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over 1.5 million people and supporting unique habitats
for endangered species. The aquifer consists of lime-
stone with some dolostone members of the Edwards
Group that dip in a southeasterly direction. The up-
dip freshwater zone of the aquifer is recharged with
fresh water along the northern area of the outcrop-
ping Edwards Group. Adjacent to the freshwater zone
is the saline-water zone that forms an interface at
the down-dip limit of the fresh water. Though the
freshwater/saline-water interface is spatially defined
within the aquifer, little is known about the nature of
groundwater flow between and along its surface. Struc-
tural, lithologic and hydrologic features may influence
the possible up-dip migration of the saline water into
the freshwater zone and may adversely affect current
freshwater supplies. Freshwater/saline-water monitor-
ing well transects were sampled for dissolved gas us-
ing both conventional and un-conventional methods to
establish vertical profiles across the aquifer. Data re-
vealed two highly distinct gas compositions between the
zones. The upper freshwater zone is characterized by
normal, atmospherically saturated water gas concentra-
tions with slight enrichments due to excess air (4He
60 µcc/kg). The lower saline zone displayed a very dif-
ferent gas composition, highlighted by extremely high
concentrations of radiogenic 4He (>20,000 µcc/kg) and
minor amounts of excess 40Ar contained in a gas com-
position rich in CO2, H2S and other hydrocarbons.
Vertical profiles of dissolved gas compositions across
the interface show active flowing water along the in-
terface, and sluggish, stagnant flow within the saline
zone. These sharply contrasting zones are strongly in-
fluenced by the faulting in the aquifer and by the hy-
drostatic head within the freshwater zone. Both the
faulting and the hydrostatic head in the freshwater zone
of the aquifer appear to exert a major influence on the
regional groundwater flow patterns.
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Approximately 120 new chemicals are created each
year due to ever-improving industry and technology
markets. Releases of new contaminants into the en-
vironment can occur during production, use and dis-
posal of these chemicals thereby leading to poten-
tial contamination of water supply sources. Very few
emerging contaminants are regulated. In addition,
knowledge gaps regarding emerging contaminants in-
clude lack health effects, occurrence (either because
these compounds are not measured or because con-
centrations are below detection limits of readily avail-
able analytical techniques) and fate and transport in
the environment especially with regards to mobility
and persistence. The sources of these compounds
are numerous. One source is treated wastewater,
which is re-injected into groundwater aquifers for in-
direct potable reuse purposes. Emerging compounds
of concern can be classified in various classes. This
presentation will focus on contaminants, which have
emerged in the last 10 years including pharmaceuti-
cals (antibiotics/drugs), personal care products (poly-
cyclic musks), pesticides/herbicides, industrial solvents
(1,4-dioxane), gasoline additives (MTBE), disinfection
byproducts such as NDMA (N-nitrosodimethylamine),
and inorganic compounds such as perchlorate and ar-
senic. This presentation will present technical, legal
and legislative challenges posed by the presence of these
contaminants in water. Background information in-
cluding chemicals history of use, sources in the environ-
ments, nationwide occurrence, physical and chemical
properties, behavior in the environment and technolo-
gies for removal from soil and water will be presented.

In addition, case studies on MTBE, pharmaceuticals
and personal care products, 1,4-dioxane, arsenic and
NDMA will be discussed.
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The ubiquitous occurrence of emerging (non-
regulated) contaminants in the aquatic environment is
of concern because some of these chemicals are bio-
logically active at low concentrations and a potential
threat to wildlife and human health.. Emerging con-
taminants include a diverse range of chemicals, includ-
ing pharmaceuticals, natural and synthetic hormones
and industrial surfactants, such as alkylphenol ethoxy-
lates (APEO) and their metabolites. To address the
ecotoxicological impact of these chemicals, it is neces-
sary to know their sources, removal efficiencies during
wastewater treatment, and their behavior in the envi-
ronment.

In this study, the fate of selected emerging con-
taminants in the Santa Ana River (SAR) in South-
ern California was investigated. The SAR originates
in the San Bernardino Mountains and flows 80 miles
into the Pacific Ocean. The SAR flow stems mainly
from storm runoff, wastewater treatment effluents and
several other minor sources. During the dry season,
SAR flow is dominated by effluent from public wastew-
ater treatment plants. Input into the SAR was studied
by analyzing samples from four major treatment plants
that employ different tertiary treatment processes. To
assess the fate during river water transport and dur-
ing wetland treatment, samples from six sites along the
river were analyzed.

Effluent samples were analyzed every two months,
river water every four months. River samples were
taken considering the flow velocity, which is approx-
imately 1 mile per hour. The analytical method in-
volves solid-phase extraction using C-18 cartridges and
extraction of three fractions. Samples were analyzed
with and without further derivatization using GC/MS
and GC/MS/MS.

Results indicate significant contaminant removal
during river transport, presumably by photochemical
oxidation. Within a distance of nine miles, pharma-
ceuticals, plasticizers, flame retardants, APEOs and
metabolites were attenuated with removal rates rang-
ing from 76% for a flame retardant to up to 97%
for some APEO metabolites. The two pharmaceuti-
cals gemfibrozil and ibuprofen were attenuated by more
than 90%. Whether photochemical transformations are
mainly responsible for the observed removals remains
to be investigated.

H72D-0878 1330h POSTER

Empirical Models of NAPL Dissolution
and Their Applications in Subsurface
Contaminant Transport Modeling

Jonathan F. Sykes1 (519-888-4567 ext 3776;
sykesj@uwaterloo.ca)

Jianting Zhu2 (979-458-4651; jzhu@cora.tamu.edu)

1Department of Civil Engineering, University of Wa-
terloo, Waterloo, ON N2L 3G1, Canada

2Department of Biological and Agricultural Engineer-
ing, Texas AM University, College Station, TX
77843-2117, United States

Three simple empirical models of nonaqueous phase
liquid (NAPL) dissolution are proposed based on the
NAPL mass conservation and the assumption of pro-
portionality between the solute concentration and the
remaining residual NAPL mass. The purpose of the
proposed models is to predict the solute concentration
in the vicinity of the residual NAPL as a result of disso-
lution. The predicted solute concentration decrease is
used to simulate and account for the decrease of disso-
lution rate with time. The empirical parameters used
in the proposed models that were obtained from one-
dimensional simulations of water-saturated column are
found to be also representative of variably saturated
systems with a fairly reasonable success. It is found
that the proposed models are fairly good for quantifi-
cation of non-equilibrium dissolution, which is charac-
terized by tailing of breakthrough curves. The models
are especially useful for the situations of small residual
NAPL saturation, which are typical for field applica-
tions.
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Compound-specific stable isotope analysis allows
opportunity to determine the isotopic ratios of indi-
vidual contaminants. The technique has been applied
to confirm biodegradation in studies of chlorinated sol-
vents and recently BTEX, MTBE and TBA. Chem-
ical reactions (including bio- and inorganic degrada-
tion) tend to favor molecules with the lighter isotopic
species (e.g., 12C, 1H), resulting with enrichment of
the unreacted substrate in the heavier isotopic species
(13C, D), referred to as kinetic isotopic fractionation,
so that the extent of fractionation may be used as a
proxy for biodegradation. Processes such as volatiliza-
tion, sorption etc., result in minimal degree of fraction-
ation and do not interfere with the isotopic signal due
to biodegradation.

The results presented here show the first success-
ful applications of compound-specific isotope analysis
to understanding MTBE biodegradation in the field, at
both aerobic and anaerobic sites. Observed fractiona-
tions suggest that two different biodegradation path-
ways may be involved. At a number of anaerobic loca-
tions major fractionation effects were observed for both
C and H; enrichment factors nfor both elements were
approaching or exceeding -10. A laboratory microcosm
study using an enrichment culture yielded similar re-
sults (C data only). A characteristic feature of these
sites was the presence of high concentrations of TBA.

Conversely, at a number of sites, the C composition
remained stable with little fractionation and stayed
within the analytical precision range or changed mini-
mally, while H displayed significant fractionation in ex-
cess of 60 per mil. Moderate agreement of the data with
Rayleigh fractionation model was observed, suggesting
that biodegradation effect was distorted by variability
at the source or the plume was not homogeneous. The
enrichment factor calculated for these data is similar
to the one npublished for aerobic microcosm of MTBE-
degrading culture from Vandenberg AFB by Gray et al.
(Env. Sci. Tech., 2002, 36, 1931-1938) and appears to
be in excess of -60 for H and under -2 for C.

The high H fractionation observed under aerobic
conditions may be attributed to the initial, monooxy-
genase transformation of MTBE (cf., Deeb et al.,
Biodegradation, 2000, 11, 171-186). The anaerobic en-
zymatic reactions were not characterized yet, but a
hydrolytic process may be responsible. Interestingly,
isotopic fractionation at an anaerobic site, which was
treated by oxygen injection, did not show differences
between aerobic and anaerobic parts of the plume.
Despite oxygen addition, there was no evidence for
monooxygenase activity.
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At a gasoline-release site in South Carolina, a pro-
prietary form of MgO2 injected into the subsurface
in a former underground storage tank (UST) area to
increase dissolved oxygen (DO) levels did not ele-
vate low (0 mg/L) DO levels nor decrease concentra-
tions of benzene, toluene, or methyl tert-butyl ether
(MTBE). In contrast, MgO2 injected less than 200
meters downgradient rapidly increased DO, and ben-
zene, toluene, and MTBE concentrations decreased up
to 87%. These different results following oxygen ad-
dition to an anoxic fuel-contaminated aquifer can be
related to differences in ambient hydrologic conditions
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between the two areas that supported different micro-
bial communities with respect to contaminant degra-
dation prior to oxygen-based remediation. For exam-
ple, although fuel-contaminated ground water down-
gradient of the source area was anoxic, infiltration of
DO-rich recharge occurred through overlying permeable
sediments for some time before oxygen injection. In
contrast, this natural input of DO does not occur in
the paved, former UST area. Moreover, the absence of
recharge in the source area permitted the accumulation
of reduced mineral- and soluble-inorganic species, a sig-
nificant oxygen sink that competed with contaminant
biodegradation demand for the injected oxygen. This
talk will describe the relation that exists between hy-
drologic and microbiologic conditions in contaminated
shallow ground-water systems exhibited at this site,
and why certain parameters should be measured as part
of any oxygen-based remedial strategies.
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Microbial degradation of methyl t-butyl ether

(MTBE) was observed in surface-water-sediment mi-
crocosms under anaerobic conditions. However, the
efficiency and products of anaerobic MTBE biodegra-
dation were strongly dependent on the predomi-
nant redox conditions. In the presence of substan-
tial methanogenic activity, MTBE biodegradation was
nominal and involved reduction of MTBE to the toxic
product, t-butanol (TBA). In the absence of significant
methanogenic activity, accumulation of 14C-TBA gen-
erally decreased and mineralization of [U-14C] MTBE
to 14CO2 generally increased as the oxidative poten-
tial of the predominant terminal electron acceptor in-
creased. The results of this study indicate that mi-
croorganisms inhabiting the bed sediments of streams
and lakes can degrade MTBE effectively under a range
of anaerobic terminal electron accepting conditions.
Thus, anaerobic bed sediment microbial processes may
provide a significant environmental sink for MTBE in
surface water systems throughout the United States.
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In this paper we present the application of a new

statistical learning methodology called Support Vector
Machines (SVMs). SVMs are learning systems that use
a hypothesis space of linear functions in a Kernel in-
duced higher dimensional feature space, trained with
learning algorithm from optimization theory. They are
based on a principle that aims at minimizing a bound
on the generalization error model, rather than the mean
square error over a training set. Due to Mercer’s con-
ditions on the kernels the corresponding optimization
problems are convex and hence have no local minima.
In this research SVMs are used to simulate Monte-Carlo
based flow and transport models for the design of de-
tection monitoring system. The objectives of the ex-
ercise are maximizing the probability of detecting con-
taminants that exceed some regulatory standard before
reaching compliance boundary while minimizing cost
(i.e., number of monitoring wells). Application of the
method at a generic site showed a promising perfor-
mance. The SVM was trained using 500 samples gen-
erated from 200 Monte Carlo flow and transport real-
izations. SVM selected best configurations of networks
of wells were identical with the one obtained from the
physical model while the reliability provided by the re-
spective networks differ slightly.
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The first decade of studies (1991-2001) by the U.S.
Geological Surveys National Water-Quality Assessment
(NAWQA) Program provides significant new findings
about the quality of our Nations streams and ground
water. Comprehensive assessments of pesticides, nutri-
ents, volatile organic compounds (VOCs), trace met-
als, and aquatic ecology are developed at the national
scale through synthesis and analysis of findings in 51
NAWQA study units (major river basins and aquifer
systems). These assessments characterize the ambient
water resourcethe source of about 60 percent of the Na-
tions drinking water, as well as water for industrial, ir-
rigation, and recreational uses. Each assessment is an
interdisciplinary and long-term evaluation of the total
resource, rather than of a specific geographic area or
problem at a single point in time. Therefore, the find-
ings describe the general health of water resources, and
reveal current and emerging water issues.

Collectively, the NAWQA assessments indicate that
the Nations waters are generally suitable for irrigation,
drinking water supply, and other home and recreational
use. Comparisons of findings among the basins, how-
ever, reveal several major challenges and common is-
sues in nearly every basin. First, the water in agri-
cultural and urban areas has a characteristic chemical
makeup or signature that is closely linked to the chem-
icals used. Some of the highest concentrations of ni-
trogen and herbicides (such as atrazine, metolachlor,
alachlor, and cyanazine) were detected in samples col-
lected from agricultural areas with the highest chemi-
cal use. Insecticidesmost commonly diazinon, carbaryl,
malathion, and chlorpyrifosoccurred more frequently
and usually at higher concentrations in urban than in
agricultural streams. All urban streams had concen-
tration of insecticides exceeding at least one guideline
established to protect aquatic life.

Second, streams and ground water in basins with
significant agricultural or urban development almost
always contain complex mixtures of pesticides, VOCs,
and nutrients. For example, more than 70 percent of
stream samples collected in agricultural and urban ar-
eas contained 5 or more pesticides, and nearly 25 per-
cent of all ground-water samples contained two or more.
In addition, chemical breakdown products, which can
have similar or even greater toxicities than parent com-
pounds, are often as common as parent compounds.

Third, comparisons among NAWQA assessments in-
dicate that contaminant concentrations vary from sea-
son to season and among watersheds because of differ-
ences in land and chemical use, land-management prac-
tices, degree of watershed development, and natural
features. Seasonal patterns were found in most basins,
mainly reflecting the timing and amount of chemical
use, the frequency and magnitude of runoff from rain-
storms and snowmelt, and specific land-management
practices. Typically, lengthy periods of low concen-
trations of contaminants are punctuated by seasonal
pulses of much higher concentrations. Natural fea-
tures, such as geology, hydrology, and soils, and land-
management practices, such as tile drainage and irriga-
tion, affect the movement of water and chemicals over
land and into aquifers, and, thereby, govern a water
bodys vulnerability to contamination. Concentrations
of contaminants can therefore vary significantly in dif-
ferent regions of the Nation, or even locally within a
basin, despite seemingly similar land-use settings and
chemical use.

URL: http://water.usgs.gov/nawqa/nawqa home.html
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Tritium is a radioactive isotope of hydrogen pro-
duced as a by-product of the nuclear fuel cycle. It is
also an integral part of the nuclear weapons industry
and has been released into the environment through
both the production and testing of nuclear weapons.
There are many sites across the DOE complex where
tritium has been released into the subsurface through
the disposal of radioactive waste and at the Nevada
Test Site, through the underground testing of nuclear
weapons. Numerous DOE facilities have an on-going
regulatory need to be able to monitor tritium concen-
trations in groundwater within deep hydrologic zones
and in the shallower non-saturated vadose zone beneath
waste disposal pits and shafts and other release sites.
Typical access to groundwater is through deep moni-
toring wells and situated in remote locations. In re-
sponse to this need, Science & Engineering Associates,
Inc. (SEA) and its subcontractor, the University of
Nevada Las Vegas (UNLV) Harry Reid Center (HRC)
for Environmental Studies has conducted the applied

research and engineering and produced a real time, in
situ monitoring system for the detection and measure-
ment of low levels of tritium in the groundwater and in
the shallower vadose zone. The monitoring system has
been deployed to measure tritium in both the vadose
zone near a subsurface radioactive waste package and
the groundwater in a deep hydrologic reservoir at the
Nevada Test Site. The monitoring system has been de-
signed to detect tritium in the subsurface below federal
and/or state regulatory limits for safe drinking water
and has been successfully demonstrated. The develop-
ment effort is being funded through the U.S. Depart-
ment of Energy, National Energy Technology Labora-
tory and the DOE Nevada Operations Office Advanced
Monitoring Systems Initiative (AMSI).
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The inability to locate and quantify dense nonaque-
ous phase liquid (DNAPL) saturation in the subsurface
presents obstacles to site characterization and remedi-
ation. The objective of this study is to evaluate the use
of naturally occurring radon as an in-situ, partitioning
tracer to locate and quantify DNAPL saturation. In the
saturated zone, radon emanating from aquifer solids oc-
curs as a dissolved gas and, due to its non-polarity, par-
titions into DNAPL. Partitioning between the DNAPL
and aqueous phases results in retarded radon transport
during groundwater flow. The radon retardation factor
can be determined using single-well ’push-pull’ tracer
tests, enabling the calculation of the DNAPL satura-
tion. Radon can also be used as a ’static’ partitioning
tracer, whereby grab samples of radon from monitor-
ing wells in contaminated and non-contaminated por-
tions of an aquifer are collected and compared to calcu-
late the DNAPL saturation and to monitor saturation
changes as remediation proceeds.

The utility of these methods was investigated in
the laboratory using a physical aquifer model (PAM).
Static and push-pull tests were performed before and
after contamination of a portion of the PAM sedi-
ment pack with trichloroethene (TCE). The PAM was
then remediated using alcohol cosolvent and tap water
flushes, and static and push-pull tests were performed
to assess the efficacy of remediation. Numerical sim-
ulations were used to estimate the retardation factor
for radon in the push-pull tests. Radon partitioning
was observed in static and push-pull tests conducted
after TCE contamination. Calculated TCE saturations
ranged up to 1.4 % (static test) and 14.1 % (push-
pull test), based on the numerical method modeling
approach used to analyze the results. Post-remediation
tests showed decreases in TCE saturations. The re-
sults show that radon is sensitive to changes in DNAPL
(e.g., TCE) saturation in space and time. Recent ad-
vances in numerical modeling of radon in push-pull
tests have shown the influence of TCE saturation distri-
bution and initial radon concentrations on radon break-
through curves and calculated TCE saturations. These
advances have led to more accurate predictions of the
TCE saturation in the PAM.

The push-pull method was applied at a field site at
Dover Air Force Base, Delaware. The site consists of an
aquifer ’test cell’ 27 ft long and 18 ft wide surrounded
by steel pilings to a clay confining unit 40 ft below
grade. Push-pull tests were performed before and af-
ter contamination of the test cell with perchloroethene
(PCE). Push-pull tests performed before contamination
showed no evidence of radon retardation, while tests
performed after contamination showed evidence of re-
tardation and suggested the presence of PCE.
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Arsenic (As) is a highly toxic, ubiquitous metal-
loid and realization is growing that water-borne As
now poses a significant threat to human and ecosys-
tem health worldwide. Elevated concentrations of As
in groundwater have emerged as a major health threat
in the Ganges-Brahmaputra Delta region where tens of
millions of people are exposed to [As] 10 to 100 times
higher than the drinking water standard of 10 µg/L
recommended by the WHO. Extensive sampling by the
British Geological Survey has shown that water from
shallow aquifers with recent alluvial sediments car-
ries distinctly higher [As] than does water from deeper
aquifers with presumed pre-Holocene sediments. How-
ever, the reasons why such a large contrast in [As]
exists between younger, Holocene aquifers and older,
Pleistocene aquifers are not well understood. Further-
more, although As is generally believed to be of natural
origin and is mobilized in reducing groundwater, the
sources of particle phase As and mechanisms of arsenic
release to groundwater remain poorly understood.

Hydrological and geochemical factors contributing
to elevated arsenic concentrations (up to 800 µg/L) in
the shallow aquifers and much lower [As](< 50 µg/L) in
the deep aquifers were investigated in two villages (∼1
km2 each) in Araihazar upazilla, Bangladesh. Arai-
hazar is on the margin of the Holocene Mehgna fluvial
floodplain where the transition occurs from the uplifted
mid Pleistocene Madhupur tract to much younger, in-
cised Meghna river channel deposits from west to east.
Coring confirmed that the aquifers were separated by a
multiple-layered silt/clay section. At least at one site,
radiocarbon dating of peat layers within the silt/clay
section suggests that a Holocene aquifer is uncon-
formably overlying a Pleistocene sequence. Based on
radiocarbon and tritium dating, the residence time of
groundwater in the high-As shallow, Holocene aquifers
(4 - 30 m) is years to decades, much less than that of
the low-As deep aquifer (50- 100 m), which is a thou-
sand to tens of thousands of years. This hydrological
separation is important in preventing water from the
high-As shallow aquifer from entering the low-As deep
aquifer.

Major differences in reducing conditions, when com-
bined with a widely dispersed sedimentary source of As
most likely sorbed on amorphous Fe oxyhydroxide con-
tributes to the contrast between the high-As shallow
aquifer and the low-As deep aquifers. High concen-
trations of NaH2PO4 extractable As (up to 5 mg/kg),
and HCl-extractable Fe (up to 4.1 g/kg) were found
at depth intervals of reducing groundwater enriched
in As in the shallow aquifer. Sediments from deeper
aquifers had lower NaH2PO4 extractable As (∼ 0.4
mg/kg), probably accounting for the low [As] ground-
water, despite of strongly reducing conditions at one
site. At another site, groundwater displayed positive
oxidation-reduction potential (ORP) values as well as
low NaH2PO4 extractable As (0.1 - 1 mg/kg), there-
fore no As mobilization would be expected. In the
shallow aquifer, As is released from reductive dissolu-
tion of Fe-oxyhydroxides with a sediment As/Fe ratio
of 20 mmole/mole, based on As/Fe ratios of groundwa-
ter samples that followed a generally increasing As and
Fe concentrations with decreasing ORP values. This
As/Fe ratio of 20 mmole/mole is much higher than
that leached from the high As, sandy sediment (∼ 1
mmole/mole), suggesting that Fe oxyhydroxide that
was reductively dissolved. is much more enriched in As
than the bulk composition of phases which are leach-
able from the sediments.
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Southern Alberta has the highest rate of gastroin-
testinal illness in the province, and some of the highest
infection rates in Canada. The region has extensive
field crop irrigation system supporting a rapidly ex-
panding animal agriculture industry. Recently, there
has been much public concern about the safety and
quality of water in this region, particularly with respect
to drinking water supplies for farm residences and rural
communities, where water treatment may be less than
optimal.

We have tested raw river and irrigation water in
the Oldman River Basin in southern Alberta for the
presence of bacterial pathogens (E. coli O157:H7 and
Salmonella spp ) as well as made counts of total and
faecal coliforms over the last two years (2000-2001). E.
coli O157:H7 and Salmonella spp. isolations and col-
iform counts peak in raw water from this system during
the summer months. E. coli O157:H7 was only isolated
from 27/1624 (1.7%) and Salmonella was isolated from
158/1624 (9.7%) of raw water samples over the two
year period. Certain sites had multiple pathogen iso-
lations and high indicator bacteria counts in the same
year and from year to year. Certain sites had multiple
pathogen isolations and high indicator bacteria counts
in the same year and from year to year. S. Rublislaw
was the most common Salmonella serovar isolated in
both years. While this serovar is rarely associated with
human or animal disease in Alberta, other Salmonella
serovars isolated, such as Typhimurium, are commonly
disease-associated.

This poster presents initial analyses of the spatial
and temporal properties of pathogen occurrences in the
Oldman Basin in 2000 and 2001. Seasonal variability in
the occurrence of pathogens is particularly interesting
and of concern. Early results demonstrate the pathogen
occurrences peak during the height of the summer
recreation season; posing a substantial infection risk
for the public and tourism populations. Human con-
sumption of inadequately treated water in this region,
especially during summer months represents a signifi-
cant risk of infection with E. coli O157:H7, Salmonella
spp and likely other enteric pathogens. There are also
likely to be risks associated with water application for
irrigation and processing of raw edible plants. Con-
sumption of untreated waters by animals is likely to
maintain this pathogen in this reservoir. The informa-
tion generated in this study should be useful in design-
ing optimal public health intervention strategies.
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One of the challenges facing many of Alaskas com-
munities is providing safe and reliable drinking water
from sources containing high concentrations of natu-
ral organic material (NOM). These highly colored wa-
ters, locally referred to as tundra tea, often result in
the formation of disinfectant byproducts during treat-
ment. Since surface water sources in the Arctic are
often frozen for 6-9 months per year, communities are
often forced to either store raw water for treatment dur-
ing the winter or treat and store enough drinking water
during the summer to last through the winter.

Because long-term storage practices are somewhat
unique to water treatment in the rural Northern com-
munities, the practice has not been thoroughly stud-
ied and there is limited published information on how
water quality is affected by extended storage. Anecdo-
tal evidence and data collected by field engineers indi-
cate that significant changes are occurring and that the
quality of the treated water can be adversely impacted.

The University of Alaska Small Drinking Water Sys-
tem Technical Assistance Center (ATTAC) is conduct-
ing fundamental and applied research to help Alaskas
small communities provide safe and reliable drinking
water. One research focus area is the formation of dis-
infection by-products (DBPs) in small drinking water
systems. Studies to characterize the NOM present in
Alaskan surface waters and demonstrations of NOM re-
moval technologies have been have been conducted over
the past several years. The study presented here exam-
ined the formation of disinfection by-products during
long-term storage of water from five small Alaskan wa-
ter systems. Results from this research suggest that
long-term storage has a significant impact on DBP for-
mation. The results suggest that the NOM escaping
treatment is likely to react in the storage tank result-
ing in DBP concentrations that are well above the es-
timated DBP formation potential.
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Ample field observations in areas of known oil
and gas deposists reveal an existence of excess tem-
perature anomalies associated with the hydrocarbon-
bearing structures. These observations are explained
in terms of upward migration of heated fluids. In this
case there is a deviation from a linear temperature dis-
tribution with depth due to a convective component
of the heat flux. We propose a new method based
on in situ measurements of the thermal field that al-
lows one to take into account both conductive and con-
vective components of the heat flow. In addition to
the usual measurements of temperature, we determine
the the curvature of the geothermograms, which char-
acterizes the degree of deviation of the heat transfer
from a conductive regime. Correspondingly, in addition
to the commonly used geothermal gradient, we intro-
duce new parameters, such as the radius of curvature
of the geotherms (R), the coefficient of curvature of the
geotherms (K), the Knudsen criterion (Kn), and param-
eter F. We present analytic expressions for the determi-
nation of these parameters, and evaluate these param-
eters for several natural objects. We demonstrate the
usefulness of the proposed method for 1) forecasts of
the presence of the deep-seated hydrocarbon deposits;
2) estimates of the abnornally elevated gas content in
the deep-seated coal deposits, and determination of
zones with high risk of methane bursts; 3) studies of
the hydro-geothermal conditions of the geothermal ar-
eas; 4) determination and localization of leaks along the
buried industrial pipelines. We present examples illus-
trating the application of our method for the above-
mentioned tasks.
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During a recent study conducted at the University
of South Florida, core samples were collected from 20
wells located in the southern half of the Southwest
Florida Water Management District (SWFWMD), and
analyzed to gain a better understanding of arsenic dis-
tribution and mineralogy throughout the Oligocene-
aged Suwannee Limestone, Upper Floridan Aquifer.
The Suwannee is the primary storage zone utilized to
date for Aquifer Storage and Recovery (ASR), the pro-
cess of capturing excess water during the rainy season
and storing that water underground until needed. The
SWFWMD recently determined that ASR is a critical
component for its 20-year strategy to enhance water
supply in southwest Florida where, as of January 2002,
26 facilities are in operation and 19 are permitted for
construction. The Comprehensive Everglades Restora-
tion Project (CERP) calls for over 330 ASR wells to
store 1.7 billion gallons of water per day. This research
was conducted because of the discovery of elevated ar-
senic (As) levels during recovery cycle testing of several
ASR facilities throughout southwest Florida.

Before any solution or mobilization mechanism can
be suggested, the exact mineralogical association of the
arsenic must be determined. Possible sources for the
arsenic include: 1) sulfide minerals, 2) iron oxyhydrox-
ide coatings, 3) organic material, and/or 4) phosphate
nodules. Sampling was carried out with the purpose to
sample each core at constant intervals and to collect
samples at locations that may have a higher potential
for the presence of arsenic, such as fractures, organic
material, sulfide-rich zones and iron oxyhydroxide-rich
zones. Detailed lithologic descriptions for each sample
showed that framboidal pyrite was present, and in fact
abundant, throughout the unit, while the iron oxides,
organics, and phosphate nodules were uncommon. To-
tal arsenic concentrations for each sample were deter-
mined by hydride generation-atomic fluorescence spec-
trometry (HG-AFS), which showed much higher val-
ues for arsenic in the Suwannee Limestone than pre-
viously reported. In addition, the distribution of ar-
senic throughout the Suwannee Limestone was found to
be very heterogeneous. Samples with concentrations in
excess of 20 ppm arsenic were then chosen for analysis
by SEM and Electron Probe Microanalyzer, equipped
with EDS and WDS capabilities respectively, with the
intent to further constrain the mineralogical arsenic as-
sociation in each sample. Phosphate nodules and or-
ganic material did not contain detectable amounts of
arsenic, while more than 85% of framboids analyzed
were found to contain as much as 2 wt %. Iron ox-
ides, where present, contained arsenic, but we believe
iron oxide in the subsurface would not occur and has
precipitated as a result of the oxidation of pyrite.
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Because perchlorate (ClO4-) inhibits iodide up-
take it is a contaminant of concern in groundwater.
Therefore ClO4- contaminated drinking water must be
treated to either remove ClO4- or reduce ClO4- to chlo-
ride (Cl-). Batch and column experiments using vary-
ing operational conditions with powdered activated car-
bon (PAC) and granular activated carbon (PAC) were
performed to evaluate PAC and GAC capacity to ad-
sorb ClO4- and/or reduce ClO4- to Cl-, chlorite (ClO2-
) and chlorate (ClO3-). Varying operational conditions
were particle size, pH, and ClO4- salt cation. ClO4- ad-
sorption was affected by particle size, pH, and cation
salt. ClO4- adsorption on PAC and GAC is partially
reversible.

H72E MCC: Hall C Sunday 1330h

Remote Sensing of Land Surface
Hydrological Processes Posters (joint
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Soil moisture, vegetation temperature, and vegeta-
tion moisture all strongly influence the fluxes of heat
and water at the land-atmosphere interface. At suffi-
ciently low column densities, the microwave brightness
of a vegetated surface is most sensitive to the water
content of the first few centimeters of the soil. On the
other hand, at high column densities sensitivity to veg-
etation temperature and moisture dominates. What are
the relative effects of soil moisture, vegetation temper-
ature, canopy moisture content, and canopy water, ei-
ther in the form of intercepted precipitation or dew, on
the microwave brightness?

We begin to answer this question with observations
of 1.4 GHz brightness, soil moisture, soil and canopy
temperatures, precipitation, wind speed, and radiative
fluxes made in a field of corn. We find that when the
corn is mature and at its highest level of column den-
sity, there is still meaningful sensitivity to soil mois-
ture. Three different states of canopy water (a night
with no dewfall, a night with approximately 0.1 mm
of dew, and a night with a 21 mm precipitation event)
captured in our data set reveal that the net effect of
canopy water is a decrease in the brightness tempera-
ture. In other words, volume scattering in the vegeta-
tion is enhanced more than emission by canopy water.
Furthermore, at high column densities, sensitivity to
soil moisture and canopy water are of the same order
of magnitude. If neglected, intercepted precipitation
or dew will make the soil appear to be wetter than it
actually is.

URL: http://www.eecs.umich.edu/grs
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Land surface window (8-12 µm: 800-1250 cm−1)
emissivity is an important parameter for estimating the
longwave surface energy balance. The window emissiv-
ity can vary significantly, because the spectral emissiv-
ity ranges from 0.7 to 1.0 for bare soils and rocks in
this range. Because the large part of the earth’s total
radiative emission is lost directly to space within the 8-
12 µm region, the knowledge of the surface emissivity
is crucial in the study of earth-atmosphere system ra-
diation budget. Several studies have been made to map
the window emissivity using a global land classification
map (surface type map) and corresponding emissivity
calculated from spectral libraries. The advantage of
this method is that it is possible to obtain global map.
However, wide spatial variations of emissivity can be
observed in rocks and soils, which are recognized as
one only surface type such as barren or bare soil in the
classification map.

This study focuses on estimating the window emis-
sivity from the emissivities of the five channels on the
Advanced Spaceborne Thermal Emission and Reflection
Radiometer (ASTER). ASTER is a sensor onboard the
Earth Observing System (EOS) Terra satellite launched
in 1999, and has five channels in the thermal infrared
region (8-12 µm). Using this sensor, it is possible to
estimate surface spectral emissivity for each channel at
a spatial resolution of 90 m globally. A multiple regres-
sion was used to relate the five ASTER emissivities to
the window emissivity. This regression was developed
using two spectral libraries, ASTER Spectral Library
and MODIS Emissivity Library. The window emissivi-
ties ranged from 0.80 to 0.99 for natural surfaces, such
as, rocks, soils, vegetation, water, ice, and snow. The
RMS error of the estimated window emissivity was less
than 0.01 both in calibration and in validation.

We applied this calibrated regression to emissivi-
ties computed using ASTER data acquired in 2001 and
2002 over a 240 km by 1200 km area in Sahara Desert,
Africa. We compared the estimated window emissiv-
ities derived from regression with the ones expected
from the classification map and found significant dif-
ference ranging from -0.08 to +0.07.
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Understanding watershed scale soil moisture distri-
butions is necessary to validate current remote sensing,
such as the Advanced Microwave Scanning Radiome-
ter (AMSR). Unfortunately, remote sensing technology
does not currently resolve the land surface at a scale
that can be easily validated with ground observations.
One method of validation uses existing soil moisture
measurement networks and scales up to the resolution
of these remote sensing footprints. Soil Moisture Ex-
periment 2002 (SMEX02) was an excellent opportu-
nity to implement one such soil moisture gaging system
which, when calibrated, provided robust estimates of
the watershed scale soil moisture throughout the sum-
mer of 2002. Twelve fields distributed across the Wal-
nut Creek watershed were instrumented with in situ soil
moisture probes and were intensively sampled during
the experiment, between June 25 and July 12, 2002.
The sampling sites were analyzed for temporal stability
and scaling relationships were developed. These point
measurements were scaled up to the field scale (∼ 800
m) and then to the watershed scale (∼ 25 km) for the
field experiment period and were shown to be accurate
indicators of the large-scale soil moisture distribution.
Point measurements were then used as a basis for a wa-
tershed estimate for several months beyond SMEX02,
thereby providing a long record of watershed scale soil

moisture which can be used for validation. The ability
to estimate the soil moisture is measured by a variety
of techniques, including split sample verification. This
analysis is a first step in the implementation of large-
scale soil moisture validation utilizing networks such as
the Soil Climate Analysis Network (SCAN) as a basis
for calibrating soil moisture satellite products.
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In this paper, we examine new methods for the clas-
sification of single frequency C-band Synthetic Aper-
ture Radar (SAR) data using trigonometric functions
to segment the information into primary band compos-
ites. The decomposition is shown to be scaleable from
the complex series representation to a simple addition
of real and imaginary terms. A condensed example is
provided for four filter elements in the standard ori-
entation. This example shows the spatial and radio-
metric classification of a meandering river system using
the radiometric and spatial filters. A discussion of the
primary effects is given with a complete derivation for
the filter design, the transfer functions, and the related
scalar applications.
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Stream temperature is an important water quality
indicator, for example, in the Pacific Northwest where
endangered fish populations are sensitive to elevated
water temperature. Regional assessment of stream tem-
perature is limited by sparse sampling of temperatures
in both space and time. Remotely sensed thermal in-
frared (TIR) imagery can be used to derive spatially
distributed estimates of the radiant skin temperature
(Tr) (top 100 nm) of streams, but spatial variability
in these measurements makes it difficult to link Tr to
the kinetic temperature of the stream (Tk). In image
pixels that are fully resolved at the scale of the TIR
data, this along-stream variability is primarily the re-
sult of evaporative cooling due to wind, and to surface
effects along the stream, such as riffles and foam, which
increase the apparent emissivity and therefore the mea-
sured radiance. The resulting distinct spatial pattern
of Tr must be identified and corrected if accurate Tk is
to be determined. We investigate spatial variability in
Tr using medium-resolution (5m) TIR imagery from the
airborne NASA-MASTER sensor, and coarse-resolution
(90m) imagery from the ASTER sensor on the Terra
satellite. Ground data of Tr and Tk within the Yakima
River watershed in Washington State are used to vali-
date analysis results. In a uniform reach with a Tk of
20.7 oC, the mean Tr observed using MASTER is 22.1
oC, with a standard deviation of 0.7 oC. Preliminary
results show that the distinct along-stream patterns of
Tr correspond to observed surface effects.

URL: http://depts.washington.edu/strmtemp/


