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PREFACE

The U.S. Geological Survey’s Toxic Substances Hydrology Program
provides earth-science information needed to understand the movement and
fate of hazardous substances in the Nation’s ground and surface waters. To do
this, the program (1) conducts laboratory and field research on the physical,
chemical, and biological processes controlling contaminant transport and
transformation; (2) develops new analytical methods and sampling techniques;
and (3) investigates the relations among various human activities,
environmental characteristics, and regional patterns of water quality.

The latest results of research conducted by the Toxic Substances
Hydrology program were presented at a technical meeting held in Monterey,
California, in March 1991. This report contains the abstracts of oral and
poster presentations given at the Monterey meeting. To ensure that the
abstracts would be ready for distribution at the meeting, they were reproduced
as submitted by the authors. Time did not permit preparation of the abstracts
in a uniform format.

Preface



The use of brand, company, or trade names in these abstracts is
for identification purposes only and does not constitute
endorsement by the U.S. Geological Survey.
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OVERVIEW OF RESEARCH AT THE CAPE COD SITE: FIELD AND
LABORATORY STUDIES OF HYDROLOGIC, CHEMICAL, AND
MICROBIOLOGICAL PROCESSES AFFECTING TRANSPORT IN A SEWAGE-
CONTAMINATED SAND AND GRAVEL AQUIFER

by Stephen P. Garabedian and Denis R. LeBlanc'

The Cape Cod Toxic-Substances Hydrology Research site, located in Falmouth,
Massachusetts, is the focus for a number of field research projects studying subsurface
contaminant hydrology, inorganic and organic geochemistry, and microbiology. Past research
efforts at the site have involved definition and description of the extent of aquifer contamination in
a sewage plume originating from the Otis Air Base sewage-treatment facility. Current research at
the site is reviewed in a synopsis of 25 papers. These papers include efforts to characterize
specific physical, chemical, and microbiological processes affecting the transport and fate of
solutes and bacteria at the site. These processes are characterized using small-scale laboratory
experiments such as batch and column tests, intermediate-scale field experiments such as natural-
gradient tracer tests with transport distances of 1 to 280 meters, and large-scale investigations of
the sewage plume with specialized sampling methods.

'us. Geological Survey, Marlborough, MA



BACKEROUND AQUEOUS CHEMISTRY OF SHALLOW GROUND WATER IN A
SEWAGE-CONTAMINATED GLACIAL OUTWASH AQUIFER,
CAPE COD, MASSACHUSSETTS

by Roger W. Lee
U.S. Geotogical Survey
Austin, Texas

ABSTRACT

Chemical data were collected in 1988-89 from 36 wells representing 18
uncontaminated sites in the vicinity of a sewage plume emanating from disposal
areas at Otis Air Base. These samples had low concentrations of dissolved
solids (generally less than 150 milligrams per liter); pH, and concentrations
of dissolved solids and silica generally increased with depth in the aquifer.
Although road-salting practices appear to have added solutes to shallow ground
water at a few locations, this practice did not affect ground water at three
. sites where concentrations of dissolved solids decrease with increasing depth.

A geochemical model using the computer code PHREEQE matches observed chemical
data with chemical reactions that involve incongruent dissolution of feldspar
minerals to kaolinite, and dissolved CO, in recharge water, that varies from
about 0.05 to 0.4 millimoles per liter.” This result suggests that a non-
uniform distribution of CO, may exist in the unsaturated zone in the study
area. The various 1and-usg practices and surface features, such as residen-
tial subdivisions, golf courses, large cultivated grass fields, kettle ponds,
and conifer forests each may cause variations in the production of CO, or in
the flux of C02 from the unsaturated zone into the water table aquife;.



EFFECT OF THE GEOCHEMICAL ENVIRONMENT ON
HEAVY-METAL TRANSPORT IN GROUND WATER

J, A, Davis', D. B. Kent', B. A. Rea!, S. P. Garabedian?, and L. C. D. Anderson'
ABSTRACT:

An overview is presented of a field-based research program that is examining the signifi-
cance of chemical reactions in toxic-metal transport in ground water. Both natural-gradient tracer
tests and laboratory experiments with subsurface materials are being used to evaluate the relative
importance of hydrologic and geochemical processes affecting metal transport. The experiments
are being conducted in an uncontaminated, recharge zone and in sewage-contaminated zones of
the sand and gravel aquifer at the Cape Cod Toxic-Substance Hydrology Research Site. The
results of tracer tests with zinc, chromium, and selenium showed that various chemical processes
can have a dominant effect on metal transport; these processes include oxidation-reduction,
adsorption-desorption, and aqueous complexation reactions. In some cases, significant speciation
changes occurred as the injected tracers moved downgradient, and the changes generally had
marked effects on the reactivity of the tracers with the porous medium. The experiments revealed
that equilibrium geochemical models will be difficult to apply in modeling the transport of some
redox-sensitive contaminants, such as chromium(VI) and selenium(VI), because of the specific
nature of interactions of each element with reductants. A practical modeling approach for
describing metal transport in ground water may require properly designed laboratory experi-
ments in order to identify and minimize the number of chemical reactions considered in a hydro-
geochemical transport model.

'U. S. Geological Survey, Menlo Park, Calif.
?U. S. Geological Survey, Marlborough, Mass.
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EI@@E@@KEMZ@&L FATE OF ORGANIC COMPOUNDS IN SEWAGE
CONTAMEN:X¥ED GROUND WATER, CAPE COD, MASSACHUSETTS

by Larry B. Barber1 E. Michael Thurmanz, Jennifer A.
F1@1d3, Jerry A. Leenheerl, Denls R. LeBlanc4, Richard L.
Smith? . and Ronald W. Harvey

ABSTRACT

The occurrence and distribution of organic compounds in
the ground-water contamination plume at the Cape Cod Toxic-
Substance Hydrology Research Site, located near Falmouth,
Massachusetts, has been the subject of intensive study since
1983. The results of this effort provide insight into the
biogeochemical processes controlling the fate and transport
of sewage-derived contaminants in ground water. The plume of
contamination, resulting from disposal of secondary-sewage
effluent into a sand and gravel aquifer, is very complex and
a hierarchical analytical approach is required to measure
the wide range of organic compounds present. Major organic
contaminants that have been identified include: (1) volatile
chlorinated hydrocarbons (VCHs); (2) anionic and nonionic
surfactants; and (3) biological metabolites of anionic and
nonionic surfactants. The VCHs, which include di-, tri-, and
tetrachloroethene, do not appear to undergo biodegradation
or sorption to the aquifer sediments. Their distribution
probably results from variation in the chemical composition
of the effluent over time. In contrast, the occurrence and
distribution of anionic and nonionic surfactants appear to
be controlled by biodegradation and sorption. Anionic
surfactant biodegradation is indicated by significantly
diminished concentrations in the ground water relative to
the sewage effluent and the presence of metabolic
intermediates in the ground water. Because of the increased
polarity and solubility of the metabolites with respect to
the parent compound, they are not significantly sorbed by
the aquifer sediments. Nonionic surfactant biodegradation
also is indicated by diminished concentrations in the ground
water and the appearance of biological metabolites. However,
in contrast to anionic surfactants, nonionic surfactant
biodegradation results in compounds that are less soluble
than the parent compound, and transport of the degradation
products appears to be retarded by sorption to the aquifer
sediments.

1. y.s. Geological Survey, WRD, Denver, Colorado

2. u.s. Geological Survey, WRD, Lawrence, Kansas

3. swiss Federal Institute for Water Resources and Water
4 Pollution Control, Duebendorf, Switzerland

U.S. Geological Survey, WRD, Marlborough, Massachusetts
5- y.s. Geological Survey, WRD, Menlo Park, California



BFFECTS OF DENITRIFICATION ON NITROGEN GEOCHEMISTRY IN A
NITRATE-CONTAMINATED SAND AND GRAVEL AQUIFER, CAPE COD, MASSACHUSETTS

Richard L. Smithl, Brian L. Howesz, and John H. Duff>

ABSTRACT

A relatively narrow vertical zone (5-6 meters thick) of nitrate
(No3')-containing ground water was identified using multilevel sampling
cdevices within an unconfined sand and gravel aquifer located on Cape
Cod, Mass. The aquifer has been contaminated by surface disposal of
treated sewage 0.3 kilometers upgradient from the study area. The NO,~
zone was anoxic, contained high concentrations of nitrous oxide (16.5
micromolar), and coincided with a zone of active denitrification.
Concentrations of nitrogen gas (N,), the principal product of
denitrification, were close to atmospheric equilibrium in
uncontaminated. ground water, but were significantly higher within the
contaminant plume. The amount of excess N, was used to calculate the
amount of nitrate reduced within a given transport intervgl.
Denitrification resulted in an increase in the natural §+°N of NO,~
(from +13.6 to +42.0 per mil) and N, (+11.2 per mil per millimole per
liter of N, produced) due to kinetic fractionation. The isotopic
enrichment factor for in-situ denitrification was determined to be
-13.9 per mil. These results demonstrate that denitrification can have
a significant effect upon the geochemistry of ground water, but that
closely spaced vertical sampling is necessary to study the process
within aquifer environments.

gU.S, Geological Survey, Lakewood, Colorado
Woods Hole Oceanographic Institution, Woods Hole, MA
U.S. Geological Survey, Menlo Park, CA



YR ROIE 0F PBYSICAL AND CHEMICAL HETEROGENEITY IN THE INTERPRETATION OF
SHALL-SCALE TRACER TESTS INVOLVING MICROORGANISMS
R.¥W. Harvey%, S.P. Garabedianz, E.L. Smiths, L.B. BarberB, D.W. Metgel, and
M.A. Scholl ‘
ABSTRACT
Transport of microorganisms in contaminated groundwater is best
studied in-situ, because it is difficult to duplicate in-situ conditions in
the laboratory and the repacking of aquifer material into columns can
significantly alter pore structure. A series of small-scale (6 to 12-m
[meters] travel distance), natural-gradient tracer experiments have been
conducted at different locations and depths within an organically-
contaminated (treated sewage) section of the aquifer that had been
instrumented with a 20 by 220 m array of 15-port, multilevel samplers. The
instrumented study area is part of the U.S. Geological Survey's Cape Cod
Toxic-Substances Research Site, located in Falmouth, Massachusetts. These
tests have allowed assessment of differences in transport between various
microorganisms, microspheres, and conservative tracers within different
zones of the aquifer. Substantial differences in the relative transport
between bacteria and microspheres and between bacterial-sized colloids and
the conservative tracers were observed among sites; In some cases, these
differences limited the transferability of models used to describe the
downgradient bacterial migration. Therefore, interpretation can be
complicated by physical and chemical heterogeneity, even though small-scale
in-situ experiments provide more realistic information than do flow-through
column studies. Comparisons of similar experiments performed at different
locations and at different depths within the aquifer suggest that the
effects of physical and chemical heterogeneity (grain size distribution,
preferred flow-path pore structure, ground-water chemistry and mineralogy)
upon observed transport of microorganisms and microbially-important
substances need to be taken into account to describe the relative
contributions of individual processes to bacterial transport.
éU.S. Geological Survey, Menlo Park, Calif.
3U.S. Geological Survey, Marlborough, Mass.
U.S. Geological Survey, Arvada, Colo.



RESEARCH IN FRACTURED-ROCK HYDROGEOLOGY:
CHARACTERIZING FLUID MOVEMENT AND CHEMICAL TRANSPORT IN FRACTURED ROCK
AT THE MIRROR LAKE DRAINAGE BASIN, NEW HAMPSHIRE

Allen M. Shapiro! and Paul A. Hsieh?

ABSTRACT

Many scenarios of anthropogenic waste isolation consider burial in
unconsolidated near-surface deposits; however, these wastes can leach into the
underlying bedrock. Fractures in the bedrock have the capacity to transport
contaminants rapidly over large distances, and therefore, can have a great
effect on ground-water and surface-water resources. Prediction of fluid
movement and chemical transport in fractured rock is a complex task because of
the difficulty in physically identifying and mathematically characterizing the
spatial variability of hydraulic properties of the bedrock over various length
dimensions. This problem is encountered in all subsurface flow regimes, but it
is most acute in fractured rock because of the extreme spatial variability and
the abrupt spatial changes in hydraulic properties. These conditions make it
difficult to design field experiments and to employ interpretative methods of
predicting fluid movement and chemical transport that were developed for
application to unconsolidated porous media. To address these problems in
fractured-rock hydrogeology, a multidisciplined research project is being
conducted in the bedrock of the Mirror Lake drainage basin in the Hubbard
Brook Experimental Forest in central New Hampshire.

The principle objectives of this study are to: (1) develop methods of
monitoring hydraulic and chemical information in heterogeneous bedrock flow
regimes; (2) develop hydraulic, tracer, geophysical and geochemical field
techniques and interpretative methods to identify hydraulic and transport
properties of bedrock and to characterize fluid movement and chemical
transport over various length dimensions; (3) improve upon interpretative
models of fluid movement and chemical transport in bedrock by incorporating
geologic, lithologic and fracture mapping information; and (4) establish a
site for long-term monitoring of bedrock environments and a controlled field-
scale laboratory to test new equipment and interpretative analyses for
characterizing and predicting fluid movement and chemical transport in
fractured rock.

lu.s. Geological Survey, Reston, VA

2y.s. Geological Survey, Menlo Park, CA



CORPARING GROPHYSICAL LOGS TO CORE AND CROSS-HOLE FLOV LOGGING
- IN THE MIRROR LAKE DRAINAGE BASIN

F.L. Paillet
U.S. Geological Survey
Denver, CO 80225

ABSTRACT

An ongoing fracture-flow study based on geophysical log analysis and
other geophysical and hydrologic techniques was expanded by adding
additional boreholes to an existing experimental well field in the
Mirror Lake watershed. One of these new boreholes was cored in order to
compare lithologies and fractures identified on cores with those inferred
. from geophysical logs. Comparison of cores with geophysical logs confirms
the accuracy of interpretation of generalized lithology and fractures on
the basis of geophysical logs alone. However, the logs did not indicate
some of the minor, possibly closed in-situ fractures seen in the recovered
cores. At the same time, one of the largest and most permeable fractures
indicated by the geophysical logs was not observed in the core. The
original boreholes in the experimental well field were shown to intersect a
highly conductive zone formed by the intersection of numerous discrete and
discontinuous fractures. Cross-borehole pumping tests demonstrate that the
highly conductive zone identified in previous studies intersects the core
hole, but not the other new boreholes indicating the discontinuous and
heterogeneous nature of permeable zones in bedrock at this site.



EXAMINATION OF HEAD DATA
IN A FRACTURED AND LAYERED SYSTEM,

ROCK SPRINGS, WYOMING

By Kathy Muller Ogle1

ABSTRACT

The White Mountain in-situ oil-shale retort area was a U.S. Department of
Energy test site for burning oil shale in place to evaluate methods of oil
extraction without removal of the shale. The area is 7.5 miles west of Rock
Springs, Wyoming. The Tipton Shale Member of the Green River Formation
(Eocene) at site 9 in the White Mountain area was retorted in 1976 to extract
oil.

Head values indicate a complex ground-water-flow system at White Mountain
area in the vicinity of site 9. Annual temporal water-level fluctuations of
5 to 10 ft (feet) were observed in monitoring wells completed in four
different stratigraphic intervals. The potential for flow to the 10-ft-thick
Tipton Shale Member layer, correlating to the lower one-third of the retort
chamber, from the overlying 8-ft-thick sandstone layer is indicated by
differences in head. Spatial variability indicates a potential for horizontal
flow to the southwest and west within the 10-ft-thick Tipton Shale layer. The
causes of the fluctuations in head have not been determined. However, a
dynamic system is indicated by the head data.

' U.S. Geological Survey, Cheyenne, Wyoming.



Geographic and Temporal Distribution of Herbicides in
Surface Waters of the Upper Midwestern United States, 1989-90

Donald A. Goolsby, E. Michael Thurman, and Dana W. Kolpin
(U.S. Geological Survey)

ABSTRACT

Results from a 2-year study of 149 streams geographically distributed
across the corn-producing region of 10 midwestern States show that detectable
concentrations of herbicides persist year round in most streams. During late
spring and summer, concentrations of one or more herbicides exceeded U.S.
Environmental Protection Agency proposed maaximum contaminant levels (PMCLs)
for drinking water in more than one-half the streams sampled. Some herbicides
exceeded PMCLs during runoff for periods of several weeks to several months.
Atrazine was the most frequently detected and most persistent herbicide
measured, followed by desethylatrazine (an atrazine metabolite) and
metolachlor. Alachlor and cyanazine were detected primarily during the late
spring and summer. The seasonal distribution of atrazine indicates that
aquifers contributing base flow to the streams are contaminated with
herbicides. Results from this study, which are believed to be applicable to
other streams throughout the upper Midwest, indicate an annual cycle of
herbicide application, a series of flushing events during which herbicides are
transported into streams and ground water, and periods of base flow during
which persistent herbicides are discharged into the streams from ground-water
sources.

10



SOURCE OF ATRAZINE, DESETHYLATRAZINE, METOLACHLOR IN A
SEILECTED REACH OF THE CEDAR RIVER, IOWA, DURING BASE-
FLOW CONDITIONS

Paul J. Squillace (U.S. Geological Survey, P.O. Box 1230, Iowa City, 52244, 319-337-4191),

E M Thurman (U.S. Geological Survey, 4821 Quail Crest Place, Lawrence, Kansas, 66049; 913-
842-9909)

Edward E. Fischer (U.S. Geological Survey, P.O. Box 1230, Iowa City, Iowa 52244; 319-337-
4191)

Phil J. Soenksen (U.S. Geological Survey, P.O. Box 1230, Iowa City, Iowa 52244; 319-337-4191)

ABSTRACT

A budget of atrazine, desethylatrazine, and metolachlor loads was computed for a 116-
kilometer reach of the Cedar River in Iowa to determine where these compounds enter the river
during base flow conditions. Loads were determined by measuring discharge and concentrations
of the compounds for four main-stem sites along the Cedar River and for 27 tributaries on
September 20-22, 1989. Tributaries contributed 17 percent of the increased atrazine load, 24
percent of the increased desethylatrazine load, and 38 percent of the increased metolachlor load
measured between the extreme upstream and downstream sites on the Cedar River. The remaining
62 to 83 percent of the increased loads is attributed to input along the rivers’ main stem. Ground-
water discharge carrying atrazine and desethylatrazine is a likely source of some of the increased
load detected in the river for two reasons: (1) Measurable increases of atrazine loads were
associated only with those reaches of the river where discharge substantially increased because of
ground-water discharge, (2) the mean concentrations of both atrazine (0.27 pg/L (micrograms per
liter)) and desethylatrazine (0.11 pg/L) in 15 shallow ground-water samples were equal to
measured concentrations in the river 6 and 10 days after the ground-water samples were collected.
The ground-water samples were collected from depths from 1 to 2 meters beneath the river bottom
where the ground water was determined to be moving toward the river. The sources of atrazine and
desethylatrazine detected in this ground water may include bank storage of river water, desorption
of chemicals on sediment in the alluvial aquifer, or ground water originating at some distance from
the river.

11



THE EFFECT OF SURFACE-WATER AND GROUND-WATER EXCHANGE ON THE
TRANSPORT AND STORAGE OF ATRAZINE IN THE CEDAR RIVER, IOWA

by Micﬁael J. Liszewskil and Paul J. Squillacel

ABSTRACT

The transport and storage of atrazine was studied in the Cedar River and
an adjacent alluvial aquifer in eastern Iowa. River samples were collected
monthly during low-flow conditions from May through December 1989, and daily
during the rise and fall of the river stage caused by storm runoff in March
1990. VWater samples were collected from 23 wells completed in the aquifer in
a vertical plane 150 meters long by 15 meters deep and perpendicular to the
river. The wells were sampled five times during low-flow conditions of the
Cedar River during 1989 and three times over the rise and fall of the river
stage caused by storm runoff in 1990.

Atrazine concentrations in the Cedar River ranged from 0.12 pg/L
(micrograms per liter) during extended low-flow conditions begining in July
1989 to 0.82 upg/L during peak river stage in March 1990. Atrazine
concentrations in samples from wells in the alluvial aquifer ranged from less
than 0.05 pug/L to 0.68 ug/L during the period of study. In general, atrazine
concentrations were stratified in the alluvial aquifer with greater
concentrations occurring near the top. The period of high river stage in
March of 1990 correlates with large concentrations of atrazine in samples from
wells less than 30 m (meters) from the river. Concentrations of atrazine in
samples from the wells greater than 30 m from the river did not correlate to
the high river stage.

The observed data may be explained by the exchange of surface water and
ground water in the adjacent alluvial aquifer as a result of changes in river
stage during periods of storm runoff and low flow. The data suggest that the
alluvial aquifer may act as a reservoir of atrazine. During storms, areas of
the aquifer closest to the river are recharged with river water containing
atrazine, which may later return to the river during low flow. Water-table
gradients and specific-conductance measurements provide evidence for (1) a
large ground-water component in the streamflow during low-flow conditions, and
(2) the presence of infiltrated river water in the aquifer during high river

stage.
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1y.s. Geological Survey, Iowa City, Iowa.



Dissipation of Starch Encapsulated Herbicides:
A Field Comparison with Powdered Herbicides.

by.

M. S. Mills, E. M. Thurmanl, R. E. Wing2, and P. L. Barnes3

ABSTRACT

A dissipation study of atrazine and alachlor in starch-encapsulated and powdered forms was
conducted on two adjacent corn plots at the Silver Lake Experimental Field Site, near Topeka,
Kansas. A 30-percent difference in the total mass of herbicide washed from the plots was observed and
attributed to the different release patterns of the two herbicide forms. The distribution of mass of
starch-encapsulated herbicide released in runoff water throughout the growing season followed a
normal-distribution-shaped curve, whereas the powdered-herbicide runoff water had a high mass
present at the start of the season, which decreased in an exponential manner through time. Atrazine
and alachlor were released slowly from the starch-encapsulating matrix as it expanded in the
presence of water, and only a small mass of herbicide was present at any time for wash-off, throughout
the entire runoff season. Because of this slow release of starch-encapsulated herbicides, the initial
flush of large concentrations of herbicides from fields could be reduced by a factor of approximately 20,
and decrease the total mass of herbicide washed from the field by 30 percent. Furthermore, the slow
release of encapsulated herbicides should extend the residence time of the parent herbicide in the
microbially active top-soil zone, which enhances biological and chemical degradation to less-active
metabolites while maintaining weed control.

1y. s. Geological Survey, 4821 Quail Crest Place, Lawrence, Kansas 66049.

2National Center for Agricultural Utilization Research

Agricultural Research Service, USDA, 1815 N, University Street, Peoria, Illinois 61604.
3Kansas State University, Manhattan, Kansas 66506.



'SPATIAL VARIABILITY IN HYDRAULIC CONDUCTIVITY OF
A SILT-LOAM SOIL NEAR TOPEKA, KANSAS

By David A. V. Eckhardt! and Philip L. Barnes?

ABSTRACT

A soil’s hydraulic conductivity can be estimated fairly accurately from undisturbed pro-
files under conditions of steady-state ponded infiltration by monitoring the drainage and redis-
tribution of soil water in the profile after cessation of infiltration. An exponential relation of
unsaturated soil hydraulic conductivity [K(8)] to water content () is assumed in the form of

K(0) =K, . exp [B(6 - 6,)] ,

where K, is the hydraulic conductivity during steady-state ponded infiltration,

0, is the corresponding soil-water content during steady-state ponded
infiltration, and

B is a dimensionless constant.

In this study, the spatial distributions of B and K, at selected depths were determined by mea-
surements of soil-water content after the cessation of infiltration (6, - 8) over time at each of
eight depths at 18 locations in a 0.75-hectare silt-loam plot near Topeka, Kansas. Values of B
and K, for 133 of the measurements were approximately log-normally distributed about their
means. Mean B was 74, and mean K, was 0.12 cm/hr (centimeters per hour). The values of
K, and B measured at one site were used in a numerical unsaturated flow model to simulate
decreasing water content in the soil profile during drainage. Model results indicate that the
field method provides reasonable estimates of K, and B and that simplifying assumptions were
accurately met. Differences between simulated and measured water contents in the selected
soil profile are attributed to vertical variability in other soil physical properties, such as mois-
ture-retention characteristics and bulk density, which would need to be quantified spatially to
improve simulation.

VY u.s. Geologicat Survey, WRD, Ithaca, NY 14850
2 Kansas State University, Department of Agronomy, Manhattan, KS 66506
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INTEGRATED HYDROLOGIC RESEARCH AT THE
NORTHERN CORNBELT SAND-PLAIN MANAGEMENT SYSTEM
EVALUATION AREA, MINNESOTA

by Geoffrey N. Delin
U.S. Geological Survey, St. Paul, Minnesota

ABSTRACT

The U.S. Geological Survey (USGS), in cooperation with the U.S. Department
of Agriculture and the U.S. Environmental Protection Agency (USEPA), is
conducting interdisciplinary research on the effects of agricultural practices
on water quality. A 0.65-square-kilometer site located near the town of
Princeton, Minnesota, was selected for intensive research in the Anoka sand-
plain aquifer to represent hydrogeologic conditions typical of the Midwest
cornbelt sand plains. The site is adjacent to and upgradient from a stream and
associated wetland. Material in the unsaturated and saturated zones at the
site generally consists of fine-to-medium sand and medium-to-coarse sand,
respectively. The saturated thickness of the aquifer is about 8 meters. The
water table is from O to about 3 meters below land surface. The estimated
horizontal hydraulic conductivity is about 10 centimeters per day.

The overall approach to conducting research at the Northern Cornbelt Sand-
Plain Management System Evaluation Area is to identify and evaluate important
processes and factors affecting the behavior and fate of agricultural chemicals
in the environment. Multidisciplinary, multiscale research is planned for
selected transport, transformation, and phase-transfer processes affecting the
fate of agricultural chemicals in the various environmental compartments
(atmosphere, soil/root zone, unsaturated zone, saturated zone, and surface
water). The USGS Minnesota District will be coordinating physical and chemical
hydrologic research and will provide logistical support for USGS and USEPA
researchers at the Princeton site.
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ESTIMATES OF GAS-PHASE PHOTOLYSIS FOR ATRAZINE, SIMAZINE, ALACHLOR, AND
METOLACHLOR FROM EFFECTIVE ABSORPTION CROSS-SECTION MEASUREMENTS

Paul M. Gates, William T. Foreman!®, Wallace G. DeGiacomo? and Larry G. Anderson?

1y.S. Geological Survey
Methods Research and Development Program
National Water Quality Laboratory
5293 Ward Road
Arvada, Colorado 80002

2Department of Chemistry
University of Colorado at Denver
Denver, Colorado 80204

ABSTRACT

Ultraviolet-visible (UV-vis) absorption cross-sections, in conjunction with solar actinic-flux
measurements, may be used to estimate effective photolysis hali-lives of organic compounds in the
troposphere. A scanning UV-vis spectrophotometer was used to measure the absorption cross-sections for
wavelengths from 285 to 825 nm (nanometers ), the region pertinent to solar photolysis of organic
contaminants in the troposphere, for atrazine, simazine, alachlor, and metolachlor. The alpha-
chloroacetamides, alachlor and metolachlor, were shown to have no absorbance in the wavelength region of
solar actinic flux and, consequently, are expected to have extremely long photolysis half-lives in the
troposphere. Small absorbances were observed in the range from 285 to 335 nm for atrazine and from 285 to
345 nm for simazine, indicating photolysis may occur for these two triazine herbicides in the troposphere.
However, atmospheric reactions of all four herbicides with photochemical oxidants, like 0zone and hydroxy!
and nitrate radicals, may prove more important than photolysis as contaminant removal processes.

16



LITERATURE REVIEW OF VAPOR PRESSURE DATA FOR SOME
CHLORINATED TRIAZINE AND ACETAMIDE HERBICIDES

William T. Foreman® and Wallace G. DeGiacomo

U.S. Geological Survey
Methods Research and Development Program
National Water Quality Laboratory
5293 Ward Road
Arvada, CO 80002

ABSTRACT

A comprehensive review of the literature has been undertaken to ascertain the original
experimentally determined vapor pressure data for atrazine and four of its degradation products,
desethylatrazine, desisopropylatrazine, desethyldesisopropylatrazine, and hydroxyatrazine,
along with four additional herbicides, simazine, metribuzin, alachlor and metolachior. Many of the
reported vapor pressure values can be traced back to only one or two original experimental
determinations. In other cases, the values given are incompletely cited. To date, only two
citations containing original experimental data have been found for atrazine and one citation
found for simazine. There appears to be no specific vapor pressure data available for any of the
four major degradation products of atrazine. Vapor pressure data reported in the literature for
alachlor, metolachlor and metribuzin appear to originate from manufacturer's data, the original
experimental reports from which have not yet been ascertained.

17



Eeletion of Selected Water-Quality Constituents To River Stage In the
) Cedar River, lowa

Peter M. Schulmeyer’
ABSTRACT

Water samples collected from the Cedar River in east- central lowa indicate that measured
values of specific conductance and pH and concentrations of dissolved oxygen, nitrate, and atra-
zine are related to changes in river stage. Samples were collected monthly from'May 1989 through
July 1990; daily samples were collected during periods of storm runoff in March and May 1990.
Specific conductance, pH, and concentrations of dissolved oxygen are apparently inversely
related to the measured stage of the river, whereas concentrations of atrazine and nitrate are
apparently directly related.

The apparent inverse relation of specific conductance to the measured stage of the river
may be the result of the dilution of the ground-water component of river flow with surface-water
runoff, which generally has less specific conductance and pH than ground water. The apparent
inverse relation of pH and concentration of dissolved oxygen to the measured stage of the river
may be the result of the dilution of dissolved oxygen and carbon dioxide in the stream by surface-
water runoff.

Nitrate and atrazine concentrations, both of which are agricultural chemicals, correlated
with time of application as well as with river stage. However, nitrate concentrations peaked several
days after the peak stage of the river. These correlations may be the result of the leaching of these
chemicals from agricultural areas during periods of storm runoff. Sample concentrations collected
after application of the chemicals were larger than those coilected before application.

1 U.S. Geological Survey, lowa City, lowa 52244
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Photolytic Degradation of Atrazine in the Cedar River, Iowa, and its Tributaries, by Marvin C.
Goldberg*, Kirkwood M. Cunningham*, and Paul J. Squillace**, U. S. Geological Survey

P. O. Box 25046, MS 424, Denver Federal Center, Lakewood, Colorado 80225, **U. S.
Geological Survey P. O. Box 1230, Iowa City Iowa 53344

One of the anthropogenic materials entering the Cedar River, Iowa, is atrazine. This
herbicide is applied as an agricultural additive and as a consequence of rainfall-runoff, feeds into
tributaries of the Cedar River, Iowa, from which it is carried to the mainstem of the river. Water
samples collected from the tributaries and the mainstem were photolyzed in a sunlight simulator to
evaluate the effect of sunlight induced degradation on this material as it is transported to the
mainstem of the river. The loss rate of atrazine was measured as a function of photon flux and it
was found that the half-lives of degradation, in midday sunlight at 40° lattitude, ranged from 38 to
318 hours at the 11 sites tested. A correlation was found between increased concentrations of
nitrate and increased rates of photolytic degradation. Since nitrate is activated by sunlight to
produce hydroxyl radical, the mechanism for photolytic decomposition is most likely an indirect
photolysis where the nitrate ion is an intermediate sensitizer producing hydroxyl radical that then
reacts with s-atrazine as follows:

.OH + Atrazine —» 2,4-diamino-6-hydroxy-N-ethyl-N'-(1-methylethyl)-1,3,5-triazine) + Cl
- after several steps ——3» Cyanuric Acid.

Photolytic degradation is site specific. Almost all of the photolytic degradation occurs in the
tributaries. Very low rates of photolysis were measured in the mainstem. Nitrate is added to the
natural environment in the form of fertilizer on a schedule determined by agricultural necessity;
thus, both the occurrence and photolytic degradation of atrazine in tributaries to the Cedar River,
Iowa, are controlled by agricultural perogatives.
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MOVEMENT OF NITROGEN SPECIES AND HERBICIDES ON CLAYPAN SOILS
AT THE MANAGEMENT SYSTEMS EVALUATION AREA IN MISSOURI

By
Dale W. Blevins!

ABSTRACT

Numerous studies of nitrogen, atrazine, and alachlor are being started by the U.S. Department of Agriculture
and the U.S. Geological Survey at the Goodwater Creek basin in north-central Missouri. Claypan soils, loess, and
glacial drift cover most of the basin. The primary crops are soybeans, corn, pasture, and wheat. Ground-water,
surface-water, and water-quality data will be collected from study areas of 0.022, 1, 20 to 60, 3,200, 7,040, and 17,900
acres. . ~

The large clay content of surficial materials in the basin premit macropore flow and provides an opportunity
to conduct solute-transport studies. Other studies will determine the effects of three crop-management systems on the
fate and transport of nitrogen species, alachlor, and atrazine. The U.S. Geological Survey will study the use of nitrogen
and oxygen isotopes to trace nitrate from fertilizer through the unsaturated and saturated zones. Techniques to
significantly decrease the cost of analyzing for nitrogen isotope ratios and to analyze oxygen-isotope ratios in nitrate
will be developed.

1U.5. Geological Survey, Water Resources Division, 301 West Lexington, Independence, MO 64050
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ISOLATION AND CHARACTERIZATION OF AUTOTROPHIC, HYDROGEN-OXIDIZING,
DENITRIFYING BACTERIA FROM GROUND WATER AS POTENTIAL AGENTS FOR
BIOREMEDIATION OF NITRATE CONTAMINATION

Richard L. Smithl and Marnie L. ceazanl

ABSTRACT

Nitrate is a common contaminant of ground water in the United
States due to agricultural practices and disposal of human and animal
wastes. Nitrate is relatively stable, and therefore persistent, and is
mobile in most aquifers. However, nitrate can be utilized by
subsurface microorganisms. Denitrification is the microbial process
most likely to remove significant quantities of nitrate from ground
water because it is a dissimilatory process and it appears to be
suitable as a mechanism for in-situ bioremediation because it produces
an innocuous endproduct, nitrogen gas. 'The selection of an appropriate
substrate to add to the subsurface to stimulate denitrification will be
critical to its utility as a bioremediation process. Recently,
incubations with sediments collected from a nitrate-contaminated
aquifer on Cape Cod, Mass. demonstrated that the addition of hydrogen
significantly stimulated denitrification. Subsequently, several
strains of autotrophic, hydrogen-oxidizing bacteria were isolated from
two different sites within the aquifer and then partially
characterized. Although little is known about hydrogen oxidation by
denitrification, this activity has significant potential for
exploitation as a bioremediation process, and further characterization
of these microorganisms is currently being conducted within that
context.

lu.s. Geological Survey, Lakewood, Colorado
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Survival of a Model Pollutant-Degrading Microorganism in a Sand
and Gravel Aquifer and in Microcosms

By M. L. Krummel, R. L. Smith? and D. F. Dwyer1

ABSTRACT

In situ bioremediation may involve the addition into
contaminated environments of non indigenous microorganisms that
are capable of removing or degrading specific pollutants.

Prior to their introduction into an environment, these
microorganisms need to be assessed for their suitability as
bioremediation agents and their potential to cause unwanted
effects to that environment. We determined the usefulness of
using microcosms to predict the in-situ fate of microorganisms
added to agquifers by comparing the population dynamics of a
model pollutant-degrading microorganism, Pseudomonas sp. B13
(B13) after introduction into laboratory microcosms and a sand
and gravel aquifer. B13 was introduced into the aquifer in
three depth intervals, where concentrations of dissolved oxygen
(DO) were 10, 8, and 0 mg/L (milligrams per liter) and into
microcosms, which contained aguifer core material from the same
three depths. The B13 population was stable in all microcosms
for 70 days after introduction. This was similar to results in
the aquifer for two of the three depth intervals studied. 1In
the depth interval where DO concentrations were 10 mg/L, the
population of B13 was not detected 70 days after introduction.

lGerman Institute of Biotechnology, Braunschweig, Germany
U.S. Geological Survey, Denver, Colorado
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ADSORPTION AND REDUCTION OF Chromium(VI) UNDER OXIC CONDITIONS IN
A SHALLOW SAND AQUIFER AT CAPE COD, MASSACHUSETTS
L.D. Anderson1, D.B. Kent', and J.A. pavis'

ABSTRACT
Tracer injection studies indicate that reduction and
| adsorption of Chromium(VI) occurred in oxic sands but only
reduction occurred in suboxic sands. Experiments with freshly
collected core material and recharge water substantiated
reduction by the oxic sands. Reductive potential is absent in
aged, dried sands from both the oxic and suboxic core material,
probably as a result of oxidation of sorbed or dissolved organic
material and the surfaces of ferrous-containing minerals.
Sorption on dried oxic core material was reversible (adsorption)
and was less intense in the presence of increased sulfate. There
was limited adsorption and no evident reduction on dried suboxic

core material.

1U.S.Geological Survey, Menlo Park, CaA, 94025
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REDUCTION AND TRANSPORT OF CHROMIUM(VI) UNDER MILDLY
REDUCING CONDITIONS IN A SAND AND GRAVEL AQUIFER

J. A. Davisl, T. D. Waitez, D. B. Kentl. and L. D. C. Anderson1

ABSTRACT

Field tracer tests and laboratory experiments with freshly collected
glaciofluvial sediments have demonstrated that reduction of chromium(VI)
[Cxr(VI)] is a significant process controlling the mobility of Cr in the
sewage-contaminated zone of the aquifer at the Cape Cod Toxic-Substances
Hydrology Research Site. Removal of Cr(VI) from ground water in this suboxic
zone occurred only by reduction to Cr(III), which was strongly and
irreversibly sorbed. The effect of the chemical reactions on Cr(VI)
transport is an attenuation of Cr mass transport relative to that of a
nonreactive tracer. Interestingly, the attenuation is not accompanied by
retardation in Cr transport. This occurs because all Cr(III) is rapidly and
irreversibly sorbed, and Cr(VI) adsorption is negligible under the
conditions present in the sewage-contaminated zone. The reduction process is
highly pH-dependent, and the likely reductants are particulate organic
carbon and the surfaces of ferrous-containing minerals, such as biotite and
magnetite.

lU. S. Geological Survey, Menlo Park, Calif.

2Australian Nuclear Science and Technology Organisation, Lucas Heights, NSW,
Australia
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SPATIAL VARIABILITY OF GEOCHEMICAL AND HYDROLOGIC PROPERTIES OF
SUBSURFACE MATERIALS IN A SAND AND GRAVEL AQUIFER, CAPE COD,
MASSACHUSETTS

2

by Christopher C. F}llerl, Jennifer A. COston} Kathryn M.
Hess) i )

and James A. Davis

The effect of spatial variability in geochemical and hydrologic
parameters on the transport of surface-reactive solutes in
ground~-water systems is being investigated in a shallow, sand
and gravel aquifer on Cape Cod, Massachusetts. The focus of
this study is to identify the geochemical processes controlling
metal-ion sorption and to describe their spatial variability.
The spatial variability of hydraulic conductivity estimated
from grain-size distribution measurements also is being
studied. The results will be used in conjunction with tracer-
test studies of metal transport conducted at this site to
develop coupled solute transport and reaction models that
incorporate the observed spatial variability in geochemical
properties used to estimate sorbent abundance, metal sorption
coefficients, and hydraulic conductivity. The densely
instrumented array of multilevel ground-water samplers at the
research site at Cape Cod, Massachusetts, affords the
opportunity for testing and refining transport models through
field-scale tracer injection models. This paper outlines the
objectives and approach of this research study. Sixty meters of
core have been collected and the initial laboratory phase of
this research has recently begun.

1. U.S. Geological Survey, Menlo Park, CA
2. U.S. Geological Survey, Marlborough, MA
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MOBILITY OF ZINC IN A SEWAGE-CONTAMINATED AQUIFER,
CAPE COD, MASSACHUSETTS

B.A. Rea!, D.B. Kent', D.R. LeBlanc, and J.A. Davis’

ABSTRACT
Disposal of treated‘ sewage effluent into the sand and gravel aquifer on Cape Cod,
Massachusetts, has resulted in contamination of the aquifer with zinc (Zn). At sites up
to 350 m (meters) downgradient from the disposal site, a zone of dissolved Zn is
supported by a reservoir of adsorbed Zn. The contamination is limited to a 1- to 2-
meter-thick zone at the upper margin of the sewage plume. At greater depths, the
sewage plume is devoid of Zn, indicating that processes upgradient have lead to
immobilizaton of Zn. Preliminary evidence supports the hypothesis that adsorption
onto the aquifer material, which is complete at pH values characteristic of the sewage-
contaminated zone, is the process responsible for immobilization. If true, there is a
large reservoir of immobilized Zn in the vicinity of the disposal bed that could be

mobilized by future changes in the aquifer chemistry.

'us. Geological Survey, Menlo Park, Calif.
2U.S. Geological Survey, Marlborough, Mass.
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TRANSPORT OF ZINC IN THE PRESENCE OF A STRONG COMPLEXING AGENT IN A SHALLOW
AQUIFER IN CAPE COD, MASSACHUSETTS

D. B. Kent!, J. A. Davis!, L. D. Andersonl, and B. A. Real

ABSTRACT

Smail-scale natural-gradient tracer tests were performed in pristine and sewage-
contaminated zones of a shailow, sand and gravel aquifer in Cape Cod,
Massachusetts. Transport of tracers inciuding zinc (Zn),
ethylenediaminetetracetic acid (EDTA), and bromide ion (Br) was studied in each
zone. In the sewage-contaminated zone, which had pH values near 6.0 and
moderate concentrations of dissolved salt, Zn was transported conservatively as
- In-EDTA complexes. In the pristine recharge zone, which had pH values near 5.0
and low concentrations of dissolved salts, extensive retardation was observed.
Retardation was probably caused by displacement of Zn from EDTA complexes by
Fe(I1I1) leached from aquifer material and extensive adsorption of Zn2+ ion, -
although adsorption of Zn-EDTA complexes could not be ruled out. Additional
tracer tests have been performed to examine Zn and EDTA speciation; these
results will aid in determining the predominant adsorption mechanisms. The
results illustrate the importance of speciation and adsorption properties in
controlling transport and how aquifer chemistry affects speciation and

transport.

1. U. S. Geological Survey, Menlo Park, CA
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WABORATORY STUDIES OF BACTERIAL SORPTION TO AQUIFER SEDIMENTS
FROM THE CAPE COD TOXIC-SUBSTANCES-HYDROLOGY SITE.

Martha A. Scholl and Ronald W. Harvey, USGS WRD, Menlo Park.

Field tests in the aquifer at the Cape Cod study site have shown
that bacterial sorption to sediment surfaces is an important
process affecting bacterial transport. A nonstirred batch method
was used to study bacterial sorption in the laboratory under
simulated aquifer conditions, using contaminated and un-
contaminated ground water collected at the site. The pH--
dependency of bacterial sorption and the degree of bacterial
sorption to different surface types (untreated, organic matter
removed, organic matter and oxyhydroxides removed) was determined
in both types of ground water.  Desorption of bacteria in the
presence of phosphate buffer at pH 8 was shown to occur. The
experiments indicate that geochemical conditions can affect
bacterial mobility in the aquifer.



DEOXYRIBONUCLEIC ACID DISTRIBUTIONS AND RECOVERY IN ESTIMATION OF
BIOMASS IN A SAND AND GRAVEL AQUIFER ON CAPE COD, MASSACHUSETTS

By David W. Metge1 and Ronald W. l-larvey1

ABSTRACT

A fluorometric-deoxyribonucleic acid (DNA) assay was evaluated for use in
microbiological studies of sewage-contaminated aquifer sediments. Variations in
quantity and in solute:solid and intraceliular:extracellular partitioning of DNA were
estimated in a 5-kilo-meter-long contaminant plume within a sand and gravel aquifer on
Cape Cod, Massachusetts. These variations were correlated with ground-water chemis-
try and proximity to the source of contamination (on-land outfall for secondarily treated
sewage). Most DNA (up to 99 percent) in the aquifer was particle-associated, and a
surprisingly large fraction (up to 50 percent) of the DNA in contaminated aquifer
sediments was extracellular and adsorbed. At some locations near the source of
contamination, substantial fractions of porewater DNA were found to be associated with
the protozoan-size fraction. Per-cell DNA content differed substantially among samples
(2 to 14 and 2 to 20 femtograms per cell for adherent and free-living bacteria, respective-
ly) and decreased with increasing distance from the contaminant source. In a separate
study, an unidentified Pseudomonad bacterium isolated from the contaminant plume and
grown in pure culture exhibited a 5-fold variation in per-ceii DNA content in response to
a 10-fold difference in growth rate. Several biotic and physical factors were found to
affect the accuracy of the DNA assay for providing quantitative information involving
bacterial distributions within aquifer sediments. Recovery of sediment-associated DNA
depended on desorption conditions, mineralogy (sediment silt content), experimental
protocol used, and bacterial lysis methodoiogy.

1 u.s. Geological Survey, Water Resources Division, Menlo Park, Calif.
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PRELIMINARY EVALUATION OF THE RELATIONS AMONG PROTOZOA, BACTERIA, AND
CHEMICAL PROPERTIES IN SEWAGE-CONTAMINATED GROUND WATER NEAR OTIS AIR BASE,
HKASSACHUSETTS

by N. E. Kinnerl. A. L. Bunnl, R. W. Harveyz, A. ﬁarren3 and L. D. Meeker1

ABSTRACT

Protozoa have an important function in many surface water ecosystems,
but have only recently been examined in aquifers. Preliminary studies
suggested the presence of protozoa at the U.S. Geological Survey's Cape Cod
Toxic-Substances Research site in Falmouth, Massachusetts. Because of the
substantive background information on the hydrology, chemistry, and
microbiology already collected at this site, a detailed study on the
distribution, characterization, and ecological role of protozoa in the
contaminant plume was started in 1990. The first phase of this research,
which involved a plume-wide survey, revealed a large (more than 100000
individuals per gram in some samples) and active protozoan population in
parts of the contaminant plume. The protozoa were quite small (2-5
micrometers in diameter) and appeared to be present in oxic and anoxic parts
of the plume. Some of the protozoa were encysted. The abundance and
distribution of the protozoa suggest they are an important feature of the
microbiological community and may directly or indirectly affect the fate of
at least some organic contaminants in the plume.

1Environmental Research Group, University of New Hampshire

US Geological Survey, Menlo Park,
Natural History Museum, London
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SIMULATION OF MOLYBDATE SORPTION WITH THE DIFFUSE LAYER
SURFACE-COMPLEXATION MODEL

By Kenneth G. Stollenwerk1
ABSTRACT

Sorption of molybdate [Mo(VI)] as a function of aqueous and solid phase
composition was evaluated in laboratory experiments. Sorption of Mo(VI)
decreased as pH, sulfate (soa), and phosphate (POA) increased. Sorption of

Mo(VI) increased with ferrihydrite content. Experimental data could be
quantitatively modeled with the diffuse-layer surface-complexation model in
the geochemical equilibrium speciation model MINTEQA2. Intrinsic acidity
constants and intrinsic equilibrium constants for PO4 sorption were obtained

from the sorption literature. Intrinsic equilibrium constants for Mo(VI)

and SO4 were fit to experimental data: for Mo(Vi), LogK2lnt = 8.0 and
LogK3lnt = -1.0; for 804, Longlnt = 5.0 and LogK3
equilibrium constants was used to simulate the experimental sorption data
for the entire range of geochemical conditions that were considered.

int _ -0.4. One set of

1U.S. Geological Survey, Denver, Colo. !



DESIGN AND OPERATION OF AN INFILTRATION EXPERIMENT IN
UNSATURATED GLACIAL OUTWASH ON CAPE COD, MASSACHUSETTS

by Denis R. LeBlanc?, David L. Rudolph2, R. Gary Kachanoski23,
and Michael A. Celhia4

Flow and solute transport through the unsaturated zone were observed in detail
during an infiltration experiment conducted in a sand and gravel glacial outwash
on Cape Cod, Massachusetts. The objectives of the experiment were to test
innovative field methods to measure flow and solute transport in the unsaturated
zone and to improve understanding of unsaturated-zone hydrology in heterogeneous
sediments. Soil-moisture content, pressure, and solute concentration were
measured during a series of infiltration experiments conducted on a test plot 2
m(meters) wide and 10 m long. Instrumentation was installed to a depth of 2 m and
included 168 pairs of time-domain reflectrometry probes and 112 suction-
lysimeter/tensiometers. The 20-square-meter plot was irrigated through sprinkler
nozzles set 1.5 m above ground surface. The experiments were divided into two
sets. The first set focused on transport of solutes under steady-flow conditions with
irrigation rates ranging from 7.9 to 37.0 centimeters per hour. The second set
focused on transient water flow during several wetting and drying cycles. Analysis
of the data will focus on spatial variability of the response of the unsaturated zone
to iri'igation and the ability of numerical models to simulate the experimental
results.

1U.S. Geological Survey,Marlborough, MA

2 Waterloo Centre for Groundwater Research, Univ. of Waterloo, Waterloo, Ontario

3 Dept. of Land Resource Science, Univ. of Guelph, Guelph, Ontario

4 Dept. of Civil Engineering and Operations Research, Princeton Univ., Princeton, NJ



DENSITY-INDUCED DOWNWARD MOVEMENT OF SOLUTES DURING A
NATURAL-GRADIENT TRACER TEST ON CAPE COD, MASSACHUSETTS

by Denis R. LeBlanc! and Michael A. Celia2

Density contrasts can cause a plume of contaminated ground water to sink
within an ambient flow field. Earlier studies had hypothesized that the downward
movement of the bromide tracer cloud during the early part of a natural-gradient
tracer test on Cape Cod, Massachusetts, was caused by density-induced sinking.
Two analytical models of density-dependent flow were applied to the Cape Cod test
to show that the density contrast between the ambient ground water and the tracer
solution was sufficient to cause part of the observed sinking. The analytical models
also illustrate that the amount of sinking depends on the anisotropy of hydraulic
conductivity. A comparison of two- and three-dimensional analytical models for
density-induced sinking suggests that predicted downward movement in the two-
dimensional model is less than the movement predicted by the three-dimensional
model of this fundamentally three-dimensional process. A numerical solute-
transport model was used to show that downward movement increases with
decreasing dispersion and increasing source size because both conditions serve to
enhance the persistence of high concentrations in the solute cloud. The sensitivity
to dispersion and the need to represent the system in three dimensions present
computational difficulties for numerical simulations of density-dependent flow and
solute transport.

1U.S. Geological Survey, Marlborough, MA.
2 Dept. of Civil Engineering and Operations Research, Princeton Univ., Princeton, NJ.
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Estimation of Macrodispersivities from the Spatial Variability of Hydraulic Conductivity

in a Sand and Gravel Aquifer, Cape Cod, Massachusetts
Kathryn M. Hess", Steven H. Wolf ® and Michael A. Celia®

Spatial variability of hydraulic conductivity in a sand and gravel aquifer on Cape Cod,
Massachusetts, was investigated in order to test stochastic transport equations relating
macrodispersion to the statistical properties of the hydraulic-conductivity distribution. Nearly
1,500 measurements of hydraulic conductivity were obtained by borehole-flowmeter tests and
permeameter analyses of cores. The geometric mean hydraulic conductivity from the
flowmeter tests is 0.11 cm/s (centimeters per second) -- a rate similar to that estimated from a
tracer test conducted at this site and an aquifer test conducted nearby. The geometric mean
from the permeameter tests.is 0.035 cm/s. This significantly lower value may result from
compaction of the cores, nonrepresentanve sampling, anisotropy of hydraulic conductivity, or
a difference in averaging volumes between the two methods. The variance of the log-
transformed hydraulic conductivity is also greater for the flowmeter values (0.24) than for the
permeameter values (0.14). Geostatistical analysis of the hydraulic conductivities from the
two methods reveals similar spatial-correlation structures; neither method detected any
horizontal anisotropy. Isotropic horizontal correlation scales from variogram models with and
without a nugget effect range from 2.9 to 8.0 m (meters); vertical correlation scales range
from 0.18 to 0.19 m. A ratio of vertical to horizontal effective hydraulic conductivity of
1:1.2 is estimated by stochastic analysis. This ratio is slightly greater than previously
reported ratios for the aquifer. Stochastic transport equations were also used to estimate
asymptotic longitudinal macrodispersivities; these values, 0.35 to 1.4 m, are similar to the
longitudinal dispersivity of 0.96 m observed in the tracer test. The predicted early-time
development of the dispersion process indicates that a constant longitudinal dispersivity is
reached quickly as was observed in the tracer test. The transport theories estimate that
longitudinal dispersivity exceeds the transverse components, as was observed in the tracer
test. However, the predigted transverse dispersivities (10 m) are lower than those observed
in the tracer test (0.018 and 0.0015 m for the transverse horizontal and transverse vertical
dispersivities, respectively). Incorporation of unsteady flow conditions increases the predicted
value of transverse horizontal dispersivity to 0.024 m.

*U.S. Geological Survey, Marlborough, MA 01752 .
*ENSR Consulting and Engineering, Acton, MA 01720
‘Department of Civil Engmcenng, Prmceton University, Pnnccton NJ. 08540
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PRELIMINARY DETERMINATION OF HYDRAULIC CONDUCTIVITY IN A SAND
AND GRAVEL AQUIFER, CAPE COD, MASSACHUSETTS, FROM ANALYSIS OF
NUCLEAR LOGS

Roger H. Morin* and Kathryn M. Hess"

An algorithm was developed to predict hydraulic conductivity from nuclear logs for a
sand and gravel aquifer on Cape Cod, Massachusetts. Flowmeter tests conducted in long-
screened wells at the site provided detailed vertical profiles of horizontal hydraulic
conductivity, and nuclear logs provided quantitative estimates of porosity (neutron log) and
qualitative indications of grain size (natural-gamma log) for 0.15-meter vertical sections of the
aquifer. Because grain-size data were not available to develop a direct relation between grain
size and gamma activity, hydraulic conductivities from the flowmeter tests and porosities
from neutron logs were substituted into the Kozeny-Carmen equation to obtain estimates of
grain size for three wells. A logarithmic relation between the square of the grain-size
estimates and the gamma response was then developed. Representative values of grain size
predicted by this relation and porosities obtained from neutron logs were then used to
compute a vertical profile of hydraulic conductivity for a well that was not used to develop
the algorithm. A comparison of predicted and observed hydraulic conductivities indicates that
this preliminary algorithm was unable to reproduce the hydraulic conductivity profile
accurately and needs to be refined. However, the algorithm did predict a hydraulic-
conductivity distribution with a mean, variance, and vertical correlation scale similar to those
of the observed distribution and, thus, may be useful in providing input parameters for the
stochastic analysis of solute transport in the aquifer.

* B8 Geological Survey, Lakewood, CO 80225
® U.S. Geological Survey, Marlborough, MA 01752
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CHARACTERIZATION OF LARGE-SCALE AQUIFER HETEROGENEITY
IN GLACIAL OUTWASH BY ANALYSIS OF SLUG TESTS
WITH OSCILLATORY RESPONSES, CAPE COD, MASSACHUSETTS

by Roland K. Springer! and Lynn W. Gelharl

An extensive slug-testing program was carried out to characterize the large-scale spatial
variability of hydraulic conductivity in glacial outwash on Cape Cod, Massachusetts. A secondary
objective of the program was to determine the usefulness of slug tests for measuring hydraulic
conductivity in very permeable sediments. A total of 338 observation wells were tested in a 17-
square-mile area. Of these, 105 wells exhibited an oscillatory response to an instantaneous
displacement of the water level. In order to be able to analyze all the slug tests, the method of
Bouwer and Rice (1976) was modified to include inertial effects in the wells. This modification,
which provides a treatment for oscillatory responses, yields hydraulic-conductivity values that are
about 10 percent lower than values obtained by the method of Bouwer and Rice (1976) for the
non-oscillatory case Preliminary analysis shows large variation in hydraulic-conductivity values,
which range from 0.26 to 1,570 ft/d (feet per day) and have a geometric mean of 141 ft/d. The
standard deviation of the natural logarithm of the hydraulic conductivity is 1.4. Results indicate a
zone of low conductivity, less than 20 ft/d, located greater than 100 feet below the water table.
Conductivity increases upwards, with zones of conductivity greater than 500 ft/d commonly
located 25 to 60 feet below the water table.

IDepartment of Civil Engineering, Massachusetts Institute of Technology, Cambridge, MA
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CHARACTERIZATION OF A SAND AND GRAVEL AQUIFER
USING GROUND-PENETRATING RADAR, CAPE COD, MASSACHUSETTS

by M.D. Kno11Y/, F.p. HaeniZ/, and R.J. Knightl/
ABSTRACT

Ground-penetrating radar was used to delineate near-surface geologic
conditions in a sand and gravel aquifer on Cape Cod, Massachusetts, in 1990.
Radar images yielded information on the overall radar character of the site,
including the water table and depositional features in the aquifer to a
depth of 40 feet. Some of the radar profiles were used to create a three-
dimensional image of the aquifer. Preliminary experiments yielded average
electromagnetic propagation velocities for the unsaturated and saturated
zones of 0.45 ft/ns (feet per nanosecond) and 0.2 ft/ns, respectively.
Quantitative analysis of the 1990 radar records is continuing, which will
determine additional properties of the aquifer. In addition, the data set
is being used to test new computer-processing techniques that will help
visualize the subsurface.

1Y University of British Columbia, Vancouver, British Columbia

2/ U.S. Geological Survey, Hartford, Connecticut
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Persistence of Linear Alkylbenzenesulfonates and their
Metabolites in Sewage-Contaminated Ground Water

by
Jennifer A. Fieldl, Larry B. Barber‘IIZ, Jerry A. Leenheerz,
Colleen E. Rostadz, and Kevin A. Thorn

. ABSTRACT

Linear alkylbenzenesulfonates (LAS) are the most widely
used surfactants in detergent formulations, and they are
generally considered to be biodegradable. Although the fate
of LAS during sewage treatment and their subsequent
discharge into surface waters has been thoroughly
investigated, few studies have focused on LAS transformation
and transport in ground water. This study specifically
investigated LAS transport and fate in a plume of sewage-
contaminated ground water that has resulted from rapid
infiltration of secondary-treated sewage to a sand and
gravel aquifer.

A comprehensive approach involving reverse-phase and
ion-exchange chromatography coupled with solvent extraction
was used to isolate surfactant-derived contaminants from
sewage effluent and ground_water. Spectrometric methods,

includ%gg infrared (IR), lg-nuclear magnetic resonance
{NMR) , C-NMR, and gas chromatography/mass spectrometry
(GC/MS) were used to identify surfactants and their
biodegradation intermediates.

LAS and dialkyltetralin (and dialkylindane) sulfonates
(DATS) were identified in sewage effluent and in ground
water 500 meters downgradient from the point of effluent
infiltration. Differences in LAS composition between sewage
effluent and ground-water samples indicated preferential
removal of external isomers and long-chain homologs during
infiltration and ground-water transport. Monocarboxylated
DATS and DATS biodegradation intermediates were also
identified in sewage effluent and ground water. Results
indicate that alicyclic contaminants (DATS and DATS-
intermediates) are more persistent than their linear
analogs. LAS half-life, estimated at 200 days, is an order
of magnitude greater than laboratory-derived estimates for
LAS biodegradation in ground water.

1. EAWAG, Dubendorf, Switzerland
2. U.S. Geological Survey, Denver, Colorado
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PURGEABLE ORGANIC CHLORIDE- A SURROGATE MEASUREMENT FOR
SCREENING AND MONITORING VOLATILE CHLORINATED HY¥DROCARBONS
IN GROUND WATER

by

Larry B. Barber, IIl, E. Michael Thurmanz( Yoshi Takahashi3,
and Mary Noriega1

ABSTRACT

A combined field and laboratory study was conducted to
compare results obtained from purge and trap gas
chromatography/mass spectrometry (PT-GC/MS) and purgeable
organic chloride (POCl) analysis for measuring volatile
chlorinated hydrocarbons (VCH) in water. Distilled water
spike and recovery experiments indicate that at
concentrations equal to or greater than 1 microgram per
liter, recoveries for most VCH by PT-GC/MS and POCl exceeded
80 percent with relative standard deviations of less than 10
percent. Ground water samples collected from a site on Cape
Cod, Massachusetts, where a shallow-unconfined aquifer has
been contaminated by VCH, also were analyzed. Results from
PT-GC/MS and POCl analyses of duplicate sets of ground-water
samples were statistically similar and indicated little bias
between the two methods. Identical conclusions about the
levels and distribution of VCH in the contamination plume
were drawn from the two data sets. However, only PT-GC/MS
analyses provided information on the individual compounds
present in the ground water.

1.

5 U.S. Geological Survey, WRD, Denver, Colorado

U.S. Geological Survey, WRD, Lawrence, Kansas
Dohrmann Rosemount Analytical Division, Santa Clara, California
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EFFECT OF PARTICLE SIZE AND MINERALOGY ON SORPTION
OF NONIONIC ORGANIC SOLUTES TO GLACIAL OUTWASH
SEDIMENTS, CAPE COD, MASSACHUSETTS

by
Larry B. Barber 1¥l
ABSTRACT

Transport of organic contaminants in ground water is
influenced by sorption to aquifer sediments. However, the
effects of sediment geochemical properties on sorption and
transport are poorly understood. In this study, sorption of
nonionic organic compounds onto particle size and '
mineralogical fractions from a glacial outwash aquifer on
Cape Cod, Massachusetts, was evaluated. Sediment organic
carbon (SOC) and surface area of the aquifer sediments
increased with decreasing particle size. Abundance of
magnetic minerals also increased with decreasing particle
size. SOC and surface area were preferentially associated
with magnetic minerals, and the magnetic fraction contained
about 80 percent of the SOC in the bulk sediment.

Batch equilibrium-isotherm experiments were conducted
using tetrachlorobenzene (TCB), pentachlorobenzene (PCB),
and 2,6-di-t-butyl-benzoquinone (DTBB). For a given solute,
sorption increased with decreasing particle size (increasing
Soc). Within a particle size class, the magnetic fraction
had higher SOC and greater sorption than did the bulk or
non-magnetic fractions. Although SOC content was typically
less than 0.1 percent, sorption was consistent with a
partition mechanism. Measured uptake of TCB, PCB, and DTBB
was close to that predicted based on their octanol/water
partition coefficients. At SOC contents less than 0.01
percent, sorption was slightly greater than predicted.
Removal of SOC from the magnetic minerals by hydrogen-
peroxide treatment decreased sorption of PCB in proportion
to the decrease in SOC (about 50 percent). However, the
significant uptake of PCB after SOC removal, and the
nonlinearity of the isotherm for the treated minerals
indicate that adsorption is contributing to uptake.

1. y.s. Geological Survey, WRD, Denver, Colorado
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USE OF AZAARENE TRACERS TO EVALUATE FRACTURE FLOW FROM AN
IN-SITU OIL-SHALE RETORT, ROCK SPRINGS, WYOMING

by
Larry B. Barber, 111 and Jerry A. Leenheer1
ABSTRACT

Ground-water samples collected from an in-situ oil-
shale retort site located near Rock Springs, Wyoming, were
analyzed for the presence of azaarene compounds (nitrogen
heterocycles) to evaluate whether the contaminants are
moving off site. It was hypothesized that if azaarenes are
moving through a porous medium, chromatographic separation
of compounds with significantly different water solubilities
should occur. If transport is through open fractures,
chromatographic separation should not occur. Specific
conductance, pH, and concentrations of dissolved organic and
inorganic carbon also were measured. The azaarene
composition of ground water collected from the retort
chamber was very complex and more than 100 compounds were
detected at concentrations ranging from 5 to greater than
1,000 micrograms per liter. None of the azaarenes present in
the retort water were detected in downfield wells. Specific
conductance, pH, and concentrations of dissolved organic and
inorganic carbon were highly variable, and values ranged
from 1,180 to 40,000 microsiemens per centimeter at 25
degrees Celsius for specific conductance, 8.1 to 13.2 for
pH, 13 to 4,200 mg/L (milligram per liter) for dissolved
organic carbon, and 5 to 4,600 mg/L for dissolved inorganic
carbon. Possible explanations for the absence of azaarenes
in any wells other than the retort chamber include; (1) the
contaminants have not been transported a measurable distance
from the retort chamber because of very slow travel times,
(2) the azaarenes are removed from the ground water by
sorption to the aquifer material, and (3) there is no direct
hydrological connection through open fractures between the
retort chamber and the wells studied.

1. u.s. Geological Survey, WRD, Denver, Colorado
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AN INVESTIGATION OF THE TRANSPORT AND MICROBIAL
DEGRADATION OF HYDROCARBONS IN THE SUBSURFACE AT A
GASOLINE SPILL SITE IN GALLOWAY TOWNSHIP, NEW JERSEY

By Jeffrey M. Fischer, Arthur L. Baehr, and Nicholas P. Smith?

ABSTRACT

A unified study of the transport and microbial degradation of
hydrocarbons is being conducted at a gasoline spill site in Galloway
Township, N.J. Funding for this research, since 1989, has been obtained
from the U.S. Geological Survey Toxic Substances Hydrology Program. The
composition of unsaturated zone vapors and shallow ground-water quality are
being investigated using an areally and vertically intensive monitoring
network. Microbial activity is being analyzed in sediment samples. Field
experiments are being conducted to determine parameters for mathematical
transport models. Laboratory experiments have been conducted to isolate
phenomena to rigorously test sub-model hypotheses. The goal of the project
is to integrate results of field and laboratory investigations into
mathematical models of the transport and fate of hydrocarbons in the
subsurface under natural conditions and during site remediation. The
findings of the field, laboratory, and modeling investigations are expected
to be transferrable to other contaminated sites.

1 U.S. Geological Survey, West Trenton, N.J.



A METHOD TO ESTIMATE MICROBIAL DEGRADATION RATES FOR HYDROCARBONS
BASED ON GAS TRANSPORT IN THE UNSATURATED ZONE AT A
GASOLINE SPILL SITE IN GALLOWAY TOWNSHIP, NEW JERSEY

by A.L. Baehr, J.M. Fischer, M.A. Lahvis, R.J. Baker, and N.P. Smith!?
ABSTRACT

An approach is presented for estimating hydrocarbon microbial
degradation rates at a gasoline spill site. The method is based on modeling
oxygen and carbon dioxide transport in the unsaturated zone. The
distribution of these gases in the unsaturated zone at the Galloway Research
Site provides a distinctive site-wide indication of hydrocarbon degradation.
Calibration of a mathematical transport model with this data will allow for
computation of hydrocarbon degradation rate. Field and laboratory
experiments were conducted to determine the soil diffusion coefficient, a
parameter required by the transport model. The field experiment was
conducted by slowly injecting fluorocarbon tracers into the unsaturated zone
and monitoring the resulting diffusive transport. Laboratory experiments
were conducted in columns packed with sediment from the Galloway site.

1 U.S. Geological Survey, West Trenton, N.J.
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GEOCHEMICAL GRADIENTS IN SHALLOW GROUND WATER CAUSED BY
- THE MICROBIAL DEGRADATION OF HYDROCARBONS AT
GALLOWAY TOWNSHIP, NEW JERSEY

Isabelle M. Cozzarellil, Mary Jo Baedecker! and Jessica A. Hopple!
ABSTRACT

A study of the geochemical gradients and alterations in ground water
adjacent to a gasoline spill in Galloway Township, N.J., was undertaken to
examine the geochemical effects of the microbial degradation of organic
contaminants in part of the New Jersey Coastal Plain. A detailed study of the
ground-water geochemistry in a vertical section of the aquifer indicates that
ground water near the gasoline source was severely affected by the hydrocarbon
contaminants and that the vertical changes of geochemical constituents were
significant. The concentration of dissolved hydrocarbons, mostly aromatic
hydrocarbons, reached a maximum of 33.6 mg/L (milligrams per liter) in anoxic
ground water 15.5 ft (feet) below land surface. The highest concentrations of
organic acids (1.6 mg/L) are found in this same location (15.5 ft below land
surface) where aromatic hydrocarbons were at maximum concentrations
throughout the study period (June 1989 through July 1990). The reactions
controlling the distribution of hydrocarbons and organic acids are microbially
mediated oxidation-reduction reactions. The important degradation reactions in
the shallow ground water are nitrate reduction, iron reduction, and sulfate
reduction. Below a depth of 18 feet, aerobic degradation and, to a lesser extent,
nitrate reduction occur. These reactions cause significant geochemical
alterations of the ground-water chemistry and aquifer solids.

1U.S. Geological Survey, 431 National Center, Reston, VA 22092
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ABUNDANCE AND DISTRIBUTION OF MICROBIAL GUILDS IN A SUBSURFACE
PLUME OF GASOLINE CONTAMINATION AT GALLOWAY TOWNSHIP, NEW JERSEY

By Aaron L. Mills and Susan E. Randall

ABSTRACT

The distribution of total, viable, and hydrocarbon-degrading
microorganisms in the sediments and ground waters of a gasoline-
contaminated site in Galloway Township, New Jersey, was
determined in May and July, 1990. Total bacteria (determined by
acridine-orange direct counts) were more uniformly distributed
with depth than were the total viable microbes (aerobic plate
counts) or the hydrocarbon utilizers (aerobic plate counts or
most-probable-number estimates). These organisms were most
abundant at the surface of the the soil and near the surface of
perched or regional water tables. The presence of microbial
assemblies that could grow under anaerobic conditions at the
expense of the hydrocarbon and alternative inorganic terminal
electren acceptors (NO;” or SCQ}) was consistent with the presence
cf products of anaerobic microbial respiration in samples from

the same sites.

Peépaxtment of Environmental Sciences, University of Virginia,
Charlottesville.
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OVERVliSW OF NONPOINT-SOURCE CONTAMINATION OF THE HIGH PLAINS AQUIFER IN
SOUTH-CENTRAL KANSAS

by John O. Helgesen!, Lloyd E. Stullken?, and A.T. Rutledge®

ABSTRACT

Ground-water quality was assessed in a 5,000-square-mile area of the High Plains aquifer in
south-central Kansas that is susceptible to nonpoint-source contamination from agricultural and
petroleum-production activities. Of particular interest were agricultural chemicals and oil-derived
hydrocarbons associated with brines that formerly were disposed of into unlined ponds. Ground-water
sampling sites were randomly selected within discrete land-use areas (irrigated cropland, petroleum-
production land containing former brine-disposal ponds, and undeveloped rangeland). The sampling
design enabled statistical hypothesis testing of the effects of land use, lithology of the unsaturated
zone, and type of well sampled.

Results indicate that water beneath irrigated cropland and petroleum-production land is
characterized by significantly (95-percent confidence level) larger concentrations of several inorganic
constituents than is water beneath undeveloped rangeland. Nondegraded pesticides and oil-derived
hydrocarbons were detected only infrequently in the aquifer. The unsaturated zone above the aquifer
contains substantial clay that inhibits the downward movement of water and solutes. The type of well
sampled (irrigation wells compared to small-yield wells) apparently is not an important factor in the
characterization of water quality beneath the irrigated-cropland areas.

'U.S. Geological Survey, Lawrence, Kansas.
*Kansas State Board of Agriculture, Division of Water Resources, Topeka, Kansas.

3U.S. Geological Survey, Richmond, Virginia
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COMPARISON OF RELATIONS BETWEEN SHALILOW-GROUND-WATER QUALITY
AND LAND USE IN TWO NEW JERSEY COASTAL PLAIN AQUIFER SYSTEMS

by Eric F. Vowinkel1

ABSTRACT

Relations between shallow-ground-water quality and land use
were tested statistically by analysis of data from wells located
within the outcrop areas of two aquifer systems in the New Jersey
Coastal Plain. Water samples from wells in undeveloped,
agricultural, residential, and urban-nonresidential areas were
analyzed for nitrate and purgeable organic compounds. Water
samples from wells in agricultural areas were analyzed for five
pesticide groups: organochlorine, organophosphorous, carbamate,
triazine/acetanilide, and chlorophenoxy acid.

In both aquifer systems, similar relations between these
constituents and land use were determined. Concentrations of
nitrate in ground water beneath agricultural land were
significantly higher than those in ground water underlying other
land-use areas. Purgeable organic compounds were detected less
frequently in ground water beneath agricultural land than in
ground water underlying urban or undeveloped land. The detection
frequency of each pesticide group was similar for both aquifer
systems; carbamate insecticides were detected most frequently.

1U.S. Geological Survey, West Trenton, NJ
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DISTRIBUTION OF DISSOLVED ATRAZINE AND TWO METABOLITES IN
THE UNCONFINED AQUIFER, SOUTHEASTERN DELAWARE

Judith M. Denver! and Mark W. Sandstrom?

1U.S. Geological Survey
300 South New Street, Room 1201
Dover, Delaware 19901

2U.S. Geological Survey
National Water Quality Laboratory
5293 Ward Road
Arvada, Colorado 80002

ABSTRACT

Water from 20 shallow wells in a mostly agricultural watershed in
southeastern Delaware was analyzed for atrazine and two of its metabolites,
desethylatrazine (DEA) and deisopropylatrazine (DIA), along with nitrate and
silica. Atrazine or its metabolites were present in all the water samples and
ranged in concentration from a trace to 2,830 nanograms per liter. DEA was
the predominant metabolite and in most wells was present in higher
concentrations than atrazine. High concentrations of atrazine and
metabolites are associated with high concentrations of nitrate. The ratio of
DEA to total atrazine increased from less than 0.1 to from 0.8 to 1.0 along a
ground-water-flow path originating in an agricultural area. Changes in
concentration and relative proportions of atrazine and the metabolites along
the flow path might be caused by continued microbial degradation in the
ground water, although other processes, such as dilution and changes in
aquifer recharge rate, also could be important.
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RECONNAISSANCE INVESTIGATIONS OF THE EFFECTS OF IRRIGATION
DRAINAGE ON WATER QUALITY, BOTTOM SEDIMENT, AND BIOTA IN THE
WESTERN UNITED STATES

Herman R. Feltz!, Marc A. Sylvester?!, and Richard A. Engberg?

In response to concerns expressed by the U.S. Congress
and others over contamination at the Kesterson National
Wildlife Refuge in California, the U.S. Department of the
Interior started a program in 1985 to identify the nature and
extent of irrigation-induced water-quality problems that might
exist in other areas of the westerxrn United States.

An evaluation of the results of completed reconnaissance
investigations indicates that selenium is the trace element
commonly found at elevated concentrations in water, bottom
sediment, and biota, and has the greatest potential to cause
toxicological effects in most of the study areas. Impaired
bird reproduction and deformed embryos were noticed in 5 of 20
areas studied. Bicaccumulation and biomagnification of
selenium is evident in some areas. Elevated concentrations of
selenium associated with irrigation drainage can be either
localized or widespread.

1y.s. Geological Survey, Reston, Va., and Menlo Park, Calif.,
respectively.

2pDepartment of the Interior, Washington, D.C.
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. SOURCES, SINKS, AND EFFECTS OF SELENIUM AT STEWART LAKE
WATERFOWNL MANAGEMENT AREA, JENSEN, UTAH

Doyle W. Stepl'\ens1
Bruce Waddell 2

Jerry B. Miller 3

ABSTRACT

Soils in the area of Stewart Lake are derived from alluvium and Mancos
Shale and contain concentrations of total selenium ranging from 200 to 3,000
parts per billion. Subsurface drains constitute the only source of surface
inflow to Stewart Lake. During 1986-89, the median concentration of selenium in
water discharging fram the drains was 43 micrograms per liter (ug/L) and was
associated with drainage from soils developed on Billings Clay. Stewart Lake
acts as a sink for selenium discharged by the drains. Median concentrations of
selenium discharged by every drain exceeded the standard of 5 ug/L established
by the State for the protection of aquatic wildlife, and 98.8 percent of all
samples of drainwater exceeded the standard. However, only 25 percent of the
daily load of 252 grams of selenium entering the lake discharged to the Green
River.

Nineteen percent of waterfowl eggs collected fram Stewart Lake contained
concentrations of selenium that exceeded 15 micrograms per gram (ug/g), a value
associated with deformities in mallard embryos. Several deformed duck embryos
were found within the area and concentrations of selenium in livers of a coot
and a mallard fram Stewart Lake exceeded 19 ug/g, a concentration associated
with deformities at Kesterson National Wildlife Refuge in California.

lU.S. Geological Survey, Salt Lake City, UT
2y.S. Fish and Wildlife Service, Salt Lake City, UT
3U.S. Bureau of Reclamation, Salt Lake City, UT
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PHYSICAL, CHEMICAL, AND BIOLOGICAL PROCESSES IN WATERS AFFECTED
BY ACID MINE DRAINAGE: FROM HEADWATER STREAMS TO DOWNSTREAM
RESERVOIRS

Briant A. Kimbal1?l

ABSTRACT

Since 1986, the Upper Arkansas River Surface-Water Toxics
Project has focused on the geochemistry of metals from acid mine
drainage, and on selected aspects of the effects of metals on
biological communities. St. Kevin Gulch, near Leadville,
Colorado, has been the field site for studying physical,
chemical, and biological processes in mountain streams affected
by acid mine drainage. Four spatially and temporally intensive
sampling efforts in St. Kevin Gulch have tested hypotheses about
the process of iron photoreduction, the processes causing metal
attenuation dowsntream from acid inflows, the effects of
substream f£low on metal transport, and the process of phosphorus
uptake by algae in iron-rich, acid waters. Other studies have
detailed the mineralogy and physical characteristics of hydrous
iron oxides to help answer questions about transformations of
metals affecting transport in the stream. Biological aspects
have included metal uptake by plants, effects of metals on
microbiological populations, and pathways for phosphorus uptake
by algae. Biological and geochemical aspects of metal transport
are combined in the studies of wetland hydrology and metal flux
through a wetland at the mouth of St. Kevin Gulch.

where headwater streams enter the Arkansas River,
geochemical processes in mixing zones can transform the metals.
Downstream from mixing zones, iron colloids affect the transport
of metals over a 250-kilometer reach from Leadville to Pueblo
Reservoir. Reservoir sediments that include the colloids and
associated metals, represent a temporary endpoint for the metals
leaving the Leadville area. Analysis of sediment cores has
provided a record of sediment and metal loading from upstream
sources.

1. U.S. Geological Survey, Salt Lake City, Utah
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. USE OF MASS-FLOW CALCULATIONS TO IDENTIFY PROCESSES CONTROLLING
WATER QUALITY IN A SUBALPINE WETLAND RECEIVING ACID MINE
DRAINAGE, ST. KEVIN GULCH, COLORADO

By Katherine Walton-Day!, Paul H. Briggs!, and
Samuel B. Romberger?

1y.s. Geological Survey, Denver, Colo.
2Colorado School of Mines, Golden, Colo.

ABSTRACT

This paper presents preliminary mass-flow calculations for
iron, copper, cadmium, zinc, and manganese in surface water flow-
ing through a subalpine wetland affected by acid mine drainage
near Leadville, Colorado. Instantaneous mass-flow calculations
for June 1, June 20, and July 11, 1988, indicate iron and copper
were being removed from surface water by the wetland on the
former two dates. Cadmium and zinc were flushed from the wetland
on June 1 and exhibited conservative behavior (that is, mass
inflow equaled mass outflow) on June 20. Manganese, however,
behaved conservatively on June 1 but was flushed from the wetland
on June 20. Mass inflows of the five metals were greater than
outflows on July 11. These patterns are enhanced by compli-
cations in the surface-water hydrology of the wetland at that
time and are, therefore, not definitive. Processes causing metal
removal by the wetland include the formation and precipitation of
iron oxyhydroxide material and the pH-controlled sorption and
precipitation of copper.
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Use of variation in solute concentration to identify
interactions of the substream zone with instream transport

Kenneth E. Bencalal, Briant a. Kinballz, Diane M. xcxnight3
U.S. Geological Survey

1l 3

Menlo Park, Calif., 25a1t Lake City, Utah, Denver, Colo.

In St. Kevin Gulch (Upper Arkansas River basin; Leadville,
Colo.), a reconnaissance study was conducted to identify hydro-
chemical interaction of the substream zone with instream
transport. Acid mine drainage causes several trace metals to be
present at elevated concentrations relative to those typical of
pristine Rocky Mountain streams. The reconnaissance was an
adjunct to an experimental study of trace-metal retention within
the streambed.

In streams that receive acid mine drainage, instream
alterations of concentrations of various solutes can occur
episodically. The primary experiment included maintenance of
steady instream lithium concentration above background level,
sharp changes in sodium concentration, and adjustments of pH
sufficient to cause variations in copper concentration. Four
shallow, open ‘wells’ in the substream zone adjacent to the
stream channel were sampled.

Lithium and sodium concentrations were interpreted to
identify a definite, highly variable, hydraulic connection
between the substream zone and the stream channel. In this
reconnaissance study, copper concentrations varied within the
substream zone; however, the variations could not be related to
the experimentally induced instream variations. Thus, the
coupled hydrochemical interaction of the substream zone with
instream solute transport may differ among solutes.
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PREDICTIVE MODELING OF COPPER, CADMIUM, AND ZINC PARTITIONING
BETWEEN STREAMWATER AND BED SEDIMENT FROM A STREAM RECEIVING
ACID-MINE DRAINAGE, ST. KEVIN GULCH, COLORADO

Kathleen S. Smith'3, James F. Ranville23, and Donald L. Macalady?®

1 U.S. Geological Survey, Geologic Division, Denver, Colorado 80225
2 U.S. Geological Survey, Water Resources Division, Denver, Colorado 80225
3 Department of Chemistry and Geochemistry, Colorado School of Mines,
Golden, Colorado 80401

ABSTRACT

St. Kevin Gulch is a small mountain stream that receives acid-mine drainage from
an abandoned mining area. The streamwater carries elevated concentrations of iron,
aluminum, copper, cadmium, zinc, and several other elements. The streambed is
coated with abundant iron-rich hydrous oxides that appear to attenuate the dissolved
metals. This work examines pH-dependent partitioning of copper, cadmium, and zinc
between streamwater and bed sediment collected from three sites along St. Kevin Gulch.
Observed metal-partitioning behavior is compared with computer-model simulations
using a surface-complexation sorption model and the assumption that hydrous iron
oxide is the sole sorbent material for metals. Results show that the sorption model is
able to predict copper and zinc partitioning, but slightly underestimates cadmium
partitioning to the sediment. Partitioning behavior of copper and zinc appears to be
dominated by sorption on hydrous iron oxide present in the bed sediment.
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PHOSPHATE UPTAKE BY ALGAE IN A STREAM CONTAMINATED BY
ACID MINE DRAINAGE, ST. KEVIN GULCH
LEADVILLE, COLORADO

By Cathy M. Tate!, Diane M. McKnight2, and Sarah A. Spaulding?

1pivision of Biology, Kansas State University, Manhattan
2U.S. Geological Survey, Denver, Colo. \
3Department of Zoology, Colorado State Unlver31ty,

Fort Collins

ABSTRACT

Low concentrations of phosphorus (P) in Rocky Mountain
streams potentially limit algal growth. Factors altering P
concentration, such as adsportion of P onto hydrous iron-oxides
in streams contaminated by acid mine drainage, can have an
important effect on stream biota. An hour-long injection of
phosphate (32P0,) containing radioactive phosphorus (32P) into a
175-meter reach of St. Kevin Gulch was used to study pathways by
which benthic algae assimilate P for growth in streams
contaminated by acid mine drainage. Algae covered 47 percent and
hydrous iron-oxides 30 percent of the stream channel during the
study. sSamples of water, suspended solids, algae and hydrous
iron-oxides were collected at five sites (the three upstream
sites were shaded and the two downstream sites exposed to
sunlight) to follow the pathways of 32P. 32P in samples of water
and algae decreased downstream from the injection site, whereas
32p in samples of hydrous iron-oxides indicated no consistent
downstream pattern. 32P per milligram dry weight of suspended
solids increased greater than twofold in nonshaded compared with
shaded sections of the stream channel, which indicates that light
altered concentrations of 32P in suspended solids. 322P was
greater in algae and adenosine triphosphate extracts of algae
than in hydrous iron-oxides which indicates algal uptake of 32Pp
directly from water. Prior to the injection, acid phosphatase
activity was measured and was greater during the day than at
night, which indicates that algae have a greater demand for P
during periods of photosynthesis. 32P per streambed area for
algae and hydrous iron-oxides, indicated that both are important
sinks for 32P04 in St. Kevin Gulch. Algae can directly remove
and assimilate available phosphate from the water for growth and
successfully compete with abiotic pathways (adsorption of
phosphates onto hydrous iron-oxide) for this limiting nutrient.
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TRANSITION METAL GEOCHEMISTRY OF THE UPPER ARKANSAS RIVER,
COLORADO

by Edward Callenderl, Briant A. Kimballz, and Ellen V. AxtmannS

ABSTRACT

Whole-water and bottom-sediment samples were collected along
the length of the Upper Arkansas river in south-central Colorado
in October 1988 and May 1989. Water samples were filtered at
several pore sizes and sediment samples were sieved through a 60
micrometer screen. Water samples were analyzed for dissolved and
particulate iron, manganese, and zinc whereas sediment samples
were analyzed for the same elements contained in an extractable
and total sedimentary phase.

During a period of low flow (October), the concentration of
dissolved iron appears to be controlled by equilibrium with
amorphous-iron phases, and the manganese and zinc partitions to
the particulate fraction in the downstream direction. Under
high-flow conditions (May), the distribution patterns of all
three metals are controlled by physical factors, such as
discharge and turbulence.

The downstream attenuation of sedimentary iron, manganese,
and zinc follow @ifferent patterns. Iron is added to the river
sediments by acid-mine drainage near Leadville and there is no
increase or sustained partitioning of iron to the sediment
downstream. Manganese and zinc are also contributed by
contaminant inflows near Leadville but appear to be reacting
between the water column and bed sediment in downstream
direction. A substantial fraction of these sedimentary metals is
present as an easily extractable phase. Iron occurs mostly in
the mineral fraction of the bed sediment.

ly.s. Geological Survey, Reston VA
U.S. Geological Survey, Salt Lake City, UT
U.S. Geological Survey, Denver, CO
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USE OF A MULTI-LEVEL SAMPLER TO DETERMINE VERTICAL CONCENTRATION
GRADIENTS OF VOLATILE AROMATIC HYDROCARBONS IN GROUND
WATER, GALLOWAY TOWNSHIP, NEW JERSEY

by Jacob Gibs, G. Allan Brown, and Kenneth S. Turner?
ABSTRACT

Observation wells are a standard means for gaining access to ground water
in order to determine its chemistry. Evidence indicates that observation
wells can produce a biased sample when analyte concentrations are not uniform
in the vicinity of the well screen, however. This paper demonstrates that use
of a wire-wound screen integrates the water chemistry as a function of depth
in ground water contaminated by leaded gasoline at Galloway Township, New
Jersey. Two multiport samplers were designed, built, and installed 55 feet
apart. The multiport samplers were used to collect seven independent samples
within the screened zone to simulate a 5-foot-long, 2.375-inch-outside-
diameter conventional wire-wound screen. Samples collected with the two
multiport samplers show that a conventional 5-foot-long well screen that
integrates contaminant concentrations over its length can result in a
contaminant concentration that is as little as 28 percent of the maximum
concentration observed in the multiport sampler.

1 U.S. Geological Survey, West Trenton, New Jersey
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USE OF MATHEMATICAL PROGRAMMING COUPLED WITH A TRANSPORT MODEL TO
OPTIMIZE THE DESIGN OF VAPOR-EXTRACTION SYSTEMS

by Claire Welty!, Arthur L. Baehr?, Craig J. Jossl, and Jonathan J. A.
Dillowl

ABSTRACT

An approach for simulating optimal design of vapor-extraction systems
is presented. A three-dimensional, steady-state, air-flow model coupled
with an optimization algorithm is being developed to determine optimal
pumping rates and placement of venting wells for withdrawing volatile
contaminants from soil. Two problems will be solved and results will be
compared using the coupled air-flow/optimization code: a flow-
maximization problem and a cost-minimization problem. Problem
constraints include maximum or minimum total flow rate (and
corresponding vacuum) at each well and budgetary constraints.

A second component of this work is development of a three-
dimensional, transient, compositional model to simulate subsurface
hydrocarbon-vapor transport and microbial degradaticn. This numerical
model will be linked to an optimization algorithm to determine a
schedule of zir withdrawal/injection rates at the well locations
previously found using the air-flow/optimization ccde. The objective
will be to minimize cleanup costs during a specified time periog,
subject to budgetary constraints and a target subsurface distribution of
contaminants in the vapor and (or) the soil. Finally, a new field
method for determining air-phase permeabilities is discussed.

.

lprexel University, Department of Civil and Architectural Engineering,
Philadelphia, PA 19104 :

2y. s. Geological Survey, West Trenton, NJ 085628



GAS -CHROMATOGRAPHIC METHODS FOR DETERMINING THE COMPOSITION
OF THE VAPOR FHASE
IN GASOLINE-CONTAMINATED SOILS

R.J. Bakerl, J.M. Fischerl, N.P. Smithl, S.A. Koehnleinl, and A.L. Baehr1

ABSTRACT

A gas chromatograph with flame-ionization and thermal-conductivity
detectors is being used to monitor concentrations of hydrocarbons and
inorganic gases in unsaturated-zone soil-gas samples. The gas chromatograph
is located at the site of an underground gasoline spill in Galloway
Township, New Jersey. Inorganic gases are detected by thermal-conductivity-
detector analysis and quantified by use of linear-regression standard
curves. Hydrocarbons are detected by using flame-ionization-detector
analysis, and 16 specific hydrocarbons are identified by their retention
times and are quantified by using linear-regression analysis. A method of
carbon-number analysis was developed to facilitate semiquantitative
evaluation of flame-ionization chromatograms that contained unidentified
peaks. Carbon-number analysis involves partitioning chromatograms into
retention-time increments and assuming that each increment contains
hydrocarbons having the same number of carbon atoms.

1 U.S. Geological Survey, West Trenton, N.J.
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DISTRIBUTION OF ORGANIC AND INORGANIC CONSTITUENTS
IN GROUND WATER AT GALLOWAY TOWNSHIP, NEW JERSEY

Mary Jo Baedeckerl, Isabelle Cozzare]]il, and Curtis Phinney1

ABSTRACT

Gasoline from a leaking storage tank on a farm in Galloway Township,
New Jersey, resulted in the accumulation of free product in a shallow sand
aquifer. Benzene, toluene, and the C,-alkylbenzenes were the most abundant
components of the gasoline, and these compounds were found in a perched-water
zone and in the water-table aquifer. Other components of the gasoline, the
C3- and C4-alkylbenzenes and naphthalenes, were found in the water, and these
compounds may remain longer in the aquifer than benzene, toluene, and the
Cp-benzenes. The biodegradation of hydrocarbons by aerobic and anaerobic
processes results in changes in the distributions of organic compounds and
inorganic aqueous species in the perched-water zone and water-table aquifer.
Differences in the geochemistry of water from these two water bodies are the
result of movement of water and biogeochemical processes.

1 U.S. Geological Survey, 431 National Center, Reston, Virginia 22092
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NON-FICKIAN VAPOR TRANSPORT IN SAND COLUMNS
. CONTAMINATED WITH VOLATILE ORGANIC COMPOUNDS

by Clifford J. Bruell?!, Craig D. Gilbert!, and Arthur L. Baehr?
ABSTRACT

The vapor-phase component of a highly volatile organic compound in a
porous medium may exceed the constraint of a dilute species diffusing in a
bulk phase assumed by Fick’s Law. The Stefan-Maxwell equations provide a
more general model for quantifying steady-state vapor diffusion of volatile
organic substances. Experimental soil-column diffusion data show that a
Fickian-based model overestimated soil tortuosity by 35 percent and failed
to account for the displacement of atmospheric gases (For example, oxygen)
by the diffusing volatile organic compound. Therefore, use of a Fickian-
based model can lead to an erroneous interpretation of soil-gas data if
depleted oxygen levels are attributed to microbial degradationm.

! Department of Civil Engineering, University of Lowell, Lowell, MA

2 U.S. Geological Survey, West Trenton, NJ 08628
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METHOD FOR THE SYSTEMATIC EVALUATION OF ORGANIC CHEMICAL
RETENTION BY SOLID-PHASE-EXTRACTION COLUMNS

Paul D. Capel1 and Daniel S. Barbeau?

lunited States Geological Survey
Water Resources Division
St. Paul, MN 55101

2University of Minnesota
Department of Civil and Mineral Engineering
Minneapolis, MN 55455

ABSTRACT

A simple method for evaluating the breakthrough of organic chemicals from
solid-phase-extraction (SPE) columns is suggested. This method is applicable
to a wide range of SPE columns, organic chemicals, solution characteristics,
and flow rates. The method employs a six-port injection valve and an air-tight
SPE column holder placed between an HPLC pump and detector. A typical frontal
chromatography (breakthrough) experiment is conducted. The aqueous mobile
phase has the appropriate analyte and solution characteristics (pH, ionic
strength, solvent modifier, analyte concentration). Breakthrough of the
analyte from the SPE column is monitored in real time by the detector trace.
The usefulness and limitations of this method are illustrated with de-isopropyl
atrazine, a polar metabolite of atrazine, which is moderately retained by a
octadecyl-modified silica gel. The effects of ionic strength, pH, analyte
concentration, organic modifier concentration, flow rate, and column size are
evaluated. ’
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WET ATMOSPHERIC DEPOSITION OF HERBICIDES IN MINNESOTA

Paul D. Capel

United States Geological Survey
St. Paul, MN 55101

ABSTRACT

Anthropogenic organic chemicals, including herbicides, can be transported
long distances through the atmosphere and deposited in aquatic and terrestrial
ecosystems through wet and dry processes. The herbicides, atrazine, alachlor,
and cyanazine, have been detected in rain and snow during 1989 and 1990 in St.
Paul and Rosemount, Minnesota. Maximum con<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>