part of the range is hotter and receives less rain
than the southern limits. Thus, within any month the warmer parts of the range extend to drier limits,
but the actual geographic location of the warm, dry extremes changes from month to month.

Saguaros occur over a wider range of elevations in the north than in the south. In the estimated
climate space, this translates to a relatively broader precipitation zone occupied toward the cool end of
the climatic range during the winter, and a shift of this broader rainfall occupation toward the warm
end during the summer, when the northern range heats up relative to the south.

2. Long-term saguaro demography plots in Sonoran Desert: Saguaro (Carnegiea giganteae)
populations, like those of many long-lived species with episodic establishment and mortality, fluctuate
on decadal scales; capturing this variability requires multi-decadal monitoring, and, in the absence of
actual tree rings, models of plant growth (height) for estimating age of individual plants. For
example, at the Desert Laboratory in Tucson, Ariz., all plants within four 11-ha plots on Tumamoc
Hill were surveyed and measured in 1964, 1970, and 1993 to develop and verify a predictive age-
height model and to comgare the effect of slope aspect on plant growth, patterns of biomass allocation
and demography. Differences between plots discriminate specific climatic events or trends with
variable impact across slope. We've applied similar methods to six other long-term saguaro plots in
the Sonoran Desert to evaluate the influence of climate on regional demographic patterns.
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3. Influence of climate on New Mexico pinyon-juniper woodlands: Funding from Forest Service
(Ecosystem Management Program, Central Rio Grande) and collaboration with University of Arizona
and Forest Service.

We are using the 1950's drought as a model system for studying the direct impacts of catastrophic
drought across vegetation types and geographic scales. The driest episode in several hundred years,
the 1950's drought caused broadscale vegetation dieoffs, reset demographic clocks, impacted rates of
carbon and nutrient cycling, and accelerated shrub invasion of grasslands. Recent improvement in
range conditions may have more to do with recovery from the 1950's drought as wet conditions
returned to the Southwest than with land use reform in recent decades, as is often assumed. We now
have funding from the National Science Foundation (NSF) and the Forest Service to continue these
studies to test the hypothesis that, in pinyon-juniper woodlands that cover ca. 20 million ha in the
southwest, the regional cadence of births and deaths is driven primarily by episodes of wet and dry
conditions. As a target, we are hypothesizing that age structures in pinyon-juniper woodlands can be
cross-dated like tree rings. This hypothesis, though common sense, has never been tested at the
regional scale; also, this is the first time in the Southwest that tree demographic studies have been
attempted at annual resolution (based on cross-dating year of birth or death of both dead and live
trees). In cooperation with Tom Swetnam (Laboratory of Tree-Ring Research, University of Arizona)
we are setting up 12 one-half hectare plots to define demographic histories on north versus south-
facing slopes and limestone versus igneous rock types at three elevations (1,900, 2,100, and 2,400 m)
in the Manzano and Los Pinos Mountains of central New Mexico.

4. The use of plant invasions to understand ecosystem dynamics: South African Euryops multifidus in
southern Arizona: Euryops multifidus (COMPOSITAE: sweet resin bush), a shrubby composite native
to South Africa, was introduced in Arizona by the Soil Conservation Service in 1935. This shrub
readily invades semi-arid grasslands and eventually forms uninterrupted monocultures in which native
grasses, shrubs and succulents are excluded. Study of plant responses at the advancing front of the
areas occupied by Euryops show that mortality and exclusion of native species are due to aggressive
competition, and possibly chemical inhibition. These dramatic changes in vegetation are persistent and
can lead to changes in ecosystem properties, including soil erodibility and biodiversity. In southern
Arizona, sweet resin bush can occur in vegetation ranging from low-elevation desertscrub (ca.
850-1060 m) to grasslands, chaparral and woodlands at higher elevations (ca. 1,300 m or more).

This broad ecological amplitude suggests that, with the exception of cattle and fire, there are few
limits to further spread of Euryops.

5. Plant Responses to atmospheric CO, variations during glacial-interglacial cycles: Knowledge that
atmospheric CO, increased 30 percent during the last deglaciation and again since industrialization has
stimulated research linking this greenhouse gas with past, present, and future climate change. This
knowledge also has inspired a host of field and laboratory experiments that simulate plant responses at
glacial (ca. 180-200 ppmv) to more than twice modern (greater than 700 ppmv) CO, levels.
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Beginning in the late 1980's, the scope was expanded to include measurement of stomatal density and
carbon isotopes in leaves from historical plant material, ranging from herbarium specimens collected
during the past 200 years to leaf compressions in late Miocene and Pliocene clays of the lower Rhine
Embayment in Europe. Applications in the fossil record have been limited by (1) insufficient
knowledge about past CO, variations, except where known from the ice core record for the last
200,000 years; (2) the general paucity of deposits that preserve fossil or subfossil leaf material suitable
and abundant enough for both stomatal density and 8'*C measurements; (3) the inability to hold
climate constant, or the conundrum of separating climatic from direct CO, effects on leaf morphology,
geochemistry, and plant performance in highly-fragmented and poorly-dated fossil records; (4) the
general inability to examine individual plant species over the kinds of timescales involved in large-
scale CO, variations; and (5) the unavoidable blind interpretation of plant performance from 33C
plant in the absence of accurate 8'*C air chronologies.

All of these limitations can be surmounted in the analysis of leaves preserved in fossil packrat
(Neotoma spp.) middens in the western United States. Packrat middens represent the single richest
source of plant macrofossils from the last deglaciation (15-12 ka), when CO, increased from ca.
180-200 ppmv to ca. 270-280 ppmv. More than 2,000 of these deposits have been sorted, dated, and
examined for identification of plant remains, usually to the species level (each midden incorporates a
range of from 10 to 40 3pl::mt taxa) and are available for the proposed research. Chronologies of
stomatal density and 8'>C that span the last deglaciation can be developed for a variety of species
representing different growth forms, life histories, and photosynthetic pathways (C3, C4, and CAM).
In most cases, the effects of climate can be accounted for by developing Holocene chronologies from
sites that represent the modern vegetation analog to the glacial assemblages; this takes advantage of
the same general approach used for quantifying paleoclimate estimates from paleovegetation.
Additionally, 3'3C air may be estimated from '>C values of C4 plants, allowing estimation of water-
use efficiency and plant performance under different CO, conditions.

Our pilot study, using limber pine, was recently published in Science (Van de Water and others,
1994). Measurements of stomatal density and carbon isotopes from nearly 1200 limber pine (Pinus
flexilis) needles preserved in packrat middens from Idaho, Utah, Nevada, and Arizona show a 17
percent decrease in stomatal density and a 12 percent increase in the water use efficiency of limber
pine as CO, increased 30 percent between 15,000 and 12,000 years ago.

6. Fulbright Scholar-Argentina, 1994: Betancourt was funded for a 3-month stay (July-October 1994)
in Argentina to develop the paleoecological potential of middens made by animals other than packrats
in the western foothills of the Andes. He will be affiliated with the Centro Regional de
Investigaciones Cientificas y Tecnicas in Mendoza.

7. Ancient DNA from plant remains in packrat middens: Ancient DNA was extracted from plant
tissue from fossil packrat middens in a collaborative study with the University of Arizona. We are
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also measuring DNA yields for fresh, dried, and fossil plant materials from several species to test if
DNA degradation is a function of time, site, or species. Eventually, we hope to test if changes in
genotype frequencies occurred as plants expanded and contracted their ranges during the last
deglaciation.
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TITLE: Plankton Dynamics in Tidal Estuaries (WR 79-164)
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Brian E. Cole, Oceanographer

ADDRESS: U.S. Geological Survey
345 Middlefield Road, MS 496
Menlo Park, CA 94025

TELEPHONE: (415) 354-3357

PROBLEM: Phytoplankton photosynthesis is the ultimate engine that drives many biogeochemical and
ecological processes in lakes, estuaries, and the ocean. For example, dynamic changes in pH, trace
metal speciation, and concentrations of dissolved gases (oxygen, carbon dioxide, methane), inorganic
nutrients (nitrate, phosphate, silicate), and organic compounds (amino acids, organosulfur compounds)
are closely associated with fluctuations in phytoplankton photosynthesis. Trophic linkages also exist,
between the phytoplankton as primary producers and populations of consumer organisms including
bacteria, zooplankton, benthic invertebrates, and fish. Our scientific understanding of lakes and
estuaries as dynamic ecosystems is therefore dependent upon a mechanistic understanding of both
natural and human-induced variability of phytoplankton abundance, community composition,
productivity, and connections to geochemical processes and other biological communities. These
topics are central to poorly resolved issues such as: the growing worldwide incidence of toxic algal
blooms and associated fish mortality; coastal eutrophication and increasing frequency and extent of
hypoxia or anoxia; long-term and cyclic changes in fish stocks; the global significance of
phytoplankton to the cycling of key elements such as C and N; and ecosystem-scale responses to both
species extinctions and introductions of exotic species.

OBJECTIVE: (1) Study the distribution, abundance, species composition, and productivity of
planktonic microalgae, animals, and bacteria in estuaries; (2) define and quantify processes that
regulate population dynamics and productivity of planktonic organisms in estuaries; (3) define and
quantify processes through which the plankton alter and reflect water quality in estuaries; (4) define
and quantify benthic processes that affect plankton dynamics and productivity of estuaries; and (5)
define anthropogenic impacts on estuarine ecosystems.

APPROACH: Integrate descriptive and experimental field studies and develop simulation models.
Field studies indicate important mechanisms that must be taken into account in models and provide a
data base for model calibration and subsequent verification. Conversely, evolving ecological models
indicate processes and environmental factors that deserve particular emphasis by field studies.

ECOLOGY 71



ECOLOGY

Feedback between model development and fieldwork will accelerate understanding of the natural
system and should produce ecological models having sufficient realism to predict gross effects of
human-induced perturbations.

PROGRESS: Project research activities associated with San Francisco Bay were: (1) to map weekly
and monthly changes in the vertical and horizontal distributions of dissolved oxygen, salinity,
temperature, turbidity, chlorophyll, and suspended sediments. This measurement program was
partially supported with funds from local dischargers. Results of this pilot program will be used to
design a permanent regional monitoring program in San Francisco Bay; (2) to characterize
phytoplankton-nutrient dynamics in South San Francisco Bay around the spring bloom, a period of
intense biogeochemical activity, and adding a 17th year to this observational record; (3) to measure
changes in benthic fluxes of oxygen and nutrients associated with the spring phytoplankton bloom (J.
Caffrey); (4) to install new instruments and data acquisition system onboard the R/V Polaris (B.
Cole); (5) to characterize seasonal changes in the origin and composition of organic matter in sediment
and seston (E. Canuel); (7) with researchers from Stanford University, to begin the development of
three-dimensional model of phytoplankton dynamics in South San Francisco Bay. This model will
account for variations in community composition, nutrient flux, zooplankton and benthic grazing,
vertical and horizontal transport, and variations in the light field of the water column (J. Cloern).

In France, we (1) worked with French colleagues at the Centre d'Oceanologie de Marseille to develop
a vertical model that describes coupled changes in phytoplankton abundance and nutrients. This model
will be used to compare phytoplankton temporal variability in South San Francisco Bay and the Golf
de Fos in the Mediterranean Sea (J. Cloern) and (2) collaborated with French researchers to develop a
two-dimensional model of circulation and horizontal transport (J. Cloern). These modelling efforts
are an attempt to enable us to make meaningful comparisons of different ecosystems.

Papers were published on the following: (1) interannual variability in the seasonal pattern of
phytoplankton biomass change in South San Francisco Bay (with A. Jassby, University of California at
Davis)—book chapter (J.H. Steele editor, Ecological Time Series, Chapman Hall publisher); (2)
nitrogen dynamics in the plankton of San Francisco Bay (collaboration with T. Fisher, University of
Maryland and NRP-WR)—Estuarine Coastal and Shelf Science; (3) two papers on the characterization
of organic matter in San Francisco Bay and how various sources of organic matter are processed
through the ecosystem (with researchers from the University of Tennessee, and NASA Ames Research
Center)—Limnology and Oceanography and Proceedings of the American Association for the
Advancement of Science; (4) the significance of isohaline positions as predictors of fish population
fluctuation and their use as management in setting flow standards in San Francisco Bay and the
Sacramento-San Joaquin Delta (with Jassby and others)—Ecological Applications; (5) the
environmental conditions necessary to promote the development of blooms by ciliates similar to those
of toxic algae—Journal of Plankton Research; (6) two papers on seasonal contrasts in the composition
and abundance of seston and primary production in Williams and Shingobee Lakes (a component of
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USGS research at the IRI site in Minnesota)—two chapters in USGS circular to be edited by T.
Winter; (7) the role of organic inputs and bioturbation on benthic fluxes of nutrients in San Francisco
Bay (with researchers from the University of Southern California, University Southern Louisiana, and
NRP-WR) Proceedings of the American Association for the Advancement of Science; (8) temporal
and spatial variations in respiration rates of the plankton community in relation to environmental
conditions. and community composition—Proceedings of the American Association for the
Advancement of Science. A USGS Open-File Data Report was published on hydrographic
parameters, phytoplankton composition and abundance, rates of photosynthesis, and water column

respiration rates in San Francisco Bay during 1993.
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PROBLEM: Micro-organisms alter the chemistry and productivity of aquatic environments by
performing complex transformations of organic and inorganic molecules. In many cases, microbes
can affect the speciation, mobility, bioavailability, and toxicity of toxic elements, such as Se, Hg, and
As. The mechanisms by which these reactions proceed, the in place rates of the transformation, their
quantitative significance to element cycling, the responsible micro-organisms and their physiology are
poorly understood.

OBJECTIVE: Conceptual models of biogeochemical transformations will be developed by a
combination of laboratory and field experimental work. Laboratory work will focus on identification
of biochemical pathways, isolation and physiological characterization of relevant microbes. Field
work will consist of measuring in place rates of transformations, based on methods developed in the
laboratory. Physical exchanges between components, such as flux of biogeﬁi‘c gases to or from the
atmosphere from water or soil will be quantified. |

APPROACH: Microbial pathways will be studied in the laboratory for materials from various field
locations. Biochemical experiments will be performed on isolated cultures of important micro-
organisms. The findings from these investigations will guide the methodology employed in field work
to assess in place rates of these transformations as well as physical exchange (flux) of important
materials (for example, reduced gases) between components.

PROGRESS: Atmospheric Gases and Global Change: Methylbromide (MeB:ﬁ‘), a fumigant destructive
to stratospheric ozone was found to be degraded by aerobic and anaerobic bacteria. In anaerobic
environments, MeBr reacts with sulfide to form methylated sulfur compound$ which are attacked by
methanogenic bacteria. In aerobic environments, methyl bromide is oxidized to CO, by methane-
oxidizing bacteria. These results suggest that a biospheric sink exists for MeBr. Because MeBr is a
competitive inhibitor of methane oxidation and nitrification, fumigated fields were found to accumulate
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soil methane and nitrous oxide. The nitrous oxide accumulation was due the inhibitory effects of the
chloropicrin (tear gas) upon denitirifcation and nitrification. (1 paper in EST, 1994; 1 paper
submitted to AEM; 1 paper in preparation.)

Trifluoroacetate (TFA), an atmospheric oxidation product of HFC-143a (tetrafluoroethane) is
extremely unreactive chemically and recalcitrant to degradation biologically. Use of "new generation”
freon substitutes runs the risk of forming products which will accumulate in nature, possibly causing
toxic effects to biota. We discovered that in anoxic sediments, TFA is sequentially defluorinated to
the level of acetate. This is the first demonstration of microbiological defluorination of a
perfluorinated compound. Acetate was degraded to CH, and CO,. In aerobic sediments, TFA was
found to be cleaved to CF;H and CO,. These results suggested that TFA can be decomposed by soil
microbes, however some of the products, monofluoroacetate and CF;H, may cause environmental
problems. (1 paper in Nature 1994; 1 paper in prepration.)

Biogeochemistry of Toxic Elements: A selenate-respiring bacterium (SES-3) isolated from an
irrigation drainage site was found to grow anaerobically on selenate, nitrate, thiosulfate, iron, and
manganese as electron acceptors. Growth on selenate resulted in the formation of toxic selenite, the
accumulation of which prevented further reduction. However, nongrowing cell suspensions were
readily able to reduce selenate to elemental selenium. Selenate and nitrate were reduced by separate
enzymes, but selenite and nitrite may have in part shared a common reductase. These physiological
results have significance with respect to understanding the mechanisms of selenium precipitation in
drainwater, as well as to the remediation of these systems by biotechnological treatment of
wastewaters. In cooperation with T. Bullen, we are attempting to see if a fractionation of stable Se
isotopes occurs with bacterial reduction of Se VI and Se IV (1 paper in AEM, 1994; 1 review paper
in Se book, 1994; 1 paper in prepration).

The mechanism(s) for bacterial demethylation of methylated forms of mercury and arsenic are
currently being investigated.

Cooperative research investigations with California and Nevada Districts:
® Methane fluxes in the Sacramento/San Joaquin R.Delta (Bronwyn Wang)
¢ Arsenate reduction by bacteria (Roger Fujii)
¢ Methylation/demethylation of mercury in the Carson River/Lahontan Resevoir system (NAWQA

site): Hugh Beavans
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Oremland, R.S., and Hollibaugh, J.T., 1990, Dana, G.L., 1993, Meromixis in hypersaline
Influence of redox potential on selenium distri- Mono Lake, California. 2. Nitrogen fluxes:
bution in ground water, Mendota, Western San Limnology and Oceanography, v. 38, p.
Joaquin Valley, California: U.S. Geological 1020-1039.

Survey Open-File Report 90-138, p. 24.
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TITLE: Biotic Interface with Fluvial Transport: Processes Associated with Dissolved Solutes
in Transport (WR 84-186)

PERSONNEL: Frank J. Triska, Project Chief
Carolyn Harden, Secretary Ronald J. Avanzino, Chemist
Alan P. Jackman, Chemical Engineer John H. Duff, Hydrologist

ADDRESS: U.S. Geological Survey
345 Middlefield Road, MS 496
Menlo Park, CA 94025

TELEPHONE: (415) 354-3333

PROBLEM: Biogeochemical processes associated with the microbial community (algae, bacteria,
fungi) constitute the interface between solute transport and biotic production in riverine environments.
Identifying and estimating the role of biotic processes such as nitrification and denitrification by
bacteria, nutrient uptake and production by epilithic algal films and decomposition of particulate and
dissolved organic matter, as well as abiotic processes such as absorption, are important for
understanding the linkage between terrestrial, riparian, hyporheic and in-channel contributions to the
nutrient chemistry of a drainage network. Relative biotic response to solutes in transport between
pristine and anthropogenically modified riverine environments is poorly understood, but necessary for
long-term management of surface waters.

OBJECTIVE: Identify and determine rates of biotic transformations of transported solutes at
chemical-biotic interfaces in fluvial environments, including seepage areas, riparian zones,
sediment/surface-water interfaces, intragravel-subsurface flow interfaces (hyporheic zone) and
floodplains.

APPROACH: Laboratory experiments using communities collected from small to large streams and
in place field experiments are used to estimate biotic transformation of dissolved solutes. Field
experiments are conducted at background concentrations and with mixtures of conservative and
nonconservative solutes injected into both pristine and man-impacted fluvial environments. Cycling of
elements which have high assimilative demand and (or) are subsequently passed to higher trophic
levels are emphasized (that is, C, N, P).

PROGRESS: (1) Research at the Water Resource Division's Integrated Research Initiative (IRI) site
continues on the Shingobee River in north-central Minnesota. Comparison of dissolved inorganic
nitrogen concentration (DIN) between channel water and groundwater in summer, indicates effective
depletion of DIN as ground water moves upward between 20 cm beneath and the surface of the bed.
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DIN consists almost entirely of ammonium. We hypothesize that DIN depletion involves a
nitrification-denitrification coupling in the top 5 cm of sediments. Uptake by rooted macrophytes may
also be a factor at times of high plant production. During winter, surface water DIN concentration is
similar to summer groundwater concentration (0.2-1.0 m) beneath the channel. At these times
ground-water DIN passes through the bed unaltered due to inhibition of biotic processes by cold
temperature. Thus, during summer temperature and redox-dependent processes control DIN transport,
whereas in winter hydrologic mechanisms control DIN transport through the bed.

(2) An interstitial sampler has been devised to sample subchannel nutrient profiles to 1.0 cm
resolution. The sampler can withdraw interstitial water at rates as low as 1 uL s~!, which permits
sampling with minimal distortion of dissolved solute profiles in surficial sediments. Water samples as
small as 50 uL can subsequently be passed through a set of flow-through microelectrodes measuring
dissolved oxygen, specific conductance, pH temperature and ammonium on the same sample.

REPORTS PUBLISHED 1989-1994:
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TITLE: Solute Transport Involving Biological Processes in Surface Waters (WR 86-190)

PERSONNEL: James S. Kuwabara, Project Chief
Susan P. Bartaluzzi, Secretary K
Cecily C. Chang, Hydrologist
Anne Khechfe, Hydrotech

ADDRESS: U.S. Geological Survey,
345 Middlefield Road, MS 465
Menlo Park, CA 94025

TELEPHONE: (415) 329-4485

PROBLEM: Availability of toxic substances and nutrients to biota is dependent on their chemical
form or speciation. Toxicological models, for example, have emphasized the effect of solute
speciation on biological processes. Conversely, it has been demonstrated that partitioning of
contaminants and nutrients can be affected by biological processes. Chemical processes that control
chemical speciation in natural waters are solute complexation, precipitation and dissolution, sorption,
and redox. Each of these processes affects and is affected by biological activity. Therefore,
understanding and quantifying solute interactions with biota can be important in developing accurate
water-quality models. Although inorganic and organic complexation have been emphasized in
previous toxicological studies in chemically defined media, it is clear that chemical processes
suppressed in these experiments can be important in natural water systems. The effects of biological
processes on solute uptake and transport need to be quantified and incorporated in transport models.

OBJECTIVE: Study transport of trace inorganic solutes between paniculate§ and primary producers.
Examine and quantify processes controlling that transport (for example, adsorption onto and
desorption from particles, and uptake and release from plankton and periphyton.) Establish how
biological processes may contribute to the overall behavior of trace inorganic contaminants in surface-
water systems.

APPROACH: Conduct field sampling and laboratory analyses to assess the chemical character of
particulate and dissolved phases and to identify potentially important biological-transport processes.
Determine trace-metal, macronutrient, and organic carbon and trace sulfide concentrations by means
of various analytical and preparative techniques. Use chemically defined media, suspensions and algal
cultures to describe processes controlling solute uptake and release by cells. Conduct laboratory
culture experiments with field samples and isolates from natural planktonic and periphyton
communities and generate biological transport models for testing and eventual incorporation into
comprehensive water-quality models.
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PROGRESS: Two publications from our project deal with the importance of considering, even in
oxic waters of San Francisco Bay, the competition between dissolved sulfide complexation and
dissolved organic carbon (DOC) interactions in regulating trace metal speciation (bioavailability). In
place and laboratory flux chamber experiments in 1992 and 1993 are consistent with initial sulfide
distribution data indicating a consistently positive dissolved sulfide flux from the sediment. Vertical
dissolved sulfide distributions in 1993 (post-drought period) were consistent with 1992 data (that is, a
primary benthic source) even during and after the major spring phytoplankton bloom of 1993. In
contrast to sulfide fluxes, and like fluxes for DOC, trace metal benthic fluxes showed a shift in
direction. This is contrary to trace metal fluxes estimated on the basis of residual modeling terms and
provides the first direct determinations for metal benthic fluxes in the estuary.

In contrast to recent marine chemistry reports, minimal ionic strength effects were observed up to 0.7
molar (that is, seawater ionic strength) on the efficiency of oxidation of the major carbon sources to
the northern and southern components of the Bay. Results were further supported by experiments
using chemically defined fulvic acids, and by participation in the Joint Global Ocean Flux Study
(JGOFS) International Intercalibration Program. This work, accomplished in cooperation with the
California District, has direct implications on our understanding of carbon budgets and metal
bioavailability within complex estuarine environments.

A dedicated issue of the journal Estuaries was published on "Trace contaminants and nutrients in
estuaries” (v. 16, no. 3A). The issue examined process interdependence in estuarine studies involving
both inorganic and organic solutes. Contributions to the issue involved estuarine research conducted
throughout the world including papers resulting from work within the Toxics Substances Hydrology
Program in San Francisco Bay.

In addition to collaborative work with the California District, work with the Idaho District was
initiated to: (1) determine dissolved trace metal distributions along a longitudinal DOC gradient within
the Coeur d'Alene Lake Basin (a mine drainage area), and (2) determine trace element effects on
dominant phytoplankton species isolated from sites along that gradient (for example, our initial results
indicate a temporally consistent gradient for dissolved zinc between 2 and 600 nanomolar with a 3,600
nanomolar point source, the Coeur d'Alene River, to the lake). Although the phytoplankton
community structure along this gradient is expectedly different, there are actually major species
common to the sites. There is obvious concern about ecological implications for the lake and its
fisheries, because in our previous laboratory studies, nanomolar zinc ion activities have significantly
retarded the growth of certain freshwater bioindicators. The area has been proposed as a future
NAWQA site.

REPORTS PUBLISHED 1989-1994:

Chang, C.C.Y., Kuwabara, J.S., and Pasilis, S.P., Watershed Symposium, Lake Tahoe, June
1990, Trace-metal concentrations in three 8-10, 1988: Tahoe Research Conservation
streams during spring runoff in the Tahoe District, p. 103-115.

Basin, California/ Nevada, in Poppoff, I.G., . L.
Goldman, C.R., Loeb, S.L. and Leopold, __ 1992, Phosphate aqd iron limitation of pl}yto-
L.B., eds., Proceedings of the International plankton biomass in Lake Tahoe: Canadian

ECOLOGY 8b



ECOLOGY

Journal of Fisheries and Aquatic Sciences, v.
49, p. 1206-1215.

Hunter, Y.R., and Kuwabara, J.S., 1994, Ionic
strength and DOC determinations from various
freshwater sources to the San Francisco Bay:
Bulletin of Environmental Contamination and
Toxicology, v. 52, p. 311-318.

Kuwabara, J.S., 1992, Associations between ben-
thic flora and diel changes in dissolved
arsenic, phosphorus, and related physico-
chemical parameters: Journal of the North
American Benthological Society, v. 11, p.
218-228.

Kuwabara, J.S. and Baker, J.E., 1993, Trace con-
taminants and nutrients in estuaries: the impor-
tance of process interdependence: Estuaries, v.
16, p. 383-384.

Kuwabara, J.S., Chang, C.C.Y., Cloern, J.E.,
Fries, T.L., Davis, J.A., and Luoma, S.N.,
1989, Trace metal associations in the water
column of South San Francisco Bay,
California: Estuarine, Coastal, and Shelf
Science, v. 26, p. 307-325.

Kuwabara, J.S., Chang, C.C.Y., and Pasilis, S.P.,
1989, Periphyton effects on arsenic transport
in Whitewood Creek, South Dakota, in
Mallard, G.E., and Ragone, S.E., eds., U.S.
Geological Survey Toxic Substances Hydrol-
ogy Program—Proceedings of the technical
meeting, Phoenix, Ariz., September 26-30,
1988: U.S. Geological Survey Water-
Resources Investigations Report 88-4220, p.
247-256.

1990, Effects of benthic flora on arsenic trans-

port: Journal of Environmental Engineering, v.

116, p. 394-409.

86 NATIONAL RESEARCH SUMMARY 1994

___in press, Effects of the benthic flora on arsenic
transport in Whitewood Creek, South Dakota,
in Goddard, K.E., and Mallard, G.E. eds.,
Toxic substances in surfaces waters and
sediments—a study to assess the effects of
arsenic-contaminated alluvial sediment in the
Cheyenne River, South Dakota: U.S. Geologi-
cal Survey Water-Supply Paper 2345.

Kuwabara, J.S., and Harvey, R.W., 1990, Applica-
tion of a hollow-fiber tangential-flow device
for sampling suspended bacteria and particles
from natural waters: Journal of Environmental
Quality, v. 19, p. 625-629.

Kuwabara, J.S., Hunter, Y.R., and Chang,
C.C.Y., in press, Distributions and benthic
flux of dissolved sulfides in the oxic water
column of San Francisco Bay, California, in
Morganwalp, D.W., and Aronson, D.A., eds.,
U.S. Geological Survey Toxic Substances
Hydrology Program—Proceedings of the tech-
nical meeting, Colorado Springs, Colorado,
September 20-24, 1993: U.S. Geological
Survey Water Resources Investigations Report
94-4014.

Kuwabara, J.S., and Luther, G.W. III, 1993, Dis-
solved sulfides in the oxic water column of
San Francisco Bay, California: Estuaries, v.
16, p. 567-573. \‘

Stream Solute Workshop, 1990, Concepts and
methods for assessing solute dynamics in
stream ecosystems: Journal of the North
American Benthological Society, v. 9, p. 95-
119.



ECOLOGY

TITLE: Environmental Influences on Estuarine Benthic Community Dynamics (WR 86-192)

PERSONNEL: Frederic H. Nichols, Project Chief
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Janet K. Thompson, Marine Biologist
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ADDRESS: U.S. Geological Survey
345 Middlefield Road, MS 472
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TELEPHONE: (415) 329-4411

PROBLEM: (1) Benthic invertebrate communities, composed of sessile, relatively long-lived species,
provide a record of effects of short- and long-term environmental changes through species composition
and abundance changes. Thus they are often used as water-quality indicators. However, their use in
water-quality studies requires assumptions that communities remain at steady state except when
influenced by human activity. Long-term studies show that natural variation over a variety of time
scales often masks human-induced changes. (2) Estuarine benthic communities, often dominated by
suspension feeders, have an unknown but potentially large controlling effect on phytoplankton
biomass, and thus may be important in limiting eutrophication.

OBJECTIVE: (1) Characterize long-term patterns in estuarine and coastal benthic communities, in
order to determine the contribution of natural factors (climatic events, seasonal/interannual patterns of
runoff, water chemistry and circulation, sediment texture and stability, and food availability) to
community variability, and to assess the contribution of human activity (waste contamination, control
of river runoff) to the remaining unexplained variability in community dynamics. (2) Measure,
through field and laboratory studies, the processes which determine the rates at which invertebrates
remove phytoplankton from the water column.

APPROACH: (1) Quantitatively sample the benthos at regular intervals through time (and obtain
access to data that have been collected by others) at fixed locations in various estuaries and nearshore
habitats. Statistically analyze data from these samples for short- and long-term patterns of change in
community structure and correlate these patterns through time-series analysis with both natural
environmental factors and anthropogenic factors associated with the water column and sediment. (2)
Determine the link between benthic community processes (feeding, respiration, substrate disturbance
and stabilization) and changes in the water column (changes in planktonic biomass, nutrients, and
organic matter) through field-manipulation experiments with transplanted animals and through
laboratory experiments with individual species and intact infaunal communities in flumes that simulate
changing field conditions.
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PROGRESS: To quantify ecological responses to natural environmental perturbations—for example,
responses to short- and long-term variations in river flow and to contaminant inputs—we continue to
characterize long-term patterns in the structure and functioning of the benthic community at fixed sites
in both northern and southern San Francisco Bay.

Now that the long California drought is over, we have been able to answer the question about the
effect of Potamocorbula on phytoplankton abundance in the northern bay. The reduction in the
phytoplankton was hypothesized to be due to (1) an increase in grazing pressure by the arrival of the
new clam or (2) some physical or chemical change related to the reduction in freshwater inflow into
the bay during the drought. Our data confirms that Potamocorbula is the likely cause of the
disappearance of the annual phytoplankton bloom: Potamocorbula survived the return of normal
runoff (particularly during the wet winter of 1992-93), and the predrought, pre-Potamocorbula
summer phytoplankton bloom has not returned. An estimate of secondary production for
Potamocorbula at six representative sites shows that the clams are capable of consuming all of the
phytoplankton produced in these areas and that Potamocorbula is also using some other carbon source
as food, probably river-borne freshwater algae or detritus.

We are continuing the study of the growth of Potamocorbula and other filter feeding bivalves in South
Bay to determine how the spring phytoplankton bloom is linked to the growth cycle of the benthic
organisms. A joint study with Stanford University has shown that the timing and the magnitude of the
spring phytoplankton bloom is due to the relative density of the benthic filter feeding organisms in the
shallow and deep water. The key factors for bloom development are lateral transport, benthic
grazing, and photic depth. The previous 3 years of benthic biomass data show the lack of a
phytoplankton bloom in fall, when physical conditions appear to be conducive to bloom development,
maybe due to the large biomass of benthic filter feeders during this time of the year.

Both of these studies demonstrate the susceptibility of the estuary to the effects of introduced species.
It is worth noting that one of the newest species introductions, the Atlantic green crab Carcinus
maenas, may now be consuming large numbers of clams in the shallow water in South Bay; this
could, in turn, influence the occurrence of fall phytoplankton bloom; would this lead to hypoxia? The
physical conditions are certainly right for this to happen. These questions are being examined.

Finally, our studies of bivalve filtration rates in the flume have demonstrated clearly that these benthic
filter feeding clams change their feeding behavior in response to varying water velocities; for
example, they elevate their position in the sediments in slower water currents thereby increasing the
turbulence and transport of food to each individual. These studies have clearly shown that using
filtration rates that are measured in nonflowing water may result in large errors.
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TITLE: Movement and Storage of Sediment in River Systems (CR 75-102)

PERSONNEL: Robert H. Meade, Project Chief
Aleta R. Moores, Secretary

ADDRESS: U.S. Geological Survey
P.O. Box 25046, MS 413
Denver Federal Center
Denver, CO 80225

TELEPHONE: (303) 236-5009

PROBLEM: Sediment moves through a river system in response to specific events and
changing conditions in the drainage basin. The movement of sediment is usually discontinu-
ous. Episodes of movement are separated by periods of storage that can range from less than
1 year to more than 1,000 years. Understanding the movement and storage of sediment in
rivers is important to navigation, flood control, and other aspects of river engineering, as well
as to the prediction of the fate of contaminants absorbed on sediment particles.

OBJECTIVE: Assess (1) changes in river-sediment loads over periods of decades or longer
and the factors (natural or artificial) that cause the changes; (2) rates at which sediment is
stored in river systems and the residence times of sediment particles in storage; and (3)
sources, pathways, and sinks of sediment particles in river systems.

APPROACH: (1) Assess long-term changes in sediment loads from data previously collected
by U.S. Geological Survey and other agencies; (2) assess sediment stdrage by repeated
(annual) surveys of selected river channels and by comparing old and new maps and aerial
photographs of rivers and their flood plains; and (3) assess sources, pat;hways and sinks by
intensive field studies of selected large and small rivers. K

PROGRESS: On Powder River in southeastern Montana: (1) ice jams during Spring 1994
indicated a possibly significant transport mechanism for sediment; (2) steady flow conditions
in early May 1994 provided conditions for determining variability of Lagrangian velocity,
cross-sectional area, and water-surface slope along a 5-km reach; (3) we began rating 22
study sections between Moorhead and Broadus.

In Venezuela, technical assistance was provided in developing a field program to evaluate
mercury pollution and sediment mobilization from gold mining on the Guayana Shield.
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TITLE: Effects of Water and Sediment Discharges on Channel Morphology
(CR 65-105)

PERSONNEL: Garnett P. Williams, Project Chief
Aleta R. Moores, Secretary

ADDRESS: U.S. Geological Survey
P.O. Box 25046, MS 413
Denver Federal Center
Denver, CO 80225

TELEPHONE: (303) 236-5001

PROBLEM: Channels on alluvial streams change with time. Bed elevations and channel
widths may change, meander bends shift both laterally and downstreamward, the sizes of the
bed particles may change, instream bars grow and migrate, and the amount and type of
vegetation along the river may increase or decrease. Sometimes the change is minor and
insignificant, even over decades, but in other cases catastrophic modifications occur in
minutes. The transformations can be natural or man-induced, and they can have significant
effects on man and the environment.

OBJECTIVE: Determine and analyze the influence of the major governing variables,
particularly water and sediment discharges, on channel morphology, and evaluate how the
many relevant variables and results change with time.

APPROACH: (1) Identify the major variables that govern channel morphology; (2) obtain
data sets that span as long a time period as possible; (3) isolate the effects of different
variables and analyze stream channels as dynamical systems, with an eye toward prediction of
channel changes.

PROGRESS: The newly emerging fields of nonlinear dynamics and chaos may be able to
provide new tools for, and insights into, heretofore-intractable geomorphic and hydrologic
problems. However, most researchers find the concepts underlying those new fields to be too
confusing and complex. For example, some of the standard chaos-type analyses include
Lyapunov exponents, Kolmogorov-Sinai entropy, correlation dimension, and mutual
information. These and related concepts are totally unknown to nearly all geomorphologists
(and to most other scientists, too, for that matter). The main reason why most scientists and
engineers find those concepts so baffling is that there is no understandable textbook
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explaining them. Therefore, I am preparing such a textbook. As of June 1994 the first draft

of the manuscript is about 98 percent complete.
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TITLE: Hydraulics and Mechanics of Bedload-Transport Processes (CR 74-187)
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PROBLEM: Of all processes operating in river channels, and especially of those of practical
concern to engineers and others interested in river-channel behavior, perhaps the least
information is available regarding the hydraulics and mechanics of bedload transport. As
scientific knowledge of river behavior advances and is applied to management of the nation's
rivers, additional understanding of bedload-transport processes will be necessary.

OBJECTIVE: (1) Define (a) spatial and temporal variations in transport rate and particle size
of bedload; and (b) the average magnitudes of transport rate and particle size throughout a
range of geographic locations, channel geometries, and river hydraulics. (2) Evaluate the
adequacy of sampling equipment and field procedures, provide interpretation of bedload-
transport processes, and assess the applicability of existing or new predictive techniques in
river hydrology. (3) Demonstrate the value of sediment data in designing hydrologic net-
works and in evaluating regional and temporal trends in water-resources information. (4)
Assess the usefulness of numerical simulations as hydrologic tools in fluvial geomorphology.
(5) Provide interdiscipline perspectives in evaluation of environmental resources (for example,
fishery habitat), impact assessments (for example, alluvial mining), and management alterna-
tives (for example, operating policy). (6) Apply the information to operational programs of
the USGS and other organizational units to assist in the solution of practical problems.

APPROACH: (1) Use continuous sampling of bedload (for example, conveyor-belt bedload
trap on the East Fork River near Pinedale, Wyoming) as a control to evaluate spatial and
temporal variability factors in bedload transport and to evaluate general relations between
sediment movement and river hydraulics. (2) Field calibrate the sediment-sampling efficiency
of the Helley-Smith bedload sampler simultaneously with operation of the bedload trap. (3)
Use the calibrated Helley-Smith sampler and the concurrent measurements of streamflow

96  NATIONAL RESEARCH SUMMARY 1994



GEOMORPHOLOGY AND SEDIMENT TRANSPORT

hydraulics in the systematic collection of bedload samples from a variety of sand- and
gravel-bed streams, and within the laws of general physics, stochastically develop empirical
relations of bedload transport and interpret the physical significance of the developed
relations. (4) At the conveyor-belt bedload-trap research facility, initiate a tracer study using
fluorescent particles (sand to fine gravel) to evaluate: (a) residence time of sediment, (b) aver-
age speed of various sizes of particles, (c) depth of bed material involved in transport, (d)
dispersion of bed material, (¢) short-term channel changes accompanying sediment transport,
(f) influence of availability of sediment on transport rate, and (g) other related aspects of
sediment transport. (5) Extend the fluorescent-tracer study to larger particles (coarse gravel
to cobbles) by implanting microradio transmitters in individual rocks and, by periodic and
(or) continuous detection by receivers/data loggers, provide time-sequence data on motion and
location of separately identifiable particles. (6) Establish field sites for bedload sampling that
document varying characteristics of geographic coverage (factors of hydrology, meteorology,
soils, biology, and so forth); maintain one or more bedload stations as long-term observation
sites so that time-trend data can be evaluated. (7) Initiate and participate, as needed, in
studies comparing sampler types, sampling procedures, and analytical techniques to formulate
and modify guidelines on equipment needs and field/laboratory practices; provide emphasis
on relevancy to WRD mission and on need for consistency of data collection. (8) In
conjunction with biologists, chemists, and other scientists, develop a field-oriented strategy
for comprehensive environmental assessments; apply developed strategy to specific sites to
demonstrate and document sediment-related variables as important ecological factors.

PROGRESS: (1) Provided instruction, field assistance, and office visits to national National
Water Quality Assessment (NAWQA) program and to several NAWQA study units related to
geomorphic assessment of physical habitat. (2) Provided data summaries and interpretation
related to bedload-sampling procedures and to bedload-transport characteristics of natural
rivers. (3) Provided technical assistance and overview to hydrologic and geomorphic
components of Snake River adjudication.
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PROBLEM: The geometry and pattern of river channels adjust to significant changes in the
water discharge, size, and quantity of sediment supplied to the channel. When the quantity of
water and sediment over a period of years remains relatively constant, the channel geometry
and pattern vary about a mean or quasi-equilibrium condition. Major watershed alterations
that change the supply of water, sediment, and size of sediment reaching the channel
necessitate an adjustment of the channel geometry and pattern. That is, the channel is
transformed from one quasi-equilibrium state to another. Between the two quasi-equilibrium
states, there is a period of instability and adjustment. Existing techniques for examining and
predicting river channel adjustment have been developed primarily from investigation of
quasi-equilibrium rivers. As a result, it is frequently possible to predict with a modest range
of uncertainty the future quasi-equilibrium hydraulic characteristics of a river following a
change in its watershed. The dynamics and rate of river channel adjustment during the period
of instability, however, have rarely been studied, and are rather poorly understood. The
length of time required for the complete adjustment is commonly a few decades to a century
or more. In many instances, such as surface mines, reservoirs, and urbanization, the
adjustment period may, in fact, be longer than the duration of the watershed change. In
watersheds where various land-use changes occur every several years, river channels may be
continually adjusting to different contributions of water and sediment, and thus, never reach a
quasi-equilibrium condition. In these rivers, instability and adjustment are the prevailing
condition. The primary focus of this research project is to understand the dynamics and rate
of river channel change and develop numerical models to make predictions of river channel
characteristics given a particular change in flow regime and sediment supply. The greatest
deficiencies in our present knowledge of river channel adjustment are (1) the longitudinal
sorting of bed material, especially gravel, (2) the formation and stability of bed forms, (3)
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adjustment of channel width through the erosion and deposition of bank material, and (4) the
rates at which the several hydraulic variables adjust. !

OBJECTIVE: Develop physically-based numerical models to describe the processes and rate
at which a river channel adjusts in response to a change in the water discharge, sediment size
and sediment load supplied to the channel. Emphasize the adjustment of those aspects of
river channels known to significantly influence the aquatic ecosystem, that is, the bed-material
size distribution, occurrence of bars, and channel width. Describe the hydraulic processes
controlling these characteristics of river channels as well as the rate at which they function.
Formulate mathematical models of the processes as required for longitudinal routing of water
and sediment. Develop new analytical tools for describing river-channel adjustment.

APPROACH: The development of physically-based hydrodynamics models involves an
iterative process of model formulation, testing model predictions using field and laboratory
measurements, and then model refinement. Precise field and laboratory measurements are
essential. Ideally, one would study in great detail the transition of a river channel from one
quasi-equilibrium state through a period of instability to another quasi-equilibrium state as a
result of a known change in the supply of water and sediment. Unfortunately, this approach
is impractical for several reasons including the need to maintain a high level of effort over the
period of adjustment, which may last for a few decades to a century or more. Instead, one
must limit the detailed study of processes to a duration much less than would normally be
required for channel adjustment. These studies, however, can lead to a precise description of
physical processes. Although historical information is incomplete and less precise, the course
and rate of river channel adjustment through time can only be understood by studying
historical examples. Thus, reconstructions of the sequence and rate of channel adjustment
using historical examples of river channel change are necessary components of this research.
Better understanding of river channel adjustment requires a combination of precise field and
laboratory studies, the reconstruction of historical examples using available information, and
carefully formulated physically-based models.

PROGRESS: The primary obstacle limiting our ability to compute bed-material transport
rates precisely at relatively small boundary shear stresses has been considerable uncertainty in
the characteristics of the pockets in which bed particles rest. When uhe fluid forces acting on
a bed particle are just sufficient to overcome the gravitational force, a particle will rotate out
of the pocket in which it lies and roll or bounce downstream until it settles into a new resting
site. The mechanics of particles rolling across a granular bed have been well formulated, and
the transport of various sized bed particles can be computed if distribution of bed pocket
angles is known. A technique for measuring pocket angles of actual river deposits, for
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example point-bars, middle channel bars, riffles, etc., has been developed. The technique
employs a commercially available force transducer. Results obtained so far are promising.

Over the past year, an evaluation of fluvial sediment transport magnitude and frequency in
Zion National Park was completed and presented to Park officials and the Utah State
Engineer Based on these findings, various instream flow regimes to protect fluvial resources

in the Park are being evaluated.

A field technique has been developed to determine the characteristics of the pockets in which
gravel-sized particles rest in stream deposits composed of various particle size mixtures,

packing and shape.
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TITLE: Sediment-Transported Pollutants in the Mississippi River (CR 87-309)

PERSONNEL: Robert H. Meade, Jr., Project Chief
Aleta R. Moores, Secretary
John A. Moody, Hydrologist

ADDRESS: U.S. Geological Survey
P.O. Box 25046, MS 413
Denver Federal Center
Denver, CO 80225

TELEPHONE: (303) 236-5009

PROBLEM: The source and fate of many pollutant substances in the Nation's largest river
system are closely tied to suspended sediment. Accurate prediction of the fate of these
pollutants will require more than our present understanding of the interactions between
sediments and pollutants and the ways in which large rivers store and remobilize suspended
sediment.

OBJECTIVE: Define and understand (1) processes by which pollutant substances, organic
and inorganic, are adsorbed onto sediment particles; (2) downstream mixing of pollutants
below the confluence of large tributaries with the mainstem; and (3) seasonal storage and
remobilization of sediment and pollutants in the Mississippi River system.

APPROACH: One to two boat trips per year, beginning at Minneapolis, Minnesota, and
ending at New Orleans, Louisiana, will be made to sample 15-20 cross sections of the
Mississippi River and its principal tributaries. Cross sections will be sampled with a
large-volume suspended-sediment sampler by the equal-width-increment method. Suspended
sediment will be concentrated and analyzed for a large number of organic and inorganic
constituents, both natural and manmade. New methods for sampling and analyzing pollutants
attached to sediment particles will be developed in the field and in the laboratory.

PROGRESS: The report on contaminants in the Mississippi River, containing chapters on
heavy metals, nutrients, pesticides, PCBs, sewage and industrial contaminants (organic), and
trihalomethanes, has been approved for publication as a USGS Water-Supply Paper.

A dozen or so data reports are in various stages of preparation, review, and revision so as to
be referenced in the Water-Supply Paper.
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The surficial bed sediments in the navigation pools of the Upper Mississippi River, which
were sampled during 1991-1992, were resampled to assess the effects of the record flood of
1993. Analysis has begun on the surficial bed sediments for adsorbeq contaminants (total
organic carbon, total volatile solids, PAHs, LAS, sterols, organochlorines, PCB congeners,
and trace elements) to evaluate the effects of a large hydrologic event on river quality. This
resampling was done in cooperation with the National Biological Surv‘qy and the Wisconsin
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TITLE: Applications of Fluid and Sediment Mechanics to Basin and Regional Scale
Hydrologic and Geomorphic Problems (CR 91-324)

PERSONNEL: J. Dungan Smith, Project Chief
Eva Brown, Secretary Eleanor Griffin, Student, (University of Colorado)
Stephen M. Wiele, Hydrologist David Topping, Student, (University of Washington)

ADDRESS: U.S. Geological Survey
P.O. Box 25046, MS 458
Denver Federal Center
Denver, CO 80225

TELEPHONE: (303) 541-3004

PROBLEM: Stream systems function as integrated units from the zero-order basins at their
heads to their terminations at the sea. Interior adjustments to changes in their headwaters or
along their lengths occur in a variety of ways, some of which leave sedimentary deposits that
provide important information with regard to the sensitivity of the systems to disturbances of
various magnitudes and with respect to the nature of past disturbances. The former type of
information is crucial to reliable interpretation of paleoflood deposits and the latter knowledge
is essential for testing hydrologic predictions derived from climate models. In order to
interpret fluvial deposits properly, however, an extremely accurate knowledge of stream
system mechanics is required.

OBJECTIVE: The long-term goal of this project is to develop precise, process-based
algorithms for flow, sediment transport, stream channel adjustment, erosion, and deposition
in characteristic segments of a wide variety of fluvial systems. These algorithms then can be
used to assess local environmental problems along particular types of stream segments, or
they can be coupled with each other and with analogous algorithms for hill slope processes in
order to produce models for erosion, sediment transport, and deposition on a regional scale
and, thereby, provide a sound, process-based connection between regional hydrology and the
salient characteristics of the sedimentary deposits in a wide variety of stream systems.

APPROACH: Stream systems are far too complex to be understood using empirical data
only, but mathematical models that are to be used to provide reliable information from
extreme or past events must be predictive in character and they must be devoid of parameters
that make calibration of the models necessary. These models must be thoroughly tested using
data from comprehensive studies of carefully chosen natural systems. ' The complex
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morphology of river channels and the intricate topography of hill slopes is generally not well
known, and, thus, cannot be treated effectively in a completely deterministic fashion. In
contrast, the flow and sediment transport over these surfaces usually can be computed with
reasonable accuracy from available fluid mechanical theory if the topography is known.
Comprehensive, processes-based flow and sediment transport models for rivers and hill
slopes, therefore, must represent the topographic elements in an appropriate stochastic manner
while treating the response of the flow to this topography in a proper deterministic fashion.
Models that are useful for environmental reconstruction require the judicious combination of
modern fluid mechanical theory with a carefully crafted statistical treatment of the surface
over which fluid is moving, so that the dominant nonlinear interactions between the
topography and the flow are fully characterized and the evolution of the landscape is
accurately represented.

PROGRESS: During the past several years the emphasis on this project has centered on the
effects of operation of Glen Canyon Dam on the fluvial and riparian environments of the
Colorado River through the Marble and Grand Canyons, and specifically on the development
of physically based numerical models for flow, sediment transport and the exchange of sand
between the bed and margins of the mainstem Colorado River and its two major sand
contributing tributaries (the Little Colorado River and the Paria River). Owing to the
sensitivity of fluvial and riparian processes in arid regions to variations in discharge and fine
sediment transport in the associated rivers, and to the importance of water for irrigation,
municipal use and the generation of hydroelectric power in the arid West, there is a critical
need for mathematical models that clearly and conclusively show the environmental effects
resulting from both engineering works and natural causes. Ultimately, such models can and
should be used for environmentally sensitive operation of large dams.

Our present research on the Colorado River System between Lake Powell and Lake Mead
falls into the following categories: (1) Input of sand to the Colorado River from the Paria and
Little Colorado Rivers and its relationship to the dominant hydrologic processes in these two
drainage basins. (2) Development of an accurate, reach averaged flow model for the
Colorado River between the Glen Canyon Dam and Lake Mead that is forced by unsteady
discharge from the Glen Canyon Dam. (3) Construction of a comprehensive, reach averaged
model of sand transport in the Colorado River through the Grand Canyon driven by the
unsteady flow emanating from the Glen Canyon Dam. (4) Accurate characterization of the
discharge dependant exchange of sand between the bed of the Colorado River and the channel
margins. (5) Development of quasi three-dimensional models for flow, sand transport and
sand deposition in long reaches below the mouth's of the Paria and Little Colorado Rivers.
All of these tasks involve the analysis of large amounts of data previously collected by USGS
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personnel, as well as, the development of fluid mechanically accurate algorithms for
computation of key flow and sediment transport parameters.

Discharge on the Paria River is event dominated, so in order to calculate the historical flow
and sand transport past the gage at its mouth we have had to digitize the graphic records for
the entire pre-dam period (1923 to 1963). This task is nearly complete and Topping and
Smith are now in the process of writing a comprehensive report on the sand contribution to
the mainstem Colorado River from the Paria. This report will be completed by the end of
Fiscal Year 1994. A similar examination of sand transport out of the Little Colorado River
will be carried out during the next fiscal year.

A comprehensive discharge model for the Colorado River has been under development for the
past several years. First, the topography of the channel was characterized, then a reach
averaged stage dependent roughness for the channel was established. Subsequent to these
initial efforts a method for determining inputs from ungaged tributaries was developed and is
now being used to examine a series of experimental flows, called "Research Flows," that
were carried out in 1991. Also, the bed topography used in the original flow model extended
only to a level corresponding to a discharge of approximately 30,000 cfs and current research
is oriented toward extending that to much higher levels. During the past fiscal year a
manuscript on the present flow model has been produced by Wiele and Smith and has been
submitted for colleague review. A previous manuscript by Smith and Wiele has been revised
after colleague review and will be submitted shortly for Director's approval. In addition, a
manuscript on application of our flow model to the set of test flows carried out in 1991 is
being written by Griffin, Wiele, and Smith and will be submitted for colleague review by the
end of the fiscal year. A manuscript by Wiele and Smith on application of the model to
various operational scenarios, showing which flow characteristics are sensitive to dam
operation and which are not also is being written and probably will be sent out for colleague
review by the end of the present fiscal year. Finally, a manuscript describing a statistical
analysis of the limited available topographic information for the river channel above the
30,000 cfs level and an extrapolation of this data that permits extension of the model to levels
corresponding to 1983 and pre-dam flood discharges is in preparation by Smith and Furey
and should be released for colleague review by the end of Fiscal Year 1994.

During the past year an earlier suspended sand transport model has been expanded to permit
estimation of cross channel sand transport, and then has been used to investigate the exchange
of sand between the bed of the Colorado River and its banks. Understanding and modeling
this exchange process and its variation with stage is fundamental to coupling discharge
controlled flow processes in the channel to maintenance of (1) a healthy riparian environment,
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and (2) channel margin habitats needed by endangered species. A manuscript on this topic by
Smith is in preparation and will be available for colleague review by the end of the fiscal
year. Sand is contributed to the Colorado River by the Paria and Little Colorado Rivers
during floods in these drainage basins. Typically it is then deposited below the mouths of
these tributaries and remobilized by subsequent high flow events on the mainstem Colorado.
Accurate knowledge of how much material is in these sand reservoirs and how fast it is being
removed by Dam controlled flows is important with regard to River management; therefore,
accurate, quasi three-dimensional models are being constructed for both localities. These
models, when used in combination with topographic data from monumented cross sections,
permit computation of the patterns and rates of sand deposition during tributary floods, as
well as, subsequent redistribution and removal of this material. These models currently are
under development.

REPORTS PUBLISHED 1989-1994:

Andrews, E.D., and Smith, J.D., 1992, A theoreti-
cal model for calculating marginal bedload
transport rates of gravel, in Hey, R.D., Thor-
ne, C.R., and Billi, P., eds., Gravel-Bed Riv-
ers III: New York, p. 267-281.

the International Symposium on Sediment
Transport Modeling: New York, American
Society of Civil Engineers, p. 524-529.

Smith, J.D., and Nelson, J.M., 1989, Mechanics of
mud flows in curved channels with uneven

Nelson, J.M., and Smith, J.D., 1989, Evolution beds, in Wang, S.Y., ed., Proceedings of the

and stability of erodible channel beds, in Ike-
da, S., and Parker, G., eds., River Meander-
ing: American Geophysical Union Water Re-

International Symposium on Sediment Trans-
port Modeling: New York, American Society
of Civil Engineers, p. 518-523.

sources Monograph 12, Washington, D.C., p.
321-377.

1989, Flow in meandering channels with natu-
ral topography, in Ikeda, S., and Patker, G.,
eds., River Meandering: American Geophysi-
cal Union Water Resources Monograph 12,
Washington, D.C., p. 69-102.

1989, Mechanics of flow over ripples and
dunes: Journal of Geophysical Research, v.
94, no. C6, p. 8146-8162.

Shimizu, Y., Smith, J.D., and Nelson, J.M., 1989,

Comparison of models for single thread
streams, in Wang, S.Y., ed., Proceedings of

GEOMORPHOLOGY AND SEDIMENT TRANSPORT 111



GEOMORPHOLOGY AND SEDIMENT TRANSPORT

TITLE: Response of Fluvial Systems to Climatic Variability (WR 89-200)
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PROBLEM: Understanding the effects of climatic variability is important to development of
water resources, mitigation of flood hazards, and interpretation of geomorphic surfaces.
Climatic variability, which is characterized by temporal changes in variability of seasonal
climate that spans decades or centuries, may be more important to water-resources evaluations
than changes in mean climatic conditions. Watershed conditions, particular the status of plant
communities, is also affected by climate, and these changes may reinforce or mitigate direct
effects of climatic variability. Changes in variability of climate has a large effect on the
probability of occurrence of extreme events, such as floods or droughts. Understanding of
climatic variability and its effect on the landscape is paramount for valid estimation of flood
frequency, sediment-transport rates, and long-term watershed and chaﬁnel changes.

OBJECTIVE: The objective of this project is to define historic climatic variability in the
western United States over the past century; to identify specific time periods of statistically
stationary precipitation, discharge, flood frequency, and sediment transport; to assess the net
effects of climatic variability on watershed conditions and fluvial systems; and to determine
the extent that historic changes reflect Holocene climatic fluctuations.

APPROACH: Historic climatic variability will be assessed through regionalization of
temporal climatic signals including temperature and precipitation amounts and intensity.
Proxy synthetic records such as tree-ring widths, varved ocean sediments, and
nonanthropogenic changes in vegetation will be determined. General circulation of the
atmosphere will be examined for long-term changes in precipitation—géherating mechanisms

that affect the western United States. Generation mechanisms for specific storm types, which
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include tropical cyclones and winter frontal storms, will be examined for frequency changes
in time and space. Paleoflood records will be developed for rivers that are sensitive to
climatic variability. Regional flood frequency, streamflow, and precipitation models will be
used to assess the effects of variability changes. The stability of desert vegetation will be
assessed to determine possible interactions among climate, vegetation change, and storm
runoff.

PROGRESS: Use of repeat photography to evaluate geomorphic and ecological changes in
Grand and Cataract Canyons, which is now complete, has yielded significant results for
historic changes in riparian and desert vegetation, alluvial sand deposits, and debris fans. A
book reporting the findings is in press. A journal article on demography and longevity of
desert vegetation has been submitted. Data on the magnitude and frequency of debris flows
in Grand Canyon National Park has been compiled into a report and submitted for approval; a
monograph and several journal articles are in preparation. A draft of a circular on down-
stream effects of dams has passed through peer review. A significant advance was made in
paleoflood research using Monte Carlo analyses designed to simulate the information obtained
from paleoflood deposits. The floods of 1993 in Arizona indicate that flood frequency in the
southwestern United States may be responding to low frequency increases in high pressure
during winter over the Pacific Northwest.

REPORTS PUBLISHED 1989-1994:

Bowers, J. E., 1991, The Mountains Next Door: Bowers, J.E., and Dimmitt, M.A., 1994, Flow-
Tucson, University of Arizona Press, 196 p. ering phenology of six woody plants in the
northern Sonoran Desert: Bulletin of the
1992, Plant World and its metamorphosis from Torrey Botanical Club, v. 121, p. 215-229.
a popular journal into Ecology: Bulletin of the
Torrey Botanical Club, v. 119, p. 333-341. Bowers, J.E., and McLaughlin, S.P., 1993, Note-
worthy collections: Arizona, Madrofio, v. 40,
1993, A Full Life in a Small Place and Other p. 132-133.
Essays from a Desert Garden: Tucson, Uni-
versity of Arizona Press, 166 p. Burgess, T.L., Bowers, J.E., and Turner, Ray-
mond M., 1991, Exotic plants at the Desert
Bowers, J.E., 1994, Natural conditions for seedling Laboratory, Tucson, Arizona, Madroiio, v.
emergence of three woody species in the 38, p. 96-114.
northern Sonoran Desert; Madrono, v. 41, p.
73-84. Cayan, D.R., and Webb, R.H., 1992, El Niiio/

Southern Oscillation and streamflow in the
western United States, in Diaz, H.F., and
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Markgraf, V., eds., El Nifio, historical and
paleoclimatic aspects of the Southern Oscilla-
tion: Cambridge, England, Cambridge Univer-
sity Press, p. 29-68.

Ely, L.L., Webb, R.H., and Enzel, Y., 1992,
Accuracy of post-bomb *’Cs and C in dating
fluvial deposits: Quaternary Research, v. 37,
p. 196-204.

Enzel, Yehouda, Ely, L.L., House, P.K., Baker,
V.R., and Webb, R.H., 1993, Paleoflood evi-
dence for a natural upper bound to flood mag-
nitudes in the Colorado River basin: Water
Resources Research, v. 29, p. 2287-2297.

Graf, J.B., Hereford, Richard, and Webb, R.H.,
1991, Relation of sediment load and flood-
plain formation to climatic variability, Paria
River drainage basin, Utah and Arizona: Geo-
logical Society of America Bulletin, v. 103, p.
1405-1415.

Gray, J.R., and Webb, R.H., 1991, Radionuclides
in the Puerco and lower Little Colorado River
basins, New Mexico and Arizona, before
1987, in Gunderson, L.C.S., and Wanty,
R.V., eds., Field studies of radon in rocks,
soils, and water: U.S. Geological Survey Bul-
letin 1971, p. 297-311.

Gray, J.R., Webb, R.H., and Hyndman, D.W.,
1991, Low-flow sediment transport in the
Colorado River, in Fan, S.S., and Kuo, Y.H.,
eds., Proceedings of the Fifth Federal Inter-
agency Sedimentation Conference: Washing-
ton, D.C., Federal Energy Regulatory Com-
mission, v. 1, p. 4-63 to 4-71.

Hereford, Richard, and Webb, R.H., 1992, Histor-
ic variation in warm-season rainfall on the
Colorado Plateau, U.S.A.: Climatic Change,
v. 22, p. 239-256.
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Hyndman, D.W., Roberts, R.A., and Webb, R.H.,
1991, Modeling sediment transport in an ep-
hemeral river, in Fan, S.S., and Kuo, Y.H.,
editors, Proceedings of the Fifth Federal Inter-
agency Sedimentation Conference: Washing-
ton, D.C., Federal Energy Regulatory Com-
mission, v. 2, p. 8-101 to 8-108.

Melis, T.S., and Webb, R.H., 1993, Debris flows
in Grand Canyon National Park, Arizona,
Magnitude, frequency and effects on the Colo-
rado River, in Shen, H.W., Su, S.T., and
Wen, F., eds., Hydraulic Engineering '93:
American Society of Civil Engineers, ASCE
Conference, San Francisco, Calif. [Proceed-
ings], p. 1290-1295.

Nelson, D.J., Webb, R.H., and Long, Austin,
1990, Stick-nest rat (Leporillus: Muridae)
middens from central Australia, in Betancourt,
J.L., Van Devender, T.R., and Martin, P.S.
eds., Fossil packrat middens—The last 40,000
years of biotic change: Tucson, Ariz., The
University of Arizona Press, p. 428-434.

Webb, R.H., and Betancourt, J.L., 1990, The
spatial and temporal distribution of radiocar-
bon ages from packrat middens, in Betancourt,
J.L., Van Devender, T.R., and Martin, P.S.,
eds., Fossil packrat middens—The last 40,000
years of biotic change: Tucson, Ariz., The
University of Arizona Press, p. 85-102.

1990, Climatic effects on flood frequency—An
example from southern Arizona, in Betancourt,
J.L., and MacKay, A.M., eds., Proceedings
of the Sixth Annual Pacific Climate (PACLIM)
Workshop, March 5-8, 1989: California De-
partment of Water Resources, Interagency
Ecological Studies Program Technical Report
23, p. 61-66.

1992, Climatic variability and flood frequency
of the Santa Cruz River, Pima County, Arizo-
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na: U.S. Geological Survey Water-Supply
Paper 2379, 40 p.

Webb, R.H., and Bowers, J.E., 1993, Changes in
frost frequency and desert vegetation assem-
blages in Grand Canyon, Arizona, in Red-
mond, K.T., ed., Proceedings of the Ninth
Annual Pacific Climate (PACLIM) Workshop,
April 21-24, 1992: California Department of
Water Resources, Interagency Ecological Stud-
ies Program Technical Report 34, p. 71-82.

1993, Plant demography and burro grazing in
Grand Canyon, in Young, D.D., ed., Vege-
tation management of hot desert rangeland
ecosystems: Tucson, Arizonia, University of
Arizona, School of Renewable Natural Re-
sources, p. 210-222.

Webb, R.H., Pringle, P.T., and Rink, G.R., 1989,
Debris flows in tributaries of the Colorado
River in Grand Canyon National Park, Arizo-
na: U.S. Geological Survey Professional Paper
1492, 39 p.

Webb, R.H., and Rathburn, S.L., 1989, Paleoflood
hydrologic research in the southwestern United
States: Transportation Research Board Record
1201, p. 9-21.

Webb, R.H., Smith, S.S., and McCord, V.A.S.,
1991, Historic channel change of Kanab
Creek, southern Utah and northern Arizona:
Grand Canyon Natural History Association
Monograph, no. 9, 91 p.

Wohl, E.E., Webb, R.H., Baker, V.R., and Pick-
up, G., 1994, Sedimentary flood records in the
bedrock canyons of rivers in the monsoonal
region of Australia: Fort Collins, Colo., Water
Resources Papers no. 107, 102 p.
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TITLE: Sediment Impacts from Disturbed and Undisturbed Lands
(WR 79-311 Formerly CR 79-311)

PERSONNEL: Waite R. Osterkamp, Project Chief

ADDRESS: U.S. Geological Survey
1675 W. Anklam Road
Tucson, AZ 85745

TELEPHONE: (602) 670-6821

PROBLEM: The acquisition and meaningful interpretation of sediment data from areas
disturbed by land-use activities or natural processesare two of the most deficient areas of
recognizing nonpoint-source pollution in the United States. The comparison of sediment data
from disturbed and undisturbed areas provides a means to (1) evaluate the effects that
land-use activities cause, (2) investigate the geomorphic processes that regulate the detach-
ment and transport of sediment, and (3) develop strategies for remedial action to reduce
excessive sediment discharges. This information is especially necessary to minimize sediment
discharges and sorbed chemical loads from surface-mine, industrial, agricultural, and urban
areas.

OBJECTIVE: (1) Evaluate the extent and utility of sediment data from a variety of land-use
areas; (2) predict the movement of sediment from drainage basins affected by those land uses;
and (3) assess existing techniques and develop new ones based on geomorphic principles and
the application of statistics, geochemistry, and botany to the limited data available as aids in
improving our interpretive capabilities.

APPROACH: Field investigations are being conducted to evaluate available techniques for
predicting sediment yields. Of particular interest are the Water Erosion Prediction Project
model and the U.S. Department of Agriculture (USDA) rainfall simulation model. Research
is to be conducted to develop technology for determining (1) predisturbance sediment-delivery
ratios (proportion of gross erosion that appears as sediment yield at some place in the
watershed) based on factors such as land use, contributing drainage area, runoff, basin
morphology, relief, vegetation, and geochemical tracers, (2) sediment yields during
disturbance, which are influenced by sediment-control measures used during land-use activity,
and (3) sediment-delivery ratios for the post-disturbance period. In cooperation with other
agencies and field offices of the Survey, available sediment and related hydrologic and
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chemical data are being acquired and interpreted to develop techniques and possibly models to
aid in the prediction of sediment impacts from land disturbance.

PROGRESS: Manuscripts were completed reporting development and use of a transmission-
loss model designed to estimate ground-water recharge in arid/semiarid areas using
geomorphic field techniques. The model was used to estimate recharge in the upper
Amargosa River Basin, Nevada and California, and in a large are of Oman and the United
Arab Emirates. Studies were begun on hillslope processes of disturbed landscapes of
southern Arizona. Initial results provide rates of sediment movement due to disturbance, and
rates of healing or slope recovery as a result of veneering processes by coarse sediment.

REPORTS PUBLISHED 1988-1994:

Blodgett, J.C., Poeschel, K.R., and Osterkamp,
W.R., in press, Characteristics of debris flows
of noneruptive northern California: U.S. Geo-
logical Survey Professional Paper 1396-A.

Lane, L.J., Nichols, M.H., Hernandez, M. A.,
Manetsch, C., and Osterkamp, W.R., in press,
Variability in discharge, stream power, and
particle-size distributions in ephemeral-stream
channel systems, in Variability in Sediment
Transport, International Association of Hydro-
logical Sciences symposium, Canberra, Austra-
lia [Proceedings].

Lane, L.J., and Osterkamp, W.R., 1991, Estimat-
ing upland recharge in the Yucca Mountain
area: Irrigation and Drainage Division Pro-
ceedings, American Society of Civil Engi-
neers, p. 170-176.

Osterkamp, W.R., 1990, Gentry Playa—origin by
hydrologic processes in Gustavson, T.C., ed.,
Tertiary and Quaternary stratigraphy and ver-
tebrate paleontology of parts of northwestern
Texas and eastern New Mexico: Bureau of
Economic Geology Guidebook 24, The Uni-
versity of Texas at Austin, p. 32-35.

1990, Seepage weathering and sapping of the

southern High Plains escarpments, Texas and
New Mexico, in Higgins, C.G., and Coates,
D.R., eds., Groundwater geomorphology; The
role of subsurface water in Earth-surface pro-
cesses and landforms: Boulder, Colo., Geolog-
ical Society of America Special Paper 252, p.
300-30s.

__ 1992, Book Review, Hydrological research

basins and the environment: Hydrological Sci-
ences Journal, International Association of
Hydrological Sciences, v. 37, no. 3, p. 331-
344.

Osterkamp, W.R., Day, T.J., and Parker, R.S.,

1992, A sediment monitoring program for
North America: International Symposium on
Sediment Transport Monitoring Programmes in
Rivers, International Association of Hydro-
logic Sciences, p. 391-396.

1991, The Vigil Network—a means of observ-
ing landscape change in drainage basins: Inter-
national Association of Hydrological Sciences

Journal, v. 36, no. 4, p. 331-344.

1992, Book Review, Hydrological research

basins and the environment: Hydrological Sci-
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ences Journal, International Association of
Hydrological Sciences, v. 37, no. 3, p. 331-
344,

Osterkamp, W.R., Day, T.J., and Parker, R.S.,
1992, A sediment monitoring program for
North America: International Symposium on
Sediment Transport Monitoring Programmes in
Rivers, International Association of Hydro-
logic Sciences, p. 391-396.

Osterkamp, W.R., and Emmett, W.W., 1992, The
Vigil Network—long-term monitoring to assess
landscape changes: International Symposium
on Sediment Transport Monitoring Program-
mes in Rivers, International Association of
Hydrological Sciences, p. 397-404.

Osterkamp, W.R., Emmett, W.W., and Leopold,
L.B., 1990, The Vigil Network, a reviving of
interest: EOS, v. 71, no. 12, p. 338.

Osterkamp, W.R., Emmett, W.W., and Leopold,
L.B., 1991, The Vigil Network—a means of
observing landscape change in drainage basins:
International Association of Hydrological Sci-
ences Journal, v. 36, no. 4, p. 331-344,

Osterkamp, W.R., and Hupp, C.R., 1992, Me-
morial to John T. Hack, 1913-1991: Geolog-
ical Society of America Memorials, p. 59-61.

Osterkamp, W.R., Lane, L.J., and Menges, C.M.,
in press, Techniques of groundwater recharge
estimates in arid/semiarid areas, with examples
from Abu Dhabi: Journal of Arid Environ-
ments, v. 00.

Osterkamp, W.R., Lane, L.J., and Savard, C.S.,
1994, Recharge estimates using a geomorphic/
distributed-parameter simulation approach,
Amargosa River Basin: Water Resources
Bulletin, v. 30, no. 3, p. 1-15.
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Osterkamp, W.R., and Parker, R.S., 1991, Sedi-
ment monitoring in the United States: Federal
Inter-Agency Sedimentation Conference, Fifth,
Las Vegas, Nevada, [Proceedings], p. 1-15 to
1-23.

Osterkamp, W.R., and Toy, T.J., 1994, The heal-
ing of disturbed hillslopes by gully gravure:
Geological Society of America Bulletin, v.
106, no. 10.

Simanton, J.R., Osterkamp, W.R., and Renard,
K.G., 1993, Sediment yield in a semiarid ba-
sin—sampling equipment impacts, in Sediment
Problems—Strategies of Monitoring, Predic-
tion, and Control, in Sediment Problems:
International Association of Hydrological Sci-
ences Symposium H4, [Proceedings], p. 3-9.

Toy, T.J., Osterkamp, W.R., and Renard, K.G.,
1993, Prediction by regression and intra-range
data scatter in surface-process studies: En-
vironmental Geology and Water Sciences, v.
22, p. 121-128.

Waythomas, C. F., Jarrett, R. D., and Osterkamp,
W. R., 1991, Late Quaternary fluvial activity
and climate variability in the Colorado Front
Range Foothills and Piedmont: Paleoenviron-
ments, v. 8 p. 122-124,
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TITLE: Arid Regions Climate and Chemistry (CR 82-207)

PERSONNEL: Larry V. Benson, Project Chief
Eva Brown, Secretary
Steven W. Hostetler, Hydrologist

ADDRESS: U.S. Geological Survey
3215 Marine Street
Boulder, CO 80303

TELEPHONE: (303) 541-3005

PROBLEM: Few guidelines have been established for the quantitative characterization of
past climates in terms of proxy-climate data obtained from paleolacustrine systems. The
connection between insolation forcing of climate and change in the energetics of hydrologic
systems has yet to be established. In particular, application of stable isotopes to an under-
standing of the timing and magnitude of past changes in the Great Basin hydrologic cycle is
Jjust beginning.

OBJECTIVE: Determination of (1) the frequency and magnitude of change in the hydrologic
cycle of the Great Basin, (2) the type and magnitude of change in the synoptic climate
responsible for change in the hydrologic cycle, and (3) the cause of climate change.

APPROACH: (1) Core closed-basin lakes such as Pyramid Lake, Nevada; (2) Analyze
organic and inorganic materials (for example, oxygen-18) from cores in order to establish
time-series proxy-records of change in lake size; (3) Perform real-tlmrs1 studies of the behavior
of oxygen-18 in the hydrologic system in order to establish the relation between oxygen-18,
lake size, and climate; (4) Apply oxygen-18/climate model to core data in order to establish
quantitative record of chmate change for the past 150,000 yr; (5) DeVelop record of lake-size
change based on outcrop data; (6) Compare core-based record of lakeLmze change with
outcrop-based record of lake-size change.

PROGRESS: Stable-isotope and total inorganic carbon analyses of three sediment cores from
Pyramid Lake have been completed. The data represent the first high-resolution record of
change in the hydrologic balance of a Great Basin lake for the period 41,000 to 1,000 yr B.P
(years before present). Periods of low lake level (extreme drought) have been documented in
the late Holocene. Stable isotope monitoring of the Truckee and Walker River systems was
terminated in January of 1994, The 8'C data from this program togéther with 8'°C data
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from cored sediment in Pyramid Lake indicate that 25 percent of the dissolved organic carbon
in Pyramid Lake was added since 1865 as a result of the deforestation of the Truckee
River-Lake Tahoe watershed.

REPORTS PUBLISHED 1989-1994:

Benson, L.V., and Paillet, F.L., 1989, The use of
total lake-surface area as an indicator of clima-
tic change—Examples from the Lahontan
basin: Quaternary Research, v. 32, p. 262-

___1993, Factors affecting 'C ages of lacustrine 275.
carbonates—timing and duration of the last
highstand lake in the Lahontan basin: Quater-
nary Research v. 39, p. 163-174.

Benson, L.V., 1991, Timing of the last highstand
of Lake Lahontan: Journal of Paleolimnology
5, p. 115-126.

Benson, L.V. and White, J.W.C., in press, Behav-
ior of the stable isotopes of oxygen and hydro-
gen in the Truckee River-Pyramid Lake sur-
face-water system, Part 3. Source of water
vapor over Pyramid Lake, Nevada: Limnology
and Oceanography, v. 00.

1994, Stable isotopes of oxygen and hydrogen
in the Truckee River-Pyramid Lake surface-
water system, 1. Data analysis and extraction
of paleoclimatic information: Limnology and
Oceanography, v. 39, p. 344-355. Hostetler, S., and Benson, L.V., 1990, Paleocli-

matic implications of the high stand of Lake

Benson, L.V., Currey, D.R., Dorn, R.I., Lajoie,

K.R., Oviatt, C.G., Robinson, S.W., Smith,
G.IL., and Stine, S., 1990, Chronology of ex-
pansion and contraction of four Great Basin
lake systems during the past 35,000 years, in
Meyers, P.A., and Benson, L.V., eds., Paleo-
lakes and Paleo-oceans: Palacogeography,
Palaeoclimatology, Palaeoecology, v. 78, p.
241-286.

Benson, L.V., Currey, D., Lao, Y., and Hostetler,

S., 1992, Lake-size variations in the Lahontan
and Bonneville basins between 13,000 and
9,000 C yr B.P.: Palacogeography, Palaco-
climatology, Palaeoecology, v. 95, p. 19-32.

Benson, L.V., Meyers, P.A., and Spencer, R.J.,

1991, Change in the size of Walker Lake
during the past 5000 years: Palacogeography,
Palacoclimatology, Palaeoecology, v. 81, p.
189-214.

Lahontan derived from models of evaporation
and lake level: Climate Dynamics, v. 4, p.
207-217.

1993, Meteorological and water-temperature

data for Pyramid Lake, Nevada 1987-89: U.S.
Geological Survey Open-File Repert 92-159,
15 p. (includes floppy disk).

____1994, Stable isotopes of oxygen and hydrogen

in the Truckee River-Pyramid Lake surface-
water system, 2. A predictive model of 820
and 8%H in Pyramid Lake: Limnology and
Oceanography, v. 29, p. 356-364.

McKinley, P.W., Long, M.P., and Benson, L.V.,

1990, Chemical analyses of water from select-
ed wells and springs in the Yucca Mountain
area, Nevada and southeastern California:
U.S. Open-File Report 90-355, 47 p.
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Noorishad, J., Carnahan, C.L., and Benson, L.V.,
1989, Simulation of the fractionation of 3C
during nonequilibrium reactive solute transport
in geologic systems—Formulation and example
calculation: Water Resources Research, v. 25,
p. 754-756.

Smith, G.I., Benson, L.V., and Currey, D.R.,
1989, Quaternary Geology of the Great Basin,
Inglewood, California to Salt Lake City, Utah,
June 27-July 8, 1989: 28th International Geo-
logical Congress Field Trip Guidebook T117,
78 p.
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TITLE: Geochemistry of Clay-Water Reactions (CR 82-276)

PERSONNEL: Dennis D. Eberl, Project Chief
Debra Litwin, Secretary
Howard M. May, Chemist

ADDRESS: U.S. Geological Survey
P.O. Box 25046, MS 458
Denver, Federal Center
Denver, CO 80225

TELEPHONE: (303) 541-3028

PROBLEM: Clay minerals can influence the chemistry of ground water and other aqueous
solutions through precipitation, dissolution, and ion-exchange reactions. An understanding of
these reactions is crucial for predicting the behavior of toxic wastes in disposal areas. How
do the various clays react with waters of varying composition at different temperatures and
pressures? After the fundamentals of these processes are understood, how can they be
applied to prediction, maintenance, and (or) improvement of water quality?

OBJECTIVE: (1) Develop a theory for ion exchange that would allow prediction of the
exchange properties of a clay on the basis of clay's crystal chemistry; (2) gather basic
information on clay-mineral structure and chemistry; and (3) try to understand the
precipitation and alteration of clay minerals in natural and synthetic systems.

APPROACH: Test and develop theoretical models through laboratory experiments (for
example, measurement of exchange isotherms with well-characterized clay minerals). Study
clay-water reactions in natural systems in the field.

PROGRESS: Three papers are now being written based on work accomplished in Boulder
this year by Eberl and two visiting foreign scientists, Jan Srodon from Poland and Victor
Drits from Moscow. This work includes a theoretical method for describing crystal growth
in open and closed systems, including a quantitative method for calculating the effects of
Ostwald ripening during mineral recrystallization. A 2MB computer program, called
GALOPE (Growth According to the Law of Proportionate Effect) was written to do these
calculations, together with several other, peripheral programs. The other papers deal with
calculating crystal size distributions from the shapes of x-ray diffraction profiles. A SMB
computer program was written, based on fundamental x-ray diffraction theory, to do these
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calculations, and is currently being tested. Work on nonpolluting fertilizer has been put on

hold due to a lack of manpower.

Eberl was the Brindley lecturer at the annual Clay Minerals Society meeting in San Diego,
California, where he also was made president and interviewed Linus Pauling for the CMS
newsletter. He also was an invited speaker at the Mineralogical Society meeting in Glasgow
in January, and at a geological meeting at Dartmouth College later in the year.

May is completing development of a high-precision dissolution calorimeter for determining or
improving as yet unknown or imprecise thermodynamic properties of clays, zeolites and other
aquifer minerals, in support of water chemistry modeling efforts. Also, May is improving
heat capacity measurements for fine-grained minerals, through a cooperative research effort
with the University of Wisconsin faculty and USGS, Geologic Division, Reston, Virginia.

REPORTS PUBLISHED 1989-1994:

Barbarick, K. A., Eberl, D.D., and Lai, T.M.,
1991, Pine Ridge zeolite and Fort Hall mill
shale P effects on sorghum-sudangrass: Tech-
nical Bulletin TB91-2, Department of Agrono-
my, Colo., Colorado State University, 47 p.

Barbarick, K.A., Lai, T.M., and Eberl, D.D.,
1990, Exchange fertilizer (phosphate rock plus
ammonium-zeolite) effects on sorghum-sudan-
grass: Soil Science Society of America Jour-
nal, v. 54, p. 911-916.

Blum, A.E., and Eberl, D.D., 1992, Determination
of clay particle thickness and morphology
using scanning force microscopy, in Kharaka,
Y .K., and Maest, A.S., eds., Water-rock
interaction: Rotterdam, A.A. Balkema, p.
133-136.

Byler, D.M., Gerasinowicz, W.V., Stockette,
V.M., and Eberl, D.D., 1991, Infrared spec-
troscopic examination of the interaction of area
with the naturally occurring zeolite clinoptilo-
lite: Microchemical Journal, v. 44, p. 130-
139.
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and soil conditioner: U.S. Patent Application
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__ 1992, Three zones for burial metamorphism,
in Kharaka, Y.K., and Maest, A.S., eds.,
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1992, Park City, Utah: Rotterdam, The
Netherlands, A.A. Balkema, v. 2, p. 1165~
1167.

___1993, Three zones for illite formation during
burial diagenesis and metamorphism: Clays
and Clay Minerals, v. 41, p. 26-37.

1993, Zeo-agriculture: Small Mining Interna-
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Eberl, D.C., and Blum, A., 1993, Illite crystallite
thickness by x-ray diffraction in Reynolds,
R.C., Jr., and Walker, J.R., Clay Mineral
Society workshop lectures—Computer applica-
tions to x-ray powder diffraction analysis of
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and Peterman, Z.E., 1990, Ostwald ripening
of clays and metamorphic minerals: Science,
v. 248, p. 474-477.

Eberl, D.D., Velde, B., and McCormick, T.,
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at Earth surface temperatures and high pH:
Clay Minerals, v. 28, p. 49-60.

May, H., 1992, The hydrolysis of aluminum—Con-
flicting models and the interpretation of alumi-
num geochemistry,in Kharaka, Y.K., and
Maest, A.S., eds., Proceedings of the 7th In-
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TITLE: Environmental Dynamics of Persistent Organic Compounds (CR 83-283)

PERSONNEL: Cary T. Chiou, Project Chief
Cathy M. Rubin, Secretary
Daniel E. Kile, Research Chemist
David W. Rutherford, Chemist

ADDRESS: U.S. Geological Survey
P.O. Box 25046, MS 408
Denver, Federal Center
Denver, CO 80225

TELEPHONE: (303) 467-8260

PROBLEM: Many persistent organic compounds are hazardous to human and ecological
health. The transport characteristics of these compounds across environmental interfaces are
strongly influenced by adsorption and partition interactions with the individual phases.
Quantification of process rates and partition constants of organic pollutants in air, water, soil,
and biota is an important step in defining the level of organic contaminants in environmental
systems and their potential effects on environmental quality.

OBJECTIVE: Delineate and quantify processes affecting the movement and distribution of
persistent organic compounds in hydrogeologic systems. (1) Determine the sorptive capacity
of soil and sediment for organic compounds that are in air and water; (2) identify the roles of
soil and sediment organic matter, mineral components, and moisture in sorption of organic
compounds; (3) establish the physical basis of bioconcentration and lipophilicity of organic
compounds; and (4) characterize the effect of dissolved organic matter on the solubility and
mobility of organic contaminants in natural water.

APPROACH: Make laboratory measurements to determine the sorption of various organic
compounds from water, analyzing data in terms of the properties of the compounds and soil
constituents. Study sorption from the vapor phase to determine the effect of soil moisture.
Make measurements to determine the alteration of the apparent water solubility of solutes by
dissolved organic matter from various sources. Measure the partition coefficients of solutes
in solvent and lipid-water systems to obtain information related to bioconcentration. Col-
laborate with field researchers to relate laboratory findings with field data obtained from
organic-contamination sites.
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PROGRESS: The solubilities of various polar and nonpolar liquids in soil organic

matter (SOM) were determined from their vapor sorption by a high-organic-content peat.
The extrapolated liquid solubility from the vapor isotherm increases sharply from 3-6 weight
percent for low-polarity liquids (hexane, carbon tetrachloride, and benzene) to 62 weight
percent for polar methanol and correlates positively with the liquid's component solubility
parameters for polar interaction and hydrogen bonding. The same polarity effect is found to
influence the partition coefficients (K,,) of polar and nonpolar organic pollutants between
SOM and water. As a result, a polar compound gives a higher K, than a nonpolar one
when they have about equal water solubilities.

In another sorption study, we observed that polar organic solutes (for example, phenols and
substituted ureas) exhibit greatly enhanced sorption coefficients between soil and water at
very low relative concentrations (ratios of solute concentrations in water to solute's water
solubility), whereas nonpolar solutes exhibit only a small increase in their sorption co-
efficients. The behavior for polar solutes suggests that their sorption by soil from water may
be predominated by residual adsorption on soil minerals at low relative concentrations, while
partition to SOM predominates at high relative concentrations. Further experiments are being
carried out to verify this concept. If this should be the case, it would have a tremendous
impact on the environmental transport and fate of polar organic contaminants; that is, the
transport and fate would be a function of the solute concentration.

The partition coefficients of 1,2-dichlorobenzene and carbon tetrachloride between soil/
sediment organic matter and water (K ) were determined on a wide variety of samples from
United States and China, including those from Mississippi River, Ohio River, Illinois River,
Yellow River, and Yantze River. Nonpolar organic pollutants are found to partition (sorb)
more effectively to sediment organic matter than to soil organic matter, while their Koc
values between soils or between sediments are relatively invariant. The higher partition
coefficient with sediment organic matter is ascribed to the lower polarity of sediment organic
matter, which results likely from the selective release of polar organic components in soil
when the soil is sedimented. This finding provides a basis to identify the origin of suspended
solids in river water and to distinguish normal soils (or sediments) from those highly
contaminated by man-made hydrocarbons.

We studied the sorption of various polar (for example, water) and nonpolar (for example, N,)
vapors by kaolinite and by a series of montmorillonite clays of varying cationic types to
characterize how clay types and cations affect the surface and interlayer interactions of vapors
with clays. The clay surface with -Si-O-Si-structure (as with montmorillonite) appears to be
less hydrophilic than the surface with -Si-OH (as with kaolinite). The hydration of ex-
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changeable cations in montmorillonite depends strongly on the cation. This information
allows us to better understand the sorptive behavior of clay minerals in dry and water

saturated soils. The work is still in progress.
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PROBLEM: In order to address urgent problems in contaminant migration and to understand
many natural geologic processes, we need to be able to model the movement of substances
undergoing chemical reactions in ground-water systems. Predictive models will be used to
assess the risks of nuclear- and chemical-waste disposal, to analyze contaminant migration
from pollution sources, and to determine the susceptibility of aquifers to contamination.
Models also are needed to investigate many rock-water interactions, such as the formation of
ore deposits and the evolution of ground-water chemistry.

OBJECTIVE: The long-range goals of the project are (1) to develop reaction-transport
models with varying levels of complexity and data requirements, providing guidelines for the
appropriate application of these models given field conditions and limited resources; (2) to
incorporate the effects of surface-chemistry phenomena into reaction-transport modeling; (3)
to develop methods to identify and quantify important chemical and biological reactions
affecting transport of inorganic and organic substances; and (4) to compile estimates of
reaction rates and reaction-rate laws for chemical and biological reactions.

APPROACH: The fundamental approach of the project is to develop computer models
describing the movement of chemical substances in reacting systems that can be applied to
field and experimental data. The project will begin by enhancing and streamlining
geochemical-reaction models to make them suitable for inclusion in reaction-transport codes
while studying the available literature on solute transport and reaction modeling. Two models
will then be developed to test the pure differential equation approach and the coupled reaction
and transport approach. |

|
PROGRESS: A Water-Supply Paper for the Central Oklahoma National Water Quality
Assessment (NAWQA) project has been published as an open-file report. The paper
describes one of the first calibrations of a ground-water flow model by means of carbon-14
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dates of ground-water age. The paper presents an analysis of the important geochemical
reactions occurring in the aquifer and the rates and directions of ground-water flow.

A previous open-file report, which analyzed spatial trends in water-quality problems for the
Central Oklahoma NAWQA project, has been published as a USGS Water-Supply Paper.

Significant progress has been made in developing a replacement for the geochemical
reaction-path model, PHREEQE. The new model is currently capable of treating speciation,
mineral-equilibration, ion exchange, surface complexation, and gas-phase equilibration. The
program was used in the 1994 geochemistry training course. The new model will ultimately
be coupled to a transport model, which will have the capability of modeling water-rock

interactions in flowing ground-water systems.

An approach to mass-balance modeling (the attempt to determine geochemical reactions that
account for changes in water chemistry) that incorporates uncertainty in the analytical data has
been developed. This approach was presented at the spring meeting of the American
Geophysical Union and is incorporated into the revised version of PHREEQE.
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PROBLEM: Aqueous chemical models have become popular tools for the interpretation of
natural water chemistry. Unfortunately, these models have deficiencies because of (1)
incorrect or inconsistent thermodynamic data, (2) invalid assumptions regarding the
equilibrium state, (3) inappropriate or unvalidated corrections for nonideality, (4) inadequate
expressions for temperature dependence, (5) unvalidated limitations for ionic strength,
composition and temperature, and (6) lack of data on solid solution solubility. The plethora
of models and databases has prompted federal agencies, especially hazardous waste and
nuclear waste managers, to request geochemical code validation. Acid mine waters are a
major source of water pollution and provide one of the best challenges to the application of
trace element speciation models.

OBJECTIVE: Develop, test, evaluate and make field applications of chemical models for
equilibrium speciation and mass transfer of major and trace constituents in acid mine waters
and ground waters.

APPROACH: (1) Compile and evaluate physical and chemical data for individual
constituents and for reaction equilibria pertinent to natural waters. (2) Test applicability of
current models to interpret natural water chemistry in acid mine waters and ground waters in
field situations. (3) Identify limitations of current models in terms of ionic strength,
composition, temperature and inhibitions to equilibrium. (4) Develop a chemical model based
on mean activity coefficient data and reliable reaction equilibria to evaluate relevant chemical
reactions in natural waters over a wide range of ionic strength. (5) Test the equilibrium
assumption of current or new models against field data where both water and mineralogical
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analyses can be obtained. (6) Measure mineral solubilities or other reaction equilibria in the
lab or in the field where necessary data are lacking from the literature.

PROGRESS: Presentations on the Iron Mountain Mine Superfund Site have been given at
two Department of Interior HazMat Meetings, at the Interior Department, and at a U.S.
Environmental Protection Agency Technical Training Meeting. In addition, we have been
collaborating with Martin Schooren from State Univery of New York, Stony Brook, on sulfur
speciation studies in mineral springs and hot springs. A presentation was given at a
Geological Society of America Annual Meeting by Martin Schoonen on our preliminary
results showing the formation of thiosulfate from the oxidation of H,S in a mineral spring
drainage. This work also represents the first use of a new research mobile laboratory vehicle
for on-site chemical analysis of natural waters. Preliminary results show that H,S is
volatilized and oxidized much faster than lab studies indicate. A presentation and a short
paper have also been given on the limitations of science and why it is inappropriate to
validate models.
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ADDRESS: U.S. Geological Survey
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Denver Federal Center
Denver, CO 80225

TELEPHONE: (303) 236-6229

PROBLEM: The increasing need for understanding the effects of human activity on the
chemistry of natural systems requires a continually increasing degree of sophistication in the
models used to describe the processes through which these effects occur. Such models
include thermodynamic and (or) kinetic models of aqueous speciation, the chemistry of
dissolved gases, gaseous and aqueous diffusion, transport of constituents across interfaces,
redox processes, mineral-water interactions, the chemistry of anthropogenic inputs to natural
systems, and isotope effects associated with these processes.

OBJECTIVE: (1) Identify the factors influencing the reactions and transport of solutes in
natural waters; (2) evaluate reactions and transport processes for volatile constituents in
unsaturated zones; (3) identify processes occurring at the interface of the saturated and
unsaturated zones (the capillary fringe); and (4) investigate the application of isotope effects
as a tool for understanding these processes.

APPROACH: (1) Conduct field studies at sites selected for investigation of particular
processes; (2) analyze gaseous and (or) dissolved constituents (and their isotopes) as needed;
(3) develop theoretical reaction and (or) transport models for specific processes under
investigation; and (4) apply these theoretical models to natural systems.

PROGRESS: Annual gas sampling from open boreholes at Yucca Mountain crest was
repeated this spring, near the end of the winter period of thermal-topographic convective gas
flow in the mountain. Gases were analyzed for CO, and CH, concentrations, and for the *C
" and 'C contents of CO,. CO, concentrations in gases from shallow depths (O to 20 meters)
at borehole USW-UZ6S, which exhausts steadily all winter, have gradually diminished from
0.121 percent in 1986 to 0.113 percent in 1993. The '*C activity in the atmosphere at Yucca
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Mountain has decreased from 124 percent modern carbon (pmc) to 117 pmc in the same
period. In contrast, the '*C and "*C signatures of the CO, at USW-UZ6S remain constant at
108 pmc and —17.0 permil, respectively. Although no reaction/transport model that is
consistent with these observations has yet been found, progress is being made in modeling
and interpretation of some of the processes occurring in the gas flow system. CO,
productivity estimated from seasonal variability of CO, concentrations at a soil and
subsoil-unsaturated zone study site in alluvium at Jackass Flats are consistent with CO,
productivity estimates by other researchers at other sites with similar climate and vegetation.
The CO, productivity at Yucca Mountain crest is assumed to be similar to that at Jackass
Flats, based on similar CO, concentrations in shallow soils at both locations. This level of
CO, productivity over a reasonable geographic area appears capable of producing the quantity
of CO, that annually exhausts from the borehole. It is possible that the decrease in CO,
concentrations in gases exiting USW-UZ6S is due to a slight decrease in productivity over the
period of record.
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TITLE: Mineral-Water Interaction in Saline Environments (NR 69-020)

PERSONNEL: Blair F. Jones, Project Chief
Margery M. Shapira, Secretary
Daniel M. Webster, Hydrologist
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ADDRESS: U.S. Geological Survey
432 National Center
12201 Sunrise Valley Drive
Reston, VA 22092

TELEPHONE: (703) 648-5854

PROBLEM: Saline hydrologic systems provide a wide range of conditions within which to
examine hydrochemically important mineral reactions (alteration or genesis) and to define
reactants and products controlling the chemical composition of many natural waters. The
effects of complex reactions, in addition to simple solution and hydrolysis, are reflected in
relatively gross chemical change and interaction with fine-grained sediment.

OBJECTIVE: Use saline environments to determine mechanisms and relative importance of
mineralogic processes that influence the solute composition of natural waters.

APPROACH: Study in the field and make laboratory analyses of saline waters and associated
deposits, mostly from surficial sites or shallow cores in selected pilot or problem areas.
Separate and examine solid and solution phases by use of high-speed and gradient
centrifugation, microscopy, X-ray diffractometry, and special potentiometric apparatus, as
well as detailed constituent analysis of both solids and solutions. Relate composition of these
materials to the hydrochemical environment, thermodynamic conditions, and structural
elements of associated mineral species.

PROGRESS: Preliminary results have been presented on correlation of major constituent and
normative analyses for brines from the Salado and underlying formations at Waste Isolation
Pilot Plant (WIPP). Sporadic work continues on refinement of the criteria to separate
inclusion from intergranular fluids; in contrast, deeper Delaware Basin brines can be readily
distinguished from fluids in the evaporite horizons. Interpretation and advice was also given
to Oak Ridge National Laboratories on determination of the nature and origin of subsurface
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brines in that area. An unsuccessful attempt was made to obtain additional support for work
related to WIPP.

With Carl Bowser of the University of Wisconsin, spreadsheet mass-balance modeling of
hydrochemical evolution in crystalline and clastic rocks has extended to include not only
considerations of principal silicate solid solutions, especially feldspar and smectite clay, but
also the effects of differential dissolution kinetics. Preliminary results were given at the
International Clay Conference in Adelaide (Bowser) and the BIOGEOMON symposium in
Prague (Jones). Material developed in these studies was extensively utilized in lectures for
the WRD training course on the geochemistry of ground waters at the Denver Center, an
interdepartmental seminar on weathering at Johns Hopkins University, and other
presentations.

Work continued on pore fluids and mineralogy in support of the Utah District's Bureau of
Land Management funded study of hydrology of the Bonneville Salt Flats, and the effects of
clay strata in the intermediate aquifer system of central Florida on the hydrochemistry of
ground water. The latter involved contribution to mass-transfer modeling in central Florida
(Brian Katz), and to consideration of clay-related diffusion and diagenesis in such a system
(students at the University of Virginia). These studies have further elucidated the influence of
pore fluids and mineralogy in very fine-grained clastic sediment on overall aquifer
hydrochemistry, as previously emphasized in our own project efforts.

Further work has been done on the paleohydrologic implications of fine sediment mineralogy
in lacustrine sediments of the Double Lakes, Texas; Bonneville and Siever basins, Utah; Fish
Lake Valley, Nevada; and certain Mojave basins, California, in conjunction with
interdivisional paleoclimate studies.

The project continued review of minor element sampling and analysis protocols, consulted on
saline water problems, and provided information and instruction on brines, silicates, and
related aqueous reaction modeling not only at the Denver Center, but also for a short course
with D.K. Nordstrom on behalf of the Spanish nuclear waste agency, ENRESA. The latter
permitted additional advising of thesis work at the Complutense University on the Madrid
Basin, and continued collaboration with Spanish colleagues from other institutions on
mineral-water interaction in intermontane basins.
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TITLE: Spatial Distribution of Chemical Constituents in Ground Water (NR 57-034)
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Janet Herman, Associate Professor, University of Virginia
Carol Wicks, Assistant Professor, University of Missouri

ADDRESS: U.S. Geological Survey
431 National Center
12201 Sunrise Valley Drive
Reston, VA 22092

TELEPHONE: (703) 648-5856

PROBLEM: Reactions and processes that control the chemical character of ground water
need to be identified to predict physical and chemical changes that occur in natural and
stressed environments. This project focuses on effects of these reactions in (1) regional
limestone aquifers, (2) contaminated environments, and (3) coastal aquifers.

OBJECTIVE: Study hydrogeologic phenomena reactions that relate to (1) geologic processes;
(2) generation, migration, and attenuation of contaminants; and (3) processes of isotopic
fractionation. Demonstrate (1) contributions that can be made to ground-water science by
study of historical aspects, and (2) the role of hydrogeology for sustainable development of
this environment and water resources.

APPROACH: Design field studies for the collection and interpretation of chemical and
isotopic data within the hydrogeologic framework. Select areas that are feasible to
demonstrate the occurrence, extent, rate, and consequences of chemical reactions. (1) Study
changes in porosity and permeability by karstification of coastal aquifers; (2) investigate the
degradation and migration of organic compounds and isotopic fractionation at contamination
sites and in sulfide-rich ground water; and (3) undertake comparative studies of regional
systems in order to evaluate the environmental impact on the hydrogeologic processes and
geochemical reactions.

PROGRESS: Much of my work for the past year has been in the area of public policy, water
management and the history and philosophy of science. A review of the significant
accomplishments for the field of hydrogeology for 1993 and speculation on its future was
published in Geotimes. The concept of hydrologic time and its importance in data collection
programs, particularly those involved with chemical and physical heterogeneity and
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sustainability of aquifers, has been developed and articulated. A paper on this subject has
been accepted for publication by the International Association of Hydrogeologists. Another
paper accepted for publication (Ground Water) coauthored with Ed Landa, discusses water
use in America and its relation to the history of chemistry.

REPORTS PUBLISHED 1989-1994:

Back, William, 1989, Review of Paleokarst, James,
N.P., and Choquette P.W., eds., Episodes, v.
12, no. 2, p. 140.

1989, Early Concepts of the Role of Micro-
organisms in Hydrogeology: Ground Water,
guest editorial, v. 27, no. 5, p. 618-619,

1990, Hydrologic ancient history and archaeol-
ogy of the southwestern shore of Turkey, Sup-
plement to Field Guide Book: International
Symposium and Field Seminar on Hydrogeol-
ogic Processes in Karst Terranes, Antalya,
Turkey, 35 p.

1991, Ground Water: Encyclopedia on Earth
Systems Science: Academic Press, v. 2, p.
429-439,

1991, Presentation of the O.E. Meinzer Award
to John D. Hem, Citation, Geological Society
of America Bulletin, p. 586-587.

1991, Review of Opportunities in the Hydro-
logic Sciences: EOS, Transactions, American
Geophysical Union, v. 72, no. 5, p. 491.

1992, Coastal karst formed by ground-water
discharge, Yucatan, Mexico, in Back,
William, Herman, Janet S., and Paloc, H.,
eds., Hydrogeology of Selected Karst Regions
of the World, International Association of
Hydrogeologists, v. 13, p. 461-466.

144  NATIONAL RESEARCH SUMMARY 1994

1992, Introduction to Hydrogeology of Select-
ed Karst Regions pf the World, International
Association of Hydrogeologists v. 13, p. 1-9.

___1992, Opportunities in hydrogeology: National
Symposium on New Directions in Clean Water
Policy and UCOWR 1992 Annual Meeting,
July 28-31, 1992, p. 50-54.

Back, William, 1994, Hydrogeology: Geotimes,
February, v. 39, no. 2, p. 23.

Back, William, 1994, Whose oxymoron is being
gored? (In defense of "Watershed"): Hydata,
v. 13, no. 2, p. 22-23.

Back, William, and Arenas, A.D., 1989, Karst
terrains: Resources 'and Problems: Nature and
Resources, Special Issue, UNESCO, Paris, p.
19-26 (in English, French, and Spanish).

1990, Rationale for karst investigations, in Fux-
ing, Wang, Xinhong, Lin, and Zaihua, Liu,
eds., Geology, Climate, Hydrology and Karst
Formation: IGCP 299 Newsletter, Institute of
Karst Geology, Guilin, China, p. 21-32.

Back, William, and Baedecker, M.J., 1989, Chemi-
cal hydrogeology in natural and contaminated
environments: Journal of Hydrology, v. 106,
p. 1-28.

Back, William, Baedecker, M.J., and Wood,
W.W., 1993, Scales in Chemical Hydrogeo-
logy—A Historical Perspective, in Alley,
William M., ed., I‘Zégional Ground-Water



GROUND-WATER CHEMISTRY

Quality: New York, Van Nostrand Reinhold,
chap. 5, p. 111-129,

Back, William, and Gunay, Gultekin, 1992, Tec-

tonic influences on ground-water flow systems
in karst of the southwestern Taurus Mountains,
Turkey, in Back, William, Herman, Janet S.,
and Paloc, H., eds., Hydrogeology of Selected
Karst Regions of the World, International
Association of Hydrogeologists v. 13, p. 263-
272.

Back, William, and Herman, J.S., 1990, Signifi-

cance of chemical boundaries to ground-water
management of coastal aquifers, in Krishna, J.
Hari, Quinones-Aponte, Vicente, Gomez-
Gomez, Fernando, and Morris, Gregory, eds.,
Proceedings of the International Symposium on
Tropical Hydrogeology and the Fourth Carib-
bean Islands Water Resources Congress: Ame-
rican Water Resources Association, San Juan,
Puerto Rico, p. 31-38.

Back, William, and Herman, Janet S., 1991, Geo-

chemical consequences of saltwater intrusion
into carbonate aquifers: International Associa-
tion of Hydrogeologists, XXIII International
Congress, Aquifer Overexploitation, General
Papers, Extended Abstracts and Posters, April
1991, Canary Islands, Spain, v. 1, p. 35-38.

Back, William, Herman, Janet S., and Paloc, H.,

eds., 1992, Hydrogeology of Selected Karst
Regions of the World: International Associa-
tion of Hydrogeologists, v. 13, 439 p.

Back, William and Landa, E.R., 1992, Ingesting

the consequences of water-rock interaction—
Historical notes on bottled water and spas, in
Kharaka, Y.K., and Maest, A.S., eds., Pro-
ceedings of the 7th International Symposium
on Water-Rock Interaction, July 9-23, 1992,
Park City, Utah: Rotterdam, The Netherlands,
A.A. Balkema, p. 767-770.

Back, William, Landa, E.R., and Meeks, L., in
press, Bottled Water, spas, and early years of
water chemistry: Ground Water Journal, v.
00.

Gultekin, G., Johnson, A.l., and Back, W., eds.,
1993, Hydrogeological processes in karst
terranes: Wallingford, U.K., IAHS Publication
no. 207, 412 p.

Herman, Janet S., 1989, Review of Geomorpholo-
gy and Hydrology of Karst Terrains, by
William B. White: Water Resources Bulletin,
v. 25, p. 221-222.

___ 1989, Review of Processes in Karst Systems
Physics, Chemistry, and Geology, by Wolf-
gang Dreybodt: Hydrological Sciences Journal,
v. 34, p. 729-730.

__ 1989, A geochemical model of calcite precipi-
tation and CO, outgassing in karst streams, in
Miles, D.L., ed., Proceedings of the Sixth
International Meeting on Water-Rock Inter-
action, Malvern, United Kingdom: Rotterdam,
The Netherlands, A.A. Balkema, p. 301-304.

1989, Review of Karst Hydrology-Concepts
from the Mammoth Cave Area, in White,
Elizabeth L., and White, William B., eds.:
Water Resources Bulletin, v. 25, p. 1098-
1099.

Herman, Janet S., and Hubbard, David A., Jr.,
1990, A Comparative study of travertine-marl-
depositing streams in Virginia, in Herman,
Janet S., and Hubbard, David A., Jr., eds.,
Travertine-Marl: Stream Deposits in Virginia:
Virginia Division of Mineral Resources Publi-
cation 101, p. 43-64.

Herman, Janet S., and Hubbard, Jr., David A.,
eds., 1990, Travertine-Marl—Stream Deposits

GROUND-WATER CHEMISTRY 145



GROUND-WATER CHEMISTRY

in Virginia: Virginia Division of Mineral Re-
sources Publication 101, 184 p.

Herman, Janet S., and Hubbard, Jr., David A.,
1992, The role of ground water in the deposi-
tion of travertine-marl, in Back, William,
Herman, Janet S., and Paloc, H., eds., Hydro-
geology of Selected Karst Regions of the
World: International Association of Hydrogeo-
logists, v. 13, p. 421-434,

Hoffer, Kimberly J., and Herman, Janet S., 1990,
A CO, outgassing model for Falling Springs
Run, Augusta County, Virginia, in Herman,
Janet S., and Hubbard, David A., Jr., eds.,
Travertine-Marl—Stream Deposits in Virginia:
Virginia Division of Mineral Resources Publi-
cation 101, p. 6-15.

Hoffer-French, Kimberly J., and Herman, Janet S.,
1989, Evaluation of hydrological and biologi-
cal influences on CO, fluxes from a karst
stream: Journal of Hydrology, v. 108, p. 189~
212,

Hubbard, David A., Jr., and Herman, Janet S.,
1990, Overview of travertine-marl volume, in
Herman, Janet S., and Hubbard, David A.,
Jr., eds., Travertine-Marl: Stream Deposits in
Virginia: Virginia Division of Mineral Re-
sources Publication 101, p. 1-4.

Hubbard, D.A., Jr., Herman, J.S., and Bell, P.E.,
1990, Speleogenesis in a travertine scarp:
observations of sulfide oxidation in the subsur-
face, in Herman, Janet S., and Hubbard,
David A., Jr., eds., Travertine-Marl—Stream
Deposits in Virginia: Virginia Division of
Mineral Resources Publication 101, p. 177-
184.

Llamas, M.R., and Back W., 1989, Tendencias en
hidrogeoquimica, in Homenaje, Tomo, a
Martin, Jorge Porras, eds., Hidrogeologia Y
Recursos Hidraulico: Asociacion Espanola de
Hidrologia Subterranea, Madrid, Spain, v. 14,
p. 315-323.

146 NATIONAL RESEARCH SUMMARY 1994

Llamas, Ramon, Back, W., and Margat, J., 1992,
Groundwater use—Equilibrium between social
benefits and potential environmental costs:
Applied Hydrogeology, v. 1, no. 2, p. 1-14.

Lora, M.M., and Herman, J.S., 1990, Geochemi-
cal evolution and calcite precipitation rates in
Falling Spring Creek, Virginia, in Herman,
Janet S., and Hubbard, David A., Jr., eds.,
Travertine-Marl: Stream Deposits in Virginia:
Virginia Division of Mineral Resources Publi-
cation 101, p. 177-184.

Norris, Robert M., 1990, Erosion of seacliffs by
groundwater, with a case study by Back, W.,
in Higgins, C.G., and Coates, D.R., eds.,
Groundwater geomorphology; The role of
subsurface water in Earth-surface processes
and landforms: Boulder, Colo., Geological
Survey of America Special Paper 252.

Price, Rene M., and Herman, Janet S., 1991, Geo-
chemical investigation of saltwater intrusion
into a coastal carbonate aquifer: Mallorca,
Spain, Geological Society of America Bulletin,
v. 103, no. 10, p. 1270-1279.

Sacks, L.A., Herman, J.S., Konikow, L.F., and
Vela, A.L., in press, Seasonal dynamics of
groundwater-lake interactions at Donana Na-
tional Park, Spain: Journal of Hydrology, v.
136, no. 2, p. 123-154. .

Wicks, Carol, and Grove, Chris, 1993, Acidic
mine drainage in carbonate terrains—Geo-
chemical processes and rates of calcite dissolu-
tion: Journal of Hydrology, v. 146, p. 13-27.

Yuan, Daoxian, and Back, William, 1991, Inter-
national Geologic Correlation Program Project
299: Geology, climate, hydrology and karst
formation: Episodes, March.

|
|



GROUND-WATER CHEMISTRY

TITLE: Interface of Paleoclimatology and Aquifer Geochemistry (NR 74-041)

PERSONNEL: Isaac J. Winograd, Project Chief
Laura A. Bricker, Clerial Assistant
Alan C. Riggs, Hydrologist
Peter T. Kolesar, Professor, Utah State University

ADDRESS: U.S. Geological Survey
432 National Center
12201 Sunrise Valley Drive
Reston, VA 22092

TELEPHONE: (703) 648-5849

PROBLEM: Reconstructions of continental paleoclimates of the Pleistocene Epoch have
relied almost exclusively on packrat midden, lacustrine, and speleothem records; such records
are typically discontinuous and (or) are difficult to date. The isotopic (deuterium, oxygen-18,
carbon-13) records of calcitic veins marking the sites of fossil ground water discharge, have
not been utilized. Preliminary work indicates that such veins contain continuous dateable
records of Pleistocene paleoclimate and paleohydrology. The paleohydrologic interpretations
should also be pertinent to selection of sites for the disposal and long term isolation of toxic
wastes.

OBJECTIVE: (1) Infer paleoclimate and paleohydrology of selected regions based on
variations in isotopic content of calcitic veins of ground water origin; (2) attempt correlation
of inferred local variations in continental paleoclimate with global variations deduced from
marine and polar ice core studies; (3) differentiate between, and determine relative magnitude
of, summer and winter recharge to major uplands.

APPROACH: Sample: (1) water from regional aquifers for which quantitative hydrogeologic
and geochemical studies are available; (2) rain, snow, snowmelt, and springs in major upland
recharge areas; (3) calcite veins at modern and fossil springs. The water and calcite deposits
will be analyzed for D, 30, *C, and will be dated using the TIMS U-Series methods. Initial
work will be in the southern Great Basin where a major fossil spring discharge area (with a
modern analogue, the Ash Meadows region) has been exhumed by uplift and erosion.
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PROGRESS: The year was marked by four highlights:

1. Publication of a 500,000-year stable carbon isotope time series from Devils Hole vein
calcite. This record will be of major interest to both geochemists and paleoclimatologists.I:
shows that we have major gaps in our knowledge of the carbon chemistry of fractured
aquifers, and also that Devils Hole may have recorded global changes in the carbon-13 of

atmospheric CO, during the Pleistocene.

2. Publication of 100,000 year water-table hydrograph for the southern Great Basin. " s
record, arguably the longest water-table record in existence, is highly relevant to the use of
thick unsaturated zones of the Great Basin for toxic waste disposal.

3. Continued commentary in major journals on our (x.iober 1992 Devils Hole oxvg r 18
paper (Science, 258, 255, 1992). To date, there have been eight published discussiors of this

paper, four in the journal Nature.

4. We have located a Devils Hole-type deposit in Tur*::y which we intend to ex .7 iine in
detail late in Fiscal Year 1994 and extending into Fiscal Year 1995.
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TITLE: Kinetics and Thermodynamics of Chemical Evolution in Ground-Water
Systems (NR 76-056)

PERSONNEL: L. Niel Plummer, Project Chief

Bonnie H. Hower, Secretary Raymond L. Van Hoven, Chemist
Eurybiades Busenberg, Hydrologist Rosalynd A. Williams, Chemist

Pierre D. Glynn, Hydrologist Stephanie A. Dunkle, Hydrologist (Student,
Eric C. Prestemon, Hydrologist Lamont-Doherty Earth Observatory)

Julian E. Wayland, Hydrologist

ADDRESS: U.S. Geological Survey
432 National Center
12201 Sunrise Valley Drive
Reston, VA 22092

TELEPHONE: (703) 648-5841

PROBLEM: The responsible use of our Nation's ground-water resources requires an ability
to predict changes in water quality as a result of human impacts. Prediction of chemical
quality in the ground-water environment depends on a detailed understanding of both
chemical and hydrologic processes. To determine the spatial and temporal variability of
ground-water quality, it is necessary to identify reactions occurring in the system, to define
their kinetic and thermodynamic properties, and to determine how the configuration of the
hydrologic regime influences ground-water quality.

OBJECTIVE: (1) Identify chemical reactions in ground-water systems using observed
chemical and isotopic composition of dissolved solutes and minerals; (2) develop geochemical
models to aid in interpretation of chemical and isotopic data from ground-water systems; (3)
develop tools for age-dating groundwaters; (4) determine rates of chemical reactions in
ground-water systems from field hydrochemical data and modeled water ages; (5) conduct
laboratory experiments to obtain thermodynamic data for mineral-water systems for use in
geochemical models; (6) obtain laboratory kinetic data on rates of mineral dissolution and
precipitation for comparison with field rates and (7) study the fundamental mechanisms of
mineral dissolution and precipitation as they apply to pure phases and to solid-solution
minerals.

APPROACH: Flow paths in ground-water systems are sampled extensively for chemical and
isotopic composition. Geochemical mass balance calculations are used to interpret reaction
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possibilities, test reaction sensitivity to stable isotope data for aquifer minerals and dissolved
solutes, and to obtain adjusted carbon-14 water ages. Rates of reactions are calculated from
modeled mass transfers and water ages. Tools developed for age-dating of groundwaters
include interpretation of chlorofluorocarbon (CFC) content in recharge areas and unconfined
aquifers. Mathematical models are developed to (1) calculate speciation and thermodydnamic
properties of a wide range of water compositions from dilute to highly saline formation
waters, (2) model water-rock evolution, (3) test sensitivity of chemical evolution to advection
and hyrodynamic dispersion in ground-water environments, and (4) model dissolution and
precipitation reactions for water-rock systems containing solid-solution minerals. In the
laboratory, synthetic solid-solution minerals are prepared using constant composition, constant
growth-rate techniques. The stoichiometric solubilities of solid-solution minerals are
measured to estimate the thermodynamic mixing properties of the minerals. Laboratory
kinetic studies are conducted to investigate (1) fundamental mechanisms of dissolution and
crystal growth of rock-forming minerals in relatively pure water-rock systems and (2) the
effects of added inorganic and organic solutes on mineral-water reaction kinetics in
hydrochemical environments.

PROGRESS: A series of papers was published demonstrating the usefulness and applications
of chlorofluorocarbons (CFC) as tracers and age-dating tools of young ground water (0-50
year time scale). The most extensive paper (Dunkle and others, 1993, Water-Resources
Research, v. 29, p. 3837-3860) investigates CFC dating on the Delmarva Peninsula of
Delaware, Maryland and Virginia (NAWQA study unit). This study shows that CFC ages
can agree within several years when determined independently from CFC-11 and CFC-12.
The CFC ages also agreed with ground water ages determined independently from H/°He
and 8Kr dating on Delmarva (Ekwurzel and others, 1994, Water-Resources Research, v. 30,
p. 1693-1708). The CFC ages were used to reconstruct the tritium input to Delmarva, and
indicate the tracers are little affected by hydrodynamic dispersion along the studied flow
paths. Further studies identified some limitations to CFC dating of older ground water that
can easily be contaminated with trace amounts of CFCs introduced from the sampling
equipment. Several studies were conducted on Delmarva and southern New Jersey that
showed very similar ages between CFC dating and dating by the *H/>He method. These
studies were combined with simulation of ground-water flow and showed that the effect of
hydrodynamic dispersion on CFC and *H/°He dating was very small. In another paper a
numerical model of ground-water flow was refined and improved by including ground-water
age dating (Reilly and others, 1994, Water-Resources Research, v. 30, p. 421-433).
Ground-water travel times from numerical simulation strongly support the age dating with
CFCs.
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Numerous other studies were conducted, but are not yet published. Detailed sampling for
CFC-11, CFC-12 and CFC-113 along a 20 meter profile in a largely anaerobic silty sand
containing approximately 0.03 percent organic matter at Sturgeon Fallis, Ontario, Canada, was
compared to tritium data to show degradation of CFC-11. The CFC-113 was retarded
relative to CFC-12, presumably due to sorption. The CFC-12 age matched the hydraulic age,
determined from the position of the bomb-tritium peak, within 20 percent (up to 30 years).
Another manuscript was completed interpreting our earlier data from the Idaho National
Engineering Laboratory. This study demonstrates that the unsaturated zone CFC profile at
INEL is determined by diffusive processes, and shows that recharge to the Snake River Plain
aquifer at Idaho National Engineering Laboratory (INEL) probably by-passes contact with the
unsaturated zone air, because ground-water ages based on CFC-11 and CFC-12 are nearly
identical. The CFCs were used to date recharge to the Upper Floridan aquifer from Lake
Barco, a seepage lake in north-central Florida, and demonstrated degradation of CFC-11. A
manuscript was completed showing strong correlation between ground-water ages based on
numerical simulation-flow path analysis (particle tracking) with ages determined from
CFC-11, CFC-12, CFC-113 and *H/*He in a shallow sand aquifer in southern New Jersey.
CFC ages were determined for separate fracture zones at the USGS Toxic Substances
research site at Mirror Lake, New Hampshire, showing, in some cases, relatively young
water beneath older water. Large excesses of dissolved nitrogen were also found in ground
water at Mirror Lake. Two extensive data reports were completed—one summarizing all
CFC data from the Delmarva (NAWQA) study and another summanimg all chemical,
isotopic and CFC data from the Valdosta, Georgia, study area. K

The CFC, chemical, and isotopic data from the Floridan aquifer at V#Idosta, Georgia,
collected between 1988 and 1993 were studied. They show that ground water at Valdosta is a
mixture of relatively old regional Floridan aquifer water with relatively young portions of
Withlacoochee River water recharged through sinkholes in the river north of Valdosta. A
model was constructed to predict historical tritium concentrations in the Withlacoochee River
and was compared to recent monthly tritium data from the river. These calculations indicate
that tritium input to the Floridan aquifer near Valdosta probably did not exceed 40 Tritium
units, which compares well with the measured tritium+helium-3 in the ground water. Ages
of the young fraction of ground water at Valdosta, determined from tritium/helium-3 and
CFC-12 (the later after correction for dilution) agree well. Apparently most of the young
fraction of ground water sampled at Valdosta is in the range of 10 to 30 years. The CFC-11
has been removed from anaerobic ground water at Valdosta, due most likely to microbial
degradation, but indicates reasonable ages in aerobic waters. Laboratory microcosm
experiments show degradation of CFC-11 but not degradation of CFC-12 in sealed, anaerobic
cells. The CFC-113 appears to have been removed by sorption processes at Valdosta.
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Tritium/helium-3 and CFC dating of the Floridan aquifer at Albany, Georgia (sampled July,
1993), where recharge occurs by normal infiltration processes, show nearly complete
agreement.

Age-dating with CFC-113 was further refined by reconstruction and extension of the air
CFC-113 concentrations to approximately the mid-1960s. The air values were determined
from CFC-113 concentrations measured in previously dated ground water from Delmarva and
other parts of the United States. We are presently conducting interlaboratory calibration tests
with several other laboratories to establish a scale on which previously measured CFC-113
concentrations can be compared. A gas chromatographic analytical system was constructed to
determine trace amounts of sulfur hexafluoride (SFg). A vacuum-extraction system was
constructed for field sampling of SFg, and is currently being tested. A new purge and trap
gas chromatographic system for analyzing dissolved concentrations of nitrogen, oxygen,
argon, carbon dioxide, and methane in ground water, was designed and constructed, and is
currently being tested. We began design and purchase of equipment for a planned expansion
of a Divisional CFC analytical facility, to be located in Reston, Virginia. Numerous CFC
samples, collected from various sites in Ohio, Montana, Colorado, Minnesota, South Dakota,
Tennessee, Massachusetts, California, Arizona, New Jersey, Georgia, Nevada, Canada,
Hungary, and Denmark were analyzed in the Reston, Virginia, CFC laboratory and
interpreted. A Theme Session on "Advances in age-dating young groundwater” was
organized for the Geological Society of America Annual Meeting (Boston), October 1993.

Ground-water and unsaturated-zone investigations continue at the Pinal Creek Toxics site.
The CFC stable isotope and dissolved gas concentrations in the ground waters were sampled
in June 93, so as to determine the age of the waters, their origin, recharge altitude, recharge
temperature and infiltration conditions. A major flood occured at the site in the spring of
1993. A primary purpose of the June 1993 trip was to compare CFC ages, dissolved gas
concentrations, and isotopic compositions in ground waters after this flooding event to
measurements obtained previously in November 1991. Preliminary results indicate some
agreement between the CFC-11 ages determined in November 1991 and those determined for
last June, especially for the deeper parts of the aquifer. Surprisingly, however, CFC,
dissolved-gas and isotopic measurements indicate that in some wells water from the 1993
recharge event can be sampled at depths of up to 20 meters below the 1991 water table. The
CFC-113 ages occasionally agree with the CFC-11 ages. CFC-12 ages, however, are often
unreasonably high as was also found previously. The CO,, *CO, and O, gas sampling in the
unsaturated zone was also conducted in June 1993 to quantify fluxes and determine the source
of the CO,, furthering results previously obtained in 1991. These ground-water and
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unsaturated-zone investigations will hopefully lead to improved ground water flow and
reactive transport models for the site.

The geochemical characterization of ground waters near the Aspo Hard-Rock-Laboratory is
nearly finished, and has resulted in some fairly restrictive constraints on the hydrogeology
and structural geology of the site. Five types of water have been identified, based primarily
on the D, O and CI contents: (1) recent shallow NaHCO, rich waters, (2) old shallow
glacial melt waters, (3) deep CaCl, rich waters presumably old, (4) waters with a Baltic or
seawater "imprint" generally shallower than 500 meters depth, and (5) "intermediate" waters
near 500 meters, generally with 5,000 mg/L Cl which seem to be mixtures of the other types.
Based on this classification and on a jump near 500 meters in the trend of Br/Cl ratios with
depth, the existence of a major subhorizontal hydraulic conduit is postulated near 500 meter
depth, which is precisely where the Swedes want to put their analog high-level radioactive
waste repository. A draft of the geochemical chracterization report is being completed for the
Swedish Government.

An interpretation of unsaturated-zone gas and isotope measurements at the Bemidji Toxics site
was conducted together with Kinga Revesz. Based on mass balance calculations, derived
from the gas and isotope measurements, we estimated that the oil lens floating on the water
table would take at least a 130 years to disappear due to ongoing oxidation and degradation
processes.

Work continued on the refinement of the NETPATH geochemical mass balance code. The
code was modified to use a generalized aqueous model, simulate fractionation processes with
nitrogen isotopes and treat more mixing problems. The software was completed and new
documentration is currently in review. A manuscript was written applying NETPATH to
C-14 dating of highly methanogenic ground water from the Alliston aquifer in Ontario,
Canada. The code was used to determine C-14 ages of ground water in the Floridan aquifer
of Georgia demonstrating the presence of waters recharged during the last glacial maximum.
Dissolved nitrogen and argon were determined on paleowaters from the Floridan aquifer in
southeast Georgia and showed an average cooling in the recharge temperature of 5.3 degrees
Celsius during the last glacial maximum. Even though it was clearly colder during the last
glacial maximum in southeast Georgia, the stable isotopes show dramatic and significant
enrichment. This is opposite to that observed in paleowaters in Europe and in other parts of
the United States. It was suggested that the paleowaters in Georgia record recharge from late
summer hurricanes and other tropical storms during the last glacial period (Plummer, 1993,
Science, v. 262, p. 2016-2020).
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PROBLEM: Several light stable isotopes (H, C, N, O, Si, and S) show variations in their
isotope abundances and offer great promise for study of evaporation, ground-water mixing,
biotransformations, lake or reservoir circulation and stratification, and associated
hydrochemical phenomena. These isotope fractionations are related to: (1) purely physical
processes; (2) heterogeneous chemical equilibria; and (3) reaction kinetics. Many of these
processes are not sufficiently understood or quantified to make the most effective use of stable
isotope techniques in hydrologic research.

OBJECTIVE: Develop theoretical and instrumental mass spectrometric techniques through
experimental investigation, and test in suitable field locations, such as intermontane
ground-water reservoirs, closed-lake basins, and suitable surface reservoir, lake, ground
water, or estuarine systems, to aid in more complete utilization of light stable-isotope
phenomena in hydrologic studies.
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APPROACH: Water and mineral samples from experimental studies, from evaporating
surface water bodies, and from ground-water basins, will be analyzed for light stable isotope
abundances. These experimental results and field data will then be related to other
measurement factors such as relative humidity, temperature, density, and water chemistry, in
an attempt to develop an understanding and a theoretical predictive model of the processes
involved.

PROGRESS: Continuing studies involving the nitrogen isotope laboratory, whose chief is
J.K. Bohlke, fall mainly into two major categories: (1) exploring methods and field
applications of nitrogen isotope analyses in hydrogeology, and (2) using a variety of isotopic,
chemical, and chronologic data to assess the history and fate of nitrate contamination in
selected ground water-surface water systems. In support of these studies, we have produced
relevant data for a variety of soil and organic solids, dissolved ammonijum, nitrate, nitrite,
and nitrogen gas in waters, and nitrogen in mixed gases.

Major effort has been given to several collaborative field projects investigating the fate of
nonpoint source nitrate contamination along ground water flow paths in diverse hydrogeologic
settings, and involving the use of a wide variety of geochemical and isotopic analytical tools.
A manuscript was completed describing flow-path studies in eastern Maryland (with J.M.
Denver), and the major parts of field collection and laboratory analysis were completed for
similar studies in Minnesota and Colorado (with R, Wanty, P. McMahon, and others). Those
studies are aimed in part at defining hydrogeologic controls of nitrate-reducing reactions and
developing criteria for distinguishing the effects of those reactions fron the effects of varying
nitrate recharge rates on the distribution of nitrate in aquifers. Manuscripts describing parts
of an ongoing investigation of natural and anthropogenic nitrate occurrences in the Mojave
Desert in southern California have been approved for publication (with G. Ericksen, R.
Schroeder, and others).

Under the direction of J.K. Bohlke, isotopic analyses were done in support of an in situ tracer
test on the rate of denitrification in ground water at the Cape Cod Toxlcs Program site (with
R.L. Smith, T. Yoshinari, and M. Brooks). K. Revesz developed a l{aboratory method to
extract and separate nitrous oxide and nitrogen gas from ground wateﬁs from this tracer test.
The N-15 spike added to the aquifer as nitrate was detected in decreasing amounts as nitrate,
nitrite, nitrous oxide, and nitrogen gas after 2 to 4 weeks in the aquifer. Isotopic mass
balances will be used to calculate the rates at which the individual reaction steps occurred in
the denitrification process.
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Isotopic analyses were done as part of an investigation of the relations between stream
chemistry and ground-water discharge during a major storm event in the Maryland coastal
plain (with K. Prestegaard and students at the University of Maryland). The results indicate
the relative contributions of various kinds of macropore flow and overland flow to stream
flow in different parts of a small but heterogeneous watershed.

A year-long study was initiated on the use of radioactive and stable isotopes to determine the
mass balances and residence times of sulfate in two small undeveloped watersheds in northern
Virginia (with R. Michel, A. O'Brien, and others). Preliminary results indicate substantial
but different residence times for the two adjacent stream drainages.

An international intercomparison test of seven nitrogen isotope reference materials was
completed and the results were presented to the IAEA; a manuscript summarizing the results
is in review.

In a study at the crude oil spill at Bemidji, Minnesota, Kinga Revesz analyzed carbon,
hydrogen, and oxygen stable isotope abundances of methane and coexisting carbon dioxide
and water from the ground water and from the unsaturated zone soil gas above the crude-oil
lens. These data showed that major methane production was occurring in the saturated zone
through an acetate fermentation pathway and major methane consumption was occurring in
the unsaturated zone 3 meters below the surface. Two papers resulted: "Methane production
and consumption monitored by stable hydrogen and carbon isotope ratio at Bemidji,
Minnesota" by K. Revesz, T. Coplen and M.J. Baedecker, to be published in a USGS Toxic
Substances Hydrology Program Proceedings, and "Methane Production and Consumption
Monitored by Stable Hydrogen and Carbon Isotope Ratios at a Toxic Waste Site, Bemidji,
Minnesota" by K. Revesz, T. Coplen. M.J. Baedecker, P.D. Glynn, to be submitted to
Applied Hydrology.

First results from the U.S.-Hungarian Science and Technology program, whose U.S.
principal investigator is K. Revesz, show that most of the ground water within 20 km of the
Danube is river water and it contains a preserved record of river contamination (with CFC's)
spanning a period of 40 to 50 years. The specific objectives of this program are: (1) to test
the combined use of CFC's, tritium, and light stable isotope abundances to estimate flow
rates, mixing ratios, and leakage of ground water recharged from the Danute into the
adjoining gravel aquifer, (2) to investigate possible denitrification of Danube River water as it
enters the gravel aquifer, and (3) to forecast the effects of potential changes in the stage of
the Danube on the flow and chemistry of ground water in the gravel aquifer. These studies
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indicate that this aquifer is a "ground water archive" of past contamination, relating
ground-water recharge and contaminant histories. Two abstracts have been published.

A cooperative study between B. Katz and K. Revesz is aimed at investigating the interaction
between ground-water and lake-water leakage at Lake Barco in northern Florida. One paper
and one abstract have been written thus far.

In a technology transfer program, a multisample automated gaseous hydrogen-water
equilibration technique developed in this project for the analysis of Division water samples
has proven ideal for the analysis of urine from individuals with diabetes by the National
Institutes of Health. Other isotopic methods have given poor reproducibility, perhaps due to
albumin in urine from diabetic individuals.

Leading to publication in the journal Science, Devils Hole carbon-13 studies (with I.
Winograd, A. Riggs, and J. Landwehr) show C-13 minima in calcite that precipitated
between 560 and 60 thousand years ago. This may reflect periods of enhanced vegetation in
the southern Great Basin and(or) periods with low global carbon-13 content.

R. Carmody has studied and tested techniques for collection of dissolved sulfide and sulfate
and analysis of their sulfur isotopic composition. Field procedures outlined in two nearly-
completed reports produce sufficiently large, unfractionated samples suitable for isotopic
analysis. Improved data that have resulted from adherence to these methods have made
important contributions to the understanding of hydrologic systems in eastern Maryland and
in the Mill Run watershed, Virginia.

During the past year, the U.S. Geological Survey Tritium Laboratory, under the supervision
of R. Michel, has continued to study the application of tritium and sulfur-35 to hydrologic
systems. Approximately 1000 tritium samples and 100 sulfur-35 samples were analyzed
during the past year. Tritium analyses were provided for the Branch of Analytical Services,
other projects within the NRP, and precipitation and surface water samples collected from the
long-term monitoring sites that the Laboratory has operated since the 1960's. These sites
provide the basis for interpreting data collected in other programs. Suifur 35 samples were
collected in cooperative programs with district and(or) WEBB sites in| Vermont New York,
Virginia, Colorado and Utah. Several papers on the results of these analyses were published
or accepted during the past year.
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PROBLEM: Uranium mill tailings and related forms of low-level radioactive waste contain
elevated contents of naturally occurring radionuclides that have been brought to the surface,
processed for the recovery of uranium and other components, and then disposed of in
near-surface impoundments. The long-term fate of the tailings and their constituents will be
determined by surficial earth processes.

OBJECTIVE: Study the chemical form in which radionuclides and selected stable elements
are retained in surficial earth materials, particularly uranium mill tailings, and identify
processes operating in natural aqueous and terrestrial systems that may influence the transport
of these constituents from these earth materials.

APPROACH: Determine the partitioning of nuclides and elements of interest in tailings,
ores, soils, rocks, and waters through the use of leaching and sorption studies, particle sizing,
radon emanation measurements, and nuclear emulsion microscopy.

PROGRESS: Nuclear emulsion microscopy has demonstrated the presence of small, intensely
a-active particles in laboratory-produced tailings derived from the sulfuric acid milling of
uranium ores. The alpha activity is associated with the isotope pair 2°Pb/?!°Po, and the host
mineral appears to be PbSO, occurring as inclusions in gypsum laths. These particles
represent potential inhalation hazards at uranium mill tailings disposal areas.

A process for concentrating uranium from contaminated soils in which the uranium is first

extracted with bicarbonate and then the extracted uranium is precipitated with U(VI)-reducing
microorganisms was evaluated for a variety of uranium-contaminated soils. Bicarbonate (100
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mM) extracted 20 to 94 percent of the uranium that was extracted with nitric acid. The
U(VI)-reducing microorganisms, Desulfovibrio desulfuricans reduced the U(VI) to U(IV) in
the bicarbonate extracts. In some instances unidentified dissolved extracted components,
presumably organics, gave the extract yellow color and inhibited U(VI) reduction and/or the
precipitation of U(IV). Removal of the dissolved yellow material with the addition of
hydrogen peroxide alleviated this inhibition. These results demonstrate that bicarbonate
extraction of uranium from soil followed by microbial U(VI) reduction might be an effective
mechanism for concentrating uranium from some contaminated soils.
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TITLE: Dispersion of Toxic and Radioactive Wastes in Ground-Water Systems
(NR 81-122)

PERSONNEL: Warren W. Wood, Project Chief
Melissa Schomody, Secretary
Terry B. Councell, Hydrologist
C.C. Reeves, Geologist

ADDRESS: U.S. Geological Survey
431 National Center
12201 Sunrise Valley Drive
Reston, VA 22092

TELEPHONE: (703) 648-5875

PROBLEM: Movement of toxic and radioactive substances in aquifer systems occurs in all
gaseous, liquid, and solid phases and is controlled by hydrologic and chemical forces. Solute
movement can be greatly affected not only by physical dispersion but also by other factors
such as exchange, sorption, chemical kinetics, and ionic distributions. Movement of gases
and particulate material in the unsaturated zone is controlled by many additional factors.
Knowledge of how these physical and geochemical factors affect prediction of movement of
toxic and radioactive wastes is only generally known for ideal systems.

OBJECTIVE: Develop field methods and techniques that will yield values for physical and
geochemical factors of regional significance in a ground-water system.

APPROACH: Undertake studies in which appropriately developed field methods and
techniques are applied to stressed systems. Define the importance of the various factors and
find a means for measuring the magnitude of each.

PROGRESS: Quantifying diffusion in granite and schist documents its importance in solute
transport and solute dating in fractured crystalline rocks.

Research with Alan Shapiro and Paul Hsieh on diffusion in granites and schists at the
fractured rock toxic waste research site at Mirror Lake, New Hampshire, clearly documented
the significant role of diffusion in these rocks and illustrates the care one must take in using
dating techniques in rocks of this type. Initial findings are in press of the proceeding of the
Toxic waste program (1993), an abstract was given at the Geological Society of America
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(GSA) national meeting in Boston, Massachusetts, 1993; and a detailed publication for
submission to Water Resources Research is in preparation.

Ground water solute chemistry of a low permeability system in West Texas constrains
paleoclimate models in the midcontinent area for the last 35,000 years.

A paper has been submitted to Geology on the paleohydrology of our research saline lake
basin in West Texas. This paper documents the changes in solute chemistry in a low
permeability shale and by inference the climatic changes that occurred in the mid-continent
region over the last 30,000 years.

How wet is wet? Paleohydrology of the Arabian subcontinent.

Water is a major factor in the Middle East peace process and work with Jeff Imes (Missouri
District) on the paleo-rainfall in the Arabian Subcontinent is important in this evaluation. We
have radiocarbon dated and mapped the topography of a 28,000 year old paleo-capillary zone.
Ground-water modeling suggests that 1.4 mm/yr of recharge would be required to support
this surface. Given the relationship between rainfall and recharge in arid areas we are able to
estimate that rainfall during this period was approximately 200 mm/yr or 5 times the present
rainfall. This is the first time that paleo-rainfall has been quantified in this environment as it
is usually referred to as "wet or pluvial.”" A paper has been accepted by Journal of
Hydrology describing this work.

The use of isotopes and solutes to evaluate recharge in the unsaturated zone of arid and semi
arid areas. Work with Ward Sanford generated a paper on the use of isotopes to evaluate
recharge in semiarid areas which has been accepted by Ground Water for publication.
Warren Wood was a featured speaker at the Playa Lake Symposium in Lubbock, Texas, in
May 1994. This paper was published in June.

Use of C dating to constrain ground water flow modes. A paper has been accepted by
IAEA on work that we have done using radiocarbon dating of water to constrain the estimates
of velocity of ground water in the Pearl Harbor aquifer in Hawaii. The aquifer is a carbonate
free basalt and poorly constrained by knowledge of the physical properties and appears a
suitable candidate to use '*C dating. However, the effects of blind pore diffusion are difficult
to evaluate and the analysis in not straight forward. |
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Chromium in Ground Water of Abu Dhabi

Over 20 percent of my time this past year was spent on the USGS/Abu Dhabi cooperative
program. A potential natural hazard in which concentration of hexavalent Cr (500 to 1000
ug/L) in ground water was used as public supply was identified. The findings were
transmitted by the U.S. Ambassador to the Abu Dhabi government officials who immediately
shut down the wells. Water is now being trucked 200 km to supply 11,000 people until a
desalinization system can be constructed at a cost of $0.5 billion.
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TITLE: Comparative Study of Organic Degradation in Selected Hydrogeologic
Environments (NR 83-129)

PERSONNEL: Mary Jo Baedecker, Project Chief
Isabelle M. Cozzarelli, Hydrologist
My-Chau Tran, Chemist

ADDRESS: U.S. Geological Survey
431 National Center
12201 Sunrise Valley Drive
Reston, VA 22092

TELEPHONE: (703) 648-5858

PROBLEM: Degradation of organic material produces organic compounds that both alter the
quality of water and affect the inorganic reactions. The hydrogeologic controls on
organic-inorganic reactions, their rates, and progress are not well understood. This project
focuses on the occurrence and fate of organic compounds in (1) contaminated aquifers, (2)
soils, and (3) lake sediments.

OBIJECTIVE: Increase our understanding of reactions involving organic matter and evaluate
the significance of these reactions in geochemical studies. Specific objectives are (1) to
identify organic and inorganic compounds that are present as a result of the degradation of
organic material; (2) to study the interaction of organic compounds with soil and aquifer
materials; and (3) to develop geochemical models in organic-rich environments.

APPROACH: Several organic-rich environments with chemical and hydrologic background
data will be selected from which samples can be obtained and analyzed for organic and
inorganic constituents. In these areas, where degradative processes are primarily anaerobic,
the extent and effects of chemical reactions and processes will be investigated. Of interest is
the type of organic material present, the interaction of organic compounds with sediment, the
migration of organic compounds, the fractionation of isotopes and generation of gases, and
the fate of inorganic constituents in association with organic material.

PROGRESS: Field investigations and laboratory experiments were conducted to understand
processes in shallow sand and gravel aquifers contaminated with petroleum products. Work
continued on identifying the nature of the organic compounds dissolved in ground water and
the controlling biogeochemical reactions that occur in contaminant plumes downgradient from
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hydrocarbon sources. At the Bemidji, Minnesota, site the transport of monoaromatic
hydrocarbons and the distributions of products that result from degradation reactions were
examined on a small scale and the findings verify the chemical heterogeneity of the
contaminant plume. The conditions that affect the extent of plume migration were evaluated
and it was determined that natural biodegradation is the major control on contaminant
attenuation.

At the Galloway Township, New Jersey, site an investigation of low-molecular-weight
organic acids in ground water was undertaken to understand the distribution and fate of the
acids under various geochemical and hydrologic conditions. Aliphatic, aromatic, and alicyclic
organic acids were associated with hydrocarbon degradation in oxygen-depleted zones of the
aquifer. The biogeochemical fate of specific organic acids observed in ground water was
controlled by the availability of electron acceptors. Temporal and spatial shifts in the
biogeochemical reactions occurred in response to changes in hydrogeochemical conditions in
the aquifer.
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TITLE: Relationship Between Chemical Quality of Natural Waters and Human
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PERSONNEL: Gerald L. Feder, Project Chief
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PROBLEM: In recent years, there has been increasing interest and study concerned with the
possible relations between the chemical quality of natural waters and human health and
disecase. Medical researchers recognize areal patterns of health and disease in the United
States and suspect that these patterns may be controlled by environmental and nonenviron-
mental factors. After excluding nonenvironmental factors, local and regional differences in
water quality appear to have an effect on health and disease. Such differences influence the
total dietary intake of necessary major and trace elements and the concentration of certain
potentially toxic chemical constituents,

OBIJECTIVE: Discover and quantify relations between the chemical quality of natural waters
and human health and disease.

APPROACH: Identify chemical constituents in natural waters that are most likely to affect
health and disease and those medical conditions most likely to be affected by water quality.
Determine the temporal and spatial associations between specific chemical characteristics of
water and specific states of health and disease. Exclude known high-risk factors related to
geographic areas (for example, urban environment, mining activity) to increase the likelihood
of detecting risk factors associated with natural water quality. Initially, use existing data
from sources such as the U.S. Geological Survey and the Bureau of Vital Statistics for the
medical and hydrologic aspects of the study. Collect new data in the field if data are lacking.
Supplement data collection through cooperative programs with District and aquifer-study
water-quality specialists. Obtain information on chemical composition of soils, rocks, and
plants through cooperation with the Branch of Regional Geochemistry, Geologic Division.
Cooperate with Dr. Howard C. Hopps, Curators Professor of Pathology, University of
Missouri Medical School, throughout this study.
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PROGRESS: Collected water samples from field sites in Hungary. Preliminary data indicate
that drinking water with very high nitrate levels (above 150 mg/l) may be related to stomach
cancer, while drinking waters below 50 mb/I show no relation. Analyzed data on high and
low ischemic heart disease areas in the United States. Drinking water supplies in the high
ischemic death rate area (Southeast Coastal Plain) appear to have much lower magnesium
concentrations than drinking water in the low ischemic heart disease area (Great Plains).
Medical researchers believe magnesium may play an important role in ischemic heart disease.
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TITLE: Uranium-Thorium Series Radioisotopes in Ground-Water and Surface-Water
Systems (NR 82-138)

PERSONNEL: Thomas F. Kraemer, Project Chief
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PROBLEM: Naturally occurring uranium and thorium series radioisotopes possess great
potential as natural tracers for examining movement and mixing of water bodies. At present,
however, not enough is known of their geochemical behavior to use them even semiquanti-
tatively for this purpose. In addition, new analytical techniques are being developed which
will allow determination of isotopes of chlorine, krypton, iodine and other elements. These
isotopes will also be of use in the hydrologic sciences as tracers, if sufficient understanding of
their geochemical behavior can be achieved.

OBIJECTIVE: Understand the geochemical behavior of uranium and thorium series
radioisotopes sufficiently to permit their use as naturally occurring tracers to solve
hydrological problems.

APPROACH: Studies of uranium and thorium series radioisotopes will be carried out in a
variety of well known surface and subsurface conditions and their behavior related to specific
physical and chemical conditions and processes. Laboratory studies will be carried out as
needed under carefully controlled conditions to examine specific aspects of behavior. When
behavior of these radioisotopes is well known, these principles can be applied to hydrologic
problems of less well-defined systems to determine if methods developed can contribute
answers which are reasonable with respect to results from other hydrologic approaches. As
confidence is gained through these processes, methods will be applied to poorly constrained
hydrologic problems not amenable to solution by standard hydrologic techniques.

GROUND-WATER CHEMISTRY 179



GROUND-WATER CHEMISTRY

PROGRESS: Completed manuscript on the determination of water retention times in the
eleven Finger Lakes of central New York State using tritium. This manuscript has been

accepted by the Journal of Hydrology for publication.

Mathematical modeling of radium cycling in the Finger Lakes has begun. When this model,
which will incorporate all sources, sinks and pathways for radium in lacustrine systems, is
completed it will be used to compare with chemical and isotopic results to gain insight into

what processes are actually operating.

Participated in making plans for radiochemical study of rivers in Russia for the next 2 years.
Study will investigate the movement of radioactive contamination through major drainage

basins.
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TITLE: Transport and Biogeochemical Fate of Organic Substances in Aquatic
Environments (NR 91-151)
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432 National Center
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Reston, VA 22092

TELEPHONE: (703) 648-5879

PROBLEM: Organic substances are transported in both particulate and dissolved phases in
aquatic environments. However, our understanding of the processes affecting phase exchange
and removal are incomplete. In order to predict the short- and long-term fate of toxic organic
substances in a variety of aquatic environments, it is necessary to determine the physical
properties of these compounds and establish kinetic data on their removal rates using a
combination of field studies and laboratory experiments.

OBJECTIVE: To investigate the composition and concentration of organic matter associated
with dissolved and particulate phases in surface and subsurface waters and compare these data
with distributions based on laboratory partitioning experiments and physical partitioning (for
example, fugacity) models. Develope data on the rates at which organic matter is
transformed (and remineralized) and the products that result in aquatic environments. This
information will be used to establish the relative importance of different removal processes
under a variety of environmental conditions. Ultimately these results will be incorporated
into particle and solute transport models.

APPROACH: Studies will be carried out at one or more field sites that present favorable
opportunities for examining the transport and fate of organic contaminants in different aquatic
environments. Particulate and dissolved phases will be analyzed for the presence and
concentration of a variety of natural and anthropogenic organic substances and their variation
over time. Experiments will be performed in the laboratory to determine the equilibrium
phase partitioning, desorption rates and biodegradation potential (and rates) of selected
organic compounds. These equilibrium and kinetic data will be compared with the results of
field studies and models that predict physical partitioning.
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PROGRESS: During the report period I published one article (as lead author) in Applied
Geochemistry and was coauthor on three others that appeared in Applied Geochemistry,
Geochimica et Cosmochimica Acta and Geotimes on the fate of crude oil in a sand and gravel
aquifer. A chapter on the chemical oceanography and geochemistry of the southern
California Bight was published. During the latter half of 1993 I hosted a visiting
Commonwealth Scientific and Industrial Research Organization (CSIRO) scientist, Mark
Rayner, who carried out analyses in my laboratory on environmental samples brought from
Australia. I also collaborated with other investigators within the National Research Program
and Oklahoma District to prepare a successful proposal for a new site in the Toxic Sutstances
Hydrology Program at the Norman, Oklahoma, municipal landfill. I participated as an expert

in two International Atomic Energy Agency (IAEA) workshops on the development of
improved monitoring methods for the Mediterranean Sea.
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TITLE: Factors Determining Solute Transfer in the Unsaturated Zone (WR 68-036)
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PROBLEM: Quality of ground and surface waters often is influenced significantly by
chemical and solute-dispersion processes of the unsaturated zone. Frequently, these
influences are impossible to predict because the effects of certain relevant, unsaturated-zone
factors (for example, changes in water content or in the nature of solid surfaces) are
understood imperfectly and because the current transport-modeling methods may not be well
adapted to the situations encountered in practice. As a result, it may be impossible to assess
properly the availability and quality of a given water resource or to predict the effects of
certain human activities or management practices upon such water quality.

OBJECTIVE: Develop and test theories and mathematical models of reacting-solute transport
to enhance the usefulness of such theories and models for assessing the effects of solute
transport in the unsaturated zone on water resources and environment (quality. Include in the
study chemical reactions involving radioactive nuclides as well as reactions of certain solutes
found in industrial and agricultural effluents. Develop mathematical models aimed at
managing subsurface water quality.

APPROACH: Develop new mathematical models to predict transport of reacting solutes
through porous media or at media boundaries, with consideration of the special conditions
encountered in the unsaturated zone. Use theory, numerical methods, and controlled
experiments. Use the interaction between theory and experiment to enhance the
understanding of processes involved. Stress unidirectional transport. Study water-saturated
systems with slow, steady water flows and a single, primarily equilibrium-controlled chemical
reaction; study steady but unsaturated flows, paying special attention to the influence of water
content on chemical and dispersion parameters; and study fast, perhaps transient, flows and
chemical-kinetics influences and interactions among several reactions. Develop ground-water
pollutant management models that combine numerical-simulation models and management
techniques such as linear programming. Initially focus on pollutant-source management in
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transient one-dimensional systems with linear chemistry. Subsequently, investigate

pallutant-source management in two dimensions with nonlinear, one-component chemical

:?:tems. Use existing simulation models and management models to enhance joint
nagement and simulation capabilities.

Pl&(\)GRESS: The study of the effects of solute concentration and solution composition on the
transport of nonreactive solutes in water-saturated sandy soil was continued. Tritium and
chloride tracers were used to measure dispersion, anion exclusion and permeability as a
function of the relative concentrations of sodium and calcium and the ionic strength of the soil
water. Evidence was found for tritium diffusion into nonflowing pore space in media with
significantly low permeability. Soil permeability was found to be unstable under similar
conditions. The effects of biological processes on the partitioning of polychlorinated
biphenyls (PCBs) between sediment and water in the Lower Fox River (LFR), Wis., was
investigated. This effort is part of an ongoing study of the processes that affect transfer of
PCBs from LFR sediments to the overlying water and subsequent transport to Green Bay and
Lake Michigan. Partitioning of carbon-14 labeled 2,2',5,5'-tetrachlorobiphenyl (TCB52)
between LFR sediments and water was observed. The sediment samples used in this study
were taken from a site in Little Lake Butte Des Mortes and at a site upstream from the De
Pere Dam. The sediment samples were collected and stored under anaerobic conditions.
During the experiment, flow rate and oxygen concentration were varied independently. The
partitioning of TCB52 was not affected by changes in flow rate indicating that the system was
in chemical equilibrium. Changes in oxygen concentration resulted in conflicting
observations. In one of two sets of experiments, aerobic conditions were found to increase
partitioning of TCBS52 to the water phase over that observed for anaerobic conditions. This
result agreed with findings reported earlier. No significant dependence of TCB52 partitioning
on oxygen concentration was observed in the other set of experiments which had a nearly
identical design.
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PROBLEM: When solutes are introduced into a ground-water system or into surface waters,
physicochemical reactions can occur between the dissolved solutes and native solid materials.
Detailed knowledge of the chemical reactions that occur at solid surfaces is required to assess
the effects of such inputs on water quality. In addition, the geochemical cycling of some
trace elements may be controlled by the distribution between solid and aqueous phases. A
fundamental understanding of the surface-chemistry reactions is needed to incorporate a
mathematical description of these processes into chemical-equilibrium and solute-transport
models.

OBJECTIVE: (1) Study the adsorption behavior of inorganic and organic solutes on
particulate materials that are important in natural systems, including aluminosilicate minerals,
model colloids (such as hydrous oxides of aluminum, silicon, iron, or manganese), and solids
of biogenic origin; (2) derive stability constants for the partitioning of solutes between a
particular solid surface and the aqueous phase and understand the mechanisms of surface
bonding from a theoretical perspective, including electrical double-layer theory; and (3)
generate a surface-stability-constant data base that is compatible with existing computer
models of chemical equilibrium and that could be used in the field evaluation of
solute-transport models.

APPROACH: (1) Conduct experiments in the laboratory, of physical-chemical techniques to

characterize surfaces and to measure adsorption behavior as the type of solute, type of
surface, and water composition are varied; (2) use controlled laboratory solutions in both
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kinetic and equilibrium studies to evaluate the importance of surface reactions for a given
solute in a given geochemical environment; (3) develop quantitative phenomenological models
to describe observed laboratory results and predict the behavior of solutes under other
experimental conditions with the aid of a computer; and (4) conduct field studies periodically
to assess the applicability of the models to natural aqueous systems.

PROGRESS: The most chemically complex, large-scale tracer test ever conducted was begun
at the Toxic Substances Hydrology research site at Cape Cod, Massachusetts, in April 1993.
Chemical tracers injected in the natural-gradient test included bromide (a conservative tracer),
chromium(VI), and four heavy metal-EDTA complexes. The test was conducted across a
steep gradient in pH and redox conditions. Cr(VI) transport was strongly influenced by
adsorption and reduction processes, while the heavy metal-EDTA complexes were influenced
by adsorption and iron oxide dissolution processes. The rates and extent of these processes
were significantly influenced by the chemical gradients at the site. Monthly spatial samplings
(3,000 water samples for each sampling) were conducted from April 1993 until December
1993, followed by additional samplings in March and July 1994. The results show that the
mobility of heavy metals in aquifers is influenced greatly by chemical processes in
comparison to hydrologic processes.

An extraction strategy was evaluated for removing reduced chromium from suboxic Cape Cod
sediments. The overall goal is to be able to quantify the amount and location of
chromium(VI) removed from ground water by aquifer sediments during field injection
experiments at the Cape Cod site. This includes being able to distinguish background
chromium concentrations from the injected chromium that is reduced on the sediments.
Towards this end, substantial progress has been made on developing a chromium separation
technique that will allow the determination of stable chromium isotopic signatures of
background minerals and the injected chromium tracer.

A column study of uranium(VI) transport through a column packed with fine-grained quartz
particles was started, where the transport of uranium(VI) was influenced by pH and
complexation with fluoride. It was demonstrated that the Kd for a given set of conditions
could be predicted in advance if the system was modeled with an aqueous speciation model
that included surface complexation for a description of adsorption equilibria. Breakthrough
curves for uranium(VI) suggest that local chemical equilbrium during transport was a good
assumption for this system. Work was continued in developing a predictive method for
determining the spatial variability of heavy metal sorption by aquifer material at the Cape
Cod Toxics Substances Hydrology research site, by studying the variability in the amount of
surface coatings of iron and aluminum oxides and the surface area. The results show that
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adsorption of lead and zinc varied by a factor of four, and the variability was only poorly
correlated with hydraulic conductivity.

Field work in collaboration with Jud Harvey (Arizona District) has been conducted to
quantify the role of sorption processes on mineral surfaces in the streambed and hyporheic
zone at the Pinal Creek Toxic Substance Hydrology research site. The work focused on
downstream and cross-channel variability of emerging ground water in the near-stream zone.
A decrease in metal concentrations was observed in the shallow zone on the flanks of the
stream channel due to reductive-dissolution of iron oxides and subsequent precipitation of iron
and other metals near the oxic interface of this zone. Laboratory sorption studies were begun
to characterize the sorption properties of streambed materials, including a study of the
reversibility of sorbed metals (nickel, cobalt), sorption of metals by bed material, and uptake
of metals during Mn oxidation. Findings to date suggest that the nickel is reversibly sorbed,
while cobalt is largely irreversibly bound. Elevated manganese, nickel, and cobalt
concentrations on the abundant magnetite grains, relative to their concentrations on other
mineral grains, suggest that enhanced oxidation of manganese occurs at the surface of
magnetite grains.
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