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WATER RESOURCES RESEARCH, OCTOBER 1, 1979 - SEPTEMBER 30, 1980

Summary Statement of Research Activities
by the Water Resources Division

Compiled by

Office of the Assistant Chief Hydrologist for
Research and Technical Coordination
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INTRODUCTION

Research in the WRD had its beginnings in the late 1950's when the "core
research” line item was added to the Congressional budget. Since this time
the Federal program has grown from a "basic sciences” program to one that
includes a broad spectrum of basic and applied scientific investigations.

Water resources research in WRD includes the study of water in all its

phases and uses the basic sciences of mathematics, chemistry, physics, biology,
geology and engineering to gain a fundamental understanding of the processes
that affect the movement of water and its chemical constituents through
hydrologic systems. The basic knowledge and methodologies derived from water
resources research are applicable not only to the solution of current problems
associated with the Nation's water resources, but also to anticipated
hydrologic issues.

The knowledge and methodologies gained from the Federal Water Resources
Research Program have high transfer value to the operational program in WRD
and the Geological Survey as well as to other public and private groups.

Major programs of current study include: 1low and high level nuclear waste
disposal, subsurface waste disposal, artificial recharge and regional aquifer
analysis, coal and oil shale development, geothermal energy and volcanic areas
hydrology. Areas of growing concern and study include acid rain, toxic
substances in ground water systems and cold regions hydrology.

In addition, the Federal Water Resource Research Program supports other
WRD programs by providing:

o Operational products (analytical methods, instrumentation for data
collection and mathematical predictive models).

o A group of consultants and teachers available to the Division.
o A corps of hydrologic experts to the Division.

Water Resources Division Research

October 1, 1979 - September 30, 1980

This volume of Water Resources Research provides a brief overview of research
activities in the Federal Water Resources Research Program for Fiscal Year 1980.



For the sake of technical management, the research program is divided into
twelve research disciplines: water chemistry, geochemistry, solute transport,
sediment, hydrogeology, ground water physics, unsaturated zone, surface

water hydrology, surface water physics, snow and ice, ecology and socioeconomic

studies.

The purpose of this volume is to provide a basis for improving the exchange

of information between the National Research Program of WRD and other elements
of the Division, Bureau, and Department. To do this a brief overview is
provided for all projects in every research discipline. Several cross—indexes
are provided to allow the reader to search topics of interest by project
leader or key word.

The previous publication of Water Resources Research covered the period from
July 1, 1975 = June 30, 1976. For the sake of continuity, the “"completed reports
section includes reports published from July 1, 1976 through the end of FY 80
(September 30, 1980). .



WRD FEDERAL RESEARCH PROJECIS.....WATER CHEMISTRY

RO46 ORGAN EOCHEMISTRY |

PROJECT TITLE: Quantification and characterization of Hydrophobic
Organic Solutes in Water

WRD PROJECT NO.: CR 68-046
LOCATION: Topical Research
PROJECT CHIEF: MALCOLM, RONALD L.
HEADQUARTERS OFFICE: Arvada, CO

PROBLEM: Present techniques of organic solute fractionation of
natural waters are qualitative and incomplete. Alsc the types or groups
of organic compounds expected to be in certain reaches of background
and contaminated streams is generally unknown.

OBJECTIVE: (1) To quantify organic solute fractionation by use of
chromatographic expressions, original terminology, and mathematical
equations. (2) To define differences in organic water quality as
related to stream source and contamination.

APPROACH: (1) Quantification of hydrophobic-hydrophylic separation
by use of column distribution coefficient, k'. (2) Correlation of k'
with the ratio of carbon atoms to hydrophylic functional groups. (3)
The effect of natural polyelectrolytes on the k' of simple organic
solutes. (4) Evaluation of chemical, bioclogical, geological,
mineralogical, and hydrological processes which effect the origin,
distribution and fate of various suites of hydrophobic organic solutes
in natural waters.

PROGRESS AND RESULTS: Smectite clay and associated humic substances
are responsible for fouling reverse osmosis (RO) membranes. Brominated

_fulvic acids rejected from passing through the RO membrane and

concentrating in the RO brine reject  are potentially hazardous
chemicals in aquatic environments. The average molecular eight of
aquatic fulvic acid is near 1000  as determined by low-angle x-ray
scattering; this wvalue 1is considerably smaller than previously
reported. Three journal articles were written. Considerable time was
spent in consulting and guest lecturing on organics in water. Evidence
from reconnaissance stream sampling for humic substances continue to
indicate that aquatic humic substances are different from soil humic
substances. : '

COMPLETED REPORTS: e

Aiken, G.R., Thurman, E.M., Malcolm, R.L., and Walton, H., 1979,
Comparison of XAD macroporous resins for concentration of fulvic acid
from aqueous solution, Analytical Chemistry, v. 52, pp. 1799-1803, 5 p.

Thurman, E.M., 1979, Conductivity detection of organic acids in
rgverge-phase chromatography: Journal of Chromatography, v. 185, p.
625-634

Thurman, E.M. and Malcolm, R.L., Preparative isolation of aquatic
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humic substances: Director approved and submitted to Journal of
Environmental Science and Technology, 5 p.



WRD FEDERAL RESEARCH PROJECTS..... WATER CHEMISTRY

| CR132 Organic polyelectrolytes - |

PROJECT TITLE: Behavior of natural polyelectrolytes in water
WRD PROJECT NO.: CR 68-132

LOCATION: Topical Research

PROJECT CHIEF: WERSHAW, ROBERT L.

HEADQUARTERS OFFICE: Arvada, CO

PROBLEM: Natural organic polyelectrolytes are  highly active
materials which are present in practically all natural water systems.
They interact with both organic and inorganic pollutants, and in many
instances, controlling the toxicity, rate of movement, persistance and
rate of degradation of the pollutants 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 eliminated from drinking water by
coagulation and chlorination; however, the products of chlorination are
not known.

OBJECTIVE: The objectives of the project are: (1) Isolation of the
various organic polyelectrolytes present in natural water systems. (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 types of chemical compounds that result from the
chlorination of natural organic polyelectrolytes.

APPROACH: Qur approach includes the following steps: (1) Isolation
of chemically unique polyelectrolyte fractions using column
chromatography, electrophoresis, and other techniques. (2)
Determination of the physical and chemical properties of the fractions.
(3) The use of carefully characterized organic polyelectrolyte
fractions in experiments designed to elucidate the sorption,
solubilization reaction of pollutants and nutrients with natural
organic polyelectrolytes. (4) Application of the data obtained in step
3 to natural systems. (5) chlorination of wvarious fractions and
isolation and identification of products.

PROGRESS AND RESULTS: (1) A procedure has been developed for the
differentiation of phenol, acid and carbohydrate groups in humic and
fulvic acids by measuring the **13C nuclear magnetic_resonance spectra
of methylated samples. (2) The presence of a charge transfer complex in
copper fulvic acid solutions has been established for the first time.
(3) The radii of gyration of a number of different aquatic fulvic and
humic acids have been measured by small angle x-ray scattering. (4) Our
previously developed permethylation procedure has been improved by
substituting sodium hydride for dimethyl sulfinyl carbanion. The new
procedure givesm ore complete methylation than the old procedure.

COMPLETED REPORTS:
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Wershaw, R.L. and Pinckney, D.J., 1978, Methylation of humic acid
fractions: Science, v. 199, pp. 906-907.

Wershaw, R.L., Barofsky, D.F., and Barofsky, E., 1978, Field
desorption mass spectrometry-Application to the elucidation of the
structure of humic acid: Amer. Chem. Soc., National Meeting, Anaheim,
Cal., Mar. 13-17, 1978, 1 p.

Wershaw, R.L., Pinckney, D.J., and Cary, L., Application of nuclear
magnetic resonance spectroscopy to the chemical structure of humic
acid: 20th Annual Rocky Mt. Conference on Anal. Chemistry, Denver,
Colo., August 7-9, 1978, 1 p. ’

Wershaw, R.L. and Pinckney, D.J., 1978, Infrared spectra of

permethylated humic acid fractions: 20th Annual Rocky Mt. Conf. on.

Analytical Chemistry, Denver, Colo. August 7-9, 1978, 1 p.

Wershaw, R.L., Pinckney, D.J., Barofsky, D.F., and Pankow, J.F.,
1979, A new degradation procedure for the characterization of natural
humic materials: Third Conference on Water Chlorination: Environmental
Impact & Health Effects, 1979, 1 p.

McKnight, D.M. Feder, G., Thurman, E.M. and Wershaw, R.L., 1980,
Interaction among copper, humic substances and hydrous metal oxides in
streams: 34th Annual Meeting American Soc. Limnology & Oceanography,
Knowville, Tenn., June 16-19, 1980, 1 p.
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T CR145 Methods for water analiyses _ |

PROJECT TITLE: Development of methods. for analysis of Inorganics in
Water and sediments

WRD PROJECT NO.: CR 59-145
LOCATION: Topical research
PROJECT CHIEF: Fishman, Marvin J.
'HEADQUARTERS OFFICE: Arvada, CO

PROBLEM: Many published analytical methods require modification
before they can be used for water analysis, such as the determination
of nutrient materials, trace amounts of toxic metals, or the analysis
of suspended and bottom-sediment materials. New and improved methods
and instruments, including automated laboratory instrumentation, need
to be developed, evaluated, and adapted. Constant development work is
needed to improve analytical methods from the standpoint of
sensitivity, reliability, and lower analytical costs.

OBJECTIVE: Apply fundamental chemical and physical principles to
the development of methods for the solution of specific problems in
water analysis. Continuously survey current scientific 1literature for
developments which may either directly, or with suitable modification,
provide improved methods and techniques for water analysis. Cooperate
with other agencies in the standardization of methods and techniques
for water-quality data acquisition. '

APPROACH: Develop new analytical methods, and techniques for the
solution of specific water-analysis problems. Modify, adapt, and
improve both existing and newly-developed methods and instruments for
particular applications in water-quality investigations, cooperate with
other agencies and offices in the standardization of methods and
techniques for acquiring reliable water-quality data.

PROGRESS - AND RESULTS: Construction has been completed of a
multielement atomic absorption spectrometer utilizing a diode array
system. An ion chromatographic instrument has been automated by
incorporating an autosampler and integrator..With the integrator, it is
possible to lower the detection 1limits for a number of anions
previously done manually. The automated system has been used to
determine Cl, F, NO(3), NO(2), Br, PO(4), and SO(4) on leachates of Mt.
St. Helens volcanic ash.

el

COMPLETED REPORTS: -

Erdmann, D.E., Taylor, H.E., 1978, An automated procedure for the
simultaneous determination of specific conductance and pH in natural
water samples, v. 99, pp. 269-274. '

Pyen, G.S., Fishman, M.J., 1978, Automated determination of
selenium in water, v. 17, pp. 47-48.

Fishman, M.J., Erdmann, D.E., 1979, Water Analysis; Analytical
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Chemistry, v. 51, p. 317R-341R, 24 p.

Pyen, G., Fishman, M.J., 1979, Automated determination of tin 1in
water, Atomic Absorption Newsletter V. 18, p. 34-36, 3 p.

Taylor, H.E., Erdmann, D.E., 1979, An automatic range-switching
modification for direct-reading specific conductance measurements,
Chemical, Biomedical, and Environmental Instrumentation, V.9, p.
49-60' 12 p.

Spencer, R.R., Erdmann, D.E., 1979, Azomethine H colorimetric
method for determining dissolved boron in water, Environmental Science
and Technology, V. 13, p. 954-956, 3 p.

Skougstad, M.W., Fishman, M.J., 1978, Inorganic pollution in water
~-— The analyst's viewpoint, Toxicology and Environmental Chemistry
Reviews, V. 2, p. 219-236, 18 p.
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CR OR I IN OIL SHALE RESIDUES 1

PROJECT TITLE: Sorption of_waSte organic solutes in retort waters
by processed oil shale

WRD PROJECT NO.: CR 75-181

LOCATION: NW COLORADO, NE UTAH, SW WYOMING
PROJECT CHIEF: LEENHEER, :ERRY a.
HEADQUARTERS OFFICE: Arvada, CO

PROBLEM: The various oil shale retorting processes produce 10-50
gallons of waste retort water per barrel of oil. This retort water
contains 3,000-5,000 mg/l of dissolved organic carbon. Present plans
are to dispose of this retort water on processed oil shale. Organic
solutes may leach into ground water or run off into surface water if
the sorptive capacity of the processed oil shale for waste organic
solutes in retort water is unknown. There are no recommendations
pertaining to the disposal capacity of processed oil shale for organic
solutes in retort water.

OBJECTIVE: A preliminary objective will be to develop an organic
water—-quality analytical program such that the natural organic solutes
found in surface and ground waters in regions of o0il shale development
can be characterized. The overall objective -is to determine the
capacity of processed oil shale to adsorb and immobilize waste organic
solutes in retort waters. Both surface and in situ retorting processes
will be studied.

APPROACH: Natural organic solutes in surface and ground water in
regions of o0il shale development and organic solutes in retort water
will be characterized with respect to elemental composition, compound

"class, and physical-chemical properties. Processed oil shale adsorbents

will be characterized with respect to surface area, elemental and
mineralogical composition, surface chemistry, and saturating ions.
Adsorption isotherms will be determined for retort water organic
solutes on processed oil shale adsorbents. Adsorption kinetics will
also be studied to determine adsorption mechanisms.

PROGRESS AND RESULTS: A study of soil-oil shale report water
interactions was completed. Soil effectively removed ammonia and trace
metals from retort water, but retort water extracted organic matter
from the soil and altered its physical structure. A comprehensive
scheme was developed for the preparative isolation and-fractionation of
80-90% of organic solutes from oil shale retort- waters and natural
waters. The scheme was used to generate organic solute fractions from
oil shale retort water for mutagenicity testing. A study of the
selective isolation and fractionation of aromatic amines in retort
water was completed. A chargeable weak-base resin used for adsorption
gollowed by desorption with dilute acid gave the highest concentration

actors. '

COMPLETED REPORTS:
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Casterline, C.E., and Leenheer, J.A., 1979, Determination of
dissolved organic carbon in Methanol: American Lab wv. 11, No. 5 pp
33-39, 7 p.

Leenheer, J.A., and Huffman, E.W.D., Jr., 1978, Analytical Methed
for dissolved-organic-carbon fractionation: U.S. Geol. Survey Water
Resources Investigation, No. 79-4, 16 p. :

Cowling, S.W., and MacCarthy, P., 1979, Evaluation of processed oil
shale and sediments as sorbents for waste organic solutes produced by
in situ oil shale retorting: Final report on U.S. Geol. Survey grant
No. 14-08-0001-G-450 to the Colorado School of Mines, 124 p.

Stuber, H.A., and Leenheer, J.A., 1978, Assessment of a resin based
fractionation procedure for monitoring organic solutes from oil shale
retoring wastes. In "Establishment of water quality monitoring
programs” (L.G. Everett and K.D. Schmidt, eds.), American Water
Resources Association, to San Francisco, June, 1978, p. 266-272

Leenheer, J.A., 1980, Concentration, Partitioning, and 1Isolation
techniques (for organics in water), Chapter III in Vol. III of Treatise
on Water Analysis (R. Minear, Ed.) Academic Press New York, 60 p.

Leenheer, J.A., and Farrier, D.S., 1979, Applications of dissolved
organic carbon fractionation analysis to the characterization of oil

shale processing waters: EPA o0il shale sampling, Ana. and Qua. Assur.
Symposium, Denver, March, 79, 11l p.

-
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1 CR199 Laser Spectroscopy ]

PROJECT TITLE: Laser Spectroscopy
WRD PROJECT NO.: CR 76-199
LOCATION: Topical Research
PROJECT CHIEF: Goldberg, Marvin C.
HEADQUARTERS OFFICE: Lakewood, CO

PROBLEM: To examine the chemical processes that occur in water by
employing  spectroscopic @ procedures that take advantage of the
properties of laser light as an excitation source. The dissolved
solutes, suspended and bed sediments and surface films are all subject
to interrogation by selected 1light frequencies and will yield
information regarding the occurrence, reactivity, longevity and
chemical and physical interactions of these components of the
hydrologic system. In this manner a definition of the chemical aspects
of the hydrologic system can be obtained. Such information is a
requisite for water use and water management.

OBJECTIVE: To develop instrumental techniques that qualify and
quantify the dissolved and suspended solutes in the Hydrologic system.
To further define the reactivity of the suspended materials surfaces,
as rate controlling elements in the appearance and disappearance of
solutes, and to relate these factors such that the controlling chemical

. factors in the hydrologic system are understood.

APPROACH: Suspended materials in water will be illuminated with
polarized coherent 1light from a helium-neon 1laser. The scattered
radiation in the forward lobe and the depolarization ratios in the
backward lobe will be examined and correlated with particle
concentration and size. _

PROGRESS AND RESULTS: Sediment particles from less than 1 to 70
microns were measured by a laser light scattering technique. The
instrumentation and methodology was developed and evaluated as regards
resolution, sensitivity and precision. A laser 1light scattering
sediment sensor capable of measuring particles for less than 1 to 1000
microns at concentrations ranging from less than 50 to more than 5000
ppm with reasonable precision has been developed. Surface coatings of
goethite were synthesized onto quartz both in the crystalline and
amorphous forms. Examination of these coatings was accomplished with
Fourier Transform Infrared spectrography and._..-photomicrography.
Sorption desorption studies with phosphate showed no change between
goethite coatings on silica and crystalline goethite. A technique for
compensation of laser power fluctuations during the taking of Raman
spectra was worked out. This technique apprecxably enhances signal to
noise levels.

COMPLETED REPORTS:

Goldberg, M.C. and Asting, Neil, 1978. Evaluation of Differences in
Scattered Radiation caused by Excitation Wavelength Shift. (Abst.)
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Lasers 1978, Orlando, Florida. December 14, 15, 1 p.'

. Goldberg, M.C. and Weiner, E.R., 1980, Extraction and Concentration
of Phenolic Compounds from Water and Sediment ANALYTICA CHIMICA ACTA,

v. 115, pp. 373-378

Cunningham, K.M. and Goldberg, M.C., 1979, A Technique for the
Compensation of Laser - Fluctuations in Raman Spectroscopy; LASERS 79,
Dec. 17-21, Orlando, Florida (a&bs.), 1 p.

Boymel, Paul, Goldberg, M.C. and Weiner, E.R., 1980, Sorption of

Phosphate on Crystalline Goethite and Goethite Coatings on Silica:
22nd Rocky Mt. Conference on Analytical Chemistry and Spectroscopy,
Aug. 11-14, Denver, CO., 1 p.

e
e
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| CRe14 Development of Water Methods |

PROJECT TITLE: Methods to Understand Transport of Metals by
Sediment

WRD PROJECT NO.: CR 77-214
LOCATION: Topical Research
PROJECT CHIEF: Malo, Bernard A.
HEADQUARTERS OFFICE: Arvada, CO

PROBLEM: In order to evaluate or calibrate sediment-metal load
transport  models, it is necessary to identify and perform
semi-qualitative measurements of the chemical mechanisms by which
metals are transported in the hydrologic environment when associated
with sediment. :

OBJECTIVE: To develop analytical methods for water-sediment samples
and bottom material samples that will define the forms in which metals
are present when associated with sediment. Developed methods are to be
amenable to use in devising sediment-metal load transport models.

APPROACH: Employ x-ray spectrometry, in conjunction with scanning
electron microscopy and statistical techniques to qualitatively
determine the metals present at the surface of sediment particles,
their chemical form and relative abundance, and the composition and
structure of the particles. Correlate results with conventional metal
and mineralogic analytical techniques. 1Initial phase will be the
evaluation of available techniques and preparation of a planning
report.

PROGRESS AND RESULTS: Preliminary results from one of @ the three
contract laboratories involved in the instrument and technique
evaluation study indicate that the surface analysis techniques have the
potential for providing useful chemical information, particularly on
the valence state and associated ions, on sorbed metals. Problems
associated with sample preparation and charging have been observed.

COMPLETED REPORTS:
Malo, B.A., Beetem, W.A., Friedman, L.C., Erdmann, D.E., The

Quality Assurance Program of a National Laboratories System, 4th Joint
Conference on Sensing Environmental Pollutants, ACS, 3 p.

Malo, B.A., An Overview of the U.S. ~Geological Survey's

Quality-Assurance Program for Water Quality, Joint APCA/ADQC
Conference-Quality Assurance in Environmental Measurements, 5 p.
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I CRII6 Organic Chem. of Shale and Sediment —

PROJECT TITLE: Origin, Fate, and Transport of Organic Pollutants
Associated with Energy-related Substrates, and their Effect on Water
Quality

WRD PROJECT NO.: CR 77-216
LOCATION: Topical Research
PROJECT CHIEF: Pereira, Wilfred E.
HEADQUARTERS OFFICE: Arvada, CO

PROBLEM: Spent shale is known to contain potentially hazardous
organic co pounds which are present in concentrations several orders of
magnitude higher than normally encountered in a pristine environment.
These compounds can be leached from the carbonaceous material leading
to a chronic source of water contamination. Chemical alterations will
have a long-term effect on leaching characteristics. The major threat
of water pollution from the mining of shale comes from the spent shale
itself, rather than the o0il that is drawn from it. A high ' potential
exists for contamination of ground water by hazardous organic compounds
‘leached from spent shale.

OBJECTIVE: (1) Describe the organic chemical composition and
develop a data base of hazardous organic constituents associated with
spent shale. (2) Evaluate the leaching properties from spent shale for
selected hazardous organic compounds. (3) Develop chemical criteria for

assessing the environmental impact of leaching upon ground water-

quality.

APPROACH: Samples of spent shale of various ages will be collected
and subjected to chemical fractionation procedures. Each fraction will
be analyzed by Capillary Gas Chromatography/Mass Spectrometry/Computer
techniques. Definitive chemical characterization will be achieved
through techniques such as **13C NMR and High Resolution Mass
Spectrometry. A data base of organic pollutants associated with spent
shale will be developed.

PROGRESS AND RESULTS: (A) Developed methodology for the isolation,
characterization and determination of 19 selected volatile organic
pollutants in water. (B) Presented a paper entitled "Determination of
Selected Organic Priority Pollutants in Water by Computerized Gas
Chromatography - Quadrupole Mass Spectrometry” at the 2l1st Rocky
Mountain Conference on Analytical Chemistry, July 30, Denver, Colorado,
1979. (C) Co-authored a paper entitled "New Methods for Increasing
Sensitivity and Selectivity in Gas Chromatography” at the 178th ACS
National Meeting, Washington, DC, Sept. 10, 1979. (D) Published a paper
entitled “"Determination of Selected Volatile Organic Priority
Pollutants in Water by Gas Chromatography - Quadrupole Mass
Spectrometry” by H.E. Pereira and B.A. Hughes. (E) Developed Capillary
GC-MS technology and new isolation techniques for the Characterization
of Organic Pollutants in Bed Sediment from the Calcasieu River. and (F)
Characterized various classes of organic pollutants in samples of
volcanic ash obtained from Helena and Kalispell, Montana, and Richland

14
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and Spokane, Washington.
COMPLETED REPORTS:

Picker, J.E., Yates, M.L., and Pereira, W.E., 1979, Isolation and
Characterization of the chlorinated herbicide DCPA by GC-MS-computer
techniques, Bulletin Environmental Contamination and Toxicology. 21,
612 (1979), 10 p.

Pereira, W.E., Short, D.L., Manigold, D.B., Roscio, P.K., 1979,
Isolation and Characterization of TNT and its metabolites in ground
water by GC-MS-computer techniques, Bulletin Environmental
Contamination and Toxicology, 21, 554 (1979), 10 p.

Pereira, W.E., Hughes, B.A., 1980, Determination of Selected
Volatile Organic Priority Pollutants in - Water by Gas
Chromatography-Quadrupole Mass Spectrometry, Jour. Amer. Water Works
Assn. 72, 220, April 1980
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| CR218 Methods for Pesticides - |

PROJECT TITLE: The Evaluation and Development of Methods for
Pesticides in Water and Sediments

WRD PROJECT NO.: CR 77-218

LOCATION: Topical Research.

PROJECT CHIEF: Steinheimer, Thomas R.
HEADQUARTERS OFFICE: Arvada, CO

PROBLEM: Assessment of water quality relative to the presence of
pesticide residues cannot be achieved without properly developed
analytical techniques. Methods which can measure the changing
environmental condition relative to pesticide use must be developed and
tested for applicability to Water Resources Division (WRD) programs.
Current. use trends indicate the greatest needs to be in the areas of
triazine and carbamate materials. These recently developed and widely
used organic pesticides are being requested with increasing frequency
and reflect the changing needs of District programs in water quality.
Analytical capability for residue analysis needs to be expanded to meet
this growing requirement.

OBJECTIVE: Apply principles of organic and microanalytical
chemistry to the development of reliable procedures for measuring ug/L
levels of triazine and carbamate materials. New methods will establish
analytical protocols f£for processing samples for pesticide residues as
well as other industrial organic chemicals. In addition, new techniques
which expand the scope of trace organic analysis will be described in
the chemical literature.

APPROACH: Apply wet chemical and instrumental techniques for
pesticide analysis including extraction, "clean-up”, and qual./quant.
measurement. Investigate recent advances in pesticide isolation-and
recovery methods. Optimize separation parameters for chromatography.
Evaluate new instrumental approaches, such as HPLC with specific
detectors, (for potential application) to several classes of organic
compounds. Pursue’ consensus among all elements of the scientific
community by active promotion of WRD developed procedures.

PROGRESS AND RESULTS: (a) Continued development and refinement of a
multi-residue HPLC method for the analysis of carbamate. insecticides
and herbicides. The method will include recovery of the difficult to
analyze oxime carbamate materials which are being _requested by the
Districts. (b) Presented a paper entitled "Rapid Semi-quantitative
analysis of selected pesticides in natural waters by high-pressure
liquid chromatography”, T.R. Steinheimer and S.M. Johnson, 2lst Rocky
Mountain Conference on Analytical Chemistry, Denver, Colorado, and at
the 178th American Chemical Society Meeting, Washington, D.C., 1979.
(¢) Continued development of new techniques for direct removal of
pesticide - residues from water samples by trace enrichment. (d)
Continued refinement and documentation of absorbance ratio for
pesticide identification in water extracts. (e) Developed technique for
isolation and characterization of organic pollutants residing on

16
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. bed sediment taken from the Calcaseiu River in Louisiana.

COMPLETED REPORTS:

Steinheimer, T.R., Johnson, S.M., 1979, Rapid semi-quantitative
analysis of selected pesticides in natural waters by high-pressure
liquid chromatography, 9 p.
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T CR219 Methods for trace metals ‘ i

PROJECT TITLE: Development of instrumental methods for metal

analysis
 WRD PROJECT NO.: CR 77-21§
‘LOCATIdN: Topical Research
PROJECT CHIEF: Taylor, Howard E.
HEADQUARTERS OFFICE: Arvada, CO

PROBLEM: The analysis of trace metals in water and water-related

materials (i.e., suspended matter, bottom sediment, etc.) in a
sensitive,. accurate, and efficient manner, requires highly.

sophisticated analytical methodology. These  methods employ
‘instrumentation based upon physical and chemical properties. The
solution of trace analysis problems (sensitivity, selectivity,
interference effects, data collection/reduction and system automation)
often require the design and construction of suitable instrumentation
and apparatus. Even when existing equipment is available, an exhaustive
optimization and evaluation from both an operational and statistical
point of view is .required before the method can be adopted. 1In
addition, the study of specxallzed analytical problems, such as
chemical speciation, requires unique approaches. ,

OBJECTIVE: (A) Investigate new concepts and approaches to
instrumental methods of trace metal analysis. (B) Formulate methods and
procedures for utilization of new instrumentation. (C) Evaluate the
capability and performance of new instrumentation and methodology. (D)
Develop automation technology of instrumentation to improve the
efficiency and quality of data generation

APPROACH: (A) Maintain a periodic review of pertinent scientific
literature and communicate frequently with colleagues and consultants
who are involved in similar R and D programs. (B) Identify areas where
improvement of existing instrumental methods can offer extended trace
analysis capability and efficiency. (C) Design and perform experiments
which will elucidate the significance of parametric variations in
methods under development. Utilize statistical and factorial techniques
to optimize and evaluate parametric factors. (D) Evaluate and optimize
criteria such as accuracy, precision, interferences, sensitivity,
selectivity, analysis efficiency and automation potential for each new
or modified instrumental method or approach. (E) Perform extensive
comparability studies between newly developed methods and existing or
accepted procedures. (F) Prepare definitive reports and publications
outlining the capability and function of newly developed methods and
instrumentation.

PROGRESS AND RESULTS: (A) Technology has been developed for the
determination of multiple elements in natural water systems by both
inductively-coupled and direct current argon plasma spectrometry.
Special data handling techniques and automated samplers have been
devised for rapid processing of samples. A new nebulizer that is
insensitive to suspended solids has been designed and evaluated. (B) A

18
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simultaneous method for the ultratrace determination of Cu, Pb, Cd, and
Zn by differential pulse anodic stripping volammetry has been
developed. In addition, a method for the determination of thallium from
ultralow to intermediate trace levels has been devised and evaluated on
precipitation samples. (C) Research is proceeding on the development of
X-ray fluorescence spectrometry for the direct determination of
elemental composition of sediment material. (D) Studies have been
carried out to physically and chemically characterize the composition
of the Mt. St. Helens volcanic ash. Leaching experiments have been
performed to evaluate the effect on the environment following rainfall
events. (E) Development of technology for the reduction of interelement
interference effects in graphite furnace atomic absorption spectrometry
by the L'vov platform technique.

COMPLETED REPORTS:

Erdmann, D.E. and Taylor, H.E., 1978, An automated procedure for
simultaneously determining specific conductance and pH in natural
waters: Anal. Chim. Acta, 99, p. 269. (Also: Pittsburgh Conf. on Anal.
Chemistry and Spectroscopy, No. 502).

Taylor, H.E. and Schroder, L.J., 1978, A lithium 1Isotope Ratio
Technique for tracer or togging applications in natural water samples,
Pittsburg Conf. on Anal. Chem. and Spectroscopy, No. 63, 1 p.

Garbarino, J.R. and Taylor, H.E., 1978, The application of an
inductively-coupled plasma emission spectrometer for rapid quantitative
analysis of natural waters: invited paper, Mid-Atlantic Regional
American Chemical Society Meeting, Hunt Valley, Maryland, 1 p.

Bonelli, J.E., Taylor, H.E. and Skogerboe, R.K., 1978, Anodic
stripping voltammetry for the simultaneous determination of ultratrace
metals: Scope. and Interference Effects: 20th Rocky Mountain Conference
on Analytical Chemistry, Denver, CO., 1 p.

Garbarino, J.R. and Taylor, H.E., 1978, A new concept for using
induction-coupled plasma spectrometry for trace metals analysis: 20th
Rocky Mountain Conference on Analytical Chemistry, Denver, CO., 1 p.

J.R. Garbarino and H.E. Taylor, 1979, An inductively-coupled plasma
atomic-emission spectrometric method for routine water-quality testing.
Appl. Spectrosc., 33, p. 220, 7 p.

J.E. Bonelli, R.K. Skogerboe and H.E. Taylor, 1978, Iron
interference on ultratrace determination of copper in.natural trace
determination of copper in natural waters by differential pulse ancodic
stripping voltammetry, Analytica Chimica Acta, 101, p.-437

H.E. Taylor and D.E. Erdmann, 1979, An automatic range switching
modification for direct reading specific conductance measurements,
Chem., Boimed., and Environ. instrumentation, 9, p. 49

B.E. Jones, G.P. Stein and H.E. Taylor, 1979, A simple inexpensive

"automated data-handling system for inductively-coupled plasma analysis,
Jarrell-Ash Newsletter, 2, p. 9
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G.W. Johnson, H.E. Taylor, and R.K. Skogerboce, 1979, Determination
of trace elements in natural waters by the d.c. plasma,
multielement-atomic emission spectrometer (DCP-MAES) technique,
Spectrochimica Acta, 34B, p. 199

J.R. Garbarino and H.E Taylor, 1979, An evaluation of a Babington
type pneumatic nebulizer with an inductively-coupled plasma
spectrometer, Pittsburgh Conf. on Anal. Chemistry and Spectroscpy, no.
560, 1 p.

J.E. Bonelli, H.E. Taylor and R.K. Skogerboe, 1979, The ultratrace
determination of thallium in natural waters by differential pulse
anodic stripping voltammetric techniques, 1979 Pittsburgh Conference on
Analytical Chemistry and Applied Spectroscopy, Cleveland, Ohio, p. 137

J.E. Bonelli, R.K. Skogerboe and H.E. Taylor, 1979, Analytical
applications of metal-file electrodes in electrochemical stripping
analysis, 21st Rocky Mtn. Conf. on Analytical Chemistry, no. 3, 1 p. '

H.E. Taylor and R.K. Skogerboe, 1978, Recent trends in the use of
simultaneous multielement techniques for the analysis of natural
waters: Part plasma emission methods. Symposium "A century of chemistry
at the U.S. Geological Survey", American Chemical Society, Miami Beach,

1l p.

R.K. SKogerboe, H.E. Taylor and K.R. O'Keefe, 1978, Recent trends
in the use of simultaneous multielement techniques for the analysis of
natural water: Part 1II, atomic absorption spectrometry, anodic
stripping voltammetry: Symposium "A century of chemistry at the U.S.
Geological Survey"”, American Chemical Society, Miami Beach, 1 p.

H.E. Taylor, 1979, A general comparison of the analytical
capabilities of direct current and inductively-coupled plasmas for
water quality testing, invited paper; Conference on Plasma
Spectrochemical Analysis, August 1979, Groton, Conn.

G.W. Johnson, H.E. Taylor, R.K. Skogerboe, 1979, Evaluation of
spectral interferences associated with a direct current plasma
multielement atomic emission spectrometer (DCP-MAES) system, Applied
Spectroscopy, 33, p. 451

H.E. Taylor and J.R. Garbarino, 1979, An evaluation study of a
Babington-type nebulizer with an induction-coupled plasma spectrometer,
1979 Pittsburgh. Conference on Analytical Chemlstry and Applied
Spectroscopy, Cleveland, Ohio, p. 560

J.E. Bonelli, H.E. Taylor and R.K. Skogerboe, 19797 Modification of
a commercial micrometer hanging mercury drop -electrode, Analytical
Chemistry, 51, 2413

G.W. Johnson, H.E. Taylor and R.K. Skogerboe, 1979, 'Analytical
Chemistry, 5, 2403

H.E. Taylor, 1980, Current status of atomic spectroscopy in water

quality analysis, invited paper, Proceedings of the lst International
Conference on Developments in Atomic Plasma Spectrochemical Analysis,
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January 1980,'San~Juan, Puerto Rico

G.W. Johnson, H.E. Taylor and R.K. Skogerboe, 1980,
Characterization of an interelement enchancement effect in a d.c.

plasma atomic emission spectrometry system, Applied Spectroscopy, 34,
p. 19

J.R. Garbarino and H.E. Taylor, 1980, A technique of automatic
standardization of an inductively-coupled plasma spectrometer, 1980

Pittsburgh Conference on Analytical Chemistry and Applied Spectroscopy,
Atlantic City, NJ, p. 239

J.E. Bonelli, H.E. Taylor and R.K. Skogerboe, 1980, Analytical
applications of the gallium thin-film electrode in electrochemical
stripping analysis, invited paper, 1980 Pittsburgh Conference on

Analytical Chemistry and Applied Spectroscopy, Atlantic City, NJ, p.
578 :

S.R. Koirtyohann, M.L. Kaiser) E. Hinderberger and H.E. Taylor,
1980, Reduction of matrix interferences by the L'vov platform in
furnace atomic absorption analysis, 1980 Pittsburgh Conference on:

Analytical Chemistry and Applied Spectroscopy, Atlantic City, NJ, p.
597

H.E. Taylor, 1980, Applications of the inductively-coupled plasma
at the U.S. Geological Survey, invited paper, 1980 Symposium on
Inductively-Coupled Plasma - Atomic Emission Spectrometry, Society for
Applied Spectroscopy, Chicago, IL.

21



WRD FEDERAL RESEARCH PROJECTS.....WATER CHEMISTRY

T WR065 CHEM. REACTIONS MIN. SURFACES 1

PROJECT TITLE: CHEMICAL REACTIONS.AT MINERAL SURFACES

WRD PROJECT NO.: WR 70-065

LOCATION: Topical Research

PROJECT CHIEF: HEM, JOHN D -

»HEADQUARTERS’OFFICE:'Menlo Park, CA

PROBLEM: When solutes are introduced into a ground-water system, as
in artificial recharge or waste injection, chemical reactions may occur
between introduced and native materials. The reactions may precipitate
solids that interfere with water movements, generate gases, Or bring

about various physical and chemical changes in the system surrounding
the injection site. These changes may influence water movement and (or)

composition. Mineral surfaces tend to catalyze some of the more

important chemical reactions but their effect is poorly understood.
Cation exchange and other sorption processes also influence
concentrations of dissolved metal ions and the ways in which. they are
transported in river water. :

OBJECTIVE: TO STUDY EFFECTS OF SPECIFIC MINERAL SURFACES ON RATES

OF SUCH CHEMICAL REACTIONS AS HYDROXIDE OR CARBONATE PRECIPITATION,
RELATING RATE TO NATURE AND AREA OF SURFACE EXPOSED, AND DETERMINING

RATE CONSTANTS AND RELATED NUMBERS THAT CAN. BE USED FOR DESIGN OR

EVALUATION OF ACTUAL FIELD OPERATIONS. To evaluate specific adsorption
processes  of metal ions ‘on stream sediments in dilute multi-ion
solutions.

APPROACH: Experiments will be conducted in the 1laboratory using
physical-chemical techniques to characterize surfaces and to measure
reaction rates at various temperatures. Chemical equilibrium studies
will be made in controlled laboratory solutions to evaluate exchange
capacity and selectivity coefficients for common and minor elements on
sediment and on selected mineral surfaces. Laboratory studies will be
coordinated in part with studies of surface chemical systems to be
conducted by contract research at Stanford University and with studies
in project WR-57-076.

PROGRESS AND RESULTS: A computerized electrical double-layer (EDL)
model developed earlier was applied to predict behavior of lead and
sodium toward a silt-size natural stream sediment. The model gives
useful results over a pH range of about 4.0 to 9.0¢ The presence of
adsorbed polyacrylamide, a synthetic flocculating ‘agent, on surfaces of
kaolinite does not appear to influence significantly either the
cation-exchange capacity or selectivity of the clay in a 0.01 molar
Na**+ and CA**+ solution.

COMPLETED REPORTS:
Bersillon, J.L., Brown, D.W., Fiessinger, Francois, and Hem, J.D.,

1978, Studies of hydroxyaluminum complexes in aqueous solution: U.S.
Geol. Survey Jour. Research, v. 6, pp. 325-337.
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Brown, D.W., 1979, The adsorption of 1lead from solution on the
quartz and feldspar-containing silt fraction of a natural streambed
sediment in Chemical modeling in aqueous systems, E.A. Jenne, Ed. ACS
Symposium series no. 93., Washington, D.C., American Chemical Society,

p. 237-260, 28 p.
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I WRO76 _CHEMISTRY OF HYDROSOLIC METALS. 1
PROJECT TITLE: CHEMISTRY OF HYDROSOLIC METALS AND RELATED

. CONSTITUENTS OF NATURAL WATER

WRD PROJECT NO.: WR 57-076
LOCATION: NATIONWIDE

PROJECT CHIEF: HEM, JOHN D.
HEADQUARTERS. OFFICE: Menlo Park, CA

PROBLEM: Hydrosolic metals are elements that form hydroxides with

low solubility. The  Thydroxides may form colloidal suspensions
(hydrosols). The elements generally cause problems in utilization of
water and waste disposal either because of toxicity or because
precipitates are formed in processes involving the water. Chemistry of
these elements is complicated by effects of pH, redox potentials,
inorganic or organic complexing, coprecipitation, and reaction rates.

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 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: Establish inorganic chemical model for behavior of
element in dilute solution from literature and laboratory experiments.
Test model 1in chemical laboratory studies, and with actual field data
to determine applicability. Modify as necessary for kinetic and
biochemical effects.

PROGRESS AND RESULTS: Operational rate constants for manganese
oxide deposition from aerated agqueous solutions of Mn***2 have been
determined. Where there are no catalytic effects except that  of
pre-existing oxide surface, the laboratory results extrapolate to a

- minimum growth rate for marine manganese nodules of 0.1 mm in about.

800,000 years. This rate can be sustained by a water movement rate of
about 3 mm day**-1. Water movement rates can be a critical factor in
open systems where these oxides are deposited. Standard Gibbs free
energy of feitknechtite (BMnOOH) was determined to be -129.8***+(-)0.6
kcal mole **-1. This is an unstable intermediate that can be altered to
Mn0(2) by disproportionation but it precipitates.--as the initial
oxidation product in aerated laboratory solutions at temperatures near

0 degrees C. Hausmannite (MN(3)0(4)) predominates in these systems at
25 degrees C. Laboratory systems for converting MN**2+ by aeration at -

near-neutral pH to oxides in which the average Mn valence is 3.25+ or
higher have been developed. The MN**4+ mission electron microscope
ramsdellite or Mn0(2). Techniques were developed for determining
d-spacings by electron diffraction that are much more  sensitive than
standard x-ray diffraction for these synthetic preparations.

COMPLETED REPORTS:
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Hem, J.D., 1978, Redox processes at surfaces of manganese oxide and
their effects on aqueous metal ions: Chem. Geol., v. 21, pp. 199-218.

Roberson, C.E. and Barnes, R.B., 1978, Stability of fluoride
complex with silica and its distribution in natural water systems:
Chem. Geol., v. 21, pp. 239-256.

Nriaqu, J.0. and Hem, J.D., 1978, "Chemistry of pollutant sulfur in
natural waters,"” in Sulfur in the environment: Part II, ecological
impacts, J.0. Nriagqu, ed.: John Wiley and Sons, Inc., New York, pp.
211-270.

Hem, J.D., 1978, Sulfur, Sections G, I, K, in Handbook of
geochemistry, V. 1II-2, K.H. Wedepohl E4., Berlin, Heidelberg.
Springer-Verlag p. 16Gl - 16G-5; 16I1I-1616, 16K1-16K4, 15 p.

Lind, C.J., 1978, Pélarographic determination of lead hydroxide
formation constants at low ionic strength: Environmental Science and
Technology, V. 12, p. 1406-1410, 5 p.

Hem, J.D., Wanta, R.C. and Whittemore, D.0O., 1978, 1Iron in the
environmental in Medical and biologic effects of environmental
pollutants - iron. Assembly of Life Sciences National Research Council.
Baltimore, University Park Press, p. 1-37, 37 p.
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| WROB0 _GEOCHEMISTRY OF GEOTHERMAL SYSTEMS 1
PROJECT TITLE: GEOCHEMICAL STUDIES OF GEOTHERMAL SYSTEMS

WRD PROJECT NO.: WR 72-080
LOCATION: Topical Research
PROJECT CHIEF: BARNES, IVAN
HEADQUARTERS OFFICE: Menlo Park, CA

PROBLEM: Geochemical data for geothermal systems are needed for
estimating reservoir temperatures, outlining favorable exploration
areas, identifying potential pollution problems, and estimating
recharge—-discharge relations as related to depletion. Corrosion and
fouling problems also require such data. The CO(2) in the steam may be
due to (1) metamorphic reactions or (2) mantle degassing. The chemical
and isotopic character of volatiles issuing from volcanoes such as
Mount St. Helens have not been adequately determined.

OBJECTIVE: Use chemical, mineralogic, and isotope data of gases,
water and solids collected from geothermal areas to provide a detailed
understanding of these systems in both their natural and. disturbed
states, and of volcanic systemsb efore, during, and after eruptions.

APPROACH: Field methods developed for the analyses of unstable
constituents and special sample-collection and preservation techniques
already in use will be applied to prospective geothermal areas and to
areas around Mount St. Helens and possible other volcanoes. Data
analysis by present and currently developing computer programs will be
used. '

PROGRESS AND RESULTS: Gas and water samples from the vicinity of
Mount St. Helens were analyzed. Water is of meteoric origin. Gas
anomalies are chiefly C0(2) and to a much lesser extent, S50(2). The
findings will force a major reappraisal of volcanic mechanisms.

COMPLETED REPORTS:

Barnes, 1Ivan, Irwin, W.P., and White, D.E., 1978, Global
distribution of carbon-dioxide discharges and major zones of
seismicity: U.S. Geol. Survey Water Resources Inv. WRI-78-=39, 12 p.

Barnes, Ivan, O'Neill, J.R. and Trescases, J.J., 1978, Present day

serpentinization in New Caledonia, Oman, and Yugoslavia: Geochim.
.Cosmochim. Acta, v. 42, pp. 144-145. e
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WR EOTHERMAL TRACE ELEMENT REACTIONS 1

PROJECT TITLE: TRACE ELEMENT REACTIONS AND DOWNSTREAM ATTENUATION
PROCESSES IN WATERS OF GEOTHERMAL ORIGIN

WRD PROJECT NO.: WR 74-124
LOCATION: GEOTHERMAL AREAS

PROJECT CHIEF: Nordstrom, D. Kirk
HEADQUARTERS OFFICE: Menlo Park, CA

PROBLEM: The high trace-element content of geothermal waters is an
important problem and may be a significant 1limitation on the
development of geothermal power. Very little is known of precipitation
and sorption processes which cause an attenuation of trace-element
concentrations during storage in pools and during surface flow.

OBJECTIVE: Primary: To study and interpret the partitioning of -
trace elements among water, sediment, and selected biota, but
especially among sediment components (iron oxides, organic matter,
managnese oxides, carbonates, sulfides, etc.), and to identify the
controlling processes. Secondary: Relate trace-element levels in
geothermal waters to their geology, "type," temperature, and age of
surface outlet, and to time as evidenced in shallow cores in winter.

APPROACH: Select one or more small stream systems draining a geyser
area where the geology and hydrology are reasonably well known or 1is
presently being studied. Sample water, suspended and bed sediments, and
biota if present, perform appropriate analysis, and using both
statistical and selective chemical extraction techniques, determine the
partitioning among the various solid components and aqueous phase.

PROGRESS AND RESULTS: Plasma-spectrometry data collection and
reduction have been virtually fully automated. Significant progress has
been made in the -quantitation of and automatic correction for
interelement interferences due to six major elements, common in natural
surface, ground and geothermal waters, Ca, Mg, K, Na, Si and Fe.

COMPLETED REPORTS:

Stauffer, R.E. and Thompson, J.M., 1978, Phosphorus in hydrothermal
waters of Yellowstone National Park, Wyoming: U.S. Geol. .Survey Jour.
Res., v. 6, pp. 755-763.

Ball, J.W., Thompson, J.M., and Jenne, —E.A., 1978. The
determination of dissolved boron in fresh, estuarine, and geothermal
waters using d.c. argon plasma emission spectrometry: Anal. Chim. Acta,
v. 98, pp. 67-75.

Ball, J.W., Jenne, E.A., and Nordstrom, D.K., 1978, Additional and

revised thermochemical data and computer code for WATEQ2--A
computerized chemical model for trace and major element speciation and
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mineral equilibria of natural waters: U.S. Geocl. Survey Water Res.
Invest. 78-116, 138 p.
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WR TRACE ELEMENT PARTITIONING 1

PROJECT TITLE: PROCESSES AND CONTROLS OF TRACE ELEMENT PARTITIONING
IN NATURAL WATERS

WRD PROJECT NO.: WR 75-128

LOCATION: Topical Research

PROJECT CHIEF: JENNE, EVERETT A.

HEADQUARTERS. OFFICE: Menlo Park, CA

PROBLEM: (1) On carefully separated and 'presérved samples of

dissolved and suspended sediments and of size-separated bed sediments,
determine the content of trace elements and of each of the major sinks

(organic matter, oxides of iron and manganese, carbonates, and

sulfides). Evaluate the relative importance of the wvarious sinks by
statistical techniques (regression analysis, factor analysis). (2)
Verify findings from (1) by experimental studies of selective
dissolution and (or) extraction of the more important trace-element
reservoir. Investigate sorption-desorption processes with radiocactive
isotopes.

OBJECTIVE: (1) Determine quantitatively the extent to which  trace
elements are complexed by dissolved organics in such a way that the
organic ligands can be handled by the chemical model; (2) determine and
interpret the processes, including precipitation, controlling the

.distribution of . trace metals between natural waters and their

associated suspended and bed sediments and indigenous biota; and (3)
study the partitioning of trace metals among the various components of
the bed sediment which serve as the principal trace-element sinks or
reservoirs.

APPROACH: (1) On carefully separated and preserved samples of water
and suspended sediments and of size-separated bed sediment, determine
the content of trace elements and of each of the major sinks (organic
matter, oxides of iron and manganese, carbonates, and sulfides).
Evaluate the relative importance of the various sinks by statistical
techniques (regression analysis, factor analysis). (2) verify findings
from (1) by experimental studies of selective dissolution and(or)
extraction of the more important trace-element reservoirs. Investigate
sorption~-desorption processes with radiocactive isotopes.

PROGRESS AND RESULTS: Participated in Little Lost Man Creek
inter-project interdisciplinary study of solute transport processes in
unpolluted streams; studied trace-metal levels and determined stability
constants for complexes of  trace-metals with classes of
naturally-occurring dissolved organic ligands. Completed analysis of
samples collected from Little Lost Man Creek, as well as from San
Francisco Bay and from Yellowstone Part hot springs, drainages and
rivers. Expanded computer model WATEQZ2, which calculates aqueous
chemistry of major elements and of selected trace metals and ligands,
to also include uranium calculations.

I
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COMPLETED REPORTS:

Ball, J.W., Thompson, J.M. and Jenne, E.A., 1978, Determination of
dissolved boron in fresh, estuarine, and geothermal waters by d.c.
argon-plasma spectrometry: Anal. Chim. Acta, v. 98, pp. 67-75.

Jenne, E.A., 1978, Chemical Modeling -- "Goals, Approaches, and
Problems," in Jenne, E.A., ed., Chemical modeling in aqueous systems.
Speciation, Sorption, Solubility, and Kinetics: Amer. Chem. Soc. Symp.
Series, 19 p.

Ball, J.W., Jenne, E.A., and Nordstrom, D.K., 1978, "WATEQ2 ~-- A
computerized chemical model for trace and major element speciation and
mineral equilibria of natural waters,"” in Jenne, E.A., ed., Chemical
modeling of Aqueous Systems. Speciation, Sorption, Solubility, and
Kinetics: Amer. Chem. Soc. Symp. Series, 21 p.

Nordstrom, D.K. and others, 1978, "Computer programs for the
calculation of chemical equilibria in aqueous solutions,” in Jenne,
E.A., ed., Chemical modeling in aqueous systems. Speciation, Sorption,
Solubility, and Kinetics: Amer. Chem. Soc. Symp. Series, 33 p.

Stauffer, R.E., Jenne, E.A., Ball, J.W., 1980, Chemical studies of
selected trace elements in hot spring drainages of Yellowstone Park:
U.S. Geol. Survey Prof. Paper 1044 F, 20 p.

Nordstrom, D.K., Jenne, E.A., Ball, J.W., 1979, Redox equilibria of
iron in acid mine waters, in Jenne, E.A., ed., Chemical Modeling in
Aqueous Systems. Speciation, sorption, solubility, and kinetics: Amer.
Chem. Soc. Symp., Series 93, 29 p.

Ball, J.W., Nordstrom, D.K., Jenne, E.A., 1980, Additional and
revised thermochemical data and computer code for WATEQ2--a
computerized chemicl model for trace and major element speciation and
mineral equilibria of natural waters: U.S. Geol. Survey Water Resources
Investigation 78-116, 138 p.
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] WR139 Geochemistry of geopressured Systems ‘ |

PROJECT TITLE: Geochemistry of water in fine grained sediments
WRD PROJECT NO.: WR 76-139

LOCATION: Californié, Texas, Oklahoma, Louisiana

PROJECT CHIEF: Kharaka, Yousit K. |

HEADQUARTERS OFFICE: Menlo Park, CA

PROBLEM: The energy potential of geothermal waters from
geopressured systems is enormous. Geochemical data are necessary for
delineating favorable exploration areas, estimating the recoverable
geothermthermal 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 geopressured geothermal systems. To provide basic data needed
to identify potential pollution, waste-disposal, and corrosion problems
associated with extraction of enerqy from these systems.

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

PROGRESS AND RESULTS: (1) Obtained 15 formation water samples from
the Wilcox Formation of South Texas, 8 samples from 4 DOE geopressured
geothermal wells and 12 samples from Houston-Galveston area of Texas.
The salinity of waters is variable; salinity is lower in south Texas.
The Formation waters are saturated with methane. (2) Carried out
decarboxylation of acetate experiments with  Bischoff (GD) .
Decarboxylation rates are fast and support our conclusion that acetate
may be precursor to natural gas. (3) Worked with Berry (U of CA) on
review of geopressured resources in California. California has
potential for geopressure geothermal energy. (4) Modified SOLMNEQ to
compute subsurface pH.

COMPLETED REPORTS:

Kharaka, Y.K., Carothers, W.W., and Brown, P.M., 1978; Origins of
water and solutes in the geopressured zones of the northern Gulf of
Mexico basin: Proc., 53rd annual meeting, Soc. Petroleum Engineers
Preprint paper SPE 7505, 8 p. -

Kharaka, Y.K., Brown, P.M., and Carothers, W.W., 1978, Chemistry of
waters in the geopressured zone from coastal Louisiana--implications
for the geothermal development: Transactions, Geothermal Resources
Council, v. 2, pp. 371-374.

Carothers, W.W. and Kharaka, Y.K., 1978, Aliphatic acid anions in

oil-field waters and their implications for the origin of natural gas:
Am. Assoc. of Petrol. Geologists, v. 62, p. 2441-2453
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Bassett, R.L., Kharaka, Y.K., and Langmuir, D., 1979, Critical
review of the equil. constants for kaolinite and sepiolite in Chem.
Modeling on Adqueous Systems, E.A. Jenne, ed., Am. Chem. Soc. Symp.
Series 93, p. 389-400

Kharaka, Y.K., Brown, P.M., and Lico, M.S., 1979, Corrosion -and
scale-formation properties of geopressured geothermal waters from the
northern Gulf of Mexico Basin: Proc., 1979 Soc. of Petroleum Engrs of
AIME Internat’ l. Symp. on oil-field & geothermal chemistry, SPE 7866,
p. 55-60

Kharaka, Y.K., Callender, E. and Chemerys, J.C., 1979, Heavy metals
in migrating oil-field waters from the northern Gulf of Mexico basin:
Abstract, Proc., 108th Annual Meeting. Soc. of Mining Engrs. of AIME,
New Orleans, LA, Feb. 1979, p. 43

Carothers, W.W. and Kharaka, Y.K., 1979, Orgénic acid anions in
oil-field waters & origin of natural gas: Abstract, Am. Assoc. of
Petroleum Geologists Bull., v. 63, p. 428-429

Kharaka, Y.K., Carothers, W.W. and Brown, P.M., 1979, Geochemistry

of o0il-field waters from northern Gulf of Mexico Basin: Abstract, Am.
Assoc. of Petroleum Geologists Bull., v. 63, p. 478-479

Kharaka, Y.K., Callender, E., Chemerys, J.C. and Lico, M.S., ' 1979,
Potential problems arising from the disposal of spent
" geopressured-geothermal waters from Coastal Texas & Louisiana: 1979,
Proc. Marine Technol. Soc., p. II-47 - II-54

Kharaka, Y.K., Carothers, W.W. and Lico, M.S., 1979, Chemical
composition of geopressured geothermal waters from coastal Texas &
Louisiana—implications for geothermal development: Proc. 35th SW
Regional meeting

Carothers, W.W. and Kharaka, Y.K., 1980, Stable Carbon iSotopes of‘

HCO(3) in oil-field water--implications for the origin of CO(2):

Kharaka, Y.K., Lico, M.S. and Carothers, W.W., 1980, Predicted
corrosion and scale-formation properties of geopressured geothermal
waters from the northern Gulf of Mexico basin: Jour. Petrol Tech., V.
32, p. 319-324

Kharaka, Y.K., Lico, M.S., Wright, V.A. and Carothers, W.W., 1980,
Geochemistry of formation waters from Pleasant Bayou No. 2 well &
adjacent areas in Coastal Texas: Proc. 4th Geopressured Geothermal
Resources Conf., Austin, TX, p. 168-193 -

Kharaka, Y.K. and Berry, F.A.F., 1980, Geochemistry of geopressured

geothermal waters from the northern Gulf of Mexico & California basins:
Extended abstract. Proc. 3rd Internat'l. Symp. on Water-Rock
Interaction, Edmonton, Canada, p. 95-96

Kharaka, Y.K., Carothers, W.W., Lico, M.S. and Wright, V.A., 1980,

Chemical composition of geopressured geothermal waters from South
Texas--implications for energy development: Abstract, ACS Meeting, Las
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I WR149 Organics in water v i

PROJECT TITLE: Chemistry of aquatic organic matter

WRD PROJECT NO.: WR 76-149

LOCATION: Topical research

PROJECT CHIEF: Goerlitz, Donald F.

HEADQUARTERS OFFICE: Menlo Park, CA

PROBLEM: Organic compounds, both naturally occurring and those
resulting from man's activities may degrade water gquality. The
wide-spread findings of pesticides, plasticizers, and polynuclear

aromatic hydrocarbons, in addition to the naturally occurring humic and
fulvic acids are well documented. Recent advances in mathematical

modeling of transport phenomena in ground water show promise of

developing capability for predicting the  intrusion of organic
substances into ground water. Geochemistry of rock - water - organic
waste interactions in the ground water flow systems is poorly
understood. Equilibria and kinetics of the organics in the earth
systems must be generally established before behavior and movement can
be accurately forecast. : :

OBJECTIVE: Emphasis of this investigation will - be on the
physical-chemical interactions of relatively stable, water-soluble
organic compounds of natural and man-made origin when introduced into a
ground-water system. The project objectives will be: (1) To identify
organic substances associated with a £field problem related to
introduction of selected pollutants into the environment; (2) To
determine in the laboratory the equilibria and kinetics of reactions
within the agqueous system as well as those that occur at the water -
mineral interface; (3) To check the applicability of the above
relationships to the field behavior of the organics in question.
Organic substances influencing inorganic phenomena (chelation, etc., of
heavy metals) and the. biochemical aspects of such systems are
considered beyond the scope of this work.

APPROACH: This is a multidisciplinary project involving advanced
mathematical modeling, £field hydrology, and geochemistry, as well as
aquatic chemistry. Hence it will involve cooperative work with another
project entitled "Mathematical modeling of organic solute transport in
ground water," J B Robertson, project chief. In the subject project, a
survey of the state of present knowledge regarding adsorption,
degradation rates, etc., for selected compounds will.-be made. Specific
organic chemical compounds and representative polar-nonpolar, acid,
base, and neutral compound classes will be selected for study, based on
their known or anticipated presence within the study site, and with due
consideration of their physiological significance or other relevance to
. pollution problems. Study sites will be selected on the basis of
availability of hydrologic and geologic data, suitability for modeling
requirements, and accessibility for field investigation, in cooperation
with J B Robertson. Chromatographic methods and other appropriate
procedures will be used for chemical analyses. Kinetic and equilibrium
studies using batch and column techniques will be performed,

kL
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performed, using aquifer and earth materials from the study site as
necessary. Hypotheses developed in the laboratory studies will be
applied in the field for testing.

PROGRESS AND RESULTS: Project has been terminated.

COMPLETED REPORTS: '

Goerlitz, D.F., 1979, Analysis of picric acid in water by
high-performance 1liquid chromatography: U.S. Geol. Survey Open-file
Report, 7 p. _

Goerlitz, D.F., 1979, Direct analysis of water for RDX and TNT by

high performance 1liquid chromatography: U.S. Geol. Survey Open-File
Report, 7 p.
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1 WR165> Western U.S.--Geothermal Waters 1

PROJECT TITLE: Chemical and Isotope Studies of Thermal Waters of
the Western U.S.

WRD PROJECT NO.: WR 79-165
LOCATION: Western United States
PROJECT CHIEF: Mariner, Robert H.
HEADQUARTERS OFFICE: Menlo Park, CA

PROBLEM: Reconnaissance and chemical and isotope sampling of
thermal springs in the western United States has not generally 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 Cascades, where the chemical geothermometers
indicate much lower temperatures of water-rock equilibrium than the
sulfate-isotope geothermometer and the geologic setting seem to
require. This discrepancy could be due to simple mixing of thermal and
fresh water or rapid equilibration of water with the surrounding
country rock as the fluids rise to the surface; alternatively, the
sulfate-isotopic composition could be an artifact reflecting the
original source. .

OBJECTIVE: The origin of the dissolved constituents, water, and
gases discharging in the hot springs will be investigated and their
relationship to the fumarcles and c¢old mineral springs ascertained.
Recharge areas for the thermal springs will be determined as well as
the amount of mixing of thermal and nonthermal waters. With this
information, individual systems can be better understood -and the
geothermal potential of the individual thermal reservoirs estimated
with greater accuracy.

APPROACH: Samples of water and gas discharging from thermal, cold,
and mineral springs will be subjected to chemical and isotopic
analysis. The chemical and isotopic data will then be used to determine
the extent of mixing and ascertain the probable recharge areas for the
individual thermal systems. The factors which control the chemical and
isotopic composition of the fluids will also be investigated. Although
the initial area of investigation will be the Cascades of California,
Oregon, and Washington, other geothermal areas in the western United
States will be investigated as the project develops.

PROGRESS AND RESULTS: Thermal spring areas sampled- in the Oregon

Cascades are well confined with relatively little leakage. Isotope

samples were collected for determination of recharge sources. Oxygen
isotopic analyses of dissolved sulfate and water from thermal springs
in the Great Basin indicate that the sulfate-water isotope
geothermometer preserves evidence of high temperatures (more than 180
degrees C) better than the quartz geothermometer. Several springs which
discharge isotopically-depleted sulfate, normally an indication of high
temperature, obtain the sulfate from mineral sources. Also, use of a
computer model to estimate aquifer-pH based on the PpH and
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chemical composition of water discharged at the surface markedly
improves agreement between the quartz or chalcedony and Na-K-Ca
geothermometers in alkaline water.

COMPLETED REPORTS:

Nehring, N.L., and Mariner, R.H., 1979, Sulfate-water equilibrium
temperatures for thermal springs and wells of the Great Basin:
Geothermal resources Council Transactions, v. 3, pages 485-488, 4 p.

, Nehring, N.L., Mariner, R.H., White, L.D., Huebner, M.A., Roverts,

E.D., Harmon, Karen, Bowen, P.A., and Tanner, Lane, 1979, Sulfate
geothermometry of thermal waters in the western United States: U.S.
Geol. Survey Open-file Report, 11 p.

Mariner, R.H., Swanson, J.R., Orris, G.J., Presser, T.S. and Evans,

W.C., 1980, Chemical and isotopic data for water from thermal springs
and wells of Oregon: Open-File Report 80-737, 50 p.
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T CR189 Geochemical Kinetics studies , |

PROJECT TITLE: Geochemical kinetics studies.
WRD PROJECT NO.: CR 75-189

LOCATION: Topical Research

PROJECT CHIEF: Claassen, Hans C.
HEADQUARTERS OFFICE: Lakewood, CO

PROBLEM: Adequate description -of mass transport in hydrologic
systems requires the knowledge of the kinetics of solid-liquid phase
interactions. The rates and products of chemical reactions changes in
(relative) = surface area with time, and the relationship of
surface/volume ratio to bulk solution composition are needed for
adequate water-quality systems modeling. Careful study of the
environmental parameters controlling the rate and products: of the
interaction of recharging water with the lithologic environment are
necessary to aid in the design of laboratory experiments to quantify
these parameters. :

OBJECTIVE: Model systems representing single 1lithologies (1)
extrusive wvolcanic; (2) shale are studied to determine the relative -
importance of the parameters controlling water quality and experiments
are devised to quantify the process. These experiments are designed to
deduce the kinetics and mechanism(s) of these processes and the effects
of natural variation in the controlling parameters. Models are devised
to predict natural water quality and the results compared with. that
found in nature.

APPROACH: Reaction sequences using both individual mineral phases
and whole rock (wvolcanic tuffs and natural shales) will be carried out
in aqueous medium under controlled solution composition (viz P CO2 and
oxidation potential) by a method developed by Claassen and White.
Time-sequence analyses will be made of both solid and liquid phases to
determine changes in surface area, mineralogical composition and major
elements in solution. These reaction sequences will be performed for
systems of various surface/volume ratio and mineralogical composition.

Individual components of the solid phase will also be reacted
separately to assess any synergism among the components of the
multi-component synthetic and natural materials studied. Predictions
of the effects of surface-area and solution-composition changes on
minor-element transport, based on the results of the above studies,
will be compared with equilibrium sorption data obtained by traditional
methods. -

PROGRESS AND RESULTS: A digital kinetic model describing the
diffusion-controlled dissolution of a rhyolitic glass was developed.
This model takes into account variations in surface—-to-volume ratio,
pH, and temperature. The effect of solute concentration variations on
reaction rate is described by use of Freundlich sorption isotherm.
Initial reaction consists of a rapid ion exchange on the solid surface
and establishment of a metastable equilibrium. Mass transfer is
subsequently controlled by the various hydrogen ion-cation codiffusion
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rates. Diffusion of zerovalent species is pH-independent; however,
charged species have diffusion rates which are dependent on hydrogen
ion contentration, bivalent ions being more dependent than monovalent
ions. This results in a solution composition which is determined by the
pH of reaction and explains the composition of ground waters associated
with tuffs in parts of southern Nevada. The obtainment of a sorption
isotherm for natural material from kinetic data will allow meaningful
comparisons to be made between different materials and will allow
prediction of sorption behavior of species not subjected to laboratory
scrutiny. The correspondence between laboratory-predicted and
field-measured sorption will be tested in a volcanic-rock system having
a well characterized surface. In order to eliminate some of the
drawbacks associated with lysimeters, a tool for obtaining samples of
so-called "free" water passing through the soil zone was developed.
Application of laboratory kinetic data to estimate the effective
surface area in a partially-saturated .groundwater system was also
completed. This is the first time that a technique to determine this
parameter, important for realistic modeling of waste transport, has
been presented.

COMPLETED REPORTS:

Claassen, H.C. and White, A.F., 1979, Application of Geochemical
Kinetic Data to Groundwater, Part 1I: A Tuffaccous-Rock Aquifer in
Southern Nevada: ACS Symposium on Chemical Modeling - Speciation,
Sorption, Seolubility and Kinetics in Aqueous Systems, 1978, 34 p.

White, A.F. and Claassen, H.C., 1979, Dissolution Kinetics of
Silicate Rocks-Application to solute Modeling: ACS Symposium on
Chemical Modeling - Speciation, Sorption, Solubility and Kinetics in
Aqueous Systems, October 22, 1978, 26 p.

White, A.F., and Claassen, H.C., 1980, Kinetic model for the
short-term dissolution of a rhyolitic glass: Chemical Geology, v. 28,
p. 91-109

White, A.F., Claassen, H.C., and Benson, L.V., 1980, The effect of
dissolution of wvolcanic glass on the water chemistry in a tuffaceous
aquifer, Rainier Mesa, Nevada: U.S. Geol. Survey Water-Supply Paper
1535-Q (in press)

white, A.F., and Claassen, H.C., 1980, A case for diffusion
kinetics as a control on the weathering of glassy volcanic rocks at 25
degrees C. Extended abstract for Water/Rock Interaction Symposium,
Edmonton, Alberta, Canada, July 1980 (in press)
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T CR205 NIS GeochemisStry |

PROJECT TITLE: Geochemistry of Ground Water at Nuclear Test Areas
WRD PROJECT NO.: CR 77-205

LOCATION: Southern Nevada

PROJECT CHIEF: Claassen, Hans C.

HEADQUARTERS OFFICE: Lakewood, CO

PROBLEM: Estimate the flow rates and residence times in an aquifer
as ground water moves from areas of recharge to areas of discharge.
Such information would be of value both to ERDA for evaluating
environmental impact of activities related to test activities and to
the scientific community in general.

OBJECTIVE: Define the geochemical history of major isotope and
chemical species in order to use established methods such as carbonate
isotope dating and developing techniques such as kinetic modeling to
better define flow paths and residence times.

APPROACH: Several ground-water systems at NTS are excellent areas
in which to compare residence times predicted by kinetic reaction rates
and **14C age dating methods. Changes in solute chemistry, particularly
of carbonate species, must be evaluated in detail to account for
isotope dilution. Study of the recharge areas will furnish information
on the initial phase of the geochemical reaction path and progressive
chemical reactions can be traced downgradient.

PROGRESS AND RESULTS: A geochemical kinetic model based on
laboratory data was derived which successfully simulates ground-water
compositions at residence times and pHs comparable to natural ground
waters associated with rhyolitic rocks in southern Nevada. Such a model
allows for determination of effective surface areas in contact with
percolating ground water. Analysis of the results obtained for the
Rainier Mesa ground-water system indicates that although measurements
of water saturation is high (77 to 90 percent), the major
water-transmitting region of the aquifer is only about 3 percent of the
total porosity. Such an approach should result in more realistic
waste-transport modeling.

COMPLETED REPORTS:

White, A.F. and Claassen, H.C., 1979, Disolution Kinetics of
Silicate rocks-application to solute modeling” in Chemical Models in
Aqueous Systems, Ed. E.A. Jenne: ACS Symposium Series 93, Chapter 22,
26 p‘

Claassen, H.C. and White, A.F., 1979, "Application of geochemical
data to ground water systems. A tuff-aceous-rock system in southern
Nevada," in Chemical Models in Aqueous Systems, Ed. E.A. Jenne: ACS
Symposium eries 93, Chapter 34, 34 p.

- White, A.F., 1979, Geochemistry of ground water associated with
tuffaceous rocks, Oasis Valley, Nevada: U.S. Geological survey
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I CR223 Transuranium Research [

PROJECT TITLE: Transuranium Research
WRD PROJECT NO.: CR 77-223

LOCATION: Topical Research

PROJECT CHIEF: Cleveland, Jesse M.
HEADQUARTERS OFFICE: Lakewood, CO

PROBLEM: Contamination of natural waters by transuranium elements
will be a growing concern because of the increasing amount of
radicactive waste disposal. Plutonium, although considered to be highly
insoluble, has been detected in some waters at higher than predicted
concentrations. Other elements, such as americium and neptunium are
more soluble and hence more mobile than plutonium. It is important that
the chemical and physical forms of these elements in natural waters,
their reaction with other constituents (such as organic solutes) in the
water system, and their hydrologic behavior be elucidated if wvaligd
criteria for the safe long-term disposal of radicactive wastes are to
be established. :

OBJECTIVE: The objectives of the project are: (1) to characterize
the chemical and physical forms of plutonium, americium, and neptunium
in contaminated natural waters; (2) to establish the interactions of
these elements with other solutes in natural waters; (3) to determine
the hydrologic behavior of these elements; (4) to interpret and present
this information in a manner useful for the establishment of
satisfactory waste disposal criteria.

APPROACH: The approach will include the following procedures: (1)
determination of the degree of polymerization of plutonium, americium,
and neptunium in natural waters by filtration through membrane filters
of submicron pore size; (2) establishment of the electrical charge of
these elements as present in natural waters by anion and cation
exchange and possibly electrophoresis; (3) determination of the
chemical associations of these elements with organic solutes by means
of column separations followed by radiometric analysis of the various
organic species; (4) elucidation of the role of carbonate and
bicarbonate in these systems; (5) after adequate characterization, to
study the interactions of these elements with representative soils and
minerals. :

PROGRESS AND RESULTS: Completed sampling, analysis and plutonium
characterization of trench leachates from the Maxey Flats (WY)
radioactive waste disposal site. Results indicated that plutonium is
largely noncolloidal (i.e., in true solution), in the reduced form
(tri- and tetravalent), and is complexed by organic species including
EDTA. Paper describing these findings has been submitted to Science
magazine. Have sampled four wells at Idaho National Engineering
Laboratory (INEL) and one well at Nevada Test Site (NTS). Results from
NTS well will be available near end of FY80.
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| CR251 Water quality and health ]

PROJECT TITLE: Relationship between chemical quality of natural
waters and human health and disease

WRD PROJECT NO.: CR 79-251
LOCATION: Topical Research

. PROJECT CHIEF: Feder, Gerald L.
HEADQUARTERS OFFICE: Lakewood, CO

PROBLEM: In recent years there has been increasing interest and
study concerned with the possible relationships between the chemical
quality of natural waters and human health and disease. Medical
researchers recognize areal patterns of health and disease in the U.S.
and suspect that these patterns may be controlled by both environmental
and non-environmental factors. After excluding non-environmental
factors it appears that local and regional differences in water quality
may 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: The objective of the proposed study is to determine if
there are relationships between the chemical quality of natural waters
and human health and disease.

APPROACH: The first step in this study will be to identify chemical
constituents occuring in natural waters which are most likely to affect
health and disease and to identify those medical conditions most likely
to be affected by water quality. This information will be used to
determine the temporal and spacial ' associations between specific
chemical characteristics of water and specific states of health and
disease. In this study, known high risk factors related to geographic
areas (e.g., urban environment, mining activity) will be excluded in
order to increase the likelihood of detecting risk factors associated
with natural water quality. Initially both the medical and hydrologic
aspects of the study will rely on existing data from data storage
centers such as the U.S. Geological Survey and the Bureau of Vital
Statistics. However, if data are lacking, field collection of new data
is planned. Project data collection will be supplemented by cooperative
programs with district and great aquifer study water quality
specialists. Information on chemical composition of soils, rocks, and
plants will be obtained through informal cooperation with the Branch of
Regional Geochemistry, GD. //,,f

PROGRESS AND RESULTS: Ccmpleted field water-quality sampling of
South Atlantic Coastal Plain and Ogallala aquifer. Conferred with Dr.
H.C. Hopps on trace elements in water that may affect human health.
Atlantic Coastal Plain ground waters have very low concentrations of
most chemical constituents. The lack of chemical constituents may be of
importance to human health.

COMPLETED REPORTS:
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Federa, G.L., 1979, Geochemical survey of waters of Missouri: U.S.
Geol. Survey Professional Paper 954-E, 78 p.

. Feder, G.L., 1979, Mining, reclamation, and water quality: U.S.
Geol. Survey Open-File Report No. 79-1597, 2 p. :

Feder, G.L., 1979, Mining, reclamation and water quality, in: The
Realities of Reclamation: Americans for Indian Opportunity, Report No.
17 r p - Iv-l

Whittemore, D.0., Savage, M.H., Feder, G.L., 1980, Geochemistry of
bromide and iodide in natural waters: Implications for tracer studies
(abs): EOS, Transactions American Geophysical Union, v. 61, no. 17, p.
233

McKnight, D.M., Feder, G.L., Thurman, E.M., Wershaw, R.L., 1980,
Interactions among copper, humic substances and hydrous metal oxides in
streams (abs): Abstracts of Papers submitted <for the Fourty-Third
Annual Meeting, American Society of Limnology and Oceanography, Inc.,
June, 1980, p. 10

Keller, W.D., Feder, G.L., 1980, Chemical analysis of water used in
Hunza, Pakistan, in Hemphill, D.D., ed., Trace Substances in
Environmental Health-XIII: University of Missouri, Columbia, Mo., p.
130-137
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1 CRO5E Uranium mill tailings ]

PROJECT TITLE: Hydrochemical controls on the migration of
radionuclides from uranium mill tailings '

WRD PROJECT NO.: CR 78-258
LOCATION: Topical Research
PROJECT CHIEF: Landa, Edward R.
HEADQUARTERS OFFICE: Denver, CO

PROBLEM: Radium appears to be  the most important non-gaseous
radicactive contaminant associated with uranium mill tailings.
Therefore, research will be aimed at assessing its state in the
tailings, and its potential mobxl;zatxon and retention in natural
aqueous systems.

OBJECTIVE: (1) Characterize the physical, chemical and mineralogic
nature of uranium mill tailings, with particular reference to radium -
distribution. (2) Determine the mobility of radium associated with
uranium mill tailings and surficial earth materials. (3) Examine the
hydrogeochemical controls on ground and  surface-water transport of
radium. . ‘

APPROACH: (1) Sampling of wuranium mill - tailings at active and
inactive sites. (2) Sampling of - high radium brines and associated
sediments in coastal marsh. (3) Determination of factors effecting
sorption of radium from brines by sediments. (4) Determine effect of
sulfate-reducing bacteria on radium mobilization from talllngs. (5)
Determination of chemical mineral associations of radlum in tailings
and sediments by selective extraction technigues.-

PROGRESS AND - RESULTS: (1) Publication of Circular 814. (2)
Outfitting of research lab in Denver. (3) Near completion of study of
Ra-sorption by marsh sediments; awaiting final analysis - anticipated
by November 1980. (4) Begin comparative study of associations of
Ra-226, Th-230, and wuranium in uranium ore and its derived mill
tailings; anticipate completion in mid FY 8l1. (5) August 1980 - begin
work on sulfate reducing bacteria.

- COMPLETED REPORTS:
Landa, E.R., 1980, Isolation of uranium mill tailings and their

component radionuclides from the biosphere - some earth science
perspectives: U.S. Geological Survey Circular 814; 32 p.
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] NRO18 MINERALOGIC CONTROL GROUND WATER - |

PROJECT TITLE: MINERALOGIC CONTROLS OF THE CHEMISTRY OF GROUND
WATER: I. ENVIRONMENTAL ISOTOPE RESEARCH; II. MEMBRANE PROPERTIES OF
CLAYS ' ‘ '

WRD. PROJECT NO.: NR 67-018
LOCATION: Topical Research
PROJECT CHIEF: HANSHAW, BRUCE B.
HEADQUARTERS OFFICE: Reston, VA

PROBLEM: I. ACCURATE DATING OF GROUND WATER PROVIDES DATA ON RATE
AND DIRECTION OF MOVEMENT AND PROVIDES AN INDEPENDENT MEANS OF
DETERMINING PERMEABILITY AND POROSITY DISTRIBUTIONS. THIS INFORMATION
CAN BE USED DIRECTLY IN THE SOLUTION OF PROBLEMS CONCERNING ARTIFICIAL
RECHARGE AND SUBSURFACE WASTE DISPOSAL. II. NATURAL SHALE MEMBRANES MAY
AFFECT WATER CHEMISTRY BY ULTRAFILTRATION AND CHANGE FLUID PRESSURE BY
OSMOSIS. UNDERSTANDING OF THESE PROCESSES MAY PROVIDE IMPORTANT INSIGHT
INTO ORIGIN AND CONTROL OF ANOMALOUS FLUID PRESSURES; THEORY RELATES
DIRECTLY TO TOPICS SUCH AS (1) EARTHQUAKE. ACTIVITY, (2) DESALINIZATION,
(3) ARTIFICIAL RECHARGE, (4) SUBSURFACE WASTE, (5) GEOTHERMAL POWER,
(6) DRILLING OPERATIONS, ETC.

OBJECTIVE: I. TO EVALUATE AND PERFECT THE RADIOCARBON DATING
TECHNIQUES - APPLIED TO GROUND WATER. TO USE LIGHT STABLE ISOTOPES TO
CHARACTERIZE SPECIFIC FORMATION WATERS AND TO DETERMINE SPECIFIC
MINERAL-WATER INTERACTIONS. II. TO UNDERSTAND THE ROLE THAT SHALE
MEMBRANES PLAY ' IN THE CONTROL OF SUBSURFACE PRESSURE AND WATER
CHEMISTRY.

APPROACH: THE ISOTOPIC COMPOSITION OF FIELD SAMPLES OF WATER AND
COEXISTING MINERALS ARE BEING DETERMINED TO STUDY THE FRACTIONATION OF
HYDROGEN, OXYGEN, CARBON AND SULFUR IN NATURE. A CLAY COMPACTION PRESS
CAPABLE OF MEASURING A VARIETY OF ELECTROKINETIC PHENOMENA IS BEING
USED TO STUDY THE MEMBRANE PROPERTIES OF COMPACTED CLAYS.

PROGRESS AND RESULTS: Several manuscripts have been finished for
publication including an opus magnus on the Madison aquifer system.
Computer modeling of mixing fresh and saline ground water indicate that
under appropriate conditions, one can dissolve calcite and dolomitize
it within the same milieu.

COMPLETED REPORTS: ‘ o

Brett, P.R. and Hanshaw, B.B., 1978, Annual Review of Geochemistry:
Geotimes, v. 28, n. 1, p. 27.

Hanshaw, B.B. and Hallet, Bernard, 1978, Oxygen isotope composition
of subglacially ©precipitated <calcite: Possible  paleoclimatic
implications: Science, v. 200, n. 4347, pp. 1267-1270.

Hanshaw, B.B., Busby, John, and Lee, Roger, 1978, "Geochemical
aspects of the Madison aquifer system”: in Williston Basin Symposium

46



WRD FEDERAL RESEARCH PROJECTS.....GEOCHEMISTRY
published by the Montana Geological Society, pp. 385-389.

Hanshaw, B.B., Pearson, F.J., Jr., and Winograd, I.J., 1978,
Deuterium and oxygen-18 content of Holocene through Late Wisconsin

precipitation: Geol. Soc. Amer., Abstract with Programs, v. 10, n. 7,
pp. 415-416.

Back, William, Hanshaw, B.B., Pyle, T.E., Plummer, L.N., and
Weidie, A.E., 1979, Geochemical Significance ¢f Groundwater Discharge
to the Formation of Caleta Xel Ha, Quintana Ro0O, Mexico: Water
Resources Research, v. 15, no. 6, pp. 1521-1535.

Hanshaw, B.B., and Back, William, 1979, Major Geochemical Processes

in the development of carbonate aquifer systems: Jour. Hydrology, V.
43, pp. 287-312.

Hanshaw, Bruce B., and Back, W., 1980, Chemical Mass-wasting of the

Northern Yucatan Peninsula by ground-water solution, Geology, v. 8, P.
222-224 »
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NROZ20 MINERAL-WATER INTERACTION IN SALINE ENVIRONMENT

PROJECT TITLE: MIﬁERAL-WATER INTERACTION IN SALINE ENVIRONMENTS
WRD PROJECT NO.: NR 69-020

LOCATION: topical research

PROJECT CHIEF: JONES, BLAIR F.

HEADQUARTERS OFFICE: RESTON, VA

PROBLEM: SALINE HYDROLOGIC SYSTEMS PROVIDE A WIDE RANGE OF
CONDITIONS WITHIN WHICH TO EXAMINE HYDROCHEMICALLY IMPORTANT MINERAL
REACTION, ALTERATION OR GENESIS, AND TO BETTER 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: TO UTILIZE SALINE ENVIRONMENTS TO DETERMINE MECHANISMS
AND RELATIVE IMPORTANCE OF MINERALOGIC PROCESSES WHICH INFLUENCE THE
SOLUTE COMPOSITION OF NATURAL WATERS.

WATERS AND ASSOCIATED DEPOSITS, MOSTLY FROM SURFICIAL SITES OR SHALLOW
CORES IN SELECTED PILOT OR PROBLEM AREAS. SOLID AND SOLUTION PHASE'
SEPARATION AND EXAMINATION  INVOLVES HIGH SPEED AND GRADIENT
CENTRIFUGATION, MICROSCOPY, X-RAY DIFFRACTOMETRY, AND  SPECIAL
POTENTIOMETRIC APPARATUS, AS WELL AS DETAILED CONSTITUENT ANALYSIS OF
BOTH SOLIDS AND SOLUTIONS. COMPOSITION OF THESE MATERIALS IS THEN
RELATED TO THE HYDROCHEMICAL ENVIRONMENT, THERMODYNAMIC CONDITIONS AND
STRUCTURAL ELEMENTS OF ASSOCIATED MINERAL SPECIES.

APPROACH: FIELD STUDY AND LABORATORY ANALYSIS IS MADE OF SALINE ‘

PROGRESS AND RESULTS: Further refinement of data from Lake Abert,
OR and the Amargosa Desert, NV, on transformations resulting from
variable interaction of volcanoclastic materials with ground and
surface waters is revealing a sequence in clay mineral character
dependent on relative rates of solute transport and concentration.
Lack of "chain clays" or diagnostic mixed layer phases in mineralogic
analysis of alluvial materials from Frenchman Flat (Nevada Test Site)
has led to more extensive study of secondary cements and volcanic glass
alteration to identify former water table conditions. Two volcanic ash
markers, and distinctive stratigraphic intervals representing variable
lake conditions, have been delineated in piston cores-from Great Salt
‘Lake. A major shift in carbonate mineralogy reflecting changes in lake
chemistry, plus evaporite zones and their effects on pore £fluid
profiles, have also been recognized. Replicate analyses of very
concentrated brines from the Rustler-Salado evaporites of SE New Mexico
have been coupled with normative calculation of equilibrium salt
assemblages to suggest solution origins. Distinctive clay mineral
suites have been recognized in the upper and lower Potomac River
estuary. The fresher water assemblage contains more kaolin plus
vermiculite and less expandable clay species.
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COMPLETED REPORTS:

Jones, B.F., and Bowser, C.J., 1978, The mineralogy and related
chemistry of lake sediments: Chapt. 7 in "Lakes: Chemistry, Geology,

- Physics," A. Lerman, ed., Springer-Verlag, N.Y., 55 p.

Eugster, H.P., and Jones, B.F., 1979, Behavior of major solutes
during closed-basin brine evolution: Amer. Jour. Sci., v. 279, p.
609-631, 22 p.

Deike, R.G., and Jones, B.F., 1980, Provenance, distribution, and

" alteration of sediments in a saline alkaline lake: in "Hypersaline

Brines and Evaporitic Environments"”, A. Nissenbaum, ed., Chapter 14, 25
P. ,
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| NRO34 CHEMICAL CONSTITUENTS. OF WATER ]

PROJECT TITLE: SPATIAL DISTRIBUTION OF CHEMICAL CONSTITUENTIS IN
GROUND WATER C ' :

WRD PROJECT NQ.: NR 57-034
LOCATION: Topical Research
PROJECT CHIEF: BACK, WILLIAM
HEADQUARTERS OFFICE: RESTON, VA

PROBLEM: THERE IS A NEED TO BE ABLE TO PREDICT THE CHEMICAL AND
PHYSICAL CHANGES THAT OCCUR WITHIN AN AQUIFER OWING TO STRESSES IMPOSED
UPON THE HYDROLOGIC SYSTEM. THESE STRESSES MAY BE THE RESULT OF NATURAL
OR ARTIFICIAL RECHARGE OF GOOD QUALITY WATER FROM INJECTION OF WASTE
WATER OR FROM WITHDRAWALS OF WATER SUPPLIES.

OBJECTIVE: TO UNDERSTAND THE CHEMICAL REACTIONS BETWEEN WATER AND
EARTH MATERIALS; THESE REACTIONS ARE THE PROCESSES BY WHICH THE WATER
ATTAINS THE OBSERVED CHEMICAL CHARACTER.

APPROACH: TO DESCRIBE THE FIELD RELATIONSHIPS BETWEEN THE CHEMISTRY
OF THE WATER AND THE GEOLOGIC -AND HYDROLOGIC ENVIRONMENT, AND TO
IDENTIFY PROBLEMS THAT ARE AMENABLE TO SOLUTION BY APPLICATION OF
CHEMICAL THERMODYNAMICS; TO IDENTIFY AND MEASURE THE VARIABLES THAT
CONTROL THE ENVIRONMENT; AND TO INTERPRET THE MEASUREMENTS WITHIN THE
THEORETICAL FRAMEWORK PROVIDED BY REVERSIBLE AND IRREVERSIBLE
THERMODYNAMICS.

PROGRESS AND RESULTS: Work has continued to study organic reactions
and their effect on inorganic reactions; to determine reactions in lake
sediments; and to determine role of ground water in geomorphic
processes.

COMPLETED REPORTS:

Baedecker, Mary Jo, and Back, William, 1979, Hydrogeological
processes and chemical reactions at a landfill: Ground Water, v. 17,
no. 5, p. 429-437, 8 p.

Back, William, Baedecker, Mary Jo, and Wood, Warren W., 1979,
Hydrochemical processes in coastal plain aquifers, in Program and
Abstracts, Second Symposium on the Geology of the Southeastern Coastal
Plain, Univ. of Southwestern Georgia, p. 6, 1 p. //#,/’

. Back, William, Hanshaw, B.B., Pyle, T.E., Plummer, L.N., and
Weidie, A.E., 1979, Geochemical significance of groundwater discharge
to the formation of Caleta Xel Ha, Quintana RooO, Mexico: Water
Resources Research, v. 15, no. 6, p. 1521-1535, 14 p.

Baedecker, Mary Jo, and Back, William, 1979, Modern marine

sediments as a natural analog to the chemically stressed environment of
a landfill: Jour. Hydrology, v. 43, no. 1-4, p. 393-414, 1l p.

30



~WRD FEDERAL RESEARCH PROJECTS.....GEOCHEMISIRY

Back, William, and Stephenson, D.A., 1979, Contemporary Hydrogeol-
gy--The George Burke Maxey Memorial Volume: Elsevier, 569 p.

Baedecker, Mary Jo, 1979, Generation of Gases and fractionation of
Stable Isotopes. in landfills: EOS (Am. Geophys, Union Trans.), v. 60,
p. 258, 1 p.

Back, William, Guest Editorial, Student Section: Ground Water, v.
17, no. 3, p. 234, 1 p.

Back, William, Geochemical reactions in regional aquifers, in
Symposium on U.S. Geologlcal Survey Centennial, Geol Soc. America
Mtg., Hershey, PA., p. 2, 1 p.

Drew, David, and Back, William, 1979, Effect of land-use practices
on ground-water resources in Karst regions of Western Ireland and
Yucatan, Mexico: Geol. Soc. America Annual Mtg., San Diego, Calif., p.
416, 1 p.

Hanshaw, B.B., and Back, William, 1979, Major geochemical processes
in the development of carbonate aquifer systems: Jour. Hydrology, V.
43, p. 287-312, 25 p.

Plummer, L.N., and Back, W., 1980, The mass balance approach;
application to interpreting the chemical ewvolution of hydrologic
systems, Amer. Jour. of Science, v. 280, p. 130-142, 13 p.

Baedecker, M.J., 1980, Hydrogeochemistry near landfills in selected .
geologic terranes, International Geo. Cong. Abstract, v. lll, sec. 15,
p. 1081, Paris, 1 p.

Wood, W.W., 1980, Hydrodynamic dispersion and cation exchange
capacity in regional ground-water systems, Inter. Geologic Cong.,
Abstract, v. 111, sec. 15, p. 1167, Paris, 1 p. : o

Back, W., 1980, Geochemistry of groundwater in North America--in
historical perspective and prognosis, International Geologlc Congress,
Abstract, v. 1, 111, sec. 15, p. 1080, 1 p.

Hanshaw, Bruce B., and Back, W., 1980, Chemical Mass-wasting of the

Northern Yucatan Peninsula by ground-water solution, Geology, v. 8, p.
222-224, 3 p.
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| NRO41 Interface hydrochemistry & paleoclimatology |

PROJECT TITLE: Interface of geochemistry, paleoclimatology, and
hydrogeology in study of regional aquifer systems

- WRD PROJECT NO.: NR 74-041
LOCATION: Topical research
PROJECT CHIEF: WINOGRAD, ISAAC J.
HEADQUARTERS OFFICE: Reston, VA

PROBLEM: Studies of regional aquifer systems commonly emphasize
either hydraulic, hydrogeologic, hydrochemical, or isotopic facets of
ground water. Interdisciplinary syntheses appear mandatory for
development of types of data unobtainable through additional, though
detailed, study of any single one of the cited disciplines. Examples of
new knowledge anticipated from such syntheses include: influence of
hydrodynamics on water chemistry; identification of major
heterogeneities in transmissivity £from geochemical data; climatic
changes during residence time of water in an aquifer; and quantitative
assessments of seasonal recharge to major uplands.

OBJECTIVE: (1) Appraise practical worth of the environmental
isotopes (deuterium,. tritium, C-13, C-14, D-18, and S-34) and
“hydrochemistry as tools for studyo f recharge to, flow in, and mixing

-properties of, unstressed, stressed, or polluted aquifer systems. (2)

Evaluate effects of mixing (including crossflow) and dual sources of
porosity on water geochemistry; (3) Reconstruct paleoclimate of
selected regions from variations in isotopic content of ground water
and of calcitic veins and tufas deposited by these waters. (4) Date
ground water at proposed and existing radioactive waste disposal sites.
(5) Differentiate between, and determine relative magnitude of, summer
versus winter recharge to major uplands receiving near equal quantities
of summer and winter precipitation.

APPROACH: (1) Sample selected regional aquifers for which
quantitative hydrogeologic studies have been completed. Compare and
contrast interpretations of flow system made on basis of hydrodynamic,
hydrochemical, and isotopic data. (2) Sample rain, snow, snow melt,
springs and shallow ground waters in major upland recharge areas. (3)
Sample calcitic veins and tufa deposits. Compare and contrast temporal
fluctuations in isotopic (0-18) content of the radiometrically dated
carbonate deposits with that in aquifer waters. Attempt reconstruction
of paleoclimate. Dating will utilize, C-14, thorium--230/uranium and

uranium 234/238 methods. - .

PROGRESS AND RESULTS: (1) Completed a major report (for Prof.
- Paper series) on the paleohydrology of the Southern Great Basin.
Principal conclusion of this work is that even during pluvial climates
of the late Pleistocene, the southern Great Basin was marked by deep
water tables and long ground-water flow paths. The fluctuations in
water table that occurred were small in comparison to the present depth
to water and would not preclude use of the Nevada Test Site as a
repository for radiocactive waste; and completed a report (to be
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published in Science) suggesting that solidified transuranic
radiocactive wastes can be safely isolated from the hydrosphere for tens
to hundreds of millenia by their placement at shallow depths (30-100 m)
in thick unsaturated zones of those portions of the Great Basin
undergoing crustal extension. Moreover, such disposal could be
accomplished with a savings of about 500 million dollars in comparison
with current plans to place these wastes in deep (600-900 m) mines.

COMPLETED REPORTS:

Bredehoeft, J.D., England, A.W., Stewart, D.B., Trask, N.J. and
Winograd, I.J., 1978, Geologic disposal of high-level radioactive
wastes - Earth Science perspectives: U.S. Geological Survey Circ. 779,
15 p.

Hanshaw, B.B., Pearson, F.J., and Winograd, I.J., 1978, Deuterium
and Oxygen-18 content of Holocene through late Wisconsin precipitation:
Geol. Soc. Amer., Abstracts with Programs for 1978, v. 10, no. 7, pPP.
415-416.

Donath, F.A., Greenwood, T.R.I., Klingsberg, C., McGrath, P.E.,
Nichols, J., Stewart, D.B., and Winograd, I.J., 1978, Isolation of
radicactive wastes in geologic repositories: Status of scientific and
technological knowledge: .Office. Science and Technology Policy,
Executive Branch, 89 p. }

Donath, F.A., Greenwood, T., Klingsberg, C., McGrath, P.E.,
Nichols, J., Stewart, D.B., and Winograd, I.J., 1979, Technical issues
in nuclear waste isclation, in, The State of Waste Disposal Technology
and the Social and Political Implications, R.G. Post, editor: Univ. of
Arizona, Tucson, p. 45-60,. 15 p. '

Winograd, I.J., and Doty, G.C., 1980, Palechydrology of the
southern Great Basin, with special reference to water table
fluctuations beneath the Nevada Test Site during the late (?)
Pleistocene, Open-file # 80-569 (in press), 95 p.

Winograd, I.J., 1980, Radiocactive waste disposal in thick

unsaturated zones of the Great Basin--An example from Yucca Flat,
Nevada, Science (in press), 46 p.
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| NRO56 Modeling mineral-water reactions |

PROJECT TITLE: Kinetic and thermodynamic modeling of mineral-water
reactions in natural water systems

WRD PROJECT NO.: NR 76-056
LOCATION: Topical

PROJECT CHIEF: Plummer, Leonard N.
HEADQUARTERS OFFICE: Reston, VA

PROBLEM: In order to model the chemical quality of ground water
systems, it is necessary to determine what reactions are occurring and
their rates. Virtually nothing is known of the rates of mineral-water
interaction in ground water systems. Furthermore, little is known of
the effects of variable composition on the stability of minerals, as
well as the stability of metastable and amorphous phases which
apparently regulate, to. a large extent, the composition of certain
low-temperature natural waters.

OBJECTIVE: To obtain experimental data on the kinetics of mineral
dissolution-precipitation reactions, investigate the effects of
variable composition of minerals and the stability of metastable and
amorphous phases in regulating the composition of natural waters, and
relate these data to modeling the chemical evolution of natural waters.

APPROACH: Laboratory dissolution and precipitation reactions
involving carbonate minerals are monitored by potentiometric
measurement and analysis of bulk £fluids at controlled PCO(-2) and
temperature as a function of time. Computer calculations solve the
surface kinetics which are fundamental in nature and can be applied to
predicting rates of reactions in natural environments. Mineral
stability is obtained from reversed solubility measurements and in some
cases the rate of approach to equilibrium, both as a function of
temperature. Kinetic and thermodynamic data coupled with hydrodynamic
mass transport equations model the chemical evolution of ground water
systems.

PROGRESS AND RESULTS: The dissolution kinetics of aragonite was
studied between 0 and 70 degrees C. The controlling mechanisms are
similar to those of calcite with rate constants for surface controlled
processes approximately twice those found for calcite. The solubility
of calcite, aragonite and vaterite was measured between O and 90
degrees C at two CO0(2) partial pressures. New measurements for the
dissolution kinetics of calcite using a weight Ioss method support the
proposed reaction mechanism. Hydrodynamic effects on the rate of
gissolution of calcite and aragonite were investigated using rotating

isks.

COMPLETED REPORTS:

Plummer, L.N., Wigley, T.M.L., and Parkhurst, D.L., 1978, The
Kinestics of Calcite Dissolution in CO(2)-water systems at 5 degrees
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to 60 degrees C and 0.0 to 1.0 atm CO(2): Amer. Jour. Sci. v. 278, pp.
179-216. ‘

Wigley, T.M.L., Plummer, L.N., and Pearson, F.J., 1978, Mass
Transfer and Carbon 1Isotope Evolution in Natural Water Systems:
Geochim. Cosmoc im. Acta, v. 42, pp. 1117-1139.

Pearson, F.J., Jr., Fisher, D.W., and Plummer, L.N., 1978,
Correction of Ground-Water Chemistry and Carbon Isotopic Composition
for Effects of CO(2) Outgassing. Geochim. Cosmochim. Acta. v. 42, p.
1799-1807

Thorstenson, D.C., and Plummer, L.N., 1978, Equilibrium Criteria
for Two-Component Solids Reacting wih fixed Composition in an Aqueous
Phase - Example: The Magnesian Calcites: Reply to Discussions. Amer.
Jour. Sci. v. 298, p. 1478-1488

Nordstrom, D.K., Plummer, L.N., and others, 1979, A CompariSon' of
Computerized Aqueous Models. In: Jenne, E.A., Editor, Chemical Modeling
in Aqueous Systems, Amer. Chem. Soc. Symp. Ser. 93, p. 857-892

Plummer, L.N., Wigley, T.M.L., and Parkhurst, D.L., 1979, A
Critical Review of the [Kinetics of Calcite Dissolution and
Precipitation. In Jenne, E.A., Editor, Chemical Modeling in Aqueous
Systems, Amer. Chem.  Soc. Symp. Ser. 93, p. 537-573

_ Sundquist, E., Plummer, L.N., and Wigley, T.M.L., 1979, Carbon
Dioxide in the Ocean Surface: The homogeneous buffer factor, Science,
v. 204, p. 1203-1205

Back, William, Hanshaw, B.B., Pyle, T.E., Plummer, L.N., and
Weidie, A.E., 1979, Geochemical Significance of Groundwater Discharge
and Carbonate Solution to the Formation of Caleta Xel Ha, Quintana Roo,
Mexico. Water Resources Res., v. 15, pp. 1521-1535, 15 p.

Plummer, L.N., and Back, William, 1980, The Mass Balance Approach:
Application to interpreting the chemical evolution of hydrologic
systems. Am. Jour. Sci., v. 280, pp. 130-142, 13 p.

—
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| NRO64 _1SOTOPE FRACTIONATION |

PROJECT TITLE: PHYSICAL CHEMISTRY OF STABLE ISOTOPE FRACTIONATION
IN HYDROLOGIC PROCESSES

WRD PROJECT NO.: NR 75-064

LOCATION: Topical
PROJECT CHIEF: COPLEN, TYLER B.
HEADQUARTERS OFFICE: Reston, VA

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, 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: REFINED THEORETICAL AND INSTRUMENTAL MASS SPECTROMETRIC
TECHNIQUES' WILL BE DEVELOPED THROUGH EXPERIMENTAL INVESTIGATION, AND
TESTED IN SUITABLE FIELD LOCATIONS, SUCH AS INTERMONTANE GROUND-WATER
RESERVOIRS, CLOSED-LAKE BASINS, AND SUITABLE SURFACE RESERVOIR, LAKE,

. 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 SALINITY,
IN AN ATTEMPT TO DEVELOP AN UNDERSTANDING AND A THEORETICAL PREDICTIVE
MODEL QF THE PROCESSES INVOLVED. '

PROGRESS AND RESULTS: We have nearly completed several hundred
oxygen and hydrogen isotope analyses of Cerro Prieto geothermal fluids
and of surrounding cold waters. Preliminary interpretations indicate
that the ground water is derived from the Colorado River whereas the
salt is partially derived from an oceanic source. A mass spectrometer
has been set up by Carol Kendall for nitrogen - 15 stable isotope
analysis. Sample preparation lines have nearly been completed. The
primary use of this equipment will be to investigate-the uses of stable

_nitrogen isotopes in ground water, surface water, and sediment studies.

A theoretical study of the strontium carbonate technique used by WRD to
collect and prepare dissolvedc arbon-13 samples of ground and surface
water has been completed by Afifa Hassan. This study indicated that
probably less than two percent of carbon is lost inm ost samples. An
experimental study was begun to confirm theory and to develop an
improved sampling and preparation procedure.

COMPLETED REPORIS:
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Pearson, F.J. and Coplen, T.B., 1978, "Stable isotope studies of
Lakes" in Lakes: Chemistry, Physics, Geology, A. Lerman, Ed., 18 p.

Truesdell, A.H., Nehring, N.L., Thompson, J.M., Coplen, T.B.,
Desmarais, D.J., Janik, C.J., and Mehl, D.C., 1980, Geochemical studies
of the Cerro Prieto reservoir fluid, second symposium on the Cerro
Prieto geothermal field, Baja California, Mexico, 3 p.
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| NRO65 Transition Metal HydrogeocChemistry 1

PROJECT TITLE: Transition Metal Geochemistry of Natural Waters
WRD PROJECT NO.: NR 76-065

LOCATION: Topical

PROJECT CHIEF: Callender, Edward

HEADQUARTERS OFFICE: Reston, VA

PROBLEM: Transition metals are among the more important chemical
components of aquatic systems; many transition metals are considered
environmentally hazardous at higher than trace levels, and their solid
precipitates act as a host carrier for other potentially toxic metals
of environmental concern. Understanding geochemical processes that
control the transition metal chemistry of natural waters is requisite
for predicting the effects man-induced events will have upon. the
metals’ natural geochemical cycles and for determining their
utilization as a natural resource (e.g. geothermal brines as mineral
resources; estuarine waters as food resources).

OBJECTIVE: (1) To quantitatively describe the important geochemical
processes affecting transition metal and nutrient chemistry of several
different natural water types; (2) To assess the influence man's
activities exert on their natural geochemical cycles; and (3) To
evaluate transition metal hydrogeochemistry in terms of water resource
utilization.

APPROACH: Sample and analyze surface water, ground water, and
sediment/rock pore water for transition metal and nutrient content of
aqueous phase and associated solid phase(s). The primary analytical
method used in this study will be flame and flameless atomic absorption
spectrophotometry and ion chromatography. Analytical data will be
evaluated in terms of important water/rock-sediment system variables
(temperature, pressure, redox, dissolved organics). Results will be
modeled in terms of solution mineral equilibria, sorption/ion exchange,
and advective/diffusive transport through porous sedimentary media.

PROGRESS AND RESULTS: Interstitial water data collected on five
cruises from 1978 to 1980 have been evaluated in terms of diffusive
nutrient fluxes from sediment into overlying water. In the lower
Potomac Estuary, the diffusional fluxes of ammonia, phosphate, and
silica are generally high reflecting the degradation of sedimented
organic matter. In the transition zone, fluxes- of ammonia are
significantly lower and fluxes of phosphate are somewhat lower than in
the lower estuary. Ammonia pore water gradients are much less steep due
to benthic mixing while the phosphate gradients do not appear to be
affected by the same process. For tidal river sediments, fluxes of
ammonia are as high as those for the lower estuary, but the fluxes of
phosphate are extremely low. These low phosphate fluxes suggest that
sedimented phosphorus is retained within the sediment. The project has
been investigating another method for estimating long-term benthic
fluxes using the chemical data on sediment solids from cores.
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COMPLETED REPORTS:

Callender, E., 1978, Geochemistry of Potomac River estuarine
sediments and associated interstitial water: EOS, v. 59, no. 12.

Hearn, P.P. and Callender, E., 1978, Geochemistry of suspended
particulate matter in the tidal Potomac River: EQS, v. 59, no. 12.

Kharaka, Y.K., Callender, E. and Carothers, W.W., 1979,
Geochemistry of Geopressured Geothermal Waters from the Texas Gulf
Coast: Proceed., Third Geopress. Geotherm.: Energy Conf., Lafayette,
La., p. GI1l121-165, 46 p.

Hearn, P., Callender, E., and Ruppert, L., 1979, Factors
Determining the Distribution of Dissolved and Particulate phosphorous
in the Potomac River Estuary: EOS; v. 60, 1 p.

Callender, E., and Bowser, C.J., 1980, Manganese and copper
geochemistry of interstitial fluids from manganese nodule-rich pelagic
sediments of the northeastern equatorial Pacific Ocean: Am. Jour.
Science In press, 40 p.
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l NRO85 _GASES, COMPLEXES IN WATER |
PROJECT TITLE: GASES AND SOLUTE COMPLEXES IN WATER

WRD PROJECT NO.: NR 73-085
LOCATION: topical research
PROJECT CHIEF: FISHER, DONALD W.
HEADQUARTERS OFFICE: Reston, VA

PROBLEM: PROGRESS IN STUDIES OF THE GEOCHEMISTRY OF WATER DEPENDS
IN PART ON MORE DETAILED RNOWLEDGE OF WATER COMPOSITIONS. THE EXTENT OF
COMPLEX FORMATION AND THE CONCENTRATIONS OF DISSOLVED GASES ARE AMONG
THE PROPERTIES WHICH MUST ALSC BE DETERMINED. STUDIES FOR WHICH SUCH
ADDITIONAL INFORMATION IS NECESSARY INCLUDE THE GEOCHEMISTRY OF GROUND
WATERS IN CARBONATE AND SULFIDE ROCKS, THE REACTIONS OCCURRING AT LAKE
BOTTOMS, AND IN FLOODED MINES, AND SUBSURFACE WASTE DISPOSAL STUDIES.

OBJECTIVE: THE OBJECTIVES OF THE PROJECT ARE TO DEVELOP TECHNIQUES
FOR DETERMINING KINDS AND CONCENTRATIONS OF DISSOLVED GASES AND SQLUTE
COMPLEXES IN NATURAL WATERS, AND TO APPLY THE RESULTING METHODS TO THE
SOLUTION OF PARTICULAR GEOCHEMICAL PROBLEMS.

APPROACH: THE ANALYTICAL CAPABILITY FOR THE CHROMATOGRAPHIC
ANALYSIS OF DISSOLVED GASES WILL BE REFINED AND ENLARGED TO INCLUDE ALL
OF THE NATURALLY OCCURRING GASES. IMPROVED GAS SAMPLING DEVICES,
CAPABLE OF COLLECTING WATER SAMPLES UNCONTAMINATED BY THE ATMOSPHERE,
WILL BE DEVELOPED AND TESTED. THE SOLUTE COMPLEX PHASE OF THE PROJECT
WILL BE CONCERNED WITH REFINING OUR ESTIMATES OF COMPLEXING IN REAL
SYSTEMS FOR WHICH PUBLISHED STABILITY CONSTANT DATA ARE INADEQUATE TO
ACCOUNT FOR OBSERVED WATER COMPOSITIONS. TECHNIQUES TO BE USED WILL
INCLUDE ULTRAVIOLET AND VISIBLE SPECTROPHOTOMETRY, POTENTIOMETRIC AND
SPECIFIC-ION ELECTRODE METHODS AND  EVENTUALLY INFRA-RED
SPECTROPHOTOMETRY AND OTHER METHODS.

PROGRESS AND RESULTS: Perched waters and waters collected in
lysimeters near the Gascoyne, N.D. lignite mine contain very high
concentrations of dissolved sulfate. In 8 of 10 such samples,
Thorstenson and Fisher (Reston) and Croft (Bismark) find levels of
sulfate greater than the equilibrium concentration attainable by simple
dissolution of gypsum. In general, the higher sulfate concentrations
(up to 16,000 mg/l) are in water from shallower depths; although the
trend is not uniform. Sodium and sodium magnesium sulfate salts from
surface crusts probably provide some of the sulfate found in these
shallow waters above water table in the Tongue "River aquifer unit.
Below the water table in this aquifer, sulfate levels appear to depend
on the presence or absence of lignite. Beyond the present outcrop of
the 1lignite, mean sulfate concentration of samples from 14 wells is
2,609 mg/l; where the lignite seam overlies the sandstone aquifer unit,
average sulfate concentration of samples from 14 wells is 530 mg/l.

COMPLETED REPORTS:
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Pearson, F.J., Jr., Fisher, D.W., and Plummer, L.N., 1978,
Correction of Ground-Water Chemistry and Carbon Isotopic Composition

for Effects of CO(2) OQutgassing: Geochim. et Cosmochim. Acta, v. 42,
1799-1807, 9 p. : :

Hobba, W.A., Jr., Fisher, D.W., Pearson, F.J., Jr., and Chemerys,
J.C., 1979, Hydrology and geochemistry of thermal springs of

_Appalachians. U.S. Geol. Survey Prof. paper 1044-E, p. E1-E36, 36 p.

Thorstenson, D.C., Fisher, D.W., and Croft, M.G., 1979, The

"geochemistry of the Fox Hills-basal Hell Creek aquifer in southwestern

North Dakota and northwestern South Dakota: Water Resources Research,
v. 15, no. 6, p. 1479-1498, 20 p.
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I NRO93 _RedoxX reactions 1 o

PROJECT TITLE: Redox reactions in ground waters
WRD PROJECT NO.: NR 79~093

' LOCATION: Topical _

PROJECT CHIEF: Thorstenson, Donald C.
HEADQUARTERS OFFICE: Reston, VA

PROBLEM: Redox potential remains the least understood major control
on natural water chemistry. The goal of this research is better
characterization of the factors that determine redox potential in
_ground-water systems. An understanding of the major processes governing
redox reactions must be available in order to attempt modeling of the
ground-water geochemistry of compounds of multivalent elements such as
iron, manganese, or uranium and other actinides.

OBJECTIVE: (1) Identify controls on redox potential in specific
natural systems; (2) Evaluate processes responsible for the
distribution of oxygen and carbon dioxide in the unsaturated zone; (3)
Apply computer models to redox reactions in natural hydrologic systems,
and (4) Improve technigues for measuring redox potential.

APPROACH: (1) Integration of fundamental thermodynamics of redox
processes and natural water geochemistry; (2) Measurements of gas

composition and isotopic characteristics of carbon dioxide in the deep

unsaturated zone; (3) Application of computer models to specific redox

problems in ground-water systems; and (4) Assemble an electrochemical

laboratory for examination of time-response characteristics of redox
measurements.

PROGRESS AND- RESULTS: (1) First phase of study of aqueous electrons
and thermodynamics completed; manuscript in preparation; (2) Isotopic
analysis of unsaturated zone CQ(2) to depths of 100 feet now available
for sites in North Dakota and Texas; and (3) Data from Gascoyne, N.D.,
indicates that depth of the lignite below land surface is the dominant
factor controlling ground-water geochemistry.

COMPLETED REPORTS:

Thorstenson, D.C., Fisher, D.W., and Croft, M.G., 1979,
Geochemistry of the Fox Hills-Basal Hell Creek Aquifer in Southwester
North Dakota and Northwestern South Dakota, Water Resources Research,
25 p.

Thorstenson, D.C. and Plummer, L.N., 1978, Equilibria Criteria for
Two-Component Solids Reacting with Fixed Composition in an Aqueous
Phase-Example: the Magnesian Calcites. A reply to discussions: Am. J.
Sci., 278, 1478-1488, 10 p.
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] NRO99 Geologic perspectives ~ global GO(2) |

PROJECT TITLE: Geological evidence for global carbon fluxes and
their climatic effects

WRD PROJECT NO.: NR 79-099
LOCATION: Topical Research
PROJECT CHIEF: Sundquist, Eric T.
HEADQUARTERS OFFICE: Reston, VA

PROBLEM: Rising atmospheric carbon dioxide (CO(2)) concentrations
and man's increasing consumption of fossil fuels have led to concern
for the future effects of atmospheric CO(2) on global climate. Much
geologic evidence indicates that the natural global CO(2) system may
have fluctuated significantly before man's influence, and that these
natural changes may have been associated with global climate changes.
Studies of the natural variations are necessary in order to anticipate
any comparable effects in the future.

OBJECTIVE: To investigate by numerous methods available, through
Survey scientists, the possibility of past variations in the world's
(natural) CO(2) balance. To determine interrelationships between any
such variations and global climate. To apply geologic information to
the prediction of future global CO(2) fluxes and their climatic
implications. To provide technical framework for coordination of USGS
research related to the global CO(2) problem.

APPROACH: A variety of geochemical techniques, ' including stable
isotope and carbon-14 measurements, will be applied to geological
samples from appropriate time periods. These data will be interpreted
within the context of a computer model of the global CO(2) system.

PROGRESS AND RESULTS: (1) 'Quantitative evaluation of the
homogeneous CO(2)  buffer factor in the ocean surface. (2)
Implementation of global CO0(2) computer model. (3) Draft proposal for
Department of Energy support of coordinated U.S. Geol. Survey C0(2)
research program.

COMPLETED REPORTS:
Sundqulst E.T., Plummer, L.N., and Wigley, T.M.L., 1979, Carbon

- Dioxide in the Ocean Surface: the homogeneous buffer factor° Science,

v. 204, p. 1203-1205 "

e

Sundquist, E.T., and Miller, G.A., 0il shales and carbon dioxide:
Science, v. 208, p. 740-741, 2 p.
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| NR1OZ2 Hydrologic studies of paleoclimate |

PROJECT TITLE: Isotopic studies of hydrologic systems related to
paleoclimate

WRD. PROJECT NO.: NR 79-102
LOCATION: Topical Research
PROJECT CHIEF: Hanshaw, Bruce B.
HEADQUARTERS OFFICE: Reston, VA

PROBLEM: Little is known about the isotopic composition of the
Pleistocene ice sheets and about variations in the isotopic composion
of ancient precipitation. Determination of these data may allow for a
correction of the foraminifer isotopic paleothermometer by allowing
calculations of shifts in the ocean's isotopic composition.

OBJECTIVE: To understand shifts in climatic patterns and to
estimate temperature changes in the ancient oceans which attended
glacial maxima and minima.

APPROACH: Stable isotope studies of subglacially precipitated
carbonates of modern and Pleistocene age. Isotopic investigations of
regional aquifer systems to determine mean annual temperature changes
of recharge. Studies of datable bog material and their isotopic
variations.

PROGRESS AND RESULTS: Major carbonate quarries in New York with

 exposed surfaces were examined for Pleistocene-age sub-glacial
precipitates; four excellent sample sites were discovered and sampled.
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CR ATER QUALITY MODELING ]

PROJECT TITLE: GROUND-WATER QUALITY MODELING
WRD PROJECT NO.: CR 73-085

LOCATION: Topical Research

PROJECT CHIEF: Grove, David B.

HEADQUARTERS OFFICE: Denver, CO

PROBLEM: The accidental or planned injection of contaminants into
the ground-water environment will cause changes in the water quality
that may have serious implications as to the future use of this
ground-water resource. Prediction of these changes are necessary to
allow a decision making capability prior to injection as well as to
provide remedial action in case of accidental contamination.

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

APPROACH: Solve the mass-transport equation through numerical means
: using finite difference and finite element methods and thus produce a
water-quality model that will predict the effects of chemical
disturbances on the ground-water system. Evaluate the effects of the
disturbances on the aquifer. 1Involve a system orientated approach
concentrating on the use of field data and laboratory experiments to
verify the model. Work closely with District, Federal and State
research projects involved in similar studies. '

PROGRESS AND RESULTS: Approximately 20 solute transport and
associated programs have been installed on the Multics and CDC
computers. A one-dimensional solute transport model with various types
of linear and nonlinear reaction terms has been completed and is in the
process of being documented. The numerical stability of the radial
transport eguation used in the Survey waste injection program (SWIP)
was critically analyzed and a letter report prepared for District
users. Modification of this program to make it more efficient and to
correct some errors has been a continual process. Field studies have
continued at Telluride, Colorado, where hexavalent chromium has
contaminated the alluvial valley. Laboratory analysis have indicated
that the chromium concentration is decreasing and moving slowly down
the valley. Consultation with District personnel from  Louisville, KY
concerning organic solute movement has resulted in a more complete
understanding of the fractionation of organic solutes during the
movement through porous media.

COMPLETED REPORTS:
Grove, D.B., 1977, The use of Galerkin finite element methods to

solve mass transport equations: U.S. Geol. Survey Water Resources
Investigations 77-49, 55 p.
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Grove, D.B., 1976, Ion exchange reactions important in ground-water
quality models: Advances in Groundwater Hydrology, American Water
Resources Association, September, pp. 144-152.

Grove, D.B., and Wood, W.W., 1979, Prediction - and field
verification of subsurface-water quality changes during artificial
recharge, Lubbock, Texas: Groundwater, v. 17, no. 3, p. 250-257, 8 p.

Grove, D.B., Miller, R.L., Konikow, L.F., and O'Boyle, P.S., 1979,
Hexavalent chromium in ground and surface waters near Telluride,
Colorado - a preliminary data report: U.S. Geol. Survey Open-File
Report 79-700, 18 p.

INTERA Environmental Consultants, Inc., 1979, Revision of the
documentation for a model for calculating effects of liquid waste
disposal in deep saline aquifers: U.S. Geol. Survey Water Resources
Investigations 79-96, 73 p.

Miller Ronald, 1978, Input-output models for nutrients with the
application for models to Lake Okeechobee, Florida: U.S. Geol. Survey
Journal Research, v. 6, no. 6, p. 821-828.

" Kipp, Kenneth L., 1980, Mathematical modeling of chemical transport
in soil columns: EOS v. 61, no. 17, p. 234
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l NRO37_ _TURBULENT DIFFUSION AND THERMAL LOADING l

PROJECT TITLE: HYDRODYNAMIC STUDY ON THE TRANSPORT (CONVECTIVE
DIFFUSION) OF THERMAL, PHYSICAL, AND CHEMICAL CONSTITUENTS IN TURBULENT
SURFACE WATER

WRD PROJECT NO.: NR 68-037
LOCATION: Topical Research

PROJECT CHIEF: YOTSUKURA, NOBUHIRO
HEADQUARTERS OFFICE: RESTON, VA

PROBLEM: UNDERSTANDING AND MODELING OF TURBULENT  TRANSPORT
(CONVECTIVE DIFFUSION) IS THE FOUNDATION FOR QUANTITATIVE DESCRIPTION
AND PREDICTION OF DISTRIBUTION OF THERMAL, PHYSICAL, AND CHEMICAL
CONSTITUENTS IN  STREAMS, LAKES, AND ESTUARIES. NEED FOR THE
CONSTITUENT MODEL IS RAPIDLY INCREASING BECAUSE OF NATIONALLY FELT
PRESSURE FOR OPTIMUM ALLOCATION OF SURFACE WATER RESOURCES AS WELL AS
FOR CONTROLLING WATER POLLUTION. . SPECIALLY URGENT IS THE DEVELOPMENT
OF THERMAL MODELS BECAUSE OF POTENTIAL POLLUTION EXPECTED FROM A
LARGE-SCALE NUCLEAR POWER GENERATION.

OBJECTIVE: TO DEVELOP MATHEMATICAL MODELS FOR THE TRANSPORT OF
THERMAL AND OTHER CONSTITUENTS IN SURFACE WATER. INCORPORATE INTO THE
TRANSPORT MODEL SOME ADDITIONAL COMPONENTS SUCH AS HEAT DISSIPATION
THROUGH BOUNDARIES, CHEMICAL AND BIOLOGICAL REACTIONS, SINK AND SOURCE
TERMS SO THAT THE END PRODUCTS ARE REASONABLY COMPREHENSIVE AND
OPERATIONAL AS CONSTITUENT MODELS. THE DETERMINATION OF DIFFUSION
COEFFICIENTS FROM DATA BY USE OF THE ABOVE MODELS IS ANOTHER OBJECTIVE
OF THE PRESENT STUDY.

APPROACH: DETERMINISTIC APPROACH BASED ON THE  HYDRODYNAMIC
EQUATIONS OF MOTION AND MASS CONTINUITY, THE TRANSPORT EQUATION BEING
DERIVED FROM THE CONTINUITY OF CONSTITUENT MASS IN A SEGMENTED WATER
BODY. THE EQUATIONS ARE SOLVED ANALYTICALLY AND/OR NUMERICALLY. THE
SUPERPOSITION PRINCIPLE IN A LINEAR SYSTEM IS UTILIZED IN ARRIVING AT
SOLUTIONS WHENEVER IT IS PRACTICABLE AS AN APPROXIMATION. ALSO THE
STOCHASTIC RELATIONSHIPS BETWEEN INPUT AND QOUTPUT WILL BE INVESTIGATED
IN A SET OF LINEARIZED DIFFERENTIAL EQUATIONS.

PROGRESS AND RESULTS: Completed rewriting earlier draft on analysis
of existing mixing data as the comprehensive report on the steady-state
transport of solutes in nonuniform natural rivers. The report
illustrates various prototype applications of-—the nondimensional
stream-tube model by use of one-dimensional parameters. Completed also
the draft on an estimation of reaeration coefficient in the Cuyahoga
River, Ohio, by the spectral analysis of time series data obtained in
é976 and 1977. The reaeration coefficient varied between 2.7 and 7.7

ay **-1.

COMPLETED REPORTS:
Yotsukura, N., 1979, Stream-Tube Model for Two-Dimensional

Transport in a Steady Nonuniform Channel Flow: Abstract, Spring Annual
Meeting,
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American Geophysical Union, Washington, D.C., 1 p.

Holley, E.R., and Yotsukura, N., 1979, Thermal Boundary Conditions
for Water Flow with Moving Boundaries: U.S. Geol. Survey Open-File
Rept. 79-743, 30 p.

Jennings, M.E., and Yotsukura, N., 1979, Status of Surface-Water
Modeling in the U.S. Geol. Survey, U.S. Geol. Survey Circ. 809, 17 p.
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1 NRO48 Hydrologlc Interpretations R

PROJECT TITLE: Hydrologic Interpretations based on  Heat-Flux
Analyses and the application of Remotely Sensed Information

WRD PROJECT NO.: NR 70-048
LOCATION: EASTERN UNITED STATES
PROJECT CHIEF: PLUHOWSKI, EDWARD J.
HEADQUARTERS OFFICE: RESTON, VA

PROBLEM: Aside from thermal loading stemming from powerplant
operations, little has been done to assess man's influence on the
thermal patterns of natural streams. Near stream environmental changes
due to man's activities may adversely impact stream ecology by altering
stream temperatures. In addition to stream-temperature problems,
evaluation of remote sensing instrumentation as a method of detecting
sources of thermal pollution, sedimentation, and erosion in large water
bodies as well as current circulation has obvious application to a wide
variety of hydrologic problems.

OBJECTIVE: (A) to isolate and evaluate the effect of man-imposed
changes on stream-temperature patterns; (B) identify stream-temperature
patterns under a variety of climatic regimen; (C) to assess near shore
current patterns in Lake Ontario using turbidity plumes as tracers; (D)
to evaluate the utility of the Landsat I1III thermal imager as a means of
detecting thermal plumes in the Lake; and (E) to continue work in
defining the utility of remotely sensed land-use information as a means
of improving streamflow estimates.

APPROACH: Pairs of watercourses consisting of a "control"” stream
(one under essentially natural conditions) and one or more streams that
have been altered by man's activities have been instrumented in
selected basins of the northeast U.S. Comparisons on "altered" stream
and its control should reveal the effects of environmental changes on
water-temperature patterns. High-altitude photographs and. Landsat
imagery will be used to detect transitory hydrologic phenomena such as
heat and turbidity plumes, shoreline erosion, and ground-water inflow
to streams.

PROGRESS AND RESULTS: Stream temperature predictions in a small
stream based on a comprehensive mass transport-heat flux model produced
generally excellent results. Despite the low thermal inertia of the
stream (North Fork Muddy Creek near South River, MD) standard
deviations of predicted minus observed values of daily maximum and
minimum water temperatures.at the outlet of the 1.4 km study reach were
0.4 degrees C and 0.2 degrees C, respectively. Test runs include f£five
runs each consisting of six consecutive days beginning November 1970
and ending June 1971. Although daily maximum and minimum temperature
predictions were close to observed, the half-hourly temperature values
generated by the model tended to be high during the forenoon and early:
afternoon and 1low during the late afternoon and evening. hours during
April and June. This may be due to streambed absorption of solar energy
during the morning and a release of this
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energy to the stream during the late afterncon and at night.

COMPLETED REPORTS:

Pluhowski, E.J. and Spinello, G.A., 1978, Impact of sewerage

systems on stream base flow and ground-water recharge on Long Island,
New York: U.S. Geol. Survey Jour. Research, v. 6, No. 2, 9 p.
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T SR033 Thermal Modeling . 1
PROJECT TITLE: Thermal modeling of water systems |
WRD PROJECT NO.: SR 73-033
LOCATION: Topical Research
PROJECT CHIEF: JOBSON, HARVEY E.
HEADQUARTERS OFFICE: NSTL Station, MS

PROBLEM: Need to obtain a better understanding of transport and
surface exchange processes such that water temperatures can be more
accurately predicted. :

OBJECTIVE: To improve the current methods of predicting the
transport and surface exchange of thermal energy in water systems.

APPROACH: Models will be developed and verified for temperature
prediction in the following categories: (1) reservoir where vertical
temperature stratification is an important factor, (2) reservoirs which .
are well mixed vertically, and (3) river systems. In developing these
models, studies will be conducted on energy transfer processes at the

.air water interface as well as mixing processes occuring in reservoir
inflows and outflows.

. PROGRESS AND RESULTS: A practical Lagrangian model for the
: transport of 10 interactive constituents has been developed and
documented. This model represents a significant improvement over
existing Eulerian type transport models both in accuracy and ease of
operation. A 363-day record of evapotranspiration from replacement
vegetation in the Gila River valey of Arizona has been created from
energy budget measurements. When combined with evapotranspiration
measurements from different hydrologic areas, this record will be used
to develop an evapotranspiration model from a heterogeneous basin.

COMPLETED REPORTS:

Keefer, T.N. and Jobson, H.E., 1978, River transport modeling for
unsteady flows: Journal of Hydraulics Division of the Am. Soc. of Civil
Engineers, Vol. 101, No. HYS5, May, pp. 635-647.

Jobson, H.E., Land, L.F., and Faye, R.E., 1978, Thermal modeling of
the Chattahoochee River: Proceedings of the 26th Annual Hydraulics Div.
Specialty Conference of the Am. Soc. of Civil .Engineers, August, pp.
317-325. ’

Jobson, H.E., 1978, Thermal modeling of flow in the San Diego
Aqueduct, CA, and its relation to evaporation: U.S. Geol. Survey
Open-File Report 78-1026, NSTL Station, MS, 62 p.

Jobson, Harvey E., and Keefer, Thomas N., 1979, Modeling highly
transient £flow, mass, and heat transport in the Chattahoochee River
near Atlanta, Georgia: U.S. Geol. Survey Open-File Report 79-270, NSTL
Station, MS, 139 p.

n



WRD FEDERAL RESEARCH PROJECTS.....SOLUTE TRANSPORT

Faye, R.E., Jobson, H.E., and Land, L.F., 1979, Impact of £flow
requlation and powerplant effluents on the flow and temperature regimes
of the Chattahoochee River--Atlanta to Whitesburg, Georgia: U.S. Geol.
Survey Open-File Reort 78-528, 116 p.

Jobson, Harvey E., Land, Larry F., and Faye, Robert E., 1979,
Chattahoochee River Thermal Alterations: Journal of the Hydraulics Diwv.
of the Am. Soc. of Civil Engineers, April, p. 295-312, 17 p.

Jobson, H.E., and Keefer, T.N., 1979, Thermal modeling of highly
transient flows in Chattahoochee River near Atlanta, Georgia: River
Quality Assessments, American Water Resources Association, November, p.
125-141, 16 p.

Faye, R.E., Jobson, H.E., and Keefer, T.N., 1979, Impact of flow
regulation and powerplant effluents on the flow and temperature regimes
of the Chattahoochee River-—Atlanta to Whitesburg, Georgia: U.S. Geol.
Survey Prof. Paper 1108, 56 p.

Jobson, H.E., and Keefer, T.N., 1979, Modeling highly transient
flow, mass, and heat transport in the Chattahoochee River near Atlanta,
Georgia: U.S. Geol. Survey Prof. Paper 1136, 41 p.

Jobson, H.E., and Sturrock, A.M., Jr., 1979, Comprehensive
monitoring of meteorology, hydraulics, and thermal regime of the San
Diego Aqueduct, California: U.S. Geol. Survey Prof. Paper 1137, 29 p.

Jobson, Harbey E., 1980, A practical Lagrangian transport model:
U.S. Geol. Survey Open-File Report No. 80-206, NSTL Station, MS, 31 p.

1
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1 SRO55 Organic substances in streams ]

PROJECT TITLE: Transport and degradation of organic @ substances in
streams. v ' ' ,

WRD PROJECT NO.: SR 77-055

LOCAiiON: Topical research

PROJECT CHIEF: Rathbun, Ronaid E.
HEADQUARTERS OFFICE: Bay St. Louis, MS

PROBLEM: Organic substances discharged into streams affect water
quality and possible uses of the water. To quantify the effect of
organics on water quality, the chemical, physical, and biological
processes involved in the transport, degradation and determination of
the ultimate fate of these substances must be understood.

OBJECTIVE: Determine the fundamentals of the microbial degradation
and the fundamentals of the volatilization, dispersion, adsorption, and
other physical processes that affect the concentrations of organic
substances in streams. Develop sub-models of these processes and
integrate these sub-models into an overall model describing the
transport and degradation of organic substances in streams.

APPROACH: Perform controlled laboratory studies (stirred tank
and/or flume) to determine the degradation characteristics of specific
organic compounds, both as single components and as mixtures and
controlled studies of the transport and degradation of these substances
in the small model river at NSTL. Apply the results of these studies to
the testing, adapting or developing of transport models for organics in
streams; Test these models under field conditions.

PROGRESS AND RESULTS: A continuous 32-day injection of acetone on
the NSTL model river was completed. Rhodamine-WT dye was injected for
36 hours and for 24 hours at the beginning and near the end,
respectively, of the experiment to define the hydraulics and
dispersion. Tertiary butyl alcohol was injected for 12 hours on the 4th
day to determine the vaporization characteristics of the river.
Acetone concentrations were monitored at three points in the river, and
preliminary analysis of the data suggests that the acetone was not
being degraded by the bacteria or that the acetone was degraded at a
much slower rate than expected based on laboratory degradation rates.
Growth chambers for monitoring bacterial growth without interference
from algal growth functioned well; however, oxygen--diffusion through
the end membranes apparently became limiting after about five days.
Preliminary analysis of ATP data from water and sediment samples
suggested no increase and perhaps some decrease of biomass during the
experiment. Diel oxygen studies on the llth day of the experiment and
six days after termination of the acetone injection showed considerably
less oxygen production during the second study. Results of the
continuous injection experiment were generally inconsistent with
results expected on the basis of laboratory studies. Chemostat and
respirometer experiments suggested that a possible explanation for

13
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the failure of the acetone to degrade in the model river experiment
was a nitrate deficiency. Laboratory measurements of the volatilization

coefficients of benzene, chloroform, methylene chloride, and toluene

for a range of mixing conditions showed that the coefficients were
equal to 0.655 of the oxygen absorption coefficient. Laboratory
measurements of the volatilization coefficients of seven low molecular
weight ketones showed that the wvolatilization characteristics were

different from those of slightly soluble solutes, with 2-octancne

volatilizing most rapidly and acetone least rapidly. Results were
consistent, however, with the two-film model. The photometer used for
ATP analysis was modified to permit injection of the sample with a
disposable tip syringe, thus eliminating cross contamination between
samples. : :

COMPLETED REPORIS:

Tai, Doreen, Y., Determination of Acetone and Methyl Ethyl Ketone
in Water: U.S. Geol. Survey Water-Resources Inv. 78-123, 36 p.

Bauer, D.P., 1979, Rathbun, R.E., and Lowhan, H.W., Traveltime,
unit-concentration, " longitudinal-dispersion, and reaeration
characteristics of upstream reaches of the Yampa and Little Snake
Rivers, Colorado and Wyoming: U.S. Geol. Survey Water-Resources Inv.
78-122, 66 p.

Rathbun, R.E., 1980, Stephens, D.W., Shultz, D.J., and Tai, D.Y.,
Closure to Laboratory studies of gas tracers for reaeration: Am. Soc.
Civil Engineers Jour., v. 106, no. EE3, p. 663-670, 8 p.

Rathburn, R.E., 1979, Estimating the Gas and Dye Quantities for

modified Tracer Technique Measurements of Stream Reaeration
Coefficients: U.S. Geol. Survey Water Resources Inv. 79-27, 42 p.
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WR UNSATURATED ZONE SOLUTES ’ |

PROJECT TITLE: FACTORS DETERMINING SOLUTE TRANSFER IN THE °
UNSATURATED ZONE

WRD PROJECT NO.: WR 68-036
LOCATION: Topical Research

PROJECT CHIEF: James, Ronald V.
HEADQUARTERS OFFICE: Menlo Park, CA

PROBLEM: Quality of ground and surface waters often is
significantly influenced by chemical and solute dispersion processes of
the unsaturated zone. Frequently, it is impossible to predict these
influences, because the effects of certain relevant, unsaturated zone
factors (e.g. changes in water content or in the nature of solid
surfaces) are imperfectly understood and because the current transport
modelling methods may not be well adapted to the situations
encounteredi n practice. As a result, it may be impossible to assess
properly the availability of a given water resource, and to predict the
impact of certain human act1v1t1es and of management upon such

availability.

: OBJECTIVE: Develop and test experimentally theories and
mathematical models of reacting-solute transport, so as to enhance the
usefulness of such theories and models in assessing the meact of the

unsaturated zone's solute transport on water resources and environment
quality. Include in the study chemical reactions involving radiocactive
nuclides as well as reactions of certain solutes found in industrial
and agricultural effluents. In addition, develop mathematical models
aimed at managing subsurface water quality.

APPROACH: This work will consist of two phases. First, considering
the special conditions encountered in the unsaturated zone, develop new
mathematical models, predicting transport of reacting solutes through
porous media or at media boundaries. Use theory, numerical methods and
controlled experiments. Utilize the -interaction between theory and
experiment for enhancing the understanding of processes involved.
Stress unidirectional tranport. First, consider water saturated systems
with slow, steady water flows and a single, essentially
equilibrium-controlled chemical reaction. Later, study steady but
unsaturated flows, paying special attention to the influence of water
content on chemical and disperion parameters. Finally, deal with fast,
perhaps transient flows chemical kinetics influences—--and interactions
among several reactions. The second phase of this research concerns the
development of groundwater pollutant management models. The models will
combine numerical simulation models and management techniques such as
linear programming.  Initial work will focus upon pollutant-source
management in transient one-dimensional systems with linear chemistry.
Subsequent investigations will deal with pollutant source management in
two-dimensions with non-linear one-component chemical systems. The work
will utilize existing simulation models and management models in hope
of enhancing joint management and simulation capabilities.

15
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PROGRESS AND RESULTS: Restudied the problem of formulating solute
transport analysis for cases influenced by chemical reactions which are

controlled by 1local equilibria. For these cases derived a more

fundamental boundary condition than that used previously. Devised a
numerical procedure which can utilize such a condition. Carried out
successfully a long-column, miscible displacement experiment, which
involved non-reactive as well as reacting solutes and a 50 percent
saturated soil. The concentration profiles were theoretically

reasonable. The fitted dispersion coefficient and the empirical,

reaction-related parameter differed considerably from those obtained
with a saturated, but otherwise similar flow. Designed, built and
started testing a short-column apparatus for studying solute transport
through unsaturated soils. Theoretical, computer-based analysis and
preliminary experiments indicate that the new method, based on this
apparatus makes it possible to attain steady unsaturated water flow and
may make it possible, in solute transport experiments, to uncouple the
water content and water velocity variables.

COMPLETED REPORTS: _
James, R.V., and Rubin J., 1979, Applicabilty of the 1local
equilibrium assumption to transport through soils of solutes affected

by ion exchange, in Jenne, E.A., ed., Chemical modeling in aqueous
systems, ACS symposium Series no. 93, p. 225-235, 1l p.
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| WR044 Dist. of elements, fluvial environ. 1

PROJECT TITLE: Distribution of elements in the fluvial environment
WRD PROJECT NO.: WR 65-044

LOCATION: Topical research

PROJECT CHIEF: KENNEDY, VANCE C.

HEADQUARTERS OFFICE: Menlo Park, CA

PROBLEM: The interaction of water and stream solids, i.e. abiotic
material, organic detritus and biota, can affect the chemical
composition of both water and solids, especially in the case of minor
elements. Thus, when new solutes are added to a stream, they may behave
as conservative constituents, may be adsorbed by stream solids (with or
without displacement of previously adsorbed materials), may
precipitate, or may combine with stream solutes to form complexes
having properties quite different from the original solutes. In some
respects, stream biota will behave much like abiotic solids on reacting
with stream solutes, but in other aspects their behavior may be very
different as, for example, in the case of nutrient uptake. A Dbetter
understanding of the rate and nature of water-stream solids interaction
is needed to allow quantitative predictions of the manner of transport
of various dissolved constituents.

OBJECTIVE: (1) To determine the nature and rates of the hydraulic
and chemical processes involved in the interaction between introduced
solutes and abiotic material plus organic detritus; (2) to determine
the role of stream biota as chemical substrates in reactions between
stream solutes and biota; (3) to determine the response of stream biota
to various solutes added to the stream; and (4) to mathematically
simulate the transport of stream solutes, taking into account the
various components of the stream solids.

APPROACH: Phase I (completion FY 1976) A detailed examination of
the compositional variation in water and sediment will be made for
several clean streams during storm runoff in an effort to establish
general patterns of change. An attempt will be made to relate
variations in both major and minor elements to the relative proportions
of overland flow, soil interflow and ground water making up total
stream discharge. The distribution of trace elements between water and
sediment under fresh and brackish conditions will be investigated both
in the laboratory and field. Phase 2 Tracers will be injected into
small streams to determine the manner of transpozt -for solutes which
vary in degree of affinity for bed sediments.

PROGRESS AND RESULTS: A two-month field experiment in Redwood
National Park entailing injection of Cl, Br, nutrients Li, Na, K, Sr in
a low-nitrate pristine stream was completed early in the fiscal year.
Lithium analyses and most Sr analyses have been completed along with
some Cl and NO**3 analyses. Five plexiglass channels containing many
slides acting as algal substrates were set in the same stream and
nutrients added to four of the channels, which were shaded 0, 30, 66
and 94 percent. All four were compared to- the control which had no

n
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shade or added nutrients. Maximum biomass was similar in both control
and fully lighted treatment channels, but chlorophyll was half as great
in the control. Biomass: chlorophyll ratio in the control channel
increased throughout the experiment but decreased by half or more in
nutrient-treated channels within 4 days. Daylight uptake of nitrate did
not increase directly with biomass but decreased with age of the
community due to gradual periphyton senescence. These results indicate
that cycling distance of biologically important nutrients in a stream
reach depends upon input location in a watershed and time elapsed since
significant changes occurred in the stream environment. The project
chief has spent more than half time helping represent the Survey in
Federal planning for acid rain research. '

COMPLETED REPORTS:

Kennedy, V.C. and Malcolm, R.L., 1978, Geochemistry of the Mattole
River of northern California: U.S. Geol. Survey Open-File Report
78-205, 324 p.

Interagency Advisory Committee on Water Data, 1978, Research and
monitoring of precipitation chemistry in the United States - Present
status and future needs: U.S. Geol. Survey, Office of Water Data
Coordination, unnumbered report, 64 p.

Kennedy, V.C., Zellweger, G.W., and Avanzino, R.J., 1979, Variation

of rain chemistry during storms at two sites in northern California:
Am. Geophys. Union, Trans., Vol. 15, No. 3, p. 687-702
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] WR046 Geochemxstry of Estuaries A
PROJECT TITLE: Geochemlstry of Estuarxne Waters and Sediments
WRD PROJECT NO.. WR 68-046 "
LOCATION: SAN FRANCISCO BAY, CALIFORNIA
PROJECT CHIEF: PETERSON, DAVID H.
HEADQUARTERS OFFICE: Menlo Park, CA

PROBLEM: There are few data on the processes and rates which
control changes in water and sediment chemistry in our river, estuary,
and coastal-ocean systems. Such information is essential to evaluation
of the response of these systems to man's activities which can lead to
changes in the amount, character, and timing of the - fresh-water,
toxic-waste, and nutrient inflows to our estuarine and marine
environment.

OBJECTIVE: Define the domlnant processes which lnfluence water and
sediment chemistry in San Francisco Bay and other estuarine systems.

APPROACH: A systematic field sampling program is done through the
year. Physical and chemical properties of the inflow to and water mass
within the Bay are determined, including salinity, temperature, and pH
of the water, the abundance of dissolved 0(2) and plant nutrients,
suspended particle and pesticides associated with suspended particles
and bottom sediments. These field observations will be combined with
and related to parallel investigatiéns and to observations of the
phytoplankton productivity, benthic population and water circulation
within the estuaries by other investigators. As data becomes available
from the field, comprehensive techniques will be used to estimate the
rates of (primarily) the nonconservative processes which influence
water and sediment chemistry. Where practicable or desirable, studies
will be extended to other estuarine systems (Potomac River estuary or
others) to test, develop, or use methods and equipment under a wider
range of conditions than that found in San Francisco Bay.

PROGRESS AND RESULTS: A 3-dimensional data base of salinity,
temperature, and water-chemistry and related parameters, from surveys
of the San Francisco Bay system every two weeks during January-December
1980, is being developed. In South San Francisco Bay, an embayment with
a large source of waste at the south end, water exchange between
channels and shoals is somewhat decoupled. Salinity was depressed in
winter by mixing with local fresh-water inflow and with lower-salinity
water from the north. Except near major outfalls near the south end of
South Bay the dissolved nutrients ammonium, nitrate and silica were
depressed to low concentrations (at or near those that limit growth) in
spring when major phytoplankton (chlorophyll) development prevailed.
Subsequently "red-tides” were observed over some shoals. In North San
Francisco Bay river inflow- is a major control on water chemistry.
Nutrient distributions over shoals are apparently related to magnitude
of river £flow, to phytoplankton development, and to other factors.
Seasonal variations in phytoplankton = biomass over shoal
areas seem to be related to river
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flows and to shallow water depth (i.e., restricted circulation, high
average light intensity). During prolonged population growth (weeks):
the bottom is probably an important nitrogen and silica source to
phytoplankton over the shoals. Study of phytoplankton productivity in
San Francisco Bay through sampling and analysis, and concurrent
numerical simulation of light-driven phytoplankton productivity,
suggest that in partially to well-mixed estuaries characterized by
moderate suspended particulate water concentrations and shallow depths,
phytoplankton that sink form a phytoplankton maximum (similar to a
turbidity maximum but not necessarily in the same location). But in
estuaries (or times) of high suspended particulate matter
concentrations or deeper depths, phytoplankton that sink cannot
maintain themselves to form a phytoplankton maximum. :

COMPLETED REPORTS:

Peterson,'D.H., Is there order.in the distribution of biologically
reactive substances in Northern San Francisco Bay Estuary?: Abstract
presented at Pacific Section Meeting of Am. Soc. of Lim. and Ocean.

Peterson, D.H., 1979, "Sources and sinks of biologically reactive
oxygen, carbon, nitrogen and silica in northern San Francisco Bay," in
Conomos, T.J., ed., San Francisco Bay: The Urbanized Estuary: AAAS, 21
B. e : .

Cae

' Spiker, E.C., and Schémel, L.E., 1979, "Distribution of carbon and .

stable carbon isotopes in waters of San Francisco Bay," in Conomos,
T.J., ed., San Francisco Bay, the Urbanized Estuary: AAAS, 20 p.

Cole, B.E., and Herndon, R.E., 1979, Hydrographic properties and
» prlmary productivity of San Francisco Bay waters, March 1976-July 1977:
U.S. Geol. Survey Open—Elle ‘Report 79-983, 120 p.

Schemel, L.E., and‘Dedlnl, L.A., 1979, A continuous water sampling
and multi-parameter "measurement system: U.S. Geol. Survey Open-file
Report 79-273, 92 p.

Schemel, L.E., and Dedini, L.A., 1979, Particulate organic carbon
in San Francisco -"Bay, California, 1971-1977: U.S. Geol. Survey
Open-File Report 79- 512, 3l Pp. '

Schemel, L.E., Alpine, A.E., Cole, B.E., Dedlnl, L.A., and Spiker,
E.C., 41979, Water..-and sediment measurements in San Francisco Bay,
California: U.S. Geol. Survey Open-File Report, 79-973, 28 p.

Smith, R.E., Herndon, R.E., and Harmon, D.D., 1979, Physical and
chemical properties of San Francisco Bay waters, 1969—1976 U.S. Geol.
Survey Open-File Report 79-511, 606 p.

Conomos, T.J., Smith, R.E., Peterson, D.H., BHager, S.W., and
Schemel, L.W., 1979, "Processes affecting distributions of water
properties in the San Francisco Bay estuarine system", in Conomos,
T.J., ed., San Francisco Bay, The Urbanized Estuary: AAAS, 40 p.

‘Schemel, L.E., 1979, Correlation of chlorophyll fluorescence and

partial pressures of oxygen and carbon dioxide in the Potomac estuary
(abs., EOS, Transactions, American Geophysical Union, 1 p.)
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Schemel, L.E., and Tembreull, M.A., 1980, Alkalinity measurements
in San Francisco Bay, California (abs., American Association for the
Advancement of Science annual meeting in San Francisco, California,
January 1980, 1 p.) '

Harmon, D.,D. and Cascos, P., 1979, A comparison of seasonal
distributions of inorganic nitrate and silicate between shoal and
channel zones in Northern San Francisco Bay (abs., EQS, Transactions
American Geophysical Union, 1 p.)

Hager, S.W., Cole, B.E., and Schemel, L.E., 1979, Phytoplankton
productivity measurements in the San Francisco Bay Estuary: a
comparison of four methods (abs., ECS, Transactions, American
Geophysical Union, 1 p.)

Peterson, D.H., 1979, An equation for estimating phytoplankton
productivity in estuaries in relation to light intensity (abs., EOS,
Transactions, American Geophysical Union, v. 60, No. 18, p. 293.)

Peterson, D.H., Hager, S.W., Harmon, D.D., and Smith, R.E., 1979,
Nitrogen assimilation by phytoplankton in the San Francisco Bay estuary
(abs. EOS, Transactions, American Geophysical Union, 1 p.)

Peterson, D.H., Schemel, L.E., Alpine, A.E., Cole, B.E., Hager,
S.W., Harmon, D.D., Hutchinson, A., Smith, R.E., and Wienke, S.M.,
1980, Phytoplankton productivity in relation to 1light intensity, San
Francisco Bay Estuary. (Estuarine and Coastal Marine Science, 40 p.)

Peterson, D.H., 1980, Seasonal distributions of oxygen, carbon,
nitrogen and silicon in the Potomac River (abs. in Coastal Zone 80, 1
p.) .

Cole, B.E. and Harmon, D.D., 1980, Potomac River phytoplankton
productivity, nutrient regeneration and respiration August 1977-August
1978, U.S. Geol. Survey Open-File Report, 35 p.

Peterson, D.H., Schemel, L.E., Alpine, A.E., Cole, B.E., Hager,
S.W., Harmon, D.D., Hutchinson, A., Smith, R.E. and Wienke, S.M., 1980,
Phytoplankton productivity and 1light intensity, San Francisco Bay
Estuary (Submitted to Estuarine and Coastal Marine Science), 20 p.

Hager, S.W., Cole, B.E. and Schemel, L.E., 1980, Comparison of four
methods of measuring phytoplankton productivity, U.S. Geol. Survey
Open-File Report (received Director's approval for publication), 35 p.

Schemel, L.E. and Dedini, L.A., 1980, Continuous-water sampling and

water analysis in estuaries in Proceedings of Fifth STD/Ocean Systems
Conference (in press), 10 p.
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] WRO60 CIRCULATION, SAN FRANCISCO BAY - ]

PROJECT TITLE: CIRCULATION PATTERNS AND SEDIMENT TRANSPORT IN SAN
FRANCISCO BAY AND ADJACENT OCEAN

WRD PROJECT NO.: WR 71-060
LOCATION: CALIFORNIA STATEWIDE
PROJECT CHIEF: CONOMOS, T. JOHN
HEADQUARTERS OFFICE: Menlo Park, CA

PROBLEM: WE MUST ACQUIRE DETAILED KNOWLEDGE OF THE PERTINENT
NATURAL FACTORS AND PROCESSES OPERATING IN ANY RIVER-OCEAN MIXING
SYSTEM TO OBTAIN A BETTER UNDERSTANDING OF PRESENT CONDITIONS; AND
ANTICIPATE RESULTS OF PROPOSED REDUCTION IN FRESH-WATER INFLOW INTO THE
BAY SYSTEM.

OBJECTIVE: (A) To determine temporal (tidal, seasonal) variations
in the spatial distribtuion of water properties of the inland waters of
the San Francisco Bay system and the adjacent. coastal ocean; (B) to
determine temporal (seasonal) variations in the composition (chemical
and mineralogical) and abundance of suspended particles being
transported between the inland waters of the San Francisco Bay system
and the adjacent coastal ocean; (C) to make semiquantitative estimates
of the tidal and seasonal exchange of selected constituents (both
dissolved and suspended); (D) to relate these seasonal variations to
the dominant natural processes occurring in this system so that the
response of the system to changes in pertinent ambient conditions can
be predicted. ,

APPROACH: Using a continuously recording pumping system and

discrete - bottle samplers, water samples are collected. in rapid

sequence. Discrete water samples are treated and analyzed for selected
chemical and physical parameters and for ‘included organisms and
particles. Sediment samples are also  collected, and current-meter
arrays deployed and recovered. Where practicable or desirable, studies
will be extended to other estuarine systems (Potomac River estuary or
others) to test, develop, or use methods and equipment under a wider
range of conditions than that found in San Francisco Bay.

~ PROGRESS AND RESULTS: The shallow-water vessel (R/V Estero), fully
instrumented (continuous analytical and data-logging functlons), is
being used intensively (along with the R/V Polaris) to acquire a 3-D
hydrographic data base fortnightly (January-December 1980) in the Bay
and Delta. These data are being processed, with our own software
packages, for almost immediate use by our project scientists. We are
continuing to work closely with other projects (WR-68-046, WR-76-140,
WR-79-164, WR-77-156) to merove our water collection and analytical
methods. Our publishing activities are being highlighted by a second
symposium volume, entitled "San Francisco Bay: Use and Protection”.
This volume is being edited and will be published in summer 1981. It
includes a few chapters £from our project personnel and is partially
funded by a grant from WRD. In addition to this effort, several
Open-file reports summarizing our hydrographic and biologic data
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collected in the Potomac River (1977-78) have recently been published.
Scientific progress involving both participation and support from our
project personnel are summarized in Peterson's project description
(WR-68-046) . _

COMPLETED REPORTS:

Conomos, T.J., Nichols, F.H., Cheng,  R.T., and Peterson, D.H.,
1978, Field and modeling studies of San Francisco Bay: Coastal Zone
'78, Symp. on Technical, Environmental, Sociceconomic and Regulatory
Aspects of Coastal 2Zone Management, March 14-16, San Francisco,
Proceedings, v. 3, pp..1917-1927.

Peterson, D.H., Festa, J.F. and Conomos, T.J., 1978, Numerical
simulation of dissolved silica distributions in San Francisco Bay
estuary: Estuarine and Coastal Marine Science, v. 7, pp. 99-1l1l6.

Peterson, D.H., Hager, S.W., Harmon, D.D., and Smith, R.E., 1979,
Nitrogen assimilation by phytoplankton in the San Francisco Bay estuary
(abs. EO0S, Transactions, American Geophysical Union). (in press)

Smith, R.E., and Herndon, R.E., 1979, Physical and chemical
properties of the Potomac River and environs, August-September 1977.
U.S. Geol. Survey Open-file Report 79-1635, 77 p.

Conomos, T.J., 1979, San Francisco. Bay: The Urbanized - Estuary,
Pacific Division, AAAS, 494 p.

Conomos, T.J., Smith, R.E. et al, 1979, Processes affecting
distributions of water properties, pages 1l15-142 in T.J. Conomos, ed.
San Francisco Bay: The Urbanized Estuary, Pacific Division, AAAS, 28 p.

Conomos, T.J., 1979, Properties and circulation of San Francisco
Bay Waters, pages 47-84 1in T.J. Conomos, ed. San Francisco Bay: The
Urbanized Estuary, Pacific Division, AAAS, 37 p.

Smith, R.E., Herndon, R.E. and Harmon, D.D., 1979, Physical and
chemical properties of San Francisco Bay waters, 1969-1976. U.S. Geol.
Survey Open-file Report 79-511, 606 p.

Cole, B.E. and Herndon, R.E., 1979, Hydrographic properties and
primary productivity of San Francisco Bay waters, March 1976-July 1977:
U.S. Geol. Survey Open-file Report 79-983, 120 p.

Peterson, D.H., Schemel, L.E., Alpine, A.E., Cole, "B.E., Hager,
S.W., Harmon, D.D., Hutchinson, A., Smith, R.E., and Wienke, S.M.,
1980, Phytoplankton productivity and light intensity;San Francisco Bay
Estuary (Submitted to Estuarine and Coastal Marine Science), 20 p.

Cheng, R.T., and Conomos, T.J., 1980, Studies of San Francisco Bay
by the U.S. Geological Survey, pages 299-303, Life cycle problems and
environmental technology, Proceedings of the Districts of Environmental
Science, May 12-14, Philadelphia, Penn.

Smith, R.E. and Herndon, R.E., 1979,
Physical and chemical properties
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of the Potomac River and. env1rons, January 1978. U.S. Geol. Survey
Open-file Report 79- , 75 p.

Smith, R.E. and Herndon, R.E., 1979, Physical and chemical
properties of the Potomac River and environs. April-May, 1978. U.S.
Geol. Survey Open-file Report 79- , 70 p.

Smith, R.E. and Hernden, R.E., 1979, Physical and chemical
properties of the Potomac River and environs, August 1978. U.S. Geol.
Survey Open-file Report 79- , 73 p.

Smith, R.E. and Herndon, R.E., 1979, Physical and chemical

properties of San Francisco Bay waters, 1977, U.S. Geol. Survey
Open-file Report 80- , 200 p. -
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! WRI40 Hydrodynamics of a Tidal Estuary ' ]

PROJECT TITLE: Hydrodynamic and Mathematical Modeling of
Circulation and Transport Phenomena in a Tidal Estuary

WRD PROJECT NO.: WR 76-140
LOCATION: San Francisco Bay érea
PROJECT CHIEF: Cheng, Ralph T.
HEADQUARTERS OFFICE: Menlo Park, CA

PROBLEM: The ecosystem of a tide-affected estuary consists of an
extremely complicated balance of natural processes. Some of the basic
characteristics of such a system, for example the San Francisco Bay,
are not well understood. Comprehensive description of the hydrodynamics
and the related transport processes is still 1lacking. Better
understanding of the effects of interactions among natural processes
and human activities on this system requires advances in basic science
and in its application to applied problems. Circulation in a tidal
estuary is in response to tides, inflow of fresh water, wind, and
gravity and density stratification. Topography of the estuary basin,
air-water interaction, turbulent mixing, viscous resistance at the
bottom, and rotational effects of the earth, together with the
above-mentioned driving forces, constitute a very complicated balance

. that conserves mass, momentum and energy in the system.

OBJECTIVE: Broad goals of this project are to understand processes
and rates by which water, solutes and other organisms interact so that
the relative importance of river inflow, winds, tides, and other
dynamic forces which act on the estuary system can be quantified, and
that conceptual and numerical models of these interactions can be
developed and verified.

APPROACH: A simple model which preserves the most important
features of the hydrodynamic characteristics will be constructed. This
computer program will be improved repeatedly to bring secondary
mechanisms into the model. A program of collecting hydrodynamic data
will provide information for use in calibration of the mathematical
model. Other information, such as meteoralogical data, will also be
collected. Modeling concepts and measurement techniques will be
modified as necessary to permit most effective construction and use of
the model. ’

PROGRESS AND RESULTS: Collaboration between NOS/NOAA and USGS on an
extensive circulation survey of the San Francisco Bay estuarine system
began. The survey includes deployment of a large number of current
meters and for a long duration, together with some concurrent tidal and
meteorological observations. The data set being collected represents a
systematic circulation survey of an estuarine system; the data set will
aid present and future modeling efforts of the Bay system. Significant
progress has been made in data processing. Two independent data
translation systems have been made operational to translate magnetic
data tapes of Aanderaa Instruments and
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Environmental Devices Corp. instruments. During this reporting period,
the Project Chief was appointed as a Research Advisor of WRD for solute
transport group.

COMPLETED REPORTS:

Conomos, T.J., Peterson, D.H., and Cheng, R.T., 1978, Field and
modeling studies of the San Francisco Bay estuarine system: Abstract,
to be presented at Coastal Zone '78, 1 p.

Cheng, R.T., 1978, Comparison of a few recbrding current meters in
San Francisco Bay, California: Proceedings of Working Conference on
Current Measurements, Newark, Delaware, pp. 293-301.

Conomos, T;J., Nichols, F.H., Cheng, R.T., and Petérson, D.H.,
1978, Field and Modeling studies of San Francisco Bay: Proceedings of
Coastal Zone 78, pp. 1917-1927. ‘

Cheng, R.T., 1978, Modeling of hydraulic systems by finite-element
methods: Advances in Hydroscience, V.T. Chow (Ed.), Vol. 11, pp.
207-284.

Cloern, J.E., 1978, Empirical model of Skeletonema = costatum

photosynthetic rate, with applications in the northern San Francisco
Bay Estuary: Advances in Water Resources, Vol. 1, pp. 267-274.

Cloern, J.E. and Nichols, F.H., 1978, A von Bertalanffy growth
model with a seasonally varying coefficient: J. Fisheries Res. Board,
Canada, Vol. 35, pp. 1479-1482.

Walters, R.A., Estuarine Hydrodynamic Calculations using Finite
Elements: Proceedings of the Second International Conference on
Computational Methods in Nonlinear Mechanics (Abstract), 1 p.

Walters, R.A., Finite Element Modeling in Estuarine Hydrodynamics,
Proceedings of the 16th Annual Meeting of the Society for Engineering
Science, Northeastern University, (Abstract), 1 p.

Cheng, R.T., 1979, Book Review: Estuarine Transport Processes, ed.
by B. Kjerfve, Science, v. 203, p. 260, 1 p.

' Cheng, R.T. and Gartner, J.W., 1979, A Microcomputer Based System
for Current-Meter Data Acquisition, Proceedings of Ocean '79, p.
288-291, 4 p. ‘

Walters, R.A. and Cheng, R.T., 1978, A two—-dimensional Hydrodynamic
Model of a Tidal Estuary, Proceedings of the Second-—Inter. Conf. on
Finite Elements in Water Resources, London, England, 20 p.

Cheng, Ralph T. and Walters, R.A., 1978, Some Finite Element
Applications in Environmental- Hydrodynamics, the Second U.S.-Japan
Seminar on Interdisciplinary Finite - Element  Analysis, Cornell
University, Ithaca, N.Y., 47 p.

Cheng, Ralph Ta-Shun, 1978, A Comparison of Current Meters in a
Shallow Bay, Abstract, l6th Inter. Coastal Eng. Conference, 5 p.
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Patchen R. and Cheng, R.T., 1979, Current Survey of San Francisco
Bay by NOS/USGS, Fall Meeting, AGU, (Abstract). EQS, v. 60
, No. 46, p. 843, 1 p.

Walters, R.A. and Cheng, R.T., 1979, A Two-Dimensional Hydrodynamic
Model of a Tidal Estuary: Advances in Water Resources, Vv. 2, Pp.
177-184, 8 p.

Walters, R.A. and Cheng, R.T., 1980, Accuracy of an Estuarine
Hydrodynamic Model using Smooth Elements: Water Resources Research, v.
16, no. 1, pp. 187-195, 9 p.

Cheng, R.T., 1980, Modeling of Environmental Hydrodynamics and
Field Data Requirements, Proceedings of the 3rd International
Conference on Finite Elements in Flow Problems, v. 1, p. 43-53, Banff,
Alberta, Canada, 11 p.

Cheng, R.T. and Conomos, T.J., 1980, Studies of San Francisco Bay
by the U.S. Geol. Survey, Proceedings of the 26th Annual Meeting of the
Institute of Envirconmental Sciences, p. 299-303, Phil., Pa., 5 p.

Walters, R.A. and Cheng, R.T., 1980, Calculation of Estuarine
Residual Currents using the Finite Element Method, Proceedings of the
3rd International Conference on Finite Elements in Flow Problems, v.
II, p. 60-69, 10 p.

Walters, R.A., 1980, A Time and Depth-Dependent Model for Physical,
Chemical, and Biological Cycles in Temperate Lakes: Ecological
Modelling, v. 8, p. 79-96, 18 p.

Walters, R.A., 1980, The Frontal Method in Hydrodynamics
Simulations. Computers in Fluids, v. 8, #2, p. 265-272, 8 p.
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I WR156 Polaris operations ~ |

PROJECT TITLE: Research Vessel Polaris operations in San Francisco

Bay and adjacent coastal ocean
WRD PROJECT NO.: WR 77-156
LOCATION: Topical Research
PROJECT CHIEF: Conomos, T. John
HEADQUARTERS OFFICE: Menlo Park, CA

PROBLEM: A stable moving platform is needed to house at 1least 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: To 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: Operating expenses for research vessel including dockage
fees, boat maintenance, diesel fuel and food for crew.

PROGRESS AND RESULTS: Continued use of R/V Polaris and R/V Estero

for intensive biological, chemical, physical, and sedimentological data
collection and analysis_in San Francisco Bay and Delta.
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| WRI64 Estuarine plankton dynamics |

PROJECT TITLE: Plankton dynamics in tidal estuaries
WRD PROJECT NO.: WR 79-164
LOCATION: San FranciscovBay area, Calif.
. PROJECT CHIEF: Cloern, James E.
HEADQUARTERS OFFICE: Menlo Park, CA

PROBLEM: Because the plankton are important sources of material and
energy for other trophic levels, and because they interact rapidly with
dissolved solutes, and understanding of plankton dynamics 1is a
prerequisite for understanding other dynamic phenomena in estuaries.
The composition and density of plankton populations vary temporally and
spatially in response to both natural and man-induced environmental
changes. Assessments of man's impact on estuarine ecosystems is thus
dependent upon a thorough understanding of the relationships between
natural environmental changes and plankton dynamics in unperturbed
systems.

OBJECTIVE: This project has three objectives: (1) to monitor
standing stock, productivity, and composition of phytoplankton and
zooplankton in a large estuarine system so that major - patterns of
spatial and temporal variation can be defined; (2) to estimate
significance of plankton as primary and secondary producers in this
system; and (3) to delineate those environmental factors most important
in causing observed patterns of variability, and to assess the relative
importance of processes that affect density and composition of plankton
populations. : ~ ' ‘

APPROACH: These objectives will be approached with an interaction
between descriptive and experimental field studies and development of
simulation models. Field studies suggest important mechanisms that must
be acknowledged by models and provide a data base for model calibration
and subsequent verification. Conversely, evolving ecological models
suggest processes and environmental factors that deserve particular
emphasis by field studies. Feedback between model development and field
work will accelerate understanding of the natural system, and should
produce ecological models having sufficient realism to allow for
prediction of gross effects of man-induced perturbations.

PROGRESS AND RESULTS: During September-October 1979 we documented
some chemical and biological consequences of a large sewage spill in
South San Francisco Bay (report in progress); this was a unique
opportunity to study some chemical consequences of anoxia. Intensively
(spatially and temporally) surveyed the San Francisco Bay ecosystem,
with emphasis on population dynamics and productivity of planktonic -
algae and animals. A serious effort is made to store, edit and examine
data, using a microprocessor. Significant results resulted primarily
from our study of shallow waters of the Bay system where circulation,
light and nutrient availability and the importance of sediment
processes. to the water column differ from in the deeper channel, where
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most historical work has been done. Attempted to measure annual primary
production in San Francisco Bay; we are partitioning
productivity into 3 size classes of organisms to define better those
groups of algae most responsible for providing food. Our bioclogical
fieldwork 1is integrated closely with a study of water chemistry and
hydrodynamics and is also coordinated with California Fish and Game's
study of fisheries. We have begun a study of microalgae in the
sediments and find their biomass to be considerable.” An interpretive
report is in progress that summarizes biological consequences of the
1976-1977 drought; this has implications for future water diversions.
Three data reports are near completion. A data report was released
iggga{égéng results of biological studies on the Potomac River,

COMPLETED REPORTS: -

Cloern, J.E., 1978, Empirical model of Skeletonema costatum
photonysthetic rate, with applications in the San Francisco Bay
estuary: Advances in Water Resources, v. 1, p. 267-274, 8 p.

Cloern, J.E. and Nichols, F.H., 1979, A von Bertalanffy growth
model with a seasonally-varying coefficient: Journal of the Fisheries
Research Board of Canada, v. 35, p. 1479-1482, ¢ p.

Cole, B.E. and Herndon, R.E., 1979, Hydrographic properties and
primary productivity of San Francisco Bay waters, March 1976-July 1977:
U.S. Geol. Survey Open-File Report 79-983, 120 p. - : '

Cloern, J.E., Empirical model of Skeletonema costatum
photosynthetic rate, with applications in the northern San Francisco
Bay estuary: Annual Meeting, American Society of Limnology and
Oceanography, Victoria, BC, Canada, June 1978 (Abstract), 1 p.

Hutchinson, A., 1979, Zooplankton dynamics in South San Francisco

Bay, California during 1978: Annual Meeting, American Society of.

Limnology and Oceanography, Stony Brook, New York, June 1979
(Abstract), 1 p.

Cloern, J.E., 1979, Phytoplankton ecology of the San Francisco Bay
system the status of our current understanding, in Conomos, T.J., ed.,
San Francisco: The urbanized estuary, Pacific Division, American
Association for the Advancement of Science, San Francisco, p. 247-264,
18 p.

Cloern, J.E., and Cole, B.E., 1979, Water quality of South San
Francisco Bay after failure of the San Jose-Santa Clara Treatment

Plant.I. September - October 10, 1979: U.S. Ggg;,a/Survey Open-File

Report 79-1600, 26 p.
Alpine, A.E., Cloern, J.E., and Cole, B.E., 1979, Variations in the

relationship between in-vivo fluorescence and chlorophyll a in the San-

Francisco Bay estuary: Annual Meeting, American Geophysical Union, San
Francisco, CA., December 8, 1979 (Abstract), 1 p.

Cloern, J.E., Oremland, R.S., and Cole, B.E., 1980, Some

biological-chemical consequences of a sewage sSpill in South San
Francisco Bay: 146th National Meeting, American Association for the
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Advancement of Science, San Francisco, CA., January 5, 1980 (Abstract),
1l p.
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[~ CR098 GSEDIMENT TRANSPORT PHENOMENA T

PROJECT TITLE: MEASUREMENT AND PREDICTION OF SEDIMENT TRANSPORT
PHENOMENA

WRD PROJECT NO.: CR 74-098
LOCATION: Topical Research
PROJECT CHIEF: HUBBELL, DAVID W.
HEADQUARTERS. OFFICE: Lakewood, CO

PROBLEM: In alluvial streams, for every different hydrologic
condition, the bed configuration, sediment transport, and hydraulic
characteristic mutually change to achieve a quasi-equilibrium. The
changes affect the ability of the stream to convey given quantities of
water, accommodate navigation, transport and dilute solid and solute
wastes, support aquatic biota, and perform a variety of other similar
functions. As yet, the relationships between pertinent hydraulic
andsedimentologic variables are not completely understood, hence the
extent to which important variables, particularly bed-form roughness

and sediment transport,w 1ill change in response to natural or

man-induced alterations to the flow regime can not be predicted with
reliability. As a result, optimum utilization and management of a
waterway usually is not assured and, often, modifications intendedt o
enhance the utility of a waterway are ineffective or have adverse
effects.

_ OBJECTIVE: To ©provide a more complete understanding of
sedimentation phenomena in alluvial streams and the response of such
streams to imposed changes through a better understanding of the
relationships between hydraulic and sedimentologic variables,
particularly (1) The relationships between the factors that most
influence the formation and alteration of bed forms and the transport
of bedload and bed-material 1load; and (2) The interrelationships
between bed-form characteristics and the transport of bedload and
bed-material load.

APPROACH: Initially, existing data will be analyzed to relate
bed-form characteristics and hydraulic and sedimentologic variables,
and one or more bedload samplers will be developed to permit accurate
measurements of bedload transport. Later, data on bed-form
characteristics, sediment transport, and other pertinent variables will
be collected, as required, to meet specific needs; acoustic
instrumentation, including side-scan sonar, will be-employed to measure
bed configuration and movement, and suitable bedload samplers, as well
as suspended-load samplers, will be used to define transport rates.
Tracer techniques also may be applied. Finally, data will be analyzed
to define criteria for predicting bed form and to provide a better
understanding of sediment transport phenomena. Both sand-bed and
gravel-bed streams will be studied.

PROGRESS AND RESULTS: Data from six runs with 6.5 mm bed material

and two runs with 2.1 mm material in the bedload-sampler calibration
facility at St. Anthony Falls Hydraulic Laboratory were analyzed to

9
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determine sampling efficiencies of six versions of the Helley-Smith
sampler, the BTMA "Arnhem" sampler, and a modified VUV sampler (not all
samplers were used in all runs). Comparlsons of average sampled and
measured rates showed standard versions of the Helley-Smith sampler had
efficiencies well over 100 percent and versions with low nozzle
expansions had efficiencies less than 100 percent. This method of
comparison is valid only ifr ates from individual samples vary linearly
with corresponding actual transportr ates. Data suggest that most
samplers have nonlinear relations, hence, data currently are being
analyzed in an effort to compare individual sampled rates withe
stimates of the actual rates that existed at the time and place of
sampling. Estimates of actual rates are obtained by using continuous
measurements of bed elevation at the sampling peint in conjunction with
continuously measured rates att he bedload trap. The project chief
served as a member of the A.S.C.E. (1) Sedimentation Committee
(Hydraulics . Division) and (2) Task Committee on Hydrographicl
nvestigations on Inland Waterways (Waterway Division), and prepared
"Section V--Suspended-Sediment, Bed-Load, and Bed-Material Sampling"” of
the task committee's report. In previous years, unreported activity
included contributing to the preparation of (1) ASTM glossary of
sediment terms, (2) ASTM standards on "Sampling sediment in motion,"
and (3) Chapter 3, "Sediment," National Handbook of Recommended Methods
for the Water-Data Acquisition (1978).

COMPLETED REPORTS:
Steve‘ls, H'oHo r’ JI’. ’ Lutz' G‘QAO ? and HUbbEJ.l [} Dow. 'v 1980'
Collapsible-bag suspended-sediment sampler: Am. Soc. Civil Engineers

Proc., Hydraulics Div. Jour., v. 106, no. HY4, Technical Notes, p.
611-616
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| CR10Z SEDIMENT MOVEMENT IN RIVERS ]
PROJECT TITLE: SEDIMENT MOVEMENT AND CHANNEL CHANGES IN RIVERS

WRD PROJECT NG.: CR 75-102
LOCATION: NATIONWIDE

PROJECT CHIEF: MEADE, ROBERT H.
HEADQUARTERS OFFICE: LAKEWOOD, CO

PROBLEM: SEDIMENT MOVES THROUGH RIVER SYSTEMS IN RESPONSE TO
SPECIFIC EVENTS AND CHANGING CONDITIONS IN DRAINAGE BASINS. THESE
EVENTS AND CONDITIONS ARE BOTH NATURAL (FLOODS, CLIMATE CHANGES) AND
ARTIFICIALLY-INDUCED (ACCELERATED EROSION, RESERVOIRS, DIVERSIONS,
CHANNELIZATIONS). THE RESPONSE OFTEN TAKRES PLACE OVER PERIODS
MEASURABLE IN DECADES OR LONGER. THE MORPHOLOGY OF THE RIVER CHANNELS
CHANGES AS SEDIMENT MOVES THROUGH THE SYSTEM.

OBJECTIVE: TO ASSESS: (1) CHANGES IN RIVER SEDIMENT LOADS OVER
PERIODS OF DECADES OR LONGER, AND THE FACTORS (NATURAL AND ARTIFICIAL)
THAT CAUSE THE CHANGES; (2) RATES AT WHICH RIVERS CHANGE THEIR COURSES,
SHAPES, AND OTHER MORPHOLOGIC FEATURES, BOTH IN THEIR NATURAL STATE AND
IN RESPONSE TO ARTIFICIAL INFLUENCES; (3) EFFECTS OF INFREQUENT
CATASTROPHIC EVENTS OR  LARGE-SCALE  HUMAN INFLUENCES ON -~ THE
"EQUILIBRIUM" SEDIMENT MOVEMENT AND CHANNEL MORPHOLOGY IN RIVERS; (4)
SOURCES, PATHWAYS, AND SINKS OF SEDIMENT IN RIVERS. '

APPROACH: BASICALLY A HISTORICAL APPROACH, USING AVAILABLE RECORDS
AND MAKING SOME FIRST-HAND FIELD STUDIES. RECORDS WILL INCLUDE
SEDIMENT-LOAD DATA PREVIOUSLY COLLECTED BY USGS AND OTHER AGENCIES;
CHANGES IN CHANNEL MORPHOLOGY WILL BE INTERPRETED BY COMPARING OLD AND
NEW MAPS PLUS AVAILABLE AERIAL PHOTOGRAPHS OF SELECTED RIVERS 1IN THE
UPPER MISSOURI BASIN. FIELD STUDIES WILL INCLUDE REPEATED SURVEYS OF
SELECTED CHANNELS AND TRACER STUDIES OF SEDIMENT MOVEMENT.

PROGRESS AND RESULTS: Studies of sediment carried. by the Amazon
River of Brazil and Peru have yielded three new conclusions. (1) The
mean annual discharge of suspended sediment by the Amazon at Obidos,
Brazil, is 800 to 900 million metric tons, an amount twice as large as
that reported by previous investigators. (2) Fine grained particles in
suspension--at least as fine as 0.01 mm and perhaps as fine as 0.00l1
- mm—-are not distributed evenly from the bed of the river to. the
surface, but are more concentrated near the bed. (3) The sands on the
bed of the Amazon, unlike those in other large” rivers (e.g.,
Mississippi), show no decrease in mean grain size in the lowermost 3500 -
km of river. Effects of the (50-yr) flood of May 1978 were documented
in a 90-km reach of Powder River in southeastern Montana. A sediment
budget  for the flood event was constructed from: (1) Daily
suspended-sediment measurements at gaging stations at the upper and
lower ends of the reach; (2) Resurveys of channel cross sections that
had been established before the flood; and (3) Measured thicknesses of
new overbank sediment deposited on the flood plain. Although the flood
removed 3~5 million tons of sediment from the channel in the 90-km
reach, it added a somewhat 1larger amount of sediment to the
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flood-plain. The net effect of the flood on the valley was aggradation.
Studies of the movement and storage of bedload in East
Fork River, Wyoming, show that (1) During low-water seasons, movable
bed material is stored in distinct and separated areas of the channel
that are centered 500-600 m apart and each contain 2 500-3500 tons of
bed material; and (2) The mean distance between centers of storage
corresponds to the mean distance of bedload transport during a major
riseand fall of the river. The relation between bedload transport and
water discharge is not consistent but differs markedly from one part of
the river to another.

COMPLETED REPORTS:

Meade, R.H., Nordin, C.F., Jr., and Curtis, W.F., 1978, Suspended
sediment in Amazon River during high-water seasons of 1976 and
1977¢abs. = EOS, v. 59, no. 4, p. 276, 1 p.

Nordin, C.F., Jr., Meade, R.H., Curtis, W.F., Bosio, N.J., and
Delaney, B.M., 1979, Particle size of sediments collected from the bed
of the Amazon River and its tributaries in May and June 1977: U.S.
Geol. Survey QOpen-File Report 79-329, 23 p.

Meade, R.H., Nordin, C.F., Jr., Curtis, W.F., Mahoney, H.A., and
Delaney, B.M., 1979, Suspended-sediment and velocity data, Amazon River
and its tributaries, June-July 1976 and May-June 1977: U.S. Geol.
Survey Open-File Report 79-515, 42 p.

Meade, R.H., Nordin, C.F., Jr., Curtis, W.F., Costa Rocdrigues,
F.M., do Vale, C.M., and Edmond, J.M., 1979, Sediment loads in the
Amazon River: Nature, v. 278, pp. 161-163, 3 p.

Curtis, W.F., Meade, R.H., Nordin, C.F., Jr., Price, N.B., and
Sheolkovitz, E.R., 1979, Nonuniform vertical distribution of fine
sediment in the Amazon River: Nature, v. 280, pp. 381-383, 3 p.

Meade, R.H., Nordin, C.F., Jr., and Curtis, W.F., 1979, Sediment in
Rio Amazonas and some of its principal tributaries during the
high-water seasons of 1976 and 1977: Associacao Brasileira de
Hidrologia e Recursos Hidricos, Simposio Brasileiro de Hidrologia,
Third, Hidrologia da Amazonia, Anais, v. 2, pp. 472-485, 14 p. ‘

Meade, R.H., Nordin, C.F., Jr., Curtis, W.F., Costa Recdrigues,
F.M., do Vale, C.M., and Edmond, J.M., 1979, Transporte de sedimentos
no Rio Amazonas: Acta Amazonica, v. 9, no. 3, pp. 543—547! 4 p.
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] CRI04 REHAB. POTENTIAL, ENERGY LANDS |

PROJECT’ TITLE: RECONNAISSANCE TECHNIQUEST FOR  EVALUATION OF
REHABILITATION POTENTIAL OF ENERGY RESOURCE LANDS

WRD PROJECT NO.: CR 75-104

LOCATION: Rocky Mt., Northern Gfeat Plains, & Southern States
PROJECT CHIEF: Shown, Lynn M

HEADQUARTERS OFFICE: Lakewood, CO

PROBLEM: HYDROLOGIC INFORMATION WITH RESPECT TO REHABILITATION

POTENTIAL IS NEEDED BY LOCAL, STATE AND FEDERAL GOVERNMENTS, PRIVATE

LANDOWNERS, ENERGY COMPANIES AND OTHERS PRIOR TO DECISIONS ON THE
LEASING, MINING PLANS, AND MINING OF PUBLICLY-OWNED COAL AND OIL SHALE.
THE . INFORMATION IS NEEDED OVER THE NEXT ONE TO FIVE YEARS, SO
RECONNAISSANCE TECHNIQUES MUST BE USED TO OBTAIN MUCH OF THE NECESSARY
DATA. THE TWO FACETS OF THE PROBLEM ARE: (1) TO DEFINE THE BASELINE
CONDITIONS AS THEY EXIST PRIOR TO MINING MOSTLY IN AREAS HAVING SPARSE
HYDROLOGIC DATA, AND (2) TO ASSESS THE POTENTIAL FOR REHABILITATION OF
THE LAND-WATER SYSTEM AFTER MINING.

OBJECTIVE: To refine and apply reconnaissance techniques that
provide mappable and other easily assimilated information to be used as
baseline data and 1in evaluating the rehabilitation potential of land
where energy-resource mining and other land-use changes are proposed,
and in development, verification, and application of hydrologic process
and regression models. Data to be collected and interpreted include:
mean annual runoff, 2-, 5-, and l0-year peak flows, sediment yields,
soil-moisture potential relations, bulk density, soil-vegetation-water
relations, slope and exposure effects on vegetation and hydrology,
reconstruction of topography after assumed mining, channel and
hillslope erosion, and channel condition.

APPROACH: The techniques to be used to characterize watersheds of
various sizes are (1) Soil-moisture storage associated with vegetation
types. (2) Calibration of nuclear moisture measurements. (3) Estimates
of annual runocff by subtracting soil-moisture from annual
precipitation.. (4) Relation of percent bare soil to runoff and sediment
yield. (5) Estimates of annual runoff and peak discharges using channel
measurements. (6) Estimates of sediment yield using climate, basin
characteristics, and reservoir sediment surveys. (7) Erosion monitoring
by resurveying monumented transects. (8) Hillslope, channel, and
geologic cross-section analysis with respect-—"to  topographic
reconstruction of potential mine areas. Soil, vegetation, runoff, and
erosion of nearby mine spoils in various states of rehabilitation will
be investigated.

PROGRESS AND RESULTS: Most progress. this year is related to small
basin hydrologic modeling studies being conducted cooperatively by six
WRD Districts, the rainfall-runoff modeling project (CR77-228) and the
BLM EMRIA Program. Our main contributions involve collection and
interpretation of data needed to evaluate the hydrology of energy lands
and the effects of energy development on the land-water systems.
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Research is being done to determine how information obtained about
soil-water movement and retention can be used to improve the models.
Soil-water relations are  particularly important in the Yellow Creek
basin, Alabama where, on forested sites, overland flow 1is practically
nil and flood flows result from rapid, shallow ground-water movement.
Another finding there was that the deep sandy soils are highly
vulnerable to compaction by human or animal traffic. Because of this,
six new moisture monitoring sites were also established on croplands of
the two basins being modeled in western North Dakota. A vegetation map
was prepared, vegetation measurements were made and the effects of
vegetation in the hydrologic system were evaluated for the Yellow Creek
basin, Alabama. Premining and postmining estimates of soil 1loss,
sediment yield, and streamflow peaks and volumes were made using
applicable methods for a 4 km**2 forested tributary basin to Yellow

Creek. Sediment. surveys of several stock ponds and sampling of the
major soil types are planned in the Prairie Dog Creek basin, Montana.
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| CR105 SEDIMENT-HILLSIDE MORPHOLOGY 1
PROJECT TITLE: Sediment Movement and Hillslope Morphology

WRD PROJECT NO.: CR 65-105
LOCATION: Topical Research

PROJECT CHIEF: WILLIAMS, GARNETT P.
HEADQUARTERS OFFICE: Lakewood, CO

PROBLEM: The bankfull discharge of a stream marks the condition of
incipient flooding. Engineers, geomorphologists and others need to be
able to predict bankfull discharge at a site, but at present there is
no reliable way to do this. The problem, therefore, is to find a
dependable way to determine bankfull discharge.

OBJECTIVE: (a) Compare existing methods of estimating bankfull
discharge. (b) Develop a good way to estimate bankfu<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>