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EXECUTIVE SUMMARY

This Study Area Feasibility Study (FS) was prepared by the Northrop Grumman 
Systems Corporation (Northrop Grumman) to identify and screen remedial
technologies and evaluate remedial alternatives for constituents in groundwater in the
Study Area, located in Bethpage, New York. This FS also presents a summary of the 
Comprehensive Remedy for OU3, which includes both the Site Area FS (ARCADIS of 
New York, Inc. 2011) recommended remedy and the Study Area recommended 
remedy.

The term “Study Area” hereinafter refers to the area of volatile organic compound 
(VOC)-impacted groundwater hydraulically downgradient (i.e., south and southeast) of 
and impacted by the Site Area, plus the peripheral area (i.e., an area of significantly 
lower to non-detect concentrations of VOCs) that was used to delineate the impacted 
groundwater. The term “Site Area” hereinafter refers to the portion of the Bethpage 
Community Park not subject to soil removal during Town of Oyster Bay (Town)
redevelopment activities plus the Former Grumman Plant 24 Access Road.

Investigations conducted by Northrop Grumman within the Study Area and previous 
investigations conducted by others identified a regional area of VOC-impacted
groundwater hydraulically downgradient of the Site Area, and the adjacent former
Grumman Facility, the Naval Weapons Industrial Reserve Plant (NWIRP), and the 
Occidental Chemical Corporation (OCC) site, located west of the Site Area. The 
constituents of potential concern (COPCs) identified in the Study Area groundwater are 
VOCs.

This Study Area FS was developed consistent with New York State Department of 
Environmental Conservation (NYSDEC) requirements. Potential remedial technologies 
were screened using applicable Standards, Criteria, and Guidelines (SCGs). Remedial 
technologies that were retained after screening were assembled into remedial 
alternatives that were evaluated against the remedy selection criteria in Title 6 of the 
New York Code of Rules and Regulations (NYCRR), Part 375-1.8(f).

Study Area Recommended Remedy

Based on the evaluations conducted, the Study Area Recommended Remedy is 
presented in this FS and is summarized below:
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Baseline Remedial Elements

• Remediate Site Area VOC source areas (i.e., total VOCs (TVOCs) greater than 10 
parts per million (ppm) in soil and groundwater) using in-situ thermal desorption 
(ISTD) to reduce TVOC concentrations to 1 ppm or less.

• Continue operation, maintenance, and monitoring (OM&M) of the existing 
groundwater interim remedial measure (IRM) (four wells; total 210 gallons per 
minute (gpm)) to prevent groundwater from migrating off site. For cost estimating 
purposes, the Groundwater IRM is estimated to operate for 15 years.

• Continue to operate the following remedial systems to reduce VOC mass in the 
Study Area:

o Main Facility Tower 102 remedial system (three wells; total 2,300 gpm) 
and

o GM-38 Area Groundwater Remedy (two wells; total 1,100 gpm).

The above remedial systems include ex-situ groundwater treatment via air 
stripping (with off-gas treatment) and discharge to local recharge basins and one 
injection well (GM-38 Area remedy only).

• Continue to operate the existing wellhead protection systems at Bethpage Water 
District (BWD) Plants 4 and 5.

New Remedial Elements

• Install one new remedial well (Well RW-21, pumping at 1,000 gpm) to reduce VOC 
mass in the Study Area groundwater and pipe the recovered water to the Northrop 
Grumman Main Facility for treatment. Upgrade the Main Facility Remedial System 
(Tower 102) with a new air stripper blower to treat water from RW-21 and to 
achieve groundwater effluent discharge limits at the increased hydraulic loading 
rate. Discharge treated water into the South Basins.

• Install new monitoring wells and use with existing wells to perform plume 
management, performance monitoring, and effectiveness monitoring.
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• Develop and implement an OM&M plan or similar document, following remedial 
construction completion.

• Operate Remedial Well RW-21 full-time for 20 years, followed by 5 years of pulsed 
operation, followed by 5 years of post-remediation groundwater monitoring/natural
attenuation for residual VOCs. Actual operating times, shut down criteria, and 
post-remediation monitoring requirements will be determined over time based on 
field data. 

The new remedial elements, combined with the baseline remedial elements described 
above, represent the integral components of a comprehensive solution to VOCs in the 
regional groundwater.

Comprehensive Recommended Remedy

This FS discusses several remedial systems that are currently in place to address the 
regional area of VOC-impacted groundwater and recommends further groundwater 
remedies to provide a comprehensive solution to the regional area of VOC-impacted
groundwater. Additionally, as detailed in the Site Area FS, remedies are also 
recommended to address impacted soils, soil gas, and source areas. Those remedies, 
in combination with the recommended groundwater remedies, create a 
comprehensive, integrated solution to contamination present in both the Site Area and 
Study Area. The various remedial elements of the Comprehensive Recommended 
Remedy are summarized below:

Soils

• Alternative S-P2: Excavate upper 2 feet (ft) of soil across Park where Site Area-
related COPCs exceed restricted-residential soil cleanup objectives (SCOs) and 
replace with clean fill.

• Alternative S-AR2: Install gravel cap over Access Road soils where Site Area-
related COPCs exceed restricted-residential SCOs.

Source Areas

• Alternative SA-3: Remediate VOC source areas in the Park (i.e., areas exceeding 
10 ppm TVOCs) using ISTD to minimize potential migration of VOCs to 
groundwater and soil gas.
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Soil Gas

• Alternative SG-2:  Operate Soil Gas IRM to prevent off-site migration of soil gas 
until shut down criteria are met. 

Groundwater

• Alternative GW-2 (Site Area FS) and Alternative 3 (Study Area FS):

• Continue to operate the Groundwater IRM to prevent off-site migration of 
groundwater; transition to natural attenuation with monitoring to address residual 
VOC impacts once Groundwater IRM system shut down criteria are met. 

• Continue to operate other groundwater remedial systems to reduce VOC mass in 
Study Area, specifically the Northrop Grumman Main Facility and GM-38 Area 
remedial systems.

• Continue to operate wellhead protection systems at BWD Plants 4 and 5.

• Install and operate one new remedial well to reduce VOC mass in Study Area 
groundwater; treat extracted groundwater in existing Main Facility remedial 
system. Operate well full-time for 20 years, followed by 5 years of pulsed 
operation, followed by system shut down and 5 years of post-remediation
groundwater monitoring. Actual operating times, shut down criteria, and post-
remediation monitoring requirements will be determined over time based on field 
data.

• Use existing and newly installed monitoring wells to perform regular monitoring of 
remedial system performance and for reporting on remedial system effectiveness.

Additional Components of the Comprehensive Remedy

• Perform regular performance monitoring and reporting of remedial system 
effectiveness. As applicable, implement OM&M plans following remedial 
construction completion.

• Where applicable, environmental easements for institutional and engineering 
controls will be incorporated into the recommended alternative to help ensure that 
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the Recommended Remedy for the Site and Study Areas is maintained and is 
protective of human health for reasonably anticipated future land uses.

The total estimated cost for the Comprehensive Recommended Remedy is $64.5 
million.
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Study Area Feasibility 
Study

Operable Unite 3 (Former 
Grumman Settling Ponds), 
Bethpage, New York
NYSDEC Site # 1-30-003A

1. Purpose

The purpose of this FS is to identify and screen remedial technologies and evaluate 
remedial alternatives for contaminants in groundwater in the Study Area. This FS also 
presents the Comprehensive Recommended Remedy for OU3 which incorporates the
existing remedial measures, the Site Area recommended remedy and the Study Area 
recommended remedy. The technology and alternatives evaluations for the Site Area 
are presented in the Site Area FS. (ARCADIS of New York, Inc. 2011)

This report was prepared by ARCADIS on behalf of Northrop Grumman. It is being 
submitted pursuant to Section II of the Administrative Order on Consent between the 
NYSDEC and Northrop Grumman, effective July 4, 2005 (NYSDEC 2005).

2. Study Area Description

2.1 Study Area

For the purposes of this FS, the “Study Area” is defined as the area of VOC-impacted
groundwater hydraulically downgradient (i.e., south and southeast) of and impacted by 
the Site Area, plus the peripheral area (i.e., an area of significantly lower to non-detect
concentrations of VOCs) that was used to delineate the impacted groundwater (Figure
2-1). The Study Area is contained within a larger region of VOC-impacted groundwater.
Remedial measures already in place to address this larger region of VOC-impacted
groundwater are discussed below in Section 3.7.

The term “Site Area” hereinafter refers to a portion of the Bethpage Community Park 
not subject to soil removal during Town redevelopment activities, plus the Former 
Grumman Plant 24 Access Road (Access Road). For the media soil gas and 
groundwater, the Site Area includes the entire Bethpage Community Park and the 
Access Road. A detailed description of the Site Area was presented in the Site Area RI 
Report (ARCADIS U.S., Inc. 2011b) and the Site Area FS. The Site Area FS addresses 
remediation of impacted groundwater, source areas, soil, and soil gas. Northrop
Grumman implemented a Groundwater IRM in 2009, which is further described in 
Section 3.7 of this report. In accordance with design objectives, the Groundwater IRM 
is successfully controlling off-site migration of VOCs to downgradient locations.

The Study Area land surface elevation ranges from approximately 120 feet above mean 
sea level (ft msl) to 85 ft msl and, topographically, is generally flat. Natural surface water 
features do not exist in the Study Area, although man-made stormwater recharge 
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basins are present that receive runoff from paved surfaces and then recharge the 
groundwater system. Land use currently and historically is primarily residential with 
some commercial and industrial development. Surface features are shown on Figure
2-1.

2.2 Groundwater Use

The BWD operates five public supply wells in three wellfields in the Study Area (Plant 4
[Wells 4-1 and 4-2], Plant 5 [Well 5-1], and Plant 6 [Wells 6-1 and 6-2]) (Figure 2-1).
Available information indicates that all residents in the Study Area receive water supply
from BWD. BWD Plants 4, 5, and 6 are equipped with treatment systems that are 
operated by BWD to remove VOCs. BWD’s wells are located in the area of regional 
VOC-impacted groundwater.

Northrop Grumman entered into an agreement with BWD on June 17, 1994 for BWD
Plant 4 to fund the design and construction of a wellhead protection system using an 
air stripping tower. In addition, Northrop Grumman has been funding operation of the 
Plant 4 treatment system for the past 16 years. The agreement provides for Northrop
Grumman’s funding of wellhead protection to treat up to a concentration of 600 
micrograms per liter (µg/L) TVOCs down to drinking water standards.

In the first half of 2010, liquid phase granular activated carbon (GAC) polishing was 
added to the existing wellhead protection system at BWD Plant 4. According to the 
“Engineering Report/Well Head Treatment Improvements For VOC Removal At Plant 
No. 4” (H2M 2008), the combined air stripper and GAC polishing system at BWD Plant 
4 can treat a design influent TVOC concentration of 5,498 µg/L down to a 
concentration of less than 0.5 µg/L, while operating at its peak flow rate.

Similar to BWD Plant 4, the Navy entered into an agreement with BWD for Plant 5. The 
agreement provides for Navy’s funding of wellhead protection up to a concentration of 
600 µg/L down to a concentration of 5 µg/L for known contaminants (Fly. 2010).

Similar to BWD Plant 4, Northrop Grumman entered into another agreement with BWD
for Plant 6 on May 22, 1990 (with three amendments, dated March 29, 1996, 
November 1999, and June 2005). The agreement provides for Northrop Grumman’s 
funding of wellhead protection up to a concentration of 300 µg/L down to a 
concentration of non-detect for TVOCs.
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3. Summary of RI and Current Remedial Operations

3.1 Previous/Other Investigations

The Study Area is part of the larger region of VOC-impacted groundwater that has 
been previously investigated and documented by Northrop Grumman, the Navy, the 
U.S. Geological Survey (USGS), and the OCC (hereinafter referred to as the regional 
area of either VOC-impacted or TVOC-impacted groundwater). Remedial measures 
are currently in place to address this regional area of VOC-impacted groundwater, as 
discussed in Section 3.7. Investigations conducted within the Study Area include the
Northrop Grumman Study Area Rl, a number of investigations conducted by Northrop 
Grumman prior to 2004, and preceding investigations completed by the Navy, and
the USGS. Data from these investigations were incorporated, as applicable, into the 
conceptual site model (CSM) and the Study Area Rl Report (ARCADIS U.S., Inc.
2010; 2011a).

The following subsections summarize the geology and hydrogeology of the Study 
Area, the nature and extent of Study Area groundwater impacts, and the CSM. More 
detailed discussions of these topics are provided in the Study Area Rl Report.

Figures 3-1, 3-2, and 3-3, originally included in the Study Area RI Report, are included 
in this report.

3.2 Study Area Geology

From land surface downward, the geologic sequence in the Study Area is as follows:

• Pleistocene-age (Upper Glacial) sands of varying grain size with silt, clay and 
gravel lenses in the unsaturated and saturated zones.

• Cretaceous-age (Magothy) interbedded fine to coarse sands and silts with 
discontinuous zones of lower permeability clays, sandy clays, and silty clays to a 
depth of approximately 820 feet below land surface (ft bls).

• Basal Magothy gravel zone, this was encountered during the Northrop Grumman 
Study Area RI drilling program in VP-104 (Figures 3-2) from 820 to 880 ft bls.

• Cretaceous age clay (Raritan Confining Unit) was encountered at 672 ft bls during 
the Study Area RI in VP-110R (Figure 3-2). Although it has been documented that 
regionally this unit underlies the Magothy formation and varies in depth, except for
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at VP-110R, all VPBs that were drilled deep enough to reach this unit (based on 
USGS estimates of the depth of the clay) did not encounter it.

3.3 Study Area Hydrogeology

Groundwater in the Upper Glacial and Magothy aquifers occurs under unconfined 
conditions, with the Magothy aquifer exhibiting semi-confined to confined conditions
with increasing depth. Groundwater elevation data indicate a general south-
southeasterly groundwater flow direction (consistent with the regional flow direction) 
and a slightly downward vertical gradient. Groundwater velocity in the Study Area 
ranges from approximately 0.85 to 2.56 feet per day (ft/day). The downward flow has 
been accentuated by industrial pumping and recharge on the former Grumman Facility
and the NWIRP, as well as by public supply well pumpage (ARCADIS 2009).

3.4 Nature and Extent of Groundwater Contamination in Study Area

Based on the Study Area RI, VOCs were determined to be COPCs in Study Area 
groundwater. Non-Site Area-related COPCs, consisting of Freons 12 and 22, were also 
detected in the Study Area and were attributed to a former ice rink operated by the 
Town. Figure 3-2 depicts the maximum extent of VOC-impacted groundwater in the 
region in plan view. This figure depicts the average concentration of VOCs from wells
for the period of 2004 to 2007 or more recent data for wells installed after 2007 and the
maximum VOC concentration from vertical profile borings (VPBs) in the Study Area 
(Northrop Grumman completed 22 VPBs from 2006 to 2009 and Navy completed six 
VPBs from 2000 to 2002). Well and VPB depths vary throughout the region; however, 
the data were plotted on a single figure regardless of depth. Therefore, this figure 
shows the maximum lateral extent and concentration of VOCs in groundwater (i.e., at 
any particular depth, the VOC concentration would be equal to or less than the value 
depicted). The maximum extent of VOC-impacted groundwater identified in the Study 
Area during the RI is approximately 8,300 ft in length and 2,100 ft in width, with a 
maximum depth of 670 ft bls and a maximum thickness of 430 ft.

Figure 3-3 shows the TVOC concentrations in cross section. The highest TVOC
concentrations observed in the Study Area were at depths ranging from approximately 
75 ft bls (northern portion) to 590 ft bls (southern portion). VP-111 exhibited the 
maximum observed TVOC concentration in the Study Area (10,500 µg/L at a depth of 
451 ft bls; TVOC concentrations are less than 500 µg/L at depths shallower than 411 ft 
bls and deeper than 531 ft bls). Trichloroethene (TCE) and cis-1,2-dichloroethene (cis-
1,2-DCE) were determined to be the predominant VOCs detected (based on frequency 
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of detection and concentration) in groundwater above SCG values, followed by 1,1-
dichloroethane (1,1-DCA); tetrachloroethene (PCE); 1,1-dichloroethene (1,1-DCE);
vinyl chloride (VC); 1,2-dichloroethane (1,2-DCA); Freon 113; toluene, chloroform, 
1,1,1-trichloroethane (1,1,1-TCA); and trans 1,2-dichlorothene (trans-1,2-DCE).

As detailed in the Study Area RI Report, the distribution and concentrations of
perchlorate in the Study Area indicate that this constituent is not Site Area-related. The
distribution and concentrations of chromium detected in the Study Area (based on the 
Study Area RI Report) also indicate that this constituent is not Site Area-related.
Although the results of the samples collected from Monitoring Well MW111-4 (three 
rounds) exceed the NYSDEC standard for chromium of 50 µg/L (most recent result 
from April 2010 was 399 µg/L), the data from surrounding wells are below the standard
and suggest a local source of the elevated chromium in Monitoring Well MW111-4.
Chromium data will be considered further during remedial design to determine if it 
might have an effect on the treatment system design and costs.

3.5 Study Area Conceptual Site Model

The CSM developed for the Study Area is shown on Figure 3-1 and is summarized as 
follows:

• VOC releases from the Site Area and industrial properties west and adjacent to the 
Site Area resulted in VOC impacts to groundwater.

• Historical pumping and recharge on the former Grumman and NWIRP properties
caused mixing of VOCs and accentuated downward movement of VOC-impacted
groundwater, resulting in impacts at depths greater than 500 ft bls. The VOC-
impacted groundwater that migrated south of the above properties was further 
influenced by the pumping of public supply wells.

• Several downgradient public supply wells are presently affected by VOC-impacted
groundwater.

• Wellhead treatment of public supply wells for VOCs results in no current human
exposure to VOCs in groundwater.

3.6 Impacted Groundwater 

Based on the current understanding, (i.e., initial conditions), the estimated VOC mass 
in the area of regional TVOC-impacted groundwater (including the Study Area) is 
approximately 147,000 pounds (lbs), which results from sources originating at the Site 
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Area, the former Grumman Facility, the former NWIRP site, and the OCC site. 
Estimates of mass removal for the remedial alternatives presented in Section 6 and 
Appendix A of this report are based on this estimated initial mass.

3.7 Current Remedial Operations 

Several remedial systems have already been implemented, under the oversight of the 
NYSDEC or U.S. Environmental Protection Agency (USEPA) that collectively address 
groundwater within the regional area of TVOC-impacted groundwater. These systems 
consist of the following, which are discussed below:

• Groundwater IRM (referred to in the tables and figures of this report as the Site 
IRM)

• Northrop Grumman Main Facility (Main Facility) Remedial Systems

• Navy GM-38 Area Remedial System

• Navy Air Sparge/Soil Vapor Extraction (SVE) System

• OCC Biosparge System

Northrop Grumman voluntarily implemented the Groundwater IRM in July 2009, to 
prevent off-site migration of Site Area-related COPCs in groundwater. This is 
accomplished by extracting groundwater from four wells (Wells RW-1 to RW-4)
installed along the Access Road property, with subsequent treatment of VOCs using 
an air stripper. As of the end of June 2009, the system has removed from groundwater 
and treated approximately 700 lbs of VOCs and is predicted to eventually remove a 
total of approximately 7,800 lbs of VOCs from groundwater. Additional details 
regarding the Groundwater IRM are provided in the Groundwater IRM Final Design 
Report (ARCADIS of New York, Inc. 2008).

Northrop Grumman operates two other groundwater remedial systems on the Main 
Facility in the region that pump a total of approximately 5.5 million gallons per day 
(mgd). Specifically, Northrop Grumman operates five remedial wells (Wells 1, 3, 17, 18, 
and 19) and two groundwater treatment systems on the Main Facility (Towers 96 and 
102) to prevent off-site migration of VOC-impacted groundwater from the former
Grumman facility and NWIRP site. The groundwater remedial treatment systems 
described above are effective in meeting their remedial objectives of preventing the off-
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site migration of VOCs in groundwater and removing VOC mass from the regional area 
of VOC-impacted groundwater. As an example, TVOCs in a key monitoring well near 
the Main Facility have been reduced by 98 percent since system startup, and the Main 
Facility systems have removed and treated a total of approximately 150,000 lbs of 
VOCs since Tower 102 startup in 1998. The Tower 96 remedial system initiated 
operation in 1988.

The Navy operates the GM-38 Area VOC mass removal groundwater remedy, 
consisting of two remedial wells (GM-38 RW-1 and GM38 RW-3) which remove and 
treat a total of 1,100 gpm from the regional area of TVOC-impacted groundwater.

The above existing systems have been integrated into the development of the remedial 
alternatives presented in this FS as a component of the comprehensive solution to 
VOCs in regional groundwater.

As part of remediation of the NWIRP Bethpage facility, the Navy operated an air 
sparge/SVE system to address VOCs in shallow groundwater east of Plant 3. This
system was operated for several years in the 1990s and was shut down when it 
reached its shut-down criteria.

As part of the USEPA-issued Groundwater Record of Decision (ROD) for the OCC Site, 
a biosparge system was installed and is currently operating on the northwest corner of 
the former Grumman Facility. The purpose of this system is to remediate vinyl chloride 
in groundwater originating from the OCC site.

4. Remedial Goals and Remedial Action Objectives

This section summarizes the remedial goals and the RAOs for the Study Area.

4.1 Standards, Criteria, and Guidance 

Potentially applicable or relevant and appropriate federal, state, and local SCGs form 
the basis for the remedial goals and objectives for the project, the appropriate remedial 
alternatives, and the scope and extent to which retained remedial alternatives can be 
implemented. The SCGs identified for this FS are summarized in Table 4-1.

“Standards and criteria” are cleanup standards, standards of control, and other
substantive environmental requirements, criteria or limitations that are generally 
applicable, consistently applied, and officially promulgated under federal or state law 
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that are either directly applicable to a contaminant, remedial action, location or other 
circumstance, or that are not directly applicable but are relevant and appropriate. 

“Guidance” consists of non-promulgated criteria, advisories, and/or other guidance that 
are not legal requirements and do not have the same status as “standards and
criteria”; however, remedial alternatives should consider guidance that, based on 
professional judgment, may be applicable to the project.

4.2 Remedial Goals

Section 27-1301 of the New York State Environmental Conservation Law states that 
the goals of the inactive hazardous waste disposal site remedial program are to 
"eliminate, remove, abate, control or monitor health and/or environmental hazards or 
potential hazards." 

Pursuant to Title 6 NYCRR Part 375-2.8(a), (b), and (c) and the DER-10 guidance 
document (NYSDEC 2010), remedial goals for all remedial actions should include:

• Restoring the site to pre-disposal/pre-release conditions, to the extent feasible,

• Eliminating or mitigating all significant threats to public health and the environment 
through proper application of scientific and engineering principles,

• Removing sources of contamination to the extent feasible. “Feasible” is defined as 
suitable to site conditions, capable of being successfully carried out with available 
technology, implementable, and cost effective (6 NYCRR Part 375-1.2)

4.3 Remedial Action Objectives

RAOs developed for the Study Area to eliminate or mitigate all significant threats to 
human health and the environment are the following:

• Prevent exposure to Site Area-related VOCs in groundwater within the Study 
Area and

• Reduce VOC mass in Study Area groundwater to the extent feasible
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5. Identification and Screening of Remedial Technologies

The purpose of this section is to identify and screen a range of remedial technologies 
to address groundwater. Selected technologies are developed into alternatives, which 
are then further evaluated during the detailed analysis of the remedial alternatives 
presented in Section 6 of this report. 

The list of remedial technologies was developed in cooperation with the NYSDEC and 
is focused on those technologies that are considered by NYSDEC to be presumptive 
remedies for VOCs in groundwater. In accordance with NYSDEC guidance (2006), the 
identified technologies were screened using the following criteria:

• Effectiveness – Potential effectiveness in achieving RAOs; reliability of technology; 
and potential impacts to human health and the environment,

• Implementability – Technical and administrative feasibility of implementing the 
technology at the site, and

• Relative cost – Relative cost to implement the technology, including capital cost 
and cost for OM&M.

The results of the remedial technology screening conducted for Study Area
groundwater are presented in Table 5-1. The technologies that passed the screening 
step are baseline/continued action, extraction wells, air stripping, recharge basins, 
injection wells, and natural attenuation. 

6. Development and Analysis of Remedial Alternatives

Remedial alternatives to meet the Study Area RAOs were developed using 
technologies retained from Section 5. Groundwater modeling was used to develop and 
evaluate the remedial alternatives, as described below.

6.1 Modeling

The updated regional groundwater model was used to evaluate the ability of various 
remedial alternatives to achieve the Study Area RAOs. The groundwater modeling 
included the following tasks:
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1. The existing model was updated using current data for aquifer pumping and 
discharge rates, and TVOC distribution. The model was also updated to reflect 
dual domain advection-diffusion mass transport, which is a method of transport 
modeling that represents both the mobile and immobile phases of the 
contaminants.

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

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

The details of the modeling tasks and results are presented in Appendix A. Except for 
Alternatives 1 and 2, each evaluated remedial alternative included installation of one or 
more new remedial well(s).

Results of the baseline particle tracking concluded:

• Particles from the Study Area VOC-impacted groundwater do not migrate beyond
the most downgradient BWD well (i.e., Plant 5); and

• The following wells are either currently or potentially impacted in the future by
VOCs in Study Area groundwater: BWD wells 4-1, 4-2, 5-1, and 6-2; Main Facility 
Wells 17, 18, and 19; and the GM-38 Area wells.

Main Facility Remedial Systems Wells 17 and 18, the GM-38 wells, and BWD Well 6-2
were not retained for further evaluation in this FS, because these wells are (1)
addressed under the Operable Unit 2 (OU2) ROD, which provides for the protection of 
public health and the environment and (2) the wells are relatively distant from or 
shallow relative to VOCs in the Study Area. Although the OU2 ROD also addresses 
Remedial Well 19, this well was retained for further evaluation in this FS because it is a 
key component of the remedial alternatives evaluated in this FS, given the extent of its 
zone of capture within the Study Area.

Solute transport modeling was used to estimate the TVOC mass removed by each 
remedial alternative and to analyze TVOC concentration trends in proposed remedial 
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wells and potentially impacted wells (Appendix A, Table A-2). The model results, as 
presented in Appendix A, indicate that all alternatives (except for Alternative 1- No
Action Alternative) achieve TVOC mass reduction in the Study Area and reduce peak 
concentrations of TVOCs at BWD Plants 4 and 5.

6.2 Description and Analysis of Alternatives

Using the results of the modeling efforts described in Appendix A and the screening 
of remedial technologies described in Section 5, remedial alternatives were 
developed and evaluated against the following two general criteria in 6 NYCRR Part 
375-1.8:

a. Source Removal and Control Measures: Preference is for source removal and/or 
treatment. All sources, concentrated solid or semi-solid hazardous substances, 
dense non-aqueous phase liquid, light non-aqueous phase liquid, and/or grossly
contaminated media shall be removed and/or treated; provided however, if the 
removal and/or treatment of all such contamination is not feasible, such 
contamination shall be removed or treated to the greatest extent possible.

b. Groundwater Protection and Control Measures: Restoration of groundwater shall 
be evaluated to determine the feasibility of measures to restore groundwater quality 
to meet applicable standards and guidance.

Additionally, under 6 NYCRR Part 375-4.8, “…the remedy selected shall eliminate or 
mitigate all significant threats to the public health and to the environment…”.  This 
criterion is considered a “threshold criterion” for selection of a remedy under DER-10
(NYSDEC 2010). Based on the results of the baseline modeling (Figures 6-6 to 6-8)
and the BWD’s stated treatment capacity of BWD Plants 4 and 5 (Section 2.2), 
protection of public health is satisfied under current and predicted future baseline 
conditions. That is, treatment of BWD supply wells at Plants 4 and 5 is common to all
of the remedial alternatives evaluated (except for Alternative 1- the No Action 
Alternative) as detailed below:

• The conservative, design influent concentration to BWD Plant 4 is 5,498 µg/L 
TVOCs (H2M 2008). In comparison, the maximum TVOC concentrations predicted 
by the model are approximately 400 µg/L in Well 4-1 and 130 µg/L in Well 4-2
under baseline conditions (see Figures 6-6 and 6-7). The maximum TVOC 
concentrations predicted by the model in Wells 4-1 and 4-2 under all the other 
active alternatives are lower than the predicted baseline concentrations.
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Alternative 3 provides the greatest predicted reduction in TVOC concentrations in 
Wells 4-1 and 4-2, with concentrations attaining SCGs in approximately 20 years.

• The stated treatment capacity of BWD Plant 5 is 600 µg/L TVOCs (Fly 2010). In 
comparison, the maximum TVOC concentration predicted by the model is 
approximately 180 µg/L in Well 5-1 under baseline conditions (see Figure 6-8).
The maximum TVOC concentrations predicted by the model in Well 5-1under all 
other active alternatives are lower than the predicted baseline concentration. 
Alternative 3 provides the greatest predicted reduction in TVOC concentrations in 
Well 5-1.

Because human health is protected under all alternatives (other than Alternative 1), the 
remainder of this FS focuses on the mitigation of threats to the environment to the 
extent feasible (i.e., bulk reduction of groundwater contamination, per DER-10 Section 
6.4).

In accordance with 6 NYCRR Part 375–1.8, the remedial alternatives were evaluated
against seven remedial selection criteria and sustainability (as defined in Table 6-1).
Six remedial alternatives were developed and, as summarized below, all alternatives 
are shown on Figures 6-1 through 6-5, except for Alternative 1.

1. Alternative 1 – No Action

2. Alternative 2 – Baseline/Continued Action

3. Alternative 3 – Alternative 2 Plus One New Remedial Well

4. Alternative 4 – Alternative 2 Plus Two New Remedial Wells

5. Alternative 5 – Alternative 2 Plus One New Remedial Well and Use of BWD Plant
4 as a Remediation System

6. Alternative 6 – Alternative 2 Plus Five New Remedial Wells

Table 6-2 summarizes and evaluates the remedial alternatives developed for Study 
Area groundwater.
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6.3 Preliminary Assessment of Remedial Process Closure Requirements

Remedial process closure requirements (i.e., shutdown criteria) for the selected 
remedy will be developed and provided in a future OM&M plan or similar document. In
accordance with guidance provided in DER-10 Section 6.4(b) treatment system
shutdown criteria may include:

• Achieving asymptotic levels in remedial wells or water supply wells, and

• Achieving significant bulk reduction in contamination in groundwater.

Time versus concentration graphs developed from the modeling conducted, suggest
that the time to reach an asymptote will vary among the remedial alternatives (see 
Appendix A, Figures A-11 to A-15); however, 20 years represents a reasonable 
average timeframe for costing purposes. The exception is BWD Well 4-1 under 
Alternative 4, which does not reach asymptotic levels in the 30-year timeframe (see
Appendix A, Figures A-11 to A-15). A bulk reduction in VOCs in groundwater is also
observed for each alternative evaluated.

Mass removal and operating cost estimates for the alternatives are based on an
assumed 20 years of full-time operation for new remedial wells, followed by 5 years of 
pulsed operation. The mass and cost estimates are based on an assumed 15 years of 
Groundwater IRM operation and 30 years of operation for other remedial wells and the
public supply wells in the Study Area. Actual operating times, shutdown criteria, and 
post-remediation monitoring requirements will be determined over time based on 
field data.

7. Recommended Remedy for Study Area 

This section summarizes the Recommended Remedy for the Study Area, as well as 
the sustainability practices that are incorporated into the remedial alternatives.

7.1 Summary of Recommended Remedy for Study Area 

Based on the analyses conducted in this FS, the Recommended Remedy for the Study 
Area incorporates components of the FS Recommended Remedy for the Site Area 
related to groundwater, and is summarized below.
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Baseline Remedial Elements:

• Remediate Site Area VOC source areas (i.e., TVOCs greater than 10 ppm (in soil 
and groundwater) using ISTD to reduce TVOC concentrations to 1 ppm or less.

• Continue OM&M of the existing Groundwater IRM (four wells; total 210 gpm) to 
prevent groundwater from migrating off site. For cost estimating purposes, the
Groundwater IRM is estimated to operate for 15 years.

• Continue to operate the following remedial systems to reduce VOC mass in the 
Study Area:

o Main Facility Tower 102 remedial system (three wells; total 2,300 gpm) and

o GM-38 Area Groundwater Remedy (two wells; total 1,100 gpm).

The above remedial systems include ex-situ groundwater treatment via air 
stripping (with off-gas treatment) and discharge to local recharge basins and 
one injection well (GM-38 Area remedy only).

• Continue to operate the existing wellhead protection systems at BWD Plants 4 and 
5.

New Remedial Elements:

• Install one new remedial well (Well RW-21, pumping at 1,000 gpm) to reduce VOC 
mass in the Study Area groundwater and pipe the recovered water to the Main 
Facility for treatment. Upgrade the Main Facility Remedial System (Tower 102)
with a new air stripper blower to treat water from RW-21 and to achieve
groundwater effluent discharge limits at the increased hydraulic loading rate.
Discharge treated water into the South Basins.

• Install new monitoring wells and use with existing wells to perform plume
management, performance, and effectiveness monitoring.

• Develop and implement an OM&M plan or similar document, following remedial 
construction completion.
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• Operate Remedial Well RW-21 full-time for 20 years, followed by 5 years of pulsed 
operation, followed by 5 years of post-remediation groundwater monitoring/natural 
attenuation for residual VOCs. Actual operating times, shutdown criteria, and 
post-remediation monitoring requirements will be determined over time based on 
field data. 

The new remedial elements, combined with the baseline remedial elements described 
above, represent the integral components of a comprehensive solution to VOCs in the 
regional groundwater. A detailed rationale for selection of the Recommended Remedy
for the Study Area is provided in Table 6-2.

As presented in Table 6-2, the Recommended Remedy for the Study Area meets the
following criteria:

• Protects human health through treatment of BWD water supplies to meet drinking 
water standards,

• Protects the environment through TVOC bulk mass removal,

• Capable of achieving RAOs,

• Complies with SCGs, to the extent feasible,

• Technically and administratively implementable,

• Effective in short term and long term,

• Reduces the toxicity, volume, and mobility of contaminants through treatment, to 
the extent feasible, and

• Cost effective approach to comprehensive solution to VOCs in regional 
groundwater.

7.2 Sustainable Practices for the Recommended Alternative

In addition to the above regulatory-driven selection criteria, Northrop Grumman has 
considered alternatives that conserve energy and other resources and will continue to 
evaluate use of sustainable practices during the remedy design, construction, and 
operation phases, such as:
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• Return treated water to the aquifer (currently practiced),

• Maximize use of existing equipment (e.g., use of Main Facility remedial system to 
treat RW-21 effluent),

• Specify energy-efficient equipment; use variable frequency drives to reduce energy 
demands,

• Reduce equipment footprints to minimize land disturbance,

• Use green structures for housing equipment (e.g., Leadership in Energy and 
Environmental Design [LEED]-certified materials), and

• Conduct remedial system evaluations (RSEs) to routinely assess and optimize 
system performance and evaluate opportunities to reduce energy needs and 
downsize or reduce equipment, as appropriate.

8. Summary of Comprehensive Recommended Remedy

Section 3.7 of this FS discusses several remedial systems that are currently in place to 
address the regional area of VOC-impacted groundwater. As described in Section 7 of
this FS, further groundwater remedies are recommended to supplement those already 
in place and provide a comprehensive solution to the regional area of VOC-impacted
groundwater. Additionally, as detailed in the Site Area FS, remedies are also 
recommended to address impacted soils, soil gas, and source areas. Those remedies 
in combination with the recommended groundwater remedies create a comprehensive, 
integrated solution to contamination present in both the Site Area and Study Area. 
Detailed descriptions and estimated costs for the various remedial elements of the 
Comprehensive Recommended Remedy are provided in Table 8-1 and are 
summarized below:

Soils

Park Soils - Alternative S-P2:

• Excavate upper 2 ft of soil across Park where Site Area-related COPCs exceed
restricted-residential SCOs and replace with clean fill.
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• Install a demarcation layer between clean fill and remaining soils, where 
applicable.

Access Road Soils - Alternative S-AR2:

� Install gravel cap over Access Road soils where Site Area-related COPCs exceed
restricted-residential SCOs.

� Install fencing and signs to control access.

Source Areas

Alternative SA-3:

� Remediate Site Area VOC source areas (i.e., TVOCs greater than 10 ppm in soil 
and groundwater) using ISTD to reduce TVOC concentrations to 1 ppm or less.

Soil Gas

Alternative SG-2:

� Continue OM&M of the existing Soil Gas IRM to prevent the off-site migration of 
Site Area soil gas until IRM shutdown criteria are achieved (shutdown criteria will 
be provided in the OM&M Manual).

Groundwater

Alternatives GW-2 and 3:

� Continue to operate Groundwater IRM to prevent off-site migration of groundwater;
transition to natural attenuation with monitoring to address residual VOC impacts 
once Groundwater IRM system shutdown criteria met.

� Continue to operate existing groundwater remedial systems to reduce VOC mass 
in the regional area of TVOC-impacted groundwater, including Main Facility and
GM-38 Area groundwater remedial systems.

� Continue to operate wellhead protection systems at BWD Plants 4 and 5.
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� Install and operate one new remedial well to reduce VOC mass in Study Area 
groundwater; treat extracted groundwater in existing Main Facility Tower 102 
treatment system. Operate well full-time for 20 years, followed by 5 years of pulsed 
operation, followed by shutdown and 5 years of post-remediation groundwater 
monitoring. Actual operating times, shutdown criteria, and post-remediation
monitoring requirements will be determined over time based on field data.

� Use existing and newly installed monitoring wells to perform regular monitoring of 
remedial system performance and for reporting on remedial system effectiveness.

Additional Components of the Comprehensive Recommended Remedy

� Perform regular performance monitoring and reporting of remedial system 
effectiveness. As applicable, implement OM&M plans following remedial 
construction completion.

� Where applicable, environmental easements for institutional and engineering 
controls will be incorporated into the recommended alternative to help ensure that 
the Comprehensive Recommended Remedy is maintained and is protective of 
human health for reasonably anticipated future land uses.

The rationale for the Comprehensive Recommended Remedy is that it achieves the 
RAOs, satisfies the FS selection criteria, and offers the following benefits:

� Protection of human health and the environment;

� Prevention of exposure to COPCs above restricted residential SCOs in soils or
implementation of other approved approaches to eliminate or mitigate significant 
threats;

� Reduction of VOC concentrations in source areas to minimize potential migration
of VOCs to groundwater and soil gas;

� Prevention of on-site exposure to Site Area-related VOCs in soil gas exceeding
NYSDOH air guidelines;

� Control of off-site migration of VOCs in groundwater and soil gas;
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� Prevention of exposure to COPCs in groundwater including ingestion of 
groundwater exceeding SCGs; and

� Reduction in VOC mass in groundwater to the extent feasible.

Furthermore, based on the conclusions in the HHRA prepared by Northrop Grumman 
for OU3, there are no significant threats to human health from subsurface soils and the
Recommended Remedy for the Site Area is fully protective of human health under 
current and expected future site use conditions.

The total estimated cost for the Comprehensive Recommended Remedy is $64.5
million.
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Table 6-1.  Evaluation Criteria for Remedial Alternatives
Study Area  Feasibility Study,  Northrop Grumman Systems Corporation
Operable Unit 3 (Former Grumman Settling Ponds), Bethpage, New York.

Overall Protectiveness of 
Public Health and the 
Environment

Ability to protect public health and the environment, assessing how risks posed 
by existing and potential exposure pathways are eliminated or reduced, 
through removal, treatment, engineering controls, or institutional controls.
Ability to achieve the RAOs is also evaluated. 

Standards, Criteria, & 
Guidance (SCGs)

Ability to meet requirements of environmental laws, regulations, standards and 
guidance.  If one or more SCGs are not met upon implementation of a 
remedial alternative, evaluation of whether a waiver is required is provided.

Long Term Effectiveness & 
Permanence

If wastes or residuals will remain at the site after implementation, then the 
following are evaluated:  (1) the magnitude and nature of the residual risks 
posed by the remaining wastes; (2) the adequacy of the controls intended to 
limit the risks; (3) the reliability of these controls; and (4) the ability of the 
remedy to continue to meet the RAOs in the future.

Reduction of Toxicity, 
Mobility, or Volume with 
Treatment

Ability of an alternative to permanently and significantly reduce toxicity, mobility
or volume of the wastes.

Short-Term Impacts and 
Effectiveness

Potential short-term impacts of a remedial action upon the community, the site 
workers, and the environment.The period of time required to achieve RAOs is 
estimated.

Implementability The technical and administrative feasibility of implementing a remedial 
alternative.  For technical feasibility, the difficulties associated with the 
construction and operation of the alternative and the ability to monitor the 
effectiveness of the remedy are evaluated.  For administrative feasibility, the 
availability of the necessary personnel and material is evaluated, along with 
the difficulties in obtaining permits, rights-of-way, and site access.

Sustainability The NYSDEC encourages the use of best management practices for 
sustainable remediation at contaminated sites.  Sustainable practices result in 
cleanups that minimize the environmental and energy "footprints" of remedial 
actions taken during a project's duration.  Examples of sustainable practices 
include reducing energy demands, minimizing waste generation, and 
minimizing land use and building footprints.

Cost Effectiveness Capital costs and O&M costs are estimated on a present worth basis.
Although cost is the last criterion evaluated, where two or more alternatives 
have satisfied the other evaluation criteria, cost effectiveness should be used 
as the basis for final remedy selection.

DEFINITIONS:

RAOs          Remedial Action Objectives
O&M          Operation & Maintenance
NYSDEC     New York State Department of Environmental Conservation.

Evaluation Criteria Criteria Definition

G:\APROJECT\Northrop Grumman\Superfund\2011\OU3\NY001496.0811 RI FS\Revised Study Area FS\Final Report\Tables\Table 6-1.xls



P
ag

e 
1 

of
 3

Ta
bl

e 
6-

2.
D

et
ai

le
d 

Ev
al

ua
tio

n 
of

 R
em

ed
ia

l A
lte

rn
at

iv
es

St
ud

y 
Ar

ea
 F

ea
si

bi
lit

y 
St

ud
y,

 N
or

th
ro

p 
G

ru
m

m
an

 S
ys

te
m

s 
C

or
po

ra
tio

n
O

pe
ra

bl
e 

U
ni

t 3
 (F

or
m

er
 G

ru
m

m
an

 S
et

tli
ng

 P
on

ds
), 

B
et

hp
ag

e,
 N

ew
 Y

or
k.

Al
te

rn
at

iv
e 

1
Al

te
rn

at
iv

e 
2

Al
te

rn
at

iv
e 

3
Al

te
rn

at
iv

e 
4

Al
te

rn
at

iv
e 

5
Al

te
rn

at
iv

e 
6

N
o 

Ac
tio

n.
• S

hu
t d

ow
n 

al
l c

ur
re

nt
  g

ro
un

dw
at

er
 

re
m

ed
ia

l s
ys

te
m

s.
 

• S
hu

t d
ow

n 
al

l p
ub

lic
 s

up
pl

y 
w

el
lh

ea
d 

pr
ot

ec
tio

n 
sy

st
em

s.

B
as

el
in

e 
C

on
di

tio
ns

/C
on

tin
ue

d 
Ac

tio
n.

• C
on

du
ct

 V
O

C
 s

ou
rc

e 
re

m
ed

ia
tio

n 
at

 th
e 

Si
te

.
• C

on
tin

ue
 to

 o
pe

ra
te

 th
e 

fo
llo

w
in

g 
re

m
ed

ia
l/t

re
at

m
en

t s
ys

te
m

s 
to

 p
ro

te
ct

 w
at

er
 

su
pp

ly
 w

el
ls

 a
nd

 re
du

ce
 V

O
C

 m
as

s 
in

 th
e 

St
ud

y 
Ar

ea
 (S

ee
 F

ig
ur

e 
6-

1)
:

- E
xi

st
in

g 
B

W
D

 w
el

lh
ea

d 
pr

ot
ec

tio
n 

sy
st

em
s.

- S
ite

 IR
M

 (4
 w

el
ls

; t
ot

al
 2

10
 G

PM
).

- M
ai

n 
Fa

ci
lit

y 
re

m
ed

ia
l s

ys
te

m
s,

 in
cl

ud
in

g 
To

w
er

 9
6 

(2
 w

el
ls

; t
ot

al
 1

,5
00

 G
PM

) a
nd

 
To

w
er

 1
02

 (3
 w

el
ls

; t
ot

al
 2

,3
00

 G
PM

). 
- G

M
-3

8 
Ar

ea
 (t

w
o 

w
el

ls
; t

ot
al

 1
,1

00
 G

PM
).

• C
on

du
ct

 c
ur

re
nt

 m
on

ito
rin

g.

A
lte

rn
at

iv
e 

2,
 P

lu
s 

O
ne

 N
ew

 R
em

ed
ia

l W
el

l 
(W

el
l R

W
-2

1)
.

• I
ns

ta
ll 

an
d 

op
er

at
e 

on
e 

ne
w

 re
m

ed
ia

l w
el

l 
(W

el
l R

W
-2

1)
 p

um
pi

ng
 a

t 1
,0

00
 g

pm
 to

 
re

du
ce

 V
O

C
 m

as
s 

in
 S

tu
dy

 A
re

a 
gr

ou
nd

w
at

er
 

(S
ee

 F
ig

ur
e 

6-
2)

.
•T

re
at

 e
xt

ra
ct

ed
 g

ro
un

dw
at

er
 fr

om
 th

e 
ne

w
 

w
el

l a
t t

he
 e

xi
st

in
g 

M
ai

n 
Fa

ci
lit

y 
re

m
ed

ia
l 

sy
st

em
 (T

ow
er

 1
02

 - 
fo

ur
 w

el
ls

 to
ta

l -
 2

,8
00

 
G

PM
).

• D
is

ch
ar

ge
 tr

ea
te

d 
w

at
er

 to
 N

or
th

ro
p 

G
ru

m
m

an
 S

ou
th

 B
as

in
s.

• C
on

du
ct

 e
xp

an
de

d 
m

on
ito

rin
g.

Al
te

rn
at

iv
e 

2,
 P

lu
s 

Tw
o 

N
ew

 R
em

ed
ia

l W
el

ls
 

(R
W

-2
0 

an
d 

R
W

-2
1)

.
• I

ns
ta

ll 
an

d 
op

er
at

e 
tw

o 
ne

w
 re

m
ed

ia
l w

el
ls

 
(W

el
l R

W
-2

0 
pu

m
pi

ng
 a

t 5
00

 g
pm

 a
nd

 W
el

l 
R

W
-2

1 
pu

m
pi

ng
 a

t 5
00

 g
pm

) t
o 

re
du

ce
 V

O
C

 
m

as
s 

in
 S

tu
dy

 A
re

a 
gr

ou
nd

w
at

er
 (S

ee
 F

ig
ur

e 
6-

3)
.

• T
re

at
 e

xt
ra

ct
ed

 g
ro

un
dw

at
er

 fr
om

 n
ew

 w
el

ls
 

at
 th

e 
ex

is
tin

g 
M

ai
n 

Fa
ci

lit
y 

re
m

ed
ia

l s
ys

te
m

 
(T

ow
er

 1
02

 - 
5 

w
el

ls
 to

ta
l -

 2
,8

00
 G

PM
). 

• D
is

ch
ar

ge
 tr

ea
te

d 
w

at
er

 to
 th

e 
So

ut
h 

B
as

in
s.

• C
on

du
ct

 e
xp

an
de

d 
m

on
ito

rin
g.

Al
te

rn
at

iv
e 

2,
 P

lu
s 

O
pe

ra
te

 B
W

D
 P

la
nt

 4
 a

s 
R

em
ed

ia
tio

n 
Sy

st
em

, p
lu

s 
O

ne
 N

ew
 R

em
ed

ia
l 

W
el

l (
R

W
-2

0)
, p

lu
s 

R
ep

la
ce

 B
W

D
 P

la
nt

 4
 

C
ap

ac
ity

.
• I

ns
ta

ll 
an

d 
op

er
at

e 
on

e 
ne

w
 re

m
ed

ia
l w

el
l 

(W
el

l R
W

-2
0 

pu
m

pi
ng

 a
t 5

00
 g

pm
), 

an
d 

op
er

at
e 

th
e 

tw
o 

ex
is

tin
g 

B
W

D
 P

la
nt

 4
 w

el
ls

, 
pu

m
pi

ng
 a

 to
ta

l o
f 2

,7
00

 G
PM

, t
o 

re
du

ce
 V

O
C

 
m

as
s 

in
 S

tu
dy

 A
re

a 
gr

ou
nd

w
at

er
 (S

ee
 F

ig
ur

e 
6-

4)
.

• T
re

at
 e

xt
ra

ct
ed

 g
ro

un
dw

at
er

 fr
om

 th
e 

ne
w

 
w

el
l a

t t
he

 e
xi

st
in

g 
M

ai
n 

Fa
ci

lit
y 

re
m

ed
ia

l 
sy

st
em

 (T
ow

er
 1

02
 - 

4 
re

m
ed

ia
l w

el
ls

 - 
2,

30
0 

G
PM

).
• D

is
ch

ar
ge

 tr
ea

te
d 

w
at

er
 to

 th
e 

So
ut

h 
B

as
in

s.
• D

is
ch

ar
ge

 tr
ea

te
d 

w
at

er
 fr

om
 B

W
D

 P
la

nt
 4

to
 c

om
bi

na
tio

n 
of

 th
e 

Ar
th

ur
 A

ve
nu

e 
re

ch
ar

ge
 

ba
si

n 
an

d 
3 

ne
w

 s
ha

llo
w

 in
je

ct
io

n 
w

el
ls

 
lo

ca
te

d 
ne

ar
 th

e 
ba

si
n.

• C
on

du
ct

 e
xp

an
de

d 
m

on
ito

rin
g.

Al
te

rn
at

iv
e 

2,
 P

lu
s 

Fi
ve

 N
ew

 R
em

ed
ia

l W
el

ls
 

(R
W

-2
2 

to
 -2

6)
.

• I
ns

ta
ll 

an
d 

op
er

at
e 

5 
ne

w
 re

m
ed

ia
l w

el
ls

 (R
W

-
22

 to
 -2

6,
 p

um
pi

ng
 a

 to
ta

l o
f 4

,0
40

 g
pm

) a
nd

 5
 

ne
w

 tr
ea

tm
en

t s
ys

te
m

s 
to

 a
tte

m
pt

 re
tu

rn
in

g 
St

ud
y 

Ar
ea

 g
ro

un
dw

at
er

 to
 p

re
-d

is
po

sa
l 

co
nd

iti
on

s 
(S

ee
 F

ig
ur

e 
6-

5)
.

• D
is

ch
ar

ge
 tr

ea
te

d 
w

at
er

 to
 7

 n
ew

 in
je

ct
io

n 
w

el
ls

 (1
4 

w
el

ls
 to

ta
l: 

7 
op

er
at

in
g,

 p
lu

s 
7 

ba
ck

up
).

• C
on

du
ct

 e
xp

an
de

d 
m

on
ito

rin
g.

N
ot

 p
ro

te
ct

iv
e 

of
 p

ub
lic

 h
ea

th
 o

r t
he

 
en

vi
ro

nm
en

t.
P

ro
te

ct
iv

e 
of

 p
ub

lic
 h

ea
lth

 a
nd

 th
e 

en
vi

ro
nm

en
t. 

B
W

D
 w

at
er

 s
up

pl
ie

s 
tre

at
ed

 to
 le

ss
 th

an
 th

e 
dr

in
ki

ng
 w

at
er

 s
ta

nd
ar

ds
, t

he
re

fo
re

, p
ro

te
ct

iv
e 

of
 

pu
bl

ic
 h

ea
lth

(5
) .  

H
ow

ev
er

, e
xi

st
in

g 
w

el
lh

ea
d 

pr
ot

ec
tio

n 
at

 B
W

D
 P

la
nt

 5
 m

ay
 n

ot
 b

e 
ca

pa
bl

e 
of

 
ac

hi
ev

in
g 

th
e 

B
W

D
 tr

ea
tm

en
t g

oa
l o

f n
on

-d
et

ec
t.

TV
O

C
 m

as
s 

re
m

ov
ed

 fr
om

 g
ro

un
dw

at
er

 
(1

00
,0

00
 lb

s)
 p

ro
te

ct
iv

e 
of

 th
e 

en
vi

ro
nm

en
t. 

Sa
m

e 
as

 A
lte

rn
at

iv
e 

2 
fo

r p
ro

te
ct

io
n 

of
 p

ub
lic

 
he

al
th

. E
xi

st
in

g 
w

el
lh

ea
d 

pr
ot

ec
tio

n 
at

 B
W

D
 

Pl
an

t 5
 w

ill
 b

e 
ca

pa
bl

e 
of

 a
ch

ie
vi

ng
 th

e 
B

W
D

 
tr

ea
tm

en
t g

oa
l o

f n
on

-d
et

ec
t(5

) . A
dd

iti
on

al
 

m
as

s 
re

m
ov

ed
 fr

om
 g

ro
un

dw
at

er
 u

nd
er

 th
is

 
al

te
rn

at
iv

e 
(3

,0
00

 p
ou

nd
s;

 s
ee

 d
is

cu
ss

io
n 

be
lo

w
) 

re
la

tiv
e 

to
 A

lte
rn

at
iv

e 
2 

pr
ov

id
es

 a
dd

iti
on

al
 

pr
ot

ec
tio

n 
of

 th
e 

en
vi

ro
nm

en
t. 

S
am

e 
as

 A
lte

rn
at

iv
e 

2 
fo

r p
ro

te
ct

io
n 

of
 p

ub
lic

 
he

al
th

. E
xi

st
in

g 
w

el
lh

ea
d 

pr
ot

ec
tio

n 
at

 B
W

D
P

la
nt

 5
 w

ill
 b

e 
ca

pa
bl

e 
of

 a
ch

ie
vi

ng
 th

e 
B

W
D

tre
at

m
en

t g
oa

l o
f n

on
-d

et
ec

t(5
) . A

dd
iti

on
al

 m
as

s 
re

m
ov

ed
 fr

om
 g

ro
un

dw
at

er
 u

nd
er

 th
is

 a
lte

rn
at

iv
e 

(7
,0

00
 p

ou
nd

s;
 s

ee
 d

is
cu

ss
io

n 
be

lo
w

) r
el

at
iv

e 
to

 
A

lte
rn

at
iv

e 
2 

pr
ov

id
es

 a
dd

iti
on

al
 p

ro
te

ct
io

n 
of

 th
e 

en
vi

ro
nm

en
t.

S
am

e 
as

 A
lte

rn
at

iv
e 

2 
fo

r p
ro

te
ct

io
n 

of
 p

ub
lic

 
he

al
th

. E
xi

st
in

g 
w

el
lh

ea
d 

pr
ot

ec
tio

n 
at

 B
W

D
P

la
nt

 5
 w

ill
 b

e 
ca

pa
bl

e 
of

 a
ch

ie
vi

ng
 th

e 
B

W
D

tre
at

m
en

t g
oa

l o
f n

on
-d

et
ec

t(5
) . A

dd
iti

on
al

 m
as

s 
re

m
ov

ed
 fr

om
 g

ro
un

dw
at

er
 u

nd
er

 th
is

 a
lte

rn
at

iv
e 

(7
,5

00
 p

ou
nd

s;
 s

ee
 d

is
cu

ss
io

n 
be

lo
w

) r
el

at
iv

e 
to

 
A

lte
rn

at
iv

e 
2 

pr
ov

id
es

 a
dd

iti
on

al
 p

ro
te

ct
io

n 
of

 th
e 

en
vi

ro
nm

en
t. 

M
as

s 
re

m
ov

al
 is

 s
im

ila
r t

o 
A

lte
rn

at
iv

e 
4.

S
am

e 
as

 A
lte

rn
at

iv
e 

2 
fo

r p
ro

te
ct

io
n 

of
 p

ub
lic

 
he

al
th

. E
xi

st
in

g 
w

el
lh

ea
d 

pr
ot

ec
tio

n 
at

 B
W

D
 P

la
nt

 5
 

w
ill

 b
e 

ca
pa

bl
e 

of
 a

ch
ie

vi
ng

 th
e 

B
W

D
 tr

ea
tm

en
t 

go
al

 o
f n

on
-d

et
ec

t(5
) .  

A
dd

iti
on

al
 m

as
s 

re
m

ov
ed

 
fro

m
 g

ro
un

dw
at

er
 u

nd
er

 th
is

 a
lte

rn
at

iv
e 

(3
8,

50
0 

po
un

ds
; s

ee
 d

is
cu

ss
io

n 
be

lo
w

) r
el

at
iv

e 
to

 
A

lte
rn

at
iv

e 
2 

pr
ov

id
es

 a
dd

iti
on

al
 p

ro
te

ct
io

n 
of

 th
e 

en
vi

ro
nm

en
t.

D
oe

s 
no

t m
ee

t d
rin

ki
ng

 w
at

er
 s

ta
nd

ar
ds

 fo
r 

pu
bl

ic
 s

up
pl

y 
w

el
ls

.  
G

ro
un

dw
at

er
 S

C
G

s 
w

ill
 n

ot
 

be
 a

ch
ie

ve
d 

in
 th

e 
aq

ui
fe

r; 
w

ai
ve

r r
eq

ui
re

d.

P
ub

lic
 s

up
pl

y 
w

el
l p

ro
te

ct
io

n 
sy

st
em

s 
tre

at
 to

 
le

ss
 th

an
 d

rin
ki

ng
 w

at
er

 s
ta

nd
ar

ds
(5

) . R
em

ed
ia

l 
sy

st
em

s 
op

er
at

ed
 to

 m
ee

t d
is

ch
ar

ge
 S

C
G

s.
G

ro
un

dw
at

er
 S

C
G

s 
w

ill
 n

ot
 b

e 
ac

hi
ev

ed
 in

 th
e 

aq
ui

fe
r; 

w
ai

ve
r r

eq
ui

re
d.

Sa
m

e 
as

 A
lte

rn
at

iv
e 

2.
S

am
e 

as
 A

lte
rn

at
iv

e 
2.

S
am

e 
as

 A
lte

rn
at

iv
e 

2.
S

am
e 

as
 A

lte
rn

at
iv

e 
2.

 R
em

ed
ia

l w
el

ls
 a

nd
 m

aj
or

ity
 

of
 a

qu
ife

r i
n 

th
e 

S
tu

dy
 A

re
a 

m
ee

t S
C

G
s.

D
oe

s 
no

t m
ee

t R
A

O
s 

an
d 

le
av

es
 s

ig
ni

fic
an

t r
is

k 
to

 th
e 

pu
bl

ic
 a

nd
 th

e 
en

vi
ro

nm
en

t.
P

ro
ve

n 
an

d 
re

lia
bl

e 
re

m
ed

ia
l t

ec
hn

ol
og

ie
s 

an
d 

as
so

ci
at

ed
 c

on
tro

ls
 th

at
 le

av
e 

no
 s

ig
ni

fic
an

t r
is

k 
to

 th
e 

pu
bl

ic
 o

r t
he

 e
nv

iro
nm

en
t a

nd
 w

ill
 c

on
tin

ue
 

to
 m

ee
t R

A
O

s,
 w

he
n 

pr
op

er
ly

 o
pe

ra
te

d,
 

m
ai

nt
ai

ne
d,

 a
nd

 m
on

ito
re

d.
  E

xi
st

in
g 

w
el

lh
ea

d 
pr

ot
ec

tio
n 

at
 B

W
D

 P
la

nt
 5

 m
ay

 n
ot

 b
e 

ca
pa

bl
e 

of
 

ac
hi

ev
in

g 
th

e 
B

W
D

 tr
ea

tm
en

t g
oa

l o
f n

on
-

de
te

ct
(5

) .

Sa
m

e 
as

 A
lte

rn
at

iv
e 

2,
 e

xc
ep

t e
xi

st
in

g 
w

el
lh

ea
d 

pr
ot

ec
tio

n 
at

 B
W

D
 P

la
nt

 5
 w

ill
 b

e 
ca

pa
bl

e 
of

 a
ch

ie
vi

ng
 th

e 
B

W
D

 tr
ea

tm
en

t g
oa

l 
of

 n
on

-d
et

ec
t(5

) .

S
am

e 
as

 A
lte

rn
at

iv
e 

2,
 e

xc
ep

t e
xi

st
in

g 
w

el
lh

ea
d 

pr
ot

ec
tio

n 
at

 B
W

D
 P

la
nt

 5
 w

ill
 b

e 
ca

pa
bl

e 
of

 
ac

hi
ev

in
g 

th
e 

B
W

D
 tr

ea
tm

en
t g

oa
l o

f n
on

-
de

te
ct

(5
) .

S
am

e 
as

 A
lte

rn
at

iv
e 

2,
 e

xc
ep

t e
xi

st
in

g 
w

el
lh

ea
d 

pr
ot

ec
tio

n 
at

 B
W

D
 P

la
nt

 5
 w

ill
 b

e 
ca

pa
bl

e 
of

 
ac

hi
ev

in
g 

th
e 

B
W

D
 tr

ea
tm

en
t g

oa
l o

f n
on

-
de

te
ct

(5
) .

S
am

e 
as

 A
lte

rn
at

iv
e 

2,
 e

xc
ep

t e
xi

st
in

g 
w

el
lh

ea
d 

pr
ot

ec
tio

n 
at

 B
W

D
 P

la
nt

 5
 w

ill
 b

e 
ca

pa
bl

e 
of

 
ac

hi
ev

in
g 

th
e 

B
W

D
 tr

ea
tm

en
t g

oa
l o

f n
on

-d
et

ec
t(5

) .

N
o 

re
du

ct
io

n 
in

 to
xi

ci
ty

, m
ob

ili
ty

, o
r v

ol
um

e 
of

 
co

nt
am

in
at

io
n.

R
ed

uc
es

 m
ob

ili
ty

 a
nd

 v
ol

um
e 

of
 V

O
C

s 
in

 th
e 

S
tu

dy
 A

re
a 

gr
ou

nd
w

at
er

.  
R

em
ov

es
 a

nd
 tr

ea
ts

 
(e

lim
in

at
es

 to
xi

ci
ty

) a
pp

ro
xi

m
at

el
y 

14
4,

00
0 

(3
)

po
un

ds
 o

f V
O

C
s 

(1
00

,0
00

 lb
s 

fro
m

 g
ro

un
dw

at
er

 
an

d 
44

,0
00

 lb
s 

fro
m

 th
e 

S
ite

 A
re

a 
so

ur
ce

 a
re

a)

R
ed

uc
es

 m
ob

ili
ty

 a
nd

 v
ol

um
e 

of
 V

O
C

s 
in

 th
e 

St
ud

y 
A

re
a 

gr
ou

nd
w

at
er

.  
R

em
ov

es
 a

nd
 

tr
ea

ts
 (e

lim
in

at
es

 to
xi

ci
ty

) a
pp

ro
xi

m
at

el
y 

14
7,

00
0

(3
)p

ou
nd

s 
of

 V
O

C
s 

(1
03

,0
00

 lb
s 

fro
m

 
gr

ou
nd

w
at

er
 a

nd
 4

4,
00

0 
lb

s 
fro

m
 th

e 
S

ite
 A

re
a 

so
ur

ce
 a

re
a)

.  
In

 a
dd

iti
on

, o
f a

ll 
th

e 
al

te
rn

at
iv

es
, 

A
lte

rn
at

iv
e 

3 
ha

s 
th

e 
gr

ea
te

st
 c

ol
le

ct
iv

e 
be

ne
fic

ia
l e

ffe
ct

 o
n 

B
W

D
 P

la
nt

s 
4 

an
d 

5 
(i.

e.
, 

lo
w

es
t p

ea
k 

V
O

C
 c

on
ce

nt
ra

tio
n 

an
d 

gr
ea

te
st

 
ra

te
 o

f d
ec

re
as

e 
in

 V
O

C
 c

on
ce

nt
ra

tio
ns

 in
 th

e 
w

el
ls

).

R
ed

uc
es

 m
ob

ili
ty

 a
nd

 v
ol

um
e 

of
 V

O
C

s 
in

 th
e 

S
tu

dy
 A

re
a 

gr
ou

nd
w

at
er

 a
nd

 a
ls

o 
re

m
ov

es
 m

or
e 

m
as

s 
th

an
 A

lte
rn

at
iv

es
 2

 a
nd

 3
.  

R
em

ov
es

 a
nd

 
tre

at
s 

(e
lim

in
at

es
 to

xi
ci

ty
) a

pp
ro

xi
m

at
el

y 
15

1,
00

0 
(3

)p
ou

nd
s 

of
 V

O
C

s 
(1

07
,0

00
 lb

s 
fro

m
 

gr
ou

nd
w

at
er

 a
nd

 4
4,

00
0 

lb
s 

fro
m

 th
e 

S
ite

 A
re

a 
so

ur
ce

 a
re

a)
. A

lte
rn

at
iv

e 
4 

ha
s 

le
ss

 o
f a

 
cu

m
ul

at
iv

e 
be

ne
fic

ia
l e

ffe
ct

 o
n 

B
W

D
 P

la
nt

s 
4 

an
d 

5 
(i.

e.
, l

ow
es

t p
ea

k 
V

O
C

 c
on

ce
nt

ra
tio

n 
an

d 
gr

ea
te

st
 ra

te
 o

f d
ec

re
as

e 
in

 V
O

C
 c

on
ce

nt
ra

tio
ns

 
in

 th
e 

w
el

ls
) t

ha
n 

A
lte

rn
at

iv
e 

3.

R
ed

uc
es

 m
ob

ili
ty

 a
nd

 v
ol

um
e 

of
 V

O
C

s 
in

 th
e 

S
tu

dy
 A

re
a 

gr
ou

nd
w

at
er

 a
nd

 a
ls

o 
re

m
ov

es
 m

or
e 

m
as

s 
th

an
 A

lte
rn

at
iv

es
 2

 a
nd

 3
. M

as
s 

re
m

ov
al

 is
 

si
m

ila
r t

o 
A

lte
rn

at
iv

e 
4.

  R
em

ov
es

 a
nd

 tr
ea

ts
 

(e
lim

in
at

es
 to

xi
ci

ty
) a

pp
ro

xi
m

at
el

y 
15

1,
50

0 
(3

) 
po

un
ds

 o
f V

O
C

s 
(1

07
,5

00
 lb

s 
fro

m
 g

ro
un

dw
at

er
 

an
d 

44
,0

00
 lb

s 
fro

m
 th

e 
S

ite
 A

re
a 

so
ur

ce
 a

re
a)

.

R
ed

uc
es

 m
ob

ili
ty

 a
nd

 v
ol

um
e 

of
 V

O
C

s 
in

 th
e 

S
tu

dy
 

A
re

a 
gr

ou
nd

w
at

er
 a

nd
 a

ls
o 

re
m

ov
es

 m
or

e 
m

as
s 

th
an

 o
th

er
 a

lte
rn

at
iv

es
. R

em
ov

es
 a

nd
 tr

ea
ts

 
(e

lim
in

at
es

 to
xi

ci
ty

) a
pp

ro
xi

m
at

el
y 

18
2,

50
0 

(3
)

po
un

ds
 o

f V
O

C
s 

(1
38

,5
00

 lb
s 

fro
m

 g
ro

un
dw

at
er

 
an

d 
44

,0
00

 lb
s 

fro
m

 th
e 

S
ite

 A
re

a 
so

ur
ce

 a
re

a)
. 

A
lte

rn
at

iv
e 

6 
ha

s 
le

ss
 o

f a
 c

um
ul

at
iv

e 
be

ne
fic

ia
l 

ef
fe

ct
 o

n 
B

W
D

 P
la

nt
s 

4 
an

d 
5 

(i.
e.

, l
ow

es
t p

ea
k 

V
O

C
 c

on
ce

nt
ra

tio
n 

an
d 

gr
ea

te
st

 ra
te

 o
f d

ec
re

as
e 

in
 

V
O

C
 c

on
ce

nt
ra

tio
ns

 in
 th

e 
w

el
ls

) t
ha

n 
A

lte
rn

at
iv

e 
3.

Al
te

rn
at

iv
es

Ev
al

ua
tio

n 
C

rit
er

ia

O
ve

ra
ll 

Pr
ot

ec
tiv

en
es

s 
of

 th
e 

Pu
bl

ic
 

H
ea

lth
 a

nd
 th

e 
En

vi
ro

nm
en

t 

St
an

da
rd

s,
 C

rit
er

ia
, &

 G
ui

da
nc

e 
(S

C
G

s)

Lo
ng

 T
er

m
 E

ffe
ct

iv
en

es
s 

&
 

Pe
rm

an
en

ce

R
ed

uc
tio

n 
of

 T
ox

ic
ity

, M
ob

ili
ty

, o
r 

Vo
lu

m
e 

of
 C

on
ta

m
in

at
io

n 
th

ro
ug

h 
Tr

ea
tm

en
t(3

)

G
:\A

PR
O

JE
C

T\
N

or
th

ro
p 

G
ru

m
m

an
\S

up
er

fu
nd

\2
01

1\
O

U
3\

N
Y0

01
49

6.
08

11
 R

I F
S\

R
ev

is
ed

 S
tu

dy
 A

re
a 

FS
\F

in
al

 R
ep

or
t\T

ab
le

s\
Ta

bl
e 

6-
2.

xl
s 

- T
ab

le
 6

.2



P
ag

e 
2 

of
 3

Ta
bl

e 
6-

2.
D

et
ai

le
d 

Ev
al

ua
tio

n 
of

 R
em

ed
ia

l A
lte

rn
at

iv
es

St
ud

y 
Ar

ea
 F

ea
si

bi
lit

y 
St

ud
y,

 N
or

th
ro

p 
G

ru
m

m
an

 S
ys

te
m

s 
C

or
po

ra
tio

n
O

pe
ra

bl
e 

U
ni

t 3
 (F

or
m

er
 G

ru
m

m
an

 S
et

tli
ng

 P
on

ds
), 

B
et

hp
ag

e,
 N

ew
 Y

or
k.

Al
te

rn
at

iv
e 

1
Al

te
rn

at
iv

e 
2

Al
te

rn
at

iv
e 

3
Al

te
rn

at
iv

e 
4

Al
te

rn
at

iv
e 

5
Al

te
rn

at
iv

e 
6

N
o 

Ac
tio

n.
• S

hu
t d

ow
n 

al
l c

ur
re

nt
  g

ro
un

dw
at

er
 

re
m

ed
ia

l s
ys

te
m

s.
 

• S
hu

t d
ow

n 
al

l p
ub

lic
 s

up
pl

y 
w

el
lh

ea
d 

pr
ot

ec
tio

n 
sy

st
em

s.

B
as

el
in

e 
C

on
di

tio
ns

/C
on

tin
ue

d 
Ac

tio
n.

• C
on

du
ct

 V
O

C
 s

ou
rc

e 
re

m
ed

ia
tio

n 
at

 th
e 

Si
te

.
• C

on
tin

ue
 to

 o
pe

ra
te

 th
e 

fo
llo

w
in

g 
re

m
ed

ia
l/t

re
at

m
en

t s
ys

te
m

s 
to

 p
ro

te
ct

 w
at

er
 

su
pp

ly
 w

el
ls

 a
nd

 re
du

ce
 V

O
C

 m
as

s 
in

 th
e 

St
ud

y 
Ar

ea
 (S

ee
 F

ig
ur

e 
6-

1)
:

- E
xi

st
in

g 
B

W
D

 w
el

lh
ea

d 
pr

ot
ec

tio
n 

sy
st

em
s.

- S
ite

 IR
M

 (4
 w

el
ls

; t
ot

al
 2

10
 G

PM
).

- M
ai

n 
Fa

ci
lit

y 
re

m
ed

ia
l s

ys
te

m
s,

 in
cl

ud
in

g 
To

w
er

 9
6 

(2
 w

el
ls

; t
ot

al
 1

,5
00

 G
PM

) a
nd

 
To

w
er

 1
02

 (3
 w

el
ls

; t
ot

al
 2

,3
00

 G
PM

). 
- G

M
-3

8 
Ar

ea
 (t

w
o 

w
el

ls
; t

ot
al

 1
,1

00
 G

PM
).

• C
on

du
ct

 c
ur

re
nt

 m
on

ito
rin

g.

A
lte

rn
at

iv
e 

2,
 P

lu
s 

O
ne

 N
ew

 R
em

ed
ia

l W
el

l 
(W

el
l R

W
-2

1)
.

• I
ns

ta
ll 

an
d 

op
er

at
e 

on
e 

ne
w

 re
m

ed
ia

l w
el

l 
(W

el
l R

W
-2

1)
 p

um
pi

ng
 a

t 1
,0

00
 g

pm
 to

 
re

du
ce

 V
O

C
 m

as
s 

in
 S

tu
dy

 A
re

a 
gr

ou
nd

w
at

er
 

(S
ee

 F
ig

ur
e 

6-
2)

.
•T

re
at

 e
xt

ra
ct

ed
 g

ro
un

dw
at

er
 fr

om
 th

e 
ne

w
 

w
el

l a
t t

he
 e

xi
st

in
g 

M
ai

n 
Fa

ci
lit

y 
re

m
ed

ia
l 

sy
st

em
 (T

ow
er

 1
02

 - 
fo

ur
 w

el
ls

 to
ta

l -
 2

,8
00

 
G

PM
).

• D
is

ch
ar

ge
 tr

ea
te

d 
w

at
er

 to
 N

or
th

ro
p 

G
ru

m
m

an
 S

ou
th

 B
as

in
s.

• C
on

du
ct

 e
xp

an
de

d 
m

on
ito

rin
g.

Al
te

rn
at

iv
e 

2,
 P

lu
s 

Tw
o 

N
ew

 R
em

ed
ia

l W
el

ls
 

(R
W

-2
0 

an
d 

R
W

-2
1)

.
• I

ns
ta

ll 
an

d 
op

er
at

e 
tw

o 
ne

w
 re

m
ed

ia
l w

el
ls

 
(W

el
l R

W
-2

0 
pu

m
pi

ng
 a

t 5
00

 g
pm

 a
nd

 W
el

l 
R

W
-2

1 
pu

m
pi

ng
 a

t 5
00

 g
pm

) t
o 

re
du

ce
 V

O
C

 
m

as
s 

in
 S

tu
dy

 A
re

a 
gr

ou
nd

w
at

er
 (S

ee
 F

ig
ur

e 
6-

3)
.

• T
re

at
 e

xt
ra

ct
ed

 g
ro

un
dw

at
er

 fr
om

 n
ew

 w
el

ls
 

at
 th

e 
ex

is
tin

g 
M

ai
n 

Fa
ci

lit
y 

re
m

ed
ia

l s
ys

te
m

 
(T

ow
er

 1
02

 - 
5 

w
el

ls
 to

ta
l -

 2
,8

00
 G

PM
). 

• D
is

ch
ar

ge
 tr

ea
te

d 
w

at
er

 to
 th

e 
So

ut
h 

B
as

in
s.

• C
on

du
ct

 e
xp

an
de

d 
m

on
ito

rin
g.

Al
te

rn
at

iv
e 

2,
 P

lu
s 

O
pe

ra
te

 B
W

D
 P

la
nt

 4
 a

s 
R

em
ed

ia
tio

n 
Sy

st
em

, p
lu

s 
O

ne
 N

ew
 R

em
ed

ia
l 

W
el

l (
R

W
-2

0)
, p

lu
s 

R
ep

la
ce

 B
W

D
 P

la
nt

 4
 

C
ap

ac
ity

.
• I

ns
ta

ll 
an

d 
op

er
at

e 
on

e 
ne

w
 re

m
ed

ia
l w

el
l 

(W
el

l R
W

-2
0 

pu
m

pi
ng

 a
t 5

00
 g

pm
), 

an
d 

op
er

at
e 

th
e 

tw
o 

ex
is

tin
g 

B
W

D
 P

la
nt

 4
 w

el
ls

, 
pu

m
pi

ng
 a

 to
ta

l o
f 2

,7
00

 G
PM

, t
o 

re
du

ce
 V

O
C

 
m

as
s 

in
 S

tu
dy

 A
re

a 
gr

ou
nd

w
at

er
 (S

ee
 F

ig
ur

e 
6-

4)
.

• T
re

at
 e

xt
ra

ct
ed

 g
ro

un
dw

at
er

 fr
om

 th
e 

ne
w

 
w

el
l a

t t
he

 e
xi

st
in

g 
M

ai
n 

Fa
ci

lit
y 

re
m

ed
ia

l 
sy

st
em

 (T
ow

er
 1

02
 - 

4 
re

m
ed

ia
l w

el
ls

 - 
2,

30
0 

G
PM

).
• D

is
ch

ar
ge

 tr
ea

te
d 

w
at

er
 to

 th
e 

So
ut

h 
B

as
in

s.
• D

is
ch

ar
ge

 tr
ea

te
d 

w
at

er
 fr

om
 B

W
D

 P
la

nt
 4

to
 c

om
bi

na
tio

n 
of

 th
e 

Ar
th

ur
 A

ve
nu

e 
re

ch
ar

ge
 

ba
si

n 
an

d 
3 

ne
w

 s
ha

llo
w

 in
je

ct
io

n 
w

el
ls

 
lo

ca
te

d 
ne

ar
 th

e 
ba

si
n.

• C
on

du
ct

 e
xp

an
de

d 
m

on
ito

rin
g.

Al
te

rn
at

iv
e 

2,
 P

lu
s 

Fi
ve

 N
ew

 R
em

ed
ia

l W
el

ls
 

(R
W

-2
2 

to
 -2

6)
.

• I
ns

ta
ll 

an
d 

op
er

at
e 

5 
ne

w
 re

m
ed

ia
l w

el
ls

 (R
W

-
22

 to
 -2

6,
 p

um
pi

ng
 a

 to
ta

l o
f 4

,0
40

 g
pm

) a
nd

 5
 

ne
w

 tr
ea

tm
en

t s
ys

te
m

s 
to

 a
tte

m
pt

 re
tu

rn
in

g 
St

ud
y 

Ar
ea

 g
ro

un
dw

at
er

 to
 p

re
-d

is
po

sa
l 

co
nd

iti
on

s 
(S

ee
 F

ig
ur

e 
6-

5)
.

• D
is

ch
ar

ge
 tr

ea
te

d 
w

at
er

 to
 7

 n
ew

 in
je

ct
io

n 
w

el
ls

 (1
4 

w
el

ls
 to

ta
l: 

7 
op

er
at

in
g,

 p
lu

s 
7 

ba
ck

up
).

• C
on

du
ct

 e
xp

an
de

d 
m

on
ito

rin
g.

Al
te

rn
at

iv
es

Ev
al

ua
tio

n 
C

rit
er

ia

N
o 

sh
or

t-t
er

m
 im

pa
ct

s 
to

 th
e 

co
m

m
un

ity
, s

ite
 

w
or

ke
rs

, o
r t

he
 e

nv
iro

nm
en

t. 
N

o 
sh

or
t-t

er
m

 im
pa

ct
s 

to
 th

e 
co

m
m

un
ity

, s
ite

 
w

or
ke

rs
, o

r t
he

 e
nv

iro
nm

en
t. 

O
ne

 re
m

ed
ia

l w
el

l a
nd

 a
ss

oc
ia

te
d 

pi
pe

lin
e 

w
ou

ld
 b

e 
in

st
al

le
d 

w
ith

in
 a

 re
si

de
nt

ia
l 

ne
ig

hb
or

ho
od

.  
Sh

or
t-t

er
m

 im
pa

ct
s 

to
 th

e 
co

m
m

un
ity

, s
ite

 w
or

ke
rs

, a
nd

 th
e 

en
vi

ro
nm

en
t w

ill
 b

e 
co

nt
ro

lle
d 

by
: 1

) d
us

t 
an

d 
tr

af
fic

 c
on

tr
ol

 m
ea

su
re

s 
w

ill
 b

e 
us

ed
 a

nd
 

2)
 p

ot
en

tia
l f

or
 e

xp
os

ur
e 

to
 c

on
ta

m
in

at
ed

 
w

at
er

 w
ill

 b
e 

m
iti

ga
te

d 
by

 u
til

iz
in

g 
po

rt
ab

le
 

ve
ss

el
s 

fo
r c

on
ta

in
m

en
t a

nd
 tr

an
sp

or
tin

g 
w

at
er

 b
ac

k 
to

 th
e 

si
te

 e
ac

h 
da

y.
 W

at
er

 fr
om

 
op

er
at

in
g 

re
m

ed
ia

l w
el

l w
ill

 b
e 

co
nv

ey
ed

 w
ith

 
du

al
-w

al
l p

ip
el

in
e,

 w
ith

 le
ak

 d
et

ec
tio

n 
an

d 
ot

he
r e

ng
in

ee
rin

g 
co

nt
ro

ls
.

Tw
o 

re
m

ed
ia

l w
el

ls
 a

nd
 a

ss
oc

ia
te

d 
pi

pe
lin

es
 

w
ou

ld
 b

e 
in

st
al

le
d 

w
ith

in
 a

 re
si

de
nt

ia
l 

ne
ig

hb
or

ho
od

.  
S

am
e 

as
 A

lte
rn

at
iv

e 
3.

 

O
ne

 re
m

ed
ia

l w
el

l, 
th

re
e 

in
je

ct
io

ns
 w

el
ls

, a
nd

 
as

so
ci

at
ed

 p
ip

el
in

es
 w

ou
ld

 b
e 

in
st

al
le

d 
w

ith
in

 a
 

re
si

de
nt

ia
l n

ei
gh

bo
rh

oo
d.

 S
am

e 
as

 A
lte

rn
at

iv
e 

3 
pl

us
 in

cr
ea

se
d 

us
e 

of
 a

dm
in

is
tra

tiv
e 

an
d 

en
gi

ne
er

in
g 

co
nt

ro
ls

 (e
.g

., 
du

st
 c

on
tro

l, 
tra

ffi
c)

 to
 

m
in

im
iz

e 
di

sr
up

tio
ns

 to
 th

e 
co

m
m

un
ity

 
as

so
ci

at
ed

 w
ith

 re
-p

ur
po

si
ng

 B
W

D
 P

la
nt

 4
 to

 
se

rv
e 

as
 a

 re
m

ed
ia

l s
ys

te
m

 a
nd

 fo
r c

on
st

ru
ct

io
n 

of
 a

 n
ew

 w
el

lfi
el

d/
fa

ci
lit

y 
at

 a
no

th
er

 lo
ca

tio
n.

Fi
ve

 re
m

ed
ia

l w
el

ls
, 1

4 
in

je
ct

io
ns

 w
el

ls
, f

iv
e 

re
m

ed
ia

l s
ys

te
m

s,
 a

nd
 a

ss
oc

ia
te

d 
pi

pe
lin

es
 w

ou
ld

 
be

 in
st

al
le

d 
w

ith
in

 a
 re

si
de

nt
ia

l n
ei

gh
bo

rh
oo

d.
S

am
e 

as
 A

lte
rn

at
iv

e 
3 

pl
us

 s
ub

st
an

tia
lly

 in
cr

ea
se

d 
us

e 
of

 a
dm

in
is

tra
tiv

e 
an

d 
en

gi
ne

er
in

g 
co

nt
ro

ls
 

(e
.g

., 
du

st
 c

on
tro

l, 
tra

ffi
c)

 to
 m

in
im

iz
e 

di
sr

up
tio

ns
 to

 
th

e 
co

m
m

un
ity

 a
ss

oc
ia

te
d 

w
ith

 c
on

st
ru

ct
io

n 
of

 fi
ve

 
ne

w
 re

m
ed

ia
l s

ys
te

m
s.

N
ot

 a
pp

lic
ab

le
; n

o 
ac

tiv
iti

es
 im

pl
em

en
te

d.
A

lre
ad

y 
be

in
g 

Im
pl

em
en

te
d.

Te
ch

ni
ca

lly
 a

nd
 a

dm
in

is
tr

at
iv

el
y 

im
pl

em
en

ta
bl

e;
 p

ro
ve

n 
te

ch
no

lo
gy

 a
nd

 
co

ns
tr

uc
tio

n 
m

et
ho

ds
; a

cc
es

s 
ag

re
em

en
ts

 
w

ill
 b

e 
re

qu
ire

d 
fo

r i
ns

ta
lla

tio
n 

of
 re

m
ed

ia
l 

w
el

l a
nd

 p
ip

el
in

e 
th

at
 is

 n
ot

 o
n 

N
or

th
ro

p 
G

ru
m

m
an

 p
ro

pe
rt

y.

Te
ch

ni
ca

lly
 a

nd
 a

dm
in

is
tra

tiv
el

y 
im

pl
em

en
ta

bl
e;

 
ac

ce
ss

 a
gr

ee
m

en
ts

 w
ill

 b
e 

re
qu

ire
d 

fo
r 

in
st

al
la

tio
n 

of
 re

m
ed

ia
l w

el
ls

 a
nd

 p
ip

el
in

es
 th

at
 

ar
e 

no
t o

n 
N

or
th

ro
p 

G
ru

m
m

an
 p

ro
pe

rty
.  

 T
w

o 
ne

w
 lo

ca
tio

ns
 fo

r w
el

ls
 a

nd
 p

ip
el

in
es

 w
ill

 p
os

e 
si

gn
ifi

ca
nt

 a
dd

iti
on

al
 a

cc
es

s 
di

ffi
cu

lti
es

, 
co

m
pa

re
d 

to
 A

lte
rn

at
iv

e 
3.

Te
ch

ni
ca

lly
 a

nd
 a

dm
in

is
tra

tiv
el

y 
im

pl
em

en
ta

bl
e;

 
ac

ce
ss

 a
gr

ee
m

en
ts

 w
ill

 b
e 

re
qu

ire
d 

fo
r 

in
st

al
la

tio
n 

of
 re

m
ed

ia
l w

el
l, 

in
je

ct
io

n 
w

el
ls

, a
nd

 
pi

pe
lin

es
 th

at
 a

re
 n

ot
 o

n 
N

or
th

ro
p 

G
ru

m
m

an
 

pr
op

er
ty

.  
W

ill
 n

ee
d 

to
 n

eg
ot

ia
te

 a
gr

ee
m

en
t t

o 
le

as
e 

or
 a

cq
ui

re
 B

W
D

 P
la

nt
 4

.  
W

ill
 n

ee
d 

to
 

ob
ta

in
 a

cc
es

s 
fo

r c
on

st
ru

ct
io

n 
of

 a
 n

ew
 w

el
lfi

el
d 

to
 re

pl
ac

e 
B

W
D

 P
la

nt
 4

 a
t a

n 
al

te
rn

at
e 

lo
ca

tio
n.

Th
er

e 
w

ill
 b

e 
a 

si
gn

ifi
ca

nt
 a

m
ou

nt
 o

f c
on

st
ru

ct
io

n 
(fi

ve
 re

m
ed

ia
l w

el
ls

, f
iv

e 
tre

at
m

en
t p

la
nt

s,
14

 
in

je
ct

io
n 

w
el

ls
, a

nd
 a

ss
oc

ia
te

d 
pi

pe
lin

es
) i

n 
a 

re
si

de
nt

ia
l a

re
a,

 re
qu

iri
ng

 n
um

er
ou

s 
ac

ce
ss

 
ag

re
em

en
ts

.  
It 

w
ill

 b
e 

ve
ry

 d
iff

ic
ul

t t
o 

ob
ta

in
 a

ll 
th

e 
re

qu
ire

d 
ac

ce
ss

 a
gr

ee
m

en
ts

. 

N
ot

 a
pp

lic
ab

le
; n

o 
ac

tiv
iti

es
 im

pl
em

en
te

d.
M

os
t s

us
ta

in
ab

le
 w

he
n 

co
m

pa
re

d 
to

 A
lte

rn
at

iv
es

 
3,

 4
, 5

, a
nd

 6
; r

et
ur

ns
 tr

ea
te

d 
w

at
er

 to
 th

e 
aq

ui
fe

r 
th

ro
ug

h 
re

ch
ar

ge
 b

as
in

s;
  m

ax
im

iz
es

 u
se

 o
f 

ex
is

tin
g 

re
m

ed
ia

l e
qu

ip
m

en
t a

nd
 re

qu
ire

s 
no

 
ad

di
tio

na
l b

ui
ld

in
g 

fo
ot

pr
in

t; 
an

d,
 u

til
iz

es
 e

ne
rg

y-
ef

fic
ie

nt
 e

qu
ip

m
en

t a
nd

/o
r v

ar
ia

bl
e 

fre
qu

en
cy

 
dr

iv
es

 (e
.g

., 
ex

is
tin

g 
sy

st
em

 b
lo

w
er

 a
nd

 
di

sc
ha

rg
e 

pu
m

p)
 w

he
re

 p
os

si
bl

e 
to

 re
du

ce
 

en
er

gy
 d

em
an

d.
  E

xi
st

in
g 

st
ea

m
 re

ge
ne

ra
tiv

e 
V

P
G

A
C

 s
ys

te
m

 s
ig

ni
fic

an
tly

 m
in

im
iz

es
 w

as
te

 
vo

lu
m

e 
pr

od
uc

ed
 fr

om
 a

ir 
tre

at
m

en
t.

Si
m

ila
r s

us
ta

in
ab

ili
ty

 to
 A

lte
rn

at
iv

e 
2,

 
ho

w
ev

er
, h

ig
he

r e
ne

rg
y 

de
m

an
d 

an
d 

la
rg

er
 

fo
ot

pr
in

t a
s 

a 
re

su
lt 

of
 th

e 
ad

di
tio

n 
of

 
R

em
ed

ia
l W

el
l R

W
-2

1 
an

d 
in

cr
ea

se
 in

 b
lo

w
er

 
m

ot
or

 s
iz

e;
 re

tu
rn

s 
tr

ea
te

d 
w

at
er

 to
 th

e 
aq

ui
fe

r t
hr

ou
gh

 re
ch

ar
ge

 b
as

in
s;

  m
ax

im
iz

es
 

us
e 

of
 e

xi
st

in
g 

re
m

ed
ia

l e
qu

ip
m

en
t a

nd
 

re
qu

ire
s 

m
in

im
al

 a
dd

iti
on

al
 fo

ot
pr

in
t f

or
 n

ew
 

re
co

ve
ry

 w
el

l v
au

lt;
 a

nd
, u

til
iz

es
 e

ne
rg

y-
ef

fic
ie

nt
 e

qu
ip

m
en

t a
nd

/o
r v

ar
ia

bl
e 

fr
eq

ue
nc

y 
dr

iv
es

 (e
.g

., 
pr

op
os

ed
 s

ys
te

m
 b

lo
w

er
, 

ex
is

tin
g 

sy
st

em
 d

is
ch

ar
ge

 p
um

p 
an

d 
pr

op
os

ed
 R

em
ed

ia
l W

el
l R

W
-2

1 
w

el
l p

um
p)

 
w

he
re

 p
os

si
bl

e 
to

 re
du

ce
 e

ne
rg

y 
de

m
an

d.
Ex

is
tin

g 
st

ea
m

 re
ge

ne
ra

tiv
e 

VP
G

A
C

 s
ys

te
m

 
si

gn
ifi

ca
nt

ly
 m

in
im

iz
es

 w
as

te
 v

ol
um

e 
pr

od
uc

ed
 fr

om
 a

ir 
tr

ea
tm

en
t.

S
im

ila
r s

us
ta

in
ab

ili
ty

 to
 A

lte
rn

at
iv

e 
3,

 h
ow

ev
er

, 
hi

gh
er

 e
ne

rg
y 

de
m

an
d 

an
d 

la
rg

er
 fo

ot
pr

in
t a

s 
a 

re
su

lt 
of

 th
e 

ad
di

tio
n 

of
 R

em
ed

ia
l W

el
l R

W
-2

0.

Le
ss

 s
us

ta
in

ab
le

 w
he

n 
co

m
pa

re
d 

to
 A

lte
rn

at
iv

es
 

2,
 3

, a
nd

 4
.  

R
eq

ui
re

s 
ne

w
 w

at
er

 s
up

pl
y 

sy
st

em
 

an
d 

as
so

ci
at

ed
 b

ui
ld

in
gs

 fo
r r

ep
la

ce
m

en
t o

f l
os

t 
ca

pa
ci

ty
; s

ig
ni

fic
an

t i
nc

re
as

e 
in

 e
ne

rg
y 

de
m

an
d 

du
e 

to
 in

ef
fic

ie
nt

 re
co

ve
ry

 w
el

l l
oc

at
io

n 
(i.

e.
, 

re
qu

ire
s 

si
gn

ifi
ca

nt
ly

 la
rg

er
 p

um
ps

 to
 m

ai
nt

ai
n 

co
m

pa
ra

bl
e 

gr
ou

nd
w

at
er

 c
on

tro
l w

he
n 

co
m

pa
re

d 
to

 A
lte

rn
at

iv
es

 2
 a

nd
 3

); 
re

qu
ire

s 
in

st
al

la
tio

n 
an

d 
us

e 
of

 a
 n

ew
 V

P
G

A
C

 c
on

tro
l s

ys
te

m
 re

su
lti

ng
 in

 
ad

di
tio

na
l f

oo
tp

rin
t r

eq
ui

re
m

en
ts

 a
nd

 in
cr

ea
se

d 
w

as
te

 v
ol

um
e.

Le
as

t s
us

ta
in

ab
le

 w
he

n 
co

m
pa

re
d 

to
 A

lte
rn

at
iv

es
 

2,
 3

, 4
, a

nd
 5

.  
R

eq
ui

re
s 

se
ve

ra
l n

ew
 re

m
ed

ia
tio

n 
sy

st
em

s 
an

d 
as

so
ci

at
ed

 b
ui

ld
in

gs
; s

ig
ni

fic
an

t 
in

cr
ea

se
 in

 e
ne

rg
y 

de
m

an
d 

du
e 

to
 th

e 
us

e 
of

 
m

ul
tip

le
 n

ew
 re

m
ed

ia
l w

el
ls

, a
ss

oc
ia

te
d 

ai
r 

st
rip

pi
ng

 b
lo

w
er

s,
 a

nd
 d

is
ch

ar
ge

 p
um

ps
; r

eq
ui

re
s 

in
st

al
la

tio
n 

an
d 

us
e 

of
 s

ev
er

al
 n

ew
 V

P
G

A
C

 c
on

tro
l 

sy
st

em
s 

re
su

lti
ng

 in
 a

dd
iti

on
al

 fo
ot

pr
in

t 
re

qu
ire

m
en

ts
 a

nd
 in

cr
ea

se
d 

w
as

te
 v

ol
um

e.

Sh
or

t-T
er

m
 Im

pa
ct

s 
an

d 
Ef

fe
ct

iv
en

es
s

Im
pl

em
en

ta
bi

lit
y

Su
st

ai
na

bi
lit

y
(4

)

G
:\A

PR
O

JE
C

T\
N

or
th

ro
p 

G
ru

m
m

an
\S

up
er

fu
nd

\2
01

1\
O

U
3\

N
Y0

01
49

6.
08

11
 R

I F
S\

R
ev

is
ed

 S
tu

dy
 A

re
a 

FS
\F

in
al

 R
ep

or
t\T

ab
le

s\
Ta

bl
e 

6-
2.

xl
s 

- T
ab

le
 6

.2



P
ag

e 
3 

of
 3

Ta
bl

e 
6-

2.
D

et
ai

le
d 

Ev
al

ua
tio

n 
of

 R
em

ed
ia

l A
lte

rn
at

iv
es

St
ud

y 
Ar

ea
 F

ea
si

bi
lit

y 
St

ud
y,

 N
or

th
ro

p 
G

ru
m

m
an

 S
ys

te
m

s 
C

or
po

ra
tio

n
O

pe
ra

bl
e 

U
ni

t 3
 (F

or
m

er
 G

ru
m

m
an

 S
et

tli
ng

 P
on

ds
), 

B
et

hp
ag

e,
 N

ew
 Y

or
k.

Al
te

rn
at

iv
e 

1
Al

te
rn

at
iv

e 
2

Al
te

rn
at

iv
e 

3
Al

te
rn

at
iv

e 
4

Al
te

rn
at

iv
e 

5
Al

te
rn

at
iv

e 
6

N
o 

Ac
tio

n.
• S

hu
t d

ow
n 

al
l c

ur
re

nt
  g

ro
un

dw
at

er
 

re
m

ed
ia

l s
ys

te
m

s.
 

• S
hu

t d
ow

n 
al

l p
ub

lic
 s

up
pl

y 
w

el
lh

ea
d 

pr
ot

ec
tio

n 
sy

st
em

s.

B
as

el
in

e 
C

on
di

tio
ns

/C
on

tin
ue

d 
Ac

tio
n.

• C
on

du
ct

 V
O

C
 s

ou
rc

e 
re

m
ed

ia
tio

n 
at

 th
e 

Si
te

.
• C

on
tin

ue
 to

 o
pe

ra
te

 th
e 

fo
llo

w
in

g 
re

m
ed

ia
l/t

re
at

m
en

t s
ys

te
m

s 
to

 p
ro

te
ct

 w
at

er
 

su
pp

ly
 w

el
ls

 a
nd

 re
du

ce
 V

O
C

 m
as

s 
in

 th
e 

St
ud

y 
Ar

ea
 (S

ee
 F

ig
ur

e 
6-

1)
:

- E
xi

st
in

g 
B

W
D

 w
el

lh
ea

d 
pr

ot
ec

tio
n 

sy
st

em
s.

- S
ite

 IR
M

 (4
 w

el
ls

; t
ot

al
 2

10
 G

PM
).

- M
ai

n 
Fa

ci
lit

y 
re

m
ed

ia
l s

ys
te

m
s,

 in
cl

ud
in

g 
To

w
er

 9
6 

(2
 w

el
ls

; t
ot

al
 1

,5
00

 G
PM

) a
nd

 
To

w
er

 1
02

 (3
 w

el
ls

; t
ot

al
 2

,3
00

 G
PM

). 
- G

M
-3

8 
Ar

ea
 (t

w
o 

w
el

ls
; t

ot
al

 1
,1

00
 G

PM
).

• C
on

du
ct

 c
ur

re
nt

 m
on

ito
rin

g.

A
lte

rn
at

iv
e 

2,
 P

lu
s 

O
ne

 N
ew

 R
em

ed
ia

l W
el

l 
(W

el
l R

W
-2

1)
.

• I
ns

ta
ll 

an
d 

op
er

at
e 

on
e 

ne
w

 re
m

ed
ia

l w
el

l 
(W

el
l R

W
-2

1)
 p

um
pi

ng
 a

t 1
,0

00
 g

pm
 to

 
re

du
ce

 V
O

C
 m

as
s 

in
 S

tu
dy

 A
re

a 
gr

ou
nd

w
at

er
 

(S
ee

 F
ig

ur
e 

6-
2)

.
•T

re
at

 e
xt

ra
ct

ed
 g

ro
un

dw
at

er
 fr

om
 th

e 
ne

w
 

w
el

l a
t t

he
 e

xi
st

in
g 

M
ai

n 
Fa

ci
lit

y 
re

m
ed

ia
l 

sy
st

em
 (T

ow
er

 1
02

 - 
fo

ur
 w

el
ls

 to
ta

l -
 2

,8
00

 
G

PM
).

• D
is

ch
ar

ge
 tr

ea
te

d 
w

at
er

 to
 N

or
th

ro
p 

G
ru

m
m

an
 S

ou
th

 B
as

in
s.

• C
on

du
ct

 e
xp

an
de

d 
m

on
ito

rin
g.

Al
te

rn
at

iv
e 

2,
 P

lu
s 

Tw
o 

N
ew

 R
em

ed
ia

l W
el

ls
 

(R
W

-2
0 

an
d 

R
W

-2
1)

.
• I

ns
ta

ll 
an

d 
op

er
at

e 
tw

o 
ne

w
 re

m
ed

ia
l w

el
ls

 
(W

el
l R

W
-2

0 
pu

m
pi

ng
 a

t 5
00

 g
pm

 a
nd

 W
el

l 
R

W
-2

1 
pu

m
pi

ng
 a

t 5
00

 g
pm

) t
o 

re
du

ce
 V

O
C

 
m

as
s 

in
 S

tu
dy

 A
re

a 
gr

ou
nd

w
at

er
 (S

ee
 F

ig
ur

e 
6-

3)
.

• T
re

at
 e

xt
ra

ct
ed

 g
ro

un
dw

at
er

 fr
om

 n
ew

 w
el

ls
 

at
 th

e 
ex

is
tin

g 
M

ai
n 

Fa
ci

lit
y 

re
m

ed
ia

l s
ys

te
m

 
(T

ow
er

 1
02

 - 
5 

w
el

ls
 to

ta
l -

 2
,8

00
 G

PM
). 

• D
is

ch
ar

ge
 tr

ea
te

d 
w

at
er

 to
 th

e 
So

ut
h 

B
as

in
s.

• C
on

du
ct

 e
xp

an
de

d 
m

on
ito

rin
g.

Al
te

rn
at

iv
e 

2,
 P

lu
s 

O
pe

ra
te

 B
W

D
 P

la
nt

 4
 a

s 
R

em
ed

ia
tio

n 
Sy

st
em

, p
lu

s 
O

ne
 N

ew
 R

em
ed

ia
l 

W
el

l (
R

W
-2

0)
, p

lu
s 

R
ep

la
ce

 B
W

D
 P

la
nt

 4
 

C
ap

ac
ity

.
• I

ns
ta

ll 
an

d 
op

er
at

e 
on

e 
ne

w
 re

m
ed

ia
l w

el
l 

(W
el

l R
W

-2
0 

pu
m

pi
ng

 a
t 5

00
 g

pm
), 

an
d 

op
er

at
e 

th
e 

tw
o 

ex
is

tin
g 

B
W

D
 P

la
nt

 4
 w

el
ls

, 
pu

m
pi

ng
 a

 to
ta

l o
f 2

,7
00

 G
PM

, t
o 

re
du

ce
 V

O
C

 
m

as
s 

in
 S

tu
dy

 A
re

a 
gr

ou
nd

w
at

er
 (S

ee
 F

ig
ur

e 
6-

4)
.

• T
re

at
 e

xt
ra

ct
ed

 g
ro

un
dw

at
er

 fr
om

 th
e 

ne
w

 
w

el
l a

t t
he

 e
xi

st
in

g 
M

ai
n 

Fa
ci

lit
y 

re
m

ed
ia

l 
sy

st
em

 (T
ow

er
 1

02
 - 

4 
re

m
ed

ia
l w

el
ls

 - 
2,

30
0 

G
PM

).
• D

is
ch

ar
ge

 tr
ea

te
d 

w
at

er
 to

 th
e 

So
ut

h 
B

as
in

s.
• D

is
ch

ar
ge

 tr
ea

te
d 

w
at

er
 fr

om
 B

W
D

 P
la

nt
 4

to
 c

om
bi

na
tio

n 
of

 th
e 

Ar
th

ur
 A

ve
nu

e 
re

ch
ar

ge
 

ba
si

n 
an

d 
3 

ne
w

 s
ha

llo
w

 in
je

ct
io

n 
w

el
ls

 
lo

ca
te

d 
ne

ar
 th

e 
ba

si
n.

• C
on

du
ct

 e
xp

an
de

d 
m

on
ito

rin
g.

Al
te

rn
at

iv
e 

2,
 P

lu
s 

Fi
ve

 N
ew

 R
em

ed
ia

l W
el

ls
 

(R
W

-2
2 

to
 -2

6)
.

• I
ns

ta
ll 

an
d 

op
er

at
e 

5 
ne

w
 re

m
ed

ia
l w

el
ls

 (R
W

-
22

 to
 -2

6,
 p

um
pi

ng
 a

 to
ta

l o
f 4

,0
40

 g
pm

) a
nd

 5
 

ne
w

 tr
ea

tm
en

t s
ys

te
m

s 
to

 a
tte

m
pt

 re
tu

rn
in

g 
St

ud
y 

Ar
ea

 g
ro

un
dw

at
er

 to
 p

re
-d

is
po

sa
l 

co
nd

iti
on

s 
(S

ee
 F

ig
ur

e 
6-

5)
.

• D
is

ch
ar

ge
 tr

ea
te

d 
w

at
er

 to
 7

 n
ew

 in
je

ct
io

n 
w

el
ls

 (1
4 

w
el

ls
 to

ta
l: 

7 
op

er
at

in
g,

 p
lu

s 
7 

ba
ck

up
).

• C
on

du
ct

 e
xp

an
de

d 
m

on
ito

rin
g.

Al
te

rn
at

iv
es

Ev
al

ua
tio

n 
C

rit
er

ia

$0

M
ai

n 
Fa

ci
lit

y 
S

ys
te

m
 O

&
M

   
   

   
  $

19
.9

M
G

ro
un

dw
at

er
 IR

M
 O

&
M

   
   

   
  $

4.
7M

P
ar

k 
S

ou
rc

e 
R

em
ed

ia
tio

n 
   

   
   

   
$1

5.
6M

P
la

nt
 4

 W
el

lh
ea

d 
Tr

ea
tm

en
t  

   
   

   
 $

0.
1M

B
as

el
in

e 
To

ta
l  

   
   

   
   

   
   

   
   

   
$4

0.
3M

 (2
)

B
as

el
in

e 
C

os
t  

   
   

   
  $

40
.3

M
A

lt.
 3

 C
ap

ita
l C

os
t  

   
   

$5
.9

M
A

lt.
 3

 O
&

M
 C

os
t  

   
   

   
$7

.8
M

A
lt.

 3
 T

ot
al

   
   

   
   

   
   

$5
4.

0M

B
as

el
in

e 
C

os
t  

   
   

   
  $

40
.3

M
A

lt.
 4

 C
ap

ita
l C

os
t  

   
   

$9
.0

M
A

lt.
 4

 O
&

M
 C

os
t  

   
   

   
$9

.4
M

A
lt.

 4
 T

ot
al

   
   

   
   

   
   

$5
8.

7M

B
as

el
in

e 
C

os
t  

   
   

   
  $

40
.3

M
A

lt.
 5

 C
ap

ita
l C

os
t  

   
  $

22
.3

M
A

lt.
 5

 O
&

M
 C

os
t  

   
   

  $
33

.4
M

A
lt.

 5
 T

ot
al

   
   

   
   

   
   

 $
96

.0
M

B
as

el
in

e 
C

os
t  

   
   

   
  $

40
.3

M
A

lt.
 6

 C
ap

ita
l C

os
t  

   
  $

49
.9

M
A

lt.
 6

 O
&

M
 C

os
t  

   
   

  $
87

.7
M

A
lt.

 6
 T

ot
al

   
   

   
   

   
 $

17
7.

9M

N
O

TE
S:

(1
)

(2
)

In
cl

ud
es

 3
0 

ye
ar

 p
re

se
nt

 w
or

th
 c

os
t f

or
: O

M
&

M
 o

f t
he

 e
xi

st
in

g 
M

ai
n 

Fa
ci

lit
y 

Tr
ea

tm
en

t S
ys

te
m

, S
ite

 IR
M

 (a
ss

um
es

 th
e 

S
ite

 IR
M

 o
pe

ra
te

s 
fo

r 1
5 

ye
ar

s)
, a

nd
 P

la
nt

 4
 w

el
lh

ea
d 

pr
ot

ec
tio

n;
 a

nd
 c

ap
ita

l c
os

t f
or

 P
ar

k 
so

ur
ce

 re
du

ct
io

n.
(3

)
E

st
im

at
es

 o
f T

V
O

C
 m

as
s 

re
m

ov
ed

 c
al

cu
la

te
d 

fo
r e

ac
h 

al
te

rn
at

iv
e,

 a
s 

fo
llo

w
s:

  M
od

el
-p

re
di

ct
ed

 T
V

O
C

 m
as

s 
(s

ee
 A

pp
en

di
x 

A
, T

ab
le

 A
-2

) t
ha

t w
ill

 b
e 

re
m

ov
ed

 a
fte

r 3
0 

yr
s,

re
du

ce
d 

to
 a

cc
ou

nt
 fo

r p
ul

se
d 

op
er

at
io

n 
of

 p
ro

po
se

d 
re

m
ed

ia
l w

el
ls

 fr
om

 Y
ea

rs
 2

0-
25

 a
nd

 s
hu

td
ow

n 
of

 p
ro

po
se

d 
re

m
ed

ia
l w

el
ls

 fr
om

 Y
ea

rs
 2

5-
30

 (p
er

 6
 N

Y
C

R
R

 6
.4

, s
ee

 S
ec

tio
n 

6.
3 

of
 th

is
 R

ep
or

t),
 

pl
us

 th
e 

P
ar

k 
so

ur
ce

 a
re

a 
V

O
C

 m
as

s 
to

 b
e 

re
m

ov
ed

 (e
st

im
at

ed
 to

 b
e 

44
,0

00
 lb

s)
. 

(4
)

In
 a

dd
iti

on
 to

 th
e 

re
gu

la
to

ry
-d

riv
en

 s
el

ec
tio

n 
cr

ite
ria

, N
or

th
ro

p 
G

ru
m

m
an

 h
as

 c
on

si
de

re
d 

al
te

rn
at

iv
es

 th
at

 c
on

se
rv

e 
lim

ite
d 

en
er

gy
 a

nd
 o

th
er

 re
so

ur
ce

s 
(s

ee
 s

ec
tio

n 
7)

.
(5

)
Th

e 
B

et
hp

ag
e 

W
at

er
 D

is
tri

ct
 tr

ea
tm

en
t g

oa
l i

s 
no

n-
de

te
ct

 fo
r a

ll 
vo

la
til

e 
or

ga
ni

c 
co

m
po

un
ds

 (H
2M

 2
00

8)
.

D
EF

IN
IT

IO
N

S:
P

ar
k

P
or

tio
n 

of
 th

e 
B

et
hp

ag
e 

C
om

m
un

ity
 P

ar
k 

no
t s

ub
je

ct
 to

 s
oi

l r
em

ov
al

 d
ur

in
g 

To
w

n 
re

de
ve

lo
pm

en
t a

ct
iv

iti
es

M
ai

n 
Fa

ci
lit

y
N

or
th

ro
p 

G
ru

m
m

an
 M

ai
n 

Fa
ci

lit
y,

 u
se

d 
to

 re
fe

rr
ed

 to
 c

ur
re

nt
 re

m
ed

ia
l s

ys
te

m
s 

as
so

ci
at

ed
 w

ith
 O

U
2 

(T
ow

er
 9

6 
an

d 
To

w
er

 1
02

)
B

W
D

B
et

hp
ag

e 
W

at
er

 D
is

tri
ct

 
V

O
C

s
V

ol
at

ile
 O

rg
an

ic
 C

om
po

un
ds

R
A

O
s

R
em

ed
ia

l A
ct

io
n 

O
bj

ec
tiv

es
S

C
G

s
S

ta
nd

ar
d,

 C
rit

er
ia

 a
nd

 G
ui

de
lin

es
gp

m
ga

llo
ns

 p
er

 m
in

ut
e

IR
M

In
te

rim
 R

em
ed

ia
l M

ea
su

re
R

em
ed

ia
l S

ys
te

m
R

em
ed

ia
l w

el
ls

, a
ir 

st
rip

pi
ng

 to
w

er
, o

ff-
ga

s 
ai

r t
re

at
m

en
t (

V
P

G
A

C
 a

nd
, i

n 
so

m
e 

ca
se

s,
 P

P
Z)

, a
nd

 d
is

ch
ar

ge
 to

 lo
ca

l b
as

in
(s

).
P

P
Z

P
ot

as
si

um
 p

er
m

an
ga

na
te

 im
pr

eg
na

te
d 

ze
ol

ite
V

P
G

A
C

V
ap

or
 p

ha
se

 g
ra

nu
la

r a
ct

iv
at

ed
 c

ar
bo

n
E

xp
an

de
d

P
lu

m
e 

m
an

ag
em

en
t, 

pe
rfo

rm
an

ce
, a

nd
 e

ffe
ct

iv
en

es
s 

m
on

ito
rin

g 
(a

s 
de

sc
rib

ed
 in

 N
Y

S
D

E
C

 D
E

R
-1

0)
M

on
ito

rin
g

N
Y

S
D

E
C

N
ew

 Y
or

k 
S

ta
te

 D
ep

ar
tm

en
t o

f E
nv

iro
nm

en
ta

l C
on

se
rv

at
io

n
D

E
R

D
iv

is
io

n 
of

 E
nv

iro
nm

en
ta

l R
em

ed
ia

tio
n

C
os

t E
ffe

ct
iv

en
es

s 
(1

)

D
et

ai
le

d 
co

st
 e

st
im

at
es

 a
re

 p
ro

vi
de

d 
in

 A
pp

en
di

x 
B

.

R
ec

om
m

en
de

d 
A

lte
rn

at
iv

e 
R

at
io

na
le

A
lte

rn
at

iv
e 

3 
is

 re
co

m
m

en
de

d 
be

ca
us

e 
it 

is
 c

ap
ab

le
 o

f a
ch

ie
vi

ng
 th

e 
R

A
O

s,
 p

ro
vi

de
s 

th
e 

gr
ea

te
st

 c
um

ul
at

iv
e 

be
ne

fic
ia

l e
ffe

ct
 o

n 
B

W
D

 P
la

nt
s 

4 
an

d 
5 

(i.
e.

, l
ow

es
t p

ea
k 

VO
C

 c
on

ce
nt

ra
tio

n 
an

d 
gr

ea
te

st
 ra

te
 o

f d
ec

re
as

e 
in

 V
O

C
 c

on
ce

nt
ra

tio
ns

 in
 th

e 
w

el
ls

), 
is

 e
ffe

ct
iv

e 
in

 th
e 

sh
or

t-t
er

m
 

an
d 

lo
ng

-te
rm

, a
nd

 is
 c

os
t e

ffe
ct

iv
e.

 A
lte

rn
at

iv
e 

1 
is

 n
ot

 re
co

m
m

en
de

d 
be

ca
us

e 
it 

do
es

 n
ot

 a
ch

ie
ve

 R
A

O
s.

  A
lte

rn
at

iv
e 

2 
is

 n
ot

 re
co

m
m

en
de

d 
be

ca
us

e 
it 

re
m

ov
es

 th
e 

le
as

t a
m

ou
nt

 o
f V

O
C

 m
as

s 
an

d 
ha

s 
th

e 
le

as
t c

um
ul

at
iv

e 
be

ne
fit

 to
 B

W
D

 P
la

nt
s 

4 
an

d 
5.

  A
lte

rn
at

iv
e 

4 
is

 n
ot

 
re

co
m

m
en

de
d 

be
ca

us
e,

 a
lth

ou
gh

 it
 re

m
ov

es
 a

 s
lig

ht
ly

 g
re

at
er

 q
ua

nt
ity

 o
f V

O
C

 m
as

s 
co

m
pa

re
d 

to
 A

lte
rn

at
iv

e 
3,

 it
 h

as
 a

 h
ig

he
r c

os
t a

nd
 d

oe
s 

no
t p

ro
vi

de
 a

s 
gr

ea
t a

 c
um

ul
at

iv
e 

be
ne

fit
 to

 B
W

D
 P

la
nt

s 
4 

an
d 

5 
as

 A
lte

rn
at

iv
e 

3.
  A

lte
rn

at
iv

e 
5 

is
 n

ot
 re

co
m

m
en

de
d 

be
ca

us
e,

 a
lth

ou
gh

 it
 

re
m

ov
es

 a
 s

lig
ht

ly
 g

re
at

er
 q

ua
nt

ity
 o

f V
O

C
 m

as
s 

th
an

 A
lte

rn
at

iv
e 

3,
 it

s 
co

st
 is

 n
ea

rly
 tw

ic
e 

th
at

 o
f A

lte
rn

at
iv

e 
3 

an
d 

it 
pr

ov
id

es
 le

ss
 c

um
ul

at
iv

e 
be

ne
fic

ia
l e

ffe
ct

 o
n 

B
W

D
 P

la
nt

s 
4 

an
d 

5.
 A

lte
rn

at
iv

e 
6 

is
 n

ot
 re

co
m

m
en

de
d 

be
ca

us
e,

 a
lth

ou
gh

 it
 re

m
ov

es
 m

or
e 

VO
C

 m
as

s 
th

an
 A

lte
rn

at
iv

e 
3,

 it
s 

co
st

 is
 th

re
e 

tim
es

 th
at

 o
f A

lte
rn

at
iv

e 
3 

an
d 

it 
pr

ov
id

es
 n

o 
ad

di
tio

na
l b

en
ef

it 
to

 B
W

D
 P

la
nt

s 
4 

an
d 

5 
co

m
pa

re
d 

to
 A

lte
rn

at
iv

e 
3.

G
:\A

PR
O

JE
C

T\
N

or
th

ro
p 

G
ru

m
m

an
\S

up
er

fu
nd

\2
01

1\
O

U
3\

N
Y0

01
49

6.
08

11
 R

I F
S\

R
ev

is
ed

 S
tu

dy
 A

re
a 

FS
\F

in
al

 R
ep

or
t\T

ab
le

s\
Ta

bl
e 

6-
2.

xl
s 

- T
ab

le
 6

.2



Ta
bl

e 
8-

1.
Su

m
m

ar
y 

of
 C

om
pr

eh
en

si
ve

 R
ec

om
m

en
de

d 
R

em
ed

y 
Fo

r S
ite

 a
nd

 S
tu

dy
 A

re
as

,
St

ud
y 

A
re

a 
Fe

as
ib

ili
ty

 S
tu

dy
, N

or
th

ro
p 

G
ru

m
m

an
 S

ys
te

m
s 

C
or

po
ra

tio
n

O
pe

ra
bl

e 
U

ni
t 3

 (F
or

m
er

 G
ru

m
m

an
 S

et
tli

ng
 P

on
ds

), 
B

et
hp

ag
e,

 N
ew

Yo
rk

.

So
ils

P
ar

k
S-

P2
:

• E
xc

av
at

e 
up

pe
r 2

 ft
 o

f s
oi

l t
o 

R
es

tri
ct

ed
-R

es
id

en
tia

l S
C

O
s 

an
d 

ba
ck

fil
l w

ith
 c

le
an

 s
oi

l. 
• I

ns
ta

ll 
de

m
ar

ca
tio

n 
ba

rr
ie

r b
et

w
ee

n 
th

e 
cl

ea
n 

so
il 

an
d 

th
e 

un
de

rly
in

g 
so

ils
.

• I
m

pl
em

en
t l

an
d-

us
e 

re
st

ric
tio

n 
in

 th
e 

fo
rm

 o
f a

n 
en

vi
ro

nm
en

ta
l e

as
em

en
t t

o 
lim

it 
si

te
 u

se
 w

he
re

 re
si

du
al

 s
oi

l i
m

pa
ct

s 
ex

is
t a

bo
ve

 U
nr

es
tri

ct
ed

 U
se

 S
C

O
s.

8.
0

A
cc

es
s 

R
oa

d
S-

A
R

2:
• I

ns
ta

ll 
gr

av
el

 c
ap

 o
ve

r a
re

as
 w

he
re

 s
oi

l e
xc

ee
ds

 R
es

tri
ct

ed
 R

es
id

en
tia

l S
C

O
s.

• I
m

pl
em

en
t l

an
d-

us
e 

re
st

ric
tio

n 
in

 th
e 

fo
rm

 o
f a

n 
en

vi
ro

nm
en

ta
l e

as
em

en
t t

o 
lim

it 
si

te
 u

se
 w

he
re

 re
si

du
al

 s
oi

l i
m

pa
ct

s 
ex

is
t a

bo
ve

 U
nr

es
tri

ct
ed

 U
se

 S
C

O
s.

• I
ns

ta
ll 

fe
nc

in
g 

an
d 

si
gn

ag
e 

to
 li

m
it 

ac
ce

ss
.

0.
6

So
ur

ce
 A

re
as

SA
-3

:
• R

em
ed

ia
te

 V
O

C
 s

ou
rc

e 
ar

ea
s 

us
in

g 
IS

TD
.

15
.6

So
il 

G
as

SG
-2

:
• C

on
tin

ue
 to

 o
pe

ra
te

, m
ai

nt
ai

n,
 a

nd
 m

on
ito

r t
he

 e
xi

st
in

g 
S

oi
l G

as
 IR

M
 s

ys
te

m
 to

 p
re

ve
nt

 o
ffs

ite
 m

ig
ra

tio
n 

of
 s

oi
l g

as
 fr

om
 th

e 
S

ite
 A

re
a 

un
til

 te
rm

in
at

io
n 

cr
ite

ria
 a

re
 a

ch
ie

ve
d 

(to
 b

e 
de

ve
lo

pe
d 

an
d 

in
cl

ud
ed

 in
 th

e 
O

M
&M

 M
an

ua
l) 

.
• E

st
ab

lis
h 

en
vi

ro
nm

en
ta

l e
as

em
en

t t
ha

t r
eq

ui
re

s 
in

st
al

la
tio

n 
of

 e
ng

in
ee

rin
g 

co
nt

ro
ls

 to
 c

on
tro

l v
ap

or
 in

tru
si

on
 fo

r a
ny

 n
ew

 s
tru

ct
ur

es
 c

on
st

ru
ct

ed
 o

ns
ite

.  
M

ai
nt

ai
n 

en
vi

ro
nm

en
ta

l e
as

em
en

t u
nt

il 
on

si
te

 s
oi

l g
as

 
m

ee
ts

 a
pp

lic
ab

le
 R

A
O

s.

1.
9

(2
)

G
ro

un
dw

at
er

(3
)

G
W

-2
:

• C
on

tin
ue

 to
 o

pe
ra

te
, m

ai
nt

ai
n,

 a
nd

 m
on

ito
r t

he
 e

xi
st

in
g 

G
ro

un
dw

at
er

 IR
M

 s
ys

te
m

 to
 p

re
ve

nt
 o

ffs
ite

 m
ig

ra
tio

n 
of

 V
O

C
s 

in
 g

ro
un

dw
at

er
 th

at
 e

xc
ee

d 
5 

ug
/L

 to
ta

l V
O

C
s 

in
 th

e 
up

pe
r 2

0 
fe

et
 o

f t
he

 a
qu

ife
r a

nd
 5

0 
ug

/L
 a

t d
ep

th
s 

be
lo

w
 th

e 
up

pe
r 2

0 
fe

et
 o

f t
he

 a
qu

ife
r. 

• I
m

pl
em

en
t g

ro
un

dw
at

er
 u

se
 re

st
ric

tio
n 

th
ro

ug
h 

an
 e

nv
iro

nm
en

ta
l e

as
em

en
t t

o 
pr

ev
en

t u
se

 o
f o

ns
ite

 g
ro

un
dw

at
er

.
• S

hu
t d

ow
n 

th
e 

G
ro

un
dw

at
er

 IR
M

 w
he

n 
te

rm
in

at
io

n 
cr

ite
ria

 a
re

 a
ch

ie
ve

d 
(to

 b
e 

de
ve

lo
pe

d 
an

d 
in

cl
ud

ed
 in

 th
e 

O
M

&
M

 M
an

ua
l) 

• F
ol

lo
w

in
g 

IR
M

 s
hu

td
ow

n,
 c

on
du

ct
 n

at
ur

al
 a

tte
nu

at
io

n 
m

on
ito

rin
g 

fo
r r

es
id

ua
l V

O
C

s.

A
lte

rn
at

iv
e 

3:
• I

n 
ad

di
tio

n 
to

 G
W

-2
 a

bo
ve

, c
on

tin
ue

 to
 o

pe
ra

te
, m

ai
nt

ai
n,

 a
nd

 m
on

ito
r t

he
 fo

llo
w

in
g 

re
m

ed
ia

l/t
re

at
m

en
ts

ys
te

m
s 

to
 p

ro
te

ct
 p

ub
lic

 w
at

er
 s

up
pl

ie
s 

an
d 

re
du

ce
 V

O
C

 m
as

s 
in

 th
e 

S
tu

dy
 A

re
a:

  1
) B

W
D

 w
el

lh
ea

d 
tre

at
m

en
t s

ys
te

m
s;

 2
) M

ai
n 

Fa
ci

lit
y 

re
m

ed
ia

l s
ys

te
m

, a
nd

 3
) G

M
-3

8 
A

re
a 

re
m

ed
ia

l s
ys

te
m

.
• I

ns
ta

ll 
an

d 
op

er
at

e 
on

e 
ne

w
 re

m
ed

ia
l w

el
l (

W
el

l R
W

-2
1)

 to
 re

du
ce

 V
O

C
 m

as
s 

in
 S

tu
dy

 A
re

a 
gr

ou
nd

w
at

er
.  

Tr
ea

t e
xt

ra
ct

ed
 g

ro
un

dw
at

er
 fr

om
 th

e 
ne

w
 w

el
l a

t t
he

 e
xi

st
in

g 
M

ai
n 

Fa
ci

lit
y 

re
m

ed
ia

l s
ys

te
m

. 

38
.4

(2
)

64
.5

N
ot

es
:

1. 2. 3. 4.
S

ee
 S

ite
 A

re
a 

FS
 fo

r d
is

cu
ss

io
n 

an
d 

ev
al

ua
tio

n 
of

 re
m

ed
ie

s 
fo

r S
ite

 A
re

a 
so

il,
 s

ou
rc

e 
ar

ea
s,

 s
oi

l g
as

, a
nd

 g
ro

un
dw

at
er

.
C

os
t f

or
 A

lte
rn

at
iv

e 
3,

 u
nl

ik
e 

Ta
bl

e 
6-

2,
 d

o 
no

t i
nc

lu
de

 c
os

ts
 fo

r s
ou

rc
e 

re
m

ed
ia

tio
n 

at
 th

e 
P

ar
k,

 n
or

 th
e 

G
ro

un
dw

at
er

 IR
M

, a
s 

th
es

e 
co

st
s 

ar
e 

al
re

ad
y 

in
cl

ud
ed

 a
bo

ve
.

Th
e 

op
er

at
io

na
l p

er
io

ds
 o

f t
he

 G
ro

un
dw

at
er

 a
nd

 S
oi

l G
as

 IR
M

s 
ar

e 
as

su
m

ed
 to

 b
e 

si
gn

ifi
ca

nt
ly

 re
du

ce
d 

if 
V

O
C

s 
so

ur
ce

 a
re

as
 a

re
 re

m
ed

ia
te

d 
vi

a 
A

lte
rn

at
iv

e 
S

A
-3

.  
A

cc
or

di
ng

ly
, t

he
 c

os
ts

 in
 th

is
 ta

bl
e 

ar
e 

le
ss

 th
an

 th
os

e 
pr

ov
id

ed
 in

 T
ab

le
s 

7-
6 

an
d 

7-
7 

in
 

th
e 

S
ite

 A
re

a 
FS

 a
nd

 re
fle

ct
 re

du
ce

d 
IR

M
 o

pe
ra

tio
na

l t
im

ef
ra

m
es

 a
nd

 a
 s

ig
ni

fic
an

t r
ed

uc
tio

n 
in

 V
O

C
 m

as
s 

tre
at

ed
 b

y 
th

e 
IR

M
s.

  T
he

 S
oi

l G
as

 IR
M

 is
 a

ss
um

ed
 to

 o
pe

ra
te

 fo
r 1

0 
ye

ar
s 

an
d 

th
e 

G
ro

un
dw

at
er

 IR
M

 is
 a

ss
um

ed
 to

 o
pe

ra
te

 fo
r 1

5 
ye

ar
s.

TO
TA

L

C
os

t
($

M
M

) (
1)

R
ec

om
m

en
de

d 
A

lte
rn

at
iv

e 
(4

)
M

ed
ia

/A
re

a

D
et

ai
le

d 
co

st
 b

re
ak

do
w

ns
 a

re
 p

ro
vi

de
d 

in
 A

pp
en

di
x 

B
.

G
:\A

P
R

O
JE

C
T\

N
or

th
ro

p 
G

ru
m

m
an

\S
up

er
fu

nd
\2

01
1\

O
U

3\
N

Y0
01

49
6.

08
11

 R
I F

S
\R

ev
is

ed
 S

tu
dy

 A
re

a 
FS

\F
in

al
 R

ep
or

t\T
ab

le
s\

Ta
bl

e 
8-

1.
xl

sx



BETHPAGE
HIGH SCHOOL

EXISTING OU2
TREATMENT
SYSTEMS

PLANT
25

WT

VP-106

VP-113

VP-110R

VP-117

VP-116

BCPMW-5-1

B24MW-3

MW-107-1

MW-108-1

MW-100-3
MW-100-2
MW-100-1

MW-102-1

MW-111-4

MW-116-5

MW-117-5

MW-64I
MW-64D

MW-64S

MW-61I
MW-61D1

MW-61S

MW-60I
MW-60D

MW-60S

HN-28S
HN-28I

HN-40S
HN-40I

GM-73D
GM-73D2

MW-200-1 MW-201-1

MW-202-1 MW-203-1

VP-118

MW-118-5

A'

A

ALL COORDINATES REFERENCED TO
NORTH AMERICAN DATUM 1983

STUDY AREA SHOWING WELL AND
VERTICAL PROFILE BORING LOCATIONS
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NOTES:

1. VERTICAL PROFILE BORING LOCATIONS
BASED ON FIELD MEASUREMENTS.

2. HYDROGEOLOGIC ZONE BASED ON MODEL LAYER
ELEVATIONS PRESENTED IN COMPREHENSIVE
GROUNDWATER MODEL (ARCADIS 2003).
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NOTE:

1. VPB LOCATIONS BASED ON FIELD MEASURMENTS.
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CONCENTRATIONS OF TVOCs
IN GROUNDWATER

(CROSS SECTION A-A')

STUDY AREA FEASIBILITY STUDY
NORTHROP GRUMMAN SYSTEMS CORPORATION
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NOTES

1 HYDROGEOLOGIC ZONE BASED ON MODEL LAYER ELEVATIONS PRESENTEO IN COMPREHENSIVE GROUNDWATER MODEL (ARCADIS 2003)

VERTICAL PROFILE BORING LOCATIONS ARE BASED ON FIELD MEASUREMENTS

3 MONITORING WELLS SURVEYED TO NAD 1983

4 THE FIGURE UTILIZES DATA PRESENTED IN STUDY AREA REMEDIAL INVESTIGATION REPORT (ARCAOIS 2011)

5 LAND SURFACE ESTIMATEO FROM USGS QUADRANGLES (AMITYVILLE. HUNTINGTON, FREEPORT. AND HICKSVILLE)

THE GEOLOGICAL TERM "SAND" REFERENCED ABOVE IS DEFINED IN DETAn..IN THE STUDY AREA REMEDIAL INVESTIGATION REPORT
LOCALIZED LENSES OF LOWER PERMEABILITY NOT SHOWN. REFER TO STUDY AREA REMEDIAL INVESTIGATION REPORT FOR THIS
INFORMATION (ARCADIS 2009)

A GROUNDWATER INTERIM REMEDIAL MEASURE WAS INSTALLED IN JULY 2009 TO CONTAIN ON SITE TOTAL VOLATILE ORGANIC
COMPOUND PLUME. THE EFFECTIVENESS OF THE GROUNDWATER INTERIM REMEDIAL MEASURE WILL BE DOCUMENTED IN
OPERATION, MAINTENANCE AND MONITORING REPORTS
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STUDY AREA FEASIBILITY STUDY
NORTHROP GRUMMAN SYSTEMS CORPORATION

OPERABLE UNIT 3 (FORMER GRUMMAN SETTLING PONDS)
BETHPAGE, NEW YORK

NOTE:

1. BASELINE CONDITIONS/CONTINUED ACTION. PLUS SOURCE AREA REMOVAL AT SITE AREA. CONTINUE
TO OPERATE SITE IRM, MAIN FACILITY, AND GM-38 REMEDIAL TREATMENT SYSTEMS. OPERATE
EXISTING BWD WELL HEAD PROTECTION SYSTEMS.
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6-1

ALTERNATIVE 2 - BASELINE
CONTINUED ACTION
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EXISTING SITE IRM GROUNDWATER TREATMENT SYSTEM

~ EXISTING MAIN FACILITY REMEDIAL WELL (TOWER 96)

LEGEND:

PROPERTY BOUNDARY OF THE FORMER
GRUMMAN AEROSPACE CORPORATION SITE

~ EXISTING THIRD PARTY REMEDIAL WELL (GM-38 AREA)

EXISTING SYSTEM INFLUENT PIPELINE

TYOC ISO-CONCENTRATION CONTOUR IN
MICROGRAMS PER LITER (~g/L)

PUBLIC SUPPLY WELL

EXISTING THIRD PARTY REMEDIAL TREATMENT SYSTEM
(GM-38 AREA)

EXISTING MAIN FACILITY REMEDIAL WELL (TOWER 102)
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PROPERTY BOUNDARY OF THE FORMER OCC SITE

LONG ISLAND RAILROAD

FIGURE

6-2

ALTERNATIVE 3 - ALTERNATIVE 2 PLUS
ONE NEW REMEDIAL WELL
CONCEPTUAL SITE LAYOUT

u 500' 1200'

""' • FEET

IRM INTERIM REMEDIAL MEASURE

~ EXISTING MAIN FACILITY REMEDIAL WELL (TOWER 96)

• STUDY AREA PUBLIC SUPPLY WELL

~ EXISTING THIRD PARTY REMEDIAL WELL (GM-38 AREA)

EXISTING SITE IRM GROUNDWATER TREATMENT SYSTEM

LEGEND:

PROPERTY BOUNDARY OF THE FORMER
GRUMMAN AEROSPACE CORPORATION SITE

STUDY AREA FEASIBILITY STUDY
NORTHROP GRUMMAN SYSTEMS CORPORATION

OPERABLE UNIT 3 (FORMER GRUMMAN SETTLING PONDS)
BETHPAGE, NEW YORK

PROPERTY BOUNDARY OF THE FORMER U.S. NAVY SITE

TYOC ISO-CONCENTRATION CONTOUR IN
MICROGRAMS PER LITER (~g/L)

PUBLIC SUPPLY WELL

RECHARGE BASIN

I

*

EXISTING SYSTEM INFLUENT PIPELINE* PROPOSED REMEDIAL WELL

PROPOSED SYSTEM INFLUENT PIPELINE

EXISTING THIRD PARTY REMEDIAL TREATMENT SYSTEM
(GM-38 AREA)

EXISTING MAIN FACILITY REMEDIAL WELL (TOWER 102)

EXISTING MAIN FACILITY REMEDIAL TREATMENT SYSTEM
(TOWER 102)"* EXISTING SITE IRM REMEDIAL WELL

ALL COOROINATES REFERENCED TO
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BWD BETHPAGE WATER DISTRICT

TYOC TOTAL VOLATILE ORGANIC COMPOUND

NOTE:

1. ALTERNATIVE 2 PLUS NEW REMEDIAL WELL RW-21 PUMPING AT 1,000 GPM TO REDUCE VOC MASS IN
STUDY AREA GROUNDWATER. EXTRACTED GROUNDWATER WILL BE TREATED AT THE EXISTING MAIN
FACILITY REMEDIAL TREATMENT SYSTEM.
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FIGURE

6-3

ALTERNATIVE 4 - ALTERNATIVE 2 PLUS
TWO NEW REMEDIAL WELLS
CONCEPTUAL SITE LAYOUT

EXISTING SITE IRM REMEDIAL WELL

EXISTING THIRD PARTY REMEDIAL TREATMENT SYSTEM
(GM-38 AREA)

EXISTING MAIN FACILITY REMEDIAL WELL (TOWER 102)

EXISTING MAIN FACILITY REMEDIAL TREATMENT SYSTEM
(TOWER 102)

EXISTING SITE IRM GROUNDWATER TREATMENT SYSTEM

u 500' 1200'

""' • FEET

ALL COOROINATES REFERENCED TO
NORTH AMERICAN DATUM 1983

STUDY AREA FEASIBILITY STUDY
NORTHROP GRUMMAN SYSTEMS CORPORATION

OPERABLE UNIT 3 (FORMER GRUMMAN SETTLING PONDS)
BETHPAGE, NEW YORK

EXISTING SYSTEM INFLUENT PIPELINE* PROPOSED REMEDIAL WELL

PROPOSED SYSTEM INFLUENT PIPELINE

IRM INTERIM REMEDIAL MEASURE

LEGEND:

PROPERTY BOUNDARY OF THE FORMER
GRUMMAN AEROSPACE CORPORATION SITE

PROPERTY BOUNDARY OF THE FORMER OCC SITE

~ EXISTING MAIN FACILITY REMEDIAL WELL (TOWER 96)

LONG ISLAND RAILROAD

TYOC ISO-CONCENTRATION CONTOUR IN
MICROGRAMS PER LITER (~g/L)

PUBLIC SUPPLY WELL

PROPERTY BOUNDARY OF THE FORMER U.S. NAVY SITE

~ EXISTING THIRD PARTY REMEDIAL WELL (GM-38 AREA)
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RECHARGE BASIN

GPM GALLONS PER MINUTE

BWD BETHPAGE WATER DISTRICT
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NOTE:

1. ALTERNATIVE 2 PLUS TWO (2) NEW REMEDIAL WELLS: WELL RW-20 AND WELL RW-21 EACH PUMPING AT
500 GPM, TO REDUCE VOC MASS IN STUDY AREA GROUNDWATER. EXTRACTED GROUNDWATER FROM
NEW WELLS WILL BE TREATED AT THE EXISTING MAIN FACILITY REMEDIAL TREATMENT SYSTEM.
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FIGURE

6-4

ALTERNATIVE 5 - ALTERNATIVE 2 PLUS
ONE NEW REMEDIAL WELL AND

BWD PLANT 4 AS A REMEDIATION SYSTEM
CONCEPTUAL SITE LAYOUT

PROPOSED SYSTEM EFFLUENT PIPELINE

PROPOSED REMEDIAL WELL

PROPERTY BOUNDARY OF THE FORMER U.S. NAVY SITE

PROPERTY BOUNDARY OF THE FORMER OCC SITE

EXISTING SITE IRM REMEDIAL WELL

EXISTING SYSTEM INFLUENT PIPELINE

LONG ISLAND RAILROAD

PROPOSED SYSTEM INFLUENT PIPELINE

EXISTING THIRD PARTY REMEDIAL TREATMENT SYSTEM
(GM-38 AREA)

EXISTING MAIN FACILITY REMEDIAL WELL (TOWER 102)

EXISTING MAIN FACILITY REMEDIAL TREATMENT SYSTEM
(TOWER 102)

TYOC ISO-CONCENTRATION CONTOUR IN
MICROGRAMS PER LITER (~g/L)

PUBLIC SUPPLY WELL

EXISTING SITE IRM GROUNDWATER TREATMENT SYSTEM

RECHARGE BASIN

u 500' 1200'

""' • FEET

~ EXISTING MAIN FACILITY REMEDIAL WELL (TOWER 96)

• STUDY AREA PUBLIC SUPPLY WELL

~ EXISTING THIRD PARTY REMEDIAL WELL (GM-38 AREA)

IRM INTERIM REMEDIAL MEASURE

STUDY AREA FEASIBILITY STUDY
NORTHROP GRUMMAN SYSTEMS CORPORATION

OPERABLE UNIT 3 (FORMER GRUMMAN SETTLING PONDS)
BETHPAGE, NEW YORK

ALL COOROINATES REFERENCED TO
NORTH AMERICAN DATUM 1983

GPM GALLONS PER MINUTE

BWD BETHPAGE WATER DISTRICT

TYOC TOTAL VOLATILE ORGANIC COMPOUND
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NOTE:

1. ALTERNATIVE 2 PLUS NEW REMEDIAL WELL RW-20 PUMPING AT 500 GPM, AND THE TWO (2) BETHPAGE
WATER DISTRICT (BWD) PLANT 4 WELLS PUMPING AT A COMBINED RATE OF 2,700 GPM TO REDUCE VOC
MASS IN STUDY AREA GROUNDWATER. EXTRACTED GROUNDWATER FROM NEW WELL WILL BE
TREATED AT THE EXISTING MAIN FACILITY REMEDIAL TREATMENT SYSTEM. TREATED GROUNDWATER
FROM BWD PLANT 4 WELLS WILL BE DISCHARGED TO A COMBINATION OF EXISTING RECHARGE BASIN
AND SHALLOW INJECTION WELLS LOCATED AT ARTHUR AVE. REPLACE BWD PLANT 4 CAPACITY.
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NOTE:

1. ALTERNATIVE 2 PLUS ATTEMPT TO RETURN STUDY AREA GROUNDWATER TO PRE-DISPOSAL
CONDITIONS USING FIVE (5) NEW REMEDIAL WELLS, SEVEN (7) OPERATING (SEVEN BACKUP) INJECTION
WELLS, AND FIVE (5) NEW REMEDIAL TREATMENT SYSTEMS.

STUDY AREA FEASIBILITY STUDY
NORTHROP GRUMMAN SYSTEMS CORPORATION

OPERABLE UNIT 3 (FORMER GRUMMAN SETTLING PONDS)
BETHPAGE, NEW YORK

FIGURE

6-5

ALTERNATIVE 6­
ALTERNATIVE 2 PLUS

FIVE NEW REMEDIAL WELLS
CONCEPTUAL SITE LAYOUT

PROPOSED LOCATION OF INJECTION WELLS
(ONE OPERATING/ONE BACKUP)

PROPOSED SYSTEM EFFLUENT PIPELINE

PROPOSED REMEDIAL WELL/TREATMENT SYSTEM

EXISTING SYSTEM INFLUENT PIPELINE

u 500' 1200'

""' • FEET

EXISTING SITE IRM GROUNDWATER TREATMENT SYSTEM

~ EXISTING MAIN FACILITY REMEDIAL WELL (TOWER 96)
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~ EXISTING THIRD PARTY REMEDIAL WELL (GM-38 AREA)

IRM INTERIM REMEDIAL MEASURE

PROPERTY BOUNDARY OF THE FORMER U.S. NAVY SITE

LEGEND:

PROPERTY BOUNDARY OF THE FORMER
GRUMMAN AEROSPACE CORPORATION SITE

TYOC ISO-CONCENTRATION CONTOUR IN
MICROGRAMS PER LITER (~g/L)
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RECHARGE BASIN

LONG ISLAND RAILROAD
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EXISTING THIRD PARTY REMEDIAL TREATMENT SYSTEM
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