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1.  Introduction 
 
 
 
This Focused Remedial Investigation (FRI) report has been developed for submittal to the New 
York State Department of Environmental Conservation (NYSDEC) to provide documentation 
and a description of the procedures and findings from remedial investigation activities conducted 
at the East 173rd Street former manufactured gas plant (MGP) site located in the Borough of the 
Bronx, New York.  The remedial investigation of the site is under the management of 
Consolidated Edison Company of New York (Con Edison).  The former MGP was once owned 
and operated by one of Con Edison’s predecessor companies, the Northern Union Gas Company.  
The site is currently owned by the City of New York.  GEI Consultants, Inc. (GEI) has prepared 
this FRI report under contract to Con Edison. 
 
The FRI report has been developed in accordance with the Voluntary Cleanup Agreement 
(VCA), dated August 15, 2002, Index #02-0003-02-08, between Con Edison and the NYSDEC.  
The investigation described in this report was conducted pursuant to the NYSDEC-approved 
Work Plan titled Focused Remedial Investigation Work Plan, East 173rd Street Works Former 
Manufactured Gas Plant Site (GEI, May 2002) and recommendations received from several 
Bronx community stakeholders.  Investigation activities were conducted by Con Edison from 
June 2002 through August 2002. 
 
1.1 Purpose of Report 
 
The primary objectives of the FRI were to: 
 
� Locate the subsurface remnants of any MGP structures or other structures that may exist 

in Starlight Park and that might be associated with waste source areas or serve as 
preferential pathways for the migration of MGP waste or other contamination 

 
� Characterize potential MGP impacts in Starlight Park’s soil and groundwater, and Bronx 

River sediment 
 
� Characterize site-specific geology and hydrology 

 
� Delineate the lateral and vertical extent of potential MGP waste impacts in the soil, 

groundwater, and sediment 
 
The goals of the FRI were to confirm the presence of any former MGP structures, hazardous 
waste or contamination, and to provide data to be used to determine whether the site potentially 
poses a significant threat to public health and the environment.  These goals are consistent with 
those of the NYSDEC’s comprehensive remedial investigation process. 
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1.2 Report Organization 
 
The procedures and findings of the FRI activities, presented in this FRI report, are organized into 
nine sections.  Following this introduction, Section 2 presents the site background, including 
physical setting, site ownership, and operational history.  The investigation methods used to 
collect, analyze, and present the remedial investigation data are discussed in Section 3.  The 
geologic and hydrologic characterization of the site is discussed in Section 4.  Section 5 provides 
an identification of potential source areas and Section 6 presents the nature and extent of MGP 
contaminants.  Section 7 discusses contaminant fate and transport and Section 8 presents an 
evaluation of potential exposure pathways and receptors for compounds associated with the 
former MGP.  Section 9 presents summary and conclusions, and Section 10 provides 
recommended further actions.  Section 11 is a reference list.  A site history report, remedial 
investigation technical procedures, boring and test pit logs, community air sampling results, 
laboratory analytical results and data usability reports, tidal survey results, and photographic 
documentation are included in Appendices A through G, respectively. 
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2.  Site Background 
 
 
 
This section provides a description of the site setting, demography and land use, surface features, 
and the site operational and ownership history.  A portion of the site background presented in 
this section was excerpted from the site history report provided in Appendix A. 
 
2.1 Property Description 
 
The East 173rd Street Works former MGP site is located between the Sheridan Expressway and 
the Bronx River in the neighborhood of West Farms, Borough of the Bronx, New York.  The 
location of the site is illustrated in Figure 1, taken from a portion of the United States Geological 
Survey (USGS) Topographic Map of the Central Park, New York, the New Jersey Quadrangle, 
and the Flushing, New York Quadrangle.  The site is defined as all land occupied by former 
MGP operations and formerly owned by Con Edison or a Con Edison predecessor company. 
 
Records indicate that the former MGP site occupied a single parcel of land that is currently 
owned by The City of New York, and is operated by the New York City Department of Parks 
and Recreation (Parks Department).  The site is located within Starlight Park, a part of the Bronx 
River Park.  The former MGP site is located in the middle portion of Starlight Park and was 
approximately 3 acres in size.  Starlight Park is about 7.3 acres in size, and is currently 
designated by the Bronx Assessor’s Office as Block 03019 Lot 0100. 
 
The site is bordered to the west by the Sheridan Expressway, West Farms Road, and 
industrial/commercial properties.  The northwestern portion of the site is currently occupied by 
the access and travel lanes of the Sheridan Expressway.  The northeastern portion of the site is 
asphalt, and the southwestern portion of the site is a former playing field which has been stripped 
of topsoil.  A chain-link fence is present along the western portion of the site.  Construction 
trailers and equipment are located on the northeastern portion of the site, on the pavement.  A 
chain-link fence surrounds this area.  Figure 2 is a site layout map showing these features. 
 
The New York State Department of Transportation (NYSDOT) has started a rehabilitation 
project for the Sheridan Expressway (located adjacent to and west of Starlight Park), which 
includes the installation of an improved drainage system for the expressway.  The future site 
construction activities planned by NYSDOT and the Parks Department include the use of 
sections of Starlight Park as rights-of-way (ROW) for storm drains from the Sheridan 
Expressway to outfalls located along the Bronx River.  NYSDOT has begun the installation of 
storm-drain catch basins and manholes and some of the connecting lateral piping under Starlight 
Park.  The Parks Department is planning a multiuse facility for the site that will include ball 
fields, a boathouse, a river walk, and other features.  The renovation is part of a greenway being 
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built along the Bronx River that borders the site to the east.  The removal of topsoil from the 
southern portion of the site was part of this rehabilitation project.  The NYSDOT stockpiled the 
topsoil on site in anticipation of its reuse as soil cover for the park. 
 
The project excavation work being conducted by the NYSDOT and its contractors in Starlight 
Park has been shut down due to the FRI activities being conducted at the site. 
 
2.2 Physical Setting and Demography 
 
The site is located in the central section of the Bronx on the west side of the Bronx River, and 
south of the Cross Bronx Expressway.  The Bronx covers an area of approximately 42 square 
miles, and has an estimated population of 1,332,650 (NYC Department of City Planning, 2000 
Census Summary).  The site is zoned R7-1, a general residential district. 
 
Industrial/manufacturing properties are located west of the site, across the Sheridan Expressway 
and West Farms Road.  Asphalt pavement and handball courts of Starlight Park are located north 
of the site.  Vacant land and the Sheridan Expressway are located further north of the site.  The 
Bronx River abuts the eastern property boundary, with vacant land and a railroad ROW further 
east of the site.  Residential properties are located beyond the railroad to the east.  
Industrial/commercial properties, the Bronx River, and vacant land are located further to the 
south of the site.  Two figures that show the site and adjoining land uses, and an aerial 
photograph of the site and vicinity are included in the site history report in Appendix A.   
 
An electronic database search was conducted to estimate the residential population within a 0.25-
mile radius of the site boundaries.  The estimated population within a 0.25-mile radius of the site 
(based on 1990 U.S. Census data) is 10,342 people. 
 
2.3 Climate 
 
The climate in the Borough of the Bronx is characterized as humid, modified continental, and 
typically exhibits warm summers and moderately cold winters.  Prevailing westerly winds 
typically result in weather changes every few days.  Indicators of climatology at the site were 
obtained from published data collected at Central Park, New York (10 miles southwest of the 
site).  Climatological normals from 1961 to 1990 are summarized below. 
 
� Minimum temperature:   -2° F 
� Maximum temperature:   104° F 
� Mean annual precipitation:   47.2 inches 
� Mean annual snow fall: 23.1 inches 

 
The highest temperatures commonly occur in the months of July and August, and the lowest 
temperatures frequently occur in the months of January and February.  The highest daily mean 
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precipitation events are frequently observed in the spring.  Snowfall occurs predominantly from 
December through March. 
 
2.4 Surface Features 
 
The topography of the site is relatively flat and is approximately 20 feet above mean sea level  
(MSL).  In February of 2002, renovations to Starlight Park were started.  As part of this 
renovation, approximately 2 feet of topsoil on the southern portion of the park was scraped and 
stockpiled within the park.  The Bronx River abuts the eastern side of the site, is at an elevation 
of approximately 2 feet above MSL (i.e., approximately 18 feet below the ground surface [bgs] 
of the park), and flows south.  The river is tidally influenced and exhibits both ebb and flood 
flow components.  The net flow of the river is to the south toward the East River.  The River 
bottom, in the area identified as “mud flat” on Figure 3, is partially exposed during low tides.  A 
weir (shallow dam) controls the water elevation upstream of the site.  A steep bank is located 
along the entire eastern and southern sides of the site and separates the relatively flat land surface 
of the park from the river channel.  A stone-constructed river channel is in place along the entire 
portion of the river that borders the park property.  A water outflow was observed at low tide on 
the west side of the river, in the area of the mud flat, at the base of the stone-constructed 
riverbank.  The channel of the Bronx River was rerouted in the late 1950s around the same time 
that Starlight Park was constructed and the Sheridan Expressway was built.  The current and 
former location of the river is illustrated on Figure 3.  A photograph looking downstream 
showing the Bronx River, the weir, and a portion of the constructed stone river channel is 
included in Appendix G. 
 
2.5 Site Ownership History 
 
The ownership history of the site was obtained from the Bronx Assessor’s Office, a 57-year 
chain-of-title search (1945 through 2002) and a reference book titled, Consolidated Gas 
Company of New York A History.  These records indicate that past site property owners have 
included the following. 
 
� City of New York (1945 to present) 
� Consolidated Edison Company (1936 to 1945) 
� Consolidated Gas Company of New York (1910 to 1936) 
� Northern Gas Light Company and Northern Union Gas Company (1878 to 1910) 
� Suburban Gas Lighting Company (1871 to 1878) 
� Westchester County Gas Lighting Company (1859 to 1871) 
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2.6 Past Site Operations 
 
The history of the site was compiled from available atlas maps, USGS topographic maps, 
Sanborn maps, historic photographs, editions of Brown’s Directory of American Gas Companies 
(Brown’s Directory), and other historical records.  
 
The East 173rd Street Works former MGP site is located in the West Farms section of the Bronx.  
In the mid-19th century, the Town of West Farms was part of the 24th Ward of Westchester 
County.  In 1874, New York City annexed the land west of the Bronx River, which included 
West Farms.  The first gas franchise (right to produce and distribute gas) was granted to Robert 
Campbell and Company by the Town of West Farms in March 1859.  It can be assumed that 
before 1859 there was no manufacturing of gas in the Town of West Farms.  In November 1859, 
Campbell assigned his gas franchise from the Town of West Farms to the Westchester County 
Gas Lighting Company.  Twelve years later, in 1871, the Westchester County Gas Lighting 
Company assigned its franchise rights for the West Farms portion of the 24th Ward to the 
Suburban Gas Lighting Company.  Suburban changed its name to Northern Gas Light Company 
in June 1878.  On November 16, 1897, the Northern Union Gas Company acquired all assets and 
property of the Northern Gas Light Company, including the East 173rd Street Works.  By 1910, 
the Consolidated Gas Company of New York was a Con Edison subsidiary.  In 1936, the 
Northern Union Gas Company was merged with and into Con Edison. 
 
Records reviewed do not indicate when the first gas plant was built at East 173rd Street.  The 
oldest map depicting the MGP was the 1893 Bromley Atlas of the 23rd and 24th Wards of New 
York.  This atlas depicts a single U-shaped building and one gas holder on site.  The Bronx River 
wrapped around the eastern and southern sides of the site, and an embayment was located on the 
western side of the site.  Review of Brown’s Directory, Sanborn maps, and historic photographs 
for the site in the 1890s indicate that significant plant expansion took place during this time 
period.  By 1897, the plant included a retort house, another gas house, purifier houses, storage 
buildings, and an electric light plant.  Two aboveground naphtha storage tanks were located 
north along the river next to the electric light plant.  The presence of the naphtha tanks confirms 
the use of a petroleum feed stock in the gas making process.  The presence of naphtha tanks 
signaled a change in technology from coal gas to carbureted water gas.  Also, three gas holders 
are depicted.  Sanborn maps show that the embayment on the western portion of the site was 
realigned between 1901 and 1915.  A composite map of the location of historic MGP structures 
is shown in Figure 3.  From 1897 illustrations taken from The Great North Side, or Borough of 
the Bronx, it is clear that the two smaller holders on the western portion of the site were double-
lift types with subsurface water seal tanks.  The holder located furthest north on the site had a 
capacity of 75,000 cubic feet.  The capacity of the centrally located holder is estimated to have 
been 60,000 cubic feet.  The 1897 illustrations are included in the site history report (Appendix 
A).  The largest holder on the northeastern portion of the site (130,400 cubic feet) was built with 
an above-grade water seal tank.    
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According to Brown’s Directory, the earliest plant was a coal gas process facility.  By 1899, two 
different gas manufacturing processes were used (i.e., coal and Wilkinson).  Wilkinson was a 
type of water gas process that manufactured gas in a single shell machine.  According to New 
York State Public Service Commission reports, the coal gas equipment at the plant was 
withdrawn from service around 1901.  In 1906, the entire plant used the Lowe carbureted water 
gas process, a triple shell machine.  Based on Brown’s Directory, it appears that by 1912 the 
plant had ceased gas manufacturing operations.  This is confirmed by the 1915 Sanborn map, 
which indicates that the plant was idle and used only for gas storage.  
 
Public Service Commission Reports suggest that the East 173rd Street facility was used as a 
standby plant until 1923.  In 1924 the 130,400 cubic foot holder and 60,000 cubic foot holder 
were taken down and the buildings were partially removed.  This is confirmed by a 1924 aerial 
photograph of the plant grounds, which is included in the site history report (Appendix A).  A set 
of 1943 photographs confirms that sometime prior to 1943, the 75,000 cubic foot holder was 
taken down. 
 
Con Edison used the site as a storage facility and vehicle garages until it was sold to the City of 
New York in December 1945.  The 1950 Sanborn map shows two gasoline underground storage 
tanks (USTs) on the east-central portion of the site.  The plant buildings remained until they were 
taken down in the 1950s.  Starlight Park was reportedly constructed by the City of New York in 
the late 1950s, around the same time that the Bronx River was rechanneled and the Sheridan 
Expressway was built.  
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3.  Methods of Remedial Investigation 
 
 
 
The East 173rd Street Works FRI was conducted from June to August 2002.  Table 1 presents 
the dates that each phase of the FRI was conducted, the primary objectives of each phase, and 
a summary of the field activities that occurred during each phase.  These site field activities 
were completed in accordance with the Focused Remedial Investigation Work Plan, East 
173rd Street Works Former Manufactured Gas Plant Site, prepared by GEI, dated May 21, 
2002.  Additional site investigation tasks (i.e., sediment sampling) were conducted in 
response to recommendations from several Bronx community stakeholders. 
 
An integrated investigation of the site geology and hydrology, soil, sediment, and 
groundwater chemistry allowed identification of potential contaminant source areas,  and the 
nature and extent of contaminants released to the environment as a result of former MGP 
operations.  A variety of investigatory methods were utilized to collect, analyze, and present 
the data.  The field methods and sample types collected in the study are presented in Table 2.  
The methods used to conduct the FRI are summarized in this section.  A detailed description 
of the technical procedures used in the FRI is presented in the above-mentioned work plan.  
A detailed description of the technical procedures used during FRI activities that are not 
presented in the work plan (e.g., tidal survey) are presented in Appendix B. 
 
3.1 Available Data 
 
Available geologic, hydrologic, and physiographic data for Borough of the Bronx, New York 
were reviewed prior to conducting the FRI activities.  Much of this information was obtained 
from scientific publications and a database search conducted by Environmental Data 
Resources, Inc. (EDR).  This information was collected during the historical research 
conducted from March to May 2002.  The data were compiled and are presented in the site 
history report in Appendix A.  The reviewed information provides a preliminary 
understanding of the site geology, groundwater hydrology, and site physiography. 
 
A review of historical maps, photographs, MGP production records, property records, and 
public records provided information about the ownership and operational history of the site 
(presented in Section 2 of this report), as well as land use and potential receptors.  The 
following records were reviewed as part of this East 173rd Street FRI. 
 
Property Records 
 
� Bronx Assessor’s Office Records 
� Chain-of-Title Records – 1945 through 2002 
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� City Directories – 1940 through 2000 
� Con Edison Real Estate Department Records  
� Consolidated Gas Company of New York A History, Frederick L. Collins, 1934 

 
Database Search/Public Records 
 
� EDR Radius Map with GeoCheck, Environmental Data Resources, Inc., March 14, 

2002 
� EDR Off-site Receptor Report, Environmental Data Resources, Inc., April 4, 2002 
� EDR-City Directory Abstract, Environmental Data Resources, Inc., April 8, 2002  
� NYSDEC 

 
Production Data 
 
� Brown’s Directory data – 1887 through 1965 
� Moody’s Analyses of Public Utilities and Industrials – 1914 through 1945 
� New York State Public Service Commission Reports 

 
Maps and Plans 
 
� Atlas of the City of New York, G.W. Bromley & Company, 1893  
� Atlas of New York and Vicinity, F.W. Beers, 1868 
� Bronx Tax Assessor’s Map – Block 3019, Lot 100 
� New York City Open Accessible Space Information System (OASIS) 
� New York City Zoning Map-3d 
� Proposed Utility Plans, State of New York Department of Transportation, undated 
� Sanborn Fire Insurance Maps – 1896, 1901, 1915, 1950, 1978, 1981, 1985, 1989, 

1993, 1996 
� United States Geological Survey Topographic Maps – 7.5 Minute Series Central 

Park, New York, New Jersey Quadrangle – 1956, 1966, 1979, 1995, 1999  
 
Photographs 
 
� The Great North Side, or Borough of The Bronx, North Side Board of Trade, 1897 

illustrations  
� City of New York Board of Estimate and Apportionment, Office of Chief Engineer,  

July 1, 1924, Fairchild Aerial Commerce Corporation aerial photographs 
� 1924 and 1943 photographs provided by Con Edison 
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3.2 Geologic Data 
 
Geologic investigatory methods included test pit excavations, surface-soil sampling from 
existing stockpiles, subsurface-soil borings, and sediment grab sampling.  The sampling 
location rationale is provided in Table 3 for each of the geologic investigation methods 
performed.  Borehole drilling and test pit excavations were used to collect samples in 
unconsolidated materials and bedrock for visual characterization of the lithology and 
distribution of geologic material at the site and areas surrounding the site.  Each test pit, 
boring, and sample collected during the FRI program was logged.  Site-specific geologic 
characterization data were interpreted for the following. 
 
� Identification of former MGP structures (potential source areas) 
� Correlation of stratigraphic units between borings and test pits 
� Identification of zones of potentially high and/or low hydraulic conductivity 
� Identification and characterization of bedrock (e.g., fracture density, top of bedrock 

surface) 
� Continuity of petrographic/textural features such as sorting and size distribution in 

specific stratigraphic units 
 
A summary of each of these methods is provided below.  Sample collection and analysis 
techniques are discussed in subsection 3.4 (Chemical Data). 
 
3.2.1 Test Pit Excavations 
 
Thirty-six test pits (see Table 3) were excavated at the East 173rd Street Works site.  Test pits 
were excavated with a backhoe having a maximum reach of approximately 16 feet.  Test pits 
were excavated to the water table (ranging from 5 to 16 feet) or to greatest depth possible.  
Test pit excavation locations, illustrated in Figure 4, were chosen to identify former MGP 
structures and source areas based on the historical information presented in Section 2 of this 
FRI report.  Additional test pit locations were chosen to determine the extent of potential 
lateral impacts outside the boundaries of the site and in the area of proposed storm drain 
culverts, outfalls, and treatment chamber (i.e., vortex).  Test pit locations were refined during 
the test pit program based on field observations. 
 
3.2.2 Surface-Soil Sampling  
 
Surface-soil samples were collected from 11 locations (Stkpile1-SE, SW, NW, NE, and 
Stkpile2-T1 through T7) in the two existing surface-soil stockpiles.  Surface soils were 
excavated and stockpiled by NYSDOT prior to FRI activities.  The surface-soil locations, 
illustrated on Figure 4, were determined using systematic grid coordinates to ensure a 
complete characterization of the stockpiled surface soils.  A backhoe excavated trenches in 
the two stockpiles, to expose the soil inside the stockpile.  Grab and composite soil samples 
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were collected from each of the 11 trench locations (22 samples were collected for analysis) 
in accordance with NYSDEC STARS Memo #1 Petroleum-Contaminated Soil Guidance 
Policy (August 1992).  
 
3.2.3 Borehole Drilling and Core Collection 
 
Thirty-one subsurface-soil borings were drilled at the site and surrounding park property.  
Eight of the 31 borings were finished as groundwater monitoring wells (identified by “MW” 
in Figure 4).  The remaining 23 borings were identified by “SB” in Figure 4.  
 
All borings (SB-1 through SB-21) and deep monitoring wells (MW-1D through MW-4D) 
were advanced through overburden soils to the competent bedrock surface.  The shallow 
monitoring wells (MW-1S through MW-4S) were advanced to a depth of 16 feet below 
grade.  Soil borings and monitoring wells were drilled using continuous-flight, hollow-stem 
augers.  Continuous soil samples were collected from each boring during drilling using a 
split-spoon sampler.  Borings penetrating the former gas holder bottoms (SB-2 and SB-4) 
were advanced using multiple casing and mud rotary methods.  The use of multiple casing 
drilling and mud rotary techniques eliminated the risk of dense nonaqueous phase liquid 
(DNAPL) migration during drilling by isolating shallow contaminated zones (i.e., contents of 
holder) from deeper zones (i.e., zones beneath the holder). 
 
The competent bedrock surface was identified by auger refusal (i.e., vertical advancement at 
a rate less than 1 foot per 1/4 hour) and/or split-spoon refusal (i.e., split-spoon penetration of 
less than 6 inches for 50 blow counts, using a 140-pound hammer falling 30 inches); and/or 
bedrock core drilling. 
 
An HQ Core Sampler, fitted with a diamond cutting-shoe, was used to collect continuous 
bedrock core samples for lithologic and structural characterization from borings SB-5, SB-9,  
SB-11, SB-12, SB-17, and SB-18.  The 23 borings not completed as monitoring wells were 
backfilled with cement-bentonite grout upon completion. 
 
3.2.4 Sediment Sampling 
 
Nine sediment samples (SED-1 through SED-9) were collected for chemical analysis from 
selected reaches of the Bronx River (i.e., upstream of the site, along the eastern side of the 
site, and downstream of the site).  The sediment samples were discrete samples biased toward 
areas of potential contamination (e.g., visible sheen) and collected using a stainless-steel 
hand auger and a remote sampler.  The sediment samples were collected from the sediment 
surface to 1 foot below the sediment surface.  The nine sediment sample locations are 
illustrated in Figure 4.   
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3.3 Hydrologic Data 
 
Hydrologic data were collected from monitoring wells and piezometers installed on site. 
Hydrologic characterization data were interpreted for the following. 
 
� Identification of the aquifers 
� Determination of horizontal and vertical groundwater flow directions on site 
� Determination of tidal influences on groundwater flow 

 
3.3.1 Groundwater Monitoring Well and Piezometer Installation 
 
Eight groundwater monitoring wells and two piezometers were installed during FRI 
activities.  The well locations are illustrated on Figure 4.  Table 4 presents a summary of the 
monitoring wells and piezometer construction details.  The monitoring wells were placed at 
locations and depths to characterize site hydrology and to determine impacts to overburden 
groundwater.  The well location rationale is summarized in Table 3.  Subsequent to 
monitoring well installation, all wells were developed to restore the natural permeability of 
the formation in the vicinity of the well and to remove silt and clay to provide turbid-free 
groundwater samples.  The piezometers were only used for measurements of hydraulic head 
and were not developed. Well development records are provided in Appendix C. 
 
3.3.2 Identification of the Groundwater Aquifer 
 
Identification of the aquifer in overburden deposits was essential to the design of the 
groundwater monitoring network and development of the conceptual site model.  The 
presence of an overburden aquifer was established during drilling and hydrogeologic 
characterization activities.   
 
3.3.3 Establishing Groundwater Flow Directions 
 
Static water elevations in monitoring wells, piezometers, and the Bronx River were measured 
twice during FRI activities.  These measurements were used to determine horizontal and 
vertical groundwater flow gradients at the site.   
 
The procedure for Water-Level Measurement Collection is provided in Appendix B.  Surface 
water level measurements of the Bronx River were collected from two gauging stations 
established along the river (RG-1 and RG-2).  The locations of the gauging stations are 
illustrated in Figure 4.  River gauge RG-2 is located on the downriver side of the weir.  
Water-level measurements collected from wells screened in similar stratigraphic horizons 
(shallow and deep) were used to construct water table surface contour maps.   
 
GEI conducted a tidal influence study during the weeks of July 29, 2002 and August 4, 2002 
to determine if fluctuations in the Bronx River are affecting the groundwater flow beneath 
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the site.  Two fixed points along the bank of the Bronx River adjacent to the park were 
chosen as tidal monitoring stations for the study and were surveyed at the same time as the 
monitoring wells and piezometers.  In-Situ mini-Troll® and Solinst levellogger® pressure 
transducers were used to monitor groundwater elevations in selected monitoring wells and 
two  monitoring stations in the Bronx River.  Groundwater measurements were recorded for 
a minimum of 72 hours and included several complete tidal cycles.   
 
3.4 Chemical Data 
 
Chemical data were collected to identify specific contaminant concentrations throughout 
those media potentially impacted by MGP operations.  Chemical data were generated from 
samples collected from surface soils, subsurface soils, sediment, groundwater, and 
investigation derived waste (IDW). 
 
The number of samples collected, the analyses conducted, and the field quality 
assurance/quality control (QA/QC) samples are summarized in Table 5.  All samples were 
analyzed by SciLab of Weymouth, Massachusetts. 
 
3.4.1 Air Monitoring   
 
In accordance with NYSDEC and New York State Department of Health (NYSDOH) 
requirements, a Community Air Monitoring Plan (CAMP) was implemented at the site 
during test pit excavation and soil boring installation activities.  The objective of the CAMP 
was to provide a measure of protection for the downwind community (i.e., off-site receptors, 
including residences and businesses and on-site workers not involved with site activities) 
from potential airborne contaminant releases as a direct result of site activities. 
 
Real-time air monitoring stations were set up downwind and upwind of the work area.  The 
downwind station was used to measure potential airborne contaminants leaving the site 
during the site investigation.  The upwind station measured background air quality data in the 
vicinity of the site.  Wind direction was determined by flagging poles installed on site.   
 
Volatile organic compounds (VOCs) were measured using a flame ionization detector (FID) 
and particulate dust was measured using a MiniRAM™ PM-10 particulate meter.  Response 
levels were programmed in the meters which were connected to a yellow strobe light to alert 
site workers that targeted compounds in the ambient air had exceeded response levels.  The 
VOC and Particulate Monitoring, Response Levels, and Actions are presented as follows. 



F O C U S E D  R E M E D I A L  I N V E S T I G A T I O N  
E A S T  1 7 3 R D  S T R E E T  W O R K S ,  B R O N X ,  N Y  
A P R I L  2 4 ,  2 0 0 3  
 
 

 14 

 
Air Monitoring Response Levels and Actions 

Response Level Actions 
VOCs 

>5 ppm above 
background for 15-
minute average 

� Temporarily halt work activities 
� Continue monitoring 
� If VOC levels decrease (per instantaneous readings) below 5 ppm over back 

ground, work activities can resume 
Persistent levels >5 
ppm over  background 
<25 ppm 

� Halt work activities 
� Identify source of vapors 
� Corrective action to abate emissions 
� Continue monitoring 
� Resume work activities if VOC levels 200 feet downwind of the property 

boundary or half the distance to the nearest potential receptor is <5 ppm for a 
15-minute average  

� If VOC levels are >25 ppm at the perimeter of the work area, activities must be 
shut down 

Particulate 
>100 mcg/m3 above 
background for 15-
minute average or 
visual dust observed 
leaving the site 

� Apply dust suppression 
� Continue monitoring 
� Continue work if downwind PM-10 particulate levels are <150 mcg/m3 above 

upwind levels and no visual dust leaving site 

>150 mcg/m3 above 
background for 15-
minute average 

� Stop work 
� Re-evaluate activities 
� Continue monitoring 
� Continue work if downwind PM-10 particulate levels are <150 mcg/m3 above 

upwind levels and no visual dust leaving site 

Sources: 
  New York State Department of Health Community Air Monitoring Plan, June 20, 2000. 
  New York State Department of Environmental Conservation Division Technical and Administrative 
     Guidance  Memorandum - Fugitive Dust Suppression and Particulate Monitoring Program at Inactive  
      Hazardous Waste Sites, October 27, 1989. 
 
All VOC and particulate data were recorded continuously during work activities and 
downloaded to the project computer at the end of the day. All monitoring data is stored 
electronically in spreadsheets and databases.   Air monitoring results are presented in 
Appendix D. 
 
Records of meteorological conditions, equipment maintenance, and calibration records were 
also maintained.  
 
3.4.2 Surface-Soil Sampling and Analysis 
 
Eleven surface-soil samples were collected from the two stockpiles (see Figure 4) and were 
laboratory analyzed for VOCs and semivolatile organic compounds (SVOCs), target analyte 
list (TAL) metals, and cyanide.  Samples collected for VOC analysis were collected in 
accordance with EPA Method 5035.  Surface-soil chemical data are presented in Section 6 
(Nature and Extent of MGP Contamination ) of this report.  
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3.4.3 Subsurface-Soil Sampling and Analysis 
 
One to three subsurface-soil samples were collected for laboratory analysis from each of the 
boring and monitoring well locations illustrated in Figure 4.  Subsurface-soil analytical 
samples were not collected from the piezometers.  Subsurface-soil samples were collected for 
laboratory analysis from the most heavily impacted soil interval (based on visual, olfactory, 
and PID observations), from a soil interval that underlies the most impacted area, and from 
soil above the most impacted area.  If no impacted soils were detected in a boring, one 
sample was collected at the water table interface and one at or near the interface of the 
bedrock.  Samples were analyzed for VOCs, SVOCs, TAL metals, and cyanide. 
 
In addition, subsurface-soil samples were collected from the test pits and analyzed for VOCs, 
SVOCs, TAL metals, and cyanide.  Soil samples collected for VOC analysis were collected 
and preserved in accordance with EPA Method 5035.  Subsurface-soil chemical data are 
presented in Section 6 of this report. 
 
3.4.4 Sediment Sampling and Analysis 
 
Sediment sample locations included areas adjacent to the former MGP site and areas adjacent 
to the park (upstream and downstream of the site).  The sediment samples were collected 
using a stainless-steel hand auger and a remote sampler.  The remote sampler was only used 
to collect sediment from locations of the river that were not accessible using the hand auger.  
The sampling was conducted during low tide when there was little or no current. 
 
Sediment samples were analyzed for VOCs, SVOCs, TAL metals, and cyanide.  Samples 
were collected for VOC analysis in accordance with EPA Method 5035.  Sediment chemical 
data are presented in Section 6 of this report. 
 
3.4.5 Groundwater Sampling and Analysis  
 
Monitoring wells were sampled two weeks after installation and development were 
completed as part of groundwater characterization.  The sampling technique minimized stress 
of the aquifer using low flow pumping rates in order to provide representative water samples 
with minimal alterations to water chemistry.  The analytical results were used to assess the 
effect of the former MGP operations on groundwater quality.  Groundwater samples were 
analyzed for VOCs, SVOCs, TAL metals and cyanide.  Groundwater chemical data are 
presented in Section 6 of this report.   
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3.4.6 Investigation-Derived Waste Characterization and Disposal 
 
IDW generated during the FRI activities consisted of:  (1) liquids generated by cleaning of 
excavating, sampling and drilling equipment, groundwater generated during drilling and 
development of monitoring wells, and purging of monitoring wells prior to groundwater 
sampling; and (2) soils generated during test pit excavations and the installation of borings 
and monitoring wells.  The liquid IDW were stored in 55-gallon drums.  Soil wastes were 
stored in covered rolloffs.   
 
The liquid and soil wastes generated during the FRI were characterized to ensure proper 
disposal of these materials.  Approximately 1,000 gallons of wastewater and 200 cubic yards 
of soil cuttings were generated during the FRI activities.  Prior to disposal, soil cuttings were 
analyzed for VOCs, toxicity characteristic leaching procedure (TCLP) benzene, SVOCs, and 
TCLP SVOCs.  Wastewater was analyzed for VOCs, SVOCs, TAL metals, and cyanide.  
Soil cuttings were transported off site (to Casie Protank of Franklinville, New Jersey) and 
treated at a thermal desorption facility.  Wastewater was transported off site (by Chemical 
Waste Disposal of Astoria, New York) and disposed of at a wastewater treatment facility. 
 
3.5 Survey 
 
A site survey was performed during FRI activities by a GEI New York-licensed surveyor to 
obtain information necessary for production of a composite base map that accurately 
illustrates the locations and elevations of surface-soil samples, sediment samples, test pits, 
borings, monitoring wells, river gauges, and other pertinent features (e.g., stream channel, 
topography).  Locations and elevations are referenced to a known benchmark.  Monitoring 
well elevations were determined with a vertical accuracy of 0.01 foot.  The vertical datum 
used was North American Vertical Datum (NAVD) 88 expressed in feet above approximate 
mean sea level.  The horizontal datum used was North American Datum (NAD) 83 expressed 
in New York State Plan Coordinate System (in feet). 
 
3.6 Quality Assurance/Quality Control 
 
QA/QC protocols and procedures were performed to ensure the accuracy, precision, and 
completeness of all chemical data collected during FRI activities.  QA/QC protocols and 
procedures were completed in accordance with the NYSDEC approved Quality Assurance 
Plan submitted as part of the FRI work plan. 
 
3.6.1 Sample Quality Assurance/Quality Control 
 
QA/QC samples were collected during each phase of sampling in order to evaluate the 
validity of the sampling, decontamination, and analytical methods used during the site 
investigation.  QA/QC samples collected during field sampling activities included trip 



F O C U S E D  R E M E D I A L  I N V E S T I G A T I O N  
E A S T  1 7 3 R D  S T R E E T  W O R K S ,  B R O N X ,  N Y  
A P R I L  2 4 ,  2 0 0 3  
 
 

 17 

blanks, duplicates, and field blanks (i.e., equipment rinsates).  Table 5 summarizes the 
number and types of QA/QC samples collected for each sample media.  Field duplicates 
consisted of two split samples from the same source, analyzed by the laboratory as separate 
samples.  The laboratory was not aware of duplicate samples.  This precaution allowed GEI 
to verify the laboratory reproducibility of analytical data.  Field blanks (i.e., equipment 
rinsate blanks) were used to monitor the adequacy of field equipment decontamination 
procedures that were employed to prevent cross-contamination from one sampling location to 
another sample location.  Trip blanks were used to monitor possible sources of contamination 
from sample transport and storage.   
 
Samples submitted to SciLab for analytical characterization were evaluated and reported by 
the laboratory according to New York State Analytical Services Protocol (NYSASP) as 
defined in Methodologies 95-1 (VOCs), 95-2 (SVOCs), and 6000/7000 Series (Inorganics).  
SciLab provided a full data evaluation package in accordance with Category B deliverable 
requirements.  Additional data validation was performed by GEI based on the following 
documents.  
 
� USEPA Contract Laboratory Program for Organic Data Review, EPA 540/R-99-008 

(October 1999) 

� USEPA Contract Laboratory Program for Inorganic Data Review, EPA 540/R-94-
013 (February 1994) 

Data usability was conducted based on the following parameters. 
 
� Preservation and Technical Holding Times 
� Calibration Verification Results 
� Blanks 
� Surrogate Recoveries 
� Matrix Spike/Matrix Spike Duplicates 
� Field Duplicates 
� Laboratory Fortified Blank Recovery 

 
Copies of the data usability reports are provided in Appendix E.  Data qualifiers used in the 
presentation of the analytical results are included with the reports.   
 
A standard system of sample identification was used to allow samples to be tracked in field 
notes, chain-of-custody forms, and laboratory reports.  The identification system is as 
follows. 
 
Examples: SP MW- 4S 

SP SB-8 (6-8) 
 



F O C U S E D  R E M E D I A L  I N V E S T I G A T I O N  
E A S T  1 7 3 R D  S T R E E T  W O R K S ,  B R O N X ,  N Y  
A P R I L  2 4 ,  2 0 0 3  
 
 

 18 

Where:  SP = Starlight Park (site identification) 
MW- 4S = Monitoring Well No. 4 location.  "S" refers to the shallow aquifer 
where the well is screened and “D” refers to the deep aquifer where the well is 
screened 

SB-8 = Boring No. 8 location 
(6-8) = sample depth in feet (not used for groundwater) 
 

3.6.2 Record Keeping and Documentation 
 
The following specific documents were incorporated into the record keeping procedure. 
 

Document Purpose 
Site Field Logs  Issued to each field member with a control 

number.  These logs were the principal 
document for recording field data 

Chain-of-Custody Record  To track the possession of all samples from field 
to laboratory 

Accident Report, Daily First Aid Report, Employer’s 
First Report of Injury, and OSHA 300 Forms. 

Data sheets attached to the HASP used to 
document accidents occurring at the site during 
site characterization activities. 
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4.  Geologic and Hydrologic 
Characterization 

 
 
 
Geologic, hydrologic, and chemical characterization data identified in Section 3 provide 
detailed information for the evaluation of the geology, identification of specific contaminant 
concentrations throughout soil, sediment, and groundwater media, and potential pathways of 
groundwater migration and contaminant transport.  The interpreted site-specific geology and 
hydrology data were compared to the broad model of existing local and regional data and are 
incorporated into a conceptual model that describes the physical characteristics of the site.  A 
discussion of the geologic and hydrologic interpretations is presented in this section.  The 
interpretations of these data are supplemented with data tables, geologic cross-sections, 
contour maps, and a site topographic map.  Interpretations of the chemical data are presented 
in Section 6.  
 
4.1 Geographic Setting 
 
The topographic setting of the East 173rd Street Works site is illustrated in Figure 1, taken 
from a portion of the USGS topographic map for the area.  As depicted by Figure 1, the site 
is located on the western side of the Bronx River within the Bronx River Basin.  In the area 
of the site, the Bronx River drainage basin runs north/south and is surrounded by ridges and 
valleys to the west and hummocky terrain east of the site.  The Bronx River discharges to the 
East River, located approximately 2 miles south of the site. 
 
4.2 Regional Soils 
 
A preliminary understanding of surficial soils present in Bronx County was obtained from a 
review of the Bedrock and Engineering Geologic Maps of Bronx County and Parts of New 
York and Queens Counties, New York, published by the United States Department of the 
Interior, USGS.  The natural surficial material in Bronx County is predominantly glacial till 
that consists of a mixture of clay, silt, sand, gravel, and boulders.  Freshwater and tidal marsh 
deposits, consisting predominantly of organic silt and clay, commonly overlie the glacial 
deposits.  The glacial deposits are commonly underlain by bedrock.  Miscellaneous 
(artificial) fill deposits in the Bronx contain mixtures of glacial soil, riprap (i.e., large blocks 
of rubble rock), building-demolition rubble (e.g., glass, wood, brick and concrete), and 
cinders.   
 
Information on the fill deposits present on the site and surrounding park property was 
obtained from a review of the Reconnaissance Soil Survey of the Boroughs of New York City, 



F O C U S E D  R E M E D I A L  I N V E S T I G A T I O N  
E A S T  1 7 3 R D  S T R E E T  W O R K S ,  B R O N X ,  N Y  
A P R I L  2 4 ,  2 0 0 3  
 
 

 20 

to be published by the United States Department of Agriculture (USDA), Natural Resources 
Conservation Service (NRCS).  Soils in the area of the site belong to the LaGuardia and 
Ebbets Series soil classification and consist of very deep, well-drained soils with moderate 
permeability.  These soils occur in and near major urbanized areas of New York City and are 
formed from construction debris intermingled with anthrotransported soil materials.  Fill 
materials ranges in thickness from approximately 3.3 to 6.7 feet.  The transported 
construction debris may include pieces of plastic, glass, rubber, bricks, lumber, asphalt, coal 
ash, unburned coal, gypsum board, concrete, and steel.  LaGuardia Soils contained greater 
than 35% of transported construction debris.  Ebbets Soils contain between 10% and 35% of 
transported construction debris.  The transported natural soil material may originate from any 
geologic deposit ranging from till, outwash, alluvium, coastal plain sediments, or residuum, 
usually from a local source. 
 
4.3 Regional Geology 
 
The East 173rd Street Works site is located in the southern end of the Manhattan Prong in 
southeastern New York.  The Manhattan Prong is one of two southwest extensions of the 
New England Uplands Physiographic Province of the Northern Appalachians.  The 
Manhattan Prong is a region of low, rolling elongated ridges and valleys that are underlain by 
metamorphic rocks of Proterozoic and Early Paleozoic ages.  The NE-SW-trending ridge-
and-valley morphology present in the western part of the Bronx (i.e., west of the Bronx 
River) is derived from areas of resistant rock and the deep weathering and erosion of the 
rock.  In the eastern Bronx, exposures of bedrock are rare and elongated hills (trending 
NNW-SSE) are composed of glacial deposits and former swamps or marshes that have been 
artificially filled due to urban development.  The structures in the rocks of the Manhattan 
Prong are related to plate-tectonic activity.  The rocks of the Manhattan Prong were 
metamorphosed primarily during the Taconic Orogeny (circa 500 million years ago).   
 
Figure 5 is a geologic map of a portion of the Bronx in New York City.  The bedrock 
geology of the East 173rd Street site consists entirely of metamorphic schist of the Hartland 
Formation.  The Hartland Formation is Middle Ordovician to Middle Cambrian in age and 
consists predominately of muscovite-biotite quartz schist that includes some gneiss, 
pegmatite, and hornblende amphibolite members.  The rocks of the Hartland Formation are 
inferred to represent deep-water oceanic sediments and interlayered volcanic rocks that have 
been subjected to several periods of deformation (e.g., folding and faulting).  Rocks in the 
east Bronx, including the Hartland Formation, form a series of tight isoclinal northeast-
striking folds.  Faults found in the region include high-angle normal and reverse faults and 
low-angle thrust faults.  The mapped faults nearest to the site include the NW-SE-trending 
Mosholu Fault (located approximately ½-mile northeast of the site) and the NE-SW-trending 
Cameron’s Line Thrust Fault (located approximately 1 mile west of the site).  The age of the 
faulting in this region may range from the late Middle Ordovician (Hall, 1968a, Zen, 1967) to 
the Triassic (Rodgers, 1967).   
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The landscape in southeastern New York has been subjected to glaciation several times 
during the Pleistocene Epoch (circa 1.8 million to 8,000 years ago).  Glacial overburden 
deposits found in the area of the site were derived almost entirely from Late Wisconsinan 
glaciation that incorporated and transported large quantities of rock and soil.  The 
Wisconsinan glacier retreated from New York State about 12,000 years ago.  Postglacial 
processes have reshaped the landforms of New York only moderately, mainly along 
floodplains of streams (e.g., alluvial overburden deposits/marsh).  Much of the original 
drainage and stream/shore line configuration of the 18th century no longer exists, due to 
artificial filling.  
 
4.4 Site-Specific Geology 
 
Overburden deposits and bedrock of the East 173rd Street site are classified into five main 
stratigraphic units:  (1) fill; (2) MGP-era fill/former soil horizon; (3) organic-rich alluvial 
marsh deposits; (4) glacial deposits; and (5) competent bedrock of the Hartland Formation.  
The stratigraphic sequence consists predominantly of competent bedrock overlain by glacial 
deposits.  A layer of organic rich alluvial marsh deposits overlies the glacial deposits.  MGP-
era fill and a historical soil horizon overlie the alluvial marsh deposits.  Fill deposits overlie 
the historic MGP soil horizon.  The fill is capped with a layer of asphalt pavement in the 
northern portion of the site and topsoil on the southern portion of the site.  Important 
characteristics of each of the stratigraphic units are discussed below.  The stratigraphy of the 
site is illustrated on Figures 6 and 7 (Geologic Cross-Sections A-A′ and B-B′).  The location 
of each cross-section is presented in Figure 4. 
 
4.4.1 Competent Bedrock   
 
Competent bedrock was encountered in 16 borings drilled on site and in nine borings drilled 
outside the site and within the boundary of the park.  The competent bedrock in these areas 
consists predominantly of muscovite-biotite schist with some quartz-rich zones.  This rock 
type is consistent with the lithology of the Hartland Formation.   
 
Bedrock elevations near the site ranged from above the ground surface at bedrock outcrops 
southwest of the site across the Sheridan Expressway, to 39 ft bgs at the southeastern site 
boundary.  The bedrock contours for the site are presented on Figure 8.  The contour map 
illustrates that glacial and alluvial processes have shaped the bedrock surface.  The bedrock 
surface dips predominantly in a south-southeastern direction toward the former location of 
the Bronx River.  The bedrock surface on the southern side of the former river channel (i.e., 
the side opposite the site) dips to the northwest.   
 
Rock Quality Designation (RQD) measurements collected from bedrock core holes SB-5 
(38-43 ft bgs), SB-9 (30-35 ft bgs), SB-11 (37.5-42.5 ft bgs), SB-12 (26.5-31.5 ft bgs), SB-13 
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(24-29 ft bgs), SB-15 (36-41 ft bgs), SB-16 (28.5-33.5 ft bgs), SB-17 (29.5-34.5 ft bgs), and 
SB-18 (22.5-27.5 ft bgs) provide an indication of the fracture intensity.  One bedrock core 
sample was collected from the bedrock surface to 5 feet below the bedrock surface.  The 
RQD numbers for the core samples range from 52% to 100% (see boring logs in Appendix 
C).  The higher RQD numbers are indicative of more competent rock.  In general, the lower 
RQD numbers (indicating more broken rock) are more frequent in the area of the former and 
current Bronx River, with rock quality becoming more competent in the central and 
northwestern portions of the site. 
 
4.4.2 Glacial Deposits 
 
The glacial deposits are stratigraphically located between the overlying organic-rich alluvial 
marsh deposits and the underlying competent bedrock.  The glacial deposits differ 
significantly from the overlying alluvial marsh deposits.  The glacial deposits consist 
predominantly of poorly sorted, dense silt to coarse gravel.  Evidence of reworking of the 
glacial deposits (i.e., stratification) by fluvial processes was observed in split-spoon samples.  
The glacial deposits at the site are thin to absent along most of the southeastern boundary of 
the site (near the present river channel) and in the area of the former river channel.  In these 
areas, alluvial deposits commonly overlie the bedrock surface.  
 
4.4.3 Alluvial Marsh Deposits 
 
The alluvial marsh deposits overlie the glacial deposits.  The alluvial unit consists 
predominantly of freshwater tidal marsh deposits containing organic matter bonded by a 
matrix of sand, organic silt and clay.  These alluvial marsh deposits are identified as peat in 
many of the boring logs.  The tidal marsh deposits range in thickness from approximately 
15.5 ft near the southeastern site boundary (near the Bronx River) to less than 6.5 feet near 
the northwestern site property boundary.  The tidal marsh deposits are absent in the areas of 
the site in which the subsurface holders were constructed (i.e., the marsh deposits were most 
likely excavated during holder construction).  In the areas of the subsurface holders, MGP fill 
directly overlies glacial deposits.  The tidal marsh deposits are also absent in the area of the 
former Bronx River channel.  
 
4.4.4 MGP-Era Fill 
 
Fill from the former MGP is present immediately above the tidal marsh deposits.  The MGP 
horizon ranges in thickness from approximately 20 feet near the northwestern site boundary 
(near the subsurface holders) to less than 5 feet near the southwestern site property boundary 
(near the eastern bank of the former river channel).  In some areas of the site, the MGP-era 
fill unit consists predominantly of moderately well-sorted, fine to coarse sand with variable 
percentages of brick, coal and ash material.  The top of this unit is believed to represent the 
former land surface during the operations of the MGP. 
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4.4.5 Post-MGP Fill (Urban Fill) 
 
Urban fill deposits overlie the MGP-era fill horizon.  The urban fill consists predominantly of 
fine to medium sand with varying percentages of silt, coarse sand, gravel, blast rock, brick 
pieces, ash and other fill materials.  These urban fill deposits belong to the LaGuardia and 
Ebbets Series soil classification (see subsection 4.2, Regional Soils).  The fill deposit is 
laterally continuous across the site and ranges in thickness from approximately 3 ft in the 
southwestern portion of the site to more than 25 ft in the former area of the Bronx River.  
This urban fill was placed on the site and surrounding area after the MGP was shut down and 
MGP structures were removed, most likely during the construction of the park and 
surrounding roadways in the 1950s.  The urban fill is covered by asphalt on the northern 
portion of the site.  The southern portion of the site is the location of the former playing field 
that was recently stripped of topsoil.  The southern portion of the site is presently being used 
as a temporary staging area for soils excavated from the Sheridan Expressway. 
 
4.5 Subsurface Features 
 
Test pit excavations were used to identify existing, or the remnants of, MGP subsurface 
structures.  The test pit excavation depths were limited by the reach of the backhoe 
(approximately 15 ft) and the depth of the water table.  As previously mentioned, the urban 
fill deposits (placed subsequent to the operation of the MGP) ranged in thickness from 
approximately 3 ft on site to more than 25 ft in the former area of the Bronx River.  
Therefore, most backhoe excavations located outside the former river channel trenched 
though the entire thickness of the former MGP-era fill and into the uppermost portion of the 
marsh deposits.  The test pit locations are illustrated on Figure 4. 
 
Test pit logs are provided in Appendix C.   A concrete slab was encountered at a depth of 3 ft 
bgs in TP-1.  The slab is most likely the floor of the retort house.  Test pits TP-2 and TP-3 
uncovered a portion of a subsurface holder rim at a depth of approximately 6 feet bgs.  Test 
pit TP-4 uncovered a holder rim of a second subsurface holder at a depth of approximately 6 
feet.  The holder rims are constructed of brick and are approximately 18 inches thick.  A 
concrete slab was encountered at a depth of 4.6 feet in test pit TP-6 and a depth of 4.1 feet in 
TP-7.  This slab was most likely the foundation for the former above-grade holder.  Test pits 
TP-9C and TP- 27A, excavated in the area of the former Bronx River channel, encountered a 
concrete slab and timbers most likely associated with the former river bulkhead that was part 
of the former MGP waterfront.  This bulkhead is shown in historical photographs in the site 
history report in Appendix A.  The bulkhead was encountered at 5 ft bgs in TP-9C and at 6 ft 
bgs in TP-27A.  A brick wall was uncovered at a depth of 5 to 12 ft bgs in test pit TP-12A.  
This wall may be a retaining wall for the former river embayment.  Test pits TP-9B, TP-9C, 
and TP-29 each contained massive blast rock that was imported to the site (i.e., blast rock 
was used to fill the former river channel).  Test pits TP-16 and TP-28 uncovered a concrete 
slab at 4.5 ft bgs and 5.4 ft bgs, respectively.  This slab is most likely the floor of the former 
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storage building.  Cast iron pipe, most likely associated with former MGP operations, was 
encountered at depths greater than 8 ft bgs in test pits TP-13 and TP-14.  Many of the test pits 
contained building debris (e.g., brick, wood, wire) most likely associated with the razing of 
the MGP and subsequent filling of the site.    
 
The bottom of each of the two subsurface water-seal holders was encountered during the 
drilling of several borings (SB-2, SB-2A, SB-4, and SB-4A).  Borings B-2 and B-2A 
encountered the bottom of the 75,000 cu ft subsurface holder at a depth of 25 ft bgs.  Borings 
B-4 and B-4A encountered the bottom of the 60,000 cu. ft. subsurface holder at a depth of 22 
ft bgs.  Boring SB-12 encountered schist fill and void space that may be associated with the 
blast rock fill observed in the former river channel. 
 
4.6 Regional Surface Water Hydrology 
 
Surface water in the Borough of the Bronx County occurs in lakes and streams.  The Bronx 
River flows southward across the Bronx and drains the Bronx River Basin.  The Bronx River 
Basin is a minor drainage divide between the Long Island Sound Drainage Basins and the 
East River and its tributaries.  The Bronx River basin watershed is approximately 56 square 
miles (US Army Corps of Engineers, 2002). The Bronx River discharges directly into the 
East River, located approximately 2 miles southeast of the site.  The Bronx River is fed by 
overland runoff and/or diffuse flow from an overburden aquifer.  The base flow of the river, 
which is the sustained flow between flood events, is provided by groundwater.  The presence 
of large impervious areas of urbanization results in peak runoff from storms that may be two 
to four times that of undeveloped areas (Lazaro, 1979).  These surface waters are subject to a 
large amount of pollution from street refuse, such as animal droppings, leaves, dust, and 
industrial spills (Baskerville, 1992).  The site-specific flow of groundwater from the 
overburden aquifer to the Bronx River and the tidal influence of the river are discussed in 
detail in subsection 4.8.  The Bronx River has been classified as Class I Saline Surface 
Waters by NYSDEC.  Class I waters are suitable for secondary contact recreation and 
fishing.  These waters shall be suitable for fish propagation and survival. 
 
4.6.1 Regional Surface and Groundwater Quality 
 
Surface water and groundwater samples from the Bronx and western Queens Counties were 
analyzed as part of a geologic study conducted by the USGS (Baskerville, 1992).  These 
water quality results are summarized in Table 6.  Two of the samples were collected from the 
Bronx River and were analyzed for alkalinity, pH and inorganic compounds.  
 
According to the analytical results of two samples, surface water from the Bronx River is 
basic, exhibiting pH values of 7.28 and 9.1 standard units.  Sodium concentrations of 30 and 
580 mg/l and chloride concentrations of 90 and 3,300 mg/l were detected.  Surface water 
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samples exhibited potassium concentrations of 2 and 40 mg/l and sulfate concentrations of 35 
and 440 mg/l.  Iron concentrations ranged from 0.09 to 0.9 mg/l. 
 
Several trace elements were detected in the surface waters of the Bronx and Queens Counties 
at concentrations raging from <0.01 to 0.72 mg/l.  Trace elements included cobalt, 
chromium, lithium, manganese, molybdenum, nickel, phosphorus, lead, tin, thallium, and 
vanadium. 
 
4.7 Regional Groundwater Hydrology 
 
4.7.1 Hydrogeology 
 
General information about the hydrogeology in the area of the site was known prior to 
conducting the FRI.  Hydrogeologic literature for New York City indicated that groundwater 
in the area moves predominantly from recharge areas to nearby valleys, where it typically 
discharges to the major rivers.  Groundwater recharge is primarily from infiltration of 
precipitation, and minor amounts of water enter the groundwater system through leaking 
water mains, sewers, and sanitary disposal systems.  Groundwater occurs predominantly 
under unconfined conditions in overburden, and confined and unconfined conditions in 
fractured bedrock.   
 
4.7.2 Groundwater Use Survey 
 
A preliminary groundwater use survey was conducted to identify potential receptors and to 
determine if the aquifer beneath and downgradient of the site is used for public purposes.  
Information on public and private water supply wells (residential and industrial) within a 1-
mile radius of the site was obtained from multiple sources.  An electronic database records 
search from EDR, which included information from the USGS, Federal Reporting Data 
System (FRDS) Public Water Supply System, and the New York State Database, was 
completed.   
 
Groundwater in the Borough of the Bronx is used only for industry and has not been 
withdrawn for public water supply since 1905 (Perlmutter and Arnow, 1953).  Potable water 
used in the Bronx is obtained entirely from the New York City water supply system.  No 
public or private wells were identified within 1 mile of the site.  The NYSDEC groundwater 
classification for the site is Class GA Fresh Groundwaters. 
 
4.8 Site-Specific Groundwater Hydrogeology  
 
Site-specific groundwater hydrogeologic characterization was conducted within the site 
property boundary and within the park boundary to provide specific hydrologic data on the 
site and surrounding area, and to determine how the site hydrology fit into the broad regional 



F O C U S E D  R E M E D I A L  I N V E S T I G A T I O N  
E A S T  1 7 3 R D  S T R E E T  W O R K S ,  B R O N X ,  N Y  
A P R I L  2 4 ,  2 0 0 3  
 
 

 26 

groundwater hydrogeologic model.  Specifically, the hydrogeologic characterization data 
were used to (1) characterize the geology of the overburden aquifer; (2) define local 
groundwater flow in the overburden; and (3) determine the influence of the Bronx River on 
groundwater flow.  A detailed description of the site-specific hydrogeologic characterization 
is presented in this section.  Table 4 presents a summary of the monitoring wells installed for 
site characterization, and includes well identification, depth, elevations, screened interval, 
and annular fills.  Monitoring well locations are illustrated on Figure 4. 
 
4.8.1 Characterization of the Overburden Aquifer 
 
The overburden aquifer at the site is unconfined and present within the glacial and alluvial 
marsh geologic units.  The overburden aquifer extends into the MGP-era fill unit in the area 
of the subsurface holders.  The competent bedrock surface defines the base of the overburden 
aquifer.  The spatial distribution of each of these stratigraphic units is presented on Figure 6  
(geologic cross-section A-A′) and Figure 7 (geologic cross-section B-B′).  Cross-section A-
A′ is oriented north-south across the park property.  Cross-section B-B′ begins at the west-
central property boundary, traverses the site, and ends at the Bronx River.  This orientation is 
roughly parallel to the direction of groundwater flow in the overburden aquifer.  As 
illustrated in the cross sections, the alluvial and glacial stratigraphic units characterize the 
overburden aquifer.  The alluvial marsh unit is laterally continuous across most of the site.  
The marsh deposits were absent only in the northwestern side of the site in the area of the 
subsurface holders.  The glacial unit is also laterally continuous across most of the site.  The 
glacial unit was thin or absent in some areas adjacent to the former and current Bronx River 
channel, where alluvial deposits directly overlie competent bedrock. 
 
Bedrock cores drilled on site and within the park property encountered a competent bedrock 
geologic unit underlying the glacial unit that does not appear to be water bearing.  This unit 
may act as a confining layer between the overburden and bedrock aquifers.  
 
4.8.2 Groundwater Flow Within the Overburden Aquifer 
 
The depth to groundwater and the groundwater elevations measured in August 2002 for the 
overburden aquifer are listed in Table 7.  The groundwater level within the overburden 
aquifer ranges from approximately 12.5 to15 feet bgs.  Figures 9A through 9D illustrate the 
water table surface contours and groundwater flow direction within the overburden aquifer at 
the park for the two groundwater level measurement events.  Groundwater measurements 
collected from wells screened in similar stratigraphic horizons and similar depths were used 
to determine the groundwater flow directions.  Several nests of wells were installed to 
evaluate vertical hydraulic gradients of the overburden aquifer.  Well nests are screened at 
the following groundwater bearing overburden intervals. 
 
� MGP-era fill  and alluvial marsh units  
� Glacial unit  
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Figures 6 and 7 (geologic-cross sections) illustrate the vertical difference between the water 
bearing units, the screen intervals, and groundwater elevations measured on August 23, 2002 
for three of the four well nests located on the park property.  The well nests are located in the 
northern portion of the park (MW-1 series), the central part of the site (MW-2 series), the 
northeastern corner of the site (MW-3 series), and the southeastern corner of the site (MW-4 
series).     
 
The groundwater flow directions shown in Figures 9A and 9B were collected using shallow 
wells screened in the MGP-era fill and alluvial marsh deposits.  The river elevation upriver of 
the weir (collected from RG-2) was also used to calculate shallow groundwater contours on 
Figure 9B.  The water-level measurements collected from piezometer PZ-2 were not used in 
the construction of the water table contour maps due to the piezometer’s anomalously low 
water-level elevation and the uncertainty of the stratigraphic unit in which this piezometer is 
screened.  As illustrated by the groundwater flow direction maps, groundwater within the 
overburden aquifer flows in a southerly direction toward the Bronx River.  The average 
horizontal hydraulic gradient across the site is 0.006 ft/ft (based on August 1 and August 23, 
2002 measurements). 
 
The groundwater flow directions shown in Figures 9C and 9D were collected using deep 
wells screened in the glacial unit. Groundwater levels measured from deep monitoring well 
MW-2D, screened in the marsh unit, were not used to calculate deep groundwater flow 
directions. 
 
During the development of each well, observations of groundwater recharge indicate that the 
wells screened in the glacial unit have a greater rate of recharge than wells screened in the 
alluvial marsh unit.   
 
4.8.3 Tidal Survey 
 
A tidal survey was performed at the site in August 2002.  During the survey, water levels 
were monitored continuously at two locations in the Bronx River (River1 and River2), three 
shallow overburden wells (MW-1S, MW-2S, and MW-4S), and two deep overburden wells 
(MW-1D and MW-4D) for a minimum of 72 hours.  River1 was located upstream of the 
weir, adjacent to monitoring well series MW-3.  River 2 was located downstream of the weir.  
The pressure transducer used to measure water levels in monitoring well MW-4D 
malfunctioned during this 72-hour tidal survey.  Therefore, the water levels in MW-4D were 
monitored for 72 hours after the 72-hour period in which the other wells were monitored.  
Shallow overburden wells were typically installed no greater than 16 feet bgs and were 
screened across the water table in MGP-era fill and the marsh deposits.  Excepting 
monitoring well MW-2D, deep overburden wells were screened in the glacial unit that 
underlies the marsh deposits.  Tidal survey data are compiled in Appendix F. 
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The tidal survey data from MW-4S (located approximately 20 feet from the river) indicates 
that the water level in MW-4S is tidally influenced (maximum fluctuations of 0.509 feet).  
The water level in monitoring well MW-2S (located approximately halfway between the 
Bronx River and the Sheridan Expressway) shows a slight tidal effect (maximum fluctuation 
of 0.069 feet).  The water level fluctuation curve for MW-2S appears cyclical but not 
sinusoidal.  However, the frequency of the water level fluctuations measured in monitoring 
well MW-2S is very similar to the tidal cycle of the river.  The water level in MW-1S (in the 
northern portion of the park near the Sheridan Expressway) does not show tidal effects.  
These data indicate that tidal influence does not extend to the northern park property 
boundary in the shallow overburden aquifer.  Therefore, tidal fluctuations should have a 
minimal effect on groundwater flow direction in the shallow overburden aquifer. 
 
Water level measurements collected from deep overburden monitoring wells MW-1D and 
MW-4D show tidal impacts.  The water levels collected from MW-4D (located adjacent to 
the river) shows the greater impact (fluctuation of approximately 1.7 feet).   Water levels 
collected from MW-1D (located near the Sheridan Expressway) show a moderate impact 
(fluctuation of approximately 0.6 foot).  These data indicate that tidal influence in the deep 
overburden aquifer extends to the northern property boundary.  The tidal response times 
measured in  MW-1D and MW-4D are similar to the tidal response times measured in the 
river.  Therefore, tidal fluctuations should have a minimal effect on groundwater flow 
direction in the deep overburden aquifer. 
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5.  Identification of Potential Source 
Areas 

 
 
 
5.1 Potential MGP Waste Source Areas 
 
Potential waste source areas at former MGP sites include locations associated with the 
production, purification, and storage of manufactured gas.  Typical source area locations 
identified at MGP sites include gas purifiers, oil and by-product (e.g., tar) storage tanks, tar 
handling and storage areas, and gas holders.  Liquid residues include tars and oils, which are 
complex mixtures of hydrocarbons.  Organic compounds associated with these tars and oils 
include VOCs and polycyclic aromatic hydrocarbons (PAHs).  Solid by-products found at 
MGP sites include ash, purifier material, and tar.  Inorganic compounds associated with ash 
and purifier material include metals and complex cyanide.  Table 8 lists compounds that may 
be present at MGP sites. 
 
Results of the historical review conducted for the East 173rd Street site identified the location 
of several potential source areas present at the site.  These potential source areas included:  
(1) gas purifiers and two above-grade naphtha oil tanks located in the southeastern corner of 
the site; (2) a 130,400-c.f. slab on grade gas holder located in the southeastern corner of the 
site; and (3) a 75,000-c.f. subsurface water seal holder and an estimated 60,000-c.f. capacity 
subsurface water seal holder located in the north-central portion of the site.  In addition to 
these known potential source areas, other on-site areas and areas outside of the former MGP 
operations (e.g., former and current river channel, former river embayment) were 
investigated as part of the site characterization.     
 
5.1.1 Identification of MGP Structures 
 
As discussed in subsection 4.5, physical evidence collected during FRI activities indicates 
that several remnant MGP structures are present beneath the surface of the site.  The rims of 
each of the two subsurface water-seal holders were encountered at a depth of approximately 
6 ft bgs in the north-central portion of the site.  The 75,000-c.f. water-seal holder bottom was 
encountered at a depth of 25 feet bgs, and the bottom of the estimated 60,000-c.f. water-seal 
holder was encountered at a depth of 22 feet bgs.  The slab of the former 130,400 c.f.  above-
grade holder was uncovered at a depth of approximately 4.5 feet bgs in the southeastern 
corner of the site.  The floors of several of the former MGP buildings were encountered at 
depths between approximately 3 and 5 feet bgs.  Cast iron pipe, most likely associated with 
the MGP operations, was encountered at depths greater than 8 feet bgs in the central portion 
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of the site.  The top of the former river bulkhead/retaining wall was uncovered at a depth of 
approximately 5 feet bgs. 
 
5.1.2 Identification of MGP Residue 
 
Physical evidence collected during FRI activities indicates that DNAPL tar is present in 
discrete intervals within the  subsurface MGP-era fill and the uppermost portion of the 
organic-rich alluvial marsh deposits on the site.  The DNAPL tar observed in on-site borings 
and test pits is comprised of either droplets (i.e., disconnected separate-phase sphericals), 
horizontal seams (i.e., partial DNAPL saturation of material or soil interstitial pore spaces), 
or vertical veins (i.e., separate-phase DNAPL tar in small openings or root holes in fine-
grained material).  The viscosity of the DNAPL tar observed in seams and veins is commonly 
described (qualitatively) as “taffy-like” or “solidified” (i.e., viscous).  DNAPL tar droplets 
were observed only in materials encountered in test pit TP-4, excavated inside the estimated 
60,000-c.f. holder foundation.  On-site and off-site borings and test pits delineated the lateral 
and vertical extent of DNAPL tar.  DNAPL tar is limited to a few areas within the site 
boundary.  The borings and test pits that contained DNAPL tar are illustrated on Figure 10, 
and included TP-4, TP-8A, TP-13, SB-15, SB-20, and MW-2S. The vertical extent of on-site 
DNAPL tar is presented in geologic cross sections (Figures 6 and 7).  The distribution of the 
DNAPL tar observed in borings and test pits ranges in depth from 8 feet bgs to 20 feet bgs 
(i.e., DNAPL tar is present in discrete zones within a 12-foot interval).  The discrete zones of 
observed DNAPL tar-impacted material within this 12-foot interval are between 
approximately 1 inch and 4 feet in thickness.   
 
Due to the deposition of urban fill over the former MGP surface, the shallowest DNAPL 
encountered in soils was approximately 8 ft bgs.  DNAPL tar did not extend to the glacial 
deposits or into the uppermost portion of the competent bedrock in on-site borings (i.e., 
DNAPL tar was not found to migrate through the alluvial marsh deposits).  DNAPL tar was 
not encountered in off-site borings or test pits.  The distribution and potential for the 
movement of DNAPL tar is discussed further in subsection 7.1. 
 
In addition to DNAPL tar, evidence of tar impacts included staining and/or sheen and 
naphthalene and/or MGP tar odor.  Borings and test pits that exhibited only tar staining 
and/or sheen included TP-2, TP-6, TP-8, TP-9C, TP-28, SB-2, SB-9, SB-19, and MW-2D.  
Borings and test pits that exhibited only naphthalene and/or MGP tar odor included SB-1, 
SB-2A, SB-3, SB-4, SB-10, SB-16, SB-17, MW-4S, and MW-4D.  Physical evidence of 
purifier wastes was collected from two on-site test pits.  Test pit TP-1 (6.5 to 8 feet bgs) 
contained black-stained wood chips that exhibited a slight purifier and naphthalene odor.  
Test pit TP-15 (8 feet bgs) contained a discrete pocket (<1 c.f.) of bluish-green stained soil.  
Except for the tar odor detected between 12 and 14 feet bgs in soil boring SB-17, all visual 
and olfactory evidence of MGP residue was observed from sample locations within the 
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boundary of the site (i.e., former MGP property).  The distribution of tar staining, sheen, and 
odor is illustrated in Figure 10 and geologic cross sections. 
 
In addition to the borings and test pits conducted at the site and surrounding park property, a 
river inspection was conducted by GEI and the NYSDEC to provide supplemental evidence 
that DNAPL tar was not present along the bank of the river or within the river channel.  This 
river inspection consisted of digging shallow excavations (less than 1 foot) along the 
riverbank, overturning cobbles and boulders in the river channel, and prodding the river with 
a threaded steel rod.  A threaded rod was used to probe sediments along the western side of 
the river.  The rod commonly penetrated to depths between 4 and 6 feet below the surface of 
the riverbed.  DNAPL tar impacts were not detected in the river sediments adjacent to the site 
or park property.  An iridescent sheen was noted on the surface of the river between the area 
of the mud flat and the weir.  This sheen was noted prior to prodding the sediments with the 
threaded rod.  Probing the uppermost portion of the mud flat sediments (from the surface to 
12 inches in depth) released additional sheen from some areas of the mud flat.  The sediment 
that exhibited sheen did not exhibit an MGP or petroleum odor.   
 
As illustrated on cross-section B-B′ (Figure 7), DNAPL tar is confined to the site in discrete 
zones of residual saturation and is not present in the glacial deposits, bedrock, or river 
channel.  Soil in contact with DNAPL was sampled and analyzed for VOCs, SVOCs, 
inorganics, and cyanide.  Sediment samples were collected from 0 to 1 foot below the 
sediment surface.  This sediment sampling interval represents the primary exposure pathway 
for human and ecological exposure scenarios.  The analytical results are discussed in  
Section 6. 
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6.  Nature and Extent of MGP 
Contaminants 

 
 
 
This section of the FRI report discusses the nature and extent of contaminants associated with 
MGP residuals.  Samples were collected from on-site and off-site locations (i.e., within and 
outside the area of former MGP operations) and from all media that could potentially be 
impacted by MGP residues.  The identified media include soils, sediments, groundwater, and 
air.  Samples were collected from each media to identify concentrations of organic and 
inorganic compounds, and to determine if detected compounds are potentially derived from 
former MGP operations.  Detected compounds are defined as any regulated VOC, SVOC, or 
inorganic compound detected on the site and/or surrounding off-site property at 
concentrations above the reported analytical Method Detection Limit (MDL).  Detected 
compounds are evaluated to determine if regulatory standards have been met or exceeded.  
Compounds detected in soil, sediment, and groundwater at the site and off site include 
individual VOCs, SVOCs, and inorganic analytes.  As mentioned in subsection 5.1, many of  
the inorganic and organic compounds detected in on-site and off-site media can be associated 
with MGP residues; however, some of these detected compounds are not commonly 
associated with the MGP process and also occur naturally in background soil and 
groundwater throughout the eastern United States (Shacklette, 1984; Bradley, et al., 1994).   
 
Metals are naturally occurring compounds of soil, and are derived from the rocks, or parent 
materials, from which the soil was formed.  Soils can also be enriched in metals from human 
activities (e.g., fertilizers and fossil fuel emissions).  PAHs are by-products of combustion 
and are ubiquitous in the urban environment.  Therefore, background PAH and metal 
concentrations in soils vary based on the region.  Table 9 presents background concentrations 
of PAHs and metals in soils from the eastern United States.  Given the universal presence of 
PAHs and metals in the urban environment, it is important to compare analytical results to 
both generic regulatory standards and typical background concentrations.  As discussed in 
NYSDEC TAGM 4046, if a regulatory standard is below background, the background value 
is commonly used as a screening criterion. 
 
The distribution of detected compounds in surface soils, subsurface soils, groundwater and 
sediments is discussed separately in this section.  Ninety-six soil samples (22 surface-soil 
samples and 74 subsurface-soil samples), nine sediment samples, and eight groundwater 
samples were collected over several sampling events and analyzed for VOCs, SVOCs, and 
inorganics (including cyanide).  Sample locations are presented in Section 3 of this FRI 
report.  Air samples were collected and analyzed for inhalable particulates and VOCs as part 
of the CAMP conducted during the FRI field activities.    Analytical results for each of the 
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detected compounds for each of the sample media were compared to the appropriate New 
York State standard and regional background concentrations.  The interpretations of these 
data are supplemented with data tables, figures and maps.  The analytical results for each 
soil, water, and sediment sample are included in Appendix E.  All analytical data were 
validated.  Data usability reports are included in Appendix E.  The analytical results for air 
sampling are presented in Appendix D.   
 
6.1 Soil Analytical Results 
 
Surface and subsurface soil analytical results were compared to the NYS recommended soil 
cleanup objectives (RSCOs) as presented in the NYSDEC Technical and Administrative 
Guidance Memorandum (TAGM) 4046.  Soil analytical results were compared to RSCOs in 
two subsets:  surface soil (0 to approximately 2 ft bgs as represented by the topsoil 
stockpiles) and subsurface soil (below 2 ft bgs).  The laboratory analytical results of each of 
these soil subsets are presented in summary Tables 10 and 11.  The tables present the sample 
identification, sample depth, analytical result and any applicable data qualifier for the 
compounds detected in a sample.  The organic and inorganic compounds listed on the tables 
are detected in soils at concentrations above the reported analytical MDL.  Compounds 
detected in a sample are highlighted in blue.  Analytical results that exceed the RSCO are 
highlighted in red.   
 
6.1.1 Surface-Soil Analytical Results 
 
Table 10 presents a comparison of the surface-soil analytical results to the RSCOs.  Toluene 
was the only VOC detected in surface soil from the two stockpiles.  Toluene was detected at 
a concentration of 0.36 mg/kg in one sample collected from Stockpile 2.  This detected 
concentration is below the RSCO of 1.5 mg/kg.   
 
Eight of the 11 surface-soil sample locations exhibited concentrations of individual PAH 
compounds that exceed the RSCO.  Numerous PAHs were detected from each of the four 
surface-soil sample locations collected from Stockpile 1.  One or more PAHs were detected 
from four of the samples collected from the seven locations sampled from Stockpile 2.  
Concentrations of individual PAHs that exceed RSCOs in surface-soil samples collected 
from both stockpiles ranged from 0.021 to 0.72 milligram per kilogram (mg/kg).  PAH 
compounds detected in surface-soil samples are below the arithmetic mean of background 
concentrations for urban soils in the eastern United States. 
 
Several metals were detected in surface-soil samples at concentrations that exceed the 
RSCOs. The concentrations and distribution of individual metals are similar for all samples, 
and concentrations are within the range expected in background soils in the eastern United 
States.  Cyanide was not detected in surface soils.  These data indicate that surface soil 
contain concentrations of metals and PAHs that exceed the RSCOs, but are within the range 
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of typical background concentrations for eastern United States urban soil.  Therefore, surface 
soils are not impacted by former MGP operations.  The surface-soil samples typically 
consisted of fine-to-medium sand with varying percentages of silt, coarse sand, gravel, blast 
rock, brick pieces, ash, and other fill materials.  These surface soils have been mapped by the 
NRCS as transported fill and were placed on site circa 1950 (most likely during the 
development of the park and construction of the Sheridan Expressway). 
 
6.1.2 Subsurface-Soil Analytical Results 
 
Table 11 presents a comparison of the subsurface-soil analytical results to the RSCOs.  Table 
12 lists the compounds detected above RSCOs in subsurface soil, the number of subsurface-
soil samples analyzed, the maximum detected concentration and corresponding sample 
identification, and the percent of samples that exhibit a concentration that exceed the RSCO.  
Organic compounds (including VOCs and PAHs) and inorganic compounds were detected in 
subsurface-soil samples at concentrations that exceed RSCOs.  The most prevalent VOC 
detected in subsurface-soil samples is benzene (i.e., benzene was detected at concentrations 
that exceed the RSCO of 0.06 mg/kg in 22 percent of the subsurface-soil samples).  Benzene 
was detected at concentrations that exceed the RSCO only within the area of former MGP 
operations, predominantly in the area of the two subsurface holders and in an isolated area 
southeast of the subsurface holders.  These samples were collected from depths between 8 
and 20.5 ft bgs.  Excepting sample TP-12 (benzene concentration = 0.36 mg/kg) and TP-15 
(benzene concentration = 0.086 mg/kg), which exhibited estimated values below the 
laboratory practical quantitation level, benzene concentrations that exceed the RSCO are 
present in on-site subsurface-soil zones that contain MGP residue.  The highest benzene 
concentration was detected in sample TP-27B (benzene concentration = 210 mg/kg), 
collected at a depth of 12 feet bgs in a zone of DNAPL tar-impacted soil.   
 
SVOCs were detected at concentrations that exceed the RSCOs in 53 out of 103 (52 percent) 
of the subsurface-soil samples.  Subsurface-soil samples collected from all off-site locations 
and numerous on-site locations exhibited PAH concentrations within the range expected in 
urban soils of the eastern United States.   The most prevalent PAHs detected above RSCOs 
were benzo(a)pyrene (52 percent), benz(a)anthracene (48 percent), chrysene (45 percent), 
benzo(b)fluoranthene (40 percent), and dibenz(a,h)anthracene (15 percent).  These PAHs, 
detected at concentrations that exceed the RSCOs, are distributed throughout subsurface-soil 
urban fill deposits at the site and park property.  The samples exhibiting the highest PAH 
concentrations (i.e., exhibiting PAH concentrations above the ranges expected in urban soils) 
and greatest number of PAHs that exceed standards were collected from on-site MGP-era fill 
deposits and the uppermost portion of the alluvial marsh deposits that contained DNAPL tar.  
For example, soil sample SB-15 contained 15 SVOCs that exceeded standards and exhibited 
a total SVOC concentration of 50,146 mg/kg.  
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Several metals were detected at concentrations that exceed the RSCOs.  Excepting selenium, 
these metals were detected above MDLs throughout the site and off-site property in 
subsurface MGP-era fill and the natural deposits (i.e., glacial and/or marsh deposits) that 
underlie the fill.  These data indicate that subsurface soil contains concentrations of metals 
that exceed RSCOs, but are within the range of typical background concentrations for eastern 
United States urban soil.  Selenium was only detected in four subsurface-soil samples.  
Selenium was detected at concentrations that exceed the RSCO of 2 mg/kg in two samples 
collected from MGP-era fill material that contained DNAPL tar (TP-8A [11.5’] and TP-27B 
[12’]).  Selenium is not identified as a compound specifically associated with MGP 
operations (see Table 8).  However, its known presence in various coals and oils, and limited 
on-site distribution, suggest it is derived from former MGP operations.  Cyanide was not 
detected in subsurface-soil samples above the EPA generic soil screening level of 1,600 
mg/kg.  The highest cyanide concentration detected was 1,085 mg/kg (TP-1 [10’]). 
 
6.2 Sediment Analytical Results 
 
Sediment samples SED-1 through SED-9 were collected from 0 to 1 foot below the riverbed 
surface to characterize the chemistry of surficial sediments and to evaluate potential impacts 
of sediment contamination.  Table 13 presents the laboratory analytical results compared to 
NYS sediment criteria presented in the Technical Guidance For Screening Contaminated 
Sediments (NYSDEC, 1998).  The organic and inorganic compounds listed on the table are 
the compounds detected in sediment at concentrations above the reported analytical MDL.  
Organic compounds are compared to benthic aquatic life acute toxicity and benthic aquatic 
life chronic toxicity values.  Inorganic compounds are compared to Lower Effects Levels 
(LEL) and Severe Effects Levels (SEL).  
 
These NYS sediment criteria are based on biological effects on benthic organisms and are 
derived for the protection of ecological receptors. Concentrations below the LEL value are 
not contaminated and within a range that would result in no effect to biological organisms.  
Concentrations below the SEL and above the LEL indicate moderate impacts to sediment.  
The sediment is considered to be severely impacted if both SEL and LEL values are 
exceeded.  Sediments that exceed the criteria do not represent actual risks to human health or 
the environment or the final concentrations that must be achieved through sediment 
remediation.  The comparisons of sediment analytical results to NYS sediment criteria values 
were used as preliminary screening (i.e., guidance standards) to assess the potential for 
ecological receptors to be exposed to contaminated sediments, and to determine if additional 
sediment evaluation is required.  Comparisons of the sediment analytical results to the 
sediment criteria provide a conservative assessment of potential risk to a human receptor 
from sediment in the Bronx River.   
 
In Table 13, compounds detected at concentrations that exceed LEL sediment screening 
criteria are highlighted in green.  Analytical results that exceed the SEL criteria are 
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highlighted in red.  No VOCs were detected at concentrations above the analytical detection 
limits in sediment samples collected from the Bronx River.  Several PAH compounds were 
detected in each of the nine samples at estimated concentrations below laboratory detection 
limits.  The concentrations of PAHs detected in sediment samples are more than 1,000 times 
lower than the Benthic Aquatic Life Chronic Toxicity values and more than 10,000 times 
lower than the acute toxicity values. Twelve metals were detected in sediment samples that 
exceed sediment screening criteria.  Cyanide was detected in each of the nine sediment 
samples.  The concentrations of cyanide ranged from 0.39 to 44 mg/kg. 
 
Figure 11illustrates the distribution of sediment impacts in the river.  The concentration of 
each analyte that exceeds the sediment screening criteria is presented in a call out box 
adjacent to each sample location.  Each of the sediment samples collected from the river 
exceeds the SEL and/or LEL values for eight or more metals.  In other words, samples 
collected upgradient of the site (SED-7, SED-8, and SED-9), adjacent to the site (SED-4, 
SED-5, and SED-6), and downgradient of the site (SED-1, SED-2, and SED-3) exceeded the 
sediment criteria for eight or more metals.  The concentrations of individual metals detected 
in each of the nine sediment samples were similar (i.e., within the same order of magnitude).  
These data suggest that sediment samples of the Bronx River contain background 
concentrations of metals that exceed LEL and SEL values.  No VOCs or PAHs exceeded 
sediment screening criteria. 
 
6.3 Groundwater Analytical Results 
 
One round of groundwater samples was collected for laboratory analysis from eight 
monitoring wells (two on-site nested monitoring wells pairs and two off-site well pairs) to 
characterize groundwater chemistry.  The collection of groundwater samples from each 
nested monitoring well pair allowed for a complete characterization of the groundwater 
chemistry for the overburden aquifer.  Monitoring wells MW-3S, MW-3D, MW-4S, and 
MW-4D, illustrated in Figure 4, are located along the hydraulically downgradient site and 
park property boundary.  Monitoring well MW-2S and MW-2D were installed on site in an 
area of identified DNAPL tar impacts.  Monitoring well MW-1S and MW-1D are located 
approximately 160 feet north of the site boundary and hydraulically upgradient.   
 
The groundwater analytical results are compared to the NYS Ambient Water Quality 
Standards (AWQS) and Guidance Values in Table 14.  Table 14 presents the sample 
identification, analytical result, and applicable data qualifiers for VOCs, SVOCs, TAL metals 
and cyanide.  The organic and inorganic compounds listed on the table are the compounds 
detected in groundwater at concentrations above the reported analytical MDL.  Compounds 
detected in a sample are highlighted in blue.  Analytical results that exceed the AWQS are 
highlighted in red.  Figure 12 illustrates the distribution of compounds in groundwater.  The 
concentration of each compound that exceeds the AWQS is presented in a call out box 
adjacent to each sample location.  
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Several VOC and PAH compounds (detected at concentrations that exceed AWQS for a GA 
water class) were identified during the groundwater monitoring program.  Concentrations of 
one or more organic compounds above AWQS have been detected in groundwater samples 
collected from four of the eight wells screened in the overburden aquifer (MW-2S, MW-2D, 
MW-3D, and MW-4D).  Groundwater collected from monitoring well MW-2D exhibited the 
highest concentrations of VOCs and PAHs, and the greatest number of detected compounds 
above the AWQS.  Monitoring wells MW-2S and MW-2D are located adjacent to the 
smallest holder foundation in an area that contained MGP residue and subsurface soils that 
exhibited concentrations of benzene, toluene, ethylbenzene and xylene (BTEX) and PAHs 
above RSCOs.  The highest total VOC concentrations and total SVOC concentrations in 
subsurface soil were detected in samples collected from soil borings SB-19 and SB-15, which 
are the closest hydraulically upgradient borings (located outside the holder) to monitoring 
well MW-2D.  No organic compounds were detected above AWQS in groundwater samples 
collected from monitoring wells MW-3S and MW-4S, or hydraulically upgradient 
monitoring wells MW-1S and MW-1D.   
 
During the FRI, both dissolved (filtered) and total (unfiltered) groundwater samples were 
analyzed for TAL metals.  Total metals results are presented in Table 15.  However, both 
filtered and nonfiltered results were compared to the appropriate NYSAWQS.  Several 
metals were detected at concentrations above the AWQS, including iron, manganese, 
magnesium, selenium, and sodium.  Cyanide was detected at a concentration of 0.722 mg/l 
(i.e., detected above the AWQS of 0.2 mg/l) in the groundwater sample collected from 
monitoring well MW-2D.   
 
6.4 Extent of MGP Impacts 
 
As discussed in Sections 5 and subsections 6.1 to 6.3, physical evidence of MGP residue and 
analytical results indicate that on-site subsurface soils and on-site groundwater are impacted 
by former MGP operations.  This subsection presents the lateral and vertical extent of MGP 
impacts. 
 
6.4.1 Extent of Subsurface-Soil MGP Impacts 
 
As presented in NYS Technical and Administrative Guidance Memorandum (TAGM) #4046, 
the maximum recommended soil cleanup objectives for total VOCs is 10 mg/kg and 500 
mg/kg for SVOCs.  The analytical results indicate that several subsurface-soil samples 
exceed these maximum values.  Plate 1 illustrates the subsurface soils that exceed the RSCOs 
for total VOCs and total SVOCs.  The total concentration of VOCs and SVOCs for each 
subsurface-soil location and the corresponding sample depth are presented in a call out box 
adjacent to each sample location.  The analytical results that exceed the cleanup objective are 
highlighted in red.  Samples that exceed the total VOC and SVOC cleanup objectives are 
limited to the site and are present in soils below 5 feet in depth.  Total SVOC concentrations 
greater than 500 mg/kg and total VOC concentrations greater than 10 mg/kg are present 
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predominantly in the area of the two subsurface holders and an isolated area southeast of the 
subsurface holders.  The subsurface-soil samples that exceed RSCOs for total VOCs and 
SVOCs are limited to the on-site MGP-era fill and the uppermost portions of the alluvial 
marsh deposits.  Total VOCs and SVOCs were not detected at concentrations that exceed the 
RSCOs in glacial deposits.  
 
Subsurface MGP-era fill and the uppermost portion of the marsh deposits within the site 
boundary are impacted by MGP residue (DNAPL tar, tar staining and/or sheen, naphthalene 
and/or MGP tar odor) in discrete stratigraphic zones.  Excepting a tar odor detected in SB-17 
(12 to 14 ft bgs), evidence of MGP residue is limited to areas within the site boundary (i.e., 
within the former MGP property boundary).  The highest concentrations of total VOCs and 
SVOCs were collected from on-site soils that were impacted with DNAPL tar (e.g., SB-15 
(17 ft) and TP-27B (12 ft)).  The area near the two subsurface holders and an isolated area 
southeast of the subsurface holders exhibits the greatest degree of visual and chemical 
impacts.  The boring and test pits that contained DNAPL tar are illustrated on Figure 10, and 
the vertical extent of on-site DNAPL tar is presented in geologic cross-sections (Figures 6 
and 7). 
 
A statistical analysis of the concentrations of BTEX and PAH compounds in different 
stratigraphic soil units at Starlight Park was performed to further illustrate where BTEX and 
PAH compounds are most predominant.  The analysis included the following steps. 
 
� The soil analytical data were grouped into the five overburden soil units discussed in 

this report; surface-soil stockpile, urban fill, MGP-era fill, alluvial marsh deposits and 
glacial deposits. 

 
� For each soil unit, a minimum, maximum and arithmetic mean concentration was 

calculated for total BTEX and PAHs.  Non-detect values were assigned a value less 
than the detection limit. 

 
� Semi-logarithmic plots were constructed showing the minimum, maximum, and mean 

concentration for total BTEX and total PAHs for each soil unit. 
 
Figure 13 shows the results for total BTEX compounds.  The surface-soil stockpile and the 
transported urban fill exhibited no BTEX contamination.  As mentioned in Section 6, the 
only detected volatile compound was toluene in one surface-soil stockpile sample.  This 
detected concentration was below the RSCO.  As previously mentioned, surface soils consist 
of topsoil approximately 2 feet thick that was scraped and stockpiled as part of the NYSDOT 
and Parks Department rehabilitation project.  The urban fill is a layer of soil ranging in 
thickness from 3 feet in the southwestern portion of the site to more than 25 feet in the area 
of the former Bronx River.  The urban fill was identified as belonging to the LaGuardia and 
Ebbets soil series and was transported to the site from off-site construction activities.   
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The highest concentrations of BTEX compounds are found in the soils identified as MGP-era 
fill. These soils underlay the urban fill and are usually found above the alluvial marsh 
deposits. Numerous samples of MGP-era fill collected from on-site locations are impacted by 
DNAPL tar from the MGP.  The MGP-era fill ranges in thickness from approximately 5 feet 
near the southwestern site property boundary to 20 feet within the buried gas holder 
foundations and immediately outside these structures where soils were disturbed and 
backfilled during the original holder construction.  The mean concentration of total BTEX in 
samples collected from MGP-era fill is 77 mg/kg with a maximum concentration of 1,315 
mg/kg.   
 
The concentrations of BTEX compounds decrease with depth below the MGP-era fill unit.  
Samples collected from the alluvial marsh deposits have a mean concentration of 36.5 mg/kg 
and samples collected from the deeper glacial deposit have a mean concentration of 1.56 
mg/kg.  These BTEX data indicate that prior to the removal of topsoil in the park, there has 
been at least a 5-foot layer of clean soil separating the on-site MGP-impacted areas from the 
ground surface at Starlight Park. 
 
Figure 14 presents the distribution of total PAH concentrations in each soil unit.  Surface-soil 
stockpile samples exhibit low concentrations and a somewhat uniform distribution between 
sample locations.  The mean total PAH concentration is 1.98 mg/kg.  The urban fill unit that 
underlies the surface soil exhibits PAH concentrations that are similar to concentrations 
detected in surface soils.   
 
The mean PAH concentration detected in the MGP-era fill is three orders of magnitude 
higher than the mean concentration in the urban fill.  The maximum values in the MGP-era 
fill unit represent soils with DNAPL tar.  As with the BTEX compounds, the concentrations 
of PAHs decrease with depth below the MGP-era fill.  Samples collected from the glacial 
deposits exhibit concentrations almost identical to that detection in the urban fill. 
 
This statistical analysis supports the conceptual site model that a 5-foot zone of clean soil 
separates the MGP-impacted soils from the surface of Starlight Park.  MGP impacts detected 
in on-site soils start at a depth of approximately 5 feet bgs and extend into the top of the 
alluvial marsh deposits.  The on-site impacts attenuate through the marsh deposits. 
Concentrations of BTEX and PAHs in the lower portion of the marsh deposits, and in the 
deeper glacial soils, are near or within the range of typical background concentrations for the 
eastern United States. 
 
6.4.2 Extent of Groundwater MGP Impacts in Overburden Aquifer 
 
This subsection presents the lateral extent of dissolved-phase compounds detected in 
groundwater at concentrations exceeding the AWQSs.  Monitoring wells MW-3S, MW-3D, 
MW-4S, and MW-4D are located along the hydraulically downgradient site and park 
property boundaries.  Groundwater collected from two of these boundary wells contained 
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organic compounds that exceed AWQS.  Groundwater sampled from monitoring well MW-
4D exhibited a benzene concentration of 660 ug/l and an acenaphthene concentration of 33 
ug/l.  Groundwater sampled from monitoring well MW-3D exhibited a benzene 
concentration of 3 ug/l.  Monitoring well MW-4D is located approximately 60 feet 
hydraulically downgradient from an area that contained DNAPL tar (test pit TP-8A) and 
subsurface soils that exhibited concentrations of VOCs and PAHs that exceed RSCOs.  The 
overburden aquifer is approximately 20 feet thick and groundwater movement within the 
overburden aquifer is toward the river.  Since overburden groundwater discharges to the 
Bronx River, the river defines the lateral extent of compounds that exceed AWQSs in 
groundwater for the overburden aquifer.   
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7.  Contaminant Fate and Transport 
 
 
 
This section provides a discussion of the physical and chemical characteristics of  media that 
exceed applicable regulatory standards, and a discussion of the sources, migration pathways, 
and receptors for those media associated with the East 173rd Street Works former MGP site.  
Compounds that are present on site at concentrations exceeding the applicable standards 
include BTEX, PAHs, and metals.  The environmental media that are derived or impacted by 
former MGP operations and may serve as pathways for contaminant migration are DNAPL 
tar, subsurface soil, and groundwater.  Surface soil and sediment are not impacted by former 
MGP operations.  An understanding of sources, migration pathways, and potential receptors 
is used to evaluate the need for remedial actions to protect human health and the 
environment. 
 
7.1 DNAPL Tar 
 
For this FRI, DNAPL tar is defined as the visual observation of tar-saturated material or soil.  
DNAPL tar observed at this site is comprised of either droplets (i.e., disconnected separate-
phase sphericals), horizontal seams (i.e., partial DNAPL saturation of material or soil 
interstitial pore spaces), or vertical veins (i.e., separate-phase DNAPL tar in small openings 
or root holes in fine-grained material).  As illustrated in Figure 10, DNAPL tar was observed 
on site in four test pits and three borings.  The primary contaminants in the DNAPL tar are 
BTEX and PAHs. 
 
As discussed in Section 5, the DNAPL tar is present predominantly in the eastern portion of 
the site in discrete intervals within the MGP-era fill and organic-rich marsh deposits in the 
vadose zone and shallow overburden aquifer.  Due to the presence of urban fill over the 
former MGP surface, the shallowest DNAPL tar encountered in soil was approximately 8 
feet bgs.  It appears that releases of DNAPL tar have migrated vertically on site from specific 
areas of the MGP-era fill into the uppermost portion of the marsh deposits.  The DNAPL tar 
observed in the marsh deposits was present in thin veins (<1 cm) that follow the pathway of 
decayed roots and stems.  The deepest DNAPL tar encountered in soils was approximately 
20 feet bgs in the marsh deposits near the centrally located estimated 60,000-c.f. subsurface 
holder foundation.  DNAPL tar was not found in the glacial deposits or uppermost portion of 
the bedrock.  DNAPL tar was not encountered in any boring or test pit drilled off site.  
DNAPL tar was not present along the bank of the river or within the river channel. 
 
The DNAPL tar observed at the site is limited in quantity highly viscous, and present in thin 
isolated zones.  These data suggest that the subsurface movement of DNAPL tar has ceased 
and the remaining DNAPL tar that exists in the discrete DNAPL zones is residual, and no 
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longer mobile.  The release of DNAPL tar at the site was small enough to cause penetration 
into the marsh deposits, but insufficient for DNAPL to reach the bottom of the overburden 
aquifer (i.e., residual DNAPL tar exists only in the lower portion of the vadose zone and the 
uppermost portion of the overburden aquifer). 
 
Residual DNAPL tar in the subsurface will continue to be an immobile source for dissolved-
phase partitioning into the contiguous groundwater (i.e., a source of groundwater 
contamination).  The contaminated groundwater emanating from the DNAPL zone will travel 
in the dominant direction of groundwater flow.  BTEX and lighter-end PAHs will solubilize 
into groundwater as groundwater passes through subsurface material containing DNAPL tar.  
Heavier-end PAHs generally remain sorbed to the soil and typically do not dissolve into 
groundwater. 
 
7.2 Surface Soil and Sediment 
 
Surface soils of Starlight Park are comprised of urban fill and topsoil that was placed on top 
of the former MGP surface.  Individual PAHs and metals were detected above RSCOs in 
surface-soil samples collected from the two stockpiles stored on the southern portion of the 
park.  The analytical data indicate that surface soil contains concentrations of metals and 
PAHs within the range of typical background concentrations for eastern United States urban 
soils.  Therefore, surface soils are not impacted by former MGP operations. 
 
Sediment samples collected for the Bronx River did not contain VOCs or PAHs at 
concentrations above sediment screening criteria.  The distribution and concentrations of 
metals detected in sediment samples suggests that sediment of the Bronx River contains 
background concentrations of metals that exceed screening criteria.  Therefore, sediment is 
not impacted by former MGP operations. 
 
7.3 Subsurface Soil 
 
BTEX, PAHs, and metals were identified as compounds that are present in subsurface soil at 
concentrations that exceed RSCOs  As discussed in Section 6, the distribution of BTEX and 
PAHs in subsurface soil coincides with the presence and absence of MGP residue.  The 
samples exhibiting the greatest number of BTEX and PAHs that exceed RSCOs were 
collected from on-site subsurface soil that contained DNAPL tar.  These compounds could 
potentially migrate through the subsurface soil by volatilization, sorption, and solubility.  
Each migration pathway, as it relates to the compounds identified in subsurface soil at the 
site, is discussed below. 
 
� Volatilization.  Volatilization is a process in which contaminants move from the 

surface of a liquid matrix to a gas or vapor phase.  BTEX constituents are highly 
volatile and therefore may be transported from subsurface soils and groundwater to 
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soil gas in the vadose zone and into outdoor air.  PAHs and inorganic compounds do 
not readily volatilize; therefore, volatilization  is not a likely pathway for migration of 
PAHs and metals.  Volatilization may be a pathway for BTEX migration at the site 
and into the outdoor air within close proximity to BTEX-contaminated subsurface 
soils.  However, it is unlikely that BTEX constituents are present in soil gas at 
concentrations that could potentially affect outdoor air quality. 

 
� Sorption.  Sorption is usually defined as the reversible binding of a chemical to a 

solid matrix.  However, there is evidence in the published literature that there is a 
partially irreversible component related to the time that the compound has been 
sorbed.  Sorption of these compounds limits the fraction available for other fate 
processes such as volatilization and/or solubility.  In general, BTEX compounds have 
low sorption potential, coupled with high water solubility and high volatility, which 
make sorption a relatively minor environmental fate process for BTEX compared to 
other mechanisms.  PAHs exhibit varying degrees of binding affinity to organic 
matter and soil particles; this affinity is dependent upon their individual molecular 
structures.  In general, the higher molecular weight PAHs (e.g., benzo(a)pyrene) are 
strongly sorbed, whereas the lighter PAHs (e.g., naphthalene) are less strongly sorbed 
(EPA, 1979; EPA, 1986).  Therefore, the higher molecular weight PAHs detected in 
subsurface soils are expected to remain sorbed to soils, while the lighter-end PAHs 
detected in subsurface soils may be desorbed and transported by other mechanisms. 
The sorption of metals to the subsurface soils is dependent upon subsurface 
oxidation-reduction conditions and the availability of anions.  Metals that do not 
remain sorbed to subsurface soils could be available for transport through the 
groundwater system in solution (see below).   

 
� Solubility.  BTEX has a relatively high solubility.  PAHs have varying degrees of 

solubility.  The lighter-end PAHs are more soluble while the heavier-end PAHs are 
less soluble and typically do not dissolve into groundwater.  Since DNAPL tar was 
encountered below the water table and BTEX and lighter-end PAHs are compounds 
that are present in subsurface soil at concentrations that exceed RSCOs, dissolution of 
these contaminants from soil to groundwater is expected to be a principal migration 
pathway.  Groundwater sampled from a monitoring well located adjacent to the 
Bronx River exhibited benzene and acenaphthene concentrations that exceed AWQS.  
Groundwater movement of the overburden aquifer is toward the river.  Groundwater 
containing dissolved benzene and acenaphthene may discharge to the Bronx River 
surface water.  If benzene- and acenaphthene-impacted groundwater discharges to the 
surface water system, volatilization, biodegradation, and dilution processes would 
most likely result in rapid dissipation of benzene and acenaphthene concentrations in 
the river.  Therefore, no impact to Bronx River surface water is anticipated.   
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Metals in the subsurface soils could dissolve and leach to the groundwater system.  
However, the solubility of metals is highly dependent upon the oxidation-reduction 
conditions of the aquifer, the valance state of the specific metal, and the availability 
of anions that the metals could bind with to become immobile.  Dissolution of metals 
in the subsurface soils and transport in the dissolved state through the groundwater 
system is not considered to be a major transport mechanism. 

 
In summary, the presence of DNAPL tar in subsurface soils at the site will likely result in the 
persistent presence of BTEX and lighter-end PAHs in groundwater in the area of tar and 
immediately downgradient of the tar.  BTEX constituents in subsurface soils are not 
persistent outside the areas of MGP residue impacts due to their high volatility, low 
adsorption to soils, and high water solubility.  PAHs detected throughout the subsurface soils 
on site will be relatively persistent in the soil matrix primarily due to their generally low 
water solubility and high sorption to soils.  Metals in soil are also anticipated to be relatively 
immobile. 
 
7.4 Groundwater 
 
Organic compounds have been detected at concentrations that exceed AWQS in groundwater 
samples collected from four of the eight monitoring wells.  Groundwater impacts (BTEX and 
light-end PAHs) are present within the immediate areas where DNAPL tar was observed 
(e.g., MW-2S and MW-2D).  Groundwater collected from monitoring well MW-2D 
exhibited the highest concentration of BTEX and PAHs, and the greatest number of 
compounds at concentrations that exceed AWQS.  Monitoring well MW-2D is located 
adjacent to the former estimated 60,000-c.f. on-site holder in an area of MGP residue and 
subsurface soils that exhibited concentrations of BTEX and PAHs above RSCOs.  
Groundwater sampled from monitoring well MW-4D exhibited benzene and acenaphthene 
concentrations that exceeded AWQS.  Monitoring well MW-4D is located approximately 60 
feet hydraulically downgradient from an area that contained DNAPL tar and subsurface soils 
that exhibited concentrations of VOCs and PAHs that exceed RSCOs.  The DNAPL tar may 
act as a continuing source of groundwater contamination.  As the groundwater and/or surface 
water infiltration flows through an area of DNAPL tar, it will continue to dissolve and diffuse 
BTEX and light-end PAH compounds into the surrounding matrix, creating a groundwater 
plume that would migrate in the direction of groundwater flow.  The absences of dissolved-
phase BTEX and PAH components that exceed AWQS in groundwater samples collected 
from MW-1S, MW-1D, MW-3S and MW-4S suggests that the plume is limited to the areas 
of DNAPL tar impacts and that dissolved-phase groundwater contaminants are migrating 
south (within the glacial deposits of the overburden aquifer) toward the Bronx River.  Since 
DNAPL tar zones are present in the upper portion of a relatively thin overburden aquifer 
(approximately 20 feet thick) and the overburden groundwater discharges to the Bronx River, 
the river defines the extent of the plume.  
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The dissolved-phase groundwater contaminant concentrations within the area of DNAPL tar 
impacts are likely in a steady-state condition, where the rate of dilution from inflowing water 
equals the rate of dissolution of contaminants from the DNAPL.  The likely age of the release 
(on the order of 100 years) and the natural hydrologic boundary of the Bronx River would 
have allowed the groundwater system on the site to reach steady state.  Therefore, the 
dissolved-phase plume would have already obtained its ultimate size. 
 
Volatilization of BTEX compounds in groundwater may be a pathway for BTEX migration 
at the site and into outdoor air.  However, it is unlikely that BTEX constituents are present in 
soil gas at concentrations that could potentially affect outdoor air quality. 
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8.  Qualitative Exposure Assessment 
 
 
 
In this section, potential exposure pathways and receptors are identified and evaluated for 
each of the MGP-related compounds that exceed regulatory standards identified for each 
MGP-impacted media.  Exposure pathways are evaluated to determine the qualitative risk to 
a receptor from all compounds (present at concentrations above the selected standard for 
each media impacted by former MGP operations) along a transport pathway.  Potential 
transport pathways are defined as any mechanism by which a receptor could contact an 
impacted media.  As defined by the NYSDOH (Qualitative Human Health Exposure 
Assessment Memorandum, November 9, 2000), a complete exposure pathway exists when 
the following elements are documented:  (1) a contaminant source; (2) a contaminant release 
and transport mechanism; (3) a point of exposure; (4) a route of exposure; and (5) a receptor 
population.  Sections 5, 6 and 7 of this report document the source of the contamination, the 
nature of the contaminants, and the potential transport mechanisms that account for the 
distribution of contamination associated with the former MGP.  This information is used  in 
this section to present a summary of complete exposure pathways. 
 
8.1 Potential Exposure Points and Screening Criteria 
 
Section 6 of this report identifies the detected compounds for each media and identifies 
whether the screening criteria are exceeded.  A potential point of exposure exists if one or 
more compounds exceed the screening criteria for an MGP-impacted media.   
 
Con Edison and its predecessor companies owned the land at Starlight Park prior to selling 
the land to the City of New York.  Circa 1950, the city placed urban fill and topsoil over the 
former MGP land surface.  This urban fill and topsoil represents the surface of the park since 
its creation through the recent construction activities being undertaken by NYSDOT.  As part 
of the NYSDOT construction project, approximately the upper 2 feet of soil was scraped off 
and stockpiled within the park.  The stockpiled urban fill and topsoil represents the surface 
soils that potential receptors (park users) could have contacted prior to the start of the 
NYSDOT construction project. 
 
The stockpiled topsoil and urban fill materials were sampled and chemically analyzed as part 
of the FRI scope of work.  The results of these analyses were used to evaluate whether the 
surface soils (currently stockpiled) could have represented an exposure point to the users of 
the park.  Physical observations of the stockpiled soils and the chemical results of the 
stockpile samples indicate that the upper soils (stockpiled top 2 feet of the park) were not 
impacted by former MGP operations.  Except for toluene detected below the RSCO in one 
sample, VOCs were not detected in the stockpiled (surface soil) samples.  The concentrations 
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and distribution of individual PAHs and metals indicate that stockpiled surface soils contain 
concentrations of these chemicals that are within the range of typical background 
concentrations for the eastern United States urban soils (Shacklette, 1984; Bradley, et al., 
1994).  Therefore, the surface soils of the park (currently stockpiled) do not represent a 
potential point of exposure to current or former users of the park.   
 
Following the completion of construction activities at the site, these stockpiled surface soils 
may be placed back on top of the land surface of the park, or depending on the nature of 
construction activities, additional clean fill materials may be placed on the surface.  
Therefore, future users of the park (following completion of the construction activities) will 
not be exposed to surface soil material that represent a potential point of exposure.   
 
Sediment at Starlight Park contains metals that exceed NYS sediment criteria.  However, 
physical and chemical evidence collected during the FRI indicate that sediment is not 
impacted by former MGP operations.  The concentrations of individual metals in each 
sediment sample were similar and suggest that sediments of the Bronx River contain 
background concentrations of metals that exceed NYS sediment criteria.  Therefore, 
sediment was not identified as a potential point of exposure. 
 
Subsurface soil that underlie the urban fill and groundwater are impacted by former MGP 
operations and contain compounds that exceed regulatory screening criteria within the study 
area.  Therefore, subsurface-soil and groundwater are potential points of exposure.  It is 
important to note that these screening criteria are used to make a preliminary assessment of 
the risk posed by MGP-impacted media to human health and the environment and do not 
necessarily represent the final concentrations that must be achieved through remediation.  A 
site-specific evaluation procedure must be employed to quantify the level of risk, establish 
remediation goals, and determine appropriate risk management actions.   
 
8.2 Potential Receptors and Routes of Exposure  
 
The potential human receptors for each compound that exceeded regulatory screening criteria 
in each media impacted by former MGP operations were determined based on current land 
use and foreseeable potential future land uses.  The former MGP site is owned and controlled 
by the City of New York.  The site is located within Starlight Park and a portion of the 
Sheridan Expressway.  Future site construction activities include the use of sections of the 
park as ROWs for storm drains from the expressway to outfalls located along the Bronx 
River.  The Parks Department is planning a multiuse recreational facility that will include 
ball fields, a river walk, and other features.  The current and future land uses for the park 
property (including the site) indicate that the primary potential human receptors for 
subsurface soil and groundwater include construction workers, maintenance workers, and 
park recreators.  Specifically, the following potential human receptors were identified and 
evaluated as part of the qualitative exposure assessment. 
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� Maintenance Workers – includes a park worker who periodically maintains park 

property (including facility maintenance and groundskeeping).  A maintenance 
worker would also periodically clean out and service the sewer lines and the catch 
basins.  A sewer maintenance worker may be exposed to compounds that exceed 
standards in groundwater through dermal contact and incidental ingestion.   

 
� Construction Worker – includes individuals who would install sewers, build 

foundations, or perform other park improvements or redevelopment construction 
activities (e.g., NYSDOT workers, NYC Parks Department workers).  These 
individuals may be exposed to compounds that exceed standards in subsurface soils 
during excavation activities through incidental ingestion, dermal contact, and 
inhalation of volatilized compounds and fugitive dust.  These workers may be 
exposed to compounds that exceed standards in groundwater through dermal contact 
and incidental ingestion.   

 
� Recreator – includes visitors to the park.  Potentially, park recreators could be 

exposed to volatilizing compounds if storm drains were installed in areas containing 
DNAPL tar.   

 
Recreators also include boaters, fishermen, and swimmers.  Benzene and acenaphthene were 
identified in overburden groundwater that could potentially migrate from the site into the 
surface water of the Bronx River.  The overburden aquifer at the site discharges to the Bronx 
River; therefore, potential off-site receptors to overburden groundwater are the potential 
receptors to surface water in the river.  These potential receptors may be exposed to 
contaminants that may be present in surface water of the Bronx River through incidental 
ingestion and dermal contact.  However, it is unlikely that dissolved-phase analyte 
concentrations above AWQS, or even above very low detection limits, are present in the 
river.   
 
8.3 Assessment of Exposure Pathways 
 
Using the data collected during the FRI sampling programs, each potential exposure pathway 
identified above is assessed in the following section.  A complete exposure pathway exists 
when a compound is present in an MGP-impacted media above the screening criteria 
(potential exposure point) and a potential receptor can be exposed to that compound through 
one or more of the exposure routes identified in subsection 8.2.  For purposes of this 
qualitative exposure assessment, a potential exposure point was identified if the analytical 
results for at least one constituent in MGP-impacted subsurface soils or groundwater 
exceeded the screening criteria identified in subsection 8.1.  A complete human exposure 
pathway exists if, based on specific land use and impacted media, there is a potential for a 
receptor to be exposed (through one or more exposure routes) to a potential exposure point.  
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An example of a complete exposure pathway would be an on-site NYSDOT construction 
worker excavating an 8-foot- deep pit to install a sewer drainpipe.  If the soils contain MGP-
impacted media and compounds (BTEX, PAHs, or metals) at concentrations greater than the 
RSCOs and typical background, then a complete exposure pathway exists for the 
construction worker potentially contacting those soils, or potentially inhaling volatilized 
compounds or particulates from the excavation (route of exposure).  
 
Table 16 is a matrix for each sampled media in the study area.  The matrices identify the 
sample media that contain concentrations of compounds that exceed screening criteria, and 
indicate if a complete exposure pathway exists for the potential receptors.  
 
8.4 Exposure Summary 
 
Con Edison and Con Edison’s predecessor companies owned the land at Starlight Park prior 
to selling the land to the City of New York. The city placed urban fill and topsoil over the 
former land surface circa 1950.  This fill and topsoil are the surface soils that potential 
receptors could currently contact and could have contacted prior to the start of the NYSDOT 
construction project.  The NYSDOH typically considers the upper 2-inches of soil when 
evaluating a potential receptors exposure to surface soils.  The top 2 feet of these materials 
have been stockpiled and were analyzed as part of the FRI.  Analyses of the stockpiled top 2 
feet of soils allowed an evaluation of more materials than the NYSDOH typically considered 
accessible surface soils.  The surface-soil stockpiles and insitu urban fill (i.e., urban fill 
below 2 feet bgs) are not impacted by former MGP operations and do not represent a 
complete exposure pathway. 
 
� Sediment in the Bronx River is not impacted by former MGP operations and do not 

represent a complete exposure pathway. 
 
� Subsurface soils that underlie the transported urban fill in the area of the former MGP 

are impacted by former MGP operations and represent a complete exposure pathway. 
 
� Groundwater located onsite in the areas of MGP-impacted subsurface soils is 

impacted by former MGP operations and represent a complete exposure pathway. 
 
A site-specific evaluation of subsurface soils and groundwater will be employed to quantify 
the level of risk, establish remediation goals, and determine appropriate risk management 
actions. 
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9.  Summary and Conclusions 
 
 
 
The FRI conducted at the East 173rd Street former MGP site determined the nature, 
concentration, extent, and potential for movement of all contaminants present on the site and 
outside the boundary of the former MGP property.  An integrated investigation of the site 
geology and hydrology, soil, sediment, and groundwater chemistry allowed identification of 
potential contaminant source areas and the nature and extent of contamination in on-site 
media.  The goal of the FRI was to provide the necessary data to be used to assess the 
potential risk posed by  MGP-impacted media to human health and the environment, 
establish remediation goals, and determine appropriate risk management actions.  The results 
of the FRI are summarized below. 
   
9.1 Surface Soils 
 
� Excepting toluene detected below the RSCO in one sample, VOCs were not present 

in surface soils.  
 
� Cyanide was not detected above the laboratory detection limit or the EPA Generic 

Soil Screening Level in surface soil samples collected from stockpiles.. 
 
� The uppermost soils (i.e., 40 to 80 inches in thickness) at Starlight Park have been 

mapped as transported fill by the Natural Resources Conservation Service (NRCS).  
The concentrations and distribution of individual PAHs and metals indicate that 
surface soils contain concentrations of PAHs and metals that  are within the range of 
typical background concentrations for eastern United States urban soil.  Therefore, 
surface soils are not impacted by former MGP operations 

 
9.2 Subsurface Soils 

 
� VOCs, PAHs and metals were detected in subsurface-soil samples at concentrations 

that exceed the RSCOs. 
 
� The most prevalent VOC detected in subsurface-soil samples was benzene.  Benzene 

was detected at concentrations that exceed the RSCO only within the area of former 
MGP operations, predominantly in discrete subsurface-soil zones (between 8 and 20.5 
feet bgs) that contained DNAPL tar.   

 
� The concentrations and distribution of individual PAHs and VOCs indicate that 

subsurface soils outside the area of identified on-site MGP residue contain 
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concentrations of organic compounds within the range of typical background 
concentrations for eastern United States urban soils.   

 
� The samples exhibiting the highest concentrations (exhibiting PAH concentrations 

above the ranges expected in urban soils) and the greatest number of PAHs that 
exceed standards were collected from on-site subsurface soils containing DNAPL tar.  

 
� DNAPL tar is limited to the site in discrete intervals between 8 and 20 feet bgs.  The 

DNAPL tar at the site is limited in quantity, which is characteristic of residual 
conditions. 

 
� With the exception of selenium, metals were detected at concentrations that exceed 

RSCOs throughout the site and park property in subsurface fill and natural (e.g., 
glacial and/or marsh deposits) deposits.  Selenium was only detected above RSCOs in 
two subsurface samples containing DNAPL tar.  The concentrations and distribution 
of individual metals suggest that subsurface soils contain concentrations of metals 
that exceed RSCOs, but are within the range of typical background concentrations for 
eastern United States soils. 

 
� Cyanide was not detected in subsurface soils above the EPA generic soil screening 

level of 1,600 mg/kg. 
 
9.3 Sediment 
 
� No VOCs were detected at concentrations above analytical detection limits in 

sediment samples collected from the Bronx River. 
 
� No PAHs were detected in sediment samples at concentrations above sediment 

screening criteria 
 
� Cyanide was not detected in sediments above the EPA generic soil screening level of 

1,600 mg/kg. 
 
� Metals were detected in sediment samples that exceed sediment-screening criteria.  

The concentrations of individual metals in each of the samples were similar (within 
the same order of magnitude).  These data suggest that sediment of the Bronx River 
contains background concentrations of metals that exceed screening criteria, and 
sediment is not impacted by former MGP operations. 
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9.4 Groundwater 
 
� No organic compounds were detected above AWQS in groundwater samples 

collected from monitoring wells MW-3S and MW-4S, or hydraulically upgradient 
monitoring wells MW-1S and MW-1D. 

 
� Groundwater collected from monitoring wells MW-2S and MW-2D (located on site 

in an area of MGP-impacted subsurface soils) exhibited the highest concentrations of 
VOCs and PAHs, and the greatest number of detected compounds above the AWQS.  
The DNAPL tar may act as a continuing source of groundwater contamination. 

 
� Groundwater samples collected from monitoring wells located along the hydraulically 

downgradient site boundaries (MW-3D and MW-4D) exhibited acenaphthene and/or 
benzene concentrations that exceed AWQS.  Groundwater containing dissolved 
benzene and  acenaphthene may discharge to the Bronx River surface water.  It is 
unlikely that benzene or acenaphthene is present in surface water at concentrations 
that could potentially affect surface water quality. 

 
� Cyanide was detected at a concentration of 0.722 mg/l (i.e., detected above the 

AWQS of 0.2 mg/l) in the groundwater sample collected from monitoring well MW-
2D.  Cyanide was not detected in groundwater samples collected from monitoring 
wells located along the hydraulically downgradient site boundary. 

 
9.5 Qualitative Exposure Assessment 
 
A qualitative human health exposure assessment was conducted to identify complete 
exposure pathways to MGP-contaminated media.  Based on the distribution of contaminants 
and the land use of the site, there are complete exposure pathways posed to maintenance 
workers and construction workers at the site and park property.  The primary points of 
exposure are on-site subsurface soils at approximately 8 to 20 feet bgs. 
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10.  Recommendations 
 
 
 
This section presents recommendations for future work. 
 
10.1 Additional FRI Activities 
 
10.1.1 Surface Water 
 
Groundwater level measurements collected during the FRI indicate that the groundwater flow 
direction is to the south, toward the Bronx River, and groundwater discharges to the river.  
Groundwater samples collected from monitoring wells located along the hydraulically 
downgradient site boundary exhibited acenaphthene and/or benzene concentrations that 
exceed AWQSs.  It is unlikely that these compounds in groundwater are present in surface 
water at concentrations that could potentially affect surface water quality.  However, the 
surface water quality of the Bronx River should be evaluated to determine if surface water 
quality standards are being achieved.  The evaluation of surface water would be performed 
using a mass balance analysis or surface water sampling and analysis.  A mass balance 
analysis could be used to calculate the concentrations of regulated compounds in river 
surface water.  The mass balance analysis would require additional hydraulic characterization 
data to determine saturated hydraulic conductivities, groundwater flow velocities, and river 
flow rates.  Surface water sampling would include the collection and analysis of surface 
water from selected reaches of the Bronx River (i.e., upriver, adjacent to the park property, 
and downriver).   
 
10.1.2 Sediment 
 
VOCs and PAHs were not detected above laboratory detection limits in sediment samples. 
The validation of the analytical data indicate that several of the non-detect results for 
sediment samples SED-1 and SED-9 were rejected (identified by an “R” validation code on 
Table 13) because one of the laboratory surrogate recoveries was less than 10 percent.  
Surrogate recoveries are used to evaluate the extraction efficiency of the laboratory analysis.  
Surrogate recovery of less than 10 percent can indicate a possible loss of analyte during the 
extraction process.  Rejected results are not useable for project objectives.  The data usability 
report for these samples is presented in Appendix E.  An additional sediment sample should 
be collected from sediment sample location SED-1 and SED-9 to confirm that SVOCs are 
not detected above laboratory detection limits at these river locations.  Additional sediment 
samples should also be collected upriver and downriver from the site to determine 
background chemical concentrations that are representative of natural or existing background 
concentrations not in the area of the former MGP. 
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10.1.3 Groundwater 
 
The water-level measurements collected from piezometer PZ-2 were not used in the 
construction of the water table contour maps due to the piezometer’s anomalously low water 
levels that may not be representative of the stratigraphic unit in which the shallow 
overburden monitoring wells are screened.  This piezometer should be developed to assess its 
usability. 
 
10.2 Remedial Action 
 
Con Edison is committed to the development of a remedy to address the contamination 
identified at Starlight Park from the former manufactured gas plant.  The intent of the 
remediation will be to satisfy the requirements of the NYSDEC and NYSDOH so that an 
unrestricted use determination is granted to Con Edison and the property owner. 
 
Based on the findings of the focused remedial investigation, the following components are 
being evaluated as part of the site remediation. 
 
� Excavation and removal of soils impacted by visible tar 
� Removal of tar-impacted subsurface structures 
� Transportation of impacted soils to a commercial thermal facility for treatment and 

disposal 
� Placement of clean backfill into the excavations that will be compatible with the 

future use of the site 
� On-site odor and fugitive air emission control throughout the remedial activities 
� Installation of new storm drain lines and appurtenances during the excavation 

backfilling activity 
� Determination of all required permits early in the development of the remediation 

plan 
� Grading and surface preparation suitable to allow the park to be developed by the city 
� Groundwater monitoring 
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