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Soil moisture plays a critical role in many hydrolog-
ical processes including infiltration, evaporation,
runoff.

and
Additionally, soil moisture has a direct effect
on weather patterns. Satellite based passive microwave
sensors offer an effective way to observe soil moisture
data over vast areas, and there are currently several
satellite systems that detect soil moisture. Long-term
in situ (field) measurements of soil moisture are col-
lected in the Little River Watershed (LRWS) located
in Tifton, Georgia and compared with the remotely
sensed data collected over the watershed. The LRWS
has been selected by the United States Department
of Agriculture (USDA) to represent the south eastern
costal plains region of North America. The LRWS is
composed primarily of sandy soils and has a flat topog-
raphy with meandering streams. The in-situ measure-
ments were collected by stationary soil moisture probes
attached to rain gage stations throughout the LRWS for
the period 2000-2002. The remotely sensed data was
acquired by two satellites viz. - the Tropical Rainfall
Measurement Mission Microwave Imager (TMI) for soil
moisture and the Moderate Resolution Imaging Spec-
troradiometer (MODIS) for vegetation. The TMI is
equipped with a passive vertically and horizontally po-
larized 10.65GHz sensor that is capable of detecting
soil moisture. Soil moisture collected in the field is
related to the TMI brightness temperatures. However,
vegetation has a strong affect on the 10.65GHz bright-
ness temperature. The Normalized Difference Vegeta-
tion Index (NDVI) data, provided by the (MODIS), are
used to evaluate the effect of vegetation on soil mi-
crowave emission.
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The Multi-frequency Scanning Microwave Radiome-
(MSMR) aboard the India Space Research Or-
ganization - Oceansat-1 (IRS-P4) platform measured
land surface brightness temperature at low frequen-
cies and provided an opportunity for exploring large-
scale soil moisture retrieval during its two years pe-
riod of observation. Several data issues had to be ad-
dressed before using the data. These included geoloca-
tion errors, data calibration and anthropogenic Radio-
frequency Interference (RFI). Calibration was evalu-
ated by comparisons to the Tropical Rainfall Mea-
suring Mission/Microwave Imager (TRMM/TMI) mea-
sured brightness temperatures. A negative bias of 3.4
and 3.6 K were observed for the 10.6 GHz horizontal
and vertical polarization bands respectively, negative
differences of 14.0 and 10.1 K were found between the
MSMR 6.6 GHz and TMI 10.6 GHz horizontal and ver-
tical polarizations over land surface. These results sug-
gested that additional calibration of the MSMR data
was required. Comparisons between the MSMR mea-
sured brightness temperature and ground measured vol-
umetric soil moisture collected during two field cam-
paigns indicated that the lower frequency and horizon-
tal polarization had higher sensitivity to the ground
soil moisture.

ter

Using a previously developed soil emis-
sion model, multi-temporal soil moisture was retrieved
for the continental United States. Comparisons be-
tween the MSMR based soil moisture and ground mea-
sured volumetric soil moisture indicated an uncertain

data may provide a valuable extension to the SMMR
and AMSR instruments since it covers a portion of the
time between the two missions. Keywords: passive mi-
crowave, brightness temperature, soil moisture, satel-
lite remote sensing.
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The satellite Gravity Recovery and Climate Ex-
periment (GRACE) provides data estimating monthly
changes in the Earth’s gravity field, which are in part
due to changes in vertically integrated terrestrial water
storage. Unlike conventional point or gridded hydro-
logic measurements, such as those from rain gauges,
stream gauges, rain radars, and radiometric satellite
images, GRACE data are comprised of the spectral co-
efficients describing the Earth’s gravity field. These
coefficients can be inverted to solve for spatially aver-
aged changes in continental water storage. Because the
data are more accurate at longer length scales, spatial
averages become more accurate as the area of the region
increases. Therefore, GRACE provides direct measure-
ments which can be used to close the water budget at
regional to global length scales. GRACE data can thus
be used to assess modelled large-scale water-balance
predictions. In addition, GRACE data combined with
river gauge data can provide estimates of precipitation
minus evapotranspiration spatially averaged over large
river basins. We will present the first comparisons of
GRACE water storage estimates with hydrologic mod-
els and gauge data.
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A methodology is developed for estimating tempo-
rally variable virus inactivation rate coefficients from
experimental virus inactivation data. The methodol-
ogy consists of a technique for slope estimation of nor-
malized virus inactivation data in conjunction with a
resampling parameter estimation procedure. The slope
estimation technique is based on a relatively flexible
geostatistical method known as universal kriging. Drift
coefficients are obtained by nonlinear fitting of boot-
strap samples and the corresponding confidence inter-
vals are obtained by bootstrap percentiles. The pro-
posed methodology yields more accurate time depen-
dent virus inactivation rate coefficients than those esti-
mated by fitting virus inactivation data to a first-order
inactivation model. The methodology is successfully
applied to a set of poliovirus batch inactivation data.
Furthermore, the importance of accurate inactivation
rate coefficient determination on virus transport in wa-
ter saturated porous media is demonstrated with model
simulations.
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A three-dimensional particle tracking model is de-
veloped to characterize the spatial and temporal ef-
fects of advection, molecular diffusion, Taylor disper-
sion, fracture wall deposition, matrix diffusion, and
co-transport on two discrete plumes (monodisperse col-
loids and aqueous phase contaminants) flowing through
a variable aperture fracture.
advection

Contaminants travel by
and diffusion and may sorb onto fracture
walls and colloids, as well as diffuse into and sorb
onto the surrounding porous rock matrix. Colloids also
travel by advection and diffusion and may sorb onto
fracture walls, but do not penetrate the rock matrix.
A probabilistic form of the Boltzmann law is used to
describe attachment of colloids and contaminants onto
fracture walls. For colloids that have diffused into the
matrix, a linear distribution coefficient governs their
sorption; an irreversible kinetic isotherm is employed
to describe contaminant sorption onto colloids. Ensem-
ble averaged breakthrough curves of many fracture re-
alizations are used to compare arrival times of colloid
and contaminant plumes at the fracture outlet. Results
show that the presence of colloids enhances contami-
nant transport (decreased residence times) while ma-
trix diffusion and sorption onto fracture walls retard
the transport of contaminants.
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The potential effect of naturally occurring inorganic
colloids on field-scale transport of radionuclides is in-
vestigated using generic sensitivity studies and an ex-
ample based on the alluvial aquifer near Yucca Moun-
tain, Nevada. The linear, bi-linear, and Langmuir mod-
els are used to describe kinetically controlled sorption
to mobile and immobile colloids. In the absence of
colloid retardation and permanent removal, plutonium
transport is greatly enhanced over the situation with-
out colloids. Mass transfer between solution and im-
mobile colloids makes colloid retardation relatively in-
effective at reducing facilitated transport except when
the retardation factor is large. Irreversible removal of
colloids (filtration) is more effective than colloid retar-
dation at reducing facilitated transport. For a fixed
filtration rate, the degree of attenuation depends sen-
sitively and non-monotonically on the rate of desorp-
tion from colloids. These results emphasize the need
for accurate measurements of desorption rates as well
as careful field studies of filtration rates for naturally
occurring colloids. This paper is an independent prod-
uct of the CNWRA and does not necessarily reflect the
view or regulatory position of the NRC.
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Reactive transport models for the potential nu-
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error of 3.8 percent in the estimated soil moisture. This vide information on evolving water chemistries and
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secondary mineralogies, which may affect engineered
barrier system performance, radionuclide releases, and
radionuclide transport. Although reactive transport
models permit explicit analysis of coupled thermal-
hydrological-chemical processes important to predic-
tions of long-term repository performance, these pre-
dictions have sources of uncertainty that are difficult
to quantify. Confidence in reactive transport models
of YM therefore requires demonstration of their capa-
bility to represent natural conditions. Site character-
ization studies at YM have revealed significant differ-
ences between the hydrogeochemical properties of frac-
ture and matrix materials in the unsaturated zone (UZ)
overlying the potential waste emplacement setting. A
quantitative evaluation of the most significant hydro-
geochemical processes that caused these differences is
required to develop detailed estimates of the quantity
and chemistry of water contacting engineered materi-
als in a thermally-perturbed repository settingone of
the most risk-significant components of performance
assessment for YM. Developing a reliable explanation
for observed differences between UZ matrix and frac-
ture materials at YM thus provides a critical test for
the reactive transport models that support performance
assessments for a potential repository at YM. We devel-
oped a 1D, dual continuum, reactive transport model
of the ambient UZ matrix/fracture system at YM in
order to evaluate the origin and evolution of ground-
water compositions and secondary minerals in fracture
and matrix materials overlying the location of the po-
tential repository. Sensitivity tests were conducted to
gauge the importance of data and model uncertainties.
This paper is an independent product of the CNWRA
and does not necessarily reflect the view or regulatory
position of the U.S. Nuclear Regulatory Commission.
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Drift degradation is anticipated to significantly

influence the environment inside waste emplacement
drifts at the proposed repository for high level waste at
Yucca Mountain, Nevada. This poster presents the cal-
culated effects of drift degradation on the waste pack-
age and drip shield temperatures. Natural backfilling
caused by degradation of the fractured tuff wallrock
may occur gradually throughout the repository drifts,
with all drifts estimated to be backfilled within 1,000
years after closure. Model results indicate prominent
increases in waste package and drip shield tempera-
tures due to the insulating effect of the backfill ma-
terial. An algorithm linking drift degradation to es-
timates of waste package and drip shield temperature
will be presented. Components of the different in-
drift heat-transfer processesincluding, conduction, con-
vection and thermal radiationare analyzed for relative
importance. The results indicate that thermal radia-
tion and convection dominate the in-drift heat trans-
fer in the absence of drift degradation effects. In the
case where drift degradation created a natural back-
fill, conduction through the backfill was the dominant
heat transfer process. Furthermore, sensitivity analy-
ses showed that the in-drift temperatures were very sen-
sitive to the assumed thermal properties of the natural
backfill. Ongoing numerical modeling that incorporates
hydrologic effects on environmental conditions will also
be discussed. This poster is an independent product of
the CNWRA and does not necessarily reflect the view
or regulatory position of the U.S. Nuclear Regulatory
Commission.
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The Department of Energy is evaluating whether
Yucca Mountain, Nevada, is likely to meet applicable
radiation protection standards established by the Nu-
clear Regulatory Commission and the Environmental
Protection Agency to become the geologic repository
for the disposal of spent nuclear fuel and high-level ra-
dioactive waste. A number of engineered and natural
barriers, among them the saturated zone (SZ), are ex-
pected to act as obstructions to the release of radionu-
clides from the potential repository. Radionuclides may
move away from the potential geologic repository as
either dissolved or colloidal constituents in groundwa-
ter. Although groundwater is the transport mechanism,
the entire SZ is expected to delay the transport of ra-
dionuclides to the accessible environment and reduce
the concentration of radionuclides before they reach the
accessible environment. Along the flow path from the
potential repository to the accessible environment, the
water table transitions from fractured volcanic tuffs to
alluvium. Transport processes in the more permeable
volcanic tuffs include advective transport dominated by
fracture flow, matrix diffusion, sorption in the matrix,
and dispersion. Transport processes in the alluvium
include advective transport, sorption, and dispersion.
The site-scale conceptual model is a synthesis of what
is known about flow and transport processes at the level
of detail required for Total System Performance As-
sessment (TSPA). Its mathematical and the associated
numerical approaches are designed to quantify the un-
certainty in the permeability of geologic units and to
accurately represent the flow and transport processes
therein. Uncertainties are explicitly incorporated into
the flow and transport abstractions through key pa-
rameters and conceptual models. An inverse approach
is used to estimate the distribution of rock permeabil-
ity that resulted in calculated values of hydraulic head
that best match measured values. Inverse methods also
yield rates of lateral flow across model boundaries com-
patible with results from the regional-scale flow model.
Confidence in the model was built by comparing calcu-
lated to observed hydraulic heads, estimated to mea-
sured permeabilities, and lateral flow rates calculated
by the site-scale model to those from the regional-scale
flow model. In addition, it was confirmed that the flow
paths leaving the region of the potential repository are
consistent with those inferred from gradients of mea-
sured head and from water chemistry data. The results
of the site-scale SZ flow and transport model analy-
sis comprise breakthrough curves for radionuclides at
the interface between the SZ and the biosphere (20 km
from the potential repository). The importance of the
breakthrough curves cannot be assessed independently
of the TSPA because they do not contain information
on the length of time between waste emplacement, the
failure of waste packages, and the time until radionu-
clides reach the SZ. Nevertheless, for radionuclides not
subject to sorption (e.g., carbon), simulated transport
times generally were <1,000 yr. For radionuclides sub-
ject to minor sorption in the alluvium, simulated trans-
port times were 1,000-2,000 yr. For radionuclides that
irreversibly attach to colloids (actinides), simulated
transport times in the SZ were somewhat <10,000 yr.
Delay in the migration of colloids with attached ra-
dionuclides in the SZ results from filtration and resus-
pension processes. For radionuclides subject to moder-
ate to high sorption, simulated transport times were in
excess of 10,000 yr.
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Yucca Mountain, located 160 km north of Las Ve-
gas, Nevada, is currently being assessed as a potential
site for disposal of spent nuclear fuel and high-level ra-
dioactive waste. A key issue regarding repository per-
formance is the likelihood of precipitation percolating
a vertical distance of 300 m through unsaturated rock
into drifts containing the waste packages. The amount
of water that flows into drifts is thought to control the
corrosion rates of waste packages, and the mobilization
and transport of radionuclides. Subsequently, much ef-
fort has been directed towards estimating seepage from
the near-drift environment into underground openings.
While no naturally occurring seepage has been observed
in the excavated tunnels and cavities at Yucca Moun-
tain, numerical studies show that seepage can occur at
steady-state percolation fluxes of tens of millimeters
per year. However, under current conditions, the po-
tential for seepage to occur naturally is greatly reduced,
because of increased evaporation in the drifts resulting
from ventilation. This presentation includes observa-
tions made over a period of four years along the termi-
nal 944 m of a 2.7 km long tunnel within Yucca Moun-
tain, commonly referred to as the Enhanced Character-
ization of the Repository Block which was initially ex-
cavated to study seepage into unventilated drifts. This
initial objective was expanded to include an evaluation
of the near-drift microclimates after large sections of

the nonventilated drift were observed to be damp, or
coated with beads of water, or even occasionally pud-
dled. Observations from this effort indicate that frac-
tures in the unsaturated zone can be primary paths for
vapor flow in the immediate vicinity of emplacement
drifts which is contrary to conceptual models of lig-
uid traveling through fractures before seeping into the
drifts. This work was supported by the Director, Of-
fice of Civilian Radioactive Waste Management, U.S.
Department of Energy, through Memorandum Purchase
Order EA9013MC5X between Bechtel SAIC Company,
LLC, and the Ernest Orlando Lawrence Berkeley Na-
tional Laboratory (Berkeley Lab). The support is pro-
vided to Berkeley Lab through the U.S. Department of
Energy Contract No. DE-AC03-76SF00098.
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The performance of the engineered barrier system
(EBS) within the emplacement drifts depends on cou-
pled processes that involve the flow of moisture, gas
and water droplets in large open cavities, liquid-film
flow on the rock and engineered-material surfaces,
fluid and gas migration in fractured, porous materi-
als, and the chemical interactions between all in situ
and emplaced materials. However, with the excep-
tion of recent heat-transfer analyses using the FLU-
ENT code, virtually all of the in-drift modeling studies
for the proposed repository at Yucca Mountain have
used porous-medium Darcy-flow approximations. Con-
servative assumptions are thus required in Total Sys-
tem Performance Assessment (TSPA) to compensate
for the abstracted, approximate representation of ma-
terials interactions and thermal-hydrological-chemical
(THC) processes. This study is focused on achieving
more rigorous representation of the in-drift environ-
ment with Navier-Stokes modeling of in-drift flow pro-
cesses (natural convection, realistic gas/moisture move-
ment, film/droplet formation and flow, reactive chem-
ical transport, etc.). The simulations are carried out
by finite-element version of the NUFT code, with full
Navier-Stokes representation of humidity distribution,
droplet and film flow, gas-chemistry evolution, and gas
migration within the drifts and at the interface with the
invert and host rock. The results of these simulations
can be used to test the adequacy of the in-drift coupled-
process models being used in the TSPA. This work was
performed under the auspices of the U.S. Department of
Energy by University of California Lawrence Livermore
National Laboratory under contract No. W-7405-Eng-
48.
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For the proposed Yucca Mountain geologic reposi-
tory for high-level nuclear waste, the planned method of
disposal involves the emplacement of cylindrical pack-
ages containing the waste inside horizontal tunnels,
called emplacement drifts, bored several hundred me-
ters below the ground surface. The emplacement drifts
reside in highly fractured, partially saturated volcanic
tuff. An important phenomenological consideration for
the licensing of the proposed repository at Yucca Moun-
tain is the generation of decay heat by the emplaced
waste and the consequences of this decay heat. Changes
in temperature will affect the hydrologic and chemical
environment at Yucca Mountain. A thermohydrologic-
modeling tool is necessary to support the performance
assessment of the Engineered Barrier System (EBS) of
the proposed repository. This modeling tool must si-
multaneously account for processes occurring at a scale
of a few tens of centimeters around individual waste

Cite abstracts as: Fos. Trans. AGU, 84(46), Fall Meet. Suppl., Abstract #####-#7, 2003.



packages, for processes occurring around the emplace-
ment drifts themselves, and for processes occurring at
the multi-kilometer scale of the mountain. Addition-
ally, many other features must be considered including
non-isothermal, multiphase-flow in fractured porous
rock of variable liquid-phase saturation and thermal ra-
diation and convection in open cavities. The Multiscale
Thermohydrologic Model (MSTHM) calculates the fol-
lowing thermohydrologic (TH) variables: temperature,
relative humidity, liquid-phase saturation, evaporation
rate, air-mass fraction, gas-phase pressure, capillary
pressure, and liquid- and gas-phase fluxes. The TH
variables are determined as a function of position along
each of the emplacement drifts in the repository and as
a function of waste-package (WP) type. These variables
are determined at various generic locations within the
emplacement drifts, including the waste package and
drip-shield surfaces and in the invert; they are also
determined at various generic locations in the adjoin-
ing host rock; these variables are determined every 20
m for each emplacement drift in the repository. The
MSTHM accounts for 3-D drift-scale and mountain-
scale heat flow and captures the influence of the key
engineering-design variables and natural-system factors
affecting TH conditions in the emplacement drifts and
adjoining host rock. Presented is a synopsis of recent
MSTHM calculations conducted to support the Total
System Performance Assessment for the License Appli-
cation (TSPA-LA). This work was performed under the
auspices of the U.S. Department of Energy by Univer-
sity of California Lawrence Livermore National Labo-
ratory under contract No. W-7405-Eng-48.
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Understanding saturated flow and transport near
the proposed high-level nuclear waste repository at
Yucca Mountain is critical to a successful License Ap-
plication. Because
proposed repository at Yucca Mountain must travel
through the saturated fractured tuff and the saturated
alluvium before reaching the compliance boundary, it
is important to characterize the hydrogeologic proper-
ties of the downgradient media. Since the completion of
the C-wells complex in 1983, several single- and cross-
hole tracer and pumping tests have been conducted to
gain a better understanding of the hydrogeology of the
A number of published studies have assigned
transmissivities, storativities, and anisotropy ratios to
the saturated zone in this area. In this analysis, re-
views of several studies are used in conjunction with
an independent re-analysis of the data to suggest a dis-
tribution of anisotropy ratios between 0.05 and 20 used
in the Finite Element Heat and Mass Transfer stochas-
tic flow model of the saturated zone.

radionuclides released from the

region.
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Dripping of liquid water into tunnels or caves affects
natural processes (such as formation of speleothems)
and is important to engineering applications (such as
Cur-

rent computer models of these processes assume that

mining and geologic disposal of nuclear wastes).

liquid water drips immediately after entering the tun-
nel. In contrast, recent field observations showed that
film flow and wetting of tunnel walls result in a tempo-
ral and spatial lag between liquid emergence and sub-
sequent dripping, and reduces the amount of dripping.

Moreover, spreading of water on the tunnel walls en-
hances the potential for evaporation. The objective of
this study was to assess how film flow along rough tun-
nel walls affects seepage and to provide a framework
for realistic modeling of seepage and evaporation. In
this research, conceptual models are developed by cap-
italizing on recent advances in our understanding and
modeling of (1) unsaturated flow near and around tun-
nels, (2) characterization of unsaturated flow on rough
surfaces, and (3) dripping from pendant rivulets. We
show that film flow has the potential for diverting a sig-
nificant portion of the flux of liquid entry into a tunnel.
‘We derived an analytical expression for the threshold
flux that results in dripping (seepage) and analyzed the
implications for various cavity sizes and tunnel wall
roughness features. This work was supported by the
Director, Office of Science, Office of Basic Energy Sci-
ences, Division of Chemical Sciences, Geosciences &
Biosciences, of the U.S. Department of Energy under
Contract No. DE-AC03-76SF00098.
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Understanding flow and transport in unsaturated
fractured rock (i.e., matrix and fracture flow, and
fracture-matrix interactions) is important for perfor-
mance assessment and the design of the proposed ra-
dioactive waste repository at Yucca Mountain, Nevada.
A key factor affecting performance of the proposed
repository is the transport of radionuclides through un-
saturated fractured rock that lies between the reposi-
tory horizon and water table located 300 m below. Of
particular importance is the need for an understanding
of diffusive mass transfer between high-permeability,
advection-dominated domains and low-permeability do-
mains. An in situ field experiment was conducted in
the Exploratory Studies Facility at Yucca Mountain,
Nevada to examine flow and transport in the vicinity of
a fault located in unsaturated fractured rock. This ex-
periment involved the release of 75,000 liters of ponded
water over a period of 14 months directly into a near-
vertical fault located in the fractured welded tuff of the
Topopah Spring Tuff unit. Seepage rates were moni-
tored in a large cavity (niche) excavated 20 m below
where the water was released along the fault. Seven
months after water was introduced, two conservative
tracers (pentafluorobenzoic acid [PFBA] and bromide)
were simultaneously released along the fault over a pe-
riod of nine days. After the release of the tracers, seep-
age water was continuously collected from three loca-
tions in the niche and analyzed for the injected tracers.
The results from this field experiment demonstrate that
flow and transport near a fault located in unsaturated
fractured rock is complex due to mechanisms such as
dynamic flow behavior. Continuum-based models may
not be applicable when these types of mechanisms af-
fect flow and transport. Measured breakthrough curves
from this field experiment are analyzed using trans-
fer functions as an alternative to the continuum-based
models, and the applicability of using transfer func-
tions to describe transport in the vicinity of a fault
is evaluated. This work was supported by the Director,
Office of Civilian Radioactive Waste Management, U.S.
Department of Energy, through Memorandum Purchase
Order EA9013MC5X between Bechtel SAIC Company,
LLC, and the Ernest Orlando Lawrence Berkeley Na-
tional Laboratory (Berkeley Lab). The support is pro-
vided to Berkeley Lab through the U.S. Department of
Energy Contract No. DE-AC03-76SF00098.
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This work focuses on the mechanisms for non-
aqueous phase liquid (NAPL) drop formation within a
single fracture. The fracture is assumed to be fully
saturated, the relative wettability of the system is as-
sumed water-wet, and the water velocity profile within
the fracture is described by a Poiseuille flow. The size
of the NAPL drops is investigated for various water flow
velocities and NAPL entrance diameters. A force bal-
ancing method was used to determine the instant that
the drop detaches from its NAPL source. The drop sizes
calculated from the model developed here are shown to
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be in agreement with available experimental drop size
data. It is shown that at low Reynolds numbers the
buoyancy force is dominating the force acting on the
drop during the formation process and at high Reynolds
numbers the viscous forces dominate. A simplified ex-
pression relating the geometry of the fractured system
to the drop radii is developed, and it is shown to pre-
dict drop radii within 5% of the radii calculated by the
force balance method.

H21D-0845 0830h POSTER

Acoustically Enhanced Nonaqueous
Phase Liquid Dissolution in Water
Saturated Porous Media

Eric T Vogler! (949-824-7711; vogler@eng.uci.edu)

Constantinos V Chrysikopoulos! (949-824-8661;
costas@eng.uci.edu)

1 University of California, Department of Civil and
Environmental Irvine, CA 92697,
United States

Engineering,

The effects of acoustic waves on the dissolution of
dense nonaqueous phase liquids (DNAPLs) in water
saturated porous media are investigated in this study.
Experiments of trichloroethylene (TCE) ganglia disso-
lution within a water saturated column, packed with
glass beads are conducted. Acoustic waves with pres-
sure amplitudes ranging from 0 to 1625 Pa and frequen-
cies ranging from 0 to 285 Hz are employed to the in-
terstitial fluid at the inlet of the packed column. Efflu-
ent dissolved TCE concentrations are observed to in-
crease by over 120% in the presence of acoustic pres-
sure waves compared to the case where TCE dissolution
without acoustic waves is monitored. Several peaks in
effluent concentrations were observed for specific fre-
quencies that may be attributed to resonant frequen-
cies and/or the presence of standing waves. The ob-
served effluent dissolved TCE concentration increase is
attributed to increased mass flux at the TCE-water in-
terface, caused by acoustic waves. The acoustic waves
employed were found to be highly attenuated with dis-
tance from the acoustic source but may be compensated
by greater acoustic source pressure.
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The longevity of sites contaminated with chlo-
rinated solvents, and the associated implication for
plume management options, has made source zone
remediation an attractive option. However, source
zone remediation is challenging and recent field scale
demonstrations of aggressive source zone remediation
have pointed to the technical infeasibility of complete
restoration of the source zone. Another approach to
evaluating the success of source zone remediation is in
a risk-based framework, where the technology is eval-
uated for its ability to reduce the source strength to
a level where the risk to down-gradient receptors is
lowered below a certain threshold. Virtually all field
and laboratory research of source zone remediation to
date has focused on the technology’s ability to remove
mass from the source zone and has not evaluated the
impact of the remediation on source strength. This
prevents the analysis of previous work in a risk-based
framework. In this work we evaluate relationships be-
tween mass reduction and source strength (mass flux of
contaminant) in two-dimensional laboratory flow cells
with heterogeneous distributions of porous media. The
flow cell features a segmented extraction well which al-
lows for segmented measurements of water and contam-
inant flux. The flow cell is designed to investigate the
effects of NAPL morphology and distribution (source-
zone architecture) in relation to a heterogeneous flow
field on mass reduction/flux reduction relationships.
Results indicate a linear relationship between mass re-
duction and flux reduction with relationships for in-
dividual well segments oscillating about a mean trend
describing the entire system. Results from a series of
experiments, with varying degrees of heterogeneity are
presented with an emphasis on contaminant flux plane
response to changes in source-zone architecture.
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Dense non-aqueous phase liquids (DNAPLs)
trapped in the subsurface can act as long-term sources
of contamination by dissolving into flowing groundwa-
ter. Many of these DNAPLs are actually mixtures of
different chemical components. In general, the com-
ponents of higher solubility are removed more quickly,
thus altering the composition of the remaining DNAPL,
and possibly leading to changes in its physical prop-
erties. We theorised that a multicomponent DNAPL
pool may become mobile due to the natural dissolu-
tion process. The potential for natural remobilization
depends on two primary mechanisms: the reduction
in pool height as mass is lost by dissolution, and the
changes in fluid properties with changing molar ratio
of the DNAPL. The difference between the rate of
change of each determines whether the potential for
remobilization increases or decreases. The purpose
of the laboratory experiments presented here was to
demonstrate and quantify this process of natural re-
mobilization of a multicomponent DNAPL pool. In
the four experiments, a DNAPL pool comprised of
tetrachloroethene (PCE) and benzene was created as
an open pool overlying glass beads within a water-
saturated flow box. Bxperiments included rectangular
and triangular pools. In each of the experiments,
remobilization (as breakthrough) was observed more
than two weeks after formation of the initial pool.
During each experiment, the pool height declined as
mass was lost by dissolution, while both aqueous and
NAPL sampling indicated a decrease in the molar ratio
of benzene, the more soluble component. Small pro-
tuberances (displacement) formed along the bottom of
the pool as its composition changed with time and the
displacement pressure was achieved for various pore
throats. Eventually one of the protuberances extended
further, forming a finger (breakthrough). In general,
the pool emptied as the finger proceeded further into
the beads.
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Remediation of a persistent class of contaminants
known as dense nonaqueous phase liquids (DNAPLs)
from saturated subsurface systems is a complex en-
vironmental problem. As DNAPL migrates through
porous media, it becomes entrapped in pore spaces due
to capillary forces. This entrapped residual has neither
a predictable nor a uniform distribution. If a sufficient
volume is released, relatively long length-scale features,
or pools, can form over a range of length scales. Al-
though pools can be removed through pumping over
extended periods of time, such approaches are usually
not practical since a large fraction of DNAPL remains
in the system as residual. To investigate this problem
of remediating DNAPL, three-dimensional laboratory
experiments were conducted in a saturated heteroge-
neous porous medium by using a combination of three
remediation technologies: a surfactant, a brine barrier,
and vapor extraction. Surfactant was used to mobilize
entrapped DNAPL downwards by decreasing interfacial
tension. A dense brine barrier was established below
the source zone prior to the surfactant flush to control
downward mobilization. The buoyancy forces associ-
ated with the brine barrier promoted pooling of mo-
bilized DNAPL on top of the barrier. Approximately
72% of the initial trichloroethylene (TCE) mass was
removed by extracting the DNAPL pool formed on the
dense brine barrier. Dewatering of the system also re-
sulted in further reductions of buoyancy forces. Vapor
extraction was performed after dewatering, decreasing
the remaining residual to less than 1% of the initial
mass. The use of additional surfactant, implementa-
tion of a stepped down extraction point system and
the use of a force-gradient approach were considered to
decrease entrapment of mobilized DNAPL in fine sand

regions and to increase recovery during the well extrac-
‘Well recovery using

tion portion of the experiments.
these techniques ranged from 76-86%.
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Groundwater contaminated by chlorinated solvents,
principally cis-dichloroethene (cis-DCE), was cleaned
in situ by a technology that combines enhanced re-
ductive dechlorination with dual-screened treatment
wells. The prolonged historic presence of cis-DCE at
the contaminated site suggested that natural attenua-
tion rates were limited by the supply of electron donors.
Therefore, propionate was added to the contaminated
groundwater to serve as an electron donor and to accel-
erate the reductive dechlorination process. Propionate
was added from the ground surface via a pair of dual-
screened wells emplaced in the contaminated portion
of the aquifer. The wells were screened at two depths,
from 3.0-7.6 m below ground surface (bgs) and from
9.1-12.2 m bgs. These wells functioned to intercept the
contaminant plume, augment the contaminated water
with propionate, recirculate a portion of the contam-
inated water, and release treated water for continued
downgradient migration. Treatment occurred wholly in
situ. Within the recirculation zone of the well pair, cis-
DCE was effectively removed during a two-month pe-
riod of operation. In the lower aquifer zone, 800 pug/L
cis-DCE was converted stoichiometrically to ethene. In
the upper aquifer zone, the concentration of cis-DCE
was reduced from over 400 pg/L to less than 40 pg/L.
Dechlorination was accompanied by significant sulfate
reduction, but not by methanogenesis. The hydraulics
of the groundwater flow are described with a relatively
simple analytical mathematical model. Measured con-
centrations of a bromide tracer agree very well with
model predictions, suggesting that the model is valid
for this contaminated site. At this site, it appears suf-
ficient to model the aquifer as consisting of two homo-
geneous layers separated by an impermeable aquitard;
smaller-scale heterogeneity in the hydraulic conductiv-
ity can apparently be ignored.
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Two biodegradation models are developed to repre-
sent natural attenuation of fuel-hydrocarbon contami-
nants as observed in a comprehensive natural-gradient
tracer test in a heterogeneous aquifer on the Columbus
Air Force Base in Mississippi. The first, a first-order
mass loss model, describes the irreversible losses of
BTEX and its individual components, i.e., benzene(B),
toluene (T), ethyl benzene (E), and xylene(X). The sec-
ond, a pathway model, describes sequential degradation
pathways for BTEX utilizing multiple electron accep-
tors, including oxygen, nitrate, iron and sulfate, and
via methanogenesis. The heterogeneous aquifer is rep-
resented by multiple hydraulic conductivity (K) zones
delineated on the basis of numerous flowmeter K mea-
surements. A direct propagation artificial neural net-
work (DPN) is used as an inverse modeling tool to esti-
mate the biodegradation rates associated with each of
the K zones. In both the mass loss model and the path-
way model, the biodegradation rate constants show an

increasing trend with the hydraulic conductivity. The
finding of correlation between biodegradation kinetics
and hydraulic conductivity distribution is of general
interest and relevance to characterization and model-
ing of natural attenuation of hydrocarbons in other
petroleum-product contaminated sites.
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The objective of this research has been the develop-

ment of a potential in situ catalytic process for the hy-
drolysis of methyl tertiary butyl ether (MTBE) to ter-
tiary butyl alcohol (TBA) and methanol in ground wa-
ter. Bench-scale batch reactor studies were conducted
over a temperature range of 23 deg C to 50 deg C with
several heterogeneous strong acid catalysts to obtain
rates of hydrolysis of MTBE to TBA and methanol at
dilute concentrations in water. Continuous flow exper-
iments were then conducted to obtain kinetic data over
a temperature range of 15 deg C to 50 deg C for various
flow rates for the most active catalysts. It was found
that the batch and continuous flow experiments yielded
similar intrinsic kinetic rate constants when sorption of
MTBE to the catalyst was accounted for. Additional
fixed-bed experiments were conducted with deionized
water and 0.005 M CaCl2 feed solutions containing 100
mg/L MTBE, respectively, to assess the deactivation
of the catalyst, and deactivation was found to be con-
trolled by ion exchange of H+ in the catalyst with
Ca+2 in the feed. Our results indicate that, for low
to moderate groundwater velocities and cation concen-
trations at ambient temperatures, an in situ reactive
barrier process using the most active catalysts stud-
ied in this research could be a viable process in terms
of both suitable conversion of MTBE and catalyst life.
Although application to in situ remediation is empha-
sized, the results of this research are also applicable to
ex-situ groundwater treatment.
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A method is presented for the analysis of contami-
nant breakthrough curves from laboratory column ex-
periments using temporal moments. The temporal mo-
ments are used (1) to determine if an experimental
breakthrough curve can be predicted by one of three
advection/dispersion/sorption models (linear equilib-
rium, linear one-site, and linear two-site) and (2) to
estimate the corresponding transport and sorption pa-
rameters. The technique was developed for both known
and unknown Peclet number. It was first tested for
ideal breakthrough curves (error-free data with small
time increments), and was generally successful in iden-
tifying the correct model and providing accurate esti-
mates of transport parameters. The exception was the
two-site model for unknown Peclet number, where prob-
lems were encountered in solving the system of three
non-linear equations required to estimate the trans-
port and sorption parameters. To test the robustness
of the technique, it was then applied to breakthrough
curves more representative of those that might be ob-
tained experimentally. These curves were produced by
introducing random error into the concentration data
and increasing the time increment between data points.
Although the technique ultimately failed with increas-
ing error and time increment, the envelop of values for
which it was successful includes a range that can rea-
sonably be achieved experimentally. For example, it
was successfully applied to equilibrium data (retarda-
tion factor = 1.5 and Peclet number = 100) with a time
increment of 0.3 displaced pore volumes and relative
experimental error of 10%.
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Laboratory experiments show the effect of a sin-
gle large heterogeneity in a two-dimensional flow field.
Potassium Chloride (KCIl), a conservative tracer, was
used to examine the effect of the heterogeneity on mis-
cible dispersion. The porous medium is created us-
ing two different distributions of spherical glass beads
packed inside a 32 x 32 x 1 cm box. The heterogeneity
is a 16 x 16 cm inclusion within the box - forming two
distinct regions. The box is initially saturated with
0.02 M KCI and is displaced with 0.2 M KCI during
the experiment. The changing chloride concentrations
are measured at 256 locations within the box, every
0.75 seconds, with total experimental times up to 9000
seconds (depending on the flow rate). The experimen-
tal measurements clearly show the flow paths, tracer
travel times, and positional breakthrough curves of the
tracer.
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Solute particles that travel through fracture net-
works are subject to wide velocity variations along
a restricted set of directions. This may result in
super-Fickian dispersion along a few primary scaling
directions. The fractional advection-dispersion equa-
tion (FADE), a modification of the original advection-
dispersion equation in which a fractional derivative re-
places the integer-order dispersion term, has the abil-
ity to model rapid, non-Gaussian solute transport. The
FADE assumes that solute particle motions converge to
either a-stable or operator stable densities, which are
modeled by spatial fractional derivatives. In multiple
dimensions, the multi-fractional dispersion derivative
dictates the order and weight of differentiation in all
directions, which correspond to the statistics of large
particle motions in all directions. This study numeri-
cally investigates the presence of super- Fickian solute
transport through simulated two-dimensional fracture
networks. An ensemble of networks is gen
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Baldwin County is situated along the Gulf of Mexico
containing pristine beaches that attract many visitors
to Alabama each year. Development of the region as
a resort destination along with increasing numbers of
visitors each year have placed growing demands on the
water supply available in the region. As more wells are
placed in the coastline vicinity and put into production
seawater intrusion becomes more likely. We have devel-
oped a variable-density groundwater model for part of
Baldwin County to characterize the extent of the sea-
water intrusion. The model predicts reasonably well
the current location of the freshwater/saltwater inter-
face based on 1996 pumping data. The model is used to
evaluate the coastal aquifer system and to determine if
current pumping strategies could jeopardize future wa-
ter supply. The study will provide a scientific basis for
effective management of groundwater resources in the
coastal regions experiencing rapid economic growth.
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Coastal margins are one of the nation’s greatest nat-
ural resources and economic assets. Due to increasing
concentration of human settlements and economic ac-
tivities in the coastal margins, it is critical to find bet-
ter technologies of managing the coastal groundwater
resources. Coastal aquifers always have saline water
underneath the fresh water. This phenomenon substan-
tially limits the groundwater pumping rates using tra-
ditional vertical wells because of the upconing of the
fresh/saline water interfaces and the potential of sea
water intrusion. With the advancement of horizontal
well technology, we propose to use long-screen (kilo-
meters) horizontal wells in coastal aquifers to increase
groundwater supply and prevent sea water intrusion
into those wells. In this study, we have developed two
mathematical models to predict the equilibrium loca-
tion of upconed sharp interfaces due to pumping hori-
zontal wells based on the linear model of Muskat (1982)
and the non-linear model of Dagan and Bear (1968)
which described the upcoming due to a partially pene-
trating vertical pumping well. The horizontal well so-
lution is obtained by integrating the point sink solu-
tion along the horizontal well axis. The linear solution
based on Muskat’s model (1982) is acquired by neglect-
ing the pressure field variation caused by the change
of the fresh/saline water interface, while the nonlinear
solution includes that variation. The computed inter-
face profiles based on these two models are compared
with those of vertical wells. The critical pumping rate
is calculated and the sensitivity of the interface pro-
file on aquifer anisotropy, horizontal well depth, and
horizontal well length is tested. References: G. Da-
gan and J. Bear, Solving the problem of local interface
upcoming in a coastal aquifer by the method of small
perturbations, J. Hydraulic Research, 6, 15-44, 1968.
Muskat, M, The flow of homogeneous Fluids Through
Porous Media, International Human Resources Devel-
opment Corporation, Boston, 763 PP, 1982.
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A Passive Flux Meter (PFM) has been developed to
simultaneously measure the magnitudes of groundwa-
ter and contaminant fluxes in porous media. The PFM
consists of a permeable sorptive media in the shape of a
homogeneous cylinder that is inserted into a borehole
and that exactly fits the diameter of the well screen.
The PFM, which initially contains a known amount of
a resident tracer, thus intercepts groundwater and con-
taminant flow causing the partial elution of the resident
tracer from the PFM and the sorption of contaminants
onto the PFM. Quantitative analysis of the PFM for
the amount of resident tracer remaining on the PFM
media and the amount of contaminant sorbed onto the
PFM after exposure to groundwater and contaminant
flow allows for the determination of the magnitudes of
groundwater and contaminant fluxes. In this work, two
modified configurations of the PFM are presented and
compared that are capable of measuring the horizon-
tal flow direction simultaneously to the magnitudes of
groundwater and contaminant fluxes. The first config-
uration is characterized by a simple separate analysis
of various sub areas within the circular cross section of
the PFM. Thus, the flow direction can be measured by
identifying the direction of the movement of the resi-
dent tracer across the cross section. The second con-
figuration makes use of different directional tracers in
three sectors of the circular cross section of the PFM.
A single analysis of the whole cross section determines
the mass of each directional tracer remaining in the
PFM, which allows for an estimation of the flow di-
rection. For both configurations a geometric approach
is used to derive the relationships between the mea-
sured tracer masses and the flow direction. Tracer and
contaminant sorption is assumed linear, instantaneous
and reversible, and dispersive transport is neglected.
The solutions obtained for both configurations are used
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to evaluate and compare the two alternatives regard-
ing their theoretical potential to measure flow direc-
tion. Some practical aspects concerning the differences
between the two modified configurations are discussed
and first results of laboratory tests configuration are
presented.
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Potential field and hydraulic properties of sub-sea
formation govern the groundwater flow below sea bot-
tom, and hence, control the location and flux of Sub-
marine Groundwater Discharge (SGD). Because SGD
is considered to be one of the important pathways of
material transport from land to coastal sea, determi-
nation of both potential field and hydraulic properties
can improve our understanding of land-sea interaction
processes. In this study, we developed a new devise to
continuously measure pore pressure and seafloor pres-
sure, and applied the theory of poroelasticity to ob-
tain hydraulic properties from measured data. The
developed devise has multi-depth pressure ports; one
is on the sea floor and the others are set at two dif-
ferent depths in the sub-sea formation, and measures
pore pressure data synchronously. The devise was set
up for a month at the water depth of 20m, offshore
Kurobe alluvial fan, Japan, where fresh ground water
discharge has been discovered and studied. The depths
of the pressure measurements were at 0.50 meters be-
low sea floor (mbsf) and 0.84 mbsf. Pressure data were
acquired every 30 minutes throughout the experiment.
To evaluate the effect of water wave loading, we mea-
sured pressure data with 2 Hz frequency two times per
day. The resolutions of measured data were 0.01 Pa for
the lower frequency measurement and 2 Pa for 2 Hz fre-
quency measurement, respectively. At 0.84 mbsf, pore
pressure value was about 0.6 to 0.7 kPa higher than
hydrostatic pressure. On the other hand, it was nearly
hydrostatic pressure to 0.3 kPa higher than hydrostatic
pressure at 0.50 mbsf. These data showed the upward
hydraulic gradient of at around 0.1 ~ 0.2, which was
consistent with the existence of fresh groundwater dis-
charge at the location. The hydraulic diffusivities were
estimated using two phenomena; one was pore pressure
recovery process due to the disturbance of pore pres-
sure field by installation of the devise, and the other
was pore pressure response to the water wave loading.
The analysis of pressure recovery at 0.84 mbsf indi-
cated that the hydraulic diffusivity was on the order
of 10—9 m2/s. At 0.50 mbsf, pressure recovery was not
observed, suggesting the higher hydraulic diffusivity at
this depth. The difference of the recovery patterns sug-
gested that the formation was made up of at least two
layers. Using the two layer model of the pore pressure
response to water wave (Mu et al, 1999), the hydraulic
diffusivity of upper layer was estimated to be 0.3 ~
1.5 m2/s. According to the direct observation by div-
ing survey, the sub-sea formation at the location was
composed of sands overlying the clay layer. Thus, the
obtained hydraulic values are consistent with those ex-
pected from the observed geology. Reference Mu, Y.,
A. H-D. Cheng, M. Badiey and R. Bennett, 1999. Wa-
ter Wave Driven Seepage In Sediment And Parameter
Inversion Based On Pore Pressure Data. Int. J. Numer.
Anal. Meth. Geomech., 23, 1655-1674.
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Fluctuation of water level induced by atmospheric
loading has been observed in many wells and has been
used to estimate hydraulic properties of the subsur-
face material. However, the methods of estimating
hydraulic properties developed in previous researches
have some problems concerned with the attenuation of

Cite abstracts as: Fos. Trans. AGU, 84(46), Fall Meet. Suppl., Abstract ####H#-##, 2003.




F624

atmospheric pressure in unsaturated zone and the too
many unknown parameters relative to data available
from the conventional water level measurement in a
well. In this study, we introduce the concept of measur-
ing pore pressure at multiple depth intervals in a well,
to overcome these problems. This approach increases
the number of the data available and enables us to es-
timate the specific storage and the hydraulic diffusivity
separately from the data. Furthermore, we developed
the theory based on the poroelasticity to estimate the
hydraulic diffusivity in saturated zone unaffected by
the attenuation in an unsaturated zone and the method
of estimation by the careful arrangement of the instru-
ments. Our method developed in this study has ad-
vantages over the previous methods with respect to the
accuracy of estimation, because we can expand the data
window for dimensionless depth and can avoid the at-
tenuation in the unsaturated zone. We developed a new
device for measuring pore pressure at multiple depth in-
tervals in a single borehole to apply this method to an
actual field. Using data obtained from this device, we
demonstrate that the specific storage and the vertical
hydraulic conductivity in Tertiary sedimentary rocks
can be estimated both in fully saturated zone and sat-
urated zone underlying an unsaturated layer. The re-
sults showed that the specific storage and the vertical
hydraulic conductivity can be estimated within an or-
der of magnitude error, which was well within the ac-
ceptable range, considering otherwise both are not easy
to measure in situ. The method presented here seems to
be useful to estimate hydraulic properties in site inves-
tigation especially at an early stage, because hydraulic
properties can be estimated from only passive monitor-
ing pore pressure, which is becoming popular in site
investigation.

2003 Fall Meeting
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Preliminary field work shows slug interference tests
using an array of multilevel active and monitoring wells
have potential of permitting enhanced aquifer charac-
terization. Analysis of these test data, however, ulti-
mately will rely on numerical geophysical inverse mod-
els. In order to gain insight as well as to provide syn-
thetic data sets, we use a 3-D finite element analysis
(code:FEHM-LANL) to explore the effect of idealized,
low permeability, stratigraphical and structural (faults)
heterogeneities on the transient head field associated
with a slug test in a packer-isolated interval of an open
borehole. The borehole and packers are modeled explic-
itly; wellbore storage is selected to match values of field
tests. The homogeneous model exhibits excellent agree-
ment with that of the semi-analytical model of Liu and
Butler (1995). Models are axisymmetric with a cen-
trally located slugged interval within a homogenous,
isotropic, confined aquifer with embedded, horizontal
or vertical zones of lower permeability that represent
low permeability strata or faults, respectively. Either
one or two horizontal layers are located opposite the
borehole packers, which is a common situation at the
field site; layer thickness (0.15-0.75 m), permeability
contrast (up to 4 orders of magnitude contrast) and
lateral continuity of layers are varied between models.
The effect of a "hole” in a layer also is assessed. Fault
models explore effects of thickness (0.05-0.75 m) and
permeability contrast as well as additional effects asso-
ciated with the offset of low permeability strata. Re-
sults of models are represented most clearly by contour
maps of time of arrival and normalized amplitude of
peak head perturbation, but transient head histories at
selected locations provide additional insight. Synthesis
of the models is on-going but a few points can be made
at present. Spatial patterns are distinctive and allow
easy discrimination between stratigraphic and struc-
tural impedance features. Time delays and amplitude
reduction increase nonlinearly with increasing perme-
ability contrast. The capacity to discriminate the effect
of layer thickness decreases as permeability contrast in-
creases.
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Efforts are on-going to develop a high resolution,
aquifer characterization procedure based upon cross-
well hydraulic tomography using multiwell (interfer-
ence) slug test data from an array of multilevel wells
with pressure measuring ports and flow ports. This
poster presents preliminary results of a series of slug
tests in a multilevel well network in a faulted, siliciclas-
tic aquifer/aquitard system in central Texas. Empha-
sis is on presenting the testing methodology and show-
ing how known, low permeability, stratigraphic and
structural (faults) heterogeneities are manifest within
measured transient pressure histories and their spatial
patterns. The aquifer is a sandstone-dominated de-
posit with a few discontinuous mudstone interbeds that
grades upward into interbedded sandstone and mud-
stone strata representing the confining aquitard. At
the test site a 20 m displacement normal fault partially
offsets the aquifer/aquitard system and impedes cross-
fault flow. Prior work provides a highly constrained
geological model of the site. Mulitlevel monitoring sys-
tems in eight boreholes provide 94 hydraulically iso-
lated, pressure measurement zones distributed in a re-
gion 40 m by 20 m by 70 m encompassing the fault and
adjacent aquifer/aquitard strata. In addition, 25 zones
have ”injection/withdrawal” ports, which can be used
to perform the localized, slug tests. Both falling-head
and rising-head slug tests are performed, using initial
slug magnitudes of 20 to 40 m. Using pressure trans-
ducers with 20 Pa (0.003 psi) resolution, a test series
for a single slugged interval typically provides usable
pressure histories for 30 to 40 zones located from 3 m
to 27 m away. Normalized peak amplitudes of head
changes range from 0.1 to 0.0003. The effects of low
permeability strata and faults are most easily seen in
the spatial patterns of the arrival time and amplitude
of the maximum head change. Examples are presented
to demonstrate these effects. Having multiple zones
within and across a flow impedance structure appears
critical to inferring properties of the zone. Somewhat
unexpectedly, in addition to the later arriving, diffu-
sive pressure wave response, a prominent, early-time,
poroelastic response is measured in selected zones of
low permeability.
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How does correlation influence the medium hy-
draulic properties and the choice of the relevant mod-
eling framework? We have investigated this question
both in fractured and in porous media displaying frac-
tal correlation pattern. In porous media, we show that
fractal correlations let the equivalent permeability de-
crease with scale. However, their well-test response re-
mains, on average, close to that of homogeneous media.
In fractured media, observations of outcrops show that
fractures are correlated at all scales of the medium and
that there are also fractures of sizes ranging from the
micro- to the macro-scale. Recent studies have shown
that the correlation pattern is often a fractal and that
This
double-absence of characteristic length scale challenges

the fracture-length distribution is a power law.

for two reasons the use of homogenization techniques
to model fractured media. We have studied the effect
of these long-range heterogeneities on the fracture net-
work connectivity and on the equivalent medium per-
meability. The correlation and the length distribution
have opposite effects on connectivity and permeabil-
ity. Increasing correlation lets connectivity and perme-
ability decrease and conversely for the variance of the
length distribution. In most cases, one of the char-
acteristic (i.e. length or correlation) supersedes the
other. There is only a small area where both charac-
teristics have a simultaneous influence on permeability.
In this latter area, the influence of the correlation re-
mains low, more precisely a scale increase of at least 5

orders of magnitude is required to produce a permeabil-
ity increase of one order of magnitude. Although the
correlation pattern does not have much influence on the
equivalent permeability, its influence on the flow pat-
tern increases from negligible for networks at threshold
to important for dense networks.
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In the Netherlands water supply companies produce
over more than one billion cubic meters of drinking wa-
ter every year. About 2500 water wells are used to
pump up the groundwater from aquifers in the Dutch
subsurface. More than 50% of these wells will encounter
a number of technical problems during their lifetime.
The main problem is the decrease in capacity due to
well clogging. Clogging shows up after a number of
operation years and results in extra, expensive clean-
ing operations and in early replacement of the pumping
wells. This problem has been acknowledged by other in-
dustries, for example the metal, petroleum, beer indus-
try and underground storage projects. Well clogging is
the result of a number of interacting mechanisms cre-
ating a complex problem in the subsurface. In most
clogging cases mechanical mechanisms are involved. A
large number of studies have been performed to com-
prehend these processes. Investigations on mechanical
processes are focused on transport of small particles
through pores and deposition of particles due to phys-
ical or physical-chemical processes. After a period of
deposition the particles plug the pores and decrease
the permeability of the medium. Particle deposition in
porous media is usually modelled using filtration the-
ory. In order to get the dynamics of clogging this theory
is not sufficient. The porous media is continuously al-
tered due to deposition and mobilization. Therefore the
capture characteristics will also continuously change
and deposition rates will change in time. A new for-
mula is derived to describe (re)mobilization of particles
and allow changing deposition rates. This approach in-
corporates detachment and reattachment of deposited
particles. This work also includes derivation of the fil-
tration theory in radial coordinates. A comparison be-
tween the radial filtration theory and the new formula
will be shown.
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Field results for the hydraulic conductivity, K, of-
ten indicate that K increases with scale. This ef-
fect has been justified by appeal to the possibility
that, with increasing scale, a) the connectivity of the
highly conducting pathways increases, or b) that larger
pores/fractures become accessible. The latter equates
to a statistical bias in that the definition of the medium
(and the porosity) become scale-dependent. For the
former case, with one exception, it is not possible to
connect sides of a medium at a large scale withoug hav-
If these highly
conductive regions are properly weighted, it will be
seen that K becomes either constant, or diminishes with
scale. A noteworthy exception occurs in anisotropic
systems, where more connections can be gained by in-
creasing the system size than are lost. However, this
effect is shown here to be more properly a dimensional
effect, resulting from a cross-over from 1D conduction

ing connections at a small scale too.

at small scales to 3D conduction at large scales. Ap-
propriate upscaling would remove the effect, but field
experiments cannot be configured to do so.
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Surficial clayey aquitards can provide underlying
aquifers with strong protection from contamination if
vertically connected open fractures are absent. Hence,
methods are needed to identify such contaminant path-
ways. An existing two-dimensional model for steady-
state groundwater flow and solute transport (FRAC-
TRAN) was used for cross-sectional simulations to as-
sess the prospects for using field measurements of hy-
draulic head and atmospheric (i.e. bomb) tritium in
surficial aquitards to determine presence and nature
of hydraulically connected fractures. Simulations for
a 15-m thick horizontal aquitard, with shallow water
table and downward groundwater flow, show that field
measurements of head and tritium at points appropri-
ately spaced along a horizontal line at the lower part of
the aquitard provide unique insight since they offer the
highest chance for detecting vertical fractures. Sim-
ulations represented sets of predominant vertical and
horizontal fractures of uniform aperture (25 m) and
variable length. The simulations focused on fracture-
network features assigned based on the literature of
field investigations. The horizontal profiles show peaks
and troughs for head, and always peaks for tritium con-
centrations at fracture localities. Use of only head or
tritium alone may locate fractures, but may not dis-
cover whether each fracture is connected to the ground
surface or aquifer top, or both. On the other hand, the
coupled patterns of head and tritium can be used to
identify fractures more accurately. For example, a head
trough and a tritium sharp peak represent a fully pen-
etrating fracture, while a head peak and a rounded-tip
tritium peak represent a partially penetrating fracture.
Moreover, these two are easily differentiated from an
embedded fracture that is represented by a relatively
small head trough and a short sharp tritium peak. The
method of monitoring along a horizontal line was ap-
plied to the conceptual 15-m thick aquitard imitat-
ing horizontal groundwater head monitoring and for-
mation sampling events at different spacing intervals.
The modeling indicates that, monitoring at 3-m spac-
ing along a line at an elevation positioned deep in the
aquitard locates and determines connectivity of most
vertical fractures. Moreover, it may be possible from
measured tritium distributions in aquitards to estimate
the depth of hydraulically active partially penetrating
fractures. Thus, horizontal monitoring is a valuable
complement to vertical monitoring nests in the study
of aquitard integrity.

URL: http://www.science.uwaterloo.ca/earth
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A flowing horizontal well is a special type of hor-
izontal well that does not have pumping/injecting fa-
cility. The discharge rate of a flowing horizontal well
is controlled by the hydraulic gradient between the
aquifer and the well and it generally varies with time
if the hydraulic head of the aquifer is transient. This
type of well has been used in landslide control, min-
ing dewatering, water table control, underground wa-
ter transportation through a horizontal tunnel, agri-
cultural water drainage, and other applications. Flow-
ing horizontal wells have quite different hydrodynamic
characteristics from horizontal wells with fixed pump-
ing or injecting rates because their discharge rates are
functions of the aquifer hydraulic heads (Zhan et al,
2001; Zhan and Zlotnik, 2002). Hydraulics of flowing
horizontal wells have rarely been studied although the
hydraulics of flowing vertical wells have been exten-
sively investigated before. The purpose of this paper
is to obtain analytical solutions of groundwater flow
to a flowing horizontal-well in a confined aquifer, in
a water table aquifer without precipitation, and in a
water table aquifer with precipitation. The functions
of the flowing horizontal well discharge rates versus
time will be obtained under above mentioned different
aquifer conditions. The relationships of the aquifer hy-
draulic heads versus the discharge rates of the well will
be investigated. The rate of water table decline due
to the dewatering of the well will also be computed,
and this solution is particularly useful for landslide con-
trol and mining dewatering. The theoretical solutions
will be compared with results of experiments that will
be conducted in the hydrological laboratory at Texas
A&M University. Zhan, H., Wang, L.V.,
and Park, E, On the horizontal well pumping tests in
the anisotropic confined aquifers, J. hydrol., 252, 37-50,
2001. Zhan, H., and Zlotnik, V. A., Groundwater flow
to a horizontal or slanted well in an unconfined aquifer,
Water Resour. Res., 38(7), 10.1029/2001WR000401,
2002.
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Hydraulic tomography is an aquifer characterization
method allowing the two and three dimensional spa-
tial identification of hydraulic properties in the subsur-
face. Such information is essential for rigorous anal-
ysis of a variety of engineering, geotechnical and hy-
drogeological problems within the context of water re-
sources management. We propose a tomographic ap-
proach providing the inversion of travel times of multi-
well slug tests. The inversion is based on the relation
between the travel times of a recorded transient pres-
sure curve and the diffusivity of the geological medium.
Usually, just one value of a measured hydraulic signal,
mostly the peak time, is used as the data for the in-
version in order to reconstruct the diffusivity field of
the investigated system. This situation is not satisfy-
ing because much information is lost. Therefore, we
have developed a transformation factor allowing to ap-
ply our approach to several travel times characteriz-
ing each signal. Thereby, each travel time is inverted
separately. The main focus is to appraise the influ-
ence of the various travel times on the inversion re-
sults. It can be assumed that early travel times are
dominated by preferential flow along fast, high perme-
ability paths, while the inversion results based on late
travel times reflect an integration of the received signal
over many flow paths. Synthetic data sets were cre-
ated using the Finite Element Heat and Mass Trans-
fer Code (FEHM) from Los Alamos National Labora-
tory. The data base of the inversion comprises simu-
lated slug tests, in which the position of the sources
(injection ports) and the receivers (observation ports)
isolated with packers, are varied between the tests. We
also investigate the effects of input parameters such as
the number of source-receiver positions used, borehole
storage and permeability distribution. The hydraulic
tomography appraisal shows a strong dependence of
the inversion results on the used travel times and in-
put parameters. Results of the inversion of the syn-
thetic data sets demonstrates the effectiveness of the
proposed technique. In particular, the reconstruction
of a layered geological medium including a vertical fault
is shown.
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An interdisplinary research team is investigating
the interaction between the surficial alluvial aquifer
and the deeper confined Memphis aquifer in the Mem-
phis area, Shelby County, Tennessee. Previous research
has identified a window in the clay-rich, upper Clai-
borne confining unit that separates the two aquifers
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near a closed municipal landfill in east-central Shelby
County, an area undergoing rapid urbanization. For
this investigation, a combination of environmental trac-
ers (tritium/helium-3), major and trace ion geochem-
istry, hydraulic response testing, measurement of hy-
draulic gradients, and groundwater flow modeling is
being used to quantify recharge of young water from
the alluvial aquifer through the window to the Mem-
phis aquifer. The research will provide results to bet-
ter understand how windows were formed and how they
influence recharge and water quality in otherwise con-
fined parts of the Memphis aquifer downdip of its out-
crop/subcrop area. Examination of continuous core
samples and geophysical logs from wells installed for
the study using Rotasonic drilling methods confirmed
the existence of a sand-dominated window that may be
as much as 1 km in diameter in the upper Claiborne
confining unit. The upper Claiborne confining unit is
15 to 20 m thick in most of the study area and is over-
lain by a 10 to 12 m thick alluvial aquifer. The win-
dow is interpreted to have formed as a result of deposi-
tional and incisional processes in an Eocene-age deltaic
system. Hydraulic gradients of several feet exist verti-
cally between the alluvial and Memphis aquifers within
the window, indicating downward flow. Groundwater
age-dates from tritium/helium-3 analyses indicate that
groundwater in the window at the depth of the base of
the surrounding confining unit (approximately 30 m)
has an apparent age of 19.8 years, which confirms the
occurrence of downward flow. Young groundwater age
dates (less than 32 years) also were obtained from wells
in the Memphis aquifer at confined sites downgradient
of the window, suggesting that a plume of young water
is spreading outwards from the window and mixing with
the older Memphis aquifer water. Preliminary inverse
modeling of the site using a genetic algorithm coupled
with a central finite difference flow model indicates a
probable steady-state downward flux of about 12,000
m3/d through the window. Collection and analysis of
additional groundwater samples are planned to exam-
ine geochemical conditions in the confining unit and in
the Memphis aquifer upgradient of the window. These
analyses will aid in developing a final conceptual model
and in subsequent numerical modeling of mixing of the
young recharge water with the older Memphis aquifer
water.
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A near-surface groundwater model was developed to
assess the impact of land use and climate variability
on the overall water budget of the Whitewater River
Basin. The watershed is located in southeastern Kansas
within the ARM-SGP as part of the DOE Water Cycle
Pilot Study. The Whitewater River Basin has an area
of 1,100 square-kilometers, an elevation range of 380
- 470m (amsl), and an average annual precipitation of
858 millimeters. The approach presented here attempts
to examine the importance of groundwater in the water
budget and hydroclimatic response at the river basin
scale. In order to identify the time scales of ground-
water in this system, time series and geospatial anal-
yses were used to identify significant spatial structure
and dominant temporal modes in the climate, runoff
and groundwater response. In this research, we show
that the time scales of groundwater baseflow to the
river network are proportional to drainage density and
position in the hydrologic landscape. The concept of
a hydrologic landscape (Winter, JAWRA, April 2001)
defines three zones: recharge (upland), translation (in-
tervening steep slopes), and discharge (lowland), and
the hydrologic landscape is useful for standardizing the
evaluation of physical properties within any watershed.
Singular spectrum analysis was used for a 50-year simu-
lation to determine dominant modes and time scales for
the hydrologic landscape units in the Whitewater River
Basin. We found that the time scale of groundwater
baseflow response increases with increasing drainage
density. The sensitivity of this response is important
to understand and close the water budget for a river
basin through observation network design. The effects
of climate forcing, both precipitation and evapotranspi-
ration, can be seen through the hydrologic landscapes
and channel networks by changes in the baseflow re-
sponse time. Los Alamos National Laboratory, an affir-
mative action/equal opportunity employer, is operated
by the University of California for the U.S. Department
of Energy under contract W-7405-ENG-36.

Cite abstracts as: Fos. Trans. AGU, 84(46), Fall Meet. Suppl., Abstract ####H#-##, 2003.




F626

H21D-0870 0830h POSTER

2003 Fall Meeting

The Influence of Ground Water on
Stream Restoration Following Dam
Removal

Jim Constantz! (jconstan@usgs.gov)
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Menlo Park, CA 94025

With the exception of ground-water seepage be-
neath dams and the resulting impact on structural
failure, there is a void of work directly examining
the downstream impacts of dams from the perspective
of ground-water/surface-water interaction. This work
considers alterations in an alluvial basin caused by: (1)
erection of a dam upstream, (2) followed by ground-
water pumping in the basin, and (3) dam removal. The-
oretical results predict that when dams are removed in
developed ground-water basins, downstream baseflows
may be greatly reduced relative to natural baseflows, as
a result of lower water table elevations in the developed
basin relative to the natural setting. Without the dam
as a safety valve’ providing extra streamflow during
low-flow seasons, there is a real potential for ephemeral
conditions downstream of the previous location of the
dam as the dry season progresses. MODFLOW sim-
ulations are used to test these theoretical results, by
quantifying the impact of dam removal on downstream
surface water and ground water.
corporate an improved stream-aquifer interaction and

The simulations in-

streamflow routing package to represent movement of
water in the vadose zone between the stream and a
lowered water table. An idealized MODFLOW model
with the new stream package has been constructed,
which extends from the upland bedrock headwaters of
a stream to the downstream sediment-filled basin. The
model domain is 180 km long, 15 km wide, and 2.2
km deep, including a stream with a potential length of
180 km. In the upper reaches, the stream is divided
into a north, south, and main stem with their conflu-
ence upstream of a dam situated in the domain above
the bedrock/basin contact. Horizontal discretization is
1000 m in the direction parallel to the stream, 200 to
600 m perpendicular to the stream, and vertical dis-
cretization is 100 m. This modeling framework af-
fords the opportunity to examine a variety of cases with
and without the presence of an upstream dam. Initial
MODFLOW results are consistent with the theoretical
results regarding the impact of dam removal in devel-
oped basins, indicating that dam removal is unlikely
to regenerate natural streamflows in developed ground-
water basins.
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Heterogeneity and Stream-Aquifer
Interaction in an Unconsolidated
Aquifer
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John M. Healey! (785-864-2115;
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2Univ. of Kansas, Dept. of Geology 1475 Jayhawk
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In north central Kansas the Republican River and
its associated alluvial sediments are important regional
surface and groundwater supplies. A test site, ad-
jacent to the Republican River, has been established
within the porous alluvial sediments to study stream-
aquifer interaction and aquifer heterogeneity. This is
potentially important research for understanding how
to maintain a desired stream flow in the presence of
withdrawals from the stream and the aquifer. The site
installation consists of seven observation wells located
along a line perpendicular to the river channel and cen-
tered about a productive irrigation well. In addition to
water level data, several geophysical techniques (direct
push electrical conductivity, ground penetrating radar,
and shallow seismic methods) have been used at this
site to characterize the aquifer. The results of the geo-
physical methods are reported in another paper at this
meeting. Water level data collected over a two-week pe-
riod shows two consecutive irrigation cycles. Each cycle
consists of two days of intensive pumping followed by
five days of recovery. Several significant elements of
stream-aquifer systems can be seen in the data. The
water level data demonstrates a regional water level
decline in the alluvium that mimics stream gage data
located up and down stream from the site, thereby con-
firming stream-aquifer interaction. Most of the obser-
vation wells located symmetrically around the irriga-
tion well show the normal asymmetry expected for a
river acting as a specified head boundary. However,
heterogeneity causes one pair of symmetric wells to be-
have differently. Hydraulic data analysis with an auto-
mated program (SuprPumpll) demonstrates a degree of
heterogeneity within the alluvial sediments not evident
from descriptive geologic drilling logs or geophysical

logs. A time-drawdown plot of a symmetric pair of ob-
servation wells, 310W and 310E, shows an atypical re-
sponse of the aquifer during early pumping times due to
heterogeneous effects; the drawdown plots “cross-over”
(transition point) and then behave in a more expected
manner during latter pumping times. This “cross-over”
phenomenon is an illustration of the interaction be-
tween heterogeneity and stream-aquifer influences. At
later times the stream influences the observed draw-
down to a greater degree than aquifer heterogeneity.
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Elution of Nitrate at the NABIR Field
Research Center, Oak Ridge
Reservation, Oak Ridge, TN
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20ak Ridge National Laboratory, Environmental Ser-
vices Division P.O. Box 2008, Oak Ridge, TN 37831,
United States
As part of a bioremediation project for the in situ
bioreduction of uranium at the Department of En-
ergy Natural and Accelerated Bioremediation Research
(NABIR) Field Research Center (FRC) in Oak Ridge,
TN, aquifer and groundwater conditioning is required
before conducting the remediation experiment. One
step includes flushing of the aquifer with pH-adjusted
fresh water in order to remove extremely high concen-
trations of nitrate, calcium, and aluminum that would
interfere with in situ bioreduction. The elution of ni-
trate from the test zone was used as an inverse tracer
to discern contaminant transport pathways and model
parameters. Concentration time series data augmented
pressure tests, a bromide tracer study, and electromag-
netic borehole flowmeter (EBF) measurements. The
aquifer at the FRC is a fractured shale with strike
of about 1.5 degrees north of west, and dip of about
30 degrees to the southwest, as inferred from area ob-
servations and EBF logging. A network of injection
and extraction wells are aligned along strike, while
a separate network of observation wells with multiple
screen intervals (MLS wells) are oriented along dip at
the midpoint of the injection/extraction well network.
Flow generally occurs along strike in fractures associ-
ated with bedding planes, however other lesser frac-
ture networks provide communication between the ma-
jor fracture sets. Previous data have indicated a high
hydraulic conductivity zone, approximately 10-50 cm
thick located at a depth of about 12 m along the center-
line of the injection/extraction well network. Above the
major flow zone, the matrix weathers to saprolite, de-
creasing hydraulic conductivity. The elution tracer test
was conducted by injecting clean, acidified tap water in
the farthest upgradient injection well, and extracting
at half the injection rate from the farthest downgra-
dient extraction well. This flow ratio was chosen to
produce flushing focused on a small cell of the aquifer
which will later be used as an in situ bioreactor. Ni-
trate concentrations were measured frequently over 100
hours. Concentration time series indicate that flush-
ing occurred predominantly in the previously identified
high conductivity zone at 12 m depth. The strongest,
most rapid nitrate concentration decrease was observed
at a similar depth in each MLS well, which is consis-
tent with the depth at which injection and extraction
occurred. A decrease in downdip, nitrate concentra-
tion extended to 15m depth, whereas at the centerline
and updip, little nitrate concentration reduction oc-
curred below 13.75 m depth. This asymmetry is consis-
tent with the competing contributions of bedding plane
fractures and weathering depths. In the future, time
series crosshole seismic and ground penetrating radar
collected by Lawrence Berkeley National Laboratory,
and borehole electrical conductivity measurements col-
lected by Oak Ridge National Laboratory will be inte-
grated with the concentration, pressure, and EBF data
to obtain a comprehensive interpretation of this test.
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Simulation

Branko Bijeljict (44-0-207-59-46420;
b.bijeljic@imperial.ac.uk)

Ann H Muggeridge (44-0-207-59-47379;
a.muggeridge@imperial.ac.uk)

Martin J Blunt (44-0-207-59-46500;
m.blunt@imperial.ac.uk)

1Imperial College, Department of Earth Science and
Engineering, South Kensington Campus, London
SW7 2A7Z, United Kingdom
The behavior of longitudinal dispersion as a func-
tion of rate and the properties of the porous medium is

important for the prediction of contaminant dispersal
in aquifers, the performance of packed beds and nu-
clear waste containment. We describe a novel means of
simulating dispersion within a network of pores which
is completely physically based. The method uses the
flow field calculated from an existing network simula-
tor. We use particle tracking to move the contaminant
through a semi-analytically defined flow field in each
pore adding a random component to simulate molecular
diffusion. We use physically consistent rules to trans-
port particles across pore junctions. Periodic boundary
conditions have been implemented, allowing us to sim-
ulate diffusion on the scale of centimeters with min-
imal extra computational effort. We benchmark the
particle-tracking random-walk model by comparing the
longitudinal dispersion with Taylor-Aris analytical so-
lutions in single ducts. Previous workers have (e.g.
Sorbie and Clifford, 1991, Damion et al, 2000, Bern-
abe and Bruderer, 2001) have only been able to pro-
vide qualitative insights into the effect of Peclet num-
ber and pore-scale heterogeneity on longitudinal dis-
persion with Peclet number. We use a range of homo-
geneous and heterogeneous networks, including topo-
logically disordered lattices taken directly from glass
bead-packs, sand-packs and consolidated Berea sand-
stone, to investigate the influence of pore-scale hetero-
geneity (connectivity, pore-size distribution) on macro-
scopic dispersion. We show that our technique can pre-
dict quantitatively experimental measurements of lon-
gitudinal dispersion over a wide range of Peclet num-
bers (0<Pe<105).
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Estimation of Streambed Seepage using
Time-Series Analysis of Heat as a
Tracer in Three California Coastal
Rivers
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Heat has been used as a natural tracer for decades,
generally using forward models to simulate thermal
conditions within the stream and streambed. We are
developing a new method for analysis of streambed
thermal records from multiple depths to estimate seep-
age rates. This approach differs from those devel-
oped previously in that we use models of heat trans-
port through the stream bed to derive “type curves” of
time-series behavior, then interpret long- term records
to estimate seepage rates throughout the water year.
Daily variations in stream temperature of several de-
grees or more are common in many river systems. These
thermal perturbations propagate downward into the
streambed with time. Streambed sediments act as a fil-
ter on these perturbations, reducing the amplitude of
temperature variations with greater depth, and causing
the peaks in temperature to be shifted in time. These
behaviors are readily predictable, based on the thermal
properties of the streambed sediments, the rate and
direction of fluid flow, the magnitude of temperature
variations, and the spacing between sensors. Time se-
ries data (T vs. t) were collected in three settings in
California during 2002-03 to test this method: Russian
River, Pajaro River, and Corralitos Creek. We ana-
lyzed a subset of these data using a forward model to
estimate apparent seepage rates during selected inter-
vals, then applied the time series approach to estimate
seepage rates during the same time intervals. Process-
ing of field data required filtering to extract the diur-
nal signal, and a series of programs was developed to
aid picking of temperature peaks and troughs so that
records of phase shift and amplitude ratio could be de-
rived. We also show results of modeling studies where
we vary seepage rates and generate time-series records,
then back-calculate variations in seepage rate to assess
the accuracy of this approach. Flow rates derived from
model temperature records are similar to those esti-
mated from differential discharge measurements during
field seasons, equivalent to about 0.6 to 1.5 m/day near
the end of the water year.
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Temperature Profiles and Hydrologic
Implications from the Nevada Test
Site Area
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The Nevada Test Site (NTS) is located 65 miles
northwest of the city of Las Vegas. The NTS encom-
passes 1,375 square miles of desert and mountainous
terrain. Prior to 1992, 828 underground nuclear tests
were conducted at the NTS. Approximately one-third of
these underground nuclear tests were conducted deep
enough below the ground to impact the water table.
Since the late 1980s the U. S. Department of Energy
has been working to characterize groundwater flow sys-
tems at the NTS. A major portion of this effort is the
construction of regional- and Corrective Action Unit-
scale numerical groundwater flow and transport mod-
els. Given the large aerial extent and geologic com-
plexity of the NTS, combined with the limited number
of boreholes from which geologic and hydrologic infor-
mation can be derived, reduction of model uncertainty
is of great concern. Groundwater flow and transport
models often utilize hydraulic head or solute concentra-
tion as calibration targets. Alternate calibration tar-
gets such as tempera
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Solution of the One-Dimensional
Consolidation Equation for Saturated
Clays Using a Spectral Method
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nsepul@usgs.gov)

U.S. GEOLOGICAL SURVEY, 224 W CENTRAL
PARKWAY SUITE 1006, ALTAMONTE SPRINGS,
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The nonlinear, one-dimensional consolidation equa-
tion of fully saturated clays interbedded in an aquifer,
derived by Gibson and others in 1967, is solved using a
spectral method. This equation considers the variation
of soil compressibility and permeability during consol-
idation and recasts Darcy’s law so that the relative ve-
locity of the soil skeleton and the pore fluid are related
to the excess pore fluid pressure gradient. The spectral
solution presented herein uses the matrix representa-
tion with Chebyshev collocation to compute the spa-
tial derivative of functions that depend on void ratio,
vertical hydraulic conductivity, and the vertical gra-
dient of effective stress. A fourth-order Runge-Kutta
algorithm is used to solve the derivative of the void
ratio with respect to time. The spectral method re-
quires neither the linearization of the originally non-
linear equation nor the convergence of iterative pro-
cesses of traditional numerical methods such as finite
differences and finite elements. The solution identifies
temporal changes in void ratio within the clay lenses
occurring in the aquifer system. The compaction is cal-
culated from void ratio changes accumulated through-
out the simulated time periods. Laboratory data were
used to obtain the mean value for the soil grain den-
sity and depth-dependent profiles for aquifer compress-
ibility, hydraulic conductivity, and initial vertical dis-
tribution of void ratio for each clay lens. The vertical
gradient of the effective stress, needed in the consolida-
tion equation, was derived and the resulting expression
was evaluated by using the depth-dependent void ra-
tio profile and drawdown data from a well hydrograph.
Compactions and expansions of the clay lens resulting
from temporal variations in drawdown due to ground-
water withdrawals and recharge periods were simulated
for two observation wells in the Santa Clara Valley, Cal-
ifornia. The solution of the one-dimensional consolida-
tion equation generated temporal changes in void ratio
that closely matched measured compaction in both ob-
servation wells, demonstrating that this equation and
the numerical solution presented could be used to sim-
ulate subsidence.
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Hydrogeologic Framework of the
Southeastern Funeral Mountains,
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‘We are using a combination of geologic mapping,
geophysical surveys, hydrologic computer modeling,

16711 76th Ave W, Ed-

and a drilling-and-testing program to evaluate the hy-
drologic framework of the southeastern Funeral Moun-
tains. Our work addresses: (1) the hydrologic connec-
tion of the Furnace Creek springs on the south side of
the Funeral Mountains to the regional aquifer system
on the north side, and (2) potential impacts on these
springs from human activities, including possible leak-
age from the proposed radioactive waste repository un-
der Yucca Mountain, 50 km to the northeast, and on-
going agricultural overdrafting of groundwater in the
southern Amargosa Desert, 25 km to the northeast.
Discharge from the springs at Furnace Creek provides
the major water supply for Death Valley National Park
and, at 5000 acre-ft/yr, is at least 10 times larger than
that attributable to recharge in the adjacent, arid Fu-
neral Mountains. Moreover, hydrochemical data indi-
cate that the spring water is derived mainly from in-
terbasin groundwater flow through the regional carbon-
ate aquifer. This aquifer extends northeastward across
much of southeastern Nevada. Our geologic map data
indicate that the carbonate aquifer is continuous under
the southeastern Funeral Mountains. The base of this
aquifer is, however, structurally uplifted under the axis
of the range, to an elevation that is much higher than
most of the springs at Furnace Creek, but that is locally
lower than the water table on the opposite (northeast)
side of the range. Rather than forming a barrier that
blocks groundwater flow under the Funeral Mountains,
as previously interpreted, this uplift evidently forms a
spillway. The 700 m drop in the water-table elevation
across this range, into Death Valley, thus does not in-
dicate the presence of any feature that would divert or
slow groundwater flow. Because of the spillway mech-
anism, flow from the springs at Furnace Creek may be
sensitive to the water-mining activities that have been
progressively lowering the hydraulic head on the north-
cast side of the Funeral Mountains. DOE proposes to
emplace nuclear waste in Yucca Mountain, above a vol-
canic aquifer, which is separated from the underlying
regional carbonate aquifer by a leaky volcanic confin-
ing unit. An upward hydraulic gradient, from the car-
bonate aquifer to the overlying volcanic aquifer, has
been measured in a single well. This upward gradient
is inferred to act as a natural barrier that will keep
radionuclides from leaking into the regional carbonate
aquifer. There are reasons to question the efficacy and
durability of this mechanism. First, with data from
only one well penetration into the carbonates, it is un-
knowable whether the observed upward gradient is a
regional feature, or a relatively local one. Second, if
recent trends in water mining in this region are pro-
jected into the future, it is plausible that the current
upward gradient, even if it is regionally effective to-
day, could be reversed. We hope to shed some light on
these issues by: (1) testing the chemistry of water in
the carbonate aquifer under the Funeral Mountains to
see if volcanic-aquifer water from nearby areas such as
Yucca Mountain is entering the carbonate aquifer, and
(2) developing better computer models of this hydro-
logic system that could be used to forecast potential
long-term impacts of water mining.
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Expansion in the Aquifers by Stream
of Compressed Air Through the Well
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Stream of compressed air through the well between
polluted (or sea) water and fresh water creates the “hy-
draulic wall” that prevents mixing of them. Steady
influx of air to saturated soil produces the pressure
gradient from the well and replaces the water by air.
Interfaces increase between air and water. After stop-
ping the compression process the conductivity of the
soil will decline because the pores are blocked by the
air. It is very welcome phenomenon in the interfaces
area that prevent on one hand the lost of the fresh wa-
ter to the sea and decreases the sea water movement
into the aquifer on the other hand. Upper streaming
the air through unsaturated zone declines the water and
pollution vertically down-seepage and defends the fresh
water against pollution. Approximately obtained shape
of air-water interface, for quasi steady-state stream, is
an inverted cone. The necessary pressure to initial the
air stream in the deep layers of the aquifer is about tens
percent higher than static water pressure in the well in
these layers. Key words: Prevention of pollution, com-
pressed air
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In Korea, many rivers are being or have been dyked
at their mouths to obtain freshwaters for agricultural
and industrial purposes in coastal areas. Seepage of
seawater through the river-mouth dyke, which bisects
the seawater and freshwater, may cause a serious salin-
ization problem for the freshwater body formed inside
of those dykes. However, the seawater seepage process
through the dykes where two water bodies of different
densities are in contact has been poorly understood.
In this study, we employed a two-dimensional, flow
and transport model to see how the two waters having
the different densities interact within the river-mouth
dykes by fluctuation of sea levels, and to evaluate the
effect of density difference on the seepage of seawater
into the fresh water body. Since the flow velocity in
the dyke is strongly related to the safety of the dyke
that was constructed of sandy materials, the changes
in flow velocity field by the density differences were
also assessed. To simulate the density-dependent flow
within the dyke, two governing equations, one for fluid
flow and the other for salt transport, were coupled into
the model. The results of this study strongly suggest
that, in this hydrologic system, both sea level fluctua-
tion and the density differences have to be considered
for a good estimation of seawater seepages through the
dykes and velocity field of the flows within the dykes.
The results show that the saltwater seepage and flow
velocity field could be significantly changed under the
hydrologic system of this study by the sea-level fluctu-
ation and the density difference between the two waters
are considered.
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Most karst features occur due to the dissolution of
limestone by carbonic acid charged phreatic or mete-
oric water. However, an important subset of caves
forms when anaerobic groundwater transports hydro-
gen sulfide into an oxidizing environment, resulting in
speleogenesis via sulfuric rather than carbonic acid.
The actively forming Lower Kane Cave in the Missis-
sippian Madison Limestone of the Bighorn Basin near
Lovell, Wyoming, is an accessible example of this al-
ternative method of cave development. Located along
the fold axis of the Little Sheep Mountain anticline of
the Bighorn Basin, this system hosts a diverse range of
microbial organisms, including acid-producing and sul-
fide and sulfate utilizing species, whose role in speleo-
genesis is currently under investigation. Water samples
were collected from cave springs, nearby springs, fresh-
water wells and produced water from oil wells in the
local area. Samples were analyzed for major and trace
elements, stable isotopes and Sr isotopes by multi-
collector ICP-MS, as well as dissolved gas and organic
acid analyses. These data were used to examine the
regional flow of groundwater to the cave and poten-
tial oil-field sources of hydrogen sulfide. The Madison
Aquifer in this area is characterized by relatively fresh
water, and in the cave vicinity is the source of munic-
ipal water supplies for the towns of Cowley and Grey-
bull. The Madison water samples collected in the area
are Ca-HCO3 to Mg-SO4 type, with relatively little Na
and Cl. Overall the cave water chemistries are char-
acterized as Ca-Mg-HCO3-SO4 waters; Ca = 70 ppm,
Mg = 25 ppm, HCO3 = 205 ppm and SO4 = 110 ppm.
However, when compared to other Madison water sam-
ples, the waters of Lower Kane Cave are slightly higher
in TDS (around 400 ppm), significantly warmer (22 C
versus between 6-12 C), and contain much higher dis-
solved sulfide (up to 2ppm). Additionally, Sr isotope
signatures for the cave waters are significantly more
radiogenic than that of other Madison water samples
collected in the region. The 87Sr/86Sr of cave wa-
ter samples ranged from 0.710009 to 0.710124. Madi-
son water samples from other sampling sites ranged
from 0.708907 to 0.709253, while water samples from
the overlying Amsden and Phosphoria were consistently
less radiongenic than the Madison waters, with 87Sr/86
values ranging from 0.707889 to 0.708561. Previous in-
vestigators suggested that the sulfate and high TDS of
the cave waters derived from mixing between the low
TDS Madison formation waters and those of the more
saline overlying Phosphoria-Tensleep aquifer. Prelim-
inary results of this investigation suggest that a sim-
ple Phosphoria-Madison mixing model, while able to
account for the major element chemistry and raised
TDS, is insufficient to explain the higher temperatures
and radiogenic Sr characteristics observed. Alternative
sources of the observed water chemistries include up-
ward leakage of water from underlying units, includ-
ing the leaky aquitards of the Devonian Jefferson and
Cambrian Gros Ventre Formations, or the Cambrian
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Flathead sandstone aquifer. The cave waters may also
demonstrate heterogeneity within the Madison aquifer
and tap into a particular siliclastic and sulfidic zone,
the presence of which is masked at other sampling sites
that derive a greater percentage of water from the main
body of the aquifer. While the exact origin of the water
to Lower Kane Cave remains unclear, it is evident that
the flow regime at this location is more complicated
than originally believed.
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The Fourier transform of the transport equation is a
Fredholm integral equation of the second kind. When
expressed as a linear sum, this integral equation be-
comes a homogeneous system of linear equations whose
eigendecomposition determines the eigenvalue frequen-
cies at which eigenvector concentration densities sat-
isfy the transport equation. Corresponding spacetime
concentration densities are computed by inverse trans-
forming the linear combination of said eigenvectors that
honor some initial condition. This paper finds that
the key to a successful inverse transform is to choose
length and time scales that prevent phase wrapping at
mid transform. A numerical demonstration, treating
the problem of predicting the fate of radionuclides in-
vading the groundwaters of Nevada’s fractured welded
tuffs, is provided. Using the same random fractal flow
parameters as was used for the author’s previous travel
times [WRR 37(12) 2915-2918, 2001], this paper shows
that concentration densities derived by eigendecompo-
sition satisfy the transport equation with an average
relative error of 3.7 percent. And, in excellent agree-
ment with [WRR 37(12) 2915-2918, 2001] this direct so-
lution also predicts that an impulse radionuclide source
entering the groundwaters of Nevada’s fractured welded
tuffs will on average spread to a 5 km monitoring point
in a few centuries.
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Since the
anisotropic,

permeability of porous media is
an accurate representation of anisotropy
is needed in order to reliably predict the movement
of fluids and contaminants in the subsurface. We
use wavelet analysis to identify principal axes of
anisotropy in a porous medium and to identify the
boundaries between regions with different principal
axes. Wavelet analysis uses an integral transform that
extracts local information at multiple scales and orien-
tations. We have tested the technique on hypothetical
two-dimensional permeability fields, and we have con-
ducted a preliminary evaluation of the technique using
laboratory-measured permeability data from a block
of Massillon sandstone. We demonstrate the wavelet
analysis technique for identifying principal axes of
anisotropy, and we evaluate the effects of sparse data
on the results.
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The practice of adding methyl tert-butyl ether

(MTBE) to gasoline started in the late 1970s and in-
creased dramatically in the 1990s. MTBE first was
added as a substitute for tetra-ethyl lead then later as
a fuel oxygenate. Although the use of MTBE has re-
sulted in significant reduction in air pollution, it has
become a significant groundwater contaminant due to
its high solubility in water, high environmental mobil-
ity, and low potential for biodegradation. A recent re-
port (1999-2001) by the Metropolitan Water District of
Southern California in collaboration with United State
Geological Survey and the Oregon Health and Science
University found that MTBE was the second most fre-
quent detected volatile organic compound in ground-
water. In Illinois, MTBE has been found in 26 of

the 1,800 public water supplies. MTBE has also been
blended in Mexico into two types of gasoline sold in
the country by the state oil company (PEMEX) but
is not monitored in groundwater at this time. Early
research on MTBE considered it unable to adsorb to
soils and sediments, however, by increasing the organic
matter and decreasing the size of the grains (silts or
clays) this may increase sorption. The objective of this
study is to determine if fine grained materials have the
potential for sorption of MTBE due to its high spe-
cific surface area (10-700 m 2/g) and potentially high
organic matter (0.5-3.8%). The experiment consisted
of sorption isotherms to glacial tills from DeKalb, Illi-
nois and lacustrine clays from Chalco, Mexico. Exper-
iments were performed with various concentrations of
MTBE and benzene (10, 50, 100, 500 and 1000 ug/L)
at 10°C and 25°C. Results showed a range of values
for the distribution coefficient (Kd, linear model). At
10°C the Kd value for MTBE was 0.187 mL/g for la-
custrine clay while the glacial loess had a value of 0.009
mL/g. The highest Kd values with MTBE were 0.2859
mL/g for organic rich lacustrine clays and 0.014 mL/g
for glacial loess at 25°C. The highest values with ben-
zene were 0.323 mL/g for organic rich lacustrine clays
and 0.119 mL/g for glacial loess at 10°C. At 25°C the
organic rich lacustrine clays the Kd value was 0.332
mL/g, while Kd value for glacial loess was 0.114 mL/g.
Sands with no organic matter (Ottawa sand) had a
value of < 0.001 mL/g for both temperatures 25°C
and 10°C and both organic compounds. The retarda-
tion factor (R) for MTBE was 1.559 at 10°C and 1.855
at 25°C for lacustrine clays; while the glacial tills R
was 1.058 at 10°C and 1.095 at 25°C. The retarda-
tion factor for benzene was 1.967 at 10°C and 1.996 at
25°C for lacustrine clays; while the glacial tills R was
1.039 at 10°C and 1.037 at 25° C. These results indicate
higher retardation values than previously determined
for a clayey sand; therefore show that sorption can oc-
cur in fine grain materials especially with high organic
matter. This study contributes to the understanding
of the sorption of MTBE and improves the knowledge
to implement the optimal remediation method for sites
contaminated by MTBE.
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Chemical and/or biological processes are of great
importance in modeling transport of pollutants in
many hydrogeological settings. When considering these
phenomena, a system of partial differential equations
(PDE’s) nonlinear and coupled in the reaction terms is
obtained. Besides these numerical difficulties and the
non-physical oscillations in advection-dominated flows,
stiffness may be introduced into the system since the
range of characteristic reaction time is huge. In this
work an operator splitting method is applied to simu-
late transport of species undergoing biodegradation in
porous media. It is the © scheme which is second or-
der. The mathematical model takes into account the
mass balance of all the chemical species involved in the
successive transformations. A Monod type kinetics is
assumed for biodegradation. The advection-diffusion
operator is solved implicitly in the first and third subin-
tervals and the biochemical terms are solved implicitly
in the intermediate one. In this way, stiff matrices are
avoided. By a special treatment of the source terms,
the system of PDE’s is totally decoupled. Numerical
results are obtained in one spatial dimension.
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Horizontal wells are regarded as effective means
of removing contaminated groundwater from aquifers.
However, delineation of capture zone of a horizontal
well has not been carefully studied in a systematic way.
In this paper, we have presented analytical solutions
for the capture zones of horizontal wells in a homoge-
neous, confined aquifer with uniform flow, considering
three possible well locations at the middle, the bound-
ary, and an arbitrary position. We find that the cap-
ture width enlarges and the bisector line of the capture
zone moves toward the centerline of the aquifer when

moving away from the well in the upstream direction
for an arbitrary well location. The capture width and
bisector line approach their ultimate width and posi-
tion, respectively after an ultimate distance of about
1.5 times of the aquifer thickness. The ultimate cap-
ture width depends on the well discharge but not on
the well location. We have provided type curves of the
ultimate bisector line position versus discharge for dif-
ferent well locations. Compared to the vertical well
capture zone, the ultimate capture width of a horizon-
tal well is smaller than that of a vertical well given the
same discharge rate per unit length because of the con-
straining effect of the upper and lower aquifer bound-
aries. Furthermore, the relationship between the ulti-
mate capture width and the well discharge rate is non-
linear due to the influence from the aquifer boundaries,
in contrast to the linear behavior often observed in the
vertical well capture zone.
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The shape of Seawater / Freshwater Interface is ef-
fected by the groundwater flow at the coastal area, and
decide the position of submarine groundwater discharge
that should be existed everywhere in the world. The
hydraulic gradient is too small to estimate the ground-
water flow in the area, usually. On the other hand, the
groundwater that discharges to the marine have to runs
along this interface. And the water discharged to the
marine is from the deep zone. That’s why the water
discharges to the marine (runs on the interface) might
have many information of the deep zone of groundwa-
ter. The Hasunuma Beach Park located on the Ku-
jyukuri Long Beach close to the New Tokyo Int’l Air-
port is selected of the study for the groundwater flow
along the Seawater / Freshwater Interface. The layered
aquifer in the deposited rocks lies in the area, until
over than 1000 m depth. The shape of the interface
was observed by some kinds of physical sounding from
the surface (e.g. specific electricity, AMT method), the
logging data in the observation well (EC, T, Flow me-
ter logging, Electric logging etc.) and water quality
analysis (incl. Isotopes). And the Flow Meter measure-
ment in the well was done, so that the actual ground-
water flow was measured in the aquifer (in the crack of
the aquifer, exactly). The observed groundwater flow
is thought on the interface and the important element
of the shape (angle and depth) of the interface, simul-
taneously. Two interfaces are found at the well point
(200 m onshore). The shape of the interface was also
confirmed from a diving work that found the subma-
rine discharge of fresh groundwater at 320 m offshore.
The distribution of pressure (hydraulic gradient) in the
aquifer and the shape of the interface are made cleared
by these tests. The progress expression of the Glover’s
solution was suggested by the study.
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Pharmaceutically active substances and metabolites
are found at concentrations up to the microgram/L-
level in groundwater samples from the Berlin (Ger-
many) area and from several other places world wide.
Among the compounds detected in groundwater are
clofibric acid, propyphenazone, diclofenac, ibuprofen,
and carbamazepine. Clofibric acid, the active metabo-
lite of clofibrate and etofibrate (blood lipid regulators)
is detected in groundwater at maximum concentrations
of 7300 ng/L. Among the most important input paths
of drugs are excretion and disposal into the sewage sys-
tem. Groundwater contamination is likely to be due to
leaky sewage systems, influent streams, bank filtration,
and irrigation with effluent water from sewage treat-
ment plants. There are no known natural sources of
the above mentioned pharmaceuticals. The use of phar-
maceuticals as tracers may include: (a) Quantification
of infiltration from underground septic tanks (b) De-
tection of leaky sewage systems / leaky sewage pipes
(c¢) Estimation of the effectiveness of sewage treatment
plants (d) Identification of transport pathways of other
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organic compounds (e) Quantification of surface water
/ groundwater interaction (f) Characterization of the
biodegradation potential. The use of pharmaceuticals
as tracers is limited by variations in input. These vari-
ations depend on the amount of drugs prescribed and
used in the study area, the social structure of the com-
munity, the amount of hospital discharge, and temporal
concentration variations. Furthermore, the analysis of
trace amounts of pharmaceuticals is sophisticated and
expensive and may therefore limit the applicability of
pharmaceuticals as tracers. Finally, the transport and
degradation behavior of pharmaceuticals is not fully
understood. Preliminary experiments in the laboratory
were conducted using sediment material and ground-
water from the Berlin area to evaluate the transport
and sorption behavior of selected drugs. Results of the
column experiments show that clofibric acid exhibits
no degradation and almost no retardation (Rf = 1.1)
whereas ibuprofen is biodegraded (> 90 %) under aer-
obic conditions. Carbamazepine shows no degradation
in the soil column experiments but significant retar-
dation under the prevailing conditions. We conclude
that clofibric acid will show the transport behavior of
a conservative tracer, whereas ibuprofen may be used
to characterize the biodegradation potential in the aer-
obic zone.
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Transient analyses of capture zones of water sup-
ply wells are in many practical cases superior to com-
monly apply steady-state analyses. Recently there was
increased number of case studies on this topic but most
of them took into account the advection only (similarly
to the most steady-state studies). In the transient case,
however, taking into account only the advection with-
out dispersion can produce substantial bias in the cap-
ture zone estimates. The advection flowpaths could
be not representative for the potential contaminant
flowpaths; the advection flowpath and arrival-time es-
timates could not be representative for the location
and/or time of the potential plume arrival. We present
synthetic studies and case study of water-supply wells
in Espanola basin to demonstrate our conclusions. Ob-
tained transient capture zone estimates are very sen-
sitive to heterogeneity and properties of the medium;
especially the porosity and dispersion parameters.

H21D-0889 0830h POSTER

Local and Regional Scale Simulation of
River Aquifer Interactions.

Rich Niswonger! (1-530-752 1372;
Tniswon@usgs.gov)

Jan H. Fleckensteinl (1-530-752 1372;
janfleck@ucdavis.edu)

Graham E. Fogg! (1-530-752 6810;
gefogg@ucdavis.edu)

1 University of California at Davis, Hydologic Sciences
Graduate Group, Veihmeyer Hall, Davis, CA 95616,
United States

Overdraft of groundwater in Sacramento County,
California has severely depressed regional groundwa-
ter levels and depleted base flows along the Cosumnes
River. These developments continue to negatively im-
pact riparian vegetation and threaten the fall migra-
tion of endangered Chinook salmon. In this study river
aquifer interactions are investigated along a 200m reach
of the Cosumnes River using continuous field measure-
ments of riverbed temperature, water content and ma-
tric potential to a depth of 10m below the riverbed.
These data demonstrate complex seepage patterns in-
cluding fracture flow and the formation of perched
aquifers due to geologic heterogeneity. Riverbed sedi-
ment heterogeneity was characterized using geostatis-
tical indicator simulations based on continuous core
data. A 3-dimensional reach-scale model was developed
using the TOUGH?2 simulator. Modeling results suggest
that the success of riparian vegetation may depend on
the presence of perched aquifers. The reach-scale model
will also provide better estimates of riverbed hydraulic
properties for use in a larger regional-scale ground-
water flow model. The regional model was developed
based on detailed geostatistical simulations of the Co-
sumnes alluvial fan hydrostratigraphy using a version
of MODFLOW that includes the ability to simulate un-
saturated flow between the river and the aquifer. The
regional model is used to assess management scenarios
that are developed to improve fall flows and to enhance
overall river ecology.
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The stable isotopes 18-O and 2-H are widely used
as tracers in the hydrologic system. Numerous stud-
ies have collected precipitation in order to determine
its stable isotopic signature at locations around the
world. This signature varies seasonally, theoretically
allowing determination of the relative importance of
snow and rain to groundwater recharge. Data for the
isotopic signature of precipitation collected over large
regions are often contoured, and used to make infer-
ences about weather patterns and processes such as
evaporation during rainfall. An issue that, until re-
cently, has generally been ignored in hydrologic stud-
ies is that the isotopic composition of snow can change
significantly prior to, and during melting. Many stud-
ies have compared the isotopic signatures of fresh snow
and rain to that of groundwater in order to determine
the proportion of each responsible for recharge. How-
ever, alteration causes the isotopic signature of snow
to become heavier, appearing more rain-like as alter-
ation increases. As a result, many mixing models based
on fresh snow and fresh rain end members may pro-
vide flawed estimates of the proportion of groundwater
recharge derived from snowmelt. We have installed pre-
cipitation collectors of various designs, similar to those
commonly used in other studies. As two to three differ-
ent designs of collectors are in place at each of several
sites, the impact of the samplers on the isotopic com-
position of snow can be determined. Our data show
that one commonly-used type of collector yields values
that are significantly enriched compared to values for
fresh snow. At one site in New Mexico, the bulk winter-
season isotope values for this collector were -13.5 per
mill for delta 18-O and -98 per mill for delta D, com-
pared to the values -16.6 and -118 per mill yielded by
a collector designed to prevent isotopic alteration of
snow. Our results suggest that the duration of snow-
pack alteration affects the magnitude of isotopic shift.
Where melt takes place quickly due to higher tempera-
tures and/or lower amounts of fall, the isotopic shift is
smaller than at sites where large amounts of snowfall
and low temperatures allow long periods of alteration.
Although collectors that allow the isotopic alteration
of snow are inappropriate if values for fresh precipi-
tation are desired, they can be useful for determining
the relative importance of snow and rain in groundwa-
ter recharge. Mixing calculations from one of our field
sites show that using a fresh snow signature in a mix-
ing model would predict groundwater recharge was 40
% snow-derived and 60 % rain-derived. Using the iso-
topic signature of altered snowmelt from one of our col-
lectors, the proportions were reversed, with snow mak-
ing up 60 % of the recharge.
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One of the challenging
management is the vulnerability of coastal aquifers to
seawater intrusion. Mitigating the impacts of seawa-
ter intrusion in coastal aquifers is a formidable task
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that often requires minimizing extraction of freshwa-
ter and finding viable means to protect the freshwater
aquifer either by reclaiming the already saline aquifer
and/or limiting the advance of the interface farther in-
land. One of the methods that can be employed to miti-
gate the impacts of seawater intrusion involves creating
a hydraulic barrier where injected freshwater alters the
flow of intruding seawater by creating a localized zone
of higher pressure in the aquifer. A hydraulic block
can be created to contain the advance of seawater by a
number of techniques that include injecting freshwater
into the seawater intruded area and increasing the sur-
face recharge through recharge ponds and canals. This
research reports the results of a numerical modeling ex-
periment where a hydraulic block is created by injecting
freshwater into an already saline aquifer using injec-
tion wells. The comparison of concentration values at
selected monitoring wells indicates that there is a sig-
nificant improvement in the ambient water quality as a
result of the injection of freshwater. The improvement
in concentration is also noticed to vary from layer to
layer. Information obtained from such numerical mod-
eling experiments could be used to determine the loca-
tions of injection wells for efficient performance of the
mitigation system.
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A capture zone is the aquifer volume through which
ground-water flows to a pumping well over a given time
of travel. Determining a well’s capture zone aids in
water-supply management by creating an awareness of
the water source. This helps ensure sustainable pump-
ing operations and outlines areas where protection from
contamination is critical. We are delineating the cap-
ture zones of hypothetical conceptual models that re-
semble the Fairbanks, Alaska floodplain both in aquifer
parameters and boundary conditions. We begin with
a very simple hydrogeologic system and gradually add
complexity such as heterogeneity, anisotropy, multiple
wells, and zones of permafrost. Commonly-used delin-
eation methods are applied to each case. These include
calculated fixed-radius, analytical and numerical mod-
els. The calculated fixed-radius method uses a mathe-
matical equation with several simplifying assumptions.
Analytical techniques employ a series of equations that
likewise assume simple conditions, although to a lesser
degree than the fixed-radius method. Our chosen
numerical model is MODFLOW-2000, which offers a
particle-tracking package (MODPATH) for delineating
recharge areas. The delineations are overlayed for each
conceptual model in order to compare the capture zones
produced by the different methods. Contrasts between
capture zones increase with the complexity of the hy-
drogeology. Simpler methods are restricted by their
underlying assumptions. When methods can no longer
account for complexities in the conceptual model, the
resulting delineations remain similar to those of sim-
pler models. Meanwhile, the zones generated by more
sophisticated methods are able to change with changes
to the conceptual model. Hence, the simpler methods
now lack accuracy and credibility. We have found that
these simpler techniques tend to overestimate the cap-
ture zone. Water-supply managers must consider such
inaccuracies when evaluating the costs of each method.
In addition to comparing delineation methods, we are
using the series of hypothetical MODFLOW cases to
aid in modeling a site within the Fairbanks floodplain.
We learn how the site-specific complexities may affect
the capture zone by examining the effect of each mod-
ification to the hypothetical models. The area is lo-
cated on Fort Wainwright, AK and consists of multiple
water-supply wells. They are screened through a for-
mation known as the Chena Alluvium, which is com-
posed of braided-stream deposits. The wells supply wa-
ter to a power plant for cooling and to a water treat-
ment plant for drinking water use. The power plant
discharges heated water into a cooling pond while the
water treatment plant releases back-wash water into a
small discharge pond. The Chena River is also nearby,
approximately 0.4 km from the wells. Data available
from the pumping-well facilities, observation wells, and
geologic logs are used to determine input parameters
for the model.
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