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EXECUTIVE SUMMARY 

Reason for the Remedial Design Report 

This report summarizes the remedial design for treatment of an off-site plume of 

dissolved-phase groundwater contamination associated with the Hempstead Intersection Street 

Former Manufactured Gas Plant (MGP) site (Site) located in the Villages of Hempstead and 

Garden City, Nassau County, New York (refer to Drawings 2 and 3).  This report was prepared 

for National Grid by URS Corporation in accordance with an Order on Consent with the New 

York State Department of Environmental Conservation (NYSDEC).   

The report documents the background, decision making process, and rationale behind the 

design of three treatment systems.  The report also presents the Site history, present site 

conditions, the goal for the remedial action, an overview of the treatment systems, critical design 

parameters for all major system components, and their basis for design.  The report discusses 

implementation of the remedial design, how the system components will be installed, monitoring 

activities that will be conducted during the installation, and operation and maintenance of the 

systems.    

Site Description and History 

MGP operations began in the early 1900’s in the southern portion of the Site and 

expanded north as the demand for gas increased.  The Long Island Lighting Company (LILCO) 

acquired the Site in the early 1930's.  The on-site MGP was subsequently demolished by LILCO 

following the start of natural gas availability on Long Island in the early 1950’s.  In 1998, LILCO 

merged with Brooklyn Union Gas forming KeySpan Corporation.  In 2007, KeySpan Corporation 

was purchased by National Grid.   

A “cut and plug” interim remedial measure (IRM) Program was undertaken at the Site 

during the winter of 1999.  The objective of that IRM was to locate underground piping 

associated with historic MGP operations so that each pipe could be cut, drained of any fluids and 
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plugged in order to limit the potential for any off-site migration of MGP-related constituents.  The 

IRM was completed in the summer of 2000. 

A second IRM was implemented in 2008 for the excavation of shallow MGP source 

materials from the Site and for the recovery of non-aqueous phase liquid (NAPL) from the 

groundwater (refer to Drawing 2 for the IRM locations).  The IRM was performed to remove 

MGP source materials from areas of the Site where no additional future remediation will be 

necessary and to support future site-wide remediation activities by providing clean areas for 

support facilities, vehicle parking, and the staging of equipment and materials.  A total of 4,432 

cubic yards of MGP source material (as contaminated soil) and construction / demolition debris 

was taken off-site for treatment and disposal.  9,493 gallons of liquid was also taken off-site for 

treatment and disposal.   

A dissolved phase groundwater plume is located downgradient of the Site.  The plume 

reaches a maximum width of approximately 600 feet (ft) and extends approximately 3,800 ft 

south of the Site.  The plume boundaries are defined by total benzene, toluene, ethylbenzene, and 

xylenes (BTEX) or total polycyclic aromatic hydrocarbon (PAH) concentrations greater than 100 

micrograms per liter (µg/L).  Monitoring data indicates that the plume is stable and has not 

increased in size or strength in recent years.  The highest BTEX and PAH concentrations occur in 

the plume immediately south of the Site.  South of Atlantic Avenue, the plume dips and is 

overlain by clean groundwater.  Groundwater contamination is found at depths greater than 100 ft 

below ground surface (bgs).   

The most concentrated area of the plume (greater than 5,000 µg/L) is approximately 

1,000 ft long and directly downgradient from the Site.  The concentrations of BTEX and PAHs 

decrease rapidly as they migrate away from the Site.   

Remedial Goal 

The remedial goal for the groundwater treatment systems is to restore, to the extent 

practicable, groundwater impacted by MGP Site related contaminants of concern to meet ambient 

water quality standards and guidance values.  The groundwater treatment systems have been 



REMEDIAL DESIGN REPORT  HEMPSTEAD INTERSECTION 
FOR OFF-SITE GROUNDWATER TREATMENT  STREET FORMER MGP SITE 

 

 
URS CORPORATION E-3 
 
J:\11175065.00000\WORD\DRAFT\Site-Wide Remedy\GW Treatment\Design Report\Design Report_00 rev 2.doc 

designed with this goal in mind and will continue to operate until the groundwater has been 

restored to the extent practicable or until the systems have reached their limits of effectiveness.   

Remedial Technology 

The evaluation conducted in the Feasibility Study / Remedial Action Plan (URS, 2008b) 

for the Hempstead site recommended bioremediation of the dissolved phase groundwater plume 

as the groundwater remediation alternative.  Information collected during previous investigations 

indicate that intrinsic bioremediation of the dissolved phase contaminant plume is an active 

process at the Site and supports the plan to implement enhanced aerobic bioremediation for the 

groundwater.  Biodegradation involves microbially mediated oxidation-reduction reactions that 

transform BTEX and PAHs to carbon dioxide and water.  Dissolved oxygen (DO) is the most 

thermodynamically favored electron acceptor used in the biodegradation of hydrocarbons and is 

typically the primary growth limiting factor for hydrocarbon degrading bacteria.  Therefore, by 

increasing the DO concentration, the rate of bioremediation can be increased by at least one and 

sometimes several orders of magnitude over naturally occurring, non-stimulated rates.   

The remedial technology proposed for enhanced aerobic bioremediation is a patented 

technology that involves the injection of high-purity oxygen into groundwater at a rate low 

enough to avoid migration or volatilization of the contaminants, but high enough to increase DO 

concentrations within the aquifer.  Delivery of oxygen into groundwater can increase DO 

concentrations to a maximum of 40 milligrams per liter (mg/L) as compared to 9 mg/L for a 

typical air sparging system.   

High-purity oxygen, generated from on-site systems, will be introduced into the 

contaminated groundwater plume via a network of wells installed across the direction of 

groundwater flow.  The wells will produce oxygenated zones that enable aerobic bioremediation 

of contaminated groundwater as it flows through the treatment areas.   
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Design Overview and Summary 

The groundwater treatment systems are designed to provide zones of elevated DO that 

will stimulate aerobic bioremediation of contaminated groundwater as it flows through the 

treatment areas.  The primary basis for the system design is to ensure that the quantity of oxygen 

dissolved into the groundwater is sufficient to support the aerobic biodegradation of the 

contaminants traveling through each treatment area.  Aerobic bioremediation of the plume at 

select locations, in conjunction with solidifying the contaminant source via in-situ solidification 

(ISS), will accelerate the rate at which the dissolved contaminant mass is oxidized and will 

eventually lead to decreased contaminant concentrations in the entire plume.  The planned 

locations of the groundwater treatment systems and ISS remediation are shown on Drawing 2.   

Based on the dimensions and location of the groundwater contaminant plume, three 

separate groundwater oxygen treatment systems are planned:  

• In the vicinity of Smith Street, the inactive Long Island Railroad (LIRR) Right-of-

Way (ROW), and in the road ROWs for Atlantic Avenue and Hilton Avenue 

(Treatment System 1). 

• In Mirschel Park, on private property located at 158 Hilton Avenue, and in the road 

ROWs for Hilton Avenue and Kensington Court (System No. 2).  

• On private property located at 106 Hilton Avenue and in the road ROWs for Hilton 

Place and Cathedral Court (System No. 3).   

  The installation of System 3 is dependent on the ability to obtain the necessary private 

property access agreements for this system.   

The contaminant mass flux and corresponding oxygen requirement at each treatment 

system is significantly less than the capacity of each oxygen generating system.  For all three 

systems, the minimum oxygen generation rate will be 175 standard cubic feet per hour (scfh), or 

190 pounds (lbs) per day.   Each system will consist of an equipment enclosure that will house the 

oxygen generation and control systems, a piping system for distribution of the high-purity 
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oxygen, and oxygen wells.  The three systems will generate oxygen via air compressors and 

pressure swing adsorption units.  Oxygen will be stored in tanks until it is directed to the wells.  

Each well will be connected to the generation system via a separate pipe that will be connected to 

a manifold inside the enclosure.  Oxygen will be distributed to the contaminated groundwater via 

a system of wells screened in or below the zone of groundwater contamination.  Ninety-six (96) 

wells will be installed for Treatment System 1, 59 wells will be installed for Treatment System 2, 

and 70 wells will be installed for Treatment System 3.  A control system will direct the duration 

and flow of oxygen to the wells, which will be grouped together in quantities of 8 to 10 per 

manifold for control purposes.  Each manifold will be on-line for a programmed duration.  At the 

end of the cycle, the oxygen flow to the manifold will be stopped and the next manifold in the 

sequence will then be started.   
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1.0 INTRODUCTION 

This Remedial Design Report was prepared by URS Corporation-New York (URS) on 

behalf of National Grid, for the Hempstead Intersection Street Former manufactured gas plant 

(MGP) site (the Site) located in the Villages of Hempstead and Garden City, Nassau County, 

New York (see Drawing 1).  This report describes remediation systems that will be used to treat 

an off-site plume of groundwater impacted by site-related MGP contaminants.  Bioremediation 

augmented by the addition of oxygen to the contaminant plume was the technology proposed for 

groundwater treatment in the Feasibility Study/Remedial Action Plan (FS/RAP) (URS, 2008b).  

This Design Report was completed in accordance with an Order on Consent (#D1-0001-98-11) 

(the Order) with the New York State Department of Environmental Conservation (NYSDEC). 

1.1 Site Description  

The Site, shown on Drawings 1 and 2, is located in the Villages of Hempstead and 

Garden City, Nassau County, New York.  The majority of the approximately 8-acre Site is 

located within the Village of Garden City.  The property is bordered to the north by Second 

Street, east by the Long Island Railroad (LIRR) inactive railroad right-of-way (ROW), on the 

south by Intersection Street, and on the west by a park owned by the Village of Garden City.  The 

park contains a public parking lot, two public water supply wells, and a recharge basin for 

maintaining those two wells.  There are residences and commercial businesses near the Site, 

including a Professional Office Building to the southwest, an Active Oil Storage Terminal to the 

southeast, and an Inactive Petroleum Storage Facility to the southeast.  An active National Grid 

natural gas regulator station is located within the northwestern portion of the Site. 

The Site and surrounding area are generally flat with the ground surface gently sloping to 

the west, northwest, and southwest.  The Site is predominantly covered with crushed stone and is 

secured with a perimeter fence.  Limited grass, shrubs and trees serve as a buffer across the 

northern fence line.  Other than gas piping in the regulator station and Site security fences, there 

are no permanent aboveground structures on the Site. 
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The dissolved phase groundwater plume is located downgradient of the Site (refer to 

Drawings 2 and 3), extends approximately 3,800 feet (ft) to the south, and is approximately 600 ft 

wide.  The plume boundaries are defined by total benzene, toluene, ethylbenzene, and xylenes 

(BTEX) or total polycyclic aromatic hydrocarbon (PAH) concentrations greater than 100 

micrograms per liter (µg/L).  Monitoring data indicates that the plume is stable and has not 

increased in size or strength in recent years.  The highest BTEX and PAH concentrations occur in 

the plume immediately to the south of the Site.  South of Atlantic Avenue, the plume dips and is 

overlain by clean groundwater.  Drawing 4 provides a cross section view of the plume along its 

length.  Groundwater contamination is found at depths greater than 100 ft below ground surface 

(bgs).   

1.2 Site History 

MGP operations began in the early 1900’s in the southern portion of the Site and 

expanded north as the demand for gas increased.  The Long Island Lighting Company (LILCO) 

acquired the Site in the early 1930's.  The on-site MGP was subsequently demolished by LILCO 

following the start of natural gas availability on Long Island in the early 1950’s.  In 1998, LILCO 

merged with Brooklyn Union Gas forming KeySpan Corporation.  In 2007, KeySpan Corporation 

was purchased by National Grid.   

A “cut and plug” interim remedial measure (IRM) Program was undertaken at the Site 

during the winter of 1999.  The objective of that IRM was to locate underground piping 

associated with historic MGP operations so that each pipe could be cut, drained of any fluids and 

plugged in order to limit the potential for any off-site migration of MGP-related constituents.  The 

IRM was completed in the summer of 2000. 

A second IRM was implemented in 2008 to excavate shallow MGP source materials from 

the Site and to recover non-aqueous phase liquid (NAPL) from the groundwater (refer to Drawing 

2 for the excavation locations).  The IRM removed MGP source materials from areas of the Site 

where no additional future remediation will be necessary, which will support future site-wide 

remediation activities by providing clean areas for support facilities, vehicle parking, and the 

staging of equipment and materials.  A total of 4,432 cubic yards of MGP source material (as 
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contaminated soil) and construction / demolition debris and 9,493 gallons of liquid were taken 

off-site for treatment and disposal.     

1.3 Previous Investigations 

Several investigations have been performed at the Site and adjacent properties to identify 

the presence of MGP impacts, determine the presence and extent of off-site MGP impacts, 

establish IRM boundaries, install NAPL recovery wells, and characterize the hydrogeology of the 

area.  Investigations that were performed prior to and during the RI are documented in the 

November 2006 Remedial Investigation (RI) Report (PS&S, 2006).  Since completing the RI, the 

following reports have been completed: 

• Groundwater Sampling and NAPL Monitoring/Recovery Reports (URS) 

- Report for the Second and Third Quarters of 2007 
- Annual Report for 2007 
- Report for the First Quarter of 2008 
- Report for the Second Quarter of 2008 
- Report for the Third Quarter of 2008 
- Annual Report for  2008 
- Report for the First Quarter of 2009 
- Report for the Second Quarter of 2009 
- Report for the Third Quarter of 2009 

• IRM Remedial Action Work Plan (URS, 2007b). 

• Feasibility Study/Remedial Action Plan (URS, 2008b). 

• Technical Specifications/Contract Documents for Interim Remedial Measures (URS, 

2008c). 

• Pre-Design Investigation Work Plan for In-Situ Solidification and Off-Site 

Groundwater Treatment (URS, 2008e). 

• Construction Operations Plan for Interim Remedial Measures (URS, 2008f). 

• IRM Excavation Completion Report Interim Remedial Measures (URS, 2009c). 
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• Pre-Design Investigation Report for In-Situ Solidification and Off-Site Groundwater 

Treatment (URS, 2010). 

Activities performed during these investigations have included test pit excavations, soil 

borings, installation of monitoring wells, air monitoring, sampling and analysis of soil, 

groundwater, soil gas, MGP waste, and other impacted materials, private well surveys, surveying 

and mapping, excavation of shallow MGP source material, and dense non-aqueous phase liquid 

(DNAPL) recovery.  For the purpose of this Remedial Design, the RI and the pre-design 

investigation (PDI) provide the most relevant data.   

1.3.1 Remedial Investigation 

The RI report was prepared by PS&S in 2006 to provide an understanding of the nature 

and extent of chemical constituents in the environment and identify potential human exposure 

pathways and environmental risks in sufficient detail to allow for the selection and design of a 

remedial action for the Site.  

The results of the RI and previous investigations that were incorporated into the RI report 

indicated the following: 

• The majority of MGP-related residuals or NAPL were observed in two intervals: 

shallow soils in the upper 8 ft of the Site at locations in proximity to the former MGP 

operations and in a zone at or near the water table interface approximately 24 to 34 ft 

beneath the Site. 

• The on-site impacts have migrated downgradient of the site resulting in a dissolved 

phase contaminant plume in the groundwater approximately 600 ft wide and 

approximately 3,800 ft long in a southerly direction from the Site.   

• Downgradient migration of the dissolved phase BTEX/PAH plume is being retarded 

and attenuated by naturally occurring organic carbon present in the soil matrix and by 

naturally occurring biodegradation.   
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• Some of the chemical constituents in the plume path are attributable to past and 

present petroleum sources including commercial and industrial operations and 

chemicals generated by vehicle traffic and other internal combustion engines. 

• Chemical constituents from the Site have not adversely impacted drinking water 

supplies in the community.  Groundwater flow modeling indicates that the former 

MGP site is outside the groundwater capture zones for the adjacent Village of Garden 

City and Village of Hempstead Clinton Street water supply wells assuming normal 

pumping rates and based on historical data. 

• The on-site shallow source area soils present the greatest potential for risk via direct 

contact with the soils via the release of volatile organic vapors and the potential for 

the continuing release of NAPL and dissolved phase constituents to the environment.  

The greatest risk of potential exposure is associated with on-site subsurface 

construction activities undertaken without appropriate precautions.   

1.3.2 Pre-Design Investigation 

The PDI was performed in 2008 and 2009 to collect data and further delineate the extent 

of the plume in the vicinity of the treatment system locations and to provide information to be 

used in the design of the remedial action.  The following activities were conducted: 

• Sampling and field screening of soils collected from borings drilled in the vicinity of 

each groundwater oxygenation system. 

• Sampling and analysis of groundwater from temporary points installed in the borings 

to establish extent of the plume in the vicinity of each groundwater oxygenation 

system. 

• Installation of monitoring wells to monitor groundwater conditions prior to and 

during system operations. 
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• Sampling and analysis of groundwater from new and existing monitoring wells to 

establish dissolved phase contaminant concentrations and geochemical conditions 

relative to intrinsic bioremediation processes.   

1.4 Conceptual Site Model 

The conceptual Site model describes the relationship between former MGP operations 

and the observations of physical impacts (i.e., NAPL, staining, sheen and odors), detected 

chemical constituents, migration pathways, and potential exposure pathways as identified through 

past Site investigations.   

• NAPL associated with the former MGP Site is primarily a DNAPL that ranges from a 

thick tar-like substance to a more mobile, lower viscosity fluid.   

• Following a release from a former structure, the NAPL accumulated in the shallow 

soils around source areas until the sorptive capacity of the soil was exceeded.  The 

heavier tar-like NAPL remained in the shallow soils while the lower viscosity NAPL 

tended to migrate downward into the deeper soils.   

• A significant portion of the NAPL has preferentially migrated horizontally along the 

slope of the water table and has extended approximately 450 ft beyond the southern 

boundary of the Site.  This NAPL saturation extending south of the Site occurs as 

thin (0 to 6-inch thick) layers.  Interim product recovery wells were installed in this 

zone in 2008 and are used together with other NAPL-producing wells to recover 

NAPL on a twice-a-month basis.   

• A dissolved plume is present in the groundwater and extends approximately 3,800 ft. 

south of the Site.  Monitoring data during the period 2000 to 2009 has indicated that 

the plume is stable and has not increased in size or strength during this period.   
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A comprehensive conceptual Site model, especially as it relates to the location and 

migration of the NAPL, is presented in the RI (PS&S, 2006).  Further information on the 

dissolved phase groundwater contaminant plume is presented in Section 3.2.   

1.5 Report Organization 

This report was prepared to document the background, the decision making process, and 

the rationale behind the design of the groundwater treatment systems for the Site.  Five sections 

are included.  Sections 1 through 3 provide the introduction, remedial goals, and the Site 

conditions.  Section 4 presents an overview of the treatment systems, including critical design 

parameters for all major system components, the basis for their design, and other information 

required to present a complete overview of the proposed system design and operation.  Section 5 

discusses the implementation of groundwater remediation, outlines how each of the system 

components will be installed, and identifies monitoring activities that will be conducted in 

conjunction with the installations.  
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2.0 REMEDIAL GOALS 

As identified in the FS/RAP (URS, 2008b), the following remedial action goals have 

been established for groundwater at the Hempstead Site: 

• Reduce or mitigate NAPL, to the extent practicable to decrease the source of 

chemicals that contribute to soil, air, soil vapor and groundwater contamination. 

• Prevent or mitigate, to the extent practicable, off-site migration of groundwater 

contamination resulting from Site-related contaminants. 

• To restore, to the extent practicable, groundwater impacted by Site related MGP 

contaminants of concern to meet ambient water quality standards and guidance 

values. 

The first two goals, reduce NAPL and prevent off-site migration, will be addressed via 

ISS of MGP source materials and other removal activities that have been or will be implemented 

for the source area.  The groundwater treatment systems, as outlined in this design report, will aid 

in the bioremediation of the groundwater contaminants.  The groundwater treatment systems will 

operate until the groundwater has been restored to the extent practicable or until the systems have 

reached their limits of effectiveness.   
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3.0 SITE CONDITIONS 

The following sections summarize the general conditions of the Site and off-site areas as 

they relate to the dissolved phase groundwater contaminant plume and the design of the 

groundwater treatment systems.  Additional Site information can be found in the RI, PDI and 

other investigation reports for the Site.  Specific information used in the design of the treatment 

systems is identified in Sections 4 and 5, as well as in Appendix A, which presents calculations 

associated with the remedial design.  

3.1 Hydrogeology 

Major hydrogeologic units within the area of the dissolved phase groundwater plume are 

illustrated on Drawing 4.  The water table occurs within the glacial outwash sediments (Upper 

Glacial aquifer) at depths ranging from approximately 25 to 30 ft bgs.  Groundwater flow within 

the glacial outwash is in a south-southwesterly direction at a gradient of approximately 0.001 ft/ft. 

Hydraulic conductivities of the Upper Glacial aquifer and the upper subunit of the 

Magothy Formation were estimated to be approximately 1 x 10-1 centimeter per second (cm/sec) 

and 1 x 10-2 to 5 x 10-2 cm/sec, respectively (McClymonds and Franke, 1972).  Site-specific 

hydraulic conductivity testing, discussed in the PDI, confirmed these values. 

The corresponding horizontal-to-vertical anisotropies of the Upper Glacial and Upper 

Magothy Formation are approximately 1:10 and 1:100, respectively (McClymonds and Franke, 

1972).  The lower subunit of the Magothy Formation is characterized by very low hydraulic 

conductivity of approximately 1 x 10-7 cm/sec (PS&S, 2006).  The groundwater treatment system 

will only slightly extend into the Lower Magothy Formation.   

3.2 Dissolved-Phase Groundwater Plume 

As discussed in the PDI and previous investigations, dissolved BTEX and PAHs emanate 

from the Site in a groundwater plume that reaches a maximum width of approximately 600 ft 

wide by approximately 3,800 ft long (based on a plume boundary defined by 100 µg/L BTEX or 

total PAHs).  The most concentrated area of the plume (greater than 5,000 µg/L) is directly 

downgradient from the Site and is approximately 1,000 ft long.  A plan view of the plume of 
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contaminants dissolved in groundwater is shown on Drawings 2 and 3.  Analytical data from 

groundwater sample locations within and around the contaminant plume also are presented on 

Drawing 3.  The concentrations of BTEX and PAHs decrease rapidly as they migrate away from 

the Site.   

Groundwater analytical results from the PDI investigation are similar to results presented 

in the RI report in terms of strength (i.e., concentration) and extent of the plume, which indicate 

that the plume is stable and is not expanding or increasing in concentration.  Drawing 4 shows the 

plume in section view along its principle axis and incorporates analytical data from the PDI and 

RI.  The figure shows that the highest concentrations occur at the Site and south to Atlantic 

Avenue.  The bottom of the plume was observed at approximately 75 ft bgs along Smith Street.  

Further south, at Atlantic Avenue, the plume dips and is overlain by uncontaminated 

groundwater.  The bottom of the plume is approximately 85 ft bgs at Atlantic Avenue and 75 ft 

bgs in Mirschel Park. 

Perpendicular cross sections through the contaminant plume are shown on Drawings 5 

through 7.  The cross section locations shown on these drawings correspond to the locations of 

the proposed treatment systems that are discussed in Section 4.0.   

The dissolved phase contaminant plume presented on Drawings 3 through 7 shows the 

estimated contaminant concentration isopleths that represent 5,000 µg/L, 1,000 µg/L and 100 

µg/L of BTEX or total PAHs.  The plume and cross sections were constructed using data from the 

RI, the PDI, and from the quarterly groundwater sampling events.  This data was entered into a 

geographic information system (GIS) database which was used to prepare a three dimensional 

interpolation of the data.  Once this “model” of the plume was complete, it was used to develop 

the cross sections for Drawings 5 through 7.   

In addition to the concentration isopleths, cross section Drawings 5 through 7 show actual 

BTEX and PAH groundwater analytical results from sample locations in close proximity to the 

proposed locations of the treatment systems.  As shown on Drawing 5, at the eastern end of Smith 

Street, only low BTEX and PAH contaminant concentrations were observed at HISB-103, with 

no detections in the samples collected from HISB-104 located slightly further to the east.  These 

borings were located at the southwestern and southeastern corners of Smith Street and Sealey 
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Avenue, respectively.  The eastern edge of the plume in this area was established by these points.  

The western edge of the groundwater plume was established by HISB-114, where both BTEX 

and PAHs were non-detectable.  Both BTEX and PAHs were found at HISB-116 and the western 

boundary of the plume lies between these two points.   

At the eastern boundary of the plume in Mirschel Park location HIGP-68 contained 

concentrations of both BTEX and PAHs above 100 µg/L.  Modeling of the plume however (based 

on data to the north and south of HIGP-68) indicates that the plume may not extend quite as far 

east as shown at HIGP-68.  For the purpose of this design, the plume boundary was interpreted to 

be located in close vicinity to HIGP-68.  At the western boundary of the plume no samples have 

been collected in the nearby vicinity.  The extent of the 100 µg/L isoconcentration line in this 

area was based on three dimensional modeling using groundwater analytical from surrounding 

points.   

Additional sampling and analysis may be conducted to refine the plume boundaries at the 

western ends of the groundwater treatment systems.  These additional samples may be taken 

during implementation of the remedial action in conjunction with drilling for the oxygen wells.   

3.3 Aquifer Geochemistry 

The geochemistry of the aquifer was evaluated during the PDI to verify that 

bioremediation is a viable alternative for treatment of the groundwater and to determine 

parameters specific to the design of the treatment system.   

The PDI report provides a summary of analytical data for parameters used to assess 

intrinsic remediation processes in groundwater.  The following discussion presents a summary of 

the data from the PDI and previous investigations and provides interpretations related to the 

design of the groundwater treatment systems.   

Electron Acceptors 

Dissolved oxygen (DO) concentrations inside the plume range from 0.0 milligrams per 

liter (mg/L) to 0.7 mg/L. Outside the plume, at HISB-108 and -109, the concentrations range 

from 0.0 mg/L to 7.1 mg/L.  The data indicate that oxygen is deficient and that aerobic 
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biodegradation of BTEX and MGP-related PAHs is an active process within the plume.  Aerobic 

conditions (i.e. DO > 2.0 parts per million [ppm]) were observed at HISB-101 (> 80’), HISB-104 

(entire boring), HISB -103 (60’ – 74’), HISB -108 (30’-34’), and HISB -109 (30’-34’).   

Nitrate concentrations are depleted within the plume (0.2 mg/L – geometric mean) 

relative to areas outside of the plume (2.6 mg/L – geometric mean).  These results demonstrate 

that anaerobic degradation of the contaminants is occurring via denitrification.   

Metabolic Byproduct 

Ferrous iron concentrations within the plume range between 1.9 mg/L to greater than 

29.7 mg/L.  Areas that contain elevated levels of ferrous iron appear to be experiencing metabolic 

processes that result in the reduction of ferric iron to ferrous iron.  Dissolved iron concentrations 

greater than approximately 20 mg/L may create the following conditions: 

• The dissolved iron will exert an oxygen demand on the system that must be 

accounted for; and  

• The injection points could be fouled by bacterial residues and iron oxide precipitates.    

These conditions and remedies to address them are discussed in Section 4.0.   

Alkalinity 

Total alkalinity (as CaCO3) inside of the plume (67.5 mg/L – geometric mean) is greater 

than the alkalinity measured outside of the plume (28.5 mg/L – geometric mean).  This data 

provides evidence that the respiration of DO, nitrate, ferrous iron, and possibly sulfate are active 

processes. 

Oxidation Reduction Potential 

Oxidation reduction potential (ORP) was observed to range from -252 millivolts (mV) to 

149 mV.  Nitrate reduction, iron reduction, and sulfate reduction processes can occur at these 

oxidation/reduction states. 
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Ortho Phosphate 

Phosphate was not detected in the samples (detection limit 0.05 mg/L), which suggests 

that the nutrient concentrations are low.  The need for nutrient addition is evaluated in Section 

4.0.   

3.4 Soil Properties 

Soil properties are an important component for the design of the groundwater treatment 

system.  Calculations of the total volume and mass of dissolved phase contamination and the 

velocity of the groundwater depend on soil porosity.  Effective design of the screen size and sand 

pack for the oxygen wells is based on the grain size distribution of the soil.   

For all proposed treatment systems (described in Section 4.0) oxygen wells will be 

installed to depths up to 100 ft bgs.  Groundwater typically is encountered at 25 ft bgs and soil 

properties from 25 to 100 ft bgs have been evaluated.  

Boring logs from HISB-08 and -12 (drilled during the RI) and HISB-102, -104, -106, and 

-108 (drilled during the PDI) indicate the following conditions (all sample locations are shown on 

Drawing 2):   

• 25 to 70 ft bgs – Fine to coarse sand with some gravel is identified in the HISB 

borings.  The log for HIMW-12 generally corresponds with these conditions except 

that fine sand is not typically noted for HIMW-12.  HIMW-08, which is located near 

the corner of Smith Street and Wendell Street, differs in that silt/clay is present 

intermittently from 25 to 32 ft bgs, at 50 ft bgs, and at 60 to 70 ft bgs. 

• 70 to 85 ft bgs – The HISB borings and HIMW-12 indicate that the soil is generally 

fine sand with traces of silt or interbedded clay/silt layers or seams.  HIMW-08 

indicates more clay than sand at this depth.  (Additional sampling to determine the 

extent of the clay in this area may be conducted prior to system installation as 

outlined in Section 5.5.). 

• 85 to 100 ft bgs – For the most part, the only borings completed in this range are the 

HIMW locations that correspond to monitoring well installations.  These boring logs 
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indicate that the soil is generally fine to medium sand at this interval.  HIMW-08 

indicates a few thin layers of sandy clay at approximately 86 and 92 ft bgs.   

Based on the above findings for the soil at the site, typical values of porosity for the soil 

types above can be found in literature, and are as follows: 

• 25 to 70 ft bgs – Porosity is equal to about 35 percent for Site soil with no fines and 

about 35 to 40 percent for soils with some silt.   

• 70 to 90 ft bgs – Porosity is equal to about 40 percent for uniform sand including 

small fines content such as found at this Site. 

As part of the PDI, 8 soil samples collected from borings HISB-102, -106, and -108 were 

analyzed for grain size distribution to provide data that was used to design the openings of the 

oxygen well screens.  The grain size curves (located in Appendix C of the PDI) demonstrate 

general agreement of grain size distribution with boring log descriptions and indicate that the 

zones targeted for treatment contain less than 8 percent fines by weight.  The laboratory data 

shows the tested soil in the 25 to 70 ft bgs interval to be poorly graded sand that is primarily 

distributed over the fine and medium sand range.  The laboratory data also shows the tested soil 

in the 70 to 90 ft bgs interval to be poorly graded sand and silty sand that is primarily uniformly 

sized over the fine sand range.  The HIMW boring logs provided descriptions of the soil density 

and indicated, on average, a medium dense type of soil.  Calculations to determine the filter pack 

gradation and well slot size are included in Appendix A.   

3.5 Utilities 

Utility information (approximate locations and elevations only) has been obtained for all 

streets within the area affected by the plume of dissolved phase contamination.  Although some 

utilities have been surveyed during previous Site investigations, most utility information is based 

on drawings and sketches provided by the Village of Hempstead.   

For simplicity, this Design Report presents utility information only in the areas where 

intrusive work is proposed.  The location of below ground utilities identified within and around 

the proposed work areas are shown on Drawings 8 through 12.   
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3.6 Property Ownership 

Property ownership information has been obtained for all of the streets within the area of 

the dissolved phase groundwater plume.  Parcel boundaries were obtained from the Nassau 

County Department of Assessment Internet Map Server and owner information (as of 2007) was 

acquired from the New York State Office of Real Property Services as downloaded from the New 

York State GIS Clearinghouse.   

Property ownership information is not included in this report.  However, as the design 

progresses, properties owners that may be affected by the proposed construction are being 

contacted and, where possible, access agreements are being developed.  A survey will be 

conducted on those properties that will be affected by installation of the systems unless existing 

survey information is available.   

Survey(s) may also be required prior to construction to mark out specific property lines 

and to ensure that all construction and construction activities remain within the boundaries of the 

specific properties.   
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4.0 DESIGN OVERVIEW 

4.1 Description of the Remedial Technology 

The evaluation conducted in the FS/RAP for the Hempstead site recommended 

bioremediation of the dissolved phase groundwater plume as the groundwater remediation 

alternative.  Information collected during the PDI and previous investigations indicated that 

intrinsic bioremediation of the dissolved phase contaminant plume is an active process at the Site 

and supports the plan to implement enhanced aerobic bioremediation for contaminated 

groundwater.  Biodegradation involves microbially mediated oxidation-reduction reactions that 

transform BTEX and PAHs to carbon dioxide and water.  DO is the most thermodynamically 

favored electron acceptor used in the biodegradation of hydrocarbons and it is typically the 

primary growth limiting factor for hydrocarbon degrading bacteria.  Therefore, by increasing the 

DO concentration, the rate of bioremediation can be increased by at least one and sometimes 

several orders of magnitude over naturally occurring, non-stimulated rates.   

The remedial technology proposed for enhanced aerobic bioremediation is a patented 

technology that involves the injection of high-purity oxygen into groundwater at a rate low 

enough to avoid migration or volatilization of the contaminants but high enough to increase DO 

concentrations within the aquifer.  Injection of oxygen into groundwater can increase DO 

concentrations to a maximum of 40 mg/L as compared to 9 mg/L for a typical air sparging 

system.   

High-purity oxygen, generated from on-site systems, will be introduced into the 

contaminated groundwater plume via a network of wells installed across the direction of 

groundwater flow.  The wells will produce oxygenated zones that enable aerobic bioremediation 

of contaminated groundwater as it flows through the treatment areas.  The technology will not 

stop or impede the natural flow of the groundwater.   

Oxygen will be delivered at a relatively low rate to maximize the contact time between 

the oxygen and contaminated groundwater before the oxygen rises through the contaminated zone 

to the water table surface.  Trapping of injected oxygen in the soil matrix (e.g., in the soil pores or 

by semi-confining layers) beneficially prolongs contact between the oxygen and the groundwater, 
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leading to more efficient oxygen utilization.  Ideally, most of the oxygen is dissolved in the 

groundwater instead of moving to the surface of the water table.   

4.2 Design Criteria 

Design criteria for the groundwater treatment system is summarized in Table 4-1 and 

discussed in the following sections.   

4.2.1 Treatment Concept 

The groundwater treatment systems are designed to provide zones of elevated DO that 

will stimulate aerobic bioremediation of contaminated groundwater as it flows through the 

treatment areas.  The primary basis for the system design is to ensure that the quantity of oxygen 

dissolved into the groundwater is sufficient to support the aerobic biodegradation of the mass of 

contamination traveling through the treatment areas.  Aerobic bioremediation of the plume at 

select locations, in conjunction with solidifying the contaminant source via ISS, will accelerate 

the rate at which the dissolved contaminant mass is oxidized and will eventually lead to decreased 

contaminant concentrations in the entire plume.  Furthermore, as the contaminant mass passing 

through each treatment area decreases, the oxygen utilization demand will decrease and the 

corresponding zone of elevated DO (i.e. the treatment area) will increase.     

Based on the dimensions and location of the groundwater contaminant plume, three 

separate groundwater oxygen treatment systems are proposed:   

• In the vicinity of Smith Street, the inactive Long Island Railroad (LIRR) Right-of-

Way (ROW), and in the road ROWs for Atlantic Avenue and Hilton Avenue 

(Treatment System 1). 

• In Mirschel Park, on private property located at 158 Hilton Avenue, and in the road 

ROWs for Hilton Avenue and Kensington Court (System No. 2).  

• On private property located at 106 Hilton Avenue and in the road ROWs for Hilton 

Place and Cathedral Court (System No. 3).     
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4.2.2 Lateral Extent of Treatment 

Throughout the PDI and subsequent documents, the groundwater contaminant plume has 

been defined as the area where the concentrations of either BTEX or PAHs exceed 100 µg/L.  

The design is based on enhancing aerobic bioremediation of the plume within the area of total 

BTEX or total PAHs greater than or equal to 100 µg/L.  Beyond these limits, natural 

bioremediation processes will degrade the plume, which will accelerate with time as the 

oxygenated areas increase due to diminishing oxygen utilization rates and decreased source 

strength following the ISS remediation.     

4.2.3 Contaminant Mass Flux and Oxygen Requirements 

The contaminant mass flux across each of the three proposed treatment systems was 

evaluated for the design.  The contaminant mass flux (defined as the contaminant mass flow rate 

across a cross-sectional area of the plume) is based on the contaminant concentrations in the 

groundwater, the cross-sectional area of the plume, and the groundwater flow velocity.  The 

contaminant mass flux was determined to be approximately 4.6 pounds (lbs) per day at Treatment 

System 1, 3.3 lbs per day at Treatment System 2, and 2.0 lbs per day at Treatment System 3 for 

system configurations that were presented in the draft remedial design report (refer to Appendix 

A).   

The required oxygen delivery rates are a function of the contaminant mass flux across 

each treatment area and oxygen transfer efficiency in the aquifer.  The amount of oxygen required 

to support the microbially-mediated oxidation-reduction reactions (i.e. the stoichiometric ratio of 

oxygen per contaminant [hydrocarbon]), is approximately 3 lbs oxygen to 1 lb of hydrocarbons.  

The oxygen transfer efficiency in the aquifer typically varies from 75 to 90 percent and was 

conservatively estimated at 75 percent for the design.  Based on these values, the total amount of 

oxygen required was determined to be 30 lbs per day at System 1, 14 lbs per day at System 2, and 

9 lbs per day at System 3 for preliminary system configurations.   

The calculations provided in Appendix A are based on conservative assumptions and the 

oxygen delivery rates will be higher than required.  Excess DO not utilized within the treatment 

zones will migrate in the aquifer by advection and diffusion, thereby extending the zone of 

treatment.   
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4.2.4 Nutrient Addition 

As described in Section 3.3, phosphate was not detected in the groundwater samples 

(detection limit 0.05 mg/L), which suggests that the nutrient concentrations may be low for 

sustaining biological processes in the soil.  However, based on experience at similar sites where 

supplemental nutrient addition was not performed, it was determined that the need for nutrient 

addition and other ancillary treatments would be implemented in the future, if necessary.  Data 

collected during the monitoring and operation of the system will be evaluated to determine 

whether aerobic bioremediation is successfully reducing contaminant concentrations in the 

groundwater.  If the data indicates that the nutrient addition is necessary, it may be implemented 

at that time.  Nutrient addition would not require any additional construction as nutrients or other 

additives would periodically be added to the groundwater via the oxygen wells.  The wells would 

be temporarily isolated from the treatment system during the additions.   

4.3 Groundwater Treatment System Locations 

Three treatment systems are proposed, referred to as Systems 1, 2, and 3.  The locations 

of the system enclosures and oxygen wells in relation to the contaminant plume are shown on 

Drawings 11 and 12.   

Several criteria and factors were considered for selecting the oxygen well locations:   

1.  Distance from the ISS Activities in the Source Area - The oxygen wells were 

located sufficiently downgradient from the MGP source area to avoid the potential changes in the 

groundwater chemistry due to the addition of alkaline reagents (i.e. Portland cement) associated 

with the ISS that may impact the effectiveness of the bioremediation.   

2.  Presence of NAPL - Bioremediation in general is not an effective remedial strategy at 

sites or areas where a significant quantity of NAPL is present.  NAPL requires a long time to 

dissolve into the groundwater and thus limits the rate at which bioremediation will progress.  

Other methods of NAPL collection or removal should be applied first and then bioremediation 

can be used as a subsequent remedial strategy.  NAPL is most likely to be found near the source 

area and the system should be located far enough downgradient from the source area to avoid 

potential areas of NAPL.   



REMEDIAL DESIGN REPORT  HEMPSTEAD INTERSECTION 
FOR OFF-SITE GROUNDWATER TREATMENT  STREET FORMER MGP SITE 

 

 
URS CORPORATION 4-5 
 
J:\11175065.00000\WORD\DRAFT\Site-Wide Remedy\GW Treatment\Design Report\Design Report_00 rev 2.doc   
 

3.  Property Access Agreements - Where public streets, ROWs, and parks were not 

available, discussions were held with property owners to obtain agreements for locating the 

system on private property.  The locations shown on the attached drawings represent areas where 

access agreements are being pursued by National Grid.  

Based on the above factors, the treatment system locations were chosen based on design 

requirements, clearance from existing utilities and buildings, and the potential for property access 

agreements.  The currently proposed layouts for the systems are described below.   

4.3.1 Treatment System 1 

System 1 is the furthest upgradient (closest to the source) of the three systems and is 

shown on Drawing 3.  Additional details are provided on Drawing 11.  From east to west, this 

system will be installed along Smith Street between Sealey Avenue and Wendell Street, through a 

short (dead-end) section of Wendell Street, along a section of the LIRR ROW, along a short 

portion of Atlantic Avenue, and along the east side of Hilton Avenue.  The actual extent of the 

system to the west along Hilton Avenue may be refined during installation based on further 

exploratory borings / groundwater analyses that will be conducted, if necessary, prior to system 

installation.  The entire length of the system will be installed in the public ROW except for the 

portion on the LIRR ROW.  The portion of the system to be installed on the LIRR ROW is 

located near apartment buildings in this area.   

The system will also include additional spare connections for expansion into other areas, 

should that be required at some time in the future.   

4.3.2 Treatment System 2  

The location and layout of System 2 is shown on Drawing 3 and additional details are 

provided on Drawing 12.  The system is located approximately 1,300 ft downgradient from the 

Site.   

System 2 will be installed in Mirschel Park, through private property located at 158 

Hilton Avenue, in the ROW along the east side of Hilton Avenue, across Hilton Avenue, and 
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within the ROW on the south side of Kensington Court.  Oxygen wells will not be placed in 

Hilton Avenue.   

As with System 1, the actual extent of System 2 at the west end may be refined during 

installation based on further exploratory borings / groundwater analyses in this area.  The 

treatment system will also include additional spare connections for expansion into other areas, 

should that be required at some time in the future.   

4.3.3 Treatment System 3  

The layout for System 3 is shown on Drawing 3 and additional details are provided on 

Drawing 12.  The proposed location of System 3 is approximately 2,000 ft downgradient from the 

Site.  The installation of System 3 is dependent on the ability to obtain private property access 

agreements for the system.   

The proposed location of System will be on private property at 106 Hilton Avenue, 

across Hilton Avenue, in the ROW on the west side of Hilton Avenue, in the ROW along the 

north side of Hilton Place, across private property at 22 Cathedral Court, and in the ROW along 

the north side of Cathedral Court.  Oxygen wells will not be placed in Hilton Avenue and in the 

Hilton Ave ROW.  Access agreements for this proposed alignment have not been obtained yet 

and changes to the layout may be necessary depending on the results of the property access 

negotiations.   

The actual extent of Treatment System 3 at the west end may be refined during 

installation based on further exploratory borings / groundwater analyses in this area.  The 

treatment system will also include additional spare connections for expansion into other areas, 

should that be required at some time in the future.   

4.4 Description of Oxygen Generation and Distribution System 

The general arrangement and layout of the three treatment systems are shown on 

Drawings 11 and 12.  Each system consists of an equipment enclosure that houses the oxygen 

generation and control systems, a piping system for distribution of the high-purity oxygen, and 
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the oxygen delivery wells.  Drawing 14 shows the primary equipment that will be located inside 

the enclosure and schematically shows the distribution system to the oxygen wells.   

4.4.1 Equipment Enclosure 

Each groundwater treatment system has a dedicated equipment enclosure to house the 

oxygen generation equipment, a piping manifold, and controls.  The enclosure for Treatment 

System 1 will be located on the LIRR ROW as shown on Drawing 11.  This location is 

approximately in the middle of the wells and will distribute oxygen to wells located east and west 

of the enclosure.  The enclosure for Treatment System 2 will be located at the east end of a 

private residence located at 185 Hilton Avenue as shown on Drawing 12.  Treatment System 3 

will be located at the east end of the church property at 106 Hilton Avenue, also shown on 

Drawing 12.   

The system enclosures will be skid-mounted and consist of a small, utility type structure 

as would typically be used for a large garden shed.  All equipment and controls will be housed 

within the enclosure.  All equipment, controls, and the enclosure will be supplied by Matrix 

Environmental Technologies, Inc. as one complete system.   

Each shed will include ventilation louvers for air that will be pulled in by an air 

compressor, as well as piping to exhaust nitrogen that is produced by the system.  The enclosures 

will include insulation to muffle sounds from the air compressor, which itself will be designed for 

low sound levels.  No windows will be included in the structure and there will be one set of 

access doors.  A dedicated line will separately connect each oxygen well to a manifold located 

inside the enclosure.   

The enclosures will include fencing, lighting, and other security measures to protect 

against vandalism.  The use of fencing, lighting, and security measures for Systems 2 and 3 will 

be based in part on negotiations with the property owners.  The 185 Hilton Avenue property is 

enclosed with a fence.  Additionally, the enclosure will be located behind an existing garage and 

thus will only be visible to persons in the immediate vicinity.   
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4.4.2 Oxygen Generation System 

All oxygen will be generated on site as needed to eliminate the need for transporting and 

storing large quantities of oxygen on site.  The oxygen generation systems will be located entirely 

inside of the equipment enclosures.  The major components of the system are identified on 

Drawing 14.   

A rotary screw air compressor will produce clean, dry compressed air.  The compressed 

(pressurized) air will be fed to a pressure swing adsorption (PSA) oxygen generating system.  The 

PSA system contains a material that adsorbs nitrogen under pressure.  As the nitrogen is removed 

from the air stream, the oxygen and other components are left remaining in a concentrated stream.  

Once the adsorbent material is full of nitrogen, the pressure is released and the nitrogen desorbs 

and is exhausted to the atmosphere.  The oxygen stream, which should be 90-95% pure, is stored 

in an oxygen storage tank.  From the storage tank, the control system will distribute the oxygen to 

the wells.   

All three of the treatment systems will be designed to provide a minimum of 175 scfh 

(190 lbs per day) of oxygen.  The systems will also include capacity for additional wells.  Further 

details and information used in the determination of the required oxygen generation rates are 

included in Appendix A.   

4.4.3 Controls  

The primary purpose of the control system is to direct the duration and flow (and thus 

quantity) of oxygen to the wells.  The control system allows all control functions to be completed 

from inside the enclosure, without the need to visit the individual well locations except as 

required for occasional monitoring or maintenance.   

The oxygen wells will be grouped together in quantities of 8 to 10 per manifold.  Each 

manifold will have an associated solenoid valve that provides on/off control of the flow of 

oxygen.  The control system will open the valve for a programmed duration, allowing the oxygen 

to flow into the manifold, tubing and connected oxygen wells.  At the end of the cycle, the valve 

will be closed and the system proceeds to open the valve to the next manifold.  The typical length 

of operation for each manifold will be approximately 20 minutes.  The duration, frequency, and 
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sequence for operation of the manifolds are programmable and can be modified base on the 

observed results and performance of the system.  Wells in more contaminated or deeper areas that 

require additional oxygen can be programmed to operate for a longer duration or on a more 

frequent basis.   

In addition to the control of groups of wells via the solenoid valves and manifolds, there 

also are individual controls for each well.  These include a dedicated valve, flowmeter and 

pressure indicator that allow the operator to manually adjust and equalize the flow among the 

specific wells on each manifold, as well as to shut off specific wells that are not required to 

operate.  These manual controls are all located on the manifolds inside the enclosure and allow 

each well to be individually controlled and monitored without the need to separately open the 

wellheads to make adjustments.   

In addition to routine control of the flow of oxygen, the control system also will be used 

to monitor for alarm conditions (e.g., high or low pressures) that indicate a problem or situation 

that requires operator input.  The control system will include wireless callout service to alert the 

designated operator of the system problem requiring attention.  The operator will also be able to 

call into the system remotely in order to view the status of the system, acknowledge alarms, and 

restart the system if necessary.   

4.4.4 Piping  

Each oxygen well has a separate, dedicated pipe to connect it into the control system.  

The pipe will be consist of ¾-inch, black, high-density polyethylene (HDPE) rated for a 

minimum pressure of 100 pounds per square inch (psi).  The pipe will be installed in bundles in a 

common trench along the line of oxygen wells, with one pipe leading to each well.  (Note that 

“piping” and “tubing” are used interchangeably through this document.) 

4.4.5 Oxygen Wells 

Details for the construction of a typical oxygen well are show on Drawing 13.  Depths 

and screened intervals for the wells are shown on cross-sections of the contaminant plume on 

Drawing 8 for System 1, Drawing 9 for System 2, and Drawing 10 for System 3.  Drawings 11 

and 12 show the proposed locations of the wells in plan view and include tables that summarize 
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construction requirements for each well.  At locations along the system where the contamination 

is thicker, or more highly concentrated, the wells will be installed as shallow and deep pairs, 

separated by vertical distances of 10 to 30 ft.   

The screened depth for the deeper wells was determined based on the estimated depth of 

contamination in each particular location as shown on the cross-sections.  The top of the screened 

section of well will be located just below the bottom of the 100 µg/L isoconcentration line.  At a 

few locations on System 1, the individual sample results do not exactly match the 

isoconcentration lines that were derived by computer modeling (e.g., at location HISB-116).  

Oxygen wells in those locations will be installed somewhat deeper than indicated by the lines to 

account for these results.   

The deep wells will deliver oxygen into the formation that will travel upward towards the 

water table surface.  Shallow oxygen wells will also be used in areas where there is a greater 

vertical extent of contamination and where higher contaminant concentrations are present.  These 

shallow wells place additional oxygen immediately into the areas of higher contamination and 

provide additional operational flexibility, which will ensure that the oxygen is reaching the areas 

where the demand is higher.  The shallow and deep intervals will also allow for more variable and 

directed operation in the future after the plume has begun to degrade.   

The radial extent of oxygen flow for a typical oxygen well is dependent upon many 

factors and is difficult to determine without a pilot study.  Even with pilot study data, subsurface 

conditions and the performance of the wells may vary across the site.  Based on data presented in 

the RI Report (PS&S, 2006) and the PDI Report (URS, 2009d) a conservative lateral separation 

of 15 ft perpendicular to the direction of groundwater flow was chosen for the well spacing.  This 

spacing is consistent with current engineering practice for air sparge systems (Battelle, 2002) and 

is less than or equal to well spacing for similar systems that were installed in the Glacial 

sediments and Upper Magothy sediments elsewhere on Long Island.  The 15 ft lateral spacing 

requires each well to oxygenate a radius of approximately 7½ ft to provide a continuous zone of 

elevated DO across the contaminant plume.  Where the line of oxygen wells is oriented 

perpendicular to the plume flow, such as on Smith Street between Sealey Avenue and Wendell 

Street, the wells are placed 15 ft apart.  For sections where the wells are situated at angles less 
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than 90 degrees to the plume (e.g., the LIRR ROW), the wells will be installed further apart to 

provide a perpendicular spacing of 15 ft relative to the plume flow direction.   

The oxygen wells will be constructed with a two-ft screened section at the bottom of the 

well (typical construction is shown on Drawing 13).  Given the low rates at which oxygen flows 

into the groundwater, only a very short length of screen is required.  The 2 ft length will provide 

additional area in the event that the screens become fouled via mineralization and/or biogrowth.   

Each well will be installed in a flush mounted road box (rated for traffic) large enough to 

allow access for cleaning, adjustment, or monitoring at the well head, yet small enough to be 

relatively unobtrusive.  The wells will be constructed with removable caps to provide access in 

the event that maintenance or rehabilitation activities are required due to biofouling or iron 

precipitation.  These caps will be lockable and gas-tight to prevent leakage or tampering.  Each 

wellhead will also include a ¾-inch check valve in-line with the oxygen piping to prevent the loss 

of stored oxygen within the well casing during the off cycles.   

4.5 Operating Conditions 

The oxygen delivery systems will cycle or pulse the operation of the oxygen wells over 

time.  The intent is to operate the wells long enough to maximize the amount of DO in the 

groundwater while minimizing any bubbling of oxygen or movement of contaminants to the 

surface.  Experience and monitoring during startup of the system will provide information and 

data that will be used to optimize the system operations.   

To aid in monitoring the performance of the systems, monitoring points will be installed 

within and downgradient of the oxygen wells.  These points have been designed to serve multiple 

functions including monitoring the vadose zone for elevated oxygen or contaminant 

concentrations, monitoring groundwater for DO concentrations, and allowing for the periodic 

collection of groundwater samples for analysis.  During operation, the primary purpose of the 

monitoring points will be to monitor DO concentrations.   

The locations of the proposed monitoring points are shown on Drawings 11 and 12.  

Twelve points are proposed for System 1, six points at Systems 2, and seven points at System 3.  

Some of the points are located directly in the line of the oxygen wells for monitoring DO 
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concentrations directly in the area of oxygenation.  Other locations are situated approximately 15 

to 50 ft downgradient to monitor in situ conditions as groundwater passes through the oxygenated 

zones.  Monitoring points located within the line of wells will be constructed as shallow/deep 

pairs to differentiate between the deep and shallow treatment zones.   

4.6 Permits 

It is anticipated that several permits will be required prior to the installation of the 

groundwater treatment systems.  For operation of the system, although not technically required, 

an Underground Injection Control (UIC) permit application will be submitted to the NYSDEC 

(who administer the permit for the United States Environmental Protection Agency [USEPA]).  

UIC permits are required for the protection of groundwater whenever underground injections are 

proposed.     

Several permits will be required for construction of the systems.  Permits from the 

Village of Hempstead will be required for the street work, sidewalk work / replacements, and 

possibly for the buildings that will house the oxygen generating equipment.  The contractor hired 

to install the systems will be responsible for obtaining the permits and complying with all 

conditions of the permits from the Village.   

The only vapor discharge from the system is nitrogen gas (which accounts for 78% of the 

natural air) and no air permits will be required.  Likewise, the only liquid discharge will be a 

small amount of condensate (i.e., clean water) from the compressor and air dryer.  The quantity of 

condensate will be small enough that it will be discharged to the ground surface in the vicinity of 

the system enclosure.   

4.7 System Monitoring and Maintenance 

The groundwater treatment systems can be optimized during operation by controlling the 

oxygen flow rate, pressure, and timing of injection.  Optimization will enable the systems to meet 

the remedial goal as quickly and efficiently as possible.  System operating data, field monitoring 

data (e.g., DO concentrations) and analytical data will be collected and evaluated to focus system 

operations in the most beneficial manner.  These details will be included in an Operation, 
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Maintenance, and Monitoring (OM&M) plan that will be developed in conjunction with 

installation of the systems.   

4.7.1 Typical Monitoring Data 

The following information will be collected in order to monitor system performance and 

remedial progress at the site:  

• Operating time for each well 

• Oxygen flow rate to each well 

• Pressure at each well 

• DO concentrations at all monitoring points 

• PID readings from all monitoring points 

• Water elevations at all monitoring points 

• System runtimes 

Other monitoring will include measurement of field parameters and geochemical changes 

that may result from the cement-based ISS remediation of the source area and from iron 

precipitation that may occur as the oxidation state of the groundwater is changed.  These 

monitoring requirements will be incorporated into an overall plan for the site that encompasses all 

monitoring to be conducted.   

4.7.2 System Maintenance 

During the first week of operation, system checks and monitoring will be conducted on a 

daily basis.  Following the first week, the system will be checked on a minimum weekly basis 

during the startup period (minimally one month).  These checks will be performed to ensure that 

the system is operating as intended.      



REMEDIAL DESIGN REPORT  HEMPSTEAD INTERSECTION 
FOR OFF-SITE GROUNDWATER TREATMENT  STREET FORMER MGP SITE 

 

 
URS CORPORATION 4-14 
 
J:\11175065.00000\WORD\DRAFT\Site-Wide Remedy\GW Treatment\Design Report\Design Report_00 rev 2.doc   
 

Following startup, routine system checks will be conducted at least twice per month and 

include the following tasks: 

• Adjust flow rates 

• Make operational changes 

• Perform equipment checklists (belts, etc.) 

• Inspect for vandalism 

• Perform routine outside maintenance (e.g., weed removal) 

• Visually check all well locations for damage, tampering, settling, or evidence of 

leaks 

Actual equipment maintenance will be conducted at least on a quarterly basis.  These 

activities will include servicing the air compressor, servicing the PSA oxygen generator, 

checking/changing all filters, and other similar tasks.  Sufficient spare parts and maintenance kits 

will be stored inside the enclosures to ensure that there are no long term shut down problems with 

the systems.   

In addition to routine site visits, there may be times when a special visit to the site may be 

required.  The systems will include a pressure sensor on the oxygen tank to detect leaks and shut 

the system down in the case of an emergency.  The autodialer on the control system will notify 

the system operator of the problem at the site, who will dial into the system and resolve the 

problem.   

4.7.3 Well Maintenance 

Dissolved iron concentrations greater than approximately 20 mg/L may lead to fouling of 

the oxygen wells by bacterial residues and iron oxide precipitates.  However, because the iron 

concentrations vary across the site, and because they may change as the bioremediation process 

accelerates, it is difficult to predict with certainty whether or not fouling of the wells will occur.  
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The potential for biofouling was taken in consideration in the design of the treatment system.  

These measures include: 

• Installing longer screen lengths on the oxygen wells. 

• Installing the oxygen wells somewhat closer than may be required, including the 

installation of a shallower set of wells. 

• Constructing the wellheads to provide for cleaning or other procedures as outlined 

below. 

Biofouling, if it occurs, will be evident via increased resistance to the oxygen flow at the 

wells and lower rates of oxygen input.  Monitoring of these parameters over time will help to 

indicate whether any biofouling is occurring in the subsurface.  If the wells become fouled to the 

point where they are no longer effective, remedial measures such as physical cleaning (brushing), 

pressurized jet cleaning, or chemical agent addition will be evaluated to determine the best 

method to clean the wells.  The small diameter and depths of the wells would most likely limit the 

viability of the physical options; there are however several different chemical options that would 

be possible with the proposed well construction.  Well cleaning also would be added to the 

routine activities for the site.   
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5.0 IMPLEMENTATION 

The following sections outline how the specific tasks associated with the installation of 

the groundwater treatment systems will be accomplished.  While sufficient information has been 

provided to outline how the work will be conducted, the contractor selected to install the systems 

will be required to prepare their own work plans that meet the requirements identified herein.  

The three treatment systems may be installed concurrently or separately.   

5.1 Mobilization and Site Access 

Prior to mobilization or work at the site, all access agreements, work plans, permits, and 

other approvals required for the work must be approved and in place.  Because the work involved 

includes several different property owners, municipalities, and agencies, a delay or change by any 

of these could have a significant impact not only to the schedule, but also to the actual layout and 

placement of the systems.   

Major work activities at the site for which equipment must be mobilized will include: 

• Well drilling and installation  

• Trenching and excavation 

• Leveling the ground and installing the enclosures 

• Installing electric power to the enclosures and digging around utilities 

• Installing the treatment systems 

• Restoring work areas 

Separate subcontractors may be used by the general contractor to perform one or more of 

these work activities.  The general contractor will be responsible for coordinating all of these 

activities.   

The contractor will be required to use the National Grid property (i.e. the former MGP 

site) to stage materials, store equipment when not in use, and for employee parking.  The 
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contractor may also establish meeting spaces, offices, and other support facilities on the National 

Grid property.  

5.2 Site Preparation 

Site preparation work will consist of the following: 

• Ensure that all site access agreements and permits are in place before beginning any 

work at the Site.   

• Communicate with all residents, property owners, and businesses in the areas to be 

affected by the construction to notify them of the schedule for the pending work, 

make arrangements to coordinate their access requirements, and generally resolve 

any questions in relation to the work (to be performed by National Grid with 

assistance from their engineer and the contractor).   

• Conduct a pre-construction survey and document the condition of all fences, 

structures, roads, yards, buildings, and other areas that may potentially be impacted 

by the construction activities. 

• Field-locate all underground utilities and other critical structures to be avoided during 

the construction activities. 

• Coordinate the schedule of work with the Village of Hempstead, the NYSDEC, and 

other agencies that may be involved in some capacity in oversight of the work. 

• Conduct clearing and grubbing of the bushes and undergrowth along the LIRR ROW 

as required for installation of the oxygen system, wells, monitoring point, and 

associated piping. 

• Remove existing fences (e.g., at 185 Hilton Street) and other structures that will 

interfere with construction. 

• Decontaminate drilling tools and equipment that are used to install the oxygen wells, 

monitoring points, and delineation borings prior to leaving the site.   
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5.3 Erosion and Sediment Control 

The Contractor will be responsible for implementing best management practices for 

erosion and sediment control.  The contractor will be responsible for developing a work plan that 

identifies the activities that will be undertaken to prevent erosion from disturbed areas and the 

release of sediment to stormwater collection facilities.  The contractor will also be responsible for 

actively monitoring erosion and sediment controls during the course of the construction activity 

until restoration is complete and vegetated areas have been re-established.   

5.4 Traffic Control 

All traffic control requirements and plans will be coordinated with the Village of 

Hempstead prior to conducting any work.  The contractor selected for the work will be 

responsible for preparing the plans and obtaining permits that are required from the Village.   

5.4.1 Traffic Control for Treatment System 1 

Traffic controls associated with installation of System 1 are expected to minimally 

include: 

• Temporary closure of the sidewalk on the north side of Smith Street between Sealey 

Avenue and Wendell Street for installation of the oxygen wells and associated 

piping. 

• Temporary closure of approximately 100 ft of sidewalk on the north side of Atlantic 

Avenue between the LIRR ROW and Hilton Avenue for installation of the oxygen 

wells and associated piping. 

• Temporary closure of approximately 220 ft of sidewalk along the eastern side of 

Hilton Avenue, north of Atlantic Avenue for installation of the oxygen wells and 

associated piping. 

• Temporary closure of one traffic lane along the north side of Smith Street for 

installation of the piping and laterals that connect the pipes to the oxygen wells.  

Access to the apartment building on the south side of Smith Street and to the 
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businesses on the north side of Smith Street will be maintained throughout the 

construction.  Lane closures will be accomplished through signage, barriers, and most 

likely will include a flag person(s) for traffic control during working hours.   

• The short dead-end section of Wendell Street north of the Smith Street will be closed, 

although this area is primarily used for parking by employees of nearby businesses.  

No traffic controls other than signage and temporary barriers should be required.  

However, communications to maintain good relations with the local property owners 

is important.  National Grid will handle this with support from the Engineer and the 

Contractor.   

• No lane closures are expected for the work along Atlantic and Hilton Avenues, 

although it may be necessary to temporarily restrict traffic during the mobilization of 

equipment to the site.   

The contractor will be required to provide marked detour routes for any anticipated 

sidewalk closures. 

5.4.2 Traffic Control for Treatment Systems 2 and 3 

Traffic control requirements for systems 2 and 3 will be similar to the requirements 

outlined for Treatment System 1.  Installation of these systems also will require temporary 

closure of sidewalks.  Each system will be installed across Hilton Avenue and a detailed traffic 

plan will be prepared by the Contractor to outline the traffic control measures that will be 

implemented for each crossing.  It is anticipated that the work can be completed without the need 

for complete closure of the street.  Traffic controls will include signs, flag persons, and temporary 

road plates.    

5.5 Plume Delineation Sampling and Analysis 

Immediately prior to installation of the oxygen wells, new borings may be drilled and 

groundwater samples collected to further refine the extent of the western plume boundary at each 

of the three treatment systems.  The eastern ends of these systems are generally close enough to 
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existing borings to adequately establish the eastern boundary; no additional sampling will be 

performed at these areas.   

The delineation borings will be located at the endpoint of the treatment systems (i.e., 

where the 100 µg/L contaminant concentration line is drawn) and additional locations may be 

sampled based on the analytical results.  Discrete groundwater samples will be collected at 

intervals of ten ft and analyzed for BTEX and PAHs.  Samples will not be collected from the 

upper 20 ft of the groundwater, since the existing data indicates that the contamination should be 

deeper in these areas.  The analytical results will be provided in an expedited turnaround time so 

that they can be evaluated while the installation of the oxygen wells is on-going.   

For each location, if the analytical results indicate contaminant concentrations greater 

than 100 µg/L, then additional step-out borings may be drilled and sampled to verify the 100 

µg/L boundary.  If the delineation samples indicate that the contaminant concentrations are less 

than 100 µg/L, then the 100 µg/L concentration line will be redrawn and the treatment systems 

may be shortened to account for the revised boundary.    

In addition to the plume delineation borings, a few borings may be drilled in the vicinity 

of previous sample location HIMW-08D.  As described in Section 3.4, this particular location 

indicated more clay than other areas of the site.  The presence and extent of the clay layer(s) may 

be investigated to ensure that the oxygen wells in that area are appropriately designed in regard to 

the screen length and elevation.   

5.6 Oxygen Well Installation 

Installation of the oxygen wells will begin after or concurrently with the first set of plume 

delineation borings, depending on whether one or two drill rigs are utilized.  The intent is to 

ensure that the plume is adequately defined in time to ensure that all well installation activities are 

completed in one mobilization of the drilling equipment.   

Oxygen wells will be installed at the locations shown on Drawings 11 and 12, although it 

may be necessary to adjust some of the locations based on the markout of utilities and other 

structures in the area.  Along Smith Street and other streets with overhead power lines, the wells 

will be situated a minimum of 3 ft away from existing poles and utilities, and preferably 4 to 5 ft 
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away if possible, if this can be accomplished without impacting the effectiveness of the system.  

If work is required closer than 3 ft to a utility pole, a pole holding truck and other precautionary 

measures would be enacted to ensure that the work is conducted safely and with minimal impact 

to the surrounding area.     

For the work along Smith Street, Atlantic Avenue, Hilton Avenue, Kensington Court, 

Hilton Place, and Cathedral Court, select areas of the sidewalk may be cut and removed as 

required for installation of the wells or piping.   

All of the oxygen wells will be completed with flush mounted well boxes for protection 

and access.  The well boxes will be a heavy duty; traffic rated construction to ensure that they are 

suitable for long-term duty and are strong enough to handle any unexpected traffic or issues that 

may impact the wells in the future.   

These boxes will be carefully installed, especially in the sidewalk areas, to ensure that 

they do not settle, heave, or otherwise present any type of trip hazard.  Likewise, the well box 

locations, to the extent possible, will be placed near the edge of the sidewalk, as opposed to the 

middle, to further minimize the possibility of creating a trip hazard.  A sufficient apron of new 

concrete will be placed around the well box to prevent potential settlement and heaving issues.  

Replacement of entire sidewalk squares also will be considered if it simplifies installation of the 

wells and well boxes.  Wells in unpaved areas will be installed at or slightly below ground level 

to make them less obtrusive and to prevent them from being damaged by equipment such as lawn 

mowers, etc.  Well boxes in Mirschel Park will be covered with a minimum of six inches of 

topsoil and seeded to minimize the potential for injury to persons using the park as well as to 

minimize the potential for tampering with the wells.   

Because the oxygen wells will be used for groundwater treatment and not for 

investigation, all wells will be installed using continuous advance methods (either direct push, 

sonic, or auger) without sampling or logging of the borehole.  Well construction information, 

including installed depth, screened interval, and other pertinent details will be recorded.  Drill 

cuttings and other waste materials will be handled in accordance with Section 5.9.  The quantity 

of drill cuttings and other materials for disposal could vary greatly depending on the actual 

method of well installation chosen by the contractor.    
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5.7 Monitoring Point Installation 

Monitoring points shown on Drawings 11 and 12 will be installed in conjunction with the 

oxygen wells.  Well construction, including installed depth, screened interval, and other pertinent 

information will be recorded.  Soil or groundwater samples will not be collected while the borings 

are drilled.  Because these points may be used for monitoring of water levels, the installed 

locations will be surveyed to establish position (US State Plane 1983, Long Island zone) and 

elevation (North American Vertical Datum, 1983).  The monitoring points will be developed as 

they may be for groundwater sampling.   

5.8 Piping  

Tubing (i.e., piping) for connecting the oxygen wells to the system will consist of 

nominal ¾ inch ID, HDPE rated for 100 psi.  Given the layout of the oxygen delivery wells in 

relation to the oxygen generation system, it will be necessary to install large bundles of tubing 

adjacent to the proposed wells.  Tubing will be installed in a common trench, with a large number 

of tubes in close proximity to the oxygen generating system, and a small quantity at the outer 

limits of the system.   

5.8.1 Installation 

The trench and tubing bundles will be installed at the locations shown on Drawings 11 

and 12.  Proposed installation details are shown on Drawing 13.  Wherever possible, the tubing 

bundles will be installed in the public right-of-way adjacent to the sidewalks.    

For System 1, installation of the tubing bundles in the ROW north of Smith Street may 

not be possible because the sidewalks are narrow and abut several buildings.  Therefore, the 

tubing may be installed beneath the bituminous pavement of the street, parallel to the line of 

wells.  Piping laterals will be run from the trench to the wells in the sidewalk.  A combination 

curb and gutter is located along Smith Street adjacent to the sidewalk.  To maintain the integrity 

of the existing curb and gutter, a small diameter steel sleeve will be installed from the excavation 

in the street, under the curbing, to each well location.  The oxygen tubing will then be routed 

through the sleeve for connection to the wellhead.  Similar construction methods will be used for 

System 3 along Hilton Place.   
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In all areas, the systems will be installed as neatly and cleanly as possible, and the 

surrounding area restored consistent with the existing conditions.   

5.8.2 Testing 

The piping will be difficult to access after installation and pressure testing will be 

conducted prior to the placement of backfill to ensure that there are no leaks in the system.  Low 

pressure pneumatic tests will be conducted after installation, but prior to backfill.  This will 

involve connecting pipe to the oxygen wells followed by pressurizing the system from the 

opposite end.  The pipe will not pressurized to the point where it would overcome the hydrostatic 

head in the well.  The pressure in the pipe will be monitored via a gauge to determine if there is 

any decrease over time that would indicate leaks in the system.  A soapy water solution will also 

be used at joints and connections to inspect for leaks.  Backfill will be placed around all pipes 

after they have passed inspection.   

5.8.3 Backfill 

The proposed pipe locations include streets and sidewalks and backfill will be carefully 

installed to eliminate voids and prevent the occurrence of settlement.  If granular backfill cannot 

be placed and compacted in accordance with Village and County standards, an alternate material, 

such as controlled low strength material (CLSM or “flowable fill”) will be used.  This material 

will flow into the void spaces much easier than sand or other dry material.  The CLSM will 

achieve a specified compressive strength of 90 to 150 psi and will serve to protect the tubes from 

potential crushing in pavement areas.  It may be necessary to anchor the tubing bundles until the 

CLSM has hardened to prevent the tubing from floating upwards.  Above the CLSM layer, 

standard backfill will be placed within unpaved areas and pavement materials will be placed in 

paved areas.   

The oxygen lines will be HDPE and not detectable via standard metal detectors and other 

equipment typically used in utility markouts.  A metallic warning tape with printed graphics will 

be placed over the underground utility lines approximately 4 to 6 inches below the surface.  

Neutral wires will also be placed above the pipes to facilitate detection during subsequent utility 

markouts.     
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Upon completion, all areas affected by construction will be restored to pre-existing 

conditions.  This may include cleaning, landscape repair, and reseeding, as well as the re-

construction of fences and other structures removed and/or relocated during construction.  Roads, 

sidewalks, curbs and gutters will be restored in accordance with Village of Hempstead and 

Nassau County requirements.   

5.9 Equipment Enclosures 

A total of three equipment enclosures are proposed at the locations shown on Drawings 

11 and 12.  Minimum system requirements are described below.  The enclosures will be designed 

and placed to comply with applicable codes of the Village of Hempstead as well as with the 

desires of property owners where systems will be located (e.g., colors, fencing, lighting, etc.).   

5.9.1 Fabrication 

The enclosures will be supplied by Matrix, the supplier of the oxygen generating systems.  

All fabrication will be conducted off-site and each complete enclosure and equipment will be 

mobilized to the site as one complete package.  Final finishing details of the enclosures may be 

refined depending on the installed locations and the desires of the property owners.   

The enclosure that will be located on the LIRR ROW will include security provisions 

since it will not be visible to the general public and may be susceptible to vandalism.  The 

enclosures for systems 2 and 3 will be more visible and located on private properties.   

5.9.2 Installation 

Installation of the equipment enclosures will include the following tasks: 

• Preparation of the ground surface, including leveling, sod removal and placement of 

weed barriers and stone. 

• Off-loading of the enclosure from the delivery vehicle. 

• Installation of a power supply for operation of the system. 

• Installation of fencing, outdoor lighting, signage, etc.  
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5.10 Waste Materials Handling 

Selected contractor will prepare a plan for the handling of all waste materials generated in 

conjunction with the work at the site.   

5.10.1 Soils 

Waste soil materials to be considered in the handling plan will primarily consist of drill 

cuttings as soil generated from excavation of the trenches for the piping should not be MGP 

impacted.  The contractor will be responsible for characterizing all excess materials requiring 

disposal.  Most of the soil generated from on-site construction activities will not be MGP-

contaminated.  Soil from the trench excavations will be above the groundwater table and above 

any potential impacts from the MGP Site.  Likewise unsaturated zone soils generated from the 

borings are not expected to contain MGP contaminants.  Soil from below the water table may 

contain MGP contaminants and will be properly handled and disposed after appropriate testing.  

The contractor will segregate the soil from the trench excavations from this soil for separate 

analysis and/or disposal.   

5.10.2 Water 

Contaminated water will be generated from drilling and monitoring point development 

activities.  This water will be containerized and transported for off-site disposal.   

5.11 Air Monitoring and Vapor/Odor Management 

Air monitoring will be performed during significant intrusive activities into potentially 

contaminated soil and groundwater.  The monitoring programs will include worker health and 

safety monitoring in the exclusion zone and community air monitoring upwind and downwind of 

the work area.  Intrusive activities that will potentially penetrate contaminated soil or 

groundwater include drilling, groundwater sampling, installation of the oxygen wells, and 

installation of the monitoring points.   

Worker health and safety monitoring will be performed in accordance with a Health and 

Safety Plan (HASP) prepared by the contractor.  The plan will be issued prior to the start of Site 
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activities and will meet the requirements presented in the most recent versions of the following 

publications: 

• 29CFR Part 1910.120 – Occupational Health and Safety Standards 

• 29CFR Part 1926 – Safety and Health Regulations for Construction 

• 29CFR Part 1910, Subpart I – Personal Protective Equipment 

• NIOSH Publication No. 85-115 

• ANSI Z358.1, Emergency Eyewash and Shower Equipment 

• ANSI Z88.2 Practices for Respirator Protection 

• ANSI Z87.1 Practice for Occupational and Educational Eye and Face Protection 

Community air monitoring will be performed to measure, document, and respond to 

potential airborne contaminants during significant ground intrusive activities into potentially 

contaminated soil and groundwater.  The community air monitoring will be performed upwind 

and downwind of the work area and will compliment the work zone monitoring conducted 

pursuant to the contractor’s HASP.  A Community Air Monitoring Plan (CAMP) will be prepared 

prior to the start of Site activities that is based upon guidelines established by the New York State 

Department of Health (NYSDOH) in the NYSDEC DER-10 Draft Technical Guidance for Site 

Investigation and Remediation (DER-10) (NYSDEC, 2009).  The CAMP will include monitoring 

procedures, Alert Limits, Action Limits, and contingency measures if Action Limits are 

approached.  An Alert Limit is a contaminant concentration or odor intensity that will serve as a 

screening tool to trigger contingent measures, if necessary, to assist in minimizing offsite 

transport of contaminants and odors during remedial activities.  An Action Limit is a contaminant 

concentration or odor intensity that will trigger a work stoppage.  Community air monitoring will 

be performed for volatile organic compounds (VOCs) and respirable particulate.  Upwind and 

downwind air monitoring will also be performed for hydrogen cyanide (HCN) if purifier waste is 

encountered or if a confirmed measurement above the Action Level is recorded by the exclusion 

zone monitoring.  HCN monitoring will be performed using a direct-reading instrument that 
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incorporates an electrochemical cell sensor.  HCN detector tubes will also be used for verification 

if any elevated measurements are recorded with the direct-reading instrument.   

Any MGP-odors from contaminated soils or groundwater will be controlled by 

conducting waste handling activities in a manner that minimizes the time that the contaminated 

materials are exposed to the air.  Potentially contaminated soils and water will be placed in 55-

gallon drums or roll-off boxes and covered.  The drums and roll-off boxes will be moved from the 

work area and placed at a secure location on the former MGP Site (National Grid property).  Any 

offensive odors at the work zone will be mitigated, if necessary, by placing a layer of non-

odorous soil or polyethylene sheeting over the exposed area.   

5.12 System Start-up 

System startup refers to the testing and activities conducted between the installation of 

the system and the actual start of system operation.  The following tasks will be conducted during 

the startup: 

• Baseline conditions (DO, pH, ORP, specific conductance, and water level) will be 

measured in the monitoring points and at other monitoring well locations.   

• All individual system components will be checked and verified for proper installation 

and correct operation. 

• All alarm conditions and other control functions will be tested and verified. 

• The remote callout and monitoring system will be test both for alarm notification and 

for remote dial-in for system monitoring. 

• Flows to all wells will be verified and balanced. 

• All well locations will be observed for visual or other indications of leakage. 

• Final housekeeping type issues will be resolved. 

• Training of operations staff (if necessary) will be conducted. 
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5.13 Operation, Maintenance, and Monitoring Plan 

Details and requirements for startup and operation of the groundwater treatment systems 

will be outlined in an OM&M Plan that will incorporate manufacturer information.  Matrix will 

submit an O&M manual specific to the operation and maintenance of the oxygen systems.  An in-

situ monitoring plan will be developed to provide data that documents baseline conditions and 

identifies measurements that will be taken during system operation to enable optimization and 

document remedial progress. 

5.14 Schedule 

The actual schedule for construction and installation of the groundwater treatment 

systems will be developed in conjunction with the contractor selected for the work, although the 

contract documents will have some requirements and expectations of the contractor in regard to 

the timeframe for completion of work at the Site.   

The next major milestones in the schedule for the work will include: 

• Obtain property access agreements that are currently pending.   

• Approval of this document by the NYSDEC, NYSDOH, and Nassau County 

Department of Health (NCDH). 

• Preparation of Contract Documents (Drawings and Specifications) for the work as 

outlined in this document. 

• Solicit bids from prospective contractors. 

• Selection of a contractor, negotiation of the contract terms, and issuing a Notice to 

Proceed. 

• Participation in a public availability session to inform local residents and official 

about the remedial construction activities and system operation.   

• Order systems from Matrix. 
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• Contractor preparation and National Grid/Engineer review of all submittals and 

documents as required by the contract documents. 

• Contractor mobilization to the Site and start of construction. 

• Construction complete, start of operation and monitoring.  
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6.0 SUMMARY 

6.1 Reason for the Remedial Design Report 

This report summarizes the remedial design for treatment of an off-site plume of 

dissolved-phase groundwater contamination associated with the Hempstead Intersection Street 

Former MGP site located in the Villages of Hempstead and Garden City, Nassau County, New 

York.  This report was prepared for National Grid by URS Corporation in accordance with an 

Order on Consent with the NYSDEC.   

The report documents the background, decision making process, and the rationale behind 

the design of treatment systems to address the off-site plume of dissolved-phase groundwater 

contamination. The report also presents site conditions, the goal for the remedial action, an 

overview of the treatment systems, critical design parameters for all major system components, 

and their basis for design.  The report discusses implementation of the remedial design, how the 

system components will be installed, monitoring activities that will be conducted during the 

installation, and operation and maintenance of the systems.   

6.2 Site Description and History 

MGP operations began in the early 1900’s in the southern portion of the Site and 

expanded north as the demand for gas increased.  LILCO acquired the Site in the early 1930's.  

The on-site MGP was subsequently demolished by LILCO following the start of natural gas 

availability on Long Island in the early 1950’s.  In 1998, LILCO merged with Brooklyn Union 

Gas forming KeySpan Corporation.  In 2007, KeySpan Corporation was purchased by National 

Grid.   

A “cut and plug” IRM Program was undertaken at the Site during the winter of 1999.  

The objective of that IRM was to locate underground piping associated with historic MGP 

operations so that each pipe could be cut, drained of any fluids and plugged in order to limit the 

potential for any off-site migration of MGP-related constituents.  The IRM was completed in the 

summer of 2000. 
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A second IRM was implemented in 2008 for the excavation of shallow MGP source 

materials from the Site and for the recovery of NAPL from the groundwater.  The IRM was 

performed to remove MGP source materials from areas of the Site where no additional future 

remediation will be necessary and to support future site-wide remediation activities by providing 

clean areas for support facilities, vehicle parking, and the staging of equipment and materials.  A 

total of 4,432 cubic yards of MGP source material (as contaminated soil) and construction / 

demolition debris was taken off-site for treatment and disposal.  9,493 gallons of liquid was also 

taken off-site for treatment and disposal.   

The dissolved phase groundwater plume is located downgradient of the Site.  The plume 

reaches a maximum width of approximately 600 ft and extends approximately 3,800 ft south of 

the Site.  The plume boundaries are defined by total BTEX or total PAH concentrations greater 

than 100 µg/L.  Monitoring data indicates that the plume is stable and has not increased in size or 

strength in recent years.  The highest BTEX and PAH concentrations occur in the plume 

immediately to the south of the Site.  South of Atlantic Avenue, the plume dips and is overlain by 

clean groundwater.  Groundwater contamination is found at depths greater than 100 ft bgs.   

The most concentrated area of the plume (greater than 5,000 µg/L) is approximately 

1,000 ft long, directly downgradient from the Site.  The concentrations of BTEX and PAHs 

decrease rapidly as they migrate away from the Site.   

6.3 Remedial Goal 

The remedial goal for the groundwater treatment systems is to restore, to the extent 

practicable, groundwater impacted by MGP Site related contaminants of concern to meet ambient 

water quality standards and guidance values.  The groundwater treatment systems have been 

designed with this goal in mind and will continue to operate until the groundwater has been 

restored to the extent practicable or until the systems have reached their limits of effectiveness.   

6.4 Remedial Technology 

The evaluation conducted in the Feasibility Study / Remedial Action Plan for the 

Hempstead site recommended bioremediation of the dissolved phase groundwater plume as the 

groundwater remediation alternative.  Information collected during previous investigations 
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indicate that intrinsic bioremediation of the dissolved phase contaminant plume is an active 

process at the Site and supports the plan to implement enhanced aerobic bioremediation for the 

groundwater.  Biodegradation involves microbially mediated oxidation-reduction reactions that 

transform BTEX and PAHs to carbon dioxide and water.  DO is the most thermodynamically 

favored electron acceptor used in the biodegradation of hydrocarbons and is typically the primary 

growth limiting factor for hydrocarbon degrading bacteria.  Therefore, by increasing the DO 

concentration, the rate of bioremediation can be increased by at least one and sometimes several 

orders of magnitude over naturally occurring, non-stimulated rates.   

The remedial technology proposed for enhanced aerobic bioremediation is a patented 

technology that involves the injection of high-purity oxygen into groundwater at a rate low 

enough to avoid migration or volatilization of the contaminants, but high enough to increase DO 

concentrations within the aquifer.  Delivery of oxygen into groundwater can increase DO 

concentrations to a maximum of 40 mg/L as compared to 9 mg/L for a typical air sparging 

system.   

High-purity oxygen, generated from on-site systems, will be introduced into the 

contaminated groundwater plume via a network of wells installed across the direction of 

groundwater flow.  The wells will produce oxygenated zones that enable aerobic bioremediation 

of contaminated groundwater as it flows through the treatment areas.   

6.5 Design Overview and Summary 

The groundwater treatment systems are designed to provide zones of elevated DO that 

will stimulate aerobic bioremediation of contaminated groundwater as it flows through the 

treatment areas.  The primary basis for the system design is to ensure that the quantity of oxygen 

dissolved into the groundwater is sufficient to support the aerobic biodegradation of the 

contaminants traveling through each treatment area.  Aerobic bioremediation of the plume at 

select locations, in conjunction with solidifying the contaminant source via ISS, will accelerate 

the rate at which the dissolved contaminant mass is oxidized and will eventually lead to decreased 

contaminant concentrations in the entire plume.  The planned locations of the groundwater 

treatment systems and ISS remediation are shown on Drawing 2.   
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Based on the dimensions and location of the groundwater contaminant plume, three 

separate groundwater oxygen treatment systems are planned:  

• In the vicinity of Smith Street, the inactive Long Island Railroad (LIRR) Right-of-

Way (ROW), and in the road ROWs for Atlantic Avenue and Hilton Avenue 

(Treatment System 1). 

• In Mirschel Park, on private property located at 158 Hilton Avenue, and in the road 

ROWs for Hilton Avenue and Kensington Court (System No. 2).  

• On private property located at 106 Hilton Avenue and in the road ROWs for Hilton 

Place and Cathedral Court (System No. 3).     

  The installation of System 3 is dependent on the ability to obtain the necessary private 

property access agreements for this system.   

The contaminant mass flux and corresponding oxygen requirement at each treatment 

system is significantly less than the capacity of each oxygen generating system.  For all three 

systems, the minimum oxygen generation rate will be 175 standard cubic scfh, or 190 lbs per day.   

Each system consists of an equipment enclosure that houses the oxygen generation and control 

systems, a piping system for distribution of the high-purity oxygen, and the oxygen wells.  The 

three systems generate oxygen via air compressors and pressure swing adsorption units.  Oxygen 

is stored in tanks until it is directed to the wells.  Each well will be connected to the generation 

system via a separate pipe that will be connected to a manifold inside the enclosure.  Oxygen will 

be distributed to the contaminated groundwater via a system of wells screened in or below the 

zone of groundwater contamination.  Ninety-six (96) wells will be installed for Treatment System 

1, 59 wells will be installed for Treatment System 2, and 70 wells will be installed for Treatment 

System 3.  A control system will direct the duration and flow of oxygen to the wells, which will 

be grouped together in quantities of 8 to 10 per manifold for control purposes.  Each manifold 

will be on-line for a programmed duration.  At the end of the cycle, the oxygen flow to the 

manifold will be stopped and the next manifold in the sequence will then be started.   
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Table 4-1 

Summary of Design Criteria 

All Systems 
 

• Treatment of BTEX or PAHs greater than 100 µg/L 
• Provide a minimum 3 lbs oxygen per 1 lb of hydrocarbons 
• 75% oxygen transfer/utilization efficiency  
• 1-inch diameter, PVC wells, with 2 foot screened length  
• All delivery wells include dedicated: 

Piping from the oxygen generation system 
Pressure Gauge 
Flow meter and flow control valve 

• Cycled/Pulsed operation of the delivery wells 
• 230 Volt, 3-phase power supply 
• Skid-mounted enclosure including double locking doors, lighting, wall-mounted heater, 

ventilation fan, noise insulation, and two standard wall outlets 
• Oxygen Generating Equipment to include: 

Rotary screw air compressor with noise insulation, filter and dryer 
Pressure Swing Adsorption Oxygen Generator 
Oxygen Storage Tank(s) 
Programmable Logic Controller 
Wireless-based Remote Monitoring and Control System 

 
Treatment System 1 
 

• Contaminant Flux of 4.6 lbs per day 
• Total Oxygen Requirement of 30 lbs per day  
• Oxygen Delivery Manifold of 96 wells, 40 shallow and 56 deep. 
• Spare capacity for 10 additional points.   

 
Treatment System 2  
 

• Contaminant Flux of 3.3 lbs per day  
• Total Oxygen Requirement of 14 lbs per day 
• Oxygen Delivery Manifold of 59 wells, 12 shallow and 47 deep. 
• Spare capacity for 10 additional points.   

 
Treatment System 3  
 

• Contaminant Flux of 2.0 lbs per day  
• Total Oxygen Requirement of 9 lbs per day 
• Oxygen Delivery Manifold of 70 wells, 20 shallow and 50 deep. 
• Spare capacity for 10 additional points. 
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OXYGEN REQUIREMENT FOR AEROBIC 

BIODEGRADATION 

NOTE:  The calculation included in this Appendix is based on the layouts of the 

treatment systems that were envisioned at the time the draft document was prepared 

(September 2009).  The layouts of Systems 2 and 3 have since been revised based on 

property access agreements and NYSDEC review comments.  The layout of System 1 is 

mostly unchanged.   

The text and drawings of this report have been updated to reflect the revised layout of the 

systems; however this appendix has not been changed from the draft report.  Calculations 

of the contaminant mass flux and other related design criteria for System 1 are still valid.  

The contaminant mass flux calculations for Systems 2 and 3 do not reflect the current 

configurations.  These calculations were not revised because the original calculations 

demonstrate that oxygen demand is significantly less than the amount of oxygen that will 

be supplied by the systems.   

The system manufacturer suggests that the systems should provide enough oxygen to 

achieve an in situ DO concentration of 40 mg/L.  Therefore, the oxygen generation rates 

provided by the manufacturer are higher than the stiochiometric rates that are based on 

contaminant flux.  The injection of oxygen at the higher rates may result in a shortened 

operating timeframe for the systems.   

The actual construction documents associated with this project should be referenced for 

the most up-to-date design information for the systems.   
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1.0 Purpose 
 

1. Evaluate the amount of oxygen required to facilitate intrinsic aerobic biodegradation of dissolved 
phase contaminants in a groundwater plume associated with the Hempstead Intersection Street former 
MGP Site, Hempstead and Garden City, NY.  The evaluation is performed at three (3) locations that 
correspond to groundwater treatment systems that are described in the Remedial Design Report for 
Off-Site Groundwater Treatment (URS, 2009).   

 
2. Evaluate the maximum amount of oxygen that can be injected into the groundwater plume at the 

treatment system locations using oxygen injection systems manufactured by Matrix Environmental 
Technologies, Inc.  The amount of oxygen injected at each location should meet the stoichiometric 
demand associated with microbially-mediated aerobic oxidation-reduction reactions that transform 
benzene, toluene, ethylbenzene, xylenes (BTEX) and polycyclic aromatic hydrocarbons (PAHs) into 
carbon dioxide and water.  

2.0 Description of the Treatment Systems 
 
The groundwater treatment systems will inject oxygen into a dissolved phase groundwater contaminant plume 
at three locations, summarized below and shown on page 21 and 23 of 74:  
 

1. System No. 1– The system is located (east to west) along the Smith Street right-of-way (ROW) 
between Sealey Ave. and Wendell St., the Long Island Rail Road (LIRR) ROW between Wendell St. 
and Atlantic Ave., the Atlantic Ave. ROW, and the Hilton Ave. ROW.  Ninety six oxygen injection 
wells will be installed to depths of between 45 feet below ground surface (ft bgs) and 101 ft bgs.  Plan 
and section views of the injection wells are shown on pages 21-22 of 74.   

2. System No. 2– The system is located (east to west) in Mirschel Park and on private property at 158 
Hilton Ave. (parcel ID 34-285-227).  Forty oxygen injection wells will be installed to depths of 
between 58 ft bgs and 93 ft bgs.  Plan and section views of the injection wells are shown on pages 23-
24 of 74.   

3. System No. 3– The system is located on private property owned by St. Paul’s Greek Orthodox Church 
(parcel ID 34-284-14).  Thirty six wells will be installed to depths of between 77 ft bgs and 98 ft bgs.  
Plan and section views of the injection wells are shown on pages 23-24 of 74.   

 
High-purity oxygen (90% - 95%) will be injected as a gas into the saturated zone via injection points that will 
be located in Glacial Sediments and Upper Magothy Sediments.  The wells will be oriented perpendicular to the 
plume in barrier configurations.   
 
The injection system is designed with an oxygen production capacity of 160 standard cubic feet per hour 
(SCFH).  The oxygen is delivered to injection wells via individual ¾-inch diameter high-density polyethylene 
(HDPE) pipe and a manifold that is arranged into banks of 10 wells (maximum).  The typical operating 
condition will be 75% of capacity (120 SCFH).  

3.0 Site Characteristics 
 
The groundwater contaminant plume is shown on page 25 of 74, which is based on groundwater monitoring 
conducted during 2000 to 2009.  The plume contains dissolved phase BTEX and PAHs.     
  
Unconsolidated geologic deposits within the plume consist of, in descending order: 
 

• Glacial Sediments – fine to coarse sand with varying amounts of gravel and occasional lenses of 
silty-sand and silt.  These sediments comprise the Upper Glacial Aquifer and are approximately 60 
to 95 feet thick within the plume area.  Hydrogeologic characteristics of the Upper Glacial 
sediments are listed below: 
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 Hydraulic conductivity [k] – 158.5 feet/day (ft/day) [measured] 
 
 Porosity [n] – 0.35 [estimated from literature] 
 
 Unit Weight [g] – 111 lbs/ft3 [estimated from literature] 
 
 Hydraulic Gradient [i] – 0.0018 [measured] 
 
 Fraction of Organic Carbon [Foc] – 0.005 [measured] 
  
Upper Magothy Sediments – predominately composed of fine to very fine sand with varying amounts of silt.  
These sediments also contain numerous lenses of fine to coarse sand along with thin clay layers or laminae, 
which create a high degree of anisotropy.  The vertical hydraulic conductivity is reported to be several orders of 
magnitude less than the horizontal hydraulic conductivity (PS&S, 2006).   The thickness of the Upper Magothy 
sediments within the plume area varies from approximately 49 feet to 110 feet.  Hydrogeologic characteristics 
of the Upper Magothy sediments are listed below: 
  
 Hydraulic conductivity [k] – 110 ft/day [measured] 
 
 Porosity [n] – 0.4 [estimated from literature] 
 
 Unit Weight [g] – 111 lbs/ft3 [estimated from literature] 
 
 Hydraulic Gradient [i] – 0.0017 [measured] 
 
 Fraction of Organic Carbon [Foc] – 0.035 [measured] 
 
Chemical analytical data & geochemical data from the plume are provided on pages 26-50 of 74 and pages 71-
72 of 74.  Hydrogeologic information and well construction summaries are provided on pages 54-70 of 74.  
Pages 73 and 74 provide typical values used to estimate porosity and unit weight.     

4.0 Methodology 
 
The contaminant mass flux across each treatment boundary was determined based on cross-sectional area, 
average contaminant concentrations, and groundwater flow velocity.  Separate calculations were performed 
for the Glacial sediments and Upper Magothy sediments.  The approximate transition between the Glacial 
sediments and Upper Magothy sediments occurs at an elevation of 7 feet above mean sea level (ft AMSL) 
in the vicinity of the treatment system sections.   
 
4.1 Cross-Sectional Area 
 
The groundwater plume surfaces (5,000 µg/L, 1,000 µg/L, and 100 µg/L) were modeled using ESRI® 
ArcGIS® software (ModelBuilder and Cross-View tools).  Plume surfaces created by ArcGIS® were evaluated 
by a Hydrogeologist and revised to reflect boundary conditions, plume bottom depths, and water table surface 
depths.  Cross-sections were established at the injection well system locations and exported into AutoCAD®.  
Cross-sectional areas bounded by the 5,000 µg/L, 1,000 µg/L, and 100 µg/L and isoconcentration lines were 
determined using features available in the software.  An output showing measured areas is provided on 
page 51 of 74.   
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4.2 Contaminant Concentrations 
 

Average contaminant concentrations for areas bounded by the 5,000 µg/L, 1,000 µg/L, and 100 µg/L 
isoconcentration lines associated with the System No. 1 were determined using groundwater analytical 
results obtained during the period October 2000 to January 2009 (see pages 52-53 of 74).   
 
Groundwater analytical data in the vicinity of the System No. 2 and System No. 3 was available from 
widely-spaced locations and were not averaged.  Contaminant concentrations for areas bounded by the 
5,000 µg/L, 1,000 µg/L, and 100 µg/L isoconcentration lines were conservatively estimated as the upper 
value bounded by the lines (i.e.  5,000 µg/L and 1,000 µg/L).  Contaminant concentrations did not exceed 
5,000 µg/L in these areas. 
 
4.3 Contaminant & Oxygen Flux at the Treatment System Barriers 
 
Contaminant and oxygen flux at treatment system barriers was estimated using the following relationship: 
 

Contaminant Flux 
 

Jc = Cw*Q*1x10-9 kg/µg 
 

where: 
Jc = Contaminant flux (kg/day) 
Cw = Contaminant concentration (µg/L) 
Q = Groundwater flow rate (L/day) 
 
Oxygen Flux 
 

JDO = CDO*Q*1x10-6 kg/mg 
 

where: 
JDO = Oxygen flux (kg/day) 
CDO = Dissolved oxygen concentration (mg/L) 
 
Groundwater flow rate was estimated using the following relationship: 

 
( )galLftgalAikQ /3/ 78.3*48.7***=  

  
where: 

k = hydraulic conductivity (ft/day) 
i = Hydraulic gradient (ft/ft) 
A = Cross-sectional area perpendicular to flow (ft2) 

 
4.4 Stoichiometric Ratios (Oxygen/Contaminant) 
 
System No. 1  
 
The amount of oxygen required to meet the biological demand for aerobic oxidation-reduction of the 
contaminants was determined for each BTEX and PAH compound that was analyzed during the PDI and RI 
investigations.  Example coupled oxidation-reduction reactions for benzene and naphthalene are provided 
below. 
 

Benzene (C6H6) 
 

7.5 O2 + C6H6 → 6 CO2 + 3H2O 
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7.5 moles of oxygen (32 g/g-mole) are required for each mole of benzene (78 g/g-mole). 
The stoichiometric ratio of oxygen to benzene (mass basis) is (7.5 * 32)/(1*78) = 3.08 
 
Naphthalene 

 
12 O2 + C10H8 → 10 CO2 + 4 H2O 

 
7.5 moles of oxygen (32 g/g-mole) are required for each mole of naphthalene (128 g/g-mole). 
The stoichiometric ratio of oxygen to naphthalene (mass basis) is (12 * 32)/(1*128) = 3.00 

 
System Nos. 2 and 3 
 
Approximate stoichiometric ratios of oxygen to BTEX compounds (3.2) and oxygen to PAHs (3.0) were used 
for the Mirschel Park system calculations because groundwater data at these areas was sparse.   

 
4.5 Oxygen Demand 
 
Oxygen demand is the product of the contaminant reduction, stoichiometric amount of oxygen required per 
mass of contaminant reduction, and the change in dissolved oxygen (DO) concentration in groundwater flowing 
through the treatment area (assuming an initial DO concentration of 0 mg/L and final concentration of 2 mg/L 
[considered adequate to support aerobic bioremediation]).   
 

Oxygen Demand Attributed to Contaminant Reduction 
 
O2 = -(Jc-out – Jc-in) * (O2/Cont.) 

 
where: 
O2  = Oxygen demand (kg/day) 
Jc-in  = Contaminant flux entering the treatment zone (kg/day) 
Jc-out  = Contaminant flux leaving the treatment zone (kg/day), assuming zero 
(O2/cont.) = Stoichiometric ratio of oxygen: contaminant (mass basis) 
 

Oxygen Demand Attributed to Change in DO Concentration 
 
O2 = JDO-out – JDO-in 

 
where: 

O2  = Oxygen demand (kg/day) 
JDO-in  = Dissolved oxygen flux entering the treatment zone (kg/day) 
JDO-out = Dissolved oxygen flux leaving the treatment zone (kg/day) 
 
 

 
 
 

Jc-in = Q * Cw-in Jc-out = Q * Cw-out Treatment Zone 

CDO-in = 0 mg/L CDO-out = 2 mg/L 

JDO-in = Q * CDO-in JDO-out = Q * CDO-out 

cross sectional area 

water table surface 

base of contaminant plume 
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A factor of safety of 4 was applied to the calculated amount of oxygen required to account for other organic 
compounds and oxygen sinks in the system that were not measured by the analytical testing.   

5.0 Calculations and Results 
 
5.1 Calculations 

 
Calculations are provided on the following pages. 
 

• System No. 1 (pages 7-11 of 74) 
 

• System Nos. 2 & 3 (page 12-19 of 74) 
 
5.2 Results 

 

Location Contaminant Flux 
(lbs/day) 

Oxygen Required 
(lbs/day) 

Oxygen Delivered 
(lbs/day) 

System 
No. 1 4.6 30.4 173.4 

System 
No. 2 3.3 13.9 173.4 

System 
No. 3 2.0 9.3 173.4 

 
The amount of oxygen delivered is sufficient to meet stoichiometric requirements based on contaminant 
flux across the treatment areas and to change the DO concentration from 0 mg/L to 2 mg/L. 
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System Pressure Loss and Minimum System Pressure Calculations 
 

1.0 PURPOSE 
 
The purposes of these calculations are to determine the pressure losses in the oxygen 
diffusion system when delivering the oxygen through the piping into the saturated zones 
and the minimum compressor pressure required for the system.  The results of the 
calculations will be used in the selection of the pipe size and compressor capacity.  Small 
piping size will be selected to reduce the trench size, but without causing significant 
pressure losses.   
 

2.0 SYSTEM PRESSURE LOSS CALCULATIONS 
2.1 Methodology 

  
The pressure losses between the manifold inside the system enclosure and an oxygen 
diffusion well of the oxygen diffusion system include the losses from the straight pipe 
runs and the various fittings and elbows.  The pressure loss from the straight pipe runs is 
estimated using the American Conference of Governmental Industrial Hygienists 
(ACGIH) (Reference 1) guidelines as follows: 
 

 
22.1

9.1
000,1

74.2

)(100

)(
D

V

ft
P

×
=

Δ  Eqn (1) 

       
   where, Δ P  = pressure loss in pipe (in of water) 

V  = air velocity in the pipe (ft/min) 
    D  = diameter of the pipe (in) 
 
A safety factor equivalent to 50% of the sum of the pressure losses from the straight pipes 
is used in the calculation for the total pressure loss from the pipes.  This safety factor also 
accounts for losses from fittings, elbows, etc.   
 
The greatest total pressure loss will occurred at the well farthest away from the manifold.  
Therefore, the total pressure loss between the manifold and the farthest well will be 
calculated and used for sizing the piping and compressor.     
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2.2 Calculations 
2.2.1 System No. 1 
 
The proposed system, which is shown on page 6 of 14, consists of 96 oxygen delivery 
wells and has a design flow rate of 0.25 cubic feet per minute (cfm) per well.  Individual 
polyethylene piping will connect each well to a manifold inside the system enclosure.  
The farthest well, S-01, is approximately 670 ft away from the manifold.  The total 
pressure loss between the manifold and well S-01 is calculated using Equation (1) as 
follows: 
 
 D = 0.824 in 
 V= (0.25 cfm)/(3.14 x (0.824/12)2/4 ft2) = 67.54 ft/min 
 

22.1824.0

9.1
000,1

54.67
74.2

)(100

)(×
=

Δ
ft

P  = 0.0207 in-water/100 ft 

 
 Pressure loss for 670 ft of pipe = 670 ft x 0.207 in-water/100 ft = 0.14 in-water 
 
 Safety Factor = 50% x 0.14 in-water = 0.07 in-water 
 
 Total Pressure Loss = 0.14 in-water + 0.07 in-water = 0.21 in-water 

  
Based on the calculations, the total head loss from the piping between the manifold and 
an oxygen delivery well will be less than 0.21 in of water when using 0.75-in (nominal 
size) piping with an inside diameter of 0.824 in.  This pressure loss is negligible and 
verifies that 0.75-in pipe will be adequate for the system.   
 
2.2.2 System No. 2 
 
System No. 2, which is shown on page 7 of 14, consists of 40 oxygen delivery wells and 
has a design flow rate of 0.25 cfm per well.  Each well will be connected to a manifold 
inside the system enclosure with individual polyethylene piping.  The farthest well (M-
29S) is approximately 290 ft from the manifold.  The total pressure loss between the 
manifold and well M-29S is calculated as follows: 
 

D = 0.824 in 
 V= (0.25 cfm)/(3.14 x (0.824/12)2/4 ft2) = 67.54 ft/min 
 

22.1824.0

9.1
000,1

54.67
74.2

)(100

)(×
=

Δ
ft

P  = 0.0207 in-water/100 ft 
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 Pressure loss for 290 ft of pipe = 290 ft x 0.0207 in-water/100 ft = 0.06 in-water 
 
 Safety Factor = 50% x 0.06 in-water = 0.03 in-water 
 
 Total Pressure Loss = 0.06 in-water + 0.03 in-water = 0.09 in-water 
 
Based on the calculations, the total pressure loss from the piping between the manifold 
and a delivery well will be less than 0.09 in of water when using the 0.75-in size piping 
with an inside diameter of 0.824 in.  This pressure loss is negligible and verifies that 
0.75-in pipe will be adequate for the system.     
 
2.2.3 System No. 3 
 
System No. 3, which is shown on page 7 of 14, consists of  35 oxygen delivery wells and 
has a design flow rate of  0.25 cfm per well.  Each well will be connected to a manifold 
with individual polyethylene piping.  The farthest well (M-28S) is approximately 330 ft 
from the manifold.  The total pressure loss between the manifold and well M-28S is 
calculated as follows: 
 

D = 0.824 in 
 V= (0.25 cfm)/(3.14 x (0.824/12)2/4 ft2) = 67.54 ft/min 
 

22.1824.0

9.1
000,1

54.67
74.2

)(100

)(×
=

Δ
ft

P  = 0.0207 in-water/100 ft 

 
 Pressure loss for 330 ft of pipe = 330 ft x 0.0207 in-water/100 ft = 0.07 in-water 
 
 Safety Factor = 50% x 0.07 in-water = 0.04 in-water 
 
 Total Pressure Loss = 0.07 in-water + 0.04 in-water = 0.11 in-water 

  
Based on the calculation, the total pressure loss from the piping between the manifold 
and a delivery well will be less than 0.11 in of water when using the 0.75-in (nominal 
size) piping with an inside diameter of 0.824 in.  This pressure loss is negligible and 
verifies that 0.75-in pipe will be adequate for the system.   
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3.0 MINIMUM SYSTEM PRESSURE CALCULATION 
3.1 Methodology 
 
For the oxygen to flow from a well to the saturated zone, a minimum injection pressure is 
required to induce the flow.  This minimum injection pressure at the wellhead is 
determined by the depth of the well screen below the water table and the permeability of 
the aquifer and can be estimated using the following equation (Reference 2): 
 
  Pmin well (psig) = 0.43 Hh + Ppacking + Pformation    Eqn (2) 
 

Where, Pmin well =  the minimum pressure required at a well (psig) 
Hh =    the depth below the water table to the top of a  

  well screen (hydrostatic head) (ft) 
Ppacking =  air entry pressure for the well annulus packing material  

   (psig) 
Pformation =  air entry pressure for the formation (psig) 

 
Typically, Ppacking and Pformation are small compared to the hydrostatic head.  Air entry 
pressures are generally less than 0.2 psig for sand (Reference 2).   
 
By including the head losses from the piping in the oxygen diffusion system, the 
minimum pressure at the manifold is calculated as follows: 
 

Pmin manifold (psig) = 0.43 Hh + Ppacking + Pformation + 0.43Hpipe loss  Eqn (3) 
 

Where, Pmin manifold =  the minimum pressure required at the manifold (psig)  
Hpipe loss =  the total head loss in ft from the piping between the 

 manifold and a diffusion well including losses from pipe 
 runs and the various fittings and elbows (ft). 

 
3.2 Calculations 
 
The minimum system pressure at the manifold is calculated using Equation (3) with the 
following assumptions: 
 

• Groundwater table elevation 
System No. 1:      45 ft 
System No. 2:     43 ft 
System No. 3:     43 ft 

• Top of the screen elevation of the deepest well  
System No. 1:      -30 ft 
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System No. 2:     -20 ft 
System No. 3:     -23 ft 

• Screen packing material:    sand 
• Deep aquifer formation:    Upper Magothy 
• Ppacking + Pformation:     0.2 psig (Reference 2) 
 

The example calculations for the minimum system pressure at the manifold for System 
No. 1 are shown as follows: 
 
 Hh = 45 ft – (-30 ft) = 75 ft 
 Hpipe loss = 0.21 in = 0.0175 ft 
 Ppacking + Pformation = 0.2 psig 
 Pmin manifold (psig) = 0.43 x 75 + 0.2 + 0.43 x 0.0175 = 33 psig 
 
A summary of the calculation results for the minimum system pressure at the manifold 
for the three systems is presented below:  
    

 System No. 1 System No. 2 System No. 3 
    

0.43Hh (psig)  32.3 27.1 28.4 

Ppacking + Pformation (psig) 0.2 0.2 0.2 
0.43Hpipe loss (psig) 0.008 0.003 0.004 
Pmin manifold (psig) 33 28 29 
 

4.0 REFERENCES 
 

1. Industrial Ventilation.  A Manual of Recommended Practice 
American Conference of Governmental Industrial Hygienists (ACGIH) 
1980 

 
 2. Air Sparging Design Paradigm 
  Battelle 
  2002 
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Matrix Environmental Technologies Inc. 

System No. 1 Specifications: 320 SCFH 96 Point System  
 
Matrix will provide a building mounted oxygen injection system with an oxygen production 
capacity of 320 standard cubic feet per hour (SCFH).  Included with the system purchase is a 
non-transferable multiple use license to operate under U.S. Patent No. 5,874,001. 
 
DESIGN PARAMETERS 
 
References: 
• U.S. Patent No. 5,874,001, Groundwater Remediation Method 
• Groundwater Remediation System for the Hempstead Intersection Street Former 

Manufactured Gas Plant Site, URS Corporation, December 2009 
 
Operating Parameters: 
• 96 oxygen injection points  
• Oxygen booster pump to increase storage pressure to 100 PSIG 
• Oxygen flow range 10 to 100 SCFH per point 
• Mass injection rates up to 4 lbs O2 per point per day 
 
Location Requirements: 
• 230V three-phase power available, 200 amp service 
• Non-hazardous location for equipment 
• Secure compound for system 
• Altitude less than 100 feet 
 
Certifications: 
• Control panel to be UL certified 
• MET US Laboratories approval of system 
• 2 year warranty on system components  
• 1 year warranty on Powerex rotary scroll oxygen compressor (booster pump) 
 
Oxygen Injection System: 
• Air compressor capacity – 78 SCFM @ 110 PSI 
• Oxygen generator capacity - 320 SCFH 
• Oxygen booster capacity – 5 SCFM 
• All equipment oxygen scavenged for oxygen service 
• 96 point injection header with capacity for future expansion to 106 
 
Remediation Enclosure: 
• Equipment located in an 8 ft by 18 ft enclosure on steel skid 
• Piped, wired and tested; all wiring suitable for non-hazardous locations 
 
Control Panel: 
• PLC based control system with user interface and alarm inputs 
• Remote cellular telemetry with web based access 
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DESCRIPTION OF 320 SCFH 96 POINT OXYGEN INJECTION SYSTEM 
 
Rotary Screw Compressor Module: 
Kaeser SK 20 110 PSI Classic 230/3/60 US 

 Motor: 20 HP, 230/3P, TEFC 
 Sigma control panel 
 Performance:  78 SCFM at 110 PSI 

Compressor assembly to contain: 
 Integral exhaust ducted to building exterior 

Discharge piping from compressor to contain: 
 Pressure gauge 
 Ball valve 
 Filtered Separator 
 Coalescing Filter 
 Steel piping/high pressure hose as applicable 

Separate 240 G vertical receiver tank 
 Automatic tank drain 

o NEMA 4 timed solenoid valve 
 Ball valve 
 Pressure switch 

 
Air Dryer Module: 
Kaeser refrigerated dryer model TB 26  

 Motor: TEFC 
 Air flow:  95 SCFM 
 Air pressure drop: 4 PSI 
 Ambient air temperature:  100 °F 
 Inlet temperature:  150 °F  
 Discharge dewpoint:  40 °F 
 Ball valve 

 
Oxygen Generator: 
AirSep model AS-G 320 SCFH pressure swing adsorption oxygen generator  

 Ball valve 
 240 Gallon Oxygen storage tank - low pressure (60 PSI) 

o Pressure switch 
o Pressure relief valve 
o Powerex rotary scroll oxygen compressor (booster), 2.5 SCFM at 100 PSI 
o Check valve and solenoid valve on compressor inlet 

 120 Gallon Oxygen storage tank – high pressure (100 PSI) 
o Pressure relief valve 

 240 Gallon Oxygen storage tank – high pressure (100 PSI) 
o Pressure switch 
o Pressure relief valve 

 Ball valve 
 Regulator and Piping 
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Oxygen Delivery Manifold: 
One 3/4” oxygen discharge manifold with eight 3/4” branches, each branch to contain: 

 Flow control (on/off) - discrete output 
o ASCO NEMA 4 solenoid valve  

Twelve 3/4” copper branches with eight 3/4” legs 
Each leg to contain: 

 Air flow indicator. 
o Dwyer RMB-53 10-100 SCFH flow meters with control valves and viton seals 

suitable for oxygen service 
 Pressure gauge (0-60 PSI) 
 3/4” hoses for termination outside of enclosure 

 
Note: Space left in system for two future branches] 
 
Enclosure: 
Built to NEC General Purpose standards, all wiring complete and all equipment pre-piped 
factory tested and mounted in enclosure 
 
8’ x 18’ wood frame building with the following standard features: 

 Wood Chalet siding (Painted Clay color) 
 White Corner posts and fascia  
 Peaked shingled roof (Brown) 
 Forklift pockets 
 Wood floor  
 Insulated walls and ceiling 
 Interior plywood walls 
 Double man doors (White) 
 Tan sound attenuating insulation on walls and ceiling 
 Maximum 10’ roof height 

Interior to contain the following:   
 Compressor 
 Air dryer 
 Oxygen generator 
 Oxygen compressor 
 Injection manifold 
 Lighting - powered device 
 2000W Heater  
 Wall mounted air conditioner  
 Passive vent louvers with sound attenuating hood 
 All influent, effluent, and drain lines plumbed to outside of building 

 
Control System Module: 
PLC Series Direct Logic PLC  based control panel with the following standard features: 

 UL certification 
 AIC rating of 5000 
 NEMA 1 panel enclosure 

http://mleequipment.com/images/PDF/mlee/PTS-BLD.pdf


National Grid Hempstead Intersection Street Former MGP Site 
January 8, 2010 

 

Matrix Environmental Technologies Inc. 

 Surge and lightning protection for control system 
 Direct Logic PLC control system 
 UPS System with power alarm relay 
 Wired and installed 
 Factory tested prior to shipping 

Outside cover of panel to contain the following: 
 User interface display screen 

  
Telemetry Module: 
MLE model SL-PW1 Wireless remote access system using cellular modem for a PLC based 
control panel: 

 User interface modeled after onsite HMI screen will allow control of solenoid valves 
and allow remote programming of valve sequencing 

 Input alarms from control panels on compressor and air tank 
 Remote shutdown and restart  
 Cellular data account 
 Email out alarm capability included 

 
Operation and Maintenance Manual: 

 Operating instructions for all system components 
 Copy of operating manual for each OEM component 
 Summary of system components 
 Summary of system operation  
 Summary of operation controls and fail safes 
 Summary of maintenance requirements for each component 
 Engineering schematics 

 
Two Year Service Kit: 

 AirSep Prefilter Element - 4 
 AirSep Coalescing Element - 2 
 AirSep Feed Valve - 2 
 AirSep Waste Valve - 2 
 AirSep Equalization Valve - 1 
 AirSep Drain Valve – 1 
 Powerex Belt – 2 
 Powerex Tip Seal/Dust Seal – 4 
 Powerex Grease Gun Kit – 1 
 Kaeser Air Filter – 2 
 Kaeser Oil Filter – 2 
 Kaeser Belt – 2 
 Kaeser Diaphragm – 2 
 Kaeser Synthetic Lubricant - 16 
 Hankinson Inline Filter – 4 
 Hankinson Coalescing Filter – 4 
 Replacement Pressure Gauges – 3 
 Door Filters - 4 
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System No. 2 Specifications: 175 SCFH 59 Point System  
 
Matrix will provide a building mounted oxygen injection system with an oxygen production 
capacity of 175 standard cubic feet per hour (SCFH).  Included with the system purchase is a 
non-transferable multiple use license to operate under U.S. Patent No. 5,874,001. 
 
DESIGN PARAMETERS 
 
References: 
• U.S. Patent No. 5,874,001, Groundwater Remediation Method 
• Groundwater Remediation System for the Hempstead Intersection Street Former 

Manufactured Gas Plant Site, URS Corporation, December 2009 
 
Operating Parameters: 
• 59 oxygen injection points 
• Oxygen booster pump to increase storage pressure to 100 PSIG 
• Oxygen flow range 10 to 100 SCFH per point 
• Mass injection rates up to 4 lbs O2 per point per day 
 
Location Requirements: 
• 230V three-phase power available, 100 amp service 
• Non-hazardous location for equipment 
• Secure compound for system 
• Altitude less than 100 feet 
 
Certifications: 
• Control panel to be UL certified 
• MET US Laboratories approval of system 
• 2 year warranty on system components  
• 1 year warranty on Powerex rotary scroll oxygen compressor (booster pump) 
 
Oxygen Injection System: 
• Air compressor capacity – 30 SCFM @ 110 PSI 
• Oxygen generator capacity - 175 SCFH 
• Oxygen booster capacity – 2.5 SCFM 
• All equipment oxygen scavenged for oxygen service 
• 59 point injection header with capacity for future expansion to 69 
 
Remediation Enclosure: 
• Equipment located in an 8 ft by 14 ft enclosure on steel skid 
• Piped, wired and tested; all wiring suitable for non-hazardous locations 
 
Control Panel: 
• PLC based control system with user interface and alarm inputs 
• Remote cellular telemetry with web based access 
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DESCRIPTION OF 175 SCFH 59 POINT OXYGEN INJECTION SYSTEM 
 
Rotary Screw Compressor Module: 
Kaeser SM 7.5 110 PSI Classic 230/3/60 US 

 Motor: 7.5 HP, 230/3P, TEFC 
 Sigma control panel 
 Performance:  30 SCFM at 110 PSI 

Compressor assembly to contain: 
 Integral exhaust ducted to building exterior 

Discharge piping from compressor to contain: 
 Pressure gauge 
 Ball valve 
 Filtered Separator 
 Coalescing Filter 
 Steel piping/high pressure hose as applicable 

Separate 60 G vertical receiver tank 
 Automatic tank drain 

o NEMA 4 timed solenoid valve 
 Ball valve 
 Pressure switch 

 
Air Dryer Module: 
Kaeser refrigerated dryer model TA 8  

 Motor: TEFC 
 Air flow:  30 SCFM 
 Air pressure drop: 4 PSI 
 Ambient air temperature:  100 °F 
 Inlet temperature:  150 °F  
 Discharge dewpoint:  40 °F 
 Ball valve 

 
Oxygen Generator: 
AirSep model AS-E 175 SCFH pressure swing adsorption oxygen generator  

 Ball valve 
 120 Gallon Oxygen storage tank - low pressure (60 PSI) 

o Pressure switch 
o Pressure relief valve 
o Powerex rotary scroll oxygen compressor (booster), 2.5 SCFM at 100 PSI 
o Check valve and solenoid valve on compressor inlet 

 240 Gallon Oxygen storage tank – high pressure (100 PSI) 
o Pressure switch 
o Pressure relief valve 

 Ball valve 
 Regulator and Piping 
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Oxygen Delivery Manifold: 
One 3/4” oxygen discharge manifold with eight 3/4” branches, each branch to contain: 

 Flow control (on/off) - discrete output 
o ASCO NEMA 4 solenoid valve  

Eight 3/4” copper branches with eight 3/4” legs 
Each leg to contain: 

 Air flow indicator. 
o Dwyer RMB-53 10-100 SCFH flow meters with control valves and viton seals 

suitable for oxygen service 
 Pressure gauge (0-60 PSI) 
 3/4” hoses for termination outside of enclosure 

 
NOTE:  Last branch to contain five (5) blank points 
 
Enclosure: 
Built to NEC General Purpose standards, all wiring complete and all equipment pre-piped 
factory tested and mounted in enclosure 
 
8’ x 14’ wood frame building with the following standard features: 

 Wood Chalet siding (Painted Clay color) 
 White Corner posts and fascia  
 Peaked shingled roof (Brown) 
 Forklift pockets 
 Wood floor  
 Insulated walls and ceiling 
 Interior plywood walls 
 Double man doors (White) 
 Tan sound attenuating insulation on walls and ceiling 
 Maximum 10’ roof height 

Interior to contain the following:   
 Compressor 
 Air dryer 
 Oxygen generator 
 Oxygen compressor 
 Injection manifold 
 Lighting - powered device 
 1000W Heater  
 Wall mounted air conditioner  
 Passive vent louvers with sound attenuating hood 
 All influent, effluent, and drain lines plumbed to outside of building 

 
Control System Module: 
PLC Series Direct Logic PLC  based control panel with the following standard features: 

 UL certification 
 AIC rating of 5000 
 NEMA 1 panel enclosure 

http://mleequipment.com/images/PDF/mlee/PTS-BLD.pdf
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 Surge and lightning protection for control system 
 Direct Logic PLC control system 
 UPS System with power alarm relay 
 Wired and installed 
 Factory tested prior to shipping 

Outside cover of panel to contain the following: 
 User interface display screen 

  
Telemetry Module: 
MLE model SL-PW1 Wireless remote access system using cellular modem for a PLC based 
control panel: 

 User interface modeled after onsite HMI screen will allow control of solenoid valves 
and allow remote programming of valve sequencing 

 Input alarms from control panels on compressor and air tank 
 Remote shutdown and restart  
 Cellular data account 
 Email out alarm capability included 

 
Operation and Maintenance Manual: 

 Operating instructions for all system components 
 Copy of operating manual for each OEM component 
 Summary of system components 
 Summary of system operation  
 Summary of operation controls and fail safes 
 Summary of maintenance requirements for each component 
 Engineering schematics 

 
Two Year Service Kit: 

 AirSep Prefilter Element - 4 
 AirSep Coalescing Element - 2 
 AirSep Feed Valve - 2 
 AirSep Waste Valve - 2 
 AirSep Equalization Valve - 1 
 AirSep Drain Valve – 1 
 Powerex Belt – 2 
 Powerex Tip Seal/Dust Seal – 4 
 Powerex Grease Gun Kit – 1 
 Kaeser Air Filter – 2 
 Kaeser Oil Filter – 2 
 Kaeser Belt – 2 
 Kaeser Diaphragm – 2 
 Kaeser Synthetic Lubricant - 16 
 Hankinson Inline Filter – 4 
 Hankinson Coalescing Filter – 4 
 Replacement Pressure Gauges – 3 
 Door Filters - 4 
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System No. 3 Specifications: 195 SCFH 70 Point System  
 
Matrix will provide a building mounted oxygen injection system with an oxygen production 
capacity of 195 standard cubic feet per hour (SCFH).  Included with the system purchase is a 
non-transferable multiple use license to operate under U.S. Patent No. 5,874,001. 
 
DESIGN PARAMETERS 
 
References: 
• U.S. Patent No. 5,874,001, Groundwater Remediation Method 
• Groundwater Remediation System for the Hempstead Intersection Street Former 

Manufactured Gas Plant Site, URS Corporation, December 2009 
 
Operating Parameters: 
• 70 oxygen injection points 
• Oxygen booster pump to increase storage pressure to 100 PSIG 
• Oxygen flow range 10 to 100 SCFH per point 
• Mass injection rates up to 4 lbs O2 per point per day 
 
Location Requirements: 
• 230V three-phase power available, 100 amp service 
• Non-hazardous location for equipment 
• Secure compound for system 
• Altitude less than 100 feet 
 
Certifications: 
• Control panel to be UL certified 
• MET US Laboratories approval of system 
• 2 year warranty on system components  
• 1 year warranty on Powerex rotary scroll oxygen compressor (booster pump) 
 
Oxygen Injection System: 
• Air compressor capacity – 42 SCFM @ 110 PSI 
• Oxygen generator capacity - 195 SCFH 
• Oxygen booster capacity – 2.5 SCFM 
• All equipment oxygen scavenged for oxygen service 
• 70 point injection header with capacity for future expansion to 80 
 
Remediation Enclosure: 
• Equipment located in an 8 ft by 14 ft enclosure on steel skid 
• Piped, wired and tested; all wiring suitable for non-hazardous locations 
 
Control Panel: 
• PLC based control system with user interface and alarm inputs 
• Remote cellular telemetry with web based access 
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DESCRIPTION OF 195 SCFH 70 POINT OXYGEN INJECTION SYSTEM 
 
Rotary Screw Compressor Module: 
Kaeser SM 10 110 PSI Classic 230/3/60 US 

 Motor: 10 HP, 230/3P, TEFC 
 Sigma control panel 
 Performance:  42 SCFM at 110 PSI 

Compressor assembly to contain: 
 Integral exhaust ducted to building exterior 

Discharge piping from compressor to contain: 
 Pressure gauge 
 Ball valve 
 Filtered Separator 
 Coalescing Filter 
 Steel piping/high pressure hose as applicable 

Separate 60 G vertical receiver tank 
 Automatic tank drain 

o NEMA 4 timed solenoid valve 
 Ball valve 
 Pressure switch 

 
Air Dryer Module: 
Kaeser refrigerated dryer model TA 11  

 Motor: TEFC 
 Air flow:  45 SCFM 
 Air pressure drop: 4 PSI 
 Ambient air temperature:  100 °F 
 Inlet temperature:  150 °F  
 Discharge dewpoint:  40 °F 
 Ball valve 

 
Oxygen Generator: 
AirSep model AS-E 195 SCFH pressure swing adsorption oxygen generator  

 Ball valve 
 120 Gallon Oxygen storage tank - low pressure (60 PSI) 

o Pressure switch 
o Pressure relief valve 
o Powerex rotary scroll oxygen compressor (booster), 2.5 SCFM at 100 PSI 
o Check valve and solenoid valve on compressor inlet 

 240 Gallon Oxygen storage tank – high pressure (100 PSI) 
o Pressure switch 
o Pressure relief valve 

 Ball valve 
 Regulator and Piping 
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Oxygen Delivery Manifold: 
One 3/4” oxygen discharge manifold with eight 3/4” branches, each branch to contain: 

 Flow control (on/off) - discrete output 
o ASCO NEMA 4 solenoid valve  

Nine 3/4” copper branches with eight 3/4” legs 
Each leg to contain: 

 Air flow indicator. 
o Dwyer RMB-53 10-100 SCFH flow meters with control valves and viton seals 

suitable for oxygen service 
 Pressure gauge (0-60 PSI) 
 3/4” hoses for termination outside of enclosure 

 
NOTE:  Last branch to contain two (2) blank points 
 
Enclosure: 
Built to NEC General Purpose standards, all wiring complete and all equipment pre-piped 
factory tested and mounted in enclosure 
 
8’ x 14’ wood frame building with the following standard features: 

 Wood Chalet siding (Painted Clay color) 
 White Corner posts and fascia  
 Peaked shingled roof (Brown) 
 Forklift pockets 
 Wood floor  
 Insulated walls and ceiling 
 Interior plywood walls 
 Double man doors (White) 
 Tan sound attenuating insulation on walls and ceiling 
 Maximum 10’ roof height 

Interior to contain the following:   
 Compressor 
 Air dryer 
 Oxygen generator 
 Oxygen compressor 
 Injection manifold 
 Lighting - powered device 
 1000W Heater  
 Wall mounted air conditioner  
 Passive vent louvers with sound attenuating hood 
 All influent, effluent, and drain lines plumbed to outside of building 

 
Control System Module: 
PLC Series Direct Logic PLC  based control panel with the following standard features: 

 UL certification 
 AIC rating of 5000 
 NEMA 1 panel enclosure 

http://mleequipment.com/images/PDF/mlee/PTS-BLD.pdf
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 Surge and lightning protection for control system 
 Direct Logic PLC control system 
 UPS System with power alarm relay 
 Wired and installed 
 Factory tested prior to shipping 

Outside cover of panel to contain the following: 
 User interface display screen 

  
Telemetry Module: 
MLE model SL-PW1 Wireless remote access system using cellular modem for a PLC based 
control panel: 

 User interface modeled after onsite HMI screen will allow control of solenoid valves 
and allow remote programming of valve sequencing 

 Input alarms from control panels on compressor and air tank 
 Remote shutdown and restart  
 Cellular data account 
 Email out alarm capability included 

 
Operation and Maintenance Manual: 

 Operating instructions for all system components 
 Copy of operating manual for each OEM component 
 Summary of system components 
 Summary of system operation  
 Summary of operation controls and fail safes 
 Summary of maintenance requirements for each component 
 Engineering schematics 

 
Two Year Service Kit: 

 AirSep Prefilter Element - 4 
 AirSep Coalescing Element - 2 
 AirSep Feed Valve - 2 
 AirSep Waste Valve - 2 
 AirSep Equalization Valve - 1 
 AirSep Drain Valve – 1 
 Powerex Belt – 2 
 Powerex Tip Seal/Dust Seal – 4 
 Powerex Grease Gun Kit – 1 
 Kaeser Air Filter – 2 
 Kaeser Oil Filter – 2 
 Kaeser Belt – 2 
 Kaeser Diaphragm – 2 
 Kaeser Synthetic Lubricant - 16 
 Hankinson Inline Filter – 4 
 Hankinson Coalescing Filter – 4 
 Replacement Pressure Gauges – 3 
 Door Filters - 4 
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