























WATER RESOURCES RESEARCH GRANT PROGRAM
PROJECT DESCRIPTIONS, FISCAL YEAR 1987

By Office of External Research
Water Resources Division
U.S. Geological Survey

ABSTRACT

This report contains information on the 34 new projects funded by the
United States Geological Survey's Water Resources Research Grant Program in
fiscal year 1987 and on 3 projects completed during the year. For the new
projects, the report gives the grant number; project title; performing
organization; principal investigator(s); and a project description that includes
(1) identification of water-related problems and problem-solution approach,
(2) contribution to problem solution, (3) objectives, and (4) approach. The
34 projects include 12 in the area of ground-water quality problems, 12 in the
science and technology of water-quality management, 1 in climate variability
and the hydrologic cycle, 4 in institutional change in water-resources manage-
ment, and 5 in surface-water management.

For the three completed projects, the report furnishes the grant number;
project title; performing organization; principal investigator(s); starting
date; date of receipt of final report; and an abstract of the final report.
Each project description provides the information needed to obtain copy of the
final report.

The report contains tables showing (1) proposals received according to area
of research interest, (2) grant awards and funding according to area of research
interest, (3) proposals received according to type of submitting organization,
and (4) awards and funding according to type of organization.

INTRODUCTION

In January 1985, the U.S. Geological Survey was assigned responsibility
for administering the functions of the Water Resources Research Act of 1984
(Public Law 98-242). Section 105 of the act authorizes funds for research
grants, on a fund-matching basis, to qualified individuals and groups as
defined in the law. Each year an announcement is issued to solicit proposals
for resarch support from the funds appropriated by the Congress.

In fiscal year (FY) 1985, 24 of 368 proposals that were submitted were
selected for funding with the $2.543 million appropriated by Congress. In
FY 1986, 43 of 299 proposals were selected for funding with the $4.767 million
appropriated. These projects are described in the U.S. Geological Survey
Open-File Reports 85-687 and 86-548 respectively.

In FY 1987, 273 proposals requesting $30.8 million of Federal funding
($31.6 million of non-Federal funding) were submitted in response to
U.S. GeoTogical Survey Announcement No. 7127 issued on November 3, 1986. Of
this number, 34 were selected for funding with the $4.381 million appropriation
(Table 1). As in previous years, proposals from academic institutions dominated
the competition (Table 2) for grant funds.
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PROJECT INFORMATION

GRANT NUMBER: 14-08-0001-G1477
TIILE: Characterization of Fracture Geometry Utilizing
Particulate Tracers and Borehole Temperature
PERFORMING ORGANIZATION: University of Notre Dame
PRINCIPAL INVESTIGATOR: Stephen E. Silliman
DURATION: September 1987 to September 1990
DESCRIPTION

1. Identification of the Water-Related Problems and Problem Solution Approach.

Three current water-resource problem areas of interest are hazardous waste
isolation, nuclear waste isolation, and recovery of geothermal resources.
Each of these areas involves simulation of flows in fractured rock to predict
expected changes due to man's influence. Proper prediction of the reaction
of natural, fractured rock to new hydrologic stresses is dependent on the
understanding of the mechanisms controlling flow and transport in these
media.

This project will attempt development of a series of field techniques that will
provide the data necessary to estimate parameters required by the discrete
fracture models for simulation of flow through fractured rock.

2. Contribution to Problem Solution.

Two general concepts have been accepted in the simulation of transport within
fractured rocks. These are the continuum and the discrete fracture theories.
The continuum concept represents the rock mass as a continuous unit through
which water can flow with equal resistance at all locations. The discrete
fracture theory considers the rock mass as a series of discrete, intersecting
flow zones (fractures) separated by continuous regions of low permeability.
Although field techniques are available for deriving appropriate parameters
for continuum models, parameters required for the discrete fracture models
cannot currently be measured in the field.

Difficulties in applying discrete fracture models have centered on determi-
nation of input parameters, such as fracture interconnection, fracture
aperture, and fracture channeling. Although these parameters can be analyzed
at exposed surfaces of the rock (for example, well bores or outcrops), surface
expressions rarely give reliable estimates of parameters within the flow zone
of interest. In particular, the techniques to be developed on this project

are designed to provide statistical descriptions of fracture interconnectivity
and fracture aperture. These techniques will provide the research and the
consulting communities with new tools for predicting transport within fractured
rocks.


















PROJECT INFORMATION

GRANT NUMBER: 14-08-0001-G1485
TITLE: Drainage Effects on Salinization, Organic
Matter, and Selenium in Wetland Soils
PERFORMING ORGANIZATION: North Dakota State University
PRINCIPAL INVESTIGATOR: J. L. Richardson
DURATION: August 1987 to July 1990
DESCRIPTION

1. Identification of the Water-Related Problems and Problem Solution Approach.

North Dakota's numerous prairie-pothole wetlands are an important hydrologic
resource that directly influences the quantity and quality of much of the
State's surficial ground water and surface water. The hydrologic and biologic
importance of these wetlands often is balanced against their agricultural
value after drainage. Attempts have been made to integrate wetlands into local
and regional land-use plans by considering specific hydrologic, biologic, and
geologic characteristics that influence potential use; however, lack of
information on the complex hydrology and general morphology have complicated
this evaluation in the past. Additionally, these semipermanent wetlands may
act as sinks for elements of potential toxicity, notably selenium. Selenium
accumulated in a wetland has a high potential to be mobilized on drainage of

a wetland. This research will investigate the chemical and pedologic changes
attendant upon drainage of these wetlands in North Dakota.

2. Contribution to Problem Solution.

The research will assess the consequences of wetland drainage on soil and
water quality, and could greatly increase our knowledge of possible environmental
impacts, resulting in cost-saving agricultural practices.

3. Objectives.

The objectives of the research proposed herein are to investigate and evaluate
changes in soil and ground-water salinity, soil organic matter relations,

and seienium concentration, and mobility that occur in natural and drained
flowthrough (semipermanent) wetlands in North Dakota, and to determine the
environmental hazard, if any, of each.

4. Approach.

The approach used will be to compare existing, previously investigated wetland
systems in typical glacial terranes with drained wetlands in the same terranes,
using standard geochemical, pedological, and mineralogical techniques. The
comparisons will be made for wetlands in two distinct geological settings:

(1) shallow till areas overlying marine shales that are known to be excessively
sodic and contain high selenium; and (2) outwash areas.
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PROJECT INFORMATION
GRANT NUMBER: 14-08-0001-G1499

TITLE s Sampling Strategies/Parameter Estimation in
Ground-Water Quality Management: Theory and
Field Validation

PERFORMING ORGANIZATION: University of California, Los Angeles

PRINCIPAL INVESTIGATOR: William Yeh

DURATION: September 1987 to September 1989
DESCRIPTION

1. Identification of the Water-Related Problems and Problem Solution Approach.

Because of widespread contamination of ground water by industrial and other
sources, there is a need for improved ground-water quality management tech-
niques. In particular, a firmer theoretical foundation is required for the
design of remedial activities based on management of the aquifer-flow field
(for example, extraction of contaminated ground water and prevention of plume
migration). Accurate models for prediction of contaminant transport in
ground water are key to solution of this problem.

2. Contribution to Problem Solution.

This research is directed to: (1) determine how ground-water management
models may be calibrated, verified and improved for real-world application;
(2) assess the amount of data required for model testing; and (3) establish

guidelines for the optimal collection of additional data to satisfy management
objectives while minimizing data-collection costs.

3. Objectives.

A major objective of this work is to develop systematic procedures, based on
numerical and optimization methods, for solute transport parameter identifi-
cation (the "inverse problem") and sampling strategies for field-data collection
(for example, modified aquifer tests in which tracer and contaminant concentrations
are determined in addition to hydraulic head). These procedures will be useful
for water managers in Federal, State, and local agencies. The primary field
parameters to be addressed are transmissivities for the flow problem and
dispersivities and sorption distribution coefficients (in effect retardation
factors) for the solute transport problem. An additional objective is to

test the procedures by application to the design and interpretation of modified
aquifer tests to be conducted at a site contaminated with common ground-water
pollutants such as volatile halogenated organic chemicals, for example,
trichloroethylene (TCE), and so forth. The third objective is to conduct
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PROJECT INFORMATION

GRANT NUMBER: 14-08-0001-1500

T4 TlsEs Development of an Expert System Embedding Pattern
Recognition Techniques for Ground-Water Pollution
Source Identification.

PERFORMING ORGANIZATION: University of California, Davis

PRINCIPAL INVESTIGATOR: Gerald T. Orlob

DURATION: September 1987 to September 1989
DESCRIPTION

1. Identification of the Water-Related Problems and Problem Solution Approach.

A considerable amount of attention is being focused on the prevention and
treatment of ground-water pollution in the United States. In many cases the
first required step in safeguarding the quality of ground water is the
identifying of the pollution sources. It is difficult to formulate a
mathematical model for this purpose that is robust enough to handle all field
conditions, parameter uncertainties, and measurement errors. Existing models
for identification of pollution sources do not explicitly incorporate physical
and data-measurement uncertainties and errors.

This work proposes an alternative approach suitable for ground-water pollution
source identification, and capable of utilizing highly developed stochastic
tools to deal with systems having physical and data-measurement uncertainties.

2. Contribution to Problem Solution.

When fully developed, this expert system will provide a powerful tool for detect-
ing ground-water pollution sources, thus enhancing remedial actions. The
proposed approach of coupling pattern recognition techniques with the knowledge
base to make inferences about pollution-source magnitude and location will

find useful applications in many other expert systems for solving engineering
problems.

3. Objectives.

The primary objective of the proposed research is the development of a
user-friendly expert computer-based system to identify locations and
magnitudes of ground-water pollution sources when a limited amount of
pollutant-concentration data suggests the presence of such sources. This
objective will be dattained through the following steps.

1. Develop a finite optimal sequential pattern -recognition algorithm

to statistically match concentrations measured in the field with a comparable

set obtained from a simulation (response) model of ground-water solute transport.
2. Develop a knowledge base, composed of a set of production rules, that

can access and activate the pattern recognition algorithm.
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PROJECT INFORMATION

GRANT NUMBER: 14-08-0001-G1474

Treatment of Chlorophenol-Contaminated Waters

TETLE 4

and Soils Using Immobilized Microorganisms
PERFORMING ORGANIZATION: BioTrol, Inc.
PRINCIPAL INVESTIGATOR: R. L. Crawford

DURATION: September 1987 to September 1988

DESCRIPTION

Identification of the Water-Related Problems and Problem Solution Approach.

1.

The program is directed toward defining the potential role of microbiology
in the management of hazardous chemicals in ground-water environments with
emphasis on the treatment of contaminated ground water. The research

examines methods for removal of pollutants to prevent further contamination,
leading to commercialization of reliable, less expensive biological alter-
natives to present physical and chemical technologies, such as combustion,
flocculation, oxidation, and carbon filtration. Various chlorinated phenols
are widely-used and versatile biocides in the United States. One example,
pentachlorophenol, has been a major domestic wood-preserving agent for about
50 years, and contamination of soil and water in the vicinity of wood-treating

plants is a severe environmental problem.

2. Contribution to Problem Solution.

The research will contribute to further development of biological treatment
technology in solving contamination problems associated with soils and waters
containing toxic, persistent, xenobiotic chemicals. Focusing this research
program on the contaminants of the wood-preserving industry (penthachlorophenol
plus other chlorinated phenols and polynuclear aromatic hydrocarbons associated
with creosote) not only provides a real life setting to test the discoveries

of this program, but also addresses an important environmental problem.

3. Objectives.

The objective of the project is to develop an effective immobilized cell system
that will be used for routine treatment of natural or industrial waste waters
containing toxic chemical pollutants.

4. Approach.

The approach used will be to examine the feasibility of treating waters that
contain mixtures of toxic chemicals (for example, chlorinated phenols plus
polynuclear aromatic hydrocarbons and/or chlorinated solvents) by using customized
bioreactors containing mixtures of different bacteria, each immobilized in or on
separate supports that are mixed before loading into the reactor. The effective-
ness of immobilized bacteria in removing chlorophenol and other hazardous chemicals

from contaminated soils also will be examined.
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PROJECT INFORMATION

GRANT NUMBER: 14-08-0001-G1475
TITLE: Nucleic Acid and Monoclonal Antibody Probes for
Bacterial Pollutants of Water Resource Systems.
PERFORMING ORGANIZATION: University of Maryland
PRINCIPAL INVESTIGATOR: Rita R. Colwell
DURATION: August 1987 to July 1990
DESCRIPTION

1. Identification of the Water-Related Problems and Problem Solution Approach.

The problem being addressed by this research is the identification of polluted
water resource systems and detection of potentially pathogenic bacteria in
ground-water supplies. It is intended to develop novel methods to identify an
index bacterium (Escherichia coli) and a bacterial pathogen (Salmonella) in
contaminated water. Spec1f1ca11y, it involves development of deoxyribonucleic
acid (DNA) probes to unique 16S ribosomal RNA (rRNA) gene sequences of E.

coli and then use of these probes, as well as existing probes to Salmonella for
the detection of these bacteria in water. In addition, monoclonal antibodies
(mAbs), including those developed by the project and those commercially avail-
able, will be used to detect E. coli and Salmonella. These two approaches will
not only detect bacteria culturable by standard techniques, but also those

E. coli and Salmonella that are not culturable by standard techniques.

Results of the proposed studies will be unique because standard methods
identify bacteria which are easily cultured or 1n an active state of growth.
However, it is now well established that the majority of bacteria in nutrient-
deficient aquatic systems are not readily cultured by traditional methods.
These studies will, therefore, provide a means of detection of these bacteria
that are present, viable, and go undetected.

2. Contribution to Problem Solution.

The proposed research will allow a more accurate assessment of bacterial
pollution of water resource systems than presently employed bacteriological
methods, since both culturable bacteria and those that are not readily
culturable by standard methods will be detected.

3. Objectives.

(1) Develop and test DNA probes to detect bacteria, including E. coli and
Salmonella, in natural water systems.

(2) Produce and test mAbs to detect E. coli and Salmonella in water, including
ground water.

(3) Optimize the use of DNA and mAb probes to detect E. coli and Salmonella
in Taboratory microcosms and contaminated water systems.
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PROJECT INFORMATION
GRANT NUMBER: 14-08-0001-G1493

TITLE: Effect of Aquatic Exposure and Disinfection on

the Virulence of Enteric Pathogenic Bacteria

PERFORMING ORGANIZATION: Montana State University

PRINCIPAL INVESTIGATOR: Gordon A. McFeters

DURATION: August 1987 to July 1990
DESCRIPTION

1. Identification of the Water-Related Problems and Problem Solution Approach.

Previous studies have shown that waterborne bacterial pathogens and coliforms
can become injured in water. Exposure to sublethal levels of various chemical
and physical factors present in source and finished drinking waters stresses
these bacteria, and they become reversibly debilitated. One manifestation of
this injury is the inability to grow and form colonies on selective media
containing surfactants. This phenomenon can lead to the underestimation of
indicator bacteria and result in a false estimation of water potability.

Most studies of bacterial injury in water have concentrated on the occurrence,
detection, and physiological characteristics of injured waterborne coliform
bacteria. Very 1ittle is known about changes in the disease causing potential
of water-borne enteric pathogenic bacteria resulting from aquatic exposure.

2. Contribution to Problem Solution.

This proposal describes work to examine the virulence properties of enteropath-
ogenic bacteria injured in water and their recovery. The findings from this
study will provide useful information concerning the ability of enteropathogenic
bacteria to cause illness following aquatic stress under conditions encountered
in wastewater and drinking water treatment. These results are of signifi-

cance in view of the increasing incidence of both waterborne morbidity and
contamination of ground-water and surface-water resources.

3. Objectives.

a. To describe the virulence of enteropathogenic bacteria in response to
copper and chlorine mediated injury. The bacteria to be studied include
Shigella flexneri and Vibrio species. The technique to be used will be
similar to those employed in earlier studies with other enteropathogens.

b. To determine the mechanism of injury leading to reduced virulence of
non-invasive enterotoxigenic E. coli (ETEC).

c. To examine the stability of virulence plasmids in enteropathogens associ-

ated with injury. S. flexneri, Yersinia enterocolitica, and ETEC will be
used in these experiments.
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PROJECT INFORMATION

GRANT NUMBER: 14-08-0001-G1494
TIFLE S Microbial Dehalogenation of PCBs at Low Redox
Potentials
PERFORMING ORGANIZATION: University of Pittsburgh
PRINCIPAL INVESTIGATOR: Ronald Neufeld
DURATION: September 1987 to August 1990
DESCRIPTION

1. Identification of the Water-Related Problems and Problem Solution Approach.

Serijous deteriorations of surface- and grgund-water quality currently exist
from past discharges of polychlorinated biphenyls (PCBs) into surface waters
and onto soils from land-disposed PCB-laden wastes.

PCBs are only slightly water soluble, but have a strong tendency to adsorb

or partition onto organic-containing particles. PCB's are highly stable, and
most are naturally degraded, but very slowly. Not all PCBs degrade at the same
rate; in general, isomers that have a smaller percentage of chlorine degrade
faster, while the more highly chlorinated isomers (penta-, hexa- or octo-
chlorinated biphenyls) appear not be degraded under natural conditions. Two
mechanisms exist for PCB mobjlizatijon in contaminated ground- and surface-
waters; (a) chemical equilibrium with surrounding surface or ground waters,
and (b) adsorption or partitioning onto and into suspended sediment particles.

This results in PCBs becoming avajlable for uptake by aquatic organisms, and
movement into the water column.

2. Contribution to Problem Solution.

PCB contaminated sediments and soils may be economically remediated via
biotechnological means. To date, however, bioengineered, natural, and
laboratory bio-systems have not been able to degrade the higher chlorinated
isomers (congeners) of PCBs in soils and sediments. This research is aimed
at overcoming this Timitation by (a) developing a chemically induced biological
approach to initially and partially dehalogenate highly chlorinated PCB
congeners followed by (b) the subsequent and complete degradation of inter-
mediates by the larger consortia of bjota at-large. Based on an extensive
Titerature review coupled with theoretical considerations, it is believed
that highly negative in-situ redox potentials coupled with acclimated micro-
organisms can accomplish the initjal PCB dehalogenation step.

3. Objectives.

The overall objective of this research is to develop a technique for the
bioengineered microbial degradation of PCB-contaminated soils and aquatic
sediments. Degradation of highly clorinated PCB congeners has been identified
as a difficult and critical issue. This research will try to achieve micro-
bial dehalogenation of highly chlorinated PCB congeners to forms that are
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PROJECT INFORMATION
GRANT NUMBER: 14-08-0001-G1495

TITLE: Determination of the Toxicity, Water-Quality

Interactions and Biomagnification of Selenium in
Aquatic Food Chains

PERFORMING ORGANIZATION: University of California, Davis

PRINCIPAL INVESTIGATOR: Allen W. Knight

DURATION: August 1987 to August 1989
DESCRIPTION

1. Identification of the Water-Related Problems and Problem Solution Approach.

Elevated concentrations of the trace element selenium (Se) have been reported
in water and aquatic organisms from many areas in the western and southwestern
United States. Selenium has been implicated in the death and reproductive
failure of fish and aquatic birds in North Carolina, Texas, and the Kesterson
National Wildlife Refuge in California. The rapid accumulation and resultant
toxicity of Se in the upper trophic levels is attributed to the direct uptake
of the element from the aquatic environment (bioaccumulation) and the synthesis
of organic Se compounds by primary producers, which subsequently can be
biomagnified in the higher food-chain organisms. The toxicological problems
associated with Se are particularly critical as 1ittle information fis
available on the toxicology, bioaccumulation and biotransformation of the
various forms of Se found in aquatic ecosystems. A thorough knowledge of the
toxicological dynamics of Se in aquatic ecosystems is necessary for the
formation of responsible management strategies in areas where elevated Se

levels occur due to natural processes, agricultural drainage, and coal-fired
power generation.

2. Contribution to Problem Solution.

[t is proposed to continue current studies examining the toxicity, bioaccumu-
lation, biotransformation, and transfer of Se in the three principal components
of an aquatic food-chain: primary producers (algae), primary consumers
(herbivorous and detritivorous invertebrates) and secondary consumers (fish).

3. Objectives.

The objective of the proposed research is to provide basic information on Se
toxicity, bioaccumulation and biotransformation in aquatic food-chains, which
is hypothesized to cause decreased reproduction, teratogenesis and death in
the upper trophic levels of impacted aquatic systems. Such data are currently

unavailable and can be generated by the proposed laboratory food-chain
experiments.
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PROJECT INFORMATION
GRANT NUMBER: 14-08-0001-G1496

TITLE: Molecular Biological Probes for Assessing Effects

of Environmental Xenobiotics at Sublethal
Levels on Fish Reproduction.

PERFORMING ORGANIZATION: University of Maryland

PRINCIPAL INVESTIGATORS: Thomas T. Chen and Dale B. Bonar

DURATION: September 1987 to August 1990
DESCRIPTION

1. Identification of the Water-Related Problems and Problem Solution Approach.

The widespread use of polyhalogenated and/or polynuclear aromatic hydrocarbons
as pesticides or for various industrial purposes in recent years has resulted
in serious accumulation of these compounds or their metabolites in aquatic
ecosystems. Fish contaminated with these compounds showed a wide range of
pathobiological effects including dysfunction in calcium homeostasis, induction
of hepatic mix function oxidases, degeneration of hepatocytes, reduction of

egg deposition and egg hatch. However, detailed biochemical and molecular
biological studies on the effects and the toxic mechanisms of these compounds

at sublethal levels on fish growth, development, or reproduction await to be
carried out.

2. Contribution to Problem Solution.

Although there are methods available for measuring the quantities of
environmental xenobiotics, none of these methods is suitable for detecting

the earliest pathobiological effects caused by the above mentioned compounds.
Hence there is an urgent need to develop rapid, reliable, and sensitive assays
for assessing the toxic effects of organic pollutants present in the aquatic
ecosystems at sublethal levels. Preliminary studies conducted in the investi-
gator's laboratory showed that sublethal levels of PCBs and/or Mirex caused
marked reduction in the production of vitellogenin in juvenile rainbow trout
induced by 17B-estradiol. This biochemical parameter may be used to index

the adverse effects of environmental xenobiotics on fish reproduction.

3. Objectives.

The Tong term objectives of this research are to: (1) develop convenient,
reliable and sensitive in vitro bioassays; (2) dissect the molecular toxic
mechanisms of sublethal” Tevel environmental xenobiotics on growth, develop-
ment and reproduction of fish; and (3) assess and identify other environ-

mental organic pollutants that may affect the growth, development or
reproduction of fish.
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PROJECT INFORMATION

GRANT NUMBER: 14-08-0001-G1498
TITLE: The Molecular Structure sasis for the Mutagenicity
of Lignin and Humic-Derived Chlorofuranones
PERFORMING ORGANIZATION: State Unijversity of New York, Syracuse
PRINCIPAL INVESTIGATOR: Robert T. LalLonde
DURATION: September 1987 to September 1990
DESCRIPTION

1. Identification of the Water-Related Problems and Problem Solution Approach.

The chlorination of water for industrial and hygenic purposes is a widespread
practice in all developed nations. Acceptance of water chlorinatijon is
understandable in view of chlorine's high oxidation potential, effectiveness
as an antimicrobial and delignifying agent, low cost, and simplicity of use.
Still a greater need for water chlorination can be anticipated if an additional
supply of water is to be provided by wastewater reclamation for the manifold
uses of a growing population that expects its standard of living to be main-
tained or even bettered. It seems unavoidable that water chlorination will

at least be recommended as a step in water reclamation. However, the practice
of water chlorination is potentially hazardous since a highly potent mutagen
results from the action of chlorine on the 1ignin component of humics
contained in water. Concern for this hazard will be mitigated somewhat

by the knowledge that some natural sources of water introduce less lignin-
containing humics than other sources. Furthermore, any mutagens generated
during chlorination may prove to be readily inactivated by mammalian 1iver

or intestinal tissue or blood.

2. Contribution to Problem Solution.

The catabolism of these mutagens has received 1ittle attention. The

aim of this study is to provide basic chemical information about these
mutagens showing the functional and structural components responsible for
their mutagenicity. The data will be applied to effect practical in vitro
methods of inactivation. This study will identify the specific structures
that are responsible for mutagenicity so that an intelligent, planned
approach to inactivation can be developed.

3. Objectives.

The proposed research concerns principally 3-chloro-4-(dichloromethyl)
-5-hydroxy-2(5H)-furanone, a mutagen produced by the industrial

chlorination of 1ignin and the hygienic chlorination of humic-containing
drinking water. This study will find the essential structural components of

a 3-chloro-4-(dichloromethyl)-5-hydroxy-2(5H)-furanone that are responsible

for its mutagenicity. The study also will find structural molecular components
of this furanone that undergo in vitro chemical change when the furanone is
treated in a manner that results in its loss of mutagenicity.
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PROJECT INFORMATION

GRANT NUMBER: 14-08-0001-G1501
TLHEE: Surface-Chemical Factors Affecting Transport
of Bio-Colloids in Subsurface Porous Media
PERFORMING ORGANIZATION: The University of Arizona
PRINCIPAL INVESTIGATOR: Roger C. Bales
DURATION: September 1987 to August 1989
DESCRIPTION

1. Identification of the Water-Related Problems and Problem Solution Approach.

The movement of biological colloids is important in ground-water quality
because: (1) small particles facilitate the transport of sorbed contaminants;
(2) virus and bacteria colloids are of public health concern in drinking-water
supplies; (3) introduction of mobile bacteria or enzymes into contaminated
aquifers is a potential in-situ cleanup strategy; and (4) colloidal material
contributes to aquifer cTogging. Field observations suggest that colloidal
material can migrate tens of meters or further from the source under certain
physical and chemical conditions.

2. Contribution to Problem Solution.

While several mathematical models of colloid migration in subsurface porous
media have been proposed, models incorporating physical/chemical descriptions
of the colloid/collector surface interactions have not been evaluated
experimentally, either in the laboratory or in the field. Interpretive and
predictive tools to describe colloid transport/retardation in response to
chemical perturbations (e.g., rainfall, recharge, etc.) are needed. This
research will address this need by: (1) providing carefully determined and
complete data for use in modeling/interpretation; (2) integrating existing
models that describe aqueous chemical interactions, surface-chemical properties,
and forces between particles with a simple physical model; and (3) experimen-
tally evaluating the model under simulated and real conditions encountered in
field situations.

3. Objectives.

The overall objective of the research is to gain a fundamental, quantitative
understanding of the importance of surface-chemical interactions for the
transport of colloidal particles through soil and aquifer material.

4. Approach.

It is proposed to use virus particles for the experimental work, because

(1) they are important contaminants in drinking water, (2) they are rela-
tively straightforward to enumerate as compared to other colloids, and (3)
their chemical properties are well known from previous work. The research
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PROJECT INFORMATION

GRANT NUMBER: 14-08-0001-G1492
TITLE Lifetime Studies and Optimization for AFT-Treated
Electrodialysis Membranes.
PERFORMING ORGANIZATION: Georgia Tech Research Corporation
PRINCIPAL INVESTIGATOR: L. M. Speaker
DURATION: September 1987 to August 1988
DESCRIPTION

1. Identification of the Water-Related Problems and Problem Solution Approach.

Electrodialysis (ED) membranes used in desalination and in impaired-water
renovation are rapidly fouled by colloidal and semicolloidal materials
omnipresent in feed streams. The resulting poisoning and physical occlusion
lead to virtually exponential rises in the electrical resistances of ED stacks
and, thus, to greatly magnified energy and dollar costs for their operation.

A post-manufacture modification has been developed for application to commer-
cial ED membranes to preserve the low electrical resistances that they display
when pristine. The acronym for this modification is AFT (anti-fouling
technology).

2. Contribution to Problem Solution.

Previous research supported by the Department of the Interior reduced to
practice the concept that Langmuir-Blodgett (LB) layers of appropriate
fluorinated material satisfactorily minimized the fouling of anion-exchange
membranes exposed to accelerated 1ifetime testing. An ongoing program is
extending the earlier work to ultra filtration (UF) and reverse-osmosis (RO)
membranes. It is anticipated that the proposed program will complete the
pretechnology development phase of AFT, bringing it to the point at which
application in real water-renovation systems can be undertaken.

3. Objectives.

The objectives of the proposed research are the following: to perform lifetime
studies of the original surface modification of ED membranes; to optimize this
modification by studying the effects of different, but related, LB-layering
compounds ; to include studies of the efficacy of AFT for preventing fouling

of cation-exchange membranes; and, for advancement of the theoretical under-
standing of membrane separation systems, to separate and identify the influences
of polarization and fouling.

4. Approach.
Selected fluorinated amphiphilic materials will be attached to commercially
available membranes as oriented monomolecular layers, and the effects on

fouling properties, power requirements, selectivities, and lifetimes will
be determined.
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PROJECT INFORMATION
GRANT NUMBER: 14-08-0001-G1483
TITLE: Large-Scale Ocean Atmospheric Variability

Associated with Hydrological Extremes in Western
North America

PERFORMING ORGANIZATION: University of California, San Diego

PRINCIPAL INVESTIGATORS: J. Namias, D. Cayan, and J. Roads

DURATION: September 1987 to August 1989
DESCRIPTION

1. Identification of the Water-Related Problems and Problem Solution Approach.

The bulk of the watershed storage in western North America is accumulated

from a few months of winter-season precipitation. The amount of precipitation
received in this area is strongly affected by variations in the atmospheric
planetary circulation on time scales from a few days to decades. The mechanisms
responsible for hydrological extremes and extended spells of wet and dry over
this wide range of time scales are not well understood and, hence, such extremes
are inadequately predicted. With the ever increasing demand for water in the
western United States, future variations in the amount of precipitation will
become increasingly important.

2. Contribution to Problem Solution.

The proposed project represents a coordinated effort by three members of the
Scripps Institution of Oceanography Climate Research Group to study the
sensitivity of streamflow and precipitation to changes in the large scale
oceanic and atmospheric circulations over a wide range of time scales.
Atmospheric and ocean surface temperature patterns associated with anomalous
wet and dry periods in the western United States during the past 100 years
will be identified and diagnosed.

3. Objectives.

A comprehensive analysis of the relatjons of changes in the atmospheric
circulation and the ocean-surface temperature with those of the hydrologic
cycle in western North America will be conducted. The principal objectives
are as follows:

o to diagnose the effect of winter-atmospheric circulation over the North
Pacific on western North America streamflow variability,

o to improve understanding of multiyear episodes of heavy and light precipi-
tation and streamflow in the West, and

o to verify and diagnose numerical predictions of circulation and
precipitation anomalies from the Natijonal Meterological Center's medium
and extended range model in order to help improve forecasts of precipitation
on weekly and monthly time scales.
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PROJECT INFORMATION

GRANT NUMBER: 14-08-0001-G1476

ELPEE The Comparative Performance of Institutional
Arrangements for Ground-Water Resources

PERFORMING ORGANIZATION: Indiana University

PRINCIPAL INVESTIGATOR: Elinor Ostrom

DURATION: September 1987 to August 1989
DESCRIPTION

1. Identification of the Water-Related Problems and Problem Solution Approach.

Institutional arrangements are used by a community to determine who has access
to a resource, what quantities users may consume and at what times, and who is
to monitor and enforce the rules. Research in the design and performance of
these arrangements has not kept pace with advances in hydrological engineering.
As a result, new technical solutions cannot be implemented with the confidence
that efficient and equitable outcomes will be forthcoming. Basic questions
exist about the comparative performance of alternative institutional arrange-
ments, as well as the best methods for fitting particular institutional
"solutions" to specific problematic situations. Existing theoretical arguments
yield contradictory conclusions. This indicates that a need exists for
empirical research using a systematic, comparative analysis of selected cases
containing representative instances of both institutional success and failure.

2. Contribution to Problem Solution.

The research will contribute information about the range of alternative
institutional arrangements, the conditions of their development, and the
comparative performance of existing institutional arrangements.

3. Objectives.

The research will use a series of case studies to examine alternative
institutional arrangements for the allocation and reallocation of water among
competing uses in the context of common-property resource management. Specifi-
cally, the research will seek to lTearn: (1) the kinds of institutional
arrangements that user communities, when given ample discretion, have worked
out to attempt to solve joint problems of water allocation and regulation of the
uses made of common-property resources; (2) the difficulties involved in the
development of market arrangements in a common-property context and alternative
institutional means of resolving these difficulties, and (3) the obstacles and
inducements to the initiation of new institutional arrangements by the user-
community, including the legal definition of property rights to promote water
exchange, for the management of common-property water resources.
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PROJECT INFORMATION

GRANT NUMBER: 14-08-0001-G1481
TERLE: Improving Management of Intrastate and Interstate
Water Transfer in Eastern United States.
PERFORMING ORGANIZATION: Virginia Polytechnic Institute and State University
PRINCIPAL INVESTIGATOR: WiTliam Cox
DURATION: September 1987 to September 1989
DESCRIPTION

1. Identification of the Water-Related Problems and Problem Solution Approach.

Water transfer is a basic means for increasing water supply in areas of shortage;
however, water-management institutions in many eastern States appear to provide
an inadequate basis for resolving conflict associated with large-scale transfer
in a manner that ensures efficient use of resources in water-supply development
and equitable treatment of affected parties. This research will assess the
water-supply situation in the eastern States to define the future role of

water transfer. A case study approach, guided by an economic model of water
transfer, will be used to analyze institutional weaknesses affecting evaluation
and disposition of proposals for intrastate and interstate transfer and to
provide a basis for recommending improvements.

2. Contribution to Problem Solution.

The research will expand available information concerning the need for water
transfer and the operation of related water-management institutions. A general
decision framework that mitigates existing obstacles to efficient and equitable
resolution of transfer-related conflict will be developed for application in the
eastern States.

3. Objectives.
The objectives of the proposed research are to:

(a) Assess the potential role of water transfer as a water-management device
in the eastern United States by evaluating the 1ikely types and locations
of major supply shortages.

(b) Conduct case studies of successful and unsuccessful water transfer
proposals to illustrate fundamental institutional factors affecting
related efficiency and equity issues.

(c) Develop a decision process that integrates State water-allocation law,
land-use controls, environmental protection measures, and other relevant
decision processes into a coordinated approach to managing intrastate
water transfer.
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PROJECT INFORMATION

GRANT NUMBER: 14-08-0001-G1487
TITLE: A Survey and Assessment of Public Water-Supply
Management During the Southeast Drought of 1986.
PERFORMING ORGANIZATION: North Carolina State University
PRINCIPAL INVESTIGATOR: David Moreau
DURATION: September 1987 to August 1989
DESCRIPTION

1. Identification of the Water-Related Problems and Problem Solution Approach.

Extensive portions of the southeastern United States experienced severe
drought conditions throughout the first 10 months of 1986. A partially
completed survey of the southeastern States indicates that a large number

of public water supplies were affected by the drought, some rather severely.
The severity of the problem was compounded in some instances by the failure of
local water managers to have previously established criteria to guide decision
during the drought, the lack of interlocal agreements regarding transfers
among water supplies, the lack of adequate information systems, and the lack of
available technologies to estimate the probabilistic outcomes of management
options. Without that information, some systems may have adopted management
tactics that increased the risk of running out of water.

2. Contribution to Problem Solution.

Unfortunately, most of the information about the management of public water

supplies during this event is anecdotal, and the management techniques which

might have alleviated some of the problems are not commonly included in the
educational backgrounds and continuing education of local water managers. This
project seeks to systematically survey and evaluate experience during the 1986
drought and to use those results, as well as other experiences in the United States,
to expand the use of available management techniques.

3. Objectives.

The primary objective of the proposed project is to systematically survey

and evaluate the criteria and management of public supplies during this

period. The survey will give special attention to intergovernmental arrange-
ments for regional cooperation during droughts, decisionmaking criteria, and
techniques used to cope with the drought and their impacts, information
systems, and formal methods for predicting the outcomes of management decision.
The evaluation will be an assessment of the extent to which emerging management
techniques were used and of the potential that could have been realized had

they been in place in 1986.

A second objective is to expand the use of currently available technologies
and institutional arrangements for managing droughts.
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PROJECT INFORMATION

GRANT NUMBER: 14-08-0001-G1538
TITLE: The Water Transfer Process as a Management
Option for Meeting Changing Water Demands
PERFORMING ORGANIZATION: Colorado Water Resources Research Institute
PRINCIPAL INVESTIGATOR: L. MacDonnell
DURATION: September 1987 to March 1990
DESCRIPTION

1. Identification of the Water-Related Problems and Problem Solution Approach.

A fundamental problem in the western United States is the allocation of 1imited
water resources in response to ever growing and changing demands. Social
objectives are dynamic, and their continued satisfaction over time requires
flexibility in the transfer and exchange of water. Western State governments
have institutionalized appropriative water-right systems and have developed
administrative structures and operating procedures for refereeing water-
resources use and allocation. As water demands have become increasingly
diverse and enlarged, and as stream systems have become more completely
allocated, the transfer option grows more attractive. In some cases, the
number and complexity of transfer and exchange schemes have taxed the adaptive
capacity of State water-right systems. Criticism and concern are growing

over delays, difficulties, and increased costs associated with water transac-
tions. There is a need to examine the water reallocation process and the
nature of those elements that may impede its smooth functioning.

2. Contribution to Problem Solution.

Impediments to the transfer of water/water rights may be found in statutes,
procedures, institutional and organization mandates, operating policies, and

in costs of making the transaction. Generic solutions to problems can best be
obtained through a comparative evaluation of experience with the transfer issue
in different States. Hence, the study will examine the mechanisms employed

in the transfer process in Arizona, California, Colorado, New Mexico, Utah,

and Wyoming. Case studies of a variety of specific transactions will provide

a means of measuring the relative importance and magnitude -of factors reflecting
the water-transaction process and particularly their influence on transaction
costs.

3. Objectives.

The objectives of the research are: (a) to ascertain the levels and kind of
water transfer and exchange activities in six selected States in the western
United States; (b) to determine the major legal and institutional factors
influencing the efficiency and equity of such transfer activities in these
States; (c) to measure the transaction costs imposed on water transfer ac-
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PROJECT INFORMATION

GRANT NUMBER: 14-08-0001-G1479
TITLE: Application of Economic Analysis to Water Allocations
and Fish Habitat Enhancements, John Day River Basin
PERFORMING ORGANIZATION: Oregon State University
PRINCIPAL INVESTIGATORS: R. M. Adams, P. C. Klingeman, and H. W. Li
DURATION: September 1987 to August 1990
DESCRIPTION

1. Identification of the Water-Related Problems and Problem Solution Approach.

As public agencies in the Northwest attempt to meet legally-mandated increases
in fish production, competition for streamflow between "traditional" out-of-
stream uses and in-stream uses has intensified. Attempts to increase fishery
benefits through water reallocation are confounded by existing water institu-
tions. As a result, economic analyses of water reallocations must consider
changes in the institutional setting that restrict in-stream possiblities.

2. Contribution to Problem Solution.

Research on the benefits and cost of interseasonal streamflow adjustments is
1imited by a lack of biological data on fish response to flow, habjtat, or
other management options. The interdisciplinary approach to this valuation
problem will generate biological and hydrological data for use in the economic
assessment. The study can serve as a methodological model for future inte-
grated evaluations of water-use fishery management issues. The empirical
results may also be extrapolated to other stream systems in the Columbia River
Basin. '

3. Objectives.

The overall objective of the research js to evaluate the benefits and costs
associated with alternative seasonal water allocations and anadromous fishery
habitat-management options, using Oregon's John Day River basin as a case
study for exploring technical and economic relations between in-stream

flows, water use, fish production, and other competing benefits.

4, Approach.

Emphasis will be on the relation between changes ‘in streamflow and habitat

options (for example, riparian habitat management) and the production and
valuation of anadromous fisheries resources arising from each option. However,
values of water in traditional uses will be developed to allow comparisons of

net economic benefits across all uses within the study basin. Potential economic
gains for reallocations of water to fishery production will then be assessed under
alternative institutional settings, including temporary water markets.
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PROJECT INFORMATION

GRANT NUMBER: 14-08-0001-G1480
TITLE: Gas Transfer in Streams with Surface Instabilities:
White-Water Effects and Riffle-Pool Sequences
PERFORMING ORGANIZATION: Cornell University
PRINCIPAL INVESTIGATOR: G. H. Jirka
DURATION: September 1987 to August 1990
DESCRIPTION

1. Identification of the Water-Related Problems and Problem Solution Approach.

The transfer of gases across the air-water interface is one of the controlling
pathways that affect the distribution of material in the environment. A wide
class of gaseous materials is involved, ranging from dissolved oxygen (the
most persistent problem of water-quality management) to gases such as CO
(critical for climate dynamics as well as pH response of acid-rain runof%
and/or mine drainage), and to volatilizing toxic materials (of rapidly
increasing concern as health and ecological effects become better understood).
The project is specifically concerned with gas transfer in flowing streams,
for which the state-of-the art of predictive ability is especially unsatifactory.
This, in turn, causes a large uncertainty in waste-load allocation plans and
in toxic-control strategies and requires costly field-tracer studies to obtain

the transfer characteristics of a particular stream.

2. Contribution to Problem Solution.

Natural streams may have complex hydraulic characteristics and a few simple
parameters as used in present predictive equations (such as slope, mean velocity,
and mean depth) cannot be expected to describe both the details of the gas
transfer process in an individual stream and the large variability among
streams. From basic experiments and from the oceanographic literature it
appears that surface instabilities, which lead to greatly enhanced localized
transfer rates, are of particular importance. Such instabilities and the
associated white water effects around macro-roughness elements and in riffle-
pool sequences are ubiquitous in natural streams. An explicit description of
this enhancement effect will greatly improve the accuracy of stream gas-
transfer prediction.

3. Objectives.

Objectives of the research will be: (1) to measure in laboratory experiments
the enhancement of local gas transfer by macro-roughness elements and by
simulated riffle-pool sequences; (2) to derive, on the basis of the experimental
information of related detailed field-tracer experiments in Survey offices

and of mechanistic principles, predictive equations that include stream

surface instabilities as an explicit parameter; and (3) to incorporate such
equations into a detailed micro-computer based program (for example, HEC-2)

that includes necessary hydraulic details for accurate gas-transfer prediction
in engineering practice.
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PROJECT INFORMATION

GRANT NUMBER: 14-08-0001-G1488
FITLE" Contaminant Exchange Processes Between Water and
Sediment Beds in Rivers
PERFORMING ORGANIZATION: California Institute of Technology
PRINCIPAL INVESTIGATORS: N. H. Brooks, J. J. Morgan, and R. C. Koh
DURATION: July 1987 to January 1990
DESCRIPTION

1. Identification of the Water-Related Problems and Problem Solution Approach.

Toxic-contaminant transport in natural rivers involves solute exchange processes
between the stream flow and the sediment bed. The sediment beds and banks of

a river can act as the storage place for contaminants dumped into a river system.
There are two basic cases, the transport into the bed (capture) and out of the
bed (release). These are both non-equilibrium situations, where the chemical

and physical processes both may govern the rate of capture and release. Com-
puter models for predicting toxics concentrations are 1imited by the accuracy

of the representation of the water-bed exchange process. Little basic research
has been done to understand the interplay of fluid transport and chemical

processes.

2. Contribution to Problem Solution .

This research is directed toward the development and testing of mathematical
models to represent exchange processes in streams. These models will be in a
form suitable for use in comprehensive water-quality modes for rivers.

3. Objectives.

The purpose of the proposed research is to develop a better physical and
chemical understanding of the basic processes controlling the interchange of
contaminants or tracers between flowing fresh-water streams and their sediment
beds. The project will address some of these key questions:

(1) What are the strengths and Timitations of conceptual models of water-bed
exchange of contaminants as currently used in water-quality models for rivers?

(2) In detail, what are the physical and chemical processes controlling the
transfer in either direction?

(3) How can bed exchanges be represented better in water-quality models,
reflecting physical and chemical understanding?

(4) How do active bed-sediment transport and the occurrence and movement

of bed-forms (dunes, ripples, etc.) affect the transfer rates and
penetration of contaminants into stream beds?
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PROJECT INFORMATION

GRANT NUMBER: 14-08-0001-G1497
TITLE= Development of Tracer-Gas Technique for Bays
PERFORMING ORGANIZATION: University of Texas
PRINCIPAL INVESTIGATOR: E. R. Holley
DURATION: September 1987 to August 1989
DESCRIPTION

1. Identification of the Water-Related Problems and Problem Solution Approach.

There are at least two important situations in which surface transfer character-
istics for dissolved gases between water and the atmosphere need to be known,
namely for reaeration and for desorption of volatile pollutants. The interest
in gas transfer in bays is primarily in the context of desorption of volatile
pollutants; it is not possible to analyze or predict the transport and fate of
pollutants without knowing the volatilization rates. For bays, the influence
of wind on gas transfer means that results from rivers are not applicable.
There is good data on wind effects on surface gas transfer in laboratory
mixing vessels and flumes and in the oceans, but there is essentially no data
on gas transfer for bays. The small amount of data that does exist for bays
shows a marked divergence from both the Taboratory data and the oceanographic
data. The shallow depth of bays compared to oceans is probably one of the
primary reasons that ocean results are not applicable for bays. Thus, at
present, there is no basis for predicting surface gas transfer for bays.

2. Contribution to Problem Solution.

The tracer-gas technique was introduced into measurement of surface transfer
rates for rivers more than 20-years ago to overcome the accuracy problems with
oxygen balances and with other techniques. In this method, a tracer gas is
dissolved in the water body for which the gas-transfer characteristics are
desired. The surface transfer of the tracer gas is measured and this
information is used to determine the transfer of other gases. The tracer-gas
method has proven to be a very powerful tool, but it has been used almost
exclusively for small rivers and for determining gas-transfer coefficients
for specific locations and flow conditions. Surprisingly, the tracer-gas
method has apparently not been used for other types of water bodies nor for
general studies of gas-transfer processes. This research will develop the
tracer-gas technique so that quantitative information can be obtained on

gas transfer at water surfaces allowing better predictions to be made of the
desorption from water of volatile, dissolved pollutants following accidental
spills or accidents involving barges or ships.
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COMPLETED PROJECT INFORMATION

GRANT NUMBER: 14-08-0001-G1131

TIFLE Development of the Vacuum Freezing Multiple-
Phase Transformation Process for Desalination
and Water Reuse

PERFORMING ORGANIZATION: Calyxes Research and Development Corporation
PRINCIPAL INVESTIGATOR: Chen-Yen Cheng

START: September 1985

FINAL REPORT RECEIVED: January 1987

ABSTRACT:

Although the advantages of a vacuum freezing desalination process over
conventional means have been known for many years, and research and develop-
ment of various vacuum freezing processes have been conducted for over

25 years, there is still no commerical vacuum freezing process in existence.
Upon evaluation, it is seen that many of the problems encountered were associ-
ated with the methods used to 1iquefy the low-pressure vapor with heat recovery
for melting washed ice. The Vacuum Freezing Multiple Phase Transformation
(VFMPT) Process accomplishes vapor liquefaction by desublimation of the vapor
on a refrigerated surface, production of a second water vapor of higher
temperature than the melting point of ice, and then directly contacting the
second vapor with the desublimate to simultaneously condense the second vapor
and melt the desublimate. The second vapor is generated by a thin film
evaporator, with the refrigerant vapor generated in the desublimation step,
upgraded by a compressor, condensing inside the evaporator.

Bench-scale experiments with a 3.5 percent NaCl solution to simulate sea
water show that the vapor 1iquefaction steps can be conducted relijably

and at rapid rates. In addition, it was shown that second vapor can be
used to melt ice at rapid rates. Construction of a 5,000 gallons per day
unit for conducting the vacuum freezing and vapor liquefaction steps is in
progress with main component of the unit near completion. The unit will be
tested to show reliability of continuous operation as well as simplicity of
required equipment.

During the course of the grant period, it was conceived that the vacuum
freezing process could be extended to the treatment of eutectic mixtures to
recover solute as well as solvent in a solid or nearly solid form. Preliminary
experiments with the water-NaCl system show that co-crystallization of solvent
and a dihydrate of the solute as separate crystals can be accomplished and the
substantially lower-pressure vapor produced from the eutectic mixture can be
liquefied using the VFMPT approach. This approach, in combination with the
VFMPT Process which can concentrate a solution to its eutectic composition
would be a most comprehensive method for desalination, industrial solution
concentration, water reuse, and pollution abatement.
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