
ExxonMobil 
Environmental Services Company  
38 Varick Street 
Brooklyn, New York 11222 

MC0172.0030Y027.1652/ML 

 

    

May 27, 2011 

Mr. Edward Hampston 
New York State Department of Environmental Conservation 
Remedial Bureau D 
625 Broadway, 12th Floor 
Albany, New York  12233-7013 

Re: Supplemental Recovery System Evaluation Report 
ExxonMobil Greenpoint Petroleum Remediation Project 
Greenpoint, Brooklyn, New York 

Dear Mr. Hampston: 

Enclosed is the Supplemental Recovery System Evaluation Report (SRSER) for the ExxonMobil 
Greenpoint Petroleum Remediation Project in Greenpoint, Brooklyn, New York.  This report has 
been prepared in accordance with the Corrective Action Plan (CAP) included as Exhibit 2 of the 
Consent Decree between the State of New York and ExxonMobil filed on March 1, 2011, in the 
United States District Court, Eastern District of New York (CD COD-AOD 10-133). 

Should there be any questions or comments on this submission, please do not hesitate to contact 
me at (718) 404-0652. 

Sincerely, 

Steve P. Trifiletti 
Project Manager 

cc: Benjamin A. Conlon, Esq., NYSDEC 
Janice Dean, NYS Office of the Attorney General 
Andrew Baris, Roux Associates, Inc. 
Brian Morrissey, Remedial Engineering 



ROUX ASSOCIATES, INC. 
Environmental Consulting & Management 

 

and REMEDIAL ENGINEERING, P.C. 

209 Shafter Street, Islandia, New York  11749      631-232-2600 
 
 
 
 
 
 
 
 
MC0172.0030Y027.1652/CV 

    

 
May 27, 2011 

 
 
 
 
 
 
 
SUPPLEMENTAL RECOVERY 
SYSTEM EVALUATION REPORT 
 

ExxonMobil Greenpoint Petroleum 
Remediation Project 
Greenpoint, Brooklyn, New York 
 
 
 
 
 
 
Prepared for 

EXXONMOBIL OIL CORPORATION 
38 Varick Street 
Brooklyn, New York 



 

ROUX ASSOCIATES, INC. - i - MC0172.0030Y027.1652/R 

TABLE OF CONTENTS 
     

CERTIFICATION ......................................................................................................................... iii 

1.0  INTRODUCTION ....................................................................................................................1 

2.0  SITE AND SYSTEM BACKGROUND ..................................................................................3 
2.1  Site Description ...................................................................................................................3 
2.2  Recovery System Description .............................................................................................4 

3.0  REVIEW OF OU-4 SITE CONCEPTUAL MODEL AND RESPONSE TO NYSDEC 
       COMMENTS ............................................................................................................................6 

3.1  OU-4 Site Conceptual Model ..............................................................................................6 
3.1.1  Observations Made During Soil Boring Activities ....................................................8 
3.1.2  OU-4 Groundwater Elevations ................................................................................10 
3.1.3  OU-4 Free-Product Thicknesses ..............................................................................12 
3.1.4  Summary of Key OU-4 SCM Characteristics ..........................................................15 

3.2  Recovery Well Operations, Maintenance and Replacement .............................................17 
3.3  Responses to Comments from NYSDEC .........................................................................19 

4.0  RECOVERY WELL RW-26 OPERATION & INFLUENCE ...............................................24 
4.1  Aquifer Pump Tests ..........................................................................................................24 
4.2  Recovery Well RW-26 Operation .....................................................................................26 
4.3  Recovery Well RW-26 Influence ......................................................................................27 

5.0  REVIEW OF PAST AND POTENTIAL FUTURE MODELING EFFORTS ......................29 
5.1  Multi-Phase Modeling Activities ......................................................................................29 

5.1.1  2003 Off-Site Multi-Phase Model ...........................................................................29 
5.1.2  2004 Revised Off-Site Multi-Phase Model..............................................................30 
5.1.3  2003 Analytical Multi-Phase Modeling ...................................................................31 

5.2  Groundwater Modeling Activities ....................................................................................32 
5.2.1  1991 Off-Site Groundwater Model ..........................................................................32 
5.2.2  2004 Greenpoint Groundwater Model .....................................................................33 
5.2.3  2010 Revised Greenpoint Groundwater Model .......................................................34 

5.3  Potential Future Multi-Phase Modeling Activities ...........................................................36 
5.4  Potential Future Groundwater Modeling Activities ..........................................................38 

6.0  SUMMARY AND FUTURE INVESTIGATIONS................................................................39 

7.0  REFERENCES .......................................................................................................................41 
 

TABLE 

1. Multi-Phase Modeling Options Available in the Public Domain 



 

TABLE OF CONTENTS 
(Continued) 

ROUX ASSOCIATES, INC. - ii - MC0172.0030Y027.1652/R 

FIGURES 

1. Site Location Map 
2. Site Plan 
3. Operable Units 
4. Recovery System Site Plan 
5. Example CPT-LIF Boring Data  ..............................................................................................10 
6. Confining Unit Base Elevation Map 
7. Historical Map of Greenpoint Brooklyn, New York Circa 1844  
8. Generalized Schematic of a Monitoring Well Screened in a Confined Aquifer  .....................13 
9. Generalized Schematic of a Monitoring Well Screened in a Confined Aquifer During 

Pumping and Non-Pumping Conditions  .................................................................................14 
10. Fluid Level Hydrograph at Regional Aquifer Monitoring Well D-3 
11. Specific Capacity and Free-Product Recovery Rate of Recovery Well RW-14 
12. Specific Capacity and Free-Product Recovery Rate of Recovery Well RW-A 
13. Observed Drawdown During Constant-Rate Pump Test 
14. Spatial Distribution of Mobility Calculated From Spreadsheet Model 

APPENDICES 

A. OU-4 Monitoring Well Fluid Level Hydrographs (Provided on CD in Bound Report) 
B. OU-5 Monitoring Well Fluid Level Hydrographs (Provided on CD in Bound Report) 
C. OU-7 and OU-8 Monitoring Well Fluid Level Hydrographs (Provided on CD in Bound Report) 
D. Empire Merchants Monitoring Well Fluid Level Hydrographs (Provided on CD in Bound Report) 
E. Spreadsheet Model Results – 2003 
F. Groundwater Modeling Report 

PLATES 

1. Shallow Aquifer Groundwater Elevations – March 18, 2011 
2. Regional Aquifer Groundwater Elevations – March 18, 2011 
3. Shallow Aquifer Apparent Free-Product Thickness – March 18, 2011 
4. Regional Aquifer Apparent Free-Product Thickness – March 18, 2011 
5. Regional Aquifer Corrected Free-Product Thickness – March 18, 2011 
6. Regional Aquifer Groundwater Elevations – November 30, 2010 



CERTIFICATION

1, Brian P. Morrissey, certify that I am currently a NYS registered professional engineer as

defined in 6 NYCRR Part 375 and that this Supplemental Recovery System Evaluation Report

was prepared in accordance with all applicable statutes and regulations and in substantial

conformance with the DER Teclrnical Guidance for Site Investigation and Remediation

(DER-lO) and the Consent Decree between the State of New York and ExxonMobil, filed on

March 1, 2011 in the United States District Court, Eastern District of New Y

Brian P. Morrissey May 27, 2011
NYS Professional Engineer # Date

ROUX ASSOCIATES, INC. — 111 — MCO1 72.0030Y0271652/R



 

ROUX ASSOCIATES, INC. - 1 - MC0172.0030Y027.1652/R 

1.0  INTRODUCTION 

On behalf of ExxonMobil Oil Corporation (ExxonMobil), Remedial Engineering, P.C. 

(Remedial Engineering) and Roux Associates, Inc. (Roux Associates) have prepared this 

Supplemental Recovery System Evaluation Report (SRSER) in an effort (1) to evaluate the 

operation and performance of the expanded ExxonMobil free-phase petroleum product (free- 

product) recovery systems following the installation of recovery well RW-26; and (2) to address 

the use of various modeling techniques during the development and expansion of alternative 

remedial actions.  These evaluations were not included in the Recovery System Evaluation 

Report (RSER) submitted to the New York State Department of Environmental Conservation 

(NYSDEC) on July 19, 2010, but are now submitted pursuant to the Corrective Action Plan 

(CAP) included as Exhibit 2 of the Consent Decree between the State of New York and 

ExxonMobil filed on March 1, 2011, in the United States District Court, Eastern District of New 

York (Consent Decree).   

The RSER was prepared following the installation and activation of the expanded recovery 

systems, in accordance with the request of the NYSDEC via correspondence and associated 

Attachment A (Project Milestone Schedule) dated March 21, 2008.  The objectives of the RSER 

were an effort to evaluate the historical extent of free product beneath the ExxonMobil 

Greenpoint Petroleum Remediation Project (EMGPRP) Area (Site), define the current horizontal 

and vertical extent of free product beneath the Site, and to evaluate the performance and 

influence of the expanded systems.  The system expansion activities discussed in the RSER 

included the installation and activation of ten (10) new recovery wells within the Site, as well as 

the construction of associated system infrastructure and treatment facility upgrades to support the 

operation of these new recovery wells.  The system expansion work was conducted pursuant to 

the June 1990 Off-Site Order on Consent between the NYSDEC and ExxonMobil as 

memorialized in the aforementioned March 21, 2008 correspondence.   

This SRSER was prepared in addition to the previously submitted RSER, in an effort to evaluate 

the eleventh recovery well (RW-26), to summarize results from previous numerical groundwater 

modeling and multi-phase modeling efforts, and to discuss potential future numerical modeling 

efforts as required in Paragraph III.C of the CAP.  This SRSER also addresses comments from 
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the NYSDEC related to the RSER provided in the NYSDEC’s February 25, 2011 letter dated 

February 25, 2011.  The objectives of this SRSER can be summarized as follows: 

 Address comments provided by the NYSDEC regarding the RSER;  

 Evaluate the performance and influence of the current recovery system with the addition 
of recovery well RW-26; 

 Provide a summary of the modeling efforts completed to date; and 

 Evaluate the continued use of various modeling techniques for future investigations at the 
Site.  

The remainder of this SRSER is organized in the following manner: 

 Section 2.0 – Provides an updated summary of background information regarding the 
EMGPRP and associated recovery systems 

 Section 3.0 – Provides a review of the site conceptual model and specific responses 
to NYSDEC comments regarding the RSER  

 Section 4.0 – Provides an evaluation of the performance and influence of the 
expanded system, including recovery well RW-26 

 Section 5.0 – Provides a review of past modeling efforts associated with the 
EMGPRP and an evaluation of potential future modeling activities 

 Section 6.0 – Provides a summary and areas of further investigation 

Tables, figures, and appendices documenting and summarizing the evaluation activities are 

attached at the end of the SRSER. 
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2.0  SITE AND SYSTEM BACKGROUND 

The EMGPRP geographic area, referred to as the “Site”, is located within the Greenpoint section 

of Brooklyn, New York (Figure 1).  A Conceptual Site Plan (CSP) has been prepared concurrent 

with the preparation of this SRSER and will be submitted to the NYSDEC, under separate cover, 

as required under Paragraph II of the CAP, and provides a Site description including current land 

use, history of petroleum operations, and history of environmental investigations relative to the 

Site (Roux Associates, 2011b).  This SRSER background section includes a brief description of 

the Site as summarized from the CSP, a brief description of the Site recovery systems as 

summarized from the CSP and the RSER, and a discussion of specific changes to the recovery 

systems that occurred following submittal of the RSER, including the installation and startup of 

recovery well RW-26.  

2.1  Site Description 

The Site consists of approximately 174 acres in the Greenpoint section of Brooklyn, New York 

(Figure 2).  The area in which the Site is located has an industrial history dating back to the mid-

1800s.  A description of the industrial history of the Site is described in Section 2.3 of the CSP.  

The Site boundaries are shown in Figure 2 and can be generally described as follows.  North of 

Greenpoint Avenue, the Site is bordered by Newtown Creek to the north, the Metro Fuel Oil 

Corporation Terminal to the east, and North Henry Street to the west.  Between Greenpoint 

Avenue and Norman Avenue, the Site is bordered by Newtown Creek and the British Petroleum 

storage and distribution terminal (BP Terminal) to the east, and Russell Street to the west.  South 

of Norman Avenue, the Site is bordered by the Empire Merchants, LLC property and Newtown 

Creek to the east, Cherry Street and Anthony Street to the South, and Sutton Street to the west.  

Where the Site borders Newtown Creek, the Site extends up to and includes any bulkheads of 

any type that border the defined Site, except where no bulkhead exists, then the Site extends to 

the high water mark of Newtown Creek, as defined in 33 C.F.R. 328.3(e). 

As part of the Consent Decree process, the Site has been divided into eight Operable Units (OUs) 

as shown in Figure 3.  Dividing the Site into OUs allows for areas to be addressed separately for 

technical and/or administrative reasons.  The definition of the OUs at the Site was developed 
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considering both geography and media.  A description of each OU is provided in Section 2.4 of 

the CSP.  

2.2  Recovery System Description 

The On-Site Free-Product Recovery and Containment System (RCS) and the Off-Site Free-

Product Recovery System (ORS) are active free-product recovery systems operating within the 

Site.  Both systems consist of dual-pump, free-product recovery well systems, a water treatment 

system, and an outfall.  Figure 4 provides an overview of the layout of the two systems, 

including the locations of recovery wells, major runs of underground piping, and the two 

buildings that house the groundwater treatment facilities.  A review of both recovery systems can 

be found in the RSER and Section 3.2.1 of the CSP.  

From 2006 through 2009, Roux Associates and Remedial Engineering, on behalf of 

ExxonMobil, designed and installed new recovery wells and associated system infrastructure as 

part of the EMGPRP recovery system expansion.  The recovery system expansion included the 

completion of the following: 

 The installation of 10 additional recovery wells, including the construction of piping, 
storage tanks and supporting well house and control infrastructure; 

 The installation of additional underground force main, product piping, and signal conduit 
to convey process water and recovered free product to existing treatment and storage 
facilities, as well as to provide for central control of the new recovery wells; and  

 The completion of upgrades to the ORS water treatment facilities, including the 
installation of a new three-unit air-stripper system, in an effort to optimize performance 
and maximize ORS runtime. 

The design and scope of the recovery system expansion are documented in the report titled 

“Alternatives Analysis Report – Off-Site Free-Product Recovery System” (Roux Associates, 

2008b).  An evaluation of operations and influence of the expanded ORS is described in the 

RSER previously submitted to the NYSDEC on July 19, 2010.   

An eleventh additional recovery well, RW-26, was designed and installed between January 2010 

and March 2011.  As part of the recovery well installation, the recovery well was joined to the 

existing underground force main network to connect the new recovery well to the existing 
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groundwater treatment facilities.  Currently, groundwater extracted from RW-26 is conveyed 

through the underground force main to the RCS groundwater treatment facilities.  Aquifer tests 

at the recovery well began in January 2011 and the recovery well became operational on 

March 4, 2011.  A discussion of the operation and influence of the expanded system, including 

recovery well RW-26, is provided below in Section 4.0.  
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3.0  REVIEW OF OU-4 SITE CONCEPTUAL MODEL AND RESPONSE TO NYSDEC 
       COMMENTS 

The purpose of this section is to provide ExxonMobil’s responses to the NYSDEC’s comments 

to the July 19, 2010 RSER contained in the NYSDEC’s February 25, 2011 letter.  Prior to 

addressing the comments, a review of key aspects of the EMGPRP Site Conceptual Model 

(SCM) is presented below to support the subsequent responses.  In particular, this section 

summarizes the portion of the SCM in the area of OU-4 (i.e., former Brooklyn Terminal) where 

semi-confining and/or confining conditions are present.  For additional information, please refer 

to the SCM presented in Section 4.0 of the CSP that is being submitted under a separate cover 

concurrently with this SRSER.  Responses to specific comments provided by the NYSDEC in 

the aforementioned letter will follow the discussion of the SCM.  

3.1  OU-4 Site Conceptual Model 

The hydrogeologic conditions beneath the Site have been characterized during several previous 

investigations as described in Section 2.2 of the RSER.  These investigations include, but are not 

limited to, the installation of monitoring wells, the advancement of soil borings and cone 

penetration test (CPT) borings, reviews of published reports regarding the EMGPRP, and reviews 

of well records obtained from the NYSDEC.  The investigations also included aquifer testing 

(both slug testing and pump tests), geotechnical analysis, and gauging of groundwater and 

surface water levels.   

Based upon the collective results of the prior investigations, the stratigraphic units underlying the 

Site, from land surface down, consist primarily of: 

 Artificial fill;  

 Fluvial sediments and marsh deposits associated with Newtown Creek (Historical Creek 
and Marsh Sediments);  

 Glacially-deposited sediments (Glacial Drift); and  

 Bedrock.  
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Each of these stratigraphic units is described in Section 4.2 of the CSP (Roux Associates, 2011b).  

The stratigraphic units discussed above form three distinct hydrogeologic units that are relevant 

to the investigation and remediation of petroleum impacts, including:   

1. The shallow aquifer;  

2. The shallow confining unit, and  

3. The regional aquifer.   

Each of these hydrogeologic units is also described in Section 4.2 of the CSP.  

The shallow aquifer is primarily comprised of the saturated fill materials deposited above the 

historical creek and marsh sediments.  Prior investigations have confirmed that the extent of the 

shallow aquifer is limited to the majority of OU-4 and the northern portion of OU-5, as well as 

beneath a portion of the BP Terminal and the former Paragon Terminal (Empire Merchants Area).  

The shallow confining unit corresponds to the historical creek and marsh sediments and, 

therefore, generally corresponds to the extent of the shallow aquifer.  The regional aquifer is 

comprised of the glacial deposits underlying the Site, and extends beneath all areas of the Site.  

In the northern portion of the Site, the shallow confining unit typically acts as a confining or 

semi-confining layer that divides the regional aquifer from the overlying shallow aquifer.  

The degree to which the regional aquifer is confined or semi-confined decreases as one moves 

south across the areas encompassed by OU-4, OU-5, and the BP Terminal.  The regional aquifer 

is unconfined throughout the majority of the OU-7 and OU-8 areas.  

The characteristics and extent of the three hydrogeologic units discussed above are key aspects 

that explain the behavior of free product in the subsurface beneath the Site and guide the free-

product recovery operations across the Site.  The SCM in the unconfined areas south of Norman 

Avenue has been generally defined during the ORS expansion development phase and in 

previous reports, such as the RSER, and currently in the CSP.  The remainder of this section will 

focus on providing a discussion of data that has been collected in the areas of OU-4 and OU-5 

where semi-confining or confining conditions exist and how this evidence has aided in 

understanding the nature, extent, and remediation of petroleum impacts where confined 

conditions exist.  
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3.1.1  Observations Made During Soil Boring Activities 

One of the key observations made by field personnel during all drilling investigations conducted 

within OU-4 to date has been the existence of a low-permeability unit (shallow confining unit) 

that separates two units of higher permeability (shallow and regional aquifer).  The shallow 

confining unit is generally described in the field as clay, with various amounts of silt and fine 

sands and is typically between five and ten feet in thickness.  While the low-permeability unit 

has been consistently identified in soil borings conducted within OU-4, it is notably absent in 

some sections of OU-7 and OU-8, based on soil borings completed within those OUs.   

In addition to field observations made during the drilling of soil borings, more than 100 CPT 

borings have been completed at the Site to date.  The CPT technology typically employs a 

variety of sensors to estimate the soil behavior type and dynamic pore water pressure at each 

boring location, as well as the extent of potential petroleum impacts at each boring location using 

ultraviolet-induced florescence (UVIF) and/or laser-induced fluorescence (LIF) sensors.  The soil 

behavior type is determined based on the measurements of tip pressure and sleeve friction as the 

CPT is driven to depth, and these estimates have been observed to correlate well with the soil 

types determined by traditional soil boring methods.  The measured values of the dynamic pore 

water pressure can be used to estimate the depth of the local water table and can also indicate the 

presence of low-permeability layers.  Typically, high dynamic pore pressures, relative to the 

depth of the CPT probe and the elevation of the water table at that point, generally correlate to 

lower hydraulic conductivity, clay-like materials because these soils do not dissipate the pore 

water quickly as the CPT probe sensors are pushed through them (for instance, where a 50-foot 

water pressure head is measured when the CPT probe is only 15 feet below the local water table).  

High UVIF/LIF signatures generally correlate to areas of greater petroleum impacts, as well as 

potentially mobile free product.   

The combined analysis of these data over the vertical extent of each CPT boring may indicate the 

presence of unique hydrogeologic conditions, such as the presence of confining / semi-confining 

layers and mobile free product under confined conditions, if present.  With regard to the OU-4 

area, the CPT boring data have consistently shown the following:   

1) The presence of clay and silty clay layers, as well as silts and clayey silts, between 20 to 
25 feet below land surface; 
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2) High dynamic pore pressure data at depths corresponding to the observed low-
permeability unit, relative to the local groundwater elevation; 

3) Low or no UVIF / LIF signatures at depths corresponding to the observed low-
permeability unit; and 

4) Higher UVIF / LIF signatures above and below the observed low-permeability unit, with 
the highest UVIF / LIF responses typically found directly beneath the low-permeability 
unit. 

The existence of the low-permeability clay/silt unit is evident in virtually all of the CPT logs 

completed within OU-4, which likely indicates that the layer is continuous across the entire 

OU-4 footprint.  Typical CPT boring data and LIF signature data are provided below in Figure 5 

for a CPT boring completed in the OU-4 area.  The distribution of UVIF / LIF response data 

from the borehole suggests that petroleum impacts may be present above and below the shallow 

confining unit, but not within the unit itself.  The high UVIF / LIF signatures occurring below 

the confining unit suggest that the free product may be trapped and the unit may not allow free 

product to move between the aquifers.  The distribution of free-product thicknesses is further 

discussed below in Section 3.1.3 
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Figure 5.  Example CPT-LIF data collected from a boring within OU-4 

The soil boring and CPT boring data collected within OU-4 and OU-5 were also used to create a 

contour map of the base elevations of the low-permeability unit beneath the OU-4 and OU-5 

areas (Figure 6).  These contours indicate that the base of the shallow confining unit tends to rise 

moving inland, away from the ancestral marsh line and banks of Newtown Creek.  

This observation is supported by an overlay of historical maps that indicate that the areal extent 

of the low-permeability unit generally corresponds to the depositional environment of the 

historical creek and marshland (Figure 7).   

3.1.2  OU-4 Groundwater Elevations 

Historically, groundwater elevations have been an important tool to understanding Site 

hydrogeology and the influence of recovery operations on Site hydrogeologic conditions.  

High LIF Return 

High Pore Pressure 

Low Permeability 
Sediment 
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Groundwater elevations are currently collected from over 400 monitoring wells installed at the 

Site and surrounding properties.  Approximately 75 of those monitoring wells are located in 

OU-4 and screened below the shallow confining unit within the regional aquifer, while 

approximately 85 of those monitoring wells are located in OU-4 and screened above the shallow 

confining unit within the shallow aquifer.  Based on recent groundwater elevation data collected 

on March 18, 2011 (Plates 1 and 2), and a review of historical gauging data, there appears to be 

consistent differences between the elevations, flow patterns, and gradients measured in each 

hydrogeologic unit.   

In general, groundwater elevations measured in the shallow aquifer monitoring wells are 

approximately five to ten feet above those measured in the regional aquifer monitoring wells.  

The result is a vertical hydraulic gradient from the shallow to regional aquifer under background 

and pumping conditions.  In addition, relatively large fluctuations observed in the shallow 

aquifer groundwater levels suggest that groundwater may be pooling on the top of the shallow 

confining unit and the shallow aquifer responds like a perched unit.  This is best illustrated by the 

faster and larger response of shallow aquifer groundwater levels to rain events and seasonal 

groundwater fluctuations as compared to those fluctuations observed in the regional aquifer.  

The response of shallow and regional aquifer groundwater elevations to tidal fluctuations in 

Newtown Creek also supports the existence of two aquifers.  Monitoring wells that are screened 

below the shallow confining unit can exhibit groundwater level fluctuations as great as one foot 

in response to tidal fluctuations, dependent on their location relative to the Creek.  In contrast, 

monitoring wells screened in the shallow aquifer generally do not tend to exhibit fluctuations in 

groundwater levels that coincide with tidal fluctuations.  As described above, the fluvial and 

marsh sediments associated with the former beds of Newtown Creek are the depositional 

materials that make up the shallow confining unit.  The shallow aquifer monitoring wells are 

screened above this unit and have no hydrological connection to the current creek bed.  

The regional aquifer monitoring wells are screened at depths resulting in a hydrogeologic 

connection between the regional aquifer and Newtown Creek, which result in the tidal influences 

that are observed in regional aquifer monitoring wells.  
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3.1.3  OU-4 Free-Product Thicknesses  

Historically, free-product thicknesses measured in regional aquifer monitoring wells within 

OU-4, if present, are significantly greater than free-product thicknesses measured in regional 

aquifer monitoring wells located in OU-7 and OU-8.  For example, free-product thicknesses of 

greater than 20 feet have been observed in multiple regional aquifer monitoring wells located 

within OU-4, while typical thicknesses in regional aquifer monitoring wells located within OU-7 

and OU-8 range from approximately one to three feet.  

In the regional aquifer, free-product accumulations, where present, may have limited upward 

mobility from the shallow confining unit.  As free product enters a monitoring well screened 

below the shallow confining unit and under vertical equilibrium conditions, the pressure on 

either side of the oil / water interface in the monitoring well must be equal.  The result is that free 

product will rise in the monitoring well until the static pressures equalize.  Therefore, apparent 

free-product thickness within a monitoring well (i.e., the thickness that is directly measured in 

the well) under confined conditions is primarily a function of the aquifer confining pressures and 

hydraulic head changes, rather than of the effective volume of free product present.  

A generalized schematic of a typical monitoring well that exists under confined conditions is 

provided below in Figure 8, along with equilibrium fluid relationships, where:   

Pi = Pressure in Phase i  

hi = Hydraulic head in Phase i  

i = Density of Phase i  

ro = Relative free-product density (specific gravity) 

bo = Free-product thickness 

Zow = Oil/Water Interface Elevation 

Zaw = Groundwater Potentiometric Elevation 
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Figure 8.  Generalized diagram of a monitoring well screened in confining conditions.  
Fluid equilibrium relationships indicate that the free-product thickness in the 
monitoring well is dependent on hydraulic head changes and confining 
pressures. 

As indicated by the equilibrium fluid relationships, the apparent free-product thickness in a 

confined monitoring well is a function of the hydraulic head.  Therefore, changes to the 

potentiometric surface resulting from free-product recovery operations at the Site will influence 

the apparent free-product thickness observed in confined monitoring wells.  During free-product 

recovery (i.e., pumping conditions), the potentiometric surface is depressed as a result of 

groundwater extraction, and the result is a decrease in free-product thickness in the monitoring 

well.  During recovery system downtime (i.e., non-pumping conditions), the hydraulic head 

increases and the result is an increase in free-product thicknesses in the monitoring well.  

A generalized schematic of a typical monitoring well response to pumping and non-pumping 

conditions is provided below in Figure 9.  
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Pumps On Pumps Off 

Figure 9.  Generalized diagram of a monitoring well screened in confining conditions under 
pumping and non-pumping conditions.  An increase in hydraulic head during non-
pumping conditions results in an increase in free-product thickness in the 
monitoring well. 

The relationship between free-product thickness and hydraulic head changes under confined 

conditions is demonstrated by the fluid level data collected from OU-4 regional aquifer 

monitoring wells.  An example hydrograph is provided in Figure 10 for regional aquifer 

monitoring well D-3, which is located near the operating recovery well RW-14 and is, 

accordingly, influenced by the operation of the recovery well.  As shown in Figure 10, 

groundwater elevations in monitoring well D-3 were observed to increase when the recovery 

system, including RW-14, was shutdown in 2007.  The free-product thickness in the monitoring 

well also increased in response to the increasing hydraulic head caused by the shutdown.  

When the recovery well resumed operations, and groundwater elevations subsequently decreased 

due to pumping, the hydraulic head decreased, and the free-product thickness in the monitoring 

well correspondingly decreased to pre-shutdown levels.  Additional OU-4 monitoring well 

hydrographs are provided in Appendix A.  

The areal extent of free-product thickness accumulations in shallow versus regional aquifer 

monitoring wells provides additional evidence for the existence of two separate hydrogeologic 
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units.  In shallow aquifer monitoring wells, there have historically been limited occurrences of 

free product that are typically less than 0.5 feet.  These free-product accumulations are scattered 

throughout the OU-4 area and are likely a result of small pockets of relatively immobile free-

product accumulations.  In contrast, the observed free-product accumulations in the regional 

aquifer are continuous and generally do not correspond to the limited free-product thicknesses 

observed in the shallow aquifer.  This is most recently demonstrated by a comparison of shallow 

and regional aquifer free-product thicknesses from March 18, 2011 (Plates 3 and 4), where the 

majority of the shallow free-product accumulations were observed in monitoring wells outside of 

the regional free-product footprint.   

3.1.4  Summary of Key OU-4 SCM Characteristics 

The historical data from nearly all soil borings, CPT borings, monitoring wells and recovery 

wells completed within OU-4 support the SCM for OU-4.  For the few locations where 

anomalous conditions have been observed (i.e., such as high fluid elevations for recovery well 

RW-13 and monitoring well D-54R), these exceptions can be explained by localized well 

construction or operation conditions (i.e., RW-13 is screened across the shallow and regional 

aquifer, D-54R was used as an injection well for the pressure-pulse waterflooding pilot study, 

etc.).  The following is a summary of the key characteristics of the OU-4 SCM discussed in 

Sections 3.1.1 through 3.1.3 above: 

1) The presence of silt, clay and peat deposits produce a continuous confining / semi-
confining layer across OU-4; 

2) The historical geologic data indicate that the base of the shallow confining layer tends to 
rise in elevation moving to the west from Newtown Creek and moving from north to 
south through OU-4; 

3) Historical fluid level data indicate that the shallow confining unit separates the shallow 
aquifer and regional aquifer, resulting in two distinct hydrogeologic units; 

4) Mobile free-product accumulations are predominantly found within the regional aquifer, 
beneath OU-4, under confined conditions; 

5) Under confined conditions, the apparent free-product thickness observed in a monitoring 
well is a function of the confining pressure of the aquifer, which in turn is dependent on 
the elevation of the bottom of the confining layer and the groundwater potentiometric 
head elevation (hydraulic head); 



 

ROUX ASSOCIATES, INC. - 16 - MC0172.0030Y027.1652/R 

6) Large free-product thicknesses in monitoring wells screened in confined or semi-confined 
conditions are not necessarily representative of mobile free product that is equivalent to 
this thickness, but rather are representative of potentiometric head pressures present 
beneath the shallow confining layer;  

7) The actual formation free-product thickness under confined conditions is equal to the 
vertical distance between the base of the shallow confining layer and the oil / water 
interface in the monitoring well, which implies that the apparent free-product thickness 
measured in a monitoring well under confined conditions is only representative of mobile 
free product if the oil / water interface elevation in the well exists at an elevation below 
the base of the shallow confining layer;  

8) Mobile free-product accumulations present beneath the shallow confining layer will tend 
to migrate to areas where the base of the shallow confining layer is highest in elevation 
due to the lower density of free product relative to groundwater, unless otherwise acted 
on by the prevailing groundwater hydraulic gradient; and 

9) The largest mobile accumulations of free product occur in the southern portion of OU-4, 
where the shallow-confining unit is rising, as shown in the corrected formation free-
product thicknesses, indicated on Plate 5. 

The concepts identified above have historically driven remedial decisions with regard to free-

product recovery operations in the confined or semi-confined areas of the Site.  In particular, 

these concepts demonstrate why the actual formation free-product thickness, where present, is 

relatively small beneath the northern area of OU-4, even though the apparent free-product 

thickness measured in the monitoring wells within the northern area are generally the largest 

measured within OU-4 (i.e., the base of the confining layer is deeper beneath the northern area, 

which means that the confining pressure is greater and the apparent free-product thickness must 

increase to balance out the confining pressure).  Similarly, the SCM for OU-4 indicates that the 

actual formation free-product thickness, and, consequently, the free-product mobility, will be 

greater where the base of the shallow confining unit is relatively high in the southern portion of 

OU-4.  Accordingly, the most productive recovery wells in this area of the Site have typically 

been those located along the southern boundary of OU-4 (i.e., RW-14) or just south of OU-4, in 

the northern section of OU-5 (i.e., RW-18).  While alternative recovery technologies will be 

evaluated to address areas of free product beneath the northern portion of OU-4, it is anticipated 

that future remedial decisions regarding free-product recovery within the confined or semi-

confined portions of the Site will continue to be based on the ideas summarized above. 
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3.2  Recovery Well Operations, Maintenance and Replacement 

Section 4.4 of the RSER provided an evaluation of the current operating Site recovery systems.  

Part of that evaluation discussed decreasing recovery trends from recovery system wells located 

in OU-4 and OU-5, including recovery well RW-14.  Recovery data for RW-14 and multi-phase 

model simulations completed for other areas of the Site have suggested that the primary factor 

contributing to the decreasing recovery trends at RW-14 is that recovery operations have been 

ongoing beneath OU-4 since 1979.  These long-term recovery operations have subsequently 

resulted in a reduction in the formation free-product volume within the regional aquifer in the 

vicinity of RW-14.  As indicated by the multi-phase fluid model simulations, a reduction in the 

formation free-product volume by recovery operations tends to reduce the effective saturation of 

free product in the formation.  Since the relative permeability of free product in the subsurface is 

a function of free-product saturation, a reduction in the effective saturation causes corresponding 

decreases in free-product mobility and recoverability.  Accordingly, the dependence of free-

product recoverability on the effective saturation and volume of free product in the subsurface 

means that free-product recovery tends to be a self-limiting process (i.e., as free product is 

removed from the ground, it becomes more and more difficult to extract the remaining volume).   

While it is likely that diminishing volumes of free product will be the primary factor for overall 

decreasing free-product recovery rates over time at the Site, the condition of the recovery well 

may also influence free-product recovery at individual recovery system wells.  In particular, 

clogging of the well screen and / or adjacent formation with mineral deposits, like iron and 

calcium, can impede the flow of both groundwater and free product into the recovery well.  

In areas where enough mobile free product still exists, well degradation can be a limiting factor 

in well recovery.  Well conditions are currently assessed for all recovery wells through an 

analysis of recovery well specific capacity.  Typically, an increasing amount of drawdown within 

the well for the same groundwater extraction rate indicates a decreasing specific capacity.  This 

decrease in specific capacity often corresponds to a decreasing free-product recovery rate.  

The specific capacities of the Site recovery wells are determined regularly based on the 

groundwater flow rate and recovery well gauging data that are collected as part of normal 

operations.  These data, in conjunction with analyses of free-product recovery trends and visual 

inspections using a specialized explosion-proof underwater down-hole camera, are used to 
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evaluate the need to rehabilitate Site recovery wells.  For example, recovery well RW-18 was 

recently redeveloped following an observation of decreasing specific capacity over time, as well 

as a visual inspection of the well screen that documented the presence of mineral fouling on the 

interior of the well screen.  RW-18 was redeveloped using a combination of traditional 

(i.e., surging, pumping and jetting) and specialized (i.e., cryogenic / liquid carbon dioxide 

injection) well development techniques.  The free-product recovery rate increased by more than 

100 percent following the redevelopment work.  

The analysis provided in the RSER suggested that the decrease in recovery at recovery well 

RW-14 was likely a result of diminishing volumes and asymptotic recovery occurring for the 

well which has been in operation since 1986.  As discussed above in Section 3.1.3, the large 

apparent free-product thicknesses measured in monitoring wells around RW-14 are the result of 

the confining conditions and do not necessarily indicate the presence of significant recoverable 

free product.  However, a review of the specific capacity trend for the recovery well since 2005 

also indicates that there has been a gradual decrease in specific capacity over time (Figure 11), 

with the greatest decreases occurring in late 2010 and early 2011.  This trend suggests that well 

condition may be deteriorating over this time period, which, in turn, may indicate that the 

decreasing specific capacity may also be contributing to reduced recovery at RW-14.  A follow-

up visual inspection of the well screen at RW-14 will be performed using the specialized camera 

employed at RW-18, as described above, to look for indications of well screen fouling suggested 

by the specific capacity data.  The need to rehabilitate the recovery well will be further evaluated 

based on the results of the visual inspection.  

Operational data from ORS recovery well RW-A indicate a decreasing trend in specific capacity 

that correlates to a decreasing trend in free-product recovery rate, similar to that observed in 

recovery well RW-14 (Figure 12).  However, unlike recovery well RW-14, recovery well RW-A 

continues to be one of the most productive recovery wells throughout the entire Site.  

Operational data from 2010, presented in the 2010 Annual Status Report (Roux Associates, 

2011a), indicate that RW-A recovered approximately 5,422 gallons of free product per month 

during 2010.  The sustained recovery at RW-A suggests that redevelopment of the recovery well 

is not necessary at this time.  Redevelopment of recovery well RW-A will be reassessed if the 

free-product recovery rate decreases with time.  
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Recovery well RW-20 has historically had the lowest free-product recovery rate relative to other 

Site recovery wells.  However, the type of well construction utilized at RW-20 is likely a key 

factor contributing to the low recovery rates at RW-20.  In particular, recovery well RW-20 was 

installed using 4-inch diameter polyvinyl chloride (PVC) well screen and casing, rather than the 

12-inch diameter stainless steel recovery wells installed at the other Site recovery well locations, 

because the original intent with this recovery well was to operate it as a passive, free-product 

recovery well that recovered free product (only) without pumping groundwater.  However, the 

recovery well was converted to a dual-pump recovery well in April 2008 as part of a pilot test to 

increase recovery at this location, following approval from the NYSDEC via email on 

March 24, 2008.  Although the corrected free-product thickness in the vicinity of RW-20 is some 

of the highest on the Site (Plate 5), free-product recovery at this location did not appreciably 

increase after converting the well to a dual-pump setup.  The historical lack of free-product 

recovery at this location despite the presence of elevated free-product levels in the vicinity 

suggests that this recovery well may need to be replaced.  Accordingly, as discussed in the 

Annual Status Report submitted to the NYSDEC on March 16, 2011, a potential replacement 

recovery well location for RW-20 will be investigated and evaluated during 2011.  

Individual recovery well operations over time will continue to be evaluated to ensure that free-

product recovery is optimized at all Site recovery wells.  Recovery well specific capacity data 

will continue to be used as a metric for assessing individual recovery well operations at the Site.  

The subsequent need to rehabilitate existing recovery wells will then be determined based on 

free-product recovery trends and changes to recovery well specific capacity.  

3.3  Responses to Comments from NYSDEC 

This section was prepared to respond to the February 25, 2011 comment letter provided by the 

NYSDEC regarding the RSER that was submitted to the NYSDEC on July 10, 2010.  Each of 

the NYSDEC comments is presented below in italic font followed by the applicable response. 

Comment 1.  In order to help refine the site conceptual model for the future, the Department 
suggests Exxon consider collecting some water quality parameters such as dissolved oxygen, 
sulfate, electrical conductivity, pH, etc. that may assist with future remedial decisions. 

Water quality parameters including dissolved oxygen, sulfate, electrical conductivity, pH, 
etc. have historically been collected during various investigations conducted at the Site.  
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A summary of groundwater quality will be provided in the Groundwater Evaluation 
Summary Report and Supplemental Work Plan (GWSRSWP) and will be submitted to 
the NYSDEC in accordance with Paragraph V of the CAP. 

Comment 2.  As some of the wells in the on-site area were screened in both the shallow and 
regional aquifers, their effectiveness maybe reduced for recovery in one or both zones.  
These factors should be discussed in future system evaluation and upcoming work plans for 
enhancing the Terminal area recovery. 

ExxonMobil agrees that wells screened in both the shallow and regional aquifers may be 
less effective.  However, over the past several years, ExxonMobil has abandoned the 
historic recovery wells that were screened in both aquifers, with the exception of 
recovery wells RW-13 and RW-15.  ExxonMobil will submit a formal work plan to the 
NYSDEC to abandon the remaining recovery wells screened in both aquifers before the 
end of 2011.  In addition, based on the historic data available for the regional aquifer 
monitoring wells in OU-4, the work plan may also include the abandonment of several 
existing regional aquifer monitoring wells that do not seem to represent regional aquifer 
conditions.   

Comment 3.  The report discusses some of the recent efforts to improve recovery in the 
Terminal area including pressure pulsing, vacuum events, and possible surfactant use.  
Future reporting and planning must continue to evaluate improving recovery in the Terminal 
Area. 

ExxonMobil will continue to evaluate alternative technologies in an effort to enhance 
free-product recovery in the former Brooklyn Terminal Area.  An analysis of remedial 
technologies will be provided in the Product Recovery Optimization Feasibility Study 
Report (PROFSR) and will be submitted to the NSYDEC in accordance with Paragraph 
III of the CAP.  

Comment 4.  The use of CPT LIF to evaluate product location and distribution in the 
subsurface has been effective, and the Department recommends the additional use of this 
technology, along with ongoing product and groundwater elevation gauging, for conceptual 
site model refinement and periodic assessment. 

ExxonMobil agrees that the use of CPT UVIF/LIF technology to evaluate free-product 
location and distribution in the subsurface appears to have been effective at the Site.  
ExxonMobil plans to continue use of this technology, along with ongoing free-product 
and groundwater elevation gauging, as part of future remedial work plans.  Additional 
investigation activities will be outlined under separate cover in the GW-SRSWP that will 
be submitted to the NYSDEC in accordance with Paragraph V of the CAP.  

Comment 5.  The report indicates the off-site groundwater treatment system has been 
operating closer to the design capacity than the on-site treatment system.  Future site 
evaluations and progress reports must continue to discuss flow versus system capacity and 
plans to maintain sufficient capacity between the two systems. 

The current Site recovery systems have the capacity to accept the entire groundwater 
flow required to keep the recovery wells operating at the current settings.  The flow is 
currently balanced and managed between the RCS and ORS.  The PROFSR report that 
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will be submitted to the NYSDEC in accordance with Paragraph III of the CAP, will 
provide additional evaluations of system treatment and system capacity options.  

Comment 6.  While the report includes a detailed discussion of extent of free-product, the 
report does not estimate remaining volume or recovery time.  As further work is completed 
on evaluating the recovery system and site models are refined, please include discussions of 
volume and/or timing of remaining recovery. 

Recovery time frames and volumes have been broadly addressed during multi-phase 
modeling efforts at the Site.  A summary discussion of multi-phase modeling results is 
provided below in Section 5.1.  Many of the multi-phase modeling techniques available 
have inherent factors that limit the ability of the models to be applicable to Site-wide 
conditions.  Thus, modeling results have not been used to make Site-wide conclusions 
about volume and recovery time.  A discussion of potential future modeling activities is 
appears below in Section 5.3.  

Comment 7.  Section 4.4.1 is a discussion of the effectiveness of the on-site recovery system 
and reasons for the decrease in product recovery.  Specifically, the generally decreasing 
trend of recovery in MW-14 is discussed.  The report attributes the trend to asymptotic 
reaction for a well which has been in operation since 1986.  As significant free product 
appears to be present in the area, another reason for the trend may be a case where the well, 
well pack or components have aged and may need to be replaced.  Although most of the 
“easy” to extract free-product may have collected from beneath the Terminal property, 
gauging results suggest significant product still remains in the subsurface.  The Department 
believes that replacement of some wells near existing wells with decreasing recovery may be 
useful and must be considered and addressed in future evaluation reporting. 

As described in Section 3.1.3, free-product thicknesses that are measured in monitoring 
wells under confined conditions are a function of the confining pressure and do not 
necessarily indicate that free product present is recoverable in the vicinity of these wells.  
Decreasing recovery trends could be a result of a reduction in the source of mobile free 
product, or they may also be related to deteriorating well conditions.  As discussed above 
in Section 3.2 of this SRSER, recovery well operations are evaluated at the Site through 
regular monitoring of recovery well specific capacity.  Decreasing specific capacity may 
indicate decreasing well condition and the possible need for rehabilitation.  Moving 
forward, well rehabilitation schedules at the Site will continue to be determined based on 
the evaluation of specific capacity and comparison to recovery trends.  A specific 
discussion addressing recovery well RW-14, along with additional Site recovery wells 
RW-20 and RW-A, is provided above in Section 3.2.   

Comment 8.  In addition to comments above, to supplement any incoming work plans to 
enhance Terminal area recovery, ExxonMobil should evaluate replacing or adding 
additional recovery wells or trenches, especially along the northern boundary of the plume, 
instead of using alternatives to drive free-product towards the operating recovery wells.  At a 
minimum, Spillbuster pumps in some of the monitoring wells with significant product 
thickness to increase on-site product recovery should be further evaluated. 

ExxonMobil indentified the former Brooklyn Terminal as an area for further evaluation 
in Section 5.5 of the RSER.  ExxonMobil believes that dual-pump recovery has proven to 
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be a successful technology for recovery of free product at the Site to date, and is the most 
applicable technology to the confining conditions present within OU-4 and OU-5.  
However, ExxonMobil also believes that the limitations presented by the confining 
conditions along the northern extents of free-product accumulations may suggest that 
installation of an additional recovery well in that area is not necessary.  The bottom of the 
confining unit in this area is deeper than at the southern boundary of OU-4, resulting in 
greater confining pressures.  Additionally, data from monitoring wells in this area have 
indicated a lack of representative free-product thicknesses and, therefore, suggesting that 
mobile free product is not available to be recovered in this area.   

ExxonMobil also plans to investigate the replacement of the existing recovery well 
RW-20 as discussed above in Section 3.2.  Replacement of RW-20 may further facilitate 
additional recovery in the OU-4 area.  ExxonMobil will also continue to pilot study and 
evaluate alternative technologies including, but not limited to, those suggested by the 
NYSDEC.  A full evaluation of alternative remedial technologies will be provided in the 
PROFSR that will be submitted to the NSYDEC in accordance with Paragraph V of the 
CAP.  

Comment 9.  As related to comments above, supplemental evaluation shall discuss specific 
ages of recovery well, observations of well pack, any major maintenance or replacement that 
occurred on the wells, and whether replacement of wells may be necessary. 

ExxonMobil believes that the age of a well should not be used as the primary indicator of 
recovery well performance.  As discussed above in response to comment 7, ExxonMobil 
will continue to determine well rehabilitation schedules based on recovery trends, 
analysis of recovery well specific capacity, downhole video inspections of recovery 
wells, and ongoing evaluation of free-product occurrence and mobility in the vicinity of 
the well.  In instances where ExxonMobil believes recovery well performance cannot be 
addressed by rehabilitation techniques, well replacement may be necessary. 

Comment 10.  Page 40 of the evaluation states “three recovery wells that are located south 
of the Brooklyn Terminal property provide hydraulic containment of free-product located to 
the south of the Brooklyn Terminal and west of the BP Terminal, and optimize recovery of 
free-product present beneath the confining layer of the Regional Aquifer.” The property 
located to the southwest of the former refinery at the corner of Kingsland and Norman has a 
“finger” of product extending from the plume to the southwest.  As part of a response to this 
letter, future evaluation reports, or annual reporting, the recovery of this “finger” shall be 
specifically discussed including current ability to recover and any necessary enhancements 
to address the area. 

ExxonMobil indentified the aforementioned “finger” as an area for further evaluation in 
Section 5.5 of the RSER.  ExxonMobil will specifically evaluate this area in conjunction 
with the PROFSR that will be submitted to the NSYDEC in accordance with Paragraph V 
of the CAP.  In order to facilitate this evaluation, ExxonMobil requests that NYSDEC 
provide the results of its ongoing investigation activities that are being conducted in the 
vicinity of the intersection of Kingsland Avenue and Norman Avenue. 
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Comment 11.  The initial drawdown of the offsite groundwater after the start-up of the 
supplemental wells occurred very quickly.  Please evaluate if a future rebound of the 
groundwater were allowed to occur whether it might re-mobilize some residual product. 

ExxonMobil believes that a rebound of groundwater elevations would not re-mobilize 
additional residual free product in the OU-7 and OU-8 areas.  Historically, rebound of 
groundwater elevations in unconfined monitoring wells have resulted in decreased free-
product thickness and decreasing recovery.  Records of groundwater elevations versus 
free-product thickness through March 18, 2011 are provided in fluid level hydrographs 
(Appendix A through Appendix D).   

Comment 12.  Pages 66 and 67 provided a good summary of trends in groundwater and 
product levels.  Please include a similar discussion in the quarterly progress reports 
covering the recent quarter and a more extended period. 

A similar discussion will be provided in the upcoming quarterly progress reports and 
additional reports moving forward.   

Comment 13.  Section 4.4.1 and Section 5.5 discuss several items for further investigation or 
improving recovery including well re-development, investigation in the northern area of the 
property, possible need for further recovery to the southwest of the property, as well as 
discussing pilot work.  Please provide a detailed schedule for on-going and planned 
activities discussed in these sections or other areas of the report. 

Future soil and water investigations at the Site will be developed and submitted in 
accordance with Paragraph III and IV of the CAP.  Remedial actions and interim 
remedial measures (IRMs) will be implemented in accordance with the PROFSR that will 
be submitted to the NSYDEC in accordance with Paragraph V of the CAP, as well as the 
other applicable actions identified in the CSP schedule.  Recovery well rehabilitation will 
continue as described in the response to Comment 9.  

Comment 14.  Please clarify if Table 1 site areas and volume recovered reflects the Former 
Paragon Oil Terminal and/or the Apollo Street Creek Parcel sites. 

Table 1 of the RSER includes areas and free-product thicknesses, but does not include 
any volume data.  The areas and thicknesses presented in the table do not incorporate the 
areas or free-product thickness in monitoring wells of the former Paragon Oil Terminal 
and/or the Apollo Street Creek Parcel Sites.  
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4.0  RECOVERY WELL RW-26 OPERATION & INFLUENCE 

The RSER provided an evaluation of the expanded Greenpoint free-product recovery systems 

with the addition of ten dual-pump recovery wells.  An additional dual-pump recovery well, 

RW-26, was incorporated into the recovery systems following the submittal of the RSER.  

The recovery well was installed and developed throughout 2010.  The recovery well became 

operational in March 2011, following the analysis of aquifer test data.  This section provides a 

brief summary of the aquifer tests performed prior to operation, information about recovery well 

RW-26 operational settings, and an evaluation of recovery well influence observed following the 

recovery well startup.  

4.1  Aquifer Pump Tests 

A step-drawdown test and a constant-rate pump test were performed in the First Quarter of 2011 

prior to the initial startup of the recovery well RW-26.  The aquifer tests were performed in an 

effort to calculate aquifer characteristics (hydraulic conductivity and storage coefficient) and in 

an effort to assess operational design parameters (i.e., radius of influence and well efficiency) of 

the new recovery well.  A monitoring well network of 31 wells and Newtown Creek were 

monitored during the aquifer tests.  Results and analysis of both tests are documented in the 

report titled “Recovery Well RW-26 Aquifer Test Report” (Roux Associates, 2011c).   

The step-drawdown test was performed on January 10, 2011, following a week of background 

monitoring.  The step-drawdown test involved the operation of the well at several different flow 

rates, where the pumping rate was increased incrementally each hour of operation and the 

drawdown during each step was measured.  The test consisted of six (6) steps in total, at the 

approximate pumping rates of 15 gallons per minute (gpm), 30 gpm, 45 gpm, 60 gpm, 75 gpm, 

and a maximum rate of 85 gpm.  Fluid levels in the recovery well and surrounding monitoring 

wells were measured manually during the test using a Solinst® interface probe and continuously 

with pressure transducers (LevelTROLLs®) manufactured by In-Situ, Inc.  Results of the step-

drawdown test indicated that the drawdown in the recovery well stabilized within the first 

20 minutes of each step after adjusting the pumping rate.  The maximum drawdown observed in 

the recovery pumping well during the step-drawdown test was 2.91 feet during the final step 

while operating at a flow rate of 85 gpm.  The maximum observed drawdown in the monitoring 

network as a result of pumping during the step-drawdown test ranged between 0.15 and 0.25 feet 



 

ROUX ASSOCIATES, INC. - 25 - MC0172.0030Y027.1652/R 

at monitoring wells located approximately 100 feet or less from the recovery well.  The free-

product thickness in the recovery well varied between 0.05 and 0.10 feet during the test.  Results 

from the step-drawdown test were used to select the pumping rate for the constant-rate pump 

test.  Specific capacity was also calculated at each step and compared to other Site recovery 

wells.  The specific capacity data indicated that the new recovery well would operate at similar 

efficiency to other recovery wells in the area.  

The constant-rate pump test began on February 8, 2011 and lasted a total of 147 hours 

(i.e., 6 days, 3 hours).  The pumping rate selected for the test was 76 gpm, or approximately 90% 

of the maximum rate observed during the step-drawdown test.  A steady pumping rate was 

maintained automatically during the test using a variable frequency drive (VFD) to control the 

water pump motor speed based on input from the recovery well control system.  Water levels 

were monitored continuously during the test with LevelTROLL® equipment, and were verified 

by collecting manual measurements throughout the test.  At the conclusion of the test, the 

maximum drawdown observed in the pumping well was 3.2 feet.  In general, wells located 

within 100 feet from the pumping well had observed drawdown of approximately 0.50 feet or 

greater (Figure 13).  Drawdown of approximately 0.30 feet was observed in select monitoring 

wells at least 300 feet from the pumping well.  The constant-rate pump test data suggested that 

the radius of influence of the wells extended beyond 300 feet in some directions, and more than 

half way across the Empire Merchants property.  

Drawdown data collected during the constant-rate pump test were analyzed with AQTESOLV™, 

an automated aquifer test data software package.  The transmissivity and storage coefficient of 

the unconfined regional aquifer were estimated utilizing methods developed by Theis (1935) and 

Cooper-Jacob (1946).  The average transmissivity value calculated with these methods was 

9,597 ft2/day.  The average calculated storage coefficient was 0.05.  Based on an estimated 

saturated thickness of 100 feet, the calculated hydraulic conductivity from the data was 

96 feet/day.  These values correlate well to boring logs that suggest the regional aquifer in this 

area is typically composed of sandy material with varying amounts of fines.  
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4.2  Recovery Well RW-26 Operation 

Post-test operation of recovery well RW-26 began on Friday, March 4, 2011 at 10:15 PM.  

The recovery well flow rate was initially set to 25 gpm and was maintained by the VFD.  

This flow rate was selected to monitor the initial performance of the well.  The flow rate was 

increased to 40 gpm on March 18, 2011.  The total flow rate of the RCS increased to 

approximately 365 gpm following the startup of the recovery well. 

Prior to the constant-rate pump test, free-product thickness in the recovery well ranged from 

0.03 feet to 0.15 feet.  During the constant-rate pump test, the maximum free-product thickness 

measured in the recovery well was 0.20 feet, suggesting no significant increase in thickness 

resulted from the pumping activities.  Free product was not extracted from the recovery well 

during the constant-rate pump test due to the lack of free-product recharge into the recovery well 

during the test.  

The recovery well was gauged three times during the recovery period following the termination 

of the constant-rate pumping activities.  During each gauging event more than one foot of free 

product was present in the recovery well, with a maximum free-product thickness of 1.42 feet 

observed approximately 24 hours following the end of pumping activities.  The free-product 

accumulations were evacuated from the recovery well following the start of normal recovery 

well operation and the recovery well was allowed to recharge.  During the operation of the 

recovery well, the pumps are typically set so that a minimum free-product thickness of 

approximately one foot is maintained in the well at all times.  The pumps are set in this manner 

so that the recharging free product is not pinched off in the well bore.  

The recovery well was gauged on March 18, 2011 as part of Site-wide quarterly gauging.  

The gauging data indicated that 0.59 feet of free product was present in the well at that time.  

However, the recovery well operation data showed that no product had been recovered since the 

well was activated indicating that the free-product thickness in the well had not accumulated to a 

point sufficient to activate the recovery well product pump.  The slow recharge rate of free 

product into the recovery well suggests that the mobility of free product adjacent to the well is 

low.  Free product will continue to be recovered when present in the recovery well, if sufficient 

thickness accumulates in the well to activate the automated pump controls.  
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Based on the historical operations at other Site recovery wells, it is typically common for free-

product recovery to increase in response to increased pumping rates.  This was not observed 

during the operation of RW-26, where pumping for more than six days at 90 percent of 

maximum capacity during the constant-rate pump test did not significantly increase the amount 

of free product being drawn into the well.  The recovery well has been operating at typical 

groundwater extraction rates for more than two months (early March through early May 2011) 

and the free-product thickness has not increased to a point that triggers the automatic operation 

of the product pump.  The lack of an increase in free product as a result of pumping suggests that 

free-product recovery at RW-26 may be limited when compared to other recovery wells at the 

Site.  ExxonMobil will continue to operate recovery well RW-26 at the current settings to further 

assess the long-term performance of the well.  An updated analysis of recovery well RW-26 

operation and recovery will be provided in the subsequent quarterly progress reports.  

4.3  Recovery Well RW-26 Influence  

The completion of the recovery system expansion activities in 2009 increased the volumetric 

flow rate of the groundwater extracted by the recovery wells within OU-7 and OU-8 and, 

subsequently, increased drawdown across the Site.  The increase in drawdown was indicated by 

decreasing groundwater elevations relative to those observed prior to the activation of the new 

recovery wells.  Drawdown was most significant in OU-7 where the ten new recovery wells were 

installed.  

Following the startup of recovery well RW-26, drawdown continued to increase in the area 

around the well and towards the center of OU-7.  Site-wide groundwater elevations collected on 

March 18, 2011 (Plate 2) after the startup of the recovery well can be compared to Site-wide 

groundwater levels collected on November 30, 2010 (Plate 6) prior to recovery well RW-26 

operation.  In general, groundwater elevations in OU-7 and OU-8 were approximately 0.25 feet 

lower in March 2011 when compared to November 2010.  The largest decreases were observed 

in monitoring wells approximately 100 feet away from the new recovery well, which is 

consistent with drawdown data collected during the constant-rate pump test (Figure 13).  

Groundwater elevations decreased by 0.40 feet on average in monitoring wells located in the 

southwest portion of the Empire Merchants property, pulling the -2.0 feet above mean sea level 
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(ft amsl) contour line farther north into the property.  This extent of influence is consistent with 

data collected during the constant-rate pump test.  

The operation of recovery well RW-26 has increased total groundwater extraction rates of the 

RCS system by 40 gpm and the total groundwater extraction rate at the Site to approximately 

750 gpm (1,080,000 gallons per day).  These extraction rates are the largest at the Site following 

the startup of the expanded recovery system.  Well hydrographs provided in the RSER were 

updated for this SRSER to include fluid elevations collected through March 18, 2011 

(Appendix A through Appendix D).  The updated hydrographs indicate that fluid elevations in 

the majority of OU-7 and OU-8 monitoring wells are at the lowest levels measured at the Site 

since recovery efforts began, while fluid elevations in OU-4 and OU-5 (an area where the 

recovery systems have not changed since 2007) have remained relatively stable during the same 

period.  Therefore, the changes in OU-7 and OU-8 are likely a result of system expansion in that 

area rather than any other long-term regional fluctuations.    
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5.0  REVIEW OF PAST AND POTENTIAL FUTURE MODELING EFFORTS 

Modeling has been an important tool to complement the previous and ongoing investigations 

within the Site.  Multi-phase modeling and groundwater modeling efforts have aided in the 

following: 

 Design and development of the original ORS that commenced operation in 1995;  

 The analysis of the extent of free product beneath the OU-7 and OU-8 areas and the 
performance of the ORS in 2003;  

 The analysis of hydraulic control scenarios during the design of the RCS expansion in 
2004; 

 The design of the expansion of the ORS in 2008, which included both multi-phase and 
groundwater modeling; and 

 An evaluation of the effectiveness of the expanded recovery system in 2010.   

The following sections summarize the numerical modeling efforts completed to date, and review 

some potential modeling activities to be performed as part of the ongoing evaluation of remedial 

activities.  This section also identifies the key models that are anticipated to be used during 

potential future modeling activities.   

5.1  Multi-Phase Modeling Activities 

The major multi-phase modeling activities completed to date include the development of a multi-

phase flow model during the 2003 Supplemental Off-Site Investigation and the adaptation of the 

2003 multi-phase model in an effort to evaluate optimal locations of recovery wells as part of the 

design of the recovery system expansion.  Each of these modeling activities is discussed in 

greater detail below.   

5.1.1  2003 Off-Site Multi-Phase Model 

In 2003, a supplemental investigation was completed for the free-product accumulations beneath 

the Off-Site Area (i.e., OU-7 and OU-8), and the associated performance of the ORS.  Part of 

that investigation included the creation of a multi-phase model for the area.  The objectives of 

the multi-phase modeling included an evaluation of potential alternatives in an effort to enhance 

the free-product recovery efforts.   
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The multi-phase flow model was created using BIOSLURP, a two-dimensional (2-D) finite- 

element computer model that can simulate three-phase (water, oil, and gas) flow.  BIOSLURP 

simulates heterogeneous, anisotropic porous media or fractured media.  It allows for use of 

isoparametric elements to represent the material and physical/hydraulic boundaries, and can be 

used to design free-product recovery and hydraulic containment systems under complex 

hydrogeologic conditions.  

The BIOSLURP model grid consisted of one layer and 4,900 grid nodes.  The grid covered a 

region that is 5,600 feet wide and 5,600 feet long with a uniform grid node spacing of 80 feet.  

Input parameters to the model grid included soil and fluid properties.  To the extent possible, all 

input data was based on empirical data collected during previous investigations at the Site.  

A constant head boundary condition was used in an effort to simulate Newtown Creek and 

specified flux boundary conditions were used to simulate recovery wells at their respective 

locations.  

The multi-phase model was calibrated qualitatively by comparing observed and predicted 

groundwater elevations and observed and predicted hydraulic gradients.  The model was also 

semi-quantitatively calibrated by comparing model-simulated free-product recovery with 

historical free product amounts recovered since the start of the ORS in 1996 (Note:  although the 

ORS actually commenced operation in October of 1995, it did not fully start up until after 

recovery well RW-A was completed in 1996).  Once calibrated, the flow model was used to 

simulate nine free-product recovery scenarios in which 1, 2, or 3 additional recovery wells would 

be added to the recovery system to increase the recovery efforts.   

5.1.2  2004 Revised Off-Site Multi-Phase Model 

During 2004 and 2005, additional simulations were completed using the multi-phase model 

developed during the 2003 investigation to assist in the evaluation and conceptual design of the 

expansion of the ORS.  Six proposed remedial scenarios were simulated in an effort to evaluate 

the effect on total recovery volume and duration of recovery caused by adding one or more 

recovery wells to the ORS.  A detailed description of the modeling performed, the scenarios 

evaluated, and the results were provided in the Alternatives Analysis Report (AAR) for Offsite 

Free-Product Recovery that was submitted to NYSDEC on December 30, 2008 (Roux 
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Associates, 2008b), and approved by NYSDEC on April 30, 2009.  The various modeled 

scenarios included simulating the continued operation of the five existing recovery wells and 

simulating the addition of 17, 14, 10, 6, 3, or 1 new recovery well(s).   

As described in the above referenced report, model simulations indicated that the optimal system 

recovery configuration was achieved with the addition of 10 new recovery wells.  The design and 

construction of these recovery wells and supporting infrastructure became part of the recovery 

system expansion that was completed in 2009 and evaluated in the RSER.  The initial settings for 

the system operation were based on the modeling results, with alterations being made based on 

in-field observations.   

5.1.3  2003 Analytical Multi-Phase Modeling 

In 2003, additional modeling activities were conducted in an effort to further evaluate free-

product saturation and mobility in the subsurface.  Roux Associates utilized the Brooks-Corey 

capillary pressure model and equations developed by Charbeneau et al. (1999) to develop an 

analytical spreadsheet model in an effort to evaluate the relative mobility of free product in 

monitoring wells in different areas of the Site.  The analytical spreadsheet model requires the 

input of soil parameters, free-product fluid parameters and values of residual saturation (vadose 

and saturated zones) for each monitoring well evaluated by the spreadsheet.   

The spreadsheet model calculates the specific volume and mobility at each monitoring well 

based on the above parameters and the corrected free-product thickness in each monitoring well.  

For areas under unconfined conditions, the corrected free-product thickness is equivalent to the 

apparent free-product thickness of each well calculated directly from well gauging data.  

For monitoring wells under confined conditions, the corrected free-product thickness is equal to 

the vertical distance between the oil-water interface in the monitoring well and the elevation of 

the bottom of the confining unit as estimated from available soil boring and CPT logs.  

The spreadsheet summarizing the data as of 2003 is presented in Appendix E.  A plot of the 

spatial distribution of free-product mobility as calculated from the 2003 spreadsheet data and 

plume conditions is included in Figure 14.  The spatial distribution of mobility shows that the 

free product in the areas of OU-7 and OU-8 is more mobile than what is observed in the areas of 
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OU-4 and OU-5.  This is consistent with the higher free-product recovery rates observed in OU-7 

and OU-8.  

5.2  Groundwater Modeling Activities 

The major groundwater modeling activities completed to date include:  

 The 1991 groundwater model developed for the design of the original ORS;  

 The 2004 groundwater model of the Site that was developed to assist in the design of the 
RCS expansion; and  

 The 2010 updated groundwater model used to evaluate the hydraulic influence associated 
with the recovery system expansion.   

Each of these modeling activities is discussed below.   

5.2.1  1991 Off-Site Groundwater Model 

In 1991, a quasi-three-dimensional regional groundwater flow model was created to assist in the 

design of the ORS (Roux Associates, 1991).  The groundwater model was limited in size and 

detail due to a small amount of empirical Site data and the computational limits of the time 

period.  However, the groundwater model was still able to produce a representation of 

groundwater flow in the vicinity of the Site. 

The groundwater model was created using Modular Three-Dimensional Finite-Difference 

Groundwater Flow Model (MODFLOW), a model code developed and distributed by the United 

States Geological Survey in 1988, and now the widely accepted standard code for groundwater 

models.  The model grid was broken into two layers used to represent the unconfined regional 

aquifer present in OU-7 and OU-8.  Model parameters including hydraulic conductivity, 

recharge, and leakance were defined based on a combination of empirical data collected during 

the 1991 investigation and published literature data.  

The groundwater model was calibrated to steady-state conditions that were measured in 

April, 1991 at 23 target locations.  The calibrated model had an absolute residual mean 

difference between modeled and observed targets of 0.76 feet, thus, indicating agreement 

between predicted and observed hydraulic heads.  A qualitative review of simulated groundwater 
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flow indicated that the model results agreed with the Site conceptual model of flow under steady-

state, non-pumping conditions.    

The calibrated groundwater model was used to simulate the response of the groundwater 

elevations to various pumping scenarios.  Recovery well scenarios were simulated at varying 

pumping rates and in different proposed locations.  Results of the model simulations suggested 

the installation of a minimum of five recovery wells to maintain hydraulic containment of free 

product within the area.  The development of the Off-Site Remedial Plan (Roux Associates, 

1991) and installation of the original ORS followed. 

5.2.2  2004 Greenpoint Groundwater Model 

In 2004, a three-dimensional, regional groundwater flow model was created based on the data 

collected in association with Site investigations between 1991 and 2004.  The flow model grid 

incorporated the Site and additional properties around the Site.  The primary objective of the 

modeling task was to assist in the determination of the number and optimal location of new 

recovery wells within OU-5 that would be capable of maintaining hydraulic control of the area 

located to the west of the BP Terminal.  The results of this evaluation were subsequently used to 

assist in the design of additional recovery wells that were installed during the expansion of the 

RCS in 2004.   

The model consisted of an eight-layer MODFLOW model grid containing 293,232 cells.  

The grid was created using Groundwater Vistas pre/post processor software.  The model was 

subdivided vertically to represent the two aquifers present beneath the Site – the shallow aquifer 

and the regional aquifer – and the shallow confining unit that separates them.  Parameters such as 

hydraulic conductivity and recharge used in the model creation were based on empirical data 

collected during previous field investigations at the Site and regional literature data.  Boundary 

conditions in the model included Newtown Creek simulated as a general head boundary, the East 

River simulated as a constant head boundary, and the recovery system wells simulated as 

specified flux boundaries.  

The groundwater flow model was calibrated to steady-state, non-pumping conditions that were 

measured in March 2003 at 93 target locations.  The calibrated model had an absolute residual 
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mean difference between modeled and observed targets of 0.99 feet.  The model was found to 

provide a representation of the flow system based on the agreement between predicted and 

observed hydraulic heads. 

Groundwater pumping scenarios were performed with the calibrated model to determine the 

number, potential location, and groundwater extraction flow rates for additional recovery wells 

needed to maintain hydraulic control of the area located to the west of the BP Terminal property 

boundary.  Particle tracking using MODPATH was used in an effort to visualize groundwater 

flow paths towards recovery wells in the various simulations.  MODPATH is a three-

dimensional particle-tracking model that was developed by the USGS to work with MODFLOW.  

Results from pumping simulations indicated that at least two additional recovery wells were 

needed to maintain hydraulic control in this area.  Results from the model simulations appear to 

support the installation of recovery wells RW-17 and RW-18 that occurred as part of the RCS 

expansion.   

The groundwater model developed in 2004, with some minor modifications, was also used in an 

effort to evaluate the potential area of influence of the new recovery wells installed as part of the 

Off-Site recovery system expansion activities.  The model was configured to run with both the 

existing recovery wells (i.e., prior to installing the 10 new recovery wells) and the 10 proposed 

recovery wells at various groundwater extraction rates to assess the increase in performance due 

to the operation at different flow rates.  The model provided an evaluation of the influence of 

these recovery wells through model-generated contour maps, as well particle tracking maps 

similar to those discussed above.  The model simulations indicated that these new recovery wells 

were capable of influencing the majority of OU-7 and OU-8, which provided an independent 

confirmation of the multi-phase modeling efforts that were completed for the recovery system 

expansion activities described above. 

5.2.3  2010 Revised Greenpoint Groundwater Model 

In 2010, the groundwater flow model created in 2004 was revised to include additional data 

collected between 2007 and 2009 during the Brooklyn Terminal Comprehensive Site 

Investigation (Roux Associates, 2009) and additional investigations around the Site.  

A groundwater modeling report, documenting the details of the 2010 Revised Greenpoint 
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Groundwater Model is included as Appendix F (Roux Associates, 2011d).  The remainder of this 

section will provide a summary of the modeling efforts. 

The objectives of the 2010 groundwater modeling task were an effort to develop and calibrate a 

new flow model that simulated groundwater elevations and groundwater flow under both static 

equilibrium conditions and pumping conditions related to operation of the expanded recovery 

system.  The model was created based on the same conceptual Site model as the 2004 model, but 

has enhanced with the inclusion of additional data that had been collected since 2004.  

An eight-layer MODFLOW model grid containing 842,240 cells was created using Groundwater 

Vistas pre/post processor software.  The model was again subdivided vertically to represent the 

shallow aquifer, regional aquifer, and the shallow confining unit.  The most notable revision in 

the updated model was the incorporation of additional data regarding hydraulic conductivity 

variations across the Site.  These data were obtained from geologic logs from more than 

100 additional soil borings and CPT borings that had been completed around the Site since 2004.  

Estimates of recharge in the Greenpoint area remained the same based on the same regional 

literature studies used in 2004.  Also, similar to the 2004 model, Newtown Creek and the East 

River were simulated as a general head boundary and constant head boundary respectively.  

However, an important change to the updated model was the adjustment of the general head 

boundary to represent the measured depths of the Creek bottom.  These depths were verified by a 

bathymetry study conducted by the New York District of Army Corps of Engineers in 2009 

(USACE, 2009).  

The updated groundwater flow model was calibrated to steady-state, non-pumping conditions 

using 117 targets from data collected during the May 16, 2007 gauging event.  As discussed in 

Section 4.2 of the RSER, groundwater levels on this date were considered indicative of static 

background conditions because the recovery system had previously been shut down for 

approximately two months prior to gauging, allowing water levels to rebound.  This gauging 

round was the most recent static gauging event available at the Site, as the recovery system was 

restarted in June 2007 and has been operating almost continuously since that time.  

The calibrated model had an absolute residual mean difference between modeled and measured 
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targets of 0.59 feet and was determined to represent the flow system of the Site based on the 

agreement between predicted and observed hydraulic heads. 

The steady-state calibrated model was used as a basis for a transient simulation of groundwater 

levels from May 2007 to February 2010.  The goal of the transient simulation was to evaluate the 

ability of the model to simulate drawdown in response to changing recovery operations over 

time.  Based on a comparison of observed and simulated drawdown curves, the model attempts 

to recreate drawdown in the area of the model grid that corresponds to OU-7, where the 

operation of the ORS and associated groundwater extraction activities appears most influential. 

Particle tracking using MODPATH was completed in an effort to simulate flow patterns under 

both non-pumping and pumping conditions.  Particle tracking verified that groundwater flow 

appears to be influenced around most of the Site during the recovery operations.  Based on the 

model simulations, groundwater flow is directed from Newtown Creek towards the center of 

OU-7 when the recovery systems are operating at the rates recorded in February 2010.  

This direction of flow typically opposes the background regional flow direction and, thus, 

appears to support the observed influence of the recovery operations discussed in the RSER.   

5.3  Potential Future Multi-Phase Modeling Activities 

Roux Associates completed a review of numerical multi-phase modeling techniques that are 

currently available within the public domain.  This task was performed in an effort to better 

understand the multi-phase techniques most applicable to conditions observed at the Site, and 

how these compare to multi-phase modeling activities completed previously.  This review 

included an evaluation of key features of each multi-phase model or technique, its limitations, 

applicability, accessibility, cost, and documented successes.  A summary of this review of multi-

phase modeling techniques is provided in Table 1. 

The results of this review appear to support the continued use of BIOSLURP as the primary 

multi-phase modeling technique at the Site.  While there are limitations, the key features and 

functionality, compared to other model codes, make BIOSLURP the free-product modeling 

technique most applicable for meeting modeling objectives at the Site.  The successful 

implementation of the BIOSLURP modeling technique during both the Supplemental Off-Site 
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Investigation (Roux Associates 2003) and during the more recent design and expansion of the 

recovery system (Roux Associates 2008b) appears to further justify the continued use of this 

model.  

One potential, future, multi-phase modeling effort could be the update of the original 

BIOSLURP model to current observed conditions at the Site.  This would involve the addition of 

relevant data incorporated into the recently-updated groundwater model, including all recovery 

wells activated between 2008 and 2011 as part of the recovery system expansion, as well as the 

incorporation of recent free-product gauging data to develop model simulations based on current 

conditions.  The updated model predictions for individual recovery wells and for the combined 

recovery system would be compared to both the original predictions made by the 2004 version of 

the model and the actual performance of the ORS observed to date.  Once the model is calibrated 

to current conditions, it can be used in an attempt to evaluate the aerial influences at each 

recovery well.  This will help identify potential future locations for additional recovery wells, if 

needed, and/or changes in operations that will optimize recovery, if necessary. 

It is important to note that the existing Site BIOSLURP model was created to model only the 

areas defined by OU-7 and OU-8.  BIOSLURP works well in these areas due to the limited 

geologic heterogeneity (mostly sands and gravels), the unconfined conditions created by the lack 

of the low permeability shallow confining layer, and the relatively uniform characteristics of the 

free product.  An inherent limitation of the BIOSLURP model code is that it was written to 

model unconfined aquifer conditions only, thus limiting the use of the model in the confined / 

semi-confined areas of the Site.  

Roux Associates proposes to utilize analytical modeling methods described in Section 5.1.3 for 

any multi-phase modeling of free product within the confined / semi-confined areas of the Site 

(i.e., OU-4 and OU-5).  These analytical modeling methods can also be used as an additional 

evaluation tool for the free product in the unconfined aquifer (i.e., OU-7 and OU-8).  

These analytical modeling methods can be used in an effort to evaluate trends in the free-product 

mobility / transmissivity with time.  Trends in free-product transmissivity can be used to evaluate 

changes in system recovery and to evaluate changes in free-product accumulations beneath 

various portions of the Site.   
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5.4  Potential Future Groundwater Modeling Activities 

The calibrated groundwater flow model created by Roux Associates in 2010 will continue to be 

used moving forward as the primary groundwater model for the Site.  The model has proven to 

be a useful tool for evaluating the influence of the recovery system operations on groundwater 

conditions beneath the Site.  Accordingly, it is anticipated that this model will continue to be 

useful in future analyses including hydraulic containment simulations, mass balance calculations, 

and long-term transient simulations.  

An important focus of future groundwater modeling efforts will be to continue to evaluate the 

area of influence of the current recovery system operations and compare those estimates to 

calculations made with other analytical methods and current field observations.  Understanding 

the influence of the current recovery system will help evaluate the need for additional recovery 

wells.  The groundwater model will be used to test potential recovery well locations and evaluate 

potential changes to the Site groundwater flow under various pumping scenarios.  Additional 

uses of the groundwater model may become possible with additional data collection and input.   

At least 30 additional monitoring wells have been installed at the Site between June 2007 and 

present.  Because these monitoring wells did not exist during the synoptic water level gauging 

event on May 16, 2007, no data from these wells were used as targets during model calibration.  

Data from these new wells, along with any additional data collected during upcoming Site 

investigations, will be available as targets should future re-calibration of the groundwater model 

be necessary.   
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6.0  SUMMARY AND FUTURE INVESTIGATIONS  

This SRSER was prepared in an effort to augment the information provided in the RSER 

submitted to the NYSDEC on July 19, 2010.  The goals of this SRSER were to address 

comments provided by the NYSDEC regarding the RSER, evaluate the operations and influence 

of the expanded system following the startup of recovery well RW-26, and provide a review of 

modeling activities to date for the EMGPRP.  This SRSER addresses the requirements of 

Paragraph III.C. in the CAP for providing an evaluation of the effectiveness of the expanded 

recovery system and describing past and potential future modeling efforts.  

Recovery well RW-26 was installed in 2010 and began operating in March 2011, following 

aquifer testing activities.  The recovery well was integrated into the RCS system and its 

operation at 40 gpm has increased the total rate of groundwater removed by the system to a 

maximum extraction rate of 750 gpm observed at the Site to date.  Groundwater elevations were 

measured on March 18, 2011 during Site-wide quarterly gauging, and the observed drawdown 

around the recovery well compares similarly to that observed during the aquifer tests.  Recovery 

of free product at the new recovery well has been limited to date, but will continue to be 

evaluated as additional data are collected.   

The use of both groundwater and multi-phase models has been useful in the design, modification, 

and evaluation of the free-product recovery systems.  More specifically, results from modeling 

efforts have aided in the design of the original Off-Site Free-Product Recovery System and the 

expansion of both the RCS and ORS, as well as provided support for various hydrogeologic 

investigations.  The current models being used at the Site should continue to provide support 

going forward.  The models will be used, when appropriate, in the evaluation of the expanded 

free-product recovery system.  The models may be modified to include updated data, and/or new 

models maybe created, if necessary.  Modeling may also be considered during future evaluation 

of remedial alternatives for the Site.  
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