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EXECUTIVE SUMMARY 
 

Naval Weapons Industrial Reserve Plant (NWIRP) Bethpage was a government-owned contractor-

operated facility located in Bethpage, New York.  The facility was constructed in the early 1940s and 

operated by Northrop Grumman Corporation until the late 1990s.  Until the late 1990s, the facility was 

approximately 109.5 acres in size.  In 2002, 4.5 acres of the property were transferred to Nassau County.  

The Navy is in the process of transferring an additional 96 acres of the property, but will retain 

approximately 9 acres of the facility to complete environmental investigation and remediation.  Area of 

Concern (AOC) 22 is on the 9-acre parcel being retained by the Navy.  AOC 22 is also known as Site 4 

under the Navy’s Installation Restoration Program.     
 
Environmental concerns at AOC 22 were first identified during a 1997 investigation by Northrop Grumman 

investigation of underground storage tanks (USTs) near Plant No. 3.  The USTs reportedly contained No. 

6 Fuel Oil and were removed sometime between 1980 and 1984.   

 

A Resource Conservation and Recovery Act (RCRA) Facility Assessment field investigation was 

conducted in 1999 to define the nature and extent of contamination, determine the presence of free 

product, and evaluate whether groundwater had been impacted by site related contamination.  This 

investigation found that the petroleum contamination at the site was predominately at a depth below the 

former USTs (10 to 20 feet) and extended to the water table at approximately 50 feet.  The estimated 

areal extent of contamination was approximately 0.3 acres.   

 

The soil contaminants were polynuclear aromatic hydrocarbons (PAHs), which are associated with heavy 

fuel oils.  Several PAHs exceeded New York State cleanup objectives for unrestricted use of the site 

through direct human exposure and/or protection of groundwater through leaching.   

 

Floating fee product, at a maximum thickness of ¼ inch was observed in two wells underneath the former 

USTs.  Surrounding wells did not contain free product.  Based on field tests, it was concluded that free 

product recovery was not viable at the site.  Factors limiting recovery were the relatively thin layer of 

product present (1/4 inch) and the relatively high viscosity of the material (No. 6 fuel oil).  

 

Site-related groundwater contamination was limited and consisted of benzene (17 micrograms per liter 

[µg/L]), ethyl benzene (18 µg/L), xylenes (7.6 µg/L), and naphthalene (20 µg/L) in two source area wells 

at concentrations greater than New York State drinking water standard maximum contaminant levels 

(MCLs).  Except for benzene (4.1 µg/L) in one down gradient well, there was no evidence of migration of 

these organics beyond the source area.  In addition, chlorinated solvents (e.g., trichloroethene [TCE] at 

95 µg/L) were identified at the site.  These chlorinated solvents are a regional groundwater concern and 
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are being addressed through groundwater use restrictions and groundwater containment through a 

separate groundwater program.     

 

In 2003, a Focused Feasibility Study (FFS) was prepared that evaluated several alternatives including 

capping (cover) with deed restrictions, groundwater monitoring, excavation/off site disposal, and in-situ 

treatment options of bioremediation, chemical oxidation, and thermally enhanced soil vapor extraction.  

The recommended alternative was a cap with deed restrictions on subsurface excavation and 

groundwater monitoring to evaluate potential site impacts on groundwater.  Residual petroleum at the site 

would be slowly addressed through natural processes.   

 

Capping and deed restrictions would be used to prevent direct human exposure to deep soil 

contamination and restrict future use of site groundwater.  Groundwater monitoring would evaluate the 

natural breakdown of the petroleum and potential effects on groundwater.  Excavation and off site 

disposal would remove the petroleum contaminated soils from the site, but because of the depth of 

contamination, would be very costly.  The in-situ treatment options were determined to be less costly, but 

the effectiveness in addressing site contaminants was uncertain.   

 

The Navy decided to proceed with a pilot-scale in-situ bioremediation study at the site.  The pilot-scale 

bioremediation study was conducted by a vendor using an innovative technology that combined in-situ 

and ex-situ bioremediation, Fentons reagent, and soil washing.  This technology is referred to as a 

Closed-Loop Bioreactor (CLB) System.  The system features no discharge of soil vapors and adds pure 

oxygen for biodegradation.  The system operated from the fall of 2004 to the spring of 2006.    

 

This monitoring report presents the available data collected before, during, and after the CLB System 

operation.  The majority of the soil data for evaluation of the pilot-scale study was collected by the CLB 

System vendor and is included as available.  During each sample round, twenty soil samples were 

collected and analyzed for total petroleum hydrocarbons (TPH).  These samples were collected from four 

borings at five depths from 20 to 60 feet below ground surface (bgs).  During these rounds, Tetra Tech 

NUS, Inc (TtNUS) conducted split soil sampling with the CLB System vendor (20 percent of total samples) 

and analyzed the samples for TPH and PAHs.       

 

TtNUS conducted a complete post-operation soil sampling event in December 2006 and also conducted 

four rounds of groundwater sampling before, during, and after system operation to evaluate potential 

effects of the system operation on the groundwater.    The soil samples were analyzed for TPH and select 

samples were analyzed for PAHs.  The groundwater samples were analyzed for volatile organic 

compounds (VOCs), semi volatile organic compounds (SVOCs), and metals.    
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The goal of the CLB System was to biodegrade petroleum hydrocarbons; and therefore degrade the 

PAHs, which are a constituent of the TPH.  The mean TPH concentration before the CLB study was 

implemented (August 2004) was 8,820 milligrams per kilogram (mg/kg).  The mean TPH concentration 

after the system was complete (December 2006) was 7,350 mg/kg, which corresponds to a 16.6 percent 

overall reduction.  The CLB System had been expected to remove 90 percent of the TPH in 

approximately one year of operation.  

 

Conclusions and recommendation developed during from this testing are as follows.   

 

• Operation of the CLB System pilot-scale study resulted in an overall 16.6 percent reduction in 

petroleum at the site during approximately 1.5 years of operation.  Ninety percent reduction in one 

year of operation had been expected.  As a result, full scale implementation of this technology at this 

site is not recommended.    

 

• The concentration of TPH remaining in soil at the site ranges from 14 mg/kg in relatively shallow soils 

(20 feet bgs) to 36,000 mg/kg at a depth near and below the water table (50 feet).  The vertical extent 

of residual TPH contamination is mostly contained in the 50 and 60-foot depth intervals. 

 

The horizontal extent of TPH contamination includes soil borings SB-101 to SB-104, which are located 

immediately adjacent to the former UST area, and potentially SB-105 and SB-106, which are located 25 

to 30 feet from the former UST area.   Soil borings SB-107 and SB-108 are located at a similar distance, 

but had minimal or no detections.  The current estimated area of soil contamination is consistent with the 

findings from the 1999 soil investigation.   

 

• Free product is present in soil at depth intervals of 50 to 60 feet in soil borings SB-101, SB-102, and 

SB-103 and in monitoring wells MW-01 and MW-02.  This free product in not fluid and has the 

consistency of tar.  

 

• Soil concentrations exceed the New York State Department of Environmental Conservation 

(NYSDEC) Technical Administrative Guidance Memorandum (TAGM) #4046 criteria.  TAGM 4046 

provides separate criteria for direct contact human health risks and protection of groundwater.   

Residual soil contamination at the site, consisting of PAHs, is primarily at a depth of 50 to 70 feet 

below ground surface.  Most of the PAH exceedences identified are associated with a direct contract 

human health risk scenario.  Only chrysene, in 3 of 12 samples, was detected at a concentration 

exceeding the TAGM 4046 criteria for protection of groundwater.  The maximum detected chrysene 

concentration was 1,200 micrograms per kilogram (µg/kg) versus a TAGM 4046 criteria of 400 µg/kg.   
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On the average, the chrysene concentration was less than the TAGM 4046 criteria, indicating that 

wide-spread significant impact to groundwater from the residual PAHs would not be anticipated.    

 

• Groundwater concentrations exceed NYSDEC groundwater standards for TCE and several metals 

including iron, manganese, and cadmium in the up gradient and/or down gradient monitoring wells.   

With the exception of monitoring well MW-06, there was not a significant change in groundwater 

quality at the site during the CLB pilot-scale study.  Iron and manganese concentrations in monitoring 

well MW-06 increased steadily during the test and an overall increased of a factor of 220 and 130, 

respectively.   
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1.0 INTRODUCTION 
 

This soil and groundwater monitoring report has been prepared for the Navy under Contract Task Order 

(CTO) 002 by the Naval Facilities Engineering Command Mid-Atlantic under the Comprehensive Long-

Term Environmental Action Navy (CLEAN) contract number N62472-03-D-0057.  The monitoring report 

addresses Area of Concern (AOC) 22, Former Underground Storage Tanks (USTs), also known as Site 4, 

at the Naval Weapons Industrial Reserve Plant (NWIRP) Bethpage located in Bethpage, Long Island, 

New York.  The monitoring activities were conducted in accordance with the Tetra Tech NUS, Inc. 

(TtNUS) letter work plan. 

 

1.1 SCOPE AND OBJECTIVES 
 

The work is being conducted to evaluate the effectiveness of a Closed-Loop Bioreactor (CLB) pilot-scale 

bioremediation study at the site and to document the post-treatment conditions of soil and groundwater at 

the site.  The primary site contaminant is No. 6 Fuel Oil.  Based on previous testing at the site, limited 

quantities of diesel fuel may also be present.  Groundwater in the area is also contaminated with low 

concentrations (less than 100 [micrograms per liter] µg/L) of chlorinated solvents that are a regional issue. 

 

A CLB System was constructed and operated at the site by the CLB System vendor from the fall of 2004 

to the spring of 2006, at which time the system was shut-down (Arusi/Locus, 2004).  The CLB system 

consisted of injecting iron, peroxide, soil vapor, oxygen, surfactant, and biomass into the soil and 

extracting soil vapor.  An ex-situ bioreactor was used to treat the extracted vapors, prior to re-injection 

(Appendix A). 

 

The goals of the investigation were to: 

 

• Determine the amount of petroleum hydrocarbons remaining in the soil. 

 

• Determine the presence of free product, and if present, the areal extent and thickness of the free 

product. 

 

• Determine whether the treatment has caused soil contaminants to dissolve and migrate to the 

groundwater. 

 

• Determine the effectiveness of the CLB system in remediation of the soil. 
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• Determine if soil and groundwater concentrations exceed New York State Department of 

Conservation (NYSDEC) Technical and Administrative Guidance Memorandum (TAGM) #4046 

criteria and Groundwater Standards for protection of human health (NYSDEC, 1994). 

 

1.2 PLAN ORGANIZATION 
 

This report presents a review of historical and current information and analytical data pertinent to AOC 22 

and presents a technical evaluation of that data.  Section 1.0 provides the introduction and the scope and 

objectives of the report.  Section 2.0 provides a summary of the facility background and environmental 

investigations. Section 3.0 presents a discussion of the field activities conducted at AOC 22.  Section 4.0 

discusses the historical data, presents the results of recent field activities, evaluates the nature and extent 

of contamination, and assesses whether contamination in the soil or groundwater exceed NYSDEC 

screening levels.  Section 5.0 discusses the conclusions and recommendations. 
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2.0 SITE BACKGROUND AND HISTORY 
 
2.1 FACILITY/ SITE DESCRIPTION AND HISTORY 
 
The NWIRP Bethpage is located on Long Island, New York (Figure 2-1).  It is located on a relatively flat, 

featureless, glacial outwash plain. The site and nearby vicinity are highly urbanized.  Because of this, 

most of the natural physical features have been reshaped or destroyed.  The topography of the activity is 

relatively flat with a gentle slope toward the south.  Elevations range from greater than 140 feet above 

mean sea level (msl) in the north to less than 110 feet above msl at the southwest corner.  The NWIRP is 

about 108 acres in size.  The dominant features at the NWIRP Bethpage are Plant No. 3, (the 

manufacturing plant) and three groundwater recharge basins.  AOC 22 is located south of Plant No. 3 

between Plant No. 3 and the GAC Building.  See the site location map in Figure 2-2. 

 
2.2 ENVIRONMENTAL INVESTIGATION HISTORY 
 
Environmental concerns for this area are based on a Northrop Grumman investigation of USTs near Plant 

No. 3.  The USTs were reportedly removed sometime between 1980 and 1984. 

  

In 1997, Northrop Grumman conducted a soil investigation at the former UST location (AOC 22). During 

this investigation soil borings were installed around and under the former tanks. Approximately 144 soil 

samples were collected in 8 areas from depth of 8 to 65 feet below ground surface (bgs). This range 

represents soils from the bottom of the former USTs to the approximate water table. The samples were 

analyzed for Total Petroleum Hydrocarbons (TPH), petroleum-based volatile organic compounds (VOCs) 

and semi volatile organic compounds (SVOCs) in accordance with the NYSDEC Spill Technology and 

Remediation Series (STARS) Memorandum No.1 - Petroleum-Contaminated Soil Guidance Policy 

(August 1992) (NYSDEC, 1992). 

 

VOCs were detected infrequently in the soil samples, and none of the detected results exceeded STARS 

Memorandum Guidance Values (Table 2 of the guidance). SVOCs were detected more frequently and 

approximately 23 percent of the soil samples had one or more STARS Memorandum SVOC parameters 

(polynuclear aromatic hydrocarbons [PAHs]) at a concentration greater than the STARS Memorandum 

Guidance Values. STARS Memorandum Guidance Value exceedances were noted in all of the soil boring 

locations including most sample depths from shallow soils (8 feet bgs) to deeper soils near the water 

table. However, the maximum SVOC concentration detected that exceeded a STARS Memorandum 

criteria was only 4.3 milligrams per kilogram (mg/kg), indicating that although petroleum hydrocarbons are 

wide spread, concentrations are relatively low.  
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TPH testing was conducted to evaluate potential fuel oil contamination. This testing found petroleum in 

soils at concentrations up to 18,000 mg/kg and at depths near the water table. The petroleum 

hydrocarbons were of the diesel range organics (DRO) that are consistent with No. 4 and No. 6 fuel oils 

reportedly used at this location. 

 

In August 1999, TtNUS conducted an additional investigation at AOC 22 (TtNUS, 2003).  The purpose of 

the investigation was to further characterize the horizontal extent of contamination in subsurface soils, to 

determine if groundwater had been impacted, to determine if free product was present, and to 

characterize the free product for recovery and disposal purposes. 

 

Soil borings were installed at AOC 22 and samples were collected for TPH-DRO and TPH-GRO 

(Gasoline Range Organics) analysis.  Three samples were analyzed for VOCs and SVOCs.  Based on 

field observations during this investigation, petroleum-contaminated soils were observed from 20 feet bgs 

to the water table at the area within 5 to 10 feet of the former USTs.  At a distance of approximately 10 to 

40 feet from the former UST area, petroleum-contaminated soils were only observed at the water table.  

At distances greater than 60 feet, there was no evidence of petroleum-contaminated soils. 

 

Five permanent monitoring wells were installed during the 1999 investigation (Figure 2-3).  Two of the 

wells (MW-01 and MW-02) were installed at close proximity to the presumed source area in soil borings 

that showed evidence of free product.  Two monitoring wells (MW-03 and MW-04) were installed at the 

perimeter of the AOC where limited free product was evident.  One monitoring well (MW-05) was installed 

inside Plant No. 3 in order to determine if free product or groundwater contamination existed beneath the 

plant.   

 

Evidence of free product was observed in MW-01 and MW-02 at a maximum thickness of 0.02 feet.  

Because of the limited volume of free product, two composite samples of free product were collected and 

analyzed for VOCs, SVOCs, polychlorinated biphenyls (PCBs), pesticides, Resource Conservation and 

Recovery Act (RCRA) metals, flash point, British Thermal Units (BTUs), and chloride.   

 

Results from the 1999 investigation concluded that there was no VOC contamination in the soil.  The 

SVOCs detected were PAHs which are constituents of DRO.  The results were compared to NYSDEC 

TAGM criteria.  The only PAH which exceeded TAGM criteria was chrysene.  TPH-DRO and TPH-GRO 

contamination was present in samples collected in close proximity to the former UST area.  Samples 

taken from a distance of 60 feet or more from the former UST area displayed no contamination, therefore 

it was determined that there was limited horizontal extent of soil contamination.  In groundwater, 

chlorinated hydrocarbon contamination was present in up gradient wells MW-03 and MW-05 which 

indicated that the presence of these chemicals may be from a source further up gradient and not site-
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related.  Wells MW-01 and MW-02, down gradient of the former USTs, contained the highest 

concentrations of aromatic VOCs and PAHs.  Concentrations of benzene, ethylbenzene, xylenes, and 

naphthalene were detected in excess of the NYSDEC groundwater criteria.  It was concluded that the 

absence of these chemicals in the up gradient wells indicates that the fuel product from the source area 

may have impacted groundwater; however, based on the concentrations, the impact was minor.  Results 

from the free product analyses indicated the present product was characteristic of weathered heavy fuel 

oils and was not classified as hazardous. 

 

Based on conclusions from the 1999 investigation, contaminated soil and groundwater needed to be 

addressed in order to prevent human exposure to soil and groundwater contaminants that exceed 

Preliminary Remediation Goals (PRGs), to prevent leaching of contaminants from soil to groundwater that 

would exceed groundwater PRGs, to prevent further migration of contaminants originating from AOC 22, 

and to comply with appropriate Applicable or Relevant and Appropriate Requirements (ARARs). 

 

In 2003, a Focused Feasibility Study (FFS) was prepared that evaluated several alternatives including 

capping (cover) with deed restrictions, groundwater monitoring, excavation/off site disposal, and in-situ 

treatment options of bioremediation, chemical oxidation, and thermally enhanced soil vapor extraction.  

The recommended alternative was a cap with deed restrictions on subsurface excavation and 

groundwater monitoring to evaluate potential site impacts on groundwater.  Residual petroleum at the site 

would be slowly addressed through natural processes, including biodegradation.  Capping and deed 

restrictions would be used to prevent direct human exposure to deep soil contamination and restrict future 

use of site groundwater.  Groundwater monitoring would evaluate the natural breakdown of the petroleum 

and potential effects on groundwater.   

 

The Navy decided to proceed with a pilot-scale in-situ bioremediation study at the site.  A CLB pilot-scale 

system study was conducted by a vendor using an innovative technology that combined in-situ and ex-

situ bioremediation, Fentons reagent, and soil washing.  This technology is referred to as the CLB 

System.  The CLB system features no discharge of soil vapors and adds pure oxygen for biodegradation.    

 

In the summer of 2004, the remedy of a CLB pilot-scale study was implemented on site.  The CLB system 

vendor combined vapor extraction (VE), air sparging (AS), vacuum enhanced product recovery, 

desorption of hydrocarbons from soil particles, and enhanced bio-degradation via surfactant injection.  

The in-situ CLB System was located in the vadose and saturated soil zone.  Air from the groundwater 

sparge points to vadose injection and vacuum extraction wells was continuously circulated, creating a 

closed-loop system.  Baseline soil and groundwater samples were collected before the system was 

initiated.  To monitor the progress of the remedial program, soil and groundwater samples were 



 

 NOR - CPBPAOC22-01 CTO-002 2-4

periodically collected as the CLB system was operating.  The system was shut down in the spring of 

2006. 
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3.0 FIELD INVESTIGATIONS 
 

The field events described in this section occurred before, during, and after the CLB system was 

implemented.  Monitoring well installation and soil and groundwater sampling were conducted from 

August 2004 through December 2006.  The sections below describe each field event.      
 
3.1 MONITORING WELL INSTALLATION AND DEVELOPMENT 
 

Six additional monitoring wells, MW-06 through MW-11 were installed in August 2004 (Figure 3-1).  The 

monitoring wells were installed at the perimeter of contaminated area at AOC 22 and are located down 

gradient of the site.  Before drilling was commenced a utility clearance was conducted at each proposed 

well location. 

 

The wells were installed using the hollow-stem auger drilling method.  Two-foot split-spoon samples were 

obtained and lithologically logged for the well screen intervals only (see Appendix B).  The wells were 

constructed with 2-inch diameter polyvinyl chloride (PVC) well screens and risers.  The well screen 

openings were 0.02 inch wide.  The filter pack consisted of appropriately sized sand (#2 Silica Quartz and 

#00 Silica Quartz) and extended from the bottom of the borehole to a height of approximately 3 to 4 feet 

above the top of the screen.  An annular seal consisting of bentonite slurry was installed above the filter 

packs.  The seal had a minimum thickness of 4 feet.  The remainder of the annular space was backfilled 

with a bentonite/cement grout.  A concrete collar was installed and the well was flush-mounted with the 

ground surface.  Boring logs and well construction diagrams are contained in Appendix B. 

 

The new wells were developed between September 13 and 16, 2004.  Wells were developed with a 

submersible pump.  Turbidity was monitored during development until a turbidity value less than 10 

Nephelometric Turbidity Units (NTUs) was achieved.  The field geologist recorded the field-measured 

parameters of pH, temperature, and turbidity on well development logs.  Groundwater elevations were 

obtained prior to and after well development activities.  Well development logs are contained in 

Appendix B.   

 

3.2 GROUNDWATER SAMPLING 
 
3.2.1 September 2004 Groundwater Sampling Event 
 

Groundwater from existing site monitoring wells, MW-03 through MW-05, and the newly installed wells, 

MW-06 through MW-11 were sampled on September 19 and 30, 2004.  The low-flow sampling procedure 

was used to purge and sample the wells.  All the samples were sent to a laboratory for VOC, SVOC, and 
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total metals analyses.  Field measurements were collected including pH, conductivity, turbidity, dissolved 

oxygen, temperature, and oxidation-reduction potential.  Sample log sheets and purge data sheets can be 

found in Appendix B. 

 

The following observations were noted during the sampling: 

 

• MW-03 had a petroleum odor and sheen on the water surface. 

• MW-04 had a solvent odor and a slight sheen on the water surface. 

 

3.2.2 March 2005 Groundwater Sampling Event 
 

A second round of groundwater samples were collected between March 14 and 16, 2005.   The second 

round included the perimeter monitoring wells only, MW-06 through MW-11.  The low-flow sampling 

procedure was used to purge and sample the wells.  The samples were sent to a laboratory for VOC, 

SVOC, and total metals analyses.  Field measurements were collected including pH, conductivity, 

turbidity, dissolved oxygen, temperature, and oxidation-reduction potential.  Sample log sheets and purge 

data sheets can be found in Appendix B.  No odors or sheen were noted during the sampling. 

 

3.2.3 October 2005 Groundwater Sampling Event 
 

A third round of groundwater samples were collected between October 10 and 12, 2005.   The third round 

included the perimeter monitoring wells only, MW-06 through MW-11.  The low-flow sampling procedure 

was used to purge and sample the wells.  The samples were sent to the laboratory for VOC, SVOC, and 

total metals analyses.  Field measurements were collected including pH, conductivity, turbidity, dissolved 

oxygen, temperature, and oxidation-reduction potential.  Sample log sheets and purge data sheets can be 

found in Appendix B.  No odors or sheen were noted during the sampling. 

 

3.2.4 December 2006 Groundwater Sampling Event 
 

A fourth and complete round of groundwater samples were collected from all monitoring wells at AOC 22 

from December 4 through 7, 2006.  Samples were not collected at wells MW-01 and MW-02 because of 

free product in the wells.  All other wells were purged and sampled using a Grundfos pump.  The samples 

were sent to the laboratory for VOC, SVOC, and total metals analyses.  Field measurements were 

collected including pH, conductivity, turbidity, dissolved oxygen, temperature, and oxidation-reduction 

potential.  Sample log sheets and purge data sheets can be found in Appendix B. 
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The following observations were noted during the sampling: 

 

• MW-01 and MW-02 contained free product similar to tar.  These wells could not be sampled. 

 
3.3 SOIL SAMPLING 
 
3.3.1 August 2004 Soil Sampling Event 
 

On August 19, 2004, the CLB System vendor conducted soil borings at four locations, SB-101 through 

SB-104 (Figure 3-1).  Soil samples were collected by the CLB System vendor from 2-foot split spoons 

every ten feet to depth starting at 20 feet.  On August 23, 2004, TtNUS collected split samples from the 

four soil samples.  The soil samples were analyzed for SVOC and DRO.  The split samples were 

analyzed for the same parameters as the CLB System vendor soil samples.     

 

These observations were noted during the split sampling: 

 

• All four split samples were characterized as having a fuel oil-like odor. 

• The SB-101 60-foot sample contained heavy oil staining.   

• The SB-102 50-foot sample contained minor staining. 

 

3.3.2 December 2004 Soil Sampling Event 
 

A second round of soil samples were collected on December 15 through 17, 2004 by the CLB System 

vendor.  The borings were completed using a hand auger to five feet and a Geoprobe to depth.  Samples 

were collected every ten feet to a depth of 60 feet.  Split soil samples were collected by Tetra Tech.  All 

the split samples contained a fuel oil odor.  The samples were sent to the laboratory for SVOC and DRO 

analyses.     

 
3.3.3 March 2005 Soil Sampling Event 
 
The CLB System vendor collected the third round of soil samples from the AOC 22 site on March 8 and 9, 

2005.  The borings were completed using a hand auger to five feet and a drill rig with split spoons to 

depth.  The CLB System vendor collected samples every ten feet to a depth of 60 feet starting at 20 feet.  

Split soil samples were collected by TtNUS from each location at the deepest sampling point.  The 

samples were sent to the laboratory for SVOC and DRO analyses.     

 

• These observations were noted during the sampling: 
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• All the split samples contained a fuel oil odor. 

• Three of the four split samples exhibited staining. 

 
3.3.4 May 2005 Soil Sampling Event 
 
The CLB System vendor collected the fourth round of soil samples from the AOC 22 site on May 17 and 

18, 2005.  Samples were collected every ten feet to a depth of 60 feet starting at 20 feet.  The drilling 

subcontractor switched from 2-foot split spoons to 3-foot split spoons because the spoons were coming 

back with low recoveries.  The 3-foot split spoons recovered more volume.  TtNUS collected split samples 

at depth at the four boring locations.  The samples were sent to the laboratory for SVOC and DRO 

analyses.   

 

•  These observations were noted during the sampling: 

• Sample SB-101 and SB-103 contained staining and odors in the split samples.   

• Sample SB-102 and SB-104 contained faint odors in the split samples. 
 

3.3.5 August 2005 Soil Sampling Event 
 

The CLB System vendor collected the fifth round of soil samples from the AOC 22 in August 2005.  

Samples were collected every ten feet to a depth of 60 feet starting at 20 feet.  TtNUS did not collect split 

spoon samples for this round of sampling.  Samples were analyzed for the same parameters as in 

previous sampling rounds.   
 

3.3.6 December 2006 Soil Sampling Event 
 

TtNUS collected the sixth round of soil samples from the AOC 22 site on December 12-15, 2006.  The 

borings were drilled using the hollow stem auger method with 5-foot augers.  When the sampling depths 

were reached, 2-foot split spoons were used to collect samples.  The borings were lithologically logged.  

The boring log sheets are included in Appendix B.  Photoionization Detector (PID) readings were not 

taken for SB-101 through SB-104 because the PID was not working.  Four new locations were drilled and 

logged, SB-105 through SB-108.  These locations extended approximately 40 feet from the center of 

AOC 22 to the north, south, east, and west.  All samples were sent to the laboratory for DRO analysis.   

Select samples were sent to the laboratory for SVOC analysis.  

 

These observations were noted during the December 2006 sampling: 
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• SB-101 and SB-103 contained visible evidence of product between 50 and 60 feet with odor. 

 

• SB-102 contained visible evidence of product between 60 and 70 feet. 

 

• SB-104 contained staining at 45 feet and strong odors between 50 and 60 feet. 

 

• SB-105 exhibited about 2 feet of staining at a depth of approximately 55-58 feet.  Slightly elevated 

PID reading of 4.5 parts per million (ppm) at the area of staining. 

 

• SB-106 exhibited staining and odors between 50 and 58 feet.  Slightly elevated PID reading of  

4.5 ppm at the area of staining. 

 

• SB-107 and -108 did not contain visible evidence of product or elevated PID readings.   
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4.0 DATA EVALUATION 
 

This section presents the results of the chemical analyses performed for the subsurface soils and 

groundwater samples collected from August 2004 to December 2006 soil and groundwater sampling 

events.  The evaluation includes data collected by the CLB System Vendor and TtNUS.  The majority of 

the soil data collected between August 2004 and August 2005 was collected and analyzed by the CLB 

System vendor.  During the operation, TtNUS collected limited split samples with the CLB System vendor.  

TtNUS collected and analyzed 100 percent of the groundwater samples during the system evaluation as 

well as the December 2006 soil sampling event.  The data are summarized in tables for each sampling 

media and in tables comparing analytical results to corresponding NYSDEC screening criteria.  

 

4.1 DATA USABILITY 
 

The level of data review for the data collected by the CLB System vendor is unknown; therefore, the CLB 

System vendor data will be used for qualitative purposes only.  Data from the CLB System vendor was 

limited to TPH results.  A complete data review was performed on the December 2006 soil and 

groundwater data and is discussed below.  

 

Most of the groundwater data were successfully analyzed by the laboratory and was considered usable 

for this data evaluation.  The non-detected results for methyl acetate were qualified as unusable (R) 

because this compound did not meet calibration criteria.  This compound is not a compound of concern at 

this site.  Other detected and non-detected VOC, SVOC, and metals results for the groundwater samples 

were qualified as estimated (J/UJ) due to exceedances of quality control (QC) criteria. 

 

Most of the soil data were successfully analyzed by the laboratory and was considered usable for this 

data evaluation. The non-detected results for indeno(1,2,3-cd)pyrene, benzo(a,h)anthracene, and 

benzo(g,h,i)perylene were qualified as R due to matrix spike/matrix spike duplicate (MS/MSD) 

noncompliance.  Other detected and non-detected PAH results for the soil samples were qualified as J/UJ 

due to exceedances of QC criteria. In the TPH fraction, one set of field duplicate results were qualified as 

J due to field duplicate precision noncompliance.  

 

Several positive results were qualified as estimated (J) because the detected concentration was below 

the reporting limit but above the method detection limit.  Chain of Custody sheets can be found in 

Appendix B.  Analytical results can be found in Appendix C.  Data validation reports for the December 

2006 samples can be found in Appendix D.  
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4.2 EXTENT OF SOIL CONTAMINATION 
 
4.2.1 Total Petroleum Hydrocarbon Results 
 
The CLB System vendor collected soil samples from August 2004 to August 2005.   During this time, five 

sampling events were conducted with each sampling event consisting of four boring locations (SB-101, -

102, -103, and -104) and samples collected at ten-foot depth intervals, from 20 to 60 feet bgs.  Soil 

borings from each round were offset by approximately 2 feet from borings installed during previous 

rounds.  Samples were analyzed for TPH.   Samples results are presented in Table 4-1 and Figure 4-1.   

 

Soil samples collected in August 2004 represent pre-CLB system operation.  At this time, average TPH 

concentrations in the 20- to 50-foot interval ranged from 4,599 mg/kg to 6,645 mg/kg and the average 

TPH concentration in the 60-foot interval was 21,320 mg/kg.  This data is consistent with previous test 

data that indicated the majority of the petroleum contamination was located near the water table.  The 

overall average TPH concentration was 8,819 mg/kg and represents the baseline TPH concentration for 

evaluating the effectiveness of the CLB System pilot-scale study.   

 

During system operation, soil samples were collected in December 2004, March 2005, May 2005, and 

August 2005.  During this period, the overall average TPH concentration varied from 6,887 to 10,361 

mg/kg, with no consistent trend.  Using the August 2004 and August 2005 data, there was an overall 11 

percent decrease in TPH concentrations.  TPH concentrations in individual depth intervals did exhibit 

some trends.  TPH concentrations in the 20-, 30- and 40-foot intervals decreased over time, with 

reductions ranging from 76 percent in the 30-foot interval to 19 percent in the 50-foot interval.  However, 

the TPH concentration in the 60-foot interval increased by 28 percent, suggesting that one effect of the 

CLB pilot-scale study was to cause the petroleum to migrate downward, with the groundwater table at 

approximately 50 feet inhibiting further downward migration.   

 

Samples collected by TtNUS in December 2006 were generally consistent with the data collected by the 

CLB System vendor between August 2004 and August 2005; see Table 4-1 and Figure 4-1.  The only 

significant differences between the August 2005 and December 2006 data were that the TPH 

concentration in the 60-foot interval decreased to 16,190 mg/kg and the TPH concentration in the 50-foot 

interval increased to 12,250 mg/kg.  The overall average TPH concentration in December 2006 was 

7,353 mg/kg, for an overall average TPH reduction of 16.6 percent.  The average TPH concentrations in 

the 20-, 30- and 40-foot intervals were 905, 4,273, and 3,145 mg/kg, respectively.   Mean TPH soil 

concentrations at ten-foot intervals can be found in Figure 4-3. 

 



 

 NOR - CPBPAOC22-01 CTO-002 4-3

In December 2006, because of the observed trend of the petroleum migrating downward, TtNUS also 

collected soil samples at a depth of approximately 70 feet bgs, which is approximately 18 feet below the 

water table.  TPH results in this interval ranged from 37.5 mg/kg to 5,100 mg/kg, indicating low to 

moderate levels of TPH at this depth.  Data from pre-CLB System operation from this depth are not 

available, so conclusions can not be derived from this data.   

 

Four additional boring locations (SB-105, -106, -107, and -108) were installed approximately 25 to 50 feet 

radially from the former UST area to determine whether there was any horizontal spread of petroleum.  

The four additional boring locations were sampled at depth only (42 to 58 feet).    Historically, the shallow 

soil in these areas did not exhibit evidence of petroleum contamination.  The TPH concentration in soil 

borings SB-105 and SB-106 ranged from 1700 to 3600 mg/kg, indicating limited petroleum contamination 

in this area.   SB-107 and SB-108 TPH concentrations ranged from none detected to 95 mg/kg, indicating 

the relative absence of petroleum contamination.     

 
4.2.2 December 2006 Soil Results 
 

Between August 2004 and December 2005, TtNUS split one soil sample per boring with the CLB System 

vendor.  The TtNUS samples were collected at a depth of 50 or 60 feet.  The CLB vendor did not 

consistently collect and analyze soil samples for PAHs.  As a result of an incomplete data history for 

PAHs, discussion of PAH results will focus on the December 2006 samples.  In December 2006, soil 

samples at depths of 20, 50, and 70 feet were also analyzed for PAHs, see Table 4-1 and Figure 4-2.   

 

In December 2006, PAHs were not detected in the 20-foot depth sample interval, but were detected in 

either the 50-foot and/or 70-foot depth interval in each of the soil borings.  Several PAHs, including 

benzo(a)pyrene (1,500 micrograms per kilogram [µg/kg]), benz(a)anthracene (230 µg/kg), chrysene 

(1,200 µg/kg), 2-methylnaphthalene (1,000 µg/kg), pyrene (12,000 µg/kg),  phenanthrene (1,300 µg/kg) 

were detected in one or both depth intervals at concentrations greater than NYSDEC TAGM values for 

protection of human health through a direct contact exposure scenario.  For protection of groundwater via 

soil leaching, only chrysene in 3 of 12 samples exceeded the NYSDEC TAGM value of 400 µg/kg.  The 

average chrysene concentration was 219 µg/kg.  As will be discussed in Section 4.3, chrysene was not 

detected in any of the groundwater samples.     
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4.3 EXTENT OF GROUNDWATER CONTAMINATION 
 
4.3.1 Groundwater Results 
 
Groundwater samples were collected by TtNUS before, during, and after the CLB System pilot-scale 

study to evaluate potential migration from treatment.   A complete round of 11 monitoring wells (MW-01 to 

MW-11) were to be sampled prior to the pilot-scale study (September 2004) and after the pilot-scale study 

was completed (December 2006).  Because of the presence of a fluid free floating product prior to the test 

and a tar like free product in monitoring wells MW-01 and MW-02, these wells were not sampled.  In 

addition, two rounds of 6 monitoring wells (MW-06 to MW-11) were sampled during the operation of the 

pilot-scale study, one in March 2002 and one in October 2005.  Results are presented in Table 4-2 and 

Figure 4-4.   

 

Overall, with the exception of the free product in monitoring wells MW-01 and MW-02 solidifying during 

the test, there were no obvious impacts to groundwater from the pilot-scale study.  As discussed below, 

some potential impacts to groundwater may have occurred.   

 

The iron concentrations in several monitoring wells, including MW-05, MW-07, MW-08, and MW-09, 

increased by a factor of 10 or more.  The iron concentration in MW-06, which is likely downgradient of the 

test area, increased steady from 36.65 to 8,210 µg/L during the course of the test, suggesting the 

possible release and migration of iron.  Iron and hydrogen peroxide were added during a portion of the 

pilot-scale study to help degrade the petroleum.  Iron can also become soluble in biologically active 

systems, from natural sources of iron.  The iron concentration in monitoring wells MW-03 and MW-04, the 

two wells nearest the treatment area, actually decreased by a factor of 20 to 40 during the course of the 

pilot-scale study.     

 

The manganese concentration in monitoring wells MW-04 and MW-06 also increased by a factor of 10 

and 130, respectively.  For MW-04, there is no data during the pilot-scale study and a trend can not be 

evaluated.  For MW-06, the manganese trended upward during the study.  

 

Other chemicals detected in the December 2006 groundwater sampling event included VOCs in six wells 

including MW-03, MW-05, MW-06, MW-09, MW-10, and MW-11.  Of the six wells, MW-03, MW-05, and 

MW-11 are up gradient of AOC 22.  Three wells, MW-04, MW-07, and MW-08, had no VOC 

contamination.  These wells are immediately down gradient of AOC 22.   

 

Except for bis(2-ethylhexyl)phthalate in two samples at low concentrations (2 and 3 µg/L), SVOCs were 

not detected in the groundwater.  Bis(2-ethylhexyl)phthalate is a common laboratory contaminant and is 
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not site-related.  PAHs detected in the soil samples were not present in the groundwater samples.  The 

SVOCs that were detected in the September 2004 sampling round were not detected in the December 

2006 data.   

 

4.3.2 Groundwater Screening 
 

The groundwater results were screened against the New York State Department of Health (NYSDOH) 

Maximum Contaminant Levels (MCLs).  Table 4-2 presents the results and exceedances from September 

2004 through December 2006.  Groundwater concentrations that exceeded NYSDOH MCLs are 

presented in Figure 4-4. 

 

Trichloroethene (TCE) results exceeded the MCL at three locations, MW-03, MW-05, and MW-10.  

Monitoring wells MW-03 and MW-05 are up gradient of AOC 22.   Well MW-10 is located down gradient of 

AOC 22.  TCE is not a site-related contaminant; it is a known regional concern and is being addressed 

separately as part of the Groundwater Record of Decision (ROD) for NWIRP Bethpage.  

 

No SVOC exceedances were present in the groundwater.  Historically, caprolactum has been detected in 

MW-05 at a concentration exceeding the MCL, but was not detected in the last sampling event. 

 

Cadmium contamination is present in side gradient monitoring wells MW-09 and MW-11.  The 

concentrations exceeded MCLs and were consistent throughout the sampling events. 

 

Thallium was detected at concentrations above the MCL during the March 2005 event in monitoring wells 

MW-07, MW-08, MW-09, and MW-10.  However, this seemed to be an isolated event because thallium 

was not detected again in these wells. 

 

 



TABLE 4-1
POSITIVE TPH AND PAH DETECTIONS IN SUBSURFACE SOIL

AOC 22 
NWIRP BETHPAGE, BETHPAGE, NEW YORK

Page 1 of 5
Location: SB101 SB101 SB101 SB101 SB101 SB101 SB101 SB101 SB101 SB101
Sample Date: 12/14/2006 12/14/2006 12/14/2006 12/17/2004 12/14/2006 8/23/2004 3/9/2005 5/18/2005 12/14/2006 12/14/2006
Top Depth (feet): 19 29 39 45 49 59 59 59 59 69
Bottom Depth (feet): 21 31 41 47 51 61 61 61 61 71
ORGANICS mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
Petroleum Hydrocarbons NA NA 14000 5800 5700 36000 6900 18000 33000 25000 37.5
SEMIVOLATILES µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg
2,4-Dimethylphenol NA NA NA NA NA 220 J NA NA NA
2-Methylnaphthalene 364 36,400 NA NA 38,000 J 33,000 20,000 J NA
Acenaphthene 920 920,000 NA NA 2,100 J 1,300 J NA
Anthracene 7,000 700,000 NA NA 1,800 J NA
Benz(a)anthracene 28 2,800 NA NA 2,500 J 1,900 J 3,000 J NA
Benzo(a)pyrene 110 11,000 NA NA 1,500 J 600 J NA
Benzo(b)fluoranthene 11 1,100 NA NA 260 J 3,300 J NA
Benzo(g,h,i)perylene 80,000 8,000,000 NA NA 1,400 J NA
Benzo(k)fluoranthene 11 1,100 NA NA NA
Bis(2-ethylhexyl)phthalate 4,350 435,000 NA NA NA NA NA NA
Chrysene 4 400 NA NA 620 J 3,700 J 4,100 J 5,200 J NA
Fluoranthene 19,000 1,900,000 NA NA 1,500 J NA
Fluorene 3,650 365,000 NA NA 2,300 J 8,400 NA
Indeno(1,2,3-cd)pyrene 32 3,200 NA NA NA
Naphthalene 130 13,000 NA NA 6,700 J 4,000 J NA
Phenanthrene 130 13,000 NA NA 15,000 J 11,000 12,000 J NA
Pyrene 6,650 665,000 NA NA 1,400 J 12,000 J 9,400 J 13,000 J 8,900 J NA

Data Qualifiers:
J  --  Value is considered estimated.
(Blank value)  --  Result is non-detected.  Detection limits are omitted for clarity.
NA  --  No result is available/applicable for this parameter in this sample.
mg/kg -- milligrams per kilogram
µg/kg -- micrograms per kilogram
(1) NYSDEC, 1994. New York State Department of Environmental Conservation (NYSDEC) TAGM 4046 
(2) For the SB101 to 104 average, non detected values were assigned as zero.  
Table 2-semi-Volatile Organic Contaminants. January. http://www.dec.ny.gov/regulations/30566.html
The average of the sample and duplicate was used for individual samples.  Half the reporting limit was used for non-detected results.
Bolded values indicate the concentration exceeded NYSDEC Allowable Soil Concentration.
Shaded cells indicate the concentration exceeded the NYSDEC Objectives for Protection of Groundwater.
Database source file:  D:\BETHPAGE\DATA SUMMARY\AOC22RES.DBF data retrieved on: 06/19/07

(1) NYSDEC 
Soil Cleanup 
Objectives 

Allowable Soil 

(1) NYSDEC 
Soil Cleanup 
Objectives to 
Protect GW
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TABLE 4-1
POSITIVE TPH AND PAH DETECTIONS IN SUBSURFACE SOIL

AOC 22 
NWIRP BETHPAGE, BETHPAGE, NEW YORK

Page 2 of 5
Location:
Sample Date:
Top Depth (feet):
Bottom Depth (feet):
ORGANICS mg/kg mg/kg
Petroleum Hydrocarbons NA NA
SEMIVOLATILES µg/kg µg/kg
2,4-Dimethylphenol NA NA
2-Methylnaphthalene 364 36,400
Acenaphthene 920 920,000
Anthracene 7,000 700,000
Benz(a)anthracene 28 2,800
Benzo(a)pyrene 110 11,000
Benzo(b)fluoranthene 11 1,100
Benzo(g,h,i)perylene 80,000 8,000,000
Benzo(k)fluoranthene 11 1,100
Bis(2-ethylhexyl)phthalate 4,350 435,000
Chrysene 4 400
Fluoranthene 19,000 1,900,000
Fluorene 3,650 365,000
Indeno(1,2,3-cd)pyrene 32 3,200
Naphthalene 130 13,000
Phenanthrene 130 13,000
Pyrene 6,650 665,000

(1) NYSDEC 
Soil Cleanup 
Objectives 

Allowable Soil 

(1) NYSDEC 
Soil Cleanup 
Objectives to 
Protect GW

SB102 SB102 SB102 SB102 SB102 SB102 SB102 SB102 SB102 SB102
12/15/2006 12/15/2006 12/15/2006 12/16/2004 8/23/2004 5/17/2005 12/15/2006 3/9/2005 12/15/2006 12/15/2006

19 29 39 40 49 49 49 59 59 69
21 31 41 42 51 51 51 61 61 71

mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
14 14000 5800 750 5600 2100 5300 50000 16000 125

µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg
NA NA NA NA NA NA

NA NA 950 J 49,000 NA
NA NA 850 J 4,200 J NA
NA NA 890 J 4,800 J NA
NA NA 710 J 3,100 J NA
NA NA 1,900 J NA
NA NA NA
NA NA 320 J 330 J 1,100 J NA
NA NA NA

NA NA NA 240 J NA NA NA
NA NA 1,300 J 1,000 J 7,300 J NA
NA NA 2,600 J NA
NA NA 1,100 J 22,000 NA
NA NA NA
NA NA 9,400 J NA
NA NA 4,700 J 23,000 NA
NA NA 170 J 2,900 J 340 J 3,900 J 33,000 NA

Data Qualifiers:
J  --  Value is considered estimated.
(Blank value)  --  Result is non-detected.  Detection limits are omitted for clarity.
NA  --  No result is available/applicable for this parameter in this sample.
mg/kg -- milligrams per kilogram
µg/kg -- micrograms per kilogram
(1) NYSDEC, 1994. New York State Department of Environmental Conservation (NYSDEC) TAGM 4046 
(2) For the SB101 to 104 average, non detected values were assigned as zero.  
Table 2-semi-Volatile Organic Contaminants. January. http://www.dec.ny.gov/regulations/30566.html
The average of the sample and duplicate was used for individual samples.  Half the reporting limit was used for non-detected results.
Bolded values indicate the concentration exceeded NYSDEC Allowable Soil Concentration.
Shaded cells indicate the concentration exceeded the NYSDEC Objectives for Protection of Groundwater.
Database source file:  D:\BETHPAGE\DATA SUMMARY\AOC22RES.DBF data retrieved on: 06/19/07
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TABLE 4-1
POSITIVE TPH AND PAH DETECTIONS IN SUBSURFACE SOIL

AOC 22 
NWIRP BETHPAGE, BETHPAGE, NEW YORK

Page 3 of 5
Location:
Sample Date:
Top Depth (feet):
Bottom Depth (feet):
ORGANICS mg/kg mg/kg
Petroleum Hydrocarbons NA NA
SEMIVOLATILES µg/kg µg/kg
2,4-Dimethylphenol NA NA
2-Methylnaphthalene 364 36,400
Acenaphthene 920 920,000
Anthracene 7,000 700,000
Benz(a)anthracene 28 2,800
Benzo(a)pyrene 110 11,000
Benzo(b)fluoranthene 11 1,100
Benzo(g,h,i)perylene 80,000 8,000,000
Benzo(k)fluoranthene 11 1,100
Bis(2-ethylhexyl)phthalate 4,350 435,000
Chrysene 4 400
Fluoranthene 19,000 1,900,000
Fluorene 3,650 365,000
Indeno(1,2,3-cd)pyrene 32 3,200
Naphthalene 130 13,000
Phenanthrene 130 13,000
Pyrene 6,650 665,000

(1) NYSDEC 
Soil Cleanup 
Objectives 

Allowable Soil 

(1) NYSDEC 
Soil Cleanup 
Objectives to 
Protect GW

SB103 SB103 SB103 SB103 SB103 SB103 SB103 SB103 SB103 SB103
12/13/2006 12/13/2006 12/13/2006 12/15/2004 12/13/2006 8/23/2004 3/9/2005 5/17/2005 12/13/2006 12/13/2006

19 29 39 40 49 59 59 59 59 66
21 31 41 42 51 61 61 61 61 68

mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
2100 2400 6100 5300 6100 10000 21000 24000 23000 2600
µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg

NA NA NA 300 J NA NA NA
NA NA 51,000 J 68,000 J 73,000 NA 1,000
NA NA 4,400 J 6,300 J 6,400 J NA 170 J
NA NA 4,600 J 7,500 J 8,400 J NA 280 J
NA NA 540 J 3,500 J 4,200 J NA 230 J
NA NA 520 J 560 J 2,700 J NA 130 J
NA NA 350 J NA
NA NA 410 J NA
NA NA NA

NA NA NA NA NA NA
NA NA 1,100 J 4,000 J 8,600 J 8,600 J NA 430 J
NA NA 200 J 3,400 J NA
NA NA 4,800 J 25,000 J 9,500 J NA 350 J
NA NA NA
NA NA 11,000 J 13,000 J 15,000 J NA 87 J
NA NA 22,000 J 33,000 39,000 J NA 1,300
NA NA 3,800 J 2,800 J 18,000 J 36,000 28,000 J NA 1,400 J

Data Qualifiers:
J  --  Value is considered estimated.
(Blank value)  --  Result is non-detected.  Detection limits are omitted for clarity.
NA  --  No result is available/applicable for this parameter in this sample.
mg/kg -- milligrams per kilogram
µg/kg -- micrograms per kilogram
(1) NYSDEC, 1994. New York State Department of Environmental Conservation (NYSDEC) TAGM 4046 
(2) For the SB101 to 104 average, non detected values were assigned as zero.  
Table 2-semi-Volatile Organic Contaminants. January. http://www.dec.ny.gov/regulations/30566.html
The average of the sample and duplicate was used for individual samples.  Half the reporting limit was used for non-detected results.
Bolded values indicate the concentration exceeded NYSDEC Allowable Soil Concentration.
Shaded cells indicate the concentration exceeded the NYSDEC Objectives for Protection of Groundwater.
Database source file:  D:\BETHPAGE\DATA SUMMARY\AOC22RES.DBF data retrieved on: 06/19/07
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TABLE 4-1
POSITIVE TPH AND PAH DETECTIONS IN SUBSURFACE SOIL

AOC 22 
NWIRP BETHPAGE, BETHPAGE, NEW YORK

Page 4 of 5
Location:
Sample Date:
Top Depth (feet):
Bottom Depth (feet):
ORGANICS mg/kg mg/kg
Petroleum Hydrocarbons NA NA
SEMIVOLATILES µg/kg µg/kg
2,4-Dimethylphenol NA NA
2-Methylnaphthalene 364 36,400
Acenaphthene 920 920,000
Anthracene 7,000 700,000
Benz(a)anthracene 28 2,800
Benzo(a)pyrene 110 11,000
Benzo(b)fluoranthene 11 1,100
Benzo(g,h,i)perylene 80,000 8,000,000
Benzo(k)fluoranthene 11 1,100
Bis(2-ethylhexyl)phthalate 4,350 435,000
Chrysene 4 400
Fluoranthene 19,000 1,900,000
Fluorene 3,650 365,000
Indeno(1,2,3-cd)pyrene 32 3,200
Naphthalene 130 13,000
Phenanthrene 130 13,000
Pyrene 6,650 665,000

(1) NYSDEC 
Soil Cleanup 
Objectives 

Allowable Soil 

(1) NYSDEC 
Soil Cleanup 
Objectives to 
Protect GW

SB104 SB104 SB104 SB104 SB104 SB104 SB104 SB104 SB104 SB104
12/14/2006 12/14/2006 12/14/2006 8/23/2004 12/15/2004 3/8/2005 5/17/2005 12/14/2006 12/14/2006 12/14/2006

19 29 39 49 50 49 49 49 59 69
21 31 41 51 51 51 51 51 61 71

mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
1500 630 435 J 1800 2800 4900 3100 1600 750 5100
µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg

NA NA NA NA NA NA
NA NA 180 J 250 J 120 J NA
NA NA 330 J 720 J NA
NA NA 380 J 420 J NA
NA NA 380 J 550 J 1,400 J 380 J NA 720 J
NA NA 310 J 1,000 J 300 J NA
NA NA 190 J 2,400 J NA
NA NA 310 J 290 J NA
NA NA 150 J NA

NA NA NA 320 J NA NA NA
NA NA 520 J 980 J 2,600 J 440 J NA 1200 J
NA NA 210 J 450 J 1,600 J NA
NA NA 380 J 820 J 3,400 J NA
NA NA 200 J NA
NA NA NA
NA NA 1,000 J 2,300 J 300 J NA 550 J
NA NA 1,300 J 2,300 J 6,600 1,700 J NA 3,900

Data Qualifiers:
J  --  Value is considered estimated.
(Blank value)  --  Result is non-detected.  Detection limits are omitted for clarity.
NA  --  No result is available/applicable for this parameter in this sample.
mg/kg -- milligrams per kilogram
µg/kg -- micrograms per kilogram
(1) NYSDEC, 1994. New York State Department of Environmental Conservation (NYSDEC) TAGM 4046 
(2) For the SB101 to 104 average, non detected values were assigned as zero.  
Table 2-semi-Volatile Organic Contaminants. January. http://www.dec.ny.gov/regulations/30566.html
The average of the sample and duplicate was used for individual samples.  Half the reporting limit was used for non-detected results.
Bolded values indicate the concentration exceeded NYSDEC Allowable Soil Concentration.
Shaded cells indicate the concentration exceeded the NYSDEC Objectives for Protection of Groundwater.
Database source file:  D:\BETHPAGE\DATA SUMMARY\AOC22RES.DBF data retrieved on: 06/19/07

Melissa.Cushing
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TABLE 4-1
POSITIVE TPH AND PAH DETECTIONS IN SUBSURFACE SOIL

AOC 22 
NWIRP BETHPAGE, BETHPAGE, NEW YORK

Page 5 of 5
Location:
Sample Date:
Top Depth (feet):
Bottom Depth (feet):
ORGANICS mg/kg mg/kg
Petroleum Hydrocarbons NA NA
SEMIVOLATILES µg/kg µg/kg
2,4-Dimethylphenol NA NA
2-Methylnaphthalene 364 36,400
Acenaphthene 920 920,000
Anthracene 7,000 700,000
Benz(a)anthracene 28 2,800
Benzo(a)pyrene 110 11,000
Benzo(b)fluoranthene 11 1,100
Benzo(g,h,i)perylene 80,000 8,000,000
Benzo(k)fluoranthene 11 1,100
Bis(2-ethylhexyl)phthalate 4,350 435,000
Chrysene 4 400
Fluoranthene 19,000 1,900,000
Fluorene 3,650 365,000
Indeno(1,2,3-cd)pyrene 32 3,200
Naphthalene 130 13,000
Phenanthrene 130 13,000
Pyrene 6,650 665,000

(1) NYSDEC 
Soil Cleanup 
Objectives 

Allowable Soil 

(1) NYSDEC 
Soil Cleanup 
Objectives to 
Protect GW

SB105 SB106 SB106 SB107 SB107 SB108 SB108 SB101 to 104 Avg2

12/12/2006 12/13/2006 12/13/2006 12/12/2006 12/12/2006 12/11/2006 12/11/2006 Dec-06
56 51 56 42 52 45 55 19
58 53 58 44 54 47 57 71

mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
3400 1700 3600 95 7266
µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg

NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA 83
NA NA NA NA NA NA NA 14
NA NA NA NA NA NA NA 23
NA NA NA NA NA NA NA 79
NA NA NA NA NA NA NA 183
NA NA NA NA NA NA NA 0
NA NA NA NA NA NA NA 117
NA NA NA NA NA NA NA 0
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA 219
NA NA NA NA NA NA NA 0
NA NA NA NA NA NA NA 29
NA NA NA NA NA NA NA 0
NA NA NA NA NA NA NA 7
NA NA NA NA NA NA NA 154
NA NA NA NA NA NA NA 2,000

Data Qualifiers:
J  --  Value is considered estimated.
(Blank value)  --  Result is non-detected.  Detection limits are omitted for clarity.
NA  --  No result is available/applicable for this parameter in this sample.
mg/kg -- milligrams per kilogram
µg/kg -- micrograms per kilogram
(1) NYSDEC, 1994. New York State Department of Environmental Conservation (NYSDEC) TAGM 4046 
(2) For the SB101 to 104 average, non detected values were assigned as zero.  
Table 2-semi-Volatile Organic Contaminants. January. http://www.dec.ny.gov/regulations/30566.html
The average of the sample and duplicate was used for individual samples.  Half the reporting limit was used for non-detected results.
Bolded values indicate the concentration exceeded NYSDEC Allowable Soil Concentration.
Shaded cells indicate the concentration exceeded the NYSDEC Objectives for Protection of Groundwater.
Database source file:  D:\BETHPAGE\DATA SUMMARY\AOC22RES.DBF data retrieved on: 06/19/07

Melissa.Cushing
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TABLE 4-2
POSITIVE GROUNDWATER DETECTIONS

AOC 22
NWIRP BETHPAGE, LONG ISLAND, NEW YORK

Page 1 of 3

Location: MW03 MW04 MW05 MW06
Sample ID: MW03 MW03 MW04 MW04 MW05 MW05 MW06 MW06 MW06 MW06
Sample Date: 9/30/04 12/6/06 9/29/04 12/7/06 9/30/04 12/6/06 9/29/04 3/15/05 10/11/05 12/5/06
Duplicate:
INORGANICS µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L
Aluminum --- 32.3 34 114 141 31.8 251 36.65 76.2 188 1260
Arsenic 50 32.7 22.8 8.1 1.9 1.6 8.4
Barium 2000 37.5 31.25 J 25.9 22.1 J 61.7 66.4 J 32.7 86.1 95 175 J
Beryllium 4 0.42 1.03 0.82 0.8 1.5 0.34 1.1
Cadmium 5 1.4 0.625 1.8 J
Calcium --- 27200 13200 J 11750 9730 J 6570 6880 J 9695 20300 23400 42700 J
Chromium 100 1.6 J 2.6 J 79.8 40.1 J 1.9 0.48 8.5 J
Cobalt --- 2.5 10.55 2 2.1 0.73 4.5 15.7
Copper --- 1.2 2.2 3.6 4 8.1
Iron 300 65000 15850 21850 1390 46.4 993 36.65 171 550 8210
Lead --- 1.8 1.7
Magnesium --- 4300 2695 J 1770 1900 J 1980 2700 J 2305 4820 5240 8140 J
Manganese 300 1130 1270 93.4 1020 11.8 51.2 7.95 23.3 163 1020
Mercury 2 0.06
Nickel --- 4.25 0.73 4.9 7.2 16.2 31.9
Potassium --- 2330 2390 945 1160 2070 2160 1955 4890 4260 9500
Selenium 50 7.05 J 2 2.6 14.3 J
Silver 100 1.09 0.44 0.47 0.57 0.64
Sodium --- 24900 28250 2035 2100 23900 21200 2310 7370 9200 17300
Thallium 2
Vanadium --- 2.2 1.2 0.65 2.2 4.5
Zinc 5000 4.8 15.65 4.7 18.8 J 0.71 19.5 J 4.25 22.9 67.2 95.9 J
SEMIVOLATILES µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L
Bis(2-ethylhexyl)phthalate 6 3 J 2 J
Caprolactam 50 110
Carbazole 50 1.15 J
Diethylphthalate 50
VOLATILES µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L
1,2-Dichloroethene (cis) 5 0.39 J
Methyl Cyclohexane 50 0.3 J
Methyl Tert-butyl Ether 10 0.605 0.58
Tetrachloroethene 5 0.68 0.64
Trichloroethene 5 1.8 J 5.85 2.8 J 7.4 0.83

Data Qualifiers:

(Blank value)  --  Result is non-detected.  Detection limits are omitted for clarity.
Bolded values indicates the value excceds the NYS Department of Health (DOH) MCL.
http://www.health.state.ny.us/nysdoh/phforum/nycrr10.htm
The average of the sample and duplicate was used.  Half the reporting limit was used for non-detected results.
---  Indicates no MCL is available for this analyte.
Database source file:  H:\BETHPAGE\DATA SUMMARY\AOC22RES.DBF data retrieved on: 03/16/07
µg/L -- micrograms per liter

(1) NYSDOH 
MAXIMUM 

CONTAMINANT 
LEVELS (MCLs)

J  --  Value is considered estimated due to exceedance of technical quality control criteria or 
because result is less than the Contract Required Quantitation Limit (CRQL).

(1) NYSDOH, 1991. New york State Department of health Laws and regulations Title: section 
5 -6.10 Maximum Contaminant Levels. June. 

Melissa.Cushing
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TABLE 4-2
POSITIVE GROUNDWATER DETECTIONS

AOC 22
NWIRP BETHPAGE, LONG ISLAND, NEW YORK

Page 2 of 3

Location: MW07 MW08 MW09 MW10
Sample ID: MW07 MW07 MW07 MW07 MW08 MW08 MW08 MW08 MW09 MW09 MW09 MW09 MW10 MW10 MW10 MW10
Sample Date: 9/29/04 3/15/05 10/12/05 12/5/06 9/29/04 3/15/05 10/11/05 12/4/06 9/29/04 3/15/05 10/11/05 12/5/06 9/29/04 3/16/05 10/12/05 12/5/06
Duplicate:
INORGANICS µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L
Aluminum --- 1910 1900 2660 2180 413 106.45 55.5 380 28.4 45.6 61.8 550 29.2 180 231 48.2
Arsenic 50 2.3 2.6 3.1 1.4 2.8 3.9 2.2
Barium 2000 71.1 46.6 90.5 40.9 J 10 7.65 10.7 14.1 J 41.8 26.1 29.2 40.6 J 38.1 45.1 61.2 62.8 J
Beryllium 4 2.7 2.8 2.1 0.94 0.38 1.5 0.35 1.1 0.26 0.15 0.7 1.5
Cadmium 5 1.7 1 1.2 0.56 J 66.2 28 22.1 22.8 J
Calcium --- 18200 9480 24100 18000 J 11400 11150 32300 11800 J 15800 9600 10200 12000 J 6700 9060 13200 10330 J
Chromium 100 0.57 3.1 1.6 12 J 1.9 1.55 0.76 7.6 J 8.6 14 12.9 13.3 J 6.3 9.2 8.1 9.1 J
Cobalt --- 3.3 3.1 2 3.5 0.36 0.58 0.93 0.96 0.64 0.62
Copper --- 3.4 2.2 4.9 10.1 3.4 0.96 1.1 5.6 1.75
Iron 300 35.8 59.3 144 371 149 74.35 97.9 1280 37.9 99 56.6 537 46.7 558 779 158.5
Lead --- 2
Magnesium --- 3750 2330 5470 4650 J 819 2740 10200 3540 J 3680 2070 2110 2660 J 1940 2540 4380 3210 J
Manganese 300 571 336 689 443 2.2 2.25 2.2 11.1 154 9 2.6 27 13.4 15.1 4.2 5.4
Mercury 2 0.046 0.056 0.054 0.041
Nickel --- 39.6 19 26.1 18.3 1.9 3.3 5.4 9.6 1.1 7.1 1.7 0.43
Potassium --- 3180 947 1820 2180 16200 1075 1280 1990 2290 2000 1610 1990 991 1530 1720 1780
Selenium 50 3.1 3.4 1.8
Silver 100 0.45 0.46 0.61 0.35 0.43 0.47
Sodium --- 3330 2110 5010 6410 6110 1035 3450 1100 11300 9030 9410 9160 11800 11800 15100 16600
Thallium 2 3 2.1 6 5.5 3
Vanadium --- 0.78 0.68 1.6 2 1.8 0.66
Zinc 5000 155 95.4 123 67.2 J 7.8 8.5 13.1 64.8 25.8 21.2 43.4 J 0.81 3.7 7.85
SEMIVOLATILES µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L
Bis(2-ethylhexyl)phthalate 6 2.8 J 2 J
Caprolactam 50 2.5 J 2.1 J
Carbazole 50
Diethylphthalate 50 2.5 J
VOLATILES µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L
1,2-Dichloroethene (cis) 5 1.35
Methyl Cyclohexane 50
Methyl Tert-butyl Ether 10 1.3 J 0.53
Tetrachloroethene 5 1.1
Trichloroethene 5 7.7 J 5 J 0.79 4.1 J 4.5 J 8.6 J 17

Data Qualifiers:

(Blank value)  --  Result is non-detected.  Detection limits are omitted for clarity.
Bolded values indicates the value excceds the NYS Department of Health (DOH) MCL.
http://www.health.state.ny.us/nysdoh/phforum/nycrr10.htm
The average of the sample and duplicate was used.  Half the reporting limit was used for non-detected results.
---  Indicates no MCL is available for this analyte.
Database source file:  H:\BETHPAGE\DATA SUMMARY\AOC22RES.DBF data retrieved on: 03/16/07
µg/L -- micrograms per liter

NYSDOH 
MAXIMUM 

CONTAMINANT 
LEVELS (MCLs)

J  --  Value is considered estimated due to exceedance of technical quality 
control criteria or because result is less than the Contract Required Quantitation 

(1) NYSDOH, 1991. New york State Department of health Laws and regulations 
Title: section 5 -6.10 Maximum Contaminant Levels. June. 
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TABLE 4-2
POSITIVE GROUNDWATER DETECTIONS

AOC 22
NWIRP BETHPAGE, LONG ISLAND, NEW YORK

Page 3 of 3

Location: MW11
Sample ID: MW11 MW11 MW11 MW11
Sample Date: 9/27/04 3/16/05 10/10/05 12/6/06
Duplicate:
INORGANICS µg/L µg/L µg/L µg/L µg/L
Aluminum --- 31.3 72.4 28.35 55.8
Arsenic 50
Barium 2000 39.1 47.1 60.35 66.8 J
Beryllium 4 0.32 1.5
Cadmium 5 19 21.4 19.3 25.3 J
Calcium --- 11000 12200 12650 13300 J
Chromium 100 1.3 12.7 15.65 10.9 J
Cobalt --- 0.74
Copper --- 2
Iron 300 32.8 67.5 43.6 31.4
Lead ---
Magnesium --- 1970 3280 4120 4410 J
Manganese 300 27.5 8.8 2.2 1.5
Mercury 2 0.036
Nickel --- 3 1.15 1.6
Potassium --- 1260 1870 3855 3070
Selenium 50
Silver 100 0.59
Sodium --- 4880 15400 22500 31600
Thallium 2
Vanadium ---
Zinc 5000 6.5 12.2 19.45 36.1 J
SEMIVOLATILES µg/L µg/L µg/L µg/L
Bis(2-ethylhexyl)phthalate 6 3.1 J
Caprolactam 50
Carbazole 50
Diethylphthalate 50
VOLATILES µg/L µg/L µg/L µg/L
1,2-Dichloroethene (cis) 5
Methyl Cyclohexane 50
Methyl Tert-butyl Ether 10
Tetrachloroethene 5
Trichloroethene 5 2.1 J 3.3 J 1.35 J 1.9

Data Qualifiers:

(Blank value)  --  Result is non-detected.  Detection limits are omitted for clarity.
Bolded values indicates the value excceds the NYS Department of Health (DOH) MCL.
http://www.health.state.ny.us/nysdoh/phforum/nycrr10.htm
The average of the sample and duplicate was used.  Half the reporting limit was used for non-detected results.
---  Indicates no MCL is available for this analyte.
Database source file:  H:\BETHPAGE\DATA SUMMARY\AOC22RES.DBF data retrieved on: 03/16/07
µg/L -- micrograms per liter
(1) NYSDOH, 1991. New york State Department of health Laws and regulations Title: 
section 5 -6.10 Maximum Contaminant Levels. June. 

NYSDOH 
MAXIMUM 

CONTAMINANT 
LEVELS (MCLs)

J  --  Value is considered estimated due to exceedance of technical quality control 
criteria or because result is less than the Contract Required Quantitation Limit 

Melissa.Cushing
4-13



Melissa.Cushing
FIGURE 4-1
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FIGURE 4-2
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FIGURE 4-3
AOC 22, NWIRP BETHPAGE, NEW YORK

Mean TPH Soil Concentrations at Ten Foot Intervals 
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5.0 CONCLUSION AND RECOMMENDATIONS 
 

In summary, conclusions of current conditions at AOC 22/Site 4 and recommendations are as follows.   

 

• Operation of the CLB System pilot-scale study resulted in an overall 16.6 percent reduction in 

petroleum at the site during approximately 1.5 years of operation.  Ninety percent reduction in one 

year of operation had been expected.  As a result, full scale implementation of this technology at this 

site is not recommended.     

 

• The concentration of TPH remaining in soil at the site ranges from 14 mg/kg in relatively shallow soils 

(20 feet bgs) to 36,000 mg/kg at depths near and below the water table (50 to 70 feet bgs).  The 

vertical extent of residual TPH contamination is mostly contained in the 50 and 60-foot depth 

intervals. 

 

• The horizontal extent of residual TPH contamination includes soil borings SB-101 to SB-104, which 

are located immediately adjacent to the former UST area, and potentially SB-105 and SB-106, which 

are located 25 to 30 feet from the former UST area.  This area totals approximately 0.3 acre.  Soil 

borings SB-107 and SB-108 are located at a similar distance, but had minimal or no detections of 

TPH.  The current estimated area of soil contamination is consistent with the findings from the 1999 

soil investigation.   

 

• Free product is present in soil at depth intervals of 50 to 60 feet in soil borings SB-101, SB-102, and 

SB-103 and in monitoring wells MW-01 and MW-02.  This free product in not fluid, has the 

consistency of tar, and is not mobile. 

 

• Soil concentrations exceed the NYSDEC TAGM #4046 criteria.  TAGM 4046 provides separate 

criteria for direct contact human health risks and protection of groundwater.   Residual soil 

contamination at the site, consisting of PAHs, is primarily at a depth of 50 to 70 feet below ground 

surface.  Most of the PAH exceedences identified are associated with a direct contract human health 

risk scenario.  Only chrysene, in 3 of 12 samples, was detected at a concentration exceeding the 

TAGM 4046 criteria for protection of groundwater.  The maximum detected chrysene concentration 

was 1,200 µg/kg versus a TAGM 4046 criteria of 400 µg/kg.   On the average, the chrysene 

concentration was less than the TAGM 4046 criteria, indicating that wide-spread significant impact to 

groundwater from the residual PAHs would not be anticipated.    

 

 



 

 NOR - CPBPAOC22-01 CTO-002 5-2

 

• Groundwater concentrations exceed NYSDEC groundwater standards for TCE and several metals 

including iron, manganese, and cadmium in site monitoring wells.   With the exception of monitoring 

well MW-06, there was no significant change in groundwater quality at the site during the CLB pilot-

scale study.  Iron and manganese concentrations in monitoring well MW-06 increased steadily during 

the study and an overall increased of a factor of 220 and 130, respectively.   
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APPENDIX A 
 

DESCRIPTION OF CLOSED-LOOP BIOREACTOR 
 

1. WORK PLAN OBJECTIVES AND DRAWING 
2. DESCRIPTION OF CLB 
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through a well for irrigation, municipal, or domestic use.  However, no irrigation, municipal, or domestic 

use wells are located within 500 feet of AOC 22.  Because the fuel oils are heavy molecular weight 

hydrocarbons and relatively insoluble in water, the COC emanating from the AOC 22 are not likely to 

migrate a great distance with groundwater, and, as such, do not represent a significant exposure hazard.  

These conditions could change in the future if the usage of the Site changes, or if domestic or irrigation 

wells are installed nearby. 

1.6. Closed-Loop Bioreactor Pilot Study 

Based on the evaluation of remedial alternatives in the AOC 22 Focused Feasability Study (Tetra Tech 

NUS, Inc., February 2002), a bioremediation technology, closed-loop bioreactor (CLB), was selected for a 

pilot study at AOC 22.   The primary objective of the pilot study is the source removal of petroleum 

hydrocarbons from the vadose and saturated zones to prevent further leaching of contaminants into 

groundwater, and the removal of free petroleum product, if it occurs, from the groundwater surface.  

Dissolved-phase VOCs and SVOCs having concentrations exceeding the remedial action goals will 

subsequently be removed from the aqueous phase during the remedial process.   

The selected pilot study methodology for the AOC 22 unit is CLB process.   The CLB process is a 

combination of technologies, which includes vapor extraction (VE), air sparging (AS), vacuum enhanced 

product recovery, desorption of hydrocarbons from soil particles, and enhanced bio-degradation.  The 

CLB process creates an in-situ bioreactor in vadose and saturated soils. The process design is a closed-

loop system with a continual circulation of air from groundwater sparge points to vadose injection and 

vacuum extraction wells.   

The CLB process uses a system of patented nutrients to accelerate the growth and biodegradation 

characteristics of existing indigenous bacteria.  The process enhances the effectiveness of indigenous 

bacteria to biodegrade the COCs, but does not utilize the inoculation of foreign or genetically 

engineered bacteria to degrade contaminants.  The surfactant, nutrients and supplemental food source 

are all completely biodegradable.  To demonstrate that no breakdown products remain above ambient 

groundwater conditions, groundwater samples will be analyzed for nitrates/nitrites and surfactants.    

A-1
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At the start of the process, the technology uses a small surface bioreactor to initiate the growth of 

indigenous bacteria that are capable of destroying petroleum constituents.  Within the bioreactor moisture, 

nutrients, and associated co-metabolites are used to accelerate the growth of the bacteria. Once biogrowth 

occurs, the vapor-based biomixture is then circulated into the vadose zone through a series of vapor 

extraction and injection wells, which forms a site-wide closed-loop system.  Accordingly, the biomass 

vapor that is created and injected in the vadose zone is circulated through the subsurface to the appropriate 

extraction wells, and back to the small surface bioreactor for testing and re-stimulation.  

This procedure occurs without any discharge to the atmosphere. Once this process is started, the bioreactor 

operation continues until an appropriate biomass is established in the vadose zone, which causes the 

vadose zone itself to act and operate as a larger site-wide bioreactor.  This unique situation is maintained 

during the entire remediation process.   

After free product is removed and the vadose zone bioreactor is fully established, groundwater air 

sparging is initiated.  The design of the remedial program includes the installation of dual use air sparging 

and vapor extraction wells at each sparge point locations.  The mechanical sparging action addresses 

volatile dissolved constituents that are in the groundwater.  The air sparging action liberates the volatile 

petroleum fractions in the groundwater, which then migrate upward into the vadose zone bioreactor, 

where the constituents are consumed by vapor extraction and biodegradation.   

The removal of contaminants from the groundwater is accelerated by bio-stimulation, in a process that is 

very similar to the biodegradation that occurs in wastewater treatment plants, in a process that further 

enhances the biodegradation of constituents in the groundwater. Any products that are introduced are also 

ultimately degraded as bacteria nutrient sources.      

The CLB process is maintained and enhanced by an above ground mobile treatment system that 

includes the surface bioreactor, pump equipment, compressors, and instrumentation (Figure 1-6).  The 

mobile treatment system equipment allows for the adjustment of air circulation rate, moisture control, 

and nutritional enhancement, which are necessary for a sustained bio-reaction process in the vadose 

zone.  
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A critical element of the CLB process is the mobilization of adsorbed chemical constituents.  To 

accomplish this, patented biodegradable surfactants will be injected into the subsurface to enhance the 

mobilization process.  The surfactant substrate is ionic and has the effect of increasing the permeability 

with respect to hydrocarbons trapped in the soil due to its ionic nature.  The surfactant that will be used is 

completely biodegradable, and is processed from naturally occurring surfactants secreted by bacteria. 

Pulsing and low-pressure injection is applied so that preferential pathways and fingering of the surfactant 

through the soil does not occur.  The surfactant is injected at a temperature of approximately 35o Celsius 

(95o Fahrenheit).  The high temperature further increases the viscosity of the constituents to approximately 

that of water and allows the contaminants to become mobile.  The mobilized/emulsified product is then 

transported and drawn into vacuum extraction/recovery wells where it is removed using skimmer pumps.  

The removal of the trapped source is the key to the remediation process. Once the source constituents 

are eliminated, groundwater cannot be re-contaminated by their presence.  Subsequently, engineered 

biodegradation of dissolved groundwater contaminants can proceed without the problem of 

recontamination. The result is a linear (vs. asymptotic) contaminant reduction profile that is typical of the 

CLB process, and is the key element in a rapid cleanup schedule.      

Vapor extraction (VE) is an important element of the closed loop process.  The extracted vapor train is 

circulated through the surface bioreactor and is then injected back into the subsurface via groundwater 

sparge wells and nested vadose zone surfactant injection wells, as applicable.  In this manner, the 

closed loop process does not produce air emissions to the atmosphere; therefore, no effluent 

destruction equipment or air quality permits will be necessary.  Biodegradation is further enhanced by 

the VE process (via higher aerobic activity), which in turn accelerates both the soil and dissolved 

groundwater remediation concurrently. 

Both No. 4 and No. 6 fuel oil are long-chain (i.e., heavy molecular weight) hydrocarbons.  No. 6 fuel 

oil in particular is a high viscosity fuel oil.  Because of its high molecular weight, biodegradation is 

likely to be slow.  Therefore, the CLB process will be enhanced through the use of Fenton’s Reagent.  

Fenton’s Reagent is an iron-catalyzed hydrogen peroxide mixture that, when applied to a carbon 

source, breaks down the carbon compound through oxidation.  As the oxidation reaction proceeds, heat 
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is generated.  Through the breaking down of the carbon chain and the creation of heat, the heavy fuel 

oils will become less viscous, and thus more mobile, in the subsurface.   

Locus will implement an air monitoring program during ground intrusive activities, such as well 

installation, and during the startup of the CLB process, to the extent practicable, with respect to VOCs.  

The air monitoring program for ground intrusive activities will consist of Locus/ARUSI personnel 

collecting VOC measurements using a photo-ionization detector or equivalent at downwind location.  

VOC data will be collected at approximately 15-minute intervals and recorded in the field log.  During the 

startup of the CLB process (the first two days) VOCs will be monitored as previously stated.  However, if 

VOCs are not detected, air monitoring frequency will be reduced gradually according to the following 

schedule: Hourly day 3 to day 5 and the once daily thereafter.  

1.7. Closed-Loop Bioreactor Pilot Study Implementation Schedule 

A project schedule has been included in Appendix B.  The schedule shows all major tasks as outlined in 

the scope of work, and activities associated with each tasks.  The critical path method (CPM) will be used 

to schedule and control project related activities using Microsoft Project 2000.  The schedule will be 

updated at monthly intervals.  Each invoice submitted to NAVFAC will be accompanied by an updated 

project schedule that shows the progression of the remedial program. 

1.8. Community Relations 

Locus Technologies will participate in four (4) Restoration Advisory Board (RAB) meetings with 

EFANE, with the objective of describing the CLB technology, describing the pilot study approach, and 

reporting progress.  
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2. PILOT STUDY DESIGN 

2.1. Design Strategy 
The overall remedial design was developed by Locus in conjunction with AR Utility Specialists, Inc. 

(ARUSI).  Locus has developed the remedial strategy to address the contaminated soil and 

groundwater at the AOC 22. ARUSI is responsible for remedial construction design and 

implementation, and will provide the proprietary biodegradation additives used to enhance the natural 

biodegradation of contaminants in the subsurface.   

2.2. Design Activities 

The following is a list of design activities that are required prior to implementation of the remedial 

program: 

♦ Pre-design meeting/site walk 

♦ Development of this remedial documents which include the Pilot Study Work Plan, Sampling 

and Analysis Plan, and Health and Safety Plan 

♦ Completion of remedial design drawings, to include remedial well locations, underground 

piping, and electrical design plans 

♦ Procurement of construction, environmental, and drilling permits where applicable 

2.3. Design Deliverables 

Prior to implementation of the remedial activities, the following deliverables will be completed: 

♦ Pilot Study Work Plan 

♦ Pilot Study Sampling and Analysis Plan (Appendix C) 
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♦ Pilot Study Health and Safety Plan (Appendix D) 

♦ Pilot Study Design Drawings 

♦ Construction and Use permits, if necessary 

2.4. Evaluation of Previous Data 

Locus reviewed the FA/FFS prepared by Tetra Tech NUS.  The FA/FFS included a brief review of the site 

history, and a detailed discussion of soil and groundwater analytical results from previous investigations 

conducted in 1997 and 1999.  The report identified Applicable or Relevant and Appropriate Requirements 

(ARARs) in an effort to develop remedial alternatives.  Six remedial alternatives were selected for review.  

Those alternatives are (1) no action; (2) cover and institutional controls; (3) excavation and off-site 

disposal; (4) bioremediation, institutional controls, and monitoring; (5) in-situ chemical oxidation; 

(6) thermally enhanced soil vapor extraction.  This effort will serve as a pilot test of the remedial 

alternative Number 4 from the FA/FFS. 

The NYSDEC reviewed the FA/FFS and determined that active remediation of the AOC 22 source area 

soils is necessary to ensure protection of the groundwater beneath the site.  The chosen remedial 

technology (CLB) described in this work plan will fulfill this requirement through the removal of 

contaminant mass at the source area.   

2.5. Design Criteria 

The CLB system proposed for this site consists of the remediation well infrastructure, which includes 

extraction and injection wells connected by lateral piping to the main treatment system; the mobile 

remedial equipment trailer housing the surface bioreactor and associated equipment; and the electrical 

power distribution system.   
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3. PERMITTING REQUIREMENTS 

Locus understands that this remedial project is located on a federal facility and that no local permitting is 

required.   However, all well and infrastructure and construction will be in accordance with all applicable 

regulatory and construction standards.  If any permit are required, Locus will obtain them in a timely 

manner. 
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4. CONSTRUCTION 

4.1. Construction Strategy 

Construction of the CLB pilot system will begin with the installation of the remediation wells, the 

locations of which have been chosen based on previous soil and groundwater analytical results.  A 

licensed drilling contractor will perform all well drilling and installation activities, under the supervision 

of Locus personnel.  Following completion of the well installation phase, a licensed contractor will be 

retained to install all lateral underground piping, which will connect the remediation wells to the above-

ground remedial equipment trailer.  Once the lateral piping is in place, a licensed electrician will connect 

the electrical supply to the remedial system.  All infrastructure construction activities will be under the 

supervision of ARUSI personnel.  Local licensed contractors and businesses will be used to the maximum 

extent practicable to perform infrastructure construction tasks. 

4.2. Construction Activities 

4.2.1. Health and Safety Plan 

Locus has prepared a site-specific Health and Safety Plan (HASP) which is included in Appendix D. The 

plan will include a description of the hazard assessment including level of safety protection to be used 

during field operations and exposure monitoring. The plan also addresses overhead and underground 

utilities and safety during trenching operations, equipment installation, equipment noise levels, heat stress 

and emergency response procedures.  A copy of the HASP will be given to all integrated team partners 

(ITP) personnel and subcontractors working on the project. 

4.2.2. Well Installation 

An Locus and/or ARUSI field geologist or engineer will supervise the installation of 34 air sparging and 

injection/extraction cluster wells. Well locations have been chosen based on the site lithology, occurrence 

of phase separated hydrocarbons, and the boundaries of the dissolved phase hydrocarbon plume.  All 34 
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wells will be installed on site property.  Remediation well locations are included on the Remediation Site 

Plan (Figure 1-5). 

Locus understands that underground utilities exist at AOC 22.  The approximate locations of these utilities 

are as indicated in the electronic figures provided by the client and shown on Figure 1-5.  Currently these 

utilities are shut down, but need to be preserved for future use.  To avoid damaging the existing 

underground utilities, the well locations will be cleared prior to drilling by hand digging with a post-hole 

digger.   The well locations may need to be adjusted during the field activities to avoid possible conflicts.  

The remediation wells will be installed using a hollow-stem auger drill rig.  Twenty-eight (28) deep-

nested wells will be drilled to a depth of approximately 75 feet bgs, and will be constructed of 2-inch- and 

4-inch-diameter polyvinylchloride (PVC) well casing and screen.  The screened interval for the 2-inch 

sparge wells will extend from approximately 70 to 75 feet bgs, and will consist of 0.01-inch slotted high-

flow screen.  The screened interval for the 4-inch-diameter injection/extraction wells will extend from 

20 to 65 feet bgs and will consist of 0.02-inch slotted high-flow screen.   The proposed well construction 

diagrams are included on Figure 1-7. 

Six shallow vapor extraction wells will be drilled to a depth of approximately 25 feet bgs and will be 

constructed of 4-inch-diameter PVC well casing and screen.  The screened interval will extend from 

approximately 10 to 25 feet bgs and will consist of 0.02-inch slotted high flow screen.  All 34 wellhead 

completions will be mounted flush to the ground surface within 24-inch-diameter traffic-rated well vaults. 

During drilling, soil samples will be collected from selected wells at 10-foot depth intervals.  The samples 

will be collected using a split-spoon sampler (either 18 or 24 inches long) containing 6-inch long brass 

sleeves.  Upon reaching a chosen sampling depth, the sampler will be lowered into the borehole and 

driven a minimum of 18 inches into undisturbed soil.  Upon retrieving the sampler, the brass sleeves will 

be removed.  The lowermost sleeve will be retained for possible laboratory analysis.  Soil in the remaining 

sleeves will be retained for lithologic description.  Soil samples that are submitted to an analytical 

laboratory will be analyzed for TPH using United States Environmental Protection Agency (EPA) 
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Method 8015, VOCs using EPA Method 8260B and SVOCs using EPA Method 8270C.   A detailed 

description of the sampling methodology is included in the Sampling and Analysis Plan (Appendix C).   

4.2.3. Lateral Piping Installation 

All injection/extraction wells will be connected to the CLB remedial system using 2-inch- and 4-inch-

diameter Schedule 40 PVC piping.  Lateral piping will be placed in trenches located greater than 3 feet 

below grade to avoid freezing conditions.  A flow control valve will be installed at each connection of 

lateral piping and well head.  All manifold piping will be routed to a manifold located near the system 

trailer.   

4.2.4. Remedial System Enclosure and Electrical Service 

The CLB remedial system and controls will be enclosed on the property within a secured trailer measuring 

approximately 8 feet by 25 feet.  The trailer will be located within the GAC building, with the remaining 

floor space within the building being utilized as a field office.   

ARUSI will supervise the construction of a below-ground electrical distribution line originating from 

existing electrical switch near the GAC Building.  The new supply will be attached to a new electrical 

panel inside the GAC Building.  A licensed electrician will coordinate the installation of the three-phase, 

460-volt electrical service in the GAC Building, which will be inspected by the local utility and municipal 

inspectors, if necessary, prior to system start-up.   

4.2.5. Waste Disposal and Transport 

Drill cuttings generated during drilling activities will be stored on the property in Department of 

Transportation (DOT)-approved drums or covered roll-off bins, pending results of soil sample laboratory 

analyses.   After the waste material has been characterized, it will be disposed of in an appropriate manner. 
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MONITORING WELL SHEETS 

MONITORING WELL DEVELOPMENT RECORDS 
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