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1.0 INTRODUCTION

This Appendix of the Ri report presents the overall approach and the results of the Computer Modeling

efforts performed at Bethpage Naval Weapons Industrial Reserve Plant (NWIRP) at Bethpage New York,
which were conducted for the U. S. Navy.

Bethpage NWIRP is located on 108 acres in Nassau County of Long Island, approximately 20 miles east
of New York City in a highly industrialized area. Grumman Aerospace Corp. (Grumman) leases preperty
from the U. S. Navy as part of its Aerospace manufacturing activities. Figure 1-1 shows the location
of the NWIRP site. The histories of the NWIRP and Grumman facilities are discussed in detail in the
Initial Assessment Study of the NWIRP and the RI/FS Work Plan prepared by Geraghty & Miller.

Grumman utilizes 14 high capacity production wells located on the facility for air conditioning and non-
contact cooling purposes. Water pumped from these wells is retumed to the aquifer via several
recharge basins located across the site. The Bethpage Water District (BWD) operates water supply
wells to the east and south of the Bethpage NWIRP.

1.1 OBJECTIVES OF THE COMPUTER MODELING

The modeling investigation is part of an overall RI/FS program designed to determine the locations of

any potential sources of contamination on U. S. Navy property.

The general objective of the computer modeling was to provide data on groundwater flow in the area
of the NWIRP and the potential flow directions of contaminants. The specific objectives of the RI
computer modeling at Bethpage NWIRP are listed below:

. To provide a general characterization of the subsurface conditions underlying Bethpage NWIRP,
To develop a localized flow model which accurately represents groundwater flow in the area

around the Grumman site, with an emphasis on the groundwater flow in and around the
NWIRP, and

1-1
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. To model the flow directions and rate of travel for simulated contaminant releases under a

variety of production well and recharge basin pumping conditions.

As part of the FS program for the NWIRP, additional computer modeling will be conducted. Objectives
for the FS phase of modeling include

. | Utilizing the calibrated flow model to determine potential contaminant transport directions, and
. Using particle tracking and contaminant transport simulation for evaluation of remedial

alternatives for the site.

1.2 ORGANIZATION OF COMPUTER MODELING REPORT

This appendix summarizes the development of the Rl computer modeling efforts and presents their
results. The report is organized into nine sections. Section 1 provides an introduction to the computer
modeling. Section 2 summarizes the hydrogeologic conditions of the site area. Section 3 discusses the
modeling approach. Section 4 discusses the conceptual model. Section 5 summarizes computer code
selection. Section 6 discusses mode! calibration. Section 7 discusses model validation. Section 8
discusses the particle tracking performed at the site. Section 9 summarizes the sensitivity analysis

performed for the site. Section 10 provides a summary of modeling activities and a discussion of model
limtations.
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2.0 HYDROGEOLOGIC CONDITIONS

Bethpage NWIRP is located in west-central Long Island, which is underain by approximately 1,100 ft
of unconsolidated sand, silt, clay and gravel sediments of Late Cretaceous and Pleistocene age. These |
unconsolidated sediments are underiain by Precambrian crystalline bedrock, which siopes to the south-
southeast. All of the geologic units dip in these directions to varying degrees (Isbister, 1966). Three
aquifer systems are present within the unconfined sediments. In descending order these are, the upper o
glacial aquifer, the Magothy aquifer, and the Lloyd aquifer. - —

2.1 AQUIFER CHARACTERISTICS o~

2.1.1 Upper Glacial Aquifer

The upper glacial aquifer is composed of fine to coarse sand and gravel outwash deposits. In the

.
modeled area, this unit is the upper-most hydrageologic unit. This unit ranges in thickness beneaththe
site, with a total thickness of less than 75 ft. Literature sources estimate hydraulic conductivity values

™
of approximately 270 ft/d and vertical hydraulic conductivity values at approximately one-tenth of “
horizontal conductivity (Smolensky and Feldman, 1990). In the majority of the area encompassed by ;
the modeling gnd, the water table lies below the bottom of the upper glacial aquifer. o

w

. =

2.1.2 Magothy Aquifer

o

The Magothy aquifer is composed of fine to medium sand, with many discontinuous clay lens present
throughout the aquifer. Fine grained sediments are common in the Magothy aquifer, although no clay
lenses of regional extent were encountered during the driling program at the site. The lithologic trend o
observed dunng drilling is a decrease in the average grain size with increasing depth. The Magothy —
aquifer has a reported thickness of approximately 600 feet beneath the NWIRP. The basal portion of 7!

the Magothy aquifer is reported to consist of a highly permeable and productive gravel (Isbister, 1966, '
Geraghty & Miller, 1990). -

2-1
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Horizontal hydraulic conductivities for the Magothy aquifer have been estimated at approximately 50 f/d,
with decreasing vertical hydraulic conductivity with depth compared to the upper glacial aquifer.
Anisotropy has been estimated at approximately 100:1 (Smolensky and Feldman. 1990). The upper
portions of the aquifer are unconfined with an increasing degree of confinement with depth (isbister,
1966). The Magothy aquifer is the principal water-supplying aquifer for the Grumman production wells
and BWD wells. Water returmed to the aquifer from the recharge basins at the NWIRP is believed to
move through the upper glacial aquifer and recharge the Magothy aquifer, which contains the water
table across much of the modeled area. The Magothy aquifer and the upper glacial aquifer are
regarded as a common aquifer because they have similar lithologies, and no barrier to downward flow

exists between these units.

2.1.3 Raritan Formation

The Raritan Formation underlies the Magothy Formation, and the Lioyd Sand Member of the Raritan
Formation represents the third significant water beanng system in the area. The Lloyd Sand is
separated from the Magothy aquifer by the Raritan Clay unit, which represents the first regionally
extensive barmer to downward movement of groundwater. The Raritan Clay may range in thickness up
to 175 feet thick, with vertical hydraulic conductivities of approximately 0.001 f/d (Smolensky and
Feldman, 1990: Isbister, 1966). Due to the thickness and very low conductivity of the Raritan Clay, and
the fact that the Lloyd sand is not a major source of public water, the top of the Raritan Clay is
considered to represent the bottom of the groundwater flow system for the area around the NWIRP.

22 GROUNDWATER FLOW

Most of Long Island 1s bisected by a east-west trending. regional groundwater divide. The NWIRP lies
to the south of this divide. The groundwater beneath the NWIRP predominantly flows in a southward
directton (towards the Atlantic Ocean). although the flow directions are greatly influenced by the
groundwater mounding which occurs at the recharge basins associated with Grumman activities. In
addition, groundwater withdrawal from Grumman production wells have a pronounced influence on
groundwater flow directions. The production wells and recharge basins operate in various pumping

combinations which makes their effect of local groundwater flow direction subject to change. The
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NWIRP occupies an area of recharge with vertical hydraulic gradients having a downward direction
(Isbister, 1966). o

2.3 GRUMMAN PRODUCTION WELLS AND RECHARGE BASIN ACTIVITIES r

As part of Grumman activities, fourteen production wells are operated for non-contact cooling and air [
conditioning purposes. Numerous recharge basins lacated around the site recharge water pumped from '~
the production wells to the aquifer system. Figure 2-1 illustrates the location of Grumman production
wells and recharge basins. Prior to 1984, some Plant 03 production-liine rinse waters were discharged '~
directly to the recharge basins and may have contained chemicals involved in the manufacturing

process. s

Interviews with Grumman personnel indicate that water pumped from production wells to recharge _
basins follows a consistent pattern. Production wells PW-8 through PW-16 are north of the Long Island
Railroad tracks, which bisect Grumman property. Water produced from these northem production wells
is recharged to northemn recharge basins (outfalls 004 and 010). Water derived from southern
production weils, PW-1 through PW-6, is recharged via southem recharge basins (at outfalls 005, 006

and 007) Monthly records of total pumpage from these wells has been recorded by Grumman, and this

T
monthly pumpage data was used as part of model calibration and model validation. The majority of r
- water pumped by Grumman production wells is retumed to the aquifer by recharge basins, although a
loss of water may occur due to evaporation from the recharge basins and water diverted off site to ' “
sewers and water treatment plants. '
(‘“g
The total amount of production well pumpage and basin recharge is cyclic with an increase in summer
months when demand for cooling is greatest and a decrease in the winter. Pumping data provided by my
Grumman indicate that production wells pump a minimum amount during February and a maximum -
amount during August. Production well rates may be as high as 1,200 gpm. i
il
[
[
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3.0 SUMMARY OF MODELING APPROACH

3.1 DATA COLLECTION / ANALYSIS ~

The first portion of the modeling process is to compile the existing data. The available, relevant data |
regarding site hydrogeologic conditions and groundwater quality was collected and reviewed. ‘-
Groundwater elevation data, meteorological conditions, pumping and recharge data, and well location ™
data that was required for mode! activities was identified and obtained from Grumman, state, and -
Federal sources. To more fully define the aquifer parameters at the site, two pumping tests were
conducted at the NWIRP. For pumping test #1, the intermediate well HN-2712 was pumped at 448 gpm, o
and drawdown was measured in 10 observation wells. For pumping test #2, the deep production well
PW-11 was pumped at 890 gpm and drawdown was measured at 9 observation wells. A complete
discussion of the results and analysis of the pumping tests is discussed in Appendix E.

3.2 CONCEPTUAL MODEL DEVELOPMENT

A conceptual model of the groundwater system was developed from information gathered after the data
collection phase. The conceptual model identified and incorporated the key hydrogeologic
characteristics at the site, potential contaminant source information, and locations of the BWD water
supply wells in the area  In addition. the rationale for assumptions and simplifications made to the

natural site conditions were reported and described in the conceptual model.

3.3 COMPUTER CODE SELECTION

A groundwater flow modeling code was selected for the modeling project. The computer code selected -

for the project must be able to incorporated the key aspects of the conceptual model, and must have i

3-1
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been well tested and verified. In addition, particle tracking and contaminant transport applications must
be supported by the groundwater flow model.

3.4 FLOW MODEL CALIBRATION

The site wide flow model was developed by canfiguring the conceptual model into a format which is
compatible for input into the flow model and entering initial values for aquifer parameters into the flow
model. The mode! was then calibrated for two steady-state pumping conditions, and two transient
pumping test simulations. The flow model was calibrated by adjusting initial values of parameters, such
as, vertical and horizontal hydraulic conductivities, storage and boundary conditions. Calibration
continued until the water level elevations at 61 monitoring wells (in steady-state simulations) and the

modeled drawdowns (in transient pump test simulations) were adequately comparable to measured

values.

3.5 FLOW MODEL VALIDATION

The calibrated model was validated using two steady-state pumping conditions and resulting water
elevations which were not previously used in calibration. For each maonth used for validation, the
pumping/recharge rates of Grumman production wells and recharge basins were input into the model,

and the model results were compared against the measured water level elevations at 61 monitoring
wells.

3.6 PARTICLE TRACKING

Particle tracking was performed to determine the possible directions and rates of contaminant movement
following a simulated contaminate release from potential sources. Particle tracking was performed under
a variety of pumping and recharge conditions, from a variety of potential sources. This approach allows
for several potential release scenarios to be examined. An analysis of the rate of particle movement

and the three dimensional movement of particles throughout the aquifer was also conducted.
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3.7  SENSITIVITY ANALYSIS

Sensitivity analyses was performed to determine how sensitive the model output is to changes in aquifer
parameters. The sensitivity analyses involved changing aquifer parameters by incrementatamountsand '

evaluating these effects on model predictions. The results were used to quantify model accuracy and
model assumptions. —

3.8 SUMMARY OF MODEL LIMITATIONS 7

All computer modeling simulations are subject to error due to simplifications in the mode!, which are 'ﬁ
necessary in order to simulate comptex natural systems. The impact of these sources of error can be -
minimized by realizing what may contribute to error in modeling results and performing sensitivity '

analysis on the developed model. Potential sources of model error are identified, and the steps taken “
to minimize error are discussed. o
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4.0 CONCEPTUAL MODEL

After compiling existing data available for the site, a conceptual model was constructed for the site. The
conceptual mode! identified and incorporated the key hydrogeologic characteristics at the site, including

contaminant source data, BWD well information, and other factors which control groundwater flow.

The conceptual model for the study area is summarized in the following subsections which describe

. Areal and vertical extent of the model grid,

. Model Grid dimensians,

. General hydrogeologic conditions in the model area,
. Initial estimates of the hydrogeologic parameters, and
. Boundary conditions.

4.1  AREAL AND VERTICAL EXTENT OF THE MODEL GRID

The purpose of the modeling was to define the flow of groundwater in the area encompassed by the
NWIRP, Grumman property, and in the surrounding area. Figure 4-1 shows the area being modeled,
and the finite-difference gnid used in this study. The location of the model grid was defined in order to
maximize the grid density within Navy property and encompass the BWD wells to the east of the site
{BP-7, BP-8, BP-9), the Hooker-Ruco site. and the southemn extent of Grumman property.

The noﬂhérn boundary of the model area is located approximately 2000 feet north of the NWIRP. This
location was chosen because it encompasses all Grumman production wells and lies north of the
Hooker-Ruco site. The east boundary lies approximately 4800 feet east of the NWIRP and was chasen
to provide full coverage of the eastern BWD wells (BP-7, BP-8, BP-9). The western grid boundary lies
approximately 600 feet west of the NWIRP and encompasses the Hooker-Ruco site. To the south, the
boundary hes approximately 3000 feet south of the NWIRP, and was located to encompass all Grumman
property and southern recharge basins. The model grd is onented so the east-west sides of the grid

boundary are parallel to the groundwater flow direction in the area.

4-1
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4.2 MODEL GRID DIMENSIONS

4.2.1 Horizontal Dimensions

The block-centered finite-difference grid for the site covers a 11,300 by 12,800 ft area, as shown in
Figure 4-1. The grid consists of 53 columns and 63 rows and contains 5 layers. Grid line orientation
was designed with columns paraliel to the normal (non-pumping) groundwater flow direction in the area
covered by the grid. Due to software and computer memory limitations, there are a finite number of
nodes which can be effectively incorporated into a computer model. in areas of interest, nodes are
more closely space to provide tighter coverage of that area, while larger node spacings are used outside
the area of primary interest. Grid spacing has the highest density in the section of the grid which covers
the NWIRP, where each node has a length and width of 100 ft. The consistently small size of the grid
blocks allows for a detailed evaluation of potentiometric heads and groundwater flow in these areas.
Node size increases towards the outer edge of the grid, where more widely spaced model generated

heads were acceptable. All nodes of the grid are active (i.e., part of the aquifer).

4.2.2 Vertical Dimensions

The model grid consists of five layers, which are differentiated based on monitoring well depths in the
modeling area. Layer 1 extends from the surface to approximately 100 ft below ground surface (bgs)
and incorporates shallow HNUS monitoring wells. Layer 1 ranges in thickness from 77.5 to 105 fi. Layér
2 and 3 are each 100 ft thick. Layer 2 contains intermediate monitoring wells, while layer 3 contains
deep HNUS monitoring wells and one BWD well. Layer 4 is 150 ft thick and contains some of the
shallower Grumman production wells and one BWD well, while layer 5 ranges in thickness from 150 to

315 ft thick and contains the majority of the Grumman production wells and BWD wells.

This spacing of grid layers in relationship to well depths allows for a direct association between well
depths and model layers. For example, a water table contour of the modeled heads in layer 1 would
consist of shallow well heads, while a contour of layer 2 modeled heads would consist of intermediate
well heads. In this way, contaminants can also be tracked throughout the aquifer. For example, if

contaminants pass from layer 1 to layer 2 at a point with a shallow and intermediate well, the
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intermediate well would pick up the contaminations at that point, while a shallow well would be too
shallow to pick up the contamination.

Because layers were defined based on monitoring well depths, the model layers are not directly related
to lithologic units. Figure 4-2 illustrates the five model layers and their relationship to the aquifer units. o
Layer 1 contains the upper glacial aquifer, and the upper portion of the Magothy aquifer. Layers 2,3, '
4 and 5 are exclusively composed of the Magothy aquifer. The bottom of layer 5 is concurrent withthe '~
top of the Raritan Clay, which is a regional barrier to the downward movement of groundwater. Although ™
some water may pass through the Raritan Clay to the underlying Lloyd aquifer, this amount of water
was considered to be negligible, and the top Raritan Clay unit was assumed to be the bottom of the -
groundwater flow system. o

Surface elevations (top of layer 1 elevation) were determined from U.S.G.S contour maps of the area.

The surface contours were digitized and overlaid on to the model! grid, and surface elevatians for each

—
node were approximated to the nearest 5.0 ft. Layer 1 ranges in thickness from 72.5 ftto 105 ft. Layer .
2 and 3 were defined to be 100 feet thick. Layer 4 was defined to be 150 ft thick, and layer 5 was —
defined to be 150 feet thick. The bottom of layer 5 was determined by digitizing the elevation of the top
of the Rantan clay across the area from a literature sogurce and overlaying the model grid, and -
approximating the elevation to the nearest 10.0 ft (Smolensky and Feldman, 1930). Q
(_'\
4.3 GENERAL HYDROGEOLOGIC CONDITIONS IN THE MODEL AREA :
[
Based on monthly rounds of water-level elevations taken from monitoring wells and groundwater flow o
direction data from literature sources, the normal groundwater flow (under non-pumping conditions) is -
generally towards the south (Isbister, 1966; Smolensky and Feldman, 1990). Under pumping conditions, a
the activity at Grumman production wells, recharge basins and BWD wells significantly alters the local -
groundwater flow directions. o
Graundwater is derived from precipitation and infiltration from industrial and residential recharge basins. M

The ultimate discharge point for water in the groundwater system is the Atlantic Ocean. Discharge form -

the model area will occur at the southem border of the model, which is also designated as a constant re

44
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head boundary. Evapotranspiration and runoff are accounted for in the values used for infiltration
(recharge). Additionally, during pumping conditions the water pumped from the BWD wells was
considered to be removed from the system.

Based on literature sources and pumping tests conducted at the NWIRP, groundwater is considered to =
be unconfined (Isbister, 1966). The first laterally extensive layer which prevents the downward "
movement of groundwater is the Raritan Clay, which is approximately 600 feet beiow ground surface —
and is considered to be the regional flow barrier. The NWIRP occupies an area of recharge, and -
groundwater exhibits a downward flow direction. ¢

)
4.4 INITIAL ESTIMATES OF HYDROGEOLOGIC PARAMETERS “
M
4.4.1 Hydraulic Conductivity .
ol
Hydraulic conductivity values are specified in two directions: horizontal hydraulic conductivity (x- and y- |
direction) and vertical hydraulic conductivity (z-direction). Initial values for horizontal and vertical —
hydraulic conductivities were determined from the two pumping tests which were performed in the .
NWIRP area and from literature saurces (Isbister, 1966; Smolensky and Feldman, 1990; Mc Clymonds
and Franke, 1973). Pump test resuits are fully summarized in Appendix E. \h‘
In layer 1, the initial vertical hydraulic conductivity value was assumed to be one-tenth the horizontal rﬁ
conductwvity for each node. For layers 2. 3 and 4 the ratio of vertical to horizontal conductivities -
decreased with depth. In layer 5 the initial vertical hydraulic conductivity values were assumed to be o
approxxmatély one-fifth the horizontal conductivity values. Final values of hydraulic conductivity were l
determined dunng mode! calibration. | B
44.2 Storage -

Initial storage values were derived from pumping test data and literature sources (Isbister, 1966). Final 7
values were determined from model calibration. Storage values effect model solutions only during '
transient solutions. m
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4.4.3 Porosity

Initial values for porosity were determined from literature sources (Isbister, 1966; Fetter, 1988). For all
nodes porosity was estimated at 0.20. Changes in the values of porosity does not effect groundwater

flow directions or paths, although it does effect the rate at which groundwater moves through the aquifer.

4.4.4 Recharge

Recharge values were estimated from literature values, and from data from a climatic measuring station
in Mineola, NY, approximately 10 miles from the NWIRP (Smolensky and Feldman, 1990; Feldman,
Smolensky and Masterson, 1992). Average precipitation was 44.58 inches. It was assumed that 50%
of precipitation was lost to runoff, evapotranspiration, or other sources while the remaining 50%
recharged the groundwater system (Smolensky and Feldman, 1990). Recharge was added to the top

layer only and was applied at the same rate for each node over the model grid.

4.5 BOUNDARY CONDITIONS

Boundary conditions are parameters which specify the constant head of constant flux at the boundaries
and top surface of the modeled area. The types of boundary conditions used during these simulations
include constant head boundanes, with specified heads during the simulation and specified flow
boundarnes. where the flux across a boundary is given. Water enters the model area at constant head
boundaries along the north boarder of the modeiing grid  Although actual water elevations at these
points will fluctuate over time, it was assumed that fixed values could be assigned to these nodes for

different months, due to the long-term nature of the steady-state simulations

4.5.1 Constant Head Boundaries

The boundary conditions applied to the northern and southem border of the model grid were designated
as constant head boundaries. The value for constant head elevation for each node was initially
determined from water-table elevation maps from literature sources (Smolensky and Feldman, 1990).

Water elevations were digitized, and overlaid on to the modeling grid. Each node was assigned an
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constant head elevation to the nearest 0.10 ft. The final constant head elevations assigned to all layers
were determined during model calibration. ‘

4.5.2 Specified Flux Boundaries T

The value of flux across the top face of each node in layer 1 was specified to simulate the infiltration "
of precipitation. Flux was constant at 0.0051 ft/d, which is equal to 22.29 inches of recharge per year '~
or one half of the total average precipitation for the area (Smolensky and Feldman, 1990). ™

The east and west boundaries of the modeled area were specified as no flow boundaries in all five
layers (constant flux of zero). This assumption was based on potentiometric surface maps of the area,
which indicate groundwater flow in the area is generally parallel to these borders, with little or no flow  —
across the boundaries. -

—
4.5.3 Starting Head Values _‘:
rﬁ
For steady-state simulations, the starting head elevations for all layers were specified for each node |
in the grid. When performing steady-state simulations, the values of initial head were specified to be -
abave the top elevation of the highest cell, at 145 ft. This initial water elevation was necessary to u
prevent cells from starting dry, which can add additional error to the simulation runs. Regardiess of the
starting head value used, the same solution result was obtained. For transient simulations, starting head rﬁ}'
values were specified for each grid-block and read from input files. Each time aquifer parameters were .
altered during the transient calibration. a steady-state simutation was run and the resulting values of o
head were used as the starting head for the transient simulation. For steady-state simulations, the )

starting head elevations for all layers were specified for each node in the grid. When performing steady-
state simulations, the values of initial head were specified to be above the top elevation of the highest
cell at 145 ft This initial water elevation was necessary to prevent cells from starting dry, which can 1
add additional error to the simulation runs. Regardless of the starting head value used, the same
solution result was obtained. i
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5.0 COMPUTER CODE SELECTION

51 COMPUTER SOFTWARE

A groundwater flow model and a related particle tracking package were utilized in the modeling effort.
The following subsections describe the general capabilities of these codes. These models were chosen
because they can simulate the conceptual model constructed for the site. In addition, these models
have been extensively verified and documented and have been used successfully at many different
kinds of hazardous waste sites. There are many modeling packages which can be added to the basic

flow model for in depth analysis and presentation of modeling resuits.

511 MODFLOW Program

The modular three-dimensional finite-difference groundwater flow model (known as MODFLOW) was
developed by the U. S. Geological Survey to simulate groundwater flow in a variety of situations (Mc
Donald and Harbaugh, 1988). This model can be used for two-dimensional or three-dimensional
applications and can simulate the effects of wells, recharge, drains, and rivers, as well as a variety of
boundary conditions. '

MODFLOW has been used extensively at hazardous waste sites for simulation of groundwater flow and
evaluation of remedial alternatives. This model can also be used in conjunction with other programs
for modelng of contaminant transport and particle tracking. MODFLOW uses a block-centered grid for

solving the finite-difference groundwater flow equations.

Input files for MODFLOW are generated using a separate software package, known as ModelCad. This
package allows the user to generate graphical input of the modeling grid and aquifer parameters, which
are then converted to input files for use in MODFLOW and the particle tracking software, MODPATH.
The output from the MODFLOW model consists of heads generated for each model grid block for each

layer, which can then be imported into the contouring program SURFER for graphical presentation.

5-1
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5.1.2 MODPATH Program

MODPATH is a three-dimensional particle tracking code that was developed by the U. S. Geological
Survey (Pollock, 1889). Although it utilizes heads calculated in MODFLOW to determine the direction ™
of particle movement with time, MODPATH operates separately from MODFLOW. Two different particle |
tracking approaches can be used to illustrate the flow lines of a particle. In forward tracking mode, one h
or more particles are released from a suspected contaminant source, and the flow paths of these —
particles are calculated by MODPATH. The flow lines which represent particle mavement through time
can then be viewed in plan view or in cross-sectional view along model rows or columns. The second '
particle tracking mode is reverse particle tracking, where particles are released at a one or more grid
blocks (generally at well nodes) and particles are tracked towards their point of origination, which -
indicates the capture zone of the wells. —

The output generated by MODPATH consists of a listing of particle locations and travel times in a text

file, which can be converted to graphical output using the program MODPATH-PLOT. MODPATH-PLOT
can generate cross-sectional particle tracks along model rows and columns.

T
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6.0 MODEL CALIBRATION

Following the construction of the conceptual model and the input of initial values for aquifer parameters,
such as horizontal and vertical hydraulic conductivities, storage, recharge and constant head elevations,
calibration of the flow model was initiated. Calibration included steady-state calibration of two separate
pumping conditions at the Grumman site; low pumping conditions for Grumman production wells during
February, 1992, and high pumping conditions for Grumman production wells during August 1892, and
performing transient simulations of two pumping tests.

Model calibration refers to a demonstrating that the model is capable of producing water elevations
which are comparable to water elevations measured on site. Steady-state calibration simulated two
monthly pumping scenarios. Production well pumping rates and site wide water level data was used
to check the simulated water elevations across the modeled area. Transient (stressed) conditions were
calibrated by simulating two pumping tests performed on site. These pumping tests produced
drawdowns within a small portion of the model grid, and transient calibration efforts were focused on
this section of the model. Both transient and steady-state model calibration were performed by adjusting
initial values of aquifer parameters and boundary conditions until an acceptable match of the modeled

data was achieved when compared to observed measurements.

The calibration process was interactive between the steady-state and transient conditions. Any changes
made to aquifer parameters during steady-state calibration were incorporated into the transient
calibration model Therefore, the final values of aquifer parameters determined during calibration

represent a ‘best-fit' for the measured steady-state and transient data sets.

6.1 CALIBRATION CRITERIA

The calibration criteria is the acceptable difference (expressed in feet) between the measured data and

the modeled data for a given pumping situation. Calibration for the flow model was carried out until the

NYSDEC 030681



difference between the heads predicted by the model and the measured heads were within the
calibration criteria.

Generally, a groundwater flow model is to be considered calibrated when the difference between
measured and modeled heads are less than one half the average fluctuation in the water table. Inthe
area being modeled the water table had a natural fluctuation of approximately 4 ft, during 1991 and
1992, as shown in Table 6-1. Therefore, a general calibration criteria of 2.0 ft was established, andwas
used for the steady-state model calibration. ™

For the transient pump test simulations, a more rigorous calibration criteria of 1.0 ft was used for several —
reasons. Specifically, the pumping tests were performed in a small portion of the modeling grid, where -
numerous data paoints were present, node spacing is most dense, and precise measurements were -
made throughout the pumping tests. In addition, the flow of groundwater in the area around the NWIRP .

is of pnmary concem, as a potential source of contaminants (Site 1) is known to exist in these areas.

=
For these reasons the 1.0 ft calibration criteria was used for transient simulations, and the modeled Q‘
pumping tests were considered to be calibrated when model predictions of drawdowns were + 1.0 ft —~
when compared to measured drawdowns at each monitoring well. ) \
r“;
As part of the MODFLOW model, a volumetric budget (or water balance) is calculated internally by the O
program and acts as a check on the total amount of water entering and leaving the flow system (Mc
Donald and Harbaugh, 1988). This water balance provides an indication of the overall acceptability of h
the solution, although does not indicate how accurately the madel reflects the natural system. For -
example, a large water budget error can indicate problems with the conceptual model or hydraulic a
.conductlvitles of the model. The water budget calculates how much water enters the system from )

precipitation. recharge basins, and constant head boundaries and compares this to the amount of water
leaving the system due to well pumpage and constant head boundaries. Results are expressed interms
of percent eror with +0.50% error being considered to be the maximum allowable water balance error |

for all transient and steady-state calibration runs. e
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TABLE 6-1
MONITORING WELL WATER ELEVATIONS - 1991 AND 19982
PAGE 10f2
GRID 1991 1992

WELL _ LOCATION (RCL)| OCT.21 _NOV. 25 DEC_18 | JAN. 24 _FEB.21 _MARCH 27 APRIL24 MAY 23 JUNE 26
GERAGHTY & MIELERWELLS Snitnats ARG i 2 T
GM-25 2,331 76.30 72.90 7274
GM-21 6,332 75.85 71.86 71.62
GM-35 4,101 75.56 71.90 71.68
GM-3I 69 2 75.01 71.44 71.10
GM-4S 7.9.1 76.36 73.30 73.72
GM-4i 7.9.2 7469 71.44 71.08
GM-5S 10, 10, 1 74.38 71.05 7054
GM5I 10,10, 2 74.28 70.70 70.27
GM-6S 11,21,1 7455 70.66 69.34
GM-6/ 11,21, 2 69.59 65.43 65.15
GM-7S 13,271 75.88 71.25 71.43
GM-Ti 13,27, 2 75.66 71.06 7119
GM-70 13,27, 3 7377 69.26 69.09
GM-8S 15,37 1 7775 72.99 74.19
GM-81 15 37,2 76.50 72.00 7271
GM-95 13,6 1 7363 70.30 6972
GM-9! 1392 7360 70.26 63.63
GM-10S 20,71 7282 63.72 68.96
GM-10I 21,62 7270 69.47 66.59
GM-125 29 151 7256 69.2 68.96
GM-121 29 15 2 7258 A 4 68.81 68.43
GM-135 31,231 7310 7247 7267 71.06 70.55 69.99 68.99 69.28
GM13I 32,232 7321 7252 71.80 71.47 71.10 70.38 69.13 69.54
GM-13D 3423 71.04 70.66 6895 6801 63,01 6851 7.2 67.16
GM-14S 32,281 71.25 70.51 70.09 69.32 69.20 66.71 67.62 66.03
GM-14i 3% 252 7163 70.87 70.50 69.71 6917 68.58 67.71 68.00
GM-155 41, 38_1 69 11 68.34 67.91 67.20 73.65 7334 72.30 7272
GM-151 48 40 2 67 45 66 65 67.14 66 45 66.04 65.44 64.58 64.92
GM-16S 36,_16_1 71 4t 7067 6997 6853 6979 60.05 6845 68.58
GM-161 36 162 7131 7059 69 47 6815 69.75 6902 68.38 €8.49
GM-17S 389 1 7297 71.76 7100 72 49 N2 69 46 71.49 7289
GM-185 45 11 1 69.57 68 14 6828 67 48 66.73 6598 65.78 66.42
GM-18i 44, 11,2 €986 68 49 6874 67.92 67.74 66.94 6683 67.47
GM-19S 48,33 1 6863 67.34 67.57 66 B1 66 41 65.78 65.33 6617
GM-19I 48 33 2 6853 67.29 67.64 66 98 66 46 6584 65.35 66.12
GM-20S 51 161 6996 67 16 67.00 6619 65.33 6474 65.40 67.01
GM-201 51,16 2 6692 66 62 66 61 6598 65 54 6483 65.28 66.42
GM-200 S1._16_3 6767 65.91 €576 64 05 64 68 6143 6392 64.68
GM-21S 51 23 1 66 35 66 11 66 01 65 31 6442 64.38 64.76 65.05
GM-211 51 23 2 6772 65 74 65 60 6493 6452 6303 64.42 65 45
GM-225 51,301 6750 6677 6302 66 35 65 68 6531 64.66 66.13
GM-22i 51,30, 2 6708 6563 66 04 6768 64 87 6430 64.00 6539
GM-23S 29,81 68.61 68.01
GM-23! 296 2 68.57
HN-8D 17.37.3
AN-245 13, 2.1
HN-24! 13,22
HN-25S 16,21 1
HN-251 16417, 21422, 2
HN-25D 16,21, 3
HN-265 18,26, 1
HN-261 19 26, 2
HN-27S 22+23 301
AN-ZTI 2+23 30,2
HN-285 26+27, 20+30_1
HN-281 26+27 29+30, 2
HN-295 26427 26+27 1
HN-291 26427 26427, 2
HN-290 | 26+27.26+27 3
HN-30S 22.36+37 1
HN-301 22, 36+37. 2

Note' Shading indicates water elevation not taken.

ltalies indicate outiter well (not included in snnual difference calculation)
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TABLE 6-1

MONITORING WELL WATER ELEVATIONS - 1981 AND 1892

PAGE 2 of 2

GRID

1992

WELL _LOCATION (RCL)

JULY 24 AUG.28

HIGHEST

LOWEST
VEL

ANNUAL
DIFFERENCE ﬂ

B :_____,_,Q
GM:-" 2,331 72.10 72.39 .73 71.73 4.72
GM-21 6,332 71.05 71.28 70.84 70.84 5.01
GM-3S 2101 71.45 71.55 71.50 71.50 4.19
GM-3/ 69,2 70.49 74.96 70.31 70.31 4.93
GM4S 791 7304 74.49 72.68 72.68 3.68
GM-al 7,92 7042 70.84 70.29 70.29 4.60
GM-55 10,10, 1 7004 70.37 69.78 69.78 4.60
GM-5| 10,10, 2 6968 69.57 6956 60.56 472
GM-65 1,211 69.70 69.88 69.69 60.34 5.21
GM-6/ 11,21, 2 64.39 64.72 64.72 64.72 4.87
GM-7S 13 971 7055 7073 70.38 70.38 5.50
GM-71 13,27,2 70.36 70.52 70.31 70.31 5.35
GM-7D 13, 27,3 67.84 68.41 59.25 67.84 627
GM-85 15 37,1 7471 74.87 7363 72.76 4.99
GM-8l 15,37, 2 7364 72.84 72.16 72.00 4.50
GM-95 13,91 €9.17 70.62 69.04 69.04 4.59
GM-9I 13.9.2 05 69.45 69.05 69.05 455
GM-10S 20, 7,1 68.62 68.75 66.48 66.48 4.34
GM-101 21,6.2 68.31 67.37 66.32 ) 67.37 534
GM-12S 29,151 68.60 68.78 68 47 72.96 68.47 4.49
GM-12I 79.15,2 68.04 68.29 68.23 72.58 68.04 4.54
GM-13S 31,23 1 68.88 70.61 68.84 73.10 58.84 4.26
GM131 32,232 68.97 69.55 68.98 7321 55.98 33
GM-130 34,223 66.67 67.05 67.06 | 71.04 57.05 3.99
GM-14S 32,261 67.59 68.51 67.75 71.25 57.75 3.50
GMal 36,25, 2 67.60 66.04 57.67 71.63 56.04 5509
GM-155 41,38 1 72.25 T2.72 7246 73.85 67.29 6.56
GM-151 48 _40 7 64 46 54,99 54.54 67.45 64 46 2.90
GM-16S 36,161 68.27 68.54 68 14 7141 68.14 327
GM-161 36162 68.20 68 44 5808 7131 58.08 323
GM-175 389 1 7342 72.29 71.21 73.42 59 46 3.96
GM-185 a5 111 65 64 €6.23 65 85 69.57 55.85 3.72
GM-181 4 11,2 66 47 67.22 66.64 69.66 66.63 3.03
GM-185 48 331 6563 66.24 6579 68 &5 33 3.30
GM10I 48, 332 65 56 66.24 6573 68.53 5535 3.18
GM-20S 51,16, 1 66 78 67.41 66 61 69.96 64.30 5.66
GM-201 5116 2 6613 66 45 6610 68 62 64.50 442
GM-200 51,16, 3 64.33 64.90 5454 67.67 61.43 6.24
GM218 51, 231 65 79 66 50 66 15 68.35 63.46 4.89
GM-211 5123 2 65 24 65 62 65.25 67.72 6355 317
GM-228 §1.30 1 6573 66 23 66 10 67.90 §3.02 2.88
GM-221 51,302 64 59 65.15 64 67 67.08 54.08 3.00
GM-235 29 8.1 6758 6784 6768 7184 67.68 416
GM-231 29,8 2 67 50 67.78 67 69 7185 67.69 4.16
HN-8D 17.37.3 70 88 7055 69 96 7095 69.49 1.46
AN-248 13, 22 1 6932 60 47 69.04 7299 69.04 395
HN-24i 13. 2.2 67 60 68 10 58 34 7262 68 10 4.52
HN-25S 16 211 60 B3 68 83 6953 73184 6953 4.31
HN251 | 16+17.21+22.2 | ©69.26 69 41 69 51 7363 69.26 357
HN-250 16,213 7121 68 39 282
HN-26S 18,26 1 7538 72.63 255
HN-261 19.26.2 74.66 70.96 3.90
HN-27S 22+23. 30,1 77.10 74.21 3.49
HN-271 22+23 302 5 7488 7298 1.80
HN.28S | 26+27, 20+30, 1 71.97 72.41 71.47 73.58 71.16 242
HN-281_| 26+27, 29+30,2 | 69.86 7005 59,84 7286 69 75 KX]
HN-29S | 26427, 26427 1 71.13 7150 70.69 7376 7069 307
HN29I | 26427 26+27.2 | 6927 6956 65 45 72.63 69 45 3.38
HN-29D | _26+27 26+27. 3 | 6668 67.24 6753 69.42 67.24 218
HN-305 22, 364371 80 64 7936 77.70 80.64 72.00 864
HN-30/ 22 36437, 2 74.84 74.36 73 45 74.84 72.10 274
AVERAGE ANNUAL DIFFERENCE (FT) 413
6-4
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6.2 STEADY STATE CALIBRATION

Calibration of steady-state conditions was performed to correlate modeled water elevations with
measured data for 61 observation wells located in the NWIRP and throughout the Grumman site.
Steady-state calibration included performing simulations of two different pumping scenarios, which
correspond to the lowest and highest yearly production rates at the Grumman production wells: low
pumping conditions during February 1992, and high pumping conditions during August 1992. For these
pumping scenarios monthly pumping rate data was available for each production well on the Grumman

site, and water levels were taken at the end of each month.

Due to seasonal precipitation fluctuations the constant head values aséigned to the boundaries changed
for the two months for which model calibrations were performed.

6.2.1 Steady-State Calibration Procedures

For each steady-state simulation the average pumping rates was determined for each Grumman
production well from monthly production well totals. Initially, recharge basins were assumed to receive

alt water pumped by the production wells. The simulation output was compared against the measured

- data, aquifer parameters were changed until the modeled data were withinthe +2.0 ft calibration criteria

of measured results. and a best-fit was achieved across the modeled area. The final values of recharge
basin recharge rates were determined during model calibration and were within 90% of the total water
pumped from the production wells. Steady-state simulations were run until there was a change in head
of less than .0001 ft during one iteration of the simulation.

6.2.2 Steady-State Calibration Results

Calibration results for the low pumping conditions during February 1992 are presented on Table 6-2.
Calibration results for the high pumping conditions during August 1992 are presented on Table 6-3.

Calibration results summarized on these tables indicate that 56 of 61 wells in low pumping simulations,
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TABLE 6-2 . -
MODEL CALIBRATION RESULTS
LOW PUMPING CONDITIONS - FEBRUARY 21, 1992

GRID FEB. 21, 1992 MODELED MODELED - MEASURED |
WELL LOCATION (R,C.L) WATER ELEVATION WATER ELEVATION ;e
2 33 1 75.16 . 0.33 v
6, 33,2 74.09 73.23 -0.86 -
4,101 74.56 73.99 -0.57
6,9, 2 74.05 73.70 -0.35 C
7.9,1 75.23 75.35 0.12 )
7.92 74.04 73.88 -0.16 ‘
10, 10, 1 73.52 72.89 -0.63
10, 10, 2 73.34 72.79 -0.55
GM-6S 11,21, 1 73.29 72.29 -1.00 ~
GM-61 (1) 11,21, 2 68.06 72.24 4.18
GM-7S 13,27, 1 73.16 72.59 -0.57 t
GM-71 13, 27, 2 73.07 72.50 -0.57 ..
GM-7D 13,27, 3 72.16 72.30 0.14
GM-8S 15, 37,1 73.97 74.71 0.94 o
GM-8I 15,37, 2 73.31 74.15 0.84
GM-9S 13.9, 1 72.70 72.55 -0.15 £
GM-9I 13,0, 2 72.70 72.41 -0.29 .
GM-10S 20,7, 1 71.83 71.81 -0.02
GM-10i 21,6, 2 71.75 71.24 -0.51 .
GM-12S 2915, 1 7111 70.68 -0.43
GM-121 28 15,2 70.82 70.64 018 v
GM-135 31,23, 1 70.55 70.50 -0.05
GM13l 32, 23,2 71.10 70.18 -0.92 A
GM-13D 34,22 3 69.01 69.59 0.58 .
GM-14S 32,28, 1 69.20 70.44 1.24
GM-14| 36, 25, 2 69.17 69.29 0.12 .
GM-15S 41, 38, 1 7385 73.47 -0.38
GM-151 48, 40, 2 66.04 66.57 0.53 :
GM-16S 36,16, 1 69.79 69.30 -0.49 ,
GM-16/ 36,16, 2 69.75 69.25 -0.50
GM-17S 38.9. 1 71.22 70.46 -0.76 .
GM-18S 45 11, 1 6673 67.27 0.54
GM-18I 44 11,2 67.74 67.21 -0.53 \
GM-195 48, 33, 1 66 41 66.69 0.28 _
GM-181 48 33 2 66 46 66.61 0.15
GM-20S 51, 16, 1 65.33 65.70 0.37 .
GM-201 51,16, 2 65 54 65.55 0.01
GM-20D 51,16, 3 64 68 65.36 0.68 L
GM-21S 51, 23 1 64 42 6588 1.46 _
GM-211 51, 23,2 64.52 65.67 1.15 o
GM-22S 51,30, 1 65.88 65.71 -0.17 .
GM-22 51, 30, 2 64 87 65.56 0.69
GM-23S 29 8, 1 70.32 70.50 0.18 =
GM-23| 29,8, 2 70.32 70.45 0.13 .
{
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TABLE 6-2

MODEL CALIBRATION RESULTS
LOW PUMPING CONDITIONS - FEBRUARY 21, 1992

WELL

GRID

LOCATION (R,C,L) WATER ELEVATION WATER ELEVATION

FEB. 21, 1992 MODELED

MODELED - MEASURED |

, 37, 70.95 . .
13,221 71.69 72.12 0.43
13,22 2 71.18 72.05 0.87
16,21, 1 72.40 71.77 -0.63
16+17, 21422, 2 - 7223 71.69 -0.54
16,21,3 71.21 71.43 0.22
18,26, 1 74.23 72.80 -1.43
HN-26I 19,26, 2 73.28 72.54 -0.74
HN-27S 22423, 30, 1 74.21 74.38 0.17
HN-271 22+23, 30,2 73.61 73.68 0.07
HN-28S 26+27,29+30, 1 72.10 72.38 0.28
HN-28| 26+27 29+30, 2 71.28 72.20 0.92
HN-29S 26+27 26+27 1 72.15 71.84 -0.31
HN-29| 26+27, 26+27, 2 71.19 71.72 0.53
HN-29D (2) 26+27, 26427, 3 69.42 71.48 2.06
HN-30S (2 22, 36+37, 1 73.00 76.80 3.80
HN-30I (2) 22, 36437, 2 72.50 74.82 2.32
NOTE: Calibration Criteria +/- 20 ft.
(1) Monitoring well not included in calibration due to proximity to production well.
(2) Monitoring well not included in calibration due to proximity to recharge basin.
MEAN ERROR: -0.01
ABSOLUTE RESIDUAL VALUE: 28.26
MODFLOW WATER BALANCE ERROR: -0.05%
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TABLE 6-3 Ca
MODEL CALIBRATION RESULTS :
HIGH PUMPING CONDITIONS - AUGUST 28, 1992

GRID AUG. 28, 1992 MODELED MODELED - MEASURED

WE .
GM-2S 2,331 72.39 7320 0.81 e
GM-2| 6,33,2 71.28 71.05 -0.23
GM-3S 4,101 71.55 71.71 0.16
GM-3((2) 69, 2 74.96 71.60 -3.36 s
GM-4S 7.9.1 ~ 74.49 74 .38 0.11
GM-4! 7,92 70.84 71.92 1.08
GM-5S 10, 10, 1 70.37 70.13 -0.24 .
GM-5! 10,10, 2 69.57 70.00 0.43 "
GM-6S 11,21, 1 69.88 69.23 -0.65
GM-6/ (1) 11,21 2 64.72 69.15 4.43
GM-7S 13,27, 1 70.73 70.37 -0.36 v
GM-7I 13,27,2 70.52 70.15 -0.37
GM-7D 13,27, 3 68 41 69.61 1.20 o
GM-8S 15,37, 1 74.87 75.59 0.72 s,
GM-8I (2) 15,37, 2 72.84 70.53 -2.31
GM-9S 13, 9.1 70.62 69.65 -0.97 .
GM-9I 13,92 69.45 69.46 0.01
GM-10S 20,7, 1 68.75 69.30 0.55 L
GM-101 21,6,2 67.37 68.01 0.64 i
GM-12S 29,15, 1 68.78 68.00 078
GM-12I 29,15, 2 68.29 67.95 -0.34
GM-13S 31,23, 1 70.61 68.79 -1.82
GM13I 32,23 2 69.55 6834 -1.21
GM-13D 34,22, 3 67.05 67.78 0.73
GM-14S 32,28, 1 68.51 68.88 0.37 v
GM-14I 36,25,2 66.04 67.73 ' 169 X
GM-15S 41,38, 1 72.72 72.45 -0.27
GM-151 48 40,2 64.99 65.77 0.78
GM-16S 36, 16,1 68.54 6767 -0.87
GM-16l 36,16, 2 68.44 67.54 -0.90 =
GM-17S 38,9 1 72.29 71.70 -0.59
GM-18S 45, 11,1 66.23 66.80 0.57 b
GM-18l 44, 11,2 67.22 66.66 -0.56
GM-19S 48,33, 1 66.24 66.43 0.19
GM-191 48 33 2 66.24 66.26 0.02 -
GM-20S 51,16, 1 67.41 66.65 -0.76
GM-20I 51,16, 2 66.46 66.13 -0.33
GM-20D 51,16, 3 64.90 65.44 0.54 .
GM-21S 51,231 66.50 67.48 0.98
GM-211 51,23, 2 65.82 66.64 0.82
GM-225 51, 30, 1 66.23 66.46 023
GM-22| 51,30, 2 65.15 65.93 0.78 e
GM-23S 29,8, 1 67.84 67.01 -0.83
GM-23I 20.8,2 67.78 66.94 -0.84 -
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TABLE 6-3

MODEL CALIBRATION RESULTS

HIGH PUMPING CONDITIONS - AUGUST 28, 1992

GRID AUG. 28, 1992 MODELED MODELED - MEASURED
WELL LOCATION (R,C,L) WATER ELEVATION WATER ELEVATION

HN-8D (2) 3 70.55 73.95
HN-24S 13,22, 1 69.47 68.98 -0.49
HN-241 13,22, 2 68.10 68.84 0.74
HN-25S 16,21, 1 69.83 ‘ 68.41 -1.42
HN-25I 16+17,21+22, 2 69.41 68.30 -1.11
HN-25D 16,21, 3 66.83 67.43 0.60
HN-268 18,26, 1 Dry - —
HN-26I 19,26, 2 71.02 71.58 0.57
HN-27S 22+23 30, 1 75.64 75.71 0.07
HN-271 22+23,30,2 Destroyed - —
HN-28S 26+27,29+30, 1 72.41 71.75 -0.66
HN-28I 26+27,29+30, 2 70.05 71.39 1.34
HN-29S 26+27,26+27, 1 71.50 70.47 -1.03
HN-29I 26+27,26+27,2 69.56 70.24 0.68
HN-29D (2) 26+27,26+27,3 67.24 69.77 2.53
HN-30S 22 36+37.1 79.36 81.03 1.67
HN-30! (2) 22, 36+37, 2 74.36 76.71 2.35
NOTE: Calibration Criteria +/- 2.0 fi.
(1) Monitoring well not included in calibration due to proximity to production well.
(2) Monitoring well not included due to proximity to recharge basin.

MEAN ERROR: 0.02

ABSOLUTE RESIDUAL VALUE: 36.64

MODFLOW WATER BALANCE ERROR: -0.04%
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and 55 of 61 wells in high pumping situations fall within the calibration criteria of +2.0 ft. The wells
which fall outside the calibration criteria are described below.

For both pumping conditions, welis which do not fall within the calibration criteria (referred to as outlier rj
wells) are located in the vicinity of a production well, recharge basins, or exhibit unusual water
elevations during some of the period for which water elevations were measured. Numerous production r“
wells and recharge basins are active across the NWIRP and the Grumman site, and these activities can  *
effect the local water-table significantly. The outlier wells are believed to be influenced by a some, near

by external stress, such as a active industrial or residential recharge basin. —

Wells HN-61, GM-8!, HN-8D, HN-29D, HN-30S and HN-30! are in close proximity to active recharge .-
basins and exhibit modeled water elevations which fall outside the calibration criteria of + 2.0 ft. The -
location of these wells near production wells ar recharge basins may account for the disparities in model o

values of water elevations. Model pumping and recharge rates for production wells and recharge basins

™

were determined from monthly totals, and these averages may not be accurate over shorter time o
periods, such as one day. Water levels taken in the immediate vicinity of recharge basins represent —
'snap-shot’ pictures of water elevations, and will record a sudden change in water elevation in a near-by .
recharge basin, such as when the water level increases or decreases suddenly in the recharge basin -
due to a production wells turning on or off. Monthly average pumping rates used in the model cannot .

- simulate these daily changes for wells near the recharge basins. However, for wells not immediately

adjacent to a recharge basin, the monthly averages represent good approximations of steady-state i
conditions over a monthly interval, as evidenced by the effective calibration of the majority of the a
monitonng wells dunng low and high pumping conditions. "~
=

Well GM-6! is located in the immediate vicinity of Grumman production well 13, an active production
wells dunng 1991 and 1992, GM-6! shows a consistently low measured value, which may indicate that
pumping activity at PW-13 may be effecting the modeled vs. measured results in a similar fashion as '
described above for wells near recharge basins. Pumping at PW-13 may have decreased the measured

values at this well, while the mode! inputs assumed a consistent pumping rate throughout the month. n

Well HN-15S, which fell within the calibration criteria, exhibits unusual water elevations consistently ~

through out the 1992 period during which water elevations were taken. Typically a shallow and s
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intermediate well in thé same area will exhibit a decrease in head of approximately 1.5 ft of head or
less, between the two wells. Figure 6-1 illustrates a graph of water levels at well HN-15S and HN-15I.
The normal relationship is seen in the October 1991 through January 1992 data for GM-15S and GM-
151. The sudden increase in the water elevation at GM-158 during February, which does not effect GM-
151, does not conform to the typical trend of water levels at the site. This sudden increase in water level
at GM-15S may be the result of a recharge basin or other extemal stress becoming active during the
month of February 1992 and continuing at least through September 1992. Teo account for this, a
recharge basin was assumed to be active in the vicinity of GM-15S, running at 306 gpm during low and
high pumping conditions. This recharge rate for this recharge basin was determined during calibration

to produce a result similar to the increase in water levels seen in the measured data at GM-15S.:

Wells GM-3S, GM-3l, GM-4S. GM-4!, GM-5S, GM-51 and GM-9S, GM-9I, which are in the vicinity of the
Hooker-Ruca chemical facility, generally were within the calibration criteria, although they consistently
exhibited low modeled vs. measured resuits throughout model calibration. Three large recharge basins
are present on the Hooker-Ruco site. Recharge activity at these Hooker-Ruco basins would account
for the low modeled values produced at these wells during calibration simulations, as recharge may
have been added to these basins during the two months used for calibration. Therefore, during the
calibration simulations water was added at these basins to simulate recharge activity. Recharge rates
at the Hooker-Ruco basins was determined during model calibration. During low pumping conditions,
202 gpm was added to each basin, while during high pumping conditions an average of 838 gpm was

added to each basin. Table 6-4 shows the pumping and recharge rates used during the February and
August, 1992 calibration scenarios.

The difference between the measured heads and the modeled heads was calculated for each well. and
are isted in Tables 6-2 and 6-3. This value indicates if the measured water elevation at a well is within
the calibration cntena. In addition to this value, two other quantitative calculations were preformed for

the calibration runs to determine how closely the modeled data fit the measured data.
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Figure 6-1
GM-15S Water Elevation 1991 and 1992
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The sum of the differences of madeled data and measured data (referred to as the mean error) indicates

the amount of positive or negative model error for the calibration run. The mean error is calculated by |

the following formula: =
-
!
1 n .
= — E [hy-hJi

n s —

where ME is the mean errar, hm is the measured head, hs is the simulated head, and n is the number
—

of calibration values used. A zero value of mean error indicates equal amounts of positive and negative
model error. Final calibration results for low pumping conditions have a mean error of -0.01 ft for low
pumping conditions and 0.02 ft for high pumping conditions. Figures 6-2 and 6-3 graphically iliustrates
the amount of model error for the February and August 1992 simulations at each monitoring well.
Because outlier wells may have been biased by recharge basin activity or production well activity, these "
wells were not included in the mean error values for these calibration scenarios. Figures 6-4 and 6-5
illustrate the amount of model error present at each monitoring well for the February and August, 1992 M
simulations for all wells, excluding the outlier wells. The mean error was minimized during model -
calibration. A small value of mean error alone does not indicate a good calibration, as both positive and 7
negative mean erors are incorparated and may cancel out. For this reason, an additional measure of C

model accuracy was calculated. r-ﬁ

The absolute residual value is the sum of the absolute values of the differences between measured and

modeled data for each monitoring well, and is calculated using the formula: ‘

LS | i |
noa

where AR is the absolute residual value, hm is the measured head, hs is the simulated head, and n e
is the number of calibration values used. A low absoiute residual value indicates a good match between -
measured and modeled data. The absolute residual value for low pumping and high pumping conditions -
was minimized during calibration. As noted in Tables 6-2 and 6-3, for low pumping conditions the
residual value was 28.26 ft, and for high pumping conditions absolute residual value was 36.64 ft. The "
outlier wells that fall outside the calibration critena were not included in the calculation of mean error

or absolute residual error because these wells were interpreted to be influenced by active recharge
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Figure 6-2
Model vs. Measured Values - Feb, 1992
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Figure 6-3
Model vs. Measured Values - Aug. 1992
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Figure 6-5
Model vs. Measured Values - Aug. 1992
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baéins and production wells. In addition to the statistical checks made on calibration solutions noted

above, the water balance of each calibration run was checked. All calibration runs fell below the + 0.50
% water balance error criteria. —

Qualitative water elevations are presented in the water-table maps which compare measurements of -
modeled and measured data. Figure 6-6 compares the February 1992 measured and modeled (low

pumping) water-table map. Figure 6-7 compares the August measured and modeled (high pumping)
water-table map. '

6.3 TRANSIENT CALIBRATION

To calibrate the flow model for transient conditions, during which a stress is applied to the aquifer, two -
pumping tests which were conducted at the NWIRP, were simulated. The drawdowns produced in
monitoring wells during the pumping tests were recorded, and this data was compared to model : -
generated drawdowns. During pump test #1, the intermediate well HN-2712 was pumping at a rate of
480 gpm for 2.8 days, while during pump test #2, the deep production well PW-11 was pumping at 890
gpm for 2.8 days. A complete discussion of the results for two pumping tests is provided in AppendixE.

6.3.1 Transient Calibration Procedures

Transient calibration began by performing modeling runs for the two pumping tests using the aquifer -
parameters determined during steady-state calibration. Subsequently, aquifer parameters, such as r
vertical and horizontal hydraulic conductivities, and storage were changed to achieved a best-fit between —
" modeled and measured results for both pumping tests. For each pumping test simulation, all water

-
pumped from the aquifer by the pumping well was assumed to be retumed to the Grumman recharge Co
basins via outfall 010. and no additional water from other site activities was contributed to the recharge -
basins. BWD wells were assumed to be distant enough from the pumping test activities to preciude any »
efiect on the observed drawdowns, and therefore, the BWD wells were not active during the simulations.

; -
6.3.2 Transient Calibration Results -

Table 6-5 presents a summary of the cahbration results for the two pumpihg test simulations. Time- :
drawdown graphs comparing the modeled drawdowns and recovery results for the final MODFLOW (-
model to the measured data for pump test #1 are illustrated in Figures 6-8 through 6-19. The final C
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TABLE 6-6

SUMMARY OF CALIBRATION RESULTS
PUMP TEST #1 AND PUMP TEST #2

Layer

Well Location  Location Measured Modeled Difference

Row Column Drawgown ft Drawdown (f ft) (1
HN-2782 1 23 30 1.31 1.18 -0.13
HN-27S3 24 30 1.01 0.95 -0.06
HN-2611 19 26 0.26 0.22 -0.04
HN-2711 2 30 3.51 3.57 0.06
HN-2712 30 5.05 5.13 0.08
HN-28! 0.51 -0.08

PUMPTEST #2
HN-25S 1 21 16 0.08 0.29 0.21
HN-2752 23 30 0.11 -0.84 -0.95
HN-251 16 21+22 0.08 0.43 0.35
17 21+22
HN-2611 2 19 26 0.04 0.15 0.11
HN-2712 23 30 0.12 -0.65 -0.77
HN-28] 26 29+30 0.17 -0.26 -0.43
27 29+30
HN-291 26 26+27 0.21 0.02 023
27 26+27
HN-25D | 3 16 21 0.17 0.57 0.4
NH-29D 26 26+27 0.27 0.08 -0.19
27 26+27
PW-10 5 17 19+20 <05 0.69 019
18 19+20
PW-11 19 23 1.03 1.86 0.83

NOTE: CALIBRATION CRITERIA FOR PUMP TEST SIMULATIONS = +/- 1.0 FT.
(1) DIFFERENCE = MODELED - MEASURED
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Figure 6-8

HN-27S2 Drawdown for Pump Test 1

S rlewdcmem R

Drawdown (feet)
-]

-18

v T T
100 100.0 1000.0
Time (Minutes)

1
Note: HN2712 pumping at 448 gpm J

0+t

- HN27S2 (Modeled) —— HN-27S2 (Measured)

6-23

1E4

NYSDEC 030702



s

-
L.

£

)

i

——

Figure 6-9

HN-27S3 Drawdown for Pump Test #1
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Figure 6-10

HN26! Drawdown for Pump Test 81
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Figure 6-11

HN271t Drawdown for Pump Test #1
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Figure 6-12

HN2712 Drawdown for Pump Test #1
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Figure 6-13

HN28I Drawdown for Pump Test #1
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Figure 6-14

HN-2752 Recovery for Purp Test #1
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HN-27S3 Recovery for Pump Test #1
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Figure 6-16

HN26! Recovery for Pump Test #1
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Figure 6-17

HNZT1t Recovery for Pump Test #1
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Figure 6-18

HN2712 Recovery for Pump Test #1
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Figure 6-19

HN28! Recovery for Pump Test #1
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calibration parameters for the model represent a best-fit for transient and steady-state flow conditions.
Final calibrated model simulations had a MODFLOW water balance error of less than 0.15%.

Measured results for pump test #1 show significant drawdown (>1.0 ft) in 4 of the 6 abservation wells.
The pumping well had 5.05 ft of drawdown (carrected) occurring in the pumping well. The measured
drawdown in the pumping well for both pump tests was corrected to account for the drawdown produced
within the well casing, which is much higher than was actually produced in the aquifer. This correction
was necessary to determine the amount of drawdown which actually eccurred in the aquifer immediately
outside the pumping wells which is simulated by the model, rather than the amount of drawdown inside
the well casing. which was measured during the pumping test. This correction (describéd in
Appendix E) involved determining the actual amount of drawdown which occurred at the well
(determined from a distance-drawdown plat), comparing it to the measured drawdown in the pumping A
well, and using the ratio between actual and measured as a multiplier for the measured drawdown in  *~
the well. Use of this correction compensates for the drawdown produced in the well casing while

maintaining the same shape of the time-drawdown curve for the pumping wells -

As shown in Table 6-5, the modeled results for pump test #1 correspond closely to measured results
at the pumping well and the five observation wells. In addition, the graphs comparing the simulated
drawdowns and recovery results to the measured data for pump test #1 also show similar modeled and
measured results. The total amount of drawdown and the general shape of the drawdown and recovery
curves are similar between the modeled and measured results, indicating that the model can

successfully reproduce the pumping test results under transient conditions.

As detailed in Appendix E, pumping test #2 did not produce significant drawdowns in abservation wells.
Small amounts of drawdowns were seen in the observation wells, with <0.5 ft change in head being
observed during the pumping test in all of the observation wells. This small amount of drawdown is
difficult for the modet to simulate for several reasons. Specifically, model drawdowns produced at well
nodes are composite values of drawdowns over the entire 100 ft by 100 ft grid block. Small changes
in drawdown observed in the natural system may be too small to be simulated effectively, as the model
assumes that the location of each observation well corresponds to the center of that grid node. This
assumption, inherent in any block-centered flow model, can cause difficulty when trying to simulate small

changes in head or drawdowns. In addition, the production well screen is located several hundred feet
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below the observation wells, which can also add error in the model predictions when attempting to
simulate small-scale changes in head. An additional well with an unknown location was also cycling on
and off during this pumping test, which effected total drawdowns seen in the observation welis (as
described in Appendix E). Because the Idcation and pumping rate of this well is unknown, this additional
well could not be added to the model simulations. For these reasons, no comparison of modeied to
measured drawdowns was made during the duration of this pumping test. Calibration of pumping test
#2 was considered complete when the modeled drawdown was within the 1.0 calibration criteria. Table

6-5 summarizes calibration results of punﬁping test #2.

6.4  FINAL CALIBRATION VALUES OF AQUIFER PARAMETERS

The final values of horizontal hydraulic conductivity and vertical hydraulic conductivity for layers 1
through 5 are summarized in Figures 6-20 through 6-24. Storage values were constant for all grid
blocks in each model layer. Layer 1 had a constant storage value of 0.05, and layers 1 through layer
5 have a constant storage value of 0.0012. A constant porosity of 0.20 was assumed for all model
layers. The constant head elevations used in all model simulations are given in Table 6-6. Water
elevation contour maps from the final calibrated model are presented in Figures 6-25 to 6-29 for

February 1992 conditions, and Figures 6-30 to 6-34 for August 1992 conditions.

6.5 STATISTICAL ANALYSIS OF MODEL CALIBRATION RESULTS

To determine if the model data generated during calibration compares favorably to measured data, the
results of the calibration were evaluated both qualitatively and quantitatively. The output of the final
calibration run for the two steady-state simulations, and the two transient pumping test simulations were
analyzed by plotting a linear regression of the modeled data to determine how well the modeled data
set compared to the measured data set. To qualitatively determine if any systemic errors exist in the
modeled water data (i.e., if consistently high or low regions are present), residual contour plots were
generated for the steady-state calibration runs. For both the linear regression and residual contour

analysis, the outlier wells were not included, as these wells may have been biased by localized pumping
or recharge effects.
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TABLE 66

CALIBRATION VALUES OF NORTH AND SOUTH CONSTANT HEAD BOUNDARY ELEVATIONS

LOW PUMHNO CONDITIONS FEBRUARY 1892

LAYER 2

COLUMN #

LAYER 3

LAYER S

1-2 76.90 76.00 1-2 71.95 71.85 71.75
310 77.30 76.40 310 72.35 7225 7215
14-20 77.05 76.15 1122 72.60 72.50 72.4
21-30 7735 76.45
31-35 76.85 75.95
3638 7735 76.45
3941 77.85 7685
4247 79.20 783
48.53 79.30 7640

COLUMN # LAYER 1 LAYER 2
I~ AT B1.70 T 8150 )

HIGH PUMPING CONDiTIONS AUGUST 1992

COLUMN #

LAYER 3

LAYER 4

COLUMN . LAYER 2
1.2 7455 7355 1.2 . 70.10 70.00 69.9
310 7495 7395 310 70.50 70.40 703
11-20 74.70 73.70 11-22 70.75 70.65 70.55
21-30 75.00 74.00 2334 71.30 71.20 71.4
3135 74.50 7350 3540 72.00 71 90 718
36-38 75.00 74.00 41-53 7250 722
3941 75.5 745 {CONSTANT HEAD BOU mmvmamn FEamAlL
4247 76.85 7585 COLUMN LAYER 3 LAYER 4 LAYER S
48-53 76.95 7595 I AL | sses | =875 | 58.65 |
COLUMN # LAYER 1 LAYER 2
ALL ] 60.70 | 60 50
ft ams! = Feet Above Mean Sea-Level.
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Figure 6-26  February 1992 model iayer 2 water elevation contour map.
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Figure 6-27  February 1992 model layer 3 water elevation contour map.
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Figure 6-28  February 1992 model layer 5 water elevation contour map.
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6.5.1 Linear Regression

A linear regression was performed for the two pumping test simulations and the February and August
1992 data. Modeled water elevations were plotted against measured water elevations, and a regression
line faor the points was calculated using the least-squared method. Figures 6-35 and 6-36 show the
linear regressions for the February and August 1992 data. The slope of the regression line indicates
if a direct relationship exists between the dependant and independent variables. A siope of 1.0 indicates
a direct relationship. P

The slope of the regression line for the February 1992 data has a slope of 0.904, and the slope ofthe
line for the August 1992 data has a slope of 0.981. When both data sets are combined, as illustrated '~
"in Figure 6-37, the slope of the regression line is 0.946. The regression lines for all steady-state data
sets indicate a close to linear relationship for the measured and modeled data. Water elevationisa -
function of location within the model grid ‘with higher elevations being present in the northern portion of
the site and lower elevations towards the south. The nearly direct relationship of measured to modeled
data for the entire range of water elevations indicates that mode! accuracy does not decrease with

higher or lower values of water elevation across the site.

Figures 6-38 and 6-39 show the regressions for pump test #1 and pump test #2 drawdowns. The -
regression line for pumping test #1 drawdown data has a slope of 1.036 and shows a tight clustering -
of data around the regression line, which indicates a very close relationship between measured and o
modeled drawdown data. Due to the difficulty in simulating the small amount of drawdown produced ~
in pumping test #2, the slope of this regression line for this data has a slope of 1.994 and shows scatter \F ‘

of data points around the regression line. )
, -
6.5.2 Residual Contours .
~

A residual contours plot shows the distribution of model error over the model area for a given pumping ‘
scenario. Residual contour plots are usefu! for determining if trends are present in the distribution of -

model error over the grid. [f trends of significantly high or low model error are seen in the residual 1
contour plots in more than one pumping condition in a specific area, it may indicate aquifer parameters ’ ‘
™

6‘53 Lo
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Figure 6-37
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Figure 6-38 -
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in that area need to be adjusted to eliminate these emars or adjustments need to be made to the
production well or recharge rates in the area.

Residual contours were produced by entering the difference of modeled to measured values for water

elevation (error expressed in feet) into the contouring package, SURFER. For baoth the February and

August 1992 pumping conditions a separate plot was made for layer 1 and layer 2, using shallow and i
intermediate well error data. Insufficient numbers of deep wells exist on the site for a residual contour -

plot to be constructed for layer 3. Figures 6-40 and 6-41 show the residual contour plots for layer 1 and m
layer 2 of the calibrated February 1992 pumping conditions. Figures 642 and 6-43 show the residual
contour plots for layer 1 and layer 2 of the calibrated August pumping conditions. 3 m

Generally, model errars across the site do not show significant trends between pumping scenarios.
Areas of +1.0 ft model error were considered to be within acceptable levels of error as they are well -/
below the +2.0 ft calibration criteria. Regions of greater than 1.0 ft positive model error are evidentin  1—
the GM-21 region in the shallow and intermediate plots of the February 1992 model data. Areas of

maore than 1.0 ft negative model error are present in the vicinity of GM-13 and HN-25 in the shallowand  —
intermediate plots of the August 1992 model data. These areas of slightly higher mode! error were not <.

considered to be a concern, because the wells in these area were within the calibration criteria, and

—
during model calibration attempts were made to correct these areas of model error. Also, these trends | .
in model error are not consistent across pumping conditions and may represent increased pumpage or -
recharge at the production wells and recharge basins in the vicinity of these wells during the time period |
when water elevations were measured. The mode! simulations assume a constant pumping and -
recharge rate throughout the month, and shori-term changes in pumping or recharge rates could effect |

the modeled vs. measured results. ~
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Figure 6-40  February, 1992 Residual Contour Plot, Layer 1
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Figure 6-41  February, 1992 Residual Contaur Plot, Layer 2
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Figure 6-42  August, 1992 Residual Contour Plot, Layer 1
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Figure 6-43  August, 1992 Residual Contour Plot, Layer 2
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7.0 MODEL VALIDATION

Madel validation is a check on how well the model can predict a set of water elevations, utilizing the
model parameters established during model calibration. Validation helps establish confidence in the
mode! by predicting the heads at observation points within the acceptable levels of error given a set of
pumping conditions.  Model validation for the MODFLOW model consisted of entering the known
pumping rates for production wells and recharge basins for two separate months, running the model to
a steady-state, and comparing model output to measured data for those months. Two validation
scenarios for January and July 1992 were simulated, .

7.1 VALIDATION PROCEDURES

Two data sets of Grumman production well data and site wide monitoring well data were utilized
(January 1992 and July 1992). These two data sets were not used during model calibration and
represent independent data sets for model validation. The January 1892 and July 1992 data sets were
chosen for validation because these months occur immediately before February and August, 1992,
which were used during calibration. The January 1992 and July 1992 data was considered to represent
the most similar boundary conditions to those used for calibration, as they occur in the same seasons
as the calibration runs. Precipitation data indicates that January and July are more similar to February
and August, than March and September (the other months considered for validation). Using months in
similar seasons, with similar amounts of precipitation for calibration and validation is important because
the total precipitation will effect the water elevations at the northern and southem constant head

boundaries, which effect water elevations across the modeled area.

For each validation scenario, the Grumman production well data was input into the model, and run to
a steady-state. The model output was then compared to measured results at each monitoring well.
Pumping rates for Grumman production wells were determined from the monthly totals for each well.
All of the water pumped from the production wells was assumed to be recharged into the Grumman
recharge basins. Hooker-Ruco recharge basins were assigned the same recharge rates as those used

in the February and August 1892 calibration runs. Pumping and recharge rates used for the January

7-1
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and July, 1992 validation scenarios are listed in Table 7-1. The recharge basin at GM-15S- was not
active during the January, 1992 validation run, as water levels indicate that this activity did not begin
until February 1992 (see Figure 6-1). The GM-15S basin was active in the July 1992 simulation at the
recharge rate determined during the August 1932 calibration run.

All other model parameters, such as recharge, horizontal and vertical hydrauiic conductivity, were
identical to those used in model calibration. The January 1992 validation was performed using February
1992 boundary conditions, while the July 1992 validation was performed using the August 1992 '
-boundary conditions. .

7.2 VALIDATION RESULTS o

Tables 7-2 and 7-3 present the results of model validation for January and July, 1992 scenarios. -

Figures 7-1 and 7-2 graphically illustrate the amount of model error for each monitoring well at the site.

The January 1992 validation run results show that the difference between the modeled and measured .-
water elevations falls within the 2.0 ft criteria for 56 of 58 monitoring wells. Two wells (GM-61 and GM- .
17S) fall outside the £2.0 ft criteria. These wells are in the immediate vicinity of a production well and
recharge basin and, as discussed in Section 6.2.2, are considered outlier wells and were not included

in calculation of mean error because they may be effected by pumping or recharge activity.

Results of the July, 1992 validation run show that the difference between the modeled and measured
water elevations fall within the 2.0 ft criteria for the majority of the monitoring wells. Five wells, GM-6I,
GM-17S, HN-8D, HN-28D and HN-30I. are in the immediate vicinity of a production well or recharge
basins, and as discussed in Section 6.2.2, are considered outlier wells and were not included in
calculation of mean error because they may be effected by pumping or recharge activity. As shown in
Figure 7-2, three monitoring wells, GM-7D, GM-8S and HN-28! showed a modeled to measured

difference of greater than +2.0 ft. The remaining 51 of 58 monitoring wells fall within the +2.0 ft criteria.

Due to the nature of the validation process, no aquifer parameters were altered between the calibration
runs and the validation runs, including the constant head elevations. The seasonal variation of constant

head elevations which is suspected to exist in the natural system, was not accounted for in model

7-2 -

NYSDEC 030744



'SNISYHE 3OHVYHO3Y SS

"W JO OJNY-YINOOH YO I18VITVAY LON V.IVQ 31vY IOUVHOIY (€)

HO018 AIYO NISVE HOVI ¥0d STV.IOL -V SNOUVINDIVD (2)

Vi

fa 30VISONIV NYWANYD WO¥A 31VY ONIdWNd ATHINOW (1)

%001

JOVHIAY SNISYH OONY-YINOOH

.._<b0k jm; ZO_hODOOmn Ithz

%001 14 [0 91-Md
%001 S I Si-Md
%et S
%29 v €112 ¥1-Md
%004 S 81zl €1-Md
%£9 S
%€ 4 €z 61 b i-Md
%001 v 61 81 0h-Md
%001 [4 91 91 6-Md
%8 S

| 4 1] .n— @-Md

2) SHND018 Q1Yo €2

AT "Tery
$OLE NN ftie n LLHON

'SIVIOL .:m>> zo:o:ooE HLNOS
652 652 0 0 %68 3
v ve 0 0 %14 € Y1 Md
T i 0 0 %001 v LTS SMd
0 0 0 [ %001 v It ec AT
0 0 ] 0 %001 3 6% M
0 0 0 0 %001 S (T3 TMd
83 €60t 3 YY) S o1 zv +-Md
] _ 2 Buiduing jepon | (wdB) aiei Buiding enioy | y3AVT WOMNS (Mos'Mou] TIEM
[ v T66L 'ANT 112681 'AGVOANYF 03dWNd % HIAYT  NOLLYDOT NOILDNAOYd

Ld L9 L.

) L) ) BJ W) L) L)

SNOLLVINKWIS NOILVYQITVA 1300 NI G35N S31VYH ONIIWNG 113M NOLLONOO¥d

LJ L3 L2 L L) ) L L1 e

bl 378VL

NYSDEC 030745



TABLE 7-2 .
MODEL VALIDATION RESULTS

JANUARY 1992
GRID JAN. 24, 1992 MODELED MODELED - MEASURED
WELL LOCATION(R,C,L) WATER ELEVATION WATER ELEVATION (-

3 RRRER 3

GM-25 2, 33, 1 7575 75.49 -0.26 —

GM-2! 6, 33, 2 74.97 73.22 1.75

GM-3S 4,101 75.15 74.00 1.15 -

GM-3| 6,9 2 74.68 73.71 -0.97

GM-4S 7,9 1 75.94 75.37 0.57 e

GM-4| 7.9 2 7453 73.90 063 .

GM-5S 10, 10, 1 74.20 72.92 -1.28 d

GM-5! 10, 10, 2 73.96 72.81 115 u

GM-6S 11,21, 1 73.88 72.32 1.56

GM-61 (1) 11, 21, 2 686,69 72.27 358 : .

GM-75 13, 27, 1 72.52 72.52 0.00

GM-71 13,27, 2 72.10 72.45 0.35 Ny

GM-7D 13,27, 3 71.01 72.30 1.29

GM-8S 15,37, 1 74.30 74.04 -0.26 r~

GM-8i 15, 37, 2 71.94 73.62 1.68

GM-8S 13,9 1 73.31 72.59 -0.72 i

GM-9! 13,0, 2 73.26 72.44 -0.82

GM-10S 20,7, 1 72.22 71.84 -0.38 rm

GM-10! 21.6, 2 72.25 71.29 -0.96 o

GM-125 29, 15, 1 71.70 70.73 -0.97

GM-12I 29, 15,2 71.33 70.69 -0.64 o~

GM-13S 31,23, 1 71.06 70.46 -0.60

GM13l 32.23 2 7147 70.13 -1.34 w

GM-13D 34,22 3 66,01 69.53 1.52

GM-14S 32, 28 1 69.32 70.33 1.01 ¢~

GM-14I 36, 25, 2 69.71 69.17 -0.54

GM-155 21, 38, 1 67.29 68.18 0.89 L

GM-15I 48 40, 2 66.45 66.41 -0.04

GM-16S 36, 16, 1 6853 69.23 0.70 : -

GM-161 36, 16, 2 69.15 6918 0.03 .

GM-175 (2) 38,9, 1 72.49 69.74 -2.75

GM-185 45 11, 1 67.48 67.24 -0.24 [

GM-18! 44, 11,2 67.92 67.36 0.56 4

GM-195 48 33 1 66 81 66.68 .0.13 “.

GM-191 48,33, 2 66.98 66.58 -0.40

GM-20S 51, 16, 1 6619 65.89 -0.30 -

GM-201 51 16, 2 6508 65.69 -0.29

GM-200 51, 16. 3 64.95 65 44 0.49 =

GM-21S 51,23, 1 65.31 66.36 1.05

GM-21 51,23, 2 64.93 66.00 1.07 o

GM-22S 51,30, 1 66 35 66 02 -0.33

GM-22! 51, 30, 2 67.68 65 78 -1.80 b

GM-23S 25 8, 1 71.38 70.55 -0.83 .

GM-23| 28,8, 2 71.70 70.51 1.28 ‘
et
( ™
|
.
| S
o
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TABLE 7-2
MODEL VALIDATION RESULTS
JANUARY 1992
GRID JAN. 24 1992 MODELED MODELED - MEASURED
WELL LOCATION (R,C.L) WATER ELEVATION WATER ELEVATION

HN-8D 17,37, 3
HN-24S 13,22 1 72.35 72.16 -0.18
HN-241 13,22, 2 71.73 72.10 0.37
HN-25S 16,21, 1 73.07 71.88 -1.19
|HN-251 16+17, 21422 2 73.02 71.84 -1.18
HN-25D 16, 21, 3 - - -
HN-26S 18,26, 1 74.51 72.67 -1.84
HN-26I 19,26, 2 74.24 72.49 -1.75
HN-27S 22423, 30, 1 74.64 73.71 -0.93
HN-271 22+23, 30, 2 74.09 73.18 -0.91
HN-28S 26427, 29+30, 1 72.65 72.10 -0.55
HN-28I 26427, 29+30, 2 71.91 71.96 0.05
HN-29S 26427, 26+27, 1 72.76 71.72 -1.04
HN-29I 26+27, 26427 2 71.97 71.63 -0.34
HN-29D 26+27, 26+27, 3 - - -
|[BN-30S 22 36+37, 1 74.05 75.48 1.43
[BN-301 22, 36437, 2 74.81 73.99 -0.82
NOTE: Calibration Criteria +/- 2.0 ft.
(1) Monitaring well not included in calibration due to proximity to production well.
{2) Monitoring well not included due to proximity to recharge basin.

MEAN ERROR: -0.41

ABSOLUTE RESIDUAL VALUE: 46.02

MODFLOW WATER BALANCE ERROR: 0.10%
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TABLE 7-3

MODEL VALIDATION RESULTS
JULY 24, 1992 PUMPING CONDITIONS

WELL

GM-25

GRID

JULY 24, 1992
LOCATION (R,CL) WATER ELEVATION WATER ELEVATION

MODELED

MODELED - MEASURED

2,331 )
{oM=2i 6,33,2 71.05 71.41 0.36
[GM3s 4,101 71.46 71.82 0.36
GM-3I 5,9,2 70.49 71.78 1.29
GM=4S 7.9,1 73.04 74.58 1.54
GM-41 7,9,2 70.42 72.13 1.71
GM-55 10,10, 1 70.04 7045 041
GM-5l 10,10, 2 69.68 70.32 0.64
GM-6S 11,21, 1 69.70 69.77 0.07
GM-61 (2) 11,21,2 64.39 69.67 5.28
GM-7S 13,27, 1 70.56 7125 0.69
GM-7| 13,27,2 70.36 71.04 0.68
GM-7D 13,27, 3 67.84 70.55 2.71
GM-85 15,371 74.71 76.83 2.12
GM-8! 15,37, 2 73.64 75.48 1.84
GM-9S 13,09, 1 69.17 70.09 0.92
GM-91 13,9,2 69.05 69.89 0.84
GM-10S 20,7, 1 68.62 69.70 1.08
GM-101 21,6,2 68.31 68.56 0.25
GM-12S 29,151 68.60 68.65 0.05
GM-12I 29,15, 2 68.04 68.60 0.56
GM-13S 31,23 1 68.83 69.42 0.54
GMT3I 32,23,2 68.97 68.92 0.05
GM-13D 34,22 3 66.67 68.29 162
GM-145 32,28, 1 67.59 69.47 1.88
GM-14I 36,252 67.60 68.17 0.57
GM 158 41,38, 1 72.25 72.73 0.48
GM-15] 48,40, 2 64.46 65.94 1.48
GM-16S 36,16, 1 68.27 67.94 20.33
GM-16i 36,16, 2 68.20 67.88 0.32
GM-175 (2) 38 9 1 7342 69.90 -3.52
GM-185 45 11,1 65.64 66.63 0.99
GM-18I % 11,2 66.47 66.60 0.13
GM-19S 48,331 65.63 66.56 0.93
GM-19i 48,33, 2 65.56 66.39 0.83
GM-20S 51,16, 1 66.78 66.21 057
GM-20i 51,16 2 66.13 65.80 2033
GM-20D 51,16, 3 64.33 65.26 0.93
GM-215 51,23 1 65.79 67.37 1.58
GM-211 51,23,2 65.24 66.56 1.32
GM-225 51,301 65.73 66.52 0.79
GM-22| 51,30, 2 64.59 65.98 1.39
GM-235 29.8, 1 67.98 67.68 -0.30
GM-231 29.8,2 67.90 67.62 028

7-6
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TABLE 7-3
MODEL VALIDATION RESULTS
JULY 24, 1992 PUMPING CONDITIONS

¢ Yy O3 73 U3

'3 ¢33 CY 23 1

(73 23 C31 73 U

32 )

GRID JULY 24, 1992 MODELED MODELED - MEASURED
WELL LOCATION (R,CL) WATER ELEVATION WATER ELEVATION

HN-8D (2) 17, 37 3 70.88 74.87 3.99
HN-24S 13,22 1 69.32 69.71 0.39
HN-241 13,22,2 67.80 69.57 1.77
HN-255 16,21, 1 69.83 69.28 -0.55
HN-251 16+17,21+422, 2 69.26 69.20 -0.06
HN-25D 16,21,3 66.49 68.34 1.85
HN-26S 18, 26, 1 72.91 7248 -0.43
HN-261 19,26, 2 71.47 72.03 0.56
HN-27S 22423, 30, 1 77.70 76.91 -0.79
HN-27I 22+423,30,2 Destroyed — —
HN-28S 26+27,29+30, 1 71.97 7266 0.69
HN-281 26+27,29+30, 2 69.86 72.26 2.40
HN-29S 26+27, 26427, 1 71.13 71.32 0.19
HN-291 26+27,26+27,2 69.27 71.08 1.81
HN-29D (2) | 26+27, 26+27, 3 66.88 70.59 3.71
HN-30S 22,36+37. 1 80.64 82.40 1.76
HN-301 (2) 22, 36+37, 2 74.84 78.82 3.98
Note: calibration criterial +/- 2.0 ft.
(1) Monitoring well not included in validation due to proximity to praduction well.
(2) Monitoring wel! not included in validation due to proximity to recharge basin.

MEAN ERROR: 0.75

ABSQOLUTE RESIDUAL VALUE: 48.64

MODFLOW WATER BALANGE ERROR: -0.04%

7-7
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Figure 7-1
Model vs. Measured Values, Jan. 1992
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Figure 7-2
Model vs. Measured Values, July, 1992
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validation, because if changes were made to the model constant head elevations the run would be
considered to be a calibration run rather than a validation run. This disparity between the natural
system and the modeled system may account for the generaily low modeled vs. measured results in the
January 1992 validation run (-0.41 ft mean error) and the generally high modeled vs. measured results
in the July 1992 validation run (0.75 ft mean error). Apparently, natural boundary conditions were higher
in the January 1992 run, which used February boundary conditions, while the natural boundary
conditions were lower for the July validation run, which used August boundary conditions. The
consistently low modeled results across the site in the January 1992 simulation and the consistently high
model results across the site in the July 1992 simulation suggest that these differences may be due to
constant head elevations rather than errors in the hydraulic conductivity or other model parameters. All
aquifer parameters were constant at calibration values during the two validation runs. If the consistently
high and low modeled values were due to errors in aquifer parameters (such as hydraulic conductivites, ™
or recharge), the modeled to measured differences would show specific high or low modeled values in '~

all simulations rather than the pattern seen in validation. —
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8.0 PARTICLE TRACKING

M
- MODPATH, a module of MODFLOW, was used to track the locations of particles after simulated
[ releases of contaminants from suspected source areas. Particle tracking was performed to determine
| the possible directions and rates that contaminants will move after a release. Several particle tracking
1 scenarios were performed, each under a different pumping condition of Grumman production wells and
L recharge basins, and with different BWPD well pumping rates. MODPATH utilizes the groundwater flow
| F‘ data generated by MODFLOW and simulates advective transport of particles. Other contaminant
L transport parameters, such as diffusion, dispersion, contaminant half-life, are not considered in the
™ MODPATH simulations. All MODPATH simulations were performed using the aquifer parameters
L? determined during model calibration for pumping scenarios run to a steady-state.
—
L Particle tracking analysis Is used to trace flow paths, expressed as lines, by tracking the movement of
‘ infinitely small imaginary particles placed in the flow field. This process may also be used to determine
({j ! the capture zone of a well by releasing particles in a grid block, generally a well, and tracking the
o particles in reverse along pathlines to determine their source.
-
-
e
‘ i 8.1 PARTICLE RELEASE LOCATIONS
i .
i {: ‘ For each pumping configuration, particle tracking analysis was performed for three separate release
‘ locations. Particles were released from possible contaminant sources at Site 1 and the northern
} C Grumman recharge basins. For these two sites particle tracking was performed in the forward direction
‘ to determine where particles would move with time. Particies were also released at the eastem BWD
ﬁ wells (BP-07, BP-08 and BP-09) and particle tracking was performed in reverse to determine the capture
. zones of these wells under the various pumping conditions. For all particle tracking simulations,
;ﬁ‘ recharge was applied to the top layer of the model; particles were not influenced by weak sinks; and,
- particles were not placed in constant head nodes.
o
L B
~
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8.1.1 Site 1

The particle release location of Site 1 is shown in Figure 8-1. Particles were released from four grid
blocks with two particles being released from each face of each block. Twelve particles were released

from each grid block with a total of 48 particles released from Site 1.
8.1.2 NWIRP Basins . -

The particle release locations of the NWIRP recharge basins are shown in Figure 8-1. Particles were "~
released from 16 grid blocks with one particle being released from each face of each block:- Six
particles were released from each grid block with a total of 86 particles released from the north recharge -
basins. —

8.1.3 BWD Wells

Particles were released from each of the three BWD wells to the east of the NWIRP. The location of
these wells is shown in Figure 6-6. Four particles were released from each face with 24 particles
released from each well. These particles were backwards tracked to determine where they originated

in order to define the capture zone of each well.

8.2 PUMPING SCENARIOS

Several pumping scenarios were considered for particle tracking simulations. These pumping scenarios
were based on past, current, and future potential pumping configurations at the Grumman production
wells, Grumman recharge basins, and BWD welis. The emphasis of these simulations was to determine
where particles will move afier a release from potential contaminant sources and what effect, if any,
these potential contaminant sources will have on BWD wells.

The results of the MODPATH particle tracking analysis are presented as water table maps which reflect T
the modeled water elevation in layer 1, with the particle tracks overiaid. Presenting both particle tracks
and the water table allows for the inspection of the particle trackways, and the geometry of the water !
table, which is controlied by the wells and basins which are active during each pumping scenario.

8-2 -
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8.2.1 Current Conditions

Current conditions were simulated in order to determine where contaminants may be moving under
current pumping conditions. Production well pumping rates for current conditions at the Grumman site
were determined from 1991 and 1992 average pumping rate data. The yearly average was determined
for each Grumman production well, and pumping rates used in the scenarios for these wells are listed
in Table 8-1. All water removed from the pumping wells north of the LIRR tracks was recharged to
northern recharge basins, and water removed from the south Grumman production wells was recharged '

to the south Grumman recharge basins.

BWD wells praduction rate data was determined from 1991 and 1992 average pumping rate data, and " j
pumping values used in the scenarios are shown on Table 8-2. The BWD wells were consideredto be
pumping at 120% of 1991 and 1992 rates, and well BP-08 was considered to be active despite it being - -
taken off-line in 1891. These assumptions represent conservative estimates of the current conditions
at the BWD wells. Three recharge basins were considered to be active on Hooker-Ruco property, .
pumping at 202 gpm per basin, a rate determined during model calibration. In all of the pumping | -
conditions water pumped from the BWD well was considered to be removed from the flow system. The |

northern and southem constant head elevations were averages of the February and August conditions.

The particle tracking results for current pumping conditions are illustrated in Figures 8-2 through 8-4.
Table 8-3 summarizes starting location and final location results of the particle tracking analysis, and

the maximum and minimum travel times for all pumping conditions. Results of the particle tracking are

—

listed below: =
[
. ) « . (—

. All particles released from Site 1 under current pumping conditions are captured by PW-01, «

Particles released from the recharge basins show that 30% of particles released are captured 7

by Grumman production wells PW-01, PW-09, PW-10, PW-1, PW-15 and PW-16. The remaining ‘

70% of the particles flow to the south constant head boundary. No particies from the north 7
recharge basins are captured by BWD wells BP-10 or BP-11, and, "
. The capture zone for BWD wells BP-07, BP-08 and BP-09 extends into the northem constant .
head boundary. o
—
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[
M
TABLE 8-2 —
AVERAGE AND HIGH PUMPING RATES FOR BWD WELLS
|
WELL | NYS DEC GRID TOTAL SCREEN AVERAGE CONDITIONS (1) |HIGH PUMPING CONDITIONS (2} .
[ ]
7 8767 13,49, 5 655 590 to 656 0.96 667 1.76 -
8 8768 14 49,5 682 617 1o 677 1.24 861 1.66
[
(]
10 6915 59 46,5 608 540 to 603 0.60 417 2.00 1,389 M
1 6916 60 46 5 611 556 to 606 0.32 222 1.76 1,222 w
5 8004 Off Grid (4) 740 67510735 0.32 222 1.77 1,229
mM
6-1 3876 61,27, 4 386 321 to 381 0.50 347 1.84 1,278 '
6-2 8941 61,30, 5 775 710 to 770 0.37 257 1.70 1,181 I
(1) Data is 120% of 1991 average pumping rate (from1991 Bethpage Water District Annual Operations Report). —
(2) Actual Capacity of Wells. '
(3) Well 8 assumed to ba pumping at same rate as well 8, although well was not pumping in 1991. i
(4) Wetll BP-0S is located off of the model grid. Pumping rates sre given for comparison to other BWD wells.
fbgs = feet below ground surface.
mgpd = millions of galions par day. r
[
~
[
m
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m
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m
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w
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Figure 8-2
Particle Tracking Results - Site 1 Release - Current Conditions.
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Figure 8-3
Particle Tracking Results - NWIRP Basin Release - Current Conditions.
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Figure 8-4
Particle Tracking Results - Capture Zones of BWD Wells - Current Conditions.
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B8.2.2 High Pumping Conditions

High pumping conditions were simulated to determine where particles may have moved from
contaminant sources during past pumping conditions. Before 1985 additional pumping/recharge activity
at the Grumman production wells and recharge basins may have occurred due to the increased
manufacturing activity at the facility. High pumping conditions at Grumman were simulated by pumping
all 14 production wells at 75% of maximum capacity, as listed in Table 8-1. All water pumped by
Grumman production wells was returned to the recharge basins. Three recharge basins were
considered to be active on Hooker-Ruco property, recharging at 202 gpm per basin (this rate was
determined during model calibration). The northern and south constant head elevations were averages
of the February and August 1992 conditions. Two separate scenarios were considered for past pumping
conditions at the BWD wells, as described below.

8.2.21 Average BWD Well Pumping Conditions

Average BWD well pumping conditions were simutated by pumping at the rate determined from 1991
and 1992 average pumping rate data. Pumping values used in the scenarios are shown on Table 8-2.
The BWD wells were considered to be pumping at 120% of 1991 and 1992 rates, and well BP-09 was
considered to be active despite it being taken off-line in 1891. These assumptions represent

conservative estimates of the current conditions at the BWD wells.

The particle tracks for high Grumman pumping and average BWD pumping conditions are illustrated in
Figures 8-5 through 8-7. Resuits of the particle tracking are listed below:

. All particles released from Site 1 are captured by PW-14 and PW-05,

. 73% of particles released from the recharge basins are captured by the Grumman production
wells, 24% reach the south constant head boundary. while 3% of particles reach BP-08 from the
NWIRP recharge basins, and,

. The capture zones for BWD wells BP-07, BP-08 and BP-09 extend primarily into the northern

constant head boundary. Some particles ariginate in the vicinity of the NWIRP recharge basins.
Three particles (4% of total) move from the north recharge basins to BP-08, while two particles
(3% of total) move from northwest of the recharge basins to BP-09.
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Figure 8-5.
Particle Tracking Results - Site 1 Release - Grumman at High Pumping Conditions, BWD at i

Average Pumping Conditions. .
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Figure 8-7 . i
Pamc;lt_e Tracking Results - Capture .Zones of BWD Wells - Grumman at High Pumping
Conditions, BWD at Average Pumping Conditions.
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8.2.2.2 High BWD Well Pumping Conditions

This pumping condition was simulated to determine were particles may have moved under past pumping
conditions. These high pumping conditions may not have occurred in the past for extended periods of
time, as assumed in the mode! run. However, these situations may represent end-member flow

conditions which affected groundwater flow at the site. In this scenario all BWD wells were pumping at
their actual (highest) capacity.

The particle tracks for high Grumman pumping and high BWD pumping conditions are illustrated in
Figures 8-8 through 8-10. Results of the particle tracking are listed below:

. All particle released from Site 1 are captured by PW-14 and PW-05,

. .65% of particles released from the recharge basins are captured by Grumman production
wells with 2% reaching the south constant head boundary. BWD well BP-11 receives 19%,
BGD-1 receives 7%, BP-08 receives 6% and BP-09 receives 1% of the total particles released,

. The capture zones for BWD wells BP-07, BP-08, and BP-09 extend primarily into the northern

constant head boundary, although 8% of particles move from the NWIRP recharge basins to
BP-08.

8.2.3 No Pumping Conditions

No pumping conditions were simulated to determine how contaminants would move if Grumman
production wells and recharge basins were inactive and no pumping activity was occurring at the
Grumman site. These conditions may have occurred during the past, during holidays or during periods
of slow production. All Grumman production wells and recharge basins were considered to be inactive.
Recharge basins at Hooker-Ruco were considered inactive. As with all pumping scenarios, the northern

and southern constant head elevations were averages of the February and August 1992 conditions.

Two separate scenarios were considered for past pumping conditions at the BWD wells, as described
below.
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Figure 8-8 ;
Particle Tracking Results - Site 1 Release - Grumman at High Pumping Conditions, BWD at
High Pumping Conditions.
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Figure 8-10
Particle Tracking Results - Capture Zones of BWD Wells - Grumman at High Pumping &1
Conditions, BWD at High Pumping Conditions. o
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8.2.3.1 Average BWD Well Pumping Conditions

Average BWD well pumping conditions were simulated by pumping at the rate determined from 1991 and
1992 average pumping rate data. Pumping values used in the scenarios are shown on Table B-2. The
BWD wells were considered to be pumping at 120% of 1991 and 1992 rates, and well BP-09 was
considered to be active despite it being taken off-line in 1991. These assumptions represent

conservative estimates of the current conditions at the BWD wells.

The particle tracks for no pumping at Grumman and average BWD pumping conditions are illustrated in

Figures 8-11 and 8-12 . Results of the particle tracking are listed below:

Particles released from Site 1 move to the south constant head boundary, and,

The capture zone for BWD wells BP-07, BP-08 and BP-09 extends into the northemn constant
head boundary.

8.2.3.2 High BWD Well Pumping Conditions

This pumping condition was simulated to determine were particies may have moved under past pumping
conditions. These high pumping conditions may not have occurred in the past for extended periods of
time, as assumed in the model run. However, these situations may represent end-member flow
conditions which affected groundwater flow at the site. In this scenario all BWD wells were pumping at
their actual capacity, which, as shown on Table 8-2 is a significantly higher rate than average values.

The particle tracks for no pumping at Grumman and high BWD pumping conditions are illustrated in

Figures 8-13 and 8-14. Results of the particle tracking are listed below:

42% of the particles released from Site 1 were captured by BP-10, and 58% were captured by
BP-11, and,

The capture zone for BWD wells BP-07, BP-08 and BP-09 extends into the northem constant
head boundary.
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Figure 8-11

Particle Tracking Results - Site 1 Release - No Pumping at Grumman, BWD at Average

Pumping Conditions.
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Figure 8-12

Particle Tracking Results - Capture Zones of BWD Wells - No Pumping at Grumman, BWD at

Average Pumping Conditions.
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Figure 8-13
Particle Tracking Results - Site 1 Release - No Pumping at Grumman, BWD at High Pumping m
Conditions. o
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Figure 8-14

Particle Tracking Resuilts - Capture Zones of BWD Welis - No Pumping at Grumman, BWD at

High Pumping Conditions.
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9.0 SENSITIVITY ANALYSIS

Sensitivity analysis is the process of characterizing the effects of changes in parameters on the behavior
of the calibrated model. A sensitivity analysis helps to determine the potential for errors in model results
that may be caused by a lack of accuracy in the aquifer parameters. Sensitivity analysis for this
groundwater flow mode! included increasing and decreasing aquifer parameters incrementally and
comparing the resulting changes in modeled heads to the calibrated values of head. The magnitude
of change in heads from the calibrated solution is a measure of the sensitivity of the solution to that

particular parameter. One model parameter was changed during each sensitivity run.

Sensitivity analysis was performed for aquifer parameters affecting both the steady-state water elevation
and patential flow directions of particles within the aquifer. Parameters, such as recharge and boundary
conditions, tend to affect the steady-state water elevations. Parameters, such as vertical and horizontal
hydraulic conductivity and porosity, affect ground water flow direction and velocity. The storage
parameter is only utilized during transient conditions and affects the shape of the time-drawdown curve
of the modeled pumping tests. The results of the sensitivity analysis are reported as the effects of the
parameter change on the mean error of the model solution and the absolute residual values of the
model solution for steady-state solutions. Sensitivity analysis for changes in storage are reported as
time-drawdown plots for simulation of pump test #1.

9.1 HORIZONTAL HYDRAULIC CONDUCTIVITY

Harizontal conductivity values were increased and decreased by 25% and 50% for the sensitivity
analysis. For each parameter change, the model was run to a steady-state and the mean error and
absolute residual values were calculated and compared to the values for the calibrated values of

parameters. The results of the sensitivity analysis are illustrated on Figure 9-1.

The results indicate that an increase in horizontal hydraulic conductivity of 25% or 50% results in lower

mean error values (i.e., the modeled values are too low as flow through the aquifer is increased) and
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FIGURE 9-1

SENSITIVITY ANALYSIS RESULTS FOR HORIZONTAL HYDRAULIC CONDUCTIVITY (K)

Percent Change Mean Absolute

Parameter in Parameter Error Residual
K increased +50 % -0.85 38.85
K increased +25 % 0.32 31.98
Calibration Value 0% -0.01 28.26
K decreased -25% 0.52 40.27
K decreased -50 % 1.56 91.93
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results in a higher absolute residual value. Conversely, a decrease of 25% or 50% results in a higher
mean error (i.e., modeled values are too high as the flow through the aquifer is reduced) and a higher
absolute residual value. An decrease of 50% results in a significant increase in both mean error and

absolute residual values, indicating the model results are sensitive to a decrease of greater than 25%

of horizontal hydraulic conductivity in comparison to calibrated values. The model results are not highly

sensitive to an increase of up to 50% and an decrease of up to 25% of horizontal hydraulic conductivity. o
However, while the model results may not be highly sensitive to changes in horizontal conductivity of *~
this magnitude, these changes do produce less favorable solutions than the calibrated model. ,
9.2 VERTICAL HYDRAULIC CONDUCTIVITY E T”*

Vertical conductivity values were increased and decreased by 25% and 50% for the sensitivity analysis. ‘
For each parameter change, the model was run to a steady-state, and the mean error and absolute o
residual values were calculated and compared to the values for the calibrated values of parameters.
The results of the sensitivity analysis are illustrated on Figure 9-2.

The results of the sensitivity analysis indicate that an increase in vertical hydraulic conductivity of 25%
or 50% results in lower mean error values (i.e., the modeled values are too low) and results in a higher o~
absolute residual value. Conversely, a decrease of 25% or 50% results in higher mean error (i.e.,
modeled values are too high) and a higher absolute residual value. A decrease of 25% results in
minimal change in the model output, while an decrease of 50% results in a significant increase in both
mean error and absolute residual values in comparison to calibrated values. This indicates the model
results are sensitive to a decrease of greater than 25% of vertical hydraulic conductivity. The model
results are nat highly sensitive to an increase of up to 50% and a decrease of up to 25% for vertical
hydraulic conductivity. However, while the model results may not be highly sensitive to changes in

vertical conductivity of this magnitude, these changes do produce less favorable solutions than the
calibrated model.

-3 o

NYSDEC 030778



1 €1

CHYCICI ORI DT

< 3

.

2 U2 ¢¢>03

-

-

2

(™ C

FIGURE 8-2

SENSITIVITY ANALYSIS RESULTS FOR VERTICAL HYDRAULIC CONDUCTIVITY (VK)

Percent Change Mean Absolute

Parameter in Parameter Error Residual
VK increased +50 % 0.18 30.73
VK increased +25 % 0.11 29.24
Calibration Value 0% -0.01 28.26
VK decreased 25 % 0.16 28.49
VK decreased -50 % 0.45 33.87
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8.3 STORAGE .
.

Storage values were increased and decreased by 25% for the sensitivity analysis. Storage values are ‘
used by MODFLOW only during transient simulations; therefore, the effects of the sensitivity analysis .
L

results were determined by comparing the calibrated time-drawdown curves to the sensitivity analysis |
curves for the monitoring wells for the pump test #1 simulation. The results of the sensitivity analysis
are presented as time-drawdown graphs for the monitoring wells from pump test#1 (Figures 9-3 through
9-8).

The results of the sensitivity analysis indicate that an increase or decrease in storage of 25% results
in time drawdown curves which are similar (for the intermediate abservation wells) to those generated C
by the calibration value for storage. Curves for the shallow monitoring wells indicated that an increase

in storage of 25% produced a significantly worse fit to the measured data for the early portion of the -
time-drawdown curve. These curves indicate that the model results are sensitive to an increase of ‘-
greater than 25% of the storage value and the model is less sensitive to a smaller increase in storage -

or a decrease in storage values of 50% or iess.

9.4 POROSITY -

Porosity values were increased and decreased by 25% for the sensitivity analysis. Porosity values are
not used in the flow model, although they are incorporated into the particle tracking module MODPATH.
Changes in porosity will not effect particle flow direction but will effect the travel time of the particle. For
each change in porosity during the sensitivity analysis the mode! was run to a steady-state, and four
particles were released. The total travel time of the particles was compared to the travel time for the
calibration valued of porosity. The results of the sensitivity analysis are summarized on Figure 9-9 .
Figure 9-10 illustrates the particle release locations and the flow paths of the particles for the sensitivity
analysis. These resuits show that there is a direct relationship between the porosity and the travel time
of a particle moving through the aquifer. A 25% increase or decrease in porosity results in the same

amount of change in the total travel time of the aquifer.
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Figure -6 Sensitivity Analysis
HN-2711 Drawdown for Pump Test #1
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~ ‘ Figure S-7 Sensitivity Analysis

! HN-2712 Drawdown for Pump Test #1

o DrawdownDatal

IS
—_

-
Drawdown (feet)

L4

— L
'
i

&
i
t

01 10 100 " 1000 10000 7 186
Time (Minutes)

-=— Calibration Value —— HN27I12 Corrected Drawdown
- a- Storage Increased 25% -+ Storage Decreased 25%

9-10

NYSDEC 030785



—

-
f.L
o
Figure 9-8 Sensitivity Analysis T
HN-281 Orawdown for Pump Test #1
05 -
03 4 s ....... \ t-
C ‘ -
01 4 SR, SN 7
= “y
4]
s
) 05 A b - epeeeeT !
° [
§ 07 1 S— — ’
09 - s - - - - :
| [
11 + LR - - .
f
13 4 - --— - - - ¢
15 , , , i .
01 10 100 100 0 1000.0 1E4 v
| Note. HN2712 pumprng at 448 gom. | Time (Minutes)
r‘\
-=- Calibration Value —— HN28I Measured Drawdown .
- & Storage Increased 25% o Storage Decreased 25%
[
-

9-11

NYSDEC 030786



3 T

B |
-~

2

r";r
b

r
“

™D 2

1
-

.

-

2 <~

-~

—

o o

{2

2

7 0.4

-

o

FIGURE 9-9
SENSITIVITY ANALYSIS RESULTS FOR POROSITY

PARTICLE POROSITY DECREASED 25% CALIBRATION VALUE POROSITY INCREASED 25%
NUMBER |TRAVEL TIME (DAYS)| % CHANGE | TRAVEL TIME (DAYS) | TRAVEL TIME (DAYS) | % CHANGE
1 10710 24.95 14270 17840 25.02
2 10580 25.02 14110 17640 25.02
3 13050 25.04 17410 21760 24.99
4 1105 25.03 1474 1842 24.97
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Particle Release Locations Used in Porosity Sensitivity Analysis.
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9.5 RECHARGE

J Recharge values were increased and decreased by 25% and 50% for the sensitivity analysis. For each
| parameter change, the model was run to a steady-state, and the mean error and absolute residual
values were calculated and compared to the values generated with the calibrated values. The results

‘ of the sensitivity analysis are illustrated on Figure S-11.

The results of the sensitivity analysis indicate that a decrease in recharge of 25% or 50% results in
lower mean error values (i.e., the modeled values are too low due to the decreased water flux into the
system) and results in a higher absolute residual value. Conversely, an increase of 25% or 50% results
[~ in higher mean error (i.e., modeled values are too high due to more water entering the system) and
h-; results in a higher absolute residual value. Chahges in the recharge to the system exhibit a linear
(predictable) relationship to the mean error and absolute residual values, with an equal amounts of
Lo mean error increase and absolute residual error increase being incurred regardiess of whether recharge

is increased or decreased.
9.6 BOUNDARY CONDITIONS

To determine the effect of more distant boundaries on the capture zone of the eastern BWD wells (BP-
07, BP-08, BP-09), the northem constant head boundary conditions in the MODFLOW mode! were
moved 1400 ft to the north. This resulted in a 40% increase in the distance between the BWD wells to
| the northern constant head boundary. A sensitivity analysis was performed to determine whether a

more distant constant head boundary would increase the size of the capture zone of the BWD wells and

if additional particle movement could be expected from the NWIRP recharge basins to the BWD wells.

Fﬂ Two pumping scenarios were considered for the sensitivity analysis; an average pumping condition and
a high pumping condition. In the average pumping condition Grumman wells were pumping at
1991/1992 average rates, and BWD wells were running at 120% of the 1991/1992 average rates. High
pumping conditions had Grumman wells running at 75% of maximum capacity and BWD wells running

at their actual (highest) capacity.
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FIGURE 9-11 »
SENSITIVITY ANALYSIS RESULTS FOR RECHARGE
Percent Change Mean Absolute

Parameter in Parameter Error Residual
Recharge increased +50 % 0.62 41.12
Recharge increased +25 % 0.31. 31.39
Calibration Value 0% -0.01 28.26
Recharge decreased 25% -0.30 32.25
Recharge decreased -50 % -0.65 42.15
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Results of each pumping condition are illustrated as the capture zone of the BWD wells under each
pumping condition and constant head boundary location. Figures 9-12 and 9-13 show the capture zone
of these wells under average and high pumping conditions with the northem constant head boundary
in the location used during calibration. The results of the sensitivity analysis with a more distant

constant head boundary are iliustrated on Figures 9-14 and 9-15.

A comparison of the capture zones for the BWD wells under calibrated conditions (Figure 9-13) and the
sensitivity analysis conditions for average pumping at the wells (Figure 9-14) show that these two
conditions have capture zones of similar shapes. The capture zone of the BWD wells does not
significantly increase if the north constant head boundary is moved 1400 ft north. Similar results are
seen when comparing the capture zone of these wells under calibration conditions (Figure 9-13) with
the sensitivity analysis conditions for high pumping at the wells (Figure 9-14). Under calibration
conditions, 6 of 72 particles released from the BWD wells originate in the vicinity of the NWIRP recharge
basins. while 8 of 72 particles released originate in the vicinity of the recharge basins. These sensitivity
analyses indicate moving the north constant head boundary does not produce a significant change in

the capture zones of the BWD wells.
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Figure 9-12 .
Capture zones of BWD Wells - Calibration Location of North Constant Head Boundary - BWD (N
at Average Pumping Rate. o
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o4 Figure 9-13

L Capture zones of BWD Wells - Calibration Location of North Constant Head Boundary - BWD
| at High Pumping Rate.
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Figure 9-14

Capture zones of BWD Wells - Sensitivity Analysis Location of North Constant Head

Boundary- BWD at Average Pumping Rate.
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Figure 9-15

Capture zones of BWD Wells - Sensitivity Analysis Location of North Constant Head

Boundary- BWD at High Pumping Rate.
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10.0 SUMMARY OF COMPUTER MODELING STUDY AND RESULTS

The following section summarizes the procedures and results of the computer modeling performed as
part of the RI report for the Bethpage NWIRP.

10.1.1 Computer Modeling Objectives

The general abjectives of the Rl computer modeling were to provide data on the overall groundwater -
flow in the area of the NWIRP and to determine the potential flow directions of contaminants which may f"
originate on the site. The specific objectives of the computer modeling at Bethpage NWIRP are listed

below: ™
. Provide a general characterization of the subsurface conditions underlying Bethpage (o
NWIRP.

e

. Develop a flow model which accurately represents groundwater flow in the area around .

the Grumman site, with an emphasis on the groundwater flow in and around the NWIRP.

. Model the flow directions of simulated contaminant releases under a variety of production

well and NWIRP recharge basin pumping conditions.

10.1.2 Summary of Modeling Approach

The flow model was developed in several related steps, which are as follows; (1) Collect existing data
and construct the conceptual model, (2) select the appropriate numerical groundwater model, (3) input
initial parameters into model, (4) perform calibration on two months of steady-state data, and two sets
of transient pump test data (5) perform validation on two months of steady-state data, (6) perform

particie tracking simulations, (7) conduct sensitivity analysis for flow model parameters.

10-1
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10.1.3 Conceptual Model

To accurately simulate the behavior of groundwater and particle movement, it is first necessary to obtain

a detailed understanding of the geologic and hydrogeologic factors which control groundwater flow at

a site. The conceptual mode! of the groundwater system was developed from information gathered on
site conditions during a literature review conducted prior to construction of the model. Initial values of

geologic and hydraogeologic parameters were obtained from a variety of literature sources and from two

= pumping test performed at the NWIRP.

.

7 Key features of the conceptual model are:
|

The water table is present within the upper portion of the Magothy aquifer across most

T
. b
L ]

of the modeled area. The Magothy aquifer is considered to be the most significant water-
- bearing unit in the vicinity of the NWIRP site.

x . The upper glacial and Magothy units are considered to function as a single aquifer, as

b : no barrier exists between these units to prevent the exchange of water.

L All Grumman production wells, recharge basins and BWD wells are located in the upper

glacial aquifer, or within the Magothy aquifer.

. The base of the flow system is the Raritan Clay unit, which is considered toc be
-
. impermeable. '
)’I ‘ . The aquifer is considered to be unconfined.
o . No natural surface water bodies are present within the modeled area which significantly
a effect groundwater flow in the model area.
r‘T
o
L
‘!— 1
L 10-2
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Key features of the computer model grid are:

. The model grid covers the NWIRP, Grumman property, and BWD wells to the east and

sauth.
. Model grid columns are oriented parallel to the normal (non-pumping) groundwater flow.
. Grid spacing is most dense in the area of the NWIRP, where the direction of groundwater

flow is of primary interest. Grid spacing widens towards the edge of the grid.

. The mode! grid consists of five layers, which were determined based on the screened
intervals of shallow intermediate and deep monitoring wells. Layer 1 contains shaliow
wells, layer 2 contains intermediate wells, layer 3 contains deep wells and one BWD well,

layer 4 and 5 contain Grumman production wells and BWD wells.

. Constant head boundaries are present along the north and south grid boundaries, and

no flow boundaries are present along the east and west grid boundaries.

10.1.4 Computer Code Selection

The madular three-dimensional finite-difference groundwater flow model (known as MODFLOW) was
chosen to be used for this modeling project because it is capable of simulating the conceptual model
developed for the NWIRP site. MODFLOW was developed by the U. S. Geological Survey to simulate
groundwater flow in a vanety of situations (Mc Donald and Harbaugh, 1988). This model can be used
for two-dimensional or three-dimensional applications, and can simulate the effects of wells, recharge,
drains, and rivers as well as a variety of boundary conditions. MODFLOW has been used extensively
at hazardous waste sites for simulation of groundwater flow, evaluation of remedial alternatives, and can
be used in conjunction with other programs for modeling of contaminant transport and particle tracking.

MODFLOW uses a block-centered grid for solving the finite-difference groundwater flow equations.

MODPATH is a three-dimensional particle tracking code that was developed by the U. S. Geological
Survey (Pollock, 1989). MODPATH operates separately from MODFLOW, and utilizes heads calculated

10-3
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in MODFLOW to determine the direction of particle movement with time. Particle flow directions can
be traced forward in time to determine where particles released from a potential contaminant source

may move, or particles can be tracked in reverse to determine well capture zones.

10.1.5 Model Calibration

Model calibration refers to a demonstration that the model is capable of producing water elevations
which are comparable to water elevations measured on site. Calibration included performing steady-
state simulations for two separate pumping conditions at the Grumman site; low pumping conditions for
Grumman production wells during February 1992, and high pumping conditions for Grumman production
wells during August 1992. Calibration also included conducting transient simulations for two pumping
tests which were carried out at the NWIRP site.

Model calibration was conducted to generate a best fit for both steady-state and transient conditions.
Calibration was performed interactively between transient and steady-state simulations. The final

calibrated mode! minimized the mode! error for both the steady-state and transient simulations.

Steady-state calibration simulated two manthly pumping scenarios. Simulated water elevation data was
compared tc measured data at 61 monitaring wells across the modeled area. Steady-state simulations
were run until there was less than .0001 ft of change in head during one iteration of the simulation.
Both steady-state and transient model calibration was performed by adjusting initial values of aquifer
parameters and boundary conditions until an acceptable match of the modeled data was achieved when
compared to observed measurements. To more accurately represent natural conditions, recharge was
added to 3 recharge basins on Hooker-Ruco property, and to one recharge basin in the vicinity of well
GM-15S during madel calibration. These basins were activated to compensate for recharge which may
have occurred at these basins during the months considered in the model calibration.

Transient (stressed) conditions were calibrated by simulating two pumping tests performed at the NWIRP
site. These pumping tests produced drawdowns within a small portion of the model grid and transient
calibration efforts were focused on this section of the model. Simulated drawdowns were compared to
measured drawdowns for the transient calibration runs.
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Calibration Criteria

The steady-state flow model was considered calibrated when the modeled steady-state simulations were
within 2.0 ft of measured values at the monitoring wells. The calibration criteria was determined as one-
half the natural water table fluctuation across the site. This calibration criteria of + 2.0 ft was met for
all of the 61 monitoring wells on site, with the exception of 8 monitoring wells. These wells which fall
outside the calibration criteria are located in the immediate vicinity of active recharge basins or
production wells, which may have effected the calibration results. A more rigorous calibration criteria
of + 1.0 ft was met for the modeled versus measured drawdowns for the two transient pumping test
simulations. The + 1.0 ft calibration criteria was used for the pumping test simulations because thése t
pumping tests effected a small portion of the model grid where grid spacing is most dense, and flow in

and around the NWIRP is of primary interest as potential sources of contaminants (Site 1) are known I
to exist in this area. .

Calibration Results ' -

For each steady-state calibration run, the difference in head between the measured and modeled heads
was noted. The measured minus modeled value indicates if the measured water elevation at a well is -
within the calibration critena. In addition to this value, two other quantitative calculations were

preformed for the calibration runs to determine how closely the modeled data fit the measured data.

The sum of the differences of modeled data to measured data (referred to as the mean error) indicates
the amount of positive or negative made! error for the calibration run. A zero value of mean error
indicates equal amounts of positive and negative madel error, (i.e., the model predictions are not
consistently high or low). Final calibration results for low pumping conditions have a mean error of -0.01
ft for low pumping conditions, and 0.02 ft for high pumping conditions. The mean error was minimized
during model! calibration. A small value of mean error alone does not indicate a good calibration, as
both positive and negative mean emors are incorporated and may cancel out. For this reason, an

additional measure of model accuracy (absolute residual value) was calculated.

The absolute residual value is the sum of the absolute values of the differences between measured and

modeled data for each monitoring well. A low absolute residual value indicates a good match between
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measured and modeled data, with a zero value indicating an exact match between measured and
modeled data. The absolute residual value for low pumping conditions was 28.26 ft, and for high
pumping conditions the absolute residual value was 36.64 ft. The absolute residual value for low
pumping and high pumping conditions was minimized during calibration, and these absolute residual

values were considered to be acceptable for these simulations.

The outiier welis that fall outside the calibration criteria were not included in the calculation of mean
error or absolute residual error because these wells were interpreted to be influenced by active recharge
basins and production wells and, therefore do not accurately reflect the modeled conditions. Pumping
rates used in the model were derived from monthly averages at each praduction well and do not reflect
daily fluctuations in recharge basin water levels or production well pumping rates. The measured water
elevations represent a 'snap-shot’ of water conditions, while the modeled conditions reflect steady-state
conditions. Therefore, water elevations taken at monitoring wells in the immediate vicinity of active
recharge basins or production wells may be influenced by pumping or recharge activities. The majority
of monitaring wells are distant enough from recharge basins or pumping wells so that they are not
effected by short-term fluctuation caused by pumping or recharge. The average pumping rates used
in the mode! can accurately simulate water levels, as indicated by the close fit of modeled to measured

water elevations at most of the monitoring wells during calibration.

In addition to the statistical checks made on calibration solutions noted above, the water balance of each
calibration run was checked. This water balance measurement is generated by the MODFLOW model,
and is an independent check on the total amount of water entering and leaving the flow system. All

calibration runs fell below the + 0.50 % water balance error criteria.

Statistical analysis on the calibration results were performed to determine how well the mode! data
matched the measured data, and to determine if any trends were present in the distribution of model
error.  Linear regression data for the calibrated steady-state mode! indicates that a nearly direct
relationship exists between the modeled and measured data. Similarly, a linear regression for the
modeled and measured drawdowns for pumping test #1 shows a nearly direct relationship between
measured and modeled results. The simulation of pumping test #2 was more difficult to model due to
the small amounts of drawdowns produced (< 1.0 ft) in the observation wells. The regression data for

this data shows more scatter and a less direct fit of the modeled data. Residual contour plots, which
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show a contour plot the model error for the steady-state simulations, indicate no significant trends were

présent in the modeled data.
10.1.6 Model Validation

Model validation is a check on how well the model can predict a set of water elevations, utilizing the
mode!l parameters established during calibration. Model validation for the flow model consisted of
entering the known pumping rates for production wells and recharge basins for two separate months,
running the model to a steady-state, and comparing model output to measured data for those months.

Two validation scenarios were simulated, January 1992 and July 1992. : e

These two data sets were not used during model calibration and represent independent data sets for V"f
model validation. The January and July data sets were chosen for validation because these months o
occur immediately before February and August 1992, which were used during calibration. The January ™
and July data was considered to represent the most similar boundary conditions to those used for o
calibration as they occur in the same seasons as the calibration runs. Precipitation data indicates that (o
January and July 1992 are mare similar to February and August 1992 (rather than March and -
September, the other months considered for validation). Using months in similar seasons, with similar
amounts of precipitation for calibration and validation is important because the total precipitation will .
effect the water elevations at the north and south constant head boundaries, which effect water

elevations acrass the modeled area.

The January 1892 validation results show that the difference of modeled to measured water elevation
falis within the +2.0 ft criteria for 56 of 58 monitoring wells. Two wells which fall outside the +2.0 ft
criteria are monitoring wells GM-61 and GM-17S. These two wells are in the immediate vicinity of a

production well and recharge basin, and are considered outlier wells and may be biased by the nearby

-
pumping and recharge activity. ‘
.
Results of the July 1992 validation show that the difference of modeled to measured water elevation falls
within the +2.0 ft criteria for the majority of the monitoring wells. A total of eight wells fall outside the '
calibration criteria. Five of these wells, GM-6I, GM-17S, HN-8D, HN-29D and HN-30I, are in the "
immediate vicinity of a production well or recharge basins, which are considered autlier wells and were -
[
10-7 -
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not included in calculation of mean error because they may be effected by pumping or recharge
activities. Three monitoring wells, GM-7D, GM-8S and HN-28| showed a modeled to measured
difference of greater than +2.0 ft. The remaining 51 of 58 monitoring wells fall within the +2.0 ft criteria.

10.1.7 Particle Tracking

MODPATH, a module of MODFLOW, was used to track the locations of particles after a simulated
release of contaminants from suspected source areas. Particle tracking was performed to determine
the possible directions and rates that contaminants will move after a release. Several particle tracking
scenarios were performed, each under a different pumping condition of Grumman production wells and
recharge basins, and with different BWD well pumping rates. The particle tracking program MODPATH
utilizes the groundwater flow data generated by MODFLOW and simulates advective transport of
particles. Other contaminant transport parameters such as diffusion, dispersion, contaminant half-life
are not considered in the MODPATH simulations. Al MODPATH simulations were performed using the

aquifer parameters determined during model calibration, for pumping scenarios run to a steady-state.

Particle tracking analysis is used to trace out flow paths, expressed as fines, by tracking the movement
of infinitely small imaginary particles placed in the flow field. This process may also be used to
determine the capture zone of a well by releasing particles in a grid block, generally a well, and tracking

the particles in reverse along pathlines to determine their source.

Particle Release Locations

Particle tracking analysis was performed for three separate release locations, listed below:

. Particles were released from possible contaminant sources at Site 1.
. Particles were released from possible contaminant sources at the NWIRP recharge
basins.
. Particles were also released at the eastern BWD wells (BP-07, BP-08 and BP-09)
10-8
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Particle tracks from the two potential source areas (Site 1 and the NWIRP recharge basins) were
tracked in the forward direction to determine where particles will move after a simulated release.
Particles were released from each of the three BWD wells to the east of the NWIRP. These particles
were backwards tracked to determine where they originated from and to define the capture zone of each

well.

Pumping Scenarios

Three pumping conditions were considered for pariicle tracking simulations. These pumping conditions

were determined based on past, current and potential future pumping configurations at the Grumman o
production wells, recharge basins, and BWD welis. The emphasis of these simulations was to determine
where particles will move after a release from potential contaminant sources and what effect, if any, [
these potential contaminant sources will have on BWD wells. The pumping scenarios are summarized
in Table 10-1. ™

Current conditions .

Current conditions were simulated in order to determine where contaminants may be moving under the —
pumping conditions that exist currently. Production well pumping rates for current conditions at the
Grumman site were determined from 1991 and 1992 average pumping rate data. BWD wells production
rate data was determined from 1991 and 1992 average pumping rate data. The BWD wells were
considered to be pumping at 120% of 1991 and 1992 rates, and well BP-09 was considered to be active
although it was taken off-line in 1981. These assumptions represent conservative estimates of the
current conditions at the BWD wells. Three recharge basins were considered to be active on Hooker-
Ruco property, recharging the aquifer at a rate of 202 gpm per basin (the rate determined during madel
calibration).

Figures which illustrate the particle tracking pathlines for the current pumping situation are provided in
Section 8.0 of this Appendix.

10-9
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Particle Tracking Results and Conclusions - Current Conditions:

™
. All particles released from Site 1 under current pumping conditions are captured by
Grumman PW-01. /
-
. Particles released from the NWIRP recharge basins show that 30% of particles released
r

are captured by Grumman production wells PW-01, PW-09, PW-10, PW-1, PW-15 and
PW-16. The remaining 70% of the particles flow to the south constant head boundary.
No particles from the NWIRP recharge basins are captured by BWD wells BP-10 or BP- i
1. b

. The capture zone for BWD wells BP-07, BP-08 and BP-09 extends intc the north constant -
head boundary. o

High Pumping Conditions -

The high pumping conditions were simulated to determine where particles may have moved from

—
contaminant sources during past pumping conditions. Before 1985 higher rates of pumping/recharge
at the Grumman production wells and recharge basins may have occurred due to the increased -
manufacturing activity at the facility. High pumping conditions at Grumman were simulated by pumping L
all 14 production wells at 75% of maximum capacity. Three recharge basins were considered to be —
active on Hooker-Ruco property, recharging the aquifer at the rate of 202 gpm per basin (the rate .
determined during model! calibration). —~
Average and high pumping scenarios at the BWD wells were considered for high pumping conditions :
at Grumman production wells (as shown in Table 10-1). Average BWD well pumping conditions were E
simulated by pumping at the rate determined from 1991 and 1992 average pumping rate data. The h
BWD wells were considered to be pumping at 120% of 1991 and 1992 rates, and well BP-09 was a
considered to be active although it was taken off-line in 1991. These assumptions represent o
conservative estimates of the current conditions at the BWD wells. High pumping conditions at the BWD a
10-11 L
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wells were also simulated. In this scenario all BWD wells were pumping at their actual (highest)

| capacity.
F Particle Tracking Results and Conclusions - Grumman High Pumping Conditions, BWD Wells at
- Average Pumping Conditions
[
= . All particles released from Site 1 are captured by PW-14 and PW-05.
.
- . 73% of particles released from the NWIRP recharge basins are captured by the
7 Grumman production wells, 24% reach the south constant head boundary, while 3% of
g particles reach BP-08 from the NWIRP recharge basins.
i
o . The capture zones for BWD wells BP-07, BP-08 and BP-09 extend primarily into the
. north constant head boundary. Some particles originate in the vicinity of the NWIRP
‘ . recharge basins. Three particles (4% of total) move from the north recharge basins to
. BP-08, while two particles (3% of total) move from northwest of the NWIRP recharge
L basins to BP-09.
j Particle Tracking Results and Conclusions - Grumman High Pumping Conditions, BWD Wells at
A High Pumping Conditions
i
. All particle released from Site 1 are captured by PW-14 and PW-05.

[
. . 65% of particles released from the NWIRP recharge basins are captured by Grumman
}‘P\‘ production wells. with 2% reaching the south constant head boundary. BWD well BP-11

receives 19%, BGD-1 receives 7%. BP-08 receives 6% and BP-09 receives 1% of the
r total particles released.
[7' . The capture zones for BWD wells BP-07, BP-08 and BP-09 extend primarily into the
L north constant head boundary, although 8% of particles move from the Grumman north
F recharge basins to BP-08. |

PR
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No Pumping Conditions at Grumman Production wells and Recharge basins

No pumping conditions were simulated to determine how contaminants would move if Grumman
production wells and recharge basins were inactive, and no pumping activity was occurring at the a
Grumman site. For this pumping scenario, all Grumman production wells and recharge basins were
inactive. Recharge basins on Hooker-Ruco property were considered inactive. Two separate scenarios

were considered for past pumpage conditions at the BWD wells during no pumping conditions at the

Grumman site (as shown in Table 10-1). Average pumping conditions and high pumping conditions .
for the BWD wells were simulated. These two pumping conditions for the BWD wells are the same as i
those used for the high pumping conditions at Grumman production wells and basins. ‘ : o
Particle Tracking Results and Conclusions- No Pumping at Grumman, BWD Wells at Average r
Pumping Conditions
M
. Particles released from Site 1 move to the south constant head boundary.
[
. The capture zone for BWD wells BP-07, BP-08 and BP-09 extends into the north constant -
head boundary. -
Particle Tracking Results and Conclusions - No Pumping at Grumman, BWD Wells at High .
Pumping Conditions .
-
. 42% of the particles released from Site 1 were captured by BP-10, and 58% were
captured by BP-11 .

. The capture zone for BWD wells BP-07, BP-08 and BP-09 extends into the north constant
head boundary.

10-13
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10.1.8 Sensitivity Analysis

Sensitivity analysis is the process of characterizing the effects of changes in model parameters on the
behavior of the calibrated model. Sensitivity analysis for the groundwater flow model included increasing
and decreasing aquifer parameters incrementally and comparing the resulting changes in modeled
heads to the calibrated values of head. The magnitude of change in heads from the calibrated solution
is a measure of the sensitivity of the solution to that particular parameter. Additional discussion of

sensitivity analysis procedures and results are presented in Section 9.0.

Horizontal hydraulic conductivity values were increased and decreased by 25% and 50% for the
sensitivity analysis. Sensitivity analysis results for hydraulic conductivity show that a decrease of 50%
results in a significant increase in both mean error and absolute residual, indicating the model resuilts
are sensitive to an decrease of greater than 25% of horizontal hydraulic conductivity compared to
calibrated values. The model results are not highly sensitive to an increase of up to 50% or a decrease
of up to 25% for horizontal hydraulic conductivity. However, while the model results may not be highly
sensitive to changes in horizontal conductivity of this magnitude, these changes do produce less
favorable solutions than the calibrated model.

Vertical hydraulic conductivity values were increased and decreased by 25% and 50% for the sensitivity

‘analysis. Sensitivity analysis results show that the model is sensitive to a decrease of greater than 25%

of vertical hydraulic conductivity. The model results are not highly sensitive to an increase of up to 50%
and a decrease of up to 25% for vertical hydraulic conductivity. However, while the model results may
not be highly sensitive to changes in vertical hydraulic conductivity of this magnitude, these changes do
produce less favorable solutions than the calibrated model.

Storage values were increased and decreased by 25% for the sensitivity analysis. Storage values are
used by MODFLOW only during transient simulations, therefore the effects of the sensitivity analysis
results were determined by comparing the calibrated time-drawdown curves to the sensitivity analysis
curves for the pump test #1 simulation. These curves indicate that the model results are sensitive to
an increase of greater than 25% of the storage value and that the model is less sensitive to a smaller
increase in storage of 25% or less.
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Porosity values were increased and decreased by 25% for the sensitivity analysis. Porosity values are
not used in the flow model, although they are incorporated into the particle tracking module MODPATH.
Changes in porosity will not effect particle flow direction but will effect the travel time of the particle.
Results show that there is a direct relationship between the porosity and the travel time of a particle
moving through the aquifer. A 25% increase or decrease in porosity results in the same amount of

change in the total travel time of a particle through the aquifer.

Recharge values were increased and decreased by 25% and 50% for the sensitivity analysis. Changes rﬁj
in the recharge to the system exhibit a linear relationship to the mean error and absolute residual |
values, with an equal amounts of mean error increase and absalute residual error increase being ~

incurred regardiess of weather recharge is increased or decreased. -

To determine the effect of more distant boundaries on the capture zone of the eastern BWD wells (BP- -
07, BP-08, BP-09) the northern constant head boundary conditions in the MODFLOW model were o
moved 1400 ft to the north, a 40% increase in the distance from the BWD wells to the north constant ‘
head boundary. The results of the sensitivity analysis show that under average or high pumping r

conditions at the BWD wells the capture zone of these wells is not significantly increased if the north

constant head boundary is moved 1400 ft north. -
10.1.9 Summary of Modeling Results . —~

The computer modeling performed for the NWIRP site accurately simulated water levels in 56 of 61
monitoring wells in the February, 1992 pumping condition and accurately simulated water levels in 55
of 61 monitoring wells in the August, 1992 pumping condition. The wells which fell outside the
calibration criteria are in the immediate vicinity of active production wells or recharge basins, which may
account for these disparities. Statistical analysis (linear regression and residual contour plots)
performed on the calibrated steady-state model data indicates a nearly direct correlation in modeled and

measured values of head, and that no significant trends exist in the distribution of model error.

Model simulation of pumping test #1 showed very similar results to data measured during the purhping
test. A comparison of measured and modeled drawdowns (in the pumping well and the aobservation |

wells) shows very close agreement of measured and modeled data. In addition, the time-drawdown
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curves for modeled and measured data exhibit very similar results. The simulation of pumping test #2
was more difficult because of the small amounts of drawdown produced in the observation wells and
due to the size of the mode! grid-blocks. Model simulations were within 1.0 ft of measured drawdowns

for pumping test #2.

During model validation, the model was used to simulate water elevations for two months of data. The
model accurately predicted water levels in 59 of 61 monitoring wells in the January, 1992 pumping
condition and accurately simulated water levels in 54 of 61 monitoring wells in the August, 1992

pumping condition.

Sensitivity analysis was conducted for all aquifer parameters. Results indicate that the model is not
highly sensitive to increases in horizontal or vertical hydraulic conductivity of up to 50% of calibrated
values. The model showed significantly increased error if horizontal or vertical hydraulic conductivity
were decreased more than 25% from calibrated values. Time-drawdown curves for shallow monitoring
wells indicate that the model is sensitive to and increase in storage of 25%. Recharge and porosity
exhibit linear (predictable) effects on model output. Sensitivity analysis indicates that moving the north
constant head boundary 1400 ft to the north does not have a significant effect on the capture zones of
the BWD wells BP-07, BP-08 and BP-09.

Tables 10-2 and 10-3 summarize particle tracking resuits from Grumman production wells and BWD
wells, and when these wells are effected by particle releases. Particle tracking indicates that under
current pumping conditions particles released from Site 1 will be captured by Grumman production wells,
and BWD wells will not capture particles from the NWIRP recharge basins. Under high pumping (past)
conditions at Grumman and average BWD rates, Site 1 particles are captured by Grumman production
wells. A small number of particles may effect BWD well BP-08, and to a lesser extent, BWD well BP-09.
If Grumman production wells and BWD wells pump at a high rate for sustained periods (as simulated
by the steady-state model), all Site 1 particles are captured by Grumman production wells, and 19% of
the particles released may move from the NWIRP recharge basins to BWD wells. These pumping
conditions may have occurred for short time periods in the past, although the high pumping conditions
may not have continued for extended periods of time as simulated in the steady-state mode! runs.
Assuming no Grumman production well or recharge basin activity and average pumping conditions at

the BWD wells, Site 1 particles move to the southern constant head boundary, and the capture zone
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TABLE 10-3
SUMMARY OF FORWARD TRACKING RESULTS

NWIRP BETHPAGE, NEW YORK

Grumman BWD Wells Particle Wells Effected
Pumping Pumping Release
Rate Rate Location Grumman Eastern BWD Southern
Production Wells BWD Wells
" Wells {BP-7, BP-S, {BP-10, P-11)
8P-9)
Current Average Site 1 Y N N
Conditions
NWIRP Basins Y N N
High Pumping | Average Site 1 Y N N
NWIRP Basins Y S N
High Pumping | High Site 1 Y N N
NWIRP Basins Y Y Y
No Pumping Average Site 1 N N N
No Pumping High Site 1 N N Y

Well is effected by particles from release source (well captures more than 5% of the total amount of particles

released.

Well is shightly effected by particles from release source (well captures less than 5% of the total particles

released)

Well is not effected by particles from release source.
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of the BWD wells is not effected by NWIRP rechargé basins. Under high BWD well pumping
rates, particles released from Site 1 are captured by BWD wells BP-10 and BP-11.
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