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Site Area Feasibility 
Study

Operable Unit 3 (Former 
Grumman Settling Ponds) 
Bethpage, New York.

NYSDEC Site # 1-30-003A

1. Executive Summary

This 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 soil, soil gas, and groundwater at the 
Operable Unit 3 (OU3) (Former Grumman Settling Ponds) Site Area located in
Bethpage, New York.  As used herein, the term Site Area refers to a portion of the 
Bethpage Community Park (Park) and the Former Grumman Plant 24 Access Road 
(Access Road) (see colored areas on Figure 3-1).

Previous investigations conducted within the Site Area (including the Northrop 
Grumman Site Area Remedial Investigation [RI]) identified site-related impacts to the 
following media: vadose zone soils, soil gas, groundwater, and various source areas 
(defined herein as contaminated media displaying a concentration of total volatile 
organic compounds [VOCs] greater than 10 parts per million [ppm]).  The primary 
contaminants of potential concern (COPCs) identified include VOCs, polychlorinated 
biphenyls (PCBs), and metals (see Table 4-1 and Figure 4-1 for details).

In 2007, Northrop Grumman implemented two interim remedial measures (IRMs) in the 
Site Area, i.e., the Soil Gas IRM and the Groundwater IRM, which began operations in 
February 2008 and July 2009, respectively.

Consistent with New York State Department of Environmental Conservation 
(NYSDEC) requirements, potential remedial technologies for each impacted media 
were screened using applicable Standards, Criteria, and Guidelines (SCGs) (see Table 
5-1), including the NYSDEC Commissioner’s Policy on Soil Cleanup (NYSDEC 2009).
The technologies that were retained after screening were assembled into remedial 
alternatives and evaluated against the remedy selection criteria provided in Part 375-
1.8(f) of the Title 6 of the official compilation of New York Codes, Rules, and 
Regulations (6 NYCRR) (see Table 7-1).  Based on the evaluation conducted, the 
Northrop Grumman Site Area Recommended Remedy is presented in Table 8-1 and 
summarized below:

Alternative S-P2 (Park Soils):

Excavate soils in the upper two feet with site-related contaminants of potential concern 
(COPCs) greater than their Restricted Residential SCOs and implement an 
environmental easement (see Table 7-3).
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Alternative S-AR2 (Access Road Soils): Install gravel cap; environmental 
easements to limit future land use and control future activities (see Table 7-4).

Alternative SA-3 (Source Areas): Remediate VOC Source Areas using In-situ
Thermal Desorption (see Table 7-5).

Alternative GW-2 (Groundwater): Operation of OU3 Groundwater IRM to prevent
off-site migration of groundwater that exceeds 5 micrograms per liter (ug/L) total VOCs 
in the upper 20 ft of the aquifer and 50 ug/L of total VOCs below the upper 20 ft of 
aquifer, transition to natural attenuation with monitoring to address residual VOC 
impacts once the Groundwater IRM system shutdown criteria are met; an 
environmental easement to control on-site groundwater use (see Table 7-6).

Alternative SG-2 (Soil Gas): Operation of Soil Gas IRM to prevent offsite migration of 
onsite soil gas until Soil Gas IRM shutdown criteria are met; an environmental 
easement requiring engineering controls to address vapor intrusion for all future on-site
structures (see Table 7-7).

Northrop Grumman prepared a Human Health Risk Assessment (HHRA) (ARCADIS
U.S. Inc. [ARCADIS] 2009a) to address NYSDEC's requirement to "eliminate or 
mitigate all significant threats to human health," as related to subsurface soils at the 
Park and the Access Road. Based on the conclusions in the HHRA, there are no 
significant threats to human health from subsurface soils and Northrop Grumman's 
recommended remedial alternative is fully protective of human health under current 
and expected future site use conditions.

2. Purpose

The purpose of this Site Area FS is to identify and screen remedial technologies and 
evaluate remedial alternatives for contaminants in soil, soil gas, and groundwater at the 
OU3 Site Area (see Figure 2-1).  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 (AOC) between the NYSDEC and Northrop Grumman, effective July 
4, 2005 (NYSDEC 2005).  A number of figures are included in this FS from the Site 
Area RI report (ARCADIS 2008) and HHRA (ARCADIS 2009a).
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3. Site Description and History

3.1 Site Description

For the purposes of this FS, the Site Area is defined as consisting of the following two 
sub-areas (see Figure 3-1):

• The portion of the Bethpage Community Park that was not subject to soil removal 
during the Town of Oyster Bay’s redevelopment activities, hereinafter referred to 
as the “Park” (see colored area within the Bethpage Community Park on Figure 3-
1).  The Park includes tennis courts in the northwest, a baseball field in the 
southwest, a playground in the south-central area, and a swimming pool in the 
southeast.  The Park does not include the Town of Oyster Bay’s recharge basin. 
The term “Bethpage Community Park” is used hereinafter to refer to the entire area 
that constitutes the present day Bethpage Community Park property. The
Bethpage Community Park is bordered by commercial properties to the north, 
Bethpage High School to the east, residential areas to the south, and the former 
Grumman Plant 24 to the west.  Also located to the west are unoccupied 
properties owned by Northrop Grumman, including the McKay Field property, ball 
field, and former nursery areas.  Further to the west is the former Naval Weapons 
Industrial Reserve Plant (NWIRP) Site and former Occidental Chemical 
Corporation RUCO Polymer Site. 

• The former Plant 24 Access Road (hereinafter referred to as the Access Road) is
owned by Northrop Grumman and is located along the southern and western 
perimeters of the Park. This industrial property is partially paved with asphalt and 
partially grassed over.  While the paved portion is accessible to the public, the 
grassy portions are fenced and not publicly accessible.

The approximate location/layout of utilities at the Site Area is provided in Figure 3-2.

3.2 Site History

The land that comprises the present day Bethpage Community Park was primarily 
farmland prior to its purchase in 1941 by the Grumman Aircraft Engineering 
Corporation (Grumman), a predecessor of Northrop Grumman, who owned the 
property until October 1962.  In October 1962, Grumman donated the property to the 
Town of Oyster Bay (Town) for exclusive use as a park.  Shortly thereafter, the Town 
began site development activities (without any Grumman involvement), including 
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construction of an ice rink, parking lot, picnic and playground areas, a basketball court 
and baseball field, paddleball courts, shuffleboard courts, horseshoe pits, tennis courts, 
pool, bicycle rack areas, and a recharge basin. 

In 2005, the Town initiated redevelopment of approximately 11 acres of the Bethpage 
Community Park property (referred to herein as the construction area; see uncolored 
areas within the Bethpage Community Park on Figure 3-1).  The Town executed an 
AOC with the NYSDECin 2005 for implementation of an IRM to address contaminated 
soils in the construction area. In accordance with the AOC, the Town performed an 
investigation of soil, soil gas, and groundwater in the construction area in 2005 and 
then submitted work plans to the NYSDEC for excavation and off-site disposal of 
impacted soil.  In their February 10, 2006 comment letter on the Town’s IRM work plan, 
the NYSDEC stated “Based on our experience, the magnitude of the work and the 
level of effort for this proposed IRM is very extensive and well beyond what the 
NYSDEC would normally require.”  The Town implemented the IRM from October 
2006 to May 2007, and site redevelopment was completed in early 2008.  As part of 
the IRM, the Town excavated soil from the central, northern, and northeastern portions 
of the Bethpage Community Park to depths ranging from 2 to 20 feet below ground 
surface (ft. bgs).  In those areas, excavated soil was replaced with clean fill and 
selected areas were covered with impermeable materials, such as asphalt.

Most of the Bethpage Community Park features were removed during the Town’s IRM.
Presently, the redeveloped Bethpage Community Park contains two swimming pools, 
offices, and an ice rink on the eastern side, a parking lot in the center, tennis courts, a 
basketball court, and a playground on the north side, a baseball field and stormwater
recharge basin on the west side, and a playground to the south.  Some parts of the 
Bethpage Community Park are fenced and gated, allowing no public access (e.g., 
recharge basin and baseball diamond).  The publicly accessible parts of the Bethpage 
Community Park include the swimming pools, offices, ice rink, parking lot, tennis 
courts, basketball courts, and the small playground on the south side. 

In 2007, Northrop Grumman initiated two IRMs in the Site Area to address soil gas and 
groundwater.  A soil gas remediation system (referred to herein as the soil gas IRM) 
was started up in February 2008 and a groundwater remediation system (referred to 
herein as the groundwater IRM) was started up in July 2009.  These IRMs are further 
described in Section 4.5 of this report.
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4. Summary of Remedial Investigation and Interim Remedial Measures

4.1 Previous Investigations 

Investigations conducted within the Site Area prior to the RI include a number of 
investigations conducted by Northrop Grumman prior to 2004, and preceding
investigations completed by the US Navy and the Town.  Data from these early 
investigations were used for scoping the RI and were also incorporated, as applicable, 
into the conceptual site model and the RI Report (ARCADIS 2008). 

This section summarizes the geology and hydrogeology of the Site Area, the nature 
and extent of Site Area impacts, and the Conceptual Site Model.  More detailed 
discussions of these topics are provided in the Site Area RI Report (ARCADIS 2008).

4.1.1 Site Area Geology

The lithologic sequence within the Site Area, starting at land surface, generally consists 
of anthropogenic fill material underlain by native soils, which consist primarily of 
interbedded fine to medium sands.  The Site Area soils within the unsaturated zone 
contain two discrete low permeability zones (i.e., a shallow zone and a deep zone).
These zones generally consist of interbedded silts, silty clay, and clay with interbedded 
sand lenses.  The deeper of the low permeability zones (hereinafter referred to as the 
LPZ) is generally present between 68 and 88 feet above mean sea level (ft msl) and is 
more widespread and continuous than the shallow zone.  The clayey portion of the 
LPZ thickens and becomes deeper and more prevalent toward the northwest portion of 
the Site Area.  In contrast, the silty portion of the LPZ thins out and becomes shallower 
toward the southern portion of the Site Area.  The LPZ is most prevalent in the central 
portion of the Site Area and underlying the recharge basin in the northwestern portion
of the Site Area.

4.1.2 Site Area Hydrogeology

Shallow groundwater exists under unconfined conditions in the Site Area. Groundwater
elevation data indicate a general south-southeasterly flow direction (consistent with the 
regional flow direction) and a slightly downward vertical gradient.  Water table 
elevations and groundwater flow direction do not appear to be influenced by nearby 
recharge basins or off-site pumping wells.  The elevation of groundwater within the Site 
Area varies seasonally from 65 to 70 ft msl. The hydraulic gradient across the Site 
Area was calculated at 0.0016 feet per foot (ft/ft), and the average horizontal 
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groundwater velocity at the water table was calculated at 1.4 to 2.8 feet per day 
(ft/day). A localized zone of perched water was encountered between 77 and 82 ft msl, 
overlying the LPZ in the western portion of the Site Area.

No potable supply wells have been identified within the Site Area.  The Bethpage 
Community Park and all residents in the vicinity of the Site Area reportedly receive
potable water from Bethpage Water District municipal wells.

Potential impacts to downgradient potable water supply wells by Site Area 
contamination are assessed in the Study Area RI Report (ARCADIS 2009 (b)) and 
identified impacts will be addressed, if needed, in the Study Area FS (currently being 
written).

4.2 Nature and Extent of Site Area Impacts

Table 4-1 summarizes the nature and extent of the Site Area impacted media 
including:

• Vadose zone soils (i.e., soils above the water table). 

• Soil gas.

• Groundwater.

• Source areas, for the purposes of this FS, are defined as areas of contaminated 
media that display a concentration of total VOCs greater than 10 parts per million 
(ppm).  Source areas have been identified in vadose zone soils, in the
LPZ/perched water, and in groundwater (groundwater includes soils below the 
water table) within the Park (see Figure 4-1).

The COPCs identified during the RI in soil, soil gas, perched water, the LPZ and 
groundwater include:

• VOCs primarily trichloroethene (TCE), cis-1, 2-dichloroethene (cis-1,2-DCE), vinyl 
chloride (VC), toluene, ethyl benzene, and xylenes.

• PCBs.

• Metals, primarily cadmium and chromium. 
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4.3 Conceptual Site Model (CSM)

The CSM developed for the Site Area is shown in Figure 4-2 and is summarized below:

• COPCs have been released within the Site Area (see Figures 3-1, 4-1, and 4-3
through 4-15; primarily VOCs and PCBs, and to a limited extent, metals) over time 
to soil, soil gas, perched water/LPZ and groundwater. 

• Metals identified in soils at the Park and Access Road (referred to as blue-green
material; see Figure 4-6) are relatively immobile and have not migrated (vertically 
or horizontally) to any significant degree. 

• PCBs are present in soils throughout the Park and in shallow soils on the Access 
Road.

• VOCs in Park and Access Road soils, perched water, and groundwater migrate via 
diffusion to soil gas in the Site Area.

• VOCs in soil gas migrate via diffusion.

• VOCs in Park and Access Road soils migrate via leaching to the LPZ/perched 
water and groundwater. Migration of VOCs from the LPZ/perched water to 
groundwater also occurs via leaching and by diffusion during periods of hydraulic 
contact between the LPZ/perched water and groundwater.  In groundwater, VOCs 
migrate downgradient primarily via advection and, to a lesser extent, by diffusion.

• The potential pathways for, and the rate of, migration of COPCs are directly related 
to the hydrogeologic conditions underlying the Site Area.  The presence and lateral 
extent of the LPZ, the anisotropy of the saturated zone, as well as differing vertical 
and horizontal permeabilities in the vadose zone soils have limited the rate of 
vertical migration of VOCs from soils to other media in the Site Area.  Off-site, in 
the saturated zone, localized, discontinuous zones of lower permeability have 
comparatively little influence on the downgradient migration of VOCs in 
groundwater.

• Exposure pathways via dermal contact, ingestion, and inhalation potentially exist 
from Site Area soils.  The Site Area IRMs for soil gas and groundwater (see
Section 4.5 of this FS) and existing wellhead protection of downgradient water 
suppliers prevent other potential exposures.
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4.4 Volumes of Impacted Media 

The estimated volumes of impacted media are summarized in Table 4-1.

4.5 Interim Remedial Measures (IRMs)

Between 2007 and 2009, Northrop Grumman implemented two IRMs to mitigate 
potential impacts from Site Area COPCs.

4.5.1 Soil Gas Interim Remedial Measure (Soil Gas IRM)

The soil gas IRM, which was started up in February 2008, was designed to protect off-
site properties to the south and southwest of the Park from migration of site-related
VOCs in soil gas (see Figure 4-16).  A negative pressure gradient is generated and 
maintained by extraction of soil gas from 18 strategically-located depressurization wells
along the southern and southwestern borders of the Access Road property using 
regenerative blowers.  The depressurization wells are connected to the blowers by an 
underground pipe network.  Operational data for the soil gas IRM indicate that the 
system achieves its design goal and meets RAOs by establishing and maintaining a 
negative pressure gradient that prevents the off-site migration of site-related VOCs in 
soil gas.  Additional details regarding the soil gas IRM are provided in the Soil Gas 95 
Percent Design Report (ARCADIS 2007).

4.5.2 Groundwater Interim Remedial Measure (Groundwater IRM)

The groundwater IRM, which was started up in July 2009, is designed to prevent off-
site migration of site-related COPCs in groundwater that exceed 5 micrograms per liter
(µg/L) total VOCs in the upper 20 feet of the aquifer, and 50 µg/L below the upper 20 
feet of the aquifer (see Figure 4-17).  This is accomplished by extracting groundwater 
from four strategically installed wells along the southern boundary of the Access Road
property.  The extracted groundwater is conveyed to a treatment plant located on 
McKay Field via an underground pipe network where the VOCs are removed from the 
groundwater via an air stripper and iron and other oxidized metals are removed from 
the treated water stream prior to discharge to the neighboring Nassau County recharge 
basins.  The air stripper off-gas is treated by vapor phase granular activated carbon 
(VPGAC) and potassium permanganate impregnated zeolite (PPZ) to remove the 
VOCs prior to discharge to the atmosphere.  Additional details regarding the 
groundwater IRM are provided in the Groundwater IRM Final Design Report 
(ARCADIS 2008).
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Groundwater modeling was conducted as part of this FS to evaluate the impact of 
expanding the groundwater IRM to capture dissolved-phase TVOCs between 5 and 50 
ug/L that are not currently being captured by the Groundwater IRM.  The particle 
tracking and solute-transport models that were originally developed during the 
Groundwater IRM design were used in this evaluation.  The modeling results indicate 
that expanding the current Groundwater IRM to achieve the additional capture would 
require a substantially greater volume of groundwater to be extracted and treated but 
would result in only a marginal improvement in TVOC mass removal (see Appendix A).

5. Remedial Goals and Remedial Action Objectives

This section summarizes the remedial goals and the remedial action objectives (RAOs) 
for the Site Area.

5.1 Standards, Criteria, and Guidance (SCGs)

Understanding potentially applicable or relevant and appropriate federal, state, and 
local SCGs helps to identify remedial objectives for the project, potentially 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 5-1.

“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 
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.

5.2 Remedial Goals

Section 27-1301 of the 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 NYSDEC Part 375-2.8(a), (b), and (c), remedial goals for all remedial 
actions should include:
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• 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. (NYSDEC Part 375-1.2)

5.3 Remedial Action Objectives (RAOs)

RAOs developed for the Site Area are medium-specific, risk-based objectives for 
eliminating or mitigating all significant threats to public health and the environment by 
the COPCs present in the Site Area.

The RAO identified for Site Area soils is:

• Prevent exposure (ingestion, inhalation, dermal contact) to site-related COPCs in 
soils that exceed SCOs or implement other approved approaches to eliminate or 
mitigate all significant threats to public heath and the environment.

The RAOs identified for Site Area groundwater are as follows:

• Prevent ingestion of groundwater within the Site Area exceeding applicable 
drinking water standards. 

• Prevent exposure (direct contact, inhalation) to site-related COPCs in 
groundwater within the Site Area.

• Prevent off-site migration of site-related COPCs in groundwater that exceed 5 
µg/L total VOCs in the upper 20 feet of the aquifer, and 50 µg/L below the upper 20 
feet of the aquifer.

The RAOs identified for Site Area soil gas are as follows:

• Prevent off-site migration of site-related VOCs in soil gas exceeding ambient 
background concentrations and, in turn, prevent off-site exposure (inhalation) to 
site-related VOCs in soil gas exceeding NYSDOH air guidelines.
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• Prevent on-site exposure (inhalation) to site-related VOCs in soil gas exceeding 
NYSDOH air guidelines.

The RAOs identified for Site Area source areas are as follows:

• Reduce total VOC concentrations to 1 mg/kg or less (or stabilize the 
contaminant mass) in vadose zone VOC source areas (i.e., total VOCs greater 
than 10 mg/kg) to minimize potential migration of VOCs to groundwater and soil 
gas.

• Reduce total VOC concentrations to 1 mg/L or less in groundwater and perched 
water VOC source areas (i.e., total VOCs greater than 10 mg/L) to minimize 
potential migration of VOCs to surrounding groundwater.

6. Identification and Screening of Remedial Technologies 

The purpose of this section is to identify and screen a range of remedial technologies 
to address impacted soil, soil gas, groundwater, and source areas.  Select 
technologies are further evaluated during the detailed analysis of the remedial 
alternatives presented in Section 7 of this report. 

The list of remedial technologies was developed in cooperation with the NYSDEC and 
is focused on those technologies that are best suited to address the COPCs and 
impacted media.  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.

• Relative cost – Relative cost to implement the technology, including capital cost 
and cost for operation, maintenance, and monitoring (OM&M).

The results of the remedial technology screening conducted for Site Area soils, source 
areas, and groundwater are presented in Tables 6-1 through 6-3, respectively.
Screening of soil gas remediation technologies was not necessary because the 
existing soil gas IRM already achieves the soil gas RAOs and a detailed evaluation of
the soil gas IRM is presented in Section 7.
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7. Development and Analysis of Remedial Alternatives

Using the remedial technologies retained from the screening process described in 
Section 6 of this FS, remedial alternatives were developed and evaluated against the 
following 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 liquid 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 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 measures required to restore groundwater quality to 
applicable standards and guidance.

The remedial alternatives were then evaluated against the seven remedial selection
criteria identified in 6NYCRR Part 375 – 1.8 (f).  Definitions of those remedy selection 
criteria are provided in Table 7-1.

Table 7-2 provides a summary of the remedial alternatives evaluated. Detailed 
analyses of the remedial alternatives are presented in Table 7-3 (Park Soils), Table 7-4
(Access Road Soils), Table 7-5 (Source Areas), Table 7-6 (Groundwater), and Table 7-
7 (Soil Gas).  The Northrop Grumman-recommended remedial alternatives are also 
identified in Tables 7-3 through 7-7, along with the rationale for their selection.

8. Northrop Grumman Recommended Remedy

This section summarizes Northrop Grumman’s Recommended Remedy and 
summarizes the Human Health Risk Assessment (HHRA) that was performed as part 
of this FS.

8.1 Summary of Northrop Grumman’s Recommended Remedy

Based on the analyses conducted in this FS, Northrop Grumman’s Site Area 
recommended remedy is summarized below. 
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Park Soils Alternative S-P2

• Excavation of soils in the upper 2 feet that have Site-related COPCs greater than 
Restricted Residential SCOs and replace with clean fill.

• A demarcation layer will be placed between clean fill and remaining soils, where 
applicable.

• An environmental easement to limit current and future site uses and activities.

Access Road Soils Alternative S-AR2

• Installation of a gravel cap over surface soils that exceed Restricted Residential 
SCOs.

• Fencing and signs to control access.

• An environmental easement to limit future site uses and activities.

Groundwater Alternative GW-2

• Operation, maintenance, and monitoring of the existing Groundwater IRM to 
prevent offsite migration of site-related VOCs in groundwater that exceed 5 ug/L 
TVOCs in the upper 20 feet of the aquifer and 50 ug/L below the upper 20 feet.

• An environmental easement to prevent use of groundwater from within the Site 
Area.

• After IRM system shutdown criteria are achieved (shutdown criteria will be 
provided in the OM&M Manual), transition from active system operation to natural 
attenuation with monitoring to address residual COPCs.

Source Areas Alternative SA-3

• Treat Source Areas (i.e., total VOCs greater than 10 mg/kg and 10 mg/L) in soil 
and groundwater, respectively, using in-situ thermal desorption (ISTD) to reduce 
soil and groundwater TVOC concentrations to 1 mg/kg and 1 mg/l or less, 
respectively, (groundwater includes soils below the water table).



g:\aproject\northrop grumman\superfund\2011\ou3\ny001496.0811 ri fs\revised site area fs\march 3 2010\final_ site area fs revision 030411.doc 15

Site Area Feasibility 
Study

Operable Unit 3 (Former 
Grumman Settling Ponds) 
Bethpage, New York.

NYSDEC Site # 1-30-003A

Soil Gas Alternative SG-2

• Operation, maintenance, and monitoring of the existing Soil Gas IRM to prevent 
the offsite migration of onsite soil gas until IRM shutdown criteria are achieved 
(shutdown criteria will be provided in the OM&M Manual).

• An environmental easement to require engineering controls on all future onsite 
structures to address potential vapor intrusion.

A more detailed summary of the recommended remedy is presented in Table 8-1,
along with estimated costs for the recommended alternatives.

As presented in Tables 7-3 through 7-7, the Northrop Grumman Site Area 
Recommended Remedy meets the following criteria:

• Protects human health and the environment under current and future land uses.

• Prevents exposure to constituents in Site Area soil, soil gas, and groundwater 
under current and future land uses.

• 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.

• Cost effective.

Where applicable, environmental easements have been incorporated into the 
recommended alternatives to help ensure that the Northrop Grumman Recommended 
Remedy is protective of human health for reasonably anticipated future land uses for 
the Park and Access Road.  Per Northrop Grumman’s agreement with the Town, the 
Bethpage Community Park must continue to be used as a public park by the Town, 
otherwise ownership of the Park will revert back to Northrop Grumman.  Northrop 
Grumman currently owns the Former Plant 24 Access Road and expects that it will 
continue to be used as an access road.
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In addition to the above regulatory-driven selection criteria, Northrop Grumman has 
considered alternatives that conserve limited energy and other resources, for example, 
discontinuing operation of active remediation systems once they achieve shutdown 
criteria and transitioning to natural attenuation with monitoring.

8.2 Summary of Human Health Risk Assessment (HHRA)

An HHRA (ARCADIS 2009) was prepared in general accordance with applicable 
NYSDEC (NYSDEC 2008) and U.S. Environmental Protection Agency (USEPA) 
guidance (USEPA 1989, 1992, 1997, 2001, 2002, and 2004) to evaluate human health 
risks posed by COPCs in Site Area soils and to confirm that the recommended remedy 
is protective of human health.  The HHRA differed slightly from a standard baseline risk 
assessment in that certain exposure assumptions were made (e.g., limited surface soil 
removal or cover placement in portions of the Park and cover placement on portions of 
the Access Road).

The HHRA was developed to provide a site-specific assessment of risk associated with 
exposure to soils in the Park and Access Road properties because NYSDEC’s Soil 
Cleanup Objectives (NYSDEC 2006) were developed using standard exposure 
assumptions that differ from site-specific exposures and conditions in these areas. 
Several VOCs, semi-volatile organic compounds (SVOCs [primarily PAHs]), PCBs, and 
metals were identified as COPCs that were quantitatively evaluated for Park soils.
PCBs, arsenic, cadmium, and chromium were identified as COPCs that were 
quantitatively evaluated for the Access Road soils.  Potentially complete exposure 
pathways that were quantitatively evaluated as part of the HHRA included exposure of 
utility workers and construction workers to soils at the Park and exposure of utility 
workers to soils within the Access Road.  Potential soil exposure routes included 
ingestion, dermal contact, and inhalation of volatiles and particulates.

The HHRA indicates that both carcinogenic and non-carcinogenic risks associated with 
Site Area soils are within USEPA’s acceptable risk range.  Specifically, cancer risks for 
utility workers and construction workers are on the low end of USEPA’s risk 
management range of 1 x 10-4 to 1 x 10-7, and the non-cancer risks for utility workers 
and construction workers are less than a Hazard Index of 1.   In summary, the results
of the HHRA confirmed that the Northrop Grumman recommended remedy (see 
Section 8 above) is protective of human health.
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Table 4-1. Nature, Extent, and Volumes of Site Area Impacts, Site Area Feasibility Study,
Northrop Grumman Systems Corporation, Operable Unit 3 (Former Grumman Settling Ponds), Bethpage, New York.

Media/Sub Area Nature and Extent of COPCs (2) Impacted (3)

Volumes (yds)
VOCs Metals PCBs

Soil
Park •   VOCs exceeding Restricted Residential Soil Cleanup 

Objectives (SCOs), including VC, cis-1,2-DCE, TCE, toluene, 
Xylenes and ethyl benzene, were found in localized areas  within 
the Park (Figures 4-3 and 4-4)

~230,000

•   Primary metals exceeding Restricted Residential SCOs are 
chromium and, to a lesser degree, cadmium.  Exceedances 
range up to two orders of magnitude above SCOs (Figure 4-5).
•    Discrete pockets of metal-containing Blue-Green Material 
were detected in Park Soils (Figure 4-6).
•    PCBs exceed Restricted Residential SCO by up to three 
orders of magnitude in the southwest portion of the Park (Figure 
4-7).

Access Road •   VOCs exceeding Restricted Residential SCOs, including 
toluene and Xylenes, were found in localized areas within the 
western portion of the Access Road (Figure 4-3).

~17,000

•   Metals and PCBs exceeding Restricted Residential SCOs are 
widespread on the access road, with generally higher 
concentrations and most exceedances found on the easternmost 
portion (Figures 4-5, 4-8 and 4-9). 

Soil Gas
•   VOCs in soil gas underlie the Park area, with concentrations 
decreasing substantially in all directions away from the Park 
(Figures 4-10 and 4-11).

~2,000,000

•   The primary sources of VOCs in soil gas in the Park appear to 
be VOCs in soil and, to a lesser extent, VOCs in perched water 
and shallow groundwater. TCE was the most representative of 
the VOCs found in soil gas and the highest concentrations were 
generally found  in the southwest portion of the Park, the parking 
lot, and the pool area.
•   Freons-12 and -22, found in soil gas near the former ice rink, 
have been attributed to Town of Oyster Bay operations in the 
Park (Figures 4-12 and 4-13)

X

COPCs

X X X

X X

X
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Table 4-1. Nature, Extent, and Volumes of Site Area Impacts, Site Area Feasibility Study,
Northrop Grumman Systems Corporation, Operable Unit 3 (Former Grumman Settling Ponds), Bethpage, New York.

Media/Sub Area COPCs Nature and Extent of COPCs (2) Impacted (3)

Volumes (yds)
VOCs Metals PCBs

Groundwater

•   VOCs exceeding SCGs (i.e., Technical and Operational 
Guidance Series [TOGs] [1.1.1]) in groundwater, including
toluene, TCE, cis-1,2-DCE, and VC, were found primarily in the 
Park (Figure 4-14). 

~73,000,000 (4)

•   A groundwater plume approximately 1,200 feet wide and 150 
feet deep was delineated within the Site Area. Groundwater data 
indicate that the VOC plume extends downgradient of the Site 
Area and that it is migrating vertically downward (Figure 4-14).

•    Freon-22, found in groundwater near the former ice rink, has 
been attributed to Town of Oyster Bay operations in the Park 
(Figure 4-15). 

Source Areas
Park Vadose Zone Soils •   Park soils contain total VOCs at concentrations greater than 

10 mg/kg in some areas (Figure 4-1).
~25,000

•   The areas with the greatest VOC mass in Park soils are 
shown on Figure 4-1. In the VOC source area located in the 
northeast corner of the ball field, VOC concentrations generally 
increase with depth with the highest concentrations found within 
the LPZ, at depths of 40 ft bls to the water table.
•   Perched water/LPZ contains total VOCs greater than 10 ppm 
in some areas  (Figure 4-1).

~23,000

•   Perched water and LPZ are present in the southwest portion of 
the Park but the LPZ extends beyond the limits of the perched 
water (Figure 4-1). The LPZ is seasonally in contact with the 
water table
•   The highest concentration of total VOCs found in perched 
water was 120 mg/L.   The primary VOCs in perched water 
include TCE, cis-1,2-DCE, VC, Xylenes, toluene, and ethyl 
benzene. The primary VOCs in the LPZ include toluene, Xylenes, 
ethyl benzene, TCE, cis-1,2-DCE, 1,1,1-TCA, and VC.

Groundwater/ Saturated Soils •   Total VOC concentrations greater than 10 mg/L were found in 
groundwater downgradient of the northeast corner of the ball 
field. The VOC detected at the highest concentration in that area 
is cis-1,2-DCE (210 mg/L) (Figure 4-1) .

~4,000

XPerched
Water/ Low 

X

X (1)

X

X
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Table 4-1. Nature, Extent, and Volumes of Site Area Impacts, Site Area Feasibility Study,
Northrop Grumman Systems Corporation, Operable Unit 3 (Former Grumman Settling Ponds), Bethpage, New York.

NOTES:
(1) Chromium was the only metal exceeding SCGs in groundwater in a limited area south of the northeast corner of the ball field.
(2)

(3) Volumes of impacted materials were estimated for the different Media/Sub Area as follows:
- Park Soils: estimated using Figures 4-1, and 4-3 thru 4-7, where possible (e.g. PCBs) impacted volumes were

calculated using unrestricted use SCOs.
- Access Road: estimated using Figures 4-3, 4-5, 4-8 and 4-9, where possible (e.g. PCBs) impacted volumes were

calculated using unrestricted use SCOs.
- Soil Gas: entire site (1,100 ft x 900 ft) down to watertable (55' bls), includes Town of Oyster Bay Area (Figures 4-10

thru 4-13).
- Groundwater: From groundwater model in Appendix A, includes Town of Oyster Bay Area.
- Vadose Zone Source Area: areal extent estimated using Figure 4-1 and an assumed thickness of 45'.
- Low Permeability Zone and Perched Water Source Area: areal extent estimated using Figure 4-1 and an assumed

thickness of 10'.
- Groundwater and Saturated Soils Source Area: areal extent estimated using Figure 4-1 and an assumed 

thickness of 7'.
(4) Volume in gallons.

DEFINITIONS:
COPCs Constituents of Potential Concern
VOCs Volatile Organic Compounds
SVOCs Semi-Volatile Organic Compounds
PCBs Polychlorinated Biphenyls
LPZ Low Permeability Zone
SCGs Standards, Criteria, and Guidance Values
VC Vinyl Chloride
TCE Trichloroethene
cis-1,2-DCE cis-1,2-Dichloroethene
1,1,1-TCA 1,1,1-Trichloroethane
ft bls feet below land surface
mg/L milligrams per Liter

For Standards, Criteria, and Guidance Values (SCGs) that were used to evaluate the data, please refer to the OU3 Site Area RI Report. 
(ARCADIS 2008).
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MEMO

To:

Carlo San Giovanni
Mike Wolfert
Bill Wittek

Copies:

File

From:

Doug Smolensky and Robert Porsche

Date: ARCADIS Project No.:

August 14, 2009
Revised October 19, 2010

Subject:

Results of Groundwater Modeling Simulations 
and Environmental Visualization System 
Estimates conducted in support of the OU-3
Site Area Feasibility Study, Northrop Grumman 
Systems Corporation, Bethpage, New York.

NY001493.1109.00001

Summary

Results of modeling performed indicates that to capture all groundwater with total volatile organic 
compound (TVOC) concentrations greater than 5 micrograms per liter (µg/L) migrating beneath the 
Access Road would require supplementing the existing groundwater interim remedial measure (GW IRM) 
with four additional/deeper wells and pumping nearly double the GW IRM design flow rate. 

Over the 30-year evaluation period, the Enhanced IRM (8 well system) removes approximately 10 percent 
more mass than the GW IRM (4 well system), but requires a system-wide groundwater extraction rate 
increase of approximately 86 percent.

Introduction

This memo summarizes the results of groundwater modeling simulations conducted in support of the OU-
3 Site Area Feasibility Study (FS) for the Northrop Grumman Systems Corporation, Bethpage, New York.
This memo describes the scenarios simulated, the applied modeling methodology, and simulation results.

Groundwater modeling was conducted using the IRM-design model, which was previously configured for 
flow and transport evaluation of the 4-well interim remedial system.  The distribution of contaminant mass 
used for the modeling simulations was consistent with the TVOC mapped data as presented in the OU-3
Site Area Remedial Investigation Report (ARCADIS, 2008).

ARCADIS

Two Huntington Quadrangle

Suite 1S10

Melville

New York 11747

Tel 631.249.7600

Fax 631.249.7610
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Purpose

The groundwater modeling simulations described in this memo were conducted to support:

• The development of system design/costs for the implementation of the remedial alternatives being 
considered.

• The evaluation of model-predicted clean-up times.

Method

The two remedial scenarios under consideration and evaluated here are:

1. GW IRM

a. Containment of TVOCs> 5 ug/L in the upper 20 ft of aquifer and containment of 
TVOCs>50 µg/L below the upper 20 ft of aquifer.

2. Enhanced IRM (GW IRM + 4 additional deep extraction wells)

a. Containment of TVOCs> 5 µg/L.

Each scenario was evaluated over an assumed 30-year operational period.

Table 1 provides additional detail with respect to the elevations of remedial well screens and the pumping 
rates assigned to the remedial wells.  For Scenario No. 1, only Remedial Wells RW-1 through RW-4 were
active, at the rates shown on Table 1.  For Scenario No. 2, all eight remedial wells were active at the rates 
shown on Table 1.

Results

Model-predicted mass loading rates (i.e., time-concentration plots for each of the remedial wells) were 
developed by summing the time-based model-predicted concentrations of TVOCs over the 30-year
evaluation period for each remedial scenario.

Table 2 summarizes the model-predicted mass removed for each remedial scenario (by well and as a 
system total). Table 3 summarizes the model-predicted TVOC concentration in extracted groundwater at 
each remedial well after 30 years.

Figures 1 and 2 are plots of TVOC concentrations vs. time for each of the remedial wells active in the two
remedial scenarios.  At the top of these plots are lines indicating the status of the remedial well network 
(whether 4 or 8 wells are active).

The summary tables and time-concentration plots indicate that the Enhanced IRM results in a negligible 
increase in mass removed over the 30-year evaluation period when compared to the model predicted 
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mass removed for the GW IRM.  The GW IRM was predicted to extract 7,770 pounds of TVOCs from 
groundwater, while the Enhanced IRM was predicted to extract 8,606 pounds of TVOCs, an increase of 
only 10%. Likewise, at the conclusion of the 30-year simulation, the model-predicted TVOC 
concentrations in each of the Enhanced IRM wells (RW-5 through RW-8) were less than 1 ppb. 

In addition to the modeling scenarios described above, EVS (Environmental Visualization System) was 
used to estimate the mass and volume of impacted groundwater beneath the Site Area and average 
TVOC concentrations within specific areas of the plume (Table 4).

Reference

ARCADIS, 2008.  Figure 4.  Suspected Groundwater Source Areas, Northrop Grumman Systems 
Corporation, Former Grumman Settling Ponds, Bethpage, New York, Operable Unit 3.
September 11, 2008.



Table 1. Remedial Well Screen Zones and Pumping Rates, OU-3 Site Area Feasibility Study, 
Northrop Grumman Systems Corporation (Former Grumman Settling Ponds), Bethpage, New York.

Well ID Well Screen Elevation Pumping Rate
Top (ft msl) Bottom (ft msl) (gpm)

RW-1 20 -2 30

RW-2 41 22 75

RW-3 41 22 75

RW-4 18 -5 30

RW-5 -120 -140 75

RW-6 -200 -220 38

RW-7 -10 -25 30

RW-8 -200 -220 38

ft msl feet relative to mean sea level.
gpm gallons per minute.
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Table 7-1.  Evaluation Criteria for Remedial Alternatives,
Site 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

This criterion is an evaluation of the remedy’s ability to protect public health 
and the environment, assessing how risks posed through each existing or 
potential pathway of exposure are eliminated, reduced, or controlled through 
removal, treatment, engineering controls, or institutional controls.  The 
remedy’s ability to achieve each of the RAOs is evaluated here.

Standards, Criteria, & 
Guidance (SCGs)

Under this criterion, the issue of whether an alternative meets environmental 
laws, regulations, standards and guidance is assessed.  If one or more SCGs 
are not met upon the implementation of a remedial alternative, an assessment 
of whether a waiver is required must be provided.

Long Term Effectiveness & 
Permanence

The long-term effectiveness and permanence of a remedial alternative after 
implementation is evaluated.  If wastes or residuals will remain at the site after 
implementation, then the following items 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

Under this criterion, the ability of an alternative to permanently and significantly
reduce toxicity, mobility or volume of the wastes is evaluated.  Preference is 
given to remedial alternatives where this can be achieved.

Short-Term Impacts and 
Effectiveness

Under this criterion, the potential short-term impacts of a remedial action upon 
the community, the site workers, and the environment are evaluated.  The 
period of time required to achieve remedial objectives is also estimated and 
compared against the other alternatives.

Implementability Under this criterion, the technical and administrative feasibility of implementing 
a remedial alternative are evaluated.  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 potential difficulties in obtaining special permits, rights-of-way,
etc.

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

DEFINITIONS:

RAOs          Remedial Action Objectives
O&M         Operation & Maintenance
SCGs          Standard, Criteria and Guidelines

Evaluation Criteria Criteria Definition

G:\APROJECT\Northrop Grumman\Superfund\2011\OU3\NY001496.0811 RI FS\Revised Site Area FS\March 3 2010\Tables\Site Area FS Table 7-1 Criteria 030311.xls



Page 1 of 2

Table 7-2. Summary of Remedial Alternatives,
Site Area Feasibility Study,  Northrop Grumman Systems Corporation,
Operable Unit 3 (Former Grumman Settling Ponds), Bethpage, New York.

Park Soils
S-P1 No Action.  No institutional or engineering controls implemented.
S-P2 Excavate upper 2 ft of soils to Restricted Residential SCOs. Implement environmental 

easement.
S-P3 Option 1:  Excavate upper 2 ft of soils to Restricted Residential SCOs. Excavate/solidify

98% of Blue-Green Material in upper 10 ft of soils. Excavate soils between 2 ft and 6 ft 
bls (10 ft around utilities) with PCBs > 50 mg/kg. Implement Environmental Easements. 
OR Option 2:  Add 2 ft of clean-soil cover across the Park Area. Excavate/solidify 98% of 
Blue-Green Material in upper 10 ft of soils. Use In-situ Thermal Desorption (ISTD) to 
remediate soils between 2 ft and 6 ft bls (and relocate utilities) with PCB > 50 mg/kg. 
Implement Environmental Easements.

S-P4 Excavate upper 2 ft of soils to Restricted Residential SCOs. Excavate soils beneath 2 ft 
with PCBs > 10 mg/kg. Implement Environmental easement.

S-P5 Excavate soils that exceed Unrestricted Use SCOs. 
Access Road Soils
S-AR1 No Action.  No institutional or engineering controls implemented.
S-AR2 Install gravel cap. Implement environmental easement.
S-AR3 Excavate Soils that Exceed Unrestricted Use SCOs. 
Source Areas
SA-1 No Action.  No institutional or engineering controls implemented.
SA-2 Remediate VOC source areas in the vadose zone soils, low permeability soils/perched

water, and groundwater/saturated soils using soil vapor extraction (SVE), multi-phase 
extraction (MPE), and In-Situ Chemical Oxidation (ISCO), respectively. Treatment of the 
extracted vapors and the air stripper off-gas using vapor phase granular activated carbon 
(GAC) and potassium permanganate. Air stripping to remove VOCs in the extracted 
perched water. Discharge of treated water via recharge basins. Field and bench-scale 
feasibility tests.

SA-3 Remediate VOC source areas using In-situ Thermal Desorption (ITSD);  includes 
catalytic oxidation of the VOCs in the extracted vapors, caustic scrubbing, and GAC 
polishing.

SA-4 Remediate VOC source areas using bentonite clay with zero valent iron (ZVI). 

Alternative DescriptionRemedial Alternative
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Table 7-2. Summary of Remedial Alternatives,
Site Area Feasibility Study,  Northrop Grumman Systems Corporation,
Operable Unit 3 (Former Grumman Settling Ponds), Bethpage, New York.

Alternative DescriptionRemedial Alternative

Groundwater
GW-1 No Action. Shut down the Groundwater IRM.  No institutional or engineering controls 

implemented.
GW-2 Operation of OU-3 GW IRM to prevent the off-site migration of site-related VOCs in 

groundwater that exceeds 5 ug/L total VOCs in the upper 20 feet of the aquifer, and 50 
ug/L of total VOCs below the upper 20 feet of the aquifer. Attenuation to control onsite 
metals migration. Transition to natural attenuation with monitoring to address residual 
COPC impacts once the GW IRM system shutdown criteria are met. Includes 
groundwater extraction, air stripping, vapor phase treatment of the air stripper off-gas 
using granular activated carbon and potassium permanganate impregnated zeolite, 
discharge of treated water to recharge basins, and the implementation of an 
Environmental Easement to restrict use of site groundwater.

GW-3 Expand GW IRM to prevent the off-site migration of site-related VOCs in groundwater 
that exceed 5 ug/L Total VOCs in aquifer below 20 ft followed by natural attenuation with 
monitoring to address residual COPC impacts once the system shutdown criteria are 
met.  Includes installation of a second treatment system and extraction well 
infrastructure, the use of air stripping, vapor phase treatment of the air stripper off-gas 
using granular activated carbon and potassium permanganate impregnated zeolite, 
discharge of treated water to recharge basins and the implementation of an 
Environmental Easement to restrict use of site groundwater.

GW-4 Reduce VOC Concentrations below GA Standards using In-Situ Chemical Oxidation.
Soil Gas
SG-1 No Action.  SG IRM shut off.  No institutional or engineering controls implemented.
SG-2 Operation of SG IRM.  Implement Environmental Easement requiring installation of 

engineering controls that address vapor intrusion issues for all future on-site structures.

DEFINITION:

S-P Vadose Zone Soils - Park Area
S-AR Vadose Zone Soils - Access Road
SA Source Areas
GW Groundwater
SG Soil Gas
ITSD In-situ Thermal Desorption
ISCO In-situ Chemical Oxidation
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