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THE NATIONAL RESEARCH PROGRAM OF THE
WATER RESOURCES DIVISION, U.S. GEOLOGICAL SURVEY
FISCAL YEAR 1993

Compiled by MARTHA L. NICHOLS AND LINDA C. FRIEDMAN

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 (USGS) Water Resources 
Division (WRD) during fiscal year 1993. 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 1993. It also contains bibliographic information 
that, because of the long-term nature of the program, covers a 5-year period. The biblio­ 
graphic information does not include abstracts or informal reports. Rather it contains those 
reports that are readily available in the form of journal articles, 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 USGS. 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 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 U.S. 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
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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, Va.; Denver, Colo.; and Menlo Park, Calif. 
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. The NRP is organized into about 120 projects, and has a permanent staff of 
approximately 290 individuals and a nonpermanent staff that is made up primarily of 
university students and faculty.

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 
described below:

(1) 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
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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.

(2) 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.

(3) 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 paniculate surfaces, the kinetics of silicate and carbonate mineral dissolution and 
crystal growth, isotopic fractionation in mineral-water-g^s systems, the speciation of 
transuranium elements in ground water, 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-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 
isotopic 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.

(4) Ground-water hydrology. Focuses on developing understanding and techniques for 
evaluating and predicting the quantity and quality of water moving through porous and
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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 two- and three-dimensional 
models and to refine existing 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.

(5) Surface-water chemistry. Involves an assessment of natural and contaminant chemicals 
in water and sediment, as well as the study of fundamental chemical and biochemical 
processes that affect the movement of organic and inorganic solutes and gases through 
primarily surface-water systems. Projects now underway include characterization 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, the study of the effect of 
contaminated precipitation on corrosion of building materials, and the effects of acid 
rain on water quality.

(6) Surface-water hydrology.  Stresses the development of understanding and techniques 
needed to improve the ability to predict the occurrence, distribution, movement, and 
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 snow and ice affects climate, water supply, and (or) safety.
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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 
published in appropriate publication outlets to assure wide dissemination of research results. 
Outlets include refereed scientific journals and USGS Water-Supply Papers and Professional 
Papers. 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 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 appendixes are provided. The first is arranged 
alphabetically by the name of the Project Chief and the second is arranged alphabetically by 
topics that we believe may be of interest.

TECHNICAL TRANSFER
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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 (Univ. Colorado) 
Richard A. Harnish, Hydrologist Sarah A. Spaulding, Student, (Colo. St. Univ.) 
Michael W. Anthony, Student

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 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 in the aquatic environment. Recent advances in isolating and characterizing 
different fractions of dissolved organic carbon (DOC) and in measuring rates of microbial 
processes can be used to advance the understanding of the dynamic relations among 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; and (3) quantify carbon flux and feedback 
processes involving dissolved organic material in aquatic ecosystems.

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 
organic fractions on pH and counterion complexation; (3) continue on-going field studies of 
biogeochemical interactions between dissolved organic material and trace metals. Field sites 
include two mountain streams, several lakes in Colorado and Minnesota and a bog in 
Massachusetts; (4) conduct field research at lakes and streams in the Dry Valleys in 
Antarctica to determine the carbon cycling and phytoplankton dynamics in ecosystems with 
only autochthonous production by algal and microbial processes; (5) evaluate global scale 
interactions involving dissolved organic material and trace metals.
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PROGRESS: Study of the chemistry of radionuclides in groundwater and surface waters at 
Rocky Flats has shown that for uranium humic complexes are the dominant phase, but for 
plutonium and americium paniculate and colloidal phases are more important. These results 
have been presented at national meetings and in USGS publications.

A long term ecological research study has been funded in Antarctica. The transport of 
solutes in streams in the dry valleys of Antarctica is controlled by interactions in the 
hyporheic zone. Tracer experiments have been analysed using a computer program to 
quantify these interactions. Significant shifts in phytoplankton species have occurred in dry 
valley lakes probably reflecting effects of warming trends.

REPORTS PUBLISHED 1988-1993:

Aiken, G.R., McKnight, D.M., Wershaw, R.L., and 
Miller, L., 1991, Evidence for the diffusion of 
aquatic fulvic acids from the sediments of Lake 
Fryxell, Antarctica, in Baker, R.A., ed., Organ­ 
ic substances and sediments in water: Chelsea, 
Michigan, Lewis Publishers, p. 75-88.

Aiken, G.R., McKnight, D.M., Thorn, K.A., and 
Thurman, E.M., 1992, Isolation of hydrophilic 
organic acids from water using nonionic macro- 
porous resins: Organic Geochemistry, v. 18, no. 
4, p. 567-573.

Baron, Jill, McKnight, Diane and Denning, Scott, 
1991, Sources of dissolved and suspended or­ 
ganic material in Loch Vale Watershed, Rocky 
Mountain National Park, Colorado, U.S.A.: 
Biogeochemistry, v. 15, p. 89-110.

Bencala, K.E., Kimball, B.A., and McKnight, D.M., 
1991, Use of variation in solute concentration to 
identify interactions of the substream zone with 
instream transport, in Mallard, G.E. and Aron- 
son, D.A., eds., U.S. Geological Survey Toxics 
Substances Hydrology Program Proceedings of 
the technical meeting, Monterey, Calif., March 
11-15, 1991: Water-Resources Investigations 
Report 91-4034, p. 377-379.

Bencala, K.E., McKnight, D.M., and Zellweger, 
G.W., 1990, Characterization of transport in an 
acidic and metal-rich mountain stream based on 
a lithium tracer injection and simulations of tran­ 
sient storage: Water Resources Research, v. 26, 
no. 5, p. 989-1000.

Bencala, K.E., McKnight, D.M., Zellweger, G.W., 
and Kimball, B.A., 1988, Monitoring acidic 
stream for transport studies, in Mallard, G.E., 
ed., U.S. Geological Survey Toxic Substances 
Hydrology Progam Proceedings of the Techni­ 
cal Meeting, Denver, Colo., February 2-4, 
1987: U.S. Geological Survey Open-File Report 
87-764, p. 119-124.

Harnish, R.A., Ranville, J.F., McKnight, D.M., and 
Spaldirig, S.A., 1992, Redox-mediated cycling 
of iron and manganese in Lake Fryxell, Antarc­ 
tica Associations with paniculate, colloidal, 
and dissolved forms: U.S. Antarctic Journal, v. 
XXVI, no. 5, 230-232.

Kimball, B.A., Bencala, K.E., McKnight, D.M., and 
Maura, W.S., 1988, Geochemistry of dissolved 
metals in St. Kevin Gulch, an acidic mountain 
stream near Leadville, Colorado, in Mallard, 
G.E., ed., U.S. Geological Survey Toxic Sub­ 
stances Hydrology Progam Proceedings of the 
Technical Meeting, Denver, Colo., February
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2-4, 1987: U.S. Geological Survey Open-File 
Report 87-764, p. 137-144.

Kimball, B.A., Broshears, R.E., Bencala, K.E., and 
McKnight, D.M., 1991, Comparison of rates of 
hydrologic and chemical processes in a stream 
affected by acid mine drainage, in Mallard, 
G.E., and Aronson, D.A., eds., U.S. Geologi­ 
cal Survey Toxics Substances Hydrology Pro­ 
gram Proceedings of the technical meeting, 
Monterey, Calif., March 11-15, 1991: U.S. 
Geological Survey Water-Resources Investiga­ 
tions Report 91-4034, p. 407-412.

Kimball, B.A., Broshears, B.A., McKnight, D.M. 
and Bencala, K.E., 1992, Effect of instream pH 
modification on aluminum, in Kharaka, Y.K., 
and Maest, A.S., eds.. Water Rock Interaction: 
Rotterdam, The Netherlands, Balkema, p. 393- 
396.

Kimball, B.A., McKnight, D.M., Wetherbee, G.A., 
and Harnish, R.A., 1992, Mechanisms of iron 
photoreduction in a metal-rich, acidic stream 
(St. Kevin Gulch, Colorado, U.S.A.): Chemical 
Geology, v. 96, p. 227-239.

Leenheer, J.A., McKnight, D.M., Thurman, E.M., 
and MacCarthy, P., 1989, Structural compo­ 
nents and proposed Structural models for 
Suwannee River fulvic acid, in Leenheer, J.A., 
Averett, R.C., McKnight, D.M., and Thorn, 
K.A., eds., Humic Substances in the Suwannee 
River, Georgia Interactions, Properties, and 
Proposed Structures: U.S. Geological Survey 
Open-File Report 87-557, p. 331-359.

Malcolm, R.L., McKnight, D.M., and Averett,
R.C., 1989, The Okefenokee Swamp: Origin of 
the Suwannee River, in Leenheer, J.A., Averett, 
R.C., McKnight, D.M., and Thorn, K.A., eds., 
Humic Substances in the Suwannee River, Geor­ 
gia Interactions, Properties, and Proposed 
Structures: U.S. Geological Survey Open-File 
Report 87-557, p. 1-21.

McKnight, D.M., 1988, Metal-Tolerant Algae in St. 
Kevin Gulch, Colorado, in Mallard, G.E., ed., 
U.S. Geological Survey Toxic Substances Hy­ 
drology Program Proceedings of the Technical 
Meeting, Denver, Colo., February 2-4, 1987: 
U.S. Geological Survey Open-File Report 87- 
764, p. 113-117.

_1990, "How do organic acids interact with or­ 
ganisms, solutes, and paniculate surfaces?" in 
Perdue E.M., and Gjessing, E.T., eds., Organic 
Acids in Aquatic Ecosystems: Dahlem Konferen- 
zen, John Wiley and Sons, p. 223-243.

_1991, Feedback mechanisms involving humic 
substances in aquatic ecosystems, in Schneider 
S.H., and Boston, P.J., eds., Scientists on Gaia: 
Cambridge, Massachusetts, The MIT Press, p.
330-338.

McKnight, D.M., Aiken, G.R., Andrews, E.D., 
Bowles, E.C., and Miller, L., 1993, Dissolved 
organic material in dry valley lakes a compari­ 
son of Lake Fryxell, Lake Hoare and Lake 
Vanda, in Green, W.J., ed., Physical and bio- 
geochemical processes in Antarctic lakes: Ant­ 
arctic Research Series, v. 59, p. 119-133.

McKnight, D.M., Aiken, G.R., Andrews, E.D., 
Bowles, E.G., Smith, R.L., Duff, J.M., and 
Miller, L.G., 1988, Dissolved organic material 
in desert lakes in the McMurdo Dry Valleys: 
U.S. Antarctic Journal, p. 152-153.

McKnight, D.M., Aiken, G.R. and Smith, R.L., 
1991, Aquatic fulvic acids in microbially based 
ecosystems results from two desert lakes in 
Antarctica: Limnology and Oceanography, v.   
36, no. 5, p. 998-1006.

McKnight, D.M. and Bencala, K.E., 1988, Diel vari­ 
ations in iron chemistry in an acidic mountain 
stream in the Colorado Rocky Mountains, 
U.S.A.: Arctic and Alpine Research, v. 20, no. 
4, p. 492-500.
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_1989, Reactive iron transport in an acidic moun­ 
tain stream in Summit County, Colorado a 
hydrologic perspective: Geochimica et Cosmo- 
chimica Acta, v. 55, no. 9, p. 2225-2234 p.

_1990, The chemistry of iron, aluminum, and 
dissolved organic material in three acidic, metal- 
enriched, mountain streams, as controlled by 
watershed and in-stream processes: Water Re­ 
sources Research, v. 26, no. 12, p. 3087-3100.

McKnight, D.M., Bencala, K.E., Zellweger, G.W., 
Aiken, G.R., Feder, G.L., and Thorn, K.A., 

" 1992, Sorption of dissolved organic carbon by 
hydrous aluminum and iron oxides occurring at 
the confluence of Deer Creek with the Snake 
River, Summit County, Colorado: Environmen­ 
tal Science and Technology, v. 26, no. 7, p. 
1388-1396.

McKnight, D.M., Kimball, B.A., and Bencala, K.E., 
1988, Iron photoreduction and oxidation in an 
acidic mountain stream: Science, v. 240, p. 
637-640.

_1988, Photoreduction of hydrous iron oxides in 
acidic mountain streams in Colorado, in Mal­ 
lard, G.A., ed., U.S. Geological Survey Toxic 
Substances Hydrology Program Proceedings of 
the Technical Meeting, Denver, Colo., February 
2-4, 1987: U.S. Geological Survey Open-File 
Report 87-764, p. 131-135.

McKnight, D., Miller, C., Smith, R., Baron, J., and 
Spaulding, S., 1988, Phytoplankton Populations 
in Lakes in Loch Vale, Rocky Mountain Nation­ 
al Park, Colorado sensitivity to Acidic Condi­ 
tions and Nitrate Enrichment: U.S. Geological 
Survey Water-Resources Investigations Report 
88-4115, 102 p.

McKnight, D.M., Ranville, J.F. and Harnish, R.A., 
1991, Paniculate and colloidal organic material 
and associated trace metals in Pueblo Reservoir, 
Colorado, in Mallard, G.E., and Aronson,

D.A., eds., U.S. Geological Survey Toxics 
Substances Hydrology Program Proceedings of 
the technical meeting, Monterey, Calif., March 
11-15, 1991: U.S. Geological Survey Water-Re­ 
sources Investigations Report 91-4034, p. 428- 
433.

McKnight, D.M., Smith, R.L., Bradbury, J.P.,
Baron, J.S., and Spaulding, Sarah, 1990, Phyto­ 
plankton dynamics in three Rocky Mountain 
Lakes, Colorado, U.S.A.: Arctic and Alpine 
Research, v. 22, no. 3, p. 264-274.

McKnight, D.M., Smith, R.L., Harnish, R.A.,
Miller, C.L., and Bencala, K.E., 1993, Season­ 
al relationships between planktonic micro-organ­ 
isms and dissolved organic material in an alpine 
stream: Biogeochemistry, v. 21, p. 39-59.

McKnight, D.M., Thorn, K.A., Wershaw, R.L., 
Bracewell, J.M. and Robertson, G.W., 1988, 
Rapid changes in dissolved humic substances in 
Spirit Lake and South Fork Castle Lake, Wash­ 
ington: Limnology and Oceanography, v. 33 no. 
6, pt. 2, p. 1527-1541.

McKnight, D.M., and Wershaw, R.L., 1989, Com- 
plexation of copper by fulvic acid from the 
Suwannee River effect of counter-ion concen­ 
tration, in Leenheer, J.A., Averett, R.C., 
McKnight, D.M., and Thorn, K.A., eds., Hu­ 
mic Substances in the Suwannee River, 
Georgia Interactions, Properties, and Proposed 
Structures: U.S. Geological Survey Open-File 
Report 87-557, p. 59-79.

McKnight, D.M., Wershaw, R.L., Bencala, K.E., 
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Ranville, J.F., Harnish, R.A., and McKnight, D.M., 
1991, Paniculate and colloidal organic material
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in Baker, R.A., ed., Organic Substances and 
Sediments in Water, Volume 1. Humics and 
Soils: Chelsea, Michigan, Lewis Publishers, p. 
47-73.

Ranville, J.F., Smith, K.S., McKnight, D.M., 
Macalady, D.L., and Rees, T.F., 1991, Effect 
of organic matter coprecipitation and sorption 
and sorption with hydrous iron oxides on elec- 
trophoretic mobility of particles in acid mine 
drainage, in Mallard, G.E., and Aronson, D.A., 
eds., U.S. Geological Survey Toxics Substances 
Hydrology Program Proceedings of the techni­ 
cal meeting, Monterey, Calif., March 11-15, 
1991: U.S. Geological Survey Water-Resources 
Investigations Report 91-4034, p. 422-427.
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Tate, C.M., McKnight, D.M., and Spaulding, S.A., 
1991, Phosphate uptake by algae in a stream 
contaminated by acid mine drainage, St. Kevin 
Gulch, Leadville, Colorado, in Mallard, G.E., 
and Aronson, D.A., eds., U.S. Geological Sur­ 
vey Toxics Substances Hydrology Program- 
Proceedings of the technical meeting, Monterey, 
Calif., March 11-15, 1991: U.S. Geological 
Survey Water-Resources Investigations Report 
91-4034, p. 387-391.

Wissmar, R.C., McKnight, D.M., and Dahm, C.N., 
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in lakes within the blast zone of Mount St. 
Helens, Washington: Limnology and Oceanogra­ 
phy, v. 35, no. 2, pp. 535-542.
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Program Proceedings of the Technical Meet­ 
ing, Denver, Colo., February 2-4, 1987: U.S. 
Geological Survey Open-File Report 87-764, p. 
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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.
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PROGRESS: Two reports were written for publication as articles in scientific journals and 
one report was written for a U.S. Geological Survey Water-Supply Paper on the 
Interdisciplinary Research Initiative (IRI). One article focused on the contribution of 
groundwater to hydrological and chemical budgets of Williams Lake, Minnesota, over a 12 
year period (1980 to 1991). The other article examined the relation of one measure of algal 
biomass, chlorophyll a, to actual microscopic determination of biomass within lakes and 
wetlands at Nebraska, North Dakota, and Minnesota field sites. Intensive studies of chemical 
fluxes, including determination of ground-water flux and in-lake chemical and biological 
investigations, continued at Cottonwood Lake area wetlands, North Dakota; and Shingobee 
and Williams Lakes (IRI site), Minnesota.

REPORTS PUBLISHED 1988-1993:

LaBaugh, J.W., 1988, Relation of hydrogeologic 
setting to chemical characteristics of selected 
lakes and wetlands within a climate gradient in 
the North-Central United States: Verhandlungen 
Internationale Vereinigung Limnologie, v. 23, p. 
131-137.

__1989, Chemical characteristics of water in north­ 
ern prairie wetlands, in van der Valk, A., ed., 
Northern Prairie Wetlands: Ames, Iowa, Iowa 
State University Press, p. 56-90.

__1991, Spatial and temporal variation in chemical 
characteristics of ground water adjacent to se­ 
lected lakes and wetlands in the north-central 
United States: Verhandlungen Internationale 
Vereinigung Limnologie, v. 24, p. 1588-1594.

LaBaugh, J.W. and Swanson, G.A., 1988, Algae and 
invertebrates in the water column of selected 
prairie wetlands in the Cottonwood Lake area, 
Stutsman County, North Dakota, 1984: U.S. 
Geological Survey Open-File Report 88-451, 96 
P-

_1992, Changes in chemical characteristics of 
water in selected wetlands in the Cottonwood 
Lake area, North Dakota, U.S.A., 1967-1989, 
in Robarts, R.D., and Bothwell, M.L., eds.. 
Aquatic Ecosystems in semi-arid regions: Saska­

toon, Saskatchewan, Environment Canada, The 
National Hydrology Research Institute Sympo­ 
sium Series 7, p. 149-162.

Swanson, G.A., Winter, T.'C, Adomaitis, V.A., and 
LaBaugh, J.W., 1988, Chemical characteristics 
of prairie lakes in South-Central North Dakota, 
their potential for influencing use by fish and 
wildlife: U.S. Fish and Wildlife Service Techni­ 
cal Report 18, 44 p.

Winter, T.C., LaBaugh, J.W., and Rosenberry, 
D.O., 1988, Direct measurement of differences 
in hydraulic head between ground water and 
surface water using a hydraulic potentiomano- 
meter: Limnology and Oceanography, v. 33, p. 
1209-1214.

14 NATIONAL RESEARCH SUMMARY 1993



ECOLOGY

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

ADDRESS: U.S. Geological Survey, 3215 Marine Street, Boulder, CO 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 begun to investigate the potential to utilize denitrification as 
a bioremediation mechanism to treat nitrate contamination in ground water. Our research has 
demonstrated that hydrogen and formate oxidizing, denitrifying bacteria are commonly found 
in the subsurface, that they have a high affinity for hydrogen and that they produce innocuous 
end products. Consequently, a continuous injection tracer test is being conducted in a 
nitrate-contaminated aquifer in an attempt to stimulate these organisms to consume the nitrate
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in situ. (2) A study was completed and submitted for publication which assessed the effect that 
ground-water contamination has upon the adenylate energy charge, the total adenine nucleotide 
content, and the DNA content of the free-living populations of micro-organisms present in 
groundwater. Collectively these parameters can be used to estimate the metabolic status of the 
microbial community. We found that these micro-organisms were metabolically stressed 
throughout a large contaminant plume despite the eutrophication that was occurring as a result 
of the contamination. (3) A study investigating the relationship between the abundance and 
activity of micro-organisms and the amount and nature of dissolved organic carbon (DOC) in a 
Rocky Mountain alpine stream was also concluded and published. Seasonal variation of 
heterotrophic microbial activity was predominantly controlled by the availability of labile DOC 
and the hydrologic flowpath bringing water into the stream and not by water temperature.

REPORTS PUBLISHED 1988-1993:

Brooks, M.H., 1991, Development and Evaluation of 
a Technique for Measuring Denitrification En­ 
zyme Activity in Nitrate-Contaminated Ground 
Water: Golden, Colo., Colorado School of 
Mines, M.S. Thesis, 94 p.

Brooks, M.H., and Smith, R.L., 1989, Total adenyl­ 
ate and adenylate energy charge measurements 
from bacterial communities in ground water, /// 
Mallard, G.E., and Ragone, S.E., eds., U.S. 
Geological Survey Toxic Substances Hydrology 
Program Proceedings of the technical meeting, 
Phoenix, Ariz., September 26-30, 1988: U.S. 
Geological Survey Water-Resources Investiga­ 
tions Report 88-4220, p. 541-545.

Brooks, M.H., Smith, R.L., and Macalady, D.L., 
1992, Inhibition of exisiting denitrification en­ 
zyme activity by chloramphenicol: Applied and 
Environmental Microbiology, v. 58, p. 1746- 
1753.

Ceazan, M.L., Thurman, E.M., and Smith, R.L., 
1989, Cation exchange as a retardation mecha­ 
nism in an ammonium and nitrate-contaminated 
sand and gravel aquifer: Environmental Science 
and Technology, v. 23, no. II, p. 1402-1408.

Harvey, R.W., Garbedian, S.P., Smith, R.L., Bar­ 
ber, L.B., Metge, D.W., and Scholl, M.A., 
1991, The role of physical and chemical hetero­ 
geneity in the interpretation of small-scale tracer 
tests involving microorganisms, in Mallard, 
G.E., and Aronson, D.A., eds., U.S. Geological 
Survey Toxic Substances Hydrology Program  
Proceedings of the technical meeting, Monterey, 
Calif., March 11-15, 1991: U.S. Geological 
Survey Water-Resources Investigations Report 
91-4034, p. 148-151.

Harvey, R.W., George, L.H., Smith, R.L., and
LeBlanc, D.R., 1989, Transport of microspheres 
and indigenous bacteria through a sandy aqui­ 
fer Results of natural and forced-gradient 
groundwater tracer experiments: Environmental 
Science and Technology, v. 23, no. 1, p. 51-56.

Howes, B.L., and Smith, R.L., 1990, Sulfur cycling 
in a permanently ice covered amictic Antarctic 
lake, Lake Fryxell: Antarctic Journal of the 
U.S., v. 25, p. 230-233.

Krumme, M.L., Smith, R.L., and Dwyer, D.F., 
1990, Survival of genetically engineered micro­ 
organisms and their ability to catabolize substi­ 
tuted benzoates in aquifer microcosms, in Flier- 
mans, C.B., and Hazen, T.C., eds., Proceedings
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of the First International Symposium on Micro­ 
biology of the Deep Subsurface: Aiken, S.C., 
Westinghouse Savannah River Co. Information 
Services, p. 7-117 to 7-126.

.1991, Survival of a model pollutant-degrading 
micro-organism in a sand and gravel aquifer and 
in microcosms, in Mallard, G.E., and Aronson, 
D.A., eds., U.S. Geological Survey Toxic Sub­ 
stances Hydrology Program Proceedings of the 
technical meeting, Monterey, Calif., March 
11-15, 1991: U.S. Geological Survey Water- 
Resources Investigations Report 91-4034, p. 
144_147.

McKnight, D.M., Aiken, G.R., Andrews, E.D.,
Bowles, E.G., and Smith, R.L., 1988, Dissolved 
organic material in desert lakes in the McMurdb 
Dry Valleys: Antarctic Journal of the United 
States, v. 23, no. 5, p. 152-153.

McKnight, D.M., Aiken, G.R., and Smith, R.L., 
1991, Aquatic fulvic acids in microbially-based 
ecosystems results from two Antarctic desert 
lakes: Limnology and Oceanography, v. 36, p. 
998-1006.

McKnight, D.M., Miller, C., Smith, R.L., Baron, J., 
and Spaulding, Sarah, 1988, Phytoplankton pop­ 
ulations in lakes in Loch Vale, Rocky Mountain 
National Park, Colorado sensitivity to acidic 
conditions and nitrate enrichment: U.S. Geologi­ 
cal Survey Water-Resources Investigations Re­ 
port 88-4115, 102 p.

McKnight, D.M., Smith, R.L., Bradbury, J.P., 
Baron, J.J., and Spaulding, S., 1990, Phyto­ 
plankton dynamics in Rocky Mountain lakes, 
Colorado, U.S.A.: Arctic and Alpine Research, 
v. 22, no. 3, p. 264-274.

McKnight, D. M., Smith, R. L., Haniish, R. A., 
Miller, C.L., and Bencala, K.E., 1993, Seasonal 
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alpine stream: Biogeochemistry, v. 21, p. 39-59.

Metge, D.W., Brooks, M.H., Smith, R.L., and 
Harvey, R.W., 1993, Effect of treated sewage 
contamination upon bacterial energy charge, 
adenylates, and DNA content in a sandy aquifer 
on Cape Cod: Applied and Environmental Micro­ 
biology, v. 59, no. 7, p. 2304-2310.

Oremland, R.S., Miller, L.G., Culbertson, C.W., 
Robinson, S.W., Smith, R.L., Lovley, D.R., 
Whiticar, M.J., King, G.M., Kiene, R.P., 
Iversen, N., and Sargent, M., 1993, Aspects of 
the biogeochemistry of methane in Mono Lake 
and the Mono Basin of California, in Oremland, 
R.S., ed., Biogeochemistry of global change, 
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Chapman and Hall, p. 704-41.

Smith, R.L., Brooks, M.H., and Ceazan, M.L., 
1992, The use of natural gradient tracer tests to 
identify and quantify microbial processes occur­ 
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national Conference on Ground-Water Ecology: 
American Water Resources Association, p. 59- 
65.

Smith, R.L., and Ceazan, M.L., 1991, Isolation and 
characterization of autotrophic, hydrogen-oxidiz­ 
ing, denitrifying bacteria from groundwater as 
potential agents for bioremediation of nitrate 
contamination, in Mallard, G.E., and Aronson, 
D.A., eds., U.S. Geological Survey Toxic Sub­ 
stances Hydrology Program Proceedings of the 
technical meeting, Monterey, Calif., March 
11-15, 1991: U.S. Geological Survey Water-Re­ 
sources Investigations Report 91-4034, p. 123- 
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contaminated groundwater: Applied and'Environ­ 
mental Microbiology, v. 54, no. 5, p. 1071- 
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cal meeting, Phoenix, Ariz., Sept. 26-30, 1988: 
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__1991, Denitrification in nitrate-contaminated 
groundwater occurrence in steep vertical geo- 
chemical gradients: Geochimica et Cosmochim- 
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__1991, Effects of denitrification on nitrogen geo­ 
chemistry in a nitrate-contaminated sand and 
gravel aquifer, Cape Cod, Massachusetts, in 
Mallard, G.E., and Aronson, D.A., eds., U.S. 
Geological Survey Toxic Substances Hydrology 
Program Proceedings of the technical meeting, 
Monterey, Calif., March 11-15, 1991: U.S.

Geological Survey Water-Resources Investiga­ 
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Smith, R.L., Howes, B.L., and Garabedian, S.P., 
1991, In situ measurement of methane oxidation 
in groundwater using natural gradient tracer 
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TITLE: Ecological Interactions of Lakes and Streams (CR 88-312)

PERSONNEL: Robert C. Averett, Project Chief 
Puhr, Darlene, Secretary 
Wesley L. Campbell, Hydrologist

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

PROBLEM: Much aquatic habitat in North America is or has been destroyed by development 
or by extracting natural resources. Little is known concerning the requirements for aquatic life 
in streams or lakes, especially from a geomorphic standpoint. In this regard, it is difficult also 
to separate natural from man-caused changes in aquatic ecosystems.

OBJECTIVE: To determine the effects that geomorphic and other physical as well as chemical 
and biological changes have on aquatic habitat and upon the distribution and abundance of 
aquatic organisms.

APPROACH: Several sites, on lakes and their tributaries, will be selected and instrumented 
for flow temperature and mapped for geomorphic features. The aquatic flora and fauna will be 
measured. Alterations in hydrologic regime, including geomorphic changes, will be made and 
their effect upon stream and lake organisms determined.

PROGRESS: Our work continues on streams and stream habitat in Yellowstone National 
Park. A new parkwide project on stream benthos, physical and chemical habitat was initiated 
in Fiscal Year 1992. Laboratory analysis of samples from streams in the Catskill Mountains 
continues. Analysis of data from the Colorado River continues, although funding for 
water-quality work on the Colorado River was curtailed in Fiscal Year 1992.

REPORTS PUBLISHED 1988-1993:

Averett, R.C. 1991, Channels, Impoundments and Geological Survey Water-Resources Investiga-
Epitaphs, in R.J. Ravne, ed., Proceedings of the tions Report 92-4071, 68 p.
workshop on Impoundments: U.S. Tennessee
Valley Authority, 8 p. Averett, R.C., and Iwatsubo, R.T., in press, Aquatic

biology of the Redwood Creek drainage, Red- 
Averett, R.C. and Emmett, W.W., 1993, The phyto- wood National Park, California, in Nolan, K.M.

plankton of Fremont Lake, Wyoming: U.S. and Hardin, D., eds., Geomorphic processes in
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aquatic habitat in the Redwood Creek Basin, 
northwestern California: U.S. Geological Survey 
Professional Paper 1454, (in press since 1984).

Averett, R.C., Leenheer, J.A., McKnight, D.M., and 
Thorn, K.A., eds., 1988, Humic substances in 
the Suwannee River, Georgia Interactions, 
properties, and proposed structures: U.S. Geo­ 
logical Survey Open-File Report, 87-557, 377 p.

Malcolm, R.L., McKnight, D.M., and Averett, R.C., 
1989, History and description of the Okefenokee 
Swamp origin of the Suwannee River, in 
Averett, R.C., Leenheer, J.A., McKnight, 
D.M., and Thorn, K.A., eds., Humic substances 
in the Suwannee River, Georgia Interactions, 
properties, and proposed structures: U.S. Geo­ 
logical Survey Open-File Report, 87-557, p 
1-21.

Slack, K.V., Ferreira, R.F., Averett, R.C., and 
Kennelly, S.S., 1988, Effects of spatial orienta­ 
tion of multiple plate artificial substrates on in­ 
vertebrate colonization: Water Resources Bulletin 
(American Water Resources Association), v. 24, 
no. 4, p. 781-789.

Steele, T.D., Kunkel, J.R., and Averett, R.C., 1991, 
A Comparative Assessment of Nutrient-Biolog­ 
ical Conditions in Selected Reservoirs in the 
Denver Metropolitan Area, Colorado, in 
Jennings, M.E., ed., Symposium on Urban Hy­ 
drology: American Water Resources Association, 
20 p.

Taylor, H.E., and Averett, R.C., 1991, Description 
of water-quality synoptic experiments in the 
Colorado River, in Mallard, G.E., and Aronson, 
D.A., eds., U.S. Geological Survey Toxic Sub­ 
stances Hydrology Program  Proceedings of the 
technical meeting, Monterey, Calif., March, 
1991: U.S. Geological Survey Water-Resources 
Investigations Report 91-4034, p. 576-578.
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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 (Univ. of Colorado) 
Edward A. McConnaughey, Hydrologist Catherine Michmerhuizen, Student (Univ. of Minn. 
Kimberly Wickland, Biologist Lana K. Gerlick, Clerk

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 observed 
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 production and consumption of these gases by microbiota in soil, fresh water, 
and sediments.
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PROGRESS: Field study of atmospheric carbon dioxide exchange with desert soils indicate 
periods of CO2 uptake and emission that are related to soil wetting and drying cycles. Time 
series of the gas exchange process and of the variation in the isotopic composition of soil CO2 
were determined at six locations at the Nevada Test Site and the Amargosa Desert during 
seasonal wetting and drying during 1993. Measurements of deep unsaturated zone CO2 in the 
Amargosa Desert identify ground water as a potential continuous source of CO2 to the 
atmosphere.

Study of methane cycling in North temperate lakes indicate that up to 80 percent of CH4 
released from lake sediments is oxidized in the water column. The remainder is released to the 
atmosphere. Spring release of CH4 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 CH4 flux 
estimates are being made for United States portions of the north temperate lakes region. 
Measurements of atmospheric CO2 exchange with lakes at the Interdisciplinary Research 
Initiative (IRI) site indicate that some lakes in the same watershed continually de-gas CO2 
during ice-free periods, while others uptake CO2 . 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.

Research plans were made and field sites were selected for Water Resources Division (WRD) 
participation in CO2 and CH4 land-atmosphere flux studies as part of the United States/Canada 
Boreal Ecosystem Atmosphere Study (BOREAS).

REPORTS PUBLISHED 1990-1993:

McConnaughey, T.A., 1991, Calcification in Chara Peters, C.A., Striegl, R.G., Mills, P.L. and Healy, 
corallina CO2 hydroxylation generates protons R.W., 1991, Effects of low-level radioactive- 
for bicarbonate assimilation: Limnology and waste disposal on water chemistry in the unsatu- 
Oceanography, v. 36, p. 619-628. rated zone at a site near Sheffield, Illinois: U.S.

Geological Survey Water-Supply Paper 2390, 74 
McConnaughey, T.A., and Falk, R.H., 1991, Calc- p. 

ium-proton exchange during algal calcification:
Biological Bulletin, v. 180, p. 180-195. Shen, G.T., Cole, J.E., Lea, D.W., Linn, L.J.,

McConnaughey, T.A., and Fairbanks, R.G., 
1992, Surface ocean variability at Galapagos
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from 1936-1982 Calibration of geochemical 
tracers in corals: Paleoceanography, v. 7, no. 5, 
p. 563-588.

Striegl, R.G., 1990, Radioactive gases at low-level 
radioactive-waste repository sites, in Bedinger, 
M.S., and Stevens, P.R., eds., Safe disposal of 
radionuclides in low-level radioactive-waste re­ 
pository sites: U.S. Geological Survey Circular 
1036, p. 40-44.

__1991, Gases in the unsaturated zone, in Ryan, 
B.J., ed., Results of hydrologic research at a 
low-level radioactive waste disposal site near 
Sheffield, Illinois: U.S. Geological Survey 
Water-Supply Paper 2367. p. 69-80.

__1991, Processes controlling the transfer of car­ 
bon-14 at radioactive waste disposal sites, in 
Trask, N.J., and Stevens, P.R., eds., U.S. Geo­ 
logical Survey Research in Radioactive Waste 
Disposal: U.S. Geological Survey Water- 
Resources Investigations Report 91-4084, p. 
71-72.

__1993, Diffusional limits to the consumption of 
atmospheric methane by soils: Chemosphere, v. 
26, p. 715-720.

__1993, Consumption of atmospheric methane in 
unsaturated soils, in Kelmelis, J.A., and Snow, 
M., eds., Proceedings of the U.S. Geological 
Survey Global Change Research Forum, March 
18-20, 1991: U.S. Geological Survey Circular 
1086, p. 111-112.

Striegl, R.G. and Armstrong, D.E., 1990, Carbon 
dioxide retention and carbon exchange on unsatu­ 
rated quaternary sediments: Geochimica et Cos- 
mochimica Acta, v. 54, no. 8, p. 2277-2283.

Striegl, R.G. and Healy, R.W., 1990, Transport of 
14-carbon dioxide in unsaturated glacial and 
eolian sediments, in Bassett, R.L. and Melchoir, 
D.C., eds., Chemical Modeling in Aqueous

Systems II: American Chemical Society Sympo­ 
sium Series, no. 416, chap. 15, p. 202-210.

Striegl, R.G., McConnaughey, T.A., Thorstenson, 
D.L., Weeks, E.P. and Woodward, J.C.; 1992, 
Consumption of atmospheric methane by desert 
soils: Nature, v. 357, p. 145-147.

Tate, C.M., and Striegl, R.G., 1993, Methane con­ 
sumption and carbon dioxide emission in tall- 
grass prairie effects of biomass burning and 
conversion to agriculture: Global Biogeochemical 
Cycles, v. 7, no. 3.
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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 of 
specialists studying the interfaces of hydrologic components such as at the ground water- 
surface water interface, or at the terrestrial atmospheric 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 (FRI) 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 be focused on the carbon cycle at two contrasting 
lakes and a few wetlands.

APPROACH: The basic question with respect to comparing carbon cycling processes is based 
on lake water residence time; that is, 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.
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PROGRESS: A climate station tc^collect data on solar radiation, air temperature, wind speed 
and direction, and humidity was maintained with no loss of data. Water samples were collected 
for a wide range of inorganic, organic, trace, and isotopic constituents from the atmosphere, 2 
lakes, 3 streams and 15 wells. Specific research efforts, reported herein in individual projects, 
concentrated on evaluation of evaporation and methane transfer across the air water interface, 
water and chemical transport across the ground water and lake interface, and solute transport 
in the Shingobee River.

REPORTS PUBLISHED 1990-1993:

Cloern, J.E., Alpine, A.E., and Cole, B.E., and Williams Lake a closed lake in north-central 
Heller, T., 1992, Seasonal changes in the spatial Minnesota: Water Resources Research, v. 28, 
distribution of phytoplankton in small, tempera- no. 6, p. 1605-1617. 
ture-zone lakes: Journal of Plankton Research, v. 
14, no. 7, p. 1017-1024.

LaBaugh, J.W., 1990, Spatial and temporal variation 
in chemical characteristics of ground water adja­ 
cent to selected lakes and wetlands in the north- 
central United States: Verhandlungen Internatio­ 
nale Vereinigung Limnologie, v. 24, p. 1588- 
1594.

Parkliurst, R.S., Merk, D.A., Rosenberry, D.O., and 
Winter, T.C., 1992, Climatic data for Williams 
Lake, Hubbard County, Minnesota 1987-1988: 
U.S. Geological Survey Open-File Report 92- 
475, 39 p.

_1993, Climatic data for Shingobee Lake and 
Williams Lake, Hubbard County, Minnesota, 
1989-91: U.S. Geological Survey Open-File 
Report 93-127, 34 p.

Rosenberry, D.O., Sturrock, A.M., and Winter, J.C., 
1993, Evaluation of the energy budget method of 
determining evaporation at Williams Lake, Min­ 
nesota, using alternative instrumentation and 
study approaches: Water Resources Research, v. 
29, no. 8, p. 2473-2483.

Sturrock, A.M., Winter, T.C., and Rosenberry, 
D.O., 1992, Energy-budget evaporation from
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TITLE: Limnol<%ical 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 Nino effects, and so forth) and quality 
(salinity, productivity, sediment-water column exchange, and so forth) of reservoir waters are 
not understood.

OBJECTIVE: General: To continue review of literature and of historic data sets, to continue 
field reconnaissance, and to develop of 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 LANDS AT 
imagery, (2) examining sediment and benthic chemistry, (3) examining productivity and water 
chemistry work in the tailwaters of Glen Canyon Dam, and (4) initiating of work on nutrient 
and trophic gradients in Navajo Canyon.
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PROGRESS: Three reconnaissance trips were conducted resulting in a data set from a total of 
six trips distributed over the annual cycle. A significant result involves the revelation of 
extensive complexity from advective flows. These are dominated by the inflowing mainstem 
Colorado River and modified by intermittent signals from tributaries. Presently the 
interpretation of these data is limited to thermal, conductivity, and oxygen profiles. There is 
great potential for further identifying advective sources by examining trace element ratios. 
Field collections of surficial sediments and benthos were made in March 1993 when Lake 
Powell was at its historic low level since filling in 1981. This means that we have samples in 
hand for analysis that represent the conditions following extensive winter inflows of 1993 and 
resuspension of the exposed Colorado River deltaic sediments in Lake Powell. Those samples 
are in the process of being analyzed. If the results are compelling we will seek to publish 
them, but our objectives were aimed more at reconnaissance and logistic "shakedown." We 
will not be premature and will follow this trip with another more complete sample series that 
includes sediments from the San Juan delta as well.

Two proposals are complete and pending.

1. Inter-agency plan for long-term monitoring and research on Lake Powell.

2. A proposal with Jim Elser (Arizona State University) on the application of stoichiometry of 
limiting nutrients in the plankton along gradients in Lake Powell has been invited by the 
National Geographic Society.

Preparation of a third proposal that is more of a recommendation than a proposal at this time 
has been initiated. Nevertheless it is potentially the most significant one. Title: An analysis of 
an experimental high flow release from Glen Canyon Dam to reconstruct sediment deposits in 
the Grand Canyon National Park. This work involves about ten USGS scientists from the 
National Research Program (NRP) and the Arizona District, as well as an array of scientists 
from the National Park Service, the Bureau of Reclamation, and from several universities. 
The experiment is the first in a series of experimental manipulations to use the discharge flow 
from a major hydropower dam to achieve management objectives in the tailwaters, in this case 
a National Park.

This work has taken on additional importance because of the passage and signing of the Grand 
Canyon Protection Act. The act mandates a long-term program of monitoring and research 
and will bring the application of science (thus the design of investigations) into close proximity 
with management of the National Park and, thus, involvement with hydropower and water 
allocation policy. There is frustration in such proximity, but the relevance to many issues in
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water resource management is extraordinary. More time has been spent at this (meetings, 
correspondence, and reporting) than could be imagined useful, but there is no doubt that we 
are having a positive effect on the use of science to aid policy.

The report of the Survey's Lake and Reservoir Committee was summarized and submitted as a 
Fiscal Year 1995 Initiative Paper. The full report is now under review.
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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, CO 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 an 
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 onmicrobial 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
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column experiments to investigate factors affecting sorption and movement of bacteria in 
porous media.

PROGRESS: Three invited book chapters were published involving bacterial transport and 
microbial ecology in ground-water environments. Research was largely completed on a 
collaborative National Science Foundation (NSF) grant (Principal Investigators: Nancy Kinner, 
University of New Hampshire; Ronald Harvey, U.S. Geological Survey; and Colin Curds, The 
Natural History Museum, London). The NSF-funded research involves the distribution, 
community structure, ecology, and transport behavior of ground-water protozoa at the USGS 
ground-water study site at Cape Cod, Massachusetts. Results were published from a recent 
field experiment assessing the transport behavior of indigenous ground-water protozoa (a 
previously unexplored subject) at the Cape Cod site. The results suggest that protozoa within 
aquifer sediments move in a much different (slower, more discontinuous) manner thai^the 
bacteria upon which these organisms are thought to feed. Collaborative researchers in London 
reported a number of new protozoan species inhabiting the sandy aquifer sediments at the Cape 
Cod site and a much higher species diversity in the contaminated zones relative to the 
uncontaminated areas of the aquifer. A new research grant, funded by the U.S. Environmental 
Protection Agency (USEPA) and the National Water Research Institute and involving viral 
transport in ground water, was competitively awarded to the USGS and the University of 
Colorado at Boulder (Principal investigators: Ronald Harvey, USGS, and Joseph Ryan, 
University of Colorado.) This work involves laboratory-, intermediate-, and field-scale 
experiments designed to assess the transport behavior of viruses and virus-sized microspheres 
under different geochemical and physical conditions. Resulting data will be used to evaluate 
(and recalibrate) models describing subsurface microbial transport and will be used by the 
USEPA in implementing the new Ground Water Disinfection Rule.

REPORTS PUBLISHED 1988-1993:

Bitton, G. and Harvey, R.W., 1992, Transport of 
pathogens through soil, in Mitchell, R., ed., 
New Concepts in Environmental Microbiology: 
New York, Wiley Interscience, chap. 7, p. 103- 
124.

Harvey, R.W., 1989, Considerations for modeling 
transport of bacteria in contaminated aquifers, in 
Abriola, L., ed., Grouudwater Contamination: 
Wallingford, Oxfordshire, United Kingdom, 
IAHS Press, No. 185, p. 75-82.

.1989, Transport of bacteria in a contaminated 
aquifer, in Mallard, G.E., and Ragone, S.E., 
eds., U.S. Geological Survey Toxic Substances 
Hydrology Program Proceedings of the techni­ 
cal meeting, Phoenix, Ariz., Sept. 26-30, 1988: 
U.S. Geological Survey Water-Resources Inves­ 
tigations Report 88-4220, p. 183-188.
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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 aq'iiatic 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 predicta­ 
bility 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.

OBJECTIVE: 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 physio­ 
chemical 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: Project staff provided continuing support to national, regional and study-unit 
National Water Quality-Assessment (NAWQA) personnel in the development and 
implementation of habitat assessment and ecological survey elements of the program. A
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workshop on in-stream and riparian physical characterization methods for streams and rivers of 
the western United States was convened in 1993 for Central Region biologists. A study to 
evaluate in-stream and riparian characterization approaches appropriate for streams of the 
western Great Plains was initiated. Project activity included two primary elements: (1) the 
integration of data bases on large-scale (reach, segment, and sub-basin) physical character­ 
istics, water-quality, and biogeographic distributions of benthic assemblages, and (2) the 
description and measurement of large-scale physical attributes appropriate for trend assessment 
in river water quality.

An integrated analysis of biological, chemical, and physical data from the Yakima River Basin 
pilot (NAWQA) studies was completed. The report "Distribution of phytobenthos in the 
Yakima River Basin, Washington, in relation to geology, land use and other environmental 
factors" describes the approach proposed for integrating biogeographic, physical, and 
water-quality data in other synoptic NAWQA studies.
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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 estuarme, 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 (I) habitat for invertebrate species; 
(2) 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 factors 
affecting distribution and abundance of submersed aquatic vegetation and the effect of 
submersed aquatic vegetation on water quality are poorly understood.

OBJECTIVE: (1) Determine factors responsible for the changing distribution of 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: Conducted vegetation survey of the wetlands in the Allequash watershed, 
Wisconsin, as part of the Water, Energy and Biogeochemical Budget (WEBB). Our work in 
cooperation with John Elder and Dave Krabbenhoft of the Wisconsin District is focused on 
nutrient cycling in the four watersheds entering Trout Lake, a Long Term Ecological Research 
(LTER) site. There are essentially four carbon pools in the Allequash watershed: the ground 
water, the peat, the above-ground biomass and litter in wetlands and uplands, and the 
submersed aquatic vegetation. Wetlands and lakes cover about 20 percent of the watershed. 
Wetlands in the watershed are dominated by emergent plants (sedges, grasses, and forbs), by 
shrubs (alder, leatherleaf and Laborador tea are most common), and trees (tamarack and black 
spruce). The upland portion of the watershed is forested. There is no carbonate rock in the 
watershed, so fluxes of carbon are associated primarily with carbon released from 
decomposing plant biomass and atmospheric exchange.

Conducted vegetation surveys at Shingobee and Williams Lakes and Little Shingobee Fen at 
the Integrated Research Initiative (IRI) site in Minnesota, and cored the fen peats for 
stratigraphic profiling. One focus of research in the IRI site is carbon cycling; submersed 
macrophytes in both lakes comprise a large carbon pool which is stored or recycled in 
Williams Lake and lost through streamflow, stored or recycled in Shingobee Lake. In both 
lakes, submersed macrophytes may profoundly affect water chemistry during the growing 
season through photosynthesis and respiration and in the winter through plant decomposition. 
Drainage from the Little Shingobee Fen, a ground-water discharge wetland, carries carbon 
originating in the peat and marl deposits underlying the fen into Shingobee Lake. The size of 
this carbon pool can be estimated from our cores.

Coauthored two significant publications. The first, "Chesapeake Bay Submerged Aquatic 
Vegetation Habitat Requirements and Restoration Goals: A Technical Synthesis," represents a 
cooperative effort by those groups (Virginia Institute of Marine Science, University of 
Maryland, Environmental Protection Agency, and USGS) conducting long-term research on 
submersed macrophytes in Chesapeake Bay and its tributaries and is summarized briefly in a 
published article in Bioscience (see Bibliography). The second is our final manuscript on the
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ecology and hydrology of the western transition zone of the Great Dismal Swamp of Virginia 
and North Carolina and the use of vegetation, hydrology, and soils to establish wetland 
boundaries. This is in press in Ecological Applications.
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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, Biologist Joan C. Woodward, Physical Science Technician
Peggy Widman, Microbiologist

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: The first enzyme from an anaerobic microorganism known to catalyze the 
dissimilatory reduction of metals was purified and identified. The enzyme converted iron oxide 
to magnetite and precipitated uranium from water. Furthermore, it reduced chromium from 
the highly toxic and highly soluble Cr(VI) state to less toxic, less soluble Cr(III). Gold was 
reductively precipitated from solution. This enzyme provides the first model for the enzymatic 
reduction and biomineralization of iron, uranium, and gold in anaerobic sedimentary 
environments and has significant potential for the bioremediation of contaminant metals.
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Furthermore, the gene for this protein has been cloned and over-expressed, suggesting that it 
may be possible to engineer micro-organisms with enhanced metal-reducing capabilities.

Novel links between the iron and sulfur cycles in marine and estuarine sediments were 
discovered. Desulfuromonas acetoxidans, which was previously known as an sulfur-reducing 
organism was found to be the first example of a marine organism capable of conserving energy 
to support growth by oxidizing organic compounds with the reduction of Fe(III). Evidence 
that dissimilatory sulfate reducers may function as the dominant Fe(III)-reducing micro­ 
organisms was reported in Nature and Marine Geology. These findings revised our concepts 
about the mechanisms for metal reduction in marine and estuarine sediments and have led to a 
new model about the interaction between sulfate- and Fe(IH)-reducing populations in 
sedimentary environments in general.

It was demonstrated that H2 dissolved in ground water can be used to predict the distribution of 
microbial decomposition processes in aquifers contaminated with organic compounds. This is 
the first method ever developed in which it is possible to discern from a simple water measure­ 
ment which microbial redox processes are taking place in contaminated aquifers. Such a 
technique is useful in attempting to predict the fate and mobility of organic contaminants in 
ground water. A manuscript describing these studies has been prepared for Water Resources 
Research.

A novel technique for stimulating the degradation of organic contaminants in ground water was 
discovered. Laboratory investigations demonstrated that iron chelators could stimulate the 
degradation of toluene in aquifer material containing ferric oxides. The chelators work by 
making the Fe(III) in the sediments more available for microbial reduction.

Our studies on microbial freon uptake were published during this period and received 
wide-spread media attention including being designated Popular Science's Grand Prize winner 
in Environmental Technology for 1992.
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TITLE: Vegetation and Hydrogeomorphic Relations (NR 90-145)

PERSONNEL: Cliff 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 hydrogeomorpUte processes are poorly understood. Botanical studies can 
improve flood or debris flow prediction for streams with short or no gaging-station records. 
Improvement of our understanding of the relations among fluvial geomorphology, sedimenta­ 
tion, 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 geo- 
morphic 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
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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.

PROGRESS: The Project assisted in the development of a National Water Quality-Assessment 
(NAWQA) regional synthesis topic (sedimentation and trace element trapping in low gradient 
streams) that will continue over the next 2-3 years.

The Project expanded studies of saltwater intrusion and global sea-level rise using element 
analysis of tree rings in the Cape Fear estuary, North Carolina. These studies, along with an 
earlier effort, should assist the development of predictive models that will be useful in 
long-term planning in these and similar areas.

The Project completed a multi-year interdisciplinary investigation (with the Tennessee District 
and the U.S. Environmental Protection Agency (USEPA)) of environmental degradation 
related to contamination from a wood-preserving facility in Jackson, Tennessee. A detailed 
report (U.S. Geological Survey Water-Resources Investigations Report (WRIR)) was drafted 
and is now in colleague review, and a related journal article is in preparation.

The Project expanded in-house attempts to determine element concentrations within tree rings 
and sediments using direct-current plasma (DCP) and graphite furnace atomic absorption 
spectrometry techniques.

The Project completed analyses of data generated last spring and summer of element 
concentrations within discrete portions of individual tree rings. The basic research should 
permit greater refinement of the calculated transport time of contaminants in ground water. A 
manuscript is in outline form.

The Project has continued earlier efforts, and assumed new efforts, with District personnel in 
Virginia, Maryland, Colorado, Minnesota, South Carolina, Rhode Island, Massachusetts, 
Arkansas, California, and Louisiana, concerning wetlands and (or) fluvial geomorphology and 
vegetation process and form using dendrogeomorphic, ecological, and trace-element analyses.

REPORTS PUBLISHED 1988-1993:

Bazemore, D.E., and Hupp, C.R., 1991, Flood-plain Conference: Washington, D.C., Federal Energy 
sedimentation rates near bridge crossings, in Regulatory Commission, v. I, p. 48-54. 
Fan, S.S., and Kuo, Y.H., eds., Proceedings of 
the Fifth Federal Interagency Sedimentation Bazemore, D.E., Hupp, C.R., and Diehl, T.H.,

1991, Wetland sediment deposition and vegeta-
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ffon patterns near selected highway crossings in 
west Tennessee: U.S. Geological Survey, Water- 
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Carey, W.P., Lyverse, M.A., and Hupp, C.R., 1990, 
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Survey, Water-Resources Investigations Report 
89-4199, p. 38.
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V.R., Kochel, R.C., and Patton, P.C., eds., 
Flood Geomorphology: New York, Wiley and 
Sons, Ltd., p. 335-356.
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hydrogeomorphology, in, Thornes, J.B., ed., 
Vegetation and erosion: Chichester, England, 
Wiley and Sons Ltd., p. 217-237.

__1992, Riparian vegetation recovery patterns fol­ 
lowing stream channelization A geomorphic 
perspective: Ecology, v. 73, p. 1209-1226.

Hupp, C.R., and Bazemore, D.E., 1991, Dendrogeo- 
morphic analysis of wetland sedimentation in 
Fan, S.S., and Kuo, Y.H., eds., Proceedings of 
the Fifth Federal Interagency Sedimentation 
Conference: Washington, D.C., Federal Energy 
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Hupp, C.R., and Morris, E.E., 1990, A dendrogeo- 
morphic approach to measurement of sedimenta­ 
tion in a forested wetland, Black Swamp, Arkan­ 
sas: Wetlands, no. 10, p. 107-124.
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1993, Sediment and trace element trapping in a 
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Wetlands, v. 13, p. 95-104.

Simon, A., and Hupp, C.R., 1990, The recovery of 
alluvial systems in response to imposed channel 
modifications, west Tennessee, in, Thornes, 
J.B., ed., Vegetation and erosion: Chichester, 
England, Wiley and Sons Ltd., p. 145-160.

Simon, A., Larsen, M.C., and Hupp, C.R., 1990, 
The role of soil processes in determining mecha­ 
nisms of slope failure and hillslope development 
in a humid tropical forest, eastern Puerto Rico: 
Proceedings of the 21st Geomorphology Sympo­ 
sium, Geomorphology 3, p. 263-286.

Vroblesky, D.A., and Yanosky, T.M., 1990, Use of 
tree-ring chemistry to document historical 
ground-water contamination events: Ground 
Water, v. 28, p. 677-684.

Vroblesky, D.A., Yanosky, T.M., and Siegel, F.R., 
1992, Increased concentrations of potassium in 
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contamination: Environmental Geology and 
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water contamination: Water Resources Research, 
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TITLE: Limnology: Controls on Distribution and Composition of Benthic 
Communities of Inland Aquatic Ecosystems (WR 61-012)

PERSONNEL: Keith V. Slack, Project Chief 
Maria M. Watts, Secretary 
Larry J. Tilley, Biologist

ADDRESS: U.S. Geological Survey, 345 Middlefield Road, MS 421, 
Menlo Park, CA 94025

TELEPHONE: (415) 329-4549

PROBLEM: Benthic invertebrates are the aquatic organisms most widely used as indicators of 
stream quality. Although many factors are known to affect the abundance and distribution of 
species, it is usually not possible to predict changes in benthic communities caused by a given 
environmental perturbation. Improved understanding is needed of factors that control temporal 
and spatial distribution, abundance, and species composition of benthic-invertebrate associa­ 
tions in different types of streams. In particular, greater knowledge of the functional relations 
between benthic invertebrates and other components of stream ecosystems is required.

OBJECTIVE: Study the organization and dynamics of benthic-invertebrate species associations 
in streams. Study the relationships between environmental factors in streams such as water 
and sediment chemistry, detritus, biotic interactions, and instream physical conditions to the 
macroscale, mesoscale, and microscale distribution and the composition of biotic communities 
in streams.

APPROACH: Sample benthic invertebrates in a variety of small to large streams and relate 
their spatial and temporal distribution and species composition to environmental differences by 
use of multivariate analysis. Test relations derived from field studies in field and laboratory 
experiments.

PROGRESS: Completed the first quality assurance/quality control (QA/QC) analysis for 
invertebrate samples collected during a National Water Quality-Assessment (NAWQA) 
ecological survey: Illinois River 1989-1990. Results indicated sample preservative leakage 
was a problem and contractors made fewer errors of identification with the common species in 
samples versus difficult groups of species such as Acari, worms, and midge larvae. Completed 
design for two biology QA/QC laboratories in Denver, Colorado, one for 1993 and a new 
version tentatively scheduled for 1996 or 1997. Experiments with different mesh nets in drift
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of benthic invertebrates in small streams showed that early instar midge (Chironomidae: 
Diptera) larvae reacted differently to light than did later instar larvae. First and second instar 
larvae (younger) were positively phototactic and third and fourth instar larvae (older) were 
negatively phototactic. Data from acid streams indicated that possibly owing to lack of 
competition within the benthic community, species that were rare in nearby neutral streams 
became dominants in the acid streams. In these streams the organic detritus fraction of 
drift-net samples was especially abundant at daybreak and nightfall.

REPORTS PUBLISHED 1988-1993:

Hahn, S.S., 1988, Method for identification of imma­ 
ture Simuliidae, in Britton, L.J., and Greeson, 
P.E., eds., Methods for collection and analysis 
of aquatic biological and microbiological sam­ 
ples: Techniques of water-resources investiga­ 
tions of the United States Geological Survey, 
book 5, chap. A4, p. 189-193.
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thod for aquatic Acari, in Britton, L.J., and 
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and abundance. Invertebrate drift, in Britton, 
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microbiological samples: Techniques of water- 
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Slack, K.V., Ferreira, R.F., Averett, R.C., and 
Kennelly, S.S., 1988, Effects of spatial orienta­ 
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vertebrate colonization: Water Resources Bul­ 
letin, v. 24, no. 4, p. 781-789.

Slack, K.V., and Greeson, P.E., 1988, Seston. Glass- 
fiber filter method, in Britton, L.J., and 
Greeson, P.E., eds., Methods for collection and 
analysis of aquatic biological and microbiological 
samples: Techniques of water-resources investi­ 
gations of the United States Geological Survey, 
book 5, chap. A4, p. 127-130.

Slack, K.V., Tilley, L.J., and Hahn, S.S., 1988, 
Collection of benthic invertebrates by drift net 
and dip net, Little Boulder Creek, Idaho: Select­ 
ed papers in the Hydrologic Sciences 1987, U.S. 
Geological Survey Water Supply Paper 2330, p. 
11-17.

Slack, K.V., Tilley, L.J., and Kennelly, S.S., 1991, 
Mesh-size effects on drift sample composition as 
determined with a triple net sampler: Hydro- 
biologia, v, 209, p. 215-226.

Stephens, D.W., and Slack, K.V., 1988, Diel oxy­ 
gen-curve method for estimating primary pro­ 
ductivity, in Britton, L.J., and Greeson, P.E., 
eds., Methods for collection and analysis of 
aquatic biological and microbiological samples: 
Techniques of water-resources investigations of
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the United States Geological Survey, book 5, 
chapter A4, p. 259-263.

Tilley, L.J., 1988, Selected Taxonomic References: 
Chironomidae, in Britton, L.J., and Greeson, 
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of aquatic biological and microbiological sam­ 
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tions of The United States Geological Survey, 
book 5, chap. 4A, p. 339-341.

__1988, Inverted microscope method for phyto- 
plankton analysis, in Britton, L.J., and Greeson, 
P.E., eds., Methods for collection and analysis 
of aquatic biological and microbiological sam­ 
ples: Techniques of water-resources investiga­ 
tions of the United States Geological Survey, 
books, chap. A4, p. 109-111.

__1988, Permanent slide method for larvae of 
Chironomidae, in Britton, L.J., and Greeson, 
P.E., eds., Methods for collection and analysis 
of aquatic biological and microbiological sam­ 
ples: Techniques of water-resources investiga­ 
tions of the United States Geological Survey, 
book 5, chap. A4, p. 185-188.

__1989, Diel drift of Chironomidae larvae in a pris­ 
tine Idaho mountain stream: Hydrobiologia, v. 
174, p. 133-149.

Tilley, L.J., Slack, K.V., and Kennelly, S.S., 1991, 
Transport of invertebrates and detritus in 
streams, in Fan, S.S., and Kuo, Y.H., eds., 
Proceedings of the Fifth Federal Interagency 
Sedimentation Conference, v. II, Aquatic Ecolo­ 
gy Section no. 13, p. 9-17.

50 NATIONAL RESEARCH SUMMARY 1993



ECOLOGY

TITLE: Geochemistry of Riverine and Estuarine Waters (WR 68-046)

PERSONNEL: David H. Peterson, Project Chief
Lucenia Thomas, Secretary Richard E. Smith, Research Oceanographer 
James R. Slack, Mathematician Daniel R. Cayan, Meteorologist 
Laurence E. Schemel, Oceanographer Jane Caffirey, National Research Council 
Stephen W. Hager, Oceanographer Postdoctoral Assoc.

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 our riverine-estuaries system is large, 
but causes and interactions are not clearly defined. Weather and climate forced 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 anthropo­ 
genic 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. Furthermore, to discriminate between natural variations due to 
atmospheric/ oceanic forcing and human-caused impacts.

APPROACH: Defining temporal/spatial variability in riverine/estuarine systems is largely 
observational, using shipboard and in situ instrumentation as well as large meteorological/ 
hydrological/oceanographical data bases. Analysis methods 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.
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PROGRESS: Nutrient dynamics in rivers and estuaries are linked to and (or) covary with 
sediment dynamics. Over a decade of daily Sacramento-San Joaquin River suspended sediment 
observations collected by the California District illustrate several scales of variability: in 
addition to the relatively well-documented effects of reservoirs (long-term) and annual cycles 
(which in the San Joaquin River are often dominated by agricultural waste flows, especially in 
dry years), sediment concentration flow relations depend on antecedent conditions.

First storms of the year tend to produce the highest suspended sediment concentrations per unit 
flow. For dissolved inorganic plant nutrients, such as nitrate, this effect also is apparent on 
interannual time scales; first storm effects on concentration are greater per unit flow following 
dry years. In contrast (to rivers), a major gap in understanding San Francisco Bay sediment 
dynamics is the lack of field observations. Limited observations from northern San Francisco 
Bay show suspended sediment concentrations are influerced by (1) peak (storm-event) river 
flows; (2) the fortnightly spring/neap tidal cycle; and (3) semidiurnal tides. Even less is 
known about the role of wind episodes and diurnal winds (short-time scale) and gravitational 
circulation (longer time scales).

REPORTS PUBLISHED 1988-1993:
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Cayan, D.R., Gardner, J.V., Landwehr, J.M.,
Namias, J., and Peterson, D.H., 1989, Introduc­ 
tion, in Peterson, D.H., ed., Aspects of Climate 
Variability in the Pacific and the Western Ameri- 
cas: Washington, D.C., American Geophysical 
Union, Monograph 55, p. 13-16.

Cayan, D.R., McClain, D.R., Nichols, W.D.,
DiLeo-Stevens, J., 1991, The monthly climate 
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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 
Timothy E. Sullivan, Hydrology Technician 
Ean Warren, Environmental Engineer

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 being investigated. The kinetics of

ECOLOGY 55



ECOLOGY

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 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 character­ 
istics has been developed and has successfully modeled the transport of phenol, 2-, 3-, and 
4-methylphenol 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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September 26-30, 1988: U.S. Geological Survey 
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p. 559-564.

Grbic-Galic, Dunja, Henry, S. M., Godsy, E. M., 
Edwards, Elizabeth, and Mayer, K. P., 1991, 
Anaerobic degradation of aromatic hydrocarbons 
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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 I. Hornberger, 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 orders 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 geo- 
chemical 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 
uptake 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
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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, 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: Showed that metal concentrations in sediments and 
insects in Clark Fork vary as much as fourfold from year-to-year over a wide range of flow 
conditions. Highest precipitation/flow years are years of greatest food web contamination and 
greatest downstream penetration of contamination. Preliminary seasonal data show highest 
concentrations of metals in sediments and animals after high flow and (or) episodic inflows to 
river.

San Francisco Bay: Demonstrated that iron oxides and humic substances-bound Cr is a 
nonbioavailable sink for the element, with regard to detritus feeding bivalves. In contrast, Cd 
is assimilated from iron oxides, and from-humic complexes when in high concentrations. 
Cadmium from these nonliving sources is of similar availability to Cd from diatoms or 
bacteria. Physiological flux models explain why two detritus feeders differ in Cd 
concentrations in natural systems. These same deposit feeders were sampled and analyzed 
from Suisun Bay during a season of high river flows and low salinities. Most data is now 
collected to begin model and field verifications predicting the relative importance of salinity 
change, change in Cd concentrations in water, and bioaccumulation from food in determining 
temporal variability and interspecies differences in Cd uptake. Ongoing time series at Palo 
Alto mudflat showed a large episode of contaminant input into South Bay occurred in March 
1992. Metal bioaccumulation that followed this episode coincided with a cessation of glycogen 
storage (associated with preparation for reproduction) in clams. This is one of the clearest 
demonstrations we have seen linking specific physiological changes with a contamination event 
in a natural system. Progress in studies of sediment cores demonstrate differences in histories 
of different contaminants in the Bay. Studies in Tomales Bay indicate that system was also 
subject to some previous metal input, perhaps related to mining in the watershed in the late 
1800's; but preliminary indications from surface sediments suggest little recent atmospheric 
input of metals. Studies of Pb isotope ratios indicate a lead smelter active in the early 1900's 
had an extensive influence on contamination of San Pablo Bay.

Yakima, Oregon: Interpretation of data from Yakima National Water-Quality Assessment pilot 
site demonstrate importance of altitude in determining ecological community structure in the
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system. Methods were demonstrated for separating influences of coincident controlling 
variables, the most important of which are low altitude and human agricultural activities.

Bioassays: Two interpretive reviews and an editorial were published this year explaining, why 
laboratory-based reductionist bioassay studies are an insufficient basis for rational management 
of contaminants in aquatic ecosystems. Experimental and creative observational studies in 
natural systems are an essential, but underrepresented approach to understanding what role 
contaminants play as a variable affecting structure and function in ecosystems.
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TITLE: Biotic Response to Climatic Variability and Human Impacts in Arid Lands 
(WR76-145)

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

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
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change on arid ecosystems; to anticipate how these ecosystems are apt to change in the future; 
and to test and validate outputs from global circulation models.

PROGRESS: (1) A 30,000-year chronology of limber pine needles from packrat middens in 
the Great Basin shows stomatal densities and carbon isotopic content decreasing from Glacial 
to Holocene, coincident with a 40 percent increase in atmospheric carbon dioxide levels. 
Theory and experimental results predict the reduction in stomatal densities, but not the 
decrease in carbon isotopic content. A manuscript was submitted to Science. (2) In the 
American Southwest, the 1950's drought caused massive vegetation dieoffs from the lowland 
deserts well into conifer woodlands of the uplands, resetting demographic clocks and creating 
disequilibria in carbon and nutrient cycling. Climate reconstructions from tree rings indicate 
up to 500-year return periods for droughts of similar magnitude. We are using the 1950's 
event as a model system for studying the direct impacts of catastrophic drought across 
vegetation types and geographic scales, as well as 40 years of ecological adjustments. The 
episodic nature of tree establishment and mortality presents a challenge to strategies for 
ecosystem management that rely on steady-state models. These models assume relatively 
constant and equal mortality and recruitment rates. A review paper on the influence of climate 
and history on pinyon-juniper woodlands, which cover 40 million ha in the Southwest, was 
completed. (3) Saguaro 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. At the Desert Laboratory in Tucson, 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 compare 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. Several 
papers are in progress. (4) Fieldwork and laboratory analyses have been completed towards a 
40,000-year vegetation history of the Sevilleta Long-Term Ecological Research Site in the 
central Rio Grande Basin, New Mexico. The study serves as a guide to current long-term 
monitoring efforts by documenting the relative instabilities of individual plant species over 
different spatial and temporal scales. (5) Biodiversity is an elusive concept that is now driving 
policy. For reasons having to do with history and chance, biological inventories, no matter 
what the organism, are in a sorry state of development worldwide. This inadequacy now 
forestalls our understanding of biodiversity, particularly at the regional level, and makes 
issues, such as accelerating rates of extinction, difficult to address empirically. To demonstrate 
the importance of adequate biological inventories, we analyzed relatively large and complete 
inventories for vascular plants in the Sonoran Desert, United States and Mexico, and Northern 
Territory, Australia. These are probably two of the best databases in arid lands worldwide; 
each contains about 100,000 records on about 3,000 species over about 100 1 degree latitude
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by 1 degree longitude cells. Our first cut at examining plant diversity in these two areas 
revealed that 75 percent of the variance in species richness (the number of species in each cell) 
can be explained by the number of observations (for example, concentration of field 
investigations). This is a cautionary note to those contemplating international and national 
biological inventories (for example, the National Biological Survey). An Atlas of Sonoran 
Desert Plants has been accepted as a book by the University of Arizona Press. The Atlas 
played a key role in developing a proposal funded for Fiscal Years 1993-97 by the National 
Park Service Global Change Program (now part of the National Biological Survey) to construct 
a climate-plant distributional model for the Sonoran Desert.
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TITLE: Plankton Dynamics in Tidal Estuaries (WR 79-164)

PERSONNEL: James E. Cloern, Project Chief 
Carolyn L. McLeod, Secretary 
Thomas M. Powell, Hydrologist 
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,
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evolving ecological models indicate processes and environmental factors that deserve particular 
emphasis by field studies. 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 were focused entirely on San Francisco Bay, with the 
following objectives: (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 supported with funds from local dischargers; it 
involved acquisition of new instruments and development of new protocols; 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, adding a 16th year to this 
observational record. (3) To measure seasonal changes in benthic fluxes of oxygen and 
nutrients (J. Caffrey). (4) To measure seasonal changes in phytoplankton photosynthesis and 
community composition along the river-ocean gradient (B. Cole). (5) To measure seasonal 
changes in system metabolism, as oxygen respiration, along the river-ocean gradient (J. 
Rudek). (6) To collect sediment and seston samples for later analysis to characterize seasonal 
changes in the origin and composition of organic matter (E. Canuel). Papers were published 
on the following: (1) Interannual variability in the sources of organic carbon to the San 
Francisco Bay ecosystem (collaboration with A. Jassby and T. Powell, University of 
California-Davis) Marine Ecology Progress Series. (2) Interannual variability in the seasonal 
pattern of phytoplankton biomass change in South San Francisco Bay book chapter, (J.H. 
Steele editor, Chapman Hall publisher). (3) Analysis of decades-long changes in biological 
populations in San Francisco Bay, using generalized additive modeling to establish empirical 
relations between these population declines and human manipulations of estuarine hydrology 
through diversions of fresh water (with A. Jassby and others) Ecological Applications. (4) 
Use of a one-dimensional model of phytoplankton population dynamics and vertical mixing to 
define the combinations of physical-biological conditions necessary for the initiation of algal 
blooms in tidal estuaries (with J. Koseff and S. Monismith, Stanford University) Journal of 
Marine Research. (5) Seasonal contrasts in the composition, concentration, and sedimentation 
of seston in Williams and Shingobee Lakes (a component of USGS research at the 
Interdisciplinary Research Initiative (IRI) site in Minnesota) chapter in USGS circular to be 
edited by T. Winter. USGS Open-File Data reports were published on (1) hydrographic 
measurements in San Francisco Bay during 1992; and (2) isotopic composition and lipid 
composition of seston and tissues of the clam Potamocorbula amurensis in San Francisco Bay, 
1990-1992.

ECOLOGY 69



ECOLOGY

REPORTS PUBLISHED 1988-1993:

Alpine, A.E., and Cloern, I.E., 1988, Phytoplankton 
growth rates in a light-limited environment, San 
Francisco Bay: Marine Ecology Progress Series, 
v. 44, page 167-173.

.1992, Trophic interactions and direct physical 
effects control phytoplankton biomass and pro­ 
duction in an estuary: Limnology and Oceano­ 
graphy, v. 37, p. 946-955.

Cloern, I.E., 1989, Phytoplankton: in Britton, L.J. 
and Greeson, P.E., eds., Methods for collection 
and analysis of aquatic biological and microbio­ 
logical samples: Techniques of Water-Resources 
Investigations of the U.S. Geological Survey, 
Chapter A-4, p. 99-115.

Cloern, I.E., 1991, Annual variations in river flow 
and primary production in the South San Fran­ 
cisco Bay Estuary, in Elliott, M., and Ducrotoy, 
D., eds., Estuaries and coasts: Spatial and tem­ 
poral intercomparisons: Denmark, Olsen and 
Olsen Publishers, p. 91-96.

__ 1991, Tidal stirring and phytoplankton bloom 
dynamics in an estuary: Journal of Marine Re­ 
search, v. 49, p. 203-221.

Cloern, I.E., Alpine, A.E, Cole, B.E. and Heller, T., 
1992, Seasonal changes in the spatial distribution 
of phytoplankton in small, temperate-zone lakes: 
Journal of Plankton Research, v. 14, p. 1017- 
1024.

Cloern, J.E., Canuei, E.A., and Wienke, S.M., 1993, 
Paniculate organic matter in the San Francisco 
Bay estuary, California chemical indicators of 
its origin and assimilation into the benthic food 
web: U.S. Geological Survey Open-File Report 
93-146, 42 p.

Cloern, J.E. and Jassby, A.D., in press, Yearly fluc­ 
tuation of the spring phytoplankton bloom in 
South San Francisco Bay: An example of eco­ 
logical variability at the land-sea interface, in 
Steele, J.H, Powell, T.M., and Levin, S., eds., 
Ecological Time Series: Chapman Hall.

Cloern, J.E., Powell, T.M., and Huzzey, L.M., 
1989, Spatial and temporal variability in south 
San Francisco Bay, II. Temporal changes in 
salinity, suspended sediments, and phytoplankton 
biomass and productivity over tidal time scales: 
Estuarine, Coastal, and Shelf Science, v. 28, p. 
599-613.

Cole, B.E., 1989, Carbon-14 light- and dark-bottle 
method for phytoplankton, in Britton, L.H., and 
Greeson, P.E., eds., Methods for collection and 
analysis of aquatic biological and microbiological 
samples: Techniques of Water-Resources Investi­ 
gations of the U.S. Geological Survey, book 5, 
chap. A4, p. 483-504.

__1989, Temporal and spatial patterns of phyto­ 
plankton production in Tomales Bay, California, 
U.S.A.: Estuarine, Coastal and Shelf Science, v. 
28, p. 103-115.

Cole, B.E., Hager, S.W., and Hollibaugh, J.T., 
1990, Hydrographic, biological, and nutrient 
properties of Tomales Bay, California, March 
1985 to May 1986: U.S. Geological Survey 
Open-File Report 90-178.

Cole, B.E., Thompson, J.K., and Cloern, J.E., 1992, 
Measurement of filtration rates by infaunal bi­ 
valves in a recirculating flume: Marine Biology, 
v. 113, p. 219-225.

70 NATIONAL RESEARCH SUMMARY 1993



ECOLOGY

Hollibaugh, J.T., Cole, B.E., Dollar, S.W., Hager, 
S.W., Vink, S.M., Kimmerer, W.J., Obrebski, 
S., Smith, S.V., Valentine, M., and Walsh, 
T.W., 1988, Tomales Bay, California A macro­ 
cosm for examining biogeochemical coupling at 
the land-sea interface: EOS, Transactions of 
American Geophysical Union, v. 69, p. 844- 
846.

Huzzey, L.M., Cloern, I.E., and Powell, T.M., 
1990, Episodic changes in lateral transport and 
phytoplankton distribution in south San Francisco 
Bay: Limnology and Oceanography, v. 35, p. 
472-478.

Jassby, A.D., Cloern, I.E.,'and Powell, T.M., 1993, 
Organic carbon sources and sinks in San Francis­ 
co Bay variability induced by river flow: 
Marine Ecology Progress Series, v. 95, p. 39- 
54.

Kliorram, S., Catts, G.P., Cloern, I.E., and Knight, 
A.W., 1987, Modeling of chlorophyll a from an 
airborne scanner: IEEE Transactions on Geo- 
Science and Remote Sensing, v. GE-25, p. 662- 
669.

Kuwabara, J.S., Chang, C.C.Y., Cloern, I.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. 28, p. 307-325.

McBride, G.B., Vant, W.N., Cloern, I.E., and Liley, 
J.B., 1993, Development of a model of phyto­ 
plankton blooms in Manukau Harbour: Hamil­ 
ton, New Zealand, NIWA Ecosystems Publica­ 
tion No. 3.

Oremland, R.S., Cloern, I.E., Sofer, Z., Smith, 
R.L., Culbertson, C.W., Zehr, J., Miller, L., 
Cole, B.E., Harvey, R., Iversen, N., Klug,

M., Des Marais, D.J., and Rau, G., 1988, 
Microbial and biogeochemical processes in Big 
Soda Lake, Nev., in Fleet, A.J., Kelts, K., and 
Talbot, M.R., eds., Lacustrine petroleum source 
rocks: Geological Society of London Special 
Publication no. 40, p. 59-75.

Powell, T.M, Cloern, I.E., and Huzzey, L.M., 1989, 
Spatial and temporal variability in south San 
Francisco Bay, I. Horizontal distributions of 
salinity, suspended sediments, and phytoplankton 
biomass and productivity: Estuarine, Coastal and 
Shelf Science, v. 28, p. 583-597.

Powell, T.M., Willmot, S., Murray, J.D., Manoranjan, 
V.S., and Cloern, I.E., 1988, Transient spatial 
patterns in plankton communities: blooms and 
travelling waves of phytoplankton in estuaries, in 
Hallam, T.G., Gross, L.J., and Levin, S.A., 
eds., 1986, Proceedings of Trieste Research 
Conference on Mathematical Ecology: World 
Scientific Publishing, p. 236-267.

Wienke, S.M., Alpine, A.E., Cloern, I.E., and Cole, 
B.E., 1990, Plankton studies in San Francisco 
Bay, X. Chlorophyll distributions and hydro- 
graphic properties in San Francisco Bay, 1987: 
U.S. Geological Survey Open-File Report 90- 
145, 50 p.

Wienke, S.M., Cloern, I.E., and Cole, B.E., 1990, 
Plankton studies in San Francisco Bay, XI. Chlo­ 
rophyll distributions and hydrographic properties 
in San Francisco Bay, 1988-1989: U.S. Geologi­ 
cal Survey Open-File Report 90-562, 212 p.

Wienke, S.M., Cole, B.E., Cloern, I.E., and Alpine, 
A.E., 1991, Plankton studies in San Francisco 
Bay. XII. Chlorophyll distributions and hydro- 
graphic properties in San Francisco Bay, 1990: 
U.S. Geological Survey Open-File Report 91- 
476, 85 p.

ECOLOGY 71



ECOLOGY

.Wienke, S.M., Cole, B.E., Cloern, I.E., and Alpine, 
A.E., 1992, Plankton studies in San Francisco 
Bay. XIII. Chlorophyll distributions and hydro- 
graphic properties in San Francisco Bay, 1991: 
U.S. Geological Survey Open-File Report 92- 
158, 116 p.

Wienke, S.M., Cole, B.E., and Cloern, I.E., 1993, 
Plankton studies in San Francisco Bay, XIV. 
Chlorophyll distributions and hydrographic prop­ 
erties in San Francisco Bay, 1992: U.S. Geologi­ 
cal Survey Open-File Report 93-, 175 p.

72 NATIONAL RESEARCH SUMMARY 1993



ECOLOGY

TITLE: Microbial Biogeochemistry of Aquatic Environments (WR 81-174)

PERSONNEL: Ronald S. Oremland, Project Chief
Charles W. Culbertson, Hydrologist Frances E. Strohmaier, Physical Science Techician 
Jodi Switzer Blum, Physical Scientist Laurence G. Miller, Oceanographer

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

TELEPHONE: (415) 329-4482

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 situ rates of 
the transformation, their quantitative significance to element cycling, the responsible 
micro-organisms and their physiology are poorly understood.

OBJECTIVE: Develop conceptual models of biogeochemical transformations by combining 
lab and field experimental work. Focus lab work on identification of biochemical pathways, 
and on isolation and physiological characterization of relevant microbes. Measure in situ rates 
of transformations, based on methods developed in the lab. Quantify physical exchanges 
between components, such as the flux of biogenic gases between the atmosphere and water or 
soil.

APPROACH: Microbial pathways will be studied in the lab using 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 situ rates of these transformations as well as physical exchange (flux) 
of important materials (for example, reduced gases) between components.

PROGRESS: The degradation of HCFCs and methylbromide was found to be achieved by 
aerobic methane-oxidizing bacteria. These gases are competitive inhibitors of methane 
monooxygenase. Field and laboratory studies indicate that anaerobic processes are also 
involved. Methylbromide was found to react with other halides (I- and C1-) in an exchange 
reaction which generates methylchloride or methyliodide. All these gases undergo nucleophilic
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attack by sulfide to form methanethiol and dimethylsulfide. These methylated sulfur gases 
serve as substrates for methanogenic bacteria. The significance of these reactions to the global 
cycling of these ozone-destroying gases will be pursued during Fiscal Year 1994.

The respiratory reduction of selenate to more reduced states was investigated. 
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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 anthropo- 
genically 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 situ 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).
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PROGRESS: 1. The fate of transported dissolved inorganic nitrogen (DIN) along a lowland, 
virgin rain forest stream (Salto Creek) in Costa Rica was examined by separate injections of 
ammonium and DOC (sucrose) with conservative tracer (Rhodamine WT). The ammonium 
amendment raised NH4-N from 16 to 165 microgram of nitrogen per liter (^gN/L) at the head 
of an 800-meter reach and to 65 ^tgN/L at the base. Ammonium amendment resulted in a 
simultaneous increase in nitrate from 170-180 ^tgN/L. In contrast, sucrose amendment (10 
milligrams per liter DOC) resulted in a nitrate decrease from 166 to 153 ^tgN/L. The results 
indicate a rapid and coupled response to suitable carbon and nitrogen substrates by the 
microbial community.

2. An ammonium sorption study, using bags of 0.5 millimeter-2.0 millimeter sediment, from 
Little Lost Man Creek, California, indicated a spatial and temporal response in the 
exchangeable ammonium pool in stream and bankside sediments. Exchangeable ammonium 
(2.0 M KC1 extraction) was approximately 0.01 milliquivalent per 100 grams (milliquivalent 
per 100 grams) sediment in channel sediments, but up to an order of magnitude higher in 
sediment bags incubated in ground water 10-20 meters from the bank. Temporally 
exchangeable ammonium was highest during summer-autumn base flow, lowest during winter 
storm flow and intermediate during spring.
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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 
Cecily C. Chang, Hydrologist
Yvonne R. Hunter, Student, (San Jose, State University) 
Anne Khechfe, Volunteer

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 particulates 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 paniculate and dissolved phases and to identify potentially important biological-transport 
processes. Determine trace-metal, macronutrient, and organic carbon and trace sulfide
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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.

PROGRESS: Studies conducted at White wood Creek, South Dakota (Surface Water Toxics 
Program) demonstrated time lags in diel soluble reactive phosphorus (SRP) cycles relative to 
fluctuations in dissolved arsenic redox species. Biological uptake effects on SRP fluctuations 
contrasted abiotic sorption controls on dissolved arsenate (contrast between two chemically 
similar anions).

Work in Lake Tahoe in collaboration with the University of California at Davis (UCD) 
demonstrated phosphate limitation and a potential secondary iron limitation on planktonic 
biomass using chemically defined cultures of phytoplankton isolated from the lake. This 
represents a major temporal shift in macronutrient limitation from nitrogen. This shift has 
been subsequently verified in a publication by A. Jassby using macronutrient time series and 
bioassay data from UCD.

Square-wave voltammetry was used to determine trace dissolved sulfide concentrations in oxic 
waters from San Francisco Bay and in benthic flux experiments. Benthic flux data supports 
our initial water column observations that a major benthic source of dissolved sulfides exist. 
The work highlights the need to consider, even in oxic waters, the competition between 
dissolved sulfide complexation and chemical interactions with dissolved organic material in 
regulating the bioavailability of trace inorganic contaminants.

Major dissolved organic carbon sources to the northern and southern components of San 
Francisco Bay have been analyzed over a salinity (ionic strength) range between freshwater and 
seawater. Using a low-temperature, ultraviolet, persulfate oxidation method, minimal ionic 
strength effects up to seawater salinity was observed for these various organic carbon types, 
including fulvic acid standards. These results differ from recent claims by some marine 
chemists that interferences due to chloride cause inefficient oxidation of organic carbon at high 
(seawater) ionic strengths using low-temperature methods.
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TITLE: Environmental Influences on Estuarine Benthic Community Dynamics 
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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
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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.

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.

We completed a study of reproduction in the recently introduced, numerically dominant Asian 
clam, Potamocorbula amurensis, under varying salinity, temperature, and food regimes 
demonstrating major differences in reproductive seasonality between north and south San 
Francisco Bay that may be related to a combination of food availability and osmotic stress. 
Such reproductive adaptability is a key to the invasive success of this species. We also 
completed a study of genetic variability in Potamocorbula at sites throughout the bay 
demonstrating that this species has high within-population genetic variability and limited 
genetic differentiation among sites. These features are indicative of a "general purpose" 
genetic strategy that provides this species with an inherent ability to invade and colonize new 
localities.

Now that the long California drought is over, we are poised to answer the question about the 
effect of Potamocorbula on phytoplankton abundance in the northern bay: by the end of 
summer 1993 we should know whether the reduction in the phytoplankton is due to (1) an 
increase in grazing pressure by the arrival of the new clam or (2) is due to some physical or 
chemical change related to the reduction in freshwater inflow into the bay during the drought. 
A phytoplankton bloom would not be expected until late summer, but the clam has survived the 
return of high winter inflows, probably in part because the salinity of interstitial water 
remained sufficiently high.

We are continuing the study of the growth of Potamocorbula and other filter feeding bivalves 
in south San Francisco Bay to determine how the spring phytoplankton bloom is linked to the 
growth cycle of individual species. Initial results show the growth is correlated with the
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phytoplankton bloom in spring and with some unknown food source (possibly nonliving 
particulate and dissolved organic carbon) in the fall of each year.

Finally, our studies of bivalve filtration rates in the flume have demonstrated clearly that these 
benthic filter feeder clams change their feeding behavior in response to varying water 
velocities; for example, elevate their position in the sediments in slower water currents thereby 
increasing the turbulence and transport of food to each individual.
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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 
Jacquelyn Walters, Clerk

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 storage 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, pathways, and sinks by 
intensive field studies of selected large and small rivers.

PROGRESS: Spring runoff of 1993 was the greatest on Powder River since the 50-year 
flood of 1978. The velocity and discharge data collected during the 1993 runoff season will 
enhance our understanding of mechanisms of the channel changes that have been measured 
biennially (1975-77, 1980-82, 1982-84) or annually (all other years) since 1975.

Technical assistance was provided to Argentina's National Institute of Limnology concerning 
field methods and equipment for water-quality sampling of large rivers.
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Technical assistance was provided to the Venezuelan (governmental) Corporation for Guayana 
(CVG) in developing a field program to evaluate mercury pollution 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 
Jackie Walters, Clerk

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: Geomorphic and sediment aspects of channel morphology vary with time, but 
usually in a nonlinear or irregular way. 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 underly­ 
ing 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, for that matter). The main reason
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why most scientists and engineers find those concepts so baffling is that there is no under­ 
standable textbook explaining them. Therefore, I am preparing such a textbook. As of July 
1993 the required background study is about 80 percent complete, the outline of the book is 
complete, and the first draft of the manuscript is about 80 percent complete.
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TITLE: Hydraulics and Mechanics of Bedload-Transport Processes (CR 74-187)

PERSONNEL: William W. Emmett, Project Chief
Aleta R. Moores, Secretary R.M. Myrick, Volunteer (retired, USGS) 
J. Walters, Clerk P. Sparks, Volunteer (former HFA, USGS) 
J.P. Doerner, Student (Denver University) R. Egemeier, Volunteer (student, Denver 
L.B. Leopold, Volunteer (retired, USGS) University)
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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 infor­ 
mation 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
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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 parti­ 
cles (sand to fine gravel) to evaluate (a) residence time of sediment (b) average speed of 
various sizes of particles (c) depth of bed material involved in transport (d) dispersion of bed 
material (e) 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 compre­ 
hensive environmental assessments; apply developed strategy to specific sites to demonstrate 
and document sediment-related variables as important ecological factors.

PROGRESS: (1)" Field work at the East Fork River, Wyoming, bedload trap and for the 
fluorescent-tracer study is complete. Bedload-transport rates, measured synoptically, vary 
along a river reach; bedload tonnage, measured seasonally, is about constant throughout the 
reach. Mean bedload-transport rates relate to streampower (about the 1.6 power of stream- 
power in excess of streampower at initiation of motion), mean bedload-particle speeds are 
slow (about 0.1 percent of water speed), and lengths of particle movement may be seasonally 
limited. (2) Total load data collection continued for the 12th year at Little Granite Creek, 
Wyoming (in cooperation with the Corps of Engineers). The measured total-sediment loads 
are among the longest data sets available and are a principal basis in the design of new pre­ 
dictive techniques in river mechanics. (3) Instrumentation established more than 30 years ago 
at Arroyo Frijoles, New Mexico, was relocated and measured. More than 80 percent of the 
originally installed instrumentation was located and provides extensive documentation of 
geomorphic processes in semiarid areas. (4) Began new studies in techniques of stream- 
channel monitoring (in cooperation with the U.S. Forest Service). Studies will be useful in 
establishing protocols for, and insight to interpretation of, stream-channel habitat studies in a 
variety of environmental programs.
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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 neces­ 
sitate 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 character­ 
istics 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) adjustment of
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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: During Fiscal Year 1993, an investigation of the rates of erosion and 
deposition of sand bars in lateral separation zones at various discharges made significant 
progress. A numerical model for the advection and diffusion of suspended sediment has been 
developed and is being tested. The model is general and applicable to a wide variety of 
situations where boundary shear stress is increasing or decreasing and suspended sand is 
transported (for example, deposition of channel margin levees and deltas). In addition, a 
computational model for flow in channels with lateral separation zones solving the fully 
coupled vertically averaged momentum equations with secondary flows has been developed.
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Results of the computations compare well with laboratory data, and will be applied to the 
Colorado River in Grand Canyon as soon as topographic data is available (by summer of 
1993). The approach uses very flexible boundary conditions, allowing the presence of sudden 
expansion and constriction of the channel, islands, braiding, etc. Based, in part, on the 
work, several experimental releases from Glen Canyon in excess of powerplant capacity are 
being planned over the next decade to rebuild historical flood deposits and riparian 
ecosystems within Grand Canyon National Park.
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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 
J. Walters, Clerk 
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: For the general-reader report (the "Congressional Report") on contaminants in 
the Mississippi River, draft chapters have been completed on heavy metals, nutrients, 
pesticides, polychlorinated biphenyls (PCBs), sewage and industrial contaminants (organic), 
and trihalomethanes. First-level editing of most of these chapters has been completed, and 
samples of edited chapters have been sent to the Branch of Scientific Publications in Reston 
for preliminary approval of their formats.
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A dozen or so data reports are in various stages of preparation, review,*and revision in hopes 
of their being approved in time to be referenced in the Congressional Report.
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TITLE: Sediment Impacts from Disturbed and Undisturbed Lands (CR 79-311)

PERSONNEL: Waite R. Osterkamp, Project Chief
Aleta R. Moores, Secretary Andres J. Miller, Hydrologist, student, 
J. Walters, Clerk (University of Maryland) 
William P. Carey, Hydrologist J.P. Doerner, Hydrology Technician, student,

(University of Denver)

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

TELEPHONE: (303) 236-5036

PROBLEM: The acquisition and meaningful interpretation of sediment data from areas 
disturbed by land-use activities or natural processes are 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 detachment 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) pre-disturbance 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
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agencies and field offices of the Survey, available sediment and related hydrologic and 
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: Analysis and report preparation was completed on a study to evaluate ground- 
water recharge rates in Oman and Abu Dhabi using a transmission-loss model, an upland- 
recharge model and geomorphic inputs to estimate streamflows. A manuscript draft was 
completed for a similar on-going study in the Amargosa River Basin, Nevada and California, 
to estimate modern and paleo rates of ground-water recharge. Field activities were completed 
to evaluate erosion rates from disturbed surfaces in southern Arizona.
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TITLE: Sediment-Water Chemistry in Large River Systems: Biogeochemical, 
Geomorphic, and Human Controls (CR 88-313)

PERSONNEL: Robert F. Stallard, Project Chief
Elizabeth L. Callahan, Secretary Eli D. Esser, Hydrologic Aid, student 
Ellen Axtmann, Hydrologist (University of Colorado) 
Matthew C. Larsen, Research Hydrologist John E. Ewing, Hydrologic Aid, student 
Deborah A. Martin, Hydrologist (University of Colorado)

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

TELEPHONE: (303) 541-3022

PROBLEM: Rivers are a major pathway to the ocean for erosion products and human 
wastes. The mechanisms that control the composition of river-borne materials are only 
irhperfectly understood because erosion and the subsequent transport of material by rivers are 
mediated by a wide variety of closely linked chemical, biological, and physical processes. 
Moreover, in developed river systems such as those in the United States, these processes are 
subject to pervasive human-related perturbations. There is a need to develop, through field 
and theoretical studies, a comprehensive and integrated description of these processes for 
large river systems in a form that is useful to researchers in many disciplines.

OBJECTIVE: Describe how the biogeochemical and physical aspects of erosion and transport 
processes are reflected in the composition of river-borne materials for particular large river 
systems and develop general theoretical models that can be applied to rivers in general; 
evaluate the extent to which human activity has affected the river systems. Study how 
various chemical phases, natural or human-introduced, organic or inorganic, are partitioned 
between solid and dissolved loads in rivers and estuaries as the result of weathering, particle- 
surface reactions, biological uptake or release, atmospheric exchange, and storage during 
transit. Evaluate the dispersal pathways of river-borne substances through river systems and 
estuaries into and across the coastal marine environment.

APPROACH: Assemble, primarily from maps and data bases, current and historic chemical, 
geomorphic, biological, and demographic data for an entire river system. Identify 
phenomena that are especially important in controlling the composition of phases containing 
the major elements (H, C, O, Na, Mg, Al, Si, S, Cl, K, Ca, Ti, Fe) and certain minor 
indicator elements (N, F, P, Mn, Sr, Zr) to provide the conceptual framework for solving
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specific research objectives. Undertake field surveys, design sampling and analytical 
procedures, and create computer tools to manipulate and model data as part of these 
investigations. Formulate small scale field and laboratory studies to aid data interpretation as 
deemed necessary.

PROGRESS: During Fiscal Year 1993, project efforts encompassed four areas: (1) research 
for the Water, Energy, and Biogeochemical Budgets (WEBB) Project in eastern Pueno Rico 
and related work in Panama; (2) similar research in the South Cascade Glacier Basin, 
Washington, (3) development and testing of methodologies for extrapolating from regional 
geomorphic and biogeochemical studies to the global scale; and (4) characterization of 
estuarine processes. Two important basic research papers were published. One, in Science 
with Harden, Sundquist, and Mark as co-authors, discusses the effect of pedogenesis on the 
sequestration of carbon in soils during deglaciation. This paper uses a GIS-based model to 
demonstrate that carbon sequestration by soils is probably important on glacial time scales 
(millennia), but not technological time scales (decades). The second paper, with Jewell and 
Mellor as co-authors, explores how bottom shear affects the distribution of sediments in the 
Amazon River estuary. The model uses a robust, physically based, three-dimensional, time- 
dependent circulation model of the Amazon Shelf. The model can be easily modified for 
other estuarine systems.

Research in Puerto Rico and Panama is part of the USGS Global Change Program. Sites are 
in northeastern Pueno Rico, at the Luquillo Experimental Forest, and in central Panama, at 
the Barro Colorado Nature-Monument. The Smithsonian Tropical Research Institute shares 
funding for the work in Panama. These studies are designed to compare geologically 
matched natural and developed environments. The studies of weathering and erosion use 
long-term chemical sampling and physical monitoring to characterize the processes that 
control the distribution and transport of major, important-minor, and nutrient elements 
through soils, downslope, and out of the watershed. Exchange of methane and carbon 
dioxide with the atmosphere is being studied. Phenomena of interest to global-change 
research include the fixation, storage, and export of carbon and nutrients as related to 
biogeochemical and geomorphic processes.

Work in the South Cascade Glacier basin is designed to study weathering and erosion in a 
wet glacial basin and to examine glacial hydrology. Runoff rates and bedrock are similar to 
sites in Puerto Rico, but chemical weathering here is minimally influenced by biology. 
Several major hypotheses are being tested to gain understanding the impact of chemical 
weathering on atmospheric carbon dioxide for glacial and tectonic (millions of years) time 
scales. Results indicate that water chemistry can be a powerful tool to disentangle glacial
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hydrology and that the products of subglacial chemical weathering are quite unlike those from 
any nonglacial watersheds that have been studied.
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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, Hydrologist, student, (Univ. of Colo.) 
Stephen M. Wiele, Hydrologist David Topping, Hydrologist, student, (Univ. of Wash.)

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 
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
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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: Owing to the sensitivity of fluvial processes in arid regions to variations in 
climatic parameters, the importance of water for irrigation and hydroelectric power in the arid 
West, and the need for models that clearly and conclusively show what environmental effects 
are produced by natural causes and what ones are the result of engineering works, the 
Colorado River System was chosen for detailed examination. As a consequence of uplift of 
the Colorado Plateau in the late Tertiary, many segments of this system are deeply cut into 
bedrock, and there is substantial present interest on the part of various agencies of the 
Department of Interior in improving the current understanding of processes in the incised 
reaches of this system. Of particular note in this regard are the U.S. Geological Survey and 
U.S. Bureau of Reclamation (USGS-BOR) project in the Black Canyon of the Gunnison and 
the extremely important, multi-agency project in the Marble and Grand Canyons (called 
GCES-II). Reliable models for the fluvially driven processes in such systems are lacking.

Funding from the U.S. Bureau of Reclamation for U.S. Geological Survey research on the 
Colorado River between Lake Powell and Lake Mead has made possible a major thrust 
toward understanding flow, sediment transport, erosion, channel adjustment, and deposition 
not only in this important segment of the Colorado River, but also in deeply incised systems 
in general. The Arizona District Office of the Water Resources Division (WRD), and several 
National Research Project (NRP) and Geological Division Projects all are contributing in a 
major way to this research effort. The primary role of this project (Flow and Sediment 
Mechanics) has been, and continues to be, fluid mechanically based analysis of the main 
channel flow and sediment transport data, and the development of flow, sediment transport, 
channel adjustment, erosion, and deposition algorithms. These efforts are tightly coupled to 
comprehensive field data collection programs being superbly carried out by personnel from 
the Arizona District. Work to date on these topics is summarized in a manuscript entitled 
"Flow and Sediment Transport in the Colorado River Between Lake Powell and Lake Mead" 
by J. Dungan Smith and Stephen Wiele. Two additional manuscripts on our models and their 
application to the Colorado River System currently are in preparation. Local investigations of
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flow and sediment transport in the neighborhood of the National Canyon and Grand Canyon 
gage sites also are underway. In these, studies velocity and suspended sediment fields 
measured at the cable ways by Arizona District personnel are being used to test the 
predictions of process-based, quasi three-dimensional models derived specifically for the sites. 
Once verified, the suspended sand transport models for these sites will be used to produce 
sediment rating curves for each location. The sediment rating curve for the National Canyon 
site will be used to provide a boundary condition for the less sophisticated whole segment 
sediment transport model and the suspended sand rating curve for the Grand Canyon gage site 
will be used to confirm the validity of this model. This work will be presented in 
manuscripts by Smith, Christiansen, Wiele, Schmeeckle, and Graf; and by Smith, Wiele, and 
Graf during the coming year.

Flow in the Colorado River originally was controlled by snow melt in its headwaters; 
whereas, the sediment input always has been of a more local origin. Currently the major 
sources of sediment to the Marble and Grand Canyon reaches of the Colorado are the Paria 
and the Little Colorado Rivers. In both cases, the dominant contribution of material is as 
suspended load, and in order to provide a more accurate means of determining the amount of 
sand added to the Colorado below the Glen Canyon Dam, process-based methods for 
calculating suspended sediment input from these two major tributaries are being developed. 
These models ultimately will be tested against data from other major sand transporting 
tributaries of the Colorado River and then will be used to calculate sediment inputs from 
ungaged tributaries, as well as variations in sediment input with land use and climate from the 
gaged ones. This work will appear in manuscripts by Topping and Smith. Suspended sand 
input to the Colorado from the Paria and Little Colorado Rivers by floods on these tributaries 
and the consequent deposition and the re-erosion of sand bars below the mouths of these 
tributaries have been carefully monitored during the past year, and manuscripts on this work 
by Graf, Wiele, and Smith also are in preparation.

Another investigation relevant to the Marble and Grand Canyon reaches of the Colorado 
River involves the mechanics of erosion of bedrock and of particle size reduction by 
pulverization at the downstream sides of debris fans. Also, it is believed by the project chief 
that this is the dominant mechanism through which rapid incision occurs in the steep 
headwaters of tectonically active systems. Finally, work is continuing on the mechanics of 
debris flows. This research by Schmeeckle and Smith was initiated at the University of 
Washington, under funding from the Office of Naval Research, in order to understand 
slumping on silty faces of large deltas, but it also is directly relevant to the development and 
structure of debris fans in the Grand Canyon and to the rapid movement of lahars down 
valleys on the flanks of active volcanoes.
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TITLE: Response of Fluvial Systems to Climatic Variability (WR 89-20$)

PERSONNEL: Robert H. Webb, Project Chief
Ana M. MacKay, Admin. Operations Assistant Marilyn B. Murov, Hydrology Technician 
Janice E. Bowers, Botanist Thomas W. Wise, Physical Scientist 
Douglas D. Wellington, Computer Analyst Peter G. Griffiths, Hydrologic Aid 
Theodore S. Melis, Hydrologist

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

TELEPHONE: (602) 670-6821

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. 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 of paramount 
importance for estimation of flood frequency, sediment transport rates, and long-term 
watershed and channel 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; and to assess the 
net effects of climatic variability on watershed conditions and fluvial systems.

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-generating mechanisms, 
that affect the western United States. Generation mechanisms for specific storm types, which 
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
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assessed to determine possible interactions among climate, vegetation change, and storm 
runoff.

PROGRESS: Use of repeat photography to evaluate changes in desert vegetation related to 
climate and (or) land use practices has been substantially advanced using historical 
photographs from Grand Canyon. Use of repeat photography to evaluate geomorphic and 
ecological changes in Grand Canyon 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 review. Data obtained using paleohydrologic techniques can be used to 
augment more traditional flood frequency analyses. Paleoflood data suggest the possibility 
that an upper-bounding enveloping curve relating peak discharge to drainage area may exist 
for the Colorado River drainage. Monte Carlo analyses, designed to simulate the information 
obtained from paleoflood deposits, suggests that paleoflood information of high quality can 
improve estimates of long-recurrence interval floods. 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.
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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 astronomical forcing of climate and change in the energetics of 
hydrologic systems has yet to be established. In particular, the application of stable isotopes 
to an understanding of the timing and magnitude of past changes in the Great Basin terrestrial 
hydrologic cycle is in its infancy.

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 climatic change.

APPROACH: (1) Core closed-basin lakes such as Pyramid and Walker Lakes in Nevada; (2) 
analyze organic and inorganic materials (for example, oxygen-18) from lake-sediment cores in 
order to establish time-series proxy-records of change in lake size; (3) perform real-time 
studies of the behavior of oxygen-18 in the hydrologic system in order to establish the 
relation between oxygen-18, lake temperature, size, and climate; (4) apply oxygen-18/climate 
model to core data in order to establish quantitative record of climate change for the past few 
hundred thousand years; (5) develop record of lake-size change based on outcrop data; (6) 
compare core-based record of lake-size change with outcrop-based record of lake-size change.

PROGRESS: Stable-isotope analyses of a 75-meter core from the north end of the Pyramid 
Lake indicate that between 150,000 and 20;000 yr B.P. (years before present), Pyramid Lake 
was often an open system that spilled to one of three adjoining basins. Stable-isotope 
analyses of a 7-meter outcrop of lake sediment in the Mono Lake basin indicates that Mono 
Lake did not spill between 37,000 and 12,000 years before present (yr B.P.). In an ongoing 
study of the behavior of 18O and 2H in the Truckee River-Pyramid Lake system, we have 
established the relationship between change in hydrologic balance of the lake and its effect on
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the spatial and temporal distribution of 18O. The behavior of 18O has been successfully 
simulated using a coupled lake-thermal/isotope model. The behavior of 13C in the surface- 
water system continued to be monitored in an attempt to understand the effect of productivity 
and gas exchange on its fractionation. A 3-year study on the elevational distribution and 
sequence of formation of carbonates in the Pyramid Lake area has been completed. U-series 
and 14C age determinations on carbonates from the large tufa mounds in Pyramid Lake basin 
indicate they were formed between 40,000 and 10,000 yr B.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 
Tung-Ming Lai, Volunteer

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: The Management Systems Evaluation Areas (MSEA) site in Missouri is testing 
our slow-release N-fertilizer in the field, comparing it to other slow-release systems. The 
preliminary results indicate that N-release from our system is not slow enough, and that the 
product requires further development (for example, clay coatings in zeolite chips to further 
slow the release of urea). We also discovered and are patenting a slow-release P-fertilizer 
that uses low-grade P-rock (calcined Al-phosphates) and should give excellent results in 
tropical and sandy soils. This fertilizer can be used in conjunction with the slow-release 
N-fertilizer. A previous invention of ours, a slow-release fertilizer that uses zeolite and 
apatite, is going to be sent up on the space shuttle by National Aeronautics and Space 
Administration (NASA) to test it for use as an artificial soil for space colonies. Our
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laboratory research for these fertilizers is being carried out part time on a volunteer basis by 
Tung-Ming Lai, who has retired. The results of our fertilizer research were presented as an 
invited talk at the International Zeolite Conference in Boise in June 1993, and a paper was 
submitted for the conference volume.

Our project has developed a new theory about how shales react in sedimentary basins, and the 
paper was published in the January issue of Clays and Clay Minerals. This theory was 
developed when Eberl was a visiting scientist in Strasbourg during the spring of 1992. We 
also applied a metallurgical X-ray technique (Warren-Averbach) to measuring the thickness of 
illite crystals, and a paper was written and accepted for publication. We published a paper on 
the effect of wetting and drying reactions on clay minerals, and continued these experiments 
with a visiting Israeli clay chemist (Lisa Heller-Kallai). We are developing the capability for 
quantitative mineral analysis by X-ray diffraction, using the Rietveld technique, a technique 
that should be useful to many projects in the Survey, as well as other X-ray techniques with 
visiting Polish geologist Jan Srodon and Russian crystallographer Victor Dits. We continue 
development work with the Atomic Force Microscope (with Alex Blum) and Field Flow 
Fractionation (with Howard Taylor) to measure the particle sizes of clay minerals. We were 
awarded a research grant with Slovak scientist V. Sucha to study mixed-layer clays, but this 
money will be used in Slovakia, assuming that the Slovakian government upholds its share of 
the award.

Our project (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. May also is developing and testing computerized, mobile 
water analysis laboratory vehicles for a USGS/NRP group and for the National Radioactive 
Waste Agency of Spain.
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GROUND-WATER CHEMISTRY 127



GROUND-WATER CHEMISTRY

using scanning force microscopy, in Kharaka, 
Y.K., and Maest, A.S., eds., 7th International 
Symposium Water-Rock Interactio [Proceed­ 
ings]: Rotterdam, A. A. Balkema, v. 1, 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. BO- 
139.

Eberl, D.D., 1992, Slow-release nitrogen fertilizer 
and soil conditioner: U.S. Patent Application 
US 789,206, 15 April, 1992.

_1992, Three zones for burial metamorphism, 
i/i Kharaka, Y.K., and Maest, A.S., 7th Inter­ 
national Symposium on Water-Rock Inter­ 
action [Proceedings]: Rotterdam, 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 
tional Bulletin, Numbers 5-6, p. 10.

Eberl, D.C., and Blum, A., 1993, Hlite crystallite 
thickness by X-ray diffraction in Reynolds, 
R.C., Jr., and Walker, J.R., Clay Mineral 
Society workshop lectures, v. 5, A, p. 123- 
154.

Eberl, D.D., and Srodon, J., 1988, Ostwald ripen­ 
ing and interparticle-diffraction effects for illite 
crystals: American Mineralogist, v. 73, p. 
1335-1345.

Eberl, D.D. Srodon, J., Kralik, M., Taylor, B.E., 
and Peterman, Z.E., 1990, Ostwald ripening 
of clays and metamorphic minerals: Science, 
v. 248, p. 474-477.

Eberl, D.D., Srodon, J., Lee, M., and Nadeau, 
P.M., 1988, Sericite from the Silverton calde- 
ra, Colorado Reply: American Mineralogist, 
v. 73, p. 1475-1477.

Eberl, D.D., and Velde, B., 1992, Synthesis of 
illite/smectite from smectite at Earth surface 
temperatures and high pH: Clay Minerals, v. 
28, p. 49-60.

Eberl, D.D., Velde, B., and McCormick, T.,
1993, Synthesis of illite-smectite from smectite 
at Earth surface temperatures and high pH: 
Clay Minerals, v. 28, p. 49-60.
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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. 
Collaborate with field researchers to relate laboratory findings with field data obtained from 
organic-contamination sites.

PROGRESS: To characterize the various sorptive interactions of vapors with natural solids, 
the isotherms of nonpolar nitrogen (N2) and polar ethylene glycol monoethyl ether (EGME)

130 NATIONAL RESEARCH SUMMARY 1993



GROUND-WATER CHEMISTRY

vapors on dry soils, clays, and mineral oxides were measured. An analytical procedure was 
established to quantify effects by surface adsorption, partition in soil organic matter (SOM), 
and solvation with clay cations. For such samples as sand, aluminum oxide, kaolinite, 
hematite, and iron oxide that are free of organic impurity and solvating clays, the polar vapor 
(EGME) uptake can be accounted for solely by surface adsorption using the N2 adsorption 
data and the BET equation. In this case, the EGME and N2 sorption data lead to consistent 
surface areas of the samples. For other solids (soil, peat, illite, and montmorillonite), the 
total polar vapor uptake exceeds the surface adsorption capacity from a moderate to a large 
extent, depending on the sample; the excess amount results from vapor solubility in SOM and 
(or) from the cation solvation of the solvating clay (such as montmorillonite and to a lesser 
extent illite). The surface area determination method for soils and minerals in soil science 
based on the amount of polar solvent (EGME) retention (assuming monolayer formation of 
the solvent) may give seriously erroneous results due to the high solubility of polar solvents 
in SOM and their strong solvation of clay cations. Accordingly, the concept of "internal 
surface area" adopted in soil science to denote the difference between the "total surface area" 
of a sample by the solvent retention method and the (external) surface area by standard BET 
(N2) method has a trivial physical meaning because it requires a series of ad hoc explanations 
to fit each new set of data. On the other hand, for organic-free minerals, the use of EGME 
and N2 isotherms provides a rapid analysis of the solvating-clay content in the sample. In a 
cooperative work with Mike Reddy, this method was applied to determine the solvating-clay 
content in welded tuff.

Because the cation solvation capacity of a swelling clay would depend on the type of 
exchangeable cation(s), we prepared a series of montmorillonite clays with different 
exchanged inorganic and organic cations and studied their vapor uptakes of N2 and EGME. 
Our isotherm method allows accurate determinations of the specific stoichiometric relations of 
polar solvent-cation solvation complexes as a function of relative pressure. No other 
empirical methods give the same kind of accuracy. The work is still in progress.

In another on-going study, the partition (sorption) coefficients of 1,2-dichlorobenzene and 
carbon tetrachloride between soil/sediment and water are being determined on a wide variety 
of samples from the United States and China, including those from the Mississippi River, 
Ohio River, Illinois River, Yellow River, and Yangtze River. The data obtained so far show 
a clear trend that nonpolar organic pollutants partition (sorb) more effectively to sediment 
organic matter than to soil organic matter. The higher partition coefficient with sediment 
organic matter is ascribed to the lower polarity of sediment organic matter, which likely 
results from the selective release of polar organic components in soil when the soil is carried
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into aquatic environments. Further investigations are planned to substantiate the finding in 
order to give a better account of organic solute interactions with soils and sediments.
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TITLE: Reaction-Transport Modeling in Ground-Water systems (CR 89-318)

PERSONNEL: David L. Parkhurst, Project Chief 
Jeanea Shown, Secretary

ADDRESS: U.S. Geological Survey, P.O. Box 25046, MS 418, Denver, Federal Center, 
Denver, CO 80225

TELEPHONE: (303) 236-5098

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 modWs 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 received Director's approval and is in press. The paper 
describes one of the first times a ground-water model has been calibrated using 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 
chapter reviewing the state of geochemical modeling has been published in "Regional 
Ground-Water Quality" (Alley, 1993).

Significant progress has been made in developing a replacement for the geochemical 
reaction-path model, PHREEQE. The new model is capable of speciation and 
mineral-equilibration calculations and these functions will be taught in this year's 
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.

REPORTS PUBLISHED 1988-1993:

Glynn, Pierre D., and Parkhurst, D.L., 1992, Mo­ 
deling non-ideal solid-solution aqueous-sol­ 
ution reactions in mass-transfer computer 
codes, in Kharaka, Y.K., and Maest, A.S., 
eds., 7th International Symposium on Water- 
Rock Interaction, Park City, Utah [Proceed­ 
ings]: Rotterdam, A.A. Balkema, v. 1, p. 
175-179.

Nordstrom, O.K., Plummer, L.N., Langmuir, Don­ 
ald, Busenberg, Eurybiades, May, H.M., 
Jones, B.F., and Parkhurst, D.L., 1990, Re­ 
vised chemical equilibrium data for major 
water-mineral reactions and their limitations, 
in Bassett, R.L., and Melchior, D., eds., 
Chemical modeling in aqueous systems II: 
Washington, D.C., American Chemical Soci­ 
ety Symposium Series 416, p. 398-413.

Parkhurst, D.L., 1990, Ion-association models and 
mean-activity coefficients of various salts, in 
Bassett, R.L., and Melchior, D., eds., Chemi­ 
cal modeling in aqueous systems II: Washing­ 
ton D.C., American Chemical Society Sympo­ 
sium Series 416, p. 30-43.

_1992, The geochemical evolution of ground 
waters in the Central Oklahoma aquifer, in

Christenson, Scott, and Carpenter, Lyn, eds., 
Ground-water quality of the central Oklahoma 
(Garber-Wellington) aquifer conference, Okla­ 
homa City, Okla., February 20, 1992, Pro­ 
ceedings: U.S. Geological Survey Open-File 
Report 92-116, p. 7-9.

Parkhurst, D.L., Christenson, Scott, and Breit, 
G.N., in press, Ground-water quality assess­ 
ment of the central Oklahoma aquifer, Oklaho­ 
ma Geochemical and geohydrologic investi­ 
gations: U.S. Geological Survey Open-File 
Report 92-642 (pending publication as Water- 
Supply Paper 2357-C).

Parkhurst, D.L., Christenson, S.C., and Schlott- 
mann, J.L., 1989, Ground-water quality as­ 
sessment of the central Oklahoma aquifer, 
Oklahoma Analysis of available water-quality 
data through 1987: U.S. Geological Survey 
Open-File Report 88-728, 80 p. (Publication 
pending as Water-Supply Paper 2357B.)

Parkliurst, D.L., and Plummer, L.N., 1993, Geo­ 
chemical models, in William Alley, ed., Re­ 
gional ground-water quality: New York, Van 
Nostrand Reinhold, chap. 9, p. 199-225.
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Plummer, L.N., and Parkhurst, D.L., 1990, Geo- 
chemical calculations in brines Application of 
the Pitzer model to PHREEQE, in Bassett, 
R.L., and Melchior, D., eds., Chemical mod­ 
eling in aqueous systems II: Washington, 
D.C., American Chemical Society Symposium 
Series 416, p. 128-137.

Plummer, L.N., Parkhurst, D.L., Fleming, G.W., 
and Dunkle, S.A., 1988, A computer program 
incorporating Pitzer's equations for calculation 
of geochemical reactions in brines: U.S. Geo­ 
logical Survey Water-Resources Investigations 
Report 88-4153, 310 p.

Plummer, L.N., Prestemon, E.G., and Parkhurst, 
D.L., 1991, An interactive code (NETPATH) 
for modeling net geochemical reactions along a 
flow path: U.S. Geological Survey Water-Re­ 
sources Investigations Report 91-4087, 227 p.

Plummer, L. Niel, Prestemon, Eric C., and Park­ 
hurst, David L., 1992, NETPATH An inter­ 
active code for interpreting NET geochemical 
reactions from chemical and isotopic data 
along a flow PATH, in Kharaka, Y.K., and 
Maest, A.S., eds., 7th International Sympo­ 
sium on Water-Rock Interaction, Park City, 
Utah [Proceedings]: Rotterdam, Balkema, p. 
239-242.
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TITLE: Chemical Modeling and Thermodynamic Data Evaluation of Major and 
Trace Elements in Acid Mine Waters and Ground Waters (CR 92-326 
formerly WR 75-128)

PERSONNEL: Darrell K. Nordstrom, Project Chief
Betty L. Callahan, Secretary Kirkwood M. Cunningham, Research Chemist 
James W. Ball, Chemist Heidi Koehler, Office Automation Clerk

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

TELEPHONE: (303) 541-3037

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 thermodynarmc 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 
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.
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PROGRESS: (1) Design and construction of mobile lab unit for the Spanish Nuclear Waste 
Management Agency is nearly completed and it has become a high-profile aspect of their 
radioactive waste researcH program. (2) In collaboration with Martin Schoonen, a geochemist 
from SUNY-Stony Brook, and with Pieter Visscher, a microbiologist from University of 
Miami, we have determined thiosulfate concentrations in ground-water springs and drainage. 
It has formed from the oxidation of H2S abiotically even though thiosulfate-utilizing microbes 
are present. This work could only have been accomplished with our mobile lab truck. (3) 
Work is beginning on the characterization of sediments formed by the precipitation of metals 
from acid mine drainage upon neutralization by the Sacramento River, the receiving waters 
for drainage from the Iron Mountain Superfund site. (4) Evaluation of the chemical model in 
WATEQ4F has begun with a comparison of calculated and measured activity coefficients.

REPORTS PUBLISHED 1988-1923:

Alpers, C.N., and Nordstrom, O.K., 1990, Stoichi- 
ometry of mineral reactions from mass balance 
computations for acid mine waters, Iron 
Mountain, California, in Gadsby, J.W., 
Malick, J.A., and Day, S.J., eds., Acid mine 
drainage Designing for closure: Vancouver, 
B.C., BiTech Publishers Ltd, p. 13-21.

.1991, Geochemical evolution of extremely acid 
mine waters at Iron Mountain, California Are 
there any lower limits to pH?: Second Inter­ 
national Conference on the Abatement of 
Acidic Drainage, Mine Environment Neutral­ 
ization Drainage (MEND), Montreal, Canada, 
v. 2, p. 321-342.

Alpers, C.N., Nordstrom, D.K., and Ball, J.W., 
1989, Solubility of jarosite solid solutions pre­ 
cipitated from acid mine waters, Iron Moun­ 
tain, California, U.S.A.: Sciences Geologiques 
Bulletin no. 42, p. 281-298.

Alpers, C.N., Nordstrom, D.K., and Burchard, 
J.M., 1992, Compilation and interpretation of 
water quality and discharge data for acid mine 
waters at Iron Mountain, Shasta County, Cali­ 
fornia, 1940-91: U.S. Geological Survey

Water-Resources Investigations Report, 91- 
4160, 173 p.

Alpers, C.N., Rye, R.O., Nordstrom, D.K.,
White, L.D., and King, B.-S., 1992, Chemi­ 
cal, crystallographic and isotopic properties of 
alunite and jarosite from acid hypersaline 
Australian lakes: Chemical Geology, v. 96, p. 
203-226.

Andrews, J.N., Fontes, J.-C, Fritz, P., and Nord­ 
strom, D. K., 1988, Hydrochemical assess­ 
ment of crystalline rock for radioactive waste 
disposal The Stripa experience: Stripa Project 
Technical Report no. 88-05, 26 p.

Ball, J.W., and Nordstrom, D.K., 1989, Final re­ 
vised analyses of major and trace elements 
from acid mine waters in the Leviathan Mine 
drainage basin, California and Nevada- 
October 1981 to October 1982: U.S. Geologi­ 
cal Survey Water-Resources Investigations 
Report 89-4138, 46 p.

.1991, User's manual for WATEQ4F with re­ 
vised thermodynamic data base and test cases 
for calculating speciation of major, trace and
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redox elements in natural water: U.S. Geologi­ 
cal Survey Open-File Report 91-183, 185 p.

Ball, J.W., Parks, G.A., Haas, J.L., Jr., and
Nordstrom, D.K., 1988, A personal computer 
version of PHAS20, a program for the simul­ 
taneous multiple regression of thennochemical 
data: U.S. Geological Survey Open-File Re­ 
port 88-489A, 119 p. (OFR 88-489B is dis­ 
kette of program).

Cross, J.E., Haworth, A., Lichtner, P.C., Macken­ 
zie, A.B., Moreno, L., Neretnieks, I., Nord­ 
strom, O.K., Read, D., Romero, L., Scott, 
R.D., Sharland, S.M., and Tweed, C.J., 
1991, Testing models offedox front migration 
and geochemistry at the Osamu Utsumi mine 
and Morro de Ferro analogue study sites, 
Pocos de Caldas, Brazil: NAGRA Techechn- 
ical Report NTB 90-21, 79 p.

Kwong, Y.T.K.J., and Nordstrom, O.K., 1989, 
Copper-arsenic mobilization and attenuation in 
an acid mine drainage environment: Interna­ 
tional Water-Rock Interaction Symposium, 
6th, Malvern, United Kingdom [Proceedings], 
p. 397-399.

Maest, A.S., Pasilis, S.P., Miller, L.G., and Nord­ 
strom, D.K., 1992, Redox geochemistry of 
arsenic and iron in Mono Lake, California, 
U.S.A., in Kharaka, Y.K., and Maest, A.S., 
eds., 7th International Symposium on Water- 
Rock Interaction, July 13-18, Park City, Utah 
[Proceedings]: Rotterdam, A.A. Balkema, p. 
507-511.

May, H.M., and Nordstrom, O.K., 1991, Assess­ 
ing the solubilities and reaction kinetics of 
aluminous minerals in soils, in Ulrich, B., and 
Sumner, M.E., eds., Soil Acidity: Berlin, 
Germany, Springer-Verlag, p. 125-148.

Nordstrom, O.K., 1988, Book Review, Coupled 
processes associated with nuclear waste reposi­

tories, Tsang, C.-F., ed.: Geochimica et Cos- 
mochimica Acta, v. 52, p. 2185.

.1989, Application of a cation-exchange mass- 
balance model to the interpretation of saline 
groundwater chemistry evolved from Holocene 
seawater entrapped in rapakivi granite at Hast- 
holmen, Finland: International Water-Rock 
Interaction Symposium, 6th, Malvern, United 
Kingdom [Proceedings], p. 521-523.

.1991, Chemical modeling of acid mine waters 
in the western United States, in Mallard, 
G.E., and Aronson, D.A., eds., U.S. Geologi­ 
cal Survey Toxic Substances Hydrology Pro­ 
gram Proceedings of the technical meeting, 
Monterey, Calif., March 11-15, 1991: U.S. 
Geological Survey Water-Resources Investiga­ 
tions Report 91-4034, p. 534-538.

Nordstrom, O.K., arid Alpers, C.N., 1991, Geo- 
chemical evaluation of acid mine waters at 
Iron Mountain, California, 1990: U.S. Geo­ 
logical Survey Administrative Report, 36 p.

Nordstrom, D.K., and Ball, J.W., 1989, Mineral 
saturation states in natural waters and their 
sensitivity to thermodynamic and analytical 
errors: Sciences Geologiques Bulletin, no. 42, 
p. 269-280.

Nordstrom, O.K., Ball, J.W., Donahoe, R.J., and 
Whittemore, D., 1989, Groundwater chemistry 
and water-rock interactions at Stripa: Geochi­ 
mica et Cosmochimica Acta, v. 53, p. 1727- 
1740.

Nordstrom, O.K., Burchard, J.M., and Alpers, 
C.N., 1990, The production and variability of 
acid mine drainage at Iron Mountain, Califor­ 
nia, in Gadsby, J.W., Malick, J. A., and Day, 
S.J., eds., Acid mine drainage Designing for 
closure: Vancouver, B.C., BiTech Publishers, 
Ltd, 13-21.
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Nordstrom, D.K., Lindblom, S., Donahoe, R.J., 
and Barton, C.C., 1989, Fluid inclusions in 
the Stripa Granite and their possible influence 
on the groundwater chemistry: Geochimica et 
Cosmochimica Acta, v. 53, 1741-1756.

Nordstrom, O.K., and May, H.M., 1989, Aqueous 
equilibrium data for mononuclear aluminum 
species, in Sposito, G., ed., The environmen­ 
tal chemistry of aluminum: Boca Raton, Fla., 
CRC Press, chap. 2, p. 27-53.

Nordstrom, D.K., McNutt, R.H., Puigdomenech, 
I., Smellie, J.A.T., and Wolf, M., 1992, 
Groundwater chemistry and geochemical mod­ 
eling of water-rock interactions at the Osamu 
Utsumi mine and the Morro do Ferro analogue 
study sites, Pocos de Caldas, Minas Gerais, 
Brazil: Journal of Geochemical Exploration, v. 
45, p. 249-287.

Nordstrom, O.K., Olsson, T. Carlsson, L., and 
Fritz, P., 1989, Introduction to the hydrogeo- 
chemical investigations within the International 
Stripa Project: Geochimica et Cosmochimica 
Acta, v. 53, 1717-1726.

Nordstrom, O.K., Plummer, L.N., Langmuir, D., 
Busenberg, E., May, H.M., Jones, B.F., and 
Parkhurst, D.L., 1990, Revised chemical equi­ 
librium data for water-mineral reactions and 
their limitations, in Bassett, R.L., and 
Melchior, D.,eds., Chemical modeling in 
aqueous systems II: American Chemical Soci­ 
ety Symposium Series 416, chap. 31, p. 398- 
413.

Nordstrom, D.K., Puigdomenech, I., and McNutt, 
R.H., 1990, Geochemical modeling of water- 
rock interactions at the Osamu Utsumi mine 
and Morro de Ferro analogue study sites, 
Pocos de Caldas, Brazil: NAGRA Technical 
Report, NTB 90-23, 33 p.

Nordstrom, O.K., Smellie, J.A.T., and Wolf, M., 
1990, Chemical and isotopic composition of 
groundwaters and their seasonal variability at 
the Osamu Utsumi mine and Morro de Ferro 
analogue study sties, Pocos de Caldas, Brazil: 
NAGRA Techical Report NTB 90-24, 111 p.

Puigdomenech, L, and Nordstrom, O.K., 1987, 
Geochemical interpretation of groundwaters 
from Finnsjonn, Sweden: SKB Technical Re­ 
port no. 87-15, 36 p.

Stipp, S.L., Parks, G.A., Nordstrom, O.K., and 
Leckie, J.O., 1993, Solubility product constant 
and thermodynamic properties for synthetic 
otavite, CdCO3(s), and aqueous association 
constants for the Cd(II)-C02-H2O system: Geo­ 
chimica et Cosmochimica Acta, v. 57, p. 
2699-2713.

Waber, Niklaus, and Nordstrom, O.K., 1992, Geo­ 
chemical modeling of granitic ground waters at 
the Stripa site (Sweden) using a mass balance 
approach,//! Kharaka, Y.K. and Maest, A.S. 
eds., 7th International Symposium on Water- 
Rock Interaction, July 13-18, Park City, Utah 
[Proceedings]: Rotterdam, A.A. Balkema, p. 
243-246.

Wanty, R.C., and Nordstrom, O.K., 1993, Natural 
radionuclides, in Alley, W.M., ed., Regional 
Ground-Water Studies: New York, Van Nos- 
trand Reinhold, p. 423-441.
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TITLE: Chemical Models of Natural Systems (CR 79-336 formerly NR 79-093)

PERSONNEL: Donald C. Thorstenson, Project Chief 
Jeanea Shown, Secretary 
Herbert Haas, Hydrologist, Desert Research Institute, Las Vegas, NV

ADDRESS: U.S. Geological Survey, P.O. Box 25046, MS 421, 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: Gas samples were collected from shallow boreholes in Jackass Flats, on the 
Nevada Test Site, and near Beatty, Nevada. The samples were analyzed for carbon dioxide 
and methane content, and for the carbon isotope signature of the carbon dioxide. The 
carbon-14 content of gases from these alluvial sites is significantly lower than the carbon-14 
content of carbon dioxide in gases from equivalent shallow depths in the open blowing 
boreholes at Yucca Mountain crest. The changes with depth of the carbon isotope signatures 
from the shallow gases at the alluvial sites suggest at least some reaction with soil carbonate 
minerals. The absence of similar chemical and isotopic changes in the gases exiting the open
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boreholes at Yucca Mountain implies that the gases at Yucca Mountain are advecting through 
the top 100 meters of the mountain with little or no reaction with the carbonate minerals that 
are present in the fractured tuffs of Yucca Mountain. In the deeper Topopah Spring tuffs at 
Yucca Mountain, the carbon-14 content of carbon dioxide decreases systematically with 
depth. Preliminary steady state transport models show that the depth distribution of 
carbon-14 can be produced by a combination of diffusive transport and radioactive decay. 
Thus, there may be little or no advective transport of gases in the deeper portions of Yucca 
Mountain.

REPORTS PUBLISHED 1988-1993:

Striegl, R.G., McConnaughey, T.A., Thorstenson, 
D.C., Weeks, E.P., and Woodward, J.C., 
1992, Consumption of Atmospheric methane 
by desert soils: Nature, v. 357, p. 145-147.

Thorstenson, D.C., 1990, Chemical modeling of 
regional aquifer systems Implications for 
chemical modeling of low-level radioactive- 
waste repository sites, in Bedinger, M.S., and 
Stevens, P.R., eds., Safe disposal of radio- 
nuclides in low-level radioactive-waste dispos­ 
al workshop, U.S. Geological Survey, Big 
Bear Lake, Calif., July 11-16, 1987 [proceed­ 
ings]: U.S. Geological Survey Circular 1036, 
p. 110-113.

_1993, The composition and CO2 carbon iso­ 
tope signature of gases from borehole USW 
UZ-6, Yucca Mountain, Nevada, in Workshop 
on flow and transport through unsaturated 
fractured rock Related to high-level radio­ 
active waste disposal: Tucson, Arizona, Uni­ 
versity of Ariz., January 7-10, 1991, U.S. 
Nuclear Regulatory Commission, NUREG/ 
CP-0040, p. 184-188.

Thorstenson, D.C., and Pollock, D.W., 1989, Gas 
transport in unsaturated zones  
Multicomponent systems and the adequacy of 
Pick's Laws: Water Resources Research, v. 
25, p. 477-507.

_1989, Gas transport in unsaturated porous 
media The adequacy of Pick's Law: Reviews 
of Geophysics, v. 27, p. 61-78.

Thorstenson, D.C., Weeks, E.P., Haas, H., and 
Woodward, J.C., 1990, Physical and chemical 
characteristics of topographically affected air­ 
flow in an open borehole at Yucca Mountain, 
Nevada, in Nuclear waste isolation in the 
unsaturated zone, Focus '89 [Proceedings]: La 
Grange Park, 111., American Nuclear Society, 
p. 256-270.

Yang, I.C., Peters, C.A., and Thorstenson, D.C., 
1993, Carbon isotopic data from test hole 
USW UZ-1, Yucca Mountain, Nevada: Fourth 
Annual International High Level Radioactive 
Waste Management Conference (HLRWMC), 
Las Vegas, Nev., April 26-30, [Proceedings], 
p. 401-405.
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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 
Brenda Libby, Chemist

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: After technically minor but time-consuming revision and coordination with 
Australian colleagues, the manuscript on the normative and isotopic study of saline ground 
waters in the central Murray Basin of Australia detailing the problems of salinization in a 
major agricultural area has been accepted by "Chemical Geology." Also, revision is nearing 
completion after USGS review of the journal manuscript with R.I. Tilling (Geologic Division) 
on the waters of the Kilauea borehole, Hawaii. With Scott Anderholm of the New Mexico 
District, further work has been done on documentation and added details in interpretation of 
constituent and normative brine data from the Salado and underlying strata at the Waste 
Isolation Pilot Plant (WIPP) site, southeast New Mexico. Preparation of extensive plot and
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tabular material is constituting a major effort in the attempt to show that inclusion brines can 
be distinguished from very slowly moving intergranular fluids.

With Briant Kimball of the Utah District, a field guide was prepared and a trip was led 
around the Great Salt Lake for the 7th International Symposium on Water-Rock Interaction. 
Special investigations of interstitial fluid chemistry and sedimentology have been undertaken 
in support of the Utah District's Bureau of Land Management-funded study of the hydrology 
of the Bonneville Salt Flats. Our contribution is in the extraction and analysis of pore fluids 
from the sediments, limited bulk and clay mineralogy, normative interpretation of the brine 
chemistry and its relation to the Great Salt Lake history. With Jill Banfield of the University 
of Wisconsin, a proposal has been developed to support TEM examination of Bonneville 
basin core ultrafine mineralogy as representative of other deep sedimentary basins. Similar 
efforts went into advising a University of Illinois study of the mineralogy and chemistry of 
playa clays and pore fluids in Oregon desert closed basins.

For closed-basin silicate aquifer mineral-water interaction, further work with C.J. Bowser of 
the University of Wisconsin on personal computer (PC) spreadsheet hydrochemical mass 
balance modeling has continued exploring the effects of silicate solid solution and 
compositional variation on reactants and products by contrasting data for crystalline and 
clastic systems for areas of wide-ranging hydrologic conditions. The results have elucidated 
and emphasized particularly important dissolution and reaction mechanisms involving major 
rock-forming minerals, especially feldspar and smectite clays. Further work on similar 
modeling applied to the Madrid and Ebro Basins with Spanish co-workers and Bertrand Fritz, 
head of the CNRS Centre of Geochemistry in Strasbourg, has proceeded sporadically. Such 
considerations were also applied to mineralogical controls on the hydrochemistry of the 
intermediate aquifer of Florida.

A final version of the first report on the paleoclimate implications of the magnesian clay 
minerals and cycles in lacustrine sediments from Double Lakes, West Texas, with Dan 
Webster has gone to press in Journal Sedimentary Petrology, and further development of 
additional mineralogical and chemical data is well along.

REPORTS PUBLISHED 1988-1993:

Banfield, J.F., Veblen, D.R., and Jones, B.F., Banfield, J.F., Jones, B.F., and Veblen, D.R.,
1990, Transmission electron microscopy of 1991, An AEM-TEM study of weathering and 
subsolidus oxidation and weathering of olivine: diagenesis, Abert Lake, Oregon II. Diagen- 
Contributions to Mineralogy and Petrology, v. etic modification of the sedimentary assem- 
106, p. 110-123.
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blage: Geochimica et Cosmochimica Acta, v. 
55, p. 2795-2810.

_1991, An AEM-TEM study of weathering and 
diagenesis, Abert Lake, Oregon I. Weather­ 
ing reactions in the volcanics: Geochimica et 
Cosmochimica Acta, v. 55, p. 2781-2793.

Bodine, M.W., Jr., and Jones, B.F., 1990, Norma­ 
tive analysis of ground waters from the Rustler 
formation associated with the Waste Isolation 
Pilot Plant (WIPP), southeastern New Mexico, 
in Spencer, R.J., and Chou, I.M., Fluid-Min­ 
eral Interactions A Tribute to H.P. Eugster: 
The Geochemical Society Special Publication 
no. 2, p. 213-269.

Clark, A.E., Herman, J.S., and Jones, B.F., 1992, 
The chemical influence of clay minerals on 
groundwater composition in a lithologically 
heterogenous carbonate aquifer, in Kharaka, 
Y.K., and Maest, A.S., eds., 7th International 
Symposium on Water-Rock Interaction, July 
13-18, Park City, Utah [Proceedings]: Rotter­ 
dam, A.A. Balkema, p. 779-782.

Domagalski, J., Eugster, H.P., and Jones, B.F., 
1990, Trace metal geochemistry of Walker, 
Mono, and Great Salt Lakes, in Spencer, R.J., 
and Chou, I.M., Fluid-Mineral Interactions  
A Tribute to H.P. Eugster: The Geochemical 
Society, Special Publication no. 2, p. 315- 
353.

Jones, B.F., and Galan, E., 1988, Sepiolite and 
Palygorskite, in Reviews in Mineralogy: Min- 
eralogical Society of America, v. 19, p. 631- 
674.

Jones, B.F., and Llamas, M.R., 1989, Normative 
analysis of ground waters from the Madrid 
Basin, Spain: International Symposium on 
Water-Rock Interaction, Sixth, Malvem, Unit­ 
ed Kingdom [Proceedings], p. 341-347.

Jones, B.F., Vicente, R., and Sastre, A., 1987, 
Analisis normative del agua subterranea de la 
depresion del Campo Aranuelo, region central 
Espanola, in IV Symposio de Hidrogeologia: 
Asociasion Espanola de Hidrologia Subterra­ 
nea, seccion 6, p. 919-929.

Manzano, M., Custodio, E., and Jones, B.F.,
1990, Progress in the understanding of ground 
water flow through the aquitard of the Llobre- 
gat delta (Barcelona, Spain): Livro de Homen- 
agem a Carlos Romariz, Seccao de Geologia 
Economica e Aplicada, Lisboa, Portugal, p. 
115-126.

Nordstrom, O.K., Plummer, L.N., Langmuir, D., 
Busenberg, E., May, H.M., Jones, B.F., and 
Parkhurst, D.L., 1990, Revised chemical equi­ 
librium data for major water-mineral reactions 
and their limitations Chemical Modeling of 
Aqueous Systems I: American Chemical Soci­ 
ety Symposium Series 416, chap. 31, p. 398- 
413.

Tilling, R.I., and Jones, B.F., 1991, Composition 
of waters from the research drill hole at sum­ 
mit of Kilauea Volcano and of selected ther­ 
mal and non-thermal groundwaters, Hawaii: 
U.S. Geological Survey Open-File Report 
91-133-A, 27 p.

Wood, W.W., and Jones, B.F., 1990, Origin of 
solutes in saline lakes and springs on the 
southern High Plains of Texas and New MexiT 
co, in Gustavson, T.C., ed., Geologic Frame­ 
work and Regional Hydrology Upper Ceno- 
zoic Blackwater Draw and Ogallala Forma­ 
tions, Great Plains: Bureau of Economic Geol­ 
ogy, University of Texas, p. 193-208.
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TITLE: Spatial Distribution of Chemical Constituents in Ground Water (NR 57-034)

PERSONNEL: William Back, Project Chief
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, (4) demonstrate contributions that can be made to science by study of historical 
aspects, (5) demonstrate 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: Studies are under way on the importance of the mixing zone in coastal 
aquifers. This concept, which was developed by this project, is becoming increasingly 
important every year as researchers from various institutions in several parts of the world 
identify additional reactions that are particularly effective in increasing the permeability and 
transforming the minerals of coastal aquifers. The results of these phenomenon are being 
used to document sea-level changes. We (Back, Herman, Wicks) edited one book, wrote a
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chapter for another, and coauthored several oral and poster presentations at American 
Geophysical Union, Geological Society of America, Water-Rock Interaction Symposia-7, and 
Unversity Council of Water Resources (UCOWR).

REPORTS PUBLISHED 1988-1993:

Back, William, 1988, West Indies, in Back, W., 
Rosenshein, J.S., and Seaber, P.R., eds., Hy- 
drogeology: Boulder, Colo., Geological Soci­ 
ety of America, The Geology of North Ameri­ 
ca, v. 0-2, p. 243-254.

_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, Wil­ 
liam, Herman, Janet S., and Paloc, H., eds., 
Hydrogeology of Selected Karst Regions of the

World, International Association of Hydro- 
geologists, v. 13, p. 461-466.

_1992, Introduction to Hydrogeology of Select­ 
ed Karst Regions of 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, 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)

Back, William, and Arenas, A.D., 1990, Rationale 
for karst investigations, in Fuxing, Wang, 
Xinhong, Lin, and Zaihua, Liu, eds., Geolo­ 
gy, Climate, Hydrology and Karst Formation: 
IGCP 299 Newsletter, Institute of Karst Geol­ 
ogy, 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 Hydro- 
geology A Historical Perspective, in Alley, 
William M., ed., Regional Ground-Water 
Quality: New York, Van Nostrand Reinhold, 
chap. 5.

Back, William, and Gunay, Gultekin, 1992, Tec­ 
tonic influences on ground-water flow systems
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in karst of the southwestern Taurus Moun­ 
tains, Turkey, in Back, William, Herman, 
Janet S., and Paloc, H., eds., Hydrogeology 
of Selected Karst Regions of the World, Inter­ 
national 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-Go- 
mez, 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, 7th 
International Symposium on Water-Rock Inter­ 
action, Park City, Utah, [Proceedings]: Rotter­ 
dam, A.A. Balkema, p. 767-770.

Back, William, Rosenshein, J., Seaber, P., eds., 
1988, Hydrogeology: Geology of North Amer­ 
ica, Geological Society of America, v. 02, 524 
P-

Gultekin, G., Johnson, A.I., 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 Wil­ 
liam 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 cafCite precipi­ 
tation and CO2 outgassing in karst streams: 6th 
International Symposium on Water-Rock Inter­ 
action, Malvern, United Kingdom, 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 Re­ 
sources Publication 101, p. 43-64.

Herman, Janet S., and Hubbard, Jr., David A., 
eds., 1990, Travertine-Marl Stream Deposits 
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
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World: International Association of Hydrogeo- 
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iting stream: Geochimica et Cosmochimica 
Acts, v. 52, p. 2347-2355.

Hoffer, Kimberly J., and Herman, Janet S., 1990, 
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Janet S., and Hubbard, David A., Jr., eds., 
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Virginia: Virginia Division of Mineral Re­ 
sources Publication 101, p. 1-4.
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travertine scarp: observations of sulfide oxida­ 
tion in the subsurface, in Herman, Janet S., 
and Hubbard, David A., Jr., eds., Travertine- 
Marl Stream Deposits in Virginia: Virginia 
Division of Mineral Resources Publication 
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Martin, Jorge Porras, eds., Hidrogeologia Y 
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ginia, in Herman, Janet S., and Hubbard, 
David A., Jr., eds., Travertine-Marl: Stream 
Deposits in Virginia: ^rginia Division of 
Mineral Resources Publication 101, p. 177- 
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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.
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Vela, A.L., in press, Seasonal dynamics of 
groundwater-lake interactions at Donana Na­ 
tional Park, Spain: Journal of Hydrology, v. 
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Yuan, Daoxian, and Back, William, 1991, Inter­ 
national Geologic Correlation Program Project 
299: Geology, climate, hydrology and karst 
formation: Episodes, March.
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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 have been completed; (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, 18O, 13C, 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.

PROGRESS: (1) The first two of a series of papers on the Devils Hole 500,000-year 
climate record were published in Science, one as a lead article. Our principle findings are 
that Pleistocene climate shifts were aperiodic, that interglacial climates lasted about 20,000
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years (twice as long as commonly believed), and that the Milankovitch hypothesis does not 
explain the origin of Pleistocene glacial cycles.

(2) Under the leadership of Alan C. Riggs, we obtained new specimens from Devils Hole 
which will bring our climate record forward from 60,000 to 20,000 years.

REPORTS PUBLISHED 1988-1993:

Edwards, R.L., Gallup, C.D., Ludwig, K.R., 
Simmons, K.R., Winograd, I.J., Szabo, B.J., 
and Riggs, A.C., 1993, Dating of the Devils 
Hole calcite vein: Science, v. 259, p. 1626- 
1627.

Ludwig, Kenneth R., Simmons, Kathleen R., 
Szabo, Barney J., Winograd, Isaac J., Land- 
wehr, Jurate M., Riggs, Alan C., and Hoff- 
man, Ray J., 1992, Mass-spectrometric 230Th- 
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vein: Science, v. 258, 284-287.

Shackleton, N.J., Ludwig, K.R., Simmons, K.R., 
Winograd, I.J., Szabo, B.J., Landwehr, J.M., 
and Riggs, A.C., 1993, Last interglacial in 
Devils Hole: Nature, v. 362, p. 596.

Winograd, I.J., 1990, The Yucca Mountain Pro­ 
ject Another perspective: Environmental 
Science and Technology, v. 24, no. 9, p. 
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U.S. Geological Survey, Open-file Report 
91-170, 25 p.
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Riggs", A.C., Ludwig, K.R., Szabo, B.J., 
Kolesar, P.T., and Revesz, K.M., 1992, Con­ 
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258, p. 255-260.

Winograd, I.J., and Szabo, B.J., 1988, Water-table 
decline in the southcentral Great Basin during 
the Quaternary Period Implications for toxic- 
waste disposal, in Carr, M.D., and Yount, 
J.C., eds., Geology and hydrology of a pro­ 
posed high level nuclear waste repository: 
U.S. Geological Survey Bulletin 1790, chap. 
13, p. 147-152.

Winograd, I.J., Szabo, B.J., Coplen, T.B., and 
Riggs, A.C., 1988, A 250,000-year climatic 
record from Great Basin vein calcite Implica­ 
tions for the Milankovitch theory: Science, v. 
242, p. 1275-1280. [Discussion in v. 246, p. 
262-263].
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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 
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
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modeled mass transfers and water ages. Tools developed for age-dating of groundwaters 
include interpretation of chlorofluorocarbon (CFC) content in recharge areas and unconfmed 
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: Research continued on the study of applications of chlorofluorocarbons (CFCs) 
as tracers and age-dating tools for shallow ground water. Three reports were published that 
detailed methods of sampling and analysis, reviewed and compared age-dating methods for 
young ground water and applied the methods to waters from central Oklahoma and the Snake 
River Plain aquifer at the Idaho National Engineering Laboratory (INEL), Idaho. The 
Oklahoma study demonstrated applications of CFCs as tracers of recharge from rivers into 
alluvial sediments and as tools for detecting leakage of shallow water into deep production 
wells (well head protection). Studies at INEL indicated that recharge to the Snake River 
Plain aquifer must be rapid and bypass equilibration of water with the unsaturated zone air. 
Most of the water at the water table at INEL appears to have been recharged locally, as 
indicated by recharge temperatures determined from dissolved nitrogen and argon.

Three other reports were completed that investigate CFC dating on the Delmarva Peninsula of 
Delaware, Maryland, and Virginia. These studies show 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 from 3 H/3 He and 85Kr dating on Delmarva. The 
CFC ages were used to reconstruct the tritium input to Delmarva. 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 3 H/3 He method. These studies were combined with simulation of 
ground-water flow and showed that the effect of hydrodynamic dispersion on CFC and 
3 H/3 He dating was very small.
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Significant concentrations of CFCs were found in air from the unsaturated zone of Yucca 
Mountain, Nevada, sampled in March 1992 and March 1993. Other sampling was conducted 
in the fractured rock study site at Mirror Lake, New Hampshire, and the Final Creek site at 
Globe, Arizona. Large excesses of nitrogen gas were found in ground water in crystalline 
rock at Mirror Lake. The CFC ages suggest an approximately 6-year delay in recharge 
through the glacial drift at Mirror Lake which shirts recharge ages, some 6 years younger 
than the mid-1960's ages recorded in tritium data. CFC-12 was found a useful tracer of 
recharge from the Withlachoochee River, near Valdosta, Georgia, but CFC concentrations 
appear to have been significantly affected by sorption and (or) microbial degradation 
processes. Monthly sampling of dissolved gases for determination of ground-water recharge 
temperatures along two flow paths from the sink hole area near Valdosta was initiated. Other 
evidence of microbial degradation was found along flow paths beneath organic-rich sediments 
at Lake Barco, Florida.

Revisions to procedures used to process CFC data continued. These included calibration on 
the National Oceanic and Atmospheric Administration (NOAA) CFC scale which is based on 
gravimetric standards. An atmospheric input function for CFC-113 was constructed which 
enabled preliminary assignment of recharge ages based on CFC-113. 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. 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 Celcius during the last glacial maximum. A report was completed 
interpreting paleoclimatic conditions in the southeast United States during the last glacial 
maximum. A major paper on the thermodynamics and kinetics of dissolution of 
strontianite-aragonite solid solutions in nonstoichiometric aqueous solutions was published.

A report was also published, detailing how the geochemical model PHREEQE could be 
modified, adding capability to calculate binary nonideal solid-solution aqueous-solution 
equilibria, and giving examples of systems where this capability was important. Ground 
waters from the Final Creek Toxic Waste site were sampled for CFC-11, CFC-12, I3C, 18O, 
D, 3 H and dissolved gases. CFC-11 concentrations are being used to age-date both 
contaminated and uncontaminated ground waters at the site, while CFC-12 measurements 
provide an indicator of ground water contamination. Unsaturated-zone gas was collected for 
both chemical (CFC, Ar, CO2 , O2 , N2) and 13C analysis. Preliminary results show a linear 
CO2 gradient, with high concentrations near the water table, decreasing toward the ground 
surface, and a reverse linear O2 gradient. Together with the very high CO2 partial pressures 
measured in ground-water samples, these measurements point to the importance of carbonate
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dissolution in the neutralization of the acidic ground-water plume. The results enable the 
estimation of CO2 exsolution fluxes from and O2 dissolution fluxes to the ground water for 
incorporation into a solute transport model of the site. Carbon-13 values at ground surface 
and close to the water table show a difference of 4.4 per mil, the fractionation theoretically 
predicted assuming a steady-state diffusion model. Until now, there has been little field 
evidence supporting this theoretical model. Solute-transport modeling of the Final Creek site 
is in progress. Because of the complexity of the occurring physical and chemical processes, 
the site offers a major challenge to existing reactive solute transport codes. The site is being 
used for intercomparison and verification of existing public-domain codes. A sensitivity 
analysis is also being conducted to identify chemical and physical assumptions which can be 
made together with code modifications and improvements needed for a satisfactory model of 
the Final Creek site and more generally any acidic ground-water contamination site. A 
reaction kinetics capability is being added to the PHREEQM geochemical transport code 
(radioactive decay has been added thus far).

Geochemical characterization of the Asp Hard-Rock Laboratory site, Sweden, is in progress. 
Goals are to use the geochemical information to determine the origin and possibly the age of 
the different ground waters encountered at the site, and to combine this information with 
geologic and hydrologic knowledge of the site to obtain a more comprehensive understanding 
of the past, and possibly future, geochemical and hydrologic evolution of the site. The 
research conducted will be used by regulatory agencies in Sweden to determine the suitability 
of sites similar to Asp for storing high-level nuclear waste. More generally, the research will 
determine the types of geochemical, hydrologic, and geologic information useful in making 
siting decisions.
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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.

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.
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PROGRESS: Under the leadership of R. Michel, tritium, with its half-life of 12 years, has 
been used in recharge rate and residence-time studies in:

(1) A Regional Aquifer System Assessment (RASA) program in southern California. Tritium 
and freon data from the Oxnard Plain were used to determine the rate of seawater 
intrusion into the Oxnard Aquifer. Tritium data are also being used to trace flow along 
faults in the Mojave Basin.

(2) An Interior Department irrigation drainage program in southern California. Tritium data 
from a monitoring station on the Colorado River at Imperial Dam have been used to 
study the movement of irrigation water through the Imperial Valley.

(3) Finger Lakes, New York. Tritium is being combined with radium isotope data and stable 
isotope data to determine water retention times for these lakes.

(4) The Fremont Ice Core. This ice core was collected from Fremont Glacier in Wyoming 
as part of the climate change program. Tritium has been measured throughout the upper 
50 meters of the ice core to date ice layers and detect any percolation of younger water 
into deeper layers.

Sulfur-35, a short-lived isotope of sulfur that occurs naturally was measured in the following 
programs for the purpose of studying processes that occur on time scales shorter than one 
year:

(1) Samples of precipitation and throughfall are being measured at the Water, Energy and 
Biogeochemical Balance (WEBB) sites in Penola, Georgia, and the Sleeper River 
watershed in Vermont to see if there is any difference in the age of the sulfate being 
collected.

(2) Water samples from small lakes and ground-water seeps from various locations in the 
Rocky Mountains have been analyzed with the purpose of estimating the age of the 
sulfate pool. Initial results from this program were presented at the 1993 Geological 
Society of America (GSA) Meeting.

Continuing studies by J.K. Bohlke involving the nitrogen isotope laboratory 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
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systems. In support of those studies, the nitrogen isotope laboratory has produced relevant 
data from a variety of soil and organic solids, dissolved ammonium, nitrate, 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 variety of geochemical and isotopic analytical tools. 
Flow-path studies in eastern Maryland have been completed and similar studies in Minnesota 
and Colorado are well underway with district and Geologic Division collaborators. An 
investigation of anthropogenic nitrate transport through the unsaturated zone in southern 
California is underway, and is supported by an isotope survey of some natural desert nitrates.

The first phase of a new project was begun by K. Revesz, J. K. Bohlke, and Hungarian 
researchers to study the effect of Danube River recharge on a thick gravel aquifer in 
northwestern Hungary. Preliminary results indicate that the ground waters out to a distance 
of 20 kilometers from the river contain a preserved record of river contamination of the 
aquifer with chlorofluorocarbon (CFC) spanning a period of about 40-60 years. Regionally 
mixed atmospheric CFC records apparently cannot be used to date the waters, but 
locally-generated input curves may be used within the area of the gravel aquifer for 
ground-water dating.

New reference materials for nitrogen isotope analysis were distributed along with several of 
the previously distributed reference materials for a major international intercomparison test. 
Results continue to be received from the participating laboratories. Carbon 13 variations in 
vein calcite from Devils Hole, Nevada, record fluctuations in the 13C content of dissolved 
inorganic carbon of water recharging in the Ash Meadows, Nevada, ground-water basin. 
Major minima in 13C content 414, 334, 246, and 133 thousand years ago, contemporaneous 
with attainment of interglacial climate, may mark times of maximum vegetation or (and) times 
of low 13C content of atmospheric carbon dioxide.

A major effort by J. Wildman, T. Coplen, and M. Farnsworth succeeded in automating a 
Geologic Division mass spectrometer for Water Resources Division use.

Minor element analysis of Devils Hole, Nevada, calcite cores by A. Riggs and T. Coplen 
indicates significant variations over time about 130 thousand years ago in silicon, magnesium, 
iron, manganese, zinc, barium, and strontium.
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T.B. Councell, Hydrologist

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

TELEPHONE: (703) 648-5898

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: A review of uranium mill tailings research during the past decade was 
completed and will be published in 1993 in a Society of Economic Geologists series. This 
represents a,sequel to USGS Circular 814 (1980).

Results to date on possible microbial reduction of plutonium in cooperation with Derek 
Lovley and Jess Cleveland have been ambiguous. With the loss of the Denver transuranics 
project, this effort is on hold.

Reports are in progress on (1) microbial reduction of iodate, (2) intense alpha active 
particles in uranium mill waste, and (3) extraction of uranium from soils and earth materials
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and its precipitation by microbial reduction. Coediting of a special issue of the journal 
Environment International focused on environmental contamination associated with the use of 
naturally-occurring radioactive materials has been completed, the issue will be published in 
1993. The project chief, in his role as DOI Science Panel member of the Committee on 
Interagency Radiation Research and Policy Coordination, has participated as a working 
group-author in preparation of report to OSTP tentatively titled "Balancing Radiation Benefits 
and Risks: The Needs for an Informed Public"; publication in 1994 is anticipated.

Work in cooperation with Derek Lovley has just begun on the microbial reduction of 
rhenium/technetium, and the coprecipitation of radioactive contaminants by biogenic 
uraninite.

REPORTS PUBLISHED 1988-1993:

Back, W., and Landa, E.R., 1992, Ingesting the 
consequences of water-rock interaction- 
Historical notes on bottled water and spas in 
Kliaraka, Y., and Maest, A., eds., 7th Interna­ 
tional Symposium on Water-Rock Interactions, 
Park City, Utah, 1992 [Proceedings]: Rotter­ 
dam, A.A. Balkema, p. 767-770.

Landa, E.R., 1991, Radon emanation from uranium 
mill tailings, in Field Studies of Radon in 
Rocks, Soils and Water: U.S. Geological 
Survey Bulletin 1971, p. 145-154.

__1991, Uranium mill tailings Radium geochem­ 
istry, in U.S. Geological Survey research in 
radioactive waste disposal, Fiscal years 1986- 
1990: Water-Resources Investigations Report 
91-4084, p. 88-90.

__1992, Leaching of 226Ra from components of 
uranium mill tailings: Hydrometallurgy, v. 26, 
p. 361-368.

.1992, The International Chernobyl Project: 
World Meteorological Organization Bulletin, 
v. 41, no. 1, p. 63-66.

Landa, E.R., and Bush, C.A., 1988, Sorption of 
radionuclides by components of uranium mill 
tailings: Proceedings of the First International 
Conference on Hydrometallurgy, Beijing, Oct. 
12-15, 1988, Pergamon Press, p. 661-665.

.1990, Geochemical hosts of solubilized radio­ 
nuclides in uranium mill tailings: Hydrometal­ 
lurgy, v. 24, p. 361-372.

Landa, E.R., and Councell, T.B., 1992, Leaching 
of uranium from glass and ceramic foodware 
and decorative items: Health Physics, v. 63, p. 
343-348.

Landa, E.R., Miller, C.L., and Brich, R., 1988, 
Radioactive and nonradioactive solutes in 
drinking waters from radon-charging devices: 
Health Physics, v. 54, p. 99-106.

Landa, E.R., Phillips, E.J.P., and Lovley, D.R., 
1991, Release of 226Ra from uranium mill 
tailings by microbial Fe(III) reduction: Applied 
Geochemistry, v. 6, p. 647-652.

Lovley, D.R., Phillips, E.J.P., Gorby, Y.A., and 
Landa, E.R., 1991, Microbial reduction of 
uranium: Nature, v. 350, p. 413-41.
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__1991, Microbial reduction of uranium: U.S. 
Geological Survey Toxic Substances Hydrolo­ 
gy Program, U.S. Geological Survey Water- 
Resources Investigations Report 91-4034, p. 
548-551.

Miller, C.L., Landa, E.R., and Updegraff, D.M., 
1987, Ecological aspects of microorganisms 
inhabiting uranium mill tailings: Microbial 
Ecology, v. 14, no. 2, p. 141-155.
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TITLE: Dispersion of Toxic and Radioactive Wastes in Ground-Water Systems 
(NR 81-122)

PERSONNEL: Warren W. Wood, Project Chief
Mellissa Schomody, Secretary Steve Killingsworth, Hydrologic Tech., student
Terry B. Councell, Hydrologist (Texas Tech University)
Kris Dennen, Geologist C.C. Reeves, Professor (Texas Tech University)

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: Published first and second part (with Ward Sanford) of a proposed three-part 
series on the role of basin leakage in controlling evaporite mineralogy and accumulation.

Ward Sanford and Warren Wood have continued to develop our infrastructure at our saline 
lake research facility at Double Lakes in West Texas with the drilling of two deep wells. 
These wells are instrumented for discrete vertical sampling at 1.5 meter intervals to test our 
concepts of diffusion transport. Preliminary sampling has been completed and samples are 
being analyzed. Our first work was published at Water-Rock Interaction Conference, 1992.
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This site is believed to be an excellent natural analog to the disposal of toxic waste in thick 
shales.

Samples of material from the unsaturated zone at the Double Lake site support our eolian 
transport hypothesis that the huge 50 kilometer long ground-water solute plumes, observed 
downgradient form the saline lakes, are a function of efflorescent salts transported out of the 
lake by eolian activity, blown down the wind gradient and then recharged to the ground 
water. This has several important water resources ramifications for the southern High Plains 
and offers a viable explanation for the origin of these plumes observed in arid areas elsewhere 
on earth. This eolian transport concept and its impact on ground-water geochemistry is being 
tested in Australia and in a sabkhah of Abu Dhabi.

A new hypothesis was published on the origin of the 50-60 saline lake basins that exist on the 
southern High Plains of Texas and New Mexico. This hypothesis suggest that bedrock highs 
caused ground water to mound over them, thus preventing calcrete from forming. At a later 
stage when the ground-water table declined, wind eroded the uncemented material forming 
the basins. This work resolves a 100-year-old controversy on the origin of these features.

Data collected with Alien Shapiro at Mirror Lake toxic waste research site in New Hampshire 
have demonstrated that diffusion is the major mechanism supplying and removing solutes to 
the ground water from this granite terrain. Use of Hydrogen-3/Helium-3 dating techniques of 
the flowpath in this fractured rock system is in cooperation with Tom Torgerson, University 
of Connecticut and Martin Stute, Lamont-Doherty, Columbia University.

REPORTS PUBLISHED 1988-1993:

Back, William, Baedecker, M.J., and Wood, 
W.W., 1993, Scales in chemical hydrogeo- 
logy A historical perspective, in Alley, 
W.M., ed., Regional Ground-Water Quality: 
New York, Van Nostrand Reinhold, 634 p.

Le Blanc, D.R., Garabedian, S.P., Hess, K.M., 
Gelhar, L.W., Quadri, R.D., Stollenwerk, 
K.G., and Wood, W.W., 1991, Large-scale 
natural-gradient tracer test in sand and gravel, 
Cape Cod, Massachusetts 1. Experimental 
design and observed tracer movement: Water 
Resources Research, v. 27, no. 5, p. 895-910.

Rosenshein, J.S., Moore, I.E., and Wood, W.W.,
1991. Hydrogeology: Geotimes, v. 36, no. 2, 
p. 51-52.

Sanford, W.E., and Wood, W.W., 1991, Brine 
evolution and mineral deposition in hydro 

logically open evaporite basins: American Journal 
of Science, v. 291, p. 687-710.

Sanford, W.E., Wood, W.W., and Councell, T.B.,
1992. Calcium chloride-dominated brines An 
ion-exchange model, in Kliaraka, Yousif K., 
and Maest, Ann S., eds., 7th Symposium on

1 70 NATIONAL RESEARCH SUMMARY 1993



GROUND-WATER CHEMISTRY

Water Rock Interaction [Proceedings]: Rotter­ 
dam, A. A. Balkema, p. 669-672.

Wood, W.W., 1988, Hydrologic development of 
playa-lake basins in the southern High Plains: 
U.S. Geological Survey Yearbook Fiscal Year 
1987, p. 39-40.

.1989, Birdsall Lecture Report: Groundwater, 
v. 27, no. 5, p. 729-730.

_1990, Case study: Solution and piping devel­ 
opment of playa-lake basins on the Llano 
Estacado of Texas and New Mexico, in 
Charles, Higgins, ed., Groundwater Geomor- 
phology, Piping and pseudokarst in drylands: 
Geological Society of America Special Paper 
252, chap. 4, p. 101-110..

Wood, W. W., and Femandez, L. A., 1988, Vol­ 
canic rocks: The Geology of North America- 
Hydrology, DNAG, Geological Society of 
America, chap. 39, v. 0-2, p. 353-365.

Wood, W.W., Hearn, P.P., and Kraemer, T.F., 
1988, Solute diffusion within sand of the Cape 
Cod Massachusetts aquifer, in Mallard, G.E., 
and Ragone, S.E., eds., U.S. Geological Sur­ 
vey Toxic Substance Hydrology Program- 
Proceedings of the technical meeting, Phoenix, 
Ariz., September 26-30 1988: U.S. Geologi­ 
cal Survey Open-File Report 88-4220, p. 
163-166.

Wood, W.W., and Jones, B.F., 1990, Origin of 
solutes in saline lakes and springs on the 
Southern High Plains of Texas and New Mexi­ 
co, in Gustavson, Thomas C. ed., Geologic 
Framework and Regional Hydrology: Upper 
Cenozoic Blackwater Draw and Ogallala For­ 
mations, Great Plains: Texas Bureau of Eco­ 
nomic Geology, p. 193-208.

Wood, W.W., Kraemer, T.F., and Hearn P.P. Jr., 
1990, Intergranular diffusion An important

mechanism influencing solute transport in 
clastic aquifers?: Science, v. 247, p. 1569- 
1572.

Wood, W.W., and Low, W.H., 1988, Solute geo­ 
chemistry of the Snake River Plain Regional 
Aquifer System, Idaho and eastern Oregon: 
U.S. Geological Survey Professional Paper 
1408-D, 79 p.

Wood, W.W., and Sanford, W.E., 1990, Ground- 
water control of evaporite deposition: Econom­ 
ic Geology, v. 85, p. 1226-1235.

Wood W.W., and Sanford, W.E., 1991, The origin 
of Evaporite deposits A model based on a 
hydrologically open system, in Good, E.E., 
Slack, J.F., and Kotra, R.K., eds., Research 
on minerals resources 1991: U.S. Geological 
Survey Circular 1062, p. 79-80.

Wood, W.W., Sanford, W.E., and Reeves, C.C., 
1992, Large lake basins of the southern High 
Plains Ground-water control of their origin?: 
Geology, v. 20, p. 535-538.
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TITLE: Comparative Study of Organic Degradation in Selected Hydrogeologic 
Environments (NR 83-129)

PERSONNEL: Mary Jo Baedecker, Project Chief
Kathrine E. Devine, Secretary Curtis S. Phinney, Physical Scientist 
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.

OBJECTIVE: 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 
hydrocarbon sources. At the study site near Bemidji, Minnesota, the transport of 
monoaromatic hydrocarbons and the distributions of products that result from degradation
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reactions were examined on a small scale. 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 study site in Galloway Township, New Jersey, 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 conditions. Aliphatic, aromatic, 
and alicyclic organic acids were associated with hydrocarbon degradation in oxygen-depleted 
zones of the aquifer. Laboratory microcosm experiments demonstrated that the 
biogeochemical fate of specific organic acids observed in ground water varied with the 
structure of the acid and the availability of electron acceptors.

The cycling of iron and the formation of authigenic minerals was investigated in shallow sand 
and gravel aquifers that are contaminated with organic compounds. An integrated study of 
the water chemistry, microbial degradation, and authigenic mineral formation was undertaken. 
The authigenic iron-bearing minerals pyrite, siderite, magnetite, and ferroan calcite were 
found in three shallow aquifers contaminated with phenols and (or) hydrocarbons. The 
cycling of large concentrations of iron from oxidized to reduced forms and precipitation of 
iron minerals results in changes in the mineralogy and geochemistry of an aquifer that can 
affect transport and local water quality.

REPORTS PUBLISHED 1988-1993:
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environments: Journal of Hydrology, v. 106, 
p. 1-28.
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Nostrand'Reinhold, p. 111-129.

Baedecker, M.J., and Cozzarelli, I.M., 1991, Geo­ 
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crude oil in Mallard, G.E., and Aronson, 
D.A., eds., U.S. Geological Survey Toxic 
Substances Hydrology Program Proceedings
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eds., 7th International Symposium on Water- 
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1992 [Proceedings]: Rotterdam, A.A. Balke- 
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es Hydrology Program Proceedings of the 
technical meeting, Phoenix, Ariz., September 
26-30, 1988,: U.S. Geological Survey Water- 
Resources Investigations Report 88-4220, Pp. 
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278.
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chemical evolution of low-molecular-weight 
organic acids derived from the degradation of 
petroleum contaminants in ground water: Geo- 
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J.A., 1991, Geochemical gradients in shallow 
ground water caused by the microbial degrada­ 
tion of hydrocarbons at Galloway Township, 
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of the technical meeting, Monterey, Calif.: 
U.S. Geological Survey Water-Resources 
Investigations Report 91-4034, p. 256-262.

Cozzarelli, I.M., Eganhouse, R.P., and Baedecker, 
M.J., 1989, The fate and effects of crude oil 
in a shallow aquifer, II. Evidence of anaerobic 
degradation of monoaromatic hydrocarbons in 
Mallard, G.E., and Ragone, S.E., eds, U.S. 
Geological Survey, Toxic Substances Hydrolo­ 
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1988: U.S. Geological Survey Water-Resourc­ 
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carbons to organic acids in anoxic ground-water 
environments: Environmental Geology and Water 
Sciences, v. 16, p. 135-141.

Eganhouse, R.P., Baedecker, M.J., Cozzarelli,
I.M., Aiken, G.R., Thorn, K.A., and Dorsey, 
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mination of aqueous sulfide in contaminated
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Methods, ASTM/ST963: American Society for 
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TITLE: Relationship Between Chemical Quality of Natural Waters and Human 
Health and Disease (NR 79-132)

PERSONNEL: Gerald L. Feder, Project Chief 
Bonnie H. Hower, Secretary

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

TELEPHONE: (703) 648-5830

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 
disease. Medical researchers recognize areal patterns of health and disease in the United 
States and suspect that these patterns may be controlled by environmental and 
nonenvironmental 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.

OBJECTIVE: 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 Chemistry, 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: Showed that well waters from households with Balkan endemic nephropathy in 
Yugoslavia have distinctive excitation-emission fluorescence spectra when compared to 
spectra from households in nonendemic villages.

Low grade lignite samples from endemic areas in Yugoslavia were collected by a colleague, 
and preparation of samples for Nuclear Magnetic Resonance Spectroscopic analysis has been 
completed: the samples will be analyzed shertly.

Preliminary work with epidemiologists at the National Center for Health Statistics indicates 
there are strong geographic, and possibly hydrologic, differences in the distribution of the 
United States counties with the highest and lowest death rates from ischemic heart disease and 
stroke. The high death rate area also has an interesting pattern that seems to stop at the 
Florida State line. This difference might be real and related to magnesium content of 
drinking water.

Field sites in the United States and Hungary were chosen for the study of the relationship 
between high nitrate concentrations in drinking water and human health.
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logical Survey Workshop on Environmental 
Geochemistry: U.S. Geological Survey Circu­ 
lar 1033, p. 177-178.
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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
Joseph Albiston, Physical Science Technician
Daniel Chian, Hydrologic Technician, student (University of Virginia)

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

TELEPHONE: (703) 648-5868

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 semi- 
quantitatively 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.

OBJECTIVE: Learn enough about the geochemical behavior of uranium and thorium series 
radioisotopes to permit their use as naturally occurring tracers to solve hydrological problems. 
Keep abreast of developments in the field of chlorine, krypton, iodine, and so forth, 
geochemistry and isotope analysis for possible application to hydrologic sciences.

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 at least 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.

1 78 NATIONAL RESEARCH SUMMARY 1993



GROUND-WATER CHEMISTRY

PROGRESS: A. A new sampling system has been developed which allows the collection of 
samples to far out-strip the ability to analyze them. With this technique the lakes can be 
sampled for radium isotopes in greater detail than ever before. Results to date reveal 
complex structure present in the water masses of the Finger Lakes, New York, which 
changes throughout the year. The 1993 spring all-time record inflow into the lakes was 
sampled, and preliminary results show tremendous changes in isotopic signature of the lake 
waters (Cayuga). Stable isotope, and tritium data have also been collected in an effort to 
understand the hydrology and hydrodynamics of the Finger Lakes.

B. Spikes have been received and techniques development has proceeded well in the effort to 
determine U and Ra isotopes by mass spectrometry. Development of these techniques will 
enable isotopic measurements of unprecedented accuracy and will further enhance the use of 
these isotopes in hydrologic investigations.

C. Sediments from Lake Baikal, Russia, have been analyzed for U and Th isotopes and 
found to be very unusual. They have high uranium content and a high 234U/238U activity ratio 
with a low 230Th/234U ratio. The data will allow establishment of lake sediment accumulation 
rates and dating of glacial-interglacial events both very important to those working on the 
paleoclimatology of the Lake Baikal area.

D. Significant seasonal variation has been found in the uranium content of runoff from the 
Walnut Creek, Iowa, Management Systems Evaluation Areas (MSEA) site. The reason for 
this is not understood at present, but may be related to the application of U-rich phosphate 
fertilizer to the fields.

REPORTS PUBLISHED 1988-1993:
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Shen, H.W., ed., Hydraulic Engineering, 
National Conference, San Francisco, July 
25-30, 1993, Proceedings: New York, Ameri­ 
can Society of Civil Engineers.

Kraemer, T.F., 1990, Geological factors governing 
radon concentration in natural gas, in Smith, 
J., ed., Proceedings of Gas Quality Measure­

ment Symposium: Institute of Gas Technology, 
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.1991, Uranium, radium and radon in deeply 
buried sediments of the U.S. Gulf Coast, in 
Wanty R., and Gundersen, L., eds., Field 
Study of Radon in Rocks, Soils, and Water: 
U.S. Geological Survey Bulletin 1971, p. 
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Kraemer, T.F., and Curwick, P.B., 1991, Radium 
isotopes in the Lower Mississippi River: Jour-
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nal of Geophysical Research (Oceans), v. 96, 
no. C2, p. 2797-2806.
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B.J., 1990, Radium and radon in Charlotte 
Harbor estuary, Florida: Esruarine, Coastal 
and Shelf Science, v. 31, p. 439-457.

Wood, W.W., Kraemer, T.F., and Hearn, P.P., 
Jr., 1990, Intragranular diffusion An impor­ 
tant mechanism influencing solute transport in 
clastic aquifers?: Science, v. 247, no. 4950, p. 
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TITLE: Transport and Biogeochemical Fate of Organic Substances in Aquatic 
Environments (NR 91-151)

PERSONNEL: Robert P. Eganhouse, Project Chief 
Bonnie Hower, Secretary 
Wendy Bryant, Chemist

ADDRESS: U.S. Geological Survey, 432 National Center, 12201 Sunrise Valley Drive, 
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: The objective is 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. I wish to develop 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: I have published one paper as lead author in Journal of Chromatography on the 
determination of volatile monoaromatic hydrocarbons in water (especially ground water), 
another as co-author in the Journal of Chemical and Engineering Data on the physical 
properties (for example, aqueous solubilities, vapor pressures and octanol-water partition 
coefficients) of the long-chain linear alkylbenzenes, and have had a manuscript published in 
Applied Geochemistry that provides an overview of the organic geochemistry of the Bemidji 
ground-water research site in Minnesota. I was also a co-author on another (companion) 
manuscripuin the same overview series (also published in Applied Geochemistry) and on a 
manuscript currently in press in Geochimica et Cosmochimica Acta. The latter manuscript 
was lead authored by Isabelle Cozzarelli and discusses the production and fate of the 
oxygenated products of the hydrocarbons at Bemidji. Finally, I am lead co-author of a 
chapter in a book about to be published (December 1993, University of California Press) on 
the Ecology of the Southern California Bight (my chapter was entitled the Chemical 
Oceanography and Geochemistry).

As part of work funded by the National Oceanic and Atmospheric Administration (NOAA), I 
participated in three scientific cruises for a total of 4.5 weeks, attended six meetings in 
California to plan same, constructed a high resolution whole-core porewater extraction system 
and built a modern trace organic analytical facility in Reston, Virginia. In addition to 
working on my studies of porewater and sediment chemistry for the NOAA project, I acted as 
consultant to the project on all matters related to geochemistry. I presently have brought on 
line methods for the determination of polychlorinated biphenyls (PCBs) (congener-specific), 
DDTs, dissolved organic carbon, and linear alkylbenzenes.

In the course of all these activities I have hired and trained a technician, Wendy Bryant. I 
have also reviewed numerous manuscripts and proposals from internal sources, peer-reviewed 
journals and funding agencies. Finally, I was an outside reviewer for Environment Canada 
on their efforts to develop sediment quality objectives.
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Crude oil in a shallow sand and gravel aqui­ 
fer III. Biogeochemical reactions and mass 
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Eganhouse, R.P., Baedecker, M.J., Cozzarelli,
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T.F., 1993, Crude oil in a shallow sand and 
gravel aquifer II. Organic geochemistry: 
Applied Geochemistry, v. 8, p. 551-567.

Eganliouse, R.P., Dorsey, T.F., Phinney, C.S., 
and Westcott, A.M., 1993, Determination of 
C6-C10 aromatic hydrocarbons in water by 
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TITLE: Factors Determining Solute Transfer in the Unsaturated Zone (WR 68-036) 

PERSONNEL: Ronald V. James, Project Chief

ADDRESS: U.S. Geological Survey, 345 Middlefield Road, MS 472, 
Menlo Park, CA 94025

TELEPHONE: (415) 329-4521

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 
transient one-dimensional systems with linear chemistry. Subsequently, investigate pollutant-
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source management in two dimensions with nonlinear, one-component chemical systems. Use 
existing simulation models and management models to enhance joint management and 
simulation capabilities.

PROGRESS: Solute transport studies using water-saturated columns of Delhi sand were 
carried out in the laboratory using chlorine-36 and tritium tracers. Solutions of calcium and 
sodium chloride in varying concentrations and proportions were used to observe the effects of 
solution concentration and composition on the transport of nonreactive and anionic solutes. 
Anionic exclusion volumes, dispersion coefficients, and hydraulic conductivities were 
measured. As expected from previous studies, lower concentrations and higher sodium 
adsorption ratios lowered the soil hydraulic conductivity. The lower conductivity was 
accompanied by only small increases in anionic exclusion volumes. Under conditions of very 
low hydraulic conductivity, Darcy's Law was no longer obeyed. A procedure was developed 
for manually packing small laboratory columns of soil or sediments. The method involves 
prewetting the soil to an optimum water content and packing the soil in the column so as to 
insure homogeneity. Initial experiments were carried out to study the transport of lithium 
bromide in sediments from Cape Cod, Massachusetts. Based on the results, further 
experiments were designed that will maximize the effects of the kinetics of adsorption of 
lithium. This study augments previous work by the collaborators in this study: Alien Moench 
and Warren Wood.. Developed sampling protocol for Lower Fox River bottom sediment 
samples designed to preserve the anaerobic nature of the sediments until they can be brought 
to the laboratory for study of the release of polychlorinated biphenyl compounds. The 
procedure is necessary to maintain sample integrity and insure that study results apply to the 
natural system and not to some artificial system created by our procedures.
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TITLE: Partitioning of Solutes between Solid and Aqueous Phases (WR 70-065)

PERSONNEL: James A. Davis, III, Project Chief
Stacey J. Andrews, Secretary Linda D. Anderson, Hydrologist 
Christopher C. Fuller, Hydrologist Jennifer A. Coston, Physical Scientist 
Douglas B. Kent, Hydrologist Brigid A. Rea, Chemist

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

TELEPHONE: (415) 329-4484

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 
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
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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: Our laboratory investigations of the bulk and surface structure of ferrihydrite, a 
poorly crystalline iron oxide phase, represent a significant advance in environmental 
geochemistry. The results show that the rate of release of a contaminant from the solid phase 
is very dependent on whether the contaminant was first bound to the phase by an adsorption 
or precipitation process. For example, ferrihydrite often forms in surface waters as a result 
of the discharge of mining wastes, and contaminants that are bound during precipitation of the 
phase are released at a much slower rate than if they were bound later by adsorption. The 
results suggest that it may typically be difficult to model reactive transport of contaminants 
with an assumption of chemical equilibrium. The results were published in a series of 
articles, two in the journal Geochimica et Cosmochimica Acta, and one in Clays and Clay 
Minerals.

Additional progress was made on studies of reactive transport in ground water at the Cape 
Cod Toxics site. A model has been formulated to describe Cr(VI) transport in the sewage- 
contaminated portion of the shallow, sand and gravel aquifer. The model describes both the 
rates of Cr(VI) reduction in batch experiments (described in a report accepted by 
Environmental Science and Technology) and the observations of Cr .transport in field tracer 
tests (report submitted to Water Resources Research). The rate of Cr(VI) reaction in the field 
is much slower than that observed in the laboratory. The transport model calculations give 
rise to the hypothesis that the rate of Cr(VI) reduction in the field is controlled by a diffusion 
from zones of mobile fluid to zones of immobile fluid that preferentially contain the reducing 
agents, particle surfaces of mineral phases containing reduced iron. This rate limitation does 
not exist in the laboratory experiments, and it would be virtually impossible to design a 
laboratory experiment that accurately predicted the rate of Cr(VI) reaction in the field. Based 
on these results and studies of the transport of metal-EDTA complexes, a new large-scale 
tracer test was begun in April 1993. This experiment will be the most complex and detailed 
investigation of multi-species, multi-reaction transport ever conducted in a field setting.
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ADDRESS: U.S. Geological Survey, 345 Middlefield Road, MS 434, 
Menlo Park, CA 94025

TELEPHONE: (415) 329-4576

PROBLEM: Light stable isotopes such as oxygen, hydrogen, carbon, nitrogen and sulfur 
have proved to be extremely useful tracers of hydrologic pathways and biogeochemical 
processes. However, use of these isotopes as tracers is presently hampered by our limited 
understanding of the physical processes and chemical reactions influencing isotopic 
compositions. The unsaturated zone, particularly the soil zone and the top of the water table, 
is probably the portion of the hydrologic system most responsible for alteration of the isotopic 
compositions of potential isotope tracers; this environmental component is also one of the 
least studied.

OBJECTIVE: The overall goal is to increase our understanding of reactions involving stable 
isotopes and to evaluate the significance of these reactions in geochemical and hydrologic 
modeling. This will be accomplished by field and laboratory investigations of processes and 
reactions which may fractionate isotopes and affect their utilization as tracers of processes, 
flowpaths, and sources of water and solutes.

APPROACH: Define the processes which could affect the use of isotopes as tracers; identify 
suitable field areas for collaborative research; develop field sampling techniques and 
laboratory analytical methods which do not fractionate the isotopic compositions; investigate 
the extent and effects of isotope exchange between gases, water, bound-water, dissolved 
species, and matrix materials through field studies, and laboratory and field experiments; 
develop conceptual models for infiltration, streamflow generation, unsaturated and saturated 
zone flow, and biogeochemical reactions; test biogeochemical-process and hydrologic-flow 
models with isotope tracers; establish guidelines for application of stable isotope techniques to 
problems of national importance.
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PROGRESS: North American Water Isotope Database (NAWID): In collaboration with T. 
Coplen's project, we have implemented a plan to create a database of all oxygen and 
hydrogen isotope analyses generated by either of Water Resources Division's (WRD) two 
stable isotope laboratories for samples collected from North America (about 30,000 waters). 
Starting in January 1992 water samples submitted to either laboratory will be analyzed only if 
minimal field data are made available to us for eventual incorporation into our database. Our 
project is currently making good progress towards a goal of assembling locality, date, and 
sample-type data for samples submitted to either laboratory prior to 1992. We are also 
attempting to assemble isotope data generated by district scientists, much of which has not 
been entered into district databases. We plan to eventually release this database on CD roms, 
updated periodically. This database will be of great use to WRD, university, private industry 
scientists by reducing unnecessary duplication of efforts; prior to future hydrological studies, 
researchers will easily have access to all the WRD data previously generated. The database 
will also be very valuable for climate modelers because the isotopic compositions of meteoric 
water are directly related to present and past climate patterns.

Fractionation of Water by Interception with Tree Canopy: As part of a collaboration with the 
Panola (Georgia) Water, Energy and Biogeochemical Balance (WEBB) project, we have 
found that throughfall under coniferous canopy is generally enriched relative to throughfall 
under deciduous canopy, and that both types of throughfall are almost always significantly 
enriched (on average, by 0.5 permil in O-18 and 3 permil in D) relative to rain at Panola. 
This work suggests that using rain in the open instead of throughfall as the indicator of 
recharge composition can potentially cause about a 1 degree error in temperature estimates in 
isotop-paleoclimatic studies. Interestingly, the throughfall samples do not plot along 
evaporation lines (despite the fact that about 20 percent has evaporated), but instead the slopes 
greater than 8 suggest appreciable exchange with evaporated waters with higher d-excess 
values. These finding will significantly impact global climate models developed using stable 
isotopes.

Nitrogen and Oxygen Isotopes of Nitrate: One of the main reasons for limited use of nitrogen 
isotopes by hydrologists is the high cost of analyses. In collaboration with members of the 
Missouri Management Systems Evaluation Areas (MSEA) project, we have developed a 
method which reduces the usual labor by at least a factor of 5, has a precision of 0.05 per mil 
for N-15, and samples can be stored chilled for at least 6 months. This technique, which 
involves field concentration of nitrate onto disposable resin columns, will allow analysis of 
samples much smaller than can typically be analyzed commercially. The nitrate prepared by 
this new technique can be analyzed for O-18 using a simple, nontoxic method that we have 
recently developed; the precision for O-18 is about 0.10 per mil. Because different nitrate
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sources frequently have distinctive N-15 and O-18 contents, our ability to analyze nitrate 
samples for both O-18 and N-15 with lower labor costs will allow expanded use of these 
isotopes by the National Water-Quality Assessment (NAWQA) program to trace sources of 
nitrate.

Isotope Hydrograph Separation: As part of a collaboration between WRD and the Chinese 
Ministry of Water Resources to study surface water hydrology, we have been working at the 
intensively instrumented 500 m2 Hydrohill artificial catchment near Nanjing. We have been 
able to get closure on our water budgets for the catchment, allowing an isotope mass balance 
to be calculated for a storm. Hydrologic models made for various subsurface waters and for 
the catchment as a whole agree well with oxygen isotope hydrograph separations, and do not 
match chemical hydrograph separations. In contrast to most studies, at all levels in the 
catchment the water is mostly new quickflow. Hydrograph separations made using silica and 
chloride, while similar to each other, suggest a much larger contribution of old slowflow". 
This study provides very convincing evidence of how and why chemical species make such 
poor conservative tracers in watersheds. During storm events, changes in flowpath result in 
large ranges of isotopic composition in vadose and ground water; this variability persists after 
stormflow ceases and makes assumptions of constant soil-water composition for the next 
storm highly problematic. These findings have significant impact on how we use isotopes to 
estimate percentages of new and old water in streams.

Laboratory Automation: Our automated CO2-water equilibration system is now working, and 
we can now analyze 48 water samples per day for oxygen isotopic composition (an 8-fold 
improvement). Work is progressing on automating the system for analyzing waters for 
hydrogen isotopic composition. Because of the dramatic increase in sample throughput, we 
have been able to analyze over a thousand samples in collaboration with the Panola, Sleepers 
River, North Temperate Lakes, and Loch Vale WEBB projects; this work has resulted in six 
presentations at AGU (American Geophysical Union) this year.

Textbook on Isotope Hydrology: There is a lack of a suitable textbook for the Isotope 
Hydrology training course we teach yearly at the National Training Center because existing 
books focus on deep ground-water issues that are unrelated to public water supplies. 
Therefore, J.J. McDonnell (SUNY Syracuse) and C. Kendall are coediting a book entitled 
"Isotope Tracers in Catchment Hydrology," to be published by Elsevier in Fall 1994".
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PROBLEM: The energy potential of geothermal waters from geopressured systems is 
enormous. Geochemical data are necessary for delineating favorable exploration areas, 
estimating the recoverable geothermal resources from a given reservoir, and identifying 
potential pollution, waste disposal, and corrosion problems.

OBJECTIVE: To study the chemistry and controls on the chemistry of water in geothermal 
and other subsurface systems. Provide basic data needed to estimate the geothermal energy 
and other resources and to identify potential pollution, waste disposal, and corrosion problems 
associated with extraction of energy and other resources from these systems.

APPROACH: Collect water, gas, and rock samples from prospective geopressured and other 
subsurface systems for chemical, mineralogic, and isotopic analyses. Carry out membrane and 
water/rock interaction laboratory studies. Data analyses will be performed by available and 
planned computer programs.

PROGRESS: Most of the project's effort was devoted to completing data analyses and 
several reports (see publications) on the geochemistry of therrrial waters in the 
Norris-Mammoth Corridor of Yellowstone National Park. The chemical and isotopic 
compositions of water, solutes and gases in general and the 3 He/4He ratios in particular, 
indicate that the Mammoth system is not directly connected to the Yellowstone caldera, but 
probably results from a cooling magmatic intrusion beneath Mammoth. We are continuing to 
analyze the extensive data set on the isotopic composition of meteoric water in the greater 
Yellowstone area. In addition to elevations (mean annual temperatures), the isotopic 
composition of meteoric water in this complex terrane is controlled by the origin and 
direction of storm tracks, by the "Canyon effect" and by the distance (Continental effect).
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The project is still involved with the Bureau of Reclamation's project on deep injection of 
brines in Paradox Valley, Colorado; a report (see publications) was completed indicating 
major precipitation problems with the current plans.

The 7th International Symposium on Water-Rock Interaction attracted about 500 scientists 
from 40 countries. Yousif Kharaka, as Secretary General, and other personnel devoted some 
of our time to it. Considerable time was spent on editing the two-volume Proceedings (Y.K. 
Kharaka, and A.S. Maest, eds.; A.A. Balkema, 1686 p., 1992).

Experimental results show the generation of aliphatic acid anions from hydrous pyrolysis of 
crude oils. The main manuscript on the results (Kharaka and other, 1993) will appear in 
Applied Geochemistry. Two reports have already been published on some of the results.

During Fiscal Year 1992, project personnel authored or coauthored nine reports and we gave 
three presentations at international meetings (two at the Seventh International Symposium on 
Water-Rock Interaction and one in Tibet), and Kharaka gave a Water Resources Division 
seminar in Menlo Park, California.
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TITLE: Chemical and Isotope Studies of Thermal Waters of the Western United 
States (WR 79-165)

PERSONNEL: Robert H. Mariner, Project Chief 
Maria M. Watts, Secretary 
William Carothers, Hydrologist 
William C. Evans, Chemist

ADDRESS: U.S. Geological Survey, 345 Middlefield Road, MS 434, 
Menlo Park, CA 94025

TELEPHONE: (415) 329-4507

PROBLEM: Reconnaissance and chemical and isotope sampling of thermal springs in the 
western United States generally has not provided information of sufficient detail to permit the 
geothermal potential of most individual areas to be determined with any certainty. This is 
especially true in the Cascade Mountain Range, where the chemical geothermometers.indicate 
much lower temperatures of water-rock equilibrium than the sulfate-isotope geothermometer 
and the geologic setting seem to indicate. This discrepancy could be due to simple mixing of 
thermal water and freshwater or rapid equilibration of water with surrounding country rock as 
the fluids rise to the surface; alternatively, the sulfate-isotopic composition could be an 
artifact reflecting the original source.

OBJECTIVE: Investigate the origin of the dissolved constituents, water, and gases 
discharging in hot springs and determine their relation to fumaroles and cold mineral springs. 
Determine the recharge areas for the thermal springs and the amount of mixing of thermal 
and nonthermal waters.

APPROACH: Do chemical isotopic analyses on samples of water and gas discharging from 
thermal, cold, and mineral springs. Use the chemical and isotopic data to determine the 
extent of mixing and ascertain the probable recharge areas for the individual thermal systems. 
Investigate the factors that control the chemical and isotopic composition of the fluids.

PROGRESS: Periodic sampling of geothermal wells in the Steamboat Springs, Nevada, 
geothermal system has demonstrated at least short-term chemical and isotopic stability and the 
chemical similarity of warm water in the outflow plume to the moderate and high temperature 
wells in the major part of the system. These data provide a stable background with which to 
compare future changes. Geothermal systems of regional scale occur on the south side of the
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Snake River Plain in southern Idaho. Our study of the thermal springs of the Owyhee 
Uplands at the western edge of the plain show no chemical or isotopic evidence of a regional 
scale system nor can the springs be clearly related to the high temperature system at Vale 
(western end of the Snake River Plain). Studies of dissolved aluminum in the hot springs of 
the Idaho batholith show that secondary aluminosilicates (stilbite and chabazite) occur only in 
the springs with the largest free energies with respect to stilbite. A chemically and 
geologically reasonable model of the mechanism of gas discharge at Lake Nyos, Cameroon, 
has been worked out that explains the water composition data, dissolved gas data, and 
physical phenomenon associated with the May 1986 catastrophic release of gas from Lake 
Nyos. Ca-Mg-CO3 synthesis experiments have produced disordered CAMg(CO3)2 of 
dolomite chemical compositin at geologically reasonable Ca, Mg, and HCO3 concentrations 
and temperatures. Conditions that produce aragonite, hydromagnesite, and disordered 
dolomite have been determine experimentally.
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TITLE: Chemistry of Aquatic Organic Matter (WR 84-189) 

PERSONNEL: Donald F. Goerlitz, Project Chief

ADDRESS: U.S. Geological Survey, 345 Middlefield Road, MS 421, 
Menlo Park, CA 94025

TELEPHONE: (415) 329-4561

PROBLEM: The intrusion of industrial, agricultural, and domestically produced organic 
chemicals and wastes into the aquatic environment is well known and is considered to be one 
of the most important environmental problems. The widespread distribution of these 
anthropogenic substances, in addition to naturally occurring organics, and their detrimental 
impact on the Nation's water resources points to the need to understand how these substances 
act and react in the environment. Knowledge of transport, persistence, transformation, 
solubility, sorption, and reaction kinetics is needed to determine the fate of the substances in 
the hydrosphere.

OBJECTIVE: (1) Identify organic substances associated with a given field problem, in 
aqueous and nonaqueous phases, sorbed, and in an unsaturated atmosphere; (2) chemically 
determine any biotic or abiotic degradation or transformations occurring in the field; (3) 
measure sorption and reaction equilibria and rates within the aqueous system and at the 
water-mineral interface from field observations and laboratory simulations; and (4) determine 
the behavior of organic solutes and vapors in the unsaturated zone.

APPROACH: (1) Use high-performance liquid chromatography, capillary gas 
chromatography, and computerized gas chromatography/mass spectrometry to make 
qualitative and quantitative organic analyses; (2) do sorption studies by means of column 
technology previously developed in this laboratory; and (3) conduct work at two field sites on 
organic wood preservatives, which are ground-water contaminants, and initiate work at two 
other field sites where the ground water is contaminated by crude and refined petroleum 
products.

PROGRESS: Cores of aquifer material were collected June 7-10, 1993, at a site at 
Pensacola, Florida, where the ground water is contaminated by wood preserving chemicals, 
namely creosote. Aquifer cores and associated water were collected in the aerobic-anaerobic 
transition interval for the purpose of identifying and measuring the solutes from creosote and
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metabolites in this zone of maximum microbial activity. This is a continuing study that has 
been in progress during the past 1 1A years. Individual anaerobic microcosms (digesters) 
prepared from aquifer materials obtained from the Pensacola site and from selected individual 
creosote derived chemicals are being analyzed over time by gas chromatography-mass 
spectrometry. Identification of the metabolites produced from the microbial digestion 
processes has been successful. These compounds have been identified or related to those 
found in the aquifer. Proposed metabolic pathways have been confirmed and new ones 
suggested from these findings. A data base associating contaminants, metabolites and 
alteration products with depth, distance down the gradient and other chemical and biochemical 
factors is in preparation. Analytical procedures for identification and measurement of organic 
chemicals have been developed and validated for purposes of these investigations.
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TITLE: Geochemical Reactions Between Water and Mineral Substrates (WR 88-196)

PERSONNEL: Arthur F. White, Project Chief
Gloria M. Castagne, Secretary Theresa S. Presser, Chemist 
Thomas D. Bullen, Hydrologist Alex E. Blum, Hydrologist 
Marjorie Schulz, Hydrologist

ADDRESS: U.S. Geological Survey, 345 Middlefield Road, MS 420, 
Menlo Park, CA 94025

TELEPHONE: (415) 329-4519

PROBLEM": Water quality and pollution contamination depend strongly on geochemical 
processes involving reactions with mineral surfaces and substrates. Such processes include 
weathering reactions that contribute dissolved chemicals, sorption that removes aqueous 
species, and electron transfer mechanisms that establish redox conditions. Although extensive 
research has been conducted on the aqueous chemistry, minimal information exists on the 
corresponding solid phases and their effects on chemical transport.

OBJECTIVE: Investigate the composition and structure of common mineral surfaces and 
determine the extent of heterogeneity between specific surfaces and the bulk mineral phase. 
Determine the mechanism and rates of chemical and electron transfer between mineral 
substrates and surface- and ground-water systems. Determine the nature and extent of 
temporal changes in surface compositions during natural weathering and contaminant 
introduction and assess the effects on sorption and retardation. Assess environmental hazards 
due to the weathering of toxic materials contained in natural minerals and rocks and plan 
mitigation and cleanup under geologic constraints. Assess the effects of hydrologic 
parameters on rates of chemical weathering in soil profiles and watersheds and predict 
impacts of climate chan'ge.

APPROACH: Methods used will define concurrent changes in mineral substrates and water 
during geochemical reactions in natural and contaminated aqueous systems. Characterization 
of surface chemistry will utilize recent advances in ultra-high vacuum systems including x-ray 
photoelectron spectroscopy, auger electron spectroscopy, and secondary ion mass 
spectroscopy. Use also will be made of high-sensitivity solid state electrochemistry. 
Investigations will include both controlled laboratory studies and natural systems. Detailed 
field projects will be conducted to quantify the significance of mineral substrates in 
controlling major element chemistry, pH, and Eh, and as sources of trace toxic components
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such as chromium, copper, selenium and arsenic. Results will permit development of coupled 
models describing reaction kinetics and mass transport between aqueous and solid phases.

PROGRESS: Work continued assessing the effects of time and climate on chemical 
weathering rates in soils associated with granitic rock. For the Merced Chronosequence in 
California, four years of chemical data have been collected for soil waters extracted from 
suction water samplers in addition to unsaturated hydrologic data including gravimetric water 
content and matric potentials. Results indicate significant changes based on yearly 
precipitation differences reflecting significantly above and below average rain fall over the 
last several years. Preliminary results from a lithium bromide tracer test was initiated this 
year at two of the Merced sites indicate that this will be a powerful tool in determining 
hydrologic and chemical fluxes through the system. Characterization of variations in solid 
phase chemistry and mineralogy with time include detailed analyses of changes of mineral 
surface areas with time, information that has never been obtained before for such a natural 
system and data that are critical for calculation of chemical weathering rates. Comparison of 
rates based on total weathering and current rates of weathering appear comparable suggesting 
relatively constant geochemical conditions during the last 3 million years. The data indicate 
weathering rates are approximately 103 times slower than predicted by previous experimental 
studies. Previous work has indicated that solution composition can retard dissolution rates, 
but it is uncertain whether this is a consequence of overall solution saturation state or the 
concentrations of specific ions. New experiments on albite dissolution have been conducted 
to determine the effect of Al in solution on retarding the dissolution rate. Results indicate 
that Al retards the dissolution rate by a factor of greater than 3.

A complete year's worth of chemical and hydrologic data has been collected at the Panola, 
Georgia, and Luquillo, Puerto Rico Water, Energy and Biogeochemical Budget (WEBB) 
sites. Panola data indicate significant vertical variations in soil zone chemistry that are 
controlled in part by development of aquitards within the granitic saprolite. Seasonal 
evapotranspiration occurs above this zone and relatively steady state hydrologic and chemical 
conditions occur below. Principle weathering mechanisms involve alteration of feldspars to 
kaolinite and the formation of hydrobiotite. The sampling- nest in the Riparian zone permits 
a detailed picture of hydrochemical interaction between the ground water and unsaturated 
zone.

The upper meter of soil in Puerto Rico is unsaturated but was found to be saprolitic below 1 
meter with well preserved igneous structure and a porosity of 50 percent. Gravimetric water 
contents and bulk density data indicate that the soils remain 80 percent saturated with matric 
potentials less than 25 centibars. The mineralogy is predominantly kaolinite and quartz with
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minor biotite below several meters. Concentrations of Na, Sr, Ca, Cl and SO4 in soil water 
throughout the saprolite profile are much more dilute than observed in stream flow and are 
dominated by precipitation. This is supported by 87Sr/86Sr ratios of 0.710 that are nearly 
identical to sea water and more radiogenic than ratios of 0.705 for both unreacted granitic 
and surface water. Si increases with depth from 0.05 mmol/1 (millimol per liter) at 1 meter 
to 2 mmol/1 at 8 meters along with corresponding increases in K and Mg. These relatively 
high concentrations are indicative of dissolution of kaolinite in the upper soil zone and 
alteration of biotite in the deeper saprolite. Reaction of feldspars occurs at depth within a 
narrow interface between the fresh granite and the overlying saprolite. Mass balance 
calculations of soil chemical and volume changes based upon Zr, Ti and Nb indicate less than 
10 percent volume decrease, consistent with the saprolite textures. Na, Ca and Sr are nearly 
completely depleted in the soil, 50 percent of the Si has been lost, and 30 percent of the Al 
and Fe. These results demonstrate a much more intensive weathering regime than associated 
with temperate zone saprolites and have important ramifications for climate change scenarios.

Continued development of lithogenic isotope capabilities was ongoing during the year. Several 
hundred Sr isotope analyses for five WEBB projects were run in addition to a number of Pb 
isotope analyses for Panola WEBB. Also, a survey of Sr isotopic compositions and Rb/Sr 
concentrations in minerals from Merced drainage soil samples was completed to provide 
quantitative basis for mass balance models. Collaborative studies of Li and B isotope 
systematics in geothermal fluids and solid-phase samples at Valles Caldera (New Mexico) and 
Clear Lake (California) were started in attempt to understand causes of isotope fractionation. 
Also studies on Sr, Li and B isotope systematics in fluids and solid phases from two regional 
carbonate aquifer systems (Ohio-Indiana Regional Aquifer System Assessment (RASA), 
Upper Floridan) were initiated in attempt to track fluid migration on a regional scale. A new 
ion counting and negative ion detection on the Finnigan solid-source mass spectrometer was 
installed, allowing for substantially increased analytical capabilities. Use of the ion counter 
established analytical protocol for mass spectrometry of uranium, thorium and iron isotopes.

Studies continued defining sources of selenium in the Central Valley of California. Panoche 
and Silver Creeks have been instrumented with sediment-water collectors. Two years of 
runoff samples have been collected during the winter rains in the Panoche Creek alluvial fan 
area to determine the loading of Se to the San Joaquin Valley. Results from major element 
chemistry and isotopic analyses to distinguish between the two hypotheses of an initial flush 
of selenium or a later outflow of older ground water.

Two projects have been completed on the presence of CO2 and Cl springs in the northern 
Coast Ranges. Approximately 15 highly saline chloride (up to 16,500 mg/L) springs of high
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volume discharge out-flow on ridge tops in the Rumsey Hills area in the Sacramento Valley. 
They have distinctive 6 180 signatures of plus 5 and are apparently deep basinal fluids 
subjected to tectonic compression along a fault anticline. Another set of springs to the 
northwest on the serpentine -Cretaceous border possess both elevated Cl (up to 42,500 mg/L 
(milligrams per liter) and HCO3 (up to 3,500 mg/L). These springs are the site of ubiquitous 
Ca-Mg carbonate deposits that vary from aragonite, calcite, Mg-rich calcite and disordered 
dolomite and will be used to test a hypothesis made concerning the formation of Ca-Mg 
carbonates from fresh water continental terrains.

An atomic force microscope (AFM) was purchased, has been installed, and is now fully 
functional and available for users. New techniques have been developed for characterization 
of clay particles using the AFM. Applications of these techniques to illite/smectites have 
resulted in one publication and another in press that have aroused considerable interest. The 
AFM system is also being used to characterize surface areas and extent of internal porosity in 
soil and aquifer materials.
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TITLE: The Mathematical Simulation of the Transport and Reaction of Chemical 
Species in Ground Water (CR 73-085 formerly NR 73-139)

PERSONNEL: David B. Grove, Project Chief 
Evelyn R. Warren, Secretary 
Lana K. Gerlick, Clerk

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

TELEPHONE: (303) 236-4980

PROBLEM: Mathematical techniques that describe the transport and reactions of dissolved 
chemical species during their flow through saturated porous media are necessary to the 
prediction of water-quality changes in ground water. Such predictions are necessary to allow 
a decision-making capability prior to possible injection of wastes, as well as to provide 
remedial' action in the case of accidental contamination of aquifers.

OBJECTIVE: Demonstrate the applicability of numerical-modeling techniques to the 
prediction of water-quality changes during transport of solutes through saturated ground-water 
systems and analyze the effects of these changes on the ground-water environment. Predict 
the effects of chemical and physical stresses on the quality of ground water.

PROGRESS: A literature review of recent advances in organic species transport and reaction 
is nearing completion. Computer models have been formulated to describe organic uptake by 
porous media. The diffusion and reaction of the species within the porous media grains is 
being simulated. Laboratory data generated from Intragranular Diffusion from a U.S. 
Geological Survey article published in Science (1990, v. 247, p. 1569) are being used to see 
if this model is appropriate.

Meetings with the Air Force Combat Command in Norfolk, Virginia, and Rocky Mountain 
Arsenal personnel in Denver, Colorado, are being held on behalf of the U.S. Geological 
Survey for possible research activities.
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TITLE: The Role of Lakes in the Hydrologic System, with Emphasis on Their 
Relation to Ground Water (CR 74-090)

PERSONNEL: Thomas C. Winter; Project Chief
Evelyn R. Warren, Office Auto. Assist. Donald O. Rosenberry, Hydrologist 
Lana K. Gerlick, Off. Auto. Clerk Renee S. Parkhurst, Hydrologist

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

TELEPHONE: (303) 236-4987

PROBLEM: Many hydrological and geochemical processes associated with lakes and 
wetlands are poorly understood. Characteristics of wind and vapor profiles over lakes, which 
are basic controls on evaporation, have been studied in detail for only a few large reservoirs 
in the western United States. Many commonly used methods of estimating surface runoff to 
lakes and wetlands are inaccurate. Hydrogeologic controls on seepage to and from all 
surface-water bodies have not been studied adequately, either from theoretical or field 
perspectives. Research on these components of lake and wetland hydrology is especially 
critical to individuals responsible for management, protection, and restoration of these 
resources.

OBJECTIVE: Gain understanding of the basic principles controlling the interaction of lakes 
and wetlands with ground water, including associated chemical fluxes. Emphasize integration 
of theoretical and experimental field work. Emphasize the study of ground water, but include 
state-of-the-art studies of the atmospheric and surface-water components of lake and wetland 
hydrology as needed for the evaluation of the ground-water component. Evaluate error in 
hydrologic methodology for the various aspects of water balances of lakes and wetlands.

APPROACH: Construct theoretical and field-related mathematical models of steady-state and 
transient, variably-saturated ground-water conditions as related to lakes and wetlands. 
Choose field experimental sites in selected parts of the United States for calibration and 
modification of models, instruments, and methods. Measure all components of the hydrologic 
system, as related to the experimental lakes and wetlands, by various methods in support of 
the ground-water studies. Use multiple-level sensors on the lake for evaporation research. 
Integrate chemical flux and biological studies with the hydrologic work at selected sites.

PROGRESS: In an effort to determine the spatial distribution of ground-water recharge at 
Williams Lake, Minnesota, the multivariate statistical method of pattern recognition was used.
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Two distinctive statistical patterns of water-table fluctuations were revealed in a 10-year 
record of water level measurements in 59 wells. Eighty percent of the variance in the data 
set was explained by a long-term signal showing climatic cycles of several years duration. 
Another 12 percent of the variance showed large-magnitude, short-term fluctuation patterns. 
The long-term signal was characteristic of wells in the higher parts of the area where the 
water table was deep, therefore responding only to annual recharge events. Wells in this type 
of setting would be the best candidates for monitoring response of the ground-water system to 
changes in climate. The second pattern was characteristic of wells located where the water 
table was near land surface, therefore responding to frequent recharge events throughout 
spring, summer, and fall.

In an effort to provide guidelines for selecting an appropriate method of determining 
evaporation for a given study, 11 empirical methods were evaluated against evaporation 
determined by the energy budget method for Williams Lake, Minnesota. Three different data 
sources were used from instruments based on a raft in the middle of the lake, -a land station 
100 meters northwest of the lake, and a weather station 60 kilometers south of the lake. The 
comparison was based on monthly values for the open-water periods of 1982 through 1986. 
Of the 11 methods evaluated, the DeBruin-Keijman, Priestley-Taylor, and Penman methods, 
all of which need site data, resulted in monthly evaporation values that agreed most closely 
with energy-budget values. If only data from distant climate stations are available, and it 
includes solar radiation, the Jensen-Haise and Makkink methods would be appropriate choices 
for determining evaporation. If only data on air temperature are available from a distant 
climate station, the Hamon method would be the most appropriate empirical method for 
calculating evaporation.

In an effort to provide a strawman for developing a coordinated national wetlands research 
program, a framework upon which to base such a program was developed. The framework, 
which initially considers only hydrology, was derived by combining a classification of 
hydrogeologic setting with climate. The hydrogeologic settings were determined by 
identifying the physiographic features within which fundamental ground-water flow systems 
are generated. Beginning with seven basic physiographic settings and the simple climatic 
characteristics of wet, dry, warm, and cold, 24 regions were identified in the United States 
where long-term wetland research sites need to be established.

GROUND-WATER HYDROLOGY 219



GROUND-WATER HYDROLOGY

REPORTS PUBLISHED 1988-1993:

Hsieh, P.A., Shapiro, A.M., Barton, C.C., Haeni, 
P.P., Honson, C.D., Martin, C.W., Paillet, 
F.L., Winter, T.C., and Wright, D.L., 1993, 
Methods of characterizing fluid movement and 
chemical transport in fractured rock, in Cha- 
ney J.T., and Hepbura, J.C., eds., Field trip 
guidebook for northeastern United States: 
Boston, Mass., Geological Society of Ameri­ 
can, Annual Meeting, October 25-28.

Parkhurst, R.S., Merk, D.A., Rosenberry, D.O., 
and Winter, T.C., 1992, Climatic data for 
Williams Lake, Hubbard County, Minnesota, 
1987-88: U.S. Geological Survey Open-File 
Report 92-475, 39 p.

Parkhurst, R.S., Merk, D.A., Rosenberry, D.O., 
and Winter, T.C., 1993, Climatic data for 
Shingobee Lake and Williams Lake, Hubbard 
County, Minn., 1989-91: U.S. Geological 
Survey Open-File Report 93-127, 34 p.

Rosenberry, D.O., 1990, Effect of sensor error on 
interpretation of long-term water-level data: 
Ground Water, v. 28, no. 6, p. 927-936.

Rosenberry, D.O., Sturrock, A.M., and Winter, 
T.C., 1993, Evaluation of the energy budget 
method of determining evaporation at Williams 
Lake, Minnesota, using alternative instrumen­ 
tation and study approaches: Water Resources 
Research, v. 29, no. 8, p. 2473-2483.

Rosenberry, D.O., and Winter, T.C., 1993, The 
significance of fracture flow to the water bal­ 
ance of a lake situated in fractured crystalline 
rock terrane, in Banks, Sheila, and Banks, 
David, eds., Hydrologeology of Hard Rocks: 
Memoirs of the XXIV Congress of the Inter- 
nation Association of Hydrogeologists, Oslo, 
Norway, p. 967-977.

Stannard, D.I. and Rosenberry, D.O., 1991, A 
comparison of short-term measurements of 
lake evaporation using eddy correlation and 
energy budget methods: Journal of Hydrology, 
v. 122, p. 15-22.

Sturrock, A.M., Winter, T.C., and Rosenberry, 
D.O., 1992, Energy-budget evaporation from 
Williams Lake, a closed lake in north-central 
Minnesota: Water Resources Research, v. 28, 
no. 6, p. 1605-1617.

Swanson, G.A., Winter, T.C., Adomaitis, V.A., 
and LaBaugh, J.W., 1988, Chemical charac­ 
teristics of prairie lakes in south-central North 
Dakota, their potential for influencing use by 
fish and wildlife: U.S. Fish and Wildlife Ser­ 
vice Technical Report 18, 44 p.

Swinehart, J.B., Goeke, James, and Winter, T.C., 
1988, Field guide to geology and hydrology of 
the Nebraska Sandhills, in Holden, G.S., ed., 
Geological Society of America field trip guide­ 
book, 1988: Colorado School of Mines Profes­ 
sional Contributions no. 12, p. 370-394.

Winter, T.C., 1988, Conceptual framework for 
assessment of cumulative impacts on the hy­ 
drology of non-tidal wetlands: Environmental 
Management, v. 12, no, 5, p. 605-620.

_1988, The interaction of wetlands and ground 
water in the semi-arid prairie of North Ameri­ 
ca, in International Symposium on Hydrology 
of Wetlands in Semi-arid and Arid Regions, 
1988, Proceedings: Seville, Spain, Internation­ 
al Association of Hydrogeologists, p. 173- 
176.

.1989, Hydrologic studies of wetlands in the 
northern prairie: in van der Valk, Arnold, ed.,

220 NATIONAL RESEARCH SUMMARY 1993



GROUND-WATER HYDROLOGY

Northern prairie Wetlands: Ames, Iowa, Iowa 
State University Press, p. 16-54.

_1990, Hydrologic function of wetlands: U.S. 
Geological Survey Yearbook Fiscal Year 
1989, p. 29-31.

.1992, A physiographic and climatic framework 
for hydrologic studies of wetlands, in Robards, 
R.D., and Bothwell, M.L., eds., Aquatic eco­ 
systems in semi-arid regions, implications for 
resource management: The National Hydrolo­ 
gy Research Institute Symposium Series no. 7, 
Saskatoon, Saskatchewan, Canada, Environ­ 
ment Canada, p. 127-148.

Winter, T.C., Eaton, J.S., and Likens, G.E., 1989, 
Evaluation of streamfiow from the two largest 
watersheds of Mirror Lake, New Hampshire: 
Water Resources Bulletin, v. 25, no. 5, p. 
991-1008.

Winter, T.C., LaBaugh, J.W., and Rosenberry, 
D.O., 1988, The design and use of a hydraulic 
potentiomanometer for direct measurement of 
differences in hydraulic head between ground 
water and surface water: Limnology and 
Oceanography, v. 33, no, 5, p. 1209-1214.

Winter, T.C. and Llamas, M.R., 1993, Introduc­ 
tion to the 28th International Geological Con­ 
gress Symposium on the Hydrogeology of 
wetlands: Journal of Hydrology, v. 141, p. 
1-3.

Winter, T.C., and Woo, Ming-Ko, 1990, Hydrolo­ 
gy of lakes and wetlands, in Wolman, M.G., 
and Riggs, H.C., eds., Surface Water Hydrol­ 
ogy: Boulder, Colo., Geological Society of 
America, The Geology of North America, v. 
0-1, p. 159-187.

Woo, M-K and Winter, T.C., 1993, The role of 
permafrost and seasonal frost in the hydrology

of northern wetlands in North America: Jour­ 
nal of Hydrology, v. 141, p. 5-31.

GROUND-WATER HYDROLOGY 221



GROUND-WATER HYDROLOGY

TITLE: Borehole Geophysics as Applied to Geohydrology (CR 64-140)

PERSONNEL: Frederick L. Paillet, Project Chief
Patricia A. Stamile, Acct. Tech. Barbara S. Alien, Hydrological Technician 
Alfred E. Hess, Electrical Engineer Ticie A. Taylor, Computer Programmer 
Richard E. Hodges, Electrical Technician Joyce A. Dey, Computer Assistant 
John E. Hutchens, Electrical Technician Patricia A. Stamile, Accounting Technician 
Roger Morin, Geophysicist

ADDRESS: U.S. Geological Survey, P.O. Box 25046, MS 403, Denver Federal Center, 
Denver, CO 80225

TELEPHONE: (303) 236-5913

PROBLEM: A large amount of geophysical data is recorded for water wells and test holes, 
but interpretation is subject to significant uncertainties. The data are used in ground-water 
models to evaluate potential waste-disposal sites and the effects of ground-water contamination 
and to guide development of aquifers, including geothermal reservoirs. The development of 
quantitative log-interpretation techniques to derive more accurate data and to evaluate the 
statistical uncertainty in the data will reduce costs in ground-water investigations.

OBJECTIVE: (1) Evaluate presently available logging equipment and log-interpretation 
techniques, and develop improved instrumentation and analytical techniques for specific 
ground-water problems, such as site selection and monitoring for disposal of radioactive, 
municipal, and industrial wastes; (2) improve log-derived data, such as porosity values; (3) 
attempt to relate the log character of fractures to their hydraulic conductivities and to refine 
computer techniques for plotting hydraulic-conductivity profiles from logs; (4) develop the 
capability of making quantitative interpretation of borehole gamma spectra; and (5) do a 
statistical analysis of the magnitude and sources of errors in log-derived data.

APPROACH: Log selected drill holes, recording data in both analog and digital form, and 
comparing logs with results of core analyses, hydraulic-test data, and geophysical measure­ 
ments made in calibration pits and blocks. Develop computer models to predict the behavior 
of gamma photons, electrical signals of various frequencies, and acoustic wave energy in 
borehole environments. Compare field-log data, theoretical predictions and hydraulic tests, 
core analyses, and test-pit values. Modify equipment and develop log corrections on the basis 
of these comparisons and calculate the statistical accuracy of log data.
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PROGRESS: Experimental procedures have been designed to use transient flow data to infer 
hydraulic properties of interconnections between permeable beds or fractures in the rock mass 
adjacent to the borehole, and this procedure is being integrated into a systematic approach to 
characterize the hydrology of rocks adjacent to boreholes in order to significantly improve the 
effectiveness and efficiency of sampling and hydraulic testing. These techniques were 
described by F.L. Paillet in journal articles published in the Journal of Applied Geophysics, 
Journal of Ground water, and Journal of Hydrology. Four other papers were published by 
R.H. Morin in scientific journals and proceedings volumes describing the application of these 
techniques to site characterization and in situ permeability profiling. T.A. Taylor prepared 
major contributions to two technical reports describing the application of gamma spectral log 
measurements and other logs to the identification of potential radon contamination sources. 
F.L. Paillet prepared a generalized framework for log analysis and interpretation in 
ground-water studies to be used for training manuals; a preliminary discussion of this 
framework was prepared for publication in the proceedings volume for a technical meeting in 
October 1993.
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TITLE: Mathematical Simulation of Subsurface-Water Flow Using Uncertain and 
Incomplete Data (CR 76-191)
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Mary C. Hill, Hydrologist (Colorado School of Mines, Adjunct Professor)

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

TELEPHONE: (303) 236-4995

PROBLEM: Satisfactory formulations and solutions of equations approximately describing 
(1) movement of fluids and components contained in fluids through consolidated and 
unconsolidated rocks and (2) interactions of the fluids and rocks accompanying fluid 
movement are needed for proper understanding and management of ground-water resources. 
Such formulations and solutions of equations are not generally available for application to 
general field situations where the flow system is complex and hydrologic data are inexact.

OBJECTIVE: (1) Reformulate, as necessary, the equations describing the flow of fluids 
through porous or fractured rock to include stochastic processes, emphasizing equations that 
are suitable for field use; (2) derive techniques to solve for dependent variables and estimate 
parameters in the equations; (3) assess the degree of reliability and significance of the model 
formed by the basic equations and the parameters estimated for it in terms of the input data; 
and (4) assess the degree of reliability and predictive capability of the model.

APPROACH: Develop fundamental equations from methods of mathematical physics, 
stochastic processes, statistics, and basic physical concepts from geology, geochemistry, 
geophysics, and so forth. Develop solutions to the equations analytically or numerically, 
depending on the problem. Analyze error propagation, stability, and convergence by means 
of techniques of linear and nonlinear algebra if feasible and appropriate. Use techniques of 
nonlinear regression to estimate parameters so that the reliability and significance of estimated 
parameters and the predictive capability of the model can be assessed.

PROGRESS: (1) The computer program MODFLOWP, which solves three-dimensional 
ground-water flow and parameter estimation problems using nonlinear regression (published 
1992), was enhanced, taught, and used both within and outside of the USGS. Corrections
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were made as problems came up, a method of including correlations among prior parameter 
estimates was added to an experimental version of the code, and a method of using 
travel-time data along one-dimensional flow paths is being tested (see point 2, below). In 
addition, the National Training Center course was redesigned and taught to a full class, 
MODFLOWP was taught at the Colorado School of Mines, a lecture on MODFLOWP was 
delivered to participants at a conference on ground-water modeling sponsored by the 
International Ground-Water Modeling Center in Golden, Colorado, and MODFLOWP was 
successfully applied in a USGS district project on Long Island, New York.

(2) A new method for including travel times along one-dimensional flow paths through head 
dependent boundaries and confining units was developed and applied to a synthetic test case 
and a field problem. The new method allows the travel time to be included as an observation 
when estimating parameters using nonlinear regression and when calculating the associated 
confidence and prediction intervals.

(3) Five post-processing programs for MODFLOWP were developed and documented. These 
programs support testing of weighted residuals from the program and calculate linear 
confidence and prediction intervals. The documentation has been through colleague review 
and is presently awaiting Director's approval.

(4) A paper describing a method of incorporating an unknown range of possible model errors 
into the method of computing Scheffe-type posterior (Bayes) confidence intervals for output 
from ground-water models has been submitted to Water Resources Research. In addition, a 
study developing methodology for calculating posterior confidence and prediction intervals 
that are simultaneous for finite numbers of functions and (or) locations from nonlinear models 
was completed and a paper was written. The paper is presently in colleague review.

(5) A general computer package for adaptive nonlinear regression solution of arbitrary 
modeling problems and computation of simultaneous confidence and prediction intervals for 
nonlinear regression models was developed. This package also includes a program to 
generate critical values of the multivariate t random variable, which is needed for the 
confidence and prediction interval calculations, and a program for interactive model 
calibration using adaptive nonlinear regression. The package is presently being documented 
for USGS publication.

(6) The papers on posterior confidence intervals and the Techniques of Water-Resources 
Investigations (TWRI) on theory of the Modular Finite Element Model that were in press last
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year were published, as was a short supplement to the TWRI "Regression Modeling of 
Ground-Water plow."

(7) A new geostatistical model for parameter estimation and nonlinear regression solution of 
ground-water modeling problems was developed, the procedures needed to incorporate 
correlations among prior parameter estimates were incorporated into MODFLOWP (see point 
1 above), and testing will begin soon.

(8) A synthetic ground-water model developed by Dave Pollock was calibrated using 
nonlinear regression. This test case was used to develop the five processing codes (see point 
3 above) and some experimental software for including realistic spatial variations in ground- 
water parameters (see point 7 above). The effort was written up and is intended to be 
completed as a published case study.

(9) Work with Tom Winter's project was initiated to develop a MODFLOWP calibration of 
the ground-water flow system around Williams Lake, Minnesota.
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TITLE: Field Applications of Unsaturated Zone Flow Theory (CR 69-200)
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TELEPHONE: (303) 236-4981

PROBLEM: Various processes within the unsaturated zone affect ground-water availability 
and potability, as well as concentrations of water vapor and trace gases in the atmosphere. 
The rate at which precipitation or applied irrigation water infiltrates, its redistribution 
following infiltration, and the partitioning of the redistributed soil moisture between 
ground-water recharge and evapotranspiration affect the rate at which the ground-water 
reservoir is replenished and the degree to which ground water might be contaminated by 
chemical applications, spills, or disposal. Consequently, knowledge of and methods to 
quantitatively measure and predict these processes are needed to determine the impact of such 
societal practices as irrigation development for agriculture, the use of agricultural chemicals, 
and the disposal of radioactive and/or hazardous waste in the unsaturated-zone on both the 
availability and potability of ground water. Processes governing transport in the unsaturated 
zone gas phase are also important in determining the potential for ground-water contamination 
by volatile compounds, the rate at which water is returned from soil moisture to the 
atmosphere as vapor, and the fate of other "greenhouse gases," such as carbon dioxide, 
methane, and chlorofluorocarbons (CFCs)- An understanding and quantification of these 
processes is needed both to assess the hazards of ground-water pollution and to better predict 
the impact of global change on future climate.

OBJECTIVE: The goals of this project are to develop an improved understanding of the 
processes governing the movement of liquids and gases in the unsaturated zone, and to 
develop methods to quantitatively assess and model the phenomena. Processes and 
phenomena under investigation include those involving the movement of water and chemicals 
through the unsaturated zone, with particular emphasis on processes that might result in rapid 
transport of dissolved chemicals to the water table and (or) volatile compounds to the 
atmosphere. An understanding of the role of various gas-phase transport processes, on soil

232 NATIONAL RESEARCH SUMMARY 1993



GROUND-WATER HYDROLOGY

moisture, on the distribution of volatile compounds within the unsaturated zone, and on 
atmospheric-unsaturated zone exchange is also sought. Processes involving plant-soil- 
atmosphere interactions, including evapotranspiration, plant CO2 uptake, and root respiration 
of CO2 , are being studied to develop measurement and modeling techniques for those 
phenomena.

APPROACH: Field and laboratory investigations of the movement of water and gas and 
liquid tracers through both highly structured and unstructured soils are underway. Models 
are being developed to provide predictive capabilities for assessing the impact of agricultural 
and waste disposal practices on the potential for ground-water contamination. Gas phase 
movement is being studied through measurement of flow in open boreholes and models are 
being developed to simulate the observed phenomena and to assess the importance of various 
gas-phase transport mechanisms under natural conditions. Evapotranspiration and plant-soil- 
atmosphere interactions are being investigated by the development of various techniques for 
measuring the interchange of water vapor and other gases between the atmosphere and the 
plant-soil continuum. These methods include the use of chambers (flux boxes), profile or 
gradient methods, and eddy correlation techniques. Various modeling techniques are under 
development to extend such measurement in space and time.

PROGRESS: Evaporation, evapotranspiration (ET), and trace-gas studies were conducted at 
Williams Lake, Minnesota, and at a multiagency field experimental site near Chickasha, 
Oklahoma. The lake study indicates that the large winter buildup of CO2 in the ice-covered 
lake is quickly released to the atmosphere just after ice-out. A paper on modeling ET from 
sparse phreatophytic vegetation in the San Luis Valley, Colorado, has been published, and 
another, on ET measured in hilly terrain in the Walnut Gulch watershed, Arizona, has been 
prepared.

Studies of unsaturated flow and transport of agricultural chemicals is being studied at an 
intensively instrumented agricultural site underlain by a highly structured claypan soil in 
Missouri in support of the midcontinent herbicide initiative. These studies indicate that 
intense summer rains can move herbicides applied earlier in the season through the clay pan 
to the ground-water reservoir.

A backward method-of-characteristics code for simulation of transport through unsaturated 
porous media is being developed to avoid problems of numerical dispersion and oscillations 
inherent in finite-difference codes. The code is operational for one-dimension transport, and 
is being extended to two dimensions. Numerical simulations made using an axisymmetric 
diffusion code indicate that flux chamber measurements of trace gas exchange between soil
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and the atmosphere, a widely used method for making such measurements, are substantially 
lower than those actually occurring, indicating the need for improved methods.

Studies of gas-phase circulation through the fractured rocks comprising Yucca Mountain 
continue in support of characterizing the site for nuclear waste disposal. Chlorofluorocarbon 
(CFC) concentrations measured in rock gas from well UZ6s in both March 1992 and March 
1993 are about 80 percent of their concentration in the atmosphere, despite the fact that 
several million cubic meters have been exhausted from well UZ6s since the time of its 
completion in 1985. These observations, as well as those of radiocarbon activity, suggest that 
the exhausted air is a nearly time-invariant mixture of of atmospheric air and residual rock 
gas.
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TITLE: Ground-Water Solute-Transport Simulation (CR 85-292)

PERSONNEL: Kenneth L. Kipp, Project Chief
Evelyn R. Warren, Office Auto. Assist. Thomas F. Russell, Professor (University of 
Lana K. Gerlick, Off. Auto. Clerk Colorado, Denver) 
Kenneth G. Stollenwerk, Hydrologist James S. Otto, Professor (University of

Colorado, Denver)

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

TELEPHONE: (303) 236-4991

PROBLEM: Ground-water solute-transport simulation modeling is an important tool that aids 
in the analysis of ground-water contamination problems, both actual and potential. Accidental 
spills, leakage, arid waste disposal operations can lead to ground-water contamination. The 
ability to analyze and predict the movement of solutes in ground-water systems is necessary to 
assess the effects of a contamination situation or properly design a waste-disposal operation. 
Laboratory experiments are essential to understanding geochemical reactions in the field and 
for obtaining the necessary reaction coefficients and rate constants used in transport models. 
Simulation modeling also is used to compare alternative strategies for aquifer reclamation. In 
some cases, the transported component of interest is thermal energy. Heat transport 
simulation is useful in the analysis of geothermal systems, waste heat storage systems, and 
some deep aquifer systems.

OBJECTIVE: Develop and apply new analytical, quasi-analytical, and numerical techniques 
to the field of saturated ground-water solute-transport simulation modeling. Develop 
mathematical representations of solute-porous medium interactions and chemical reactions and 
develop and apply efficient algorithms for numerical calculation. Apply analytical and 
numerical simulation modeling to laboratory and field-scale situations, both actual and 
experimental. Evaluate accuracy of laboratory experiments for predicting geochemical 
behavior of solutes in the field.

APPROACH: Formulate transport equations for systems being studied, develop or adapt 
various methods for solving the equations, develop and test various algorithms for numerical 
computation or simulation calculations, develop methods to identify and model chemical 
reactions, and apply the methods to laboratory or field-scale experimental situations and
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actual field situations. Work closely with District, other Federal, and State research projects 
involved in similar studies.

PROGRESS: A journal article on a computer code for simulating multi-species solute 
transport in one dimension with equilibrium controlled precipitation/dissolution and 
oxidation/reduction reactions was published. The project report on the Rhode Island 
low-level nuclear contamination study site was approved for publication as a Water Supply 
Paper. Extensive consultation on and further development of the HST3D simulator were 
done with the San Diego Office of the California District working on the Ventura Regional 
Aquifer System Analysis (RASA) Project. A deficiency in the numerical representation of 
cross-dispersive flux terms under conditions of diagonal flow was identified, and a possible 
resolution developed. Use of HST3D on this project was terminated in November when 
model size exceeded Data General workstation capability of about 25,000 nodes. The new 
nodal renumbering scheme developed in conjunction with a partitioned, restarted conjugate- 
gradient interactive equation solver, was extended to three-dimensional finite-difference 
meshes. This scheme has low sensitivity of iterations to the renumbering direction. Testing 
revealed a significant advantage of modified incomplete LU preconditioning over normal 
incomplete LU preconditioning and the discovery of an optimal number of retained directions 
that is problem dependent. In April 1992, an agreement was reached whereby the Project 
Chief will work half-time for the Utah District for 2 years to do the numerical modeling for 
the Bonneville Salt Flats Study. Preliminary flow and transport modeling has been done, 
leading to identification of information gaps for quantifying sensitive boundary conditions. A 
low water-table anomaly along the flank of the Silver Island Mountains could be the result of 
ground-water pumpage in the area; however, uncertainties about the amount of recharge mean 
that more data are necessary to understand the cause of this anomaly.

A journal article describing the interaction between a plume of acidic ground water and 
alluvium at the Pinal Creek site, Arizona, was approved and submitted for publication to 
Applied Geochemistry. A chapter on the same subject was written for a Water Supply Paper. 
Two invited talks on simulating transport of molybdate in ground water were given at the 
Goldschmidt Conference in Reston, Virginia, and at the annual meeting of the American 
Geophysical Union in San Francisco, California. A one-dimensional solute-transport code 
was used to successfully simulate the transport of molybdate in portions of the aquifer; work 
has begun on simulating transport in two dimensions. Consulting continued with the Idaho 
District concerning the problem of contamination of the Snake River Plain Aquifer beneath 
the Idaho National Engineering Laboratory. A new study was initiated for the Air National 
Guard to evaluate transport of phosphate in an aquifer on Cape Cod, Massachusetts.
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Laboratory column experiments are being conducted to evaluate the future mobility of 
phosphate and to aid in the design of a remediation strategy.

A preprocessing program for the HST3D simulation computer program was developed to 
evaluate array dimension requirements and create new computer program parameter 
statements that are dimensioned to meet the requirements of a given simulation problem. A 
renumbering and reformatting program for FORTRAN-77 program codes was developed. It 
is menu driven and can clean up statement indentation, renumber statement labels, and 
preserve format statement numbers in their own number series. It significantly improves the 
readability of FORTRAN code particularly after extensive code modifications.
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PROBLEM: Many aspects of ground-water flow and transport resist standard, deterministic 
modeling techniques: there exist elements which either are overly complex or which are 
simply unpredictable. These elements may have either a spatial character, such as 
heterogeneity in porous media, or a temporal character, such as recharge events to an aquifer. 
Provided that an adequate representation can be found, these aspects of flow and transport 
frequently are better modeled by taking the complex or unpredictable element to be a 
stochastic process. Given an adequate representation, then the following questions may be 
addressed: (1) What is the implication of these elements for flow and transport in porous 
media? (2) Given observations of the physical process (hydraulic heads, concentrations, 
discharges), can the stochastic element be characterized (variances, length scales)? (3) Can 
an adequate monitoring program be designed when the physical process incorporates complex 
or unpredictable elements?

OBJECTIVE: The principal objective of this research is a better understanding of flow and 
transport phenomena when the underlying physical process contains one or more stochastic 
elements. A subsidiary objective is the development of a network model to evaluate sampling 
schemes when the physical process contains a stochastic element. An inverse procedure 
whereby the statistical properties of the stochastic element can be determined from the outputs 
of the physical process will be a necessity if these models are to be utilized. Where 
practicable, investigation will include development of usable computer codes.

APPROACH: Use probability theory to investigate those elements of flow and transport in 
porous media which are overly complex or unpredictable. The primary tools used to date to 
investigate problems with complex spatial elements can be loosely lumped under perturbation 
techniques and Monte Carlo simulation. Problems with stochastic inputs are usually best 
handled with transfer-function techniques. Both of these techniques usually require that a
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model of the system be conceptualized such that inputs and outputs are linked; in most cases, 
this linkage is in the form of a stochastic partial differential equation (SPDE's). Other 
techniques for solving SPDE's will be investigated: these include the use of Banach spaces 
from functional analysis and the use of adjoined sensitivities in numerical schemes.

PROGRESS: Work has been completed on a second-order correct formulation of the spatial 
moments of the mean tracer cloud. This initial result is limited by the restrictive assumptions 
concerning the nature of the velocity field correlation structure; however, some initial results 
were produced for higher moments (third and fourth) that indicate, in exceptional circum­ 
stances, the tracer cloud may never become Gaussian. A correction factor for the second 
central moment and macrodispersivity, which allows for the extension of these quantities to 
more variable media, was also obtained and investigated. A manuscript, based on this work, 
has been prepared and has received Director's approval for publication in Water Resources 
Research.

In conjunction with colleagues at the University of Waterloo, Canada, an investigation of the 
effect of temporal variation in the velocity field on dispersion in the subsurface has been 
initiated. The thrust of this research is to investigate the effect of small-scale transients on 
the dispersive process when these transients are effectively ignored in the modeling process. 
Results of this investigation indicate that a typical conservative plume is distorted in response 
to these transients, causing an apparent increase in the effective transverse dispersion, but a 
decrease in the effective longitudinal dispersion. These results, plus an analysis of the 
conservative Cape Cod plume, were reported on at a recent conference in Waterloo, Canada, 
in the honor of the late Dr. T.E. Unny. A manuscript, based on this analysis, is being 
prepared for journal publication.

In conjunction with researchers at the University of Waterloo, a Monte Carlo simulation of 
plume movement through a heterogeneous porous medium has also been completed. In these 
simulations, it was considered that the hydraulic conductivity and retardation factor were 
correlated, three-dimensional random processes. These simulations largely confirm this 
investigator's original, first-order result for transport of a conservative tracer in hetero­ 
geneous porous media. Through the simulation of reactive tracers, the investigation included 
the effect of a spatially variable retardation field on transport in the subsurface. The effect of 
this addition source of velocity variation of a particle on dispersion was investigated, as well 
as an effective retardation factor for the mean tracer cloud. A manuscript based on this work 
has been prepared and submitted to the Director's office for approval.
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ceedings of Conference and Workshop on 
Transport and Mass Exchange Processes in 
Sand and Gravel Aquifers: Field and Modeling 
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TITLE: Hydrologic Behavior of Cretaceous Shales (NR 81-035) 

PERSONNEL: Christopher E. Neuzil, Project Chief

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

TELEPHONE: (703) 648-5880

PROBLEM: The nature of ground-water flow in low permeability settings is understood 
poorly because of (1) historic inattention to nonaquifer/nonreservoir rock units, and (2) 
inherent difficulties, related to time and size scales, of observing the phenomena of interest. 
Nonetheless, low-permeability units are of great importance because they mediate aquifer/ 
reservoir behavior, have important roles in the evolution of hydrologic systems and geologic 
processes over geologic time, and can confine toxic materials for long periods. Cretaceous 
shales in the midcontinent offer the opportunity of studying, at relatively accessible depths, 
thick and extensive bodies of low-permeability media.

OBJECTIVE: Develop, through theoretical studies coupled with study of the flow systems in 
midcontinental Cretaceous shales, a better understanding of the significant flow processes in 
low-permeability environments. Use this information to extract information about flow 
history from current conditions and to predict future flow behavior.

APPROACH: Develop or improve techniques for measuring hydraulic, 
mechanical/hydraulic, and osmotic properties; define existing flow systems, and develop 
rational theoretical tools for describing flow behavior.

PROGRESS: The first results from the Pierre Shale study have been published (Water 
Resources Research, July 1993) describing the hydrology of the shale. The paper presents 
first-hand evidence, from long-term fluid pressure measurements and other data, for a 
naturally transient flow regime in response to natural stress and temperature changes. It also 
presents a more rigorous quantitative description of the relevant processes than previously 
available. This work represents a pioneering effort in shale hydrology; a remarkably similar 
flow regime in claystone is now being investigated in Switzerland by NAGRA. In both 
instances anomalously low heads are present in the shale interiors which may be ideal sites 
for waste confinement.
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A new look at clay and shale permeability was also completed and is in review. Previously 
overlooked laboratory and inverse results were synthesized with some surprising results. 
First, it provided direct evidence for the lack of a scale effect in many argillaceous units. 
Permeabilities at laboratory and regional scales were often comparable. Second, it indicated 
permeabilities significantly smaller than generally assumed in regional flow studies (10~23 to 
10~ 17 meters squared between 0.1 and 0.4 porosity). These results have important 
implications for our understanding of fluid movement in basins and the ability of geologic 
processes to affect flow regimes.

A retrospective overview of abnormal pressures is near completion. This study puts 
abnormal pressures in a hydrodynamic framework which simplifies this complex set of 
phenomena. It was shown that nearly all abnormal pressures, whether in shallow sediments 
or midcrustal rock, result from a dynamic balance between geologic forcing and the resulting 
flow; one need not appeal to concepts such as impermeability and paleopressures. The 
hydrodynamic framework also clarifies the role of permeability in abnormal pressures and 
suggests that they are useful for mapping large-scale heterogeneity in crustal permeability.

REPORTS PUBLISHED 1988-1993:

Neuzil, C. E., 1993, Low fluid pressure within the 
Pierre Shale A transient response to erosion: 
Water Resources Research, no. 29(7), 2007- 
2020.

Silliman, S.E., and Neuzil, C.E., 1990, Borehole 
determination of formation thermal conductivi­ 
ty using a thermal pulse from injected fluid: 
Journal of Geophysical Research, v. 95, no. 
B6, p. 8697-8704.
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TITLE: Investigations of Single and Multiphase Fluid Flow, Mass and Energy 
Transport, and Fluid Phase Change in the Subsurface Environment (NR 
78-089)

PERSONNEL: Clifford I. Voss, Project Chief
Martin T. Chian, computer assistant, student (University of Virginia)

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

TELEPHONE: (703) 648-5885

PROBLEM: The subsurface environment is subject to both natural and man-imposed 
stresses, the interaction of which determines both its preservation and its employment as a 
multifaceted natural resource for water supply, energy production, and subsurface storage of 
energy and materials. Study of subsurface problems requires synthesis of a theoretical 
framework of physics of single and multiphase fluid flow, mass and energy transport and 
fluid phase change as applied to the subsurface environment, and descriptions of subsurface 
behavior based on measurements in complex heterogeneous environments. . Improved 
understanding is required to solve present subsurface problems.

OBJECTIVE: Elucidate fundamental theory describing flow and transport phenomena in 
complex heterogeneous geologic environments. Develop quantitative methods for analysis of 
systems in the subsurface environment involving single and multiphase fluid flow, mass and 
energy transport and fluid phase change. Apply these methods to field problems in order to 
illuminate hydrological relationships which are important in both the preservation and optimal 
employment of the subsurface.

APPROACH: Measure subsurface flow and transport in the field to develop conceptual 
descriptions of the system. Study system behavior using mathematical models based on either 
hypothetical or field problem conditions. Develop practical simulation models and analytical 
methods for quantitative analysis of subsurface problems as well as new measuring techniques 
as by-products of the investigations.

PROGRESS: Variable-density flow and solute transport simulation analysis of the transition 
zone in the major coastal aquifer in Oahu, Hawaii, has resulted in identification of major 
processes controlling regional transition zone dynamics. Field measurements in Oahu,
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Hawaii, to determine scale effects in hydraulic and transport behavior of structured 
heterogeneous aquifers are complete and isotopic and chemical analysis is underway.. 
Evaluation of regional ground-water flow in crystalline basement rocks using data collected in 
Sweden is underway.

REPORTS PUBLISHED 1988-1993:

Ahlbom, K., Andersson, J-E., Nordqvist, R., 
Ljunggren, C., Tiren, S., and Voss, C. I.,
1991. Gidea study site Scope of activities and 
main results: Stockholm, Sweden, Swedish 
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(8KB), SKB Technical Report 91-51, 100 p.
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Ljunggren C., Tiren, S., and Voss, C. I., 
1991; Fjallveden study site Scope of activities 
and main results: Stockholm, Sweden, 
Swedish Nuclear Fuel and Waste Mangement 
Co. (SKB), SKB Technical Report 91-52, 104 
P-

Ahlbom, K., Andersson, J-E., Nordqvist, R., 
Ljunggren, C., Tiren, S., and Voss, C. 1.,
1992. Sterno study site Scope of activities 
and main results: Stockholm, Sweden, 
Swedish Nuclear Fuel and Waste Mangement 
Co. (SKB), SKB Technical Report 92-02,62 
P-

Hunt, C.D., Ewart, C.J., and Voss, C.I., 1988, 
Region 27, Hawaiian Islands, Chapter 30, in 
Rosenshein, J., ed., Hydrogeology of North 
America: Geological Society of America, p. 
255-262.

Knopman, D.S., and Voss, C.I., 1988, Further 
comments on sensitivities, parameter estima­ 
tion, and sampling design in one-dimensional 
analysis of solute transport in porous media: 
Water Resources Research, v. 24-2, p. 
225-238.

.1988, Discrimination among one-dimensional 
models of solute transport in porous media- 
Implications for sampling design: Water Re­ 
sources Research, v. 24-11, p. 1859-1876.

.1989, Multiobjective sampling design for pa­ 
rameter estimation and model discrimination in 
groundwater solute transport: Water Resources 
Research, v. 25-10, p. 2245-2258.

Knopman, D.S., Voss, C.I., and Garabedian, S.P., 
1991, Sampling design for groundwater solute 
transport: Tests of methods and analysis of 
Cape Cod tracer test: Water Resources 
Research, v. 27, p. 925-949.

Multhaup, R. A., Voss, C. I., and Souza, W. R., 
1989, Subsurface mapping of basalts based on 
petrographic characterization of cuttings from 
borehole drilling on Oahu, Hawaii: U.S. Geo­ 
logical Survey Water-Resources Investigations 
Report 89-4181, 40 p.

Nyberg, G., and Voss, C. I., 1991, Problems in 
modeling ground-water systems in limited 
scale: Stockholm, Sweden, Swedish Nuclear 
Fuel and Waste Management Co. (SKB), SKB 
Arbetsrapport 91-10, 12 p.

Souza, W.R., and Voss, C.I., 1989, Assessment of 
potable ground water in a freshwater lens 
using variable-density flow and solute trans­ 
port simulation, in Solving Ground Water 
Problems with Models: National Water Well 
Association, p. 1023-1043.
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Underwood, M. R., Peterson, F. L., and Voss, C.
I., Groundwater Lens Dynamics of Atoll Is­ 
lands: Water Resources Research, v. 28, no.
II, p. 2889-2902.

Voss, C. L, and Andersson, J., 1991, Some aspects 
of regional flow of variable-density ground- 
water in crystalline basement rock of Sweden: 
Stockholm, Sweden, Swedish Nuclear Power 
Inspectorate (SKI), SKI Technical Report 
91:9, 63 p.

Voss, C.I., and Knopman, D.S., 1989, Strong 
classical one-dimensional descriptions of field 
solute transport exist! Modeling the Cape Cod 
tracer test, in Solving ground water problems 
with models: National Water Well Associa­ 
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transport simulation Theory and methods, in 
De Breuck, W., ed., Selected Papers from 
SWIM: International Association of Hydro- 
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TITLE: Digital Modeling of Transport in the Saturated Zone (NR 81-120)

PERSONNEL: Leonard F. Konikow, Project Chief
Cathy Gather, Secretary Steven C. Lessoff, student (Johns Hopkins Univ.) 
Gregory E. Granato, Hydrologist Mark Peron, student (University of Minnesota)

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

TELEPHONE: (703) 648-5878

PROBLEM: Management of ground-water resources requires that the extent and rate of 
movement of contaminants in the saturated and unsaturated zones be understood. Contami­ 
nants have been and will continue to be both accidentally and deliberately introduced into 
ground-water systems. Some of these contaminants are very hazardous. Because of the 
immediacy of such contamination problems, understanding of the physical and chemical 
processes affecting their migration needs to be increased rapidly, and mathematical models 
derived from this understanding need to be tested and documented.

OBJECTIVE: Investigate the parameters in basic mathematical transport models developed 
for ground-water systems to increase understanding of the factors influencing these para­ 
meters and of the interrelation between parameters/ Derive appropriate two- and three- 
dimensional mathematical models to describe contaminant movement in complex field 
situations.

APPROACH: Develop numerical models, emphasizing those ground-water systems and 
contaminants for which transport-models seem most critical. Evaluate the accuracy and 
efficiency of new and existing modeling techniques through comparisons with analytical 
solutions, other numerical methods, and observed data from practical field problems.

PROGRESS: A new preprocessor for the USGS method-of-characteristics (MOC) solute- 
transport model has been developed and documented (in cooperation with the International 
Ground-Water Modeling Center at the Colorado School of Mines). The preprocessor allows 
a user to easily create or edit an input data file for the MOC model. The new preprocessor 
incorporates automatic backup, interactive error and consistency checks, on-line help and 
hints, and flexible formats for maximum accuracy and precision.
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An analysis of model verification approaches has demonstrated the weakness of the current 
common philosophy. The analysis focused on one of the base cases of the international 
HYDROCOIN project, which involved a problem of variable-density ground-water flow and 
solute transport and was designed to represent a radioactive waste repository in a salt dome. 
A reanalysis using the USGS MOCDENSE model demonstrated that the HYDROCOIN 
participants apparently did not recognize some of the processes affecting their numerical 
solutions and highlighted some reasons why the basic problem was poorly formulated. One 
conclusion was that consistency among the results of various models during benchmarking is 
not the same as, and does not demonstrate, model accuracy or reliability. The model analysis 
also demonstrated some advantages of the method-of-characteristics approach over widely 
used finite-difference and finite-element methods.

An improved version of the MOC model has been developed. The primary new features 
include input and output options more compatible with interactive use from a terminal, 
enhanced formats for 80-character wide printing and viewing, on-screen status messages 
during execution, and additional input and output options to allow generation of separate 
output files for easy graphical post-processing of model results (files are written in formats 
directly readable by many graphical software packages). Work continues on the development 
and documentation of a three-dimensional version of the method-of-characteristics 
solute-transport module for the McDonald-Harbaugh modular flow model.
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TITLE: Multivariate Statistical Techniques for Assessing Regional Ground-Water Quality 
and Quantity (NR 84-130)

PERSONNEL: Charles E. Brown, Project Chief 
Glenna C. Dahl, Secretary

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

TELEPHONE: (703) 648-5886

PROBLEM: Regional assessment of the chemical character of ground water requires that 
unbiased estimates of the chemical species in ground water be obtained. With recent 
regulations regarding ground-water contamination and disposal of toxic wastes, it is necessary 
that the methods for assessment of man-induced versus natural chemical character are not 
biased by experimental design, and that estimates of chemical species present in ground water 
are not influenced to a large degree by temporal variation and sample collection strategies. It 
is a requirement as well that populations which are compared are homogeneous in terms of 
statistical parameters. Implementing statistical design techniques early in the water-quality 
assessments can lead to maximizing information while minimizing the number of samples 
needed.

OBJECTIVE: The ultimate objective is to apply and extend statistical design theory to better 
understand and define ground-water quality parameters. It is the objective also to understand 
the relations between chemical variables in ground-water systems and to decompose the 
chemical variability within the system according to contributing sources. The understanding 
of chemical variability within the ground-water system will provide a basis for application of 
methodology to other areas with similar hydrogeology.

APPROACH: In order to accomplish this objective, a comprehensive investigation will be 
undertaken that involves collecting a considerable amount of field data in order to test 
improved sampling strategies. Multivariate, bivariate, and univariate statistical theory will be 
applied to all ground-water data collected to improve future sampling designs for 
ground-water studies. Stochastic and geostatistical analysis will provide better estimates of 
chemical parameters, which are input to geochemical and transport models.

PROGRESS: Present work activities are related to the overall objectives of the National
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Water-Quality Assessment (NAWQA) Program to characterize the Nation's Ground and 
Surface waters. Two papers have been published demonstrating (1) a new methodology for 
defining the radon potential of different suites of rock and (2) a new methodology utilizing 
multivariate statistics for describing the aquifer productivity potential of carbonate rocks.

REPORTS PUBLISHED 1988-1993:

Brown, C.E., 1988, Determination of Rock Proper­ 
ties by Borehole Geophysical and Physical 
Testing Techniques and Ground Water Quality 
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__1993, Use of principal component, correla­ 
tion, and stepwise multiple-regression analyses 
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of Hydrology, v. 147, p. 169-195.

Brown, C.E., Mose, D.G., Mushrush, G.W., 
Chrosniak, C.E., 1991, Use of Statistical 
Techniques to Assess the Radon Potential of 
Rocks in Parts of Virginia and Maryland: 
National Symposium Naturally occurring 
radionuclides in agricultural products: Univer­ 
sity of Florida, Gainesville, 10 p.

__1992, Statistical Analysis of the Radon-222 
Potential of Rocks in Virginia: Journal of En­ 
vironmental Geology and Water Sciences, v. 
19, no. 3, p. 193-203.

Mose, D.G., Mushrush, G.W., Chrosniak, C.E., 
Brown, C.E., 1989, Carcinogenic Properties 
of Radon Enriched Piedmont Ground Water in 
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Groundwater in the Piedmont of the Eastern 
United States, Charlotte, N.C., [Proceedings], 
12 p.
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TITLE: Transport Phenomena in Fractured Rock (NR 84-134)

PERSONNEL: Alien M. Shapiro, Project Chief 
Glenna C. Dahl, Secretary

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

TELEPHONE: (703) 648-5884

PROBLEM: There has been an increasing awareness that, in many circumstances, the 
theories associated with the description of hydrogeologic phenomena in granular porous media 
are unacceptable in the description of these same phenomena in fractured rock and geologic 
formations having similar characteristics. Because of the wide extent of fractured formations 
and their various uses, including proposed repositories for radioactive waste, a need exists to 
describe and better understand the physics of fluid movement, deformation, contaminant 
migration, and energy transport under the broad range of physical situations where fractured 
formations exist.

OBJECTIVE: Develop mathematical models of transport phenomena in fractured rock. Use 
alternative conceptualizations of the medium in the development of these models because the 
description of fractured rock is highly dependent on scale of observation. Investigate the 
relevant parameters, evaluate physical situations where each conceptualization is applicable, 
and study the adaptability of field measurements to these conceptualizations.

APPROACH: Consider fractured rock and similar formations as a series of discrete fractures 
and also in various continuum conceptualizations. Develop mathematical models of transport 
phenomena. Use hypothetical physical situations and later, if possible, field data and field 
investigations to examine the applicability of these model conceptualizations and the 
adaptability of field measurements to these conceptualizations.

PROGRESS: This project coordinates a multidisciplinary research effort to develop field 
techniques and interpretive methods of characterizing and predicting fluid movement and 
chemical transport in fractured rock over dimensions that range from meters to kilometers. 
The multidisciplinary research effort is being conducted in cooperation with six National 
Research Projects, the New Hampshire and Connecticut District Offices of the Water 
Resource Division, Geologic Division, and several outside research institutes. The field
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investigations are being conducted in the crystalline rock of the Mirror Lake drainage basin in 
the Hubbard Brook Experimental Forest in central New Hampshire. These investigations 
couple geologic and fracture mapping, surface- and borehole-geophysics, ground-water 
geochemistry, hydraulic and tracer testing, and ground-water and solute-transport modeling. 
In addition to the overall coordination of this multidisciplinary research effort, this project 
conducted hydraulic and tracer tests to identify the variability of hydraulic properties of the 
crystalline rock and to identify transport properties of permeable fractures over dimensions of 
tens of meters. In addition, water samples for geochemical and isotopic analyses were 
collected from bedrock wells distributed over 4 square kilometers to investigate fluid 
movement and chemical transport in fractured crystalline rock over dimensions of kilometers. 
The interpretation of this data is currently being conducted.

This project has also been involved in a cooperative study conducted in the South Dakota 
District Office of the Water Resources Division. The cooperative study in the South Dakota 
office is investigating the water resources of the Madison Aquifer near Rapid City, South 
Dakota. A method of analyzing prematurely-terminated air-pressurized slug tests in the lower 
permeability intervals of the Madison Aquifer was developed. The technique is also 
applicable to other low-permeability subsurface environments. This project also aided in the 
design of tracer tests to be conducted in the Madison Aquifer to identify transport properties 
of the formation.

REPORTS PUBLISHED 1988-1993:

Cvetkovic, V.D., Dagan, G., and Shapiro, A.M., 
1991, An exact solution of solute transport by 
one-dimensional random velocity fields: Stoc­ 
hastic Hydrology and Hydraulics, v. 5, p. 
45-54.

Cvetkovic, V.D., and Shapiro, A.M., 1989, Solute 
advection in stratified formations: Water Re­ 
sources Research, v. 25, p. 1283-1289.

.1990, Mass arrival of sorptive solute in hetero­ 
geneous porous media: Water Resources Re­ 
search, v. 26, p. 2057-2067.

Cvetkovic, V., Shapiro, A. M., and Dagan, G., 
1992, A solute flux approach to transport in 
heterogeneous formations, 2. Uncertainty

analysis: Water Resources Research, v. 28, p. 
1377-1388.

Dagan, G., Cvetkovic, V., and Shapiro, A. M., 
1992, A solute flux approach to transport in 
heterogeneous formations, 1. The general 
framework: Water Resources Research, v. 28, 
p. 1369-1376.

Goode, D.J., and Shapiro, A.M., 1991, Comment 
on Desbarats, A.J., Macrodispersion in sand- 
shale sequences: Water Resources Research, 
v. 27, p. 135-139.

.1992, Comment on Moreno L., and others, 
Flow and tracer transport in a single frac­ 
ture A stochastic model and its relation to

GROUND-WATER HYDROLOGY 257



GROUND-WATER HYDROLOGY

some field observations: Water Resources 
Research, v. 27, p. 129-131.

Shapiro, A.M., 1989, Interpretation of oscillatory 
water levels in observation wells during aqui­ 
fer tests in fractured rock: Water Resources 
Research, v. 25, p. 2129-2137.

__1993, The influence of heterogeneity in esti­ 
mates of regional hydraulic properties in frac­ 
tured crystalline rock, in Banks, S., and 
Banks, D., eds.,. Memoires of the 24th Con­ 
gress: International Association of Hydro- 
geologists, Hydrogeology of Hard Rocks, 
Oslo, Norway, June 28-July 2, 1993, p. 125- 
136.

Shapiro, A.M., and Cvetkovic, V.D., 1988, Sto­ 
chastic analysis of solute arrival time in heter­ 
ogeneous porous media: Water Resources Re­ 
search, v. 24, p. 1711-1718.

.1990, A comparison of two- and three-dimen­ 
sional stochastic models of regional solute 
movement: Transport in Porous Media, v. 5, 
p. 1-25.

Shapiro, A.M., and Hsieh, P.A., 1991, Research in 
fractured-rock hydrogeology Characterizing 
fluid movement and chemical transport in frac­ 
tured rock at the Mirror Lake drainage basin, 
New Hampshire, in U.S. Geological Survey 
Toxic Substance Hydrology Program, Proceed­ 
ings of the technical meeting, Monterey, Cali­ 
fornia, March 11-15, 1991: U.S. Geological 
Survey Water-Resources Investigations Report 
91-4034, p. 155-161.

Shapiro, A.M., and Nicholas, J.R., 1989, Assess­ 
ing the validity of the channel model of frac­ 
ture aperture under field conditions: Water 
Resources Research, v. 25, p. 817-828.

258 NATIONAL RESEARCH SUMMARY 1993



GROUND-WATER HYDROLOGY

TITLE: Quantitative Analysis of Heterogeneous Hydrogeologic Controls on Ground-Water 
Flow and Transport (NR 91-152)

PERSONNEL: Thomas E. Reilly, Project Chief 
Cathy Gather, Secretary

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

TELEPHONE: (703) 648-5006

PROBLEM: Heterogeneous geologic material affects ground-water flow and transport on all 
scales. On the local scale, changes in hydraulic and geochemical properties can occur over 
distances on the order of centimeters. On the intermediate scale, the heterogeneity of 
intra-aquifer depositional layers in unconsolidated material and fractures in-consolidated 
material influences the pathways of ground-water movement. On a regional scale, the 
heterogeneities due to extensive aquifers and confining units affect the flow system in a 
system-wide manner that influences both the boundaries of the system and the generalized 
pathways of fluid movement in the system.

An assessment of the importance of heterogeneity at all scales is required to better understand 
and define flow and transport in ground-water systems. In addition, the relationship of field 
measurements obtained in heterogeneous materials to the actual occurrence and movement of 
the water and chemical constituents in the system must be defined.

OBJECTIVE: The objective of this project is to quantify the effect of specific heterogeneous 
geologic controls on ground-water systems. Meeting the objective will entail the development 
of methods for incorporating the effects of heterogeneous hydrogeologic controls into 
simulations of ground-water systems. Ideally, the characterization and quantification of the 
heterogeneous earth material will incorporate basic geologic information on the deposition and 
history of the materials under study, as well as hydraulic and chemical information.

APPROACH: The general approach is to investigate and quantify the effect of heterogeneous 
geologic controls on flow and transport in a ground-water system and develop methods of 
incorporating them in ground-water simulations routinely. The geologic depositional 
environment will play an important role in defining and describing the heterogeneities to be 
investigated.
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The general approach to investigate these hydrogeologic controls will be as follows: (a) 
selection of the geologic control for investigation, (b) development of hypotheses to be tested, 
(c) selection of one or more field sites, (d) intensive analysis of "generic" hypothetical 
systems (based on the hydraulic and geologic information from the field sites) to corroborate 
or refute the hypotheses and give insight into the appropriate field measurements to be 
obtained to address the hypotheses, (e) specialized data collection, (f) quantitative analysis 
using simulation of the field sites, and (g) use of the feedback between the results of the field 
investigations and the hypothetical "generic" analysis to corroborate or refute the hypotheses 
and give insight into mechanisms that might have been overlooked.

Information on the geologic depositional history will be used in the characterization of the 
media under investigation at the field sites. This qualitative characterization then will be 
evaluated and a quantitative characterization will be developed using stochastic and (or) 
deterministic methodologies, as appropriate, for both the "hypothetical" simulations and the 
analysis of the field sites themselves. The "generic" simulations should provide much 
information in the determination of important processes and the indication of which field 
measurements will be most appropriate to collect for the specific problem under investigation.

After the generic or "hypothetical" investigations, field data will be collected, as appropriate 
to define the system and geologic controls. These field data required will consist of head 
data, borehole geophysical logs, geologist logs, surface geophysical information, water quality 
information, and other ancillary data. These data will be used to characterize in a statistical 
sense The geologic terrain under investigation. Then methods of analysis, usually simulation 
techniques (deterministic and (or) stochastic), will be developed to quantify the effect of the 
geologic control characterized for the geologic terrain under investigation.

PROGRESS: Progress has been made in the analysis of heterogeneous controls on 
ground-water flow and transport at two different scales, the local well scale and an 
intermediate system scale. At the well-aquifer interface scale, an understanding of the effect 
of the heterogeneous nature of the aquifer permeability and chemical distributions in the 
aquifer on water samples obtained from wells is being pursued. Detailed time series 
information on the concentration of selected organic chemicals discharging at various points 
along a well screen were collected and analyzed in collaboration with Jacob Gibs, New Jersey 
District, using a unique multilevel sampling device. The time series information shows that 
trends in the quality of water sampled from wells can exist during sampling. Numerical 
simulation of layered systems indicates that these trends can be the result of the mixing of 
waters along the screened interval, and the measured trends can provide information on the 
distribution of the chemical species along the screened interval of the well. Also at the
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well-aquifer interface scale, an experiment on well purging was designed and conducted in 
August 1992 at Cape Cod, Massachusetts, in collaboration with Denis LeBlanc of the 
Massachusetts District. Multipoint samplers were installed at the Cape Cod Toxic Hydrology 
Research Site next to a screened well to analyze the effect of heterogeneity on sample 
collection. The results are still being analyzed. At the intermediate scale, an analysis of the 
effect of hydraulic conductivity heterogeneities on flow paths to wells was completed. 
Hypothetical systems were evaluated under a series of differing permeability distributions, 
and the variability in the recharge areas of the wells examined. The results indicate that the 
uncertainty due to heterogeneous hydraulic conductivity distributions can be significant and 
should be accounted for in any "well-head protection" efforts.

Other accomplishments this year include: The corroboration of numerical flow models 
through the use of environmental tracers; the publication of a new axisymmetric simulation 
model that enables the simulation of flow to wells in heterogeneous systems; and the 
publication of a review chapter on the analysis of ground-water systems in 
saltwater-freshwater environments.
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TITLE Reaction-Transport Phenomena in Hydrogeologic Settings (NR 91-153) 

PERSONNEL: Ward Sanford, Project Chief

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

TELEPHONE: (703,} 648-5882

PROBLEM: Ground-water transport and geochemical reactions play a significant role in 
many geological processes. Such processes include diagenesis, ore deposition, petroleum 
migration, hydrothermal activity, and evaporite formation. These processes are important in 
that they produce economic mineral deposits and alter the characteristics of aquifers and 
reservoirs from which we obtain water supplies and mineral resources. Many of these 
processes have been studied in terms of the geochemical reactions or the ground-water 
transport involved. However, in many circumstances the reactions and transport are 
inseparable. Because of the complexity of coupling equations of transport and chemical 
reactions, very few studies have been made thus far in which geochemical reactions and 
ground-water transport are coupled and analyzed simultaneously.

OBJECTIVE: Objectives of this project will be to understand the interaction of ground-water 
transport and geochemical reactions in hydrogeologic settings, including: interactions between 
geochemical reactions and solute transport, interactions between geochemical reactions and 
heat transport, and the effects of heat and solute transport on variable-density flow and 
transport in natural systems. Additional objectives will be to understand the implications 
these interactions have for the geologic processes being studied, and to develop more efficient 
methods for studying processes that involve both ground-water transport and geochemical 
reactions.

APPROACH: The study of ground-water transport and geochemical reactions in 
hydrogeologic settings will be done both through field investigations and through the 
development and use of numerical models. Studies will begin with specific geologic 
processes in mind; field investigations may then be conducted and numerical models will be 
developed to address the particular process of interest. Field investigations may aid in 
constraining the numerical models, and conversely, preliminary modeling results may suggest 
particular strategies for sampling in the field. It is expected that considerable interaction and 
collaboration will occur with geochemists on a majority of the studies undertaken.
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PROGRESS: Tritium and chloride data from Double Lakes, Texas, have been used to obtain 
average recharge rates for both small fresh-water playas and the Southern High Plains as a 
whole. Chloride data from a profile of well cuttings through the shale beneath Double Lakes 
shows a record of salinity from the lake over the past 30,000 years. When compared with 
numerical models of advection and diffusion of solutes through the shale, this data indicates 
the lake basins began to deflate less than 5,000 years ago an age that is consistent with 
thermoluminescence dating of the leeside dunes at the lake.

Computer animations can now be easily generated from output from the USGS 
method-of-characteristics (MOC) solute transport model. The animations show particles of 
different colors (representing concentration) moving in a black background representing the 
aquifer.

A research field site has been chosen in China for cooperation with the Chinese on studying 
salt-water intrusion. Project implementation plans are being drafted. Tutoring in Mandarin 
has given the project chief a beginner's skill level in speaking Chinese.
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TITLE: Application of the Unsaturated Flow Theory to the Phenomena of Infiltration 
and Drainage (WR 63-024)

PERSONNEL: David A. Stonestrom, Project Chief 
Kim N. Bui, Secretary 
Katharine C. Akstin, Hydrologist

ADDRESS: U.S. Geological Survey, 345 Middlefield Road, MS 421, 
Menlo Park, CA 94025

TELEPHONE: (415) 329-4528

PROBLEM: Surface-runoff and various ground-water processes often are significantly 
influenced by water movement in the unsaturated zone. For many situations of hydrologic 
interest, inadequate knowledge prevents .these influences from being properly taken into 
account in water-resource analyses.

OBJECTIVE: Test present theories of water flow through unsaturated porous materials, with 
particular attention on theories of infiltration and drainage. Use these theories to develop 
experimental techniques that will facilitate studies of ground-water recharge, runoff 
generation, and other hydrologic processes involving the unsaturated zone. Study unsaturated 
zones in various settings, particularly settings with deep unsaturated profiles, to evaluate 
water-flow rates and explain these rates in terms of soil, geologic, plant, and atmospheric 
conditions. Use the results of such studies for the assessment of water movement and 
attendant solute movement towards ground and surface-water supplies.

APPROACH: Test the validity and accuracy of predictive theories of water flow through 
unsaturated porous media by laboratory and field-scale studies. Devise improved laboratory 
and field methods to measure such flows and to evaluate the flow-determining characteristics 
of soils and sediments. Use these methods, in conjunction with unsaturated-flow theory, for 
field studies of flow rates of water in unsaturated-zone settings relevant to hydrologic 
problems.

PROGRESS: (1) Laboratory investigations of the ability of current Richards-equation-based 
theory to describe infiltration events were extended to upper-boundary conditions of 
stepwise-constant, increasing application rates. The results confirmed previous observations 
of anomalous transmission-zone matric pressures wherein matric pressures pass through
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maxima, then decrease continuously as wetting fronts propagate downward. The range of 
conditions under which matric-pressure reversals occur was expanded, and some extreme 
examples were observed. Reductions in matric pressures were larger, and pressure maxima 
were higher, when a given rate was preceded by a series of stepwise-increasing rates. These 
results indicate that inaccuracies can result when current theory is used to predict the 
conditions under which rain produces positive pore-water pressures, and hence when runoff is 
initiated. A report detailing the anomalous behavior was submitted to Water Resources 
Research for publication.

(2) Matric-pressure and water-content profiles were sampled at regular intervals during the 
past two annual, wet-season-dry-season cycles at three chronosequence sites near Merced, 
California. The soils at the sites have formed for different lengths of time (10, 250, and 600 
thousand years) from the same parent material (granitic alluvium) on similar topographies 
(uplifted terraces) with similar vegetation (mixed grasses). The sites are sufficiently close 
together that climate is essentially the same. The soils support a wide variety of agricultural 
activity. Data on the attenuation of temporal fluctuations with depth clearly show the 
influence of different degrees of soil-horizon development on soil-moisture movement. The 
two older soils, which have well-developed argillic horizons, show strong attenuation of 
seasonal forcing at relatively shallow depths (one to two meters). The 10 ka-old profile, 
which lacks an argillic horizon, shows comparatively little attenuation in the upper three 
meters.

Bromide was tested and found suitable as a tracer for water movement at the Merced 
chronosequence sites. A bromide salt was applied to the surface of 100 1-meter by 1-meter 
plots at each of the 10 and 250 ka-old sites in August 1992, toward the end of the dry season. 
The infiltration-driven movement of bromide is being followed through periodic samplings to 
gain further understanding of the control exerted by soil horizonation on rates of deep 
(subroot zone) drainage. During each sampling four profiles are determined at each site so 
that the variability of soil-moisture movement at a given site can be assessed relative to the 
variability between sites. Preliminary results show that the method can clearly resolve the 
spatial and temporal structure of soil-moisture movement at such sites.

(3) Potential conditions that might result in preferential flow of water through the unsaturated 
zone due to wetting-front instabilities were investigated. Theories of preferential flow that 
predict the development of fingers during wetting-front propagation were not supported by 
laboratory observations of infiltration events on scales of several centimeters, or by field 
observations of naturally occurring infiltration on a scale of several meters.
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TITLE: Modeling and Monitoring Heat and Fluid Flow in Geothermal Systems 
(WR 73-102)

PERSONNEL: Michael L. Sorey, Project Chief 
Susan P. Bartaluzzi, Secretary 
Elizabeth M. Colvard, Hydrologist

ADDRESS: U.S. Geological Survey, 345 Middlefield Road, MS 439, 
Menlo Park, CA 94025

TELEPHONE: (415) 329-4420

PROBLEM: Analysis of heat and fluid flow in geothermal systems is needed to adequately 
describe the natural state of such systems and their response to fluid production for energy 
development. The analysis may involve analytical or numerical solution techniques, but 
requires delineation of realistic conceptual models for specific geothermal systems. This, in 
turn, requires the collection and synthesis of geologic, geophysical, geochemical, and 
hydrologic data. Periodic monitoring of changes in geothermal systems, including surficial 
thermal manifestations, can aid in understanding the natural conditions of flow and effects 
caused by crustal unrest and geothermal development.

OBJECTIVE: Elucidate the processes involved in geothermal systems and their response to 
stresses imposed by geothermal development, earthquakes, and magmatic intrusions. Develop 
realistic conceptual models of specific systems. Evaluate the level of natural variability in 
thermal fluid discharge in hot springs and fumaroles at specific geothermal areas.

APPROACH: Collect and synthesize geologic, geophysical, geochemical, and hydrologic 
data, including data obtainable from drill holes, for specific geothermal systems at Long 
Valley caldera (California), Lassen Park (California), and elsewhere. Use this information to 
develop realistic conceptual models of present and past flow within these systems. Apply 
numerical and analytical modeling techniques to quantify fluid and heat flow within these 
systems. Develop hydrologic monitoring programs at Long'Valley, Lassen Park, and 
elsewhere to delineate the natural level of variability within these systems and to detect 
changes induced by crustal processes and geothermal development.

PROGRESS: Research efforts were divided between delineations of the response of the 
hydrothermal system in Long Valley caldera, California, to magmatic intrusion and to 
pressure and temperature reductions associated with geothermal development and to
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measurements of heat and fluid discharge at Lassen Park, California. A geo-environmental 
study was completed on the Island of Hawaii to assess the impacts of potential geothermal 
development on ground-water resources in and adjacent to the east rift zone of Kilauea. A 
draft report was submitted to U.S. Department of Energy for its use in completing an 
Environmental Impact Statement for the proposed 500-megawatt Hawaii Geothermal Project. 
Followup work on our congressionally mandated study of the Mammoth-La Duke corridor at 
Yellowstone Park included coauthoring a paper on the age of travertine deposits at 
Yellowstone Park and their relation to interglacial periods, and data analysis for a journal 
article on hot spring discharge at Mammoth and La Duke hot springs.
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1430.
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TITLE: Technical Coordination and Support of Water Resources Division 
Geothermal Studies (WR 72-108)

PERSONNEL: Michael L. Sorey, Project Chief 
Susan P. Bartaluzzi, Secretary

ADDRESS: U.S. Geological Survey, 345 Middlefield Road, MS 439, 
Menlo Park, CA 94025

TELEPHONE: (415) 329-4420

PROBLEM: Geothermal studies in the Water Resources Division are part of a 
multidivisional nationwide research program of the Geological Survey, funded as a line item 
in the Geologic Division budget. These studies require planning, technical supervision, 
logistical support, and coordination between the divisions. Additional coordination is required 
between the Geothermal Research Program of the USGS and geothermal program activities in 
other agencies such as the Department of Energy.

OBJECTIVE: Provide required technical, logistical, and funding support for Water 
Resources Division projects funded under the Geothermal Research Program.

APPROACH: The Water Resources Division (WRD) geothermal coordinator works with the 
Geologic Division's geothermal coordinator and the WRD Assistant Chief for Research and 
External Coordination to establish funding levels and program goals. Water Resources 
Division coordinator represents the geothermal research program in developing and carrying 
out various interagency projects such as Environmental Impact Analyses. The coordinator 
also participates in interdivisional program reviews and in the preparation of reports 
describing the geothermal research program. Technical supervision and assistance is provided 
where needed.

PROGRESS: Geothermal coordination activities included budget negotiations over 
distribution of funding for seven Water Resources Division (WRD) projects receiving 
geothermal funding and participation in an annual review of the U.S. Geological Survey's 
geothermal program. The WRD geothermal coordinator attended a Congressional hearing on 
legislation to protect Yellowstone Park from impacts of geothermal development and planned 
WRD input to an environmental impact study (EIS) being prepared for the Hawaii 
Geothermal Project. The coordinator also attended several meetings of the Hydrologic

GROUND-WATER HYDROLOGY 271



GROUND-WATER HYDROLOGY

Advisory Committee in Mammoth Lakes, California, to assist in monitoring the impacts of 
geothermal development on hot springs in Long Valley caldera. Consultation was provided to 
the Bureau of Land Management in Reno, Nevada, regarding a proposed monitoring program 
to accompany an expansion of geothermal development activities at Steamboat Springs, 
Nevada.
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TITLE: Hydrologic Studies of Heat and Mass Transport (WR 74-121)

PERSONNEL: Steven E. Ingebritsen, Project Chief 
Susan P. Bartaluzzi, Secretary 
Martha A. Scholl, Hydrologist

ADDRESS: U.S. Geological Survey, 345 Middlefield Road, MS 439, 
Menlo Park, CA 94025

TELEPHONE: (415) 329-4422

PROBLEM: The presence and circulation of fluids profoundly affect volcanic processes and 
landforms. Eruption styles and cycles are influenced by volatiles dissolved in magma and^By 
pressure-temperature-fluid saturation conditions in the surrounding rock. The presence of 
magma in turn influences ground-water pressures, temperatures, and chemistry. Advective 
heat and mass transport affect and locally dominate the thermal and chemical regimes of 
volcanos. Linkages between fluid flow and mechanical deformation are suggested by 
observations that subaerial volcanoes deform in response to changes in water-table elevation 
and that microseismicity can be related to boiling.

OBJECTIVE: The general objective is to characterize selected volcanogenic hydrothermal 
systems by ascertaining probable recharge and discharge areas; determining modes and 
quantities of recharge and discharge; interpreting geologic, geochemical, and geophysical data 
in terms of the size, shape, and hydraulic characteristics of hydrothermal systems; and using 
analytical and numerical modeling techniques to develop quantitative conceptual models. 
Research questions include: (1) What are the modes of heat and mass transfer from magma to 
the shallow subsurface? (2) What are the pressure, temperature, and fluid-saturation 
conditions between magma and the land surface? (3) What controls the permeability of 
volcanoes? How does it vary in space and time? What role do temporal variations in 
permeability play in the evolution of volcanogenic hydrothermal systems? (4) How 
well-coupled are various fluid flow, transport, and mechanical deformation processes? Do 
relatively simple models that simulate a subset of these processes provide useful insight into 
transport processes? (5) How can we evaluate hydrothermal systems in composite cones 
dominated near the surface by cold-water recharge?

APPROACH: (1) Collect available hydrogeologic and geophysical data from the literature 
and from the files of public and private agencies. (2) Where data are deficient, supplement

GROUND-WATER HYDROLOGY 273



GROUND-WATER HYDROLOGY

by field inventory, measurement, and sampling. (3) Develop quantitative conceptual models. 
Current numerical models cannot rigorously simulate the coupled problem of heat and fluid 
flow, solute transport, and deformation, and may need to be improved.

PROGRESS: Convened Penrose Conference entitled "Fluid-Volcano Interactions" that 
attracted 87 researchers from 10 countries, including volcanologists, hydrogeologists, 
geophysicists, economic geologists, and metamorphic petrologists. Completed papers 
describing new heat-flow data from the Western Cascades, Oregon, and the hydrogeology of 
Kilauea volcano, Hawaii. Documented the existence of kinetic isograds in 
contact-metamorphosed basalts hosting the Skaergaard intrusion, Greenland (in collaboration 
with Craig Manning, University of California, Los Angeles (UCLA) and Dennis Bird, 
Stanford University). Preliminary indications from deuterium content of ground water and 
precipitation show that Kilauea's rift zones and summit area comprise leaky boundaries within 
the regional ground-water flow system, and that the southwest-rift zone also act9%s a conduit 
for ground-water recharged at relatively high elevations. Complementary rain-chemistry data 
show that estimated annual bulk sulfur deposition rates in the Kilauea caldera area exceed 5 
grams per square meter.
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fluids affect volcanoes [meeting report]: EOS 
Transactions, American Geophysical Union, v. 
72, p. 395-396.

Ingebritsen, S.E., Christensoii, B.W., Forster, 
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1993, Fluid-volcano interactions [meeting 
report]: GSA Today, v. 3, p. 123.

Ingebritsen, S.E., Mariner, R.H., Cassidy, D.E., 
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Numerical simulation of hydrothermal circula­ 
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Oregon: Geothermal Resources Council Trans­ 
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culation in the Cascade Range, north-central 
Oregon: Science, v. 243, p. 1458-1462.

.1989, Heat flow and hydrothermal circulation, 
in the Cascade Range, north-central Oregon, 
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_1992, Rates and patterns of groundwater flow 
in the Cascade Range volcanic arc, and the 
effect on subsurface temperatures: Journal of 
Geophysical Research, v. 97, p. 4599-4627.
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dominated zones within hydrothermal sys­ 
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1993, Missing mineral zones in contact meta­ 
morphosed basalts: American Journal of Sci­ 
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um and chloride data from selected streams in
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TITLE: Analytical Modeling of Flow and Transport in Aquifers and Geothermal Reservoirs 
(WR 75-127)

PERSONNEL: Alien F. Moench, Project Chief 
Vera M. Ayers, Secretary

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

TELEPHONE: (415) 329-3322

PROBLEM: Efficient management of ground-water aquifers and geothermal reservoirs 
requires accurate estimates of the hydraulic properties of water-bearing formations. These are 
needed to predict water-level changes, aquifer storage capacity, and the rate of movement of 
chemical species or thermal energy. Analytical models, properly applied, can often be used 
to estimate the hydraulic and transport properties of complex aquifer systems.

OBJECTIVE: Obtain analytical solutions to specific problems of flow and transport in 
water-bearing formations that can be used for evaluating the hydraulic and transport 
properties of aquifers and geothermal reservoirs.

APPROACH: Controlling equations for flow and transport in porous and fractured-rock 
aquifers are modified, linearized and solved with appropriate boundary conditions. For 
complex systems, the approach often involves the use of integral transforms and special 
methods of numerical inversion. Field data are used for case studies.

PROGRESS: A paper that describes a new method of generating type curves for aquifer tests 
under water-table conditions has been accepted for publication as a journal article. A 
computer program for this purpose is available to interested readers of the paper. The 
method has been used by the project to evaluate data from several pumping tests including a 
detailed test conducted at the Otis site on Cape Cod, Massachusetts. The latter analysis is 
described in a paper prepared for the September 1993, Toxic Substances Hydrology Technical 
Meeting. In addition, a journal article is in preparation that uses the computer program to 
revisit analyses of pumping tests described in the literature. The paper focuses on specific 
yield as determined by type-curve analysis.
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TITLE: Water Wells as Strain Meters (WR 75-176)

PERSONNEL: John D. Bredehoeft, Project Chief
Nona Myers, Secretary Barbara Bekins, Postdoctoral Associate 
Francis S. Riley, Hydrologist Brian McPherson, Student, (University of Utah) 
Rufus Getzen, Hydrologist R. Abrams, Student, (Stanford University)

ADDRESS: U.S. Geological Survey, 345 Middlefield Road, MS 439, 
Menlo Park, CA 94025

TELEPHONE: (415) 329-4431

PROBLEM: Water wells commonly sho^earth-tide fluctuations. Often, the magnitude of 
the tidal fluctuation in a well is 1 to 2 centimeters. This fluctuation is produced by a tidal 
dilatation, the sum of the normal strains, of approximately 1 x 10~8 . This indicates that the 
water well is as sensitive to strains of the crust as is a strain seismometer. The problem with 
the water well is that other factors such as changes in barometric pressure, ground-water 
recharge, and pumping also can cause the water level to fluctuate. Use of a well for 
crustal-strain measurements requires separation of the strain response (the signal) from the 
other effects (noise). Such separation requires careful experiments in areas where we know 
the crustal strain.

OBJECTIVE: Use water wells as indicators of crustal strain.

APPROACH: Enhance the network of wells for the express purpose of sensing crustal 
strains along the San Andreas fault near Parkfield, California, with additional wells and 
improved instrumentation.

PROGRESS: The project is subdivided into three distinct efforts:

(1) Fluids deep in the crust: The thrust of this effort is to investigate fluids in the deep 
sedimentary basins where there are data available. At the moment we are looking at three 
sedimentary basins the Uinta Basin in Utah, the Illinois Basin, and the Sacramento Valley. 
The Uinta Basin has high pore pressure in the Altamont oil-field that is situated in the deepest 
part of the Basin. This past year we submitted a paper that explains the Altamont high 
pressure as a result of oil generation from oil shale, deep within the basin. Our initial 
analysis is based on assuming a single phase water. The Illinois Basin is interesting because 
it contains brines that are five times the concentration of sea water, with approximately the
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same ratio of ions as sea water. These brines appear to be concentrated sea water, probably 
emplaced early in the Basin's history. Many of the current hypotheses concerning the 
accumulation of oil in the basin, as well as the creation of Mississippi Valley type lead and 
zinc deposits, involve the movement of fluids through the Illinois Basin. This movement is 
incompatible with deep brines at least in our view. The Sacramento Valley contains 
numerous high-pressure gas fields fields that are well above hydrostatic pressure. We have 
accumulated the data to document this fact. The problem is to explain what causes these high 
pressures? There are several possible explanations subsidence and sedimentation similar to 
the Gulf Coast, generation of gas, or tectonic compression.

2. Tectonic Strain Monitoring: Francis Riley is spending much of his time keeping our 
Parkfield water-well network operating. We continue to record interesting tectonic signals 
that are mostly associated with creep on the San Andreas fault. There are several lines of 
evidence that suggests that tectonic strain at a regional scale leads to local earthquakes this is 
a basic Russian hypothesis, a paradigm that is viewed with skepticism by much of the western 
geophysical community. It is possible to test this hypothesis with a regional network of 
observation wells. The basic argument for regional observation well network is the subject of 
a paper submitted to Science by G.S. Vartanyan and J. Bredehoeft.

3. The role of microbiology in controlling organic reactions: The evidence is clear that 
many, if not most, organic contaminants are degraded chemically by reactions that are 
microbiologically controlled. These reactions need to be included in our basic transport 
models. Modeling these reactions using a transport framework provides insights into the 
processes involved. Barbara Bekins continues this research; she started work July 1, 1993. 
Barbara worked last summer with Mike Godsy on a plume of creosote contamination at 
Pensacola, Florida. Barbara and Mike have a paper in press on the modeling biodegradation 
within the Pensacola plume.
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TITLE: Ground-water Monitoring Network Design (WR 82-178)

PERSONNEL: Brian J. Wagner, Project Chief 
Maria M. Watts, Secretary 
David W. Hyndman, Hydrologist

ADDRESS: U.S. Geological Survey, 345 Middlefield Road, MS 421, 
Menlo Park, CA 94025

TELEPHONE: (415) 329-4567

PROBLEM: There are a variety of ground-water resource and contamination problems that 
involve determining the state of ground water and detecting or predicting changes in the 
ground-water environment. Most approaches to ground-water monitoring network design 
avoid a rigorous formulation of the monitoring objectives and fail to consider the important 
processes controlling the movement of ground water and migration of ground-water 
contaminants. It is unlikely that such approaches to network design will be able to effectively 
and efficiently monitor the subsurface environment in the face of limited resources.

OBJECTIVE: This research aims to develop statistically sound and simulation based methods 
for ground-water monitoring network design. The goal is to develop techniques that unify 
stochastic ground-water flow and contaminant transport simulation with optimization for 
studying ground-water monitoring options, and to explore the capabilities and limitations of 
various network design methods.

APPROACH: Techniques for monitoring network design will be developed using three basic 
classes of tools statistically based methods for parameter estimation, stochastic aquifer 
simulation techniques, and optimization methods. The general approach will be to combine 
the parameter estimation and stochastic simulation components with techniques from 
mathematics and statistics to develop statistically sound and simulation based optimal 
monitoring network design models amenable to a wide range of monitoring objectives.

PROGRESS: Work has proceeded on developing monitoring network design models for 
ground-water flow and contaminant transport modeling under uncertainty. The problem 
studied was the design of monitoring strategies in the context of ground-water management. 
A network design optimization model was coupled with a stochastic ground-water 
management model to evaluate the economic worth of hydrogeologic information. A second
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problem studied was parameter estimation and the design of sampling strategies for stream 
tracer studies. A monte carlo parameter-estimate uncertainty analysis was used to develop 
robust sampling strategies given diffuse prior information regarding the stream flow and 
transport properties. A simulation-optimization management model for the western San 
Joaquin Valley was developed to identify pumping alternatives to agricultural drains.
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TITLE: Nonisothermal Multiphase Flow (WR 82-179)

PERSONNEL: William N. Herkelrath, Project Chief 
Vera M. Ayers, Secretary 
Clyde F. O'Neal, Hydrologist 
Fred Murphy, Hydrologist

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

TELEPHONE: (415) 329-3314

PROBLEM: Understanding multiphase fluid flow in the subsurface is of increasing 
importance. Large volumes of organic liquids that are not miscible with water (such as 
gasoline) are being introduced into ground-water systems from leaking storage tanks. Such 
fluids have become a major source of ground-water contamination. Understanding how 
immiscible fluids move in the ground, and how they interact with the sediment, the soil gas, 
and the ground water, is vital to protecting the nation's water supply. Information on 3-phase 
flow is available in the petroleum engineering literature, but much of this work is not 
applicable because capillary pressure effects, which are important in small-scale, near-surface 
ground-water systems, have generally been ignored.

OBJECTIVE: The objective of the project is to determine the adequacy of the present limited 
description of the mechanisms of multiphase and immiscible flow in porous media, and to 
develop more general and realistic fluid-flow models that will be useful in analyzing real field 
situations. Carry out a program of experimentation designed to test theories of multiphase 
flow in porous media. Develop methodologies required to measure relevant parameters both 
at the laboratory scale and the field scale. Develop quantitative descriptions of the flow 
phenomena in terms of differential equations, and seek solutions by analytical and numerical 
means.

APPROACH: The basic approach is to use results of computer-modeling studies and field 
observations to identify important problems for study. Hypotheses are developed from the 
existing mathematical models of multiphase flow, and experiments are designed to test the 
hypotheses. Tests are then run in the laboratory where all the important variables can be 
controlled or measured. If the tests are inconsistent with theory, new theoretical descriptions 
are developed. Measurements of liquid saturations and fluid pressures involve methods 
developed by soil physicists and petroleum engineers. Limited field experiments are
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performed in order to test the applicability of methodology developed in theoretical and 
laboratory studies.

PROGRESS: W.N. Herkelrath, in collaboration with H.I. Essaid, carried out laboratory and 
field investigations of multiphase, immiscible flow of fluids in sediments. As part of an 
effort to gain insight into the processes controlling the movement of immiscible contaminants 
in the field, we continued development of techniques for determining the spatial distribution 
of water, air, and immiscible fluid saturation within a polluted ground-water system. Our 
approach has been to obtain sediment cores from the field with fluids intact, and then analyze 
the core in the laboratory to determine fluid saturations. We finished development of a new 
cryogenic sampler designed to obtain undisturbed sediment cores. In this sampler, the oottom 
end of the core is frozen downhole by piping liquid carbon dioxide into an expansion 
chamber built into the outer wall of the drive shoe of a piston corer. Once the end of the 
core is frozen, the core is retrieved without loss of sediment or redistribution of liquids. The 
method was tested with great success at the site of a large oil spill near Bemidji, Minnesota. 
The core barrel was used in an ongoing program of field sampling at Bemidji that is yielding 
a three-dimensional grid of oil, air and water saturation measurements within the oil-spill 
zone. The saturation data were used to test a cross-sectional, multiphase numerical flow 
model. Good agreement between the model predictions and the field results was achieved 
when representations of observed spatial variability and hysteretic capillary-pressure relations 
were incorporated into the model. We also continued laboratory investigations of fluid 
movement caused by the introduction of immiscible hydrocarbon liquid into uncontaminated, 
unsaturated, water-wet sediments. We found that adding a small amount of hydrocarbon to a 
sediment sample caused a large shift in the water/air capillary pressure curve. In a closed 
system with a constant average water content, the water pressure increased. In an open 
system with a fixed water pressure boundary, drainage of water occurred. We hypothesize 
that these responses result from a decrease in the water/air surface tension caused by 
hydrocarbon film spreading and dissolution.

REPORTS PUBLISHED 1988-1993:

Constantz, Jim, Herkelrath, W.N., and Murphy, 
Fred, 1988, Air encapsulation during infiltra­ 
tion: Soil Science Society of America Journal, 
v. 52, no. 1, p. 10-16.

Essaid, H.E., Herkelrath, W.N., and Hess, K.M., 
1991, Air, oil, and water distributions at a 
crude-oil spill site, Bemidji, Minnesota, /'// 
Mallard G.E., and Aronson D.A., eds., U.S.

Geological Survey Toxic Substances Hyrology 
Program Proceedings of the technical meet­ 
ing: U.S. Geological Survey Water-Resources 
Investigations Report 91-4034, p. 614-620.

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

Herkelrath, W.N., Essaid, H.I., and Hess, K.M.,
1991. Field and modeling studies of immisci­ 
ble fluid flow above a contaminated water- 
table aquifer: International Hydrology and 
Water Resources Symposium, Perth, Austra­ 
lia, 1991, v. 2, p. 424-428.

Herkelrath, W.N., Hamburg, S.P., and Murphy, 
Fred, 1991, Automatic, real-time monitoring 
of soil moisture in a remote field area with 
time-domain reflectometry: Water Resources 
Research, v. 27, no. 5, p. 857-864.

Hess, K.M., Herkelrath, W.N., and Essaid, H.E.,
1992. Determination of subsurface fluid con­ 
tents at a crude-oil spill site: Journal of Con­ 
taminant Hydrology, v. 10, p. 75-96.
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TITLE: Theories of Water Flow and of Solute Transport in the Unsaturated Zone 
(WR 82-180)

PERSONNEL: Jacob Rubin, Project Chief 
Kim N. Bui, Secretary 
Gary P. Curtis, Environmental Engineer

ADDRESS: U.S. Geological Survey, 345 Middlefield Road, MS 421, 
Menlo Park, CA 94025

TELEPHONE: (415) 329-4523

PROBLEM: The unsaturated zone has a significant influence on the quantity and quality of 
water resources. Current theoretical methods of evaluating and predicting this influence for a 
particular set of field conditions cannot adequately account for the complexity of the processes 
involved and for interactions among them. It is necessary to improve the current theoretical 
approaches to water-flow and solute-transport problems of unsaturated-zone hydrology to 
achieve such an accounting.

OBJECTIVE: Determine which conditions are or are not essential to realistically refining the 
commonly used mathematical models for unsaturated flow. Combine water-flow and 
water-mixing models with models for chemical reactions and biological processes by use of 
submodels that are rigorous and appropriate to analyses of solute transport in the unsaturated 
zone. Explore situations of hydrologic interest and those that may be valuable in connection 
with model validation or parameter determination for both water-flow and solute-transport 
processes. Test experimentally the theoretical conclusions reached in cooperation with other 
projects.

APPROACH: Consider model refinements for unsaturated flow that would account for 
effects of parameter hysteresis, air trapping, pore-geometry transformations and medium 
heterogeneity. Determine the conditions under which such refinements are essential. 
Develop computer-aided theoretical analyses of the interactions between unsaturated-zone 
waters and ground or surface waters. Attempt to integrate, for solute transport, the 
hydrodynamic-dispersion approach to transport with the chemist's or ecologist's approaches to 
chemical equilibria, chemical kinetics, and population ecology. Modify the above standard 
approaches to treat realistically the special conditions characterizing natural unsaturated zones, 
such as the presence of two fluid phases, changes in water content, wide range of soil-water 
fluxes, and chemical heterogeneity of the porous medium. Use or adapt existing
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mathematical methods, especially numerical methods, and develop new mathematical methods 
if necessary.

PROGRESS: Completed and submitted to a journal a study of a chemical mechanism that, in 
many systems of interacting reactions, brings about unsolvability of equilibrium-determining 
equations. Such systems cannot reach equilibrium without changing their phase assemblage. 
This mechanism is a loop-like, ion-sharing-based connection between interacting 
heterogeneous reactions ("a cycle"). The systems studied contained only simple (but 
ubiquitous) constituent-reactions (each reaction always had the total of three reactants and 
reaction products). For such systems it was proven that cycles of reacting, ion-sharing solids 
are a sufficient condition for equilibrium problem unsolvability. In addition, at least in most 
cases, these cycles also are a necessary condition for such unsolvability.

Continued to develop further and started critical testing of the Feed-Forward (FF)-method for 
simulating transport of reacting solutes. Completed the part of this work that involves 
reactions of classical chemistry and either a single moving boundary or many such 
boundaries. For the single boundary cases, the testing results showed good internal 
consistency and compared very well with analytical solutions (even for numerically difficult 
conditions). Comparisons with a much used alternate method showed identical results, with 
the FF-method always being significantly faster. For cases with several moving boundaries a 
new method had to be developed. It combined certain aspects of both the FF-method and the 
alternate method. Test results showed the new method to be as accurate as the alternate 
method, but always faster.

Advised the ground-water part of the National Water Quality Assessment program, attempting 
(1) to assure the soundness of its water-quality assessment; (2) to increase the significance of 
its explanatory component; (3) to include, even in the initial work, certain longer time-frame 
considerations.

REPORTS PUBLISHED 1988-1993:

Bahr, J.M., 1990, Kinetically influenced terms for Friedly, J.C., and Rubin, J., 1992, Solute transport 
solute transport affected by heterogeneous and with multiple, equilibrium or kinetically con- 
homogeneous classical reactions: Water Re- trolled, chemical reactions: Water Resources 
sources Research, v. 26, no. 1, p. 21-34. Research, v. 28, no. 7, p. 1935-1953.

Friedly, J.C., 1991, Extent of reaction in open Rubin, J., 1990, Solute transport with multiseg- 
systems with multiple heterogeneous reaction: ment, equilibrium-controlled reactions: a 
American Institute of Chemical Engineering, feed-forward simulation method: Water 
v. 37, p. 687-693.
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Resources Research, v. 26, no. 9, p. 2029- 
2055.

_1992, Solute transport with multisegment, 
equilibrium-controlled, classical reactions: 
problem solvability and Feed-Forward 
Method's applicability for complex segments 
of at most binary participants: Water 
Resources Research, v. 28, no. 6, p. 1681- 
1702.

Stonestrom, D.A., and Rubin, J., 1989, Water- 
content dependence of trapped air in two soils: 
Water Resources Research, v. 25, no. 9, p. 
1947-1958.

.1989, Air permeability and trapped-air content 
in two soils: Water Resources Research, v. 
25, no. 9, p. 1959-1969.
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TITLE: Hydrology of Fractured Rocks (WR 83-184)

PERSONNEL: Paul A. Hsieh, Project Chief 
Vera M. Ayers, Secretary 
Daniel J. Goode, Hydrologist 
Claire Tiedeman, Hydrologist

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

TELEPHONE: (415) 354-3324

PROBLEM: Fractures often serve as major conduits for movement of water and dissolved 
chemicals through hard rocks in the underground. Understanding fluid flow and mass 
transport in fractured rocks is essential for assessing the ground-water resources of hard-rock 
aquifers, investigating the suitability of underground sites for hazardous waste disposal, and 
predicting the movement of hazardous chemicals if contamination occurs. Existing theory of 
fluid flow through porous media is of limited usefulness when applied to fractured rocks. 
The low permeability and highly heterogeneous nature of fractured rocks require extension of 
current theory and field methods. It is particularly important that theoretical developments be 
applicable on a scale commensurate with field measurements.

OBJECTIVE: (1) Develop theoretical model of fluid flow and solute transport in fractured 
rocks with particular emphasis on characterizing the effects of heterogeneities on different 
scales. (2) Develop field methods (hydraulic and tracer tests) to characterize the flow and 
transport properties of fractured rocks. (3) Combine the use of geological, geophysical, and 
geochemical methods with hydraulic and tracer tests to develop an integrated approach to 
modeling flow and transport in fractured rocks.

APPROACH: (1),Compare different approaches (equivalent porous media, discrete fracture, 
stochastic continuum) to modeling flow and transport in fractured rocks by analytical methods 
and computer simulation. (2) Construct mathematical model of hydraulic and tracer tests in 
heterogeneous fractured rocks, and apply parameter-estimation techniques to analyze test 
results with emphasis on detecting heterogeneous features such as a highly-permeable fracture 
zone. (3) Establish a field site for testing theoretical and method developments, for 
cooperative work with other research projects with expertise in geological, geophysical and 
geochemical studies, and to synthesize knowledge obtained from different studies through 
modeling flow and transport at the field site.
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PROGRESS: (1) During the summer and fall of 1992, field work at the Mirror Lake site in 
New Hampshire included drilling four wells, collecting water samples, single-hole packer 
tests, cross-hole hydraulic tests, tracer tests, and seismic tomography surveys. Hydraulic 
heads in bedrock wells were monitored year round. At the end of the 1992 field season, all 
bedrock wells had been tested and sampled. Three data bases have been completed: one 
consisting of rock type, fracturing, and permeability, a second consisting of ground-water 
ages and chemical constituents, and a third consisting of hydraulic heads measured at 
packer-isolated intervals in bedrock wells. Analysis of the field data confirms earlier 
hypothesis that highly permeable fractures occur in local clusters; the clusters are separated 
from one another by a network of less permeable fractures. Preliminary results were 
presented in five papers at the U.S. Geological Survey Toxic Substances Hydrology Program 
Technical Meeting.

(2) A computer model of ground-water flow in the Mirror Lake area has been calibrated to 
hydraulic head and stream flow data. The calibration yielded regional-scale hydraulic 
conductivity values that are smaller than those estimated from single-hole packer tests, and 
the spatial variation in hydraulic conductivity could not be identified. The findings point to 
the need for additional calibration data such as ground-water ages.

(3) A field guide for the Mirror Lake site has been prepared for a Geological Society of 
America field trip visit to the Mirror Lake site.

(4) Completed analysis of whether it is possible to use steady state pumping test data to 
identify the location of a highly permeable fracture zone. Results show that nonlinear 
regression method can converge to many spurious solutions. However, if a large number of 
different starting configurations are considered, then the correct solution can usually be 
found.

REPORTS PUBLISHED 1988-1993:

Barton, C.C., and Hsieh, P.A., 1989, Physical and Goode, D.J., 1992, Modeling transport in transient 
hydrologic-flow properties of fractures Field ground-water flow An unacknowledged ap- 
trip guidebook T385, 28th Internationa] Geo- proxiniation: Ground Water, v. 30, no.2, p. 
logic Congress: American Geophysical Union, 257-261. 
Washington, D.C., 36 p.

Goode, D.J., and Appel, C.A., 1993, Finite-differ-
Christian, S.B., 1992, Well test analysis in a two- ence interblock transmissivity for unconfined 

zone aquifer using the boundary integral meth- aquifers and for aquifers having smoothly 
od: Stanford University, Stanford, Calif., varying transmissivity: U.S. Geological Survey 
Masters thesis.
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Water-Resources Investigations Report 92- 
4124, 79 p.

Goode, D.J., Hsieh, P.A., Shapiro, A.M., Wood, 
W.W., and Kraemer, T.F., 1993, Concent­ 
ration history during pumping from a leaky 
aquifer with stratified initial concentration, in 
Shen, H.W., ed., Hydraulic Engineering: 
American Society of Civil Engineers, National 
Hydraulics Division Conference, San Francis­ 
co, Calif., July 25-30, 1993 [Proceedings], v. 
1, p. 29-35.

Hsieh, P.A., 1993, Some experience gained from 
using packers and transducers in ground-water 
investigations of crystalline-rock aquifers, in 
Latkovich, V.J., ed., Proceedings of a pres­ 
sure transducer-packer workshop, June 25-28, 
1991: U.S. Geological Survey Open-File 
Report 93-71, p. 5-7.

Hsieh, P.A., Bredehoeft, J.D., and Rojstaczer, 
S.A., 1988, Response of well aquifer systems 
to earth tides Problem revisited: Water 
Resources Research, v. 24, no. 3, p. 468-472.

Hsieh, P.A., and Freckleton, J.R., 1993, Docu­ 
mentation of a computer program to simulate 
horizontal-flow barriers using the Modular 
Three-Dimensional Finite-Difference Ground- 
Water Flow Model: U.S. Geological Survey 
Open-File Report 92-477, 32 p.

Hsieh, P.A., Shapiro, A.M., Barton, C.C., Haeni, 
P.P., Johnson, C.D., Martin, C.W., Paillet, 
F.L., Winter, T.C., and Wright, D.L., in 
press, Methods of characterizing fluid move­ 
ment and chemical transport in fractured rock, 
in Cheney, J.T., and Hepburn, J.C., eds., 
Field trip guidebook tor the northeastern Unit­ 
ed States: Boston, Geological Society of Ame­ 
rica.

Kaehler, C.A., and Hsieh, P.A., 1991, Hydraulic 
properties of a fractured-rock aquifer, Lee

Valley, San Diego County, California: U.S. 
Geological Survey Open-File Report 90-592.

Ritzi, R.W., Jr., Sorooshian, S., and Hsieh, P.A., 
1991, The estimation of fluid flow properties 
from the response of water levels in wells to 
the combined atmospheric and earth tide 
forces: Water Resources Research, v. 27, no. 
5, p. 883-893.

Shapiro, A.M., and Hsieh, P.A., 1991, Research in 
fractured-rock hydrogeology Characterizing 
fluid movement and chemical transport in frac­ 
tured rock at the Mirror Lake drainage basin, 
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TITLE: Temperature Effects in the Unsaturated Zone (WR 87-193)

PERSONNEL: James E. Constantz, Project Chief 
Vera M. Ayres, Secretary 
Timothy R. Green, Civil Engineer

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

TELEPHONE: (415) 329-3325

PROBLEM: Transport in the unsaturated zone is strongly dependent upon temperature. 
However, there is a lack of quantitative information concerning the influence of temperature 
upon water retention characteristics, unsaturated hydraulic conductivity values, and water 
fluxes in natural porous materials. When compared to experimental results, existing theories 
underestimate the magnitude of temperature-induced changes in many pore-water and 
interfacial properties. Consequently, models incorporating the effects of temperature upon 
water retention and transport in the unsaturated zone are inadequate.

OBJECTIVE: (1) Measure the influence of temperature upon water retention characteristics, 
unsaturated hydraulic conductivity, and coefficients derived from these primary parameters, 
such as water diffusivities and capacities; (2) ascertain whether the behavior of water in close 
proximity to mineral surfaces is altered sufficiently to result in modified temperature 
coefficients for gas solubilities, adsorption, viscosity, interfacial surface tensions and contact 
angles, and other properties important to transport in porous materials; and (3) examine the 
influence of temperature on primary hydrologic processes in the unsaturated zone, such as 
infiltration, moisture redistribution, evaporation, and drainage.

APPROACH: Perform laboratory experiments on field cores and repacked samples to 
measure the temperature dependence of water-retention characteristics and unsaturated 
hydraulic conductivities in natural porous materials. Examine relations between matric 
potential, volumetric water content, and temperature in these materials by use of experimental 
equipment and procedures that have been modified for high temperature. Perform field 
experiments to determine the influence of temperature on water retention and transport.

PROGRESS: Significant progress has been made in both laboratory and field research in two 
distinct areas. Laboratory research has focused on the determination of water retention in 
stratified porous materials and the effects of stratigraphy on pulsating outflow patterns in
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stratified materials. A paper has recently been completed on the results of experiments on 
water retention in stratified materials. A theory to explain the pulsating outflow patterns is 
currently being developed. Field work has been performed to examine the effects of stream 
temperature on stream-flow variations. Our-research in New Mexico, Colorado, and Nevada 
has demonstrated that variations in stream temperature can cause large variations in the rate 
of seepage loss from streams. A paper is currently being completed on the results of work at 
these field sites.

REPORTS PUBLISHED 1988-1993:

Constantz, J., 1989, Distillation irrigation A low- 
energy process for coupling water purification 
and drip irrigation: Agriculture Water Man­ 
agement Journal, v. 15, 253-264.

.1991, Comparison of isothermal and isobaric 
water retention paths in nonswelling porous 
materials: Water Resources Research, v. 27, 
p. 3165-3170.

Constantz, J., 1993, Confirmation of rate-dependent 
behavior in water retention during drainage in 
nonswelling porous materials: Water 
Resources Research, v. 29, 1331-1334.

Constantz, J., and Herkelrath, W.N., 1988, Field 
measurements of the influence of entrapped air 
upon ponded infiltration rates, in Fok, Yu-Si, 
ed., Infiltration principles and practices: Uni­ 
versity of Hawaii Press, p. 398-408.

Constantz, J., Herkelrath, W.N., and Murphy, F., 
1988, Air encapsulation during infiltration: 
Soil Science Society of America Journal, v. 
52, p. 10-16.

Constantz, J., and Murphy, F., 1990, Monitoring 
moisture storage in trees using time-domain 
reflectometry: Journal of Hydrology, v. 119, 
p.31-42.

.1991, The temperature dependence of ponded 
infiltration under isothermal conditions: Jour­ 
nal of Hydrology, v. 122, p. 119-128.

Green, T.R., Green, R.E., and Miller, M.E., 
1993, Impacts of vertical heterogeneity on 
simulated water flow in Hawaiian basaltic 
saprolite: relations to recharge, in Dagan G., 
and Russo, D., eds., Water Flow and Solute 
Transport in Soils: Advanced Agricultural 
Science, v. 20, p. 233-246.
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TITLE: Physical Characteristics that Determine Flow in the Unsaturated Zone 
(WR 89-198)

PERSONNEL: John R. Nimmo, Project Chief 
Kim Biii, Secretary
Stephanie M. Shakofsky, student (San Jose State University) 
Cinzia Rossi, Visiting Scientist

ADDRESS: U.S. Geological Survey, 345 Middlefield Road, MS 421, 
Menlo Park, CA 94025

TELEPHONE: (415) 329-4537

PROBLEM: Flow in the unsaturated zone profoundly influences the degradation of water 
quality as well as the loss and replenishment of available water resources. Unsaturated-zone 
physical characteristics, such as hydraulic conductivity and water retention, are essential to 
the determination of water and solute fluxes into ground water and to the understanding of 
surface-subsurface interactions. The theory describing these unsaturated-zone influences has 
not been adequately tested and may, in fact, be invalid for certain important cases. 
Limitations of present laboratory and field techniques are a major hindrance to large-scale 
hydrological application of unsaturated-flow theory because critical physical characteristics 
cannot be measured with the required speed and accuracy.

OBJECTIVE: (1) Test the validity of existing theories related to unsaturated-zone fluxes and 
correct or extend them, where necessary, to develop fast, accurate, practical methods for 
measuring unsaturated-zone fluxes and the physical characteristics that determine them; (2) 
apply and promote routine use of these experimental and theoretical methods in hydrological 
studies where the unsaturated zone plays an important role; (3) assess the importance of 
complicating influences (temperature gradients, dispersion, hysteresis, and so forth.) on water 
and solute fluxes.

APPROACH: By inventing new devices, applying newly discovered principles, and adapting 
technology from related and unrelated fields, develop techniques for measuring 
unsaturated-zone fluxes and the porous-media characteristics essential to their understanding. 
Integrate field, theoretical, and laboratory methods into a practical system for solving a 
variety of specific hydrological problems. Apply this system both to water-resource issues 
and to fundamental problems of unsaturated flow. Use newly developed experimental
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methods, alone or in combination with others, to test theory. Where necessary or desirable, 
derive new theory from basic physical principles.

PROGRESS: (1) We have formulated and tested two versions of a new analytical model for 
representing soil moisture retention with good accuracy at low as well as high water content. 
This model is the first that provides realistic fits over the entire range of soil moisture, from 
saturation to oven-dryness. Because of a high degree of physical realism it is also useful for 
extrapolating data beyond the range of measurements, permitting as much as a 
five-order-of-magnitude extension.

(2) We completed a set of detailed moisture-retention measurements on soil core samples 
from the vicinity of a hazardous waste site at the Idaho National Engineering Laboratory 
(INEL). The results show distinct differences, largely in the degree of variability, in the 
hydraulic properties of undisturbed soil and a simulated landfill. This suggests that some of 
the flow-impeding properties of the layered natural soil were destroyed in creating the 
landfill.

(3) We obtained cores and disturbed samples at a waste-disposal site near Beatty, Nevada, 
establishing the suitability of this site for detailed unsaturated flow measurements.

(4) We obtained high-quality core samples, using a newly modified technique for minimizing 
sample disturbance, from a site in southeastern Washington. We have started a series of 
unsaturated hydraulic conductivity (K) measurements by the steady state centrifuge method 
(SSCM) using these samples to obtain accurate and conclusive measurements of aquifer 
recharge rates.

REPORTS PUBLISHED 1988-1993:

Nimmo, Jr., 1990, Experimental testing of transient 
unsaturated flow theory at low water content 
in a centrifugal field: Water Resources 
Research, v. 26, p. 1951-1960.

_1991, Comment on the treatment of residual 
water content in "A consistent set of paramet­ 
ric models for the two-phase flow of immisci­ 
ble fluids in the subsurface," by L. Luckner 
and others: Water Resources Research, v. 27, 
p. 661-662.

_1992, A semiempirical model of soil water 
hysteresis: Soil Science Society of America 
Journal, v. 56, p. 1723-1730.

Nimmo, J.R., and Akstin, K.C., 1988, Hydraulic 
.conductivity of a sandy soil at low water con­ 
tent after compaction by various methods: Soil 
Science Society of America Journal, v. 52, p. 
303-310.

Nimmo, J.R., Akstin, K.C., and Mello, K.A., 
1992, Improved apparatus for measuring hy-
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draulic conductivity at low water content: Soil 
Science Society of America Journal, v. 56, p. 
1758-1761.

Nimmo, J.R., and Mello, K.A., 1991, Centrifugal 
techniques for measuring saturated hydraulic 
conductivity: Water Resources Research, v. 
27, p. 1263-1269.
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TITLE: The Fate and Transport of Immiscible Contaminants in the Subsurface 
(WR 89-199)

PERSONNEL: Hedeff I. Essaid, Project Chief 
Maria M. Watts, Secretary 
Leslie Dillard, Geologist, student (Stanford University)

ADDRESS: U.S. Geological Survey, 345 Middlefield Road, MS 421, 
Menlo Park, CA 94025

TELEPHONE: (415) 354-3383

PROBLEM: Many highly toxic contaminants commonly found in the subsurface occur as 
slightly soluble and highly volatile fluids that are immiscible with water. Despite their low 
solubility, these compounds pose a widespread potential threat to ground-water resources. 
Such fluids include synthetic organic compounds such as trichloroethylene (TCE) and related 
chlorinated hydrocarbons, polychlorinated biphenyls, coal tar and creosote wastes, and natural 
and refined hydrocarbons. Because of the limited knowledge concerning the multiphase 
nature of transport of such contaminants in the subsurface, the development of methodologies 
for predicting and controlling the movement and removal of such plumes is still in its 
infancy.

OBJECTIVE: Understand the migration and fate of immiscible contaminants in the 
subsurface, including the physics of multiphase flow (that is, the governing equations, the 
relative permeability and saturation functions, and the effects of hysteresis and porous media 
heterogeneity); the nature of interphase transfer processes and chemical reactions affecting 
transport rates and (or) physical-media properties; and the nature of biological processes in 
the subsurface leading to biodegradation of organic contaminants.

APPROACH: Undertake the study of multiphase contaminant problems through the 
development of efficient numerical models applicable at laboratory and field scale, in 
conjunction with experimental and field investigations. Develop methods for incorporating 
porous-media heterogeneity, mass transfer, and biological processes into numerical 
simulators. Use these models, ultimately, to simulate and predict the migration of slightly 
soluble, highly volatile immiscible contaminants in the field.

PROGRESS: We are continuing to study the distribution of oil in the subsurface at the
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Bemidji, Minnesota, research site in order to develop an understanding of the processes 
influencing the flow of immiscible organic contaminants. At the Bemidji crude-oil spill site, 
oil ponded on the land surface at two sites approximately 150 meters apart. Oil infiltrated at 
both locations forming separate pools of oil at the water table. Using our specialized coring 
and laboratory techniques, we have made detailed determinations of fluid distributions within 
the two pools. We have noticed marked differences between the measured oil distributions 
despite the proximity of the locations. At the south oil pool site, where the water table is 
about 2 meters deep, the maximum observed oil saturation was 0.62, and very little oil was 
trapped in the unsaturated zone. At the north oil pool site, where the water table is about 6.5 
meters deep, the maximum observed oil saturation was 0.74, and significant amounts of oil 
were trapped in the unsaturated zone. Particle-size based Krumbein-Monk estimates of 
permeability (k) indicate that the distribution of the hydraulic properties of the glacial outwash 
at the two sites is different. Examination of the north pool cores and particle-size data 
revealed the presence of thin silt layers interbedded within tHe coarser outwash materials. 
The analysis of the first transect taken through the south pool oil lens has been published in 
Water Resources Research. The analysis of the first transect through the north oil pool has 
been presented at the Fall 1992 American Geophysical Union meeting and the manuscript is 
being written. In both cases, geostatistical simulation was used to characterize the spatial 
variability at the two sites and a cross-sectional multiphase flow model was used to simulate 
the oil distributions. Simulation results for the south oil pool indicated that hysteresis and 
representations of spatial variability conditioned to the field data must be included in order to 
reproduce the general features of the observed oil distribution. At the north pool, 
incorporation of hysteresis was not crucial; the presence of the silt lenses within the outwash 
was dominant factor influencing the subsurface oil distribution. Despite the proximity of the 
two sites, modeling experience gained at one site was not highly transferable to the other site.

REPORTS PUBLISHED 1988-1993:
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a quasi-three-dimensional finite-difference 
model to simulate freshwater and saltwater 
flow in layered coastal aquifer systems: U.S. 
Geological Survey Water-Resources Investiga­ 
tion Report 90-4130, 182 p.

.1990, A multilayered sharp interface model of 
coupled freshwater and saltwater flow in 
coastal systems Model development and 
application: Water Resources Research, v. 26, 
no. 7. p. 1431-1454.

_1992, Simulation of freshwater and saltwater 
flow in the coastal aquifer system of the Puris- 
ima Formation in the Soquel-Aptos Basin, 
California: U.S. Geological Survey Water- 
Resources Investigation Report 91-4148, 35 p.

_1992, Long term issues in ground water man­ 
agement: Seawater intrusion, in Changing 
practices in ground water management The 
pros and cons of regulations, in 18th Biennial 
Conference on Ground Water, Sacramento, 
Calif., Sept. 16-17, 1991, Proceedings: Uni-
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1993, Simulation of fluid distributions 
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hysteresis, oil entrapment, and spatial variabil­ 
ity of hydraulic properties: Water Resources 
Research, v. 29, no. 6, p. 1753-1770.

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

Herkelrath, W.N., Essaid, H.I., and Hess, K.M., 
1991, Field and modeling studies of immisci­ 
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aquifer Proceedings of the International Hy­ 
drology and Water Resources Symposium 
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contents at a crude-oil spill site: Journal of 
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TITLE: Origin, Characterization, and Quantification of Natural Organic Solutes in 
Water (CR 68-046)

PERSONNEL: Ronald L. Malcolm, Project Chief 
Cathy M. Rubin, Secretary 
Kay R. Kennedy, Chemist

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

TELEPHONE: (303) 467-8270

PROBLEM: More than 90 percent of the organic solutes in water are of natural origin. 
These substances are known to complex trace metals, to transport pesticides, to be precursors 
of carcinogenic compounds upon chlorination, and to be a food source for aquatic organisms; 
yet, little is known about the chemistry or source of these organic materials.

OBJECTIVE: (1) Identify and quantify organic solutes that affect water-quality processes; (2) 
measure the amount of different organic solutes in various hydrologic environments; (3) 
determine the origin, structure, and reactivity of aquatic humic substances; (4) predict the 
processes that affect the fate and movement of organic solutes in surface and subsurface 
environments; and (5) determine the effects of natural organic solutes on water purification 
processes (reverse osmosis, chlorination, activated charcoal, and ozonation).

APPROACH: Conduct intensive sampling of several rivers, lakes, and interstitial waters in 
the United States and other countries to determine climatic, geologic, and season variations in 
natural organic substances. Groundwaters from different types of geologic formations will be 
sampled to determine possible organic variations with aquifer type. Organic substances from 
brackish and ocean water will be sampled for type and composition, variations from 
freshwaters, and for possible effects upon CO2 and climatic fluctuations. Cooperate with 
other researchers and District programs with emphasis on organic contaminant movement in 
ground water. From the characterization of natural organic matter, correlate and predict the 
amount and variety of chlorinated compounds in water.
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PROGRESS: Four reports were published and two others written.

The hydrophilic Dissolved Organic Carbon (DOC) components are the most important 
sources of CO2 to the atmosphere. The humic and fulvic acids are refractory and account for 
50 plus percent of the DOC. Therefore, DOC is a poor indicator of CO2 potential to the 
atmosphere.

Hydrophilic acids and hydrophilic neutral organic solutes occur in interstitial waters in greater 
abundance than in soils and stream waters. These compounds appear to be a source of rapid 
carbon turnover and a large CO2 source. The release of these substances from permafrost 
during global warming is a large potential supply of CO2 .
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liquids by soil humic acid and its relation to 
partitioning of organic compounds in soil 
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TITLE: Behavior of Natural Polyelectrolytes in Water (CR 68-132)

PERSONNEL: Robert L. Wershaw, Project Chief
Nora L. Bender, Secretary W.S. Goldenberg, Technician 
Kevin A. Thorn, Research Chemist SJ. Younger, Technician.

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

TELEPHONE: (303) 467-8280

PROBLEM: Natural organic polyelectrolytes are highly active materials that are present in 
practically all natural water systems. They interact with organic and inorganic pollutants and 
nutrients, influencing and in many instances, controlling the toxicity, rate of movement, 
persistence, and rate of degradation of the pollutants and nutrients in aquatic environments. 
Detailed knowledge of the chemistry of natural organic polyelectrolytes is therefore of 
primary importance in understanding the chemical changes that affect all of the components of 
natural water systems. Organic polyelectrolytes are partially eliminated from drinking water 
by coagulation and chlorination; however, the products of chlorination are not known. 
Natural and synthetic organic compounds are present in all natural waters. Some of these 
compounds are toxic or mutagenic and it is therefore important that they be identified and 
quantified in surface and ground .water and in precipitation.

OBJECTIVE: (1) Isolation of the various organic polyelectrolytes present in natural water 
systems from different environments; (2) determination of the physical and chemical 
properties of the most abundant organic polyelectrolytes; (3) elucidation of the mechanisms of 
interaction of pollutants with natural organic polyelectrolytes; (4) determination of the types 
of chemical compounds that result from the chlorination of natural polyelectrolytes; (5) 
development of nuclear magnetic resonance (NMR) spectroscopic methods for the 
characterization of humic substances; (6) determination and characterization of selected 
organic pollutants in ground water; (7) elucidation of the mechanisms of humification in 
natural systems; (8) identification of diagnostic NMR bands of different functional groups 
found in natural organic polyelectrolytes; (9) characterization of the nitrogen containing 
species in natural organic polyelectrolytes; (10) identification of the carbohydrates in humic 
substances.
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APPROACH: (1) Isolate chemically unique polyelectrolyte fractions using column 
chromatography, electrophoresis, and other techniques; (2) determine the physical and 
chemical properties of the fractions using small angle X-ray scattering, ultracentrifugation, 
and atomic, molecular, and magnetic resonance spectroscopy; (3) use carefully characterized 
organic polyelectrolyte fractions in experiments designed to elucidate the sorption and 
solubilization reactions of pollutants and nutrients with natural organic polyelectrolytes; (4) 
characterize the effect of fulvic and humic acids on the activity of Na ions in solution by 23Na 
NMR spectroscopy; (5) isolate selected organic pollutants from ground waters; (6) measure 
the 15N NMR spectra of humic substances reacted with selected 15N labelled reagents; (7) 
measure the 14N and 15N NMR spectra of humic isolates; (8) isolate and identify 
carbohydrates from soil and compost extracts; (9) characterize by 13C NMR spectroscopy 
humic substances isolated from water treatment plants and composts.

PROGRESS: (1) The collaborative study of compost leachate from a municipal leaf 
composting operation near Hartford, Connecticut, is continuing. Leachate samples have been 
collected from lysimeters installed beneath the compost windrows. Chemical analyses of the 
leachate have been performed. Two wells have been drilled to the water table, and water 
samples have been collected from the wells. The nutrient levels in these samples were not 
elevated.

(2) The first phase of a study of the mechanism of sorption of organic carboxylic acids from 
compost leachate on alumina has been completed. This study has provided evidence for a 
multidentate mechanism for the interaction of the carboxylic acid groups with aluminum 
atoms on the alumina surface. Essentially complete coverage of the alumina surface takes 
place at concentrations as low as 5 milligrams of acid per liter (2.5 mg C/L). This complete 
coverage is the result of the formation of very strong multidentate aluminum-carboxylate 
complexes. These results provide a much more detailed description of the process of 
adsorption of humic substances on mineral surfaces than has previously existed.

(3) A collaborative study with the Comprehensive Organic Analyses project on the charac­ 
terization of carboxylic acid fractions isolated from the Suwanne River fulvic acid has been 
initiated. We have been doing the nuclear magnetic resonance (NMR) analyses on the 
fractions.

(4) The collaborative investigation of the interactions of anthropogenic nitrogen compounds 
with soil organic matter undertaken with scientists from U.S. Environmental Protection 
Agency and the California State University at Bakersfield, California, has yielded an number 
of important results. Carbon-13 NMR studies have demonstrated that atrazine and
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desethylatrazine can form covalent bonds with humic substances via nucleophilic addition of 
the amine groups of the triazines to carbonyl groups of the humic substances.

Nitrogen-15 NMR studies have demonstrated that aniline forms covalent bonds with soil 
humic and fulvic acids both in the presence and absence of phenoloxidase enzymes. Kinetic 
studies of the binding of aniline to whole soils in the absence of enzymes suggest that 
reversible hydrophobic and cation exchange processes do not contribute significantly, but that 
irreversible covalent binding to the organic matter of the soil is the dominant process. A 
wider variety of covalent bonds is formed in the presence of enzymes, but, overall, the forms 
of nitrogen incorporated into the humic substances are similar.

Nitrogen-15 NMR studies have confirmed the covalent bonding of ammonia and nitrite to soil 
humic substances. The fulvic acid fraction appears to bind more ammonia and nitrite than the 
humic acid fraction.
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Geological Survey Open-File Report 87-557, 
377 p.
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TITLE: Geochemical Kinetics Studies of Silicate Rock Hydrologic Systems (CR 
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PERSONNEL: Hans C. Claassen, Project Chief 
Sandra J. Piksa, Secretary 
Douglas R. Halm, Hydrologist

ADDRESS: U.S. Geological Survey, P.O. Box 25046, MS 412, Denver Federal Center, 
Denver, CO 80225

TELEPHONE: (303) 236-5197

PROBLEM: Adequate description of mass transport in hydrologic systems requires 
knowledge of the rates of the reactions among the gaseous, solid, and liquid phases present. 
This knowledge of reaction rates is necessary because many chemical reactions occur 
simultaneously in natural systems, and only a few of these appear to reach equilibrium, even 
after long contact times. Therefore, a complete description of the chemical processes and 
their rates will allow realistic modeling of mass transport in natural and perturbed hydrologic 
systems.

OBJECTIVE: Determine the relative importance of the factors controlling water quality and 
devise experiments to quantify the process by studying two model systems representing single 
lithologies extrusive volcanic and shale. Determine the kinetics and niechanism(s) of these 
processes and the effects of natural variation on the controlling factors. Suggest reaction 
models by combining solution chemistry and the results of surface alteration studies.

APPROACH: Monitor water quality from selected sources in the model study areas on a 
monthly basis. Monitor measurements of precipitation amounts and quality, soil temperature 
and moisture profiles, gravitational porewater quality and amount, and soilpore carbon 
dioxide on either a continuous or periodic basis. On the basis of these measurements, (1) 
describe the relations between variations in input (recharge) and output (discharge) water 
quality; (2) design controlled laboratory experiments; and (3) use the results of these 
laboratory experiments to provide data for elucidation of kinetic mechanisms. Determine 
changes that occur in the solid phase by use of instrumental (nondestructive) and chemical 
analytical techniques.

PROGRESS: (1) A model that simulates isotopic changes to snow intercepted on evergreens 
has been completed and a paper on the subject submitted to Water Resources Research for

312 NATIONAL RESEARCH SUMMARY 1993



SURFACE-WATER CHEMISTRY

publication. The model considers isotope diffusion and advection in snowpacks of varying 
permeability and predicts the range of isotopic composition observed in throughfall collected 
beneath spruce. The median isotope shift in throughfall was observed to be approximately 
+2.1 approximately in 18O and approximately +13 in 2H. Depending on forest cover and 
fraction of precipitation that falls as snow, in addition to other factors, the composition of 
precipitation available for recharge may be significantly modified in some watersheds. It may 
be anticipated that the model could be applied to predicting isotope changes occurring during 
firnification of glacier ice. Such modification would alter paleoclimate interpretations derived 
from the isotope composition of glacier ice.

(2) An analysis of NADP/NTN wet deposition data from three sites in western Colorado 
strongly suggests that operational characteristics of the wet deposition collector may result in 
significant amounts of solutes not being collected. Standard atmospheric scavenging 
equations were applied to the NADP/NTN data to obtain estimates of scavenging equation 
parameters. The resulting equations were used to examine the amounts of solute not 
collected, assuming a range of collector performance characteristics. It was concluded that 
10-30 percent or more of total deposition may not be collected by sampling at semiarid 
locations, depending on precipitation rate and atmospheric concentration of solute.

(3) The instrumentation phase in the study of atmospheric and hydrologic fluxes at a Sonoran 
Desert site (Organ Pipe Cactus National Monument, Arizona) is nearing completion. Nearly 
all meteorological instrumentation has been operational for 9 months. The objective is to 
examine flux of water, dry and wet flux of solutes contributing to calcrete formation and 
salinity of desert soils under an "American Monsoon" climate. It is hoped that this 
knowledge will contribute to more accurate paleoclimate interpretations of soils in desert 
climates of the American southwest.
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TITLE: Water Chemistry of Sediment Surface Coatings (CR 76-199)

PERSONNEL: Marvin C. Goldberg, Project Chief
Patricia A. Stanile, Accounting Technician
Anthony George, Physical Scientist
Richard Darsky, Student, (Denver University)

ADDRESS: U.S. Geological Survey, P.O. Box 25046, MS 424, Denver Federal Center, 
Denver, CO 80225

PROBLEM: Local chemical composition of natural waters is heavily influenced by sediment 
surface reactions. This is attributed to sorption phenomena on the sediment surface as the 
sediments will carry larger concentrations of many materials, such as trace metals, pesticides, 
and salts, than does the water. These sorbed species are interactive across the solidliquid 
interface and may move in either direction in response to changes in chemical potential set up 
on either side of the interface. As is well known, sediments act as sources, sinks and carriers 
of a variety of chemical species. To understand the processes controlling a main source of 
materials that enter and exit water systems, one must understand the variety of reactions 
taking place that govern the distribution of chemical species between the solid and liquid 
phases. The solid phase acquires coatings as a consequence of its prior reactive history; these 
coatings are important parameters in determining the current surface chemical reactivity. An 
understanding of the coating process, the chemical composition of the coating (adsorbate) and 
the chemical reactivity of the coatings when exposed to various bulk water compositions is a 
prerequisite for definition, prediction and control of water quality.

OBJECTIVE: (1) Examine natural sediment surfaces to elucidate their surface chemical 
composition so that the rate determining sorption processes that occur on these surfaces are 
described for various particle coatings; (2) correlate these sorption reactions with specific 
molecular species that reside on the surface; (3) examine the chemical processes by which 
sediment coatings are formed and the nature of the bonding between coatings and sediment 
surfaces; (4) determine the role that photolysis plays in substratecoating interactions, 
specifically redox potential, mineral dissolution and decomposition; and (5) determine the 
applicability of natural fluorescence emanating from surface coatings and materials in water, 
monitoring movement in the hydrologic system, and identifying the materials being 
transported.

APPROACH: Spectroscopic methods will be used to determine the surface chemical 
composition of natural and prepared sediment coatings. Several techniques will be used
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including Fourier Transform Infrared Spectroscopy, Fluorescence Depolarization 
Spectroscopy and Ultraviolet Visible absorption spectroscopy. The substrates selected for this 
work will be iron-oxyhydroxides, preferably Goethite, Manganite and Gibbsite. The redox 
reactions that are induced by changes in chemical potential or photolysis in the substrate and 
the coating will be examined. This data should provide fundamental information on the basic 
chemical and geochemical processes in water, aid in conducting evaluations of water quality, 
and aid in obtaining a better understanding of the reactions of the chemicals that are 
suspended or dissolved in water. Molecular properties of ubiquitous materials in water such 
as the humic and fulvic species will be determined as a step towards understanding the 
molecular reactivity of these materials and their role in aquatic chemistry. Steady state and 
dynamic depolarization studies will be carried out to measure size, shape, and molecular 
bonding energies of selected materials. Further characterization by three dimensional 
fluorescence spectroscopy of various species will be performed. Iron oxyhydroxides 
adsorbates of soluble organic materials, such as acids, aldehydes, ketones, and other synthetic 
and natural products that enter water systems, will be photolysed to determine the interfacial 
effect between the adsorbate and the aqueous phase and also the adsorbate and the substrate in 
abiotic reactions such as photolysis. Excitation Emission Matrix (EEM) spectra will be 
measured on samples from selected sites to determine the applicability of this measurement to 
hydrologic studies of material transport.

PROGRESS: Samples taken during the past 2 years, both in the summer and winter, in the 
Sacramento River Delta showed a wide variability in abiotic degradation. Depending on 
location, the values ranged from 10~ 18 to 10~ 14 in steady state hydroxyl radical concentration. 
Correlations indicate a relation between the photolytic activity found in parts of the river and 
transport of the materials that enter the river via tributaries, channels, and a network of 
sloughs. The present data are being used to describe the photolytic activity in the main 
channel of the Sacramento River from the Colusa drain to Isleton. The photolytic activity 
controlled by materials that enter through sloughs and timed releases are yet to be considered.

Samples taken in Yellowstone Park, Wyoming, of the tributaries to the Gibbon and Firehole 
Rivers which flow into the Madison River and of the Madison River itself revealed that 
relatively little organic matter is found in the pools and rivers which are above 30 degrees 
Centigrade. It was found that some anthropogenic material is injected into the Gibbon River 
at Elk Park and the Excitation Emission Matrix (EEM) fluorescence signature is detectable 
until the River enters the Madison River. Continued use of EEM spectroscopy to trace 
surfacewater and groundwater transport of fluorophoric materials has allowed low cost, rapid 
measurement of organic fluorophores in these river systems.

316 NATIONAL RESEARCH SUMMARY 1993



SURFACE-WATER CHEMISTRY

A continuing surveillance of the effects caused by loss of vegetation in the Yellowstone fire, 
shows little changes in the photolytic index, measured as sunlight induced steady state 
hydroxyl radical concentration. The replacement of vegetation is not sufficiently rapid to 
change the sunlight intensities in the main surface water systems in the park.

Continuing cooperative studies between the U.S. Geological Survey and the Bureau of 
Reclamation on desalinization of water were vigorously pursued. The Yuma water 
desalinization plant, operated by the U.S. Bureau of Reclamation, uses reverse osmosis 
membranes to desalinate water. The practicality of desalinization of water depends upon the 
lifetime of the reverse osmosis membranes that are responsible for separating the salt from 
the water. The factors which degrade these membranes while in use is a prime consideration 
in prolonging the lifetime of the membranes and thus reducing the cost of desalting the water. 
Studies, using Raman Spectroscopy, on the Reverse Osmosis membranes used in the Yuma 
pilot plant for water desalinization, were undertaken to evaluate the molecular degradation 
that occurs to the cellulose acetate membranes during plant operation. Comparison of new 
membranes to spent membranes showed a loss of acetate moieties in spent membranes. A 
controlled study of the degradating effects of pH and hypochlorite, are being evaluated. 
Preliminary results indicate a strong susceptibility of the membranes to hydrolysis at high pH. 
With chlorine present, the degradation is more rapid. The ether linkage in the cellulose ring 
structure is broken and the monomer linkages in the polymer are broken. A rate of acetate 
loss can be established which seems to correlate with loss of reverse osmosis function. 
Initial data indicate that, when subject to decomposing chemicals, the membrane retains its 
character for a given threshold time then degrades at rates dependent upon the concentration 
of the attacking chemicals.
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TITLE: Research in Analytical Environmental Trace Element Chemistry and Its 
Impact on Water Quality (CR 83-282)

PERSONNEL: Howard E. Taylor, Project Chief
Darlene Puhr, Secretary Terry I. Brinton, Chemist
Dale B. Peart, Hydrologist David A. Roth, Student, (Colorado State Univ.)
Ronald C. Antweiler, Hydrologist

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

TELEPHONE: (303) 541-3007

PROBLEM: The determination of inorganic constituents and their impact on water quality 
requires an in-depth knowledge of interactive water chemistry relationships. The ability to 
measure trace and ultratrace concentration levels of inorganic constituents as well as their 
chemical form and speciation plays a significant role in understanding their chemical, 
toxicological, transport and overall environmental impact on surface- and ground-water 
hydrology. The development of state-of-the-art analytical chemistry technology for the 
solution of specific hydrologically related problems requires extensive laboratory and field 
research and development effort.

OBJECTIVE: (1) Investigate and develop new concepts and approaches to the identification 
and measurement of inorganic constituents in water and water related materials. (2) 
Formulate techniques for the utilization of new field and laboratory technology for the 
assessment on water quality. (3) Participate in multidisciplinary research programs providing 
expertise in the field of inorganic water chemistry.

APPROACH: (1) Study the occurrence and distribution of inorganic constituents (trace 
metals, nutrients, molecular ionic species, organic complexes, and so forth) in hydrologic 
systems. (2) Study water chemical interactive relationships and assess their impact of water 
quality. (3) Develop field and laboratory technology for sampling and measurement of trace 
and ultratrace concentrations of toxic and other inorganic constituents in water and water- 
related materials. (4) Define relative importance of various impacts on water quality in 
specific hydrologic environments (such as, acid rain, geochemical industrial pollution, water 
treatment, agrichemical, and so forth). (5) Evaluate transport phenomena of inorganic 
constituents in hydrologic systems.
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PROGRESS: (1) Development of technology was continued for the direct measurement of 
ultra-trace (nanogram/liter) concentrations of constituents in hydrologic systems by state-of- 
the-art analytical laboratory instrumentation, including but not limited to inductively-coupled 
plasma mass spectrometry (ICPMS). Techniques and methodology were pioneered for the 
measurement of stable isotope ratios of selected heavy metals at trace (microgram/liter) 
concentration levels in natural waters for use as tracers. Instrumentation modifications were 
investigated to improve measurement precision, stability and sensitivity. (2) Research 
continues to develop the technique of sedimentation field flow fractionation coupled with 
ICPMS (SdFFF-ICP-MS) to study the geochemistry of trace elements associated with 
colloidal and sub-micrometer diameter paniculate material from natural surface water 
systems. (3) Research was performed, including field studies, to measure the occurrence, 
distribution and fate of trace metals, major water chemistry and nutrients in the Mississippi 
River system. This includes the investigation of interaction of trace metals with other water 
chemical parameters, with emphasis on the distribution between various size fractions of 
 suspended material, silts, colloids, and bed sediments. Studies were performed to 
representatively collect and separate statistically valid and uncontaminated samples. Field 
studies were also carried out to determine interactions of contaminants with each other and 
suspended sediment at primary mixing zones below confluences of tributaries. This research 
included studies of bed sediment materials and pore water samples. Sequential extraction 
techniques were developed for the study of the partitioning of trace elements between the 
various chemical fractions of bed sediment materials. (4) Research studies were continued to 
develop an understanding of the geochemistry of mercury and its fate in large river systems 
including the Mississippi and Colorado Rivers. (5) Research was performed to measure the 
relationship between water chemistry constituents and the occurrence and distribution of 
benthic invertebrate populations in rivers and streams. Field work was performed in the 
Gibbon and Firehole Rivers in Yellowstone National Park and rivers and streams in the 
Catskill Mountains, New York. (6) Studies continued to evaluate the chemical composition 
of ice layers in glaciers from the Wind River Mountain range in Wyoming. These studies 
will assist in evaluating climatic changes and atmospheric deposition. (7) Research was 
continued to study the water quality of the Colorado River system and the impacts from Glen 
Canyon dam operation on the ecology and water quality of the river systems. This included 
the analysis of samples and interpretation of data collected from two large scale synoptic 
sampling experiments in November 1990 and June 1991. Results of this research will assist 
in developing an understanding of the occurrence, distribution and chemistry of water quality 
constituents related to controlled and variable hydrologic discharge. (8) Studies were 
undertaken to establish the chemical water quality of tributaries to the Colorado River in the 
Grand Canyon to develop an understanding of the ecological impacts of land use in the water­ 
sheds of the tributaries. (9) Studies were initiated to evaluate the occurrence, distribution and
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interaction of trace elements in the delta's of the Colorado River and San Juan River arms of 
Lake Powell. (10) Multi-year research studies were initiated to assess the chemical and 
biological water quality of the surface waters in Yellowstone National Park using state-of-the- 
art field and laboratory techniques.
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PROBLEM: Accelerated decay of carbonate stone monumental works and building materials 
is apparent in several areas of the United States. This accelerated weathering has been 
attributed to air pollution and (or) acid deposition; however, little fundamental understanding 
of processes involved or quantitative relations between important variables are available.

OBJECTIVE: Determine carbonate stone dissolution processes and rates in natural and 
polluted environments. Attempt to separate the effects of wet deposition from the effects of 
dry deposition and normal weathering processes.

APPROACH: Onsite measurements of acid rain dissolution and damage to carbonate stone 
will be used, with supplemental well-controlled laboratory studies and reaction modeling. 
Onsite studies involve collection of rainfall leachate solutions from an inert reference surface 
and from limestone and marble surfaces at five acid rain impacted locations: Chester, N.J.; 
Newcomb, N.Y.; Research Triangle Park, N.C.; SteubenviJle, Ohio; and Washington, D.C. 
Air quality, meteorology, rainfall and rain-runoff quality and changes in the chemical 
composition of limestone and marble will be used to develop a quantitative description of 
carbonate stone dissolution and damage due to acid rain and air pollution. Laboratory studies 
and reaction modeling will be used to identify processes involved in acid rain damage and 
dissolution.

PROGRESS: A manuscript (Atmospheric Environment, 1992) showing that acid rain and air 
pollution cause 30 percent of the total carbonate stone dissolution at selected field sites has 
been published. The remaining 70 percent of carbonate stone dissolution is accounted for by 
the solubility in rain. These results are for marble and limestone slabs exposed at an angle of
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the solubility in rain. These results are for marble and limestone slabs exposed at an angle of 
30 degrees from horizontal. The relative contribution of sulfur dioxide to chemical erosion is 
significantly enhanced for stone slabs having an inclination of 60 degrees or 85 degrees. The 
dry deposition of alkaline paniculate material has a mitigating effect at the two urban 
exposure sites at Washington, D.C. and Stubenville, Ohio.

A recent paper (Journal of Chemical Education, 1993) has examined field experiments 
designed to estimate carbonate stone dissolution by acid rain. The stoichiometry of the 
reaction of stone with hydrogen ion is difficult to define from the field data due to scatter in 
the data attributed to hydrodynamic effects. Laboratory experiments show that the rain 
solutions reacting with the surface of carbonate stone are close enough to equilibrium for the 
incremental effect of hydrogen ion to be minor (for example, 24 percent for marble for a rain 
of pH 4.0) relative to dissolution due to water and carbonic acid reactions.

A manuscript reporting that acid dissociation and metal ion complexation equilibria of linear, 
weak-acid polyelectrolytes responds to changes in solution composition in similar ways to 
their cross-linked gel analogues was published (Journal of Physical Chemistry, 1991). The 
Gibbs-Donnan model of ionic distribution in solution explains this observation and indicates 
that the linear polyelectrolyte in solution develops a counterion-concentrating region that 
closely resembles the gel phase.
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PROBLEM: A disproportionate amount of research in water chemistry has been directed 
towards defining trace levels of organic contaminants in water, whereas the structures and 
characteristics of natural organic substances, in the dissolved, suspended, and bed sediment 
phase-s, are very poorly understood. A better knowledge of the nature of natural organic 
substances in water is essential to the advancement of many diverse sciences, such as organic 
geochemistry, aquatic biology, soil science, hydrology involving contaminant transport, and 
even atmospheric chemistry involving carbon cycle research. The Water Resources Division 
is conducting significant research on the nature of humic substances in water, which comprise 
less than one-half of the total organic carbon in water; a comprehensive study of the entire 
suite of compound classes comprising natural organic substances has been lacking.

OBJECTIVE: Conduct comprehensive organic analyses of various surface-water samples 
where comprehensive analyses is defined as "state-of-the-art" organic analyses on as many 
classes (humic substances, lipids, proteins, carbohydrates, etc.) as possible within the time 
and resource limitations of the project. Develop chromatographic, selective extraction, and 
derivatization methods for organic substance characterization by infrared, nuclear magnetic 
resonance, and mass 'spectrometric methods. Define the chemical, biologic, and hydrologic 
processes that both produce and diagenetically alter natural organic substances in water. 
Conduct interdisciplinary studies with colleagues to determine significance and mechanisms of 
contaminant binding with natural organic substances.

APPROACH: Characterize phytoplanktonic inputs to natural organic substances in fresh 
water (Island Lake, Nebraska) and saline water (Big Soda Lake, Nevada); study terrestrial 
vegetative contributions in the Suwannee River in southern Georgia, a subtropical 
environment, and in the Sagavanirtok River of Alaska, an arctic environment. Determine 
spatial and seasonal differences of organic substances in the dissolved, suspended, and bed 
sediment phases in the Mississippi River, an integrating environment, to determine the nature
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and importance of these various organic phases with regards to contaminant interactions and 
transformations. Apply techniques used to characterize natural organic substances to study 
organic contaminant transport processes in ground water at Cape Cod, Massachusetts, and in 
the Mississippi River. If unknown organic contaminants are discovered during the above 
studies, characterize and quantitate the contaminants.

PROGRESS: The major activity for the year was to complete an interdisciplinary study of 
the water quality of the Mississippi River sampled between Minneapolis-St. Paul, Minnesota, 
and New Orleans, Louisiana. The project concentrated on defining sewage contaminants and 
on the natural organic geochemistry of dissolved and paniculate phases in the river that affect 
contaminant transport and fate. Major findings of sewage contamination, specific surfactant 
analyses, fecal coliform measurements and fecal sterol analyses of bed sediments, found 
severe contamination from sewage inputs from St. Louis, Missouri, to the confluence with the 
Ohio River. Lessor amounts of sewage contaminants were found in the Minneapolis-St. Paul 
region and where the water quality of the river with respect to sewage contaminants appeared   
to be improving with time.

The colloidal fraction of suspended sediments from the Mississippi River was found by 
coworkers to be a major transport agent of insoluble contaminants. These colloids were 
found to be transported in a physically and chemically conservative matter, and organic 
matter was found to be instrumental in keeping the colloids dispersed in water and in serving 
as a substrate into which contaminants partitioned. Spectral characterization of the colloids 
found bacteria, lipids, proteins, and sugars to be major organic constituents of colloids. Both 
suspended and bed sediments were found to be exceptionally high in nitrogen in the Upper 
Mississippi River near agricultural input sources in Iowa and Illinois. These high nitrogen 
sediments may degrade the water quality of the river by contributing to water eutrophication 
during periods of low flow and high temperatures during the summer.

An ongoing research study of organic functional groups that contribute to the strong-acid 
characteristics of fulvic acid from the Suwannee River, Georgia, found that carboxyl groups 
combined with ester and ether functionalities alpha to the carboxyl group explained the 
strong-acid characteristics. A specific cyclic diglycolic acid functional group structure was 
detected in fulvic acid that had a dissociation constant (pKal) value near 1. The finding of a- 
ether polycarboxylic acids for this fulvic acid is especially significant because this functional- 
group arrangement is known to efficiently complex trace metals and calcium in water. Also, 
the strong acidity findings are important for mineral weathering studies, and nutrient 
availability studies.
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TITLE: Organic Carbon Migration in Aquatic Environments (CR 93-331)

PERSONNEL: George R. Aiken, Project Chief 
Eva Brown, Secretary 
Jason Tregellas, Physical Science Aid

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

TELEPHONE: (303)541-3036

PROBLEM: Organic matter in aqueous systems often controls geochemical processes by 
acting as proton donors/acceptors and pH buffers, by affecting the transport and degradation 
of pollutants, and by participating in mineral dissolution/precipitation reactions. To more 
clearly understand the dynamics of carbon cycling and chemical transport, better definition of 
geochemical processes as they apply to dissolved organic carbon is required. In particular, 
understanding the chemical mechanisms controlling the fate and transport of both naturally 
occurring anthropogenic compounds in ground water and sediments is needed.

OBJECTIVE: To determine the role of chemical processes associated with bulk dissolved 
organic carbon (DOC) on the transport of both naturally occurring and anthropogenic 
compounds. These processes include sorption, partitioning, cosolute enhanced transport and 
colloidal interaction. To demonstrate that nonvolatile organic acids resulting from the 
degradation of organic matter are interactive components of aquatic environments. To 
demonstrate that DOC interactions within a given environment control hydrophobic 
constituent transport in aqueous systems.

APPROACH: Within the conceptual framework of a chromatographic model, a combined 
field/laboratory approach will be used to study the factors controlling the movement of 
organic compounds in groundwater and sediment. Samples from a given site will be collected 
along flow transects to determine the fundamental chemical properties of both dissolved and 
sorbed organic matter. Established techniques for the isolation and characterization of 
organic matter will be used. Laboratory studies will be conducted to examine the attenuation 
of advective transport of organic compounds by sorption, to investigate a number of 
potentially important interactions involving DOC and other inorganic and organic constituents 
in water.

PROGRESS: Last year, research continued on the nature of nonvolatile organic acids present 
in the DOC plume downgradient of the oil spill at Bemidji, Minnesota. A novel technique
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for obtaining cores of subsurface material along with the pore-water fluids was employed, 
allowing the investigation of the vertical distribution of both dissolved and sorbed 
constituents, the relation of the dissolved constituents to the solid phase, and the effects of 
small-scale heterogeneity on the chemistry of the plume. The results of previous research at 
the site are presently being written up for publication. Research also continued on the factors 
controlling the DOC in Williams and Shingobee Lakes (Minnesota). Results to date indicate 
that the nature of the DOC between the two lakes is different, reflecting the differences in 
hydrology and sources of DOC between the lakes. During this past year, samples of the 
organic matter were obtained from the groundwater entering Williams Lake, and from the 
Shingobee River during the spring flush. These samples represent major inputs of organic 
matter to each lake. Preliminary results of the analysis of these samples indicate that they 
differ significantly. In addition, study of the flux of organic matter through the sediments of 
Williams Lake has begun. The dynamics of carbon cycling in Lake Fryxell (Antarctica) 
continued last year with the determination of 14C ages of the humic substances from the lake 
and inflow streams. The results of these measurements suggest that the diffusion of organic 
matter from the bottom waters and sediments of the lake into the overlying waters is the 
major source of DOC in the water column of the lake. In addition, new research on the 
factors controlling the transport and fate of organic matter the South Platte River has begun in 
conjunction with the South Platte River National Water Quality Assessment (NAWQA) study 
group. Finally, I was the author or coauthor on five reports published last year.
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TITLE: Sedimentary Geochemical Processes Affecting the Exchange of Nutrients and 
Transition Metals Between Sediment and Water in Riverine, Estuarine, and 
Lacustrine Environments (NR 76-065)

PERSONNEL: Edward Callender, Project Chief 
Carol Padgett, Secretary 
Ruth Deike, Geologist 
Brenda Libby, Chemist

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

TELEPHONE: (703) 648-5826

PROBLEM: Benthic-sediment exchange processes are potentially a very significant source- 
sink of nutrients and metals within an aquatic system. Too often, the quantitative effects of 
these processes are only estimated when biogeochemical cycling and ecological responses are 
being considered. Understanding geochemical processes that control nutrient and transition 
metal chemistry of natural waters is requisite for predicting the effects that human-induced 
events will have upon natural geochemical cycles and for determining the use of natural 
waters as a resource (for example, estuarine waters as food resources).

OBJECTIVE: (1) Study the important geochemical processes affecting the nutrient and metal 
composition of, and exchange between, sediment and water in several different aquatic 
environments; (2) aid in developing methods for determining nutrient and metal fluxes 
between sediment and water; and (3) assess the influence of human activities on natural 
geochemical cycles.

APPROACH: Sample and analyze surface water, ground water, and sediment-pore water for 
nutrient and transition-metal content of aqueous phases and associated solid phases. Measure 
nutrient and metal exchange in natural and laboratory-controlled environments to determine 
the effects of changing environmental conditions (temperature, salinity, nature of inorganic 
and organic substrates, bioturbation). Analyze samples by use of colorimetry, ion 
chromatography, and flame and flameless atomic absorption spectrophotometry. Model 
results in terms of solution-mineral equilibria, ion exchange, and advective-diffusive transport 
through porous sedimentary media.
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PROGRESS: A paper published recently in Water Resources Research shows that detailed 
distributions of radionuclides and stable elements in rapidly-accumulating sedimentary 
environments can be used to reconstruct paleohydrologic events in the drainage basin. An 
analysis of several cores from Lake Oahe on the Missouri River in South Dakota produced a 
detailed chronology of reservoir sedimentation from 1959 to 1986. Times that characterize 
system-wide processes include an integration time of several years reflecting retention of the 
sediment-bound tracer in regions within or external to the reservoir and a relaxation time of 
approximately 15 years reflecting a decreasing rate of sediment accumulation ascribed to 
shoreline stabilization. The distribution of lithologically discriminating chemical elements, 
calcium and vanadium, relate to major flow events in the Cheyenne River basin.

Work continues on the geochemistry of Lake Baikal, Russia. Chemical data acquired on 
sediment pore waters and associated solids are being used to construct mass balance models 
of nutrients and metals. The residence time of dissolved phosphorus in Lake Baikal is about 
185 years, in contrast to 330 years for conservative elements. Phosphorus is a very reactive 
element in the water column; approximately 95 percent appears to be recycled through the 
phytoplankton and zooplankton system. Early diagenesis of Lake Baikal surface sediment 
releases phosphate that is either recycled to the water column by diffusional transport or is 
incorporated into strongly oxidized sediments. The diagenetic flux of phosphate is 
approximately equal to the biogenic sedimentation flux of phosphate to the sediment surface 
minus the burial of phosphorus compounds in the sediment column. The 1991-1992 study of 
a core from one portion of Lake Baikal (Academician Ridge), indicated that a phosphate 
phase containing both Ca and Fe3+ accumulated in a crust a few centimeters below the 
sediment/water interface at a well-defined redox boundary that formed during a Holocene 
period of slow sedimentation. Significantly, in many cores, a similar event is indicated in 
Pleistocene sediments by remnants of a second phosphate-bearing crust. In 1992-1993, crusts 
of phosphatic composition were confirmed at many locations in the better known and more 
tectonically stable Northern Basin, and it is here that further effort will be invested to 
characterize the molar composition and mineral structure of the phase, or phases.

A study developed in collaboration with the Trinity River, Texas, National Water Quality- 
Assessment (NAWQA) study unit has been assessing the use of geochemical analyses from 
sediment cores to reconstruct past water-quality conditions in the basin. Samples from three 
cores that penetrated to the pre-reservoir (Lake Livingston) land surface were analyzed for 
major and minor elements and pesticides. Preliminary results of this study indicate decreases 
in concentrations of barium (Ba), lead (Pb), sodium (Na), and DOT throughout the length of 
the core to the present time. Decreases in Ba and Na are probably caused by improved 
regulation of discharges of oil-field brines in the Trinity River Basin. Decreases in Pb are
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probably caused by the phasing out of leaded gasoline. Historical water-quality data are 
insufficient to evaluate change in Pb concentrations in the Trinity River. Concentrations of 
DOT and it's metabolites decrease with time of deposition of sediments from the early 1970's 
to the early 1990's. These same decreases were apparent in the water-quality database for the 
Trinity River.
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TITLE: Carbon Fluxes in Hydrologic and Geologic Processes (NR 79-099)

PERSONNEL: Eric T. Sundquist, Project Chief 
Gregory C. Winston, Chemist

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

TELEPHONE: (508) 457-2397

PROBLEM: Carbon fluxes are an important aspect of many hydrologic and geologic 
processes. For example, on a global scale, rising atmospheric CO2 concentrations and the 
increasing use of fossil fuels have led to concern for the future effects of atmospheric CO2 on 
global climate. Anticipating the effects of atmospheric CO2 requires an understanding of the 
role of natural hydrologic and geologic processes in the global carbon budget. On a more 
local scale, ground-water and surface-water contamination problems are often associated with 
locally significant changes in the transport and sedimentation of carbon. This project 
evaluates carbon fluxes by studying the hydrologic and geologic processes responsible for 
them. These studies emphasize the need to understand both human impacts and the evidence 
for natural changes in local to global carbon fluxes before man's influence.

OBJECTIVE: Evaluate local to global carbon fluxes associated with hydrologic and geologic 
processes. Determine the geochemical mass balance for carbon in selected 
hydrologic/geologic systems. Determine the processes most important in controlling carbon 
fluxes. Investigate the possibility of past variations in the world's (natural) CO2 balance, and 
apply this information to the prediction of future global CO2 fluxes. Understand the role of 
fluxes of carbon compounds in selected local ground water and (or) surface water 
contamination problems.

APPROACH: Estimates of carbon fluxes and quantities are derived from direct 
measurements, published literature, and computer models of hydrologic and geologic 
processes. Analytical methods utilized by this project include infrared gas analysis, gas 
chromatography, high performance liquid chromatography, and coulometric and 
potentiometric titration techniques. Stable isotope and 14C measurements are acquired where 
appropriate. Available data are used to constrain computer models based on chemical 
thermodynamic and kinetic relationships and the conservation of mass and charge.
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PROGRESS: Project activities have included both field measurements and modeling. An 
infrared photosynthesis analyzer has been adapted to measure CO2 concentrations in small soil 
gas samples and CO2 fluxes through soil and snow surfaces. Soil CO2 field monitoring 
programs have been established at the Sleepers River Experimental Watershed in Vermont 
and at the Harvard Forest Long-Term Ecological Research site in Massachusetts. The initial 
focus of these studies is to understand the processes that control CO2 fluxes over diurnal to 
seasonal time scales.

Modeling studies have focused on aspects of the carbon cycle that are related to the 
geochemical effects of CO2 and to long-term geochemical predictions. To analyze the soil 
and sediment records of carbon-cycle change, and to assist in long-term CO2 predictions, 
modeling techniques have been developed to accommodate pedogenesis, carbonate dissolution, 
and other sediment interactions. These models suggest that, contrary to widely held 
assumptions, the global carbon cycle was not at a steady state prior to modern human 
influences. The models also imply that, if humans burn all of the world's fossil fuel 
reserves, atmospheric and "oceanic CO2 concentrations may remain perturbed for thousands to 
tens of thousands of years.

This project has also contributed substantially to bureau and division climate and global 
change program development.
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TITLE: Geochemical Cycling of Trace Elements and Nutrients hf Natural Water Systems 
(NR 81-109)

PERSONNEL: Owen P. Bricker, Project Chief
Laura Bricker, Clerical Assistant Anne K. O'Brien, Hydrologist 
Philip M. Shackelford, Hydrological Technician Margaret M. Kennedy, Chemist 
Robert T. Anderson, Hydrologist

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

TELEPHONE: (703) 648-5824

PROBLEM: Natural water systems provide a wide range of conditions within which to 
examine the geochemical behavior and cycling of trace elements and nutrients relative to 
hydrochemically important mineral reactions. Processes of mineral dissolution, alteration, 
and genesis exert strong controls on the concentrations of chemical species in natural water 
systems and thus on water quality. Chemical composition of atmospheric precipitation input 
to terrestrial watersheds affects mineral reaction rates and may regulate reaction pathways and 
products. Knowledge of the geochemical behavior and cycles of major elements, trace 
elements, and nutrients is essential in order to understand and predict the consequences of 
deliberate or accidental anthropogenic additions of these substances to the environment.

OBJECTIVE: Define the role of mineral-water interactions in determining the chemical 
composition of natural waters with emphasis on major elements, trace elements, and 
nutrients. Quantitatively describe the geochemical behavior of these species in fresh-water, 
estuarine, and marine environments. Assess the impacts of anthropogenic contributions on 
natural cycles in these systems and .evaluate the hydrogeochemistry of major elements, trace 
elements, and nutrients as it relates to water resource utilization.

APPROACH: Geochemical mass balance studies of the flux of major elements, trace 
elements, and nutrients in natural water systems are developed by detailed sampling and 
chemical analysis of input waters and outflow waters. The critical reactions that control 
changes in water chemistry are identified and quantified through examination of the solids that 
the waters contact and react with and through laboratory studies of rock soil-water 
interactions.
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PROGRESS: Investigations of atmospheric deposition chemistry and biogeochemical 
processes in watersheds are continuing. Episodic stream acidification was examined in five 
Mid-Atlantic watersheds representing three physiographic provinces and four different types 
of bedrock. The net effect of episodic changes on the acid-base status differed among the 
streams. Greater losses of acid-neutralizing capacity (ANC) were observed during storms in 
watersheds underlain by reactive bedrock than in watersheds underlain by quartzite and quartz 
sands. The role of SOj" in contributing to episodic acidification in these watersheds is similar 
to that documented in studies conducted in other regions of the United States, Scandinavia, 
Canada, and the United Kingdom. The importance of SOj" in Mid-Atlantic U.S. streams, 
contrasts with northeastern United States streams, in which NO3 " derived from snowpack is 
more important in causing episodic acidification. These investigations show the importance 
of (1) shallow subsurface processes in determining storm-flow chemistry, (2) regional 
climatic characteristics in determining the different sources of acidity during episodes, and (3) 
bedrock geology in determining the amount of ANC loss during episodes.
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PROBLEM: Total concentrations of metals in water and sediment samples are of limited use 
because they provide no direct information about biological impact. To be of the most use in 
environmental studies, descriptive information about the metal concentrations in samples must 
be determined. Descriptive information should include determination of the speciation or 
chemical form of the metal in samples and identification of the physical phase, (aqueous or 
solid), geochemical fraction, (organic fraction or mineral fraction, which can include oxides, 
carbonates, sulfides), and particle size distribution of the metals in the samples. In addition 
to information about the biological impact of metals, the descriptive data specified above 
provides the information needed to model the transport and transformation of metals in the 
environment. More is known about the inorganic chemistry of metals than is known about 
the relationship between organic compounds and metals in the environment. The work by 
this project focuses on an understanding of the relationship between naturally-occurring 
organic matter and the metals in sedimentary systems. The role of metallo-organic 
compounds in the biogeochemical cycling of metals is of particular interest.

OBJECTIVE: Determine inorganic-organic reactions by which toxic metals are retained in, 
or mobilized from, the sediment, and the rates at which these processes occur. The primary 
emphasis of this work is an understanding of the relationship between naturally-occurring 
organic matter and the metals in sedimentary systems. Metal species need to be separated 
from complex matrices. Free metal ions need to be distinguished from complexed metal ions. 
Naturally-occurring metal lo-organic complexes should be isolated to determine the molecular 
structure and functionality of these compounds.

APPROACH: Determine (1) the distribution or partitioning of metals between the solution 
and solid phases, and (2) the species or chemical form of the metal in the phase(s) with which 
it is associated. Metal speciation includes determination of the free metal ion, the 
inorganically complexed metal and the organically complexed metal. Total metal
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concentrations are determined with atomic absorption spectroscopy. Concentrations of 
organically-bound metals are highest in solid sediment material, therefore, preliminary work 
emphasizes the separation of metallo-organic compounds from sediments. Supercritical fluid 
extraction (SFE) is the method used for separation. Liquid chromatography with 
electrochemical detection is used for fractionating and quantifying the extracted metallo- 
organic compounds. The redox chemistry, mobility, and bioavailability of the metals are 
assessed using adsorption-desorption studies, modified supercritical fluid extractions, and 
electrochemical techniques.

PROGRESS: The Speciation of Metals project uses supercritical fluid extraction (SFE) to 
separate compounds of interest from complex natural matrices (sediments, plants, biological 
tissue). The method developed on this project for extracting organometallics, but not 
inorganic metals, from natural samples using SFE is currently being used in a mercury 
biogeochemistry study at a National Water Quality Assessment (NAQWA) study site. In 
Florida, an environmental problem with mercury in the biogeochemical cycle has been 
established. Work is being done with the Florida District office in developing a hypothesis 
for the entry of mercury into the food-chain via organo-mercury compounds. Preliminary 
data suggests that atmospherically transported mercury is being scavenged by plants that are a 
source of food for fish. Small minnow-like fish collected on one field trip contained mercury 
at concentrations that are unacceptable in larger sport fishes. Supercritical fluid extraction is 
being used by this project to fractionate organo-mercury compounds, including methyl 
mercury, from sediment and tissue samples. Mercury is known to be 10 to 100 times more 
toxic when organically-complexed than when in the inorganic state.

The Speciation of Metals project is working in cooperation with the Water Resources 
Division, Idaho District Office, on a study of Lake Couer d'Alene. The lake is heavily 
impacted with mine drainage and has elevated concentrations of metals in the sediment. 
These metals can be toxic to the ecosystem if there is a flux of them from the sediment to the 
overlying water column. This project is addressing the question of whether the metals are 
diffusing from the sediment interstitial water to the water column. Data for metal and major 
ion concentrations in interstitial water samples collected from both diffusion-controlled 
samplers and from sediment collected by hand-coring are being evaluated.
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TITLE: Chemistry of Hydrosolic Metals and Related Constituents of Natural Water 
.(WR 57-076)

PERSONNEL: John D. Hem, Project Chief
Jacqueline A. Hamilton, Secretary 
Carol L Lind, Chemist 
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ADDRESS: U.S. Geological Survey, 345 Middlefield Road, MS 427, 
Menlo Park, CA 94025

TELEPHONE: (415) 329-4531

PROBLEM: Hydrosolic metals are elements that form hydroxides with low aqueous 
solubilities. They may form colloidal suspensions (hydrosols). Some of these elements are 
toxic and they may interfere in various ways in practical utilization of water. Understanding 
the occurrence and behavior of these elements in water is complicated by effects of pH, 
oxidation and reduction, formation of complex ions, coprecipitation with other elements, and 
intricate chemical kinetic relationships. Because natural aqueous geochemical systems 
generally are not at equilibrium, although some are at steady states, development of models 
and concepts appropriate for treatment of nonequilibrium systems has been a major objective 
in recent project studies.

OBJECTIVE: Define dilute-solution chemistry of elements of interest in the detail that is 
sufficient to apply findings to natural water systems; the final reports should be useful in 
predicting the behavior and fate of hydrosolic metals and associated substances, either in 
natural or polluted systems, as guides for designing optimal data collection programs and aids 
in the interpretation of water analyses and related hydrologic data.

APPROACH: Develop a predictive inorganic chemical model for behavior of the element of 
interest in dilute solution. Models are based on chemical thermodynamic and kinetic data 
from literature and appropriate laboratory experiments and may postulate either equilibrium 
closed-system or irreversible open-system conditions. Theoretical concepts are used in these 
models to predict and explain structural and electronic bonding behavior of the elements 
studied! Models are tested in chemical laboratory experiments and by applying them at 
appropriate field sites. Models are modified as necessary to allow for kinetic and biochemical 
factors.
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PROGRESS: Final editing was completed on a chapter by J.D. Hem to be published in U.S. 
Geological Survey Water-Supply Paper 2400, the 1990-91 National Water Summary. This 
deals with time-trends in major anion concentrations in four large United States river basins 
from 1905 to the present, and emphasizes the hydrologic complexity of large river systems. 
Some aspects of this subject were described in an invited oral presentation at the 1993 spring 
meeting of the American Geophysical Union. It is evident that some stream systems are 
much more sensitive to changing environmental factors than are others, and each system has 
unique characteristics.

Further studies of aluminum hydroxide polymeric species prepared by titration of A1C1O4 
solutions with NaOH at pH 4.90 were made. The rate of conversion of polymers to 
microcrystalline gibbsite was measured during aging, using both ferron and 27A1 nuclear 
magnetic resonance (NMR) procedures. Both procedures showed first order rates with half- 
times of 6 to 7 weeks, which also agrees with findings of Smith and Hem as reported in U.S. 
Geological Survey Water-Supply Paper 1827-D in 1972. These results do suggest however 
that the NMR signal others have assigned to the "Al 13 " polymer is perhaps produced by some 
other structural configuration. Further studies of this are needed. These findings were 
presented orally at the national American Chemical Society meeting in Denver in April by 
Dave Vivit. A written version of this paper had been approved for submission to the 
American Chemical Society's symposium series.

Work on composition of precipitated metal species in Pinal Creek, Arizona, was continued by 
Carol Lind. A paper on earlier findings was published in Appied Geochemistry. A second 
paper containing results of laboratory studies of redox processes in creek and ground-water 
samples by John Hem was approved for submission to Geochimica et Cosmochimica Acta.
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PROBLEM: There is a general lack of knowledge of fundamental processes governing the 
fate and transport of anthropogenic organic compounds in surface and ground waters. 
Interactions of organic contaminants with natural organic coatings on sediments and porous 
aquifer media are not well understood. Furthermore, abiotic and biological transformations 
of organic contaminants in surface and ground waters require extensive fundamental 
investigations if their effects on water quality are to be understood.

OBJECTIVE: (1) Determine physicochemical and biological processes, controlling the fate 
and transport of organic compounds in surface and ground waters. (2) Determine 
bioavailability of hydrophobic organic contaminants to stream biota. (3) Study transport of 
organic compounds from rivers through estuarine systems.

APPROACH: (1) Water, suspended sediments, biota (plant and benthic invertebrate tissues) 
and bed sediments, will be collected from the San Joaquin and Sacramento Rivers and Delta, 
and from San Francisco Bay. (2) Samples will be analyzed using electron-impact and 
chemical ionization ion-trap mass spectrometry. (3) Seasonal variations in organic 
contaminant loads, as affected by fresh-water influxes and salinity gradients, will be 
investigated. (4) Bioconcentration of selected hydrophobic organic contaminants will be 
studied.

PROGRESS: (a) Mississippi River Study. A water quality study was conducted on the 
Mississippi River and its major tributaries 1991-1992. Three sampling cruises were made, 
and water samples were collected from the entire navigable reach of the Mississippi River and 
its major tributaries. These samples were analyzed for pesticides and other organic 
contaminants. About 23 different pesticides and their degradation products were detected, 
and mass transport for these compounds was determined at all the different sampling sites.
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Transport of the compounds was controlled by seasonal variations and hydrologic conditions. 
The upper and middle Mississippi River basin farmland are major sources of herbicides 
applied to corn, soybeans, and sorghum. Farmlands in the lower Mississippi River Basin are 
a major source of rice and cotton herbicides. Inputs of the five major herbicides to the 
Mississippi River are mainly from the Minnesota, Des Moines, Missouri and Ohio Rivers. In 
effect, the tributaries have a point-source impact on the Mississippi, which acts as an 
integrator of water quality. The water quality of the Mississippi River is directly related to 
farming practices in the midwestern states. Ratio's of desethylatrazine/atrazine potentially are 
useful indicators of ground- and surface-water interactions in the Mississippi River. These 
ratios suggested that during base-flow conditions, there is a significant ground-water 
contribution to the river. Alluvial aquifers in the upper Mississippi River basin probably 
serve as interim sinks for herbicides and their degradation products during periods of 
excessive rainfall in spring and early summer. During fall and winter months, when the upper 
Mississippi River and tributaries generally are at or near base-flow conditions, these 
compounds are released into the river in ground water. Two publications resulted. One 
report was sent to the Journal of Environmental Science and Technology (in press). A 

.comprehensive data report covering the period 1987 1992 also was completed and submitted 
for Director's approval.

(b) San Francisco Bay-Delta Study: A study of historical inputs of contaminants in San 
Francisco Bay has shown the presence of polynuclear aromatic hydrocarbons (PNA'S), and 
DOT, DDE, and DDD in sediment cores taken from Richardson Bay. The utility of DDT as 
a stratigraphic marker is currently being investigated. A preliminary synoptic survey of 
surficial bed sediments taken from about 20 stations in San Francisco Bay has shown the 
presence of PNAs, DDT, DDE, DDD, and polychlorinated biphenyls (PCBs). In addition, a 
collaborative study with Dr. Cashman of IGEN, Washington, has shown that Striped Bass 
(Morone Saxatilis) taken from the Sacramento River bioaccumulate PNAs, DDT, DDD, 
DDE, cis and trans chlordane, and PCBs in their livers. The results of this study may 
explain the dwindling population of striped bass in San Francisco Bay-Delta Estuary.
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TITLE: Precipitation-Runoff Modeling of Watershed Systems (CR 77-228)
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PROBLEM: Modeling of watershed response to normal and extreme climatic conditions or 
to changes in the physical conditions of a watershed requires the simulation of a variety of 
complex hydrologic processes and process interactions. Some of these processes are well 
understood at a point or for a small area; others are poorly understood at all scales. 
Increasing spatial and temporal variability in climate and watershed characteristics with an 
increase in watershed area adds significantly to the degree of difficulty in investigating and 
understanding these processes. Research is needed to better define these processes and to 
develop techniques to simulate these processes and their interactions at all watershed scales.

OBJECTIVE: Investigate watershed hydrologic processes and processes interactions to (1) 
improve understanding of watershed system dynamics; (2) develop computer models to 
simulate and evaluate the effects of various combinations of precipitation, climate, and land 
use on streamflow, sediment yield, and other hydrologic components; and (3) develop 
procedures and techniques to estimate model parameters using measurable watershed-and 
climatic characteristics.

APPROACH: Develop, test, and verify model components of individual hydrologic 
processes using data from watershed studies conducted by the U.S. Geological Survey 
(USGS), other Federal Agencies, and universities. Model components will be coupled in a 
modular-design watershed modeling system that supports both operational applications and 
further research work. For hydrologic processes that are poorly defined or for which there is 
insufficient data, field studies will be conducted to investigate these processes and develop 
new or improved simulation capabilities.
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PROGRESS: Development of the Modular Hydrologic Modeling System (MHMS) 
continued. Modules were added to the modular library from the TOPMODEL, DA FLOW 
model, CATMO model, and Root Zone Water Quality Model. Development of a glacier 
simulation module was initiated. A Geographic Information System (GIS) interface was 
developed for MHMS to provide graphical display capabilities for model input, output, and 
state variables.

The Rhea-Colorado State University (RHEA-CSU) model was linked with a GIS to automate 
development of elevation grids, facilitate model application to new study areas, and facilitate 
simulation of precipitation over a range of spatial scales (2.5-, 5-, and 10-kilometer grids). 
This capability is being used to analyze effects of a change in grid-cell size on model results 
and to develop new methods of model calibration and verification on a daily basis. 
Collaborative work with Internation Business Machine's (IBM) research group resulted in 
development of the ability to visualize, through space and time, RHEA-CSU model output at 
three spatial resolutions in a format that can be understood by both scientists and 
nonscientists.

Coupled the RHEA-CSU model with the MM4 mesoscale atmospheric model by using MM4 
output to run the RHEA-CSU model. For a 1-month test period, the MM4 data produced 17 
percent less precipitation over the Gunnison River basin than did data from observed 
atmospheric soundings.

Determined the reliability of general circulation model (GCM) simulations of incident solar 
radiation in the southwestern United States. Results indicated that GCMs reliably simulated 
the annual solar cycle, but generally underestimated incident solar radiation. In addition, the 
GCMs studied estimated only small increases in incident solar radiation for climatic 
conditions resulting from a doubling of atmospheric carbon dioxide.

Identified relations between 700-millibar height anomalies and snowpack accumulations in the 
Gunnison River basin. Variations in 700-millibar height anomalies accounted for over 50 
percent of the variability in April 1 snowpack accumulations in the Gunnison River basin. A 
regression model was developed to estimate April 1 snowpack accumulations in the Gunnison 
River basin from 700-millibar height anomalies over the western United States.

Evaluated the relations between GCM-simulated atmospheric circulation and GCM-simulated 
precipitation for the winter months for eight locations in the conterminous United States. 
Results indicate that the Geophysical Fluid Dynamics Laboratory (GFDL) GCM simulates 
relations between atmospheric circulation and winter precipitation that are similar to relations
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found in observed data for most of the locations analyzed in this study. GFDL GCM 
simulations of the relations between atmospheric circulation and winter precipitation are most 
similar to observed relations for locations near sources of atmospheric moisture, and are least 
similar to observed relations for locations far from sources of atmospheric moisture.

The hydrochemistry of snowmelt at the Rabbit Ears Pass site was analyzed for the 1991 and 
1992 melt seasons. Ionic composition was dominated by Ca2 + and the acidic ions SO^2 and 
NO3 ~. The solutes in the meltwater were differentially and preferentially eluted from the 
snowpack and concentrations of all solutes generally decreased as snowmelt progressed.
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PROBLEM: Uncertainty in application of physically based surface-water hydrologic models 
is a function of adequacy of the conceptualization of the processes involved and of the 
quantity and quality of data available to use as input to the model. In any type of modeling 
exercise, even if the physical processes are well understood, spatial heterogeneities make 
application of the model on a basin-wide scale problematic, and it is almost always necessary 
to use some form of spatial averaging to obtain "effective" input variables. The over-all goal 
of our research is to investigate (1) model output errors as a function of model complexity 
and uncertainty in model input; (2) derivation of simplified yet physically based models that 
are appropriate to use with limited data; (3) ways of evaluating and coping with uncertainty 
caused by spatial variability of input variables.

OBJECTIVE: Develop unified approach to analyzing and partitioning errors in hydrologic 
modeling with particular attention to scale and spatial averaging problems; develop 
improvements to existing practices; and develop new approaches to managing error levels 
within the constraints of reduced budgets.

APPROACH: Use probabilistic and statistical techniques to estimate the individual 
contributions of various sources of error in hydrologic modeling.

PROGRESS: (1) Investigations of properties of the random topology channel network model, 
especially for large networks (our strategy in looking at the effect of model input error has 
been to randomize various components of model input, including channel segment properties, 
such as length, and channel segment configuration. This has been done primarily via the 
random topology model used by geomorphologists since the 60's. Hence, our investigations 
into model input error have led to a number of related studies on the properties of this and 
other random network models): (a) Continued investigations of properties of the width
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function; and (b) Studied distribution of subnetwork magnitudes for randomly selected points 
in a topologically random network.

(2) Investigations of spatial random network models (the random topology model does not 
give a unique spatial definition to networks being modeled. Hence, we have seen the need to 
look at random models that are well-defined spatially; we have used rectangular grids to do 
this): (a) studied application of the one-parameter Gibbsian family of distributions (well- 
known for applications in thermodynamics and statistical mechanics) for modeling spatial 
behavior of channel networks; the parameter is a measure of drainage efficiency of the 
network: (i) developed Markov chain procedure for simulating networks under the Gibbsian 
distribution; (ii) developed parameter estimation procedures for networks defined using digital 
elevation data (for example, for "topographic trees"); (iii) developed regionalization methods 
for predicting the Gibbsian parameter as a function of map scale; (iv) looked at methods for 
using this model to predict network width function; (v) applied methods developed using 
digital elevation data for Willow Creek, Montana; (b) Investigated extension of Gibbsian 
family of distributions to a two-parameter family: (i) worked on inference problems for this 
family, including point and interval estimation using bootstrap procedures; (ii) developed 
goodness-of-fit tests for evaluation of model; (iii) applied methods to Willow Creek data 
again: (c) Investigated fractal and scaling properties of spatial models as measured by the 
behavior as the grid spacing grows smaller: (i) refined fat fractal analysis of channel 
geometric properties; (ii) investigated other geomorphological scaling laws, such as Hack's 
law.

(3) work with Bob Lichty on error analysis of regionalized flood magnitudes: (a) Investigated 
influence of climatic factors on regionalization error; (b) Mapped flood distribution moments 
based on ensemble averaging; (c) collaborated with Marshall Moss on accuracy of spatial 
precipitation estimation for climate models.

(4) Work by Skip Vecchia: (a) developed new methods for model identification analysis for 
periodic auto regressive moving average time-series models (these models are extremely useful 
for characterizing stochastic properties of seasonal time-series, such as monthly streamflows); 
(b) developed a new efficient method of prediction for spatial regression models with 
correlated errors using maximum likelihood methods. The methods can be used for 
evaluating uncertainty in spatially distributed inputs to hydrologic models; (c) as part of the 
global change research initiative: (i) developed a stochastic model for generation of joint- 
station monthly streamflows on the Upper Gunnison River Basin. The model will be used for 
studies on the sensitivity of the Gunnison River Basin to climatic change; (ii) developed a
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statistical model for interpolating snowpack in western Colorado; and (iii) worked with 
Andrew Fountain on improving methods for estimating glacier mass change.
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mentary postulates: Water Resources 
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.1992 Fat fractal scaling of drainage networks 
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Resources Research, v. 28, no. 7, p. 1975- 
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Lichty, R.W., and Karlinger, M.R., 1990, Climate 
factor for small-basin flood frequency: Water 
Resources Bulletin, v. 26, no. 4, p. 577-586.

Moody, J.A., and Troutman, B.M., 1992, Evalua­ 
tion of the depth-integration method of mea­ 
suring water discharge: Journal of Hydrology, 
v. 135, p. 201-236.

Parker, R.S., and Troutman, B.M., 1989,
Frequency distribution for suspended sediment

loads: Water Resources Research, v. 25, no. 
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Troutman, B.M., and Karlinger, M.R., 1988, 
Asymptotically Rayleigh instantaneous unit 
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_1990, Reply to comment on Predictors of the 
peak width for networks with exponential links 
by Agnese, C, and D f Asaro, F.: Stochastic 
Hydrology and Hydraulics, v. 4, no. 1, p. 
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_1992, Gibbs' distribution on drainage net­ 
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TITLE: Transport and Degradation of Organic Substances in Streams (CR 77-301)

PERSONNEL: Ronald E. Rathbun, Project Chief
Nora L. Bender, Secretary LaDonna M. Bishop, Chemist
Colleen E. Rostad, Research Chemist Geoffrey S. Ellis, Student, (Colorado School of Mines)

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

TELEPHONE: (303) 467-8250

PROBLEM: Organic substances in streams affect the quality and uses of the water. To 
determine the effect of organic substances on water quality, the physical, chemical, and 
biological processes involved in the transport and degradation of these substances must be 
understood. Procedures for measuring or estimating the rate coefficients describing these 
processes must be developed. Models incorporating these coefficients then must be developed 
for predicting the fate of organic substances in streams and their effects on water quality.

OBJECTIVE: (1) Study the fundamentals of volatilization, dispersion, and sorption on 
sediments of organic substances in water; (2) develop submodels of these processes, including 
methods for measuring or estimating the process rate coefficients; and (3) integrate these 
submodels into overall transport and fate models for organic substances in streams.

APPROACH: (1) Conduct controlled laboratory studies to determine the volatilization and 
sediment sorption of specific organic compounds, both as single components and as mixtures; 
(2) conduct controlled field studies to test, adapt, and (or) develop transport and fate models 
for organic substances in streams; and (3) apply the models to field problems.

PROGRESS: Laboratory experiments to determine the potential for the formation of 
disinfection byproducts when water from the Mississippi River is chlorinated were completed. 
Combinations of three pH values and three initial free-chlorine concentrations were used, 
giving nine' formation potential determinations for each water sample. Samples were collected 
at 12 sites along the Mississippi River between Minneapolis, Minnesota, and New Orleans, 
Louisiana, and one site each on the Missouri and Ohio Rivers during summer, fall, and 
spring sampling trips. The formation potentials for the volatile trihalomethane compounds 
and the nonvolatile total organic halide compounds decreased with distance downstream, 
approximately paralleling the decrease with distance downstream of the dissolved-organic 
carbon concentration of the river water. Values of pH that minimized the formation of the
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trihalomethane compounds maximized the formation of the total organic halide compounds. 
Formation potentials for both types of compounds increased slightly as the initial free-chlorine 
concentration increased. Formation potentials for the brominated trihalomethane compounds 
were larger for the Missouri River sample than for the Mississippi River samples because of 
the higher bromide concentrations in the Missouri.

Work continued on the analysis and interpretation of data on the concentrations of agricultural 
and industrial organic chemicals in the suspended silt, colloid, and fish tissue phases of the 
Mississippi River. Some of the toxic organic compounds found include chlordane, dacthal, 
trifluralin, hexachlorobenzene, and polychlorinated biphenyls (PCBs). The organic carbon 
content of the colloid phase ranged from 10 to 30 percent by weight, which is higher than the 
previously reported 5 to 10 percent by weight. The organic carbon content of the suspended 
silt phase ranged from about 2 to 5 percent by weight. The colloidal phase averaged 10 
percent by weight of the total suspended matter, but averaged about 25 percent of the total 
transported organic carbon. Because the toxic organic compounds are associated wkh the 
organic carbon, neglecting the colloid phase could result in significant underestimation of the 
quantities of toxic organic compounds being transported by the Mississippi River. Triolein- 
strip integrators designed to simulate the absorption of toxic organic compounds by fish tissue 
successfully concentrated the same organic compounds found in the silt and colloid phases.

REPORTS PUBLISHED 1988-1993:

Kilpartick, F.A., Rathbun, R.E., Yotsukura, N., 
Parker, G.W., and DeLong, L.L., 1989, De­ 
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ety of Civil Engineers Journal of Environmen­ 
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.1989, Discussion of Effect of temperature on 
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Society of Civil Engineers Journal of Environ­ 
mental Engineering, v. 115, no. 2, p. 482- 
484.

_1989, Discussion of Influence of temperature 
on oxygen transfer: American Society of Civil 
Engineers Journal of Environmental Engineer­ 
ing, v. 115, no. 4, p. 868-869.

_1990, Prediction of stream volatilization coeffi­ 
cients: American Society of Civil Engineers 
Journal of Environmental Engineering, v. 116, 
no. 3, p. 615-631.

.1992, Discussion of Aeration at Ohio River 
basin navigation dams: American Society of 
Civil Engineers Journal of Environmental 
Engineering, v. 118, no. 3, p. 446-447.
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Rathbun, R.E., and Bishop, L.M., 1993, Trihalo- 
methane and nonpurgeable total organic halide 
formation potentials for the Mississippi River 
and some of its tributaries, June-August 1991: 
U.S. Geological Survey Open-File Report 
93-158, 57 p.

Rathbun, R.E., and Tai, D.Y., 1988, Application 
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Survey Water-Supply Paper 2318, 41 p.

__1988, Volatilization of benzene and eight 
alkyl-substituted benzene compounds from 
water: U.S. Geological Survey Water-Supply 
Paper 2342, 24 p.

Rathbun, R.E., Shultz, D.J., Stephens, D.W., and 
Tai, D.Y., 1989, Transport and fate of ace­ 
tone in an outdoor model stream, Stennis 
Space Center near Bay St. Louis, Mississippi: 
U.S. Geological Survey Water-Resources 
Investigations Report 89-4141, 101 p.

Rathbun, R.E., Stephens, D.W., Shultz, D.J., and 
Tai, D.Y., 1989, Fate of acetone in an out­ 
door model stream in southern Mississippi, 
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1991, Fate of acetone in an outdoor model 
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Mississippi, U.S.A.: Journal of Hydrology, v. 
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.1993, Bacterial degradation of acetone in an 
outdoor model: Stream Environmental Pollu­ 
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Rathbun, R.E., White, K.D., and Evaldi, R.D., 
1992, Trihalomethane formation potential of 
Kentucky River water: U.S. Geological Survey 
Water-Resources Investigations Report 92- 
4057, 16 p.

Rostad, C.E., and Pereira, W.E., 1991, Distribu­ 
tion of selected anthropogenic organic com­ 
pounds on suspended sediments in the Missis­ 
sippi River, in Mallard, G.E., and Aronson, 
D.A., eds., U.S. Geological Survey Toxic 
Substances Hydrology Program Proceedings 
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March 11-15, 1991: U.S. Geological Survey 
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TITLE: Paleohydrology and Climate Change (CR 90-321)

PERSONNEL: Robert D. Jarrett, Project Chief
Jeanea Shown, Secretary Thompson, Douglas, student (Colo. State
Capesius, Joe, student, (Univ. of Denver) University)
Julie K. Sucker, student, (Univ. of Colo.) Pruess, Jon, student, (Colorado State University)

ADDRESS: U.S. Geological Survey, P.O. Box 25046, MS 418, Denver Federal Center, 
Denver, CO 80225

TELEPHONE: (303) 236-6447

PROBLEM: To anticipate the effects of potential climate change (natural or anthropogenic) 
on hydrology and to assess hydrologic trends will require an understanding of past long-term 
hydrologic variability. There also is a critical need for data on extreme floods for 
engineering hydrology and flood-'hazard mitigation. Probably the best information on 
hydrologic variability and extreme floods is provided by paleohydrologic and other proxy data 
analyzed with the help of hydrologic models. Methods for extending existing climatic and 
hydrologic records over long-time scales are needed. A relatively new approach, one that 
complements hydrologic modeling efforts, involves the application of paleohydrology to 
determine regional scale hydrologic variability over relatively long-time intervals (100 to 
10,000 years). Existing techniques for paleohydrologic reconstruction have large errors; 
hence, there is a critical need to improve paleohydrologic techniques.

OBJECTIVE: The primary goals of this project are to (1) improve techniques to reconstruct 
the fluvial history of river basins, particularly for extreme floods; (2) improve the 
understanding of hydrologic and hydraulic processes to improve numerical models of rivers; 
and (3) improve the understanding of links between climate and hydrology. These goals are 
closely related because the development and use of paleohydrologic techniques require an 
understanding of geomorphic response to climate change and an improved understanding of 
hydrologic and hydraulic processes.

APPROACH: Interdisciplinary, process-oriented research is used to study past and present 
hydrologic and climatic conditions in mountainous and prairie environments, particularly the 
Rocky Mountains. The research includes (1) paleohydrologic research that consists of 
selecting several basins in different climatic regions to construct the fluvial history of each 
river basin. Using different methods (such as step-backwater, critical depth, and tractive
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force), estimate paleoflood discharges. Using a variety of geochronologic techniques 
(dendrochronology, carbon-14, thermoluminescense, and other absolute- and relative-age 
dating techniques), improve methods to make high-resolution time sequences of alluvial 
stratigraphy; (2) conduct instream, laboratory and numerical modeling studies to improve 
hydrologic and paleohydrologic methods of estimating velocity and discharge; and (3) analyze 
hydrologic, paleohydrologic, and climatic data to quantify long-term variability and to 
improve the understanding of the links between climate, fluvial processes, and hydrology. To 
better understand extreme floods, mitigate flood hazards, and decrease the uncertainty of 
paleoflood techniques, an interdisciplinary study of floods during or immediately after floods 
is being made.

PROGRESS: The study of the paleoflood hydrology of Arthurs Rock Gulch, Colorado Front 
Range, is finished and the report has been forwarded for Director's approval, and one journal 
article has been accepted for publication. The study investigates the fluvial history of the 
river basin, and the development and testing of methods used to conduct paleofluvial studies 
in mountain rivers. Additional paleohydrologic research in the Rocky Mountains has begun, 
including a study at the Rocky Mountain Arsenal in Denver in conjunction with Colorado 
District studies. Research also includes a study recently completed (Master's thesis).of the 
Bear Creek watershed west of Denver, and of the Gunnison River Basin in Colorado in 
collaboration with the Global Change program. Hydraulic data for the North Saint Vrain 
Creek at the Rocky Mountain Hydrologic Research Center is being analyzed to improve 
methods to estimate velocity, discharge, and paleodischarge in mountain rivers. Water- 
chemistry studies of headwater basins in the Colorado Rocky Mountains related to the 
National Water-Quality Assessment (NAWQA) program are in progress by a Ph.D. student. 
Sediment-transport studies in mountain rivers are in progress by a M.S. student. Studies of 
the hydroclimatology of extreme storms in conjunction with paleoflood investigations are 
being conducted by a M.S. student. An interdisciplinary research study of two flash floods 
that occurred in Colorado during 1991 is being conducted.
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International Association of Hydrological Sci­ 
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Centennial of Mannings' and Kuichling's 
Rational Formula, Charlottsville, Virginia, 
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Canada, National Hydrology Research Institute 
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.1993, Flood elevation limits in the Rocky 
Mountains, in Kuo, C.Y., ed., Engineering 
hydrology Proceedings of the symposium 
sponsored by the Hydraulics Division of the 
American Society of Civil Engineers, July 
25-30, 1993, San Francisco, Calif.: New 
York, American Society of Civil Engineers, p. 
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ing floods and droughts: Electric Power 
Research Institute, TR-101242, v. 3, 15 p.

Jarrett, R.D., and Costa, J.E., 1993, Hydrology 
and geomorphology of the 1982 Lawn Lake 
Dam failure, Colorado, in McCutchen, H.E., 
Hermann, Raymond, and Stevens, D.R., eds., 
Ecological effects of the Lawn Lake flood of 
1982: Rocky Mountain National Park Scien­

tific Monograph NPS/NRROMO/NRSM- 
93/21, U.S. Department of the Interior, Na­ 
tional Park Service, p. 1-17.
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Mathematical Modeling Principles (CR 93-343 formerly WR 73-197)

PERSONNEL: James P. Bennett, Project Chief 
Aleta R. Moores, Secretary 
Jackie Walters, Clerk

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

TELEPHONE: (303) 236-4992

PROBLEM: The development of models of hydrologic systems requires the description of 
individual processes in mathematical terms and the solution of sets of complex equations in 
differential form. Research is needed on application of mathematical theory to the modeling 
of transport of sediments, including mudflows and hyperconcentrations such as occur after 
natural disasters such as volcanic eruptions or dam failures.

OBJECTIVE: Develop mathematical descriptions of flow and water-quality processes that 
can be linked together to form models of hydrologic systems. Develop mathematical 
techniques for efficient solution of equations on digital computers. Develop techniques for 
studying sensitivity of parameters.

APPROACH: The approach to the problem will be by theoretical study, model development, 
and model testing.

PROGRESS: Formulated general physics-based sand transport and resistance to flow 
algorithms for one-dimensional wide channels. Developed regression equations from more 
than 2,000 field and flume data sets for description of roughness height and Meyer-Peter-type 
transport parameter for 4 bedform regimes. Began field investigation of transport and 
geomorphology of an actively meandering segment of the Virgin River, Nevada.

REPORTS PUBLISHED 1988-1993:

Bennett, J.P., 1988, Simulation of transport-related 
properties, in Bradford, W.L., and Horowitz, 
A.J., eds, The role of sediments in the chem­ 
istry of aquatic systems Proceedings of the 
sediment chemistry workshop, February 8-12, 
1982: U.S. Geological Survey Circular 969, 
64-75.

Bennett, James P., 1993, Sediment transport simu­ 
lations for two reaches of the Colorado River, 
Grand Canyon, Arizona: U.S. Geological Sur­ 
vey Water-Resources Investigations Report 
93_4034, 42 p.
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TITLE: Numerical Simulation of Hydrodynamic Processes in Rivers, Estuaries, and 
Coastal Embayments (NR 69-019)

PERSONNEL: Robert A. Baltzer, Project Chief 
Mary E. Abel, Secretary 
Harry Jenter, Hydrologist

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

TELEPHONE: (703) 648-5894

PROBLEM: Technical solutions to the problem of investigating and managing waste 
movement and disposal in regulated rivers, estuaries, and embayments require qualitative and 
quantitative assessments of the interactions among waste constituents undergoing dynamic 
transport. Mathematical, numerical, computer-simulation models offer one very powerful 
solution. Because water is both the vehicle by which the waste constituents are transported 
and the media in which the constituent interactions occur, the temporal and spatial variations 
of the flow appreciably govern the interactions qualitatively and quantitatively. Design of the 
desired simulation models depends in large measure on accurate mathematical-numerical 
representation of the hydrodynamics of the transient-flow process.

OBJECTIVE: (1) Explore thoroughly the hydrodynamics of one-, two-, and three-space 
dimensional transient flows (including the transport and interaction of constituents) in water 
ways and waterbodies; (2) develop mathematical-numerical techniques with which to simulate 
these processes; and (3) provide the hydrologist with a simulation system comprised of 
rational mathematical-numerical models for evaluating the effect of past, present, and 
projected changes in prototype-waterbody systems.

APPROACH: Derive mathematical models comprised of sets of nonlinear, partial differential 
equations representing various transient flow conditions. Develop numerical techniques to 
simulate the various flow regimens represented by the models. Use field data gathered at 
specific field sites and (or) hypothetical data reflecting a projected change to provide the 
necessary boundary-condition information and driving function with which to particularize 
model solution. Use large-capacity, high-speed digital computers and videographic output 
equipment in making the simulations.
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PROGRESS: (1). Continued calibration and operational utilization of a full, three- 
dimensional, flow/transport model of Massachusetts and Cape Cod Bays. The capability to 
account for atmospheric radiation in the model has been ended. Currently the code is being 
restructured to permit computation by parallel processor.

(2). Prepared and presented an intensive week-long, hands-on, two-dimensional flow-with- 
transport modeling course at the Federal Training Center in Denver, Colorado, November 
2-6, 1992. The was a new course, prepared and presented with three colleagues. The 
course focused upon the implementation and operation of the SWIFTZD flow and transport 
model, and was very well received.

(3). Completed a two-dimensional vertically averaged, investigation of the impact of right-of- 
way road embankments on estuarine circulation and transport in tidal marshlands and across 
tidal flats. Circulation changes can be profound, particularly during high tide. This effect 
also demonstrated the use of "model nesting" to abstract detailed circulation patterns, as well 
as investigative power of such model utilization.

(4). Two higher-order schemes for numerical simulations of an integrally combined transport 
process in flow/transport models have now been extended to two-dimensional, vertically 
averaged conditions. The schemes are each being implemented and evaluated in BRANCH 
(1-D) and SWIFT (2-D).
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TITLE: Simulation Modeling of Hydrodynamic Systems (NR 80-104) 

PERSONNEL: Raymond W. Schaffranek, Project Chief

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

TELEPHONE: (703) 648-5891

PROBLEM: Managing water use in riverine and estuarine systems requires an understanding 
of the governing supply, circulation, mixing, and flushing processes. Qualitative and 
quantitative estimates of the hydrodynamic and transport properties of water bodies can be 
computed by means of mathematical-numerical simulation models. To accurately simulate 
temporal and spatial variations of flow, which significantly define the transport processes, the 
simulation model must be capable of accounting for hydraulic and tide-induced fluctuations, 
water withdrawals, discharges, winds, nonuniform geometric configurations, and other 
human-induced or natural factors.

OBJECTIVE: (1) Investigate and develop various mathematical-numerical techniques with 
which to simulate the hydrodynamics of one-, two-, and three-space dimensional transient 
flows in various water bodies; (2) evaluate and (or) develop methods to describe the transport 
of solutes in such water bodies on the basis of the comprehensive flow information derived 
from flow simulation models; and (3) develop and implement an operational system in 
support of flow/transport simulation models.

APPROACH: Use large-capacity, high-speed digital computers and various supporting 
peripheral equipment. Derive and develop mathematical models, constituting approximate 
numerical solutions to the governing nonlinear, partial differential equations to simulate the 
transient flow and transport processes. Use data, collected at specific locations or 
hypothetically imposed, to provide the required boundary-condition information with which to 
effect the numerical solution.

PROGRESS: Modified computational method of the branch-network simulation model to 
numerically treat hydraulic structures in the interior domain of open-channel networks. 
Extended Lagrangian transport component to provide full network-racking capability and 
continuity in interconnected-channel systems.
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Continued investigation into the numerical treatment of hydrodynamic and constituent 
transport processes in one- and two-dimensional finite-difference model formulations. 
Examined behavior of varied types, mixed combinations, and alternate formulation methods 
for treatment of open boundary conditions in open-channel flow models; model sensitivity and 
numerical model results are shown to be highly correlated to open-boundary treatment in free- 
surface unsteady flow simulation. Completed extensive numerical model,experiments and 
prepared paper on "Factional Resistance Treatment in Unsteady Flow Simulation" for 
submission to American Society of Civil Engineers (ASCE) Journal of Hydraulic 
Engineering. Completed numerical experiments with a two-dimensional hydrodynamic/ 
transport model, formulated on the alternating-direction-implicit solution method, for 
analyzing circulation and transport effects of highway crossings in wetland areas. 
Investigated improved methods for open boundary-condition treatment. Reported results in 
paper with colleagues entitled "Simulating the Effects of Highway Embankments on Estuarine 
Circulation," accepted for publication in ASCE Journal of Waterway, Port, Coastal, and 
Ocean Engineering.

Consulted with several Water Resources Division district offices on surface-water modeling 
projects and varied hydrologic investigations. Included among these are projects involving 
investigation of saltwater intrusion in the Hudson River, water-quality conditions in the Foster 
Creek and Back River tributaries of Cooper River, and freshwater influence on saline 
conditions in Indian River Lagoon. Extended the branch-network model to allow for culvert- 
type hydraulic structures to assist the South Carolina District in the Foster Creek/Cooper 
River project. Consulted and advised South Carolina District Office on preparation of 
cooperator report summarizing numerical findings in Cooper River modeling project. 
Developed two-dimensional model of Hudson River transition zone and conducted initial 
model simulations and analyses. Consulted and advised Albany Subdistrict project chief on 
model approach and additional field requirements. Reviewed Indian River Lagoon project 
proposal and advised Orlando Subdistrict project chief on data requirements and field layout. 
Wrote paper on applications of the branch-network dynamic flow/transport model for 
addressing environmental problems for presentation at ASCE Water Forum '92 Conference.

Responded to inquiries from national and international governmental agencies, academic 
institutions, and private consulting companies on surface-water models, modeling problems, 
and hydrologic investigations. Provided source code and test data sets for models developed 
within the scope of research project in response to requests.

Provided model for development of coupled surface-water and ground-water flow model for 
simulation of stream-aquifer interaction. Prepared and packaged material on branch-net work
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simulation model at the request of the World Meteorological Organization to make model 
available internationally component.

Served as corresponding member of the Tidal Hydraulics technical committee of the ASCE 
Hydraulics Division; reviewed proposal for institution of Task Committee to investigate flow- 
salinity relationships in estuaries. Developed, coordinated, and conducted a 1-week training 
course entitled "Surface Water Flow and Transport using a Two-Dimensional Depth 
Integrated Model" held November 2-6, 1992, at the USGS National Training Center, 
Denver, Colorado. Developed and chaired technical sessions and presented paper at the 
Hydraulic Engineering component of the ASCE Water Forum '92 Conference. Reviewed 
papers for colleagues on the development of new numerical methods for solution and 
simulation of free-surface flows.
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TITLE: Hydrologic Regression and Data-Network Design (NR 82-125)

PERSONNEL: Gary D. Tasker, Project Chief 
Carol Padgett, Secretary

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

TELEPHONE: (703) 648-5892

PROBLEM: Methods for objective evaluation of USGS hydrologic data-collection activities 
are needed so that activities can be modified when necessary, and the efficiency of USGS 
operations maximized.

OBJECTIVE: Produce objective methods for hydrologic network design and methods for 
information transfer.

APPROACH: Use cross-validation and computer simulation of hydrologic processes to 
evaluate the statistical and economic measures of the hydrologic data-collection programs.

PROGRESS: (a) With Dick Smith (Systems Group), New Jersey District personnel, and 
Dale White (Ohio State University professor), regression models were developed to predict 
the probability of a water quality constituent being above a threshold. The regression models 
are based on observed water-quality data and Geographic Information System (CIS) land-use 
information. These models are potentially useful for describing the general water quality of a 
region. These models were presented at Watershed '93 in Alexandria, Virginia, and at the 
American Geophysical Union spring meeting in Baltimore.

(b) With Gus Ludwig (Arkansas District) a new method of low-flow regionalization was 
developed using logistical and generalized least squares regression to account for observations 
of zero flow and give proper weight to partial-record sites.

(c) With Dave Holtschlag (Michigan District) developed a generalized least squares regression 
model for estimating average annual recharge for a region based on observed rainfall and 
streamflow records.
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(d) A monthly water-balance model was developed for the Apalachicola-Chattahoochee-Flint 
River basin to study the effects of possible climate change in the basin.

(e) With Ray Slade (Texas District) a new computer-intensive method for estimating flood 
characteristics at ungaged sites has been developed and is being tested. The method makes 
use of cluster analysis and weighted least-squares regression to derive a new regression model 
each time an estimate is to be made at an ungaged site.
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TITLE: Regional Hydrologic Processes (R 84-133)

PERSONNEL: Jurate M. Landwehr, Project Chief 
Glenna Dahl, Secretary

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

TELEPHONE: (703) 648-5893

PROBLEM: The regional nature of hydrologic processes is generally defined in terms of 
shared meteorologic and basin (geologic and land cover) characteristics. Inferences have been 
attempted by regressing the measures of hydrologic interest against such characteristics. Such 
treatment has been insufficient to fully explain the variations or extremes in discharge patterns 
observed within a geographic area. Long-term influences, such as decadal to centennial 
climatic fluctuations, need to be considered, and the stochastic structure of the hydrologic 
process itself needs to be better defined.

OBJECTIVE: Develop hydrologic statistics within a regional context and identify the effect 
of persistence due to long-term climatic fluctuations.

APPROACH: Use the statistical theory of extremes and time-series analysis to analyze the 
distribution of flows as expressed through the spectrum of flow regimes. Consider several 
measures of persistence, treating this statistic as a random variable in itself, as well as giving 
it traditional treatment as a constant property of the underlying stochastic process. Examine 
empirical-flow information from both national and international data bases that will be and 
have been developed for this project. Use other surrogate hydrologic records, such as 
dendrochronologic records, ice core records, and so forth, as needed and available.

PROGRESS: The definition of the HCDN (Hydro-Climatic Data Network) was initiated by 
this project as a necessity for the investigation the inter-relationship and persistence of 
climatic and hydrologic seasonal to decadal patterns on a regional scale. The development of 
the HCDN represents the first continental-scale data set identified by the USGS which 
satisfies a single consistent set of criteria to support a particular research question. All of the 
U.S.Geological Survey's surface water streamflow holdings were reviewed in order to 
identify the complete set possible of appropriate records. The discharge data itself went 
through a rigorous quality assurance analysis in anticipation of the changes that will be
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necessary to convert WATSTORE to NWIS-II. The HCDN had been widely requested even 
before its release and serves as an information resource for hydrologists, climatologists, 
planners, modelers, and engineers whose work concerns the variations of surface water 
resources in concert with climate fluctuations.

A great deal of effort has been expended in the analysis of the Devils Hole oxygen-18 isotope 
record, as well as other records that have appeared in the paleoclimatic literature. As noted 
by W. Broecker in Nature (1992), the Devils Hole record is the best-dated paleotemperature 
record through the last several Pleistocene interglacial/glacial events that exists anywhere. 
The publication of the dating and analysis of the oxygen-18 isotope has engendered a great 
deal of interest in both the scientific and lay press, as it has provided a challenge to the most 
widely accepted theory for the occurrence of Pleistocene glacial epochs.
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TITLE: Continental Hydrology and Global Climate (NR 88-144)

PERSONNEL: P.C.D. Milly, Project Chief
Krista A. Dunne, Physical Scientist

ADDRESS: U.S. Geological Survey, Geophysical Fluid Dynamics Laboratory/NOAA, 
Forrestal Campus, Route 1, P. O. Box 308, Princeton, NJ 08542

TELEPHONE: (609) 452-6507

PROBLEM: The hydrology of the continents helps determine the global climate. The 
hydrosphere and the atmosphere are tightly coupled due to the role of water in the radiation 
and heat budgets of the atmosphere. Future progress in studies of global hydrology and 
climate dynamics will require interdisciplinary analyses of the dynamics of this coupled 
system.

OBJECTIVE: (1) Develop improved models of the global climate system by improving the 
parameterization of hydrologic response of the land surface in those models. (2) Develop an 
improved understanding of the global hydrologic cycle and its interlationship with global 
climate.

APPROACH: Much of the research uses the numerical climate model of the Climate 
Dynamics Project at the Geophysical Fluid Dynamics Laboratory of the National Oceanic and 
Atmospheric Administration. It is the subject of model development, and one of the tools for 
studying coupled dynamics.

PROGRESS: (1) Previous project work on the sensitivity of climate to continental 
evaporation was extended, and implications of the investigation for certain problems in 
climate dynamics were explored. The analyses of the climatic simulations suggested that 
global development of water resources during the last century may be the cause of an 
apparent increase in precipitation during the same time period; that the mean value of the 
water-holding capacity of the plant-root zones of the earth's soils is near the value necessary 
to maximize evaporation from land and to miminimize runoff to the oceans; and that the 
change in volume of soil accessible to plant roots is probably an important factor for the 
climatic effects of tropical deforestation.
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(2) A storage hypothesis concerning the control of partitioning of annual precipitation into 
runoff and evaporation was developed and evaluated. Mathematical elaboration of the 
hypothesis suggests that this partitioning is controlled by seven dimensionless numbers that 
depend on the temporal characteristics of the climate and on the mean and variability of the 
water-holding capacity of the plant-root zone of the soil. The model was tested for the area 
of the United States east of the Rocky Mountains. The successful test supported the 
underlying hypothesis of the model that finite infiltration capacity is not an important factor 
for the annual water balance.

(3) The areal extent and ocean outlet points of the river basins of the world were determined 
from topographic analysis. This information was provided to the Geophysical Fluid 
Dynamics Laboratory of the National Oceanic and Atmospheric Administration, for use in its 
coupled ocean-atmosphere climate model. (Freshwater inflows from the continents to the 
oceans are an important factor in the salinity balance of the oceans, and recent research has 
suggested that salinity changes and associated ocean circulation changes are a critical factor in 
decadal to century time-scale climate variability.)
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TITLE: Transport of Dissolved and Suspended Materials in Surface Waters 
(NR 90-147)

PERSONNEL: Jonathan Lee, Project Chief 
Mary Abel, Secretary
Lara M. Lewis, Computer Specialist, student, (Univ. of Washington) 
Amy C. Wheeless, Computer Clerk, student, (Virginia Polytechnic Institute)

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

TELEPHONE: (703) 648-4033

PROBLEM: Although a major effort has been made to understand the hydrodynamics of 
surface waters, less effort has been devoted to the study of transport mechanisms and to the 
development and validation of computational models for simulating the transport of dissolved 
and suspended materials. Recent progress in hydrodynamics has created additional 
opportunities for advances in surface-water transport. It may be possible to develop and 
validate more physically correct descriptions of transport processes in terms of flow 
characteristics than have been previously available. Microscale processes must be expressed 
at the macroscale level by algorithms which can be validated in computational models using 
laboratory and field data.

OBJECTIVE: (1) The evaluation of existing methods and techniques; (2) the development, or 
validation, or both, by the use of laboratory and field data, of algorithms describing 
dissolved- and suspended-material transport processes; (3) the development, or validation, or 
both, of computational techniques for solving the partial-differential equations describing 
surface-water transport processes; (4) the development and validation of multidimensional, 
computational models for the transport of dissolved and suspended materials in surface 
waters; and (5) the development of techniques for the application of computational, surface- 
water transport models to field problems.

APPROACH: Algorithms that quantify relationships between flow characteristics and 
transport processes will be selected from the literature or developed on the basis of concepts 
derived from the study of laboratory and field data. Computational schemes for the solution 
of the convective-dispersion equation in two and three dimensions will be analyzed for 
efficiency and accuracy. Advanced turbulence-closure schemes, necessary for the proper 
simulation of certain transport processes, will be studied in two- and three-dimensional
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models. Two- and three-dimensional flow and transport models will be developed for use in 
validating transport algorithms for both dissolved and suspended materials.

PROGRESS: A journal article, "Simulating the effects of highway embankments on estuarine 
circulation," by Lee, Schaffranek, and Baltzer, was accepted for publication by the Journal of 
Waterway, Port, Coastal, and Ocean Engineering. This work demonstrated the use of the 
Surface-Water, Integrated, Flow and Transport Model, SWIFT2D, in quantifying the effect 
on flow and transport of highway embankments in Port Royal Sound, a South Carolina 
estuary. A nested submodel of the global model was used to show, among other things, that 
there was a major change in the flow pattern in Battery Creek, a branch of Port Royal Sound, 
during flood tide because of a jet-like effect at one of the embankment openings.

Development continued of a hydrodynamic modeLto be used as a basis for transport 
modeling. After studying finite-difference models in detail, It was decided to defelop a more 
geometrically flexible model on the basis of the finite-element method. Initial codes have 
been developed for vertically averaged flow. Two codes were developed, both using 
nonconforming elements for velocity on triangular elements (the velocity nodes are located at 
the midsides of the element sides). The use of nonconforming shape functions for velocity 
has not been extensively explored in the literature. These elements offer the advantage of 
diagonal mass matrices (the matrices multiplying the time derivative terms) in the momentum 
equations, which facilitates the use of a semi-implicit formulation. The first of the two codes 
uses a constant representation of the water-surface elevation on an element; the second uses a 
linear, conforming representation of the water-surface elevation on an element, with the 
water-surface elevations at the element vertices. It was found during testing of the first code 
that because of the coarse representation of water-surface elevation, the water-surface gradient 
terms in the momentum equations created distorted velocity fields unless an extremely fine 
grid was used. The second code uses a more accurate representation (linear as opposed to 
piecewise constant) of the velocity field and is still being tested.

Development of a UNIX-based scientific, interactive, extensible, visualization environment, 
SIEVE, continued, mostly by summer student Lara Lewis. SIEVE is based on the Graphical 
Kernel System (GKS), the X Window system, and the Network Common Data Form 
(netCDF). SIEVE produces plots of input to and output from hydrodynamic/transport 
models.
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TITLE: Ice and Climate (WR 70-064)

PERSONNEL: William J. Campbell, Project Chief
Jo Eggers, Secretary Sheila K. Doppelhammer, Geophysicist 
Robert M. Krimmel, Hydrologist Robert C. Paradise, Mathematician 
Edward G. Josberger, Oceanographer David R. Hirst, Photographer 
Steven M. Hodge, Geophysicist

ADDRESS: U.S. Geological Survey, University of Puget Sound, Tacoma, WA 98416 

TELEPHONE: (206) 593-6516

PROBLEM: Snow, ice sheets, glaciers, and sea ice are key components of the earth's 
hydrologic cycle and climate system. No other component varies as dramatically, both 
spatially and temporally, and yet has such a profound impact on global climate. However, 
because of great spatial extent, remote location and rapid variability, and the lack of adequate 
observational techniques, the relationship between the snow and ice and both climate change 
and water resources is not well understood.

OBJECTIVE: The objective is to understand the role of snow and ice masses in the 
hydrologic cycle, and the complex interactions that take place between snow and ice and the 
global climate system, through the development and application of remote sensing techniques. 
The combination of active and passive microwave observations, observations in the visual 
range, and new aircraft techniques provide powerful tools to determine the regional, 
continental and global distributions of these key components of the hydrological cycle. This 
task will involve the development of new approaches, algorithms, and processing schemes as 
well as implementation and verification of established techniques in new situations.

APPROACH: Recent scientific and technological advances have now made it possible to 
obtain scientifically meaningful measurements of snow and ice masses on appropriate spatial 
and temporal scales. These efforts will be carried out in close collaboration with other USGS 
scientists, as well as scientists from other agencies and universities, through both new and 
well-established cooperative programs.

PROGRESS: Continued to collect in situ snowpack data at key sites in the Upper Colorado 
River Basin and also acquired the SNOTEL data from the Soil Conservation Service, as 
required by the joint U.S. Geological Survey-National Aeronautics and Space Administration- 
U.S. Department of Agriculture (USGS-NASA-USDA) satellite snow research program.
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Analysis of the 8-year record of snowpack properties has clearly shown the importance of 
grain size on the passive microwave signatures of snowpacks. The presence of large depth 
hoar crystals present in Wyoming yield a stronger signal than that observed from the 
Colorado and Utah regions, despite the thinner snowpacks. These observations are being 
used as input to a multiple layer electromagnetic scattering model to develop more accurate 
algorithms for water equivalent determinations. Because of the strongly nonlinear brightness 
temperature dependence on grain size, a two-layer snowpack model provides significantly 
improved water equivalent estimates from the satellite observations.

Collection of geophysical and glaciological data for the National Science Foundation 
(NSF)-funded project in west Antarctica was completed, and analyses of these data has 
started. Image processing software and workstations were installed, image processing 
techniques were learned, and satellite images of west Antarctica were obtained. All five 
images of our study area have been enhanced and mosaiced together, and preliminary 
registration to an earth-fixed coordinate system has been done. A new high-pass filtering 
technique has been developed; it very successfully enhances surface features while eliminating 
the overall brightness gradient. Airborne radar and laser measurements of surface topography 
have been broken out of the main data streams and are being analyzed for features which can 
be used to register the satellite images precisely to our airborne coordinate system.

A Benchmark Glacier Monitoring plan was written in conjunction with USGS colleagues 
in Fairbanks, Alaska, and Denver, Colorado, to standardize the variables that will be 
measured at selected glaciers. The first of the reports specified in this plan was completed 
for the 1992 balance year at South Cascade Glacier. The monitoring of this glacier was 
continued through the 1993 balance year.

The drastic retreat of Columbia Glacier was documented by means of aerial photography 
through the year during which there was a 1,200 meter retreat, with ice speeds of up to 23 
meters per day. A similar sequential photographic set was obtained for several other major 
nearby tidewater glaciers for a comparative study. The surge of Bering Glacier was 
documented with three sets of vertical photography.

The final draft of NASA Special Publication 511 was completed, and is in press. This is 
an analysis of the 9-year Scanning Multichannel Microwave Radiometer (SMMR) 
observations of the Arctic and Antarctic sea ice.

Working collaboratively with the Nansen Center and the Environmental Research Institute 
of Michigan, a study of the "Odden" was completed (a large-scale sea ice feature that occurs
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in the Greenland Sea). This study compared the results of active and passive microwave 
sensors and then determined both the inter- and intra-annual variations of this event from 
1979 to 1987. The results were presented at an international conference and will be included 
in an American Geophysical Union (AGU) monograph on the role of polar oceans in 
determining global climate. At the same conference, and to appear in the same monograph, a 
study of the Southern Ocean winter wind and wave fields, and their variability, as determined 
by the GEOSAT radar altimeter for the period 1985 to 1989 was presented.
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TITLE: Hydrodynamics and Mathematical Modeling of Circulation and Transport 
Phenomena in Tidal Estuaries (WR 76-140)

PERSONNEL: Ralph T. Cheng, Project Chief
Gwendolyn J. Lewis, Secretary Ellen T. McDonald, Hydrologist 
Jeffrey W. Gartner, Oceanographer Edward Gross, Hydrologist 
Jon R. Burau, Civil Engineer Richard E. Smith, Hydrologist

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

TELEPHONE: (415) 354-3358

PROBLEM: The ecosystem of a tide-affected estuary consists of an extremely complicated 
balance of natural processes and human-induced activities. Some of the basic characteristics 
of such a system, for example, the San Francisco Bay estuarine system, are not well 
understood. A comprehensive description of the hydrodynamics and the related transport 
phenomena is still lacking. A better understanding of the effects among the interactive 
natural and human-induced processes on this system requires advances in basic science 
relating the physical, chemical, and biological estuarine processes. 'Circulation in a tidal 
estuary is generated in response to astronomical tides, inflow of freshwater, winds, and 
stratification due to salinity. The basin topography (bathymetry), air-water interaction, water- 
sedimentation interface, mixing characteristics, frictional loss at the bottom, and the rotational 
effects of the earth, together with the above-mentioned driving forces, constitute an extremely 
complicated balance that conserves mass, momentum, energy, and conservative solutes in the 
system.

OBJECTIVE: (1) Understand processes and rates by which water, salt, and other solutes 
interact; (2) develop methods to enable quantification of the relative importance of river 
inflow, winds, tides and other dynamic forcings that act upon the system; and (3) develop and 
verify conceptual and numerical models of these interactions.

APPROACH: Include intensive field-data collection and mathematical-model development 
and implementation in project activities. Collect long-term current and stage data. Develop 
effective methods of solution to the equations that govern the basic hydrodynamic processes, 
that is, the conservation equations of mass, momentum, energy, and salt. Treat field data- 
collection and numerical-modeling research as complementary parts of a well-integrated 
program; use field data to calibrate and verify numerical models, and use numerical-model
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results to guide future data-collection activities. Use numerical models as research tools for 
investigations of short- and long-term transport phenomena after the models are calibrated and 
verified.

PROGRESS: This project continues to provide technical guidance and support to the 
Interagency Ecological Study Plan (IESP) for San Francisco Bay/Delta, and to other districts. 
Continuing progress has been made in both two-dimension and three-dimension estuarine 
hydrodynamic modeling research. A depth-averaged, Tidal, Residual, and Intertidal Mudflat 
Model (TRIM), which was developed in collaboration with Professor Vincenzo Casulli of the 
University of Trento, Italy, has been calibrated and verified against an extensive data set 
collected in San Francisco Bay. Using the TRIM model as a research tool, the hydrodynamic 
characteristics of San Francisco Bay have been defined and reported (see bibliography). The 
TRIM-2D moijel has been applied to San Diego Bay in a demonstration of the utility of this 
numerical model for assessing the impact due to an accidental spillage of sewage near San 
Diego coast. This demonstration has received wide attention. Subsequently, we have been 
asked to conduct further modeling research for San Diego Bay. Using this model as the 
basis, our research efforts have been expanded to cover sediment transport processes in San 
Francisco Bay. Our preliminary results appear to be very encouraging.

The formulation and numerical algorithm for an efficient TRIM-3D model has been reported 
and published (see bibliography). Collaboration on three-dimensional estuarine modeling with 
Professor Vincenzo Casulli continues. The present focus is placed on the treatment of salt 
field (baroclinic forcing), which is the major driving force for the generation of gravitational 
circulation. Further improvements on computational efficiency for TRIM-3D has been 
achieved; the model permits detailed three-dimensional simulations at a modeling scale 
unprecedented in the literature. Fine resolutions are needed in order to properly resolve the 
topographically generated mixing and flow induced turbulent mixing. The Project Chief and 
Jeffrey W. Gartner continue to collaborate with staff of California District Office on 
numerical modeling and in field data collection and processing. A major field data collection 
effort was carried out in an attempt to define the mechanisms that balance the salt field in the 
northern reach of San Francisco Bay. The field study took place between January and May 
1993 and used nearly all oceanographic instruments in this project and in the District Office. 
Jon Burau of the District Office and Jeffrey Gartner played the major role in this study.
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TITLE: Research Vessel Polaris Operations in San Francisco Bay and Adjacent 
Coastal Ocean (WR 77-156)

PERSONNEL: T. John Conomos, Project Chief 
Mary S. Conger, Secretary 
Byron J. Richards, Master R/V Polaris 
William S. Conard, Chief Engineer R/V Polaris

ADDRESS: U.S. Geological Survey, 345 Middlefield Road, MS 977, 
Menlo Park, CA 94025

TELEPHONE: (415) 329-4414

PROBLEM: A stable moving platform is needed to house at least 10 scientists throughout 
the year (for periods of weeks) so that large volumes of complex and continuous data can be 
carefully and rapidly collected and precisely measured and analyzed immediately after 
collection.

OBJECTIVE: Provide scientific platform (research vessel) for estuarine studies, platform 
functions, and measurement, collection, and subsequent analysis of geological, chemical, 
physical, and biological data throughout the year for extended time periods.

APPROACH: Provide support for research vessel, including operating support for dockage 
fees, boat maintenance, diesel fuel, and food for scientists and crew.

PROGRESS: Provided research vessel support for routine field sampling by personnel in 
several projects within the Branch of Regional Research (WR) and the California District. 
For example, the Polaris has been used in the "San Francisco Bay River-Estuary Toxic 
Contaminant Study."
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TITLE: Analysis and Modeling of Conservative and Nonconservative Transport 
Processes (WR 83-183)

PERSONNEL: Roy A. Walters, Project Chief
Margaret E. Sullivan, Physical Scientist

ADDRESS: U.S. Geological Survey, 1201 Pacific Ave., Suite 600, Tacoma, WA 98402 

TELEPHONE: (206) 593-6505

PROBLEM: The biological and chemical characteristics of aquatic environments depend on a 
generally complicated balance of physical, chemical, and biological processes. Basic to* 
describing these characteristics is an understanding of transport processes including both 
advection and mixing. For a given water body, these processes depend heavily on the mass, 
momentum, and energy transfers at boundaries and the internal response of the system. 
Many of these transfers and responses are poorly understood.

OBJECTIVE: Broad goals of this project are to quantitatively understand the physical 
processes responsible for the transport of conservative and nonconservative solutes of 
biological and chemical importance. Through the use of time series analysis and other 
methods, conceptual, statistical, and numerical models of these processes are being 
developed.

APPROACH: Use data analysis, including the application of digital filters, to examine daily 
to interannual time-scale phenomena, spectral analysis, empirical orthogonal function analysis, 
regression analysis, and numerical models. Use numerical models, including box and finite- 
element models, in one, two, and three dimensions.

PROGRESS: Development of a three-dimensional, finite-element tidal and residual 
circulation model and finite-element network generation software has allowed a quantitative 
analysis of circulation in several estuaries and coastal seas. Emphasis has been placed on 
salinity intrusion into Delaware Bay and River where salt flux processes have been examined 
in detail.

REPORTS PUBLISHED 1988-1993:

Foreman, M.G.G, Baptista, A.M., and Walters, 
R.A., 1992, Tidal model studies of particle 
trajectories around a shallow coastal bank, 
Atmosphere-Ocean, v. 30, no. 1, p. 43-69.

Foreman, M.G.G., Henry, R.F., Walters, R.A., 
and Ballantyne, V.A., 1993, A finite element 
model for tides and resonance along the north 
coast of British Columbia: Journal of Geo­ 
physical Research, v. 98, no. C2, p. 2509- 
2531.
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model for three-dimensional flows along the 
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M.L., ed., Estuarine and Coastal Modeling, 
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Tampa, Fla.: American Society of Civil Engi­ 
neers publication, p. 574-585.
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coast of Vancouver Island: Atmosphere-Ocean, 
v. 28, p. 261-287.

Henry, R.F., and Walters, R.A., 1991, User manu­ 
al for PC TRIGRID: Sidney, B.C., Canada 
V8L 4B2, Institute of Ocean Sciences.

Walters, R.A., 1988, A finite element model for 
tides and currents with field applications: 
Communications in Applied Numerical Meth­ 
ods, v. 4, p. 401-411.

__1989, A tale of two estuaries: Columbia Bay, 
Alaska and San Francisco Bay, California, in 
Nielson, Kuo, and Bmbaker, eds., Estuarine 
Circulation: Humana Press, p. 183-200.

__1989, Small-amplitude, short-period variations 
in speed of a tidewater glacier in south-central 
Alaska: Annals of Glaciology, v. 12, p. 187- 
191.

__1992, A 3D, finite element model for coastal 
and estuarine circulation, Continental Shelf 
Research, v. 12, no. 1, p. 83-102.

__1992, A Study of Salt Transport Processes in 
Delaware Bay, in Spaulding, M.L., ed., 
Estuarine and Coastal Modeling: Estuarine and 
Coastal Modeling 2nd International Confer­ 
ence, American Society of Civil Engineers, 
Tampa, Fla., November 13-15, 1991, [Pro­ 
ceedings], p. 240-251.

Walters, R.A., and Foreman, M.G.G., 1992, A 3D 
finite element model for the baroclinic circula­

tion on the Vancouver Island Shelf: Journal of 
Marine Systems, v. 3, p. 507-518.

Walters, R.A., Josberger, E.G., and Driedger, 
C.L., 1988, Columbia Bay, Alaska: an "up­ 
side down" estuary: Estuarine, Coastal, and 
Shelf Science, v. 26, p. 607-617.

Walters, R.A., and Meier, M.F., 1989, Variability 
of glacier mass balances in western North 
America, in Peterson, D.H., ed., Aspects of 
climate variability in the Pacific and the West­ 
ern Americas: Geophysical Monograph 55, 
American Geophysical Union, p. 365-374.

Walters, R.A., and Werner, F.E., 1989, A com­ 
parison of two finite element models of tidal 
hydrodynamics using a North Sea data set: 
Advances in Water Resources, v. 12, p. 184- 
193.

Walters, R.A., and Werner, F.E., 1991, Nonlinear 
generation of overtides, compound tides, and 
residuals, in Parker B.B., ed., Tidal hydrody­ 
namics: New York, John Wiley and Sons, p. 
297-320.
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TITLE: Coupled Transport and Geochemical Processes Determining the Fate of 
Chemicals in Surface Waters (WR 84-187)

PERSONNEL: Kenneth E. Bencala, Project Chief
Carolyn Harden-Jekelian, Secretary Elizabeth W. Boyer, Physical Science Technician
Gary W. Zellweger, Hydrologist Judson W. Harvey, Postdoctoral Associate

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

TELEPHONE: (415) 354-3326

PROBLEM: Coupled transport and biogeochemical processes determine the fate of chemicals 
both naturally present in surface waters and those introduced through anthropogenic activities. 
In mountainous environments, coupled processes operate at scales which can be years and 
kilometers in watersheds or minutes and decimeters in the hyporheic zone. Although 
individual processes are often well understood in isolation, the ability to quantify chemical 
fate across the stream-watershed continuum requires development in design of field 
experiments and mechanistic formulations to integrate interpretation of multiple processes.

OBJECTIVE: Develop experimental field techniques and mechanistic formulations to 
quantitatively identify rates and extents of transport within the stream-watershed continuum. 
Focus on transport processes which most influence the fate of chemicals introduced from the 
surrounding watershed into pristine streams (for example, natural dissolved organic materials 
and nutrients, as well as, acid mine drainage).

APPROACH: Cooperate with hydrologists, geochemists, and ecologists to identify the 
processes of environmental fluid mechanics exerting significant influence on the fate of 
chemicals in mountainous watersheds. Study these processes (for example, transient storage 
of solutes in the hyporheic zone) specifically to estimate hydrologic parameters needed for 
quantitative determinations of solute transport. Dynamic field experimentation is the primary 
mode of study, augmented with detailed sampling studies and numerical simulations.

PROGRESS: In St. Kevin Gulch, which carries acid mine drainage, variation in streambed 
topography causes localized recharge of streamwater along well-defined substream flow paths 
in the hyporheic zone. The substream flow paths maintain the stream-watershed continuum 
for solute transport. Measurements of groundwater heads, tracer movement through the
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hyporheic zone, and simulations of steady-state flow support this identification of substream 
flow paths. Recent extensions have quantified the complementary role of catchment scale 
driving forces (Leadville, Colorado-Upper Arkansas River Toxic Substances Hydrology Site; 
J. Harvey working with Kimball). Improved assessments of the transport of sulfide oxidation 
products have resulted from collaboration with the University of Colorado's Center for 
Advanced Decision Support for Water and Environmental System (CADSWES) to develop 
capabilities for simulation analysis within the Modular Hydrologic Modeling System. 
(Leadville, Colorado-Upper Arkansas River Toxic Substances Hydrology Site; Bencala 
working with McKnight, Kimball, Broshears, and Runkel). Multiple tracer injections have 
been used to measure net flow losses as low as 0.8 liters per second (Leadville, Colorado- 
Upper Arkansas River Toxic Substances Hydrology Site; Zellweger working with Kimball). 
In the Deer Creek and Snake River watersheds (Summit County, Colorado) Boyer and 
Hornberger (University of Virginia), have collaborated with Bencala and McKnight to apply 
the TOPMODEL watershed topography concepts to field studies verifying source zones of 
dissolved organic material.

REPORTS PUBLISHED 1988-1993:

Bencala, K.E., 1993, A perspective on stream- 
catchment connections: Journal of the North 
American Benthological Society, v. 12, p.44 
-47.

Bencala, K.E., Kimball, B.A., and McKnight, 
D.M., 1991, Use of variation in solute con­ 
centration to identify interactions of the sub- 
stream zone with instream transport, in Mal­ 
lard, G.E., and Aronson, D.A., ed., 1991, 
U.S. Geological Survey Toxic Substances 
Hydrology Program Proceedings of the tech­ 
nical meeting, Monterey, Calif., March 11- 
15, 1991: Water-Resources Investigations 
Report 91-4034, p. 377-379.

Bencala, K.E., McKnight, D.M., and Zellweger, 
G.W., 1990, Characterization of transport in 
an acidic and metal-rich mountain stream 
based on a lithium tracer injection and simula­ 
tions of transient storage: Water Resources 
Research, v. 26, p. 989-1000.

Bencala, K.E., McKnight, D.M., Zellweger,
G.W., and Kimball, B.A., 1988, Monitoring 
acidic streams for transport studies, in Mal­ 
lard, G.E., ed., U.S. Geological Survey Toxic 
Substances Hydrology Program Surface- 
Water Contamination, Technical meeting, 
Denver, Colo., February 2-4, 1987, Proceed­ 
ings: U.S. Geological Survey Open-File 
Report 87-764, p. 119-124.

Broshears, R.E., Bencala, K.E., Kimball, B.A., 
and McKnight, D.M., in press, Characteriza­ 
tion of physical transport in a mountain stream 
based on a tracer injection and solute-transport 
simulations: U.S. Geological Survey Water- 
Resources Investigation Report 92-4081.

Fuller, C.C., Davis, J.A., Zellweger, G.W., and 
Goddard, K.E., 1989, Coupled chemical, bio­ 
logical and physical processes in Wliitewood 
Creek, South Dakota: evaluation of the con­ 
trols of dissolved arsenic, in Mallard, G.E., 
and Ragone, S.E., ed., U.S.Geological Survey 
Toxic Substances Hydrology Program 
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Proceedings of the technical meeting, Phoenix, 
Ariz., September 26-30, 1988: U.S. Geologi­ 
cal Survey Water-Resources Investigations 
Report 88-4220, p. 235-246.

Harvey v J.W., 1993, Measurement of variation in 
soil-solute tracer concentration across a range 
of effective pore sizes: Water Resources 
Research, v. 29, p. 1831-1837.

Harvey, J.W. and Bencala, K.E., 1993, The effect 
of streambed topography on surface-subsurface 
water exchange in mountain catchments: Water 
Resources Research, v. 29(1), p. 89-98.

Harvey, J.W., Bencala, K.E., and Zellweger, 
G.W., 1991, Preliminary investigation of the 
effect of hillslope hydrology on the mechanics 
of solute exchange between streams and sub­ 
surface gravel zones, in Mallard, G.E., and 
Aronson, D.A., ed., U.S. Geological Survey 
Toxic Substances Hydrology Program Proce­ 
edings of the technical meeting, Monterey, 
Calif., March 11-15, 1991: Water-Resources 
Investigations Report 91-4034, p. 413-418.

Jakeman, A.J., Hornberger, G.M., Littlewood, 
I.G., Whitehead, P.G., Harvey, J.W., and 
Bencala, K.E., 1992, A systematic approach 
to modeling the dynamic linkage of climate, 
physical catchment descriptors, and hydrologic 
response components: Mathematics and Com­ 
puters in Simulation, v. 33, p.359-366.

Kimball, B.A., Bencala, K.E., and McKnight,
D.M., 1989, Research on metals in acid mine 
drainage in the Leadville, Colorado, area, in 
Mallard, G.E., and Ragone, S.E., ed., U.S. 
Geological Survey Toxic Substances Hydrolo­ 
gy Program Proceedings of the technical 
meeting, Phoenix, Ariz., September 26-30, 
1988: U.S. Geological Survey Water-Resourc­ 
es Investigations Report 88-4220, p. 65-70.

Kimball, B.A., Bencala, K.E., McKnight, D.M., 
and Maura, W.S., 1988, Geochemistry of 
dissolved metals in St. Kevin Gulch, an acidic 
mountain stream near Leadville, Colorado, in 
Mallard, G.E., ed., U.S. Geological Survey 
Toxic Substances Hydrology Program- 
Surface-water Contamination, technical meet­ 
ing, Denver, Colo., February 2-4, 1987, 
Proceedings: U.S. Geological Survey Open- 
File Report 87-764, p. 137-144.

Kimball, B.A., Broshears, R.E., Bencala, K.E., 
and McKnight, D.M., 1991, Comparison of 
rates of hydrologic and chemical processes in 
a stream affected by acid mine drainage, in 
Mallard, G.E., and Aronson, D.A., ed., 1991, 
U.S. Geological Survey Toxic Substances 
Hydrology Program Proceedings of the tech­ 
nical meeting, Monterey, Calif., March 11- 
15, 1991: U.S. Geological Survey Water- 
Resources Investigations Report 91-4034, p. 
407-412.

Kimball, B.A., Broshears, R.E., McKnight, D.M., 
and Bencala, K.E., 1992, Effect of instream 
pH modification on aluminum //; Kliaraka, 
Y.K., and Maest, A.,, eds., Proceedings of the 
Seventh International Symposium on Water- 
Rock Interaction: Rotterdam, A. A. Balkema, 
p. 393-396.

Kimball, B.A., Broshears, R.E., McKnight, D.M., 
and Bencala, K.E., in press, Preliminary eval­ 
uation of the effects of an instream pH modifi­ 
cation on transport of sul fide-oxidation 
products, in Alpers, C.L., and Bowles, D., 
eds., The environmental geochemistry of sul- 
fide oxidation: Washington, D.C., Americal 
Chemical Society Symposium Series.

Kuwabara, J.S., Triska, F.J., and Bencala, K.E., 
1990, Concepts and methods for assessing 
solute dynamics in stream ecosystems: Journal 
North American Benthological Society, 
[Stream Solute Workshop] v. 9, p. 95-119.
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McKnight, D.M., and Bencala, K.E., 1988, Diel 
variations in iron chemistry in an acidic stream 
in the Colorado Rocky Mountains: Arctic and 
Alpine Research, v. 20, p. 492-500.

.1989, Reactive iron transport in an acidic 
stream in Summit County, Colorado A hy- 
droiogic perspective: Geochimica et Cosmoch- 
imica Acta, v. 53, p. 2225-2234.

.1990, The chemistry of iron, aluminum, and 
dissolved organic material in three acidic,, 
metal-enriched, mountain streams, as con­ 
trolled by watershed and in-stream processes: 
Water Resources Research, v. 26, p. 3087- 
3100.

McKnight, D.M., Bencala, K.E., Zellweger,
G.W., Aiken, G.R., Feder, G.L., and Thorn, 
K.A., 1992, Sorption of dissolved organic 
carbon by hydrous aluminum and iron oxides 
occurring at the confluence of Deer Creek 
with the Snake River, Summit County, Colora­ 
do: Environmental Science and Technology, v. 
28, p. 1388-1396.

McKnight, D.M., Kimball, B.A., and Bencala, 
K.E., 1988, Photoreduction of hydrous iron 
oxides in acidic mountain streams, in Mallard, 
G.E., ed., U.S. Geological Survey Toxic 
Substances Hydrology Program, Surface  
Water Contamination, Proceedings of the 
technical meeting, Denver, Colo., Feb. 2-4, 
1987, Proceedings: U.S. Geological Survey 
Open-File Report 87-764, p. 131-135.

.1988, Iron photoreduction and oxidation in an 
acidic mountain stream: Science, v. 240, no. 
4852, p. 637-640.

McKnight, D.M., Wershaw, R.L., Bencala, K.E., 
Zellweger, G.W., and Feder, G.L., 1992, 
Humic substances and trace metals associated 
with Fe and Al oxides deposited in an acidic

mountain stream: Science of the Total Envi­ 
ronment, v. 117, p.485-498.

Slack, J.R., and Bencala, K.E., 1988, Book re­ 
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and Umphrey, G.J.: Journal of Hydrology, v. 
103, p. 393-396.

Triska, F.J., Kennedy, V.C., Avanzino, R.J., 
Zellweger, G.W., and Bencala, K.E., 1989, 
Retention and transport of nutrients in a third- 
order stream in northwestern California  
hyporheic processes: Ecology, v. 70, p. 1893- 
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.1989, Retention and transport of nutrients in a 
third-order stream Channel processes: Ecolo­ 
gy, v. 70, p. 1877-1892.

.1990, In-situ retention-transport response to ni­ 
trate loading and storm discharge in a third- 
order stream: Journal North American Bentho- 
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Zellweger, G.W., Avanzino, R.J., and Bencala, 
K.E., 1989, Comparison of tracer-dilution and 
current-meter discharge measurements in a 
small gravel-bed stream, Little Lost Man 
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Zellweger, G.W., Bencala, K.E., McKnight, 
D.M., Hirsch, R.M., and Kimball, B.A., 
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charge measurements on a small mountain 
stream, in Mallard, G.E., and Aronson, D.A., 
ed., U.S. Geological Survey Toxic Substances 
Hydrology Program Proceedings of the tech­ 
nical meeting, Monterey, Calif., March 11- 
15, 1991: U.S. Geological Survey Water- 
Resources Investigations Report 91-4034, p. 
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TITLE: Fluvial Processes and River Mechanics (WR 83-194)

PERSONNEL: Cheng-lung Chen, Project Chief 
Gwendolyn]. Lewis, Secretary 
Chi-Hai Ling, Hydrologist

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

TELEPHONE: (415) 354-3352

PROBLEM: Many difficult problems in river mechanics may have stemmed from inadequate 
understanding of the multiplicity and interaction of fluvial processes. Some of the problems 
may have been solved, but in a very simplified, approximate way. Many efforts have been 
directed, but without apparent success, to fully account for the causes, occurrences, and 
mechanisms of catastrophic events, such as flash floods, debris flows, and channel changes 
resulting from torrential storms, sudden snow or glacier melt, dam break, volcanic eruptions, 
and earthquakes. Such failures may be partially attributed to the deficiency and 
incompleteness of existing empirical formulas (or models) representing the relationships 
between various processes and responses.

OBJECTIVE: Seek a full understanding of various fluvial processes on hillslopes and in river 
channels, which undergo changes in response to rapid disturbances, such as torrential storms, 
sudden snow or glacier melt, dam break, volcanic eruptions, and earthquakes. Improve or 
generalize existing empirical formulas that do not accurately describe the process-response 
relationships. Develop new relationships for various soils and highly-concentrated sediment- 
water mixtures, such as those posed in the form of Theological or constitutive equations. 
Build mathematical models, using such relationships, for flash floods, debris flows, channel 
changes, and so forth. Ultimately apply these models to minimize the loss of life and 
property that may result from such catastrophic events.

APPROACH: Assess the validity and applicability of existing formulas for various fluvial 
processes, such as rainfall, infiltration, runoff, and sediment movement (erosion and 
deposition) on hillslopes and in river channels. Modify or generalize the existing formulas to 
the utmost extent that they will become more representative under a wider spectrum of field 
conditions. Formulate rheological or constitutive equations for various soils and highly- 
concentrated sediment-water mixtures, and determine the values of rheological parameters and 
material constants using available field or laboratory data. Build mathematical models for
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flash floods, debris flows, channel changes, etc. and solve them on digital computers using 
optimum numerical schemes. Verify the models using actual events.

PROGRESS: Debris-flow research has progressed in both theoretical and experimental 
phases. For the theoretical phase, a series of journal papers have been prepared to document 
significant results obtained from the reassessment of the generalized viscoplastic fluid (GVF) 
model. The first paper in series is to examine the concept and rationale behind the 
formulation of the GVF model. The follow-up paper is to appraise the GVF model in the 
light of both the classical relative-viscosity versus concentration relation (for the macro- 
viscous regime) and the dimensionless stress versus shear-rate squared relations based on 
kinetic theory (for the grain-inertia regime). The windup paper is to evaluate the Theological 
parameters of the GVF model using Bagnold's data, thereby showing the validity and 
practical usefulness of the GVF model in debris-flow modeling. For the experimental phase, 
a series of experiments were conducted in the conveyor-belt flume to study roll waves in 
simulated debris flow using 5 mm glass spheres. Also conducted were a series of 
experiments in the conveyor-belt flume to study the effects of variously mixed ratios of two 
different particle sizes on the movement of simulated debris flow with a single particle size. 
Because both series of experiments were preliminary in nature, significant results could not be 
obtained from an analysis of such preliminary data. Other areas of research investigated are 
mainly concerned with high-gradient river hydraulics. Continued efforts were made to apply 
some mathematical techniques to analyzing flow stability. Two papers on the instability (or 
roll waves) of flow in open channel were prepared and published in the Journal of Hydraulic 
Engineering.

REPORTS PUBLISHED 1988-1993:

Chen, C.L., 1988, Power formula for open-channel 
flow resistance: National Conference on Hy­ 
draulic Engineering, American Society of Civil 
Engineers, Colorado Springs, Colo., 1988 
[Proceedings], p. 25-35.

.1988, Generalized viscoplastic modeling of 
debris flow: Journal of Hydraulic Engineering, 
American Society of Civil Engineers, v. 114, 
no. 3, p. 237-258.

.1988, General solutions for viscoplastic debris 
flow: Journal of Hydraulic Engineering,

American Society of Civil Engineers, v. 114, 
no. 3, p. 259-282.

_1989, Power law of flow resistance in open 
channels Manning's formula revisited: Inter­ 
national Conference on Channel Flow and 
Catchment Runoff: University of Virginia, 
Charlottesville, Va., [Proceedings], p. 8IT- 
848.

_1991, Power law of flow resistance in open 
channels Manning's formula revisited, in 
Yen, B.C., ed., Channel Flow Resistance- 
Centennial of Manning's Formula: Water
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Resources Publications, Littleton, Colo., p. 
206-240.

_1991, Unified theory on power laws for flow 
resistance: Journal of Hydraulic Engineering, 
American Society of Civil Engineers, v. 117, 
no. 3, p. 371-389.

_1992, Momentum and energy coefficients 
based on power-law velocity profile: Journal 
of Hydraulic Engineering, American Society 
of Civil Engineers, v. 118, no. 11, p. 1571-
1584.

_1992, Issues in debris flow research Personal 
views: U.S. Geological Survey Water-Supply 
Paper Series, Selected Papers in the Hydrolog- 
ic Sciences WSP 2340, p. 137-143.

.1992, Discussion of "Derivation of infiltation 
equation using systems approach" by Singh, 
V.P., and Yu, F.X.: Journal of Irrigation and 
Drainage Engineering, Amerrican Society of 
Civil Engineers, v. 118, no. 6, p. 996-999.

.1993, Unique laminar-flow stability limit based 
on shallow-water theory: Journal of Hydraulic 
Engineering, American Society of Civil Engi­ 
neers, v. 119, no. 7, p. 816-829.

Chen, C.L., Ling, C.H., and Jan, C.D., 1991, 
Rheological model for ring-shear type debris 
flows: Federal Interagency Sedimentation Con­ 
ference, Subcommittee on Sedimentation of the 
Interagency Advisory Committee on Water 
Data, 5th, Las Vegas, Nev., [Proceedings], v. 
1, p. 5-1 to 5-8.

Jan, C.D., Shen, H.W., Ling, C.H., and Chen, 
C.L., 1992, A sphere moving down an in­ 
clined bumpy surface: Conference on Engi­ 
neering Mechanics, American Society of Civil 
Engineers, 9th, College Station, Tex., [Pro­ 
ceedings], p. 768-771.

Ling, C.H., and Chen, C.L., 1989, Idealized de­ 
bris flow in flume with bed driven by a con­ 
veyor belt: National Conference on Hydraulic 
Engineering, American Society of Civil Engi­ 
neers, New Orleans, La., 1989 [Proceedings], 
p. 1144-1149.

Ling, C.H., Chen, C.L., and Jan, C.D., 1990, 
Rheological properties of simulated debris 
flows in the laboratory environment: Interna­ 
tional Symposium on the Hydraulics and Hy­ 
drology of Arid Lands, American Society of 
Civil Engineers, San Diego, Calif., [Proceed­ 
ings], p. 218-224.

Ling, C.H., and Jan, C.D., 1992, Computer simu­ 
lation of dry layered granular flow down an 
incline composed of grains: Conference on 
Engineering Mechanics, American Society of 
Civil Engineers, 9th, College Station, Tex., 
[Proceedings], p. 760-763.

Ling, C.H., Jan, C.D., Chen, C.L., and Shen,
H.W., 1992, Numerical simulation of a sphere 
moving down an incline with identical spheres 
placed equally apart: Conference on Engineer­ 
ing Mechanics, American Society of Civil 
Engineers, 9th, College Station, Tex., [Pro­ 
ceedings], p. 764-767.
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TITLE: Resolution of Hydroclimatic Uncertainty (WR 89-201)

PERSONNEL: Marshall E. Moss, Project Chief
Ana M. MacKay, Administration Operations Assistant 
Douglas Wellington, Computer Program Analyst 
David A. Pratt, Student, (University of Arizona)

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

TELEPHONE: (602) 670-6821

PROBLEM: There is a great deal of uncertainty about future climates on a decadal scale. 
This uncertainty has strong implications on the water-resources planning and management 
decisions that are being made now and will be made in the future. Information about the 
hydrologic implications of climate uncertainty is minimal.

OBJECTIVE: Develop technology that can be used to evaluate hydrologic information 
generated by climate models and to incorporate that information into strategies for monitoring 
the potential hydrologic effects of climate change.

APPROACH: Use a combination of geostatisties and Bayesian models of data errors to 
develop a data base of hydrologic variables aggregated at the spatial scales of the climate 
models. Use these data to evaluate the information content of the hydrologic components of 
existing climate models. Incorporate significant information into a scheme for monitoring 
regional hydrologic effects of climate change.

PROGRESS: During the past year, the Project Chief has completed the task of editing a 60 
chapter publication, titled "Guide to Hydrological Practice" for the World Meteorological 
Organization (WMO) and has served for 4 months as visiting scientist at the New" Zealand 
National Institute of Water and Atmosphere (NIWA). The Guide was drafted by individual 
authors and working groups from around the world and will be published in two volumes by 
WMO. The Fellowship to NIWA resulted in two publications that are in review one, titled 
"The Southern Oscillation Index as a predictor of the probability'of low flows in New 
Zealand", will be submitted to Water Resources Research, and the other, titled "Analysis of 
the accuracy of the discharge records at the Cropp River at Gorge", is to be published in an 
internal reports series of NIWA.
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The Project Chief also coauthored a paper, titled "Effects of climate change on water 
resources of the Delaware River Basin, U.S.A.", which has been submitted to the Water 
Resources Bulletin.

REPORTS PUBLISHED 1988-1993:

Moss, M.E., 1989, Water-quality data in the infor­ 
mation age: Proceedings of the International 
Symposium on the Design of Water Quality 
Information Systems, Colorado Water Re­ 
sources Research Institute, Ft. Collins, Colo., 
Information Series No. 61, p. 8-15.

__1991, Hydrologic implications of climate un­ 
certainty in the western United States: Pro­ 
ceedings of Colloquium on Managing Water 
Resources under Conditions of Climatic Un­ 
certainty, National. Academy Press, Washing­ 
ton, D.C., p. 148-157.

__1992, Bayesian relative information measure  
A tool for analyzing the outputs of general 
circulation models: Journal of Geophysical 
Research, v. 97, no. D3, p. 2743-2756.

Moss, M.E., and Tasker, G.D., 1990, Manual for 
comparing methods of designing hydrologic- 
data-collection networks: U.S. Geological 
Survey Open-File Report 90-389, 104 p.

__1991, An intercomparison of hydrological net­ 
work-design technologies: Hydrological Sci­ 
ences Journal, v. 36, no. 3, p. 209-221.
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APPENDIX 1. Alphabetical Listing by Project Chief

PROJECT CHIEF DISCIPLINE
PROJECT 
NUMBER PROJECT TITLE PAGE

Aiken, George R. SW Chemistry CR 93-331 Organic Carbon Migration in Aquatic
Environments ................... 332

Andrews, Edmund D. Geomorphology/ CR 82-273
Sediment

Averett, Robert C.

Back, William

Baltzer, Robert A. 

Bencala, Kenneth E.

Bennett, James P. 

Benson, Larry V. 

Betancourt, Julio L.

Bredehoeft, John D. 

Bricker, Owen P.

Brown, Charles E. 

Callender, Edward

River Mechanics .................. 98

Ecology CR 88-312 Ecological Interactions of Lakes
and Streams .................... 19

GW Chemistry NR 57-034

Baedecker, Mary Jo GW Chemistry NR 83-129

SW Hydrology NR 69-019

Spatial Distribution of Chemical
Constituents in Ground Water ......... 147

Comparative Study of Organic Degradation
in Selected Hydrogeologic Environments . 172

Numerical Simulation of Hydrodynamic 
Processes in Rivers, Estuaries, and Coastal 
Embayments ................... 375

SW Hydrology WR 84-187 Coupled Transport and Geochemical
Processes Determining the Fate of 
Chemicals in Surface Waters ......... 405

Mathematical Modeling Principles ...... 374

Arid Regions Climate and Chemistry .... 122

Biotic Response to Climatic Variability
and Human Impacts in Arid Lands ...... 63

Water Wells as Strain Meters ......... 278

Geochemical Cycling of Trace Elements
and Nutrients in Natural Water Systems . . 341

GW Hydrology NR 84-130 Multivariate Statistical Techniques for
Assessing Regional Ground-Water Quality
and Quantity ................... 254

SW Chemistry NR 76-065 Sedimentary Geochemical Processes
Affecting the Exchange of Nutrients 
and Transition Metals Between Sediment 
and Water in Riverine, Estuarine, and 
Lacustrine Environments ............ 334

SW Hydrology

GW Chemistry

Ecology

GW Hydrology

SW Chemistry

CR 93-343

CR 82-207

WR76-145

WR 75-176

NR 81-109
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APPENDIX 1. Alphabetical Listing by Project Chief-continued

PROJECT CHIEF DISCIPLINE
PROJECT 
NUMBER PROJECT TITLE PAGE

Campbell, William J. SW Hydrology WR 70-064 Ice and Climate ................. 393

Carter, Virginia P. Ecology NR 73-090 Remote Sensing and Ecological Research
in Wetlands .................... 36

Chen, Cheng-lung SW Hydrology WR 83-194 Fluvial Processes and River Mechanics . . . 410

Cheng, Ralph T. SW Hydrology WR 76-140 Hydrodynamics and Mathematical
Modeling of Circulation and Transport 
Phenomena in Tidal Estuaries ......... 398

Chiou, Gary T. GW Chemistry CR 83-283 Environmental Dynamics of Persistent
Organic Compounds .............. 130

Claassen, Hans C. SW Chemistry CR 75-189 Geochemical Kinetics Studies of Silicate
Rock Hyflrologic Systems ........... 312

Cloern, James E. Ecology WR 79-164 Plankton Dynamics in Tidal Estuaries ..... 68

Conomos, T. John SW Hydrology WR 77-156 Research Vessel Polaris Operations in
San Francisco Bay and Adjacent Coastal
Ocean ....................... 402

Constantz, James E. GW Hydrology WR 87-193 Temperature Effects in the Unsaturated
Zone ........................ 293

Cooley, Richard L. GW Hydrology CR76-191 Mathematical Simulation of Subsurface- 
Water Row Using Uncertain and 
Incomplete Data ................. 228

Coplen, Tyler B. GW Chemistry NR 75-064 Physical Chemistry of Stable Isotope
Fractionation in Hydrologic Processes ... 160

Davis, James A., Ill,, GW Chemistry WR 70-065 Partitioning of Solutes between Solid and
Aqueous Phases ................. 186

Eberl, Dennis D. GW Chemistry CR 82-276 Geochemistry of Clay-Water Reactions ... 126

Eganhouse, Robert P. GW Chemistry NR 91-151 Transport and Biogeochemical Fate of
Organic Substances in Aquatic 
Environments ................... 181

Emmett, William W. Geomorphology/ CR 74-187 Hydraulics and Mechanics of Bedload-
Sediment Transport Processes ................ 95
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APPENDIX 1. Alphabetical Listing by Project Chief-continued

PROJECT CHIEF DISCIPLINE
PROJECT 
NUMBER PROJECT TITLE PAGE

Essaid, Hedeff I. GW Hydrology WR 89-199 The Fate and Transport of Immiscible
Contaminants in the Subsurface ....... 298

Feder, Gerald L. GW Chemistry NR 79-132 Relationship Between Chemical Quality
of Natural Waters and Human Health 
and Disease .................... 176

Godsy, Edward M. Ecology WR 71-068 Fate of Organic Chemicals in Subsurface
Environments ................... 55

Goerlitz, Donald F. GW Chemistry WR 84-189 Chemistry of Aquatic Organic Matter .... 205

Goldberg, Marvin C. SW Chemistry CR 76-199 Water Chemistry of Sediment Surface
Coatings ...................... 315

Grove, David B. GW Hydrology CR 73-085 The Mathematical Simulation of the
Transport and Reaction of Chemical 
Species in Ground Water ............ 216

Harvey, Ronald W. Ecology CR 91-327 Interaction of Bacteria with Environmental
Contaminants and Solid Surfaces in the 
Aquatic Environment ............. 29

Hem, John D. SW Chemistry WR 57-076 Chemistry of Hydrosolic Metals and
Related Constituents of Natural Water . . . 348

Herkelrath, William N. GW Hydrology WR 82-179 Nonisothermal Multiphase Row ....... 284

Hsieh, Paul A. GW Hydrology WR 83-184 Hydrology of Fractured Rocks ........ 290

Hupp, Cliff R. Ecology NR90-145 Vegetation and Hydrogeomorphic
Relations ...................... 45

Ingebritsen, Steven E. GW Hydrology WR 74-121 Hydrologic Studies of Heat and Mass
Transport ..................... 273

James, Ronald V. GW Chemistry WR 68-036 Factors Determining Solute Transfer
in the Unsaturated Zone ............ 184

Jarrett, Robert D. SW Hydrology CR 90-321 Paleohydrology and Climate Change .... 371

Jones, Blair F. GW Chemistry NR 69-020 Mineral-Water Interaction in Saline
Environments ................... 144
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APPENDIX 1. Alphabetical Listing by Project Chief-continued

PROJECT CHIEF DISCIPLINE
PROJECT 
NUMBER PROJECT TITLE PAGE

Kendall, Carol

Kipp, Kenneth L.

Landa, Edward R.

Lee, Jonathan

GW Chemistry

Kharaka, Yousif K. GW Chemistry

GW Hydrology

Konikow, Leonard F. GW Hydrology

Kraemer, Thomas F. GW Chemistry

Kuwabara, James S. Ecology

LaBaugh, James W. Ecology

GW Chemistry

Landwehr, Jurate M. SW Hydrology 

Leavesley, George H. SW Hydrology

SW Hydrology

Leenheer, Jerry A. SW Chemistry

Leland, Harry V. Ecology

Lovley, Derek R. Ecology

WR 91-080

WR 76-139

CR 85-292

NR 81-120

NR 82-138

WR 86-190

CR 85-293

NR 78-092

NR 84-133 

CR 77-228

NR90-147 

CR 84-285 

CR 92-337 

NR87-136

Stable Isotope Tracers of Biogeochemical 
and Hydrologic Processes ..........

Geochemistry of Water in Fine Grained 
Sediments ...................

Ground-Water Solute-Transport 
Simulation .............

Digital Modeling of Transport in the 
Saturated Zone ..............

Uranium-Thorium Series Radioisotopes 
in Ground-Water and Surface-Water 
Systems ...................

Solute Transport Involving Biological 
Processes in Surface Waters .......

191

197

238

250

178

81

The Role of Chemical Fluxes in the 
Biogeochemistry of Inland Surface 
Waters, Including Lakes, Reservoirs, 
and Wetlands ...............

Hydrogeochemical Controls on the 
Migration of Radionuclides from Uranium 
Mill Tailings ..................

Regional Hydrologic Processes

Precipitation-Runoff Modeling of 
Watershed System ..........

Transport of Dissolved and Suspended 
Materials in Surface Waters .......

Comprehensive Organic Analysis of 
Water .....................

Effects of Toxic Substances on Aquatic 
Communities ................

Modeling of Microbially Catalyzed 
Geochemical Reactions in Aquatic 
Environments ..............

13

166

386

356

391

327

34

40
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APPENDIX 1. Alphabetical Listing by Project Chief-continued

PROJECT CHIEF DISCIPLINE
PROJECT 
NUMBER PROJECT TITLE PAGE

Luoma, Samuel N. Ecology

Malcolm, Ronald L. SW Chemistry

Marzolf, G. Richard Ecology

McKnight, Diane M. Ecology

Meade, Robert H.

Milly, P.C.D. 

Moench, Alien F.

Moss, Marshall E. 

Naff, Richard L.

Nimmo, John R.

WR 75-125

CR 68-046

Mariner, Robert H. GW Chemistry WR 79-165

CR 91-325

CR 84-286

Geomorphology/ CR 75-102 
Sediment

Meade, Jr., Robert H. Geomorphology/ CR 87-309
Sediment

SW Hydrology NR 88-144

GW Hydrology WR 75-127

SW Hydrology WR 89-201

GW Hydrology CR 90-319

Neuzil, Christopher E. GW Hydrology NR 81-035 

Nichols, Frederic H. Ecology WR 86-192

GW Hydrology WR 89-198

Availability of Trace Elements in
Sediments to Aquatic Organisms ........ 58

Origin, Characterization, and
Quantification of Natural Organic
Solutes in Water ................. 302

Chemical and Isotope Studies of Thermal 
Waters of the Western United States .... 201

Limnological Phenomena in Impounded
Rivers ....................... 26

Interactions Between Organic Solutes
and Trace Metals in Natural Waters, and
Their Ecological Role .............. 8

Movement and Storage of Sediment in
River Systems ................... 90

Sediment-Transported Pollutants in the 
Mississippi River ................. 102

Continental Hydrology and Global
Climate ....................... 389

Analytical Modeling of Flow and Transport
in Aquifers and Geothermal Reservoirs . . . 276

Resolution of Hydroclimatic Uncertainty . . 413

Application of Stochastic Processes in 
Hydrogeology .................. 242

Hydrologic Behavior of Cretaceous Shales . 245

Environmental Influences on Estuarine
Benthic Community Dynamics ......... 85

Physical Characteristics that Determine
Flow in the Unsaturated Zone ........ 295
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APPENDIX 1. Alphabetical Listing by Project Chief-continued

PROJECT CHIEF

Nordstrom, Darrell K.

Oremland, Ronald S.

Osterkamp, Waite R.

Paillet, Frederick L.

Parkhurst, David L.

Pereira, Wilfred E.

Peterson, David H.

Plummer, L. Niel 

Rathbun, Ronald E.

Reddy, Michael M. 

Reilly, Thomas E.

DISCIPLINE

GW Chemistry

Ecology

Geomorphology/ 
Sediment

QW Hydrology

GW Chemistry

SW Chemistry

Ecology

GW Chemistry 

SW Hydrology

SW Chemistry 

GW Hydrology

PROJECT 
NUMBER

CR 92-326

WR 81-174

CR 79-3 11

CR 64-140

CR 89-3 18

WR 83-204

WR 68-046

NR 76-056 

CR 77-301

CR 83-284 

NR 91-152

PROJECT TITLE

Chemical Modeling and Thermodynamic 
Data Evaluation of Major and Trace 
Elements in Acid Mine Waters and Grount 
Waters ......................

Microbial Biogeochemistry of Aquatic 
Environments ..................

Sediment Impacts from Disturbed and 
Undisturbed Lands ..............

Borehole Geophysics as Applied to 
Geohydrology .................

Reaction-Transport Modeling in Ground- 
Water Systems .................

Origin, Fate, arid Transport of Organic 
Compounds in Surface and Ground Waters 
and Their Effect on Water Quality .....

Geochemistry of Riverine and Estuarine 
Waters ......................

Kinetics and Thermodynamics of Chemical 
Evolution in Ground-Water Systems ....

Transport and Degradation of Organic 
Substances in Streams ............

Aqueous Crystal Growth and Dissolution 
Kinetics of Earth Surface Minerals ....

Quantitative Analysis of Heterogeneous

PAGE

1 
. 138

. . 73

. 106

. 222

. 135

. 351

. 51

. 154 

. 368

. 323

Rubin, Jacob

Sanford, Ward

GW Hydrology WR 82-180

GW Hydrology NR 91-153

Schaffranek, Raymond W. SW Hydrology NR 80-104

Hydrogeologic Controls on Ground-Water
Row and Transport ............... 259

Theories of Water Flow and of Solute 
Transport in the Unsaturated Zone ..... 287

Reaction-Transport Phenomena in 
Hydrogeologic Settings ............. 263

Simulation Modeling of Hydrodynamic
Systems ...................... 378
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APPENDIX 1. Alphabetical Listing by Project Chief-continued

PROJECT CHIEF DISCIPLINE
PROJECT 
NUMBER PROJECT TITLE PAGE

Shapiro, Alien M. GW Hydrology NR 84-134 Transport Phenomena in Fractured Rock . . 256

Simon, Nancy S. SW Chemistry NR 86-135 Distribution and Speciation of Metals in
Sedimentary Environments .......... 345

Slack, Keith V. Ecology WR 61-012 Limnology: Controls on Distribution and
Composition of Benthic Communities of 
Inland Aquatic Ecosystems .......... 48

Smith, J. Dungan Geomorphology/ CR 91-324 Applications of Fluid and Sediment
Sediment Mechanics to Basin and Regional Scale

Hydrologic and Geomorphic Problems ... 113

Smith, Richard L. Ecology CR 86-295 Microbial Transformation of Dissolved
Organic Carbon in Aquatic Environments . 15

Sorey, Michael L. GW Hydrology WR72-108 Technical Coordination and Support of
Water Resources Division Geothermal 
Studies ....................... 271

Sorey, Michael L. GW Hydrology WR 73-102 Modeling and Monitoring Heat and Fluid
Flow in Geothermal Systems ......... 268

Stallard, Robert F. Geomorphology/ CR 88-313 Sediment-Water Chemistry in Large
River Sediment Systems: Biogeochemical, 
Geomorphic, and Human Controls ...... 109

Stonestrom, David A. GW Hydrology WR 63-024 Application of the Unsaturated Row
Theory to the Phenomena of Infiltration
and Drainage ................... 265

Striegl, Robert G. Ecology CR 91-320 Characterization of Biotic and Biogeo­ 
chemical Interactions at Environmental 
Interfaces ..................... 21

Sundquist, Eric T. SW Chemistry NR 79-099 Carbon Fluxes in Hydrologic and Geologic
Processes ..................... 338

Tasker, Gary D. SW Hydrology NR 82-125 Hydrologic Regression and Data-Network
Design ....................... 382

Taylor, Howard E. SW Chemistry CR 83-282 Research in Analytical Environmental
Trace Element Chemistry and Its Impact
on Water Quality ................ 319
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APPENDIX 1. Alphabetical Listing by Project Chief-continued

PROJECT CHIEF

Thorstenson, Donald C.

Triska, Frank J.

Troutman, Brent M.

Voss, Clifford I.

Wagner, Brian J.

Walters, Roy A.

Webb, Robert H.

Weeks, Edwin P.

Wershaw, Robert L.

White, Arthur F.

Williams, Garnett P.

Winograd, Isaac J.

Winter, Thomas C.

Winter, Thomas C.

Wood, Warren W.

DISCIPLINE

GW Chemistry

Ecology

SW Hydrology

GW Hydrology

GW Hydrology

SW Hydrology

Geomorphology/
Sediment

GW Hydrology

SW Chemistry

GW Chemistry

Geomorphology/
Sediment

GW Chemistry

Ecology

GW Hydrology

GW Chemistry

PROJECT
NUMBER

NR 79-093

WR 84-186

CR 83-279

NR 78-089

WR 82-178

WR 83-183

WR 89-200

CR 69-200

CR68-132

WR88-196

CR 65-105

NR 74-041

CR 90-323

CR 74-090

NR 81-122

PROJECT TITLE P<

Chemical Models of Natural Systems ....

Biotic Interface with Ruvial Transport:
Processes Associated with Dissolved
Solutes in Transport ...............

Statistical Analysis of Errors in Hydrologic
Models .......................

Investigations of Single and Multiphase
Fluid Flow, Mass and Energy Transport,
and Fluid Phase Change in the Subsurface
Environment ...................

Ground-water Monitoring Network
Design .......................

Analysis and Modeling of Conservative
and Nonconservative Transport Processes .

Response of Fluvial Systems to Climatic
Variability .....................

Field Applications of Unsaturated Zone
Flow Theory ...................

Behavior of Natural Polyelectrolytes
in Water ......................

Geochemical Reactions Between Water
and Mineral Substrates .............

Effects of Water and Sediment Discharges
on Channel Morphology ............

Interface of Paleoclimatology and
Aquifer Geochemistry .............

Interdisciplinary Research Initiative (IRI)
at the Shingobee Headwaters Research
Area, Minnesota ................

The Role of Lakes in the Hydrologic
System, with Emphasis on Their
Relation to Ground Water ...........

Dispersion of Toxic and Radioactive
Wastes in Ground- Water Systems ......

AGE

142

77

364

247

282

403

117

232

306

208

93

152

24

218

169
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APPENDIX 2. Topical Listing-continued

TOPIC

Acid rain:

Acid Mine Drainage:

Aquatic Habitat:

Carbon Cycle:

PROJECT 
CHIEF

Bricker, Owen P.

Malcolm, Ronald L.
Reddy, Michael M.

Taylor, Howard E.

Bencala, Kenneth E.
Hem, John D.
Kipp, Kenneth L.
Luoma, Samuel N.

McKnight, Diane M.

Nordstrom, Darrell K.

Andrews, Edmund D.

Averett, Robert C.
Carter, Virginia P.

Cloern, James E.
Hupp, Cliff R.

Leland, Harry V.
Luoma, Samuel N.

Marzolf, G. Richard
McKnight, Diane M.

Nichols, Frederic H.
Slack, Keith V.
Triska, Frank J.
Webb, Robert H.

Aiken, George R.

Betancourt, Julio L.
Bricker, Owen P.
Carter, Virginia
Cloern, James E.

Coplen, Tyler B.
Kendall, Carol
Leenheer, Jerry A.
Lovley, Derek R.

McKnight, Diane M.
Oremland, Ronald S.
Reddy, Michael M.

PROJECT 
NUMBER

NR109

CR046
CR284

CR282

WR187
WR076
CR292
WR125

CR286
CR326

CR273
CR312
NR090

WR164
NR145

CR337
WR125

CR325
CR286

WR192
WR012

WR186
WR200

CR331
WR145
NR109
NR090
WR164
NR064
WR080
CR285
NR136

CR286
WR174

CR284

PAGE 
NUMBER

341

302
323

319

405
348

238
58

8
138

98
19

36

68
45

34

58
26

8

85
48

77
117

332

63
341

36
68

160
191
327
40

8
73

323
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APPENDIX 2. Topical Listing-continued

TOPIC

Estuaries:

Evapotranspiration:

Fractured Rock:

Geochemistry Isotopic tracers:

PROJECT 
CHIEF

Smith, Richard L.

Stallard, Robert F.
Striegel, Robert G.
Sundquist, Eric T.
Thorstenson, Donald C.
Weeks, Edwin P.

Baltzer, Robert A.
Bricker, Owen P.

Carter, Virginia P.
Cheng, Ralph T.

Cloern, James, E.
Conomos, T. John
Eganhouse, Robert P.
Kuwabara, James S.

Luoma, Samuel N.
Nichols, Frederic H.
Pereira, Wilfred E.
Peterson, David H.

Schaffraneck, Raymond W.
Walters, Roy A.

Weeks, Edwin P.
Winter, Thomas C.

Hsieh, Paul A.
Nordstrom, Darrell K.

Paillet, Frederick L.
Shapiro, Alien M.
Voss, Clifford 1.
Winter, Thomas C.

Wood, Warren W.

Coplen, Tyler B.
Kendall, Carol
Kharaka, Yousif K.

Kraemer, Thomas F.
Landa, Edward R.

PROJECT PAGE 
NUMBER NUMBER

CR295

CR313
CR320
NR099
NR093

CR200

NR019
NR109

NR090
WR140

WR164
WR156
NR151
WR190

WR125

WR192
WR204
WR046

NR104
WR183

CR200

WR090

WR184

CR326

CR140
NR134

NR089
WR090

NR122

NR064
WR080
WR139
NR138
NR092

15

109
21

338
142

232

375

341

^6
398

68
402
181

81

58

85
351

51

378
403

232

290
138

222
256
247

169

160
191
197

178
166
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APPENDIX 2. Topical Listing-continued

TOPIC

Geophysics:

Geothermal Resources:

Ground-water Flow, Transport,
and Reactions:

PROJECT 
CHIEF

Plummer, L. Niel

White, Arthur F.

Brown, Charles E.
Paillet, Frederick L.

Sorey, Michael L.
Sorey, Michael L.
Mariner, Robert H.

Ingebritsen, Steven E.
Kharaka, Yousif K.

Paillet, Frederick L.

Baedecker, Mary Jo
Bredehoeft, John D.
Coplen, Tyler B.
Davis, James A., Ill
Eganhouse, Robert P.
Eberl, Dennis D.

Essaid, Hedeff 1.

Herkelrath, William N.

Ingebritsen, Steven E.

Jones, Blair F.
Kendall, Carol

Kharaka, Yousif K.
Kipp, Kenneth L.
Konikow, Leonard F.
Neuzil, Christopher E.

Nordstrom, Darrell K.
Parkhurst, David L.

Plummer, L. Niel
Reilly, Thomas E.

Rubin, Jacob
Sanford, Ward

Thorstenson, Donald C.
Voss, Clifford 1.
Wagner, Brian J.

PROJECT 
NUMBER

NR056
WR196

NR130
CR140

WR102

WR108
WR165
WR121
WR139

CR140

NR129
WR176
NR064
WR065
NR151
CR276

WR199

. WR179

WR121

NR020
WR080

WR139
CR292
NR120
NR035

CR326
CR318
NR056

NR152

WR180
NR153
NR093
NR089
WR178

PAGE 
NUMBER

154

208

254

222

268
271
201
273
197

222

172
278
160
186
181

126

298
284

273

144
191

197
238
250
245

138
135

154
259

287

263
142
247

282
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APPENDIX 2. Topical Listing-continued

TOPIC PROJECT 
CHIEF

Weeks, Edwin P.

White, Arthur F.
Wood, Warren W.

Ground-water Hydraulics: Bredehoeft, John D.
Brown, Charles E.

Essaid, Hedeff 1.
Herkelrath, William N.
Hsieh, Paul A.
Konikow, Leonard F.

Moench, Alien F.

Neuzil, Christopher E.

Paillet, Frederick L.
Reilly, Thomas E.

Shapiro, Alien M.
Voss, Clifford 1.

Hydroclimatology: Benson, Larry V.
Betancourt, Julio L.
Campbell, William J.,

Coplen, Tyler B.
Jarrett, Robert D.

Kendall, Carol

Landwehr, Jurate M.

Leavesley, George H.
Luoma, Samuel N.

Milly, P.C.D.

Moss, Marshall E.

Peterson, David H.
Striegl, Robert G.

Walters, Roy A.
Webb, Robert H.
Weeks, Edwin P.
White, Arthur F.

Winograd, Isaac J.
Winter, Thomas C.

Wood, Warren W.

PROJECT 
NUMBER

CR200

WR196
NR122

WR176
NR130

WR199
WR179
WR184
NR120

WR127

NR035

CR140
NR152

NR134
'NR089

CR207
WR145
WR064

NR064

CR321

WR080
NR133

CR228
WR125

NR144
WR201
WR046

CR320
WR183
WR200

CR200
WR196
NR041

CR090

NR122

PAGE 
NUMBER

232

208
169

278
254

298
284
290
250

276

245

222

259

256
247

122
63

393
160
371

191

386

356
58

389
413

51
21

403
117

232
208
152

218

169
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APPENDIX 2. Topical Listing-continued

TOPIC

Hydrogeology:

Lakes:

Metals:

PROJECT 
CHIEF

Back, William

Bredehoeft, John D.
Bricker, Owen P.
Brown, Charles E.
Cooley, Richard L.
Coplen, Tyler B.

Hsieh, Paul A.

Ingebritsen, Steven E.
Jones, Blair F.

Konikow, Leonard F.
Neuzil, Christopher E.
Plummer, L. Niel
Reilly, Thomas E.
Shapiro, Alien M.
Sorey, Michael L.

Voss, Clifford 1.
Weeks, Edward P.

Winograd, Isaac J.
Winter, Thomas C.

Wood, Warren W.

Averett, Robert C.
Winter, T.C.

Benson, Larry V.
Callender, Edward
Cloern, James E.

Kuwabara, James S.

LaBaugh, James W.
Oremland, Ronald S.

Smith, Richard L.

Striegl, Robert G.

Taylor, Howard E.
Winter, Thomas C.

Wood, Warren W.

Bricker, Owen P.
Callender, Edward

PROJECT 
NUMBER

NR034
WR176
NR109
NR130
CR191

NR064
WR184

WR121

NR020

NR120
NR035
NR056
NR152
NR134
WR102

NR089
CR200

NR041

CR090
NR122

CR312
CR323

CR207
NR065
WR164
WR190

CR293
WR174

CR295

CR320

CR282
CR090
NR122

NR109
NR065

PAGE 
NUMBER

147
278
341

254
228

160

290

273
144

250
245

154
259

256
268

247

232

152
218

169

19
24

122
334

68
81

13

73
15

21

319
218

169

341
334
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APPENDIX 2. Topical Listing-continued

TOPIC

Microbiology

Aerobic:

Anaerobic:

Nutrients:

PROJECT 
CHIEF

Davis, James A., Ill

Hem, John D.
Hupp, Cliff R.

Kuwabara, James S.
Leland, Harry V.

Lovley, Derek R.

Luoma, Samuel N.

McKnight, Diane M.
Meade, Robert H., Jr.
Nordstrom, Darre^K.
Oremland, Ronald S.
Simon, Nancy S.
Stallard, Robert F.

Taylor, Howard E.
White, Arthur F.

Oremland, Ronald S.
Smith Richard L.

Godsy, Edward M.

Harvey, Ronald W.
Lovley, Derek R.

Oremland, Ronald S.
Smith, Richard L.

Averett, Robert C.
Bricker, Owen P.

Callender, Edward
Feder, Gerald L.
Kendall, Carol

LaBaugh, James W.
Leland, Harry V.

Meade, Robert H., Jr.
Peterson, David H.
Smith, Richard L.
Taylor, Howard E.

Triska, Frank J.

PROJECT 
NUMBER

WR065

WR076
NR145

WR190
CR337

NR123

WR125

CR286
CR309
CR326
WR174
NR135
CR313
CR282
WR196

WR174

CR295

WR068

CR327

NR123

WR174
CR295

CR312

NR109

NR065
NR132
WR080

CR293
CR337

CR309
WR046

CR295
CR282

WR186

PAGE 
NUMBER

186

348
45

81
34

40

58

8
102
138
73

345
109

319
208

73
15

55

29
40

73
15

19

341
334
176
191

13
34

102
51

15
319

77
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APPENDIX 2. Topical Listing-continued

TOPIC

Organic Compounds
(natural):

Organic Compounds
(man-made):

Radionuclides:

Reservoirs:

PROJECT 
CHIEF

Aiken, George R.
Chiou, Gary T.
Eganhouse, Robert P.

Leenheer, Jerry A.
Malcolm, Ronald L.
McKnight, Diane M.
Meade, Robert H., Jr.

Wershaw, Robert L.

Aiken, George R.
Baedecker, Mary Jo
Chiou, Gary T.
Eganhouse, Robert P.

Essaid, Hedeff 1.
Feder, Gerald L.

Godsy, Edward M.
Goerlitz, Donald F.

Goldberg, Marvin C.

Herkelrath, William N.

Leenheer, Jerry A.
Meade, Robert H., Jr.
Pereira, Wilfred E.
Rathbun, Ronald E.
Wershaw, Robert L.

Coplen, Tyler B.
Davis, James A., Ill

Kraemer, Thomas F.

Landa, Edward R.

McKnight, Diane
Nordstrom, Darrell K.

Andrews, Edmund D.

Averett, Robert C.
Callender, Edward

LaBaugh, James W.

PROJECT 
NUMBER

CR331
CR283
NR151

CR285
CR046

CR286
CR309
CR132

CR331
NR129
CR283
NR151

WR199
NR132
WR068
WR189

CR199
WR179

CR285
CR309
WR204
WR301
WR132

NR064

WR065

NR138

NR092

CR286
CR326

CR273

CR312
NR065

CR293

PAGE 
NUMBER

332
130
181

327
302

8
102

306

332
172
130
181

298
176

55
205

315

284

327
102
351
368
306

160
186

178

166

8
138

98
19

334

13
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APPENDIX 2. Topical Listing-continued

TOPIC PROJECT 
CHIEF

Leland, Harry V.

Marzolf, G. Richard
Taylor, Howard E.

Rivers and Streams: Aiken, George R.

Andrews, Edmund D.
Bencala, Kenneth E.
Bennett, James P.
Bricker, Owen P.

Callender, Edward
Chen, Cheng-lung

Classen, Hans C.
Emmett, William W.

Hem, John D.

Jarrett, Robert D.
Kuwabara, James S.
Landwehr, Jurate M.

Leavesley, George H.
Lee, Jonathan

Leenheer, Jerry A.
Luoma, Samuel N.

Malcolm, Ronald L.
McKnight, Diane M.

Meade, Robert H.
Milly, P.C.D.

Moss, Marshall E.

Osterkamp, Waite R.

Pereira, Wilfred E.
Rathbun, Ronald E.
Reddy, Michael M
Schaffranek, Raymond W.
Simon, Nancy S.
Smith, J. Dungan

Stallard, Robert F.

Sundquist, Eric T.

Tasker, Gary D.

Taylor, Howard E.
Triska, Frank J.

PROJECT 
NUMBER

CR337

CR325

CR282

CR331

CR273
WR287
CR343
NR109

NR065
WR194

CR189
CR187

WR076
CR321

WR190
NR133

CR228
NR147

CR285
WR125

CR046
CR286
CR102
NR144

WR201

CR311
WR204
CR301
CR284
NR104
NR135
CR324

CR313

NR099

NR125

CR282

WR186

PAGE 
NUMBER

34

26
319

332

98

374
341
334
410

312

95

348
371

81

386
356
391

327

58

302
8

90

389

413

106
351

368
323
378
345
113

109

338

382

319
77
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APPENDIX 2. Topical Listing-continued

TOPIC PROJECT 
CHIEF

Troutman, Brent M.

Walters, Roy A.
Webb, Robert H.

Wershaw, Robert L.
Williams, Garnett P.

Sediment Chemistry: Aiken, George R.
Benson, Larry V.

Bricker, Owen P.
Callender, Edward

Chiou, Gary T.
Davis, James A., Ill

Eganhouse, Robert P.

Goldberg, Marviq C.

James, Ronald V.
Jones, Blair F.
Leenheer, Jerry A.
Luoma, Samuel N.

Meade, Robert H., Jr.
Pereira, Wilfred E.
Stallard, Robert, F.
Taylor, Howard E.

White, Arthur F.

Sediment Transport: Andrews, Edmund D.
Bennett, James P.
Chen, Cheng-lung
Emmett, William W.
Hupp, Cliff R.
Jarrett, Robert D.

Meade, Robert H.
Meade, Robert H., Jr.

Osterkamp, Waite R.
Smith, J. Dungan

Stallard, Robert F.
Webb, Robert H.
Williams, Garnett P.

PROJECT 
NUMBER

CR279

WR183
  WR200

CR132
CR105

CR331
CR207

NR109
NR065
CR283
WR065

NR151

CR199
WR036
NR020

CR285
WR125

CR309
WR204
CR313

CR282

WR196

CR273
WR197
WR194
CR187
NR145
CR321

CR102
CR309
CR311

CR324

CR313
WR200
CR105

PAGE 
NUMBER

364

403

117

306
93

332
122

341
334

130
186

181

315
184
144

327
58

102
351
109
319

208

98
374
410

95
45

371

90
102

106

113

109
117

93
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APPENDIX 2. Topical Listing-continued

TOPIC

Snow, Ice, Glaciers:

Statistical Hydrology:

Surface Chemistry:

Surface-water Hydraulics:

Surface-water Transport and
Reactions:

PROJECT 
CHIEF

Campbell, William J.

Claassen, Hans C.
Coplen, Tyler B.

Leavesley, George H.

Reddy, Michael M.

Taylor, Howard E.

Walters, Roy A.

Brown, Charles E.
Cooley, Richard L.
Landwehr, Jurate M.

Moss, Marshall E.

Naff, Richard L.

Tasker,. Gary D.
Troutman, Brent M.

Wagner, Brian J.

Chiou, Gary T.
Davis, James A., Ill

Eberl, Dennis D.
Goldberg, Marvin C.

Jarrett, Robert D.
Plummer, L. Niel

Reddy, Michael M.

Wershaw, Robert L.
White, Arthur F.

Baltzer, Robert A.
Bennett, James P.
Chen, Cheng-lung
Cheng, Ralph T.

Jarrett, Robert D.
Lee, Jonathan
Schaffranek, Raymond W.
Walters, Roy A.

Bencala, Kenneth E.
Chen, Cheng-lung

PROJECT 
NUMBER

WR064

CR189
NR064

CR228

CR284

CR282
WR183

NR130
CR191
NR133

WR201

CR319

NR125
CR279

WR178

CR283
WR065
CR276

CR199

CR321
NR056

CR284
CR132
WR196

NR019
WR197
WR194
WR140

CR321
NR147
NR104
WR183

WR187
WR194

PAGE 
NUMBER

393
312

160

356

323

319
403

254

228
386
413
242

382
364

282

130
186
126
315

371
154

323

306
208

375
374

410
398
371
391
378

403

405
410
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APPENDIX 2. Topical Listing-continued

TOPIC

Unsaturated Zone:

Volcanic Hazards:

Wetlands:

PROJECT 
CHIEF

Cheng, Ralph T.

Leavesiey, George H.
Nordstrom, Darrell K.

Rathbun, Ronald E.
Triska, Frank J.
Walters, Roy A.

Chiou, Gary T.

Claassen, Hans C.

Constantz, James E.
Essaid, Hedeff 1.
Herkelrath, William N.
James, Ronald V.

Kendall, Carol
Milly, P.C.D.
Nimmo, John R.

Rubin, Jacob

Striegl, Robert G.

Stonestrom, David A.

Thorstenson, Donald C.
Voss, Clifford 1.
Weeks, Edwin P.

Chen, Cheng-lung
Sorey, Michael L.

Carter, Virginia P.

Hupp, Cliff R.

LaBaugh, James W.

Webb, Robert H.
Winter, T.C.

PROJECT 
NUMBER

WR140
CR228
CR326

CR301
WR186
WR183

CR283

CR189

WR193
WR199

WR179
WR036

WR080
NR144
WR198
WR180

CR320
WR024

NR093
NR089

CR200

WR194
WR102

NR090

NR145

CR293

WR200
CR323

PAGE 
NUMBER

398
356
138

368
77

403

130

312

293
298

284
184

191
389
295
287

21

265

142
247

232

410

268

36
45

13

117
24
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