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Introduction

This Remedial Investigation (RI) Report (RIR) has been prepared for Area of Interest (AOI) 7, also
known as Girard Point Fuels Processing Area, at the Philadelphia Energy Solutions Refining and
Marketing LLC (PES) Refining Complex (facility). Sunoco Inc. (R&M) (Sunoco) transferred the
facility, also known as the Philadelphia Refining Complex, to PES on September 8, 2012. Sunoco
retained the remediation liability prior to this date. The remediation liability was transferred to
Philadelphia Refinery Operations, a series of Evergreen Resources Group, LLC (Evergreen) on
December 30, 2013. The remediation program is currently being performed under a Buyer Seller
Agreement signed by Sunoco, PES, and the Pennsylvania Department of Environmental Protection
(PADEP) in September 2012.

Site remediation at the facility is ongoing as part of previously-established programs and the 2012
Buyer Seller Agreement. The facility has operated, and is planning to continue to operate, as an oil
refinery, marketing terminal, and petrochemical complex.

11 Facility Description

The facility is located along the banks of the Schuylkill River in the City of Philadelphia, Philadelphia
County, Pennsylvania. Portions of the facility occupy both the eastern and western Schuylkill River
banks. The facility, which is located on industrial property, covers approximately 1,300 acres of land
with access restricted by fencing and security measures. The area surrounding the property is
characterized by a mixture of residential, commercial, and industrial properties. Current operations
at the facility consist of the production of fuels and basic petrochemicals for the chemical industry.

AOI 7, also known as the Girard Point Fuels Processing Area, encompasses approximately

130 acres and is located on the east side of the Schuylkill River. AOI 7 is bordered by Lanier
Avenue/AQI 3 to the east, Pennypacker Avenue/AQI 6 to the south and Schuylkill River to the west
and north (Figures 1 and 2). The entire western and northern boundary of AOI 7 along the Schuylkill
River is bound by a sheet pile wall. The extent of the sheet pile wall is shown on Figure 2.

1.2 Facility Operational History and Current Use

The facility has a long history of petroleum transportation, storage, and processing. The oldest
portion of the facility started petroleum related activities in the 1860s, when the Atlantic Refining
Company was established as an oil distribution center. In the 1900s, crude oil processing began
and full-scale gasoline production was initiated during World War Il. In addition to refining crude oil,
various chemicals, such as acids and ammonia, were also produced at the facility for a time. The
facility has operated continuously as a refining, product distribution, and storage facility. Use of the
facility has remained similar following the transfer of ownership to PES.

AOI 7 formerly contained a fluid catalytic cracker (FCC) unit, carbon monoxide (CO) CO boiler,
sulfur plant, East and West Sludge Basin - RCRA Tank, Hazardous Waste Incinerator, and crude
units. Based on review of historical reports and aerial photographs, early refining units in AOI 7
were built in the 1940s. AOI 7 currently consists of crude units, FCC and alkylation units, flares,
cooling towers and above ground storage tanks (ASTs). The ASTs contain primarily naphtha crude,
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waste oil, and cat charge stocks. Eight liquefied petroleum gas (LPG) tanks are located in the
south-central portion of this area. A wastewater treatment plant (WWTP) is located along the
southwestern portion of AOI 7 and an associated oil-water separator in the northeastern portion of
AOI 7. Four clean closed RCRA hazardous waste ASTs are also located in the western portion of
AOI 7 approximately 150 feet north of the WWTP. There are a total of 8 occupied buildings in

AOQI 7, including 4 control rooms (buildings 711, 6622, 6625, and 6626), Electrical Building 450,
Firehouse Building 442, Maintenance Building 440, and the Canteen Building 595

There are a total of five Solid Waste Management Units (SWMUs Nos. 87, 88, 89, 90, and 91)
located in AQOI 7 that were addressed in several previous Resource Conservation and Recovery Act
(RCRA) investigations as part of the United States Environmental Protection Agency (USEPA)
Corrective Action process and during the Act 2 site characterization activities. These SWMUs
include three in the NW Fill Area (SWMU 87 Buried Lead Sludge Area 1, SWMU 88 Buried Lead
Sludge Area 72 and SWMU 89 Buried Lead Sludge Area 73); SWMU 90 Storage Tank Area/Buried
Lead Sludge Area 74 and SWMU 91 Storage Tank Areas/Buried Lead Areas 5, as shown on
Figure 2.

On July 12, 2011, Sunoco reported a hydrocarbon sheen on the Schuylkill River to the National
Response Center. The sheen was directly adjacent to the Girard Point No. 3 Separator. In response
to the sheen on the river, Sunoco investigated the source of hydrocarbons to the river through the
installation of monitoring wells and exploratory excavation around a process sewer junction box
associated with the 137 Crude Unit. The monitoring wells demonstrated measurable oil on the water
table, and the exploratory excavation revealed integrity issues with the junction box. Interim actions
completed to address these findings included sealing the junction box and associated bulkhead
penetration with concrete. Construction of a ten recovery well hydraulic control system was
completed on August 23, 2012. Groundwater and Light Non-Aqueous Phase Liquid (LNAPL) are
extracted using pneumatic submersible pumps, and total fluids pass through an oil/water separator.
Water is discharged to an onsite process sewer, and LNAPL is recovered in a 1,100-gallon holding
tank and recycled by the refinery. Since the start-up of the system through December 2016
17,226,885 gallons of water and 111,648 gallons of LNAPL have been recovered by the system.
Performance of this system is documented in the Semi-Annual, Groundwater Remediation Status
Reports submitted to the PADEP. Details and/or modifications to this interim action will be
documented in the Cleanup Plan.

Groundwater gauging of select monitoring wells in AOI 7 occurs on an annual basis during the
second quarter of each year. Annual gauging activities and results are reported in Quarterly Reports
prepared by Evergreen.

1.3 Regulatory History/Overview

Sunoco and the PADEP entered into a Consent Order & Agreement (CO&A) in December 2003
with respect to the facility. Sunoco's Phase | Remedial Plan (Phase | Plan), dated November 2003,
was included as an attachment to the CO&A. In accordance with the CO&A and Phase | Plan, a
Current Conditions Report and Comprehensive Remedial Plan (CCR) was prepared by Sunoco in
June 2004. The Phase | Plan and the CCR divided the facility into 11 AOls, and presented a
prioritization of the AOls based on specific risk factors. The CCR also presented the Phase Il
remedial approach and schedule to characterize each of the 11 AQIs, and to conduct Phase | and Il
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corrective action activities in accordance with the 2003 CO&A and the Phase | Plan. Since 2003,
Sunoco has performed site characterization activities at all 11 AOIs in accordance with the 2003
CO&A. Sunoco has prepared and submitted a corresponding Site Characterization Report (SCR)
for each AOI in accordance with the Revised Phase Il Corrective Action Activities schedule that was
included in the CCR.

In October 2006, Sunoco submitted a notice of intent to remediate (NIR) to the PADEP for the
facility, entering the facility into the Act 2 program. This NIR was later updated and submitted to the
PADEP in November 2014 in order to revise the ownership identity to PES and the remediator
identify to Evergreen. In November 2011, the facility was formally entered into the PA One Cleanup
Program with the USEPA Region Ill and PADEP. In November 2011, Sunoco submitted a revised
Work Plan for Sitewide Approach Under the One Cleanup Program (Work Plan for Sitewide
Approach). As previously discussed, characterization and remediation work at the facility is
currently being performed under the September 2012 Buyer Seller Agreement signed by Sunoco,
PES, and the PADEP.

The following provides a timeline of major events and submissions for the facility and AOI 7:

2004

e The PADEP and USEPA signed an agreement entitled "One Cleanup Program Memorandum of
Agreement (MOA or One-Cleanup Program)," which clarifies how sites remediated under
Pennsylvania's Voluntary Cleanup Program may satisfy RCRA corrective action requirements
through characterization and attainment of remediation standards established under the
Pennsylvania Land Recycling and Environmental Remediation Standards Act (Act 2).

e Langan prepared the CCR for the Philadelphia Refinery and Belmont Terminal.

2005

e PADEP, USEPA, and Sunoco agreed that the One Cleanup Program would benefit the project
by merging the remediation obligations under the various programs into one streamlined
approach which would be conducted under the existing 2003 CO&A.

2006

e Sunoco submitted a NIR to the PADEP for the Philadelphia Refinery thereby entering the
facility, with the exception of Belmont Terminal, into the Act 2 program.

2010

e Sunoco submitted a Site Characterization Work Plan (Work Plan) to the PADEP and USEPA on
May 26, 2010. This work plan summarized proposed activities to be completed to characterize
AOI 7 in accordance with the objectives of the CCR. The Work Plan also included proposed
activities to characterize the five leaded tank bottom RCRA SWMUs in AOI 7.

e Submittal of a Site Characterization/Remedial Investigation Report (SCR/RIR) in
September 2010 for AOI 7 that documented the results of the characterization activities
completed in accordance with the 2010 Work Plan.
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2011

e On November 8, 2011, the USEPA provided an acknowledgment letter to Sunoco formally
accepting the Sunoco Facility into the One Cleanup Program.

e Sunoco submitted the Work Plan for Site Wide Approach to document the site-wide remedial
approach extending beyond the requirements of the 2003 CO&A. The PADEP and USEPA
reviewed and provided input to this report. Sunoco submitted a letter of commitment stating the
facility will be remediated according to the Work Plan for Site Wide Approach.

2012
e Sunoco submitted a Site Characterization/Remedial Investigation Report for AOI 7.
e Sunoco transferred the facility to PES.

e Sunoco, PES, and PADEP signed the Buyer-Seller Agreement which established the
environmental remediation and management obligations of Sunoco and PES following the sale
of the facility.

2013

e The legacy remediation liability for environmental impacts existing prior to the conveyance of
the facility to PES was transferred from Sunoco to Evergreen.

e The PADEP provided Evergreen comments on the 2012 SCR/RIR.

2014
e Evergreen submitted an updated NIR to the PADEP for the facility.

2015

e Langan, on behalf of Evergreen, submitted a Human Health Risk Assessment (HHRA) Report
to establish a site-specific standard (SSS) for lead in soil at the facility, the Belmont Terminal,
and the Sunoco Partners Marcus Hook Industrial Complex (Langan, 2015).

e The HHRA was approved by the PADEP in a letter dated May 6, 2015 establishing a SSS of
2,240 milligrams per kilogram (mg/kg) for lead in soil.

Evergreen submitted a Work Plan in April 2016 to the PADEP describing characterization activities
to be performed in AOI 7 to complete the RIR activities. On April 7, 2016 the PADEP, Evergreen
and GHD met to discuss the Work Plan. The PADEP provided comments to the Work Plan via
email on April 13, 2016. In accordance with the Work Plan for Site Wide Approach, Evergreen is
submitting this RIR for AOI 7 to formally satisfy the requirements of Act 2 as specified in 25 PA
Code §250.408. This RIR describes site characterization work conducted following the last
submittal (2012 SCR/RIR). Activities that have been performed in order to complete
characterization as required by an RIR under Act 2 include:

e Additional characterization of surface soil (0 to 2 feet below ground surface [ft. bgs] interval)
and subsurface soil (2 to 15 ft. bgs) including targeted soil investigations in potential
contaminant source areas, such as historic product handling and storage locations, former
hazardous waste tanks, open storage tank incident areas, and known product releases.
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e Horizontal and vertical delineation of impacts in soils.

¢ Additional soil sampling in areas with LNAPL.

e Additional groundwater sampling from monitoring wells not containing LNAPL.

e Collection groundwater samples beneath LNAPL samples.

o Delineation of LNAPL.

e Evaluation of LNAPL mobility.

¢ Investigation of the potential vapor intrusion to indoor air pathway at occupied buildings.
e Collection of air samples above LNAPL plumes.

¢ Qualitative evaluation of contaminant fate and transport.

As discussed with the PADEP, Stantec, and Evergreen during a meeting conducted in

September 2015, Evergreen is in the process of developing a site-wide MODFLOW model to
perform quantitative fate and transport modeling. Following the approval of this and other RIRs,
Evergreen intends to submit a Cleanup Plan, pursuant to 25 PA Code §250.410, which will present
remedies chosen to allow attainment of the selected remediation standards in soil and groundwater.

In accordance with Act 2, the required public and municipal notices for this report have been
prepared and issued. Appendix A includes a copy of the original facility NIR, the updated facility
NIR, as well as the report notices and their proof of receipt/publication.

14 Selection of Constituents of Concern

A list of the constituents of concern (COCs) in soil and groundwater for AOI 7 is included as

Table 1. This list is an updated listing of the compounds identified in the Work Plan as the COCs for
the facility under Pennsylvania One Cleanup Program and will be referred to as the petroleum short
list. This list includes all current constituents from the Pennsylvania Corrective Action Process
(CAP) Regulation Amendments effective December 1, 2001; provided in Chapter VI, Section E of
PADEP's Closure Requirements for Underground Storage Tank Systems, with the exception of the
waste oil parameters. In May 2009, two additional COCs, 1,2,4- trimethylbenzene (1,2,4-TMB) and
1,3,5-trimethylbenzene (1,3,5-TMB), were added to the list of COCs based on the PADEP's
revisions to the petroleum short list of compounds and at the request of the PADEP. The COC
listing for groundwater was also revised in 2012 to follow the soil COC listing. The additional
compounds added to the groundwater COC list included anthracene, benzo(a)anthracene,
benzo(g,h,i)perylene, benzo(a)pyrene, and benzo(b)fluoranthene.

Additional compounds were added to Evergreen short list for AOI 7 in three of the investigation
areas during the 2016 sampling events. Mercury and hexavalent chromium were added to the soil
sampling for the borings completed to investigate soils in the vicinity of the incinerator, sludge
basins and the hazardous waste tanks.
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1.5 Selection of Applicable Standards and Screening Levels

The media of concern for AOI 7 include soil and groundwater. The potential vapor intrusion into
indoor air exposure pathway was also evaluated through the collection of the indoor air samples.
The approach for attaining Act 2 remediation standards for the media of concern is described below
by media. As the current and anticipated future use of the facility is industrial, standards for
non-residential properties were chosen for comparison.

1.5.1 Soil

All soil results were screened using a multi-step process, as described in this section. Soil results
were first screened against the PADEP non-residential, used aquifer (total dissolved solids [TDS]
<2,500 micrograms per liter [ug/l]) medium specific concentrations (MSCs) developed by the
PADEP to implement the Statewide Health Standard (SHS). The following process was used to
select the soil SHS for each COC:

e The highest value of either 100 times the groundwater MSC or the generic value MSC was
selected to represent the soil to groundwater numeric value.

e The selected used aquifer, non-residential soil to groundwater numeric value was then
compared with the non-residential direct contact value (0 to 2 feet or 2 to 15 ft. bgs, as
applicable).

e The more stringent of the soil to groundwater value and the direct contact value was selected
as the soil MSC, otherwise referred to as the SHS, for initial comparison of soil sample results.

The SHS value is usually driven by the soil-to-groundwater MSC, and the soil-to-groundwater
pathway will be addressed in the groundwater investigation presented in this report. In order to
further evaluate the risk posed by the concentrations of COCs which were detected above their
respective SHS, the next step is to compare all of the soil analytical results to the non-residential
direct contact MSCs. Soil sample locations that will require further pathway evaluation or require a
remedial measure in order to attain a standard under Act 2 were identified through comparison to
the non-residential direct contact MSCs.

An exception to this soil screening process exists for lead. On February 24, 2015, Evergreen
submitted a Human Health Risk Assessment Report to PADEP which presented the development of
a risk-based SSS for lead in soil. In a letter dated May 6, 2015, PADEP approved the report, and a
non-residential direct contact site-specific numerical standard for lead of 2,240 milligram per
kilogram (mg/kg) was established. This SSS is used in place of the default 0 to 2 ft. bgs direct
contact standard for lead.

1.5.2 Groundwater

Groundwater sample analytical results were screened against the PADEP MSCs for non-residential
properties overlying used aquifers with TDS less than or equal to 2,500 ug/l (SHS). Where
constituent concentrations are above the SHS, Evergreen evaluated application of the site-specific
remediation standard using the pathway elimination option.
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1.5.3 Potential Vapor Intrusion into Indoor Air

Indoor and ambient air sample results collected in AOI 7 were screened against the USEPA
Region 3 Regional Screening Levels (RSLs) for Industrial Air Target Risk (TR)=1e, Target Hazard
Quotient (HQ)=0.1 (updated May 2016); the PADEP Indoor Air Statewide Health Standard Vapor
Intrusion Screening Values, Non-Residential (January 2017); and the Occupational Safety and
Health Association (OSHA) Permissible Exposure Limits (PELs). The National Institute for
Occupational Safety and Health (NIOSH) Recommended Exposure Limits (RELs) and the American
Conference of Governmental Industrial Hygienists (ACGIH) Threshold Limit Value (TLVs) were
used for compounds without established OSHA PELs. In accordance with the PADEP Vapor
Guidance, since indoor air is the only potential exposure pathway, the results were also compared
to the USEPA Region 3 RSLs for Industrial Air TR=1e5 and Target Hazard Quotient (HQ)=0.1.
These values were used as the threshold to indicate whether additional controls will be necessary
to address vapor intrusion. Any such controls will be presented in the Cleanup Plan.

Environmental Setting

This section summarizes the geologic framework and general hydrogeologic properties of
sedimentary deposits and bedrock underlying the south Philadelphia area, with emphasis near the
facility. A brief discussion of historical and present-day topography and hydrology is also included.
This section provides a regional context from which sedimentary deposits observed beneath AOI 7
can be classified and characterized for the purposes of this RIR. Much of the information presented
in this section was summarized during conceptualization of a site geologic model that is being used
in the development of a numerical groundwater flow model by Stantec as presented in the AOI 1
RIR (Stantec, 2016).

In general, the groundwater resources and stratigraphic framework of the facility area have been
well-documented through a variety of data sources, including previous groundwater resource
investigations dating back to the early 1900s, state and federal geologic mapping projects,
groundwater modeling studies, and consultant site characterization and remedial investigation
reports. Those data sources are summarized herein. In large part, available well and test boring
logs from previous on-site and local subsurface investigations were the most valuable resource in
evaluating the local subsurface stratigraphy. As such, subsurface information from approximately
750 well and test boring logs was considered in the evaluation of regional conditions. A database of
stratigraphic "picks" on interpreted vertical lithologic unit boundaries (and, where possible, geologic
formations) was also developed and includes all identified records of boreholes completed to
bedrock at and near the facility. The purpose of the "picks" database was to archive interpretation of
individual borehole lithologies to bedrock, so that stratigraphic profiles could be developed for this
RIR and the Schreffler lithologic model (Schreffler, 2001) could be refined and updated for
site-specific use at the facility (Stantec, 2016). One stratigraphic profile was developed for use in
this RIR and is presented herein to support evaluation of the lithologic character, geographic extent,
and thickness of each geologic unit identified. A structure contour map of the bedrock surface was
also developed and used to support the discussion presented below.
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2.1 Hydrology and Topography

The facility occupies a large area adjacent to the Schuylkill River near its confluence with the
Delaware River. This region has a long history of human influence and disturbance, dating back to
the early 17th Century when European settlers first arrived. The following sections present a brief
discussion of the significant land surface morphologic changes that are apparent when comparing
modern environments and topography to that shown on historical maps.

2.1.1 Historical Topography and Natural Depositional Environments

The City of Philadelphia Archives and several online archival resources have catalogued and
provide free access to copies of many historical maps of Philadelphia. Based on a review of many
of those maps, much of the land area occupied by the present-day Philadelphia Refinery was
formerly tidal marsh and lowlands that once fringed the Schuylkill River. Figure 3 presents a
geo-referenced United States Geological Survey (USGS) topographic map from 1898 (20-foot
contour interval). The map indicates that several small tributary streams, digitized on-screen and
shown as blue lines, formerly dissected that marshland and presumably would have exchanged
water with the tidal Schuylkill River on a semi-diurnal basis. Several islands were also present
throughout the lowlands, most notably League Island, which are interpreted as erosional remnants
of uplands that formed sometime after deposition of the Trenton "gravel" sediments (discussed in
detail below).

At that time, relatively higher topography was apparent north and west of the Schuylkill River, near
Gibson's Point. South and east of that general area, the Schuylkill River coursed through a
distinctive meander around Point Breeze, and appeared to have formed an erosive cut bank along
present-day AOI 2 where higher elevations were present (and favoring point bar deposition north of
AOI 10). A southwest/northeast trending ridge of higher elevation was also present south of Point
Breeze near AOI 4 and between those two areas of higher elevation a stream was mapped to have
been present. That stream appears to have originated in southern AOI 1 and flowed southwest
through AOIs 3 and 7, towards its confluence with the Schuylkill River. Numerous other small
streams and ditches draining the lowlands surrounding Hollander Creek were also noted. Additional
historic maps indicate that by 1900, an earthen dike had been constructed along the banks of the
lower Schuylkill River, and sluices were present at each stream/ditch confluence. Other maps show
wooden pilings in places along the Schuylkill River. In general, the construction of containment
dikes, sluices, and shoreline hardening would have altered the natural tidal exchange between the
Schuylkill River and these historic creeks, thereby limiting the natural accretion of sediment in the
marshes that once fringed the river. Moreover, the modifications indicated on these maps would
have altered the pre-existing tidal regime and dynamic equilibrium of the Schuylkill River.

2.1.2 Post-Industrialization

Figure 3 indicates that by 1898, storage of petroleum near Point Breeze and Gibson Point had
already begun. According to archived records, much of the remaining tidal marsh and lowland
environments nearby were reclaimed and routinely dewatered for farming practices around this
same time period (mostly on the west side of the Schuylkill River). Industrialization warranted
further land filling activity and shoreline hardening, including bulk-heading and filling of the tributary
streams that modified and generally raised the antecedent topography into its present-day
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configuration. Farms were displaced in favor of industrial and commercial land uses. Although some
clusters of residential property and open space exist or have existed near the facility, most land in
south Philadelphia is presently and has been used for industrial and commercial purposes for over
100 years (IST, 1998).

Light Detection and Ranging (LIDAR) data obtained from the USGS (USGS, 2010) and topographic
contours published in 2007 by the City of Philadelphia indicate that present-day topography is
relatively flat in the study area, and land surface elevations generally range from a few feet below
sea-level near Mingo Creek to approximately 30 feet above sea level near the eastern boundary of
the Philadelphia Refinery in AOls 1 and 8 [referenced to the North American Vertical Datum of 1988
(NAVD 88)] (Figure 4). Although subtle, the high-resolution LIDAR model displays topographically
low areas that based on location, likely correlate to the locations of former stream valleys

(e.g., Franklin Delano Roosevelt Park). In addition to raising the land surface, much of the filled
areas were either paved and/or rendered relatively impervious (Figure 5), which decreased rates of
recharge to the water table and necessitated the construction of numerous sewers to convey
stormwater runoff (and also sewage) to the Schuylkill and Delaware Rivers.

2.2 Regional Geology and Hydrogeologic Conditions

The facility occurs within the up-dip limits of the Atlantic Coastal Plain, generally within 2 miles of
the "Fall Line," where crystalline bedrock of the Appalachian foothills intersects the ground surface
(outcrops) (Figure 6). The Atlantic Coastal Plain is a physiographic province that is defined as
having relatively flat topography and as being underlain by a characteristic wedge of unconsolidated
sediments that thicken in a southeasterly direction, away from sediment source areas in the
Appalachian Mountains. These sediments were deposited atop a sloping bedrock surface in
complex fluvial, estuarine, and marginal marine environments along the passive Atlantic margin.
Overall, subsidence of the Piedmont land surface in conjunction with cyclical sea-level fluctuations
have been the primary controlling mechanisms driving periods of deposition, non-deposition and
erosion in the Atlantic Coastal Plain (Trapp, 1992). In general, the resulting sedimentary record in
the vicinity of the Philadelphia Refinery is complex, largely incomplete, and under-represented by
only Cretaceous and Quaternary deposits, separated by a regional disconformity (Stantec, 2012). A
summary of those deposits is presented below.

2.2.1 Coastal Plain Deposits

2211 Anthropogenic Fill

For reasons discussed, much of the facility and surrounding area is underlain by historical fill
material, which was placed for the purpose of reclaiming lowlands along the banks of the tidal
Delaware and Schuylkill Rivers during industrialization. These fill materials are heterogeneous in
nature and have been described on borehole logs by others as a mixture of compacted soil and
anthropogenic debris, including sand, clay, silt, gravel, cinders, concrete, asphalt, crushed stone,
ash, glass, brick fragments, and wood. Apparent fill thickness ranges from a veneer where
antecedent topography was highest to greater than 50 feet where it was used as railroad ballast just
east of the Philadelphia Refinery. Within the locations of former stream valleys and marshes

(Figure 3), the historical fill material is generally 20 feet or greater in thickness.
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The fill materials may contain isolated lenses of groundwater (perched groundwater) where coarse
or granular materials are separated from the underlying water table by low permeability sediments.
The fill may also be saturated and/or in hydraulic connection with the water table along the axes of
former stream channels, where the water-table appears to intersect the fill, or where the fill was
placed on marshland. However, at most locations across the Philadelphia Refinery, the fill layer
occurs above the regional water-table under average head conditions.

221.2 Quaternary Deposits

Quaternary sedimentary deposits are present beneath the Philadelphia Refinery and are generally
representative of geologically-recent cycles of deposition and erosion that occurred within the last
200,000 years. These cycles of sedimentation were the result of a series of glacial and interglacial
periods, namely the lllinoian and Wisconsin glaciations, separated by an intervening interglacial
period and followed by the present interglacial period through the Holocene (Sevon et al., 1999).
Depositional environments through this Period were primarily controlled by sea-level and the
successive down-cutting and infilling of ancestral river valleys, primarily that of the Schuylkill and
Delaware Rivers (Owens and Minard, 1979). Details of the Quaternary deposits present at the
Philadelphia Refinery are described below.

2.2.1.2.1 Recent (Holocene) Alluvium

Predominantly gray, muddy deposits with occasional sandy, gravelly, and organic-rich lenses
comprise the most-recent alluvium present at the Philadelphia Refinery. These sediments were
deposited in dynamic floodplain, channel, and marsh environments through the Holocene. As noted,
the upper surface of alluvium, in most places covered by fill, defines the antecedent topography that
pre-dated development of the Philadelphia Refinery area. This geologic unit is generally present
below an elevation of approximately 20 feet NAVD 88. The alluvium ranges in thickness from a

few feet at higher elevations, away from the present Schuylkill and Delaware River estuaries, to
approximately 15 feet within the former floodplains of buried tributary streams. However, adjacent to
and fringing these major river estuaries, apparent marsh deposits accreted in freshwater
environments to as much as 60 feet thick (to elevations as low as approximately -60 feet NAVD 88)
as sea-level transgressed and flooded the incised river valleys through the Holocene. Figure 3
provides some estimation of how extensive the tidal marshes once were prior to development,
generally along the Schuylkill River south of and surrounding Point Breeze. A stratigraphic profile
location map is presented on Figure 7. Stratigraphic profile A-A' supports this interpretation and
distribution of the most recent alluvial deposits across the Philadelphia Refinery (Figure 8).

Similar to the fill described above, most recent alluvium at the facility has limited water-bearing
capacity due to its fine-grained texture. However, heterogeneities within the alluvium may allow for
the presence of localized seasonal perched groundwater resulting from the percolation of recharge
water. Within former marsh areas along the Schuylkill and Delaware River estuaries, the regional
water-table occurs within the Holocene alluvium. At locations distal to the rivers and where the
Schuylkill River appears to have eroded older alluvial deposits (e.g., along the western periphery of
AQI 2), the Holocene alluvium occurs above the regional water-table and is unsaturated.
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22122 Pleistocene Alluvium ("Trenton Gravel")

Geologically-recent glacial outwash deposits, commonly referred to informally as the Trenton
"gravel", have long been recognized in the vicinity of southeastern Pennsylvania along the
Delaware River valley. Sevon and Braun (2000) provide a comprehensive map of glacial deposits in
Pennsylvania, including the presence of sand and gravel outwash, interpreted as stratified drift,
along the present Delaware River. Owens and Minard (1979) published a comprehensive summary
of previous research into these deposits and subdivided the "Trenton gravel" into two distinct
deposits (the Spring Lake and Van Sciver Lake beds) based on topographical position and lithology
at those type sections. Low et al. (2002) indicate that in most places the Trenton gravel rests
directly atop Cretaceous sediments and is overlain by younger alluvium of Holocene age near the
Schuylkill River.

Based on literature review presented in the AOI 1 RIR (Stantec, 2016), the Trenton gravel was
interpreted as a heterogeneous, stratified alluvial deposit of primarily sand and gravel, with
occasional beds of clay and silt (the Van Sciver Lake beds), that resulted from glacial outwash
through the Delaware River valley sometime after the lllinoian glacier receded. At the Philadelphia
Refinery, the Trenton gravel is commonly described on boring logs as a brown, reddish-brown or,
where stained, black, fine to coarse sand with lenses of gravel. The gravel fraction is often
multicolored and comprised of a mixture of sub-angular to sub-rounded, sedimentary and
metamorphic rocks derived from the Appalachian Piedmont. The Trenton gravel generally ranges in
thickness from a few feet up to approximately 30 feet near the Philadelphia Refinery. It appears to
be laterally continuous and its thickness depends on the antecedent Cretaceous topography that it
filled and on the degree of erosion from above (Stantec, 2016). Along the Schuylkill River at the
George C. Platt and Penrose Avenue bridges, and in places beneath the Delaware River,
Greenman et al. (1961) mapped the Trenton gravel to be present beneath thick sections of
Holocene alluvium to elevations near -60 feet NAVD 88, and those interpretations are shown on
Figure 8.

The regional water-table at the Philadelphia Refinery most often occurs within the Trenton gravel,
and, as a result of its stratigraphic position, this geologic unit forms the bulk of the unconfined
aquifer (along with localized areas of saturated alluvium and fill). Published well records indicate
that the Trenton gravel can be a prolific aquifer (Paulachok, 1991). Nevertheless, due to lateral
changes in Trenton gravel thickness and to its heterogeneous character, hydraulic properties and
groundwater yields can vary widely. Stantec reviewed published data and available on-site aquifer
testing data regarding the hydraulic properties of the Trenton gravel and presented those data in the
AOI 1 RIR (Stantec, 2016) which are included as Figures 9 and 10 in this report.

A nearly 7-day groundwater extraction test was conducted at recovery well RW-2 at the
Philadelphia Refinery (IST, 1998). During testing, RW-2 was pumped at a constant rate of

225 gallons per minute (gpm). Distance-drawdown data analyzed along transects of observation
wells suggested that the area of influence extended approximately 1,680 feet from the pumping well
under relatively isotropic conditions. The hydraulic conductivity (k) was estimated to be greater than
400 feet per day (ft./d). More recently, a 24-hour pumping test was conducted at the former DSCP
property at monitoring well DSCP-MW-65, a well that appears to be screened across the Trenton
gravel and underlying sandy Cretaceous deposits (ARCADIS, 2013). Analysis of that data provided
in the referenced report supports comparable aquifer properties at that site. However, it is noted
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that during the test, the Trenton gravel was dewatered and individual aquifer k values could not be
calculated/resolved. Other, in-situ, single well instantaneous displacement tests and short-duration
pumping tests for remedial system design suggest a much lower k for the Trenton gravel, on
average, but test results vary widely, from less than 1 ft./d to over 600 ft./d. The observed wide
range in k values over relatively short distances is consistent with this geologic unit's lithologic
heterogeneity.

2213 Cretaceous Deposits

Many studies of the Atlantic Coastal Plain near the Philadelphia Refinery have identified the
presence of Cretaceous age sediments in the subsurface. These are the oldest sedimentary
deposits in the area and are configured in a southeasterly-thickening wedge, overlain by the much
younger Quaternary deposits described above and underlain by Piedmont crystalline bedrock.
Greenman et al. (1961) detailed the age, character, configuration, and hydraulic properties of these
deposits in southeastern Pennsylvania. At the time of that publication, the Cretaceous deposits
were assigned primarily to the Raritan Formation and noted to represent three distinct,
fining-upward cycles of non-marine sedimentation. Similarities to lithologic sequences identified on
borehole logs were correlated to previously-identified strata at their type locality in New Jersey,
where the deposits are much thicker and more easily distinguished. Other similar, near
time-equivalent geologic formations of Cretaceous age were elsewhere identified in Maryland and
Delaware (Jordan, 1962), and more recently authors began wholly referring to the Cretaceous
deposits in south Philadelphia as the Potomac-Raritan-Magothy (PRM) aquifer system.

In south Philadelphia, the PRM aquifer system is subdivided into six geologic units in order of
increasing age:

e The upper clay unit
e Upper sand unit

e Middle clay unit

e Middle sand unit

e Lower clay unit

e Lower sand unit (Schreffler, 2001)

Near the Philadelphia Refinery, it is generally true that these units thin, intercalate, and exhibit
gradual facies changes that make separation of individual units difficult. Total thickness of PRM
deposits at the facility ranges from 0 feet, where Quaternary deposits are present atop bedrock, to
more than 100 feet within paleochannels incised into bedrock. A structure contour map of the top of
the bedrock surface is included as Figure 11. Details of the individual units based on boring log
records and published descriptions as presented in the AOI 1 RIR (Stantec, 20016) are presented
below.

22.1.3.1 Upper Clay Unit

The upper clay unit is a variegated clay/silt that is sometimes discernible from older clay units of the
PRM where sandy and gravelly. In general, it is thin when compared to the other PRM clay units in
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south Philadelphia, and in places distal to the Delaware River the upper clay may be entirely absent
(Greenman et al., 1961). On the basis of geophysical log signature, others have mapped the upper
clay to be at least 0.5 feet thick and up to 30 feet thick at the Philadelphia Refinery, exhibiting its
greatest thickness in northern portions of the study area while pinching out to the south (IST, 1998).
At the Philadelphia Refinery, Stantec assigned the upper clay to first occurrences of light brown,
tan, mauve, yellow, gray, and less-commonly, red sandy, silty clay beneath the Quaternary
alluvium. However, overall stratigraphic correlation of the PRM across the facility supports the upper
clay unit pinching out or being truncated by younger deposits throughout most of the AOls

(Figure 8).

The upper clay unit by nature acts as a confining or leaky confining bed. Where present, it creates
hydraulic separation between the upper sand unit and water-table aquifer.

2.2.1.3.2 Upper Sand Unit

The upper sand unit is a varicolored but predominantly brown to gray sand with varying amounts of
gravel, clay, and silt (Greenman et al., 1961). Nearer the Philadelphia Refinery, it has been
described as mostly silty and/or clayey fine to medium sand (IST, 1998). Where the upper clay is
absent, the upper sand occurs directly beneath, and is typically discernable, from the coarser and
more heterogeneous Trenton gravel above. Stantec used color and lithologic changes, in addition to
subtle changes in drilling conditions including Standard Penetration Test (SPT) blow counts, to
make "picks" on upper sand occurrences (Stantec, 2016) to create the current geologic
interpretation for the facility. In general, the upper sand appears restricted to northern portions of
the refinery (AOls 1, 2, 4, and 8) where it subcrops the Trenton gravel. The upper sand unit, where
present, rarely exceeds 10 to 20 feet in total thickness.

The upper sand unit is an excellent aquifer where its thickness and extent are sufficient (Greenman
et al., 1961). Aquifer testing of the upper sand unit in New Jersey has indicated that the aquifer has
similar hydraulic properties to the middle and lower sand units where discrete (Navoy and Carleton,
1995). At the Philadelphia Refinery, Stantec did not identify any existing testing data for wells
discretely screened across the upper sand unit from which to infer sole hydraulic properties
(Stantec, 2016). The upper sand generally occurs in pockets beneath the Philadelphia Refinery and
comprises a portion of the unconfined aquifer. Most wells that fully penetrate the unconfined aquifer
in northern areas of the refinery may intersect and be influenced by the hydraulic properties of the
upper sand.

2.2.1.3.3 Middle Clay Unit

Whereas other clay units of the PRM are described as being sandy and gravelly in places, the
middle clay unit is generally regarded as being a laterally extensive and uniformly massive confining
bed of thick, red and white clay with very little sand (Greenman et al., 1961). Near the Philadelphia
Refinery, others have found the middle clay to be nearly continuous in the subsurface (IST, 1998).
Thicknesses of the middle clay unit generally range from approximately 20 feet, near the Belmont
Terminal area, to just over 1 foot in southeastern AOI 1. While the middle clay appears to be
everywhere present, at least on the eastern side of the Schuylkill River, its characteristically muddy
texture can vary and become finely-laminated/bedded and intercalated with muddy sand. West of
the Schuylkill River and particularly under areas north of Point Breeze, the middle clay unit (in

GHD | Remedial Investigation Report, AOI-7 Girard Point Refinery | 11109614 (3) | Page 13



addition to most if not all of the PRM) appears to have been incised and completely removed by
erosion. Downgradient, nearer AOI 9 and the George C. Platt Bridge, some pockets or thin lenses
of middle and/or lower clay may be present under a thick section of Quaternary alluvium. At other
locations beneath the Philadelphia Refinery, the middle and lower clay units appear to be in direct
contact with each other, where the middle sand is absent (Stantec, 2016).

The middle clay unit, in places resting directly on and combining with the lower clay unit, acts as a
significant confining bed at the Philadelphia Refinery. In a regional context, it creates hydraulic
separation between the unconfined aquifer and deeper, confined to semi-confined aquifer(s) of the
middle and/or lower sand units.

2.2.1.3.4 Middle Sand Unit

The middle sand unit is a light-colored, stratified, fine to coarse sand with occasional gravel and
clay that was generally deposited in lenticular masses along the axes of troughs carved into the
lower clay unit (Greenman et al., 1961). As such, it is by nature discontinuous in the subsurface.
Stantec has mapped the presence of middle sand at the Philadelphia Refinery based on
stratigraphic position and where present, is commonly described on boring logs as brown or orange
sand and gravel. In some areas where the lower clay was entirely removed, it may be
indistinguishable from and rest unconformably atop the lower sand unit. At those locations, Stantec
used subtle changes in sample descriptions, including color and/or texture, of the sequences of
sand below the middle clay to infer the contact between those units. The middle sand unit, where
discernable from the lower sand, has been observed at thicknesses up to approximately 15 feet
beneath the Philadelphia Refinery and is generally thickest in lenticular or tabular bodies.

Much like the other sand units of the PRM, the middle sand unit can be a prolific aquifer where it is
laterally continuous and of sufficient thickness. Aquifer testing of the middle sand in New Jersey has
indicated that the aquifer has similar hydraulic properties to the lower sand unit (Navoy and
Carleton, 1995). At the Philadelphia Refinery, Stantec did not identify any wells discretely screened
across the middle sand unit from which to infer sole hydraulic properties (Stantec, 2016). Most deep
refinery wells are screened in the lower sand, or potentially across the lower and middle sand units,
where hydraulically connected.

221.3.5 Lower Clay Unit

Published descriptions of the lower clay unit indicate that it appears very similar to, and is
sometimes inseparable from, the middle clay unit where the middle sand is absent. The lower clay
is generally tough, red clay but is known from drilling records to contain softer zones of gray clay
stratified with fine sand. The lower clay tends to exhibit its greatest thickness along the lateral
margins of paleochannels in underlying bedrock, and can be thin to absent along the axes of
paleochannels where eroded prior to deposition of the middle sand unit (Greenman et al., 1961). Of
the PRM clay units, Stantec has interpreted the lower clay unit to be the least significant at the
Philadelphia Refinery in terms of both its lateral extent and vertical thickness. (Stantec, 2016) This
is based on stratigraphic correlation and likely the result of erosion prior to deposition of the middle
sand. Generally gray and red, commonly sandy clay and muddy sand zones were assigned to the
lower clay if observed below and distinguishable from the middle clay. Where present, the lower
clay was observed at thicknesses ranging from less than 1 foot to no greater than 10 feet. The
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lower clay appears to thicken and become more continuous to the south and east of the
Philadelphia Refinery.

Where physically connected, the lower and middle clay units combine to form a significant confining
bed at the Philadelphia Refinery. In a regional context, they create hydraulic separation between the
unconfined aquifer and deeper, confined to semi-confined aquifer of the lower sand unit. The lower
clay can also create localized areas of hydraulic separation between the lower and middle sands,
where discretely present.

2.2.1.3.6 Lower Sand Unit

The lower sand unit is a varicolored but predominantly white to yellow sand with gravel, usually
fining upward to a cap of fine to medium sand with occasional yellow and gray clay lenses. As
further described below, the lower sand unit is the oldest of the PRM deposits and rests
unconformably atop bedrock. The lower sand is generally thickest (up to 87 feet thick) along the
axial troughs of paleochannels carved into bedrock by discharge through former positions of the
Schuylkill and Delaware Rivers (Greenman et al., 1961). At the Philadelphia Refinery, the lower
sand unit is present as a nearly continuous deposit, with the exception of some areas west of the
Schuylkill River where it appears that the river entirely removed the PRM. Where present, the lower
sand unit is observed to range in thickness from approximately 20 feet to a maximum of just over
50 feet, where it fills a bedrock paleochannel beneath a portion of AOI 1. Philadelphia Refinery
borehole logs indicate that the lower sand unit is commonly yellow, white, and pale gray in color and
predominantly medium to coarse sand with gravel, or gravel with sand. The lower sand's gravelly
texture beneath the refinery has been well documented on drilling logs.

Of the PRM aquifer system, it can be argued that the lower sand unit was historically the most
important groundwater resource in south Philadelphia. Figure 10 summarizes hydraulic information
available for the lower sand unit, based on published aquifer testing results. Proximal to the
Philadelphia Refinery at the Philadelphia Naval Shipyard (PNSY), a wealth of historical testing data
is available for the lower sand unit and indicates an average k value of approximately 134 ft./d.
Across the Delaware River in New Jersey, k values seem to be slightly higher. At the Philadelphia
Refinery, there are several wells that appear to be discretely screened within the lower sand unit.
However, Stantec did not identify any aquifer testing data derived from testing of onsite lower sand
wells (Stantec, 2016). It is noted that Stantec recently installed two new AOI 4 monitoring wells
screened within the lower sand unit aquifer. Those wells will be utilized for the collection of slug test
data and for two short-duration, constant-rate pumping tests to estimate lower sand hydraulic
properties at the Philadelphia Refinery. The data from this testing will be submitted in future Act 2
submittals.

2.2.2 Bedrock

Bedrock beneath the Coastal Plain near south Philadelphia has been inferred from surface
outcroppings above the "Fall Line," and has been described in the subsurface where penetrated by
past drilling activities. Bosbyshell (2008) has mapped schist of the Wissahickon Formation to occur
in Philadelphia along the "Fall Line" (Figure 6). Relatively small bodies of granitic gneiss, resulting
from igneous intrusions into the country rock during metamorphism, can also be present. Most
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boring log records of deep holes drilled at the Philadelphia Refinery indicate that schist is present
beneath the Coastal Plain, in agreement with published maps.

Available data pertaining to the bedrock surface beneath the Philadelphia Refinery suggests that
the surface generally dips to the southeast but contains local complexity. Greenman et al. (1961)
recognized the presence of four paleochannels incised into bedrock and attributed those features to
previous positions of the Schuylkill River. Two of those channels, referred to as the Schuylkill River
and League Island Troughs by those authors, occur beneath parts of the Philadelphia Refinery and
influence the total thickness of the Coastal Plain sedimentary sequence above them (Figure 11).
Through boring log review, Stantec has identified additional detail in the bedrock surface beneath
the Philadelphia Refinery, including a small bedrock paleochannel beneath the southern portion of
AOI 1 that appears to be an extension of the League Island Trough, and a few localized bedrock
surface highs (pinnacles) (Stantec, 2016).

In general, bedrock can store and transmit groundwater primarily through secondary porosity
structures (e.g., fractures, joints). Bosbyshell (2008) indicates that the Wissahickon Formation can
yield up to 20 gpm to wells in the mapped area above the "Fall Line." Balmer and Davis (1996)
indicate that in Delaware County, Pennsylvania, the Wissahickon Formation is the most productive
of the consolidated rock aquifers present in that county and can yield anywhere from 0 gpm to

300 gpm to wells (data from 127 wells). However, the wells included in their report were generally
located above the "Fall Line" and were not screened below significant accumulations of Coastal
Plain sediments. In general, when compared to the permeability and thickness of the Coastal Plain
deposits, the water-bearing properties of the Wissahickon Formation beneath the Philadelphia
Refinery are considered de-minimis.

Soil Investigation

The following sections summarize the soil investigation activities performed in AOI 7. Previous
investigations are summarized in Section 3.1. The site characterization activities conducted for this
RIR in 2016 were completed by Aquaterra, Stantec, and GHD, on behalf of Evergreen. The goal of
the 2016 activities was to characterize soil in potential source areas, such as historic product
handling and storage locations, former hazardous waste tanks, open storage tank incident areas,
and known product releases In addition to collecting soil samples from borings advanced for the
source-targeted soil investigations, soil samples were collected during monitoring well installation
activities regardless of whether the area was expected to contain a source of petroleum compounds
in soil.

All characterization fieldwork was performed in accordance with Evergreen's Quality
Assurance/Quality Control Plan and Field Procedures Manual (Appendix B). Soil borings were
advanced using a variety of methods including hand auger, backhoe, split spoons in conjunction
with hollow stem augers, and split spoons driven using direct push methods. The general strategy
for the investigation was to characterize soil in the 0 to 2 ft. bgs and greater than 2 ft. bgs intervals
(unsaturated soil). Generally, subsurface soil samples were collected at the depth exhibiting the
highest photoionization detector (PID) response and/or above the water table. Delineation was
completed to the non-residential direct contact MSC and the numeric SSS (for lead). Table 2
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summarizes the soil boring rationale and soil boring logs are included in Appendix C. All soil
analytical results are summarized on Tables 3a and 3b, which compares the results to the

1) non-residential SHS (as previously defined in this report, the more stringent of the soil to
groundwater numeric value and the direct contact value), 2) the non-residential direct contact MSC,
and 3) the numeric SSS (for lead) (Soil Screening Levels). Samples were analyzed for the
Petroleum Short List of compounds. Three samples were also analyzed for mercury and hexavalent
chromium based on historic operations in specific areas. Analysis of soil samples was conducted by
Lancaster Laboratories. All laboratory analytical reports from this investigation work are included in
Appendix D.

3.1 Summary of Previous Soil Analytical Results

To supplement data previously collected as part of the historical RCRA investigations, two
additional site characterization/remedial investigations were completed in AOI 7 in 2010 and 2011.
During these investigations, a total of 33 shallow soil borings and 15 new monitoring wells were
installed in 2010 and an additional 21 monitoring wells were installed in 2011 to investigate LNAPL
in the vicinity of the No. 3 and 4 Separators. Information from these investigation is presented in the
2010 SCR/RIR (Langan, 2010) and the 2012 SCR/RIR (Langan, 2012). The soil borings completed
in the SWMU areas include; SWMU 87 (8 soil borings); SWMU 88 (6 soil borings); SWMU 89 (6 soil
borings); SWMU 90 (8 soil borings); and SWMU 91 (5 soil borings). A total of 9 soil additional
borings were advanced outside of the SWMU areas at unpaved areas. An additional 24 borings
were completed in 2012 and 3 borings were completed in 2013 to support additional
characterization activities. The data from all of the borings were analyzed for the Petroleum Short
List. There was no evidence of leaded tank bottoms in the five SWMU areas, none of the soil
samples had exceedances of the current non-residential direct contact MSCs or the numeric SSS
(lead). A limited number of the soil samples had exceedances the current non-residential soil to
groundwater MSCs for the ethylene bromide, benzene, 1,2,4—trimethylbenzene,
1,3,5-trimethylbenzene and 1,2-dichloroethane. The locations of the soil borings are shown on
Figure 2, as historic soil borings, the soil data from these investigations is summarized in Tables 4a
and 4b. The 2010 and 2012 SCR/RIR are included in Appendix I.

AOI 7 includes ASTs and many soil samples have been collected for tank characterization and
closure under 25 PA Code Chapter 245, in addition to sampling completed as part of the Act 2/One
Cleanup Program. Although the rationale and results of all of these soil sampling projects are not
discussed in detail in this RIR, as they have been submitted to PADEP under 25 PA Code

Chapter 245 reporting, they are relevant to the characterization of AOI 7 under Act 2. The analytical
results for these tank-related assessments are included on Tables 4a and 4b, and the soil sample
locations are shown on Figure 2 as historic sample locations. The investigation of select tank
incidents was performed as part of the field effort for this RIR, and those results are discussed in
the following sections.

3.2 Historic Product Handling/Storage Areas

In order to investigate areas of historic product handling and storage, eleven soil borings
(AOI7- BH-16-34 through BH-16-44) were advanced within the footprints of former tanks during the
2016 site characterization activities. Aerial photos were reviewed to identify locations of historically
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removed ASTs. In the field, the former tank footprints were evaluated for evidence of impacts

(i.e., surface staining, distressed vegetation). No visual impacted were noted during the field
activities, so each soil boring was advanced in the center of each former tank footprint. None of the
collected soil sample results exceeded the non-residential soil to groundwater or direct contact
MSCs, or the numeric SSS (for lead).

3.3 Open Storage Tank Incidents

Evergreen intends to address all open AOI 7 storage tank incidents for which it is responsible
through the 25 PA Code Chapter 245 CAP Program under separate cover. In 2014, the PADEP
provided Evergreen with a list of the open Evergreen tank incidents in the PADEP database for
AOI-7 as summarized in Table 5. Soil characterization activities were conducted to further
investigate several open storage tank incidents within AOI 7. For borings associated with storage
tank incidents that involve releases within tank berms, soil analytical results are presented in this
RIR for informational purposes only as they relate to overall AOI 7 soil characterization. These data
will be used in separately prepared SCRs for the identified open storage tank incidents, which will
be submitted under separate cover to the PADEP in order to satisfy the requirements of 25 PA
Code Chapter 245. The following summarizes the incidents that the PADEP provided to Evergreen,
available information for these tanks, completed investigation activities during the 2016 site
characterization activities and whether this tank will have a separate SCRs submitted to fulfill the
requirements of 25 PA Code Chapter 245.

This section also includes groundwater data from the 2016 site characterization activities, if
applicable to the discussion of the Tank Incident. The groundwater results are further discussed in
Section 4.

3.3.1 UST 002/003, Incident 5825 and UST, Incident 5915

Two underground storage tanks (UST 002 and UST 003) were reported to be in AOI 7 and were
assigned incident numbers 5825 and 5915 by the PADEP. Evergreen reviewed their records and
UST 002 and UST 003 are actually located in AOI 5. Therefore, no investigation was completed to
address UST 002 and 003 as part of this AOI 7 RIR.

3.3.2 Tank 270 (Former Tank Number GP 270, Former PADEP Tank 032A,
Incident 40386)

Tank 270 was an AST primarily used to store recovered oil. A release of approximately

2,720 gallons was reported to the PADEP on June 28, 2009. Incident No. 40386 was assigned to
Tank 270 by the PADEP. Stantec submitted an SCR dated November 23, 2009 which detailed the
excavation and soil sampling completed in response to the release. Stantec collected 15 soil
samples at 0- to 6-inch intervals from the sidewalls of the excavation and analyzed the samples for
the PADEP's short list of constituents for Fuel Oil No. #4, #5, #6, and waste oil. On November 6,
2013, PADEP approved that the SCR demonstrated that the SHS was achieved in soil for the Act 2
parameters. The PADEP re-affirmed this approval in an April 13, 2016 email to Evergreen.

A request to close the incident for Tank 270 will be included in the separate SCR to be submitted to
the PADEP in accordance with 25 PA Code Chapter 245.
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3.3.3 Tank 271 (PADEP Tank 033A, Incident 29142)

Tank 271 was an AST which formerly was used to store crude oil. Sunoco completed an in-place
closure report on May 16, 2002. Soil samples were collected in June 2002 from six Geoprobe soil
borings, GP1-GP-6. The samples were analyzed for PADEP Act 2 short list of parameters for Fuel
Oil #4, #5, #6, and Lubricating Oils and Fluids. The samples GP-4 (1.5 to 2.0 ft. bgs) and GP-5
(1.5 1o 2.0 ft. bgs) exceeded the nonresidential soil-to-groundwater MSCs for benzene. All of the
soil results were below the non-residential direct contact MSC. Samples from the locations that
exceeded the soil to groundwater MSCs were also analyzed using the Synthetic Precipitation
Leaching Procedure (SPLP) for benzene. The SPLP result from GP-5 was non-detect. The SPLP
result from GP-4 exceeded the non-residential groundwater MSC. Sunoco notified PADEP on
June 26, 2002 of a reportable release from Tank 271 of an unknown quantity. PADEP responded
on July 31, 2002 with an issue of a Notice of Violation (NOV) and incident No. 29142 was assigned
to this release. Sunoco submitted a SCR for Tank 271 in December 2002.

Since none of the soil samples exceeded the non-residential direct contact MSC, no additional soil
samples were collected from Tank 271 during the 2016 site characterization activities. A
groundwater sample was collected in C-58 and C-136 during the 2016 site characterization
activities to characterize groundwater downgradient of Tank 271. The results from C-58 and C-136
did not have any exceedances of the non-residential MSCs during the 2016 site characterization
activities for benzene or any other COCs. This result was consistent with the 2010 groundwater
sample from C-58 which did not have any exceedances of the non-residential groundwater MSCs.

Tank 271 will be included in the separate SCR prepared for the tanks in AOI 7 to be submitted to
the PADEP in accordance with 25 PA Code Chapter 245.

3.3.4 Tank 272 (Former PADEP Tank 054A/034A, Incident 45694 and 42279)

Tank 272 is an AST primarily used to store crude oil. On November 11, 1993, approximately

126 gallons of crude oil was reportedly released from Tank 272. The contaminated soil was
removed for off-site treatment and the Pennsylvania Department of Environmental Resources
(PADER the predecessor for the PADEP) was notified on November 12, 1993. Incident No. 45694
was assigned by the PADER. On March 8, 2011, an unknown quantity of crude oil was reportedly
released and PADEP was notified on March 9, 2011. Incident No. 42279 was assigned to this
incident. During the 2016 site characterization activities, four borings (BH-16-009 to BH-16-012)
were completed for Tank 272. None of the soil results exceeded the non-residential soil to
groundwater or direct contact MSCs, or the numeric SSS (for lead).

A groundwater sample was collected in C-58 and C-136 during the 2016 site characterization
activities to characterize groundwater downgradient of Tank 272. The results from C-58 and C-136
did not have any exceedances of the non-residential MSCs during the 2016 site characterization
activities. This result was consistent with the 2010 groundwater sample from C-58 which did not
have any exceedances of the non-residential groundwater MSCs.

GP 272 will be included in the separate SCR prepared for the tanks in AOI 7 to be submitted to the
PADEP in accordance with 25 PA Code Chapter 245.
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3.3.5 Tank 273 (Former PADEP Tank 035A, Incident 45697)

Tank 273 is an AST primarily used to store residual oil. A release of approximately 78 gallons
reportedly occurred on June 6, 1995. The impacted materials were removed by Sunoco. PADER
was notified and Incident No. 45697 was assigned to this release. During the 2016 site
characterization activities, four borings (BH-16-013 to BH-16-016) were completed for Tank 272.
None of the soil results exceeded the non-residential soil to groundwater or direct contact MSC, or
the numeric SSS (for lead). Groundwater was assessed by evaluating groundwater in downgradient
well C-132. Groundwater results in C-132 were below the non-residential groundwater MSC during
the 2016 site characterization activities.

Tank 273 will be included in the separate SCR prepared for the tanks in AOI 7 to be submitted to
the PADEP in accordance with 25 PA Code Chapter 245.

3.3.6 Tank 275 (Former PADEP Tank 057A, Incident 45689)

Tank 275 was an AST used primarily to store residual oil. A release of approximately 84 gallons
reportedly occurred on September 16, 1991. Chevron notified PADER on September 17, 1991 and
Incident No. 45689 was assigned by the PADER. The contaminated soil was removed and
disposed of off site, as documented in the October 28, 1991 letter submitted to PADER. On May 25,
2006, a 30-Day Notification of Intent to Close Aboveground Storage Tanks was submitted to
PADER with the intention of permanently closing and demolishing Tank 275. An Amended Tank
Closure Report was completed on December 28, 2006 following the demolition of the tank. On
January 7, 2008, a Tank Closure Confirmatory Sampling Activities Report was submitted for the
closure of AST 275. Activities completed as part of the tank closure included; 6 perimeter soil
samples, 3 subsurface from tank soils and 4 samples adjacent to an aboveground pipe line. Each
soil sample was analyzed for PADEP Act 2 short list of parameters for Fuel Oil numbers 4, 5, and 6
and used motor oil (except lead). There were no exceedances in soil samples for nonresidential soil
to groundwater or direct contact MSCs from these samples.

Since the soil sample data collected during the tank closure activities did not exceed the SHS, no
additional soil data was collected as part of the 2016 characterization activities. Groundwater
sampling in C-58, C-96 and C-131 characterized groundwater quality in the area of Tank 275. The
two downgradient wells C-58 and C-96 did not have any exceedances of the groundwater
non-residential MSCs during the 2016 site characterization activities. Side-gradient well C-131 had
one detection of BaP which slightly exceeded the non-residential groundwater MSCs during one of
the two groundwater sampling events. No other results exceeded the non-residential groundwater
MSCs during both events.

GP 275 will be included in the separate SCR prepared for the tanks in AOI 7 to be submitted to the
PADEP in accordance with 25 PA Code Chapter 245.

3.3.7 Tank 277 (Former PADEP Tank 039A, Incident 38132)

Tank 277 was an AST used primarily to store heavy gas oil. On September 16, 2006, a 30-Day
Notification of Intent to Close Aboveground Storage Tanks was submitted to PADEP with the
intention of permanently closing and demolishing Tank 277. An Amended Tank Closure Report was
completed on December 28, 2006 following the demolition of the tank. A Closure Confirmatory
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Sampling Activities Report was submitted on September 12, 2007 which included the results from
12 samples. Each soil sample was analyzed for PADEP Act 2 short list of parameters for Fuel Oil
numbers 4, 5, and 6 and used motor oil (except lead). None of the soil results exceeded the
non-residential soil to groundwater or direct contact MSCs with the exception of 10 benzene
samples which exceeded the soil to groundwater MSCs. All the samples met the non-residential
direct contact MSC.

Since all of the data collected during the closure confirmation sampling met the non-residential
direct contact MSC, no additional soil data was collected during the 2016 site characterization
activities. Groundwater sampling in C-112 characterized groundwater quality in the area of

Tank 277 during the 2016 site characterization activities. MW-112 did not have any exceedances of
the non-residential groundwater MSCs during the 2016 site characterization activities.

3.3.8 Tank 281 (Former PADEP Tank 043A, Incident 5913 and 30777)

Tank 281 is an AST used primarily to store heavy gas oil. On September 18, 1999, approximately
84 gallons was reported released from Tank 281. PADER was notified on September 19, 1999 and
Incident No. 30777 was assigned by the PADEP. On November 24, 2001, approximately

200 gallons of gas oil was reportedly released from Tank 281. Free product was recovered and
contaminated soil was removed to be disposed of off-site. PADEP was notified on November 24,
2001 and Incident No. 5913 was assigned by the PADER. During the 2016 site characterization
activities, four borings (BH-16-005 to BH-16-008) were completed for Tank 281. None of the soil
results exceeded the non-residential soil to groundwater or direct contact MSC, or the numeric SSS
(for lead). Groundwater was assessed by evaluating groundwater in downgradient well C-96, which
did not exceed the nonresidential groundwater MSCs in the 2016 site characterization activities.

Tank 281 will be included in the separate SCR prepared for the tanks in AOI 7 to be submitted to
the PADEP in accordance with 25 PA Code Chapter 245.

3.3.9 Tank 1002 (PADEP Tank 139A, Incident 36456)

Tank 1002 was an AST used primarily to store recovered oil. On April 14, 2004, Sunoco submitted
notification of permanent closure of Tank 1002. On January 12, 2006, Sunoco submitted a 30-day
Notification of Intent to Close Aboveground Storage Tanks letter to PADEP. Sunoco notified the
PADEP of a release on May 2, 2005 and the PADEP assigned incident number 36456. On June 26,
2006, Sunoco submitted a 90 Day Site Characterization Status Report detailing the results of the
five collected samples to document the closure activities. All of the soil results met the
non-residential soil to groundwater and direct contact MSCs, with the exception of one sample
which exceeded the non-residential soil to groundwater MSCs for benzene and naphthalene. All the
soil results were below the non-residential direct contact MSC.

Since the data collected during the SCR activities did not exceed the non-residential direct contact
MSC no additional soils samples were collected during the 2016 site characterization activities.
Groundwater sampling in C-104 characterized groundwater quality in the area of Tank 1002 during
the 2016 site characterization activities. C-104 did not have any exceedances of the groundwater
non-residential groundwater MSC during the 2016 site characterization activities. C-104 did have
exceedances of the non-residential MSCs in 2015 for benzo(a)pyrene in 2014 and 2015 and for
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benzo(g,h,i)perylene in 2015. C-104 had no exceedances for all COCs during three sampling
events in 2016.

Tank 1002 will be included in the separate SCR prepared for the tanks in AOI 7 to be submitted to
the PADEP in accordance with 25 PA Code Chapter 245.

3.3.10 GP 1100 (PADEP Tank 140A, Incident 36578)

Tank 1100 was an AST used primarily to store slop oil/recovered oil. On April 14, 2004, Sunoco
submitted notification of permanent closure of Tank 1100. Sunoco notified the PADEP of a release
from Tank 1100 on May 31, 2006 based on the results of the soil characterization results. Sunoco
submitted a 90-site characterization report to the PADEP which documented the results of the eight
soil samples collected to support the tank closure. One soil sample had a benzene exceedance of
the soil to groundwater MSC for benzene and another sample (GP-1100-CV2) had a
Benzo(a)pyrene (BaP) exceedance of the non-residential direct contact MSC. None of the other soil
results exceeded the soil to groundwater or direct contact MSCs. The 2016 site characterization
activities completed delineation of the BaP sample that had direct contact MSC exceedance with
borings BH-16-017 and BH-16-018. Groundwater was assessed by evaluating groundwater in
downgradient wells C-157 and C-163 during the 2016 site characterization activities. Both C-157
and C-163 did not have exceedances of the groundwater non-residential SHS during the 2016 site
characterization activities.

Tank 1100 will be included in the separate SCR prepared for the tanks in AOI 7 to be submitted to
the PADEP in accordance with 25 PA Code Chapter 245.

3.3.11 Tank 1108 (Former PADEP Tank 149A, Incident 45700)

Tank 1108 was an AST used to primarily store fuel oil #6. A release from Tank 1198 was reported
to the PADEP on September 6, 1998, and Incident No. 45700 was assigned. On May 17, 2000,
Sunoco submitted an Aboveground Storage Tank System Closure Notification Form to PADEP with
the intent to remove the tank. An Amended Registration Permanent Closure Report was submitted
to PADEP on August 29, 2000. During the 2016 site characterization activities, three borings
(BH-16-001 to BH-16-003) were completed for Tank 1180. BH-16-004 could not be installed due to
access restrictions. None of the results from these borings exceeded the soil to groundwater or
non-residential direct contact MSCs. Groundwater was assessed by evaluating groundwater in
downgradient well C-54 during the 2016 site characterization activities. C-54 did not have any
exceedances of the non-residential groundwater MSCs during the 2016 site characterization
activities.

GP 1108 will be included in the separate SCR prepared for the tanks in AOI 7 to be submitted to the
PADEP in accordance with 25 PA Code Chapter 245.

3.3.12 UST M5, Incident 45686/45699 and UST M4, Incident 6134

GPMO005 (M5) was a fiberglass UST used to primarily store diesel oil. GPM004 (M4) was a
fiberglass UST used to primarily store recovered oil. A leak was detected in M5 in September 1990,
and the tank was taken out of service. Repairs to the UST M5 were complete in January 1991 and
Incident No. 45686 was assigned to this incident by the PADER. USTs M5 and M4 were removed in
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November 1997, and a closure report was submitted in June 1998. On May 8, 1998, Sunoco
submitted a Notification of Reportable Release and Incident No. 45699/NOV was assigned to this
release by the PADEP. PADEP sent a letter to Sunoco on March 17, 1999 and rescinded the NOV
based on documentation received by PADEP indicating the UST was in compliance with the 1998
UST technical upgrade or closure requirements before December 22, 1998.

On March 2, 1999, a Site Assessment Report was submitted by Handex for UST M5/M4. The soil
investigation activities completed during the tank removal in 1998 included the collection of eight
soil samples. None of soil samples exceeded the soil to groundwater or direct contact MSCs.
Groundwater samples collected from the excavation of UST M-5/4 had exceedances of the
non-residential groundwater MSCs for benzene and toluene. Groundwater samples collected from
wells C45, C60, C55, and C56 on August 26, 1998 did not have exceedances of the non-residential
groundwater MSCs.

During the 2016 site characterization activities, a new monitoring well (C-172) was installed in the
location of former UST M-5/4, as shown on Figure 2. Soil samples were collected during the
monitoring well installation and the results of this sampling did not exceed the soil to groundwater or
direct contact MSCs or the numeric SSS (for lead). Two groundwater sampling events were
completed in C-172 during the 2016 site characterization activities and none of the groundwater
results exceeded the non-residential groundwater MSCs.

34 Historic Releases

The following section discusses known historic releases that were investigated as part of the AOI 7
characterization activities. As part of the remedial investigation under Act 2, historic releases that
could have created sources for COCs in soil were identified based on the available information. In
order to identify areas that would require further investigation, a review of internal facility files was
completed. PADEP also reviewed its records and provided information on historic incidents.

Based on information obtained, targeted soil investigations were performed as described in the
following subsections. This section also includes groundwater data from the 2016 site
characterization activities, if applicable. The groundwater results are also further discussed in
Section 4.

3.4.1 Crude Oil at M Avenue at 1232 Unit

There was a release from a 24-inch crude line that runs from Tank 272 to the 1232 Unit. Based on
field observations and limited access, one soil boring (BH-16-027) was completed in the area
potentially impacted by this release according to site personnel, which was reportedly at M Avenue
near 1232. The 0 to 2 ft. bgs sample from BH-16-027 had no exceedances of the non-residential
soil to groundwater or the direct contact MSC, or the numeric SSS (for lead). A deeper sample
could not be completed due to refusal. Groundwater sampling in monitoring well C-163 and C-51
was completed during the 2016 site characterization activities and all the results were below the
nonresidential groundwater MSCs.
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3.4.2 Slop Oil Backup from Sewer Near 1232 Unit

According to site personnel, there was a reported backup in the slop oil line from the sewer which
occurred near the bulkhead. Soil boring BH-16-028 was completed in the vicinity of this area, and
groundwater sampling was completed in C-157 and C-163 as part of the 2016 site characterization
activities. Both the 0 to 2 ft. bgs and the 2 to 15 ft. bgs soil samples from BH-16-028 did not exceed
the non-residential soil to groundwater or direct contact MSC or the numeric SSS (for lead). The
groundwater samples from C-157 and C-163 met the non-residential groundwater MSCs.

3.4.3 Charge Line from Tank 284 to Tank 1232 Unit

A former release from the charge line between Tank 284 and 1232 Unit was investigated. According
to refinery personnel, the line runs outside of the tank berm in that area. Four soil borings,
BH-16-019 to BH-16-022, and groundwater sampling in C-130 and C-51 were completed as part of
the 2016 site characterization activities for this area. The soil results from these borings did not
exceed the non-residential soil to groundwater or direct contact MSCs, or the numeric SSS (for
lead). The groundwater results from C-130 and C-51 were below the groundwater non-residential
SHS.

3.4.4 9th and L Ave between Unit 433 and Tank 1232 Unit

A former release occurred from a line which ran along L Avenue between 433 and 1232 Unit. Four
soil borings, BH-16-023 to BH-16-026, and groundwater sampling from monitoring wells C-54, C-58
and C-136 were completed during the 2016 site characterization activities. Each boring had a

0 to 2 ft. bgs and 2 to 15 ft. bgs soil samples which did not exceed the non-residential soil to
groundwater or direct contact MSC, or the numeric SSS (for lead), with the exception of BH-16-025
which has exceedances of the soil to groundwater MSCs for benzene and naphthalene. The
groundwater results from C-54, C-58 and C-126 were below the groundwater non-residential MSC.

3.5 Additional Investigation Areas

The following section discusses additional investigation areas that were investigated as part of the
AOI 7 2016 site characterization activities. As part of the remedial investigation under Act 2,
historical activities that could have impacted soil were identified based on the available information.
In order to identify areas that would require further investigation, a review of internal facility files was
completed.

Based on information obtained, targeted soil investigations were performed as described in the
following subsections. This section also includes groundwater data from the 2016 site
characterization activities, if applicable. The groundwater results are further discussed in Section 4.

3.5.1 Former Incinerator

No post closure data was available from the area of the former incinerator after it was closed,
cleaned and partially dismantled in 1999. Although there were no documented releases from the
incinerator, boring BH-16-045 was completed during the 2016 site characterization activities to
verify that there were no impacts from the former incinerator. In addition to the COCs in Table 1, the
soil sample was analyzed for hexavalent chromium and mercury. The soil sample from BH-16-045
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had no exceedances of the non-residential soil to groundwater or direct contact MSCs, or the
numeric SSS (for lead).

3.5.2 Former Sludge Basins

The former sludge basins were closed in 1999 by power washing, testing the sump water, concrete
coring and concrete analyses. All the collected data met appropriate criteria in 1999. The HDPE and
concrete were then removed and the area backfilled. The 2016 site characterization activities
completed soil boring BH-16-046 at the perimeter of the former sludge basins. In addition to the
COCs in Table 1, the soil samples were analyzed for hexavalent chromium and mercury. The soil
results from the 0 to 2 ft. bgs and 2 to 15 ft. bgs soil samples did not exceed the non-residential soil
to groundwater or direct contact MSC, or the numeric SSS (for lead), with one exception. Mercury
barely exceeded the SHS in the 0 to 2 ft. bgs soil sample but did not exceed the nonresidential
direct contact MSC.

3.5.3 Former Hazardous Waste Tanks (1004-1007)

No releases from these tanks were noted in any of the reviewed information. The 2016 site
characterization activities included one boring, BH-16-047, from the location of these tanks. In
addition to the COC list summarized in Table 1, soils were also analyzed for hexavalent chromium
and mercury. None of the soil results exceeded the non-residential soil to groundwater or direct
contact MSC, or the numeric SSS (for lead). No additional closure information was available for
these tanks.

3.6 Delineation of Direct Contact MISC/SSS Exceedances

In order to complete horizontal and vertical characterization in soil, areas exhibiting exceedances of
the non-residential direct contact MSC and the SSS for lead were delineated. In one instance, the
concentration of lead in historic sample BNA-10 from 2 to 4 ft. bgs was re-sampled for verification.
These areas and associated investigations are described below.

e A historic soil sample collected in BNA-10 from 2 to 4 ft. bgs. had a lead detection above the
numeric SSS for lead. BH-16-033 (2 to 4 ft. bgs) was completed to confirm this lead detection.
Lead was not detected in this sample, so no additional soil samples were necessary for
delineation for BNA -10.

e Lead had been reported exceeding the non-residential direct contact MSC in the 2010 SCR/RIR
(Langan, 2010) for several samples. However, these data results were compared to the current
numeric SSS for lead and none of these results exceeded the SSS, therefore no additional
delineation was required for these historic lead results.

¢ One soil sample collected during investigation activities for Tank 1100 (GP-1100-CV2) had an
exceedance of the direct contact standard for BAP. The soil samples from BH-16-017 and
BH-16-018 delineated this exceedance for BaP.

¢ None of the data collected during the 2016 site characterization activities exceeded the
non-residential direct contact MSCs.
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3.7 Site Characterization in the 0-2 ft. bgs Interval,
2-15 ft. bgs Interval and Beneath LNAPL

In response to PADEP comments to previous site characterization activities, additional soil
sampling was completed to complete characterization in the 0 to 2 ft. bgs interval, 2 to 15 ft. bgs.
Interval, and beneath LNAPL. These areas and associated investigations are described below.

e As shown on Figure 12a, none of the soil samples collected from the 0 to 2 ft. bgs interval
during the 2016 site characterization activities exceeded the non-residential direct contact MSC
and the numeric SSS (lead). Two locations exceeded the soil to groundwater MSCs, BH-16-025
(for benzene, naphthalene) and BH-16-046 (for mercury).

e The following locations had soil samples collected from the 2 to 15 ft. bgs. interval to complete
site characterization in these areas since only shallow soil samples had been collected at these
locations, not to delineate exceedances: BH-16-030 (for former C-169) , BH-16-031 (for former
BH-10-20), BH-16-032-(for BH-12-56). All of the other 2016 borings included a 2 to 15 ft. bgs
sample, if possible, to also address site characterization in this interval. None of the results from
the samples collected from 2 to 15 ft. bgs exceeded the non-residential direct contact MSC, or
the numeric SSS (for lead). Four locations exceeded the soil to groundwater MSCs for the
following locations BH-16-025 (for benzene and naphthalene), BH-16-029 (benzene), BH-16-30
(benzene) or BH-16-43 (lead). The subsurface soil sampling results are presented on
Figure 12b.

e Soil samples from BH-16-029 and BH-16-030 were specifically selected to be collected in the
vicinity of monitoring wells C-143 and C-169, which have identified LNAPL to address the
PADEP request for soil samples in LNAPL areas. None of the results from these samples
exceeded the non-residential direct contact MSCs or the numeric SSS (lead). BH-16-029 and
BH-16-030 exceeded the soil to groundwater MSC for benzene.

Groundwater Investigation

4.1 Historic Groundwater Investigations

Available well construction details are summarized in Table 6. Previous consulting reports describe
and present results from various historic groundwater sampling events that have been conducted
within AOI 7. All of the available analytical data for wells located in AOI 7, are presented in Table 7a
and 7b and in the 2010 and 2012 SCR/RIR in Appendix |. Major groundwater sampling events
summarized in Tables 7a and 7b include comprehensive events conducted in 2013 by Langan, and
annual perimeter groundwater sampling events performed by Stantec. Review of the historic data
show limited detections of lead, benzene and chrysene above the non-residential MSCs in
groundwater.

4.2 Well Installation Activities

This section describes well installation activities that were performed as part of the 2016 remedial
investigation. Activities are discussed by purpose in order to clarify characterization goals. All
fieldwork was performed in accordance with Evergreen Field Procedures (Appendix B). Monitoring

GHD | Remedial Investigation Report, AOI-7 Girard Point Refinery | 11109614 (3) | Page 26



well locations are shown on Figure 2. Well logs, including both lithologic information and well
construction details, are included in Appendix C. Well construction details are also summarized in
Table 6. The following sections discuss the well installation strategy/rationale; however, a summary
is also available as Table 2.

4.2.1 LNAPL Delineation Monitoring Well Installation

In order to better delineate LNAPL plumes interior to AOI 7, additional water-table monitoring wells,
C-170 and C-171, were installed. Prior to the installation of the monitoring wells, well locations were
cleared for subsurface utilities to 8 ft. bgs. using a hydrovac truck. Monitoring well installation
activities were performed using hollow stem auger methods by Total Quality Drilling of Mullica, New
Jersey under the oversight of GHD in July 2016. During borehole advancement, surface and
subsurface soil samples were collected for laboratory analysis of the petroleum short list
compounds. Continuous soil sampling using a split spoon sampler was performed. A GHD geologist
screened soil with a PID and logged sample lithologies. LNAPL was not observed in either C-170 or
C-171.

4.3 Groundwater Sampling Events

A comprehensive characterization groundwater sampling event, consisting of 39 monitoring wells
was conducted in July/August 2016. More focused events were conducted in May 2016 for C-104
and C-127 and in August/September 2016 for the newly installed wells (C-170, 171, and 173). All
fieldwork was performed in accordance with Evergreen Field Procedures (Appendix B). Monitoring
well locations are shown on Figure 2. All of the sampling was completed using low flow
methodologies. All samples were analyzed for the petroleum short list COCs by Lancaster
Laboratories, located in Lancaster, Pennsylvania.

Groundwater sampling analytical results, including all historic results for AOI 7, are summarized in
Tables 7a, 7b, and 8 and in Appendix J. Groundwater results are also presented on Figures 19 and
20, for the water table and deep groundwater unit, respectively. Concentrations of the following
COCs were detected above the non-residential MSC during the 2016 groundwater sampling events:
benzene, isopropyl benzene, 1,2-dibromoethane (EDB), toluene, 1,2,4-TMB, xylenes,
benzo(a)anthracene, benzo(a)pyrene, beno(g,h,i)pyrene , benzo(b)fluoranthene, chrysene,
naphthalene, and lead. The following observations can be made concerning the groundwater
exceedances.

e The groundwater MSC exceedances in C-57 and C-131 are delineated by non-detect
concentrations in C-51, C-157 and C-163.

e The groundwater exceedances in C-146, C-150, C-152, C-161 and C-169 are associated with
the 3 separator remedial system.

e The groundwater exceedance in C-62 is delineated by non-detect concentrations in C-106 and
C-170.

e The remaining wells with groundwater MSC exceedances, C-104, C-127, C-145, and C-168,
are located in close proximity to the bulkhead and do not have any wells that can delineate
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these concentrations. The sample in C-168 was a groundwater sample collected beneath
LNAPL.

¢ None of the monitoring wells screened in the lower, semi-confined aquifer had exceedances of
the non-residential groundwater MSCs.

4.4 Well Gauging Activities

Stantec presently conducts annual groundwater and LNAPL gauging of all existing wells at the
Philadelphia Refinery. The site-wide annual well gauging event, which is typically conducted during
the second quarter of each year, is used to identify the presence of LNAPL and determine
groundwater flow patterns. Liquid level measurements, groundwater contour figures, and product
thickness figures are submitted to PADEP with the Philadelphia Refinery Remediation Program
Groundwater Remediation Status Reports during the first half of each year. Groundwater elevation
contours from the May 2016 annual gauging event are illustrated on Figure 13. In addition to the
annual event, the wells included in the July and August 2016 groundwater sampling events were
gauged as part of the September 2016 groundwater event and are shown on Figure 14.

Site-Specific Hydrogeologic Conditions

In Section 2 above, details regarding the methodology and interpretation of regional geologic
conditions were presented. The purpose of this discussion of site-specific conditions is to refine the
regional hydrogeologic framework to summarize conditions observed beneath AQOI 7, with an
emphasis on groundwater occurrence, groundwater flow, and hydraulic head potentials. It is
understood that although this RIR is designed to address subsurface conditions beneath AOI 7,
PADEP has previously requested that investigations of individual AQOIs look beyond the boundary of
the AOI being investigated. As such, GHD has utilized well gauging from AOls 5, 6, and 7.
Groundwater contouring and evaluation of head conditions in the study area are included on
Figures 13 and 15.

51 Geologic Formations and Units Observed

On the basis of available lithologic data from boring logs, the principle of stratigraphic position,
results of past investigations, review of historical maps, attempted correlation of observed
lithologies across the study area to a published geologic framework (e.g., Quaternary deposits and
the PRM aquifer system) documented in the AOI 1 RIR (Stantec, 2016), GHD has interpreted the
following stratigraphy in the subsurface beneath AOI 7. A generalized stratigraphic column is
included as Table 10 and the cross section through the facility, including AOI 7, is shown on
Figure 8.

5.1.1 Anthropogenic Fill

Apparent fill is present everywhere beneath the existing land surface in AOI 7 and has been
identified averaging approximately 10 feet. Stratigraphic Profile A — A' (Figure 8) presents the
interpreted fill thickness in AOI 7.
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5.1.2 Recent (Holocene) Alluvium

Recent alluvial deposits that post-date the Trenton gravel are present beneath filled areas within
AOI 7. In general, recent alluvium defines the antecedent topography that preceded industrialization
at the Philadelphia Refinery. In large part, recent alluvium within the facility is fine-grained, brown to
brownish gray silt/clay with occasional lenses of sand and gravel that commonly grades with depth
to include some sand. In places, decomposing organic material has also been indicated. The
thickness of the recent alluvium within AOI 7 has been observed to range from approximately 20 to
35 feet. The recent alluvium is the most significant units to occur beneath AOI 7, as shown on
Figure 8.

5.1.3 Trenton "Gravel”

The Trenton "gravel" does not occur throughout AOI 7. The Trenton "gravel" ranges in thickness
from approximately 10 feet to pinching out along the boundary of AOI 7. Its predominant lithology
appears to be silty, clayey, poorly-sorted sand with gravel, but includes secondary sandy gravel and
clay/silt lithologies in lenses. As described site-wide, the Trenton gravel is a heterogeneous unit that
is reflective of its depositional environment.

5.1.4 Upper Clay Unit/Upper Sand Unit/Middle Clay/Middle Sand/Lower Clay

The PRM upper clay/upper sand/middle clay/middle sand and lower clay units are not interpreted to
be present beneath AOI 7. It appears that these units were truncated by erosion prior to or
contemporaneous with deposition of the Trenton "gravel". The Trenton "gravel” or alluvium (where
the Trenton "gravel" is absent) rests unconformably above the Lower Sand unit as shown on

Figure 8.

5.1.5 Lower Sand Unit

In general, the lower sand coarsens with depth, from a dense fine to medium pale gray, pale yellow
and white quartz sand to white and varicolored sandy gravel and gravelly sand. An area of sandy
gravel has been mapped beneath AOI 7 in the Lower Sand Unit. The thickness of the lower sand in
AOQI 7 is approximately 20 feet.

5.1.6 Crystalline Bedrock

Bedrock where encountered, has been described as moderately to highly-weathered mica schist.
As shown on Figure 6, bedrock elevations beneath AOI 7 range from a maximum of
approximately -60 feet NAVD 88, near the AOI 7/AOI 3 boundary, to a minimum of
approximately -80 feet NAVD 88 in the northwest portion of AOI 7.

5.2 Aquifer Hydraulic Properties

Two aquifers have been identified beneath AOI 7. In general, these are the water-table (unconfined)
and lower (semi-confined) aquifers. Stantec identified and evaluated properties of those aquifers at
the facility through review of approximately 300 well records as documented in the AOl 1 RIR
(Stantec, 2016). Records reviewed included well gauging data and where available, lithologic logs,
physical properties, and well/aquifer testing data. Hydrostratigraphic units were assigned by Stantec
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to wells where possible using the stratigraphic profiles and nearby and deep boreholes as control
points. Overall, approximately 90 percent of existing monitoring wells used at the facility are
screened across the unconfined aquifer and are designed to intersect the water table. Of the
remaining 10% screened in the lower aquifer, approximately 9% partially penetrate the lower sand
and 1% are screened in either the middle sand, or across the middle clay.

It is noted that intervening PRM upper sand and middle sand aquifers do not appear to be present
beneath AOI 7. It is also noted that hydraulic head potentials between the unconfined and lower
aquifers are downward across AOI 7. These site-specific hydrogeologic conditions are discussed
further below and are supported by Figures 13 and 15 which show groundwater elevation contours
for both aquifers for 2016.

5.2.1 Methodology for Evaluation of Hydraulic Data

For the purposes of evaluating hydraulic head, flow direction(s) and magnitudes of groundwater
flow for the aquifers identified in this RIR, GHD reviewed 2015 and 2016 water levels from annual,
site-wide gauging data within the facility .For wells gauged by GHD, depth-to-water measurements
were collected with an optical interface probe and reported to the nearest hundredth of a foot.
Water-table elevations were calculated using surveyed well top-of-casing elevations and, where
necessary due to LNAPL accumulations, corrected using LNAPL density data from the nearest
available LNAPL sample data (see Table 9) for density assignments and for gauging data.

5.2.2 Unconfined (Water-Table) Aquifer

Beneath AQI 7, the unconfined aquifer is primarily composed of saturated portions of the fill and
alluvium and the Trenton "gravel." On average, the saturated thickness of the unconfined aquifer
beneath AOI 7 is approximately 20 to 30 feet. As a part of the AOI 1 RIR, Stantec (Stantec, 2016)
mined existing data and has identified estimations of horizontal hydraulic conductivity (kn) for the
unconfined aquifer from 15 in-situ aquifer (slug) tests and two, short-duration pumping tests (see
Figure 9). None of these tests were identified in AOI 7. From those tests, estimated values of
unconfined aquifer kn vary two orders of magnitude across the facility. The wide range of estimated
values of kn is reflective of the heterogeneous nature of the Trenton gravel. Anomalously low values
of kn may also be the result of poor well-aquifer hydraulic communication related to inadequate well
development, or fouling of the well screen. Stantec is presently evaluating potential values of
reported unconfined aquifer kn as a part of site-wide numerical model calibration and sensitivity
analysis.

5.2.21 Hydraulic Heads and Groundwater Flow

As shown on Figure 14, water-table mounds are apparent in AOI 7. A few of these mounds are
found immediately adjacent to the bulkhead and one is in the southeastern portion of the site. The
mounding along the bulkhead is due to the lower hydraulic conductivity of the bulkhead as
compared to site soils. The mounding in the southeast may be due to the lower permeability soils
beneath the tank areas. There is also an area of groundwater depression in the southwestern
portion of AOI 7. Review of historic groundwater contours show that these contours are consistent
with previous groundwater contours. Evaluation of groundwater mounding/depression is an
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important component of understanding horizontal hydraulic gradients since they strongly influence
contaminant fate and transport in an analytical or numerical model.

Groundwater flows to the west and north towards the river. The gradient towards the west is
0.001 ft./ft. and the gradient towards the north is 0.006 ft./ft. This pattern is consistent with the
historical contours and supports that flow in AOI 7 is towards the river.

5.2.3 Semi-confined (Lower) Aquifer

Groundwater flow within the lower aquifer beneath AOI 7 has been contoured utilizing data from
AQI 5, 6, and 7 wells, and the resultant potentiometric surfaces are shown on Figure 15 for synoptic
well gauging events conducted in May 2016. The groundwater flow direction is to the west under a
hydraulic gradient of approximately 0.002 ft./ft.

GHD evaluated the vertical hydraulic head gradients for May and August 2016 between the
unconfined and lower aquifer throughout AOI 7. There is a downward gradient between the
unconfined and lower aquifers. These gradients are consistent with previous data collected in AOI 7
(2010 RIR and 2012 RIR).

Beneath the study area, the lower aquifer is primarily composed of saturated portions of the lower
sand unit. On average, the saturated thickness of the lower aquifer beneath AOI 7 is approximately
25 feet. Evergreen has recently conducted slug and pumping tests on the lower aquifer in AOI 4
and AOI 9 in support of the facility wide fate and transport modeling.

LNAPL Investigation

6.1 LNAPL Characterization Sampling

Various petroleum products have been stored and distributed within AOI 7. Historic testing have
been completed to characterize the LNAPL at the Site. The results of the tests are summarized in
Appendix E and are discussed below. Stantec has gone back through the historic LNAPL sampling
and has reclassified some of the LNAPL types as summarized in Table 11, these re-classifications
are also included below.

AOI 7, 2004

In 2004, LNAPL samples from wells C-65, C-106, and C-107 were collected and submitted to
Torkelson Geochemistry, Inc. (Torkelson) for analysis. Torkelson completed gas chromatograph
analysis of the samples LNAPL characterization data included product type, density, proportions of
product, weathering, and similarities to other samples.

o Well C-65 is located near the northwestern corner of the bulkhead of AOI 7. Torkelson
characterized the sample from C-65 as being extreme-severely weathered lube oil with residual
oil (Langan 2004). Stantec reclassified this as heavy distillate in 2016.

e Well C-106 is located near the northwestern corner of the bulkhead of AOI 7. Torkelson
characterized the sample from C-106 as being extremely weathered lube oil with middle
distillate and gasoline (Langan 2004). Stantec reclassified this as heavy distillate in 2016.
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o Well C-107 is located near the northwestern corner of the bulkhead of AOI 7. Torkelson
characterized the sample from C-107 as being extremely weathered residual oil (Langan 2004).
Stantec reclassified this LNAPL as heavy distillate in 2016.

AOI'7, 2010

In 2010, an LNAPL sample from well C-143 was collected and submitted to Torkelson for analysis.
Torkelson completed gas chromatograph analysis of the samples LNAPL characterization data
included product type, density, proportions of product, weathering, and similarities to other samples.

e Well C-143 is located near the northwestern corner of the bulkhead of AOI 7. Torkelson
characterized the sample from C-143 as being extremely weathered residual oil (Langan 2010).
C-143 was not gauged during the 2016 site characterization activities since it no longer exists.

AOI'7, 2012

In 2012, LNAPL samples from wells C-147, C-148, C-150, C-151, C-152, C-153, C-154, C-161,
C-162, C-166, C-167, and C-168 were collected and submitted to Torkelson for analysis. Torkelson
completed gas chromatograph analysis of the samples LNAPL characterization data included
product type, density, proportions of product, weathering, and similarities to other samples.

Well C-168 is located near the northwestern corner of the bulkhead of AOI 7. LNAPL in this well
has been classified as crude (Stantec, 2016).

e Wells C-147, C-148, C-152, and C-166 are located near the north northwestern corner of the
bulkhead of AOI 7. LNAPL in these wells have been classified as crude (Stantec, 2016).

e Wells C-150 and C-151 are located near the northwestern corner of the bulkhead of AOI 7.
LNAPL in these wells have been classified as crude (Stantec, 2016).

e Wells C-153, C-154, C-161, C-162, and C-167 are located near the north northwestern corner
of the bulkhead of AOI 7. LNAPL in these wells have been classified as crude (Stantec, 2016).

6.2 LNAPL Distribution

Numerous monitoring wells across AOIl 7 have been gauged for LNAPL over the course of
implementing the investigation and remediation programs. Stantec completed LNAPL and
groundwater elevation gauging events in May 2016. During this event, 79 wells were gauged in the
unconfined and semi-confined zones. LNAPL was detected in 13 wells with a maximum thickness of
2.45 feet at well C-106 during the May 2016 gauging. Figure 16 presents the May 2016 apparent
LNAPL thicknesses from the annual gauging and Figure 17 presents the LNAPL thickness from the
September 2016 gauging.

Based on review of the apparent LNAPL thickness data, observations suggest that LNAPL in
C-150, C-152, and C-169 are controlled by the 3 separator remedial system as shown on Figure 17.
LNAPL in C-64, C-97, C-146, and C-154 are located immediately adjacent to the 3 separator
system and do show LNAPL thickness greater than in historic gauging events.

LNAPL in C-106 was delineated during the 2016 site characterization activities by C-170 and
C-171. C-170 and C-171 could not be installed closer to C-106 due to a new 30-foot buffer along
the bulkhead in this area that PES has created for safety reasons. The LNAPL thickness in C-106
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during the 2016 gauging was greater than observed in historic LNAPL gauging events. Evaluation
of a remedial action for the LNAPL in C-106 will be included in the Cleanup Plan.

LNAPL in C-168 is delineated by C-170 and the 3 separator system. LNAPL thickness in this well
has been relatively constant based on current and historical data. Evaluation of the need for a
remedial action for the LNAPL in C-168 will be included in the Cleanup Plan.

Vapor Intrusion

The vapor intrusion pathway in AOI 7 was evaluated for potential receptors of vapors originating
from subsurface soil or groundwater, in accordance with the PADEP, Land Recycling Program;
Technical Guidance Manual for Vapor Intrusion into Buildings from Groundwater and Soil under Act
2, January 2017 (VI Guidance).

71 Indoor Air Sampling

Evergreen and PES identified 8 occupied buildings in AOI 7, including 4 control rooms, WTP
Control Room, Electrical Building, Firehouse, 440 Building and the canteen. Indoor air and outdoor
ambient (background) air samples were collected in March 2016, as summarized in Table 12 and
shown on Figure 18. The samples collected in March 2016 are expected to represent relative
worst-case indoor conditions during the heating season. Indoor air samples were collected at some
of these locations in 2012 as summarized in Appendix K and summarized in Table 12.

A building survey and inspection was conducted to identify any potential indoor air sources of
volatile organic compounds (VOCs) possibly already present within the building (e.g., smoking,
cleaning products, building products, manufacturing chemicals, etc.), the number and frequency of
occupants within the various buildings, and potential preferential migration pathways through the
building slab (e.g., utility conduits, slab cracking, etc.). At each building GHD completed a Building
Survey and Indoor Air Sampling Field Sheet, which is included in Appendix K.

Each indoor air sample location was selected based on occupancy and specific building
characteristics such as building size and location of the occupied space within a building. The
numbers of samples collected for each building was based on a combined approach from
Appendix Z of the PADEP VI Guidance and professional judgement. Ambient samples were also
collected to assess background conditions.

Indoor and ambient air samples were collected using 6-liter capacity Summa™ canisters in a
suitable location(s) in each building at a representative breathing zone height (i.e., 3 to 5 feet above
grade). Canisters were laboratory-certified clean in accordance with Appendix Z of the PADEP VI
guidance. The canisters were fitted with a laboratory-calibrated critical orifice flow-regulation device
sized to limit the indoor air sample collection flow rate to allow for 8-hour sample collection.
Canisters maintained a minimum residual negative pressure of approximately 1 to 5 inches of
mercury following sample collection. Written documentation of all field activities, conditions, and
sampling processes, including names of field personnel, dates and times, etc. were recorded.
Documentation included building designation, building use, building characteristics, occupant
information, and weather conditions at the time of sampling (temperature (inside and outside),
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barometric pressure, wind direction and speed, and humidity).This information is included in
Appendix K.

Outdoor air sampling locations were selected for collection of an ambient air sample in AOI 7. The
outdoor locations were set at the same general elevation of the samples in the buildings and were
in a position that is generally upwind of the buildings being assessed.

Table 13 summarizes the indoor air data and compares the detected concentrations to the generic
screening criteria. As shown in Table 13, all detected concentrations of constituents in indoor air
were below the Pennsylvania generic non-residential SHS for indoor air. Since the SSS is being
applied in AOI 7 but the VI pathway is the only exposure pathway, these data were also screened
against and met the EPA RSL based on criteria calculated at the lower of a target cancer risk of
1x10-® and a non-cancer hazard quotient of 0.1. The location of indoor and outdoor air samples is
shown on Figure 18.

Additional indoor air sampling is not required as part of the remedial investigation, but one
additional round will be conducted and reported in a future Act 2 deliverable as a confirmation that
COCs are not detected in indoor and ambient air at levels unacceptable for occupational exposure.

7.2 Air Sampling over LNAPL Plumes

In August 2016, three air samples (two locations and one duplicate) were collected to evaluate
outdoor air quality in locations over NAPL plumes within AOI 7, at the request of the PADEP. The
locations of these samples are shown on Figure 18 and the results are summarized in Table 14.
These samples were collected from the breathing zone (3-5 feet above floor/ground level) using
Summa® canisters with laboratory-provided regulators set to collect air over one continuous 8-hour
period. The samples were packaged by field personnel and transported by FedEx to Lancaster
Laboratories under Chain-of-Custody documentation for analysis of volatile organic compounds
(VOCs) on the Act 2/One Cleanup program petroleum short list by EPA method TO-15.

Table 14 summarizes the outdoor air data and compares the detected concentrations to
background concentrations. PADEP operates a network of air toxics monitoring stations that
analyze for VOCs. Regional ambient air quality in the Philadelphia area where the refinery is
located is best represented by data from the Marcus Hook monitoring station (latitude 39.8178,
longitude - 75.4142). USEPA's background residential indoor air values are also included in

Table 14 to determine whether detected concentrations are within background levels. As shown in
Table 14, the results for the ambient air samples collected from over LNAPL in AOI-7 are within the
background levels for this area. The location of indoor and outdoor air samples is shown on

Figure 18. No additional sampling is proposed for the air quality over the LNAPL areas.

Quality Assurance/Quality Control

All fieldwork conducted as part of the site characterization activities was performed in accordance
with the methods outlined in Appendix B, Evergreen Field Procedures. Methods established by
Evergreen to examine data quality are outlined in the Evergreen Data Usability Standard Operating
Procedure (SOP). An assessment of analytical data collected as part of this investigation under the
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SOP is also included in Appendix G in the data usability assessment. The following sections
describe specific aspects of quality assurance/quality control procedures that pertain to the activities
outlined in this report.

8.1 Equipment Decontamination

All sampling equipment was either dedicated or decontaminated in accordance with the field
sampling procedures to prevent cross-contamination. Prior to sampling, the equipment was
decontaminated with successive rinses of detergent, potable water, and distilled water.

8.2 Equipment Calibration

Air quality monitors used for both air monitoring and soil screening were calibrated prior to use.

Both a zero calibration and a span calibration using gases of known concentration as recommended
by the manufacturer (i.e., 100 parts per million by volume (ppmy) isobutylene for the photoionization
sensor) were performed.

8.3 Sample Preservation

Samples were placed directly into chemically preserved and/or non-preserved glassware provided
by the analytical laboratory, as appropriate. All samples were preserved and shipped at a
temperature of approximately 4°Celsius (C) or less by application of ice prior to shipment to the
analytical laboratory. This temperature was maintained during shipment by placing ice in zip-top
bags above, around, and below the sample containers.

8.4 Documentation

Chain-of-custody forms were maintained throughout the sampling program to document sample
acquisition, possession, and analysis. Chain-of-custody documentation accompanied all samples
from the field to the laboratory. Each sample was assigned a unique identifier that was recorded in
the field notes as well as on the chain-of-custody document.

Conceptual Site Model

GHD's conceptual understanding of the present conditions identified at AOI 7 and nearby proximity
is summarized as follows.

9.1 Description and Site Use

e The Philadelphia Refinery is located along the banks of the Schuylkill River in the City of
Philadelphia, Philadelphia County, Pennsylvania. The facility, which is located on industrial
property, covers approximately 1,300 acres of land with access restricted by fencing and
security measures. Current operations at the facility consist of the production of fuels and basic
petrochemicals for the chemical industry.

e The area surrounding the facility is characterized by a mixture of residential, commercial, and
industrial properties.
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AOI 7, also known as the Girard Point Fuels Processing Area, encompasses approximately
130 acres and is located on the east side of the Schuylkill River. AOI 7 is bordered by Lanier
Avenue/AQI 3 to the east, Pennypacker Avenue/AQI 6 to the south and Schuylkill River to the
west and north.

The entire western and northern boundary of AOI 7 along the Schuylkill River is bound by a
sheet pile wall.

AOQI 7 formerly contained a FCC unit, CO boiler, sulfur plant, East and West Sludge

Basin - RCRA Tank, Hazardous Waste Incinerator, and crude units. AOI 7 currently consists of
crude units, FCC and alkylation units, flares, cooling towers and ASTs. Eight LPG tanks are
located in the south-central portion of this area. A WWTP is located along the southwestern
portion of AOI 7. Four clean-closed RCRA hazardous waste ASTs are also located in the
western portion of AOI 7 approximately 150 feet north of the WWTP. There are a total of

8 occupied buildings in AOI 7, including 4 control rooms (buildings 711, 6622, 6625, and 6626),
Electrical Building 450, Firehouse Building 442, Maintenance Building 440, and the Canteen
Building 595.

There are a total of five SWMUs (SWMU Nos. 87, 88, 89, 90, and 91) located in AOI 7. These
SWMUs include three in the NW Fill Area (SWMU 87 Buried Lead Sludge Area 1, SWMU 88
Buried Lead Sludge Area 72 and SWMU 89 Buried Lead Sludge Area 73); SWMU 90 Storage
Tank Area/Buried Lead Sludge Area 74 and SWMU 91 Storage Tank Areas/Buried Lead
Areas 5, as shown on Figure 2.

9.2 Geology and Hydrogeology

9.2.1 Geologic Framework

The Philadelphia Refinery occurs within the up-dip limits of the Atlantic Coastal Plain, generally
within two miles of the "Fall Line."

Beneath AQI 7, the following Coastal Plain deposits may be present, in order of increasing
depth/age: apparent fill, Quaternary alluvium [including Holocene and Pleistocene (Trenton
"gravel") deposits], and the Cretaceous PRM aquifer system lower sand unit.

The PRM upper clay, upper sand, middle sand, and lower clay are interpreted to have been cut
or laterally "pinch" out in AOI 7.

9.2.2 Unconfined (Water-Table) Aquifer

Beneath AQI 7, the unconfined aquifer is primarily composed of saturated portions of
unconsolidated materials primarily in the fill and alluvium, with lesser amount in the
discontinuous Trenton "gravel".

On average, the saturated thickness of the unconfined aquifer beneath AOI 1 is approximately
20 to 30 feet.

No aquifer testing was identified in AOI 7. However, aquifer tests have been conducted in other
AOls, and Evergreen is planning additional aquifer testing as part of the facility wide fate and
transport numerical model.
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Water-table mounds are apparent in AOI 7. A few of these mounds are found immediately
adjacent to the bulkhead and one is in the southeastern portion of the site. The mounding along
the bulkhead is due to the lower hydraulic conductivity of the bulkhead as compared to site
soils. The mounding in the southeast may be due to the lower permeability soils beneath the
tank areas. There is also an area of groundwater depression in the southwestern portion of
AOI 7. Review of historic groundwater contours show that these contours are consistent with
previous groundwater contours.

Groundwater flows to the west and north towards the river. The gradient towards the west is
0.001 ft./ft. and the gradient towards the north is 0.006 ft./ft. This pattern is consistent with the
historical contours and supports that flow in AOI 7 is towards the river.

9.2.3 Lower Aquifer (Semi-Confined)

Beneath AQI 7, the lower aquifer is primarily composed of saturated portions of the lower sand
geologic unit.

On average, the saturated thickness of the lower aquifer beneath AOI 1 is approximately
25 feet.

Groundwater flow within the lower aquifer beneath AOI 7 has been contoured utilizing data from
AQI 5, 6, and 7 wells, and the resultant potentiometric surfaces for synoptic well gauging events
conducted in May 2016. The groundwater flow direction is to the west under a hydraulic
gradient of approximately 0.002 ft./ft.

GHD evaluated the vertical hydraulic head gradients for May and August 2016 between the
unconfined and lower aquifer throughout AOI 7. There is a downward gradient between the
unconfined and lower aquifers. These gradients are consistent with previous data collected in
AOI 7 (2010 RIR and 2012 RIR).

Evergreen has recently conducted slug and pumping tests on the lower aquifer in other AQOIs in
support off the facility wide fate and transport modeling.

9.3 Compounds of Concerns

9.3.1 Soil

Soil delineations were performed to the non-residential direct contact MSC, and the numeric
SSS (for lead) for COCs on the petroleum short list at all locations in AOI 7 and for hexavalent
chromium and mercury at three locations in AOI 7.

No soil samples collected during the 2016 site characterization activities exceeded the
non-residential direct contact MSCs in AOI 7, leaving only one historic sample (GP-1100-CV)
with a direct contact exceedance for BaP in AOI 7. This sample was delineated by the 2016 site
characterization activities.
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9.3.2 Groundwater

Two rounds of characterization groundwater sampling were completed in 2016 in addition to
other sampling in 2011, 2012 and 2013 as a part of this RIR and groundwater samples were
analyzed for the Act 2/0One Cleanup Program petroleum short list COCs.

Concentrations of the following COCs were detected above the non-residential MSC in the
water table aquifer during the 2016 groundwater sampling events: benzene, isopropyl benzene,
EDB, toluene, 1,2,4-TMB, xylenes, benzo(a)anthracene, beno(a)pyrene, beno(g,h,i)pyrene ,
benzo(b)fluoranthene, chrysene, naphthalene, and lead.

None of the monitoring wells screened in the lower, semi-confined aquifer had exceedances of
the non-residential groundwater MSCs.

9.3.3 Indoor/Ambient Air

An indoor and outdoor air sampling event was conducted on March 13, 2016, to represent
ambient air and indoor air conditions during the heating season when levels of VOCs inside
buildings are expected to be higher than during warmer months.

None of the COCs were detected above the PADEP VI screening criteria or the USEPA RSLs.

9.4 LNAPL Distribution and Mobility

Numerous monitoring wells across AOI 7 have been gauged for LNAPL over the course of
implementing the investigation and remediation programs. Stantec completed LNAPL and
groundwater elevation gauging events in May 2016. During this event, 79 wells were gauged in
the unconfined and semi-confined zones. LNAPL was detected in 11 wells with a maximum
thickness of 2.45 feet at well C-106 during the May 2016 gauging.

Based on review of the apparent LNAPL thickness data, LNAPL in C-150, C-152 and C-169 are
controlled by the 3 separator remedial system. LNAPL in C-64, C-97, C-146 and C-154 are
located immediately adjacent to the 3 separator system and do show LNAPL thickness greater
than in historic gauging events. LNAPL in this area has been characterized as crude.

LNAPL in C-106 was delineated during the 2016 site characterization activities by C-170 and
C-171. The LNAPL thickness in C-106 during the 2016 gauging was greater than observed in
historic LNAPL gauging events. LNAPL in this area has been characterized as heavy distillate.

LNAPL in C-168 is delineated by C-170 and the 3 separator system. LNAPL thickness in this
well has been relatively constant based on current and historical data. LNAPL in this area has
been characterized as crude.

9.5 Qualitative Fate and Transport of Selected Compounds

A soil to groundwater model to evaluate the soil to groundwater pathway was not developed for
the qualitative fate and transport assessment presented in this RIR. Rather, a qualitative-level
assessment of groundwater data was warranted at this stage of the investigation.

Of the COCs identified to be present in groundwater exceeding the non-residential MSC
beneath AOI 7, the majority of these compounds are associated with monitoring wells (C-146,
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C-150, C-152, C-161, and C-169 ) associated with the 3 separator system and therefore will be
evaluated in the Cleanup Plan.

The remaining groundwater concentrations are very low concentrations of semi-volatiles, with
the exception of a few volatiles in C-168. Many of semi-volatile exceedances are of compounds
that were not previously sampled prior to the 2016 site characterization activities. As discussed
below:

— The groundwater of BaP MSC exceedances in C-57 (BaP) and C-131 (BaP and
Benzo(g,h,i) perylene) are delineated by non-detect concentrations in C-51, C-157, and
C-163.

— The groundwater exceedance in C-62 (BaP) is delineated by non-detect concentrations in
C-106 and C-170.

— The remaining wells with groundwater MSC exceedances, C-104 (BaP), C-127
(Benzo(g,h,i)perylene), C-145 (BaP), and C-168 (1,2,4-Trimethylbenzene, Benzene,
Benzo(a)pyrene and Benzo(b)fluoranthene, Benzo(g,h,i)perylene) are located in close
proximity to the bulkhead and do not have wells that can delineate these concentrations.
The sample in C-168 was a groundwater sample collected beneath LNAPL.

The most elevated concentrations of benzene and 1,2,4-Trimethylbenzene in unconfined
aquifer groundwater correlate to locations beneath free-phase LNAPL (C-168). It should be
noted that the groundwater sample from beneath LNAPL in C-106 did not have exceedances of
the groundwater MSCs.

The areas that are not proposed to be evaluated for remedial action in the Cleanup Plan have
very low levels of semi-volatile compounds and are delineated by other monitoring wells or the
bulkhead.

Quantitative fate and transport analysis of selected dissolved-phase COCs in, and potentially
across, AOI 7 aquifers, will be performed in general accordance with ACT 2 guidance to assess
risk to potential receptors and to assess plume stability utilizing a 3-dimensional, steady-state,
numerical groundwater flow (MODFLOW) model presently under development.

9.6 Potential Migration Pathways and Site Receptors

AOI 7 encompasses approximately 130 acres and is located on the east side of the Schuylkill
River and access is restricted by fencing and security measures.

PES is responsible for overall facility security and oversight of contractor safety, and PES
implements PPE and work plan/permitting protocols that mitigate the potential for worker
exposure to impacted soil, groundwater, and/or LNAPL through the direct contact pathway.

AOI 7 areas with identified surface soil exceedances of the direct-contact MSC for BaP, have
been delineated and remedies will be addressed in future Act 2 submissions, including a
Facility-Wide Cleanup Plan.

Concentrations of petroleum short list COCs identified through indoor and ambient air sampling
met the PADEP indoor air criteria and the USEPA RSLs.
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o Free-phase and residual LNAPL present beneath portions of AOI 7 appear to be contained
within the property boundary and where present, of limited mobility.

e Dissolved-phase petroleum short list COCs, are present in unconfined aquifer groundwater at
concentrations above their respective SHS MSCs within AOI 7 and adjacent to the river.

¢ None of the COCs exceeded the groundwater MSCs in the lower aquifer.

e The Schuylkill River is adjacent to, AOI 7 but the bulkhead separates the water table aquifer
and the river.

e The unconfined aquifer is not utilized for municipal or nearby communal, potable water supply
in south Philadelphia. Langan completed a potable well search in 2016 and did not identify any
potable wells within 1 mile of the facility. The map showing the results of this survey is included
in Appendix L.

Qualitative Fate and Transport Assessment

On September 28, 2015, Evergreen's team of consultants met jointly with the PADEP to discuss the
groundwater fate and transport modeling approach under Act 2 at the Philadelphia Refinery facility.
At that time, it was collaboratively decided that individual AOI RIR submissions would include
qualitative assessments of contaminant fate and transport, including an evaluation of plume
stability, COC trends, and potential impacts to surface water. Findings and conclusions of the

AOI specific, qualitative assessments of fate and transport will ultimately be used in a calibrated,
steady-state MODFLOW model to perform quantitative fate and transport, including predictive
simulations that will address cumulative mass loading to potential receptors.

The following discussion qualitatively summarizes factors that may influence contaminant fate and
transport at AOI of the facility.

10.1 Geologic Framework

As discussed in detail in Sections 2 and 5 of this report, the geologic framework present beneath
and in close proximity to AOI 1 can be summarized as follows:

e The Philadelphia Refinery occurs within the up-dip limits of the Atlantic Coastal Plain, generally
within two miles of the "Fall Line."

e Beneath AOI 7, the following Coastal Plain deposits may be present, in order of increasing
depth/age: apparent fill, Quaternary alluvium [including Holocene and Pleistocene (Trenton
"gravel") deposits], and the Cretaceous Potomac-Raritan-Magothy (PRM) aquifer system lower
sand unit.

e The PRM upper clay, upper sand, middle sand, and lower clay are interpreted to have been cut
or laterally "pinch" out in AOI 7.

GHD | Remedial Investigation Report, AOI-7 Girard Point Refinery | 11109614 (3) | Page 40



10.2 Hydrogeology

As summarized above and discussed in detail in Section 5 of this report, the geologic framework
present beneath and in close proximity to AOI 7 supports the following hydrogeologic conditions:

Two aquifers have been identified beneath the Philadelphia Refinery. In general, these are the
water-table (unconfined) and a lower aquifer. Their properties are as follows.

10.2.1 Unconfined (Water-Table) Aquifer

Beneath AQI 7, the unconfined aquifer is primarily composed of saturated portions of
unconsolidated materials primarily in the fill and alluvium, with lesser amount in the
discontinuous Trenton "gravel".

On average, the saturated thickness of the unconfined aquifer beneath AOI 7 is approximately
20 to 30 feet.

No aquifer testing was identified in AOI 7. However, there have been aquifer tests in other parts
of the refinery, and Evergreen has recently conducted additional aquifer testing in other AQOIs as
part of the facility wide fate and transport numerical model.

Water-table mounds are apparent in AOI 7. A few of these mounds are found immediately
adjacent to the bulkhead and one is in the southeastern portion of the site. The mounding along
the bulkhead is due to the lower hydraulic conductivity of the bulkhead as compared to site
soils. The mounding in the southeast may be due to the lower permeability soils beneath the
tank areas. There is also an area of groundwater depression in the southwestern portion of
AOI 7. Review of historic groundwater contours show that these contours are consistent with
previous groundwater contours.

Groundwater flows to the west and north towards the river. The gradient towards the west is
0.001 ft./ft. and the gradient towards the north is 0.006 ft./ft. This pattern is consistent with the
historical contours and supports that flow in AOI 7 is towards the river.

10.2.2 Lower Aquifer (Semi-Confined)

Beneath AQI 7, the lower aquifer is primarily composed of saturated portions of the lower sand
geologic unit.

On average, the saturated thickness of the lower aquifer beneath AOI 7 is approximately
25 feet.

Groundwater flow within the lower aquifer beneath AOI 7 has been contoured utilizing data from
AQI 5, 6, and 7 wells, and the resultant potentiometric surfaces are shown on Figure 15 for
synoptic well gauging events conducted in May 2016. The groundwater flow direction is to the
west under a hydraulic gradient of approximately 0.002 ft./ft.

GHD evaluated the vertical hydraulic head gradients for May and August 2016 between the
unconfined and lower aquifer throughout AOI 7. There is a downward gradient between the
unconfined and lower aquifers. These gradients are consistent with previous data collected in
AOI 7 (2010 RIR and 2012 RIR).
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Evergreen has conducted slug and pumping tests on the lower aquifer in other AOIs in support
off the facility wide fate and transport modeling.

10.3 Hydrogeology and Topography

LiDAR data collected in 2010 indicates that present-day topography is relatively flat within
AOI 7 and proximity, where land surface elevations generally range from approximately 60 feet
to just over 75 feet NAVD 88

Within AOI 7, much of the surface area present is impervious or assumed to be of limited
permeability.

The Schuylkill River is directly adjacent to AOI 7.

National Weather Service Online Weather Data (NOWData) for Philadelphia, Pennsylvania,
indicates that since 1872, mean annual precipitation is approximately 42 inches (ranging from
approximately 29 to 64 inches).

Stormwater runoff within AOI 7 is managed by an onsite storm sewer system that during most
storm events is managed by the refinery’s Wastewater Treatment Plant. During longer and
heavier rain events, stormwater is discharged through stormwater outfalls directly to the
Schuylkill River.

Natural recharge of the unconfined aquifer beneath AOI 7 and proximity is assumed to be
spatially variable but limited in overall capacity as a result of: the high percentage of impervious
surface coverage present; and, the fine-grained nature and extent of recent alluvial deposits
above the water table.

10.4 Anthropogenic Features

10.4.1 Historic Fill

Apparent fill is present beneath the existing land surface at most locations in AOI 7 and has been
identified to be approximately 10 feet. The fill is generally heterogeneous in nature and is composed
of an admixture of sand and gravel, mud, and anthropogenic debris included cinders, ash, bricks,
cinder block, and metal.

10.4.2 Active Remediation Systems

Within AOI 7 there is one active remediation system (3 Separator System). Construction of a ten
recovery well hydraulic control system was completed on August 23, 2012. Groundwater and
LNAPL are extracted using pneumatic submersible pumps, and total fluids pass through an
oil/water separator. Water is discharged to an onsite process sewer, and LNAPL is recovered in a
1,100-gallon holding tank and recycled by the refinery. Since the start-up of the system through
December 2016, 17,226,885 gallons of water and 111,648 gallons of LNAPL have been recovered
by the system, as presented in Appendix F. Performance of this system is documented in the

Semi-Annual, Groundwater Remediation Status Reports submitted to the PADEP. In 2013, PES
assumed primary responsibility for the 3 Separator System due to newer PES releases from the
sewer system, which connects 137 Unit to the #4 separator, in the vicinity of the #3 separator.
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10.5 Groundwater Constituents of Concern

10.5.1 Unconfined (Water Table) Aquifer

Concentrations of the following petroleum short list COCs were detected above the groundwater
MSCs in unconfined aquifer groundwater during the 2016 characterization sampling events;
benzene, isopropyl benzene, EDB, toluene, 1,2,4-TMB, xylenes, benzo(a)anthracene,
beno(a)pyrene, beno(g,h,i)pyrene , benzo(b)fluoranthene, chrysene, naphthalene, and lead which is
consistent with historic sampling for COCs that have been previously analyzed in AOI 7.

The areas that are not proposed to be evaluated for remedial action in the Cleanup Plan have very
low levels of semi-volatile compounds and are delineated by other monitoring wells or the bulkhead.
These compounds have generally not been sampled historically in AOI 7 and will need additional
sampling to establish groundwater trends.

10.5.2 Lower Aquifer

No concentrations of any COCs were detected above the groundwater MSCs in lower aquifer
groundwater during 2016 characterization sampling events which is consistent with previous
sampling events.

10.6 Potential Onsite and Offsite Receptors

Based on the identified impacts to groundwater at AOI 7, GHD has evaluated the following as
potential receptors.

e Vapor intrusion effecting potential occupants of buildings in AOI 7 was evaluated. The results
did not exceed the PADEP VI screening levels or the EPA RSLs.

e The Schuylkill River could receive AOI 7 groundwater discharging to the river. Remediation
systems are operational in AOI 7 to mitigate that potential by exhibiting hydraulic control in the
vicinity of the 3 separator.

e Potable consumption of impacted groundwater could affect human health. No known potable
supply wells exist at or in proximity to AOI 7.

e The PRM aquifer system is heavily utilized for water supply in New Jersey. The aquifers of that
system, chiefly the lower sand unit, receive recharge via vertical leakage through confining units
and direct recharge from younger deposits along their subcrop area in south Philadelphia. None
of the COCs were above the groundwater MSCs in the lower Aquifer in AOI 7.

10.7 Plans for Quantitative Fate and Transport Analysis

Stantec is presently developing a groundwater flow model, the Philadelphia Refinery Flow Model
(PRFM), using the USGS MODFLOW2000 computer code and Groundwater Vistas Version 6
software. The MT3DMS contaminant transport module will be utilized to simulate predictive
scenarios of the fate and transport of selected COCs in groundwater. The modeling is being
performed to meet and demonstrate compliance with the PADEP Site-Specific Standard for
remediation of pre-existing contamination under Act 2, Pennsylvania's Land Recycling Program.
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Under Act 2 and in consideration of the One Cleanup Program, an analysis of the fate and transport
of petroleum-related constituents is needed, in general, to assess risk to potential receptors, assess
plume stability, and estimate time to project closure.

The PRFM will focus on groundwater movement within the Coastal Plain of south Philadelphia,
Pennsylvania, near the Philadelphia Refinery. The model domain was adopted from an earlier
USGS model developed by Schreffler (2001), later updated by Sloto (2012), and has been updated
by Stantec to more-closely simulate site-specific groundwater flow conditions beneath the facility.
Updates to the Schreffler (2001) model have included model layer refinement, grid discretization,
updates to the model layer hydraulic properties using site-specific testing data, and the inclusion of
drains to simulate losses to the sewers and/or localized pumping centers (e.g., Mingo Creek Pump
Station). At the time of this report, it is anticipated that Stantec will present the PRFM to PADEP
during the spring of 2017 for comment prior to utilization of the model in any fate and transport
analyses at the refinery in support of a facility-wide Cleanup Plan, or a site-wide RIR to address
cumulative loading of COCs to receptors.

Ecological Assessment

The maijority of AOI 7 is covered with soil, gravel, and impervious surfaces. The soil and
gravel-covered portions of AOI 7 are not likely to serve as a breeding area, migratory stopover, or
primary habitat for wildlife. In October 2016, a survey of endangered, threatened, and special
concern wildlife and habitat was conducted by submitting a search request through the
Pennsylvania Natural Diversity Inventory (PNDI) Environmental Review Tool. The results of the
PNDI search identified no known impacts by the PA Game Commission, the PA Fish and Boat
Commission, and the U.S. Fish and Wildlife Service.

The PNDI search identified potential endangered species impacts that required further review by
the PA Department of Conservation and Natural Resources (PADCNR). A no effect letter request
was submitted to the PADCNR in October 2016. A response was received from the PADCNR on
November 3, 2016 indicating that no impact is anticipated to the species of special concern. All
ecological assessment documentation is included in Appendix H.

Community Relations Activities

A Community Relation Plan (CRP) that includes public involvement with local residents to inform
them of the anticipated investigations and remediation activities was completed as part of the
original NIR submittal in 2006. A revised NIR was submitted in 2014. The purpose of the CRP is to
provide a mechanism for the community, government officials, and other interested or affected
citizens to be informed of on-site activities related to the investigation activities at the Site. This plan
incorporates aspects of public involvement under both PADEP's Act 2 program and USEPA's
RCRA Corrective Action program. This report and future Act 2 reports will include the appropriate
municipal and public notices in accordance with the provisions of Act 2. Notices will be published in
the Pennsylvania Bulletin and a summary of the notice will appear in a local newspaper. As part of
the CRP, Sunoco held an initial public meeting in the City of Philadelphia to present the strategy
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and Evergreen will give status updates of the project at the CRP meeting on an as requested basis.
A copy of the original NIR, the 2014 NIR and the Act 2 report notifications for this RIR are included
in Appendix A.

Conclusions and Recommendations

GHD has prepared this RIR for AOI 7 of the Philadelphia Refining Complex to satisfy the
requirements of Act 2, as specified under 25 PA Code §250.408. The documented investigation
activities were performed in general accordance with a 2011 revised Work Plan for Sitewide
Approach Under the One Cleanup Program, and were conducted in support of Evergreen's
commitment to remediate legacy environmental impacts that existed at the facility prior to its
conveyance to PES in 2012 (Buyer-Seller Agreement). In support of those stated objectives, this
report has described a comprehensive evaluation of available historical data pertaining to AOI 7,
and has documented a remedial investigation strategy that included the collection of a significant
amount of additional subsurface information in the time since previous AOI 7 Act 2 deliverables
were submitted to PADEP (2010 and 2012 SCR/RIR). Investigations performed as a part of this
report also considered and where relevant, sought to address PADEP comments directed towards
previous RIR submissions for the facility.

The following summarizes the conclusions and recommendations regarding AOI 7.

13.1 Soil

BaP was identified in one sample in AOI 7 surface soil samples at concentrations in excess of the
direct-contact MSC. This sample has been delineated horizontally and vertically. Concentrations of
COCs in all other collected soil samples (including subsurface soil) were below the non-residential
direct contact MSC. Re-sampling this location may eliminate this remaining direct contact
exceedance in AOI 7.

13.2 Groundwater

13.2.1 Unconfined (Water-Table) Aquifer

Benzene, isopropyl benzene, EDB, toluene, 1,2,4-TMB, xylenes, benzo(a)anthracene,
beno(a)pyrene, beno(g,h,i)pyrene , benzo(b)fluoranthene, chrysene, naphthalene, and lead
exceeded the current non-residential MScs in the unconfined aquifer.

The qualitative assessment has indicated that the monitoring wells (C-57, C-62, C-127, C-131 and
C-145) have very low levels of semi-volatile compounds and are delineated by other monitoring
wells or the bulkhead. The COCs exceeding the groundwater MSC in these wells have generally
not been sampled historically in AOI 7 and additional sampling is recommended to establish
groundwater trends. The results of this sampling will be submitted in future Act 2 submittals. All of
the other monitoring wells with exceedances of the groundwater MSCs are proposed to be
evaluated in the Cleanup Plan for potential remedial action.
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13.2.2 Lower Aquifer

None of the samples in the lower aquifer exceeded the non-residential MSCs in the Lower Aquifer,
which is consistent with historic data in AOI 7 therefore no further assessment was completed for
the Lower Aquifer in this RIR. As indicated above for the unconfined aquifer, a MODFLOW model
will be utilized during quantitative fate and transport analyses to evaluate the Lower Aquifer for the
facility.

13.3 Vapor Intrusion

Concentrations of COCs in indoor and ambient air were evaluated in the eight occupied buildings in
AOI 7 and there were no exceedances of the PADEP VI criteria. It is recommended that a second
round of indoor air sampling be performed at these buildings to confirm that concentrations of
petroleum short list COCs remain below the PADEP | criteria. Results of this sampling event will be
reported to PADEP in a future Act 2 deliverable.

13.4 LNAPL

LNAPL within AOI 7 has been delineated. The majority of LNAPL sampled was categorized as
heavy distillate or crude. LNAPL recovery is ongoing, and will be further evaluated for optimization
and efficiency as part of a Site-wide Cleanup Plan.
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Notes on Data Sources:
1."PH" and "B" boreholes digitized on-screen by Stantec using a georeferenced version of Greenman et al. (1961) Plate 1 and using depths 1d
"crystalline rocks" provided by those authors in Table 14 of that report.

2. Historic borehole land surface elevations estimated using 2010 Light Detection and Ranging (LIDAR) data obtained from the USGS.
3. Top of bedrock elevation model created by Stantec using block Kriging interpolation with a linear variogram model.

SOURCE: REMEDIAL INVESTIGATION REPORT, AREA OF INTEREST 1, PHILADELPHIA REFINERY COMPLEX, STANTEC 2016.

EVERGREEN RESOURCES MANAGEMENT OPERATIONS LLC 11109614-01
PHILADELPHIA REFINERY - 3144 PASSYUNK AVENUE, PHILADELPHIA, PA | Jan 19, 2017
REMEDIAL INVESTIGATION REPORT

—
. ' BEDROCK STRUCTURE CONTOUR MAP -
TOP OF BEDROCK FIGURE 11

CAD File: P:\drawings\11109000s\11109614\11109614-reports\11109614-01(003)\11109614-01(003)GN\11109614-01(003)GN-WA008.dwg




GHD Limited

651 Colby Drive

Waterloo Ontario N2V 1C2 Canada

T519884 0510 F 519 884 0525 W www.ghd.com

GP-1100-1100-cv-2 | 5/11/2006
0-21t
-~ | benzo(a)pyrene |13 mg/kg

Note: Data Box is for sample result that exceeds
the Non-Residential Direct Contact MSC

Source: Aerial: Microsoft product screen shot(s) reprinted
with permission from Microsoft Corporation

150 300
. SaaSSS—

Feet

Coordinate System:
NAD 1983 StatePlane Pennsylvania South FIPS
3702 Feet

Legend
2016 RI Soil Sample (Exceeded MSC)
2016 RI Soil Sample (Did Not Exceed MSC)
Historical Soil Sample (Exceeded Direct Contact)
Historical Soil Sample (Exceeded MSC)
Historical Soil Sample (Did Not Exceed MSC)
2016 RI Groundwater Sample
Water Table Monitoring Well
Recovery Well
Deep Monitoring Well
Damaged Monitoring Well
Destroyed Monitoring Well
Monitoring Well (Unable to Locate)
= Bulkhead
= 3 Separator Remediation System
3 Separator Remediation System
Existing Tank
l_--_| Solid Waste Management Unit
E Area Of Interest

rFSOSSSSSLIOEN

Original Size Bar is one inch on
original size drawing

ANSID 0 s 1"

LW |

Project : 11109614
Date: Mar 28, 2017

EVERGREEN RESOURCES
MANAGEMENT

AOI-7 PHILADELPHIA
REFINERY OPERATIONS

SURFACE SOIL
SAMPLING RESULTS

Figure No.

FIGURE 12a

oINg-

GIS File: Q:\GIS\PROJECTS\11109000s\11109614\Layouts\003\11109614-00(003)GIS-OT012a.mxd




GHD Limited

651 Colby Drive

Waterloo Ontario N2V 1C2 Canada

T519 884 0510 F 519 884 0525 W www.ghd.com

Source: Aerial: Microsoft product screen shot(s) reprinted
with permissionfrom Microsoft Corporation

GP-284

7-Bh -16-020
N

150 300
N E—

Feet

Coordinate System:
NAD 1983 StatePlane Pennsylvania South FIPS
3702 Feet

Legend
B 2016 RI Soil Sample (Exceeded MSC)

[l 2016 RI Soil Sample (Did Not Exceed MSC)
@ 2016 RI Groundwater Sample
@ Water Table Monitoring Well
& Recovery Well
@ Deep Monitoring Well
& Damaged Monitoring Well
& Destroyed Monitoring Well
A Monitoring Well (Unable to Locate)
== Bulkhead
3 Separator Remediation System
3 Separator Remediation System
Existing Tank
l_--_| Solid Waste Management Unit
E Area Of Interest

Original Size Bar is one inch on
original size drawing

ANSI D 0 e 1

Project : 11109614
Date: Mar 28, 2017

EVERGREEN RESOURCES
MANAGEMENT

AOI-7 PHILADELPHIA
REFINERY OPERATIONS

SUB-SURFACE SOIL
SAMPLING RESULTS

Figure No.

FIGURE 12b

oINg-

GIS File: Q:\GIS\PROJECTS\11109000s\11109614\Layouts\003\11109614-00(003)GIS-OT012b.mxd




A1)

' a8
RVV:805HCZ169} C2160]
N8 <58 0

i

"4 R

NO3 ke
= EPJ .

R,
S Ay CREE
a8

BRAED
< a®

2B T s

s

e
ST23048
ogm

‘ ;ﬁ:@v

R T -
by L2021 e
5 6o e

SA B8

WATER TABLE MONITORING WELL

RECOVERY WELL

DAMAGED MONITORING WELL

DESTROYED MONITORING WELL

UNABLE TO LOCATE WELL

PIEZOMETER

GROUNDWATER ELEVATION CONTOUR (FEET NAVD 88)
AOI 9 WATER-LEVEL ELEVATION (1 FOOT INTERVAL)
POLLOCK STREET HORIZONTAL WELL

SEWER LINE

AREA OF INTEREST (AQI)

GROUNDWATER ELEVATION (FEET NAVD 88)

NM  NOT MEASURED OR GROUNDWATER ELEVATION NOT CALCULATED
DUE TO LACK OF SURVEYED REFERENCE ELEVATION

WELLS NOT USED FOR GROUNDWATER CONTOURING (FEET NAVD 88)

SOURCE: PHILADELPHIA REFINERY REMEDIATION PROGRAM GROUNDWATER REMEDIATION STATUS REPORT, FIRST HALF 2016, STANTEC, 2016.

EVERGREEN RESOURCES MANAGEMENT OPERATIONS LLC 11109614-01

Y  PHILADELPHIA REFINERY - 3144 PASSYUNK AVENUE, PHILADELPHIA, PA Nov 24, 2016
@ REMEDIAL INVESTIGATION REPORT

STANTEC WATER TABLE AQUIFER
~ GROUNDWATER ELEVATION MAP - MAY 2016 FIGURE 13

CAD File: P:\drawings\11109000s\11109614\11109614-reports\11109614-01(003)\11109614-01(003)GN\11109614-01(003)GN-WA009.dwg




AOI7-BH-16-047

AOI7-BH-16-045

AQI7-BH-16-030

AOI7-BH-16-033

oINg"~

GIS File: Q:\GIS\PROJECTS\11109000s\11109614\Layouts\003\11109614-00(003)GIS-0T014.mxd

A
ACI7-8H-16-0 !

a
\ W

B ——
. ———

= RVENUE

AOI%BH-16-042
B " AOI7-BH-16-041
|

-~

AOI7-B 16-0iA(?|-'%'003
el

— —

AOI7-BH-16-018. =

" "HMAOI7-BH-16-017

| B

o
s

S ¥ AOI7-BH-16-022R07-BH-16-023
% e 21 G0

-BH-16-038

: AOI7-BH-16-039

AOI7:BH=16-027 ¥
|

4

N
; |
L% _/I\olBH-16=021

—

AOI7-BH-16-026-

-y

!
|

AOI7-BH-16-035

7-BH-16-024

AQY/-BH-16-009

AOI7-BH-16-010

2
| O!7-Bg-16-011

0

4 AoI7-BH-16m37

B . X -
AOI7-BH-16-036 . .
.\, -{_ J

4

AOI7-BH-16-034

AOI7-BH:16-013

AOI7-BH-16:014 1

B6-0'16
S IO |7- BT 15

GHD Limited

651 Colby Drive

Waterloo Ontario N2V 1C2 Canada

T519 884 0510 F 519 884 0525 W www.ghd.com

Source: Aerial: Microsoft product screen shot(s) reprinted
with permission from Microsoft Corporation

150 300

Feet

Coordinate System:
NAD 1983 StatePlane Pennsylvania South FIPS
3702 Feet

Legend
Groundwater Measurement (ft msl)
2016 RI Soil Sample
Water Table Monitoring Well
Recovery Well
Deep Monitoring Well
Damaged Monitoring Well
Destroyed Monitoring Well
A Monitoring Well (Unable to Locate)
[[] Historical Soil Sample
== Bulkhead
Groundwater Elevation Contour (ft msl)
— 3 Separator Remediation System
m 3 Separator Remediation System
I_--_| Solid Waste Management Unit
Area Of Interest

Original Size Bar is one inch on
original size drawing

ANSI D 0 e 1"

Project : 11109614
Date: Dec 19, 2016

EVERGREEN RESOURCES
MANAGEMENT - AOI-7

WATER TABLE

GROUNDWATER ELEVATIONS

SEPTEMBER 2016

Figure No.

FIGURE 14




Legend
LOWER AQUIFER MONITORING WELL

DESTROYED MONITORING WELL

GROUNDWATER ELEVATION CONTOUR (FEET NAVD 88)
POLLOCK STREET <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>