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POSTER ABSTRACTS

1. Arsenic Speciation in Contaminated Soil and
Water by HPLC-ICP- MS
Chethaka Kahakachchi, Peter C. Uden, Julian F.
Tyson, Dept. of Chemistry, University of
Massachusetts Amherst.
Sponsors: National Science Foundation/PerkinElmer

  Instruments

Regulating arsenic species in drinking waters is a
reasonable objective, since the various species have
different toxicological impacts.  However,
developing robust and sensitive speciation methods is
mandatory prior to any such regulations.  A method
to separate and quantify two inorganic arsenic species
arsenite [As (III)] and arsenate [As (V)] and two
organic arsenic species, monomethylarsonic acid
(MMA) and dimethylarsinic acid (DMA) by HPLC-
ICP-MS has been developed.  The separation of
arsenic species was achieved on an anion exchange
column using isocratic elution and detection by
inductively couple plasma mass spectrometry (ICP-
MS).  The analytical performance characteristics
studied, including method detection limits and
chromatographic parameters proved the suitability of
the method to fulfill the current regulations for
arsenic in waters and soils.  The analytical technique
was successfully applied to analyze extracts of an
artificially contaminated soil, standard reference
material (NIST 2711) and various water samples.
The major component in the water samples was
arsenate [As (V)]. To assess the bioavailable arsenic
in soils various extractants with pH values similar to
the natural environment were tested.  Extractions
were performed at different pH values with a citrate
buffer (pH = 3), de-ionized water (pH = 5), sodium
hydroxide (pH = 11), ammonium dihydrogen
phosphate (pH = 5.8), acetic acid, phosphoric acid,
coca cola and vinegar. Total arsenic in the soil
extracts and microwave digests were determined by
ET-AAS and HG-AAS.

2. Evaluation and Development of Test Kits for
the Determination of Arsenic in Waters and
Soils
Chethaka Kahakachchi, Richmond Ampiah-Bonney,
Julian F. Tyson, Dept. Chemistry
Sponsor: National Science Foundation

High concentrations of arsenic compounds in
water bodies and sources of drinking water, soils, and
other environmental samples, together with a
heightened awareness of the dangers posed by these
chemicals has created a vibrant industry that
produces different forms of arsenic field kits for

measuring the arsenic contents of both domestic and
commercial sources of water. These kits generally
employ the generation of arsine gas by reduction of
the arsenic in the sample. For example arsine (AsH3)
is generated from inorganic arsenic species by
reduction with Zn and HCl. The arsine then reacts
with a strip of paper impregnated with HgBr2 to
produce a color that is compared with a color scale
for quantitation. The analytical performance of
several of these kits suffer from a high incidence of
“false negatives” and imprecision. This has resulted
in several on-going lawsuits and, more seriously,
adverse health effects on populations depending on
these kits for their choice of drinking water.  A
commercially available test kit was used to measure
arsenic in waters and soils.  Possible interference
effects on arsenic determination from various heavy
metals, trace metals and anions present in soil and
water were investigated.  Accuracy and precision of
the test kit measurements was compared with FI-HG-
AAS measurements.

3. New Procedures for the Determination of
Cadmium and Lead in Waters by Atomic
Absorption Spectrometry with Chemical
Vapor Generation from Tetrahydroborate
Immobilized on an Anion-Exchange Resin
Wipharat Chuachuad and Julian F. Tyson, Dept. of
Chemistry, University of Massachusetts Amherst
Sponsors: PerkinElmer Instrumentations and Naresuan
University, Ministry of University Affairs, Thailand

      Methods for the determination of cadmium and
lead by flow injection chemical vapor generation
atomic absorption spectrometry with tetrahydroborate
(III) immobilized on anion exchange resins have been
developed. The advantages of these methods include
convenience, reduced reagent consumption, reduced
waste generation, less suppression by matrix
components, and decreased analyte contamination
from the reagents. Tetrahydroborate was first
immobilized on Amberlite IRA-400 or Amberlyst A-
26, and the acidified sample, containing 1.0%
thiourea or 0.1% L- cysteine + 1 mg/L cobalt for
cadmium, and 3% (w/v) potassium ferricyanide (as
oxidizing agent) for lead, was subsequently passed
through the immobilized tetrahydroborate column.
The significant parameters (i.e., column dimension,
concentration of tetrahydroborate, loading time and
flow rate, and sample acidity) were optimized. The
methods were applied to the analyses of river water,
pond water, lake water and seawater. For Cd, the
detection limit (3s) was in the range 0.04-0.05 µg/L
in natural water samples with 102-113 % recovery.
For lead, it was found that with no argon carrier gas,
the peak height absorbance was enhanced five times.
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The detection limit (3s) for lead was 0.2-0.4 µg/L in
natural water samples with 97-110% recovery. The
sampling frequency was 30-45/h. The results for the
determinations of cadmium and lead in some NIST
SRM were in good agreement with the certified
values.

4. Biogeochemistry of Fe (III) and Sulfate
Reduction in Extreme Acidic Environments
Richard Yuretich, Dept. of Geosciences, David
Ahlfeld, et al., University of Massachusetts Amherst
Sponsor:  National Science Foundation

Davis Pyrite Mine collapsed in 1910 after 28
years of operation. Since that time, acidic drainage
has been transporting iron and other trace elements
into a local stream and groundwater. Initial
observations indicate that the environment has
remained stable for decades. New data show a
restricted lens of impacted groundwater that moves
rapidly through the mine tailings and shallow
bedrock fractures, but is contained by ambient
groundwater from uncontaminated recharge areas. In
these peripheral areas, there is evidence of an active
microbial community that reduces the dissolved
sulfate, and possibly Fe (III), to remediate the acidic
drainage. Present research involves detailed mapping
and modeling of the impacted area, and experiments
are underway to document the identity and cultivate
the sulfate- and iron-reducing bacteria.

5. Pesticide Movement and Organic Fertilizer
Application on Turf
Baoshan Xing and Kun Li, Dept. of Plant and Soil
Sciences, University of Massachusetts Amherst
Sponsor:  MA Water Resources Research Ctr/USGS

Turf grass systems - including golf courses, turf
farms, parks and lawns - are the most intensively
managed lands in the United States. Establishment
and maintenance of high quality turf grass usually
imply substantial inputs of water, nutrients, and
pesticides. The impacts of these inputs to
groundwater and surface water are a major concern of
public and government agencies with over 17,816
golf courses in the U.S. and more than one new golf
course opening every day (National Golf Foundation,
2002). Recent results from various facets of
agricultural research have indicated very significant
effects of dissolved organic matter (DOM) on the
increased mobility of pesticides through soils to
groundwater. These findings may have important
ramifications to the golf turf industry in that the
frequent use of certain organic fertilizers and
amendments may actually enhance rather than inhibit
movement of certain pesticides through highly
managed greens and tee areas having a high level of

sand incorporated into profiles. This is not only a
regional, but also a national problem. The Northeast
is more susceptible due to the coarse texture of soils
in general.

There is a significant amount of research devoted
to the efficacy of organic fertilizers currently on the
market such as NatureSafe, Milorganite, Sustain and
Ringers, some containing as much as 3.5 % DOM
(water extraction). Organic fertilizers are considered
slow release materials with low burn potential and
are often applied at higher rates compared with
soluble inorganic fertilizers. Higher application rates
could easily result in higher loading of DOM into soil
profiles. In addition, high density and much more
root turnover in turf grass ecosystems could directly
contribute to the pool of natural DOM, which could
affect the behavior of pesticides in soil and water.

6. Copper Removal by Biofilms
Kevin Brussee and Xiaoqi (Jackie) Zhang, Dept. of
Civil and Environmental Engineering, University of
Massachusetts Lowell
Sponsor:  MA Water Resources Research Ctr/USGS

It is believed that microorganisms can sorb
positively charged heavy metals by producing
negatively charged extracellular polymeric
substances (EPS). The objective of this research is to
determine the effectiveness of biofilms to remove
copper from wastewater, while also investigating the
biofilms cellular response to copper contamination
and what effect the substrate concentration plays on
copper removal and cellular response.

A laboratory scale biofilm reactor will be used to
develop biofilm growth on sampling slides by
introducing a synthetic feed with a known COD and
copper concentration. The threshold of copper
sorption will be determined by measuring the total
copper and free copper in the influent, effluent, EPS,
and biofilms. The surface charge of the biofilm, and
the amount of extracellular polysaccharides,
extracellular proteins, and uronic acids within the
biofilms will be determined to establish the cellular
response to copper contamination for concentrations
of 100ppb and 200ppb. The COD concentration of
the synthetic feed will be adjusted for each of the two
copper concentrations to determine the effect of
substrate concentration on copper removal.

The results are anticipated to demonstrate the
following; both a higher copper concentration and
substrate COD concentration trigger increased
cellular production of extracellular polysaccharides
and extracellular proteins, effectively raising the
threshold of copper sorption.
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7. Urban Stream Corridor Management: The
Interaction of Ecology and Policy
Rutherford H. Platt and Laurin Sievert, Dept. of
GeoSciences, University of Massachusetts Amherst

Between 1950 and 2000, metropolitan population
of the United States nearly tripled from 84 million
(55% of U. S. total) to 226 million (80% of U. S.
total). At the same time, the land area within
designated "metropolitan statistical areas" more than
doubled from about 9% to about 19% of the
conterminous U. S. land area. The expansion of
metropolitan areas in size and number (from 169 in
1950 to 347 in 2000) has been accompanied by the
degradation of local watersheds, streams, wetlands,
groundwater aquifers, and coastal waters. Aquatic
resources in the path of urbanization have been
widely polluted, littered, dredged, filled, paved over,
channelized, walled, and otherwise abused. In the
process, "Nature's services"-including flood
mitigation, water quality filtering, biotic habitat,
nutrient uptake, soil formation, scenic amenity - have
been impaired or obliterated. This has compelled
cities, regions, states, and the federal government to
substitute costly technology for those services, as
with structural flood protection and water treatment
plants. Water-based recreation, commercial and sport
fishing, birding, and relaxation have all been
casualties of the longstanding abuse of urban
waterways and wetlands.
     However, many cities and metropolitan regions
have begun to adjust to their biophysical
circumstances rather than seeking to overwhelm them
through technology. This shift is tentative,
geographically uneven, and poorly documented, but
nevertheless palpable and significant to the future
habitability of urban places. Such "greening" of urban
development follows a trend well established in
Europe according to recent research by associate
investigator Timothy Beatley. The leading edge of
this process of "urban greening" is most apparent in
new attitudes, perceptions, policies, and approaches
to the management of urban land/water features,
particularly stream corridors, wetlands, and coastal
estuaries.
     The Ecological Cities Project, based at the
University of Massachusetts Amherst
(www.ecologicalcities.org) is conducting a two-year
comparative study of experience in the revitalization
of urban watersheds in selected metropolitan areas in
the United States, Canada, and elsewhere. The
Charles River (Boston, MA), Milwaukee River
(Milwaukee, WI), Anacostia River (Washington,
DC), and Buffalo Bayou (Houston, TX) watersheds
are among our current study sites.

8. Acid Rain Monitoring Project
Paul Godfrey, Marie-Françoise Walk, Peter Kerr,
Massachusetts Water Resources Research Center
Sponsor:  Massachusetts Dept. of Environmental
Protection

Backed by evidence that acid rain continues to
pose serious problems throughout the Northeast, the
Massachusetts Water Resources Research Center has
renewed its Acid Rain Monitoring (ARM) project.
The ARM Project is a statewide citizen-based
monitoring program that conducted research on the
effects of acid rain from 1983 to 1993. During this
10-year period, ARM surveyed 83 percent of all
named water bodies in Massachusetts, and later
analyzed trends in 800 lakes and streams. In the
current phase, researchers are monitoring 147 lakes,
ponds, and streams across the Commonwealth.
Twenty-nine of the 147 water bodies are being
revisited as priority sites because historically they
were acidified, very low in alkalinity, or
demonstrated a significant trend for acidification. The
information gathered by this effort will make a
critical contribution to the international database
being developed by the New England Governors/
Eastern Canadian Premiers.

Unlike northern New England and eastern
Canada, Massachusetts did not experience a
significant reduction in base cations that some have
proposed as the reason for delayed recovery. Yet,
preliminary data do not give any strong evidence of
any recovery.  What changes are evident seem to be
related to other factors in individual watersheds and
not to regional factors like acid deposition. Clearly,
recovery is more complicated than previously
thought. ARM will help to provide a strong
geographic information base for lakes and ponds
useful in the continuing analysis of recovery
processes and adequacy of current national acid
deposition legislation.

9. Natural Organic Matter Modeling for Quabbin
Reservoir
Megan Roberts and John E. Tobiason, Dept. of Civil
and Environmental Engineering, University of
Massachusetts Amherst
Sponsor: former Metropolitan DC Division of

 Watershed Management

Quabbin Reservoir, located in central
Massachusetts, supplies drinking water to the Boston
area through Wachusett Reservoir via the Quabbin
Aqueduct. The reservoir is under the joint control of
the Division of Water Supply Protection (DWSP) of
the MA Department of Conservation and Recreation
(the Metropolitan District Commission (MDC) prior
to July 2003) and the Massachusetts Water Resources
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Authority (MWRA). The drinking water supplied
from both the Quabbin and Wachusett source
reservoirs is unfiltered; therefore the quality of water
delivered to the consumers depends primarily on
watershed protection and disinfection. Based on
previous studies of natural organic matter (NOM) in
tributaries and the reservoir, and hydrodynamic data,
Quabbin Reservoir NOM was modeled using CE-
QUAL-W2, a hydrodynamic and water quality
model. The objective of this study was to assess the
applicability of the model for simulating observed
temporal and spatial trends in total and dissolved
organic carbon (TOC, DOC), algae, and UV
absorbance (UV-254).  The effect of nutrient
loadings on reservoir TOC, DOC, and algae was
investigated as the long-term goal of NOM modeling
is to provide support for watershed management.

CE-QUAL-W2 is a two-dimensional,
longitudinal/vertical (assuming lateral homogeneity),
hydrodynamic and water quality model. Based on
specified flow inputs and outputs, meteorological
data and reservoir bathymetry, the model predicts
water surface elevations, velocities, and
temperatures. The water quality algorithms of the
model include several constituents related to NOM
and nutrient/phytoplankton/dissolved oxygen
interactions. The model requires specification of
initial conditions and constituent concentrations in all
inflows and outflows. The water quality constituents
of interest for this study are those that affect the fate
and transport of NOM: algae, detritus, labile and
refractory dissolved organic matter (LDOM,
RDOM), dissolved oxygen, ammonia-nitrogen,
nitrate-nitrogen, orthophosphate, and UV-254. The
two-year period of model simulation was from
January 1998 through December 1999.

NOM levels in the reservoir were relatively stable
over the two-year study period (and longer) and
NOM levels in tributaries exceeded levels in the
reservoir. Decay or loss of organic matter within the
reservoir and NOM increases due to phytoplankton
growth are modeled.  In general, the model simulated
the relatively constant average levels of reservoir
outlet UV-254, TOC and DOC with some seasonal
variability. For example, average TOC (which is 95%
DOC) levels of approximately 2.2 mg/L are
simulated by assuming that 20% of the DOC is labile
DOM and use of temperature dependent labile and
refractory DOM decay rates of 0.0008 per day and
0.0005 per day (at 20 ºC), respectively. Algae levels
are low (0.05 to 0.4 mg/L as carbon), and estimates
of algal growth and respiration rates of 2 day-1 and
0.2 day-1 respectively, resulted in algal levels
consistent with observed concentrations and that

account for seasonal variability in TOC
concentrations. Additionally, modeling results
revealed that nutrient inputs to the reservoir via
precipitation are a very important source of nitrogen
and phosphorus relative to tributary inputs.

10. Cascade Calibration of Plymouth-Carver
Aquifer Hydraulics
David W. Ostendorf and Don J. DeGroot
Dept. of Civil and Environmental Engineering,
University of Massachusetts Amherst

A cascade calibration describes groundwater flow
across multiple time and length scales, subject to
common aquifer boundary conditions and hydraulic
properties.  Serial model calibration accordingly
estimates and confirms these conditions and
properties. Ostendorf et al. (2003, 2004a, 2004b) use
data from the lower Plymouth-Carver Aquifer in
southeastern Massachusetts to calibrate a model
cascade comprised of decadal, annual, monthly,
diurnal, hourly, and secondary time scales.  The
cascade calibrates recharge, porosity, and
permeability values across six time scales.

11. Atomic Absorption Spectrometric
Determination of Lead, Iron, Zinc and
Manganese in Sea and Tap Water Samples by
use of a Chromosorb 105 resin/DDTC Solid
Phase Extraction System
Aydan ELÇ_, School of Education, University of
Massachusetts Amherst and Hüseyin BA_, Pamukkale
University, Turkey

  Sponsor: Pamukkale University

A solid phase extraction procedure for
preconcentration of lead, iron, and manganese and
copper from water samples using Chromosorb 105
resin and diethyldithiocarbamate (DDTC) has been
established. Lead, iron, zinc and manganese as
DDTC chelates were quantitatively retained from the
solution having pHs 6, 4, 9 and 9, respectively, by
chromosorb 105 resin column. The other analytical
parameters including pH, sample volume, eluent type
and volume, etc. for the quantitative recoveries of the
analyte ions were investigated. The effects of diver
ions such as alkaline, earth alkaline ions and some
anions on the sorption of analyte ions were also
checked. The preconcentration factors for Pb, Fe, Zn
and Mn were 125, 10, 25 and 25 respectively, as
depending on 10 ml of eluent volume. The relative
standard deviations of the determinations by atomic
absorption spectrometry (AAS) were less than 5,7 %.
The detection limits of the analyte ions (k=3, N=21)
were for 0.365 µg/l for Pb, 0.147µg/l for Fe,
0.087µg/l for Zn and 0.079µg/l for Mn. The contents
of Pb, Fe, Zn and Mn in sea water sample from
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Çandarlı Bay of Egean sea were determined as
0.104±0.007, 40±2, 187±3 and 0.303 ±0.060 µg/l
respectively. The contents of Pb, Fe, Zn and Mn in
tap water from our lab were found to be 0.075±0.003,
56±3, 2389±3 and 0.039±0.003 µg/l, respectively.

12. Measurement of Specific Conductivity in a
Highway Runoff Recharge Basin in Plymouth,
MA
Ivonne Grajko Hall, Camelia Rotaru, Dept. of Civil
and Environmental Engineering, University of
Massachusetts Amherst
Sponsor:  Massachusetts Highway Department

The research site is a highway runoff recharge
basin located adjacent to State Route 25 (SR25) in
Plymouth, Massachusetts. Opened in August 1987,
SR25 was built to extend Interstate 495 to the Bourne
Bridge. The drainage basin was constructed to
dissipate runoff generated by SR25. The
Massachusetts Highway Department (MHD) has
sponsored the Department to study this recharge
basin since April 1997.

Highway SR25 was built through several
environmentally sensitive cranberry bogs. As a
protective measure, the Massachusetts Department of
Environmental Protection (DEP) mandated that only
non-chloride road deicers be applied along a 1930 m
(1.2 mile) section of the highway that is located
directly near the cranberry bogs. One of these bogs is
located west of the research site, while other sensitive
receptors include a replacement wetland area to the
north, and Weeks Pond to the south.

In order to comply with DEP, calcium
magnesium acetate (CMA) has been the primary road
deicer used on this stretch of highway, except when
severe weather require the use of a chloride-based
road salt in order to provide safe driving conditions.
The road deicing season at the site typically lasts
from November through March. Runoff from the
roadway is collected into 90 m spaced catch basins
located in the grass swale and along the paved edges,
and is directed into the recharge basin.  The discharge
points into the basin are two V-notch weirs: the West
Weir is a high-flow weir that passes most of the flow
into the basin, and is located directly west of well
cluster BM. The East Weir is a low-flow weir located
north of well BR. Rainfall intensity, flow, and
specific electrical conductivity are continuously
measured at both weir locations, and dissolved
oxygen is additionally measured at the West Weir.

Observation wells were installed throughout the
recharge pool area to monitor water table elevations.
The wells are sampled monthly for major cations and
anions, and measured for pH, DO, and specific
conductivity.

13. Flow Meter Measurements in an Unconfined
Aquifer
Shawn P. Kelley and Jennifer Tooley, Dept. of Civil
and Environmental Engineering, University of
Massachusetts Amherst
Sponsor:  Massachusetts Highway Department

Presentation of ground-water velocity
measurements in an unconfined sandy aquifer using a
heat-pulse flow meter.  Seasonal variations and
influence of ground-water pumping from near-by
large irrigation wells on velocity measurements will
be presented.

14. River and Stream Continuity Project
Scott Jackson, Dept. of Natural Resources
Conservation, University of Massachusetts Amherst
Sponsor:  Massachusetts Dept. of Environmental

      Protection

In phases I and II of this project, the University of
Massachusetts, in cooperation with EOEA-MWI, the
Riverways Program, and Trout Unlimited, has been
developing performance standards for culverts to
allow fish and wildlife passage, as well as a protocol
for evaluating culverts, identifying dams, substandard
culverts, and other barriers to animal movement, and
identifying factors that should be used in prioritizing
these barriers for remediation. This protocol was
piloted in the Greater Connecticut River watershed.
In addition, a preliminary database was developed
that provides an automated assessment of individual
crossings based on data collected by volunteers.
Phase III of the project will continue development of
an implementation for statewide standards and a
volunteer assessment and inventory program.

15. Initial Characterization of Three Isolates of
Geobacteraceae from a Highway Runoff
Recharge Basin in Plymouth, Massachusetts
Erich S. Hinlein, Dept. of Civil and Environmental
Engineering, and Kelly P. Nevin, Dept. of
Microbiology University of Massachusetts Amherst
Sponsor: Massachusetts Highway Department

A highway runoff recharge basin receives
seasonal doses of Calcium Magnesium Acetate
during the winter months as part of an alternative
deicing program in an environmentally sensitive area
of Massachusetts.  Groundwater data has been
collected since 1987 and site hydraulics are well
understood.  Flow via culvert into the medium/coarse
sands of the basin is continuously monitored using a
remote logging system.  Iron is present in the basin
sediments due to nearby bogs. The alternative road
deicer, CMA, has been used on the adjacent highway
since opening in 1988.  The acetate portion of the
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deicer serves as a substrate for bacteria causing
depleted oxygen levels in the groundwater.  Because
the recharge basin is filled and drained rapidly,
repeated short doses of CMA over 15 seasons appear
to have selected for strains of the anaerobic bacteria
Geobacteraceae which are able to quickly assimilate
substrate and hence reduce iron faster than previously
isolated strains.  Three isolates were collected from
groundwater pumped from monitoring wells within
the basin.  These isolates are in the family
Geobacteraceae and are 93% similar to Geobacter
chapellei.  Unlike other most other Geobacteraceae,
strains P11, P35 and P39 do not show any preference
for growth at 16 oC, 22 oC or 30 oC.  In each case,
magnetite is produced in less than 7 days. Strains
P11, P35 and P39 are capable of growth at 4oC.  The
only other Fe(III) reducing microorganisms capable
of growth at 4oC are Geopsychrobacter sp. which
take 3 times longer to reduce the same amount of
Fe(III) oxide and Rhodoferax ferrireducens which
requires 3 times as long to reduce the same amount of
Fe(III)-NTA. These organisms will help provide
insight into which factors control the rates of metals
reduction in the subsurface.  In addition, the rapid
rate of iron reduction of these organisms coupled
with their cold tolerance make them ideal candidates
for use in biotransformation strategies such as the
reduction and immobilization of Uranium (VI).

16. Speciation of Arsenic in Water by Solid-Phase
Extraction for Atomic Absorption
Spectrometric Measurement
Richmond J Ampiah-Bonney, Aydan El_i, Ay_en
_zda_, Latif El_i, Julian F. Tyson, Dept. of Chemistry,
University of Massachusetts Amherst, Pamukkale
University, Turkey
Sponsor: National Science Foundation/
Fulbright Foundation

The increasing awareness of the toxicity of
certain arsenic compounds and their occurrence in
the environment has increased the need for simple
methods for their determination. Solid-phase
extraction is a simple, non-instrumental method
of separating the four arsenic species arsenite [As
(III)], arsenate [As (V)], monomethylarsonate
(MMA) and dimethylarsinate (DMA). To date,
the approach has been to retain and elute As (V),
MMA, and DMA on various resin materials using
different eluents. Arsenite species are usually not
retained, and are therefore measured in the
“waste” during the retention process. A method
has been developed whereby arsenite in solutions
of high pH can be retained on ion-exchange
resins. In addition, both arsenite and arsenate
have been successfully retained and quantitatively

eluted using chromosorb 105. This completes the
separation of all four species of arsenic in water
by solid-phase extraction.

17.  Three-Dimensional Numerical Modeling of
       Hydrodynamics and Transport in a
       Reservoir

David Ahlfeld, John Tobiason, Matthew
Kennedy, and Becca Pease, Dept. of Civil and
Environmental Engineering, University of
Massachusetts Amherst
Sponsor: Massachusetts Dept.of Conservation
andRecreation, Division of Water Supply
Protection

The FLUENT 6.0 commercial computational
fluid dynamics (CFD) software was used to model
the hydrodynamic and transport processes in the
Thomas Basin region of the Wachusett Reservoir.
The CFD code numerically solved the three-
dimensional (3D) Reynolds Averaged Navier-Stokes
equations for an incompressible fluid (_ = constant)
with isothermal and no wind conditions.  The k-ε
turbulence model was used to close the Reynolds
stress term. The k-ε model uses the turbulent-
viscosity hypothesis to model the turbulent viscosity
using transport equations for the turbulence kinetic
energy and the turbulence dissipation rate.  The
equations were discretized on an unstructured
computational grid. The grid consisted of
approximately 1,700,000 tetrahedral elements, and
was created from bathymetric data surveyed in 1907
by the U.S. Geological Survey (USGS) before the
reservoir was inundated.  The time-varying terms
were discretized using 1st order implicit finite
differences, and the remaining terms in the equations
were discretized using 1st and 2nd order upwind
differences on a staggered grid.  The SIMPLEC
method was used for the pressure-velocity coupling.
The Algebraic Multigrid (AMG) method was used to
reduce global error, and local error was reduced using
the point-implicit Gauss-Seidel method.  The model
simultaneously solved approximately 10,000,000
equations.

The model was validated by comparing the major
flow patterns identified in the simulated
hydrodynamics to those observed during drogue
studies.  One isothermal drogue study and two
stratified drogue studies have been completed thus
far.  The flow patterns observed during the isothermal
drogue study are similar to those identified in the 3-D
simulation, thus preliminarily validating the
isothermal model results. The stratified drogue
studies will be used to validate a temperature
stratified model, which is currently being developed.
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