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1. Introduction

The purpose of this report is to document the methods and results of groundwater
modeling using the Northrop Grumman Regional Groundwater Flow and Transport
Model (Model) to evaluate remedial alternatives for the Operable Unit 3 (OU3) Study
Area Feasibility Study (FS).

The modeling effort consisted of the following tasks:

1. The existing model was updated with current data for pumpage and discharge
rates and total volatile organic compound (TVOC) distribution. The model was
also updated to reflect dual domain advection-diffusion TVOC mass transport.

2. Particle tracking (advective transport) analysis was conducted to identify public
supply and remedial wells potentially impacted by TVOCs in the Study Area
and to evaluate various remedial alternatives designs.

3. Solute transport modeling was conducted to predict TVOC mass loading and
peak concentrations at potentially impacted wells and proposed remedial
(extraction) wells under different remedial alternatives and to evaluate
changes over time in the extent of the TVOC-impacted groundwater.

2. Model Description

The groundwater flow model developed by ARCADIS for Northrop Grumman Systems
Corporation (Northrop Grumman) was constructed to include the area consisting of the
Northrop Grumman, Naval Weapons Industrial Reserve Plant (NWIRP), and
Occidental Chemical Corporation/RUCO Polymer facilities (termed in this FS as the
regional area of TVOC-impacted groundwater) and the surrounding areas. The model
was used to evaluate groundwater flow patterns in the Bethpage, New York area and
evaluate the movement of volatile organic compound (VOC)-impacted groundwater
present beneath and downgradient of the industrial areas described above. The United
States Geological Survey (USGS) Modular Three-Dimensional Groundwater Flow
Model (MODFLOW) (McDonald and Harbaugh, 1988) was used to simulate the
groundwater system in terms of head distribution and groundwater flow. The areal
extent of the flow model domain is presented in Figure A-1. The current model
consists of 351 Rows, 328 Columns, and 12 Layers, for a total of 1,381,526 model
cells. Figure A-2 shows the model layer configuration. Figure A-3 depicts the
maximum current extent of regional TVOC-impacted groundwater.
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The model, originally constructed in 1995, underwent several revisions. A complete
description of the original model’'s construction, calibration, sensitivity analysis and
revisions through April 2003 is provided in a separate report entitled, “Comprehensive
Groundwater Model Report, U.S. Naval Weapons Industrial Reserve Plant/Northrop
Grumman, Bethpage, New York.” (ARCADIS G&M, Inc. 2003). The 2003 model report
describes how hydrologic stresses, induced by industrial pumpage and discharge of
water to recharge basins created complex three-dimensional flow patterns that altered
the movement of groundwater. The 2003 model report also documents the use of the
model for specific contaminant transport modeling efforts. The New York State
Department of Environmental Conservation (NYSDEC) has accepted the model to
support the development of remedial scenarios associated with the regional TVOC
plume.

2. Modeling Approach
2.1 Model Updates

The model was updated in 2008/2009 using current data for pumping and discharge
rates and TVOC distribution. The model was also updated to reflect dual domain
advection-diffusion mass transport. Revisions to the model grid (i.e., number of layers,
number of cells, or grid cell size) were not required for the model update. A continuing
source of TVOCs to groundwater was not represented in the model because the
source was assumed to be remediated as part of baseline conditions and the
Groundwater Interim Remedial Measure (IRM) (also referred to as the Site IRM on
figures in this appendix and the Study Area FS) is actively preventing migration of
VOC-impacted groundwater from the Park to the Study Area.

2.1.1 Pumping and Recharge Rates

During the model update process, the simulated rates for pumpage and recharge by
currently operating remedial systems were confirmed, based on data provided by
Northrop Grumman and the Navy. Current remedial systems consist of pump-and-treat
systems for the Northrop Grumman Main Facility (Main Facility), the Navy GM-38 Area,
and Northrop Grumman’s OU3 Groundwater IRM, including discharge of treated water
to recharge basins and one injection well. Current remedial well pumpage and
recharge rates are summarized in Table A-1. In addition to confirming proper
representation of pumping stresses associated with active remedial systems, average
pumping rates were computed for each of the public water supply wells represented in
the model for the period of 2004-2007.
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2.1.2 Contaminant Mass Distribution

The regional area of TVOC-impacted groundwater represented in the model was
updated using water quality data from vertical profile borings (VPBs) completed during
the Site Area and Study Area remedial investigations (RIs), and average water quality
data for the 2004-2007 period for groundwater monitoring wells (or more recent data
for wells installed after 2007), public supply wells, and remedial wells. Data from VPBs
installed by the Navy from 1999 through 2003 were also used. The density of data
used to define the TVOC distribution in the model was evaluated and determined to be
appropriate to evaluate the remedial alternatives.

Based on the current understanding of the area of regional TVOC-impacted
groundwater (i.e., initial conditions), the estimated VOC mass in groundwater is
approximately 147,000 pounds (Ibs).

2.1.3 Dual Domain Mass Transport

Based on review and evaluation of existing data collected from monitoring and
remedial wells throughout the region, it was evident that dual domain processes were a
significant factor in solute transport within the aquifer system. The solute transport
model used for this modeling effort was therefore updated to simulate dual domain
mass transport. The solute transport model used is an ARCADIS-modified version of
MT3DMS, a multi-species version of the MT3D software that accommodates dual-
domain advection-diffusion mass transport.

Dual domain mass transport refers to a method of modeling solute transport that
represents two domains of solute mass: the mobile and immobile domains. Under dual
domain conditions within an aquifer system, as contaminant mass flows through mobile
pore spaces, a portion of the contaminant mass partitions due to concentration
gradients from the mobile groundwater (contained within coarser grained, more
permeable sediments) into the immobile groundwater (contained within finer grained,
less permeable sediments). This partitioning of mass between pore spaces occurs
through diffusion driven by concentration gradients between sediments of higher and
lower permeability. As a contaminant plume continues to migrate through the aquifer
and mobile phase concentrations begin to decline, mass partitions back into the mobile
phase from the immobile phase, resulting in greater plume persistence over time
compared to the single domain condition. A dual-domain representation of the aquifer
system offers the benefit of a more realistic mass transport simulation, in that the
“storage” of contaminant mass in the immobile pore space within the aquifer can be
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represented and simulated, resulting in a higher degree of confidence in the prediction
of concentration trends in wells over time.

The model requires three input parameters to simulate dual domain conditions:

e The mobile porosity is a parameter that represents the porosity of aquifer zones
of high hydraulic conductivity filled with mobile water (mobile domain) through
which the majority of mass transport takes place via advection. For this
evaluation, the mobile porosity assigned was 7.5% and remained unchanged
following the sensitivity analysis discussed below.

e The immobile porosity is a parameter that represents the porosity of aquifer
zones of low hydraulic conductivity filled with immobile or relatively stagnant
water (immobile domain) through which the majority of the mass transport takes
place via diffusion. For this evaluation, the immobile porosity assigned was 25%
and remained unchanged following the sensitivity analysis discussed below.

e The mass transfer coefficient regulates the diffusion based rate of mass transfer
between the immobile and mobile phases. For this evaluation, the mass transfer
coefficient assigned was 1e” and remained unchanged following the sensitivity
analysis discussed below. No other transport parameters were employed (e.g.,
retardation, chemical decay, etc.) in the simulations conducted for the Study
Area FS.

A range for each input parameter value was selected based on literature values judged
appropriate for the local hydrogeologic conditions and the ranges were evaluated using
a sensitivity analysis to select final representative values for solute transport
simulations (Payne 2008; Watson 2010).

The transport model’s sensitivity to a range of transport parameter values was
evaluated by completing a series of model runs. For the evaluation, a series of 30-year
transport simulations were conducted, as follows:

e Mobile porosity increased from 7.5% to 10% (total porosity held constant at
32.5% [for this simulation immobile porosity was set to 22.5%]),

e Mobile porosity decreased from 7.5% to 5% (total porosity held constant at
32.5% [for this simulation immobile porosity was set to 27.5%]),

e Mass transfer coefficient increased from 1e” to 1€, and
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e Mass transfer coefficient decreased from 1e™ to 1e€™. Note that none of the
simulations were run with more than one variable.

In general, the model is insensitive to changes in the mass transfer coefficient or
adjustments to the mobile to immobile porosity ratio over the ranges described above.
Therefore, slight differences between the model input values and actual field data, if
any, would only slightly change the overall model results and not affect the conclusions
reached in the FS.

2.2 Particle Tracking Analysis

Particle tracking analysis (also referred to as advective transport modeling in this
report) was undertaken to evaluate the advective movement (i.e., the bulk movement
of a contaminant particle at a velocity equal to the mean flow velocity in the aquifer) of
TVOC-impacted groundwater. The particle tracking analyses were performed using a
three-dimensional particle tracking code called MODPATH (Pollock 1989). MODPATH,
was developed by the USGS and was designed to use output generated directly from
MODFLOW. MODPATH computes the paths for imaginary "particles" of water
moving through the simulated groundwater system until the particles reach a
boundary, a sink, or satisfies some other termination criterion.

Particle tracking analysis was conducted for two purposes:

e To identify wells that are potentially impacted by Study Area TVOC-impacted
groundwater; and

e To evaluate and assist in the design of remedial alternatives (e.g., remedial well
locations, pumping rates, and current and predicted capture zones).

2.2.1 Potentially Impacted Wells

Based on the findings of the RI, remedial wells and public supply wells were the only
potential exposure points identified. The analysis of wells potentially impacted by Study
Area TVOC-impacted groundwater was conducted under baseline groundwater flow-
field conditions (i.e., with all groundwater remedial systems operating at their designed
rates and all public supply wells operating at their average rates). All particles were
released within the TVOC-impacted groundwater in the Study Area over all layers of
the groundwater model, except Layer 12 (the deepest layer, where no contamination
has been detected). All particles were then permitted to move under the influence of
the current groundwater flow-field to their respective endpoints (such as pumping wells
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or the limits of the model domain), with no time limit placed on their migration. A given
well was characterized as potentially impacted if the model-predicted particle flow
path(s) reached that well. Computer-generated particle tracking figures are difficult to
interpret visually; therefore, a simplified representation of the particle tracking results is
presented in Figure A-4. Results of the baseline particle tracking concluded:

e Particles from the Study Area TVOC-impacted groundwater did not migrate
beyond the most downgradient Bethpage Water District (BWD) well (i.e., Plant 5).

e The following wells are potentially impacted from TVOCs in Study Area
groundwater: BWD Wells 4-1, 4-2, 5-1, and 6-2; Main Facility remedial system
Wells 17 18, and 19; and the GM-38 Area remedial wells.

Main Facility remedial system Wells 17 and18, the GM-38 Area wells, and BWD Well
6-2 were not retained for further evaluation because these wells are addressed under
the Operable Unit 2 (OU2) record of decision (ROD), which provides for the protection
of public health and the environment and because the wells are relatively distant from
or shallow relative to VOCs in the Study Area. Although the OU2 ROD also addresses
Well 19, this well was retained for further evaluation because it is a key component of
the remedial alternatives evaluated in this FS, given the extent of its zone of capture
into the Study Area.

2.2.2 Remedial Alternatives Analysis

Development of the remedial alternatives evaluated for this FS involved modifying the
existing groundwater flow field through the addition of one or more wells (remedial
[extraction] wells and, for some alternatives, injection wells). The alternatives were
developed to maintain and achieve the Study Area remedial action objectives (RAOs),
which are:

e Prevent exposure to Site-Area related VOCs in groundwater within the Study
Area (Off-Site) and Reduce VOC mass in Study Area groundwater to the extent
feasible.

The methodology used for the remedial alternatives analyses is as follows:

e Review the Study Area VOC-impacted groundwater distribution and place a new
remedial well(s) in locations of highest known VOC concentrations,
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e Review available land and property ownership to identify reasonably accessible
well locations and adjust well locations, as needed,

e Utilize particle tracking in an iterative manner to optimize the groundwater
removal and recharge locations, and

¢ Following optimization, perform solute transport simulations to quantify time vs.
concentration trends and VOC mass removal at the remedial well(s) and
potentially impacted wells (see Section 2.3 for details).

Each of the remedial alternatives evaluated for this FS involved modifying the existing
groundwater flow field through the addition of one or more remedial wells and
reduction of the pumping rate of existing Remedial Well 19 under Remedial
Alternatives 3 through 5 (see Table A-1 for details).

Under all remedial alternatives evaluated, the capture zones (developed based on the
particle tracking for each alternative) of the Groundwater IRM and Main Facility
remedial system were maintained.

2.3 Solute Transport

As a final step in the modeling effort, solute transport analysis was undertaken to
evaluate contaminant mass removal and future concentrations under each alternative.
The MT3D computer code (Zheng and Wang 1999) updated to MT3DMS and modified
further by ARCADIS (to account for dual domain conditions — see above) was selected
for solute-transport modeling. MT3DMS was chosen for this modeling application
because it provides a means to simulate the transport processes that occur within the
Long Island aquifer system and because it was designed to be used in conjunction with
MODFLOW.

The purpose of the solute transport modeling was to evaluate:

e TVOC mass loadings at potentially impacted wells and proposed remedial wells,

o peak TVOC concentrations at potentially impacted wells and proposed remedial
wells, and

e changes over time in the extent of the Study Area TVOC-impacted groundwater,
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Once the initial conditions were established, the solute transport model was run for a
period of 30 years for each remedial alternative. The output was processed and
graphics were developed to depict the results of the model runs.

3. Simulation of Remedial Alternatives

Groundwater flow, particle tracking, and contaminant transport modeling were used to
evaluate potential remedial alternatives for addressing TVOC-impacted groundwater in
the Study Area. Five alternatives were retained for detailed modeling evaluation:

1. Alternative 2 — Baseline/Continued Action - Source removal at Site Area,
maintain operation of existing groundwater remediation systems
(Groundwater IRM, OU2 systems, and GM-38 Area), and BWD wellhead
protection

2. Alternative 3 — Alternative 2, plus install one new remedial well (Well RW-
21); send treated discharge back to the Main Facility, to Northrop
Grumman’s South Basins.

3. Alternative 4 — Alternative 2, plus install two new remedial wells (Wells RW-
20 and RW-21), send treated discharge back to the Main Facility to Northrop
Grumman’s South Basins.

4. Alternative 5 — Alternative 2, plus operate BWD Plant 4 wells (BWD Wells 4-
1 and 4-2) as remedial wells (and replace Plant 4 capacity) and install one
new remedial well (Well RW-20); send treated discharge back to the Main
Facility, to Northrop Grumman’s South Basins, Arthur Avenue recharge
basin, and new shallow injection wells.

5. Alternative 6 — Alternative 2, plus install five new remedial wells (Wells RW-
22 through RW-26) and seven pairs of injection wells; send treated
discharge to the seven pairs of new injection wells.

The remedial alternatives listed above are focused on addressing the Study Area
TVOC-impacted groundwater. The configuration of the remedial alternatives evaluated
is summarized in Table A-1, and shown on Figures A-19 through A-23, which are
also presented in the main section of this FS and are provided in this appendix for
completeness. Alternative 1, No Action, was not modeled because it assumes that the
currently operating groundwater remedies are shut down, including public supply
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wellhead treatment. Alternative 2 was modeled and presents baseline conditions, as
described above, for comparison to the other alternatives developed.

4. Modeling Results
The results of modeling are illustrated by the following three types of figures:

e Figures A-5 through A-10, which are maps showing the maximum extent and
concentration of TVOCs (regardless of depth) in the Study Area for initial
conditions and at the end of the 30 year simulation for each remedial alternative.

o Figures A-11 through A-15, which are time versus concentration graphs for the
proposed remedial wells and existing Remedial Well 19 for each remedial
alternative.

e Figures A-16 through A-18, which are time versus concentration graphs for
BWD Wells 4-1, 4-2, and 5-1 depicting the effect of each remedial alternative in
reducing TVOC concentrations in the wells.

Please realize that the vertical scale of TVOC concentrations shown on each graph
varies by well.

4.1 Alternative 2 — Baseline/Continued Action

The results of the modeling of the baseline scenario are depicted on Figures A-5, A-6,
A-11, and A-16 through A-18. The baseline scenario simulates the operation of the
existing Main Facility Groundwater Remedial System, the GM-38 Area Remedial
System, the Groundwater IRM, and public supply wells within the model domain. Of
the 147,000 pounds (Ibs) of TVOCs estimated to be present in the regional area of
TVOC-impacted groundwater, the model predicts that approximately 100,000 Ibs are
extracted under this alternative after 30 years (Table A-2).

Relative to the starting distribution of TVOCs in the Study Area (Figure A-5), while the
general overall extent of the TVOCs remains relatively unchanged after 30 years,
TVOCs in the Study Area have migrated slightly to the south. The model-predicted
TVOC concentrations after 30 years under Alternative 2 are reduced from greater than
10,000 pg/L to below 3,000 ug/L in the core of the impacted area (Figure A-6).

The model-predicted TVOC concentrations at Main Facility Remedial Well 19 are
shown on Figure A-11 and indicate that the well reaches a peak TVOC concentration
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of nearly 500 ug/L within 10 years, and declines to less than 300 ug/L after about 25
years.

Model-predicted TVOC concentrations at BWD Wells 4-1, 4-2 and 5-1, are shown on
Figures A-16 through A-18, respectively, under baseline conditions and indicate peak
TVOC concentrations at Wells 4-1, 4-2 and 5-1 of approximately 400 ug/L, 130 ug/L,
and 180 ug/L, respectively.

4.2 Alternative 3 — Alternative 2, Plus One New Remedial Well.

The results of the modeling of Alternative 3 are depicted on Figures A-7, A-12, and A-
16 through A-18. For this alternative, proposed Remedial Well RW-21 is pumping at
1,000 gpm (Table A-1) (see Table A-3 for details for the proposed remedial wells). At
the conclusion of the 30-year transport simulation, approximately 104,000 Ibs of
TVOCs will be extracted under this alternative (Table A-2).

Figure A-7 shows the maximum extent of TVOCs in groundwater under Alternative 3
after 30 years. Relative to the starting distribution of TVOCs in the Study Area, based
on model predictions, Alternative 3 results in the elimination of TVOCs in excess of 500
pg/L from migrating south of Well RW-21. The model-predicted TVOC concentrations
have been reduced from greater than 10,000 ug/L to below 3,000 ug/L in the core of
the impacted area.

The model-predicted TVOC concentrations at the Main Facility Well 19 (and RW-21)
under Alternative 3 are shown on Figure A-12. The graph suggests that the peak
TVOC concentration at proposed Remedial Well RW-21 will be approximately 10,000
Mg/L at startup, will be below 2,000 ug/L within two years, and may approach
asymptotic levels in about 20 years.

Model-predicted TVOC concentrations at BWD Wells 4-1, 4-2 and 5-1, are shown on
Figures A-16 through A-18, respectively. The model-predicted peak TVOC
concentrations under Alternative 3 at Wells 4-1, 4-2 and 5-1 are approximately 275
Mg/L, 75 pg/L, and 15 pg/L, respectively. These peak values are reduced in all three
wells compared to the baseline scenario by approximately 30, 40, and 90 percent,
respectively.
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4.3 Alternative 4 — Alternative 2, Plus Two New Remedial Wells.

The results of the modeling of Alternative 4 are depicted on Figures A-8, A-13, and A-
16 through A-18.

For this alternative, proposed Remedial Wells RW-20 and RW-21 are pumping (Table
A-1). At the conclusion of the 30-year transport simulation, approximately 111,500 Ibs
of TVOCs will be extracted under this alternative (Table A2).

Figure A-8 shows the maximum extent of TVOCs in groundwater under Alternative 4
after 30 years. Relative to the starting distribution of TVOCs in the Study Area, based
on model predictions, Alternative 4 results in the elimination of TVOCs in excess of 500
pg/L from migrating south of Well RW-21. The model-predicted TVOC concentrations
have been reduced from greater than 10,000 pg/L to below 3,000 pg/L in the core of
the impacted area.

The model-predicted TVOC concentrations at Well 19 and proposed Remedial Wells
RW-20 and RW-21 under Alternative 4 are shown on Figure A-13. The graph
suggests that the peak TVOC concentrations at Wells RW-20 and RW-21 will be
approximately 7,500 and 10,000 pg/L, respectively. Wells RW-20 and RW-21 may
approach asymptotic levels in about 20 years.

Model-predicted TVOC concentrations at BWD Wells 4-1, 4-2 and 5-1, are shown on
Figures A-16 to A-18, respectively. The model-predicted peak TVOC concentrations
under Alternative 4 at Wells 4-1, 4-2 and 5-1 are approximately 320 ug/L, 82 ug/L, and
12 pg/L, respectively. These peak values are reduced in all three wells compared to
the baseline scenario by approximately 20, 40, and 90 percent, respectively.

4.4 Alternative 5 — Alternative 2, Plus Operate BWD Plant 4 as Remediation System, plus
One New Remedial Well (RW-20).

The results of the modeling of Alternative 5 are depicted on Figures A-9, A-14, and A-
18.

For this alternative, new Remedial Well RW-20 and the BWD Plant 4 well field operate
as remedial wells. For this alternative, BWD Wells 4-1 and 4-2 are re-purposed as
remedial wells. As shown in Table A-2, at the conclusion of the 30-year transport
simulation, the model predicts that approximately 112,000 Ibs of TVOCs will be
extracted under this alternative.
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Figure A-9 shows the maximum extent of TVOCs in groundwater under Alternative 5
after 30 years. A comparison to initial conditions shows that the overall extent of the
TVOCs are similar, albeit slightly further south, and the extent of TVOC-impacted
groundwater at concentrations greater than 500 pg/L has been significantly reduced.
Also, the model predicted TVOC concentrations have been reduced from greater than
10,000 pg/L to below 3,000 pg/L in the core of the impacted area.

The model-predicted TVOC concentrations at Well RW-20 are shown on Figure A-14.
The model-predicted peak TVOC concentration under Alternative 5 at Well RW-20 is
approximately 7,500 ug/L. Well RW-20 and BWD Well 4-2 may approach an
asymptote at approximately 20 years. BWD Well 4-1 does not appear to reach
asymptotic levels in the 30-year modeling timeframe (Figure A-14).

The model-predicted TVOC concentrations at BWD Well 5-1 under Alternative 5 are
shown on Figure A-18. The model-predicted peak TVOC concentration under
Alternative 5 at BWD Well 5-1 is approximately 17 pg/L, which is reduced compared to
the baseline scenario by approximately 90 percent.

4.5 Alternative 6 — Alternative 2, Plus Five New Remedial Wells

The results of the modeling of Alternative 6 are depicted on Figures A-10, and A-15
through A-18.

For this alternative, proposed Remedial Wells RW-22, -23, -24, -25 and -26 are
pumping. At the conclusion of the 30-year transport simulation, the model predicts that
approximately 139,000 pounds of TVOCs will be extracted (Table A-2).

Figure A-10 shows the maximum extent of TVOCs in groundwater under Alternative 6
after 30 years. A comparison to initial conditions shows that based on model
predictions, Alternative 6 would result in a substantial reduction in the overall extent of
the TVOC plume and the maximum TVOC concentration remaining in the aquifer after
30 years; peak TVOC concentrations remaining in the aquifer are less than 50 pg/L.

The model-predicted TVOC concentrations at Well 19 and RW-22 through RW-26
under Alternative 6 are shown on Figure A-15. The graph suggests that the peak
TVOC concentrations at proposed Remedial Wells RW-22 through RW-26 range from
3,800 to 8,600 pg/L. Collectively, Wells RW-22 through RW-26 appear to reach
Standards, Criteria, and Guidance values (SCGs) at an average time of approximately
20 years.
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Model-predicted TVOC concentrations at BWD Wells 4-1, 4-2 and 5-1, are shown on
Figures A-16 to A-18, respectively. The model-predicted peak TVOC concentrations
under Alternative 6 at Wells 4-1, 4-2 and 5-1 are approximately 285 ug/L, 80 ug/L, and
5 pg/L, respectively. These peak values are reduced in all three wells compared to the
baseline scenario by approximately 30, 40, and 98 percent, respectively.
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Table A-1. Comparison of Remedial Well Pumpage/Recharge by Alternative, Study Area Feasibility Study, Northrop Grumman Systems Corporation,
Operable Unit 3 (Former Grumman Settling Ponds), Bethpage, New York.

Basin/ Alternative 2/Baseline Alternative 3 " Alternative 4 " Alternative 5 (@ Alternative 6
Well ID Pumping Rate Pumping Rate Pumping Rate Pumping Rate Pumping Rate
(gpm) (gpm) (gpm) (gpm) (gpm)

Northrop Grumman Main Facility Remedial Wells/Systems

Tower 96 -1540 -1540 -1540 -1540 -1540

Well 17 -1003 -1003 -1003 -1003 -1003

Well 18 -603 -603 -603 -603 -603

Well 19 -700 -200 -200 -200 -700

Plant 5 Recharge Basins 511 511 511 511 511

South Recharge Basins 2929 3430 3430 2929 2929
Groundwater IRM Wells

RW-1 -30 -30 -30 -30 -30

RW-2 -75 -75 -75 -75 -75

RW-3 -75 -75 -75 -75 -75

RW-4 -30 -30 -30 -30 -30

Former Plant 3 Recharge Basin 210 210 210 210 210

GM-38 Area Remedial Wells

GM38 RW-1 -800 -800 -800 -800 -800

GM38 RW-3 -300 -300 -300 -300 -300

Injection Well IW-1 300 300 300 300 300

Arthur Avenue Recharge Basin 800 800 800 800 800

Proposed Wells/Existing Basins

Remedial Well RW-20 - - -500 -500 -
Remedial Well RW-21 - -1000 -500 -- --
South Basins - 1000 ¥ 1000 ¥ 500 @ -
Re-purposed BWD 4-1 - - -- -1550 -
Re-purposed BWD 4-2 - - - -1150 -
Arthur Ave Basin/Injection Wells -- -- -- 2700 --
Remedial Well RW-22 - - - - -300
Injection Well IN-22-1 - - - - 150
Injection Well IN-22-2 - - - - 150
Remedial Well RW-23 - - - - -800
Injection Well IN-23-1 - - - - 400
Injection Well IN-23-2 - - - - 400
Remedial Well RW-24 - - - - -1140
Injection Well IN-24 - -- - - 1140
Remedial Well RW-25 -- - -- - -900
Injection Well IN-25 - - - - 900
Remedial Well RW-26 - - - - -900
Injection Well IN-26 - - - - 900

Notes:

Pumping rates are negative for remedial wells and positive for injection wells.

"--" means the remedial well is not operating under that alternative.

(1)  Water from new remedial wells RW-20 and RW-21 is conveyed to Northrop Grumman's Main facility Tower 102 System for treatment and returned to the
aquifer via the South Recharge Basins.

(2) Water from BWD Plant 4 is discharged to the Arthur Ave Basin and shallow injection wells.

(3) Water from the new remedial wells is treated via local remedial systems and returned to aquifer via local pairs of injection wells.

(4) This rate is already included in the rate to the South Recharge Basins under the Northrop Grumman Main Facility Remedial Wells/Systems heading.

(5) Approximately 400 gpm of pumped water treated by Tower 96 is supplied to Calpine and not recharged to the on-site recharge basins.
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Table A-2. Summary of Model-Predicted TVOC Mass Removed from Groundwater at the End of the 30 Year Period of
Operation, Study Area Feasibility Study, Northrop Grumman Systems Corporation, Operable Unit 3
(Former Grumman Settling Ponds), Bethpage, New York.

Remedial

Alternative TVOC Mass
No. Remedial Alternative Description Removed (Ibs)
2 Baseline/Continued Action 100,000
3 Alternative 2, plus RW-21 104,000
4 Alternative 2, plus RW-20 and RW-21 111,500
5 Alternative 2, plus RW-20 and BWD Plant 4 112,000
6 Alternative 2, plus Return to Pre-Disposal Conditions 139,000
Notes: Mass removal values rounded down to the nearest 500 pounds.

Definitions:

BWD Bethpage Water District

TVOC Total Volatile Organic Compounds
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Table A-3. Proposed Remedial Well Details, Study Area Feasibility Study, Northrop Grumman Systems Corporation,
Operable Unit 3 (Former Grumman Settling Ponds), Bethpage, New York.

Remedial Estimated Land Surface  Elevation of Well Depth to Bottom of Well

Well ID Model Layer Elevation (msl) " Bottom (ft msl) (ft bls)

RW-20 8 100 -415 515

RW-21 9 95 -520 615

RW-22 2,3,and 4 118 -91 209

RW-23 4,5, and 6 115 -233 348

RW-24 6,7,and 8 109 -409 518

RW-25 7,8,and 9 109 -488 597

RW-26 9and 10 95 -560 655

Note:

M Land surface elevations estimated from USGS Topographic Quadrangle maps (Levittown, Huntington, Freeport,
Amityville).

Definitions:

RW: Remedial Well

ft bls: Feet below land surface

ft msl: feet relative to mean sea level

USGS United States geological Survey
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Table B1. Summary of System Operational Periods, Study Area Feasibility Study, Northrop Grumman Systems Corporation,
Operable Unit 3 (Former Grumman Settling Ponds), Bethpage, New York.

Remedial Remedial Active Pulsed Post System Shutdown
Alternative Wells Remedial Phase Remedial Phase Monitoring Phase

(Years) (Years) (Years)

3 RW-21 1to0 20 211025 26 to 30

4 RW-20 11020 2110 25 26 to 30
RW-21 11020 21to 25 26 to 30

4-1 11030 N/A N/A

5 4-2 11020 211025 26 to 30
RW-20 11020 211to 25 26 to 30

Rw-22 11020 21to 25 26 to 30

RW-23 11020 2110 25 26 t0 30

6 RW-24 11020 21to 25 26 to 30
RW-25 11020 2110 25 26 t0 30

RW-26 11020 21to 25 26 to 30

Notes:

N/A - not applicable; does not achieve shut down criteria within 30 year evaluation period.

G:\APROJECT\Northrop Grumman\Superfund\2011\OU3\NY001496.0811 RI FS\Revised Study Area FS\Final Report\Appendix B\Appendix B_Final.xls - Table B1



€ aAljewa)Y - S|X[euld” g Xipuaddy\g Xipuaddy\uoday [eui\Sd ealy Apnis pasined\Sd 1Y 1180°967L00ANIENO\L LOZ\PUNKadns\ueWWNIS doIYUON\LOIMrO¥dW\:O

‘abed Buimojjo} uo panuRuod

“uonejejsut Buipnjour saiiyn 1oj suonesiauad ym Jinea sjelouoo jseoaid g X 9 000'0Z$ 000'02$ S| l [ednjonils jJIneA peay|iopn

'sj0Ju00 §'3 ‘oyjeu ‘dn jes Juswdinbe ‘dn jes eale suom ‘Bulieso soy ejewnss Bulssuibu )OO | LES 000°L 1€$ S| l co_um._mdm._n_ 9)IS

‘Apadoud ajeand oy wuay Buieosol Ayin Buoenuoogns ‘Auadoud o1jgnd Joy Asains Ayjin jes-suQ OO0.0N% OO0.0N% S| l >m>.5w 3___«3 |lIS

‘spuoq juswAed pue ‘eouewliopad ‘piq paiinbai Jusld pue ‘SRH ‘uonezijiqowap/uonezijiqow Joj ajewijse Buesulbug 000051 $ 000051 $ ] l uol}ezijigowap/uoljezijigow Jojoesjuod

Sapeibdf) 0L 1omo] pue WalSAS buidwing Le-Ay lIoM AdoA0day

000'Z20°L$ __ SlI9M Buriojuo pue K19A093y |ejoigng

“19)em Juswdojanap pue sBuilnd [Ios ||am Joj [esodsip pue ‘Buljpuey ‘UolEZIIS}OBIBYD S)SEA 000'6€$ Ooo_mmw S| l SIEL mc_‘_oﬂ_co_)_

“19)em 3s9) dwnd pue ‘Jeyem Juswdojarap ‘sbulINo |10s ||om Joy [esodsip pue ‘Bulipuey ‘uoneziie)oeieyd 9)Sep Ooohmww Ooo_me S| l S|leM >L®>Oowm_
«C@Em@mcm_\,_ s)sep\

‘Juado|aAap ||9Mm 1o} }S0D JojoejUOOANS  )O0° 12$ OOO.N% ea [ SIEL mc_Lou_co_\/_

‘Juswdo|aAap ||9M O} }S0D J0JOBIU0IINS Ooo:v_‘w OOO.V _‘w e o l S|IPM >‘_®>00®N_

wawdojanaq ||

‘Bunppiwiad pue ‘Buised asepns ‘eqowap/agow sapnjoul ‘Aiejos pniy Ooohmmwﬁ Ooohmmmw ea o) S|q U 0GS O} 0S¥ SIIPM @C_;_O”__CO_)_

"BAlIEUISIIE SIU} JoPUN PaAINbaI BUON (¢ 0$ e 0 SI9 4 0S¥ 0} 0GE SlIPA Butioyuopy

“aAljeUIB)|E SIY} Jopun paiinbal suoN (¢ 0$ es 0 S|q I 0SE O} 0SZ SIIPM Buuioyuopy

BAIEUISIIE SIU} JopUN PaAINbaI BUON (¢ 0$ e 0 SI9 4 0SZ 0} 0G| SlIPA Butioyuop
uonejiejsul [|8 M Bunoyuopy

15} dwind Unoy-gy 1o} 1500 Jojoeuodans  000‘0Z$ 000'02$ es l LZ-MY lIoM Aanooay
Bunsa] 19 Alonooay

‘Bunywiad pue Bulog ayoid ajonuan ‘Buises adepns ‘eqowap/agow sapnjoul ‘AIejos asianay OOOAOONw OO0.00N% eo l 12-MY IIPM >Lm>oomm_
uone|eisuy| [ Alonooay
SJI9/ buliojiuoyy pue A1oA028y
s)s09 |ejide) uooNIIsuo)

sjuswwoy  (¢$)Iso0 ($)3s0g  spun Apuenp uonduosaqg
lejol Hun

‘[ 2]qDL Ul paqLidsap SO UMOPINYS S2ANSDIU [DIpauiaL pasodo.dd -

(201 4oMO]) wa3sAg juaupa.L] A17100,] U] Susixa ayj o3 (wds ()0 ) 4210M [7-MY []oM A424002.4 JO 42[SupL] -

TT-MY 12N £124002.4 Mau [0 uoyp]ISU -

“(SuonIpuod 2u1jaspq “a°1) uo132a1o.4d ppayjjom pup suiajsAs [pipauiad 3uipsixa fo uonp.12do panuijuod pup UONPIPIUIA 2I4N0S YIDJ -
:Sapnjouy
J]oM [D1PpaUIdL MU U JO UONDIIDISUL YSNOY) § pub p Spubld Mg 01 S1ovdutl 2onpa.d pup SSbuL DO AL 2o1pay

WIOA MaN ‘ebedyjeg ‘(spuod Buines uewwnls) Jjawlo4) € yun ajgesado
‘uonelodion swaysAg uewwnisy doiyuoN ‘Apnis Aljiqisead ealy ApniS ‘S 8AllBUIS)Y JojeMpunols) ealy ApN)S :SaAljeuls)|y [elpaway Jo S}so) pajieled ‘zdg elqel

640 | abed SIAVOUY &



€ aAljewa)Y - S|X[euld” g Xipuaddy\g Xipuaddy\uoday [eui\Sd ealy Apnis pasined\Sd 1Y 1180°967L00ANIENO\L LOZ\PUNKadns\ueWWNIS doIYUON\LOIMrO¥dW\:O

‘abed Buimojjo} uo panunuod

‘ueyd juswebeuew eys o} kenns VTV 000°004$ 000°00+$ S1 ! Aening juswiebeuepy ans
("018 ‘ddVD ‘NBINO ‘dVvS) seoipuadde pajejal pue ueld Juswabeuew a)is jo uoneledaid OO0,00N% OO0,00N% 31 l CO_«SNQ@_n_ dNS

s)s09 J08foad snoaue||a9sI

000°290°L$ juawabeuely jo0aloid/bulisauibug lejoigng

109(oid 8y} Jo s}oadse paje|as UoONIISUOD JO Juswabeuew Y)im pajeloosse sasy ||y owm.vhmw ooohvw_\mw jo %L ucm_(:mmmcm_\/_ uow.—o._n_
"0} ‘MaIO UOIJONJISUOD/He)s plal) Jo Juswabeuew ‘juswainoold pue Buippiq Jojoenuoogng me.v&m% OOO.VN_\.ww jo %2l «C@Emmmcm_\/_ uononJasuo)
*0)0 ‘Buiiodas paje|al uononSuod ‘(s)ue|d YO UoNY [elpaway ‘ubisaq OovhN FM$ Ooo,va_mw Jo %01 mc_‘_mmc_mcm

juswabeuepy j03foid/Bundauibul

000'250'2$  sepesBdn zol 4amo] pue wajshs Buidwng LZ-MY [1I9M A19r093Y [ejolang

-A1ojeloqe| pue yuswabeuew snid sieauibus om) yum dnpiels Jo syaam om) sepnjoul ajewnjse Buuesuibug 000°‘0€$ 000°G1$ SHM Z mc_umm._. dnueis Emuw\»w
‘suoljeAs|d pue Asains Ayjin }ing-se Joj ajewnsas buussuibug OO0.0N% OO0.0wa S| l >®>.5w JINg-syY
JS09 Juswabeuew Joafoid [euss)ul SI0JOBLUOD UOHONLSUOD S0} Bjewnss Bulsauibul  000‘Z6 1$ 000C1$ SHM 9l ucm_(:mmmcm_\/_ uom_,o._n_ 9SNOH-U| siojoeNUOD
-adid A1an0931 10} uoleIO}SBI pEOIMIEMBPIS Bulpnioul iom Ag paginisip seale ||e a10)sal 0} ajewnsa buussulbugy OOO.#@N% OOO,#@N% S| b uoijelo}say SIS
‘6L-MY [19Mm A19A0081 Bulsixe o} Jusoelpe adid aleds Buiisixe o) [[om A18A0981 WOl IJAH IlEm-91qnop Jajewelp Yu-0L 16/ '961$ 1G1$ I 00€€ Buidig pue Buiyouai|
1994 00G A19A8 SaABA Bseajal wnnoeA/lle pue sjnoueso adid aul| A1enoday OmN.mw OmNﬁ es A SOA|B/ 8Sed|oy WNNde/ /Il pue sjnoues|) mQ_n_
‘s)ineA A19A0281 MaU WO} Pad) 8AI90a) 0) sapelBdn |01)u0d paseq Jaulay)e Jo a)ij|e)es/ajoway 000'G.$ 000°6.$ S| | uoljejuswniisu| pue sjojjuo)d Ewww\mm 201l Jamo]
‘wia)sAs g0l 1emo] o} apesbdn ‘pod sjdwes ‘sanjen ‘Buidid ‘Jamoljq maN Ooo.mr rﬁ Ooohm_‘ _‘w ed A wwtm‘_OQD |edlueydIsN Emuw\Aw Z0l Jamo
‘waysAs Anjioe ule|y 0) WalSAS UOHEDIUNWWIOD 8)Ij|9)es/a}owal pue [aued |o1uod-gns [ed0] 000'G.$ 000°6.$ S| l S|oJju0) |eolyos|3 JIneA pesy|iep
‘JINeA [|om A1aA02a1 0} J08uu0dsIp pue Ajddns Jamod 000°96$ 000°96¢$ S| l >_Qajw 1edu1098|3 JIneA peay|lepA
030 *Butdid ynea-ul ‘spod sjdwies ‘sabneb aunssaid ‘sejewmol sepnioul 000G 000°S¥$ S| l |ediueyos|\ JIneA peay|lep
“80e/NS pue| o} adid A1eA0da. [[om-Ul JajaLEIP YouI-g pue dwnd suiqin) ejgsueWAns dH G/ sojpuni9 e sepnipul - 000‘901$ 000'901$ S| l adig doiq jlIop-ul pue dung Alenooay
sjuswwoy  (¢$)Iso0 ($)3s0g  spun Apuenp uonduosaqg
lejol nun

‘[ 2]qDL Ul paqLidsap SO UMOPINYS S2ANSDIU [DIpauiaL pasodo.dd -

(201 4oMO]) wa3sAg juaupa.L] A17100,] U] Susixa ayj o3 (wds ()0 ) 4210M [7-MY []oM A424002.4 JO 42[SupL] -

TT-MY 12N £124002.4 Mau [0 uoyp]ISU -

“(SuonIpuod 2u1jaspq “a°1) uo132a1o.4d ppayjjom pup suiajsAs [pipauiad 3uipsixa fo uonp.12do panuijuod pup UONPIPIUIA 2I4N0S YIDJ -
:Sapnjouy
J]oM [D1PpaUIdL MU U JO UONDIIDISUL YSNOY) § pub p Spubld Mg 01 S1ovdutl 2onpa.d pup SSbuL DO AL 2o1pay

WIOA MaN ‘ebedyjeg ‘(spuod Buines uewwnls) Jjawlo4) € yun ajgesado
‘uonelodion swaysAg uewwnisy doiyuoN ‘Apnis Aljiqisead ealy ApniS ‘S 8AllBUIS)Y JojeMpunols) ealy ApN)S :SaAljeuls)|y [elpaway Jo S}so) pajieled ‘zdg elqel

6 40 g abed SIAVOUY &



€ aAljewa)Y - S|X[euld” g Xipuaddy\g Xipuaddy\uoday [eui\Sd ealy Apnis pasined\Sd 1Y 1180°967L00ANIENO\L LOZ\PUNKadns\ueWWNIS doIYUON\LOIMrO¥dW\:O

‘abed Buimoj|o} uo panuuod

00000} 1s2.89U 0} popunoy - 000°006°G$ € IAILLYNSFLTV AONFONILNOD HLIM LSOOI TV1idVD TV.LOL
“fousbunuod %0z 00Z‘2L6$ AONIONILNOD LSOO TV1IdVD
000°198°7$ 1S09 1V1idvD TvL0Ll8Nns

0$ uopezijigowag pue 3Insoj) aYS [ejoiqng
‘papnoul JON "0€ JedA Jaye sindoQ O@ Ow S| 0 mmc:wm_\/_\wco_umo_c_ﬁt_‘coo
Aojeinbayauswabeueyy 108loid
‘PSPNOULION "0 JBIA Joe sId20  0f 0% es 0 JogeT ainso|) alS
"PSPNOUL JON "0 JBIA Jae 1200 )G 0% ea 0 leanoway Buipjing
"PePNIoUl JON “0F JESA Jele sIN0o0  O¢ 0$ es 0 juswiuopueqy |8
uonezijiqgowaq pue ainso|) 9IS

coc.mhlww S)509) }09[01d snoaue||adsI _NuOunsm
Jueld Jusweas mau oN 0§ 0% jo %01 S99 aAljeJ}SIUjWpPY pue [eba
uonisinboy pue abieyosiq pue Buipjing juswieal |
"Jueid jusuwean mau oN 0§ 000°00S$ 10y 0 1s0D
uolisinboy pue abieyosiqg pue Buipjing juswieal |
‘Buipiooas Aem-Jo-Jybu pue ases| pue| 0} paje|al sea) [eBa) Joj ajewnse Buuesulbug 000°s2$ 000°0S29$ Jo %01 S994 8AljeJisIUlWpYy pue
jeba uonisinboy pue adid pue ||op\ Alenoday
'spuoq pasinbai Jaumo Apadoid pue ‘sAem jo ybu pue ‘sses| pue| Jo} ajewnss Buussulbug OO0.0me OO0,0@N% 810y l 1S0) uonl _300< pueT mo__n_ pue |[ep\ \Cw>oo®m
‘pauinbai jou suonouisar 000001 $ 000'001$ S 1 S99 _mmmn_ S|0JJUOD dAljelSIUIWpPY
paep joI/Auadold [enpiAipul sswnssy “Bullly UONOLISB) PeBPAUBISSES UNM PaleIoosse ses) [efe] Joi luswiolle Bulssuibus
sjuswwoy  (¢$)Iso0 ($)3s0g  spun Apuenp uonduosaqg
lejoL Hun

‘[ 2]qDL Ul paqLidsap SO UMOPINYS S2ANSDIU [DIpauiaL pasodo.dd -

(201 4oMO]) wa3sAg juaupa.L] A17100,] U] Susixa ayj o3 (wds ()0 ) 4210M [7-MY []oM A424002.4 JO 42[SupL] -

TT-MY 12N £124002.4 Mau [0 uoyp]ISU -

“(SuonIpuod 2u1jaspq “a°1) uo132a1o.4d ppayjjom pup suiajsAs [pipauiad 3uipsixa fo uonp.12do panuijuod pup UONPIPIUIA 2I4N0S YIDJ -
:Sapnjouy
J]oM [D1PpaUIdL MU U JO UONDIIDISUL YSNOY) § pub p Spubld Mg 01 S1ovdutl 2onpa.d pup SSbuL DO AL 2o1pay

WIOA MaN ‘ebedyjeg ‘(spuod Buines uewwnls) Jjawlo4) € yun ajgesado
‘uonelodion swaysAg uewwnisy doiyuoN ‘Apnis Aljiqisead ealy ApniS ‘S 8AllBUIS)Y JojeMpunols) ealy ApN)S :SaAljeuls)|y [elpaway Jo S}so) pajieled ‘zdg elqel

6 40 ¢ abed SIAVOUY &



€ aAljewa)Y - S|X[euld” g Xipuaddy\g Xipuaddy\uoday [eui\Sd ealy Apnis pasined\Sd 1Y 1180°967L00ANIENO\L LOZ\PUNKadns\ueWWNIS doIYUON\LOIMrO¥dW\:O

‘abed Buimojjo} uo panuRuod

‘weisAs Juawyeas) Bunsixe J0 WRINO Ut eseasour Joj juswiojie sapnjoul  000°01$ 000°0L$ S| l JogeT JojesadQ weyshs
‘3d SAN Aq Buodas pue suonoadsul uojeayuen ayis [BnULY )OS /S 00S‘2$ s| L uonejuswsa|dwl| ueld Juswabeuep a)s

07 GBIoIGT g ST8aK

000°1.5$ (S uBnouyy | Jeap) saIARIY Wi L-6uo pue RO |enuuy |ejolgns
WSINO 10} Aousbunuod  ZeG' ) p§ 0Z€'S.Y$ jo %04 AousBupuod
‘suolje|al oljgnd ‘suolesiunNwWo9 jusljo/[eussiul pue Aiojeinbas ‘Juswebeuew [eoueuly AR WAL 02€'G.LP$ Jo %01 asuodsay >oc®m< |eoo/INd
‘Buniodal jenuue pue spodal Bunojuow wusjul Aapenb Joy syewnss sissulbug OO0.0V% OO0.0#@ S| l mc_toaww_
‘uoljen|eAs ejep pue Jejs piay Jo Juswabeuew Joj sjewnss siesulbug 006°6€$ 006°6€$ S| l uolnenjeA3 ejeq pue Ewrcmmmcm_\/_ pIal4
'se10ho uabas DYOdA Bunsixe ut eseaioul 0} anp [esodsip TdYNQ Ul 9Se2.0Ul [EJUSWaIOUI PUE 8snjal alis Jo [esodsia  000‘6 1 $ 000'61$ S| l S1S00) Juswabeuely aisep
(sejdwes Jajem pue Jie wasAs 1) sajduwes souewiopad weysAs pue sojdues Jejempunolb Jo) [eonfjeue Aiojeloqe 00Q‘Z LS 0002L$ S| l |eonAjeuy Alojelogeq]
“Bunoyuow usweBeuew swnid pue ssausAloaye wasAs Joj Joge] ButoiuoN 000 L9$ 000°29% S| l Joqge Buuoyiuoy Juswabeuepy awn|d J8}empunols)
‘6 UIsed MAQON 0} 8B1eUosIp ON O Ges wdb 0 8384 abieyosig MdAON
"Jejeay 1onp pue ‘sdwnd Jsjsuel) ‘QyAH Buipjing ‘Jemo|q sadduss Jie ‘sdwind |jlom A1enooas sapnjoul ymy/.L 0$ ON@,vaw _‘vN» _‘w n_r_ ozl o093
oje ‘sdwind ‘Buidid/senien jo Juewsoeidey  000‘GS 000'S$ S| L juswaoe|day juswdinb3g
'S6 uised MdJON 03 96Jeyosip oN  0¢ 000°0€$ S| 0 aoueuajuiey uiseg ableyoay
‘a|qeol|dde Ji ‘sieak-¢ A1ana s|jom uopoa(ul Jo Juswdojerapay ‘Siedk-¢ A1aAa s||om A1aA02al ||e Jo Juawdojorspal SaWNSsy Ooohmmw ooo_mwﬁ 1eMm l Ewc(_ao_®>o_umw_ 11°M
"eouewopad wesAs Jojuow o} Buliduwes jusniye pue Jusnjjul pue sipAsRIEM 000 LES 000°2€$ S| l Joge Buuoyiuopy aouewIouad
‘wayshs Qyo uabau Ayjioe4 urepy Buisixs jo asn Juswade|dal QYO ON omw vm.wa sq| 0 HcoEmom_me_ eIpaN
‘wajsAs Juswieal) Bunsixe Jo NBNO Ul 8sealour Jo Juswioje sepnpu; 000°0 _‘w 0000 _‘mw S| 1 Jogen] ;_OHNLQQO Emuw\Aw
"3d SAN Aq Bunodas pue suoioadsul UonedLISA B)IS [enuuy 00S°2$ 00G°.L$ S| l uoneyuswsaldw| ueld #cmEmmmcm_\/_ alsS

G ybnoJyy [ SIeoA

SaI}IAIJOY wia]-Buo pue asueuajuiely pue uoiesadQ enuuy

sjuswwoy  (¢$)Iso0 ($)3s0g  spun Apuenp uonduosaqg
lejoy nun

‘[ 2]qDL Ul paqLidsap SO UMOPINYS S2ANSDIU [DIpauiaL pasodo.dd -

(201 4oMO]) wa3sAg juaupa.L] A17100,] U] Susixa ayj o3 (wds ()0 ) 4210M [7-MY []oM A424002.4 JO 42[SupL] -

TT-MY 12N £124002.4 Mau [0 uoyp]ISU -

“(SuonIpuod 2u1jaspq “a°1) uo132a1o.4d ppayjjom pup suiajsAs [pipauiad 3uipsixa fo uonp.12do panuijuod pup UONPIPIUIA 2I4N0S YIDJ -
:Sapnjouy
J]oM [D1PpaUIdL MU U JO UONDIIDISUL YSNOY) § pub p Spubld Mg 01 S1ovdutl 2onpa.d pup SSbuL DO AL 2o1pay

WIOA MaN ‘ebedyjeg ‘(spuod Buines uewwnls) Jjawlo4) € yun ajgesado
‘uonelodion swaysAg uewwnisy doiyuoN ‘Apnis Aljiqisead ealy ApniS ‘S 8AllBUIS)Y JojeMpunols) ealy ApN)S :SaAljeuls)|y [elpaway Jo S}so) pajieled ‘zdg elqel

6 40 ¢ abed SIAVOUY &



€ aAljewa)Y - S|X[euld” g Xipuaddy\g Xipuaddy\uoday [eui\Sd ealy Apnis pasined\Sd 1Y 1180°967L00ANIENO\L LOZ\PUNKadns\ueWWNIS doIYUON\LOIMrO¥dW\:O

‘abed Buimojjo} uo panunuod

'G6 uIsed MdQON 0} 8B1eYosip oN ¢ 4 wdb 0 894 abieyosid MdAON
“Jo)eay Jonp pue ‘sdwnd Jsjsuel) ‘QyAH Buipiing ‘Jemo|q Jedduys Jie ‘sdwind |jlom Atenodas sapnjoul umy/.L 0% ommhwvrw v.vN_ Fﬁ n_z 0zl J1J098|3
oje ‘sdwind ‘Buidid/senien jo Juswsoeidey  000‘G$ 000'S$ S| L juswaoe|day juswdinbg
"G6Y uiseg MdQON 03 861eyosip oN 0% 000°0€$ S| 0 ajueuajule|\ uiseg mmk_mr_omw_
‘a|qeolidde yi ‘sieah-¢ A1ans s|jam uonoalul o Juswdoenapay ‘sieak-g A1ans s|lom A1ano2al e Jo Juswdojaaapal Sawnssy Ooo.mwmw Ooo_mwﬁ IEL l «C@E&O_m>wvmm 11I9M
-aouewopad wa)sAs Jojuow o} Bulidwes jJuanjye pue Jusnjjul Pue S|oAS|-IS)e A 000'ce$ 000°s€$ S| l Jloge mc_._ou_coS_ aouewlouad
‘wajsAs Juswieal) Bunsixe o NBNO Ul 8sealour Joj Juswioje sepnpu; 000°0 _‘% 0000 _‘mw S| 1 Jogen] ;_Oumhwao Em«w\Aw
"3d SAN Aq Bunodas pue suonoadsul UonedLISA B)IS [enuuy 00S°2$ 00G°.L$ S| l uoneyuswsaldw| ueld EmEmmmcm_\/_ Qs
Gl ybnouyy || SIesA
000°€6¥$ (01 yBnouyy 9 seap) saniAnOY wus |-6uo pue WO |enuuy [ejoiqng
WSINO 10} Aousbunuod  Z8) ‘p§ 0z8' LS jo %04 Aouabuyuod
‘suolje|al oljgnd ‘suoljesiunwWod jusljo/[eussiul pue Aiojeinbas ‘Juswebeuew [eoueul4 28.'vv$ 028°L¥v$ Jo %01 asuodsay >oc®m< |eoo/INd
‘Buniodal jenuue pue spodal Bunojuow wusjul Aapenb Joy syewnss sissulbug OO0.0V% OO0.0#% S| l mc_toaww_
‘uoljen|eAd ejep pue Jejs pjay Jo Juswabeuew Joj sjewnse siesulbul 006°6€$ 006°6€$ S| l uolnenjea3 ejeq pue Ew:‘_mmmcm_\/_ pial4
'sejoho uabas DYOdA Bunsixe ut eseaiul 0} anp [esodsip TdYNQ Ul 9Se8.0Ul [EJUSWaIOUI PUE asnjal alis Jo [esodsia  000‘01$ 0000L$ S| l S1S00) Juswabeuely aisep
‘(se|dwes Jajem pue Jie waysAs “o'1) sajdwes aouewiopad wajsAs pue sajdwes Jayempunolb 1oy [eonhjeue Aiojeioge] ooohhw OOON% S| l _mo_;_mc( \Coum._onm.n_
‘Bunoyuow juswabeuew awn|d pue ssauaAjoays wa)sAs 1oy Joge| Bulojuop Ooo.wmw OOO.@M% S| l Jogen mc_;_o.:co_\/_ HCOEGONCN_\,_ auwin|d Jalempunols)
"G6Y uiseg MdQON 0} 861eyosip oN 0% Gesg wdb 0 994 mm._m:ow_o MdAON
“Jejeay 1onp pue ‘sdwnd Jajsuen ‘QyAH Buipjing ‘Jemo|q Jadduss Jie ‘sdwind |jlom A1enodas sepnjoul ymy/.L 0$ ON@,vaw _‘vN» _‘w n_r_ ozl o108|3
oje ‘sdwind ‘Buidid/senien jo Juewsoeidey  000‘G$ 000'S$ S| L juswaoe|day juswdinb3g
'S6 uised MdJON 03 96Jeyosip oN  0¢ 000°0€$ S| 0 aoueuadjuiey uiseg ableyoay
‘a|qeol|dde JI ‘sieak-¢ A1ana s|jom uopoa(ul Jo Juswdojerapay ‘Siedk-¢ A1aAa s||om A1aA02al ||e Jo JuawdojoAspal SaWNSsY Ooohmww ooo_mwﬁ 1em l Emc(_ao_®>o_umm 11°M
"eouewopad wesAs Jojuow o} Buliduwes jusniye pue Jusnjjul pue sjpAs-RlEM  000‘'GES 000°6€$ S| l Joge Buuoyiuopy aouewIouad
‘wayshs Qyo uabau Ayjioe4 urepy Buisixs jo asn Juswade|dal QYO ON ow vm.wa sq| 0 HcoEmom_me_ eIpap
‘wajsAs Juswieal) Bunsixe Jo NBNO Ul 8seasour Joj Juswioje sepnpu; 000°0 _‘% 0000 _‘mw S| 1 Jogen] ;_Oumhwao Em«w\Aw
"3d SAN Aq Bunodas pue suoioadsul UonedlISA B)IS [enuuy 00S°2$ 00G°.L$ S| l uoneyuswsaldw| ueld EmEmmmcm_\/_ Qs
sjuswwoy  (¢$)Iso0 ($)3s0g  spun Apuenp uonduosaqg
lejol Hun

‘[ 2]qDL Ul paqLidsap SO UMOPINYS S2ANSDIU [DIpauiaL pasodo.dd -

(201 4oMO]) wa3sAg juaupa.L] A17100,] U] Susixa ayj o3 (wds ()0 ) 4210M [7-MY []oM A424002.4 JO 42[SupL] -

TT-MY 12N £124002.4 Mau [0 uoyp]ISU -

“(SuonIpuod 2u1jaspq “a°1) uo132a1o.4d ppayjjom pup suiajsAs [pipauiad 3uipsixa fo uonp.12do panuijuod pup UONPIPIUIA 2I4N0S YIDJ -
:Sapnjouy
J]oM [D1PpaUIdL MU U JO UONDIIDISUL YSNOY) § pub p Spubld Mg 01 S1ovdutl 2onpa.d pup SSbuL DO AL 2o1pay

WIOA MaN ‘ebedyjeg ‘(spuod Buines uewwnls) Jjawlo4) € yun ajgesado
‘uonelodion swaysAg uewwnisy doiyuoN ‘Apnis Aljiqisead ealy ApniS ‘S 8AllBUIS)Y JojeMpunols) ealy ApN)S :SaAljeuls)|y [elpaway Jo S}so) pajieled ‘zdg elqel

640 G abed SIAVOHY &



€ aAljewa)Y - S|X[euld” g Xipuaddy\g Xipuaddy\uoday [eui\Sd ealy Apnis pasined\Sd 1Y 1180°967L00ANIENO\L LOZ\PUNKadns\ueWWNIS doIYUON\LOIMrO¥dW\:O

‘abed Buimojjo} uo panunuod

‘Buniodal jenuue pue spodas Bunoyuow wusjul Aapenb Joy syewnss sisaulbug OO0.0V% OO0.0#% S| l mc_toaww_
‘uoljen|eAs ejep pue Jejs pjay Jo Juswabeuew Joj sjewnse siesulbul 006°6€$ 006°6€$ S| l uolnenjea3 ejeq pue Ewc‘_mmmcm_\/_ pIal4
's9]0Ad uabal QO dA Bunsixa ul asealoul 0} anp [esodsip TdYNQ Ul 9SEaIoUl [BJUSWSIOU] pue ashyal a)is Jo [esodsig OOO.@% OOO.@% S| l S)}so0) «C@Emmmcm_\/_ 9)Ssep\
‘(se|dwes Jajem pue Jie waysAs “o'1) sajdwes aouewiopad walsAs pue sajdwes Jayempunolb 1oy |eonhjeue Aiojeioge] ooohhw OOON% S| l _mo_;_mc( \Coum._onm.n_
‘Bunoyuow juswabeuew awn|d pue ssauaAjoaye wWa)sAs 1oy Joge| Bulojuop Ooo.wmw OOO.@M% S| l Jogen @C_;_O.:COS_ HCOEGONCN_\,_ auwin|d Jalempunols)
‘6 UIsed MAQON 0} 8B1eUosIp oN O Ges wdb 0 8384 abieyosig MdAON
"Jejeay 1onp pue ‘sdwnd Jajsuel) ‘QyAH Buipjing ‘Jemo|q sadduss Jie ‘sdwind |jlom A1anodas sapnjoul ymy/.L 0$ ON@,vaw _‘vN» _‘w n_r_ ozl o093
oje ‘sdwind ‘Buidid/senfen jo Juewsoeidey  000‘GS 000'S$ S| L juswaoe|day juswdinb3g
'S6 uised MdJON 03 96Jeyosip oN  0¢ 000°0€$ S| 0 aoueuajuiey uiseg ableyoay
‘a|qeol|dde Ji ‘sieak-¢ A1ana s|jom uopoa(ul Jo Juswdojerapay ‘Siedh-¢ A1aAa s||om A19A02al ||e Jo JuawdojoAspal SaWNSSY Ooohmww ooo_mwﬁ Iem l Emc(_ao_®>o_umm 11°M
"eouewopad wasAs Jojuow o} Bulidwes jusniye pue Jusnjjul pue sjpAs-RlEM  000‘GES 000°6€$ S| l Joge Buuoyiuopy aouewIouad
‘wayshs Qyo uabau Ayjioe4 urepy Buisixe jo asn “Juswade|dal QYO ON ow vm.wa sq| 0 HcoEmom_me_ eIpsp
‘wajsAs Juswieal) Bunsixe Jo NBNO Ul 8seasour Joj Juswioje sepnpu;  000°0 _‘% 0000 _‘mw S| 1 Jogen] ;_Oumhwao Em«w\Aw
"3d SAN Aq BunJodai pue suoioadsul UonedLISA B)IS [enuuy 00S°2$ 00G°.L$ S| l uoneyuswsaldw| ueld #cmEmmmcm_\/_ Qs
0Z 4bnolyj 9f SIes
000°9L5$ (51 ybnoayy |} siea)) senianoy wis 1-buo pue RO [enuuy [ejoyqns
‘INBINO Jo} Aouabunuod Nmm_va ONm,vam jo %01 >ocmmc_~coo
‘suoljejas 21|gnd ‘suoijeojunwwod jusljo/jeulajul pue Aloyeinbal Juswabeuew jeloueulq N@@.va ON@.@N#@ JOo %01 mwcoawwm_ >QC®@< 1B207/INd
‘Buiodas |lenuue pue spodal Buuojuow wsjul Aayenb Joy ajewnss sieauibug oood#w OO0.0#% S| l mc_toamw_
"uofien|ens ejep pue jjejs pjal Jo Juswabeuew Joj sjewnss sivaubul  006'6ES 006'6€$ S| 1 uonenjeAs ejeq pue juswabeuely pjai4
's9]0A0 uabais QYO dA Bulisixa ul eseasoul 0} anp [esodsip TdYNQ Ul 9SeaJoul [BJusLSIoUl PUB asnjal ais Jo [esodsiq 000°6$ 000°'6$ S| l S)1S0) ucmEmmmcm—\l_ 8]SeM\
‘(sa|dwes Jajem pue Jie waysAs ‘a°1) sajdwes souewlopad wayshs pue sajdwes Jajempunolb 1oy [eonAjeue Alojeloqe] OOO.N% OOON% S| l _mo_«>_mc< \COHNLOle_
“Bunoyuow JusweBeuew swnid pue ssaudAloBYs WalsAs Joj Joge| BulouoN  00Q‘'8ES 000°8€$ S| l Joqe] Buuoyuopy juswabeuely awn|d Jajempunols)
sjuswwoy  (¢$)Iso0 ($)3s0g  spun Apuenp uonduosaqg
lejol Hun

‘[ 2]qDL Ul paqLidsap SO UMOPINYS S2ANSDIU [DIpauiaL pasodo.dd -

(201 4oMO]) wa3sAg juaupa.L] A17100,] U] Susixa ayj o3 (wds ()0 ) 4210M [7-MY []oM A424002.4 JO 42[SupL] -

TT-MY 12N £124002.4 Mau [0 uoyp]ISU -

“(SuonIpuod 2u1jaspq “a°1) uo132a1o.4d ppayjjom pup suiajsAs [pipauiad 3uipsixa fo uonp.12do panuijuod pup UONPIPIUIA 2I4N0S YIDJ -
:Sapnjouy
J]oM [D1PpaUIdL MU U JO UONDIIDISUL YSNOY) § pub p Spubld Mg 01 S1ovdutl 2onpa.d pup SSbuL DO AL 2o1pay

WIOA MaN ‘ebedyjeg ‘(spuod Buines uewwnls) Jjawlo4) € yun ajgesado
‘uonelodion swaysAg uewwnisy doiyuoN ‘Apnis Aljiqisead ealy ApniS ‘S 8AllBUIS)Y JojeMpunols) ealy ApN)S :SaAljeuls)|y [elpaway Jo S}so) pajieled ‘zdg elqel

640 9 abed SIAVOUY &



€ aAljewa)Y - S|X[euld” g Xipuaddy\g Xipuaddy\uoday [eui\Sd ealy Apnis pasined\Sd 1Y 1180°967L00ANIENO\L LOZ\PUNKadns\ueWWNIS doIYUON\LOIMrO¥dW\:O

‘abed Buimojjo} uo panuluod

000°LLES (gz ybnouyy |z siea ) saniAndy wia)-6uo pue WO [enuuy [ejojgng
"WSINO 1o} Aousbunuod  £/8'GZ$ 121'852$ jo %01 Aousbupuo)
“suofelal aljgnd ‘SUONEDIUNWILIOD Jusl|d/[eulalul pue Alojenbal ‘Juswebeuew [eueuly ¢/Q°‘GZ$ 121'862$ Jo %01 asuodsay Aouaby [B20T/Nd
‘Buiodas |lenuue pue spodal Bulojuow wsjul Aayenb Joy ajewnss sieaulbug N@Q@Nﬁ N@@.@N% S| l mc_toamw_
"uofien|ens ejep pue jjels pjal Jo Juswabeuew Joj sjewnss sivauibul  009'9Z$ 00992$ S| 1 uonenjeAd ejeq pue juswabeuely pjai4
's9]0A0 uabais QyOdA Bulisixe ul eseasoul 0} anp [esodsip TdYNQ Ul 9SeaJoul [BjusLaIoUl puB asnjas ais Jo [esodsiq 000'6$ 000'6% S| l S)S0) EwEmmm:mS_ 8)SeM\
‘(sa|dwes Jajem pue Jie waysAs ‘a°1) sajdwes souewlopad wayshs pue sajdwes Jajempunoib 1oy [eonAjeue Alojesoqe] OOO.N@ OOO,N% S| l _mo_«>_mc< boumhonml_
“Bunoyuow JusweBeuew swnid pue ssaudAloBYS WalsAs Joj Joge| BuliouoN  00Q‘8ES 000°8€$ S| l Joqe] Buuoyuopy juswabeuely awn|d Jajempunols)
'G6 uIsed MdQON 0} 8B1eyosip oN 0 Ge$ wdb 0 ®84 abieyosig MdAoN
“Jo)eay jonp pue ‘sdwnd Jajsuel) ‘QyAH Buipiing ‘Jemo|q Jadduys Jie ‘sdwind |jom A1enodas sapnjoul umy/.L 0% owv:va rwwﬁ n_z 0zl 0111083
oje ‘sdwind ‘Buidid/sanien jo Juswsoeidey  00G‘Z$ 005'2$ S| L juswaoe|day juswdinbg
‘G6¥ uiseg MdAON 0} abieyosip oN 0% 000°0€$ S| 0 aoueuajulelp\ uiseg mmmeomw_
‘a|qeoljdde yi ‘sieah-¢ A1ans s||am uonoalul o Juswdoenapay ‘sieak-g A1ans s|lom A1an02al e Jo Juswdojaaapal Sawnssy Oom.vvmw OOQ#V% 1am l «C@E&O_m>wvmm 11I9M
"aoueuLIopad wajsAs Jojuow o} Buljdwes Juaniye pue jusnjul pue sjeAsi-RleM  00G‘/ 1S 00S°21$ S| l Jloge mc_._ou_coS_ souewlousd
‘wayshs Ovo uabai Ajioe4 utey Bunsixe Jo asn Juswade|dal JvO ON 0% 5°2%$ sq| 0 juswaoe|day eips|\
‘wesAs Juawyeas) Bunsixe Jo WRINO Ul eseasoul ioj juswiojie sapnjoul  000°G$ 000°G$ S| L JogeT JojesadQ weyshs
'3d SAN Aq Bupiodal pue suooadsul uoleoylian ayis fenuuy  )0G‘L$ 00G°/2$ S| 1 uonjeluswaldw ueld Juswabeue|y a)S
(uoneiadQ pesind) Gz ybnoiyj L g SIesA
000°915$ (0z ubnouyy g siesp) senIAOY wid-6uo pue WO [enuuy [ejoiqng
'WBINO 10} fousbupuod  Ze6'Zhg 0ze'6Tr$ jo %01 Aousbunuo)d
‘suolje|al oljgnd ‘suoljesiunNWWo9 Jusljo/[eussiul pue Aiojeinbas ‘Juswebeuew [eoueul4 256'2v$ 0ze'62v$ Jo %01 asuodsay >oc®m< |eoo/INd
sjuswwoy  (¢$)Iso0 ($)3s0g  spun Apuenp uonduosaqg
lejol Hun

‘[ 2]qDL Ul paqLidsap SO UMOPINYS S2ANSDIU [DIpauiaL pasodo.dd -

(201 4oMO]) wa3sAg juaupa.L] A17100,] U] Susixa ayj o3 (wds ()0 ) 4210M [7-MY []oM A424002.4 JO 42[SupL] -

TT-MY 12N £124002.4 Mau [0 uoyp]ISU -

“(SuonIpuod 2u1jaspq “a°1) uo132a1o.4d ppayjjom pup suiajsAs [pipauiad 3uipsixa fo uonp.12do panuijuod pup UONPIPIUIA 2I4N0S YIDJ -
:Sapnjouy
J]oM [D1PpaUIdL MU U JO UONDIIDISUL YSNOY) § pub p Spubld Mg 01 S1ovdutl 2onpa.d pup SSbuL DO AL 2o1pay

WIOA MaN ‘ebedyjeg ‘(spuod Buines uewwnls) Jjawlo4) € yun ajgesado
‘uonelodion swaysAg uewwnisy doiyuoN ‘Apnis Aljiqisead ealy ApniS ‘S 8AllBUIS)Y JojeMpunols) ealy ApN)S :SaAljeuls)|y [elpaway Jo S}so) pajieled ‘zdg elqel

640 L abed SIAVOHY &



€ aAljewa)Y - S|X[euld” g Xipuaddy\g Xipuaddy\uoday [eui\Sd ealy Apnis pasined\Sd 1Y 1180°967L00ANIENO\L LOZ\PUNKadns\ueWWNIS doIYUON\LOIMrO¥dW\:O

"abed jse| 8y} uo sajou 998

'000°004§ 12.89U 0} popunoy  000°000vS $ € FAILVYNYILTVY LSOO TV.LOL
"Molaq Z pue | s3I0N 89S 000°00E 0V (SIAILYNYILTV TTV) LSOO INITISYE
‘€8 9lqe 995 Ju90Iad Gy JO JOJOB) JUNOOSIP B SAWNSSY “anjen yuom jussaid ieak-0e 000°008°L  $ € JAILYNYILTVY LSOI STILIAILOY WHIL-ONOT ANV WPO HIYOM LNISTHd

000°06$ (0€ ybnouyy gz s1ea ) saniAlOY wia 1-Buo pue WO [enuuy [ejoygng
WSINO 10 fousbupuod G/ § 0St'v/$ jo %04 fousbunuod
‘suolje|al oljgnd ‘suolesiuNWIWo9 jusljo/[eussiul pue Aiojeinbas ‘Juswebeuew [eoueuly Sh'L$ 0St'v.$ jo %01 asuodsay >oc®m< 1e007/INd
‘Buniodal jenuue pue spodal Bunojuow wusjul Aapenb Joy syewnss sisaulbug OO0.0Nw OO0.0N% S| l mc_toaww_
‘uoljen|eAs ejep pue ejs piay Jo juswabeuew Joj sjewnss sivaulbul  0GE'6 1$ 0S66L$ S| l uolnenjea3 ejeq pue Ewc‘_mmmcm_\/_ pIal4
's9]0Ad uabal QYO dA Bunsixa ul asealoul 0} anp [esodsip TdYNQ Ul 9SEaI0Ul [BjUSWSIOU] pue ashyal a)is Jo [esodsig Oom.vw OOQV% S| l S)}so0) «C@Emmmcm_\/_ 9)sep\
‘(se|dwes Jajem pue Jie waysAs “o'1) sajdwes aouewiopad walshs pue sajdwes Jayempunolb 1oy eonhjeue Aiojeioge] oomhmw Oom,mﬁ S| l _mo_;_mc( \Coum._onm.n_
‘Bunoyuow juswabeuew awn|d pue ssauaA}oays wa)sAs 1oy Joge| Bulojuop OOO.@ _‘w Ooo_m r$ S| l Jogen mc_;_o.:co_\/_ HCOEGONCN_\,_ auwin|d Jalempunols)
‘6 UIsed MAQON 0} 8B1eyosIp ON O Ges wdb 0 8384 abieyosig MdAON
"Jejeay 1onp pue ‘sdwnd Jsjsuen ‘QyAH Buipjing ‘Jemo|q sadduss Jie ‘sdwind |jlom A1anodas sapnjoul ymy/.L 0$ Omw R4 r$ Qc 0 o093
oje ‘sdwind ‘Buidid/senjen jo juswsdeidey (¢ 000'S$ S| 0 juswaoe|day juswdinb3g
'G6Y uiseg MdADN 0} abieyosip oN 0% OOO_Om% S| 0 aoueuajule|\ uiseg mm._mcomm
‘a|qeol|dde Ji ‘sieak-¢ A1ana s|jom uopoa(ul Jo Juswdojerapay ‘Siedk-¢ A1aAa s||om A1aA02al ||e Jo Juawdojorspal SaWNSsy O% Oom,mm _.ﬁ lom 0 HcmEQo_o>mU®m II9M
"souewwIopad wesAs Jojuow o} Buliduwes Jusniye pue jusnjjul pue s|pAs-IRleM 0§ 000°6€$ S| 0 Joge Buuoyiuopy aouewIouad
‘waysAs Ovo usbal Ao utey Bunsixe jo esn Juswade|dal J¥O ON 0% ¥5'2$ Sq| 0 Juswaoe|day eipa|y
“wia)sAs Juswieal; Bunsixa Jo NRINO Ul 9SeaIoul JOj JUSWIO|[e Sapnjou| Ow 0000 _‘mw S| 0 Jogen] ;_Oumhwao Em«w\Aw
"3d SAN Aq Bunodas pue suoioadsul UonedLISA B)IS [enuuy 00S°2$ 00G°.L$ S| l uoneyuswsaldw| ueld #cmr:wmmcm_\/_ Qs
{AJUO BULIOYUOH) 0€ Ybrnoly] 9Z SIBaA
sjuswwoy  (¢$)Iso0 ($)3s0g  spun Apuenp uonduosaqg
lejol Hun

‘[ 2]qDL Ul paqLidsap SO UMOPINYS S2ANSDIU [DIpauiaL pasodo.dd -

(201 4oMO]) wa3sAg juaupa.L] A17100,] U] Susixa ayj o3 (wds ()0 ) 4210M [7-MY []oM A424002.4 JO 42[SupL] -

TT-MY 12N £124002.4 Mau [0 uoyp]ISU -

“(SuonIpuod 2u1jaspq “a°1) uo132a1o.4d ppayjjom pup suiajsAs [pipauiad 3uipsixa fo uonp.12do panuijuod pup UONPIPIUIA 2I4N0S YIDJ -
:Sapnjouy
J]oM [D1PpaUIdL MU U JO UONDIIDISUL YSNOY) § pub p Spubld Mg 01 S1ovdutl 2onpa.d pup SSbuL DO AL 2o1pay

WIOA MaN ‘ebedyjeg ‘(spuod Buines uewwnls) Jjawlo4) € yun ajgesado
‘uonelodion swaysAg uewwnisy doiyuoN ‘Apnis Aljiqisead ealy ApniS ‘S 8AllBUIS)Y JojeMpunols) ealy ApN)S :SaAljeuls)|y [elpaway Jo S}so) pajieled ‘zdg elqel

6 J0 g abed SIAVOUY &



N4 € aAjews)|y - s|x'[euly™ g xipuaddy\g xipuaddy\podey [eUIA\Sd Baly APnIS Pasined\S4 1Y |180°'967L00AN\ENO\L LOZ\PUNpadnS\uBWIWNID dOIYLON\LOIMOYdV\D

‘(uoneipawsal Jayempunolb ealy Apnig Joj 1SOD PajeIdosse ||e apnjoul 0} 9°1) ssaus}a|dwod Joj uislay papnjoul uaag aAey S}S0D
'$1809 Bunesado [enjoe uo pseseq uewwnus) doiypoN Aq pspiroid pue pejewnse usaq aaey (NN L°0$) Juswieal) pesy [|om ¢ Jueld pue (AN 6'61$) WalsAg [elpsway Ajjoe uep
‘(NN 2'7$) W Jerempunols) a)is a8y} Joj S}s0d NRINO "Sd Baly a)IS ay} ul papiroid pue payewnsa Aisnoinald usaq sey (NN 9°GL$) uononpas 80inos ealy a)S Joj 1s09 jeyde) 'z
'uol}ONPal 82IN0S Baly d)IS Jo}
1500 |eyidend ‘uonosjoid peay [|om ¢ Jue|d pue ‘Y| Jelempunols) a)ig ‘wiaisAg juswieal] Ayjioe4 uiey Bunsixa ayy jo WBINO 104 }s00 yuom jussaid Jeah o pue [euded ay) SI }s00 aulleseg L

:S9JON

WIOA MaN ‘ebedylag ‘(spuod Buipes uewwnis Jawio4) € yun ajqesado

‘uonjelodio) swelsAg uewwnis) dosypoN ‘Apnis Alljigises ealy ApniS ‘g aAleUIB)Y JeleMpUNoIS) Baly APNIS :SAIlBUISYY [BIpSWaY JO S1S0) pajieleq "zd olqel

. SIAYOUY &



‘;—? ARCAD'S Page 1of 1

Table B3. Detailed Costs of Remedial Alternatives: Study Area Groundwater Alternative 3 Present Worth
Calculations, Study Area Feasibility Study, Northrop Grumman Systems Corporation,
Operable Unit 3 (Former Grumman Settling Ponds), Bethpage, New York.

NPV Operation & Maintenance Costs Escalated over a 30-Year Period
Interest Rate: 8%

Escalation Rate: 3.5%

Capital Cost Amortization Period: 5 years

Year GW IRM O&M Pre-Escalated Costs Escalated Cost (FV) PV (Cost)

1 $571,000 $ 571,000 $ 590,985 $ 547,208
2 $571,000 $ 571,000 $ 611,669 $ 524,408
3 $571,000 $ 571,000 $ 633,078 $ 502,558
4 $571,000 $ 571,000 $ 655,236 $ 481,618
5 $586,000 $ 586,000 $ 695,984 §$ 473,675
6 $493,000 $ 493,000 $ 606,023 §$ 381,897
7 $493,000 $ 493,000 $ 627,234 §$ 365,985
8 $493,000 $ 493,000 $ 649,187 $ 350,735
9 $493,000 $ 493,000 $ 671,908 $ 336,121
10 $508,000 $ 508,000 $ 716,584 §$ 331,917
11 $516,000 $ 516,000 $ 753,344  § 323,096
12 $516,000 $ 516,000 $ 779,711  $ 309,634
13 $516,000 $ 516,000 $ 807,001 $ 296,733
14 $516,000 $ 516,000 $ 835,246 $ 284,369
15 $531,000 $ 531,000 $ 889,610 $ 280,442
16 $516,000 $ 516,000 $ 894,737 $ 261,165
17 $516,000 $ 516,000 $ 926,053 §$ 250,283
18 $516,000 $ 516,000 $ 958,464 $ 239,855
19 $516,000 $ 516,000 $ 992,011 §$ 229,861
20 $531,000 $ 531,000 $ 1,056,578 § 226,687
21 $311,000 $ 311,000 $ 640,483 §$ 127,236
22 $311,000 $ 311,000 $ 662,900 $ 121,934
23 $311,000 $ 311,000 $ 686,102 $ 116,854
24 $311,000 $ 311,000 $ 710,115  $ 111,985
25 $326,000 $ 326,000 $ 770,418 $ 112,495
26 $90,000 $ 90,000 $ 220,136  $ 29,763
27 $90,000 $ 90,000 $ 227,841 $ 28,523
28 $90,000 $ 90,000 $ 235,815 $ 27,334
29 $90,000 $ 90,000 $ 244,069 $ 26,195
30 $105,000 $ 105,000 $ 294,713  § 29,288
$ 12,575,000 $ 12,575,000 $ 20,043,237 $ 7,800,000

1. Recurring 5 year cost for 5 year review report preparation.

G:\APROJECT\Northrop Grumman\Superfund\2011\OU3\NY001496.0811 RI FS\Revised Study Area FS\Final Report\Appendix B\Appendix B_Final.xls - Alternative 3 Present Worth
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f=2 ARCADIS

Table B5. Detailed Costs of Remedial Alternatives: Study Area Groundwater Alternative 4 Present Worth
Calculations, Study Area Feasibility Study, Northrop Grumman Systems Corporation,
Operable Unit 3 (Former Grumman Settling Ponds), Bethpage, New York.

NPV Operation & Maintenance Costs Escalated over a 30-Year Period
Interest Rate: 8%

Escalation Rate: 3.5%

Capital Cost Amortization Period: 5 years

Year GW IRM O&M Pre-Escalated Costs Escalated Cost (FV) PV (Cost)

1 $698,000 $ 698,000 $ 722,430 $ 668,917
2 $698,000 $ 698,000 $ 747,715  $ 641,045
3 $698,000 $ 698,000 $ 773,885 $ 614,335
4 $698,000 $ 698,000 $ 800,971 $ 588,738
5 $713,000 $ 713,000 $ 846,820 $ 576,332
6 $625,000 $ 625,000 $ 768,285 $ 484,150
7 $625,000 $ 625,000 $ 795,175  $ 463,977
8 $625,000 $ 625,000 $ 823,006 $ 444,644
9 $625,000 $ 625,000 $ 851,811 $ 426,117
10 $640,000 $ 640,000 $ 902,783 §$ 418,163
11 $620,000 $ 620,000 $ 905,181 $ 388,217
12 $620,000 $ 620,000 $ 936,863 $ 372,041
13 $620,000 $ 620,000 $ 969,653 §$ 356,539
14 $620,000 $ 620,000 $ 1,003,591 $ 341,684
15 $635,000 $ 635,000 $ 1,063,847 $ 335,369
16 $620,000 $ 620,000 $ 1,075,071 $ 313,803
17 $620,000 $ 620,000 $ 1,112,699 $ 300,728
18 $620,000 $ 620,000 $ 1,151,643 $ 288,198
19 $620,000 $ 620,000 $ 1,191,951 $ 276,189
20 $635,000 $ 635,000 $ 1,263,516 $ 271,085
21 $339,000 $ 339,000 $ 698,147 $ 138,691
22 $339,000 $ 339,000 $ 722,582 $ 132,912
23 $339,000 $ 339,000 $ 747,873 $ 127,374
24 $339,000 $ 339,000 $ 774,048 $ 122,067
25 $354,000 $ 354,000 $ 836,589 $ 122,157
26 $98,000 $ 98,000 $ 239,704 $ 32,408
27 $98,000 $ 98,000 $ 248,094 § 31,058
28 $98,000 $ 98,000 $ 256,777 $ 29,764
29 $98,000 $ 98,000 $ 265,764 $ 28,524
30 $113,000 $ 113,000 $ 317,168 $ 31,519
$ 15,090,000 $ 15,090,000 $ 23,813,640 $ 9,400,000

1. Recurring 5 year cost for 5 year review report preparation.

G:\APROJECT\Northrop Grumman\Superfund\2011\OU3\NY001496.0811 Rl FS\Revised Study Area FS\Final Report\Appendix B\Appendix B_Final.xls - Alternative 4 Present Worth
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#2 ARCADIS

Table B7. Detailed Costs of Remedial Alternatives: Study Area Groundwater Alternative 5 Present Worth
Calculations, Study Area Feasibility Study, Northrop Grumman Systems Corporation,
Operable Unit 3 (Former Grumman Settling Ponds), Bethpage, New York.

NPV Operation & Maintenance Costs Escalated over a 30-Year Period
Interest Rate: 8%

Escalation Rate: 3.5%

Capital Cost Amortization Period: 5 years

Year GW IRM O&M Pre-Escalated Costs Escalated Cost (FV) PV (Cost)

1 $2,219,000 $ 2,219,000 $ 2,296,665 $ 2,126,542
2 $2,219,000 $ 2,219,000 $ 2,377,048 $ 2,037,936
3 $2,219,000 $ 2,219,000 $ 2,460,245 $ 1,953,022
4 $2,219,000 $ 2,219,000 $ 2,546,354 § 1,871,646
5 $2,234,000 $ 2,234,000 $ 2,653,291 § 1,805,785
6 $2,130,000 $ 2,130,000 $ 2,618,314 § 1,649,982
7 $2,130,000 $ 2,130,000 $ 2,709,955 § 1,581,233
8 $2,130,000 $ 2,130,000 $ 2,804,803 $ 1,515,348
9 $2,130,000 $ 2,130,000 $ 2,902,971 § 1,452,208
10 $2,145,000 $ 2,145,000 $ 3,025,734  § 1,401,500
11 $2,047,000 $ 2,047,000 $ 2,988,558 $ 1,281,741
12 $2,047,000 $ 2,047,000 $ 3,093,158 $ 1,228,335
13 $2,047,000 $ 2,047,000 $ 3,201,418  $ 1,177,155
14 $2,047,000 $ 2,047,000 $ 3,313,468 $ 1,128,107
15 $2,062,000 $ 2,062,000 $ 3,454569 $ 1,089,024
16 $1,969,000 $ 1,969,000 $ 3414219 § 996,578
17 $1,969,000 $ 1,969,000 $ 3,533,716 § 955,054
18 $1,969,000 $ 1,969,000 $ 3,657,396 § 915,260
19 $1,969,000 $ 1,969,000 $ 3,785,405 § 877,124
20 $1,984,000 $ 1,984,000 $ 3,947,741 § 846,981
21 $1,717,000 $ 1,717,000 $ 3,536,044 $ 702,455
22 $1,717,000 $ 1,717,000 $ 3,659,805 § 673,186
23 $1,717,000 $ 1,717,000 $ 3,787,899 § 645,137
24 $1,717,000 $ 1,717,000 $ 3,920,475 $ 618,256
25 $1,732,000 $ 1,732,000 $ 4,093,140 $ 597,672
26 $1,470,235 $ 1,470,235 § 3,596,134 § 486,204
27 $1,470,235 $ 1,470,235 $ 3,721,999 § 465,945
28 $1,470,235 $ 1,470,235 $ 3,852,269 §$ 446,531
29 $1,470,235 $ 1,470,235 $ 3,987,098 § 427,925
30 $1,485,235 $ 1,485,235 §$ 4,168,749 $ 414,279
$ 57,851,176 $ 57,851,176 ' $ 99,108,641 $ 33,400,000

1. Recurring 5 year cost for 5 year review report preparation.

G:\APROJECT\Northrop Grumman\Superfund\2011\OU3\NY001496.0811 Rl FS\Revised Study Area FS\Final Report\Appendix B\Appendix B_Final.xls - Alternative 5 Present Worth
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#2 ARCADIS

Table B9. Detailed Costs of Remedial Alternatives: Study Area Groundwater Alternative 6 Present Worth
Calculations, Study Area Feasibility Study, Northrop Grumman Systems Corporation,
Operable Unit 3 (Former Grumman Settling Ponds), Bethpage, New York.

NPV Operation & Maintenance Costs Escalated over a 30-Year Period
Interest Rate: 8%

Escalation Rate: 3.5%

Capital Cost Amortization Period: 5 years

Year GW IRM O&M Pre-Escalated Costs Escalated Cost (FV) PV (Cost)

1 $7,741,000 $ 7,741,000 $ 8,011,935 $ 7,418,458
2 $7,741,000 $ 7,741,000 $ 8,292,353 § 7,109,356
3 $7,741,000 $ 7,741,000 $ 8,582,585 $ 6,813,133
4 $7,741,000 $ 7,741,000 $ 8,882,976 $ 6,529,252
5 $7,756,000 $ 7,756,000 $ 9,211,695 §$ 6,269,325
6 $5,479,000 $ 5,479,000 $ 6,735,090 §$ 4,244,249
7 $5,479,000 $ 5,479,000 $ 6,970,818 §$ 4,067,405
8 $5,479,000 $ 5,479,000 $ 7,214,797 $ 3,897,930
9 $5,479,000 $ 5,479,000 $ 7,467,315 §$ 3,735,516
10 $5,494,000 $ 5,494,000 $ 7,749,830 §$ 3,589,671
11 $5,439,000 $ 5,439,000 $ 7,940,775 $ 3,405,662
12 $5,439,000 $ 5,439,000 $ 8,218,702 $ 3,263,760
13 $5,439,000 $ 5,439,000 $ 8,506,357 $ 3,127,770
14 $5,439,000 $ 5,439,000 $ 8,804,080 $ 2,997,446
15 $5,454,000 $ 5,454,000 $ 9,137,353 § 2,880,475
16 $5,409,000 $ 5,409,000 $ 9,379,130 §$ 2,737,679
17 $5,409,000 $ 5,409,000 $ 9,707,400 $ 2,623,609
18 $5,409,000 $ 5,409,000 $ 10,047,159 $ 2,514,292
19 $5,409,000 $ 5,409,000 $ 10,398,810 $ 2,409,530
20 $5,424,000 $ 5,424,000 $ 10,792,615 $ 2,315,536
21 $2,870,000 $ 2,870,000 $ 5,910,568 $ 1,174,168
22 $2,870,000 $ 2,870,000 $ 6,117,438 $ 1,125,245
23 $2,870,000 $ 2,870,000 $ 6,331,549 $ 1,078,359
24 $2,870,000 $ 2,870,000 $ 6,553,153 $ 1,033,428
25 $2,885,000 $ 2,885,000 $ 6,817,962 § 995,544
26 $213,000 $ 213,000 $ 520,989 $ 70,439
27 $213,000 $ 213,000 $ 539,224 § 67,504
28 $213,000 $ 213,000 $ 558,097 $ 64,691
29 $213,000 $ 213,000 $ 577,630 $ 61,996
30 $228,000 $ 228,000 $ 639,949 §$ 63,596
$ 135,845,000 $ 135,845,000 $ 206,618,331 $ 87,700,000

1. Recurring 5 year cost for 5 year review report preparation.
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