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Simulation of Groundwater Zones of Contribution to Wells
at Site GM-38, Naval Weapons Industrial Reserve Plant,

Bethpage, New York

By Paul E. Misut

Abstract

A three-dimensional groundwater-flow model is coupled
with the particle-tracking program' MODPATH to delineate
zones of contribution to wells pumping from the Magothy
aquifer and supplying water to a chlorinated volatile organic
compound removal plant at site GM-38, Naval Weapons
Industrial Reserve Plant, Bethpage, New York. By use of
driller’s logs, a transitional probability approach generated
three alternative realizations of heterogeneity within the

Magothy aquifer to assess uncertainty in model representation.

Finer-grained sediments with low hydraulic conductivity
were realized as laterally discontinuous, thickening towards
the south, and comprising about 17 percent of the total
aquifer volume.

Particle-tracking evaluations of a steady state present
conditions model with alternative heterogeneity realizations
were used to develop zones of contribution of remedial
pumping wells. Because of heterogeneity and high rates of
advection within the coarse-grained sediments, transport by
dispersion and (or) diffusion was assumed to be negligible.
Resulting zones of contribution of existing remedial wells
are complex shapes, influenced by heterogeneity of each
realization and other nearby hydrologic stresses. The use
of two particle tracking techniques helped identify zones
of contribution to wells. Backtracking techniques and
observations of points of intersection of backward-tracked
particles at shells of the GM—-38 Hot Spot, as defined
by surfaces of equal total volatile organic compound
concentration, identified the source of water within the
GM-38 Hot Spot to simulated wells. Forward-tracking
techniques identified the fate of water within the GM—38 Hot
Spot, including well capture and discharge to model constant
head and drain boundaries. The percentage of backward-
tracked particles, started at GM—38 wells that were sourced
from within the Hot Spot, varied from 72.0 to 98.2, depending
on the Hot Spot delineation used (present steady state model
and Magothy aquifer heterogeneity realization A). The
percentage of forward-tracked particles that were captured

! Glossary terms and acronyms in bold are defined in the glossary on p. 54.

by GM-38 wells varied from 81.1 to 94.6, depending on

the Hot Spot delineation used, with the remainder primarily
captured by Bethpage Water District Plant 4 production
wells (present steady state model and Magothy aquifer
heterogeneity realization A). Less than 1 percent of forward-
tracked particles ultimately discharge at model constant head
and drain boundaries. The differences between forward- and
backward-tracked particle percentage ranges are due to some
forward-tracked particles not being captured by GM—38 wells,
and some backward-tracked particles not intersecting specific
regions of the Hot Spot.

During 2013, an aquifer test generated detailed time
series of well pumping rates and corresponding water-level
responses were recorded at numerous locations. These data
were used to verify the present conditions steady state model
and demonstrate the sensitivity of model results to transient-
state changes.

Introduction

Several plumes of dissolved volatile organic compounds
(VOCs), including tetrachloroethylene (TCE), were identified
in a semiconfined aquifer near the Naval Weapons Industrial
Reserve Plant (NWIRP) at Bethpage, New York (fig. 1)
(ARCADIS, 2009). The plumes were divided into operable
units (OU): (a) OU2 to the south and west of the NWIRP,
and (b) OU3 to the south and east of NWIRP, apparently
originating at a community park. In 2003, the Navy issued
a record of decision for OU2, which presently consists of
plume remnants to the south and west of the NWIRP (U.S.
Navy, 2003). By 2009, the OU2 plume included two areas
with total volatile organic compounds (TVOC) greater
than 500 parts per billion (ppb) that were likely split by the
operation of an onsite containment system (ONCT). Since
1950, the downgradient edge of the OU2 plume has been
estimated to travel about 285 feet per year (ft/yr) on average
(Naval Facilities Engineering Command, 2011). When the
New York State Department of Environmental Conservation
(NYSDEQ) issued a record of decision for OU3 in 2013, a
pump-and-treat interim remedial measure (IRM) was in
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Figure 1.

Generalized groundwater-flow direction, production wells, recharge basins, mapped volatile organic compound plumes

adjacent to the Naval Weapons Industrial Reserve Plant (NWIRP), and other local features, Bethpage, New York. (Modified from

ARCADIS, 2009)



operation for about 1 year (NYSDEC, 2013). The OU3 plume
appears to have emanated from the settling ponds and the
IRM area to the east of the NWIRP (fig. 1). At present, about
3500 gallons per minute (gal/min) is pumped from the OU2
ONCT hydraulic containment system, and 250 gal/min is
pumped from the OU3 IRM hydraulic containment system. A
remedial investigation work plan was also completed in 2013
to address an existing ice skating rink within the Bethpage
community park and the OU3 IRM (fig. 1; NYSDEC, 2013).
The GM—38 Hot Spot is a distinct shallow plume with
TVOC concentrations in groundwater of more than 500
ppb, about 8,000 feet (ft) to the southeast of the IRM of the
OU3 plume and directly downgradient, based on the 2010
U.S. Geological Survey (USGS) regional water-table map
of (Monti and others, 2013). The lower boundary of the
GM-38 Hot Spot is about 350 ft below sea level and the
upper boundary is about 100 ft below sea level (TVOC data
and interpretation from ARCADIS (2009) and Tetra Tech
(2002)). Presently, the GM—38 Hot Spot is being remediated
by a treatment system that has been operated by the Navy
since 2009. The GM—38 system consists of two extraction
wells, RW1, which pumps 800 gal/min, and RW3, which
pumps 300 gal/min. An additional well, RW2, is inactive
and considerable infrastructure changes would be required to
activate it. RW2 was not activated because during the initial
testing this well was determined to be directly connected
to the same portion of the aquifer as the Bethpage Water
District (BWD) production wells at well field 4 (fig. 1). Due
to concerns that operating RW2 could affect the operation
of BWDA4, it was agreed to install RW3 to replace RW2
(D. Brayack, TetraTech, written commun. 2013). Groundwater
captured at GM-38 remedial wells is piped to an air stripping
and liquid phase granular activated carbon adsorption plant,
treated to NYSDEC State Pollutant Discharge Elimination
System (SPDES) standards, then transferred to a nearby
recharge basin where the effluent percolates downward and
reenters the groundwater system. To operate the GM—38
system effectively, the pumping rates of RW1 and RW3 may
be optimized. In addition to understanding the effect of the
GM-38 system on Hot Spot containment, it is also desirable
to understand how the GM—38 system affects hydraulic
interference and zones of contribution (ZOCs) of nearby
public supply wells. Furthermore, it is desirable to understand
how the following affect GM—-38 ZOCs: other pumping wells
associated with the NWIRP, groundwater recharge from
precipitation, and the regional flow system of Long Island.
Public-supply production wells in the vicinity of the NWIRP
include well BWD4 upgradient of the GM—38 site, well
BWDS5 downgradient of GM-38, and well BWD6-2 about
equidistant between the southern OU2 500 ppb plume remnant
contour to the west, and the GM-38 500 ppb Hot Spot contour
to the east (fig. 1). Public-supply production wells typically
pump about 2 million gallons per day (Mgal/d), with higher
rates during the summer months. There have been extended
periods of pump-shutoff during development of well field
water treatment systems.

Introduction 3

Purpose and Scope

This report presents the results of a study undertaken to
provide a better understanding of ZOCs of the GM—-38 wells.
The study evaluated advective groundwater-flow patterns
through groundwater-flow simulation and particle-tracking
analysis in forward and backward modes. The groundwater-
flow simulation and particle-tracking analysis had the
following general objectives:

1. Delineate GM—-38 ZOCs during present conditions
through backward tracking of particles that are initiated
at wells.

2. By use of hypothetical simulations, determine
hydrogeologic and pumping-rate controls on the size and
shape of GM—-38 ZOCs.

The report contains a description of simulations and
analyses that meet the study objectives. As a result of
simulation analysis, further field-data collection activities that
may improve ZOC delineation are discussed. A discussion of
the limitations of this approach is also included.

Previous Investigations

Simulation of the groundwater-flow system of Nassau
County began prior to the advent of computers through the
use of electric-analog models (Getzen, 1977). Smolensky
and Feldman (1995) simulated groundwater-flow paths in
the Bethpage area in cooperation with the Nassau County
Department of Health (NCDH) through the use of the USGS
codes MODFLOW (McDonald and Harbaugh, 1988) and
MODPATH (Pollock, 1994). At the time of the analysis
(1992), groundwater flowed (1) towards deep industrial
pumping wells, and (2) away from surface recharge basins
where water captured by industrial wells was reintroduced.
This pumping-recharge cycle resulted in rearrangement and
partial containment of a plume of VOCs, which was migrating
in a generally southward direction at a rate of about 200 ft/yr
as described by Smolensky and Feldman (1995). The analysis
also indicated that some groundwater upgradient of surface
recharge basins was drawn into the deep zones of industrial
well influence, but not captured, and ultimately discharged
to the far southern model boundary in the bottom part of the
Magothy aquifer, near the contact with the underlying Raritan
confining unit as described by Smolensky and Feldman
(1995). From 1995 to the present, consultants developed a
series of MODFLOW, MODPATH, and MT3D (Zheng, 1990)
models that are generally consistent with the earlier USGS
work but depict greater containment of VOCs upgradient
of the ONCT and continued southward migration of VOCs
downgradient from the ONCT (ARCADIS, 2009). A timeline
of the modeling efforts is given in Misut (2011).

Development of the GM—38 water treatment system is
described in Tetra Tech (2002), and the results of water quality
and hydrogeologic investigations in the vicinity of the GM—38
site are presented in ARCADIS (2009).



4 Simulation of Groundwater Zones of Contribution at GM-38, Naval Weapons Industrial Reserve Plant, Bethpage, New York

Methods

Simulation of groundwater flow and advective transport
included flow modeling using MODFLOW-2005 (Harbaugh,
2005), generation of alternate equiprobable hydraulic property
distributions using transitional probability methods (Carle,
1999), and particle tracking analysis using MODPATH
version 6 (Pollock, 2012).

Simulation of Groundwater Flow and Sources of
Water to Wells

The numerical calculations of the various ZOC cases
investigated in this study are carried out using the USGS
MODFLOW-2005 suite of codes (Harbaugh, 2005) coupled
with MODPATH version 6 (Pollock, 2012). The model is
documented according to USGS guidelines (USGS, 1996,
http://water.usgs.gov/admin/memo/GW/gw96.04.html). Due
to use of transitional probability methods (Carle, 1999) to
represent Magothy aquifer heterogeneity, the MODFLOW
model was finely discretized into 70 layers in the subgrid of
heterogeneity representation.

Model Development

To fully describe the groundwater-flow model, the
following topics are treated: (1) hydrologic system under
investigation, (2) mathematical methods used, (3) model

Table 1.

[From Misut and Aphale (2014); ft, feet]

spatial and temporal discretization, (4) aquifer system
properties, (5) stresses modeled, (6) transient modeling,

(7) calibration criteria, procedure, and results, and

(8) limitations of the model of the actual system and the
impact those limitations have on the results and conclusions of
the report.

Hydrologic System Under Investigation

The Bethpage area and GM—38 remedial wells are
situated within the Long Island groundwater system,
which has been described in previous USGS publications
(Smolensky and Feldman, 1995; Busciolano, 2005; and
Misut and Busciolano, 2009). The aquifer and confining units
in the Bethpage area are described in table 1. The average
horizontal hydraulic conductivity of the upper glacial,
Magothy, and Lloyd aquifers is 270, 50, and 60 feet per day
(ft/d), respectively. The estimated ratio of horizontal to vertical
hydraulic conductivity is 10:1 for the upper glacial and Lloyd
aquifers and 100:1 for the Magothy aquifer. Recharge to
the groundwater system is from precipitation that infiltrates
downward through an unsaturated zone. Recharge is locally
enhanced by constructed recharge basins. Groundwater
also enters the area by lateral flow from the regional Long
Island system. Discharge from the groundwater system is to
pumping wells and gaining streams that occupy former glacial
meltwater channels. Across the study area, the uppermost
aquifer is an unconfined upper glacial aquifer, except to the
north, where the water table is in the deeper semi-confined
Magothy aquifer (fig. 2). Even though the uppermost aquifer

Characteristics of hydrogeologic units, Bethpage, New York.

Hydrogeologic unit Geologic unit

Description and hydraulic properties

Upper glacial aquifer Upper Pleistocene deposits

Magothy aquifer Matawan Group-Magothy Formation,

undifferentiated

Unnamed clay member of the Raritan
Formation

Raritan confining unit
(Raritan clay)

Lloyd aquifer Lloyd Sand Member of the Raritan
Formation
Bedrock Hartland Formation; crystalline bedrock

Till and outwash deposits of sand, silt, clay, and boulders. Varied
permeability with an average hydraulic conductivity of 270 feet per
day and a horizontal to vertical anisotropy of 10:1. Outwash has the
highest hydraulic conductivity. About 100 ft thick.

Fine sand with silt and interbedded clay, with basal gravel. Gray and
pale yellow quartz sand. Lignite is common. Moderately permeable
with an average hydraulic conductivity of 50 feet per day and an
anisotropy of 100:1. About 800 ft thick.

Clay; solid with multicolors such as gray, white, red, or tan. Very
poorly permeable. Confines water underlying unit. Average hydrau-
lic conductivity of 0.001 foot per day. About 200 ft thick.

Underlies the Raritan confining unit. Fine to coarse sand and gravel
with clay lenses. White and pale-yellow sand well sorted. Moder-
ately permeable with an average horizontal hydraulic conductivity
of 60 feet per day, and anisotropy of 10:1. About 200 ft thick.

Biotite-garnet schist overlain by a thick saprolitic zone 50 to 100 ft
thick, consisting of white, yellow, and gray clay. Impermeable to
poorly permeable.
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near GM—-38 is the glacial aquifer, the Magothy aquifer is the
primary aquifer of concern for VOCs. Within the Magothy
aquifer, sands and gravels are interbedded with fine-grained
sediments. Fine-grained sediments, as reported on driller’s
logs, are delineated on section A—A’ (fig. 3) through the
GM-38 site. Appendix | cross references local well numbers
used in this report to New York State and national USGS well
identification numbers.

Lower local groundwater subsystem boundaries may
be considered the top of the Raritan confining unit, at about
600 to 800 ft below sea level, or the relatively impermeable
bedrock, at about 1,000 to 1,200 ft below sea level (table 1).
The Raritan confining unit is estimated to be 150 to 200 ft
thick near GM—38 (Smolenksy and others, 1989, fig. 4); the
top of the Raritan confining unit has been found in recent
boreholes VPB-137, 138 and 139 (fig. 4, data from Resolution
Consultants, 2014) to be about 200 feet deeper than indicated
by (Smolenksy and others, 1989). The regional hydraulic
gradient from the Lloyd aquifer across the Raritan confining

unit into the Magothy aquifer is very low (Monti and others,
2013), from about 0.15 [ft per ft] at the northeast of the study
area to 0.03 [ft per ft] in the southwest; furthermore, given a
Raritan confining unit vertical conductivity of about 0.001 ft/d,
upward flow from the Raritan confining unit into the Magothy
aquifer is likely negligible.

Mathematical Methods Used

The numerical calculations of the various ZOC cases
investigated in this study are carried out using flow fields
represented by a finite difference grid and simulated by
the MODFLOW-2005 suite of codes (Harbaugh, 2005)
through solution of the groundwater flow equation using
finite difference techniques. Particles are tracked through the
simulated flow fields using MODPATH version 6 (Pollock,
2012). The graphical user interface ModelMuse (http://
water.usgs.gov/nrp/gwsoftware/ModelMuse/ModelMuse.
html; Winston, 2009) is used to aid the input of data and
the post processing of model results. The MODFLOW
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Figure 3. Section A-A’ through GM-38 area showing hydrogeologic units and borehole intervals of fine-grained
sediments, Bethpage, New York. (From Tetra Tech, 2012a, Smolensky and others, 1989 and D. Brayack, written

communication, 2013)
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suite (http://water.usgs.gov/nrp/gwsoftware/modflow.html)
represents three-dimensional geometry and complex boundary
conditions, allows for variably spaced model discretization,
and can be utilized by particle tracking methods to delineate
ZOCs to wells.

Particle tracking evaluations were made for representative
present steady state conditions using MODPATH version 6
(Pollock, 2012), which accounts for advective transport but
does not consider dispersive transport or chemical reactions.
Advective particle tracking was used to develop the ZOCs
for the study area. Dispersion from molecular diffusion is
relatively small in a high-velocity system, so it is assumed
to be negligible. Hydrodynamic dispersion due to geologic
heterogeneity was accounted for by considering multiple
realizations of the distribution of hydrogeologic properties.

The transition probability geostatistical software
T-PROGS (Carle, 1999) was used to generate alternative
realizations of high-permeability sands and low-permeability
clay bedding within the Magothy aquifer. Transition
probability and Markov chain methods use geologic data
to compute the probability that a particular geologic unit is
encountered given the location of nearby geologic units. Once
the probabilities are computed, equiprobable realizations of
hydrogeologic properties can be created based on the known
lithologies measured in the boreholes. This method ensures the
model matches reality at all measured locations and matches
the statistics of the system at all unmeasured locations. Vertical
transition probabilities for this study were estimated from the
borehole logs, and horizontal transition probabilities were
estimated using default settings in T-PROGS that describe the
typical ratio of vertical to horizontal heterogeneity.

Boundary Conditions

The north and south boundaries of the groundwater-flow
model (grid is rotated 10 degrees counterclockwise, fig. 5)
are represented as constant head boundaries. The east and
west model boundaries are represented as no-flow boundaries
where flow is parallel to the side. Head values for the
boundary conditions are estimated from USGS 2006 regional
contour maps, which are representative of present steady state
conditions (Monti and Busciolano, 2009). Justification for the
use of constant-head boundaries in Long Island groundwater-
flow models is given in Misut and Feldman (1996). Recharge
is a specified flux boundary with several factors affecting
the rate, as described by the model stresses section below.
MODFLOW drain boundaries are used to represent three
streams draining to the south of the model (Massapequa,
Seaford, and Bellmore Creeks). The heads for these drains
are also taken from Monti and Busciolano (2009). Flow at
Massapequa and Belmore Creeks is reported at http:/nwis.
waterdata.usgs.gov/ny/nwis/sw. Pumpages are specified flux
boundaries and are described in the “Model stresses” section.

Model Spatial and Temporal Discretization

The areal extent of the model grid (fig. 6) is similar to
that described by ARCADIS (2010), with finer grid spacing
in the vicinity of GM-38 (fig. 6). The number of rows (213)
and columns (144), along with the number of model layers
(80) results in about 2 million cells total. For a GM-38
subarea (inner region of model grid, fig. 6), the Magothy
aquifer heterogeneity is represented using the transitional
probability approach, and particle tracking of GM—-38 ZOCs
are conducted. Fine horizontal and vertical discretization is
necessary in the inner region to represent the discontinuous
character of the fine-grained sediments and to simulate
the influence of these structures on particle pathways. The
grid layering is coarse in the upper glacial aquifer, fine in
the Magothy aquifer, and coarse in the Raritan formation.
The bottom of the top layer is at sea level, a conservative
level below the water table that prevents model cells from
dewatering, which would introduce nonlinearity into the
MODFLOW numerical solution. The top of the GM—38 Hot
Spot is located within the finely discretized inner region of
the Magothy aquifer. The bottom no-flow boundary of the
model is chosen to be the base of unconsolidated deposits in
the area (base of the Lloyd aquifer), in order to fully represent
the groundwater flow system as has been done by other
Nassau County groundwater flow models such as (Misut and
Aphale, 2014).

A steady state model was used to simulate average
present hydrologic conditions. Transient conditions were
simulated with a model using the steady-state hydraulic
parameters in order to demonstrate the validity and sensitivity
of the steady-state assumptions. Steady state assumptions may
introduce some error into the study results as a consequence
of averaging changing conditions and employing single
input parameters. For example, public-supply pumpage
varies in ways that cannot be fully represented by a steady
state model. The steady state assumption also was used in
the ARCADIS model (ARCADIS, 2010) and described in
Misut (2011). Use of a steady state model to address similar
project objectives has been justified in other USGS model
reports, such as Smolenksy and Feldman (1995) and Reilly
and Pollock (1995). During 2013, an aquifer test was done
by the Navy, and detailed time series of well pumping rates
and corresponding water-level responses were recorded at
numerous locations, which are given in Tetra Tech (2013).
These data were used to verify the current USGS model
and demonstrate the sensitivity of model results to certain
transient-state changes, described below.

Aquifer System Properties

Aquifer system properties are summarized in table 1. For
the inner fine grid, geometry of Magothy aquifer and confining
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beds was generated using transition probability methods. The
aquifer properties are discussed in more detail in Smolenksy
and Feldman (1995) and ARCADIS (2003). Spatial variations
of aquifer properties were derived from McClymonds and
Franke (1972) and Smolensky and others (1989). Initial
hydraulic conductivity values were estimated for the
hydrogeologic units using specific-capacity data from drillers’
logs and other methods and summarized in McClymonds
and Franke (1972). Initial effective porosity values for all
model layers are 0.25 as used by ARCADIS (2010). Storage
parameters applied in previous modeling studies on Long
Island are summarized by Buxton and Smolenksy (1999), with
specific yield values ranging from 0.1 (Magothy aquifer) to 0.3
(glacial outwash) and a specific storage of 6.0 x 1077 [1/ft] for
all confining units. Misut and Busciolano (2009) estimated the
specific storage of the upper Magothy to be 5.0 x 10 [1/1t].
Simulated aquifer system properties were refined during model
calibration as data became available through an ongoing Navy
drilling program (D. Brayack, written communication, 2013),
including addition of a basal zone of the Magothy aquifer and
lowering the altitude of top of the Raritan confining unit. The
horizontal and vertical hydraulic conductivity of the Raritan
confining unit is 0.001 ft/d (isotropic).

Initial parameter values for the main part of the Magothy
aquifer included a horizontal hydraulic conductivity of
50 feet per day (ft/d) and a vertical hydraulic conductivity
of 0.5 ft/d. These values relate to implicit representation of
local confining layers within the Magothy aquifer through an
anisotropy factor (ratio of horizontal to vertical hydraulic
conductivity) of 100:1. However, local confining layers within
the Magothy aquifer are further represented as a sequence of
three (A, B, C) conditional stochastic simulations—multiple,
equally probable spatial distributions that honor borehole data
within 1,000 ft of the GM—38 Hot Spot, including vertical
profile borings of section A—A’ (figs. 2, 3) and geologic logs of
BWD plant 6-2 (fig. 2). These distributions were not screened
from a larger population of distributions and therefore do not
represent a Monte Carlo analysis; they are simply the only
distributions generated; each provides a reasonable match
to the observed data and interpretations of confining bed
structures given in Tetra Tech (2012a).

Sedimentary facies in the Magothy aquifer identified
in the borings and the monitoring and public-supply wells
at the GM—-38 site include: (a) coarse-grained sediments
of predominantly fine to medium sand, (b) finer-grained
sediments of predominantly clay and sandy clay, and
(c) interbedded coarse and fine-grained sediments of
predominantly clay and sands (figs. 3, 7, modified from
TetraTech, 2012a). Coarse-grained sediments comprise about
83 percent of the Magothy aquifer material. Finer-grained and
interbedded sediments comprise 9 and 8 percent, respectively.
The identified facies intervals were input as hard data in the
conditional simulation. A 10-ft vertical sampling interval is
used to represent these hard data. The conditional simulation
subgrid (fig. 8) uses a regularly spaced grid of data points
in 45 columns by 60 rows by 65 layers (100 ft by 100 ft

Methods 1

by 10 ft); these data points overlap the inner zone of fine
MODFLOW model discretization (fig. 6).

A matrix of facies vertical transiograms may be used to
represent the probability of transitioning from one facies to
another within a Markov chain. Discrete probabilities were
computed every 2 ft vertically using 5-ft moving intervals
over a lag range of zero to 30 ft and are shown as points
(fig. 9). To extend transition probabilities from hard data
throughout the conditional simulation domain, it is necessary
to construct continuous transition probability models (shown
as lines in figure 9). While the transiogram matrix defines
vertical transition probabilities, it is also necessary to define
horizontal transition probabilities. To do this, a 1:60 ratio of
vertical to horizontal transition probability was applied using
the embedded transition probability method (Carle, 1999).
Resultant conditional realization A is displayed (fig. 10) along
part of section A—A' (location of section shown in fig. 2), as
a 5-point buffer radius around the hard data, and as a block
diagram within the regional flow model (fig. 11). Horizontal
transitioning is isotropic and honors the hard data from the
borings and wells.

Realizations differ slightly due to the probabilistic
nature of the realization method, which requires seeding with
a random number. Three equiprobable realizations (A, B,
and C) were performed as a preliminary analysis of the role
of heterogeneity on plume capture. Hundreds of similar
equiprobable realizations can be made. While the three
realizations probably do not represent a statistically significant
sampling, the results demonstrate the influence on plume
transport of uncertainty in distribution of fine-grained facies.
All provided clear matches to the observed data and facies
interpretations given in Tetra Tech (2012a). Realizations A and
B were practically indistinguishable, while realization C was
slightly different than realizations A and B. Comparison of
realizations A, B, and C near the GM—38 pumping wells (right
corner to the southeast in fig. 12) shows that fewer model cells
represent the fine-grained facies and the horizontal to vertical
anisotropy is less in realizations A and B than in realization C.
At the southwest corner of the heterogeneity realization blocks
(foreground of fig. 12), the dominant fine-grained bed in the
upper part of the block is noticeably thinner in realization C
than in realizations A and B, but a secondary fine-grained bed
in the lower part of the block is also extended in realization C.

Model Stresses

Stresses applied as boundary conditions within the
MODFLOW model include: pumping wells, using the MNW2
multinode well package (Konikow and others, 2009); recharge
to the water table, using the RCH package embedded within
MODFLOW-2005 (Harbaugh, 2005); streams, using the DRN
package embedded within MODFLOW-2005; and constant
head boundaries, using the CHD package embedded within
MODFLOW-2005. Pumpage data (fig. 13) were compiled
by the NYSDEC and include public supply, remedial, and
golf-course pumpage. These data were averaged over the
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Bethpage, New York.
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Figure 10. Conditional realization A of Magothy aquifer heterogeneity along part of cross section A-A’. (Location of section
shown in figure 2)
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