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1.0    INTRODUCTION 

 
This report presents a summary of activities performed by Science Applications International 
Corporation (SAIC) on behalf of Texaco Inc. for the characterization and remediation activities 
that have been completed to date for the former Paragon Oil Company (Paragon Oil) terminal 
property and the adjacent 110-120 Apollo Street property.  This report presents activities that 
were initiated in June 2005 and have been ongoing through the summer of 2006.  Additional 
characterization remediation activities that are ongoing will be presented in a forthcoming report 
in February 2007 as per the agreed upon Milestone Plan. 
 
The location of the Paragon Oil terminal, a predecessor to Texaco Inc., is the current Peerless 
Importers property.  Since 1991, ExxonMobil has been containing and recovering product 
seeping through a steel bulkhead and into Newtown Creek on the property.  In 2004, 
ExxonMobil conducted site investigation activities on the property and alleged, to Texaco Inc. 
and NYSDEC that the product seeping into Newtown Creek is not related to the ExxonMobil 55 
acre free product plume adjacent to the former Paragon Oil site. 
 
In order to move the project forward, Texaco Inc., has agreed, with ExxonMobil, to conduct a 
site characterization and take over existing free product recovery activities at the site since June 
2005.  In addition, Texaco Inc. signed a consent order with NYSDEC to further investigate the 
extent of free product on the site and to determine the source of the free product. 
 

1.1    Site Description 
 
The four former Paragon/Texaco Inc. properties are located in the Greenpoint section of 
Brooklyn, New York (See Figure 1-1).  Two terminal support properties and one gas station 
property were located south of Bridgewater Street (See Figure 1-2).  The main property operated 
as a bulk petroleum storage terminal with the main terminal property located between 
Bridgewater Street and Newtown Creek.  Currently Peerless Importers operates a liquor 
distribution warehouse on the property.  The property is approximately 11 acres in size with 
approximately 8 acres being covered by warehouse. 
 
Newtown Creek borders the northern portion of the former Paragon Oil terminal and the creek 
flows westward towards the East River.  Commercial businesses are located adjacent to the 
former Paragon Oil terminal on the east, west and south sides.  BP operates a bulk petroleum 
terminal to the west of Apollo Street. 
 
A steel sheeting bulkhead installed in 2002 on the Peerless property along Newtown Creek 
shoreline is approximately 650 feet in length.  To the east of the steel bulkhead is another 500 
feet of shoreline in which an older concrete and wooden bulkhead is present.  The seep of 
product into Newtown Creek is currently located at a portion of the steel bulkhead. 
 

1.2    Site Investigation History 
 
Since the discovery of a petroleum product seeping into Newtown Creek at the base of Meeker 
Avenue by the United States Coast Guard (USCG) in 1978 the area adjacent to the former 
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Paragon Oil terminal property has been investigated.  In 1978, the result of this discovery lead to 
an investigation by Geraghty and Miller, Inc. (Geraghty and Miller) to determine the source of 
the seep and the extent of free product in the subsurface.  The Meeker Avenue Task Force was 
also created between regulatory agencies, local government representatives, Mobil Oil, Amoco, 
and Texaco Inc., to further evaluate the source of the seep. 
 
In 1979 Geraghty and Miller completed a site investigation report on behalf of the USCG and 
concluded that the source of the seep into Newtown Creek at Meeker Avenue was a free product 
plume which was traced to the former ExxonMobil refinery.  Identification of the former refinery 
property as the source of the product was based on the hydrocarbon forensics analysis conducted 
in 1979, free product thicknesses in the subsurface, and groundwater flow dynamics from 
groundwater wells installed at the time. 
 
From 1979 through 2005, the ExxonMobil recovery system within the offsite plume (which is 
adjacent to the former Paragon terminal), has recovered 3.6 million gallons of free product.  In 
addition, from the Meeker Avenue seep recovery system that operated through 1998, another 
approximately 800,000 gallons of free product was recovered from the north end of Meeker 
Avenue. 
 
From the former Paragon Oil terminal seep area into Newtown Creek, ExxonMobil collected 
approximately 29,000 gallons of free product from 1993 through midyear 2005.  In late 2004, 
ExxonMobil continued site characterization activities on the Paragon Oil terminal with the 
installation of wells in the seep area and on the former Varick Street. 
 

1.3    Current Activities 
 
Since June 2005, Texaco Inc. has been conducting both site characterization and free product 
recovery and remediation activities at the former Paragon Oil terminal.  Activities have been 
related to containing the seep into Newtown Creek, removing free product landside of the 
bulkhead in the seep area, characterizing the extent of free product across the former terminal 
property, determining the type of product distributed across the property, and the design of a full 
scale free product containment and recovery system at the seep area. 
 
From June 2005 through the current time period SAIC has been implementing interim free 
product removal activities in the vicinity of the seep area.  The interim removal activities have 
involved the pumping of product from wells behind the bulkhead on a weekly basis.  Through 
out the interim recovery activity, site characterization activities were ongoing in order to define 
the full extent of the product plume in the vicinity of the seep prior to the design and installation 
of a full scale recovery system. 
 
In July 2005 the containment boom system on the creek at the seep area was significantly 
upgraded to reduce sheen bypassing of the boom due to wake spillage.  The new hard 
containment boom was installed and stabilized approximately 2-feet away from the bulkhead in 
order to contain the seep.  Two rows of soft absorbent boom are placed within the hard boom to 
collect product sheens and droplets inside the hard boom.  Furthermore, an additional hard 
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containment boom was installed in February 2006 to provide for secondary containment for the 
product seep. 
 
As part of the site characterization activities on the former Paragon Oil terminal and the adjacent 
110-120 Apollo Street property (Steel Equities Building), 42 additional groundwater monitoring 
wells were installed in 2005 and 2006.  Installation of the wells allowed for the extent of the free 
phase product plume on both properties to be delineated and a detailed description of the 
subsurface stratigraphy, could be determined. 
 
In September 2006, SAIC completed the design for a Phase 1 Product Recovery System.  This 
system is a total fluids extraction system that will operate behind the bulkhead in the seep area.  
Also a full scale grout wall is planned to be installed immediately landside of the bulkhead in the 
seep area to inhibit the migration of product into the creek, as product and groundwater are 
extracted from behind the bulkhead with the recovery system. 
 

1.4    Current Project Objectives 
 
The objectives of the work completed and the ongoing work by SAIC on behalf of Texaco Inc. 
are as follows: 
 

1. Mitigate the seep of free product that is migrating through the bulkhead and into 
Newtown Creek. 

 
2. Design, install, and maintain a long term product recovery system in the area of 

the seep in order to mitigate the long term permanence of seep abatement. 
 

3. Determine the extent of free product on the former terminal property and adjacent 
areas. 

 
In addition to the above primary objectives the investigation activities seek to determine the site 
specific stratigraphy on the former terminal property and the lateral extent of the free product in 
order to evaluate the extent to which the stratigraphy or other subsurface features (e.g.: possible 
confining clay unit) have on the migration of the free product.  The characterization activities 
also seek to determine the different type or types of free product that are present on the property 
in order to further define potential source areas and potential migration pathways. 
 

1.5    Technical Approach 
 
SAIC implemented a phased approach to determine historical operations of the area; identify the 
petroleum release history for the area, implement the free product plume delineation program; 
implement the free product analytical program; conduct the hydrogeologic evaluation of the 
subsurface; begin interim product recovery activities at the seep area; and complete the full scale 
product recovery system design for the seep area. 
The first phase of work involved determining the historical operations of the former Paragon Oil 
terminal and the adjacent terminal and refinery properties.  Sanborn maps, chain of titles, and 
desk atlases were used to establish property ownership and operations with time. 
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Site characterization activities to determine the extent of free product and the type of stratigraphy 
on the property were completed in two phases.  The first phase was the completion of monitoring 
wells in July 2005 on the Peerless Importers property.  In the spring and summer of 2006, 
additional wells were installed on the Peerless Importers property, the public right of ways 
adjacent to the property, and on 110-120 Apollo Street.  At each monitoring well and soil boring 
location the physical and morphological properties of the soil encountered were documented in 
the field.  At each well location, gauging activities were used to determine the presence and 
thickness of product at well locations.  From the detailed soil descriptions, stratigraphic cross 
sections were developed.   During the installation of the wells, one soil sample from each boring 
location was laboratory analyzed for NYSDEC STARS gasoline and fuel oil parameters. 
 
Following the development of the wells, a groundwater and free product sampling program was 
initiated in August 2005.  Free product was sampled and analyzed for numerous forensic 
parameters to identify the type or types of petroleum present at each location.  Furthermore, 
groundwater samples were collected and laboratory analyzed for NYSDEC STARS gasoline and 
fuel oil parameters. 
 
For the groundwater monitoring wells that were completed through May 2006, slug tests and 
tidal surveys were conducted at each well location.  The purpose was to determine the relative 
hydraulic conductivity of the saturated zone at each location and to determine the effect that the 
creek tidal changes have on groundwater fluctuations at wells located at different distances from 
the creek. 
 
Interim free product recovery activities have been ongoing in the vicinity of the seep since 
June 2005.  Through August 2006, 7,541 gallons have been collected from this interim recovery 
process.  Product recovery rates have been estimated from this activity and were utilized in the 
design of the full scale recovery system.  The site stratigraphy results, the hydrogeologic testing 
results and the interim recovery results were used to develop an engineered design for a full scale 
recovery system in the vicinity of the seep. 
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2.0    HISTORICAL OPERATIONS AND DOCUMENTED RELEASES 

 
This chapter presents the history of the known operations that occurred on properties on or 
adjacent to the former Paragon Oil terminal site.  In addition, documented releases that have 
occurred on each property are presented in this section.  Property ownership records were 
obtained from chain of title searches, desk atlases, Sanborn maps, tax maps, and additional 
resources that may have been available to piece together the historical ownership record.  The 
information concerning the documented petroleum releases at the different properties were 
obtained from newspaper articles, various environmental reports concerning the Greenpoint 
region, and the Environmental Records.  Database concerning petroleum releases since 1986. 
 

2.1    Historical Refinery Operations and Practices 
 
The Greenpoint section of Brooklyn along Newtown Creek has been a significant oil refining 
region dating back to 1834 when whale oil was refined.  With its discovery in 1859, petroleum 
became the primary product refined in Greenpoint.  Through 1900, kerosene was the primary 
refined product that was produced by the refinery operations.  The kerosene was used as 
illuminating oil prior to the advent of electricity. 
 
Figure 2-1 presents a typical process flow diagram for a refinery in 1880.  This process flow 
diagram is specific to the Pratt Oil Works refinery which was located in the Bushwick section of 
Brooklyn.  However, the refining technology used at this refinery was generally consistent with 
all refinery operations during this period.  The diagram indicates that the refinery could distill 
approximately 1,500 barrels of crude oil per day or approximately 63,000 gallons of crude oil.  
From the 1,500 barrels of crude oil refined per day, approximately 66% of it, or 990 gallons, 
comprised the illuminating oil fraction or the kerosene fraction.  In addition, the refined finished 
products included 15% naphtha and 1.5% gasoline.  The remaining finished products were 
primarily paraffin oils and coke.  Since the gasoline and naphtha fractions have lower boiling 
points than the kerosene fraction, gasoline and naphtha had to be produced in order to generate 
the targeted kerosene. 
 
Through approximately 1900, naphtha and gasoline that were generated in the refining process, 
prior to the production of kerosene, were considered by-products.  The highly volatile and 
explosive nature of both the gasoline and naphtha limited the marketability of these two 
by-products (Williamson, 1963). 
 
Prior to 1900, the principle market for naphtha was as a solvent in the rubber industry.  However, 
the market was limited and most refinery operations did not divert production resources away 
from targeting the kerosene fraction for illumination.  The following quote from the book 
entitled “The American Petroleum Industry”, 1899-1958 The Age of Illumination summarizes 
the status of naphtha production by the late 1870’s, “Although growing impressively, the 
demand for solvents failed to relieve the enormous surplus of refined naphtha which 
accompanied the annual processing of 3 to 5 million barrels of crude oil in the later part of the 
decade.  The huge over supply made the adulteration of kerosene a tempting out for the 
otherwise worthless surplus product.” 
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2.2    Former Paragon Oil Properties 
 

Texaco Inc. purchased Paragon Oil in 1959.  Paragon Oil, and its related companies, occupied 
the study area along Newtown Creek north of Bridgewater Street between former Van Dam 
Street and the existing Meeker Avenue.  Paragon Oil also had interest in properties to the south 
of Bridgewater Street between Varick and Vandam Streets (Figure 1.2).  The Paragon affiliated 
properties will be described in more detail in the following sections. 
 

As reported in the January 2005 Roux document titled “Peerless Importers Remedial 
Investigation”, title searches document Paragon’s ownership of properties along Newtown Creek 
as early as 1934.  The Paragon Oil founders were Henry, Benjamin, Irving, Robert, and Arnold 
Schwartz.  Paragon Oil used the properties to the north of Bridgewater Street, along Newtown 
Creek, as a terminal with storage of lube oil, No. 2 fuel oil, No. 4 fuel oil, No. 6 fuel oil, diesel 
fuel, gasoline, and kerosene.  Two Paragon Oil facilities south of Bridgewater Street were only 
used for delivery truck storage and repair.  A fourth Paragon property, also south of Bridgewater 
Street was used as a gasoline retail station. 
 

2.2.1    Historical Property Uses 
 

The available Sanborn and Desk Atlas maps of the four former Paragon Oil properties were 
reviewed and the historic ownership and property use are summarized on Figures 2.2A, 2.2B, 
2.2C, 2.2D, 2.3 and Tables 2.1A, 2.1B, and 2.2.  Additionally, the Brooklyn Library, Brooklyn 
Historical Society, Brooklyn Department of Buildings, and the New York City Fire Department 
(NYCFD) documents were searched for additional information.  Details related to the historic 
site ownership and property use are described below. 
 

The former Paragon Oil terminal occupied property north of Bridgewater Street, currently 
designated as Block 2666 Lots 1, 52, and 125.  Paragon Oil also occupied property to the south 
of Bridgewater Street and these parcels are currently designated as Block 2662 Lots 14 through 
40 (even-numbered Lots) and Block 2663, New Lot 17.  The current block and lot numbers are 
used to identify the property parcels and do not exactly correspond to the historic block and lot 
numbers.  Figure 2.5 and Tables 2.1A and 2.1B present a timeline of ownership for the Paragon 
Oil properties. 
 

2.2.1.2    Block 2666, Lot 125 –North of Bridgewater Street) 
1. Pre-Paragon Property Use (1836-1934) 

• Prior to Paragon Oil occupying the property in 1934., the parcel was owned by 
various private individuals and the chain of title information does not mention any 
specific industry. 

• In 1886 two small–scale independent refineries identified as Locust Hill Refining 
Company and Greenpoint Oil Refining occupied current lot 125 (1886 Desk 
Atlas).  These refineries are depicted on Figure 2.2A.  Both refineries were absent 
from the property by 1905 (1905 Sanborn) and no additional information about 
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the two refineries was located during the Brooklyn Historical Society, Brooklyn 
Library, and Brooklyn Department of Building search.  As later discussed in 
Chapter 8, free product is not present in the subsurface underlying Lot 125 where 
the two independent refineries once operated. 

• According to Sanborn maps the only industry or business depicted on Lot 125 in 
1905 was the Board of Health.  The property title search information indicates 
that Edward J. McKeever owned the parcel in 1902 and in 1904 the McKeever 
Company owned the parcel.  From 1910 to 1922 the Thomas F. White Company 
was the property owner and John C. Orrs Company, Henry Steer, Inc., and Henry 
H. Wood were subsequent property owners until 1936.  A search for additional 
information about these companies and property owners was completed at the 
Brooklyn Historical Society, the Brooklyn Library, and the Brooklyn Department 
of Buildings.  No additional information was readily available and the property 
use between 1905 and 1934 is unknown. 

• Fill material was placed into the Newtown Creek in the vicinity of the former 
Paragon Oil terminal sometime between 1844 and 1886 to increase the size of Lot 
125 along Newtown Creek. 

 
2.    Former Paragon Operations (~1944-1968) 

• Lot 125 was owned by Lakebridge Realty Corporation in 1944 and Morseland 
Realty Corporation in 1948.  These corporations were affiliated with one or more 
of the previously mentioned founders of Paragon Oil (Schwartz brothers) and may 
have been affiliated with Paragon. 

• The 1951 Sanborn map indicates that Paragon Oil used Lot 125 for drum storage 
and an office building.  An un-dated aerial photograph obtained from the 
Brooklyn Historical Society taken after Paragon occupied the property conveys 
similar information. 

• Lot 125 was part of the former Paragon Oil facility which operated as a petroleum 
terminal between 1934 and 1968.  A plan view of the former Paragon terminal 
features is included as Figure 2.4.  Table 2.2 summarizes the tank volume and 
contents obtained from the 1962 facility as-built plan. 

• By 1962, 49 tanks containing petroleum were located at the facility and the total 
tank storage capacity was 6.1 million gallons of petroleum.  The information from 
the 1962 Paragon Oil terminal as-built indicates that approximately 63% of the 
material stored at the terminal was No. 4 fuel oil, No. 6 fuel oil, and lubricating 
oil.  Approximately 18% of the material stored at the terminal was No. 2 fuel oil, 
kerosene, and diesel fuel.  Motor fuels (gasoline) comprised 19% of the petroleum 
products. 

• An undated partial facility map had one 30,000 gallon tank previously identified 
(1962) as containing gasoline (motor fuel) labeled as naphtha.  Therefore at one 
point in time naphtha comprised <1% of the total terminal tank volume. 

• In 1959 Texaco Inc. (Texaco) purchased Paragon Oil and acquired Lot 125.  
Texaco operated the terminal until 1968 and sold the property in 1968 to Peerless. 

• The 1965 Sanborn map depicts the same Paragon Oil features as the 1951 map for 
Lot 125. 



Paragon Oil Terminal 9  October 16, 2006 
 

3.    Post-Paragon (1968 to Present) 

• According to the title information, Lot 125 was purchased by 181 Lawrence 
Avenue Realty Corporation from Texaco Inc. in 1968.  The title included a 
property restriction that prohibited the buyers from using the property for 
petroleum operations for a period of 15 years. 

• Sanborn maps from 1978, 1983, 1988, and 1996 depict Peerless Importers as the 
property occupant for Lot 125. 

 

2.2.1.3    Block 2666 Lot 52-North of Bridgewater Street 
1. Pre-Paragon (1836-1934) 

• Before 1886 numerous private citizens owned Lot 52 which is located between 
former Varick and Morse Streets.  The title information from 1886 does not mention 
specific industries that occupied the property. 

• The 1886 Desk Atlas depicts Locust Hill Oil Refining Company as an occupant of a 
portion of current Lot 52.  This refinery is also depicted on the Sanborn map from the 
same time period.  As previously mentioned, additional information regarding the 
Locust Hill Refinery was not available.  The title information indicated that Henry 
Cram and J. Sargeant Cram owned the parcel during this time period, but a search of 
the Brooklyn Historical Society, Brooklyn Library, and the Brooklyn Building 
Department did not provide information on the relationship between the Cram family 
and Locust Hill Oil Refinery. 

• In 1913 J. Sargeant Cram granted the parcel to Clifford Miller.  The title information 
for this time period is comparable with the Desk Atlas information, which depicts 
Clifford Miller’s cement works on current Lot 52. 

• A sub-lease agreement was recorded during 1920 between Acme Food Products and 
Abingdon Chemical for this property. 

• The title search company indicated that an unrecorded lease agreement existed 
between Clifford Miller and Harlem Properties, Inc. during 1927.  Harlem Properties 
then sub-leased the property to Samuel Brown.  The 1929 Desk Atlas (Figure 2.2D) 
depicts the Supreme Oil Terminal occupying the property, but there is no mention of 
Supreme Oil in the title documents.  Additionally, a search of available historical 
society, library, and building department documents did not reveal the connection, if 
any, between Harlem Properties, Samuel Brown, Supreme Oil, and Paragon. 

 
2. Former Paragon Operations (1930-1968) 

• In 1930 a lease was recorded between Clifford Miller, the property owner, and Henry 
Schwartz of the Petroleum Terminal Corporation.  Henry Schwartz was one of the 
founders of Paragon. 

• Sanborn maps and the title information indicate that Paragon, or its realty companies 
such as Morseland or Greenpoint Realty Corporations, owned and operated a 
petroleum terminal until 1959 when Texaco Inc. acquired and operated the facility.  
The petroleum products and volume were described in the previous section pertaining 
to Lot 125. 
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3. Post-Paragon (1968 to Present) 

• Texaco Inc. granted Lot 52 to the Lawrence Realty Company in 1968 and it was later 
transferred to the New York City Industrial Development Authority (NYC IDA) and 
Peerless Importers. 

• Sanborn maps from 1978, 1983, 1988, 1993, and 1996 indicate that Peerless 
Importers occupied the property. 

 

2.2.1.4    Block 2666, Lot 1-North of Bridgewater Street 
1. Pre-Paragon Operations (1856-1934) 

• Various members of the Cram family owned Lot 1, located between former Van Dam 
and Varick Streets, between 1856 and 1928.  There were no references to industry in 
the title information. 

• The 1886 Desk Atlas map does not depict any industry for Lot 1 and the 1912 Desk 
Atlas map only depicts an un-named building.  The 1921 and 1929 Desk Atlas maps 
do not depict any features for this property. 

• In 1928 Brooklyn Ash Removal Company acquired the property. 
 

2. Former Paragon Operations (1934-1968) 

• According to the title information, in 1934 Bridgewater Oil Company and then later 
Newtown Creek Storage Corporation occupied the property.  These companies were 
reportedly affiliated with the Schwartz brothers and Paragon Oil.  In 1952 Morseland 
Realty Company owned Lot 1 and leased it to Paragon Oil for the operation of a 
petroleum terminal. 

• The 1942 Sanborn map depicts offices and a gasoline loading area on the property 
(Figure 2.8).  By 1951 additional petroleum storage was added to the property and 
included a 15,000 and 30,000-gallon fuel oil tanks, and two oil warehouses. 

• Texaco Inc. acquired Paragon Oil in 1959 and operated the terminal until 1968. 
Additional tank volume and content information are detailed on Table 2.2 and were 
described in the previous section.  The tank volumes presented in Table 2.2 were 
obtained from the 1962 terminal as-built plan and represent the time period of 
maximum storage. 

 
3. Post-Paragon Operations (1968 to Present) 

• In 1968 Texaco Inc. sold the Lot 1 property to Galcar Realty Corporation and 
between 1965 and 1972 several property transactions occurred between Galcar Realty 
Corporation and B&A Realty. 

• Cenco Instruments Inc. leased the property in 1972 from Galcar Realty, but in 1977 
Peerless Importers acquired the property. 

• Chain of title information and Sanborn maps indicate Peerless Importers occupied the 
property from 1977 to present. 

In summary, the former Paragon Oil terminal property located north of Bridgewater Street were 
active from 1934 until 1968.  Petroleum terminal operations on the property were active as early 
as 1927 (Supreme Oil) but there is no available information that links Paragon Oil to Supreme 
Oil.  By 1962 the former Paragon Oil terminal had expanded to include 49 tanks that stored a 
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variety of petroleum products such as motor fuel (gasoline); diesel; kerosene; and No. 2, No. 4, 
and No. 6 fuel oil.  Support infrastructure such as overhead piping, loading racks, docking 
stations, underground piping, canning facilities, drum storage, underground storage tanks, and 
office buildings were also present on the property.  Maximum storage capacity at the terminal 
was 6.1 million gallons in 1962.  Paragon Oil operations ceased in 1968 prior to the use of 
MTBE in unleaded gasoline. 
 

2.2.1.5    Block 2662 Even-Numbered Lots 14 through 40-South of Bridgewater Street 
Between 1856 and 1928 various private citizens owned the property that was originally 
identified as Block 2662 Lot 14.  The property was located on the corner of Apollo and 
Bridgewater Streets and was subdivided so that now Lots 14 through 40 encompass the original 
Lot 14.  In 1928 the property was sold to the Brooklyn Ash Removal Company.  Desk Atlas and 
Sanborn maps do not provide additional information on structures or industry that occupied the 
property prior to 1928. 
 

Title search information indicates that by 1934 the Brooklyn Ash Removal Company sold the 
property to Bridgewater Oil Company, a corporation reportedly affiliated with the Schwartz 
brothers and ultimately later Paragon Oil.  Newtown Terminal Corporation, a company also 
affiliated with Paragon Oil, owned the property between 1959 and 1960.  In 1960 the property 
was granted to Paragon Oil and then subsequently Texaco Inc.  The Sanborn maps for this time 
period indicate the property was used for truck storage and not petroleum storage.  A search of 
available documents from the Brooklyn Department of Buildings did not provide additional 
information regarding the trucking facilities at this property. 
 

2.2.1.6    Block 2663 New Lot 17-South of Bridgewater Street 
Between 1856 and 1928 various private citizens owned the property designated as Lot 17 located 
at the corner of Van Dam and Bridgewater Streets.  No industry or buildings were designated on 
the Sanborn or Desk Atlas maps during this time period.  During 1928 the Cram family granted 
the property to the Brooklyn Ash Removal Company. 
 

By 1934 the Brooklyn Ash Removal Company sold the property to Bridgewater Oil Company 
and Varick Garage Corporation.  These companies were affiliated with Paragon Oil and in 1941 
a Schwartz owned realty company known as Greenpoint Realty Corporation obtained the 
property.  The realty company then leased the property back to Paragon to use as a truck storage 
facility.  Sanborn maps and title information indicate that the property was only used for truck 
storage and not for petroleum terminal operations.  Paragon Oil and its successor, Texaco Inc., 
owned the property until 1966.  A search of available information of the Brooklyn Department of 
Buildings did not provide additional information. 
 
Since 1966 Lot 17 has been owned by Alfin Realty and C & L Associates.  Sanborn maps 
confirm that the property was not used for petroleum terminal operations during this time period.  
The actual use of the property during this time is unknown. 
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2.2.1.7    Block 2664 Lot 16-South of Bridgewater Street 
 
The property located at the corner of Varick and Bridgewater was owned by private citizens 
from 1856 until 1935 when Greenpoint Realty Corporation obtained a portion of current Lot 16.  
Greenpoint Realty Corporation was affiliated with the Schwartz brothers and therefore also 
affiliated with the former Paragon Oil.  In 1946 the Greenpoint Realty Corporation leased the 
property to Paragon Oil. 
 
In 1947 the property was sold to Norman Gas Stations, Inc. and the facility presumably operated 
as a retail gasoline facility until 1965.  Sanborn maps also depict a retail gas station at the corner 
of Varick and Bridgewater Streets.  Between 1947 and 1965 Newtown Terminal Corporation and 
Paragon Oil also owned the property.  A search of available Brooklyn Department of Building 
files indicates that underground storage tanks (USTs) and dispenser islands were located at the 
property. 
 
Texaco Inc. sold the gas station in 1965 to Medallion Oil Inc., which operated a retail gasoline 
facility at this location until 1987.  Sanborn maps depict a gas station at the site until the mid-
1990s, but it is unknown whether the gas station was still operational in the mid-1990s.  
Currently May Ching Wong and Yam Fat Wong own the property and the property is not used as 
a retail gasoline facility. 
 
In summary, the former Paragon Oil properties located south of Bridgewater Street were owned 
and operated by Paragon Oil from approximately 1934 to 1966.  Except for the storage of retail 
gasoline on one of the properties (Block 2664 Lot 16), petroleum products were not stored at 
these facilities.  The properties were used to store only the terminal delivery trucks. 
 
2.2.2   Documented Releases-Former Paragon Properties 
 

A literature search was conducted to determine if any documented petroleum releases occurred at 
the Paragon properties during the terminal operations.  The literature search reviewed the 
available information at the Brooklyn Historical Society, the Brooklyn Collection at the 
Brooklyn Library, the Brooklyn Department of Buildings, and the New York City Fire 
Department (NYCFD).  There were no petroleum releases documented in available newspaper 
articles related to Paragon Oil.  Also, an affidavit from a former Texaco Inc. employee at the 
terminal stated that there were no documented releases at the terminal during his employment 
(Keskecsian, 1978). 
 
A violation was issued by NYCFD in 1978 to Texaco Inc. for the improper abandonment of 
eight underground storage tanks (USTs).  Once the USTs were inspected by Texaco Inc. contents 
sampled, and the tanks properly sealed with concrete, the NYCFD rescinded the violation. 
 
Peerless Importers, a liquor distributor initially occupied part of the property in the late 1960s, 
and currently owns the entire property that was once the Paragon Oil terminal north of 
Bridgewater Street.  Peerless owned and operated gasoline and diesel fuel USTs on the property 
(Figure 2.6).  These USTs and approximately 250 tons of petroleum impacted soil were removed 



Paragon Oil Terminal 13  October 16, 2006 
 

during the 1990s.  The removal action was compliant with the NYSDEC tank closure 
requirements.  No further corrective action was required. 
 

2.3   Former ExxonMobil Refinery and Terminal Properties 
 
2.3.1.    Standard Oil of New York Operations 
 
With the invention of the automobile in 1896, the production and use of internal combustion 
engines fueled by gasoline increased in the United States.  The widespread use of automobiles in 
the United States by 1910 (approximately 500,000 automobiles in service) created a viable 
market for gasoline and therefore increased the production of gasoline from refineries.  Standard 
Oil of New York, a predecessor to Mobil Oil was a significant producer of gasoline in the United 
States during the first half of the 1900’s.  The primary refinery for Standard Oil of New York 
was the Greenpoint refinery.  In 1926, Standard Oil of New York accounted for 46.1% of all the 
gasoline sales in New York state and New England.  Gulf Oil was a distant second accounting 
for only 8.8% of all the gasoline sales.  Table 2.3 presents a summary of the Standard Oil of New 
York gasoline sales in 1926.  In 1920, Great Britain purchased most of its gasoline from 
Standard Oil of New York. (Williamson et al., 1963). 
 
In 1938, 4,508,000, barrels of crude oil were refined daily in the United States.  Standard Oil of 
New York, now known as SOCONY-Vacuum after its merger with Vacuum Oil Company in 
1931, accounted for 8.1% of the total domestic refining capacity (Williamson 1963). This 
equates to 365,000 barrels of crude oil being refined per day by SOCONY-Vacuum.  The 
365,000 barrels per day equates to 15 million gallons of crude oil refined per day. 
 
Table 2.3 also presents a comparison of the refining capacity of both Standard Oil of New York 
and Standard Oil of New Jersey in the late 1890’s as compared to independent refineries.  By 
1897 Standard Oil of New York and Standard Oil of New Jersey accounted for 89% of the 
refining capacity in New York and New Jersey combined (Williamson, 1963).  This statistic 
indicates that along Newtown Creek in the late 1880’s the majority of the refining capacity in 
Greenpoint was with Standard Oil. 
 
ExxonMobil is successor in title to Standard Oil Company (Standard Oil), Standard Oil 
Company of New York (SOCONY), and Mobil Oil Corporation.  As with Paragon Oil, the 
former ExxonMobil properties were located along Newtown Creek in areas that were previously 
used for industrial purposes and small private refineries that date back to the mid-1800s (Figures 
2.2A, 2.2B, 2.2C, 2.2D, 2.7, and 2.8).  Desk Atlas and Sanborn maps were reviewed to determine 
which properties were affiliated with the former Standard Oil refinery and terminal properties. 
 
2.3.2    Historical Property Uses 
 
According to the 1886 Desk Atlas, seven refineries and a few other industries (lumber yards, 
sugar refining, and other manufacturing) were located along the southern creekbank of Newtown 
Creek.  Five refineries were located on properties that would become part of the Standard Oil 
Company refinery and terminal operations.  Figure 2.2A depicts the location of these refineries.  
The five refineries acquired by Standard Oil are as follows: 
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1. Central Refinery – located northwest of present day Apollo Street. 
2. Washington Oil Company – located northwest along Newtown Creek between former 

Wright and Charlick Streets. 
3. Kings Co. Oil Refinery – located adjacent to the northwest immediately adjacent to 

Washington Oil Company. 
4. Empire Refining Company – located east of the Whale Creek Canal. 
5. The Deove Manufacturing Brooklyn Oil Works – located further downstream from the 

study area near the East River. 
 
Two of the refineries were located on property that would later become the Paragon Oil terminal.  
The Sanborn maps for the same time period also confirm the presence of other oil refineries in 
the study area and as previously discussed many of these oil refineries were primarily 
manufacturing kerosene for lamp fuel. 
 
By 1912 the amount of property along Newtown Creek, and within the study area, used for 
refining operations had significantly increased and was primarily owned by the Standard Oil 
Company (Figure 2.2B).  In 1912 Standard Oil occupied approximately 49 acres of land that was 
used for either refining or storage of petroleum products.  Sanborn and Desk Atlas maps from the 
time period depict numerous aboveground storage tanks (ASTs) and stills on the Standard Oil 
properties.  During this time frame there was an increased demand for gasoline as the number of 
automobiles in use in the United States increased to over 500,000 by 1910. 
 
By 1912, the only refinery not affiliated with Standard Oil was the Columbus Distilling 
Company and this property was located northwest and downstream from the larger portion of the 
Standard Oil Refinery. 
 
According to the 1921 Desk Atlas map, Standard Oil increased in size by 49% between 1912 and 
1921 and encompassed approximately 79 acres along the southern banks of Newtown Creek 
(Figure 2.2C).  At this time the Standard Oil refinery occupied a portion of the current BPAmoco 
facility and extended from near Apollo Street, west beyond Kingsland Avenue, and north to 
Paidge Avenue and the Newtown Creek.  The 1921 Desk Atlas and the Sanborn maps depict 
dozens of ASTs on the Standard Oil properties.  Numerous ASTs are also depicted on the 
property occupied by Columbus Distilling Company.  By 1929 Standard Oil owned and 
operated all oil refineries within the study area (Figure 2.2D).  This expansion is consistent 
with Standard Oil accounting for 46% of all gasoline sales in the northeast in 1926.  The increase 
in the size of the refinery was related to the increase in the number of automobiles.  The increase 
in the size of the Standard Oil refinery during this time period also coincides with Standard Oil 
of New York producing refined products for an international market that was greater than the 
domestic market (Williamson, 1963). 
 
The Standard Oil facility was the largest oil refinery along Newtown Creek and in 1949, 252 
petroleum storage tanks were identified on the property (Figure 2.9).  Naphtha was stored in 32 
of the tanks, mostly located near Apollo Street, and gasoline in 17 of the tanks.  Kerosene was 
contained in 6 of the tanks.  Slop oil, crude oil, gas oil, fuel oil, parafin, and residuum were also 
stored in tanks at the Standard Oil refinery (Table 2.4).  Reportedly, during 1949 the refinery 
(not including the terminal properties) stored 3.5 million gallons of gasoline, 3 million gallons of 
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naphtha, 3.8 million gallons of gas oil, and 1.5 million gallons of fuel oil (Delta, 2004).  This 
accounts for only a portion of the total tank capacity on the refinery as kerosene, crude oil, 
parafin, residium, and slop oil were also stored at the refinery.  Storage volumes from 1949 are 
presented in table 2.4 (Geraghty and Miller, 1979). 
 
By 1966 Standard Oil refining operations ceased (Figure 2.5) and in 1968 American Petroleum 
Company (Amoco) purchased the portion of the former refinery adjacent to Newtown Creek and 
Apollo Street for use as a petroleum terminal.  ExxonMobil retained several properties northwest 
of the Amoco facility and used them for terminal operations. 
 
2.3.3    ExxonMobil Documented Releases 
 
Petroleum releases have occurred at the Standard Oil properties since refining operations began 
in the late 1880s.  A review of the available newspaper articles, photographs, and historical 
information obtained from the Brooklyn Collection at the Brooklyn Library and the Brooklyn 
Historical Society have documented seven historic releases from the ExxonMobil or Standard 
Oil Refinery which have occurred prior to the use of electronic databases in the mid-1980s.  The 
known releases involved refined oil, naphtha, crude oil, leaded gasoline, and unleaded gasoline. 
 
During this same time period, a review of available newspaper articles, photographs, historical 
information in the Brooklyn collection at the Brooklyn Library and the Brooklyn Historical 
Society did not contain information related to any releases from the former Paragon Oil terminal. 
 
A search of available environmental databases was completed by Environmental Data Resources, 
Inc. (EDR) for SAIC in 2005.  Releases and potential releases post-1986 and have included 
crude oil, gasoline, and kerosene.  Tank testing failures have occurred at the Mobil terminals and 
unknown quantities of petroleum could have been released to the subsurface. 
 

2.4    BP Amoco Property 
 
The BP Amoco property is located along the Newtown Creek at 125 Apollo Street in the 
Greenpoint section of Brooklyn, New York (Figure 2.10).  The property is an active petroleum 
storage terminal and has been in operation as a fuel terminal since 1968.  The property 
encompasses approximately 9.76 acres and contains approximately 730 feet of streambank along 
Newtown Creek.  Currently, eleven ASTs are located on the BPAmoco property.  Two loading 
docks, also on site supply petroleum products to the BP Amoco tanker fleet.  Material from a 
NYSDEC file review for adjacent properties suggests that diesel fuel, kerosene, No. 2 fuel oil, 
and gasoline are stored at the property. 
 
2.4.1    Historical Property Uses 
 
The current BP Amoco property has a lengthy history in the petroleum refining industry not 
associated with BP Amoco.  Delta Environmental Consultants (Delta), on behalf of BPAmoco, 
reported that as early as 1834 the property was used for whale oil refining.  In 1854, the property 
was the location of New York Kerosene Company which produced kerosene and paraffin (Delta, 
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2004).  The only refinery documented near or on the facility during 1886 was the Central 
Refinery (Figure 2.2A). 
 
By 1921, Standard Oil Company, was operating a refinery at the property (Figure 2.2C).  The 
refinery reportedly had a capacity to refine 31,000 barrels (1.3 million gallons) of crude oil a day 
and produced fuel oils, gasoline, kerosene, solvents, and refinery oil.  In addition to these 
petroleum products, other secondary refining products were stored at the site and then 
transported from the site to off-site facilities and customers.  These secondary products included 
naphtha and gas oil.  Delta has reported that during 1949 the refinery stored 3.5 million gallons 
of gasoline, 3 million gallons of naphtha, 3.8 million gallons of gas oil, and 1.5 million gallons of 
fuel oil.  The 1949 tank storage map for the refinery (Figure 2.9) depicts the products stored on 
the current BP Amoco property.  The ASTs stored gas oil, fuel oil, and naphtha along the 
Newtown Creek.  Additional storage tanks on the current BP Amoco property stored some crude 
oil (Delta, 2004). 
 
The Standard Oil Company (Mobil) refining operations at the property ceased in 1966 and 
portions of the property were sold to other businesses while Mobil retained other parcels of the 
refinery property to use as petroleum terminals.  By 1993 Mobil had stopped all fuel operations 
at the parcels it originally retained.  Amoco purchased a part of the refining property in 1968 to 
operate a bulk fuel terminal at this location.  Currently, BPAmoco operates a fuel terminal at this 
same location. 
 
2.4.2    BP Amoco Property Documented Releases 
 
Information on documented releases was obtained from a NYSDEC file review and also a 
release search completed by EDR.  Documented releases have occurred at this property prior to 
1966 when it operated as a Mobil refinery and after 1968 when it was purchased by Amoco and 
used as a terminal. 
 
An explosion of a naphtha tank occurred on the former Mobil refinery property.  According to 
newspaper articles, AST number 33 exploded December 30, 1954.  This tank was located on the 
property currently owned and operated by BPAmoco north of Norman Avenue between 
Hausman Street and Morgan Avenue.  An unknown quantity of naphtha was released to the 
environment. 
 
Releases have been documented on the BP Amoco property.  A total of approximately 119,000 
gallons of diesel, gasoline, kerosene, or fuel oil were spilled as a result of these releases.  
However, it is unknown how much of the petroleum was actually recovered.  Two other potential 
releases were reported in the database search as tank test failures with unknown quantities 
spilled. 
 
Other information reported by Delta on behalf of BP Amoco, estimated that 124,616 gallons of 
petroleum have been released from the property since BP Amoco operations began.  From the 
124,616 gallons released, 100,000 gallons have been recovered from secondary containment 
(diked) areas.  BP Amoco estimates that 24,000 gallons of petroleum was not recovered. 
 



Paragon Oil Terminal 17  October 16, 2006 
 

2.5    110-120 Apollo Street Properties 
 
Steel Equities and their tenants occupy current Block 2666, Lots 101 and 201 (110-120 Apollo 
Street) north of Bridgewater Street and adjacent to Newtown Creek (Figure 2.3).  The property is 
also east of Apollo Street and is located between the current BPAmoco terminal and the former 
Paragon terminal. 
 
2.5.1    Historical Property Use 
 
The Desk Atlases from 1886 to 1929 do not depict any refinery or terminal features on the 
property (Figures 2.2A, 2.2B, 2.2C, and 2.2D).  However, a fertilizer company did exist at the 
site.  According to the title search, various private citizens owned the property from 1856 until 
1926.  In 1926 the property was sold by the Cram family to the Brooklyn Ash Removal 
Company. 
 
The City of New York obtained the property in 1933 and operated a trash incinerator.  The 1965 
Sanborn map does not depict the trash incinerator.  Therefore, the trash incinerator operated at 
the property from 1933 until sometime before 1965.  Numerous newspaper articles obtained 
from the Brooklyn Collection at the Brooklyn Library described the public complaints against 
the incinerator dust, ash, odor, and air quality. 
 
In 1968, Lots 101 and 201 were sold to the Bridge-Apollo Company.  By the mid-1980s the lots 
came under separate ownership and in 2000 Apollo Steel, LLC (Steel Equities) purchased both 
Lots 101 and 201.  The property was not used for refinery or petroleum terminal operations.  
However, four USTs were located on the property and then removed during the mid-1990s 
(Figure 2.6). 
 
2.5.2    110-120 Apollo Street Documented Releases 
 
An EDR search was completed for the Steel Equities properties and only one spill was identified.  
When the Steel Equities USTs were removed, petroleum impacted soil was discovered beneath 
the tanks.  The petroleum impacted soil was removed and a tank closure report prepared.  The 
NYSDEC did not require additional corrective action. 
 

2.6    Area Pipelines 
 
Three pipelines have been documented to be operational during different periods of time in the 
vicinity of and adjacent to the former Paragon Oil terminal. 
 
The first pipeline was completed in 1879.  In 1879, Standard Oil completed the Crosstown 
Pipeline, transporting crude oil from the Pennsylvania oil fields through New Jersey, beneath the 
Hudson River, through Manhattan, and under the East River to the Greenpoint section of 
Brooklyn (Deutsch, 1987).  The pipeline, was owned and operated by Standard Oil and was in 
operation through 1920. 
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The second pipeline was documented in the 1979 Geraghty and Miller Report.  An undated map 
obtained from the Brooklyn Union Gas Company, illustrated two 12-inch diameter pipelines 
connecting the current BP terminal with the former Brooklyn Union Gas company which was 
located less than one-half mile southeast of the former Paragon Oil terminal.  One pipeline ran 
southward along Van Dam Street, Cherry Street, and Porter Avenue, while the second line ran 
along Varick Avenue.  The two lines reported carried no liquids and there use was discontinued 
in the 1960’s.  The original pipeline reportedly carried “process gases”, developed leaks around 
1944 and was replaced.  The exact location of this set of pipelines is currently unknown. 
 
The third pipeline in the areas was an underground pipeline owned and operated by The Buckeye 
Pipeline Co.  The pipeline transmitted gasoline, naphtha, and fuel oil from the Long Island City 
terminal (located on the north side of Newtown Creek) to various terminals, including the 
Amoco facility on Apollo Street (Geraghty and Miller, 1979).  Construction of the Buckeye 
system began in 1965. Reportedly, Amoco began receiving petroleum products from the pipeline 
in 1970.  Also reported was that naphtha was transferred via the pipeline to the former Brooklyn 
Union Gas facility (Geraghty and Miller, 1979).  Brooklyn Union Gas began receiving naphtha 
shipments in 1975.  At the direction of the US Coast Guard, the lines were tested for integrity in 
1978 and 1979.  None of the hydrostatic tests indicated leakage or losses of pressure.  A section 
of the Buckeye Pipeline runs beneath Bridgewater Street between Apollo Street and Varrick 
Street. 
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3.0    HISTORICAL INVESTIGATION DETAILS 

 
This chapter presents a summary of findings and conclusions from the environmental 
investigations that have been completed since environmental related activities began in the 
Greenpoint region in 1978.  This section presents details concerning historical free product 
forensic results, the historical distribution of free product, historical representations of the site 
stratigraphy, groundwater flow dynamics, conceptualized free product migration dynamics and 
the historical physical properties of the free product with respect to the former Paragon Oil 
terminal property. 
 

3.1    Historical Free Product Distribution 
 
Since the Meeker Avenue product seep was identified in September 1978, the United States 
Coast Guard and subsequently ExxonMobil have completed characterization activities through 
January 2005.  Figure 3-1 is a depiction of the lateral extent of the free product plume from 
November 19, 2004 (Roux Associates 2005).  The primary source of this free product plume has 
been identified as the former Mobil oil refinery and terminal properties (Geraghty and Miller, 
1979).  The current Peerless Importers property which is the former location of the Paragon Oil 
terminal was identified by ExxonMobil in 2004 as a possible source of two small product plumes 
on the Peerless Importers property.  These two small plumes are presented on Figure 3-1 as 
being located adjacent to the southern shoreline of Newtown Creek. 
 
Figure 3-2 presents the free product plume on a regional basis within current historical property 
ownership.  Within this regional plume ExxonMobil has been operating product recovery 
systems located south of Bridgewater Street and along Meeker Avenue between Bridgewater 
Street and Newtown Creek.  In addition, ExxonMobil has been operating a recovery system on 
the former Mobil Terminal properties.  Currently, BP operates a product recovery system on 
their current terminal property which was the former primary property for the Mobil refinery. 
 
Based on site characterizations completed by SAIC on behalf of Texaco Inc. in 2005 and 2006, 
the extent of free product on the Peerless Importers property has been revised and is detailed in 
Chapter 8 of this report. 
 

3.2    Historical Free Product Forensic Results 
 
In late 1978, free product samples were collected from throughout the original plume area which 
included the seep area into Newtown Creek from Meeker Avenue.  The split samples were 
analyzed by Amoco, Texaco, Mobil, Exxon, and the United States Coast Guard.  In January and 
March 1979 the results of these analyses were presented in correspondence between the different 
parties involved.  A summary of the analytical conclusions and findings are presented in Table 
3.1.  In a letter from Amoco also known as Standard Oil of Indiana at the time to the Captain of 
the Port of New York, three findings were presented.  The letter stated that the bulk of the 
product appears to be naphtha in various stages of degradation.  The letter went on to say that the 
product could be described as a sloppy distillate cut of naphtha and very little gasoline appears to 
be present in any of the samples. 
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In a letter dated January 17, 1979 from Amoco’s Naperville laboratory to Amoco, the findings 
stated that the material contains either the front end of a crude stream or large amounts of virgin 
naphtha and they believe the bulk of the entire distillate may be from the same source and may 
not be an additive mixture of gasoline and fuel oil.  However, the letter stated that the product 
could be minimally contaminated with small amounts of gasoline, fuel, oil and other materials. 
 
In another letter from Amoco’s laboratory in Tulsa, Oklahoma, dated January 17, 1979 the 
findings were again similar to the Amoco, Naperville laboratory findings.  That is, the bulk of 
the product appears to be naphtha, kerosene and diesel fuel virgin fraction in various stages of 
bacterial degradation and that the product could very well be entirely a sloppy distillate cut 
loosely from naphtha.  This general progress report also stated that some gasoline may be present 
but the bulk of the underground product is not gasoline. 
 
In a letter dated March 20, 1979, from Texaco to a Mr. Sheppard of an unknown affiliation the 
findings indicate that Texaco was not able to specifically identify the material in the hydrocarbon 
pool.  They felt the material was essentially one wide boiling range distillate as opposed to a 
mixture of several typical petroleum products. 
 
The Geraghty and Miller investigation report from 1979 summarized the findings from the 
USCG, Exxon and Mobil laboratories.  The first finding stated that the USCG and Exxon 
laboratories could not rule out a gasoline/kerosene/fuel oil mixture, but they do not definitely 
classify the product as a mixture of gasoline and higher boiling point product.  The second 
finding was that Mobil identified the product as a gasoline/kerosene and No. 2 fuel oil mixture. 
 
The majority of the findings indicate that the product is primarily a distillate cut from naphtha or 
some other wide range boiling distillate as opposed to a mixture of refined products such as 
gasoline, kerosene and diesel fuel.  Findings also indicate that the material is primarily not 
gasoline but minor amounts of gasoline are present in the product. 
 
Based on a 1962 terminal as-built diagram for the Paragon Oil and subsequent Texaco terminal 
property, 63% of the refined petroleum products stored on the property were No. 4 fuel, No. 6 
fuel oil and lubricating oils.  None of these high boiling range distillates are referred to in any of 
the 1979 forensics correspondences as being present in any of the product samples collected.  On 
the Paragon Oil terminal property, 19% of the total storage tank volume was used to store 
gasoline however, the historical forensics correspondence indicates that gasoline may only be 
present in a small amount in the product plume. 
 
At one point in time, one underground storage tank containing naphtha was identified as being 
present on the Paragon Oil Terminal property, however, the date as to which it was present on 
the terminal is not known.  However, the naphtha tank was a 32,000 gallon storage tank 
which represented 0.5% of the total tankage volume on the Paragon Oil property.  In 
contrast refinery operations produce tremendous volumes of naphtha distillate during the refining 
of crude oil in order to obtain the refined products kerosene and gasoline.  From Figure 2.1, if a 
refinery in 1880 distilled 1,500 barrels of crude oil a day with 15% of it resulting as naphtha, 
then approximately 225 barrels (9,450 gallons) of naphtha could have been produced daily 
during a period when naphtha was considered a waste product. 
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The 1979 forensic results also indicate that the product in the plume may also contain minor 
amounts of kerosene and diesel fuel.  The Paragon Oil terminal again based on the 1962 as-built, 
had a kerosene storage capacity totaling 2% of its entire storage capacity and a combined storage 
capacity of diesel fuel and No. 2 fuel oil of approximately 16%.  The storage capacitys are very 
minor compared to the production and storage capacities of the former Mobil refinery and 
terminal properties. 
 

3.3    Historical Site Stratigraphy 
 
The site stratigraphy specific to the former Paragon Oil property has been presented in the Roux 
Associates report from January 2005 as consisting primarily of three zones.  The uppermost zone 
on the property consists of unconsolidated sand material that was placed as fill prior to 1900.  
This fill material was placed into the southern portion of Newtown Creek and extended the 
southern shoreline northward to its present day condition.  Below this fill zone was reported to 
be a clay textured soil zone.  The zone was interpreted to be a naturally occurring clay deposit.  
This clay layer has been reported to dip in a northward direction towards Newtown Creek.  
Based on stratigraphic cross sections presented in the Roux Associates January 2005 Remedial 
Investigation report the clay layer is reported to dip towards the creek at a slope of approximately 
10% in the vicinity of Apollo Street and approximately 7% in the vicinity of the former Varick 
Street on the Peerless Importers property.  The highest elevation of this clay layer was reported 
to follow the original southern shoreline of Newtown Creek.  Below this clay deposit, naturally 
occurring unconsolidated sands are reported. 
 

3.4    Historical Groundwater Flow Dynamics 
 
This section presents a brief description of the historical groundwater flow dynamics in the 
vicinity of the former Paragon Oil terminal.  Chapter 9 presents a detailed account of both the 
historical and current groundwater flow dynamics in the area.  The US Geological Survey 
(USGS) Report entitled Reconnaissance of the Groundwater Resources of Kings and Queen 
Counties New York dated 1981 (USGS, 1981), identified that from 1900 to 1947, New York 
City water supply wells were located in Brooklyn south of the former Paragon Oil terminal.  
Based on the volume of groundwater extracted from this well (or possibly wells) the natural 
hydraulic gradient was reversed and the regional groundwater flow direction was southward 
away from Newtown Creek.  Because of the cone of depression created by the groundwater 
supply wells, the regional free product plume is reported to have migrated along this gradient to 
its current extent. 
 
The USGS report from 1981 stated that static groundwater conditions may not have returned to 
the Greenpoint region until as late as 1970.  At this time, the regional groundwater flow reversed 
back to a northward direction toward Newtown Creek.  Figure 3-3 presents the regional 
groundwater contour map as presented in the Roux Associates report dated January 2005.  This 
map indicates that the regional groundwater flow direction is towards Newtown Creek and the 
former Paragon Oil terminal. 
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3.5    Free Product Migration Dynamics 
 
This section presents the product migration dynamics specific to the occurrence of the Meeker 
Avenue seep in 1979 and the former Paragon Oil terminal seep that began in 1991.  The 
groundwater flow dynamics and the subsurface stratigraphy were the major controlling features 
for the product migration associated with these two seeps as presented in the Roux Associates 
January 2005 report. 
 
While the product was migrating in a southward direction through 1970, it was reported to be 
primarily migrating through the unconsolidated, naturally occurring sand unit that is below the 
reported continuous clay barrier.  Once static groundwater conditions returned in the early 1970s 
and the flow of groundwater returned back toward the direction of Newtown Creek, the free 
product also began to migrate in a northward direction towards Bridgewater Street and the creek.  
Just north of Bridgewater Street on the former Paragon property, the natural creek bank prior to 
placement of fill was present.  As reported in the Roux Associates report from January 2005, the 
product migrated past Bridgewater Street northward onto Paragon Oil terminal where it 
encountered the naturally occurring clay barrier.  At this point the product began to migrate 
along the clay wall in an eastward direction, which at the time was against the hydraulic gradient 
and groundwater flow direction, until it reached Meeker avenue where the product migrated 
northward to the end of Meeker Avenue and into Newtown Creek in 1979. 
 
The report further states that the presence of the alleged clay barrier prevented the product from 
migrating further northward on the former Paragon terminal and reaching the creek on the 
Paragon property at the current day location of the seep on the Peerless property.  The two small 
product plumes presented on the former Paragon property as adjacent to the creek as presented in 
Figure 3-1 are presented in the Roux 2005 report to be distinctly separate from the larger 55 acre 
plume offsite.  The report states that these two small plumes originated in their entirety from 
petroleum products stored on the former Paragon Oil terminal property. 
 
Based on the site characterization activities conducted by SAIC in 2005 and the early part of 
2006 a more detailed discussion of the free product extent is presented in Chapter 8.0 of this 
report. 
 

3.6    Free Product Physical Property Results 
 
In conjunction with the groundwater flow dynamics and the clay barrier, the physical properties 
of the two small plumes on the former Paragon terminal property were used to further support 
the separation of the two plumes on the former Paragon property with the remainder of the larger 
plume off the property.  The specific gravity of the one plume to the east of the former Varick 
Street on the property was reported and presented to have a specific gravity between 0.88 and 
0.85 grams per cubic centimeter (g/cm3).  The majority of the offsite plume south of Bridgewater 
Street was reported to have specific gravity ranging form 0.79 to 0.81.  The greater specific 
gravities for the one plume on the former Paragon Terminal is attributed to the presence of 
lubricating oils historically stored in the vicinity of this plume. 
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The second plume on the site located west of the former Varick Street was reported to have 
specific gravity values of 0.81 to 0.85.  The source of this product was reported to have been 
gasoline storage tanks on the former Paragon Oil terminal. 
 
Chapter 8.0 will present a more detailed discussion of both the physical and chemical properties 
of these two plumes as well as the properties of the additional product present on the former 
Paragon Oil terminal and the properties of the product located off the Paragon property. 
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4.0    SITE CHARACTERIZATION METHODS 

 
In an effort to characterize subsurface conditions at the former Paragon Oil terminal and adjacent 
properties, SAIC has completed extensive site characterization activities. These activities have 
included the installation of groundwater monitoring wells, the advancement of soil borings, the 
collection and analysis of groundwater, product and soil samples, the creation of stratigraphic 
cross sections and the collection of hydrogeologic data.  The following section summarizes the 
site characterization activities completed to date. 
 

4.1    Monitoring Well Installation 
 
The objective of well installation activities was to determine subsurface stratigraphy and 
hydrogeology, and the presence and extent of product located in the saturated zone beneath the 
Peerless Importers and 110-120 Apollo Street properties and the adjacent streets. 
 
Forty-two groundwater monitoring wells were installed in the study area between July 2005 and 
August 2006.  Twenty-four wells were installed inside active warehouse facilities and eighteen 
were installed outside.  In addition to the thirty-four shallow groundwater monitoring wells, eight 
nested well pairs were installed to assess the connectivity of water bearing zones across a 
suspected low permeability unit.  In compliance with New York City Department of 
Transportation (NYCDOT) guidelines, permits were obtained before commencing any drilling 
activities within the public right of way.  A site map showing the locations of Texaco Inc.-
installed monitoring wells (CMW) is presented as Figure 4.1.  A summary of well construction 
details is presented in Table 4.1. 
 
All monitoring well installations were performed by Boart Longyear under the direction of 
SAIC.  All wells were completed using sonic drilling techniques and continuously sampled to 
depth. 
 
Prior to the initiation of any subsurface activities, the New York City and Long Island One-Call 
Center was contacted to clear all monitoring well and soil boring locations with participating 
member utilities.  In addition, all locations were cleared using geophysical methods.  Using an 
EM61 metal detector, a pipe and cable locator, a CAT Plus 3 locator, and Ground Penetrating Radar 
(GPR), SAIC established a 20 foot by 20 foot grid, where possible, centered on each proposed soil 
boring location. 
 
The grid served as the basis of the subsequent focused investigations.  All identified utilities and 
pipes within the grid of each proposed soil boring were marked on the ground surface with paint 
and approved boring locations were clearly identified within the grid.  Once a boring location was 
chosen, the first five (5) feet of each borehole was advanced using non-intrusive techniques, 
including vacuum extraction. 
 
4.1.1    Shallow Well Construction Methods 
 
A total of twenty-one indoor and thirteen outdoor shallow groundwater monitoring wells were 
installed at the former Paragon Oil terminal and 110-120 Apollo Street properties and the 
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surrounding streets.  Figure 4.2 presents a typical shallow outdoor monitoring well schematic.  
Figure 4.3 presents a typical indoor shallow monitoring well schematic. 
 
Concrete and/or asphalt pavement covered proposed shallow well locations.  Prior to drilling, indoor 
boring locations were concrete cored (“wet cored”) to a depth of approximately one-half (½) foot 
below grade.  Outdoor locations were cut using a concrete saw and finished with 2’ x 2’ concrete 
pads.  All wells were completed flush to grade within a cylindrical well vault. 
 
All shallow indoor monitoring wells were constructed of 2-inch diameter Schedule 40 PVC.  
Shallow outdoor monitoring wells were constructed of 4-inch Schedule 40 PVC.  Indoor wells 
were typically drilled with a 4.5-inch outer diameter (O.D.) sonic core and 5.5-inch O.D. 
override casing.  All shallow outdoor monitoring wells were constructed of 4-inch Schedule 40 
PVC.  Outdoor wells were typically drilled with a 6.5-inch O.D. sonic core and 7 5/8-inch 
override casing. 
 
Indoor shallow groundwater monitoring wells were typically drilled to depths between 
approximately twenty to forty feet below grade (BG).  Outdoor shallow groundwater monitoring 
wells were typically drilled to depths between approximately fifteen to thirty feet below grade 
(BG).  Targeted depths were based on completing each boring to a depth that was sufficiently 
below the zone where a low permeability layer may be present. 
 
Upon completion of drilling, granular bentonite was poured into the borehole to approximately 1 
foot below the screened interval.  Morie #2 sand was then backfilled in the borehole 
approximately 1 foot prior to inserting the well screen and riser.  The well screen and riser 
consisted of Schedule 40 PVC screen and riser.  The well screen (0.020 slot) and riser were 
threaded together and gradually lowered to the desired depth. 
 
Shallow wells were screened to capture seasonal and tidal fluctuations in the shallow water 
bearing zone.  Once the screen and risers were in place, the remainder of the Morie #2 filter pack 
was added to the annulus between the borehole and well screen.  The top of the filter pack was 
extended to approximately 2 feet above the top of each screen. 
 
A seal consisting of granular bentonite (hole plug) was installed approximately 2 feet above the 
filter pack to within approximately 1.5 feet BG.  The hole plug was poured into the annulus 
between the borehole and riser.  The bentonite seal then was hydrated with potable water and 
allowed to set. 
 
The wellheads were completed with water tight, flush-mount lids with the top of each flush-
mount lid being slightly below grade to reduce damage caused by forklift traffic (indoor) or 
snow removal activities (outdoor).  The top of each riser was approximately 3 to 5 inches below 
the top of the flush-mount lid and concreted to approximately 1.5 feet BG.  The top of each riser 
was marked on the north side and surveyed.  Each riser was sealed using an expansion cap and 
lock. 
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4.1.2    Nested Well Construction Methods 
 
Between May 2006 and August 2006, a total of three indoor and five outdoor nested well pairs 
were installed at the former Paragon Oil terminal and 110-120 Apollo Street properties. Nested 
wells were installed to assess the connectivity of water bearing zones across a suspected low 
permeability unit. 
 
Each nested well was constructed with two distinct groundwater monitoring wells within one 
borehole: one shallow and one deep.  The shallow wells were screened to capture seasonal and tidal 
fluctuations in the shallow groundwater table.  Deep wells were screened beneath and slightly into, 
suspected low permeability lithologic units to assess possible differences in head potential between 
shallow and deeper water bearing zones. 
 
Concrete and/or asphalt pavement covered most proposed nested well locations.  Prior to drilling, 
indoor boring locations were concrete cored (“wet cored”) to a depth of approximately one-half (½) 
foot below grade.  Outdoor locations were cut using a concrete saw and finished with 2’ x 2’ 
concrete pads.  All wells were completed flush to grade within a cylindrical well vault. 
 
All shallow and deep well nests were constructed of 2-inch schedule 40 PVC (See Figure 4.4).  
Shallow nested wells were typically drilled with a 6.5-inch O.D. sonic core and 7 5/8-inch 
override casing.  Once the total depth of the shallow well depth was determined, the 7 5/8-inch 
override casing was set at or beneath the bottom of the shallow well.  With the 7 5/8-inch override 
casing in place, the deeper well nest was typically drilled through the 7 5/8-inch override casing 
with a 4.5-inch outer diameter (O.D.) sonic core and 5.5-inch O.D. override casing.  Shallow 
well nests were set at depths between approximately fifteen to thirty feet below grade (BG) and 
deep well nests were typically set at approximately fifty feet BG. 
 
Upon completion of the boring, granular bentonite was poured into the borehole to 
approximately 1 foot below the deeper well nest screened interval.  Morie #2 sand was then 
backfilled in the borehole approximately 1 foot prior to inserting the well screen and riser.  The 
well screen and riser consisted of Schedule 40 PVC.  The well screen (0.020 slot) and riser were 
threaded together and gradually lowered to the desired depth.  Once the screen and risers were in 
place, Morie #2 filter pack was added to the annulus between the borehole and deeper well 
screen.  The top of the filter pack was extended to approximately 1 foot above the top of the 
deeper screen. 
 
Bentonite hole plug was then poured into the annulus between the borehole and riser and filled 
from the top of the filter pack to within approximately 1 feet below the bottom of the shallow 
well screen.  The bentonite was hydrated with potable water and allowed to set.  The bentonite 
plug effectively seals the borehole between the shallow and deep screened well intervals. 
 
Morie #2 sand was then backfilled in the borehole approximately 1 foot prior to inserting the 
shallow well screen and riser.  The well screen and riser consisted of Schedule 40 PVC.  The 
well screen (0.020 slot) and riser were threaded together and gradually lowered to the desired 
depth.  Once the shallow screen and riser were in place, Morie #2 filter pack was added to the 
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annulus between the borehole and deeper well screen.  The top of the filter pack was extended to 
approximately 1 foot above the top of the shallow well nest screen.  
A seal consisting of granular bentonite “hole plug” was installed approximately 2 feet above the 
filter pack to within approximately 1.5 feet BG.  The hole plug was poured into the annulus 
between the borehole and riser.  The bentonite seal then was hydrated with potable water and 
allowed to set. 
 
Both nested wells were then completed in the single borehole with water tight, flush-mount lids 
with the top of each flush-mount lid being slightly below grade to reduce damage caused by 
forklift traffic (indoor) or snow removal activities (outdoor).  The top of each riser was 
approximately 3 to 5 inches below the top of the flush-mount lid and concreted to approximately 
1.5 feet BG.  The top of each riser was marked on the north side and surveyed.  Each riser was 
sealed using an expansion cap and lock. 
 
4.1.3    Well Development and Surveying 
 
All defined monitoring wells were developed upon well completion.  Wells were developed using a 
submersible pump, and/or a stainless steel bailer and surging techniques.  Turbidity and water level 
measurements were recorded during well development.  As turbidity levels decreased and no 
significant difference between measurements was detected, well development was deemed 
complete.  Generally, this occurred after the removal of three to six well volumes.  All turbidity 
measurements were documented in a field logbook.  Development liquids were disposed of as 
investigation derived waste (IDW) and temporarily stored in a double walled holding tank located 
on the Peerless property. 
 
All CMW monitoring wells and soil borings were surveyed by Borbas Surveying and Mapping, 
LLC.  Each well and boring were surveyed and the horizontal coordinates were tied to the NY 
State Plane Coordinate System, Long Island Zone, North America Datum of 1983 (NAD83).  
The elevations were tied to the National Geodetic Vertical Datum of 1929 (NGVD29).  
Groundwater monitoring well and soil boring survey data are presented in Table 4.1. 
 

4.2    Soil Boring Advancement 
 
During July and August 2006, SAIC advanced 10 soil borings on the former Paragon Oil 
terminal and the surrounding streets. The purpose of the soil borings was to further asses the 
stratigraphy, hydrogeology and contaminant concentrations off the former Paragon Oil terminal 
property and surrounding area.  In compliance with the NYCDOT guidelines, permits were 
obtained before commencing any drilling activities within the public right of way.  A site map 
showing the locations of Texaco Inc.-advanced soil borings is presented as Figure 4.1.  A 
summary of soil boring advancement details is presented in Table 4.1.  Soil boring logs are 
presented in Appendix B. 
 
Four (4) soil borings: SB-2, SB-5, SB-8 and SB-14 were advanced spanning Meeker Avenue from 
Newtown Creek towards Van Dam Street.  Five (5) soil borings: SB-17, SB-19, SB-20, SB-21 and 
SB-22 were advanced south of Bridgewater Street between Meeker Avenue and Apollo Street.  One 
(1) soil boring, SB-18 was advanced on the lower bulkhead area of Peerless between MW-67 and 
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MW-68.  The purpose of these off-site borings was to determine the presence or absence of a low 
permeability zone in the area surrounding the former Paragon Oil terminal. 
 
Soil borings were typically drilled with a 4.5-inch outer diameter (O.D.) sonic core and 5.5-inch 
O.D. override casing.  Upon completion, soil borings were generally abandoned with 
bentonite/grout slurry via a tremmie pipe. After boring abandonment, breaches in the concrete 
sidewalks were restored to their pre-drilling condition and to NYDOT standards. 
 

4.3    Documentation of Soil Properties 
 
Between July 2005 and August 2006, SAIC installed forty-two groundwater monitoring wells 
and advanced ten soil borings in the study area.  This section details the field and laboratory 
analysis of the soils encountered during subsurface exploration activities. 
 
4.3.1    Field Soil Descriptions 
 
Continuous soil samples were collected at each location and the physical and morphological 
properties of the soil were documented in the field using the Unified Soil Classification System.  
In an effort to maintain consistency among field personnel, all soils were described using the 
following parameters: Munsell color, USCS group name and symbol, grain size percentages, 
angularity, plasticity, moisture, consistency, hydrocarbon properties, and notes on laminations, 
stratifications and/or the presence of fill materials including manmade artifacts.  A summary of 
soil boring details is presented in Table 4.1. 
 
4.3.2    Laboratory Geotechnical Analyses 

 
Selected soil samples collected during monitoring well installation and soil boring advancement 
were submitted for laboratory geotechnical analysis.  Shelby tube samples were collected at 
selected locations.  Geotechnical analyses included: Grain Size Analysis (ASTM D422), 
Atterberg Limits (ASTM D4318), Hydraulic Conductivity (ASTM D5084), In-Place Density 
(ASTM D2937), USCS Classification (ASTM D2478), Specific Gravity (ASTM D854) and 
Moisture Content (ASTM D2216).  All soil geotechnical analysis was completed by either 
Townes Site Engineering of Chesterfield, Virginia or Geo-Solutions in Prince George, Virginia. 
 
4.3.3    Contaminant Analyses 
 
This section details the field and chemical laboratory analysis of soils described and collected 
during monitoring well installation activities between July 2005 and August 2006. 
 
4.3.3.1    Field Screening Methods 
 
Soil samples collected in the field were screened for the relative concentration of petroleum 
volatile organic compounds using both a photoionization detector (PID) and a flame ionization 
detector (FID).  Upon retrieval of the sonic core, soils were presented to the geologist by the 
driller’s helper and scanned in place using a PID and FID. 
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4.3.3.2    Laboratory Analyses 
 
During monitoring well installation activities, one soil sample was collected from each well 
location for laboratory chemical analysis.  Each soil sample was collected from the interval 
yielding the highest volatile reading in the vadose zone as measured with a PID.  Soils were 
collected for analysis of NYSDEC STARS List Compounds for Gasoline & Fuel Oil to include 
MTBE.  All soil chemical analyses were completed by either Severn Trent Laboratories (STL) of 
Edison, New Jersey, or Test America in Nashville, Tennessee. 
 
4.3.4    Stratigraphic Cross Section Development 
 
In order to summarize the data collected during drilling activities and conceptualize the 
subsurface beneath the former Paragon Oil terminal and adjacent properties, SAIC developed a 
series of stratigraphic cross sections.  In developing the cross sections, lithologic interpretations 
were based on field observations noted by SAIC scientists during 2005 and 2006 drilling 
activities.  Distinctions were made between major soil types (gravel, sand, silt, clay) and the 
presence of fill material as indicated by manmade artifacts.  Maximum and minimum 
groundwater and free product elevations are included in the cross sections based on field 
measurements collected between between May 2005 and September 2006. 
 

4.4    Groundwater and Product Sampling Methods 
 
SAIC performed selected laboratory analyses on the groundwater and product from wells on and 
adjacent to the former Paragon Oil terminal.  This section describes the methods employed to 
gauge and sample groundwater and free product throughout the course of site characterization  
activities. 
 
4.4.1    Product Field Sampling Methods 
 
All product was purged with disposable bailers or using pumps dedicated to product sampling. 
Product purging was deemed complete once either: 3 volumes of product were purged from the well 
or all measurable product was removed from the well.  For wells exhibiting high product recharge, 
(relative to other wells) samples were collected via disposable pump outflow tubing.  For wells 
exhibiting slow product recharge, free product was allowed to recharge into the well and samples 
were collected using disposable polyethylene bailers.  Free product recharge was documented with 
oil water interface probes during product purging activities. 
 
Samples were either collected from the disposable pump outflow tubing or from disposable 
polyethylene bailers.  When possible, samples were collected from the mid-point of the product 
column.  Each sample was contained in laboratory-supplied sample bottles, labeled, and stored with 
bagged ice in coolers at four degrees centigrade.  A chain-of-custody was prepared and submitted 
along with the samples to the appropriate laboratories.  One blind duplicate was collected for every 
20 samples collected. 
 
All product pumps were decontaminated by sending up to 5 gallons of a water/Simple Green® 
mixture through the pump followed by 1 gal of a water/Alconox® mixture, and then potable water 
and then 0.5 gal of distilled and deionized (DI) water.  All other gauging and sampling equipment 
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was washed using a brush and laboratory-grade detergent (Alconox®), followed by a rinse with 
potable water and DI water.  All purge and decontamination water was transferred to an onsite 
double-walled holding tank and temporarily stored on site until disposal at an approved facility. 
 
4.4.2    Product Gauging 
 
Prior to sampling, groundwater monitoring wells were gauged for measurable free product using 
an oil/water interface probe.  If free product was detected, a dedicated submersible pump was 
used to remove any product.  Whenever feasible, monitoring wells were gauged and sampled in 
order of increasing suspected contaminant concentrations.  Prior to sampling, groundwater 
monitoring wells were gauged for measurable free product using an oil/water interface probe.  If 
free product was detected, a dedicated submersible pump was used to remove any free product.  
Whenever feasible, monitoring wells were gauged and sampled in order of increasing suspected 
contaminant concentrations. 
 
4.4.3    Groundwater Field Sampling Methods 
 
Low-flow sampling techniques were used to collect all groundwater samples.  All field 
measurements collected before and during purging and sampling activities were documented on 
field data sheets.  Instruments used to measure field parameters and groundwater stabilization 
were calibrated a minimum of once per day. 
 
All groundwater purging was completed using a submersible low-flow pump dedicated to 
groundwater sampling (no product). 
  
The specified pump was lowered in the well to the depth yielding the highest hydraulic conductivity 
within the screened interval (as determined by the lithologic descriptions depicted on the well logs).  
If a conductive layer was unavailable, the pump was set at the midpoint of the water column. 
 
The purge rate was adjusted, as necessary, until a stabilized flow rate was achieved resulting in a 
stabilized water level with minimal groundwater drawdown (generally at a rate of less one gallon 
per minute [gpm]).  After the water level stabilized, field water quality parameters (pH, 
conductivity, and temperature) were monitored from the extracted purge water in a low-flow cell.  
Field water quality parameters were measured and recorded approximately every five minutes. 
 
Once the selected water quality parameters stabilized for two successive five minute intervals, the 
low-flow cell was disconnected and samples were collected from the disposable pump outflow 
tubing.  Each sample was contained in laboratory-supplied sample bottles, labeled, and stored with 
bagged ice in coolers at four degrees centigrade.  A chain-of-custody was prepared and submitted 
along with the samples to the appropriate laboratories.  One laboratory supplied-trip blank was 
placed in each sample cooler before sampling and kept in the cooler where samples were 
commingled.  One blind duplicate and one equipment rinsate blank were collected per 20 samples 
(prepared using lab supplied DI water). 
 
All pumps were decontaminated by sending up to 5 gallons of a water/Alconox® mixture through 
the pump followed by 1 gal of potable water and then 0.5 gal of distilled and deionized (DI) water.  
All other gauging and sampling equipment was washed using a brush and laboratory-grade 
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detergent (Alconox®), followed by a rinse with potable water and DI water.  All purge and 
decontamination water was transferred to an onsite double-walled holding tank and temporarily 
stored on site until disposal at an approved facility. 
 
4.4.3.1    Contaminant Analytical Parameters  

 
Selected analyses were performed on groundwater and product samples to characterize the 
composition of dissolved and free-phase hydrocarbons.  All groundwater and product laboratory 
chemical analysis was completed by either Severn Trent Laboratories (STL) of Edison, New 
Jersey, ZymaX Forensics, Inc. of San Luis Obispo, California, or the Texaco Inc. Energy 
Technology Company Laboratory in Richmond, California . 
 

4.5    Hydrogeologic Testing Methods 
 
In order to assess the site wide aquifer dynamics, hydrogeologic data were collected from 
selected wells, on and surrounding the former Paragon facility.  Utilizing transducers and data 
loggers, hydrogeologic data were collected during extended tidal surveys and through the 
completion of slug tests. 
 
4.5.1    Tidal Survey 
 
Between October 2005 and June 2006, tidal data were collected for a total of 51 wells.  Tidal 
surveys were performed to determine the tidal influence on groundwater elevations in individual 
monitoring wells in the upper water bearing zone.  Detailed, frequent measurement of water 
levels permitted recognition of high tide, low tide, and tidal amplitude.  When well data were 
correlated with data from Newtown Creek, an estimate of the ratio of transmissivity to storativity 
(T/s) was determined.  Knowledge of T/s across the site was used to highlight the variability of 
aquifer characteristics.  When integrated with the slug test data a data set of general aquifer 
transmissivity characteristics was developed. 
 
At the initiation of tidal surveys, all miniTROLL® transducers were time synchronized to the 
nearest 1-minute so that measured tidal fluctuations could be accurately cross correlated.  One 
miniTROLL® transducer was placed in Newtown Creek to act as a reference transducer to 
measure tidal influence on the creek.  Tidal fluctuations were recorded at each well for 
approximately 4-6 days.  At the conclusion of each monitoring period, transducers were 
downloaded and memory erased before being deployed in the next set of wells. 
 
The data obtained from the transducers provided frequent measurements of water levels over an 
extended period in order to allow recognition of high tides, low tides, and tide amplitude; as well 
as the effect, if any, that a precipitation event has on the tidal influence.  Measured data at each 
well location were cross correlated to the reference transducer in Newton Creek.  Temporal 
latencies were determined by using time variable tidal inflections at each well relative to tidal 
inflection points at Newton Creek.  Using observed temporal latencies and measured distances to  
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each well from the Newton Creek reference point, the following equation (Fetter, 1980) was 
utilized to analyze local aquifer characteristics between selected wells and Newtown Creek: 
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  where: T = transmissivity 
   S = storativity 
   x = distance (ft.) inland 
   to = tidal period (time (min.) between peak high and low tides) 
   tt = time lag (min.) between monitoring point and tidal peak at 
                                           tidal gage 
 
4.5.2    Slug Tests 
 
Slug tests were completed on selected wells to determine localized aquifer hydrogeologic 
characteristics, such as hydraulic conductivity, transmissivity, and storage coefficient of the 
upper water bearing zone.  The hydraulic conductivity values were determined by means of the 
rising-head and falling-head “slug test” method. 
 
The slug tests were conducted by immersion of a slug to raise the water level and the subsequent 
withdrawal of the slug to lower the water level in the wells.  A miniTROLL® Professional 
pressure transducer with built-in data memory was utilized to record changes in water levels in 
response to slug immersion and withdrawal.  Water level readings were taken on a log cycle 
starting at 0.011 seconds up to an elapsed time of 10 minutes.  After 10 minutes elapse, water 
level measurements were recorded at a time interval of 1 minute until conclusion of the test. 
 
The response to the displacement of a standard volume of water (approximately 1.5 to 2 linear 
feet) was measured in each phase of the test.  The “slug-in” step was conducted by inserting a 
solid, small diameter slug into the well and to a level just below the water surface.  The 
transducer recorded the water level rise and subsequent drop to a static water level.   The “slug-
out” step was conducted by pulling the slug completely out of the water, resulting in an 
instantaneous lowering and a gradual rise of the water level.  A total of three “slug –in” and 
“slug-out” tests were administered at each well. 
 
Upon the completion of each test, the data were downloaded from the miniTROLL® to a personal 
computer using Win-Situ instrument control software developed by In-Situ, Inc. for data 
reduction. 
 
Analyzing the data, SAIC utilized AqtesolvTM developed by HydroSolve, Inc. to plot the results 
of each slug test.  Analysis was performed using the updated Bouwer and Rice (1976, 1989) slug 
test method.  In this method, the water level data points were plotted on a semi-logarithmic 
graph, with water level changes plotted on the logarithmic axis and time plotted on the arithmetic 
axis.  A “best fit” line was then placed on the graphed data and two points chosen to complete 
the calculations.  Most every slug out test results depict 2 distinct rates of recovery.  The first 
“steeper” slope can be attributed to drainage out of the gravel pack or developed zone around the 
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well following the lowering of the water table.  Similar results are apparent in the slug in results 
whereas the gravel pack or developed zone takes on water at a greater rate than the adjacent 
aquifer.  When the phenomenon is observed, the early straight line portion in the data plot is 
ignored and the second straight portion of the data is considered more indicative of flow into the 
well from the aquifer. 
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5.0    SITE CHARACTERIZATION RESULTS FOR STRATIGRAPHY 

 
This chapter presents the stratigraphy of the Newtown Creek area specific to Greenpoint from as 
early as 1633 to the current time.  This chapter presents the basic land surface of the area prior to 
industrial development and evaluates the formation of the landscape based on principles of 
geomorphology.  Also presented are various maps of the area through the different stages of the 
placement of fill into Newtown Creek to create the current day shoreline. 
 

5.1    Historical Greenpoint Geomorphology 
 
Figure 5-1 presents one of the earliest known maps of the Greenpoint area.  This map was 
developed in 1633 prior to any development along Newtown Creek.  In 1633, the region was 
dissected by creeks that drained into Newtown Creek.  Whale Creek borders the former Mobil 
properties to the northwest.  Wycoff’s Creek drained into Newtown Creek with the outlet of 
Wycoff’s Creek located southeast of the former Paragon Oil property.  Between Wycoff’s Creek 
and Whale Creek a back meadow is identified.  The back meadow was adjacent to the southern 
shoreline of Newtown Creek.  Back meadows are low lying flat areas near creeks or rivers that 
generally will only accumulate a few inches of surface water during the late winter and early 
spring of the season when snow melt and rain fall are most abundant.  Back meadows generally 
only flood during significant flooding events. 
 
Also presented on the map from 1633 is an area along the East river identified as a salt marsh.  A 
salt marsh is different from a back meadow.  A marsh is a wetland area that remains wet with 
surface water for extended periods of time.  Marshes typically do not have very deep standing 
water but generally have a land elevation that is slightly below that of a back meadow. 
 
Back meadow landscape features generally transition into a salt marsh as the landscape 
transitions into the surface water creek or stream.  It is highly possible that the shoreline along 
Newtown Creek in the area of the former Paragon Oil Terminal had salt marsh type features in 
which the surface water in the marsh was tidally influenced as Newtown Creek currently has a 
daily tidal fluctuation of 4 to 5 feet.  Marshes and back meadows are primary floodplain features 
that allow creek flood waters to spread out over large flat lying areas during flooding events. 
 
Figure 5-2 presents a block diagram for a typical landscape that transitions from a salt marsh to a 
tidal river channel.  In the typical block diagram, Newtown Creek can be viewed as the tidal 
channel.  The creek channel is always inundated with water in the subtidal zone while the sand 
flats, mixed flats, and mud flats are in the inter-tidal area that are inundated with water only as 
the tide rises.  Salt marshes are also influenced by tidal fluctuations.  Tributaries feeding into the 
tidal channel, as depicted in the block diagram, can be typical of Wycoffs Creek, Whale Creek, 
and Norman Creek which drained into the larger Newtown Creek. 
 
This type of depositional environment provides for a large inland reaching flood plain for the 
migration of water and sediment during flooding events.  The sedimentary beds that are formed 
in this type of environment are generally flat lying with a limited slope.  This type of bedding is 
typical in the inter-tidal and salt marsh zones. 
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5.2    Detailed Site Stratigraphy 
 
From July 2005 through August 2006, 42 groundwater monitoring wells and 10 soil borings 
were completed on and adjacent to the former Paragon Oil terminal property.  The physical and 
morphological properties of the soil encountered at each location were documented in the field 
and were used to prepare the monitoring well and soil boring logs presented in Appendix B. 
 
The primary objective of the soil description program was to develop a detailed and complete 
record of the subsurface conditions at the site.  Continuous soil samples were collected at each 
well and boring location and the soil properties were documented using the Unified Soil 
Classification System (USCS) (ASTM, 1996).  In addition, items in the subsurface that were 
manmade such as glass, nails, concrete and other manmade artifacts were closely documented.  
Documentation of manmade artifacts was used to identify layers of fill material as compared to 
naturally occurring soil. 
 
Stratigraphic cross sections were developed from the detailed soil boring logs.  Appendix C 
contains 13 cross sections developed from wells and borings installed by SAIC and one cross 
section developed from wells completed by Roux Associates.  The layers presented on the cross 
sections were divided into soil zones of different textural classes.  The cross sections are color 
coded based on sand textured zones, silt textured zones, or clay textured zones.  For presentation 
purposes, all USCS group names (eg: silty sand, well graded sand, etc.) within a sand textural 
class were graphically presented as one zone.  However, on each cross section, the detailed 
USCS classification (group name) is presented at each depth for reference. 
 
Furthermore, within each textural classification a color coding plan was developed for sand 
zones that contained manmade artifacts versus those zones that did not contain manmade 
artifacts.  The presence of manmade artifacts within a specific depth interval indicates that the 
material is fill material.  Furthermore, all zones overlying an interval with manmade artifacts are 
interpreted to be fill zones. 
 
5.2.1    Stratigraphy Along Transects Perpendicular to Newtown Creek 
 
In general, the stratigraphy across the site is comprised of unconsolidated sands in the upper 15 
to 20 feet that contain manmade artifacts and is a fill zone.  Underlying this zone is an elastic silt 
layer that is naturally occurring.  In many of the locations shell fragments were present in the 
elastic silt layer.  At some locations, the silt layer is underlain by an organic peat layer which is 
further underlain by unconsolidated naturally occurring sand. 
 
Figure C-1 in appendix C presents the key for the 13 cross sections.  Figures C-2 through C-10 in 
Appendix C represent cross sections that were developed using transects perpendicular to 
Newtown Creek.  These cross sections encompass the entire area from Meeker Avenue to 110-
120 Apollo Street.  The cross sections presented as Figure C-2 through Figure C-9, A-A’ to G-
G’, indicate that a naturally occurring silt layer is present in the subsurface.  The silt layer is 
present just west of Meeker Avenue and extends to cross section G-G’; however it is absent in 
cross section H-H’, which is nearest to Apollo Street.  Figure 5.3 presents a plan view of the top 
of the silt layer. 
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The silt layer is present at the wells installed along Newtown Creek.  However, it does not 
extend the entire distance southward across the former Paragon Oil terminal property to 
Bridgewater Street. 
 
On all the cross sections, the groundwater and product elevations are documented at each well 
location.  Well gauging data from June 2005 through August 2006 were tabulated and the 
minimum and maximum elevations for either the groundwater or the product at each location is 
documented on the cross sections.  When product is present at the well location, only the 
minimum and maximum product elevation is presented on the cross section.  Where the product 
is absent only the minimum and maximum groundwater elevation is presented.  At all well 
locations where the silt layer is present, groundwater or product elevations are above the silt 
layer. 
 
Cross sections I-I’ and J-J’ (Figures C-10 and C-11) in Appendix C present stratigraphy along 
Meeker Avenue.  Figure C-10 was prepared from monitoring well logs completed by Roux 
Associates.  Figure C-11 was prepared from four deep soil borings installed by SAIC in August 
2006.  Both cross sections indicate a silt layer is absent from underneath Meeker Avenue.  Along 
the transect J-J’ there is an approximate 5 foot layer of fill at the surface and underneath is 
unconsolidated sands that are interpreted to be naturally occurring as manmade artifacts are not 
present in any of these sand layers.  However, at SB-8D the fill zone is approximately 17 feet 
thick on Meeker Avenue.  Thin bands of silt approximately 1 foot thick are present at SB-21D 
and SB-8D, however, they are not continuous across the transect. 
 
5.2.2    Stratigraphy Along Transects Parallel to Newtown Creek 
 
Three cross sections identified as K-K’, L-L’ and M-M’ are presented as Figures C-11, C-12 and 
C-13 and Appendix C.  These cross sections further show that the silt layer is present parallel to 
Newtown Creek in the vicinity of Meeker Avenue near CMW-1 and extends westward to CMW-
21 on the 110-120 Apollo Street property.  The silt layer does not extend to CMW-22 further 
westward on the 110-120 Apollo Street property.  The static groundwater elevations and free 
product elevations are present from up to 10 feet above the elevation of the top of the silt layer. 
 
Moving inland in a southward direction toward Bridgewater Street, cross section L-L’ was 
developed.  Again the silt layer is present at CMW-2 near Meeker Avenue but only extends to 
well CMW-9 on the former Paragon Terminal property.  Further west of CMW-12 on the former 
Paragon property, the naturally occurring silt layer is not present.  This further indicates that the 
silt layer decreases in lateral extent in the westward direction toward 110-120 Apollo Street. 
 
5.2.3    Soil Geotechnical Laboratory Data 
 
From selected intervals throughout the soil boring and well installation program soil samples 
were collected for laboratory analyses to confirm the USCS textural classification.  The results 
are presented in Table 5.1.  Twenty six soil samples were collected for textural analysis.  The 
field described USCS classification is presented in one column and the corresponding laboratory 
classification is presented in a second column.  Both data sets indicate that the field descriptions 
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were very accurate when compared to the laboratory classification.  Textural classifications 
described in the field match the laboratory classification in 19 out of 26 samples. 
 

5.3   Silt Layer Depositional Environment 
 
In this section the depositional history of the silt layer is presented.  Figure 5.4 presents the 
Newtown Creek and Greenpoint land surface features from 1844.  Figure 5.4 shows that the 
original creek shoreline was south of its current day position.  In Figure 5.4 the former Paragon 
Oil terminal is superimposed over the original creek shoreline.  The configuration of the silt layer 
as mapped at the site is presented on Figure 5.3 and has a maximum southern lateral extent that 
is very consistent with the original 1844 shoreline.  At every boring location where a natural silt 
layer was encountered the elevation of the top of the silt layer is below mean sea level, with the 
exception well CMW-37 where the top of the silt layer elevation is 0.03 feet AMSL  The 
elevational data combined with the configuration of the mapped silt layer strongly indicates 
that the silt layer was the bottom of Newtown Creek prior to the placement of fill in this 
area. 
 
Based on the dimensions of the creek width from Figure 5.4, it’s highly probable that the 
deposition of the silt along the southern shoreline was a function of decreased surface water flow 
velocity in the creek during base flow conditions.  Immediately west, up creek from the site, is 
(north end of Meeker Avenue) a narrow section of creek channel.  As surface water flowed 
through this narrow section it flowed into a section of the creek that had a three fold increase in 
the width from the south shore line to the north shore line.  These creek bank dimensions indicate 
that as the surface water flowed from the narrow channel to the wider channel, the surface water 
velocity slowed down and so the energy within the moving water decreased which resulted in 
deposition of the silts.  The mapped silt layer at the site is interpreted to be, at least in part, 
comprised of silt particles that were scoured from the narrow section of the creek and 
redeposited in the wider section of the creek.  This scenario also explains why the thickest unit of 
silt mapped on the site which is approximately 7 feet thick is located immediately down creek of 
the narrow section of the creek channel at CMW-29. 
 
Based on the historical surface water flow dynamics, the location of the mapped silt layer, the 
location of the original southern shoreline of the creek, and the elevation of the top of the silt 
layer, the silt layer underlying the former Paragon Oil terminal was in fact the bottom of the 
creek prior to the placement of fill.  The information indicates that the water table in 1844 in the 
form of surface water was above the silt layer.  With the placement of manmade fill materials 
across ensuing decades, the water table, now in the form of groundwater, would only increase in 
elevation above the silt layer.  This condition indicates that the groundwater table dating back to 
1844 was never below the silt layer.  The increasing elevation in the water table would be 
attributed to factors such as elevation differences between recharge and discharge areas and the 
low permeability of the silt in contrast to the more permeable overlying sand fill. 
 
Figure 5.5 presents the Newtown Creek shoreline and Greenpoint land surface features from 
1886.  This map presents the first event of the placement of fill into the creek underlying the 
former Paragon Oil terminal.  This land feature was positioned between Meeker Avenue and the 
former Varrick Street.  This Desk Atlas map indicates that some type of engineered bulkhead 
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was constructed along the perimeter of this fill zone in order to maintain stability of the side 
slopes. 
 
The top of the mapped silt layer does vary in its elevation across the site (See Figure 5-3).  In the 
vicinity of CMW-2 and CMW-5 there is a trough in the silt layer.  From CMW-2 to CMW-5 the 
naturally occurring silt layer has an approximately 2% slope from east to west.  The silt layer 
slopes from CMW-9 eastward to CMW-5 at approximately 1.5%.  The elevational low in the silt 
layer at CMW-5 relative to the surrounding wells could be an erosional feature from a historical 
stream that drained into Newtown Creek prior to the placement of any fill. 
 
In a second area in the western part of the former terminal property, the silt layer slopes 
downward toward the creek.  Elevational lows in the silt layer are present at SB-18 and 
CMW-23.  These two locations are adjacent to the current creek shoreline and at one time were 
located over 100 feet from the original 1844 shoreline.  This positioning within the original creek 
channel accounts for the silt layer at each location being only approximately 1 to 2 feet thick 
with a gradual rise in elevation southward toward the original 1844 shoreline.  Measured 
groundwater elevations within the uppermost saturated zone have remained above this silt layer. 
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6.0    SITE CHARACTERIZATION RESULTS FOR SOIL CONTAMINANTS 

 
SAIC collected both soil field screening data for volatile petroleum hydrocarbons and samples 
for laboratory analysis during drilling activities.  Soils collected during monitoring well 
installations were selectively chosen for laboratory chemical analyses. The purpose of the 
laboratory analyses was to further identify the types and distributions of hydrocarbons present in 
the soils and to identify probable sources of contamination. 
 

6.1    Field Screening Results 
 
During drilling activities, the relative concentration of petroleum VOCs in soil was determined at 
regular intervals.  All field screening results are presented in Table 6.1.  During drilling, as a soil 
sample was retrieved from the sonic core, it was extruded into a plastic core sleeve.  Prior to 
opening the core sleeve, holes were made in the sleeve and volatile measurements were collected 
in-place with the PID and FID wand.  After the collection of volatile measurements, the sleeve 
was opened and soil logging commenced. 
 
Typically, elevated VOC readings corresponded with wells that have since yielded free product.  
As such, in most areas of the property where free product has not been encountered, volatile 
readings were relatively low.  Noteworthy exceptions include PID readings of 2000+ ppm in 
CMW-16, 1753 ppm in CMW-27, 3000+ ppm in CMW-42 and 1170 PPM in CMW-44.  Wells 
CMW-42 and CMW-16 are located on 110-120 Apollo Street at the bulkhead.  Well CMW-44 is 
located in the public right of way on Bridgewater Street in front of 110-120 Apollo Street.  Well 
CMW-27 is located on the former Paragon Oil terminal property but near the intersection of 
Meeker Avenue and Bridgewater Street. 
 

6.2    Soil Laboratory Analytical Results 
 
All soil analyses were completed by Test America in Nashville, TN or Severn Trent Laboratories 
(STL) of Edison, New Jersey.  At each well location, the soil sample with the highest PID value 
in the vadose zone was submitted for laboratory analysis.  The purpose of the laboratory analyses 
was to further identify the types and distributions of hydrocarbons present in the soil and to 
identify probable sources of contamination.  A summary of all soil analytical data is presented in 
Tables 6.2 and 6.3.  The following summary items are based on the analytical results shown on 
Figures 6.1 through 6.7.  Laboratory reports are presented in Appendix E. 
 
Figure 6.2 presents the soil analytical results for benzene, toluene, ethylbenzene, and total 
xylenes (BTEX).  Every sample, except for CMW-5, CMW-13, CMW-14, CMW-15 and CMW-
28, had at least one BTEX parameter that was detected above the New York State Technical 
Administrative Guidance Manual (TAGM) #4046 Volatile Organic Compounds (VOC) 
Recommended Soil Clean Up Objectives.  Generally, the lowest concentrations of BTEX were 
detected in the samples collected from wells in the eastern portion of the Peerless property (east 
of Varick Street and adjacent to Meeker Avenue). 
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The methyl tertiary-butyl ether (MTBE) concentrations detected in soil samples analyzed during 
2005 and 2006 are presented in Table 6.2 and Figure 6.3.  No detectable concentrations of 
MTBE were noted in any soil samples submitted for laboratory chemical analysis. 
 
From the STARS VOC analytes reported, only napthalene contains a TAGM cleanup standard.  
Thirteen samples yielded exceedances of napthalene.  All but one of these sample locations are 
located west of the former Varick Street. 
 
Table 6.3 and Figure 6.4 present the 2005 and 2006 soil analytical results for NYSDEC STARS 
semi-volatile organic compounds (SVOCs) for 2, 3, and 4-ring polyaromatic hydrocarbons 
(PAHs).  Every sample, except for CMW-9, CMW-13, CMW-19 and CMW-31 had at least one 
parameter that was detected above the TAGM  Recommended Soil Clean Up Objectives for 
SVOCs for 2, 3, and 4-ring PAHs.  The samples yielding the highest SVOC concentrations were 
typically located west of the former Varick Street location.  CMW-27 yielded relatively high 
concentrations of pyrene, fluoranthene and benzo (a) anthracene. 
 
Table 6.3 and Figure 6.4 present the 2005 and 2006 soil analytical results for NYSDEC STARS 
SVOCs for 5 and 6-ring PAHs.  Every sample had either at least one parameter that was detected 
above the TAGM  Recommended Soil Clean Up Objectives for SVOCs with 5 and 6-ring PAHs 
or contained method detection limits above the TAGM standard.  Generally, the samples 
yielding the highest SVOC concentrations were again located west of the former Varick Street. 
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7.0    SITE CHARACTERIZATION RESULTS FOR GROUNDWATER 

 
SAIC performed selected laboratory analyses on the groundwater from wells on and adjacent to 
the former Paragon property.  The purpose of the laboratory analyses was to further identify the 
types and distributions of hydrocarbons dissolved in the groundwater and to identify probable 
sources of contamination. 
 

7.1    Distribution of Regulated Constituents 
 
All groundwater analyses in 2004 and 2005 were completed by ZymaX Forensics, Inc. located in 
San Luis Obispo, California.  In 2006, groundwater samples were analyzed by either ZymaX 
Forensics, Inc. or Severn Trent Laboratories (STL) of Edison, New Jersey.  A summary of all 
groundwater analytical terminology and methods is presented in Table 7.1 and Table 7.2.  Table 
7.1 provides a key explaining analytical methods, abbreviations, and analysis descriptions. Table 
7.2 presents a compilation of the groundwater analytical methods used.  Laboratory reports are 
presented in Appendix F. 
 
A summary of historical groundwater analytical results from wells on and adjacent to the former 
Paragon site and 110-120 Apollo Street properties is presented in Tables 7.3 through 7.5 and 
Figures 7.1 through Figure. 
 
Figure 7.1 and Table 7.3 present the 2004 through 2006 groundwater analytical results for 
benzene, toluene, ethylbenzene, and total xylenes (BTEX).  Every well that was sampled, except 
for CMW-13, had at least one BTEX parameter that was detected above the New York State 
Ambient Water Quality Standards (NYSAWQS). Generally, the lowest concentrations of BTEX 
were detected in the samples collected from wells in the eastern portion of the site (east of 
Varick Street and adjacent to Meeker Avenue). 
 
The methyl tertiary-butyl ether (MTBE) concentrations detected in groundwater samples 
analyzed during 2004 through 2006 are presented in Table 7.3 and Figure 7.2.  The 
concentrations of MTBE in wells that exceeded the NYSAWQS of 10 micrograms per liter 
(�g/L) ranged from a laboratory estimate of 63 �g/L in MW-78 to 162 �g/L in CMW-10.  In 
addition, MTBE exceedances were detected in wells MW-2 (53 �g/L in 2004), MW-64 (37 �g/L 
in 2005), and MW-33 (680 �g/L in 2004).  Generally, the MTBE exceedances are located near 
the intersection of Bridgewater and Varick Streets.  Texaco and Paragon operations ceased in 
1968 before MTBE was blended in unleaded gasoline which began in the mid 1980s. 
 
Table 7.3 and Figure 7.3 illustrate the 2004 through 2006 groundwater analytical results for 
NYSDEC STARS VOCs.  This figure demonstrates that the fewest number of VOC detections 
were from the samples collected from wells in the center of the current Peerless warehouse and 
loading dock area north end of the building. 
 
Table 7.4 and Figure 7.4 present the 2006 groundwater analytical results for NYSDEC STARS 
semi-volatile organic compounds (SVOCs) with 2, 3, and 4-ring PAHs.  Exceedances of 
naphthalene were detected in groundwater analyzed from monitoring wells MW-59 and MW-67 
through MW-78.  The concentrations of naphthalene ranged from 11 �g/L in MW-67 to 410 
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�g/L in MW-59.  The naphthalene concentration in MW-66 was below the laboratory reporting 
limit and below the NYSAWQS.  Generally, the lowest concentrations of naphthalene were in 
wells MW-66 through MW-72 along the bulkhead.  All 3 and 4-ring PAH concentrations ranged 
from below the laboratory detection limits to 64 �g/L.  The concentration of acenaphthene 
exceeds the standard of 20 �g/L in MW-70 (56 �g/L), MW-75 (44 �g/L), and MW-77 (a 
laboratory estimate of 20 �g/L). 
 
Table 7.4 and Figure 7.5 present the 2006 groundwater analytical results for NYSDEC STARS 
SVOCs with 5 and 6-ring PAHs.  Exceedances of benzo-(a)-pyrene were detected in 
groundwater analyzed from monitoring wells MW-59, and MW-66 through MW-78.  The benzo-
(a)-pyrene concentrations ranged from a laboratory estimate of 0.4 �g/L to 2.1 �g/L in 
monitoring wells MW-68 through MW-77 and exceed the NYSAWQS.  Any detection of benzo-
(a)-pyrene in groundwater is considered an exceedance by the NYSAWQS.  All other 5 and 6-
ring PAHs analyzed ranged from below laboratory limits to 7.5 �g/L. 
 
Table 7.5 and Figure 7.6 present the 2004 through 2006 groundwater analytical results for total 
petroleum hydrocarbons (TPH) gasoline range organics (GRO) and diesel range organics (DRO).  
GRO and DRO were detected in every well that was sampled across the site.  GRO detections 
ranged from 95 �g/L in MW-3 to 64,000 �g/L in MW-27.  DRO detections ranged from 300 
�g/L in MW-63 to 420,000 �g/L in MW-77.  There are currently no NYSAWQS for GRO or 
DRO in groundwater. 
 
Table 7.5 and Figure 7.7 present the groundwater analytical results for oxygenated blending 
agents.  Detections of oxygenated blending agents were in monitoring wells CMW-10, MW-2, 
MW-27, MW-35, and MW-64.  Tertiary Butyl Alcohol (TBA) was the only oxygenated blending 
agent other than MTBE detected above the laboratory detection limit.  The TBA concentrations 
ranged from 17 �g/L (MW-27) to 460 �g/L (MW-64) and were generally detected in or near the 
monitoring wells that also contained MTBE. 
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8.0    SITE CHARACTERIZATION RESULTS FOR FREE PRODUCT 

 
This chapter presents the distribution of free product on and adjacent to the former Paragon Oil 
terminal.  The purpose of these laboratory analyses was to further identify the types and 
distributions of hydrocarbons present in the subsurface and identify probable sources of 
contamination.  Also presented in this chapter are the results of various forensic analyses 
performed on the free product to identify the type or types of product distributed across the site. 
 

8.1    Distribution of Free Product 
 
Since June 2005, 32 shallow groundwater monitoring wells were installed on or adjacent to the 
former Paragon terminal.  In this same area, 8 nested well locations consisting of a shallow well 
above the silt layer and a deep well below the silt layer, were also installed in the area.  This 
section discusses the distribution of free product in the zone above the silt layer as well as below 
the silt layer. 
 
8.1.1    Uppermost Water Bearing Zone 
 
Figure 8.1 presents the results for the gauging of all the shallow and deep monitoring wells using 
an oilwater interface probe.  All the wells were not gauged the same number of times because 
wells were installed at different times and wells located outside the warehouses are readily more 
accessible than wells inside the warehouses. 
 
Figure 8.2 presents the free product contour map with zones of varying thicknesses contoured.  
In general, data show that the greatest extent of product is located on the western portion of the 
former Paragon Oil terminal and on the 110-120 Apollo Street property.  In the vicinity of the 
former tanks that stored No. 4 oil and No. 6 oil, which represented the majority of the petroleum 
bulk storage on the terminal, free product is absent.  Furthermore, in the areas of the former 
Morse Street and the former Lake Street, where two independent refineries operated for an 
unknown period of time in 1886, free product is also absent.  The data from September 11, 2006 
were used to develop Figure 8.2.  It is important to note that on September 11, 2006 well CMW-
43 located at the bulkhead on the 110-120 Apollo Street property did not contain free product.  
However, this well did contain 0.23 feet of free product on August 23, 2006.  Based on the 
distribution of product at the site, the two separate product plumes that were previously 
identified at the bulkhead on the former Paragon Oil terminal are connected to the larger offsite 
plume.  The plumes are connected across Bridgewater Street and also through the 110-120 
Apollo Street property. 
 
Based on the distribution of product at the site, the two separate product plumes that were 
previously identified at the bulkhead on the former Paragon Oil terminal are now connected to 
the large offsite plume.  The plumes are connected through Bridgewater Street and also through 
the 110-120 Apollo Street property.  The ability to connect these plume is due to additional wells 
being installed and product chemistry analyses. 
 
There are wells within this large plume that do not contain product as presented on Figure 8.2.  
Localized effects of the different density of fill material and preferential migration pathways 
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through the fill material are the likely explanation for these zones that do not contain free 
product. 
 
Figure 8.3 presents the product distribution from Figure 8.2 but also presents the Newtown Creek 
shoreline from 1886.  The area that does not contain free product not only correlated to the 
eastern portion of the former Paragon Oil terminal but also correlated to the zone within which 
the first recorded fill event occurred on Newtown Creek at the former Paragon property.  Figure 
8.3 shows a manmade structure which was comprised of some type of wooden bulkhead that was 
installed in the creek in the area that correlated to the highest elevation of the silt layer. 
 
There are two former streets that are mapped within this structure.  The streets are Morse Street 
and Lake Street.  These are the only two streets on an adjacent to the site that do not contain free 
product and that are perpendicular to the creek.  Meeker Avenue, former Varrick Street, former 
Vandam Street and the current Apollo Street all either have or have had at some point extensive 
volumes of product either seeping into the creek or in very close proximity to the creek bank.  
This manmade structure seems to have some effect on the migration of product in the area. 
 
In summary, the product in the upper most water bearing zone is primarily on the western 
portion of the site beyond the western perimeter of the manmade structure from 1886.  In 
addition, product is present on the 110-120 Apollo Street property.  The product plume at the 
Peerless bulkhead is connected to the larger off site plume in the direction of Bridgewater Street 
and also Apollo Street. 
 
8.1.2    Deeper Water Bearing Zone 
 
In 2006 SAIC installed 8 nested monitoring wells.  The nested monitoring wells include 
CMW-19, CMW-23, CMW-24, CMW-25, CMW-29, CMW-34, CMW-36 and CMW-41. 
 
At five of these well locations (CMW-23, CMW-25, CMW-29, CMW-34, CMW-41) the natural 
silt layer is present.  At these five locations the deeper well was completed below the silt layer 
and the top of the screen extended partially into the silt layer.  The purpose for this was to detect 
the presence or absence of product that may be below the silt layer under confined conditions.  
However, at all 5 of these locations, and the additional locations where the silt layer was not 
present, free product has not been detected in the deeper well of each nested location.  Six of the 
nested locations (CMW-29, CMW-24, CMW-34, CMW-19, CMW-41, CMW-45) do not contain 
product in the shallow well of the nested pair.  These wells will continue to be gauged, however 
the data to date indicate that free product is not present below the silt layer where the silt layer is 
present. 
 

8.2    Forensic Geochemical Results of Free Product 
 

Hydrocarbon characterization of  the Greenpoint free product plume was first undertaken nearly 
30 years ago (Geraghty & Miller 1979). The analyses indicated that hydrocarbons in the area of 
and adjacent to the former Paragon Oil terminal were primarily derived from intermediate 
refinery streams as opposed to finished petroleum products. To further characterize free product 
in the area of the former Paragon Oil terminal, additional samples were collected during this 
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current characterization phase and analyzed for specific fuel additives, (MTBE), organic lead 
compounds, lead scavenger compounds, hydrocarbon composition, PIANO percentages, specific 
gravity, and viscosity. 
 
Current forensic data from the former Paragon Oil terminal show that the composition of the 
subsurface free product  is primarily refined hydrocarbon without the octane and additives 
characteristic of a finished retail petroleum product. Therefore this free product appears to be 
largely an intermediate refinery stream within the gasoline and naphtha range, as opposed to a 
fully refined motor fuel. This conclusion is based on several lines of evidence as presented 
below. 
 
8.2.1    Lead and other Octane Enhancing Compounds 
 

Prior to 1980, lead was the most commonly used fuel additive (typically >1 g per gallon), with 
even higher concentrations used in the 1970s, averaging >3 g per gallon (Stout et al. 2006). In 
contrast to these concentrations in refined product, free product on and adjacent to the former 
Paragon Oil terminal contains very little lead (<0.3 g per gallon, averaging 0.11 g per gallon). 
The data is presented in Tables 8.1 and 8.2 and Figure 8.5.  The highest total lead concentrations 
on the former Paragon Oil terminal (~0.3 g/gallon) are localized in free product from MW-77 
(near the former fuel-oil storage tanks). Lead concentrations in the free product along 
Bridgewater Street, Apollo Street, and Meeker Avenue are also generally uniform and low (< 
0.15 g/gallon). The presence of lead in the free product at such low levels indicates that there is 
only a small fraction of pre-1986 finished gasoline in the free product. 

In addition to lead, up to 3% ethylene dibromide (EDB) by weight was historically added to 
gasoline to protect engines from a build-up of lead oxides (Stout et al. 2006).  However, no EDB 
has been detected in the product in the vicinity of the former Paragon Oil terminal (See Table 
8.2). 

Methylcyclopentyldiennyl manganese tricarbonyl (MMT) was added to gasoline between 1959 
and 1980. No MMT was detected in product in the vicinity of the former Paragon Oil terminal.  

The lead, EDB, and MMT data support the hypothesis that the free product has only a nominal 
fraction of pre-1986 finished gasoline. 

8.2.2    Oxygenate Additives 
 
In 1979, MTBE and several other oxygenated blending agents (Tables 8.3 and 8.4) began to be 
introduced into gasoline to reduce carbon monoxide emissions.  It was not until the mid 1980s 
that Texaco added MTBE to their gasoline.  MTBE use was later banned from gasoline in New 
York in 2004 due to groundwater toxicity concerns stemming from leaking underground storage 
tanks. No MTBE or other oxygenated blending agents are present in the free product on, adjacent 
to and off the former Paragon Oil terminal (Table 8.3). However, low levels of MTBE and/or the 
post-1990 additive tert-butyl alcohol (TBA) are detected in groundwater in six wells in the area 
(Table 8.4 and Figure 8.6).  Wells MW-34 and MW-27 (adjacent to the former terminal) at the 
intersection of Bridgewater Street and Varrick Street contain MTBE.  Two additional wells 
(CMW-6 and CMW-9) located on the former terminal property, also in the vicinity of 
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Bridgewater Street and Varrick Street intersection, contain MTBE.  These wells are located 
where a gasoline station operated through the mid 1990s.  Well CMW-13 on Peerless property 
contains only 1 µg/L of MTBE.  Well MW-33 located at the intersection of Bridgewater Street 
and Apollo Street contains the highest concentration of MTBE (680 µg/L).  The scattered 
occurrence of oxygenates suggests the contribution to the plume of some percentage of relatively 
modern (post-1980) gasoline.  Texaco ceased operations of the terminal and ownership of the gas 
station by 1968. 
 
8.2.3    Hydrocarbon Composition 
 
Heavier hydrocarbon products (e.g. fuel oil and motor oil) have a higher specific gravity (>0.85), 
while lighter petroleum products (e.g. gasoline and naptha) have lower specific gravities (<0.8). 
The specific gravity of the free product differs on the former Paragon Oil terminal near Newtown 
Creek compared to the remainder of the former terminal property and off site areas adjacent to 
the former terminal property.  The highest specific gravity values are found near the bulkhead 
(0.83-0.89) along Newtown Creek. (Table 8.2, Figure 8.6). 
 
Higher specific gravities and viscosities are both a function of the initial product composition 
and weathering because lighter, more soluble hydrocarbons will preferentially weather from the 
free product over time. Hence, as free product along the bulkhead interacts with groundwater and 
surface water due to tidal action in Newtown Creek, the lighter fraction will be solubilized and 
weather from product in the vicinity of the bulkhead, thus increasing both the specific gravity 
and viscosity of free product.  The weathering of free product on the former Paragon terminal is 
most intense at the bulkhead as groundwater fluctuations in response to changing tides are as 
great as 3.26 feet at MW-73 and 1.1 foot at MW-70. 
 
Chromatographic analysis of the free product on and adjacent to the former Paragon Oil terminal 
indicates that the free product is primarily (>50%, Table 8.1) composed of hydrocarbon 
compounds in the C6-C10 range (characteristic of gasoline and naphtha ranges). The only 
exception on the former Paragon Oil terminal is well MW-67 that has 19.29% of the product in 
the C6-C10 range.  On well MW-32, on Apollo Street contains 42.27% in the C6-C10 range.  
The C6-C10, gasoline and naphtha range, percent composition generally ranges from 50% to 
70% on, adjacent to and off the former Paragon Oil terminal.   
 
The second and third highest abundance of compounds (Table 8.1) are in the C11-C14 range 
(characteristic of diesel range) and C15-C28 range (characteristic of the heavier components of 
diesel and fuel oil). Again, the heavier materials are found in slightly greater abundance on the 
former Paragon Oil terminal along the bulkhead, but the abundance of these heavier materials is 
similar to the off-site abundances (generally within one standard deviation of the mean). All 
samples currently have less than 3% compounds composed of more than 29 carbon atoms.  
Figure 8.8 presents the product hydrocarbon composition. 
 
PIANO (paraffins, isoparaffins, aromatics, napthenes, and olefins) analysis of gasoline and 
naphtha range hydrocarbon can also provide source discrimination. For gasolines to serve 
effectively as motor fuels, they must have a high octane rating.  In general, high octane comes 
from the presence of isoparaffin (branched alkanes), aromatic, and olefin compounds.  
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Napthenes (cyclic alkanes) and paraffins (straight chain alkanes) generally have lower octane 
ratings. Complete PIANO results are presented in Appendix G with a summary in Table 8.5, 
along with an analysis from a reference unleaded gasoline.  These results show that free product 
on the former Paragon Oil terminal and areas adjacent to and off the property are enriched in low 
octane napthenes and paraffins relative to regular unleaded gasoline, and depleted in aromatics, 
olefins, and isoparaffins relative to unleaded gasoline. 
 

The ratio of 2,2,4 trimethylpentane (2,2,4 TMP) to methylcyclohexane (MCX) (an indicator of 
the relative octane of the material, Kaplan et al. 1997) is three orders of magnitude lower on 
average in the free product than in reference gasoline (Table 8.5). MCX is a low-octane 
compound that is particularly useful because it is not degraded or water-washed from product. 
The distribution of MCX in the saturated zone (Figure 8.10) is also indicative of the low octane 
levels indicative of a gasoline and naphtha range intermediate refinery stream as opposed to a 
fully refined gasoline. While gasoline typically contains <1% MCX, all product samples in the 
vicinity of the former Paragon Oil terminal contain >3% MCX, averaging 7.3%. Conversely 
2,2,4 TMP concentrations in the free product are generally low (non-detect to 0.19%), in contrast 
to gasoline (typically containing >2% 2,24 TMP; Kaplan et al 1997). The distribution of MCX in 
the saturated zone (Figure 8.10) is also indicative of the low octane levels indicative of a 
gasoline and naphtha range intermediate refinery stream as opposed to a fully refined gasoline. 
 
The ratios of specific compounds also provide insight into whether the free product is comprised 
of finished petroleum products, refinery intermediates, or raw crude oil.  With the industrial (i.e. 
distillation) and environmental (i.e. water washing, biodegradation, and evaporation) processes 
that these compounds undergo, it is best to compare compounds with similar boiling points and 
environmental properties. Figure 8.11 shows the ratios of 2,2,4 TMP:cyclohexane (CHX) and 
2,2,4 TPM:MCX for site samples and for reference gasolines.  Compound 2,2,4-TMP is also 
known as isooctane. The average 2,2,4 TMP:CHX ratio for the site samples is 0.08, substantially 
different to reference finished gasoline (6.88).  Similarly, the ratio of 2,2,4 TMP: MCX averages 
0.04 for site wells but 2.73 for reference gasolines. The site sample ratios are less than all of the 
reference gasoline samples typically by two orders of magnitude. These data further support the 
conclusion that free product throughout the former Paragon Oil terminal area is not refined 
gasoline. 
 
Gasoline traditionally has elevated levels of isopentane (2-methyl butane) in it.  For example, 
Kaplan et al 1997 lists reference gasolines containing between 5.45 and 9.47% isopentane.  The 
average isopentane (2-methyl butane) content of free product collected on, adjacent to, and off 
the former Paragon Oil terminal in 2005 and 2006 is 0.92%, with the highest concentration being 
2.58%.  Three samples had no detected isopentane.  This data further supports the conclusion 
that the free product is not gasoline. 
 
8.2.4    Conclusions 
 
Different hydrocarbon products have specific compositions and properties that can be used to 
identify the source material of product at different locations in, adjacent to, and off the former 
Paragon Oil terminal.  In summary, a review of the forensic data shows that: 
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1. The free product present on. adjacent to, and off the former Paragon Oil terminal contains 
only a very small fraction of leaded gasoline, 

2. Based on the presence of MTBE on, adjacent to, and off to the former Paragon Oil 
terminal there has been some contribution of post-1986 oxygenated gasoline to the 
subsurface, 

3. Gasoline range hydrocarbons in free product on, adjacent to, and off the former Paragon 
Oil terminal are not representative of a motor fuel, because the free product has 
extremely little octane enhancing compounds (lead), no lead scavengers (EDB) and has 
chemical product ratios (that are resistant to weathering) dissimilar to reference gasolines, 

4. Hydrocarbons throughout the area of the former Paragon terminal are primarily 
composed of a partially distilled crude oil. This material has not undergone cracking or 
reformulation to enhance its octane content, nor has it had significant levels of octane 
enhancing lead or MMT added, 

5. Several free product samples from the former Paragon terminal contain heavy 
hydrocarbon products (>C29) consistent with the lubricating and motor oil stored and 
handled at the terminal. This material is constrained to four wells on the lower bulkhead, 
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9.0    RESULTS FOR HYDROGEOLOGIC MONITORING AND TESTING 
 
This chapter presents a discussion of the historical and current groundwater flow dynamics as 
well as results of hydrogeologic testing completed at the site. 
 
9.1    Historical Groundwater Flow Conditions 
 
From 1900 through 1947, groundwater supply wells for New York City were actively extracting 
groundwater at locations directly south of the Greenpoint project area (Button, 1981).  Based on 
the USGS report entitled Reconnaissance of the Groundwater Resources of Kings and Queens 
Counties, New York, the regional direction of groundwater flow was away from Newtown Creek 
and in a southward direction.  Based on information in the USGS report, the water level south of 
the site in the vicinity of the extraction wells was at 35 feet below sea level.  The report states 
that the primary water supply wells were shut down in 1947, but that additional groundwater 
extraction wells may have continued to operate through the 1960s and that static/nonpumping 
groundwater conditions did not return to the region until as late as 1974. 
 
Figures 9.1 through 9.3 present regional groundwater contours that were presented in the USGS 
report and then superimposed by SAIC over the Greenpoint project area.  These maps confirm 
that the regional groundwater direction of flow was away from Newtown Creek and in a 
southward direction.  Although the USGS report never states specifically where the groundwater 
supply wells were located, the interpreted locations are based on the groundwater contours and 
the zones where the cone of depression is steepest. 
 
Figure 9.4 presents the groundwater contour map from 1974 (Buxton, 1981).  It is evident at this 
point that all groundwater supply wells that had an influence on the regional groundwater flow 
direction ceased operating.  Based on the limited contours presented in the USGS report for 
1974, groundwater flow is reverting back towards the East River and Newtown Creek.  Figure 
9.5 presents the groundwater contours from 1981 (Buxton, 1981).  At this time it is evident that 
the groundwater flow conditions have returned back to the natural flow direction towards 
Newtown Creek. 
 
9.2    Current Regional Groundwater Flow Conditions 
 
Regional groundwater contour maps for the entire Greenpoint project area have been compiled 
based on well gauging data collected by Texaco Inc., ExxonMobil, and BP.  These coordinated 
gauging events and the data collected during each of these events were used to prepare the 
contour maps presented as Figures 9.6, 9.7 and 9.8. 
 
Figure 9.6 presents the groundwater contour map developed in November 2005.  The interpreted 
direction of groundwater flow based on this map is towards the former Paragon Oil terminal and 
Newtown Creek.  During this gauging event, recovery wells RWA, RWD and RWE located 
along Meeker Avenue and also south of Bridgewater Street were operational.  These recovery 
wells are part of the ExxonMobil offsite plume treatment system.  Based on the interpreted 
capture radius from the contours, between these three wells and also the distance between 
recovery well RWA and additional recovery wells located to the northwest, groundwater and 
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product are able to migrate between these recovery wells and onto the former Paragon Oil 
terminal and also the property at 110-120 Apollo Street. 
 
Figure 9.7 presents a groundwater contour map from February 2006.  This contour map presents 
similar contours to the November 2005 data and the regional direction of groundwater and 
product flow is towards the former Paragon Oil terminal and the property at 110-120 Apollo 
Street. 
 
Figure 9.8 presents the regional contour map from May 2006.  This contour map from the spring 
of 2006 is similar to the contour maps prepared in the winter of 2006 and also the fall of 2005.  
Regional direction of groundwater flow remains from south of Bridgewater Street towards the 
former Paragon Oil terminal and the 110-120 Apollo Street property.  Newtown Creek is the 
regional groundwater discharge point and is also the discharge point for groundwater on both 
properties. 
 

9.3    Localized Groundwater Flow Conditions 
 
The local groundwater flow regime underlying the former Paragon Oil terminal is tidally 
influenced.  In October 2006, transducers were placed in 14 groundwater monitoring wells 
uniformly spaced across both the former Paragon Oil terminal and the current 110-120 Apollo 
Street property.  The data collected was interpreted in the same manner as the previous tidal 
survey.  Groundwater elevational data was collected continuously across 4 days.  The elevational 
data was used to create groundwater hydrographs and a time series of localized groundwater 
gradient maps across one high and low tide cycle. 
 
The series of figures identified 9.11a, 9.11b, and 9.11c present the fluctuation of the groundwater 
level in site wells relative to the fluctuation of the surface water in Newtown Creek.  Figure 
9.11a demonstrates that minimal groundwater level fluctuations occurred in 5 wells located on 
the eastern portion of the former Paragon Oil terminal.  Figure 9.11b indicates that well MW-64 
and well MW-73 located near the bulkhead, have groundwater elevations that are more 
significantly influenced by the creek tides as compared to other wells on the eastern portion of 
the Paragon Oil terminal.  Figure 9.11c contains the hydrographs for 3 wells on the 110-120 
Apollo Street property.  CMW-42 located immediately behind the bulkhead has a groundwater 
tidal fluctuation that is very similar to the tidal fluctuation of the surface water in the creek. 
 
A series of groundwater gradient maps were prepared in order to present the influence that the 
rising and falling tide in the creek has on the groundwater flow direction under the former 
Paragon Oil terminal and the 110-120 Apollo Street property.  Contour maps were prepared at 
high tide, mid tide (falling tide), low tide, mid tide (rising tide), and again at high tide.  At high 
tide (Figure 9.12a) the direction of groundwater flow on the 110-120 Apollo Street property and 
the western part of the former Paragon Oil terminal is to the south towards Bridgewater Street.  
However, at high tide on the eastern half of the former terminal property at CMW-28, a 
groundwater elevational high appears to be present.  This groundwater elevational high appears 
to maintain a hydraulic gradient towards the creek at high tide.  In Figure 9.12b, which is at a 
falling mid tide, the groundwater flow direction appears to be reverting back to the north towards 
the creek.  At low tide (Figure 9.12c) local groundwater flow is primarily north towards the creek 
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while the elevational high remains at CMW-28.  During the rising mid tide (Figure 9.12d) the 
groundwater flow direction is reverting back towards Bridgewater Street but the elevational high 
at CMW-28 remains on the western part of the former terminal property.  With the return of high 
tide, as presented on Figure 9-12e the groundwater flow direction in the westerm part of the 
former terminal and the 110-120 Apollo Street property is southward away from the creek and 
the elevational high at CMW-28 remains where a component of flow at the western part of the 
property remains towards the creek. 
 
This tidal survey and the generation of the local groundwater gradient maps indicate that there is 
reversal of flow during the tidal cycles under the former terminal property.  However, the extent 
of the groundwater flow in a southward direction is likely limited to near Bridgewater Street as 
the regional groundwater gradient remains northward towards the creek.  In addition, the tidal 
fluctuations and the monitoring wells south of Bridgewater Street were minimal. 
 
The elevational high at CMW-29 could be attributed to a silt layer containing manmade artifacts 
that was placed in the subsurface as fill material at a depth shallower than the underlying natural 
occurring elastic silt layer.  The Cross section on Figure C-12 indicates that there is a silt layer, 
possibly placed from dredged material from the creek bottom, that ranges in thickness from 3 
feet at CMW-1 to approximately 1 to 2 feet at CMW-4.  The free water table is above this fill 
zone.  This lower permability silt fill zone relative to the overlying sand texture fill could be 
causing a groundwater mounding affect in the western part of the former terminal property.  This 
area of interest with respect to the localized groundwater flow dynamics will be further 
investigated. 

 
9.4    Hydrologic Characteristics 

 
9.4.1    Slug Test Results 
 
Slug testing results are presented in Table 9-1.  During the data processing, each slug test was 
processed independent of each other.  Plots of each slug test are presented in Appendix I. 
 
In general, hydraulic conductivity rates for the slug in tests at a particular well had good correlation 
among successive tests.  In general slug-out tests were consistent with slug-in test results; however, 
there were a few instances where one of the tests resulted in higher hydraulic conductivity 
measurements.  Significant differences include MW-59, MW-62, MW-72 and CMW-1.  While 
some of the variation is related to wetting of the sand pack grain surface during the first few slug-in 
events, the tidal aspects of the site mitigate this, and may contribute to the variations.  Well MW-59 
slug-in water level responses are irregular, and may contribute to the overall anomalous conditions 
observed in this well. 
 
Monitoring wells CW-13, MW-1, and MW-5 yielded higher conductivity rates in the slug-in tests 
while wells MW-27, MW-34 and MW-59, MW-64 and MW-66 yielded higher observed hydraulic 
conductivities on the slug-out tests.  Further evaluation reveals several wells that recovered very fast 
(K > 10 ft/day) resulted in very high conductivity rates.  These wells included MW-7, MW-34, 
MW-59, MW-61, MW-64, MW-66, MW-67, and MW-76. 
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Recognizing the inherent limitations of slug testing, some limited conclusions regarding the 
upper saturated zone can be drawn from the testing.  These results include recognizing that 
hydraulic conductivity ranges from a minimum of 0.10 ft/day to 121 ft/day.  Average hydraulic 
conductivity is 12.6 ft/day, while median conductivity is 4.3 ft/day.  These values are moderate 
to low permeability representative of fine sand to silt.  (Department of the Interior, 1981). 
 
9.4.2    Tidal Survey 
 
Tide information is summarized on Table 9-2.  Eleven wells did not have adequate tidal response 
to calculate a transmissivity/storativity (T/s) ratio.  Generally data calculated on falling tides (low 
tide) resulted in larger T/s ratios than those calculated from a rising tide (high tide).  Abnormally 
low (single digit) and high (in excess of 15,000) have been excluded from the generalized 
assessment summarizing the findings.  The generalized results indicate the T/s ratio ranges from 
approximately 30 to 6,000, with an average 1,100.  Tidal amplitude varies by well.  The largest 
average tide variation observed is 3.8 feet, while 0.5 feet is the average for the wells monitored. 
 
Appendix J presents graphs for the groundwater elevation measurements at each well location in 
response to a rising and falling tide in Newtown Creek.  On the former Paragon Oil terminal 
property the groundwater elevation fluctuation in each well within 100 feet on the creek was 
generally greater than 1 foot with a maximum amplitude of 3.79 feet at MW-72.  Conversely, at 
wells further inland along Bridgewater Street (450 feet to 500 feet from the creek), the 
groundwater fluctuation was generally less than 0.18 feet.  Average tidal amplitudes in the wells 
are presented in Figure 9-9. 
 
The tide data and slug test data both have inherent limitations and are normally used as a guide to 
gross saturated zone properties.  Comparison of the two provides insight into the reliability of the 
information, and permits the development of additional saturated zone properties.  Estimation of 
aquifer thickness is based upon well logs and cross-sections.  Estimated saturated zone 
thicknesses are presented on Table 9-3.  The estimated saturated thickness can be used to 
estimate transmissivity from the hydraulic conductivity values measured from slug testing.  
Since the saturated zone has been observed to be in two parts, the calculation is based upon the 
thickness of the upper or lower zone occupied by the well screen. 
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10.0    INTERIM PRODUCT RECOVERY AT THE BULKHEAD 

 
The transition of remediation activities, in relation to the product seep at the former Paragon 
terminal facility from ExxonMobil to Texaco Inc. was completed on May 23, 2005.  In an effort 
to reduce the volume of product seepage into Newtown Creek prior to the installation of a full 
scale product recovery system,  interim product and water extraction activities commenced on 
June 1, 2005.  Since inception, interim landside product extraction activities have focused on 
wells immediately behind the steel bulkhead and not on wells that may cause the further 
migration of offsite product onto the site and towards Newtown Creek. 
 

10.1    Methods 
 
Between June 1, 2005 and February 3, 2006, product was extracted from wells behind the 
bulkhead using a vacuum truck and a portable manifold extraction system.  During this period, 
product was extracted two to three days a week from six monitoring wells behind the bulkhead 
containing free product: MW-68, MW-69, MW70, MW-73, MW-74 and MW-75.  Wells 
MW-73, MW-74 and MW-75 are considered the upper bulkhead area wells while wells MW-68, 
MW-69, and MW-70 are considered the lower bulkhead area wells. 
 
During extraction events, a vacuum truck equipped with a four-inch diameter Schedule 80 PVC 
extraction manifold with one-inch diameter vacuum hoses was on site for upwards of six hours 
per day.  SAIC personnel lowered the one-inch diameter vacuum hoses down into each of the 
monitoring wells several times per day (depending on the individual monitoring well’s free 
product recharge rate) for the extraction of product.  The hoses were lowered to the free 
product/groundwater interface to allow for the extraction of the product while minimizing the 
extraction of groundwater.  Once the standing product was removed from a given well and 
product recharge was deemed minimal, the vacuum was applied to another well allowing time 
for product to recover back into the previously extracted well.  This procedure was conducted 
across the six previously identified wells. 
 
In an attempt to enhance free product recovery rates, SAIC personnel began using battery-
operated submersible pumps during January 2006 site activities.  As product recovery rates 
increased through the use of submersible pumps, vacuum extraction activities were suspended in 
February 2006.  However due to considerable plugging with suspended solids in the groundwater 
and the health and safety concerns associated with using battery operated pumps with volatile 
petroleum products, this approach was discontinued in favor of pneumatic pumps. 
 
In March 2006 the use of portable pneumatic pumps began in wells MW-74 and MW-75, which 
were the wells yielding the greatest amount of product.  Pneumatic pumps are less prone to 
plugging with sediment, are very safe to use with volatile product, and do not generate vapors 
during recovery.  The utilization of pneumatic pumps significantly increased the rate of product 
recovery.  Extracting product primarily from these two wells has decreased the volume of 
seepage into the creek based on visual observations. 
 
Product recovery resumed from selected lower bulkhead wells in July 2006.  Recovery from 
wells MW-67, MW-68, MW-69, and MW-70 commenced on July 31, 2006.  During site 
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activities, an above-grade diaphragm pump is rotated across the wells to recover product from 
the lower yielding lower bulkhead wells. 
 

10.2    Results 
 
This section presents the results of the interim product recovery activities at the former Paragon 
property between June 5, 2005 and August 31, 2006.  The spatial and temporal distribution of 
free product is discussed in addition to estimated product recovery rates behind the bulkhead. 
 
10.2.1    Free Product Distribution 
 
Throughout interim product recovery activities, and even before Texaco Inc.’s involvement, 
selected wells have been continually gauged to define, the spatial and temporal distribution of 
free product.  Of the wells gauged, six wells have consistently yielded measurable product on a 
consistent basis.  As such, extensive product thickness data are available for lower bulkhead 
wells MW-68, MW-69 and MW-70 and upper bulkhead wells MW-73, MW-74, and MW-75. 
 
Figures 10.1 through 10.6 portray free product thickness data for MW-68, MW-69, MW-70, 
MW-73, MW-74 and MW-75, respectively, as measured by SAIC personnel during extraction 
events between June 1, 2005 and August 31, 2006.  Based on a trend line established for each 
well, between June 1, 2005 and August 31, 2006, product thicknesses have slightly increased in 
lower bulkhead wells and slightly decreased in upper bulkhead monitoring wells. 
 
10.2.2    Estimated Recovery Rates 
 
A summary of recovery rates itemized by date and recovery method are presented in Table 10.1.  
Through August 31, 2006, 7,541 gallons of product have been recovered from some of these 
bulkhead wells using various collection materials.  Table 10.1 indicates that the modification and 
upgrading of the recovery method has resulted in a steadily increaseing average volume of 
product recovered each month.  The average volume of product recovered per event increased 
72%, from 36 gallons through February 3, 2006 to 62 gallons per event from March 27, 2006 
through August 31, 2006. 
 
The result of the repeated removal of product several times within a day from June 1, 2005 
through February 3, 2006, permitted an assessment of product accumulation when the well was 
stressed (repeatedly vacuumed) and the effects of product recovery after a period of dormancy 
(more than 1-day without removal).  By comparing product recovery under stress, verses 
dormant periods, a measure of product recoverability can be established.  Product recoverability 
estimates were made for wells exhibiting significant product thickness.  The lower bulkhead 
wells included MW-68, MW-69 and, MW-70.  The upper bulkhead wells included MW-73, 
MW-74 and, MW-75. 
 
For well MW-68, the recovery rate averaged of 0.1 gpd with dormant well condition recovery 
and an of average 4.4 gpd under stressed well conditions (Table 10-2). 
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Monitoring well MW-69 experienced similar recovery rates (Table 10-3), with an average 
product accumulation of 0.23 gpd while dormant, and 6.93 gpd when stressed.  Well MW-70 
experienced 0.10 gpd dormant PSH accumulation and 9.45 gpd when stressed (Table 10-4).  
Wells MW-68, MW-69 and, MW-70 all exhibited similar product recovery rates and are all 
located on the lower bulkhead. 
 
Well MW-73, exhibited a low dormant product accumulation rate of 0.33 gpd, but when stressed 
has yielded an average of 11.29 gpd (Table 10-5).  However, nearby well MW-74, exhibited a 
slightly higher dormant yield of 0.78 gpd and exhibited a 56.48 gpd stressed yield (Table 10-6).  
Nearby well MW-75 has also shown higher recovery rates of 0.84 gpd dormant and 35.51 gpd 
when stressed (Table -10-7). 
 
Recoverable product is present in two distinct areas at the bulkhead.  Significant major 
recoverable product is present near MW-73, MW-74, and MW-75.  Product in this area has a 
significant thickness, and relatively elevated recovery rates.  A second area of recoverable 
product is present near MW-68, MW-69, and MW-70 at the lower bulkhead.  Recovery rates in 
this area are lower. 
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11.0    CREEK SIDE SEEP CONTAINMENT AND REMOVAL 

 
The transition of remediation activities in relation to the product seep at the Peerless Importers 
facility from ExxonMobil to Texaco Inc. was completed on May 23, 2005.  Currently, Texaco 
Inc. maintains seep containment and creek side product collection activities in Newtown Creek.  
In addition to maintaining the hard and soft boom containment and collection system, SAIC 
conducts visual inspections from the top of the bulkhead two to three times per week during 
product removal events. One boat inspection is conducted every two weeks to evaluate the 
condition of the existing hard and soft booms.  Figures 10.1 and 10.2 present a conceptual 
diagram of the boom containment and absorption system and a plan view line diagram, 
respectively, of the same system. 
 

11.1    Initial Containment Boom Upgrade 
 
On July 27, 2005 a new hard containment boom was installed to replace the existing, 
ExxonMobil-installed, boom.  The previous boom was a foam filled river boom.  The new boom, 
a “globe boom,” is a continuous belt type boom with ballast.  The boom is constructed from PVC 
coated conveyor belting with molded high density polyethylene float shells filled with foam.  
The above water portion of the boom (free board) is twelve inches in height while the underwater 
component of the boom (draft) is twelve inches in depth. 
 
The presence of an underwater ballast on the globe boom offers a greater degree of product 
containment than the previous boom.  The weighted underwater part of the boom protects against 
underflow of product from the creek current from inside to outside the boom.  The tensile 
strength of the globe boom is 36,000 pounds while the tensile strength of foam-filled booms 
generally does not exceed 20,000 pounds.  This indicates the globe boom is much more resistant 
to puncturing or tearing from debris floating in the creek. 

 
The globe boom is anchored and stabilized in place at a distance of approximately two feet out 
from the steel bulkhead.  A series of twelve I-beams and stabilizer cables are uniformly spaced 
across the length of the boom in order to minimize movement of the boom towards and away 
from the bulkhead due to wind and creek currents.  Limiting the movement of the boom 
increases the efficiency in containing product.  The underwater component of the boom with the 
ballast experiences very minimal movement from the vertical position, with a stabilized boom 
thus maximizing the containment potential. 

 
11.2    Secondary Containment Boom Installation 

 
On March 23, 2006, Texaco Inc. SAIC and NYSDEC personnel noted the presence of a sheen 
seeping into Newton Creek west of the current boomed area, behind 110-120 Apollo Street.  
That same day, an additional 100ft. of hard and soft boom was emplaced by Texaco Inc. to 
contain this seep, and allow NYSDEC a reasonable period of time to identify the source. 
 
In order to provide for secondary containment of the globe boom, a larger fence boom was 
installed approximately 10 to 20 feet further away from the bulkhead and encloses the globe 
boom.  Installation of the fence boom commenced on May 31, 2006 and was completed June 5, 
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2006.  The fence boom provides secondary containment to the globe boom installed in July 
2005.  The fence boom consists of an impermeable fabric made from polyester integrated with 
polyurethane.  The extra wide outrigger floatation supports provide for exceptional buoyancy 
and stability in high current and offshore applications.  The fence boom system is made with 
corrosion resistant materials specifically designed for long term use.  The quick lock end 
connectors are equipped with fail safe joints to facilitate easy installation.  The fifty foot sections 
of the fence boom are connected through stainless steel connector quick locks.  The entire fence 
boom system is impermeable to both water and oil.  The fence boom is attached to the bulkhead 
at both ends. 
 
The fence boom incorporates an underwater component that is 24 inches in depth to provide a 
deeper containment barrier while the above water component is also 24 inches in height.  This is 
a conventional type boom that works in addition to the existing hard globe boom to offer 
secondary containment on the creek.  The interior area of the fence boom is also lined with a row 
of soft absorbent boom material to absorb sheens that spill over from the globe boom system. 
 

11.3    Collection through Absorbent Booms 
 
Prior to the management transition of the Paragon seep to Texaco Inc. in May 2005, ExxonMobil 
utilized a river boom and two skimmers for the containment and collection of product from the 
surface of Newtown Creek.  Since the transition of remediation activities to Texaco Inc., the product 
existing within the containment boom has been limited to sheens and discrete droplets.  The reduced 
volume of product seeping into the creek, due in large part to the landside product extraction, has 
allowed for the effective collection of product within the containment boom area using absorbent 
booms.  All spent petroleum absorbent booms are properly manifested and disposed at an approved 
facility as a non-hazardous waste at the Waste Management facility in Model City, New York.  
Waste disposal manifests are presented in Appendix H. 
   
 
Upon taking responsibility for seep containment activities on June 1, 2005, Texaco Inc. installed 
approximately 550 feet of petroleum absorbent boom in Newtown Creek between the bulkhead 
and the existing river boom.  This floating soft boom absorbs free product on contact and is 
replaced with fresh absorbent boom every 2 weeks.  This schedule continued through the 
installation of the globe boom on July 27, 2005. 
 
In order to optimize the containment and collection of product seeping through the bulkhead 
behind the globe boom, an additional row of absorbent boom was installed within the hard boom 
on December 27, 2005, increasing the amount of available absorbent boom to over 1100 ft.  The 
upgraded two rows of absorbent boom, behind the globe boom, are also replaced every two 
weeks. 
 
Since the March 23, 2006 identification of a sheen seeping into Newton Creek west of the 
previously boomed area fronting the former Paragon property, Texaco Inc. has maintained an 
additional 100 ft. section of absorbent boom lining the temporary hard boom fronting 110-120 
Apollo Street.  The change out of this 100 ft. section of absorbent boom on a two-week cycle has 
continued to date. 



Paragon Oil Terminal 58  October 16, 2006 
 

The change out and replacement of two parallel rows of absorbent boom between the bulkhead 
and the globe boom (1100 ft.), one row of spent absorbent boom between the globe boom and 
the fence boom (550 ft.), and one row of spent absorbent boom lining the temporary boom 
fronting 110-120 Apollo Street (100 ft.) on a two-week cycle has been effective in containing 
and collecting the product.  The single row of absorbent boom between the globe boom and the 
fence boom was not changed in July, 2006.  Due to the limited presence of oil in contact with 
this boom, replacement was not required. 
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12.0    PHASE 1 TOTAL FLUIDS RECOVERY SYSTEM 

 
SAIC has designed a total fluids recovery system to be installed immediately behind the steel 
bulkhead on the former Paragon Oil terminal.  The primary objective of this system is to 
intercept and collect mobile free product as it travels from a source upgradient from the 
bulkhead, and aggressively recover the product before it seeps into Newtown Creek. 
 

12.1    Location and Purpose 
 
A total fluid extraction system is planned for installation at the upper bulkhead area and the 
lower bulkhead area.  Total fluids, comprised of groundwater and also product, will be extracted 
from wells MW-73, MW-74, MW-75 on the upper bulkhead.  One additional well will be 
installed on the upper bulkhead.  On the lower bulkhead, total fluids will be extracted from wells 
MW-68 and MW-70.  The combination of the total fluids extraction system and a containment 
system will be constructed along the bulkhead.  A grout wall is planned for installation 
immediately landside of the bulkhead along the entire bulkhead frontage where product is 
seeping into Newtown Creek on the current Peerless Importers property.  The goal of the grout 
wall installation is to impede the migration of product into the creek while the recovery system 
will recover the product from behind the grout wall prior to the free product entering the creek.  
The Final Phase 1 Recovery System Design was submitted to the NYSDEC on September 8, 
2006. 
 

12.2    Design Summary 
 
Product and groundwater extracted from the subsurface behind the bulkhead will be initially 
treated by an oil water separator.  Product from the oil water separator will be temporarily stored 
in the 1,000 gallon above ground storage tank.  The collected product will be transported off site 
for disposal or recycling.  The water from the oil water separator will be transferred to an above 
ground 6,500 gallon insulated storage tank.  This water is planned to be transferred to the 
existing ExxonMobil treatment plant on Meeker Avenue for treatment. 
 
The Phase 1 recovery system has been designed and will be constructed in a manner that will 
allow for the expansion of the system during Phase 2.  The system could be expanded to include 
additional groundwater and product extraction wells and could also be expanded to include a 
product recovery component in the vapor phase.  Discharge piping and treatment equipment have 
been designed for the Phase 1 system with additional capacity for treatment. 
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13.0    CONCLUSIONS 

 
Based on the site characterization and remediation activities conducted on and adjacent to the 
former Paragon Oil terminal in Greenpoint from June 2005 through the summer of 2006 the 
following conclusions can be drawn: 
 
� Paragon Oil Company the predecessor to Texaco Inc., operated a terminal at the site for 

34 years from 1934 through 1968.  The main terminal property was approximately 11 
acres in size and the majority of the finished refined products stored on the site were No. 
4 fuel oil, No. 6 fuel oil, and lube oil.  Lesser amounts of gasoline and diesel fuel were 
stored at the terminal. 

 
� Standard Oil, Standard Oil of New York, and Mobil, predecessors to ExxonMobil, 

operated both refinery and terminal properties in Greenpoint northwest of the Paragon 
facility.  The refinery and terminal properties operated for approximately 75 years 
through 1965 and in 1921 encompassed approximately 74 acres.  The refinery and 
terminal properties refined and processed gasoline, naphtha, kerosene, fuel oils, and other 
distillates. 

 
� A search of historical records related to databases, newspaper accounts, and historical 

society records did not identify any known petroleum releases from the former Paragon 
Oil terminal.  Conversely there have been documented releases of petroleum compounds 
from the ExxonMobil refinery and terminal properties. 

 
� Initial forensic analyses conducted in 1979 indicate that the majority of the free product 

in the ground is not a mixture of refined products such as gasoline, kerosene, and diesel 
fuel.  Conversely most of the analyses indicate that the free product is a distillation of a 
partially refined product possibly cut from naphtha or the front end of a crude stream. 

 
� The stratigraphy at the site is generally comprised of an unconsolidated sand layer that 

was placed as fill material on top of a naturally occurring silt layer.  Below the silt layer, 
naturally occurring unconsolidated sands are present.  The groundwater table for the 
upper most saturated zone is above the silt layer on and adjacent to the former Paragon 
terminal where the silt layer is present.  The silt layer is not continuous and is not a 
barrier to the migration of groundwater or product. 

 
� Based on the original shoreline of the creek and principles of geomorphology, the silt 

layer is interpreted to be the original bottom of the creek prior to the placement of fill that 
began, in stages, sometime after 1844.  Fill material as defined by the presence of 
manmade artifacts was placed into the creek in a zone of a relatively low flow velocity 
which allowed for the silts to settle to the bottom of the creek and create the silt layer. 

 
� Petroleum hydrocarbon compounds regulated under the NYSDEC STARS list for 

gasoline and fuel oil are present in both the groundwater and soil underlying and adjacent 
to the former Paragon Oil terminal.  The distribution of the compounds in the soil are 
correlated with the presence of free product. 
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� Free product is present under the former Paragon Oil terminal, however, it is primarily 
present on the western portion of the former terminal and also further west on the 110-
120 Apollo Street property.  The free product was originally mapped at the bulkhead on 
the Peerless Importers property as two separate plumes, but is in fact one plume that is 
contiguous with the much larger off site plume, as shown by product thickness and 
analytical data. 

 
� Forensic analyses performed in 2005 and early 2006 on the free product indicate that the 

weathering of the product is most extensive along the bulkhead where the groundwater 
fluctuates up to three feet in response to tidal fluctuations in the creek.  Weathering 
indices contribute to the higher specific gravity and viscosity for the product in the lower 
bulkhead area. 

 
� The free product present on and adjacent to the former Paragon Oil terminal contains 

only a very small fraction of both leaded gasoline and post-1986 oxygenated gasoline. 
 
� Gasoline and naphtha range hydrocarbons in the free product are not representative of a 

motor fuel because the product has extremely little octane enhancing compounds (lead), 
no lead scavengers (EDB) and has chemical product ratios (that are resistant to 
weathering) dissimilar to reference gasolines. 

 
� The containment and collection of product seeping into Newtown Creek continues as the 

floating boom containment system was upgraded several times since June 2005 and 
secondary containment for the seep currently exists on Newtown Creek. 

 
� A Phase 1 Total Fluids Recovery System has been designed and is planned to be 

constructed behind the bulkhead to extract both product and water from the seep area.  A 
component of this system is also the installation of a 450 foot long grout wall which will 
be installed to inhibit the flow of product into Newtown Creek. 
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