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Acronyms and Abbreviations

25 Pa. Code
Act 32
Addendum
AST

COPC

Evergreen

Facility
LNAPL
mg/L
PADEP
PESRM
RBSL

the Risk Assessment
SCR

the Site
SSS
Terraphase

Work Plan

Title 25 Pennsylvania Code

Storage Tank and Spill Prevention Act

Site Characterization Report Addendum for Tank Group 04
aboveground storage tank

constituents of potential concern

Evergreen Resources Group, LLC; includes Sunoco, Inc. n/k/a ETC Sunoco Holdings LLC,
Sunoco, Inc. (R&M) n/k/a Sunoco (R&M), LLC n/k/a Energy Transfer (R&M), LLC and
Evergreen collectively referred to as “Evergreen”

former Philadelphia Energy Solutions refinery facility
light non-aqueous phase liquid

milligrams per liter

Pennsylvania Department of Environmental Protection
Philadelphia Energy Solutions Refining and Marketing LLC
Risk-based screening level

Site-Specific Human Health Risk Assessment

Site Characterization Report for Tank Group 04

Tank Group 04 location within the former Philadelphia Energy Solutions refinery facility
Site-Specific Standard

Terraphase Engineering Inc.

Aboveground Storage Tank Closure Work Plan
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Certification

Pursuant to the requirements of the Pennsylvania Land Recycling and Environmental Remediation
Standards Act (Act 2), adopted May 19, 1995, which states:

Interpretation of geologic and hydrogeologic data shall be prepared by a professional geologist
licensed in this Commonwealth.

| hereby attest that, as a Professional Geologist licensed in the Commonwealth of Pennsylvania, | am
familiar with, and have reviewed and/or prepared the interpretation of the geology and hydrogeology
presented in the attached report entitled, Site Characterization Report — Tank Group 04, Former
Philadelphia Energy Solutions Refinery, 3144 West Passyunk Avenue, Philadelphia, Pennsylvania, dated
April 2023.

Based on the available data represented in the report, | believe that the geologic and hydrogeologic
interpretations made herein are reasonable and accurate.

W\W%@Z April 26, 2023

Ale)énder J. S/ON, PG Date
Senior Staff Geologist
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Site Characterization Report Addendum — Tank Group 04
Former Philadelphia Energy Solutions Refinery
Philadelphia, PA

1 Introduction

Terraphase Engineering Inc. (Terraphase) has prepared this Site Characterization Report Addendum for
Tank Group 04 (Addendum), on behalf of Philadelphia Energy Solutions Refining and Marketing LLC
(PESRM). This Report serves as an addendum to the Site Characterization Report for Tank Group 04
(SCR) submitted to the Pennsylvania Department of Environmental Protection (PADEP) on February 6,
2023. This Addendum presents additional information pertaining to the Site Assessment and Site
Characterization activities at Tank Group 04 (the Site) which is located within the Former Philadelphia
Energy Solutions refinery facility (the “Facility”). The Facility, which is undergoing closure activities in
preparation for redevelopment, is located at 3144 West Passyunk Avenue, Philadelphia, Pennsylvania
(Figure 1). Remediation activities are being conducted at the Facility under the Pennsylvania Land
Recycling and Environmental Remediation Standards Act by both PESRM and Evergreen Resources
Group, LLC (Evergreen)® in accordance with the 2012 Buyer-Seller Agreement and the 2020 First
Amendment to that Agreement.

The Site Assessment and Site Characterization activities described in the SCR and this Addendum were
performed in accordance with the applicable provisions of The Storage Tank and Spill Prevention Act
(Act 32), Title 25 of the Pennsylvania Code (25 Pa. Code) Chapter 245 (Subchapter D), and Terraphase’s
(2021) Aboveground Storage Tank Closure Work Plan (Work Plan), which was approved by the PADEP on
April 23, 2021. As discussed in the Work Plan, closure of the above ground storage tanks (ASTs) under
Act 32 is being pursued through a group closure process, in which ASTs in the same general area (e.g.,
tank farm) have been demolished, removed, investigated, and evaluated at about the same time.
Demolition of the tanks has been proceeding in phases from the north to the south with nine Tank
Groups in all.

Tank Group 04 (Figure 2) is located within a larger area of the Facility referred to as the Point Breeze
Refinery South Yard. Evergreen is currently engaged in characterization and remediation work at the
Facility under the Pennsylvania One Cleanup Program under the oversight of the PADEP and the United
States Environmental Protection Agency (eFACTS PF No. 778374 and 778376). In its associated
documentation, Evergreen has identified the Tank Group 04 portions of the Point Breeze Refinery South
Yard as Area of Interest 4. The specific ASTs addressed in this Report are shown on Figure 3 and listed in
Table 1.

The SCR submitted on February 6, 2023 was prepared in accordance with Act 32 and 25 Pa. Code
Chapter 245 (Subchapter D) and provides a summary of the Site Assessment and Site Characterization
activities that were performed following the identification of potential releases to the environment
during the demolition and removal of the Tank Group 04 ASTs. This Addendum supplements the

1 Evergreen Resources Management Operations, a series of Evergreen Resources Group, LLC, is managing the legacy
remedial work for Philadelphia Refinery Operations, a series of Evergreen Resources Group, LLC (“Evergreen”) and
Sunoco (R&M), LLC. For clarity, Sunoco, Inc. n/k/a ETC Sunoco Holdings LLC, Sunoco, Inc. (R&M) f/k/a Sunoco (R&M),
LLC n/k/a Energy Transfer (R&M), LLC effective 4/19/2021 and Evergreen shall be referred to collectively as
“Evergreen” in this Report.
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information in the SCR and demonstrates that adequate characterization has been performed to
evaluate whether remedial action is warranted to attain the Site-Specific Standard (SSS).

This Addendum provides the following to supplement the information documented in the February 6,
2023 SCR:

Summary of Second Groundwater Gauging and Sampling Event: A second round of groundwater
gauging and sampling was conducted in Tank Group 04 on February 8 and 9, 2023. A summary of
these field activities, including any deviations in scope from the first event is discussed herein.

Updated Gauging and Sampling Data: Results of the second round of groundwater gauging and
sampling are presented herein.

Updated Results Evaluation: An updated interpretation of the results of the Site Characterization
groundwater gauging and sampling activities are discussed. This includes an updated interpretation
of unconfined aquifer groundwater flow, delineation of the identified constituents of potential

concern (COPCs) in groundwater, and an evaluation of the adequacy of characterization.

Updated Risk Assessment: Changes (if any) to the results of the Human Health Risk Assessment are
summarized herein. An updated, comprehensive updated Risk Assessment is provided as
Appendix A to this Addendum.

Conclusions: A summary of the conclusions of the SCR are provided herein, including any changes to
the conclusions as a result of the additional Site Characterization activities.

Details regarding the site setting are provided in the February 6, 2023 SCR and are not repeated herein.
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2 Additional Site Characterization

This section discusses the selection of standards, the additional Site Characterization groundwater
sampling performed, and updated sampling results.

2.1 Selected Standard

PESRM has selected the SSS to attain closure for Tank Group 04. As described in the SCR, and
supplemented in Section 3, a Site-Specific Human Health Risk Assessment (the Risk Assessment) has
been conducted to evaluate the potential significance of identified releases in Tank Group 04 and to
determine whether COPC concentrations could pose unacceptable risk and/or hazard to human health,
and whether such conditions would warrant management via remedial action to demonstrate
attainment of the SSS. The outcome of the Risk Assessment is presented in Section 3 and is described in
detail in Appendix A.

As part of the SCR, Risk Based Screening Levels (RBSLs) were derived in accordance with PADEP and
United States Environmental Protection Agency risk assessment guidance. The RBSLs were previously
presented in the SCR and groundwater RBSLs are summarized in Table 2 for convenience.

2.2 Site Characterization Groundwater Sampling

Site Characterization groundwater activities, including monitoring well installation and the first
groundwater sampling event, were previously detailed in the February 6, 2023 SCR. Details regarding
the second sampling event are provided below. The second round of groundwater gauging and sampling
activities have not significantly altered the Site Characterization conclusions presented in the SCR.

On February 8, 2023, Terraphase collected groundwater level and light non-aqueous phase liquid
(LNAPL) thickness measurements from wells TG04-MW-01, TG04-MW-02 (dry), and TG04-MW-03, and
existing monitoring wells S-216, S-415, S-365, S-121, S-122, S-219, S-381, and S-371 using an electronic
oil/water interface probe. The results of the February 8, 2023 gauging event are provided in Table 3.

Terraphase performed additional groundwater sampling via low-flow groundwater sampling techniques.
As detailed in the SCR and consistent with the initial round of groundwater sampling, groundwater
samples were collected from TG04-MW-01 and TG04-MW-03 as well as existing well 5-219 (replacement
for well TG04-MW-02) and were analyzed for PADEP Shortlist 1-6 parameters.

2.3 Site Characterization Results

Table 4 presents the groundwater sample results from the wells sampled during both the January and
February 2023 Site Characterization events and compares the concentrations to the RBSLs.

Consistent with the results of the first groundwater sampling event, a comparison of groundwater
sample data from the second event to RBSLs indicates an exceedance of the Nonpotable Groundwater
Use RBSL for benzene.
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Figure 4 presents the updated spatial distribution of Site Characterization groundwater data relative to
RBSLs. Figure 5 shows the updated spatial distribution of benzene concentrations relative to its RBSLs in
groundwater.

Appendix B provides the comprehensive groundwater analytical results from the Site Characterization
and figures illustrating the groundwater analytical results in proximity to each of the tanks are provided
as attachments to Appendix A. Laboratory reports for the first? and second groundwater sampling event
are provided in Appendix C.

2.3.1 Groundwater Characterization Results

Terraphase completed the second round of gauging monitoring well locations in the vicinity of Tank
Group 04, consistent with the methodologies for the first event discussed in the SCR. Terraphase gauged
11 monitoring well locations on February 8, 2023. The results of the gauging activities are presented in
Table 3. LNAPL-corrected depth-to-water measurements and groundwater elevations are also presented
in Table 3, and the interpreted potentiometric surface is shown in Figure 6.

During the second round of gauging, groundwater was encountered between approximately 10 and

24 feet below ground surface. Consistent with the SCR, the groundwater flow direction in Tank Group 04
is interpreted to be locally divided, with groundwater in the southern portion of the Tank Group flowing
south/southeast, and groundwater in the central portion flowing to depressions in the northwestern
portions of the Tank Group. During the second round of well gauging, measurable LNAPL was confirmed
in one of the 11 monitoring wells (S-365)>. The measured LNAPL thickness is presented in Table 3. The
LNAPL has been identified in this area since as early as 1995 and was characterized during a 2010
Evergreen investigation as a mixture of extremely weathered middle distillate, aviation gasoline, and
heavier material. The LNAPL is not indicative of a new release from ASTs in Tank Group 04.

The results of groundwater sampling have indicated that COPCs have been adequately characterized
with respect to the RBSLs. Delineation of COPCs in groundwater at concentrations above the RBSLs using
groundwater sampling data is detailed below.

Benzene

As shown on Table 4, benzene was detected in groundwater in the area at concentrations greater than
the Nonpotable Groundwater Use RBSL (0.30 milligrams per liter [mg/L]). The concentrations in
groundwater ranged from non-detect to 0.58 mg/L during both sampling events.

As presented in the SCR, the monitoring wells are shown on Figure 5 and provide an illustration of the
spatial distribution of benzene in groundwater relative to the applicable RBSLs. Tables with the
groundwater analytical results are provided in Appendix B. The benzene concentration reported in the
February 2023 sample collected from TG04-MW-01 (0.53 and 0.51 mg/L [duplicate sample]) exceeds the

2 Arevised lab report is included for the first groundwater sampling event. The original lab report did not report the
full PADEP Short List 1-6 parameters for samples collected at monitoring wells TG0O4-MW-01 and S-219.

3 Measurable LNAPL was confirmed in two of the 14 monitoring wells (S-365 and S-281) during the first round of
well gauging.
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RBSL. As shown in Table B1 of Appendix B, this is consistent with the benzene concentration (0.58 mg/L)
reported in the January 2023 sample from TG04-MW-01. The benzene concentrations reported in the
February 2023 samples collected from S-219 and TG04-MW-03 were non-detect and therefore, do not
exceed the RBSL. Similarly, benzene was not detected above laboratory reporting limits at monitoring
wells TG04-MW-03 and S-219 during January 2023 groundwater sampling event.

Benzene has been identified during prior groundwater investigations in this area of Tank Group 04.
Evergreen reported benzene concentrations greater than the RBSL in nearby wells S-229 (1.9 mg/L) and
S-415 (0.694 mg/L) sampled in 2005 and 2015, respectively. In addition, a historical LNAPL plume exists
to the southwest of TG04-MW-01. Groundwater concentrations in the vicinity of TG04-MW-01 are
consistent with Evergreen’s prior characterization in the area and the concentrations identified during
PESRM'’s Site Characterization are not indicative of a new source of groundwater contamination related
to a release from Tank Group 04 ASTs.

Horizontal delineation of the benzene concentration exceeding the RBSL at TG04-MW-01 is provided by
groundwater samples collected by Evergreen from wells S-225, S-216, S-416, MW-1, S-281, S-384, S-309
and S-1024,

4 A groundwater sample was collected most recently at monitoring well MW-1 in 2013, from monitoring well S-281
in 2015, from monitoring wells S-102, S-225, S-216, S-309, and S-416 in 2016, and from well S-384 in 2021.
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3 Risk Assessment

As part of the SCR submitted on February 6, 2023, a site-specific risk assessment was performed to
support a demonstration that conditions at the Site meet the tank closure performance standard as
specified in the Act 32. The risk assessment report documents the methodology and results of a site-
specific human health risk assessment which was conducted in accordance with 25 Pa. Code § 250.409.

This addendum includes an update to the risk assessment to incorporate the additional information
pertaining to the Site Assessment and Site Characterization activities at Tank Group 04. This updated,
comprehensive risk assessment is provided as Appendix A to this Addendum. The incorporation of the
February 8, 2023 gauging and groundwater sampling results in no change to the conclusions of the risk
assessment regarding the adequacy of delineation or potential significance of exposure of receptors to
COPCs in groundwater.
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4 Summary and Conclusions

Terraphase has prepared this Addendum, on behalf of PESRM, to detail the results of additional Site
Characterization activities and to provide the further supporting information demonstrating that
adequate characterization has been performed for a reliable determination of the need for remedial
measures based on the selected standard.

The additional Site Characterization activities described in this Report were performed in accordance
with the applicable provisions of Act 32, 25 Pa. Code Chapter 245 (Subchapter D), and Terraphase’s
Work Plan (2021).

The results of the investigations in Tank Group 04 identified soil and groundwater COPCs at
concentrations greater than site-specific RBSLs. The results of the sampling have indicated that COPCs
have been adequately characterized with respect to the RBSLs.

The potential significance of COPC concentrations were evaluated via a site-specific risk assessment. The
incorporation of the additional Site Characterization activities results in no change to the conclusions of
the risk assessment. Upon approval of this Site Characterization Report, PESRM will prepare and submit
a Remedial Action Completion Report for Tank Group 04.
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Table 1

Aboveground Storage Tank Details

Tank Group 04

Philadelphia Energy Systems Refinery and Marketing, Philadelphia, PA

Int.
Storage Tanks Remedial/
State Status Remaining Reg./Permit Corrective
Regulation EL Design Capacity Proposed Regulatory Modification Double Diameter Height Liquid GPS Survey Demo App Form Release Action
Facility Number Number (gal) Primary Product Analyte List* Status Facility ID Date Tank Type Bottom (ft) (ft) (gal) Complete = Complete Submitted Notification Incident No. Required
Point Breeze 011A PB 881 8,568,000 [Crude Short List 1-5 R 51-33620 1/8/2022 EFR Y, Removed 160 56 Y Y 2/3/2022
Point Breeze 012A PB 886 13,158,600 [Crude Short List 1-5 R 51-33620 8/26/2021 IFR Y, Removed 200 56 Y Y 9/23/2021
Point Breeze 040A PB 191 634,200 Recovered Qil Short List 1-6 R 51-33620 11/23/2021 EFR Y, Removed 52 41 Y 12/16/2021
Point Breeze 049A PB 826 8,568,000 [Crude Short List 1-5 R 51-33620 4/18/2022 EFR Y, Removed 160 57 Y Y 4/27/2022
Point Breeze 053A PB 840 5,758,200 |Crude Short List 1-5 R 51-33620 3/4/2022 EFR Y, Removed 140 50 Y Y 3/30/2022 8/10/2022 57976
Point Breeze 054A PB 841 5,758,200 |Crude Short List 1-5 R 51-33620 3/14/2022 EFR Y, Removed 140 49 Y Y 3/30/2022
Point Breeze 055A PB 847 6,346,200 |Crude Short List 1-5 R 51-33620 2/3/2022 IFR Y, Removed 150 49 Y Y 2/3/2022
Point Breeze 056A PB 882 8,421,000 |[Crude Short List 1-5 R 51-33620 5/20/2021 EFR Y, Removed 160 56 Y Y 6/18/2021
Point Breeze 057A PB 883 8,568,000 [Crude Short List 1-5 R 51-33620 11/24/2021 EFR Y, Removed 160 56.5 Y Y 12/16/2021
Point Breeze 058A PB 884 13,158,600 [Crude Short List 1-5 R 51-33620 11/1/2021 EFR Y, Removed 200 56 Y Y 12/16/2021 | 8/10/2022 57976
Point Breeze 059A PB 885 13,158,600 [Crude Short List 1-5 R 51-33620 9/23/2021 IFR Y, Removed 200 56 Y Y 9/27/2021
Point Breeze 086A PB 843 6,346,200 |Crude Short List 1-5 R 51-33620 3/16/2022 EFR Y, Removed 150 48 Y Y 3/30/2022
Point Breeze 088A PB 848 5,640,852 Light Cycle Oil Short List 1-5 R 51-33620 1/20/2022 EFR Y, Removed 140 50 Y Y 2/3/2022 8/10/2022 57976

Abbreviations:

ERF -- External Floating Roof
IRF -- Internal Floating Roof
Y --Yes
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Table 2

Site-Specific Risk Based Screening Levels (Target Risk of 1x10° and HQ of 0.1)

Tank Group 04

Philadelphia Energy Solutions Refining and Marketing LLC (PESRM) Philadelphia Refining Complex, Philadelphia, Pennslyvania

Groundwater
Nonpotable Routine Worker Construction Off-Facility
Groundwater | Volitilization to | Routine Worker Worker Resident Gr iwater
Chem Use Outdor Air Vapor Intrusion | Direct Contact | Vapor Intrusion MtSwW
Group Chemical CASRN (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
voC Benzene 71-43-2 3.0E-01 5.5E+02 3.8E+00 4.0E+00 2.5E-01 1.3E+02
VOC Cumene 98-82-8 3.7E+01 9.1E+03 6.3E+01 3.0E+01 4.0E+00 2.6E+00
VOC 1,2-Dibromoethane 106-93-4 1.7E-02 1.6E+01 1.1E-01 9.1E-01 7.9E-03 NSW
VOC 1,2-Dichloroethane 107-06-2 3.3E-01 1.7E+02 1.2E+00 4.9E+00 8.2E-02 3.1E+03
VOC Ethyl Benzene 100-41-4 2.0E+00 2.2E+04 1.5E+02 4.0E+01 9.7E+00 1.3E+01
VOC Methyl tert-butyl ether 1634-04-4 2.1E+01 2.9E+04 2.1E+02 1.9E+02 1.5E+01 1.1E+04
VvVoC Toluene 108-88-3 2.5E+01 1.0E+05 7.0E+02 2.0E+02 4.5E+01 5.2E+01
VOC 1,2,4-Trimethylbenzene 95-63-6 8.7E+00 1.4E+03 9.7E+00 1.5E+01 6.3E-01 3.3E+01
VOC 1,3,5-Trimethylbenzene 108-67-8 8.8E+00 1.3E+03 9.1E+00 1.5E+01 5.9E-01 7.1E+01
VOC Xylenes (total) 1330-20-7 3.7E+00 1.9E+03 1.3E+01 1.7E+01 8.6E-01 2.1E+02
SVOC [Acenaphthene 83-32-9 5.7E+01 WIT WIT 3.9E+03 WIT 9.0E+00
SVOC [Anthracene 120-12-7 2.4E+02 WIT WIT 1.9E+04 WIT 4.0E+01
SVOC [Benzo(a)anthracene 56-55-3 1.0E-01 NV NV 1.4E+03 NV 1.3E-02
SVOC Benzo(a)pyrene 50-32-8 1.0E-02 NV NV 5.8E+00 NV 1.3E-03
SVOC [Benzo(b)fluoranthene 205-99-2 1.6E-01 NV NV 1.4E+03 NV 1.3E-02
SVOC Benzo(g,h,i)perylene 191-24-2 4.4E+01 NV NV 5.8E+03 NV 1.2E-02
SVOC [Benzo(k)fluoranthene 207-08-9 9.9E-01 NV NV 1.4E+04 NV 1.3E-01
SVOC Chrysene 218-01-9 1.6E+01 NV NV 1.4E+05 NV 1.3E+00
SVOC [Dibenz(a,h)anthracene 53-70-3 9.8E-03 NV NV 1.4E+02 NV 1.3E-03
SVOC 7,12-Dimethylbenz(a)anthracene 57-97-6 3.9E-05 NV NV 5.5E-01 NV NSW
SVOC Ethanol 64-17-5 1.0E+04 NV NV 8.3E+05 NV NSW
SVOC Fluorene 86-73-7 9.7E+01 WIT WIT 7.8E+03 WIT 7.0E+00
SVOC Indeno(1,2,3-cd)pyrene 193-39-5 1.0E-01 NV NV 1.4E+03 NV 1.3E-02
SVOC Naphthalene 91-20-3 3.9E-01 1.2E+02 8.8E-01 2.8E-01 6.7E-02 4.3E+01
SVOC Phenanthrene 85-01-8 7.3E+01 WIT WIT 5.8E+03 WIT 1.0E+00
SVOC Pyrene 129-00-0 5.0E+01 NV NV 5.8E+03 NV 3.0E+00
SVOC |Tetraethylene Glycol 112-60-7 2.9E+02 NV NV 3.9E+04 NV 1.9E+05
PCB PCBs (total) 1336-36-3 1.5E-02 NV NV 9.7E-01 NV 6.4E-04
INORG |Antimony 7440-36-0 2.2E-02 NV NV 1.4E+00 NV 6.4E+01
INORG |Arsenic 7440-38-2 2.1E-02 NV NV 5.3E+01 NV 1.4E+00
INORG |Chromium IlI 16065-83-1 1.1E+01 NV NV 5.3E+02 NV 7.4E+01
INORG  [Chromium VI 18540-29-9 3.9E-03 NV NV 1.7E+00 NV 1.1E+01
INORG |Cyanide (total) 57-12-5 3.0E-01 2.4E+01 2.4E-01 2.6E-01 2.5E-02 4.0E+01
INORG [Lead 7439-92-1 IE NV NV IE NV 2.5E+00
INORG |Nickel 7440-02-0 1.3E+00 NV NV 8.6E+01 NV 5.2E+01
INORG [Vanadium 7440-62-2 1.4E-01 NV NV 6.9E+00 NV 1.0E+02

Abbreviations:
Chem Group - chemical group
VOC - volatile organic compounds
SVOC - semi-volatile organic compounds
PCB - polychlorinated biphenyls
INORG - metals
MtGW - migration to groundwater
MtSW - migration to surface water
NV - not volatile
WIT - without inhalation toxicity data
NA - not applicable: target groundwater concentration times DAF is greater than constituent's solubility.
IE - inadequate exposure
NSW - no surface water quality criteria available
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Table 3

Monitoring Well Gauging Summary

Tank Group 04

Philadelphia Energy Solutions Refining and Marketing, LLC, Philadelphia, PA

February 8, 2023
Depth to Water Groundwater
TOIC Depth to Product Depth to Water LNAPL Density (Corrected) Elevation Total LNAPL Thickness

Dataset Location ID (ft AMSL) (ft below TOIC) (ft below TOIC) (mg/L) (ft below TOIC) (ft AMSL) (ft)
AST TG04-MW-01 17.80 - 16.78 - 16.78 1.02 -
AST TG04-MW-02 25.53 - Dry - Dry - -
AST TG04-MW-03 23.51 - 16.65 - 16.98 6.53 -
Evergreen S-216 15.76 -- 13.34 -- 13.34 2.42 --
Evergreen S-415 19.23 - 18.28 - 18.28 0.95 -

Evergreen S-365 20.91 20.18 20.21 0.82 20.19 0.72 0.03
Evergreen S-121 21.12 - 19.29 -- 19.29 1.83 -
Evergreen S-122 25.71 -- 24.27 -- 24.27 1.44 --
Evergreen S-219 23.09 - 21.59 - 21.59 1.50 -
Evergreen S-381 25.86 -- 24.71 -- 24.71 1.15 --
Evergreen S-371 22.05 - 18.25 - 18.25 3.80 -

Notes:

Depth to water in Evergreen wells were corrected based on historical LNAPL densities associated with other Evergreen wells in the vicinity, as presented in Stantec's AOI 4 RIR.
Vertical Datum is NAVD 1988.
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Table 4

Unconfined Groundwater Results Compared to Risk-Based Screening Levels

Tank Group 04 (Site Characterization)
Philadelphia Energy Solutions Refining and Marketing, LLC, Philadelphia, PA

Ratio of Max Ratio of Max Ratio of Max
Nonpotable Detect to Construction Detect to Groundwater Detect to
E g Min Mean Max Groundwater Nonpotable Worker Direct Construction Migration to Groundwater
Chem Meas —: § Detected Detected Detected Use Groundwater Contact Worker Direct Surface Water Migration to
Dataset Group Chemical CASRN Basis | & | & (mg/L) (mg/L) (mg/L) (mg/L) Use (mg/L) Contact (mg/L) Surface Water
AST VOC |Benzene 71-43-2 T 6 3 0.51 0.54 0.58 0.30 1.9 4.0 0.15 130 0.0045
AST VOC |Cumene 98-82-8 T 6 3] 0.058 0.066 0.075 37 0.0020 30 0.0025 2.6 0.029
AST VOC |Ethyl Benzene 100-41-4 T 6 3| 0.089 0.10 0.11 2.0 0.055 40 0.0028 13 0.0085
AST VOC |Toluene 108-88-3 T 6 4 0.00034 0.0077 0.011 25 0.00044 200 0.000055 52 0.00021
AST VOC |1,2,4-Trimethylbenzene 95-63-6 T 6 3| 0.045 0.049 0.054 8.7 0.0062 15 0.0036 33 0.0016
AST VOC |1,3,5-Trimethylbenzene 108-67-8 T 6 3] 0.011 0.012 0.013 8.8 0.0015 15 0.00087 71 0.00018
AST VOC |Xylenes (total) 1330-20-7 T 6 3 0.19 0.19 0.20 3.7 0.053 17 0.012 210 0.00093
AST SVOC [Anthracene 120-12-7 T 6 3| 0.00011 0.00022 0.00032 240 0.0000013 19000 0.000000017 40 0.0000080
AST SVOC [Benzo(a)anthracene 56-55-3 T 6 4{ 0.000020 0.000043 0.00010 0.10 0.0010 1400 0.000000071 0.013 0.0077
AST SVOC [Fluorene 86-73-7 T 6 3] 0.00050 0.00066 0.00092 97 0.0000095 7800 0.00000012 7.0 0.00013
AST SVOC [Naphthalene 91-20-3 T 6 3| 0.00019 0.0037 0.0094 0.39 0.024 0.28 0.034 43 0.00022
AST SVOC [Phenanthrene 85-01-8 T 6 3| 0.000040 0.00011 0.00025 73 0.0000034 5800 0.000000043 1.0 0.00025
AST SVOC [Pyrene 129-00-0 T 6 3| 0.000020 0.000037 0.000060 50 0.0000012 5800 0.000000010 3.0 0.000020
Evergreen VOC |Cumene 98-82-8 T 2 1| 0.00028 0.00028 0.00028 37 0.0000076 30 0.0000093 2.6 0.00011
Evergreen VOC |Toluene 108-88-3 T 2 1| 0.00034 0.00034 0.00034 25 0.000014 200 0.0000017 52 0.0000065
Evergreen SVOC |[Benzo(a)anthracene 56-55-3 T 2 1| 0.00018 0.00018 0.00018 0.10 0.0018 1400 0.00000013 0.013 0.014
Notes:
Only chemicals detected in the area are shown.
The concentrations for the Xylene isomers (m/p and o) were summed before comparing to the criteria for Xylenes (total).
Ratios of concentration to the RBSLs greater than 1 are shaded in bold.
Chem Group - chemical group; VOC - volatile organic compounds; SVOC - semi-volatile organic compounds
Meas Basis - measured basis; T = total, D = dissolved
Page 1 of 1
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Site Characterization Report Addendum — Tank Group 04
Former Philadelphia Energy Solutions Refinery
Philadelphia, PA
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Revised Site-Specific Human Health Risk Assessment
Former Philadelphia Energy Solutions Refinery

1 Introduction

Terraphase Engineering Inc. (Terraphase), on behalf of Philadelphia Energy Solutions Refining and
Marketing LLC, has prepared this Site-Specific Human Health Risk Assessment (the Risk Assessment) in
support of the Site Characterization Report (Report) for Tank Group 04 (the Site), located within the
Former Philadelphia Energy Solutions refinery facility (the “Facility”). This document describes the
methodology and results of a site-specific human health risk assessment, performed in accordance with
25 Pa. Code § 250.409, to support a demonstration that conditions at the Site meet the tank closure
requirements in accordance with the Storage Tank and Spill Prevention Act (Act 32).

The Facility, which is located at 3144 West Passyunk Avenue, Philadelphia, Pennsylvania (Figure 1), is
undergoing tank closure activities in preparation for redevelopment. Tank Group 04 is located within an
area of the Facility referred to as the Point Breeze Refinery South Yard (Figure 2). As discussed in
Terraphase’s (2021) Aboveground Storage Tank Closure Work Plan (Work Plan), which was approved by
the Pennsylvania Department of Environmental Protection (PADEP) on April 23, 2021, closure of the
above ground storage tanks (ASTs) under Act 32 is being pursued through a group closure process, in
which ASTs in the same general area (e.g., tank farm) are demolished, removed, investigated, and
evaluated at about the same time. There are nine tank groups in all and demolition of the tanks has
been proceeding in phases at the Facility from the north to the south.

Following the demolition of the ASTs in Tank Group 04, between May 2021 and March 2022, soil and
groundwater sampling was conducted in accordance with the Work Plan and the Site Characterization
Sampling and Analysis Plan — Tank Group 04 (SAP) submitted to PADEP on December 5, 2022. The
sampling was performed to gather the data necessary to assess whether conditions at the Site following
closure activities are protective of human health and the environment.

This Risk Assessment has been completed in accordance with the Pennsylvania Land Recycling and
Environmental Remediation Standards Act and risk assessment guidance from PADEP and the United
States Environmental Protection Agency (USEPA). It is organized as follows:

« Section 2 presents the site setting. Information regarding the site description, operational history
and usage of the tanks, topography, geology, and hydrology of the area is summarized. A discussion
of on-facility and off-facility land and groundwater use under current and reasonably expected
future land and groundwater use is also provided.

o Section 3 discusses the results of the soil and groundwater sampling performed in accordance with
the Work Plan and SAP. This section documents how the sampling results adequately characterize
the nature and extent of constituents in the environment to select a remediation standard and
perform a site-specific risk assessment.

o Section 4 discusses the preparation of data used in the risk calculations.

o Section 5 presents the human health risk assessment calculations and the resulting risk
characterization.

« Section 6 provides the site-specific standards proposed to support remedial action planning in the
area.
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o Section 7 summarizes the results of the human health risk assessment and the site-specific
standards developed to support remedial action.

« Section 8 provides the references used in the preparation of this report.

Supporting information for the Risk Assessment is provided in Appendix A. Appendix B provides a
discussion regarding how risk-based screening levels were derived to support investigation decisions
during the Site Characterization and to demonstrate adequate characterization to support the Risk
Assessment. Appendix C provides the analytical results from the soil and groundwater sampling
performed. Finally, Appendix D provides select figures from the Remedial Investigation Report, Area of
Interest 4 (AOI 4 RIR; Stantec 2017) and the Sitewide Fate and Transport Remedial Investigation Report
(Sitewide Fate and Transport RIR; Stantec 2022).

2 Site Setting

This section presents the site setting and includes a description of the Site, operational history and
usage of the tanks, topography, geology, and hydrology, and the on-facility (which includes the Site) and
off-facility land and groundwater use.

2.1 Site Description

The Facility, a former 1,300-acre refinery, is currently undergoing decommissioning to support
redevelopment. The Site® is 70.6 acres in size and is located within the Point Breeze Refinery South Yard,
an area that is also referred to as AOI 4 by Evergreen as part of their One Cleanup Program effort. The
Site is located south of Hartranft Street and north of Penrose Avenue, between South 26 Street and
Schuylkill Avenue. The Tank Group 04 area formerly consisted of a large tank farm with large piping
structures, a pump house, and plant access roadways. Except for the asphalt roadways that pass
through portions of Tank Group 04, and the tank foundations themselves, the area is not covered by
hardscape.

The ASTs addressed in this Report are listed in Table 1 of the Report. Sixteen other ASTs, not subject to
this closure effort, were previously located within Tank Group 04.

Figure 3 provides a layout of Tank Group 04.

2.2 Operational History/Usage of the Tanks

The Facility operated as a petroleum refinery between 1860 and 2019. The refinery ceased operations in
2019. The demolition and decommissioning of the subject ASTs began in May 2021. Prior to demolition,
the primary products held within these tanks were: crude (PB 826, PB 840, PB 841, PB 843, PB 847,

PB 881, PB 882, PB 883, PB 884, PB 885, and PB 886), recovered oil (PB 191), and light cycle oil (PB 848).

I Tank Group 04 consists of the tank farm referred to by the Facility as the No. 4 Tank Farm.
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Additional details regarding the size, contents, and construction of the tanks are provided in Table 1 of
the Report.

2.3 Topography

Topography at the Site is generally flat except for containment berms constructed around the tank areas
to provide containment in the event of a release. Regional topography slopes gently to the west towards
the Schuylkill River, the nearest water body to the Site. The ground surface elevation at the Site is
approximately 15 feet (ft) above mean sea level?.

2.4 Regional Geology and Hydrogeology

The Facility is located within the Atlantic Coastal Plain Physiographic Province of Pennsylvania. The
Atlantic Coastal Plain is a physiographic province that is defined as having a flat topography, underlain
by unconsolidated sediments that thicken to the southeast. The Coastal Plain deposits are sand, gravel,
silt, and clay which drape over crystalline igneous and metamorphic rocks. In general, the resulting
sediments are approximately 250 ft thick along the Delaware River. These sediments unconformably
overlie much older, very complexly deformed rocks of the Piedmont physiographic province. The Coastal
Plain deposits in the vicinity of the Facility consist of anthropogenic fill underlain by quaternary deposits.

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. Below the fill material, sediments consist of gray, muddy deposits with occasional
sand, gravel, and organic-rich lenses. These sediments were deposited in floodplain, channel, and marsh
environments through the Holocene. The most recent deposits are poorly consolidated and below the
phreatic surface of the unconfined aquifer as a result of their relatively young geologic age and position
along the Schuylkill River (tributaries and creeks). Below the Holocene deposits is a Pleistocene glacial
outwash deposit, commonly referred to as the “Trenton Gravel” along the Delaware River valley.
Cretaceous-age sand and clay units making up the Potomac-Raritan-Magothy aquifer system underly the
Pleistocene deposits.

The sedimentary record near the Site consists of a complex series of water-bearing sand units which can
comprise one or more hydrostatic units. Historical investigations conducted at the Facility have
identified two saturated zones, including an unconfined shallow groundwater unit (occurring within the
Holocene and Trenton Gravel deposits) and a deep groundwater unit known as the Farrington Sand,
which is part of the Potomac-Raritan-Magothy aquifer system. The deeper groundwater unit is
separated by a clay unit; as such, the deeper groundwater has been classified as a semi-confined
aquifer. Groundwater is first encountered generally at the Facility at a depth approximately 13 to 23 ft
below ground surface (bgs). Appendix D provides select figures from the AOI 4 RIR (Stantec 2017) and
the Sitewide Fate and Transport RIR (Stantec 2022) for reference including, Figures 2-6, 2-7, and 2-8
from the AOI 4 RIR which provide a detailed cross section of the subsurface in this area.

2 North American Vertical Datum of 1988.
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2.5 Local Geology and Hydrogeology

During the Site Assessment and Site Characterization, soil at the Site was primarily investigated within
the upper 5 ft, although certain Site Characterization borings were advanced to a maximum depth of
15 ft. Monitoring wells were installed to depths of up to 20 ft bgs. Anthropogenic fill up to 11 ft thick
was observed in soil cores collected from most of the soil borings installed in Tank Group 04. Soil
beneath the fill layer generally consists of brown to brownish red gravelly sand, clay, and silt.

Historically, unconfined aquifer groundwater has been first encountered in Tank Group 04 at a depth of
approximately 12 to 25 ft bgs (Stantec 2017). During Site Characterization activities, groundwater was
encountered between approximately 10 and 24 ft bgs. Perched groundwater has also been noted to be
present in the anthropogenic fill layers throughout the Facility, causing mounding and irregular
depressions (Stantec 2017).

Groundwater at the refinery has historically been interpreted to flow to the south toward the
convergence of the Delaware and Schuylkill Rivers. However, based on Figure 5-4 of the AOI 4 RIR
(Stantec 2017) and Figure 3-29 of the Sitewide Fate and Transport RIR (Stantec 2022) included in
Appendix D, and the Site Characterization conducted by Philadelphia Energy Solutions Refining and
Marketing LLC, unconfined aquifer groundwater flow within Tank Group 04 has been interpreted to be
locally divided, with groundwater in the southern portion of the Tank Group flowing south, and
groundwater in the central portion flowing to depressions in the northern portions of the Tank Group.

2.6 Land Use

This section describes land use under current and reasonably anticipated future conditions at and in the
vicinity of the Site. This risk assessment uses “on-site” to refer to areas within the Tank Group 04
boundary. “Off-site” is used to describe areas not within the Tank Group 04 boundary but still within the
Facility boundary. The terms “on-facility” and “off-facility” are used to describe areas within and outside
of the Facility’s boundary, respectively.

2.6.1 Current

Currently, the on-facility area (which includes the Site) is undergoing decommissioning/demolition work,
environmental investigation, and predevelopment activities. The land is zoned for Industrial Use.? Aside
from the asphalt roadways that pass through portions of Tank Group 04, and the tank foundations
themselves, the area is currently uncovered and lightly vegetated. The Site is generally flat except for
containment berms constructed around the tank areas to provide containment in the event of a release.

The off-facility area is currently characterized by a mixture of residential, commercial, and industrial
properties®.

3 https://openmaps.phila.gov/.

4 https://openmaps.phila.gov/.
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2.6.2 Future

As captured in the conceptual imagery developed by Hilco Redevelopment Partners®, the on-facility area
(which including the Site) is being redeveloped into a state-of-the-art, multimodal industrial park and life
sciences campus with ancillary rail infrastructure, energy infrastructure, marine capabilities, and
commercial uses. As a result, reasonably anticipated future land use on-facility (which includes the
Site)is commercial/industrial. Also, following redevelopment, much of the area is expected to be
covered by hardscape (e.g., building pads, drive aisles, parking lots, roadways) or other features that will
generally function as barriers to direct contact exposure.

In the future, land use in off-facility areas in proximity to the Site is expected to remain a mixture of
residential, commercial, and industrial properties (City of Philadelphia 2022).

2.7 Groundwater Use

Stemming from several efforts to assess the potential for current and reasonably anticipated future use
of groundwater at and in the vicinity of the Facility, Evergreen has documented no confirmed drinking
water supply wells within 1-mile of the Facility. These efforts have included several well searches, field
verification, and a review of the City of Philadelphia’s ordinances. In 2021, Evergreen supplemented
these efforts by reviewing the City of Philadelphia’s publicly available information concerning potable
drinking water intakes, contacting PADEP’s Safe Drinking Water Program, contacting the City of
Philadelphia’s Health Department, contacting the City of Philadelphia Water Department, contacting the
City of Philadelphia Department of Parks and Recreation, conducting updated database searches
(paGWIS and eMapPA), coordinating with the PADEP to obtain information from the New Jersey
Department of Environmental Protection, and providing additional documentation concerning the
institutional controls at the Site which prohibit groundwater use (Evergreen 2021).

Overall, with consideration for the information compiled by Evergreen regarding groundwater use, this
Risk Assessment assumes the following:

« Groundwater on-facility (including on-site) is not a current or reasonably anticipated future source
of potable or nonpotable water.

o Groundwater off-facility is not a current source of potable or nonpotable water.
« Groundwater off-facility is not a reasonably anticipated future source of potable water.

« Groundwater off-facility is assumed to be a reasonably anticipated future source of nonpotable
water.

> https://www.thebellwetherdistrict.com/.
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3 Site Characterization

This section discusses the results of the soil and groundwater sampling performed in accordance with
the Work Plan and SAP. A review of these results and how they adequately characterize the nature and
extent of constituents in soil and groundwater at the Site, in support of the site-specific risk assessment,
is also provided.

3.1 Soil Investigation

As discussed in the Work Plan, when no evidence of a release to the environment was identified during
Tank Group 04 AST removal, ASTs were subject to Site Assessment sampling using a grid-based approach
with additional biased samples toward the locations of pipe connections or other key infrastructure.
Sampling was conducted during multiple mobilizations as the tanks were being demolished and the
ground became available for sampling. The first mobilization was on July 29, 2021, and the last
mobilization was completed on July 15, 2022, after the removal of double bottoms.

In total, 250 soil borings were installed and 263 soil samples were collected during the Site Assessment.
Figures 4A through 4D show the location of each of the Site Assessment soil borings.

Based on the results of Site Assessment sampling in Tank Group 04, a Site Characterization plan was
developed (Terraphase 2022). The objective of the Site Characterization was to delineate the horizontal
and vertical extent of the potential releases until sufficient data were available to determine the need
for interim or remedial measures. Site Characterization soil sampling was conducted between December
19, 2022, and January 4, 2023. The Site Characterization scope included the installation of an additional
three soil borings and the collection of an additional four soil samples.

Each soil sample was analyzed for the constituents of potential concern (COPCs) listed in Table 1 by
Alpha Analytical, Inc. of Westborough, Massachusetts a PADEP-certified laboratories.

Further details are provided in Sections 5 and 6 of the Report.

3.2 Groundwater Investigation

In addition to soil characterization, groundwater monitoring wells were installed in the vicinity of tanks
PB 840, PB 848, and PB 884, as depicted in Figure 5. The wells were installed to fully characterize the
extent of contamination identified in the vicinity of the tanks, as required by 25 Pa. Code §
245.309(c)(10).

The locations of the monitoring wells were selected with three objectives in mind: (1) to evaluate
groundwater in the vicinity of each tank with a reported release, (2) to bias monitoring well locations
toward areas where higher concentrations have been detected in soil, and (3) to obtain spatial coverage
across the Tank Group.

The monitoring wells were installed and developed between December 20, 2022 and January 4, 2023.
Sampling was conducted 2 weeks following well development of TG04-MW-03, on January 4, 2023, and
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48 hours after development of TG04-MW-01, on January 6, 2023. Monitoring well S-219° was also
sampled on January 6, 2023. A second sampling event was conducted on February 9, 2023, and samples
were collected from TG04-MW-01, TG04-MW-03, and S-219. The groundwater samples collected from
the wells were analyzed for the COPCs listed in Table 1 by Alpha Analytical, Inc. of Westborough,
Massachusetts.

3.3 Adequacy of Characterization

In accordance with 25 Pa. Code § 245.309(b), the site characterization “shall provide sufficient physical
data, through field investigations, to determine the regulated substances involved, and the extent of
migration of those regulated substances in surface water, groundwater, soil or sediment.” Per the
Technical Guidance Manual (PADEP 2021), in order to support a site-specific risk assessment “the
investigation needs to sufficiently characterize the nature and extent and composition of the regulated
substances that have been released.”

Per these requirements, the soil and groundwater sampling data collected were reviewed to determine
whether additional soil sampling would be warranted to complete site characterization and a site-
specific risk assessment. To help support this evaluation, site-specific risk-based screening levels (RBSLs)
were derived in accordance with PADEP and USEPA risk assessment guidance. The RBSLs help to
segregate soil and groundwater sampling data that indicate a higher potential for health significance
from those that indicate a low potential. The RBSLs and their derivation are summarized in Appendix B.
The soil and groundwater sampling results were compared to the RBSLs and the spatial distribution of
concentrations greater than these levels is presented on Figures 4 and 5. The identification of locations
with constituent concentrations greater than these RBSLs does not necessarily mean that an
unacceptable risk has been identified. It simply helps a reviewer focus on a subset of the data in order to
make decisions regarding whether additional field investigation is necessary to support a risk
assessment. The key consideration during this evaluation is whether constituents identified at
concentrations above the RBSLs have sufficient lateral and vertical characterization to ensure that
reliable and conservative estimates of the exposure concentration (usually a 95 percent upper
confidence limit (UCL) on the mean) for a particular exposure area (and exposure scenario) can be
developed. Based on these considerations, the soil and groundwater sample results at the Site were
evaluated to determine the adequacy of the data to support the site-specific risk assessment.

3.3.1  Soil

As shown in Table 2, 20 of the 22 analyzed constituents were detected in soil at the Site. Benzene,
cumene, ethyl benzene, 1,2,4-trimethylbenzene (124-TMB), 1,3,5-trimethylbenzene (135-TMB), xylenes
(total), naphthalene, and lead were detected in soil at concentrations greater than the RBSLs. Lead was
detected in soil at concentrations greater than the routine worker direct contact RBSLs. Benzene,
cumene, ethyl benzene, 124-TMB, 135-TMB, xylenes (total), and naphthalene were detected in soil at

6 Since monitoring well TG04-MW-02 was dry, Evergreen well, S-219, was sampled as a replacement well during
both sampling events.
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concentrations greater than the routine worker vapor intrusion RBSLs. 124-TMB, xylenes (total),
naphthalene, and lead were detected in soil at concentrations greater than the construction worker
direct contact RBSLs. No constituents were detected in soil at concentrations greater than the soil
migration to groundwater RBSLs.

As further described in Section 7 of the Report, based on the review of the soil concentrations in
comparison to the RBSLs and the spatial distribution of concentrations greater than these levels, the soil
sampling performed adequately characterizes the nature and extent of regulated substances to support
a site-specific risk assessment. The horizontal and vertical extent of constituents identified at
concentrations above the RBSLs has been determined such that reliable and conservative estimates of
the exposure concentration for the exposure area can be developed.

3.3.2 Groundwater

As shown in Table 3, 13 of the 22 analyzed constituents were detected in groundwater. Benzene was
detected in groundwater at concentrations greater than the nonpotable groundwater use and off-
facility resident vapor intrusion RBSLs. No constituents were detected in groundwater at concentrations
greater than the routine worker volatilization to outdoor air, routine worker vapor intrusion,
construction worker direct contact, or groundwater migration-to-surface water RBSLs.

As further described in Section 7 of the Report, based on the review of the groundwater concentrations
in comparison to the RBSLs and the spatial distribution of concentrations greater than these levels, the
groundwater wells provide results that adequately characterize the nature and extent of regulated
substances to support a site-specific risk assessment. The horizontal extent of constituents identified at
concentrations above the RBSLs has been determined such that reliable and conservative estimates of
the exposure concentration for the exposure area can be developed.

4 Data Selection and Preparation

All soil and groundwater data collected during the investigation are considered in this Risk Assessment.
The following procedures are used to prepare the sampling data to support quantitative risk
assessment. These procedures, which account for USEPA risk assessment guidance (USEPA 1989), are as
follows:

« Constituent concentrations qualified by the lab as not detected (i.e., U-qualified) are evaluated as
non-detects in accordance with USEPA guidance (1989).

« Constituent concentrations qualified by the lab as estimated (i.e., J-qualified) are included and
treated as detected concentrations for quantitative assessment.

« The concentrations of xylenes are the sums of the concentrations of the isomers that were detected
and half the quantitation limits of the isomers that were not detected in the same sample but were
detected in the same matrix at the Site. If no isomer was detected in a sample, the constituent is
considered to be not detected in the sample and handled accordingly, as described in Section 5.1.2.

(D Page 8



Revised Site-Specific Human Health Risk Assessment
Former Philadelphia Energy Solutions Refinery

o Constituent concentrations in duplicate field samples are averaged to obtain a representative
concentration for the sample. When a constituent was detected in only one sample of a duplicate
pair, the average of the detected concentration and one-half the quantitation limit for the non-
detect is used.

While PADEP’s (2021) Technical Guidance Manual and USEPA’s (1989) risk assessment guidance include
an optional step for shortening the list of constituents included in quantitative assessments, this risk
assessment does not eliminate any detected constituents from the cumulative risk calculations. For this
Risk Assessment, any constituent detected in soil or groundwater at the Site is considered a COPC,
regardless of whether its concentration exceeded the RBSL or not.

5 Human Health Risk Assessment

Terraphase has performed this risk assessment to evaluate potential human health risks that could be
attributable to former releases of hazardous constituents at the Site (i.e., Tank Group 04). Potential risks
are characterized using a reasonable maximum exposure (RME), or a conservative estimate of the RME
under the current and reasonably anticipated future land uses at and around the Site. The methods used
in the human health risk assessment are based upon PADEP and USEPA human health risk assessment
guidance.

Section 5.1 describes how the exposure assessment is performed including the identification of
scenarios for potential human exposure, the compilation of exposure factors for each receptor, and how
exposure concentrations are calculated. Section 5.1.4.5 describes how toxicity values are compiled.
Section 5.3 discusses how the risk characterization is performed and Section 5.4 summarizes the impact
of currently anticipated uncertainties on the outcome of the risk characterization.

5.1 Exposure Assessment

In accordance with 25 Pa. Code § 250.602(c)(2), this section discusses the exposure assessment
performed to evaluate risks associated with potential human exposures to COPCs in soil and
groundwater at the Site. It discusses the exposure assumptions used to quantify potential exposure via
the incidental ingestion and inhalation exposure routes. Please note that while 25 Pa. Code §
250.602(c)(2) indicates that an exposure assessment shall consider “ingestion, inhalation, and
volatilization” pathways, this risk assessment also includes an evaluation of dermal contact in the
exposure assessment.

The potential exposures via ingestion and dermal contact are quantified in terms of a dose as follows:
Dose = Concentration X Intake

The dose for evaluating cancer risk is averaged over a lifetime and is called the lifetime average daily
dose. For evaluating noncancer effects, the dose is averaged over the duration of potential exposure
and is called the average daily dose. The concentration term in the dose equation refers to the average
constituent concentration in an environmental medium to which a population is exposed over a
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specified duration. The intake term refers to the intake rate of the contaminated environmental
medium, which is a function of the magnitude, frequency, and duration of exposure. The methods for
estimating the concentration term are discussed in Sections 5.1.2 and 5.1.3. The exposure factors used
to quantify the magnitude, frequency, and duration of potential exposures are discussed in

Section 5.1.4.

Inhalation exposures are quantified in terms of an exposure concentration, which is an air concentration
that is time-weighted over the duration of exposure. The exposure concentration for evaluating cancer
risk is an average over a lifetime. For evaluating chronic and subchronic noncancer effects, the exposure
concentration is an average over the duration of exposure. The methods for estimating air
concentrations are discussed in Sections 5.1.2 and 5.1.3.

The environmental setting at and around the Site, including climate, geology, hydrogeology, water
supply, land and groundwater use, is discussed in the Report and Section 2, and therefore is not
repeated in this section.

5.1.1 Scenarios for Potential Human Exposure

Per the requirements specified in 25 Pa. Code § 250.602 and § 250.603, this section identifies potentially
exposed populations (receptors) and describes the exposure pathways for each receptor. The receptors
and exposure pathways are also summarized in Table 3.

This risk assessment uses “on-site” to refer to areas within the Tank Group 04 boundary. “Off-site” is
used to describe areas not within the Tank Group 04 boundary but still within the Facility boundary. The
terms “on-facility” and “off-facility” are used to describe areas within and outside of the Facility’s
boundary, respectively.

5.1.1.1 Potential On-Site Exposures

Current Conditions

The Facility (which includes the Site) is currently undergoing decommissioning/demolition work,
environmental investigation, and predevelopment activities. Access to the Facility is controlled with
fencing and site security. Because of this, trespassing at the Site is expected to be extremely limited
under current conditions. The current on-site receptors evaluated in the human health risk assessment
include construction workers who may become exposed during site redevelopment or major
construction activities and trespassers. Workers who occasionally perform site investigation work on-
site are not evaluated because they are required to follow health and safety procedures, including the
use of appropriate personal protective equipment, to prevent unacceptable exposures. Workers
involved with the redevelopment and reuse of the Site are evaluated in the risk assessment, assuming
they do not follow health and safety procedures or wear personal protective equipment.

Future Conditions

Reasonably anticipated future receptors at and in the immediate vicinity of the Site could include
workers who may be exposed during the performance of typical or routine commercial activities
(routine workers), maintenance workers who may become exposed during maintenance activities
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including minor subsurface repair/utility activities, construction workers who may become exposed
during site redevelopment or major construction activities, and trespassers.

Potential exposure of routine workers is assumed to include incidental ingestion and dermal contact

with COPCs in exposed surface soil. Routine workers could also be exposed to the following:

« COPCsin vapors and particulates from exposed surface soil

e COPCs in vapors from subsurface soil and shallow groundwater that migrate into outdoor air

e COPCs in vapors from subsurface soil and groundwater that migrate through building foundations
into indoor air

Potential future exposure of construction workers and maintenance workers is assumed to include the

following:

« Incidental ingestion and dermal contact with COPCs in exposed surface and subsurface soil and
shallow groundwater

o Inhalation of COPCs in airborne particulates and vapors from exposed surface soil
o Inhalation of COPCs in vapors from subsurface soil and shallow groundwater

7

Potential future exposures of trespassers’ are assumed to include the following:

« Incidental ingestion of and dermal contact with COPCs in exposed surface soil
e COPCs in vapors and particulates from exposed surface soil

e COPCs in vapors from subsurface soil and shallow groundwater that migrate into outdoor air

5.1.1.2 Potential Off-Site/Off-Facility Exposures

Potential off-site receptors under current and future conditions may include receptors who are off-
facility, or receptors who are off-site (i.e., located outside of the Tank Group) but still within other
portions of the Facility. Off-facility receptors include residents, routine workers, construction workers,
maintenance workers and trespassers®. Off-site receptors include the same populations with the
exception of residents who are not a reasonably anticipated receptor population on-facility.

Potential exposure of off-facility residents is assumed to include inhalation of COPCs in airborne
particulates from on-site soil and/or vapors from on-site soil and groundwater. Off-facility residents
could also be exposed to vapors from groundwater that migrate through building foundations into
indoor air should site-related groundwater contamination migrate off-facility to areas where residential
buildings exist or could exist in the future.

7 While receptor populations could include trespassers, this risk assessment did not quantitatively evaluate the
potential exposure of these receptors, but instead relies upon the quantitative risk calculations performed for on-
site routine workers to serve as a surrogate for this population.

8 Quantitative risk estimates for each of the off-facility receptors were not performed. Instead, this risk assessment
relies on the quantitative risk calculations performed for off-facility residents to serve as a surrogate for these
receptor populations.
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The risk assessment also considers and evaluates the potential for groundwater contamination to
migrate to the Schuylkill River given its proximity to the Site, which is approximately 1,250 ft to the west.

5.1.2 Exposure Concentrations

This section describes how exposure concentrations are determined for the soil and groundwater risk
estimates.

5.1.2.1 Soil Exposure Concentrations

To evaluate potential exposure to soil and to streamline this risk assessment, the maximum detected
concentration of each COPC in soil from any location across the Site and at any depth is conservatively
used as the exposure concentration for each exposure scenario. This initial set of soil concentrations
represents upper-bound estimates of the actual exposure concentrations, and as such, the cumulative
cancer risk and noncancer hazard index (HI) estimates calculated using these concentrations represent
upper-bound estimates.

As a supplement to these exposure area risk/HI estimates, for exposure scenarios where potentially
unacceptable risks/Hls are identified and for vapor intrusion exposure, soil risk/HI estimates are
calculated for each soil sampling location. This is done to facilitate the identification of areas with
potentially unacceptable risks/HI and to guide risk management decision making (e.g., what areas of the
Site would warrant and not warrant vapor intrusion risk management). For these location-specific
calculations, the highest detected concentration of each COPC from any depth at each soil sample
location is used. Additionally, where a COPC is non-detect at a location but detected within the specific
exposure media at the Site, 5 the analytical limit is used. This set of soil concentrations represent upper-
bound estimates of the actual exposure concentrations, and as such, the cumulative cancer risk and
noncancer Hl estimates calculated using these concentrations should also be considered upper-bound
estimates.

5.1.2.2 Groundwater Exposure Concentrations

To evaluate potential exposure to groundwater and streamline this risk assessment, the maximum
detected concentration of each COPC in groundwater from any location across the Site is conservatively
used as the exposure concentration for each exposure scenario.

5.1.3 Fate and Transport Models

The following models are used in the risk assessment to estimate exposure concentrations for the
exposure scenarios discussed in Section 5.1.1. These models are used by USEPA and state regulatory
agencies (including PADEP) for conservative, screening level analysis. The following are brief descriptions
of the models. Further details of these models are provided in Appendix A.

5.1.3.1 Vapor Emission from Exposed Soil

Vapor emissions from exposed soil are estimated using the Jury model (Jury et al. 1983) based on
depletion over time, assuming conservatively that the soil is initially impacted from the ground surface
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to the water table (a depth of approximately 19 ft bgs, the average depth to groundwater in Tank
Group 04).

A discussion of the model is provided in Appendix A.

5.1.3.2 Vapor Emission from Groundwater

Vapor emissions from groundwater (not exposed) are calculated using the steady-state diffusion
equation in one-dimension assuming a constant source concentration and a maximum concentration
gradient.

A discussion of the model is provided in Appendix A.

5.1.3.3  Vapor Emission from Exposed Groundwater

The model for estimating vapor emissions from exposed groundwater during excavation activities is
estimated using mass transfer coefficients recommended by USEPA (1995b).

A discussion of the model is provided in Appendix A.

5.1.3.4  Air Dispersion

Annual average air concentrations are estimated using the empirical correlations presented in

USEPA's (2002) Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites,
assuming a square source area, and correlation coefficients for the Philadelphia, Pennsylvania
meteorological area, which is the area nearest to the Site among the locations with available correlation
coefficients.

For soil and groundwater exposures, the source area is assumed to be 70.6 acres, the area of Tank
Group 04. For exposure scenarios where groundwater is encountered during excavations to the water
table, the air concentrations are estimated in an analogous manner, but the source area is based on a
15- by 15-ft excavation area and an averaging period of 24 hours. The maximum 24-hour average air
concentration was estimated from the annual average air concentration by using a conservative factor
of 0.4/0.19 (or 2.1 [USEPA 2002]).

5.1.3.5 Dust Emission

For the routine worker and off-facility resident exposure scenarios that involve exposure to COPCs in
outdoor soil, the emission of respirable soil particulates (PMio) is calculated using the wind erosion
model recommended by USEPA (1996b) with USEPA default soil parameters, and wind speed and
anemometer height from the nearest weather station, which is located in Philadelphia, Pennsylvania
(NOAA 2018).

During maintenance activities, the PMyg level is set at 50 micrograms per cubic meter (ug/m3). This PM1
level is based on a time-weighted average assuming maintenance workers spend 1/3 of their exposure
period excavating into the subsurface and 2/3 of their exposure period conducting maintenance
activities that do not involve excavation into the subsurface. In calculating the time-weighted average,
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the 24-hour average National Ambient Air Quality Standards for PMyo of 150 pg/m? is used as the PMyg
concentration during excavations and a PMjo concentration of 1 ug/m? is used for the time during
maintenance activities that do not involve excavation. The PMjo concentration during non-excavation
maintenance activities is expected to be less than 1 pg/m?3, based on the wind erosion model
recommended by USEPA (1996b) using site-specific wind speed from Philadelphia, Pennsylvania
(NOAA 2018).

During construction activities, the PMyo level is set at 50 pg/m?3, which is the former annual average
National Ambient Air Quality Standard for PMs, since construction workers are assumed to be
performing excavations for a work year. It is assumed that the PM, concentration would be at this limit
every day for the entire period of construction worker exposure.

5.1.3.6  Vapor Intrusion into Future Buildings

Indoor air concentrations from the migration of vapors from soil and groundwater into a hypothetical
future nonresidential building is estimated using the model described by Johnson and Ettinger (1991),
which PADEP and USEPA recommend for screening level evaluations (PADEP 2021; USEPA 20043,
2017b). Indoor air concentrations from groundwater into a hypothetical future residential building are
also estimated using this model.

Indoor air concentrations from the migration of vapors from on-site soil are calculated by assuming that
soil contamination extends from the bottom of the future building slab to the water table (i.e., a depth
of 3 ft) for all constituents. These calculations also assume that the building cracks are filled with sand
and utilize generic properties for sand recommended by USEPA (2004a). Generic residential building
parameters (PADEP 2021; USEPA 2004a, 2017b) are also used.

A discussion of the model and the input parameters used in the assessment is provided in Appendix A.

5.1.3.7 Nonpotable Groundwater Use

Potential future off-facility exposures to COPCs in groundwater via nonpotable groundwater use are
evaluated using a hypothetical scenario where groundwater is used to fill a backyard wading pool
(“kiddie” pool). This scenario represents a reasonable worst case exposure scenario in which the
estimated exposure is expected to be higher than those associated with other nonpotable uses (e.g.,
watering lawns, washing cars). The model for estimating vapor emission from a residential kiddie pool is
based on models for estimating vapor emissions from open-top batch tanks (USEPA 1995a, 1995b).

A discussion of the model and the input parameters used in the assessment is provided in Appendix A.

5.1.3.8  Soil-to-Groundwater Pathway

Impacts to groundwater from site-related constituents are evaluated by calculating cancer risk and
noncancer Hl estimates by scaling off of the risk-based soil migration-to-groundwater RBSLs. These
RBSLs were calculated using both an “equilibrium partitioning” (also called soil/water partitioning
[USEPA 1996a]) and a “leach test” methodology, as described in Appendix B. For each COPC, the soil
screening level corresponding to the more realistic of the two calculation methods is used as a soil
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migration-to-groundwater screening level. Soil migration-to-groundwater RBSLs were calculated using
the target groundwater concentrations based on groundwater RBSLs for the following scenarios:

« Routine worker exposure to COPCs in groundwater via volatilization to outdoor air and vapor
intrusion

o Construction worker exposure to COPCs in groundwater via direct contact
o  Off-facility resident exposure to COPCs in groundwater via vapor intrusion
o  Off-facility receptor exposure to COPCs in groundwater via nonpotable groundwater use

Because the groundwater migration to surface water screening levels are not entirely human health
based, estimates of cancer risk and HI are not calculated to evaluate this exposure scenario. Instead, soil
concentrations that could result in exceedances of the groundwater migration to surface water RBSLs
are identified.

The target groundwater concentrations are presented in Appendix B, Attachment 4.

5.1.4  Exposure Factors

In this risk assessment, standard default exposure factors® recommended by PADEP and USEPA for
estimating RME are used where available and appropriate. Where standard default exposure factors are
not available or appropriate for an exposure scenario, the evaluation was conducted using exposure
factors that are based on site-specific considerations and professional judgment. The standard default
exposure factors are conservative assumptions about the magnitude, frequency, and duration of
exposures, which, in combination, are intended to provide estimates of exposures that are higher than
actual exposures to a large portion (90 to 99 percent) of a potentially exposed population.

51.41 Routine Workers

In this risk assessment, potential exposure of routine workers to constituents in soil and groundwater is
conservatively evaluated using the standard default exposure factors used by PADEP in deriving the
Statewide Health Standards. Where PADEP has not recommended a standard default exposure factor,
standard default exposure factors recommended by USEPA (1991, 2014) are used where available and
appropriate.

Soil Ingestion Rate

The soil ingestion rate of 50 milligrams per day (mg/day) is PADEP’s default value for evaluating RME in
nonresidential settings (25 Pa. Code § 250.306(d)).

Soil Dermal Contact Rate and Absorption

The dermal contact rate is the product of the exposed skin surface area and the soil-to-skin adherence
factor. The exposed skin surface area of 3,527 square centimeters per day (cm?/day) and the soil-to-skin

° Because PADEP does not maintain default exposure factors for dermal contact with soil, this exposure assessment
used standard default dermal contact exposure factors recommended by USEPA for evaluating RME (USEPA 2014).
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adherence factor of 0.12 milligrams per square centimeter (mg/cm?) are USEPA’s recommended values
for evaluating RME with soil by workers in commercial/industrial settings (USEPA 2014). The absorbed
dose from dermal contact with soil is estimated by multiplying the dermal contact rate by USEPA-
recommended absorption factors for absorption from soil (USEPA 2004c).

Exposure Time

Routine workers are assumed to be at the Site with the potential to inhale vapors and particulates from
site-related sources for 8 hours/day. This exposure time is PADEP’s (25 Pa. Code § 250.307(d)) and
USEPA’s recommended value for full-time workers (USEPA 2009).

Exposure Frequency

An exposure frequency of 180 days/year is used to evaluate outdoor nonresidential exposure to soil. It is
also used to evaluate nonresidential exposure to vapors in outdoor air from shallow groundwater. This is
PADEP’s standard default value for evaluating nonresidential exposures, which assumes frozen ground
for several days of the year consistent with 25 Pa. Code § 250.307(d).

An exposure frequency of 250 days/year is used to evaluate indoor nonresidential exposure to
constituents from soil and shallow groundwater via vapor intrusion. This assumption is USEPA’s
standard default value for evaluating RME in commercial/industrial settings (USEPA 1991, 2014). It is
based on a 5-day work week and 50 weeks/year.

Exposure Duration

The exposure duration of 25 years is the PADEP (25 Pa. Code § 250.307(d)) and USEPA (1991, 2014)
standard value for estimating RME in commercial/industrial settings. It is the 95" percentile job tenure
of workers in manufacturing.

This combination of exposure frequency and exposure duration is expected to be conservative for the
amount of time that workers are actually exposed to soil during outdoor activities, as routine workers
spend the majority of their time indoors. USEPA (1991, 2014) has recommended the use of these values
for evaluating high-end routine worker exposures.

Body Weight

The body weight of 80 kilograms (kg) is PADEP’s (25 Pa. Code § 250.307(d)) and USEPA’s standard value
for assessing exposure of adults (USEPA 2014).

Averaging Time

The averaging time for evaluating cancer risk is equal to a lifetime of 70 years, and the averaging time
for evaluating noncancer risk is equal to the exposure duration (USEPA 1989).

5.1.4.2 Maintenance Workers

The exposure factors used for evaluating potential exposure of maintenance workers to soil and
groundwater are as follows:
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Soil Ingestion Rate

The ingestion rate of 100 mg/day is USEPA’s recommended soil ingestion rate for outdoor workers
engaged in high-intensity soil contact activities such as repairing underground utilities, repairing
roadways or performing landscaping activities (USEPA 2002). This soil ingestion rate is proposed by
USEPA to reflect increased ingestion exposures experienced by workers during landscaping or other soil
disturbing activities.

Soil Dermal Contact Rate and Absorption

The dermal contact rate is the product of the exposed skin surface area and soil-to-skin adherence
factor. The exposed skin surface area of 3,527 cm?/day and the soil-to-skin adherence factor of

0.12 mg/cm? are USEPA’s recommended values for evaluating RME in commercial/industrial settings
(USEPA 2014). The exposed skin surface area is based on the weighted average of mean values for head,
hands, and forearms.

Soil Exposure Frequency

The exposure frequency of 30 days/year is based on professional judgment regarding the number of
days per year of maintenance activities involving soil contact. It is the number of workdays in 6 weeks of
such activities, which is an estimate of the time needed to complete occasional subsurface maintenance
activities. This exposure frequency is also consistent with a high-end exposure frequency expected for
individuals charged with performing landscaping activities at the Site throughout a year (e.g., one day a
week, every two weeks or about 26 days/year).

Inhalation Exposure Time

Maintenance workers are assumed to be at the Site with the potential to inhale vapors and particulates
from site-related sources for 8 hours/day, the PADEP (25 Pa. Code § 250.307(d)) and USEPA
recommended value for full-time workers (USEPA 2009).

Groundwater Ingestion

The incidental groundwater ingestion rate is the product of the hourly ingestion rate and exposure time.
The ingestion rate of 0.005 liters per hour is one-tenth of USEPA’s recommended value for incidental
ingestion while swimming (USEPA 1989) and represents a very conservative estimate of incidental
groundwater ingestion that could occur while workers are in an excavation pit. The exposure time of

2 hours per day for contact with groundwater or surface water during maintenance activities is based on
professional judgment.

Groundwater Dermal Contact

The exposed skin surface area of 3,527 cm? is based on the USEPA-recommended exposed skin surface
area for evaluating high-end contact with soil by workers in industrial settings (USEPA 2014). Workers
are conservatively assumed to be covered with groundwater over this exposed skin surface area for

2 hours per event. The chemical-specific permeability coefficient (K,) for dermal absorption from
groundwater is estimated following USEPA guidance (USEPA 1992, USEPA 2004c).
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Groundwater Exposure Frequency

The exposure frequency of 15 days per year assumes that the maintenance work involves excavations
that encounter groundwater for 5 days per week for 3 weeks per year, based on professional judgment.
These exposure frequencies are expected to be conservative for the amount of time that workers are
actually exposed to soil or groundwater (as opposed to the total time for maintenance or construction,
which typically includes time not associated with excavation).

Groundwater Vapor Inhalation Exposure Time

Maintenance workers are assumed to be exposed to vapors from groundwater 2 hours per day while
performing maintenance activities in groundwater, based on professional judgment.

Exposure Duration

An exposure duration of 10 years is used for maintenance worker exposure to soil or groundwater. The
exposure duration of 10 years is supported by the analysis of Burmaster (2000), using data from the
Bureau of Labor Statistics through February 1996, which indicated that 95 and 90" percentile job
tenure of workers in construction is approximately 12.48 years and 7.7 years, respectively. The duration
of 10 years is longer than the length of time that workers typically work in an occupation (USEPA 2014).

Body Weight

The body weight of 80 kg is PADEP’s (25 Pa. Code § 250.307(d)) and USEPA’s standard value for
assessing exposure of adults (USEPA 2014).

Averaging Time

The averaging time for evaluating cancer risk is equal to a lifetime of 70 years, and the averaging time
for evaluating noncancer Hl is equal to the exposure duration (USEPA 1989).

5.1.4.3 Construction Workers

The exposure factors used for evaluating potential exposure of construction workers to soil and
groundwater are as follows:

Soil Ingestion Rate

The ingestion rate of 200 mg/day is the 90" percentile from the adult soil ingestion study published by
Stanek et al. (1997). It is more appropriate than the 95" percentile (330 mg/day) from the same study,
because in a study of only 10 adults, the 95 percentile is at or beyond the highest observed ingestion
rate and, as such, has far more uncertainty than the 90" percentile. Using the 90" percentile is also
consistent with USEPA and PADEP guidance on selecting exposure factors for estimating the RME.

Soil Dermal Contact Rate and Absorption

The dermal contact rate is the product of the exposed skin surface area and soil-to-skin adherence
factor. The exposed skin surface area of 3,527 cm?/day and the soil-to-skin adherence factor of
0.12 mg/cm? are USEPA’s recommended values for evaluating RME in commercial/industrial settings
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(USEPA 2014). The exposed skin surface area is based on the weighted average of mean values for head,
hands, and forearms.

Soil Exposure Frequency

The exposure frequency of 250 days/year is based on professional judgment regarding the number of
days of soil excavation or other high-intensity soil contact activities. This exposure frequency is expected
to overestimate the amount of time that workers are actually exposed to soil in excavations or during
other high-intensity soil contact activities (as opposed to the total time for construction, which typically
includes time not associated with high-intensity soil contact activities). It is based on a 5-day work week
and 50 weeks per year.

Inhalation Exposure Time

Construction workers are assumed to be at the Site with the potential to inhale vapors and particulates
from site-related sources for 8 hours/day, the PADEP (25 Pa. Code § 250.307(d)) and USEPA
recommended value for full-time workers (USEPA 2009).

Groundwater Ingestion

The incidental groundwater ingestion rate is the product of the hourly ingestion rate and exposure time.
The ingestion rate of 0.005 liters per hour is one-tenth of USEPA’s recommended value for incidental
ingestion while swimming (USEPA 1989) and represents a very conservative estimate of incidental
groundwater ingestion that could occur while workers are in an excavation pit. The exposure time of

2 hours per day for contact with groundwater during construction activities is based on professional
judgment.

Groundwater Dermal Contact

The exposed skin surface area of 3,527 cm? is based on the USEPA-recommended exposed skin surface
area for evaluating high-end contact with soil by workers in industrial settings (USEPA 2014). Workers

are conservatively assumed to be covered with groundwater over this exposed skin surface area for

2 hours per event. K, for dermal absorption from groundwater is estimated following USEPA guidance

(USEPA 1992, USEPA 2004c).

Groundwater Exposure Frequency

The exposure frequency of 15 days per year assumes that the construction work involves excavations
that encounter groundwater for 5 days per week for 3 weeks per year, based on professional judgment.

Groundwater Vapor Inhalation Exposure Time

Construction workers are assumed to be exposed to vapors from groundwater 2 hours per day while
performing maintenance activities in groundwater, based on professional judgment.

Exposure Duration

The exposure duration of 1 year is based on professional judgment regarding the duration of site
redevelopment activities at the Site that will involve earthmoving.
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Body Weight

The body weight of 80 kg is PADEP’s (25 Pa. Code § 250.307(d)) and USEPA’s standard value for
assessing exposure of adults (USEPA 2014).

Averaging Time

The averaging time for evaluating cancer risk is equal to a lifetime of 70 years, and the averaging time
for evaluating noncancer Hl is equal to the exposure duration (USEPA 1989).

5.1.4.4 Nonpotable Use

The exposure factors used for evaluating potential exposure to groundwater through a hypothetical
scenario where groundwater is used to fill a backyard wading pool (“kiddie” pool) are as follows:

Exposure Frequency and Duration

The exposure frequency for the kiddie pool scenario is 96 days/year, which is based on 4 days per week
for the number of months, 6 months, when the average daily temperature is above 65 degrees
Fahrenheit in Philadelphia, Pennsylvania (NOAA 2018). Residents are assumed to be exposed to
groundwater for 26 years (6 years as children and 20 years as adults; USEPA 2014). This combination of
exposure frequency and exposure duration is expected to be conservative for the amount of time that
residents would actually spend using groundwater off-facility.

Incidental Water Ingestion

The rate of 0.05 L/hour is the USEPA-recommended value for ingestion of water while swimming
(USEPA 1989).

Dermal Contact Rate

The exposed skin surface areas of 6,365 cm? and 19,652 cm? are USEPA’s recommended values for
evaluating RME with groundwater by children and adults, respectively (USEPA 2014). Child and adult
residents are assumed to wade in the pool for 2 hours per event, and one event per day, based on
professional judgment. The absorbed dose for organic constituents is estimated using the nonsteady-
state approach (USEPA 2004c), which is more conservative than the steady-state approach

(USEPA 1989), particularly for hydrophobic constituents. The K, for dermal absorption of organic
constituents from groundwater is estimated following USEPA guidance (USEPA 2004c).

5.1.45 Off-Facility Residents

The exposure factors used for evaluating potential exposure of off-facility residents to on-site soil and
groundwater if airborne particulates and vapor from on-site soil or airborne vapor from on-site
groundwater were to migrate off-facility, are as follows:
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Exposure Time

Residents are assumed to be at home with the potential to inhale vapors and particulates from site-
related sources for 24 hours/day. This exposure time is PADEP’s (25 Pa. Code § 250.307(d)) and USEPA’s
recommended value for residents (USEPA 2009).

Exposure Frequency

An exposure frequency of 250 days/year is used to evaluate outdoor residential exposure to vapors in
outdoor air from site-related soil and shallow groundwater. This is PADEP’s standard default value for
evaluating residential exposures, which assumes frozen ground for 100 days of the year consistent with
25 Pa. Code § 250.307(d).

An exposure frequency of 350 days/year is used to evaluate indoor residential exposure to constituents
from site-related shallow groundwater via vapor intrusion. This assumption is USEPA’s standard default
value for evaluating RME in residential settings (USEPA 1991, 2014). It is based on 7 days/week and

50 weeks/year.

Exposure Duration

The exposure duration of 26 years is USEPA’s standard default value for evaluating RME in residential
settings (USEPA 1991). It is the 90™ percentile for time spent at one residence.

Body Weight
The body weight of 15 and 80 kg are PADEP’s (25 Pa. Code § 250.307(d)) and USEPA’s standard value for
assessing exposure of children and adults, respectively (USEPA 2014).

Averaging Time

The averaging time for evaluating cancer risk is equal to a lifetime of 70 years, and the averaging time
for evaluating noncancer risk is equal to the exposure duration (USEPA 1989).

5.2 Toxicity Assessment

In accordance with 25 Pa. Code § 250.602(c)(3), this section presents the toxicity assessment. A toxicity
assessment identifies potential adverse health effects that are associated with exposure to constituents
and determines the dose response relationship between exposure and the occurrence of adverse
effects. The toxicity values used in this risk assessment are compiled from USEPA's hierarchy of sources
(USEPA 2003), as follows:

1. Integrated Risk Information System;
2. Provisional Peer Reviewed Toxicity Values; and

3. Other Toxicity Values.

When a toxicity value is not available from the first two tiers of the hierarchy, other USEPA and non-
USEPA sources (e.g., Agency for Toxic Substances and Disease Registry) of toxicity values are considered.
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The toxicity values used in the risk assessment and their sources are summarized in Appendix A. The
toxicity values used in this risk assessment are current as of January 9, 2023.

5.2.1  Cancer Toxicity Values

For constituents that USEPA assessed prior to the Guidelines for Carcinogen Risk Assessment
(USEPA 2005), USEPA considers constituents belonging to the following cancer weight of evidence
groups as human carcinogens:

e Group A - Known Human Carcinogen: Sufficient evidence of carcinogenicity in humans;

e Group B1 - Probable Human Carcinogen: Limited evidence of carcinogenicity in humans;

o Group B2 - Probable Human Carcinogen: Sufficient evidence of carcinogenicity in animals with
inadequate or lack of evidence in humans; and

e Group C - Possible Human Carcinogen: Limited evidence of carcinogenicity in animals and

inadequate or lack of evidence in humans.

For constituents that USEPA assessed after the Guidelines for Carcinogen Risk Assessment (USEPA 2005),
USEPA uses the following cancer weight of evidence groups:

o Carcinogenic to Humans
o Likely to be Carcinogenic to Humans
« Suggestive Evidence of Carcinogenic Potential

« Inadequate Information to Assess Carcinogenic Potential

As shown in Appendix A, some of the constituents in this risk assessment are not designated as Group A
or as being “Carcinogenic to Humans”, which means USEPA acknowledges that there is either
inadequate evidence or a lack of evidence that these constituents cause cancer in humans. Therefore,
evaluating these constituents as human carcinogens in the risk assessment is conservative.

Cancer slope factors (SFs) and unit risk factors (URFs) for these constituents and their sources are shown
in Appendix A. The oral SFs and inhalation URFs represent 95 percent upper confidence bounds on the
probability of getting cancer over a lifetime per unit dose. As recognized by USEPA, there is significant
scientific evidence that some of the SFs and URFs may be overly conservative and may ignore the
potential existence of threshold doses. Nonetheless, they are used here as assessment tools.

5.2.2 Noncancer Toxicity Values

Constituents designated by USEPA as belonging to the cancer weight-of-evidence Group D (Not
Classifiable as to Human Carcinogenicity) are considered noncarcinogens. Constituents not designated
as belonging to any cancer group are also treated as noncarcinogens. Chronic and subchronic reference
doses (RfDs) and chronic and subchronic inhalation reference concentrations (RfCs) and their sources
are shown in Appendix A.

The oral RfDs and inhalation RfCs represent estimates of the daily exposure to the human population,
including sensitive subpopulations (e.g., children), which are likely to be without an appreciable risk of
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deleterious effects during a lifetime. These RfDs and RfCs typically incorporate several safety factors to
account for uncertainties in their derivation, which in combination often result in overall uncertainty
factors of 1,000 or more. Furthermore, for many constituents, there is significant scientific debate about
the validity of these RfDs and RfCs, and the association of these doses and concentrations to potential
adverse health consequences. Nonetheless, the RfDs and RfCs are used here as conservative assessment
tools.

5.2.3  Extrapolation of Toxicity Values

The USEPA sources of toxicity values listed above do not provide dermal toxicity values for any of the
constituents. Therefore, oral toxicity values (i.e., oral SFs and RfDs) are used as dermal toxicity values in
this risk assessment. Adjustments to the oral toxicity values, where appropriate, are made in this route-
to-route extrapolation following USEPA guidance (USEPA 2004c).

The USEPA sources of toxicity values listed above do not provide inhalation toxicity values (URFs and
RfCs) for all of the constituents. Route-to-route extrapolation from oral toxicity values was not
performed to obtain inhalation toxicity values for these constituents, consistent with USEPA guidance on
performing inhalation risk assessments (USEPA 2009).

Uncertainties introduced by using extrapolated toxicity values are discussed in Section 5.4.3.

5.3 Risk Characterization

The health significance of the potential exposures described in Section 5.1.1 is discussed in the following
subsections. Section 5.3.1 describes the methods for estimating cancer risks and noncancer Hls. Section
5.3.2 discusses the risk estimates and the significance of the potential exposures for each receptor
population/exposure scenario.

5.3.1 Cancer and Noncancer Risks

In accordance with 25 Pa. Code § 250.602(c)(4), this section presents the risk characterization
performed to conservatively quantify the cancer risk and noncancer Hl for receptors potentially exposed
to COPCs in soil and groundwater at the Site.

The cancer risk associated with potential exposure to a carcinogenic constituent via ingestion and
dermal contact is calculated by multiplying an estimate of the lifetime average daily dose for a particular
exposure scenario by the cancer SF for the constituent as follows:

Risk = LADD - SF

For the inhalation route, the cancer risk is calculated using the constituent concentration in air (C,ir) and
the URF, as follows:
ET -EF -ED

Risk = URF - Cair * ——0
c
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Where ET is exposure time, EF is exposure frequency, ED is exposure duration, and averaging time for
carcinogens (AT) is the averaging time for carcinogens.

The noncancer hazard quotient (HQ) associated with potential exposure via incidental ingestion and
dermal contact is calculated by dividing an estimate of the average daily dose by the RfD for the
constituent as follows:

_ADD

HQ =2y

For the inhalation route, the HQ is calculated using C,r and the RfC, as follows:

Cuir ET-EF-ED
RfC AT,

HQ =

Unit cancer risks and unit HQs are calculated for a unit constituent concentration (Cunit). Cunit is 1
milligram per kilogram (mg/kg) for soil and 1 milligram per liter for groundwater. Because risk estimates
scale directly with the constituent concentration (except for cancer risk estimates at very high doses),
these unit risks and unit HQs can be calculated once and used to calculate cancer and noncancer risk
estimates efficiently for a large number of locations by multiplying the constituent concentrations for
each location by the unit risks and unit HQs. Unit risks/HQs can also be used to derive RBSLs at a given
target cancer risk level (TCRL) or target hazard quotient (THQ). The unit risks and unit HQs for all routes
of exposure (incidental ingestion, dermal contact, vapor inhalation, and/or particulate inhalation) for a
given receptor to constituents in a given environmental medium are conservatively summed to produce
a single unit risk and unit HQ for each constituent. The cancer risk and noncancer HQ for a particular
constituent i at a particular location are calculated as follows:

Ci . UnitRiSki

Risk; =
' Cunit
Ci : UnitHQl-
HO;, = " <t
Ql Cunit

The media-specific cumulative cancer risk and noncancer HI from exposure to the combination of COPCs
are estimated following USEPA (1989) guidance, as follows:

Cumulative Risk = Z Risk;
i

Hazard Index = Z HQ;
i

Where Risk; is the estimated cancer risk for the /™" constituent and HQ; is the HQ for the it" constituent.
This approach may result in estimates of media-specific cumulative cancer risk and HI that are more
conservative than necessary. For example, different COPCs may cause different and unrelated
noncancer health effects, so summing the HQs for their individual effects would overestimate the
significance of their combined effects. Nonetheless, this approach is used here as a conservative
assessment tool.
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Estimated media-specific cumulative cancer risks for each receptor population identified in Table 3 are
compared to PADEP’s risk management goals established in 25 Pa. Code § 250.402(b). Specifically,
cumulative cancer risks were compared to a risk of 1x10* while noncancer Hls are compared to an HI
of 1.10 Risk estimates equal to or below these goals represent levels which would not warrant risk
management action.

In order to support site characterization decision-making, RBSLs from unit cancer risks and unit
noncancer HQs are also calculated. Unit cancer risks/HQs for each route (i) of exposure (e.g., ingestion,
dermal contact, inhalation) are used to derive RBSLs for each receptor-specific exposure scenario. RBSLs
are calculated at a TCRL of 1x10° and a THQ of 0.1. The TCRL and THQ are used with consideration for
the risk management goals established in 25 Pa. Code § 250.402(b) for attainment of the Site-Specific
Standard (i.e., a cumulative excess cancer risk greater than 1x10 and a noncancer HI! greater than 1).

Cynit - TCRL
UnitRisk;

Cunit -THQ
UnitHQ;

Cancer RBSL; =

Noncancer RBSL; =

The RBSLs for each i are conservatively combined to give cancer and noncancer-based RBSLs as follows:

-1
RBSL = (Z RBSLi‘l)
i

Appendix B provides specific details on how the RBSLs for soil and groundwater were calculated using
the general approach discussed above and the general assumptions provided in Sections 5.1 and 5.1.4.5.

5.3.2 Risk Characterization for Potentially Exposed Populations

The risk characterizations for routine workers, maintenance workers, construction workers, and off-
facility residents are summarized in this section. The lead exposure, nonpotable groundwater use, soil
migration-to-groundwater, and groundwater migration-to-surface water pathway evaluations are also
presented. Further details regarding the scenarios for potential human exposure are summarized in
Table 4.

10 per PADEP’s request, cumulative cancer risks and noncancer His greater than 1.0x10* and 1.0 respectively, have
also been identified as potentially warranting risk management. While this approach has been used in support of
this project, it is Terraphase’s position that USEPA’s risk assessment and risk management guidance, as well as PA’s
regulations and guidance indicate that rounding risk estimates to one significant figure is appropriate. Presenting
risk characterization results with one significant figure is standard practice, and we are not aware of any scientific
basis that would justify presenting the risk characterization results with more than one significant figure. As USEPA
(2004b) noted, doing so would imply a level of precision that cannot be justified.

11 As estimated from exposure to constituents with the same target organ or target effect.
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53.2.1 Routine Workers

Soil Contact and Soil Vapor Intrusion

As discussed in Section 5.1.1, routine workers could be exposed to soil in unpaved or uncovered areas
during time spent outdoors. Routine workers could also be exposed to constituents in soil via inhalation
of constituents if they were to volatilize into the outdoor air or migrate through cracks in the building
foundation into indoor air. This section presents the results of risk calculations performed to
characterize the risks associated with these exposures.

Potential exposure of routine workers to COPCs in soil is evaluated in this risk assessment by assuming
the following two alternate hypothetical future cases:

(2) All soil at the Site is uncovered and workers are assumed to be exposed to COPCs in soil while
outdoors for the entire work-day through incidental ingestion, dermal contact, and inhalation of
particulates and vapors in outdoor air, or

(2) the soil is under an occupied generic commercial building to be constructed in the future, and
workers are assumed to be exposed to COPCs in the soil via inhalation of vapor in indoor air (vapor
intrusion) for the entire work-day.

Calculating risks for these alternate hypothetical cases is conservative and efficient because it avoids the
need to prorate the portion of the day spent indoors and/or outdoors, and risk estimates for any
combination of indoor and outdoor time periods would not exceed the higher of the risk estimates for
the two alternative hypothetical cases.

Potential exposures for each hypothetical future case are evaluated by calculating upper-bound
estimates of cumulative cancer risk and Hls to streamline the risk assessment. These estimates are
calculated using the highest observed concentrations for all constituents detected in soil regardless of
depth. These estimates are conservative upper-bound estimates because the site-related risks for an
area would be lower if they were calculated using: (1) concentrations representative of the average
concentrations to which receptors would be exposed at the area; and (2) site-specific exposure factors
that account for the magnitude, frequency, and duration of exposures appropriate for the area.

The upper-bound estimates of cumulative cancer risk and HI for potential future exposure of routine
workers for each alternate hypothetical case (i.e., all-day exposure to COPCs in soil during outdoor
activities or all-day exposure to soil COPCs via vapor intrusion) are presented in Table 5.

Outdoor Direct Contact Exposure to Soil

As shown in Table 5, for the hypothetical case of a routine worker exposed to COPCs in soil during
outdoor activities, the upper-bound cumulative cancer risk (4x10°®) and noncancer HI (0.2) estimates are
below PADEP’s cumulative cancer and noncancer HI risk management goals of 1x10“and 1, respectively.
Therefore, potential routine worker exposure to COPCs in soil via direct contact while outdoors would
not result in unacceptable risk.
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Vapor Intrusion Exposure from Soil (into a Future Nonresidential Building)

As also shown in Table 5, for the hypothetical case of a routine worker exposed to COPCs in soil via
vapor intrusion, the upper-bound cumulative cancer risk (2x10*) and noncancer HI (30) estimates are
greater than PADEP’s cumulative cancer and noncancer Hl risk management goals of 1x10“#and 1,
respectively. As shown in Appendix A, Attachment 8, the unacceptable upper-bound cumulative cancer
risk estimate is predominantly driven by benzene and naphthalene. The potentially unacceptable upper-
bound HI is predominantly driven by benzene, cumene, ethyl benzene, 124-TMB, 135-TMB, xylenes
(total), and naphthalene.

To support and guide risk management decisions (e.g., further sampling, further assessment, vapor
mitigation, remediation, etc.), upper-bound estimates of cumulative cancer risk and Hls were also
calculated on a point-by-point basis, using the highest observed concentrations for all COPCs from any
depth at each location. As discussed in Section 5.1.2.1, where a COPC is non-detect at a location but
detected within the specific exposure media at the Site, % the analytical limit at the location was used.

As shown on Table 6 and Figure 6, 12 soil sample locations (i.e., PB-826-14, PB-826-15, PB-840-09, PB-
847-15, PB-848-04, PB-848-06, PB-848-15, PB-881-10, PB-882-16, PB-884-09, PB-884-15 and PB-884-25)
exhibited a cancer risk estimate or noncancer HI estimate greater than the risk management goal. Based
upon this risk characterization, further considerations for risk management action due to routine worker
vapor intrusion exposure to COPCs in soil (i.e., benzene, cumene, ethyl benzene, 124-TMB, 135-TMB,
xylenes (total), and naphthalene) at these locations would be warranted.?

Groundwater Vapor Intrusion Exposure (into a Future Nonresidential building)

Routine workers could be exposed to COPCs in shallow groundwater to the extent that such COPCs
volatilize and migrate through cracks in future building foundations into indoor air.

The cumulative cancer risk and noncancer HI estimates for routine worker exposure to groundwater via
vapor intrusion are calculated using the highest observed concentrations for all constituents detected in
groundwater.

As shown in Table 7, for the hypothetical case of a routine worker exposed to COPCs in groundwater via
vapor intrusion, the upper-bound cumulative cancer risk (1x10®) and noncancer HI (2x107?) estimates
are below PADEP’s cumulative cancer and noncancer HI risk management goals of 1x10®*and 1,
respectively. Therefore, potential routine worker exposure indoors to COPCs in groundwater via vapor
intrusion would not result in unacceptable risk.

12 With a generic building size of 10m x 10m (~ 33 ft x 33 ft), the soil boring spacing in Tank Group 04 doesn’t allow
refinement of the exposure concentration used in the soil vapor intrusion risk estimates (i.e., through the
calculation of average soil concentrations under a hypothetical building footprint) as recommended by PADEP
guidance. Therefore, the risk estimate for the soil vapor intrusion pathway is conservatively based on the maximum
soil concentration in each boring.
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Groundwater Volatilization to Outdoor Air Exposure

Routine workers could be exposed to COPCs in shallow groundwater to the extent that such COPCs
volatilize and migrate into outdoor air. As shown in Table 7, the upper-bound cumulative cancer risk
(9x107%) and noncancer HI (1x10#) estimates are below PADEP’s cumulative cancer and noncancer HI risk
management goals of 1x10*and 1, respectively. Therefore, potential routine worker exposure to COPCs
in groundwater via volatilization to outdoor air would not result in unacceptable risk.

5.3.2.2 Maintenance Workers

Qutdoor Direct Contact Exposure to Soil

As discussed in Section 5.1.1, maintenance workers could be exposed to COPCs in soil in the future
during regular maintenance activities (e.g., landscaping, underground utility repairs, etc.) following site
redevelopment activities. This section presents the results of risk calculations performed to characterize
the risks associated with these exposures.

Potential exposures are evaluated by calculating upper-bound estimates of cumulative cancer risk and
His to streamline the risk assessment. These estimates are calculated using the highest observed
concentrations for all constituents detected in soil regardless of depth.

The upper-bound estimates of cumulative cancer risk and HI for potential exposure of maintenance
workers to soil are summarized on Table 5. As shown, the upper-bound estimates of cumulative cancer
risk (4x10”7) and noncancer HI (0.07) are below the risk management goals of 1x10*and 1, respectively.
Therefore, potential maintenance worker exposure to COPCs in soil would not result in unacceptable
risk.

Outdoor Direct Contact Exposure to Groundwater

Maintenance workers could be directly exposed to COPCs in shallow groundwater during occasional
subsurface maintenance or excavation activities that encounter groundwater. Exposure to groundwater
could include incidental ingestion, dermal contact, and inhalation of vapors in outdoor air.

As shown in Table 7, for the hypothetical case of a maintenance worker exposed to COPCs in
groundwater via direct contact, the upper-bound cumulative cancer risk is 1x10® and the noncancer Hl
is 5x10°%, below the risk management goals of 1x10*and 1, respectively. Therefore, potential
maintenance worker exposure to COPCs in groundwater via direct contact would not result in
unacceptable risk.

5.3.2.3 Construction Workers

Outdoor Direct Contact Exposure to Soil

As discussed in Section 5.1.1, construction workers could be exposed to soil in the future during site
redevelopment activities. This section presents the results of risk calculations performed to characterize
the risks associated with these exposures.

(D Page 28



Revised Site-Specific Human Health Risk Assessment
Former Philadelphia Energy Solutions Refinery

Potential exposures are evaluated by calculating upper-bound estimates of cumulative cancer risk and
His to streamline the risk assessment. These estimates are calculated using the highest observed
concentrations for all constituents detected in soil regardless of depth.

The upper-bound estimates of cumulative cancer risk and HI for potential exposure of construction
workers to soil are summarized on Table 5. As shown, the upper-bound estimates of cumulative cancer
risk (1x10°®) and noncancer HI (0.9) are below the risk management goals of 1x10“and 1, respectively.
Therefore, potential construction worker exposure to COPCs in soil would not result in unacceptable
risk.

Outdoor Direct Contact Exposure to Groundwater

During redevelopment or site construction activities that encounter groundwater, construction workers
could be directly exposed to COPCs in shallow groundwater via incidental ingestion, dermal contact, and
inhalation of vapors in outdoor air.

As shown in Table 7, for the hypothetical case of a maintenance worker exposed to COPCs in
groundwater via direct contact, the upper-bound cumulative cancer risk is 1x107 and the noncancer HI
is 2x10°%, below the risk management goals of 1x10*and 1, respectively. Therefore, potential
construction worker exposure to COPCs in groundwater via direct contact would not result in
unacceptable risk.

5.3.2.4 Off-Facility Resident

Outdoor Direct Contact Exposure to Soil

As discussed in Section 5.1.1, off-facility residents could be exposed to on-site soil if airborne
particulates and vapor from on-site soil were to migrate off the Facility. Potential exposures are
evaluated by calculating upper-bound estimates of cumulative cancer risk and Hls to streamline the risk
assessment. These estimates are calculated using the highest observed concentrations for all
constituents detected in soil regardless of depth.

As shown in Table 5, for the hypothetical case of off-facility residential inhalation exposure to COPCs in
airborne particulates and vapor from on-site soil, the upper-bound cumulative cancer risk (7x10) and
noncancer HI (0.7) estimates are below PADEP’s cumulative cancer and noncancer HI risk management
goals of 1x10“and 1, respectively. Therefore, potential off-facility resident exposure to COPCs in soil via
direct contact while outdoors would not result in unacceptable risk.

Groundwater Vapor Intrusion Exposure (into a Future Residential Building)

Off-facility residents could be exposed to COPCs in shallow groundwater that migrate off-facility and to
the extent that such COPCs volatilize and migrate through cracks in future building foundations into
indoor air. The cumulative cancer risk and noncancer HI estimates for off-facility resident exposure to
groundwater via vapor intrusion are calculated using the highest observed concentrations for all
constituents detected in groundwater.

As shown in Table 7, for the hypothetical case of an off-facility resident exposed indoors to COPCs in
groundwater via vapor intrusion, the upper-bound cumulative cancer risk (2x10°) and noncancer
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HI (0.3) estimates are below PADEP’s cumulative cancer and noncancer HI risk management goals of
1x10“*and 1, respectively. Therefore, potential off-facility resident exposure indoors to COPCs in
groundwater via vapor intrusion would not result in unacceptable risk.

Groundwater Volatilization to Outdoor Air Exposure

Off-facility residents could be exposed to COPCs in shallow groundwater to the extent that such COPCs
volatilize and migrate into outdoor air. As shown in Table 7, the upper-bound cumulative cancer risk
(4x10®) and noncancer HI (5x10*) estimates are below PADEP’s cumulative cancer and noncancer HI risk
management goals of 1x10“and 1, respectively. Therefore, potential off-facility resident exposure to
COPCs in groundwater via volatilization to outdoor air would not result in unacceptable risk.

5.3.2.5 Nonpotable Groundwater Use

Potential exposures to COPCs in groundwater via nonpotable groundwater use are evaluated using a
hypothetical scenario where groundwater is used to fill a backyard wading pool (“kiddie” pool),
described in Appendix A. This scenario represents a reasonable worst case exposure scenario in which
the estimated exposure is expected to be higher than those associated with other nonpotable uses (e.g.,
watering lawns, washing cars). Potential routes of exposure in this scenario include incidental ingestion,
dermal contact, and inhalation of vapors.

The cumulative cancer risk and noncancer Hl estimates for receptor exposure to groundwater via
nonpotable use are calculated using the highest observed concentrations for all constituents detected in
groundwater.

As shown in Table 7, for exposure to COPCs in groundwater via nonpotable use, the upper-bound
cumulative cancer risk (2x10°) and noncancer HI (0.1) estimates are equal to or below the risk
management goals of 1x10*and 1, respectively. Therefore, potential exposure of off-facility receptors to
COPCs in off-facility groundwater via nonpotable groundwater use would not result in unacceptable risk.

5.3.2.6  Soil Migration-to-Groundwater Pathway

In order to evaluate the potential for subsurface soil to leach unacceptable concentrations to
groundwater in the future, RBSLs were developed in accordance with the methodologies described in
USEPA’s (1996b) Soil Screening Guidance: User’s Guide. Additional details describing the derivation of
these screening levels are presented in Section 0. Upper-bound cancer risk and noncancer Hl estimates
were calculated by scaling off of the soil migration-to-groundwater RBSLs.

Soil migration-to-groundwater cumulative cancer risk and HI estimates were calculated for the following
scenarios:

o Routine worker exposure to COPCs in groundwater via volatilization to outdoor air and vapor
intrusion

o  Construction worker exposure to COPCs in groundwater via direct contact
o  Off-facility resident exposure to COPCs in groundwater via vapor intrusion

o  Off-facility receptor exposure to COPCs in groundwater via nonpotable groundwater use
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As shown in Table 5, the upper-bound cumulative cancer risk and Hl estimate for each of these
scenarios are below the risk management goals of 1x10*and 1, respectively. The upper-bound
cumulative cancer risk and HI estimate for soil migration-to-groundwater protective of nonpotable
groundwater use are 1x10°® and 0.03, respectively. The upper-bound cumulative cancer risk and Hl
estimates for soil migration-to-groundwater protective of routine worker groundwater exposure via
volatilization to outdoor air are not calculated due to non-detect data or lack of a screening level. The
upper-bound cumulative cancer risk and HI estimates for soil migration-to-groundwater protective of
routine worker groundwater exposure via vapor intrusion are 4x10® and 0.003, respectively. The upper-
bound cumulative cancer risk and HI estimates for soil migration-to-groundwater protective of
construction worker exposure to COPCs in groundwater via direct contact are 4x10° and 0.009,
respectively. The upper-bound cumulative cancer risk and HI estimates for soil migration-to-
groundwater protective of off-facility resident exposure to COPCs in groundwater via vapor intrusion are
2x10%and 0.1.

Therefore, potential soil migration-to-groundwater would not result in unacceptable risk.

5.3.2.7 Groundwater Migration-to-Surface Water Pathway

In order to evaluate the potential for COPCs observed in groundwater in the area to adversely impact
surface water in the future as a result of groundwater migration and discharge to surface water, COPC
concentrations observed in the source area wells installed by Philadelphia Energy Solutions Refining and
Marketing LLC were compared to the RBSLs developed for this pathway (Appendix B).

As shown in Table 3, the concentrations for COPCs detected in groundwater do not exceed the MtSW
screening level. As a result, COPCs in groundwater are at concentrations that do not pose an
unacceptable risk to receptors via migration to surface water.

5.3.2.8 Exposure to Lead in Soil

Exposure of routine workers, maintenance workers, and construction workers to lead in soil during
outdoor activities is evaluated using a screening level of 2,520 mg/kg. This screening level is calculated
following USEPA guidance (USEPA 2003), including updates (USEPA 2009, 2017a). The derivation of the
industrial soil screening level is presented in Appendix B. As shown on Table 2, the concentrations of
lead in soil range from 1 mg/kg to 3,200 mg/kg and are all below the RBSL. The concentration of lead at
one location (3,200 mg/kg at PB-848-07) is greater than the screening level of 2,520 mg/kg. However, as
shown on Table 2, the average lead concentration across Tank Group 04 is 45 mg/kg!3, below the
screening level of 2,520 mg/kg. Therefore, potential worker exposure to lead concentrations in soil at
the Site would not result in unacceptable risk.

13 The lead exposure concentration is an estimate of the arithmetic mean lead concentration in soil across Tank
Group 04, calculated in accordance with 40 CFR Part 745 (Federal Register Volume 66, No. 4, January 5, 2001).
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5.4 Uncertainty Analysis

While the Risk Assessment is conducted in accordance with PADEP and USEPA guidance, there may be
some uncertainties associated with certain aspects of the risk assessment process. In general, the
methods and assumptions used to complete the Risk Assessment are very conservative by design to
account for such uncertainties. This section discusses potential uncertainties in the risk characterization
and the potential impact (or lack thereof) such uncertainties could have on risk management decision-
making.

5.4.1 Exposure Concentrations

The exposure concentrations in this risk assessment are entirely based on the highest concentrations of
COPCs detected in soil and groundwater. This streamlines the risk assessment by avoiding the
calculation of refinements that would not materially change the risk assessment conclusions, the need
for risk management action, or require additional sampling/characterization to support the refinements.
However, this approach likely overestimates the cumulative cancer risk and noncancer HI estimates
because these estimates are based on maximum detected concentrations. The use of maximum
detected concentrations introduces more conservatism than necessary for estimates because it assumes
simultaneous worst-case exposure. The overestimation of exposure concentrations results in risk and Hl
estimates that are closer to, or in excess of, PADEP’s risk management goals than they would be if
refinements were used.

Most exposure concentrations that are based on mathematical modeling of constituent transfer from
soil or groundwater to air are conservative for the same reasons discussed above, since the model
estimates are predominantly based on the use of maximum detected concentrations in soil or
groundwater. In addition, some model estimates are conservative because they do not account for the
reduction of constituent concentration or mass in the soil or groundwater as constituents transfer from
these media. Even for models that account for reduction of mass in the soil (e.g., Jury model), risk
calculations for ingestion and dermal contact with soil assume soil concentrations remain constant,
which is consistent with USEPA and PADEP practice but contradicts the mass conservation principle. As a
result, risk estimates that are based on the sum of risk estimates from soil and soil vapor/particulates
are more conservative than necessary for estimates. These include almost all of the risk estimates
discussed in Section 5.3.2.

Another factor that contributes to the likely overestimation of exposure concentrations is the
assumption that the COPCs are entirely site-related. The concentrations of all constituents are assumed
to be site-related in this risk assessment because the field investigation did not quantify site-specific
background levels (i.e., concentrations not associated with a release from the Site, for example, fill-
related constituent concentrations).

Considering all these factors, the exposure concentrations used in this risk assessment are more
conservative than necessary for estimates and therefore likely result in an overestimation of risk and/or
hazard.
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5.4.2 Exposure Factors

As discussed in Section 5.1.4, most of the exposure factors used in the risk assessment are high-end (i.e.,
90th to 95th percentile) estimates of the magnitude, frequency, and duration of potential exposures.
When several such high-end factors are multiplied, the resulting estimates of dose will be higher than
the 90th percentile of the distribution of exposures in the potentially exposed population and could be
higher than the exposure to the maximally exposed individual, particularly when such exposure factors
are combined with exposure concentrations that are based on maximum detected concentrations (as
discussed above). The use of upper-bound exposure factors is likely to result in an overestimate of
potential risks and/or hazards.

5.4.3 Extrapolated Toxicity Values

As discussed in Section 5.1.4.5, the dermal toxicity values used in the risk assessment are oral toxicity
values that were extrapolated to the dermal route without constituent-specific judgment regarding
whether such extrapolation might be appropriate for a particular constituent. This is consistent with
USEPA guidance (2004c) and is a conservative approach to ensure that potential risk via the dermal
route is not overlooked. However, some constituents might exhibit different degrees of toxicity for the
dermal route relative to the oral route. For such constituents, the extrapolation approach used in the
risk evaluation could introduce uncertainty.

544 Risk Characterization

The summation of cancer risks and HQs for multiple COPCs is based upon USEPA guidance (1989) to
assume dose additivity, which means that constituents in a mixture are assumed to have no synergistic
or antagonistic interactions and each constituent has the same mode of action and elicits the same
health effects. In general, this approach can introduce significant uncertainty with the over- or
underestimation of risk and/or hazard. However, because only a few constituents contribute to the
cumulative risk and HI estimates, the impact of this uncertainty on the outcome of the risk assessment is
likely to be minimal.

5.5 Summary

This report documents the methodology and results of a site-specific human health risk assessment
performed to support a demonstration that conditions at Tank Group 04 meet the tank closure
performance standard in accordance with Act 32. The potential risks are characterized based upon the
RME under the current and reasonably anticipated future land and groundwater uses at and around the
Site. The scope of the human health risk assessment calculations is summarized by the scenarios for
potential human exposure as shown on Table 4. All soil and groundwater data collected in accordance
with the Work Plan and SAP were considered in this Risk Assessment.

Tables 5 through 7 present the results of the soil and groundwater risk calculations and which exposure
scenarios would present an unacceptable risk and would warrant risk management action. Likewise,
Figure 6 presents the spatial distribution of potentially unacceptable risks for soil, and the general
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locations where risk management action would be warranted due to unacceptable risks/HIs for specific
exposure scenarios.

As presented on Table 5, locations with soil COPC concentrations that could result in cumulative cancer
risk or HI estimates above the risk management goal for potential routine workers via vapor intrusion
from soil include PB-826-14, PB-826-15, PB-840-09, PB-847-15, PB-848-04, PB-848-06, PB-848-15,
PB-881-10, PB-882-16, PB-884-09, PB-884-15 and PB-884-25. These unacceptable cancer risk and Hl
estimates are predominately driven by benzene, cumene, ethyl benzene, 124-TMB, 135-TMB, xylenes
(total), and naphthalene. However, as discussed in Section 3.1 of the Report, exposure to soil via vapor
intrusion is evaluated in this Risk Assessment but risk management will be addressed following
additional characterization/evaluation and eventually through pathway elimination.

Aside from soil vapor intrusion exposure, the results of the site-specific risk assessment demonstrate
that COPC concentrations in soil or groundwater in the area do not pose an unacceptable risk to human
health or the environment and do not warrant remedial action.

6 Site-Specific Remediation Standards

As discussed in Section 5.3, the Risk Assessment identifies potentially unacceptable risk/HI to routine
workers (via vapor intrusion) from exposure to constituents of concerns (COCs) in soil via vapor intrusion
in the area of Tank Group 04. The potentially unacceptable risk/HI from exposure to soil in the area is
driven by the following COCs:

« Benzene

o« Cumene

o Ethyl Benzene

« 124-TMB

o 135-TMB

o Xylenes (total)

e Naphthalene

No unacceptable risk/HI to routine workers, maintenance workers, construction workers, or off-facility

residents from exposure to COPCs in groundwater were identified in the area of Tank Group 04.

As discussed in Section 7.3.3 of the Report, potentially unacceptable vapor intrusion exposures will be
managed separately following additional characterization/evaluation and eventually through pathway
elimination.
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7 Summary and Conclusions

This Risk Assessment was prepared in support of the Site Characterization Report for Tank Group 04 to
document the methodology and results of a site-specific human health risk assessment performed in
accordance with 25 Pa. Code § 250.409, to support a demonstration that conditions at the Site meet the
tank closure performance standard in accordance with Act 32.

As discussed in Section 3, based on the review of the soil and groundwater concentrations in
comparison to the RBSLs and the spatial distribution of concentrations greater than these levels, the soil
and groundwater sampling performed adequately defines the horizontal and vertical extent of COPCs to
support a site-specific risk assessment.

Using soil and groundwater data collected in accordance with the Work Plan and SAP and the
methodologies as described in Section 5, cumulative cancer risk and noncancer HI estimates for the
exposure of current and reasonably anticipated future receptor populations to COPCs in soil and
groundwater were calculated. Cumulative cancer risk and noncancer HI estimates for the exposure of
routine workers to COC in soil via vapor intrusion represent the only exposure scenario resulting in
cumulative cancer risk/HI greater than the risk management goals used by PADEP.

The risk assessment demonstrates that, aside from vapor intrusion exposure which is expected to be
managed separately following additional characterization/evaluation and eventually through pathway
elimination, COPC concentrations in the area do not pose an unacceptable risk to human health or the
environment and do not warrant remedial action.
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Table 1

Chemicals of Potential Concern

Philadelphia Energy Solutions Refining and Marketing LLC (PESRM) Philadelphia Refining Complex, Philadelphia, Pennsylvania

Chem Detected in Detected in
Group Chemical CASRN Soil Groundwater

VOC Benzene 71-43-2 Y Y
VOC Cumene 98-82-8 Y Y
VOC 1,2-Dibromoethane 106-93-4 N N
VOC 1,2-Dichloroethane 107-06-2 N N
VOC Ethyl Benzene 100-41-4 Y Y
VOC Methyl tert-butyl ether 1634-04-4 Y N
VOC Toluene 108-88-3 Y Y
VOC 1,2,4-Trimethylbenzene 95-63-6 Y Y
VOC 1,3,5-Trimethylbenzene 108-67-8 Y Y
VOC Xylenes (total) 1330-20-7 Y Y
SVOC Anthracene 120-12-7 Y Y
SVOC Benzo(a)anthracene 56-55-3 Y Y
SvVOC Benzo(a)pyrene 50-32-8 Y N
SvVoC Benzo(b)fluoranthene 205-99-2 Y N
SvVoC Benzo(g,h,i)perylene 191-24-2 Y N
SvoC Chrysene 218-01-9 Y N
SVOC Fluorene 86-73-7 Y Y
SVOC Indeno(1,2,3-cd)pyrene 193-39-5 Y N
SvVoC Naphthalene 91-20-3 Y Y
SvoC Phenanthrene 85-01-8 Y Y
SvVOoC Pyrene 129-00-0 Y Y
INORG Lead 7439-92-1 Y N
Notes:

Y - Detected.

N - Not Detected.
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Table 2

Soil Results Compared to Risk-Based Screening Levels

Tank Group 04
Philadelphia Energy Solutions Refining and Marketing, LLC, Philadelphia, PA
Ratio of Max
Ratio of Max Ratio of Max Construction Detect to Soil Migration to| Ratio of Max
-§ :qc_a_ Min Mean Max Routine Worker Detect to Routine Worker Detect to Worker Direct Construction Groundwater Detect to Soil
Chem —: § Detected Detected Detected Direct Contact | Routine Worker | Vapor Intrusion | Routine Worker Contact Worker Direct | Screening Level Migration to
Group Chemical CASRN & a (mg/kg) (mg/kg) (mg/kg) (mg/kg) Direct Contact (mg/kg) Vapor Intrusion (mg/kg) Contact (mg/kg) Groundwater
VOC Benzene 71-43-2] 267 61| 0.00019 0.34 7.1 63 0.11 0.46 15 8.7 0.82 98 0.072
VOC Cumene 98-82-8| 267 80| 0.00010 0.65 15 1000 0.015 6.1 2.5 87 0.17 1000 0.015
VOC Ethyl Benzene 100-41-4| 267 50| 0.00014 2.7 66 2300 0.029 15 4.4 1300 0.051 820 0.080
VOC Methyl tert-butyl ether 1634-04-4| 267 30| 0.00026 0.0028 0.020 2400 0.0000083 16 0.0013 390 0.00005 5900 0.0000034
VOC Toluene 108-88-3| 263 191 0.00069 2.0 15 8000 0.0019 76 0.20 650 0.023 9800 0.0015
VOC 1,2,4-Trimethylbenzene 95-63-6| 267 58| 0.00034 5.1 92 180 0.51 0.92 100 70 1.3 250 0.37
VOC 1,3,5-Trimethylbenzene 108-67-8| 267 59| 0.00025 1.6 33 220 0.15 0.92 36 99 0.33 240 0.14
VOC Xylenes (total) 1330-20-7| 267 54| 0.00090 8.3 200 240 0.82 1.5 130 51 3.9 340 0.58
SVOC [Anthracene 120-12-7| 263 29| 0.00075 0.30 3.7 46000 0.000080 46000 0.000080
SVOC |Benzo(a)anthracene 56-55-3] 263 54| 0.00094 0.19 4.5 430 0.010 3200 0.0014
SVOC |[Benzo(a)pyrene 50-32-8| 263 31 0.0020 0.36 7.2 43 0.17 7.7 0.94
SVOC |[Benzo(b)fluoranthene 205-99-2| 263 42| 0.00078 0.23 4.4 430 0.010 3200 0.0014
SVOC [Benzo(g,h,i)perylene 191-24-2| 263 36 0.0020 0.21 5.2 4600 0.0011 14000 0.00037
SVOC |Chrysene 218-01-9| 263 59| 0.00066 0.22 4.4 43000 0.00010 320000 0.000014
SVOC [Fluorene 86-73-7| 263 49 0.015 0.73 14 6200 0.0023 18000 0.00078
SVOC |[Indeno(1,2,3-cd)pyrene 193-39-5 9 6 0.031 0.070 0.11 430 0.00026 3200 0.000034
SVOC [Naphthalene 91-20-3| 267 56 0.0094 1.0 9.3 41 0.23 0.54 17 6.0 1.6 27 0.34
SVOC [Phenanthrene 85-01-8| 263 74| 0.00093 1.1 29 4600 0.0063 14000 0.0021
SVOC |Pyrene 129-00-0f 263 71 0.0014 0.20 2.9 4600 0.00063 14000 0.00021
INORG |Lead 7439-92-1| 267| 266 1.0 45 3200 2520 1.3 2520 1.3 45000 0.071
Notes:

Only constituents detected are shown.

Blank cells in the RBSL columns indicate that an RBSL was not calculated due to inadequate toxicity, low volatility, lack of published surface water criteria or, in the case of soil migration-to-groundwater,
the target groundwater concentration times the DAF is greater than the constituent’s solubility.

The concentrations for the Xylene isomers (m/p and o) were summed before comparing to the criteria for Xylenes (total).

Ratios of concentration to the RBSLs greater than 1 are shaded in bold.

Chem Group - chemical group; VOC - volatile organic compounds; SVOC - semi-volatile organic compounds; INORG - metals
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Table 3

Unconfined Groundwater Results Compared to Risk-Based Screening Levels

Tank Group 04

Philadelphia Energy Solutions Refining and Marketing, LLC, Philadelphia, PA

Ratio of Max Ratio of Max Ratio of Max Ratio of Max
Nonpotable Detect to Routine Worker Detect to Ratio of Max Construction Detect to Off-Facility Ratio of Max Groundwater Detect to
§ E Min Mean Max Groundwater Nonpotable Volitilization to | Routine Worker | Routine Worker Detect to Worker Direct Construction Resident Vapor | Detect to Off- Migration to Groundwater
Chem Meas %‘ E Detected Detected Detected Use Groundwater Outdor Air Volitilization to | Vapor Intrusion | Routine Worker Contact Worker Direct Intrusion Facility Resident | Surface Water Migration to
Dataset Group Chemical CASRN Basis | £ | & (mg/L) (mg/L) (mg/L) (mg/L) Use (mg/L) Outdor Air (mg/L) Vapor Intrusion (mg/L) Contact (mg/L) Vapor Intrusion (mg/L) Surface Water
AST VOC |[Benzene 71-43-2 T 6 3 0.51 0.54 0.58 0.30 1.9 550 0.0011 3.8 0.15 4.0 0.15 0.25 2.3 130 0.0045
AST VOC Cumene 98-82-8 T 6 3 0.058 0.066 0.075 37 0.0020 9100 0.0000082 63 0.0012 30 0.0025 4.0 0.019 2.6 0.029
AST VOC |Ethyl Benzene 100-41-4 T 6 3 0.089 0.10 0.11 2.0 0.055 22000 0.0000050 150 0.00073 40 0.0028 9.7 0.011 13 0.0085
AST VOC Toluene 108-88-3 T 6 4| 0.00034 0.0077 0.011 25 0.00044 100000 0.00000011 700 0.000016 200 0.000055 45 0.00024 52 0.00021
AST VOC |1,2,4-Trimethylbenzene 95-63-6 T 6 3 0.045 0.049 0.054 8.7 0.0062 1400 0.000039 9.7 0.0056 15 0.0036 0.63 0.086 33 0.0016
AST VOC 1,3,5-Trimethylbenzene 108-67-8 T 6 3 0.011 0.012 0.013 8.8 0.0015 1300 0.000010 9.1 0.0014 15 0.00087 0.59 0.022 71 0.00018
AST VOC [Xylenes (total) 1330-20-7 T 6 3 0.19 0.19 0.20 3.7 0.053 1900 0.00010 13 0.015 17 0.012 0.86 0.23 210 0.00093
AST SVOC |Anthracene 120-12-7 T 6 3| 0.00011 0.00022 0.00032 240 0.0000013 19000 0.000000017 40 0.0000080
AST SVOC |Benzo(a)anthracene 56-55-3 T 6 4| 0.000020 0.000043 0.00010 0.10 0.0010 1400 0.000000071 0.013 0.0077
AST SVOC |Fluorene 86-73-7 T 6 3| 0.00050 0.00066 0.00092 97 0.0000095 7800 0.00000012 7.0 0.00013
AST SVOC |[Naphthalene 91-20-3 T 6 3] 0.00019 0.0037 0.0094 0.39 0.024 120 0.000078 0.88 0.011 0.28 0.034 0.067 0.14 43 0.00022
AST SVOC |Phenanthrene 85-01-8 T 6 3| 0.000040 0.00011 0.00025 73 0.0000034 5800 0.000000043 1.0 0.00025
AST SVOC |Pyrene 129-00-0 T 6 3] 0.000020 0.000037 0.000060 50 0.0000012 5800 0.000000010 3.0 0.000020
Evergreen VOC Cumene 98-82-8 T 2 1| 0.00028 0.00028 0.00028 37 0.0000076 9100 0.000000031 63 0.0000044 30 0.0000093 4.0 0.000070 2.6 0.00011
Evergreen VOC |[Toluene 108-88-3 T 2 1{ 0.00034 0.00034 0.00034 25 0.000014 100000 0.0000000034 700 0.00000049 200 0.0000017 45 0.0000076 52 0.0000065
Evergreen SVOC |Benzo(a)anthracene 56-55-3 T 2 1| 0.00018 0.00018 0.00018 0.10 0.0018 1400 0.00000013 0.013 0.014
Notes:

Only chemicals detected in the area are shown.
Blank cells in the RBSL columns indicate that an RBSL was not calculated due to inadequate toxicity, low volatility, lack of published surface water criteria or, in the case of soil migration-to-groundwater,

the target groundwater concentration times the DAF is greater than the constituent’s solubility.

The concentrations for the Xylene isomers (m/p and o) were summed before comparing to the criteria for Xylenes (total).
Ratios of concentration to the RBSLs greater than 1 are shaded in bold.
Chem Group - chemical group; VOC - volatile organic compounds; SVOC - semi-volatile organic compounds
Meas Basis - measured basis; T = total, D = dissolved
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Table 4

Scenarios for Potential Human Exposure
Philadelphia Energy Solutions Refining & Marketing LLC (PESRM) Philadelphia Refining Complex, Philadelphia, Pennsylvania

Potential Potential
Receptor Exposure Exposure
. X Current Future Comments
Population Medium Route
Exposure? Exposure?
On-Site
Routine Workers [surface soil incidental ingestion of and dermal contact with surface soil No Yes Currently, routine workers are not at the Site as the Facility is currently undergoing
decommissioning, cleanup and redevelopment.
inhalation of soil-derived vapors and airborne particulates (wind erosion) in No Yes
outdoor air Following redevelopment, exposure to surface soil through incidental ingestion, dermal contact,
inhalation of soil-derived vapors that migrate through building foundations No Yes and inhalation of vapor and particulates is possible in areas without ground cover and in those
into indoor air areas where ground cover may be removed in the future. Following redevelopment, most of the
subsurface soil |inhalation of soil-derived vapors in outdoor air No Yes soil at the Site will be located under building slabs, drive aisles, parking lots, new roadways, and
other paved areas. Buildings in areas where potentially unacceptable vapor intrusion risks are
inhalation of soil-derived vapors that migrate through building foundations No Yes identified will be managed via engineering controls (e.g., vapor barriers or other mitigation
into indoor air controls).
groundwater incidental ingestion of and dermal contact with groundwater and inhalation No No Routine worker activities do not involve contact with groundwater. Groundwater is not currently
of groundwater-derived vapors during use of groundwater for drinking used for potable purposes at the Site. Groundwater is not expected to be used for potable
water purposes in the future as the First Amendment to the Consent Order and Agreement restricts the
incidental ingestion of and dermal contact with groundwater and inhalation No No use of groundwater at the Facility for any purpose except for sampling, treatment and/or other
of groundwater-derived vapors during use of groundwater for purposes remedial activities, eliminating future potable or non-potable use.
other than drinking water
inhalation of groundwater-derived vapors in outdoor air No Yes Following redevelopment, exposure through inhalation of vapor is possible in areas without
ground cover and in those areas where ground cover may be removed in the future. Buildings in
inhalation of groundwater-derived vapors that migrate through building No Yes areas where potentially unacceptable vapor intrusion risks are identified will be managed via
foundations into indoor air engineering controls (e.g., vapor barriers or other mitigation controls).
Maintenance surface soil incidental ingestion of and dermal contact with soil No Yes Currently, maintenance workers are not at the Site as the Facility is currently undergoing
Workers inhalation of soil-derived vapors and airborne particulates in work-space No Yes decommissioning, cleanup and redevelopment.
outdoor air
subsurface soil [incidental ingestion of and dermal contact with soil No Yes Following redevelopment, maintenance workers could be exposed (1) to surface and subsurface
inhalation of soil-derived vapors and airborne particulates in work-space No Yes soil during occasional excavations, or (2) to shallow groundwater during occasional excavations
outdoor air that encounter the water table, that are not covered by the health and safety protocols
groundwater incidental ingestion of and dermal contact with exposed groundwater No Yes established by the Site health and safety program.
inhalation of vapors from exposed groundwater in work-space outdoor air No Yes
Construction surface soil incidental ingestion of and dermal contact with soil Yes Yes During redevelopment, construction workers could be exposed to (1) surface and subsurface soil
(Redevelopment) inhalation of soil-derived vapors and airborne particulates in work-space air Yes Yes during occasional excavations, or (2) shallow groundwater during occasional excavations that
Workers encounter the water table, that are not covered by the health and safety protocols established by
subsurface soil |incidental ingestion of and dermal contact with soil Yes Yes the Site health and safety program.
inhalation of soil-derived vapors and airborne particulates in work-space air Yes Yes
groundwater incidental ingestion of and dermal contact with exposed groundwater Yes Yes
inhalation of vapors from exposed groundwater in work-space air Yes Yes
Trespassers surface soil incidental ingestion of and dermal contact with surface soil Yes Yes Access to the Site is currently restricted by fencing and security measures. While limited,
inhalation of soil-derived vapors and airborne particulates (wind erosion) in Yes Yes exposure to surface soil is possible in areas without ground cover, and in those areas where
outdoor air ground cover may be removed in the future. Following redevelopment, most of the soil at the Site
subsurface soil  [inhalation of soil-derived vapors in outdoor air Yes Yes will be located under building slabs, drive aisles, parking lots, new roadways, and other paved
areas.
groundwater inhalation of groundwater-derived vapors in outdoor air Yes Yes

Trespasser exposure to soil and groundwater will be qualitatively evaluated by using routine
worker exposure estimates as a surrogate.
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Table 4

Scenarios for Potential Human Exposure
Philadelphia Energy Solutions Refining & Marketing LLC (PESRM) Philadelphia Refining Complex, Philadelphia, Pennsylvania

Potential Potential
Receptor Exposure Exposure
. X Current Future Comments
Population Medium Route
Exposure? Exposure?
Off-Facility
Residents on-site surface [incidental ingestion of and dermal contact with surface soil No No There is no off-facility soil contamination associated with the Site. Currently, off-facility residents
soil could be exposed to on-site surface soil via inhalation of soil-derived vapors and windborne
particulates. Following redevelopment, most of the soil at the Site will be located under building
- - - - - - - - - slabs, drive aisles, parking lots, new roadways, and other paved areas which will limit emission of
inhalation of soil-derived vapors and airborne particulates (wind erosion) in Yes Yes . . . ” . .
. on-site soil-derived chemicals and off-site airborne transport.
outdoor air
groundwater incidental ingestion of and dermal contact with groundwater and inhalation No No Groundwater is not currently used for potable purposes at or in the vicinity of the Site and it is
of groundwater-derived vapors during use of groundwater for drinking not expected to be used for potable purposes in the future. Philadelphia's drinking water sources
water are the Delaware and Schuylkill Rivers. The lower (i.e., PRM) aquifer system is used as a water
supply in New Jersey but off-site migration of site-related groundwater contamination is not
incidental ingestion of and dermal contact with groundwater and inhalation No Yes 'expected to have th'e pot'e'ntlal to reach th? supply wells in New Jersey. A well sF:arch conducted
of groundwater-derived vapors during use of groundwater for purposes in 2017 by Stantec, identified three potential water supply wells (two commercial supply wells
other than drinking water and one irrigation well) within one mile of the PES Complex property line. Site-related
groundwater contamination does not extent to the area of these wells.
inhalation of groundwater-derived vapors in outdoor air No Yes Exposure through inhalation of vapor is possible in areas without ground cover and in those areas
inhalation of groundwater-derived vapors that migrate through building No Yes where ground cover may be removed in the future. Site-related groundwater contamination does
foundations into indoor air not currently extend to areas where residential receptors currently exist.
Notes:

Off-facility residents will serve as a surrogate for other off-facility receptors including routine workers, construction workers, maintenance workers, and trespassers.
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Table 5

Upper-Bound Cumulative Cancer Risk and Noncancer Hazard Index (HI) for Receptor Exposure to Soil
Philadelphia Energy Solutions Refining and Marketing LLC (PESRM) Philadelphia Refining Complex, Philadelphia, Pennsylvania

Routine Worker Worker Construction Worker Off-Facility Soil Mi ion to GW
Outdoor Activities Vapor Intrusion Outdoor Activities Outdoor Activities Outdoor Activities Nonpotable Use R. Worker GW Vol OA R. Worker GW VI Const. W GW Contact Off-Facility Res GW VI
Area Risk HI Risk HI Risk HI Risk HI Risk HI Risk HI Risk HI Risk HI Risk HI Risk HI
Tank Group 04 4E-06 2E-01 2E-04 3E+01 4E-07 7E-02 1E-06 9E-01 7E-06 7E-01 1E-06 3E-02 NC NC 4E-08 3E-03 4E-09 9E-03 2E-06 1E-01

Notes:

Cumulative cancer risk and HI estimates in excess of 1E-4 and 1, respectively, are shaded and bold.

GW - Groundwater
VI - Vapor Intrusion
OA - Outdoor Air

NC - Risk and Hazard Index (HI) estimates were not calculated for detected chemicals with inadequate toxicity or physical/chemical parameters or where chemical concentrations were non-detect.
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Table 6

Location-Specific Upper-Bound Cumulative Cancer Risk and Noncancer Hazard Index (HI) for Receptor Exposure to Soil
Philadelphia Energy Solutions Refining and Marketing LLC (PESRM) Philadelphia Refining Complex, Philadelphia, Pennsylvania

Routine Worker

Vapor Intrusion

Area Location Risk HI
Tank Group 04 PB-191-01 3E-07 8E-03
Tank Group 04 PB-191-02 6E-07 1E-02
Tank Group 04 PB-191-03 7E-07 2E-02
Tank Group 04 PB-191-04 7E-07 2E-02
Tank Group 04 PB-191-05 6E-07 2E-02
Tank Group 04 PB-191-06 3E-06 9E-02
Tank Group 04 PB-191-07 1E-06 3E-02
Tank Group 04 PB-191-08 4E-07 1E-02
Tank Group 04 PB-826-01 7E-07 2E-02
Tank Group 04 PB-826-02 6E-07 2E-02
Tank Group 04 PB-826-03 6E-07 2E-02
Tank Group 04 PB-826-04 6E-07 2E-02
Tank Group 04 PB-826-05 6E-07 2E-02
Tank Group 04 PB-826-06 6E-07 2E-02
Tank Group 04 PB-826-07 6E-07 2E-02
Tank Group 04 PB-826-08 7E-07 2E-02
Tank Group 04 PB-826-09 7E-07 2E-02
Tank Group 04 PB-826-10 6E-07 2E-02
Tank Group 04 PB-826-11 6E-07 2E-02
Tank Group 04 PB-826-12 6E-07 2E-02
Tank Group 04 PB-826-13 6E-07 2E-02
Tank Group 04 PB-826-14 2E-06 2E+00
Tank Group 04 PB-826-15 2E-05 5E+00
Tank Group 04 PB-826-16 2E-07 5E-03
Tank Group 04 PB-840-01 4E-07 1E-02
Tank Group 04 PB-840-02 6E-07 2E-02
Tank Group 04 PB-840-03 6E-07 2E-02
Tank Group 04 PB-840-04 6E-07 2E-02
Tank Group 04 PB-840-05 5E-07 1E-02
Tank Group 04 PB-840-06 6E-07 2E-02
Tank Group 04 PB-840-07 1E-06 3E-02
Tank Group 04 PB-840-08 7E-07 2E-02
Tank Group 04 PB-840-09 1E-04 3E+01
Tank Group 04 PB-840-10 6E-07 2E-02
Tank Group 04 PB-840-11 8E-07 3E-02
Tank Group 04 PB-840-12 6E-07 2E-02
Tank Group 04 PB-840-13 6E-07 2E-02
Tank Group 04 PB-840-14 6E-07 2E-02
Tank Group 04 PB-840-15 6E-07 2E-02
Tank Group 04 PB-840-16 6E-07 2E-02
Tank Group 04 PB-841-01 6E-07 2E-02
Tank Group 04 PB-841-02 6E-07 2E-02
Tank Group 04 PB-841-03 6E-07 2E-02
Tank Group 04 PB-841-04 6E-07 2E-02
Tank Group 04 PB-841-05 6E-07 2E-02
Tank Group 04 PB-841-06 7E-07 2E-02
Tank Group 04 PB-841-07 7E-07 2E-02
Tank Group 04 PB-841-08 6E-07 2E-02
Tank Group 04 PB-841-09 6E-07 2E-02
Tank Group 04 PB-841-10 6E-07 2E-02
Tank Group 04 PB-841-11 6E-07 2E-02
Tank Group 04 PB-841-12 6E-07 2E-02
Tank Group 04 PB-841-13 6E-07 2E-02
Tank Group 04 PB-841-14 6E-07 2E-02
Tank Group 04 PB-843-01 6E-07 2E-02
Tank Group 04 PB-843-02 7E-07 2E-02
Tank Group 04 PB-843-03 6E-07 2E-02
Tank Group 04 PB-843-04 7E-07 2E-02
Tank Group 04 PB-843-05 8E-07 2E-02
Tank Group 04 PB-843-06 7E-07 2E-02
Tank Group 04 PB-843-07 3E-07 8E-03
Tank Group 04 PB-843-08 6E-07 2E-02
Tank Group 04 PB-843-09 7E-07 2E-02
Tank Group 04 PB-843-10 2E-06 4E-02
Tank Group 04 PB-843-11 7E-07 2E-02
Tank Group 04 PB-843-12 6E-07 2E-02
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Table 6

Location-Specific Upper-Bound Cumulative Cancer Risk and Noncancer Hazard Index (HI) for Receptor Exposure to Soil
Philadelphia Energy Solutions Refining and Marketing LLC (PESRM) Philadelphia Refining Complex, Philadelphia, Pennsylvania

Routine Worker

Vapor Intrusion

Area Location Risk HI
Tank Group 04 PB-843-13 6E-07 2E-02
Tank Group 04 PB-843-14 7E-07 2E-02
Tank Group 04 PB-843-15 6E-07 2E-02
Tank Group 04 PB-843-16 6E-07 2E-02
Tank Group 04 PB-843-17 7E-07 2E-02
Tank Group 04 PB-847-01 7E-07 2E-02
Tank Group 04 PB-847-02 7E-07 2E-02
Tank Group 04 PB-847-03 6E-07 2E-02
Tank Group 04 PB-847-04 6E-07 2E-02
Tank Group 04 PB-847-05 6E-07 2E-02
Tank Group 04 PB-847-06 7E-07 2E-02
Tank Group 04 PB-847-07 7E-07 2E-02
Tank Group 04 PB-847-08 7E-07 2E-02
Tank Group 04 PB-847-09 7E-07 2E-02
Tank Group 04 PB-847-10 7E-07 2E-02
Tank Group 04 PB-847-11 7E-07 2E-02
Tank Group 04 PB-847-12 6E-07 3E-02
Tank Group 04 PB-847-13 2E-06 5E-01
Tank Group 04 PB-847-14 2E-06 1E-01
Tank Group 04 PB-847-15 5E-05 3E+00
Tank Group 04 PB-847-16 7E-07 2E-02
Tank Group 04 PB-847-17 8E-07 3E-02
Tank Group 04 PB-848-01 7E-07 2E-02
Tank Group 04 PB-848-02 6E-07 2E-02
Tank Group 04 PB-848-03 6E-07 2E-02
Tank Group 04 PB-848-04 4E-05 2E+00
Tank Group 04 PB-848-05 5E-07 1E-02
Tank Group 04 PB-848-06 1E-05 4E+00
Tank Group 04 PB-848-07 4E-06 5E-01
Tank Group 04 PB-848-08 7E-07 2E-02
Tank Group 04 PB-848-09 7E-07 2E-02
Tank Group 04 PB-848-10 8E-07 2E-02
Tank Group 04 PB-848-11 2E-05 3E-01
Tank Group 04 PB-848-12 3E-07 8E-03
Tank Group 04 PB-848-13 1E-06 4E-02
Tank Group 04 PB-848-14 7E-07 2E-02
Tank Group 04 PB-848-15 2E-05 4E+00
Tank Group 04 PB-848-16 7E-07 2E-02
Tank Group 04 PB-848-17 2E-07 5E-03
Tank Group 04 PB-848-18 9E-07 4E-02
Tank Group 04 PB-881-01 2E-06 7E-02
Tank Group 04 PB-881-02 6E-07 2E-02
Tank Group 04 PB-881-03 8E-06 2E-01
Tank Group 04 PB-881-04 3E-07 9E-03
Tank Group 04 PB-881-05 6E-07 2E-02
Tank Group 04 PB-881-06 6E-07 2E-02
Tank Group 04 PB-881-07 4E-06 3E-01
Tank Group 04 PB-881-08 7E-07 2E-02
Tank Group 04 PB-881-09 7E-07 2E-02
Tank Group 04 PB-881-10 3E-05 2E+00
Tank Group 04 PB-881-11 6E-07 2E-02
Tank Group 04 PB-881-12 6E-07 2E-02
Tank Group 04 PB-881-13 6E-07 2E-02
Tank Group 04 PB-881-14 6E-07 2E-02
Tank Group 04 PB-881-15 7E-07 2E-02
Tank Group 04 PB-881-16 7E-07 2E-02
Tank Group 04 PB-881-17 6E-07 2E-02
Tank Group 04 PB-881-18 6E-07 2E-02
Tank Group 04 PB-882-01 3E-08 1E-03
Tank Group 04 PB-882-02 3E-08 1E-03
Tank Group 04 PB-882-03 7E-07 2E-02
Tank Group 04 PB-882-04 7E-07 2E-02
Tank Group 04 PB-882-05 6E-07 2E-02
Tank Group 04 PB-882-06 6E-07 2E-02
Tank Group 04 PB-882-07 6E-07 2E-02
Tank Group 04 PB-882-08 1E-05 3E-01
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Table 6

Location-Specific Upper-Bound Cumulative Cancer Risk and Noncancer Hazard Index (HI) for Receptor Exposure to Soil
Philadelphia Energy Solutions Refining and Marketing LLC (PESRM) Philadelphia Refining Complex, Philadelphia, Pennsylvania

Routine Worker

Vapor Intrusion

Area Location Risk HI
Tank Group 04 PB-882-09 4E-07 1E-02
Tank Group 04 PB-882-10 2E-06 1E-01
Tank Group 04 PB-882-11 7E-07 2E-02
Tank Group 04 PB-882-12 7E-07 2E-02
Tank Group 04 PB-882-13 6E-07 2E-02
Tank Group 04 PB-882-14 9E-07 3E-02
Tank Group 04 PB-882-15 7E-08 2E-03
Tank Group 04 PB-882-16 3E-05 1E+01
Tank Group 04 PB-882-17 7E-08 2E-03
Tank Group 04 PB-882-18 3E-08 1E-03
Tank Group 04 PB-882-19 3E-08 1E-03
Tank Group 04 PB-882-20 4E-07 1E-02
Tank Group 04 PB-883-01 7E-07 2E-02
Tank Group 04 PB-883-02 7E-07 2E-02
Tank Group 04 PB-883-03 7E-07 2E-02
Tank Group 04 PB-883-04 6E-07 2E-02
Tank Group 04 PB-883-05 7E-07 2E-02
Tank Group 04 PB-883-06 6E-07 2E-02
Tank Group 04 PB-883-07 7E-07 2E-02
Tank Group 04 PB-883-08 7E-07 2E-02
Tank Group 04 PB-883-09 6E-07 2E-02
Tank Group 04 PB-883-10 6E-07 2E-02
Tank Group 04 PB-883-11 6E-07 2E-02
Tank Group 04 PB-883-12 7E-07 2E-02
Tank Group 04 PB-883-13 7E-07 2E-02
Tank Group 04 PB-883-14 7E-07 2E-02
Tank Group 04 PB-883-15 7E-07 2E-02
Tank Group 04 PB-883-16 3E-06 9E-02
Tank Group 04 PB-883-17 3E-06 8E-02
Tank Group 04 PB-883-18 3E-06 1E-01
Tank Group 04 PB-883-19 6E-07 2E-02
Tank Group 04 PB-883-20 7E-07 2E-02
Tank Group 04 PB-883-21 2E-05 6E-01
Tank Group 04 PB-883-22 6E-07 2E-02
Tank Group 04 PB-883-23 7E-07 2E-02
Tank Group 04 PB-883-24 7E-07 2E-02
Tank Group 04 PB-884-01 7E-07 2E-02
Tank Group 04 PB-884-02 7E-07 2E-02
Tank Group 04 PB-884-03 7E-07 2E-02
Tank Group 04 PB-884-04 5E-07 2E-02
Tank Group 04 PB-884-05 6E-07 2E-02
Tank Group 04 PB-884-06 6E-07 2E-02
Tank Group 04 PB-884-07 6E-07 2E-02
Tank Group 04 PB-884-08 8E-06 8E-01
Tank Group 04 PB-884-09 6E-05 6E+00
Tank Group 04 PB-884-10 6E-07 2E-02
Tank Group 04 PB-884-11 S5E-07 1E-02
Tank Group 04 PB-884-12 7E-07 2E-02
Tank Group 04 PB-884-13 6E-07 2E-02
Tank Group 04 PB-884-14 6E-07 2E-02
Tank Group 04 PB-884-15 5E-05 6E+00
Tank Group 04 PB-884-16 6E-07 2E-02
Tank Group 04 PB-884-17 6E-07 2E-02
Tank Group 04 PB-884-18 1E-06 2E-02
Tank Group 04 PB-884-19 6E-07 3E-02
Tank Group 04 PB-884-20 6E-07 2E-02
Tank Group 04 PB-884-21 6E-07 2E-02
Tank Group 04 PB-884-22 6E-07 2E-02
Tank Group 04 PB-884-23 6E-07 2E-02
Tank Group 04 PB-884-24 1E-06 7E-02
Tank Group 04 PB-884-25 1E-04 6E+00
Tank Group 04 PB-884-26 7E-07 2E-02
Tank Group 04 PB-884-27 7E-07 2E-02
Tank Group 04 PB-884-28 7E-07 2E-02
Tank Group 04 PB-884-29 7E-07 2E-02
Tank Group 04 PB-885-01 6E-07 2E-02
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Table 6

Location-Specific Upper-Bound Cumulative Cancer Risk and Noncancer Hazard Index (HI) for Receptor Exposure to Soil
Philadelphia Energy Solutions Refining and Marketing LLC (PESRM) Philadelphia Refining Complex, Philadelphia, Pennsylvania

Routine Worker

Vapor Intrusion

Area Location Risk HI
Tank Group 04 PB-885-02 6E-07 2E-02
Tank Group 04 PB-885-03 6E-07 2E-02
Tank Group 04 PB-885-04 6E-07 2E-02
Tank Group 04 PB-885-05 6E-07 2E-02
Tank Group 04 PB-885-06 6E-07 2E-02
Tank Group 04 PB-885-07 6E-07 2E-02
Tank Group 04 PB-885-08 1E-06 3E-02
Tank Group 04 PB-885-09 7E-07 2E-02
Tank Group 04 PB-885-10 6E-07 2E-02
Tank Group 04 PB-885-11 7E-07 2E-02
Tank Group 04 PB-885-12 6E-07 2E-02
Tank Group 04 PB-885-13 6E-07 2E-02
Tank Group 04 PB-885-14 6E-07 2E-02
Tank Group 04 PB-885-15 6E-07 2E-02
Tank Group 04 PB-885-16 7E-07 2E-02
Tank Group 04 PB-885-17 6E-07 2E-02
Tank Group 04 PB-885-18 6E-07 2E-02
Tank Group 04 PB-885-19 6E-07 2E-02
Tank Group 04 PB-885-20 6E-07 2E-02
Tank Group 04 PB-885-21 6E-07 2E-02
Tank Group 04 PB-885-22 7E-07 2E-02
Tank Group 04 PB-885-23 1E-05 4E-01
Tank Group 04 PB-885-24 7E-07 2E-02
Tank Group 04 PB-885-25 6E-07 2E-02
Tank Group 04 PB-885-26 6E-07 2E-02
Tank Group 04 PB-886-01 6E-07 2E-02
Tank Group 04 PB-886-02 7E-07 2E-02
Tank Group 04 PB-886-03 7E-07 2E-02
Tank Group 04 PB-886-04 6E-07 2E-02
Tank Group 04 PB-886-05 6E-07 2E-02
Tank Group 04 PB-886-06 6E-07 2E-02
Tank Group 04 PB-886-07 7E-07 2E-02
Tank Group 04 PB-886-08 8E-07 4E-02
Tank Group 04 PB-886-09 6E-07 2E-02
Tank Group 04 PB-886-10 3E-07 8E-03
Tank Group 04 PB-886-11 6E-07 2E-02
Tank Group 04 PB-886-12 7E-07 2E-02
Tank Group 04 PB-886-13 7E-07 2E-02
Tank Group 04 PB-886-14 6E-07 2E-02
Tank Group 04 PB-886-15 7E-07 2E-02
Tank Group 04 PB-886-16 6E-07 2E-02
Tank Group 04 PB-886-17 6E-07 2E-02
Tank Group 04 PB-886-18 1E-06 3E-02
Tank Group 04 PB-886-19 7E-07 2E-02
Tank Group 04 PB-886-20 6E-07 2E-02
Tank Group 04 PB-886-21 6E-07 2E-02
Tank Group 04 PB-886-22 6E-07 2E-02
Tank Group 04 PB-886-23 6E-07 2E-02
Tank Group 04 PB-886-24 7E-07 2E-02
Tank Group 04 PB-886-25 6E-07 2E-02
Tank Group 04 PB-886-26 2E-07 4E-02
Tank Group 04 PB-886-27 6E-07 3E-02

Notes:

Cumulative cancer risk and HI estimates in excess of 1E-4 and 1, respectively, are shaded and bold.

Page: 4 of 4

Terraphase Engineering Inc.



Table 7
Upper-Bound Cumulative Cancer Risk and Noncancer Hazard Index (HI) for Receptor Exposure to Groundwater
Philadelphia Energy Solutions Refining and Marketing LLC (PESRM) Philadelphia Refining Complex, Philadelphia, Pennsylvania

Routine Worker Maintenance Worker Construction Worker Off-Facility Resident -
Vapor Intrusion Outdoor Air Inhalation Groundwater Contact Groundwater Contact Vapor Intrusion Outdoor Air Inhalation Nonpotable Use
Dataset Area Risk HI Risk HI Risk HI Risk HI Risk HI Risk HI Risk HI
AST Tank Group 04 1E-06 2E-02 9E-09 1E-04 1E-06 5E-02 1E-07 2E-02 2E-05 3E-01 4E-08 5E-04 2E-05 1E-01
Evergreen Tank Group 04 NC 5E-07 NC 3E-09 1E-11 2E-06 1E-12 1E-06 NC 8E-06 NC 1E-08 2E-08 2E-06

Notes:
Cumulative cancer risk and HI estimates in excess of 1E-4 and 1, respectively, are shaded and bold.
NC - Risk and HI estimates were not calculated for detected chemicals with inadequate toxicity or physical/chemical parameters or where chemical concentrations were non-detect.
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1,3,5-Trimethylbenzene | 0.002 U o 1,3,5-Trimethylbenzene | 0.0018 U 1,3,5-Trimethylbenzene | 0.0027 U 1,3,5-Trimethylbenzene | 0.0024 U 1,3,5-Trimethylbenzene | 0.0024U \
Xylenes (total) 0.002 U Xylenes (total) 0.0018 U Xylenes (total) 0.0027 U Xylenes (total) 0.0024 U Xylenes (total) 0.0024 U
SVOCs SVOCs SVOCs o SVOCs SVOCs
Naphthalene 0.18U Naphthalene 0.19U Naphthalene 0.17U Naphthalene 0.19U Naphthalene 0.19U
Metals o Metals Metals Metals Metals
Lead 3.02 Lead 3.41 Lead 3.06 Lead 5.63 Lead 6.13
o PB 840 o o
PB-843-09 4-4.5(ft) o [o)
VOCs PB-843-06 4.5-5(ft)
Benzene 0.0018 VOCs
Cumene 0.0012U = Benzene 0.0057
Ethyl Benzene 0.0012U Cumene 0.00071J
1,2,4-Trimethylbenzene | 0.0025U O Ethyl Benzene 0.0012U
1,3,5-Trimethylbenzene | 0.0025U 1,2,4-Trimethylbenzene | 0.0024 U
Xylenes (total) 0.0025U 1,3,5-Trimethylbenzene | 0.0024U
SVOCs Xylenes (total) 0.0024 U
Naphthalene 02U SVOCs
Metals Naphthalene 0.19U
Lead 183 Metals
Lead 6.13
PB-843-08 3-3.5(ft)
VOCs
Benzene 0.00055 U PB-843-07 2-2.5(ft)
Cumene 0.0011U VOCs
Ethyl Benzene 0.0011U Benzene 0.00032J
1,2,4-Trimethylbenzene | 0.0022 U Cumene 0.00016J
1,3,5-Trimethylbenzene | 0.0022 U PB-843-03 Ethyl Benzene 0.00071J
Xylenes (total) 0.0022 U 1,2,4-Trimethylbenzene | 0.0018)J Legend
SVOCs 1,3,5-Trimethylbenzene | 0.0011J
Naphthalene 0.18U Xylenes (total) 0.0049 J Tank Group 04 Boundary
Metals SVOCs
Lead 3.9 PB-843-01 PB 843 _ _ Naphthalene 0.038) :
PB-843-04 o "/ Previously Closed AST
PB-843-02 Lead 14.2
PB-843-05, y oy N
PB-843-12 4-4.5(f) PB-843-07 Berm Boundary
\;OCS 0.0017 PB-843-09 PB-813.06 PB 844 Associated Piping
enzene .
PB-843-08 PB-843-10 3-3.5(ft) .
Cumene 000045 PB-843-10 Exceeds Routine Worker Vapor
Ethyl Benzene 0.001U PB-843-12 VOCs o .
1,2,4-Trimethylbenzene | 0.002U o PB-843-11 Benzene 0.082 Intrusion RBSL
1,3,5-Trimethylbenzene | 0.002U Cumene 0.00037J . .
Xylenes (total) 0.002U PB.843.17 Ethyl Benzene 0.001U Exceeds Routine Worker or Construction
SVOCs = = 1,2,4-Trimethylbenzene | 0.0021U .
Naphthalene 018U PB sa313 135 Trimethylbenzene | 0.0021U Worker Direct Contact RBSL
Metals = - Xylenes (total) 0.007J) fo)
Lead 8.48 PB-843-15 PB-843-11 4.5-5(ft) SVOCs No Exceedances
PB-843-14 VOCs |Naphthalene 0.19U
Benzene 0.00024 J / 0.00066 U Metals le Locati
PTYERT) T35 Cumene 0.000261/0.0013U Lead 53 >ample Location
o - PB-843-16 Ethyl Benzene 0.0013U/0.0013U
Benzene 0.00051 U 1,2,4vTr!methy\benzene 0.0025 U/ 0.0026 U 1G07-MW-07 1/6/2023 <—Sampling Depth
Cumene 0.001U 1,3,5-Trimethylbenzene | 0.0025U/0.0026 U VOCs
. Xylenes (total) 0.0025 U/ 0.0026 U Benzene 240 {ACDEF}
Ethyl Benzene 0.001U SVOCs Cumene s3(err [ ——Result/RBSL Exceeded
1,2,4-Trimethylbenzene | 0.002U Tol 27{A}
N Naphthalene 0.19U/0.2U oluene
1,3,5-Trimethylbenzene | 0.002U Xylenes (total) | 1.67J{E}
Metals
Xylenes (total) 0.002 U SVOCs
svocs Lead 283/15 Naphthalene | 013{e}
Naphthalene 0.18U
Metals Exceedance Code
Lead 3.21 Soil Screening Levels
(A} {B} {ch {D} Qualifiers:
Routine Worker | Routine Worker |  Construction | Migration to U -- Not Detected
Chemical Diret:'t Con'tact Vaporlntru.sion Workerl')irect. Groundwater J -- Estimated Concentration
with Soil from Soil Contact with Soil
(mg/kg) (mg/kg) (mg/kg) (me/ke)
PB-843-14 4-4.5(ft) PB-843-16 3-3.5(ft) PB-843-15 4.5-5(ft) PB-843-17 4.5-5(ft) Exceedance Codes:
VOCs VOCs VOCs VOCs VOCs
Benzene 0.00035 Benzene 0.00048U Benzene 0.00048U Benzene 0.00024) Benzene 63 0.46 87 og| {A}Greater than RW DC
Cumene 0.00017 J Cumene 0.00097 U Cumene 0.00097 U Cumene 0.0011U Cumene 1000 6.1 87 1000] {B} Greater than RW VI
Ethyl Be.nzer:‘eIb 0.00099 U Ethyl Be.nzer;e‘b 0.00097 U Ethyl Be.nzer:]elb 0.00097 U Ethyl Be.nzele‘b 0.0011U Ethyl Benzene 2300 15 1300| 820| {C} Greater than CW DC
1,2,4-Trimethylbenzene | 0.002U 1,2,4-Trimethylbenzene | 0.0019U 1,2,4-Trimethylbenzene | 0.0019 U 1,2,4-Trimethylbenzene | 0.0023 U 1,2,4-Trimethylbenzene 180 0.92) 70| 250) {D} G ¢ th S | MtGW
1,3,5-Trimethylbenzene | 0.002U 1,3,5-Trimethylbenzene | 0.0019U 1,3,5-Trimethylbenzene | 0.0019 U 1,3,5-Trimethylbenzene | 0.0023U ) reater than >ol
1,3,5-Trimethylbenzene 220 0.92] 99| 240
Xylenes (total) 0.002 U Xylenes (total) 0.0019U Xylenes (total) 0.0019 U Xylenes (total) 0.0023 U Xyl total 240 15 51 340
SVOCs SVOCs SVOCs SVOCs ylenes (total) - Notes:
Naphthalene 0.19U Naphthalene 0.19U Naphthalene 0.19U Naphthalene 02U SVOCs : . X
Metals Metals Metals Metals Naphthalene 41 0.54 6 27| 1. All concentrations are presented in mg/kg.
Lead 1.2 Lead 486 Lead 92 Lead 1 Metals 2. Results exceeding the RBSLs are shaded.
Lead 2520 - 2520 45000
N SAFETY FIRST CLIENT: Philadelphia Energy Solutions Soil s le Results C d to RBSL
Refining and Marketing LLC oil Sample Results Compared to S
Tank Group 04
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PE’841
(o]
Q PB 882
o (o] o
PB-191-01 4-4.5(ft) PB-191-02 3-3.5(ft) °
VOCs VOCs
Benzene 0.00073 U Benzene 0.0094
Cumene 0.0014 U Cumene 0.0022)
Ethyl Benzene 0.0014 U Ethyl Benzene 0.0012)
1,2,4-Trimethylbenzene | 0.0029 U 1,2,4-Trimethylbenzene | 0.0013)
1,3,5-Trimethylbenzene | 0.0029 U 1,3,5-Trimethylbenzene | 0.00054 )
Xylenes (total) 0.0029 U Xylenes (total) 0.0047 )
SVOCs SVOCs
Naphthalene 0.039)J Naphthalene 0.063)J
Metals Metals
Lead 110 Lead 46.8
[e]
/0/\—.
PB 843> [ps-191-03 3-3.5(ft) PB 844
VOCs
Benzene 0.00066 U
(o] Cumene 0.0013U
Ethyl Benzene 0.0013U o o O
1,2,4-Trimethylbenzene | 0.0026 U
o 1,3,5-Trimethylbenzene | 0.0026 U /
Xylenes (total) 0.0026 U o O
° SVOCs Y
Naphthalene 021U Legend
Metals o PB 881
o Lead 19.8 c-:o Tank Group 04 Boundary
9 (o) m Previously Closed AST
W o $P8-191-02 / Berm Boundary
PB-191-06 0.5-1(ft) ° — Associated Piping
PB-191.03 PB 849 VOCs
PB 191° i Benzene 0.00057 U Exceeds Routine Worker Vapor
PB-191-04 1.5-2(ft) cumene 0.0036 o Intrusion RBSL
PB-191-04 PB-191-05 Ethyl Benzene 0.0011U
VOCs o 1,2,4-Trimethylbenzene | 0.00046 ) O No Exceedances
Benzene 0.0012 PB-191-07. fgs PB-191-06 1,3,5-Trimethylbenzene | 0.0023 U
Cumene 0.0015 PB-191-08 Xylenes (total) 0.0023 U )
Ethyl Benzene 0.001)J SVOCs Sample Location
1,2,4-Trimethylbenzene | 0.0023) Naphthalene 1U L
1,3,5-Trimethylbenzene | 0.0013) Metals TG07-Mw-07 | 1/6/2023 | ———Sampling Depth
Xylenes (total) 0.0032)J Lead 26.5 ‘égsene 40 ACDEF)
SVOCs Cumene s3(er) [——Result/RBSL Exceeded
Naphthalene 0.1J Toluene 27{A}
Metals Xylenes (total) | 1.67J{E}
SVOCs
Lead 295 Naphthalene 0.13{E}
Exceedance Code
Soil Screening Levels
PB-191-07 4.5-5(ft) PB-191-05 3-3.5(ft) PB-191-08 4.5-5(ft) {A} {B} {c} {D} Qualifiers:
VOCs VOCs VOCs Routine Worker | Routine Worker | Construction Soil Migration to U -- Not Detected
Benzene 0.0011 U/ 0.00071 U Benzene 0.00058 U Benzene 0.0003J Chemical Direct Contact | Vapor Intrusion | Worker Direct Groundwater J -- Estimated Concentration
Cumene 0.0022 U / 0.0082 Cumene 0.00027J) Cumene 0.003 with Soil from Soil Contact with Soil
Ethyl Benzene 0.0022 U/0.0014 U Ethyl Benzene 0.0012U Ethyl Benzene 0.00021J (mg/keg) (mg/keg) (mg/kg) (me7ke)
1,2,4-Trimethylbenzene | 0.0043 U/ 0.0028U 1,2,4-Trimethylbenzene | 0.0023U 1,2,4-Trimethylbenzene | 0.0031 Vocs Exceedance Codes:
1,3,5-Trimethylbenzene | 0.0043 U/0.0028 U 1,3,5-Trimethylbenzene | 0.0023U 1,3,5-Trimethylbenzene | 0.00066 Benzene P 0.6 87 o {A} Greater than RW DC
Xylenes (total) 0.0043 U/ 0.0028 U Xylenes (total) 0.0023U Xylenes (total) 0.00285) Cumene 1000| 6.1 87| 1000] {B} Greater than RW VI
SVOCs SVOCs SVOCs PB].88 Ethyl Benzene 2300 15 1300} 820f {C} Greater than CW DC
Naphthalene 0.23/0.2U Naphthalene 0.18U Naphthalene 0.059J 1,2,4-Trimethylbenzene 180 0.92 70 250 {D} Greater than Soil MtGW
Metals Metals Metals 1,3,5-Trimethylbenzene 220 0.92 99 240
Lead 176/ 218 Lead 12.8 Lead 84.5 Xylenes (total) 240 15 51 340
SVOCs Notes:
Naphthalene 41 0.54 6| 271 1. All concentrations are presented in mg/kg.
Metals 2. Results exceeding the RBSLs are shaded.
Lead 2520) - 2520) 45000
N SAFETY FIRST CLIENT: Philadelphia Energy Solutions .
Refining and Marketing LLC Soil Sample Results Compared to RBSLs
0 150 PROJECT: Tank Group 04
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PB-882-04 3-3.5(ft) PB-882-01 3-3.5(ft) PB-882-05 3-3.5(ft) PB-882-06 3-3.5(ft) PB-882-02 3-3.5(ft) PB-882-03 3-3.5(ft)
VOCs VOCs Ty i =~ VOCs VOCs VOCs VOCs
Benzene 0.00058 Benzene 0.00052 U Benzene 0.0005 U Benzene 0.00045 U Benzene 0.00047 U Benzene 0.00045 U
Cumene 0.00095 U Cumene 0.001U Cumene 0.001U Cumene 0.00091 U Cumene 0.00095 U Cumene 0.0009 U
Ethyl Benzene 0.00014J Ethyl Benzene 0.001U Ethyl Benzene 0.001U Ethyl Benzene 0.00091 U Ethyl Benzene 0.00095 U Ethyl Benzene 0.0009 U
1,2,4-Trimethylbenzene | 0.00096J 1,2,4-Trimethylbenzene | 0.0021U 1,2,4-Trimethylbenzene 0.002U 1,2,4-Trimethylbenzene | 0.0018 U 1,2,4-Trimethylbenzene | 0.0019 U 1,2,4-Trimethylbenzene | 0.0018 U PB 190
1,3,5-Trimethylbenzene | 0.00038J 1,3,5-Trimethylbenzene | 0.0021U 1,3,5-Trimethylbenzene | 0.002U [~ 1,3,5-Trimethylbenzene | 0.0018 U 1,3,5-Trimethylbenzene | 0.0019 U 1,3,5-Trimethylbenzene | 0.0018 U
§ PB-882-08 4.5-5(ft) Xylenes (total) 0.00108 J Xylenes (total) 0.0021 U Xylenes (total) 0.002 U \ 7 Xylenes (total) 0.0018 U Xylenes (total) 0.0019 U Xylenes (total) 0.0018 U
"N" VOCs SVOCs SVOCs SVOCs SVOCs SVOCs SVOCs
14 Benzene 0.00045 U Naphthalene 0.19U Naphthalene 0.0078 U Naphthalene 0.18U Naphthalene 0.19U Naphthalene 0.0072U Naphthalene 02U
2 Cumene 0.039 Metals Metals Metals Metals Metals Metals
& Ethyl Benzene 0.017 Lead 6.1 Lead 4.2 Lead 5.09 Lead 5.96 Lead 5.3 Lead 9.65
< 1,2,4-Trimethylbenzene 0.041
3 1,3,5-Trimethylbenzene 0.016
® Xylenes (total) 0.00495J
§ SVOCs
> Naphthalene 1.6{B}
c Metals
& Lead 3.78)
|
|
]
o
2
i PB-882-07 3-3.5(ft)
o VOCs
] Benzene 0.00046 U
=
o PB-882-10 4-4.5(ft) Cumene 0.00091 U
; VOCs Ethyl Be.nzene 0.00091 U
£ Benzene 0.095 U 1,2,4-Trimethylbenzene | 0.0018 U
2 Cumene 12 1,3,5-Trimethylbenzene | 0.0018U F 4
% Ethyl Benzene 019U 4 Xylenes (total) 0.0018U \
E 1,2,4-Trimethylbenzene | 0.38U SVOCs 1
ke 1,3,5-Trimethylbenzene | 0.38U Naphthalene o3y \
3 Xylenes (total) 038U Metdals 0 ]
‘ Lea 5.
oV svecs PB PB-882-02 \
§ Naphthalene 0.16 1
i Metals
2/ Niead 12y PB-882-01 PB-882-03 -
[
% PB-882-05
g o PB-882-12 335(ft) Legend
Ve
= Vo VOCs 1
94 I
7L PB 882 |pp.gs2-06 2enzene §§§§§§L L_ MTank Group 03 Boundary
umene .
PB-882-07 Ethyl Benzene 0.00085 U Tank Group 04 Boundary
PB-882-14 3-3.5(ft) PB-882-04 1,2,4-Trimethylbenzene | 0.0017 U .
VOCs PB-882-10 PB-882-12 1,3,5-Trimethylbenzene | 0.0017 U 7’ Previously Closed AST
Benzene 0.0005U Xylenes (total) 0.0017 U
Cumene 0.0031
PB-882-08 Svocs Berm Boundary
Ethyl Benzene 0.001U
° PB-882-13 Naphthalene 0.19U
1,2,4-Trimethylbenzene | 0.0077 PB-882-09 PB-882-11 - . Metals . L.
1,35-Trimethylbenzene |  0.005 PB-882-14 Q Lead 737 Associated Piping
Xylenes (total) 0.002U 270 .
SVOCs Exceeds Routine Worker Vapor
Naphthalene 0.13 PB-882-16 80/ o Intrusion RBSL
Metals
Lead 7
PB-gB2 11 350 PB-882.13 v || © O No Exceedances
VOCs VOCs
PB-882-09 3.5-4(ft) B
Q enzene 0.00032) Benzene 0.00046 U .
PB-882-17 “vocs Cumene 0.0001) Cumene 0.00032U Sample Location
Benzene 0.00054U Ethyl Benzene 0.00087 U Ethyl Benzene 0.00092 U
PB-882-18 Cumene 0.042 1,2,4-Trimethylbenzene | 0.0017U 1,2,4-Trimethylbenzene | 0.0018U Teormw-07 | 1/6/2005_|———Sampling Depth
PB-882-16 3-3.5(ft) .-.. Ethyl Be.nzene 0.0011U 1,3,5-Trimethylbenzene | 0.0017U 1,3,5-Trimethylbenzene | 0.0018 U o \VOCs
VOCs 1,24 Trimethylbenzene | 0.0022U Xylenes (total) 0.0017U Xylenes (total) 0.0018U Benzene 240 {ACDEF)
Benzene 0.05U 1,3,5-Trimethylbenzene | 0.0022U SVOCs SVOCs Cumene s3(err [ ——Result/RBSL Exceeded
Cumene 6.4{8} Xylenes {total) 0.0025) Naphthalene 0.19U <Naphthalene 0.19U Toluene 27{A}
Ethyl Benzene 17{8} PB-882-20 SVOCs Metals Metals :\v/l;gses (total) | 1.67J{E}
1,2,4-Trimethylbenzene |  64{B} Naphthalene 0.06) Lead 5.69 Lead 5.83 Nantanalens | IO
1,3,5-Trimethylbenzene |  18{B} PB-882-19 Metals
Xylenes (total) 39.2){B} Lead 445) Exceedance Code
SVOCs Soil Screening Levels
ANaphthalene 4.2{B} (A} (8} © (0} g .
Vetals Qualifiers:
Lead 113 Routine Worker | Routine Worker |  Construction | Migration to U -- Not Detected
PB 844 Chemical Diret:'t Con'tact Vaporlntru.sion Workerl')irect. Groundwater J -- Estimated Concentration
4 with Soil from Soil Contact with Soil
(mg/ke) (mg/ke) (mg/kg) (me/ke)
PB-882-15 3-3.5(ft) PB-882-18 3-3.5(ft) PB-882-19 3-3.5(ft) PB-882-20 3-3.5(ft) PB-882-17 3-3.5(ft) Exceedance Codes:
VOCs VOCs VOCs VOCs VOCs VOCs
Benzene 0.0005 U Benzene 0.00054 U Benzene 0.00055 U Benzene 0.00051 U Benzene 0.00054 U Benzene 63 0.46 87 o] {A} Greater than RW DC
Cumene 0.001U Cumene 0.0011U Cumene 0.0011U Cumene 0.001U Cumene 0.0011U Cumene 1000 6.1 87 1000} {B} Greater than RW VI
Ethyl Benzene 0.001U Ethyl Benzene 0.0011U Ethyl Benzene 0.0011U Ethyl Benzene 0.001U Ethyl Benzene 0.0011U Ethyl Benzene 2300 15 1300| 820| {C} Greater than CW DC
1,2,4-Trimethylbenzene | 0.002U 1,2,4-Trimethylbenzene | 0.0022U 1,2,4-Trimethylbenzene | 0.0022U 1,2,4-Trimethylbenzene | 0.002U 1,2,4-Trimethylbenzene | 0.0022 U 12 4-Tri
,2,4-Trimethylbenzene 180 0.92 70| 250 {D} G ter th Soil MtGW
1,3,5-Trimethylbenzene 0.002U 1,3,5-Trimethylbenzene | 0.0022 U 1,3,5-Trimethylbenzene | 0.0022 U 1,3,5-Trimethylbenzene | 0.002 U 1,3,5-Trimethylbenzene | 0.0022U 13 5-Trimethylbenzene 220 0.92 99 240 reater an >ol
Xylenes (total) 0.002 U Xylenes (total) 0.0022 U Xylenes (total) 0.0022 U Xylenes (total) 0.002U Xylenes (total) 0.0022 U X’ I' tot Iy 240 ;lS < 340
SVOCs SVOCs SVOCs SVOCs SVOCs ylenes (total) - Notes:
Naphthalene 0.0094 Naphthalene 0.0079U Naphthalene 0.0082U Naphthalene 0.062 |Naphthalene 0.0096 SVOCs : ) )
Metals Metals Metals Metals Metals Naphthalene 41 0.54 6 27| 1. All concentrations are presented in mg/kg.
Lead 19.4 Lead 113 Lead 10 Lead 736 Lead 3.9 Metals 2. Results exceeding the RBSLs are shaded.
' Lead 2520) -- 2520) 45000
N SAFETY FIRST CLIENT: Philadelphia Energy Solutions Soil s le Results C d to RBSL
Refining and Marketing LLC oil Sample Results Compared to S
Tank Group 04
0 75 150 PROJECT: P
I ] Feet Aboveground Storage Tank Closure (AST PB 882)

PROJECT NUMBER:

P044

.001.002

Figure 4E




X /PB186/

PB-881-11 3-3.5(ft) PB-881-01 3-3.5(ft) PB-881-07 3-3.5(ft) PB-881-02 3-3.5(ft) PB-881-03 3-3.5(ft)

VOCs VOCs VOCs o VOCs VOCs

Benzene 0.00053 U Benzene 0.00043 U Benzene 0.021U/0.032U Benzene 0.00053 U Benzene 0.00046 U

Cumene 0.0011U Cumene 0.0032 Cumene 0.0089J/0.012) Cumene 0.001U Cumene 0.00093 U

Ethyl Benzene 0.0011U Ethyl Benzene 0.00087 U Ethyl Benzene 0.042 U/ 0.065 U Ethyl Benzene 0.001U Ethyl Benzene 0.00093 U

1,2,4-Trimethylbenzene | 0.0021U 1,2,4-Trimethylbenzene 0.13U 1,2,4-Trimethylbenzene 0.47 /1{B} 1,2,4-Trimethylbenzene | 0.0021U 1,2,4-Trimethylbenzene | 0.0019 U
§ 1,3,5-Trimethylbenzene | 0.0021U 1,3,5-Trimethylbenzene 0.091 1,3,5-Trimethylbenzene 0.22/0.45 o 1,3,5-Trimethylbenzene | 0.0021 U 1,3,5-Trimethylbenzene | 0.0019 U
g Xylenes (total) 0.0021U Xylenes (total) 0.055)J Xylenes (total) 0.059J / 0.0695J Xylenes (total) 0.0021 U Xylenes (total) 0.0019 U
5 PB-881-05 3-3.5(ft) SVOCs SVOCs SVOCs SVOCs SVOCs
2 VOCs Naphthalene 0.17U Naphthalene 0.26) Naphthalene 0.048J / 0.6 {B} Naphthalene 0.17U Naphthalene 1.2{B}
Z Benzene 0.00049 U Metals Metals Metals Metals Metals
§ Cumene 0.00098 U Lead 2.35) Lead 1.62) Lead 1.48)/1.48) Lead 1.49) Lead 1.78) o o [}
© Ethyl Benzene 0.00098 U
3 1,2,4-Trimethylbenzene | 0.002U
7| 1,3,5-Trimethylbenzene | 0.002U o
§ Xylenes (total) 0.002U
o) SVOCs
C]
| - ~n
3 Naphthalene 0.19U PB187 PBBSL12 335(7) B 883 o
=1 Metals voc
& s
&5
2 Lead 77 Benzene 0.00051 U o
(<]
; Cumene 0.001U
<z( PB-881-04 2-2.5(ft) 881-0 Ethyl Benzene 0.001U
gl |vocs PEZ8S101 1,2,4- Trimethylbenzene | 0.002U o O
% Benzene 0.00051 U 1,3,5-Trimethylbenzene | 0.002U
2 Cumene 0.001U Xylenes (total) 0.002 U
E Ethyl Benzene 0.001U SVOCs
'g 1,2,4-Trimethylbenzene | 0.002U Naphthalene 0.17U
S 1,3,5-Trimethylbenzene | 0.002U PB-881-05 Metals
§ Xylenes (total) 0.002 U Lead 14)
2 SVOCs
§ Naphthalene 0.048) PB-881.13 33.5(71)
® Metals -
S [Lead 89.2 vocs Legend
- PB-881-02 Benzene 0.00049 U f
g PB-881-04 PB.881-07 Cumene 0.00099 U I ITank Group 03 Boundary
S|  [pe-ss1oe 3-3.5(ft) Ethyl Benzene 0.00099 U L
S VOCs 1,2,4-Trimethylbenzene | 0.002U Tank Group 04 Boundary
3 Benzene 0.00056 U . ~ 1,3,5-Trimethylbenzene 0.002U .
é Cumene 0.0011U PB-881-06 PB-881-11 pB-gs1-12 2 Xylenes (total) 0.002U W Previously Closed AST
@ - : PB-881-13
a3 Ethyl Benzene 0.0011U ) PB-881-10 SVOCs B
2 i | -881- erm Boundary
9 1,2,4—Tr!methylbenzene 0.0022 U 70 PB-881-14 ma;zhlthalene 0.17U
" 1,3,5-Trimethylbenzene | 0.0022 U etals —— Associated Plplng
g Xylenes (total) 0.0022 U Lead 2.2)
e PB-881-16 i
g svossh | o-PBI881-18 O Exceeds Routine Worker Vapor
[a) Naphthalene 0.17U H
o Vetals PB 881 | pB-881-17 PB-881-18 3-35(f1) Intrusion RBSL
o0 VOCs

PB-881-15
@ Lead 1.45) Benzene 0.00049U O No Exceedances
& PB-881-09 Cumene 0.00098 U .
g PB-881-08 4-4.5(ft) Ethyl Benzene 0.00098 U Sample Location
A [Voos o 1,2,4-Trimethylbenzene | 0.002U
=l Benzene 0.00058 U 1,3,5-Trimethylbenzene | 0.002U TG07-Mw-07 | 1/6/2023 | ———Sampling Depth
g Cumene 0.0012U Xylenes (total) 0.002U VOCs Ao
Benzene 240 {ACDEF|

§ Ethyl Benzene 0.0012 U SVOCs Cumene s3{er) [ ——Result/RBSL Exceeded
&l 1,2,4-Trimethylbenzene | 0.0023 U Naphthalene 0.17U Toluene 27{A}
2 |1,35 Trimethylbenzene | 0.0023U Metals Aitenes (tote) EEREE)
é’ Xylenes (total) 0.0023 U Lead 1.46) Naphthalene 0.13{E}
o SVOCs
K Naphthalene 02U Exceedance Code
2 Metals Soil Screening Levels
8
8 Lead 6.67 (A} {B} {ch {D} Qualifiers:
E Routine Worker | Routine Worker | Construction Soil Migration to U -- Not Detected
b=y Chemical Direct Contact | Vapor Intrusion | Worker Direct J -- Esti i
@ stimated Concentration
§ PB-881-09 3-3.5(ft) PB-881-10 3-3.5(ft) PB-881-15 4.5-5(ft) PB-881-16 3-3.5(ft) PB-881-17 3-3.5(ft) PB-881-14 3-3.5(ft) with Soil from Soil Contact with Soil Ground:later
g vocs voCs vocs vOCs voCs vocs (me/ke) (me/ke) (me/ke) (me/ke)
o Benzene 0.00058 U Benzene 0.052U Benzene 0.00048 U Benzene 0.00051 U Benzene 0.0005 U Benzene 0.00045 U voc Exceedance Codes:
8 Cumene 0.0012 U Cumene 0.26 Cumene 0.00096 U Cumene 0.00017J Cumene 0.001U Cumene 0.0009 U Benzsene P 046 a7 o {A} Greater than RW DC
E Ethyl Be.nzene 0.0012 U Ethyl Bejnzene 0.067) Ethyl Bgnzene 0.00096 U Ethyl Be_nzene 0.001U / Ethyl Beinzene 0.001U Ethyl Be.nzene 0.0009 U Cumene 1000 61 7] 1000 {B} Greater than RW VI
£ 1,2,4-Trimethylbenzene | 0.0023 U 1,2,4-Trimethylbenzene 9.4 {B} 1,2,4-Trimethylbenzene | 0.0019 U 1,2,4-Trimethylbenzene | 0.002U 1,2,4-Trimethylbenzene | 0.002 U 1,2,4-Trimethylbenzene | 0.0018 U Ethyl Benzene 2300 15 1300| 820 {C} Greater than CW DC
Ag— 1,3,5-Trimethylbenzene | 0.0023 U 1,3,5-Trimethylbenzene 3.6{B} 1,3,5-Trimethylbenzene | 0.0019 U 1,3,5-Trimethylbenzene | 0.002 U 1,3,5-Trimethylbenzene | 0.002 U 1,3,5-Trimethylbenzene | 0.0018 U 1,2,4-Trimethylbenzene 180| 0.92 70| 250) DI G ter than Soil MtGW
= Xylenes (total) 0.0023U Xylenes (total) 04561 @@ "/|xylenes (total) 0.0019U Xylenes (total) 0.002U Xylenes (total) 0.002U Xylenes (total) 0.0018U 135 Trimethylbenzene 220 0.92 P 2a0] (D} Greater than Soi
2 SVOCs SVOCs SVOCs SVOCs SVOCs SVOCs Xylenes (total) 240) 15 51 340
A
A&l Naphthalene 0.2U Naphthalene 4.4{B} Naphthalene 0.2U Naphthalene 0.2U Naphthalene 0.18U Naphthalene 0.17U SVOCs Notes:
é Metals Metals Metals Metals Metals Metals Naphthalene 41 0.54 [d 278 1. All concentrations are presented in mg/kg.
g Lead 6.12 Lead 1.22) Lead 5.85 Lead 10.7 Lead 14) Lead 2.02) Metals 2. Results exceeding the RBSLs are shaded.
v Y I/ Lead 2520 - 2520 45000
o
2 N SAFETY FIRST CLIENT: Philadelphia Energy Solutions
a .
o Refining and Marketing LLC Soil Sample Results Compared to RBSLs
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/
~ PB-190 I
PB-883-16 3-3.5(ft) PB-883-17 3-3.5(ft) PB-883-05 3-3.5(ft) PB-883-01 3-3.5(ft) PB-883-04 4-4,5(ft) PB-883-06 4-4,5(ft) PB-883-02 3-3.5(ft) ,
VOCs VOCs VOCs VOCs VOCs VOCs VOCs
Benzene 0.00056 U Benzene 0.00064 U Benzene 0.0003 J ! 4Benzene 0.00026 Benzene 0.00049 U Benzene 0.00053 U Benzene 0.00051U ,
Cumene 0.00019J Cumene 0.0013U Cumene 0.0002) Cumene 0.00018J Cumene 0.00098 U Cumene 0.001U Cumene 0.001U
Ethyl Benzene 0.0011U Ethyl Benzene 0.0013U Ethyl Benzene 0.00091 U Ethyl Benzene 0.001U Ethyl Benzene 0.00098 U Ethyl Benzene 0.001U Ethyl Benzene 0.001U ,
PB-883-14 3-3.5(ft) 1,2,4-Trimethylbenzene | 0.0022 U 1,2,4-Trimethylbenzene | 0.0026 U 1,2,4-Trimethylbenzene | 0.00034)J 1,2,4-Trimethylbenzene | 0.0021 U 1,2,4-Trimethylbenzene | 0.002 U 1,2,4-Trimethylbenzene | 0.0021U 1,2,4-Trimethylbenzene | 0.002U
VOCs 1,3,5-Trimethylbenzene | 0.0022 U 1,3,5-Trimethylbenzene | 0.0026 U 1,3,5-Trimethylbenzene | 0.00084) 1,3,5-Trimethylbenzene | 0.0021U \1,3,5—Trimethylbenzene 0.002 U 1,3,5-Trimethylbenzene | 0.0021U 1,3,5-Trimethylbenzene | 0.002U ’
§ Benzene 0.00062 U Xylenes (total) 0.0022 U Xylenes (total) 0.0026 U Xylenes (total) 0.0018 U Xylenes (total) 0.0021U Xylenes (total) 0.002 U Xylenes (total) 0.0021U Xylenes (total) 0.002U
o Cumene 0.0012U SVOCs SVOCs SVOCs SVOCs SVOCs SVOCs SVOCs |
2 Ethyl Be.nzene 0.0012U Naphthalene 0.99U Naphthalene 09U Naphthalene 0.19U Naphthalene 02U Naphthalene 0.19U Naphthalene 0.19U Naphthalene 02U PB-883-03 3-3.5(ft)
3 1,2,4-Trimethylbenzene | 0.0025U Metals Metals Metals Metals Metals Metals Metals VOCs
= 1,3,5-Trimethylbenzene | 0.0025U Lead 8.62 Lead 7.06 Lead 6.72 Lead 7.61) Lead 6.16 \ Lead 6.14 Lead 6.88 Benzene 0.00041
5 Xylenes (total) 0.0025 U w, Cumene 0.00082 U
3 SVOCs Ethyl Benzene 0.00082 U
e Naphthalene 0.21U , 1,2,4-Trimethylbenzene | 0.0016U
S Metals 1,3,5-Trimethylbenzene | 0.0016 U
2 FLead 5.14 ' Xylenes (total) 0.0016 U
g /' SVOCs
I~ Naphthalene 0.19U
v PB-883-12 3-3.5(ft) ! Metals
5 VOCs \ Lead 5.82
2 Benzene 0.00057 U ’
E Cumene 0.0011U i om
@ / Ethyl Benzene 0.0011U PB-883-07 3-3.5(f1)
2 1,2,4-Trimethylbenzene | 0.0023 U voCs
2 1,3,5-Trimethylbenzene | 0.0023U Benzene 0.00026 )
2 Xylenes (total) 0.0023U Cumene 0.00021)
E SVOCs Ethyl Benzene 0.0011U
: Naphthalene 02U 1,2,4-Trimethylbenzene | 0.00041)
o Metals 1,3,5-Trimethylbenzene | 0.00025)
o Lead 11 Xylenes (total) 0.0023 U
g SVOCs
<)
Q Naphthalene 02U
O PB-883-08 3-3.5(ft) E‘LT
©
s VOCs Lead 139
R Benzene 0.00054 U
= Cumene 0.0011U
g Ethyl Benzene 0.0011U PB-883-01 PB-883-15 3-3.5(ft)
9| 1,2,4-Trimethylbenzene | 0.0022U b VOCs
(o] X
- 13,5 Trimethylbenzene | 0.0022U PB-883-02 PB-883-03 Benzene 0.00025 )
S Xylenes (total) 0.0022 U Cumene 0.00095 U Legend
N ! | A
>N Zvorf:h | 02U PB-883-04 Ethyl Benzene 0.00095 U ! ﬂ
S Mipta\saene - 883 1,2,4-Trimethylbenzene | 0.0019 U L . Tank Group 03 Boundary
- P B 1,3,5-Trimethylbenzene | 0.0019 U
£ PlLiajIB 7 - PB-883-08 PB-883-06 Xylenes (total) 0.00125) Tank Group 04 Boundary
UL: /' PB.883-05 PB-883-07 SVOCs
g T A Naphthalene 02U Berm Boundary
9, VoGS Metals . .
1/ |penzene 0.0005U PB-883-15 Lead 806 Associated Piping
% Cumene 0.001U .
21 ethyi senzene 0.001U PB-883-20 _PB-883-21 Exceeds Routine Worker Vapor
| PB-883-17 PB-883-21 3-3.5(f
g 1,2,4-Trimethylbenzene | 0.002U oo -3.5(ft) Intrusion RBSL
ol 1,3,5-Trimethylbenzene 0.002U PB-883-16 PB-883-18 VOCs
X Benzene 0.00046 U
] Xylenes (total) 0.002 U
o fsvoc PB-883-20 3-3.5(f1) Cumene 0.00042) O No Exceedances
< N PB-883-22 PB-883:19 VOC: Ethyl B 0.00034J
o Naphthalene 017U lo——pB:883-23 S Vi Benzene g
< Benzene 0.00045 ) 1,2,4-Trimethylbenzene 0.0097 .
o Metals Sample Location
5 Lead 218 Cumene 0.00029) 1,3,5-Trimethylbenzene 0.0032
& Ethyl Benzene 0.00097 U Xylenes (total) 0.0023J
= 1,2,4-Trimethylbenzene | 0.00089) SVOCs TGO7-MW-07 | 1/6/2023 <—Samp|ing Depth
g PB-883-10 3-3.5(ft) 1,3,5-Trimethylbenzene | 0.00048 ) Naphthalene SQB{ VOCs
aQ VOCs Xylenes (total) 0.0019 U Metals Benzene 240 {ACDEF}
o
gl Benzene 0,00044U SVOCs Lead 126 Cumene s3(er) [——Result/RBSL Exceeded
3l Cumene 0.00089 U Naphthalene 0.2U ;":”e"e ool 12677(J“()E}
2 Ethyl Benzene 0.00089 U Metals Aitenes total) B
3 .
3 1,2,4-Trimethylbenzene | 0.0018U Lead 773 Naphthalene | 013(}
1,3,5-Trimethylbenzene | 0.0018 U
«
% Xylenes (total) 0.0018U Exceedance Code
2 SVOCs PB-883-24 Soil Screening Levels
2 Naphthalene 018U [e] [e] [e] {A} {8} {c} {D} Qualifiers:
: Metals fe P B 8 8 1 :
= Lead 4.67 Routine Worker | Routine Worker |  Construction | Migration to U -- Not Detected
g . . . . . .
8 O o Chemical Direct Contact | Vapor Intrusion | Worker Direct Groundwater J -- Estimated Concentration
Q with Soil from Soil Contact with Soil
5 (mg/ke) (mg/ke) (mg/kg) (me/ke)
=] PB-883-11 3.5-4(ft) PB-883-13 4.5-5(ft) PB-883-22 3-3.5(ft) PB-883-23 4.5-5(ft) PB-883-18 3-3.5(ft) PB-883-24 3-3.5(ft) PB-883-19 4.5-5(ft) Exceedance Codes:
o :
3| VOCs VOCs VOCs D |vocs VOCs VOCs VOCs VOCs
o
3 PB’'849 Jeerere 000048V | [Benzene 000048V | [Benzene 0.00052U | |Benzene 0.00074U | [Benzene 0.032U Benzene 000051U | [Benzene 0.0005U Benzene 63 0.46 8.7 og] A} Greater than RW DC
= Cumene 0.00095 U Cumene 0.00096 U Cumene 0.00024J Cumene 0.0015 U Cumene 0.82 Cumene 0.001U Cumene 0.001U Cumene 1000 6.1 87 1000] {B} Greater than RW VI
<
E Ethyl Be.nzene 0.00095 U Ethyl Be‘nzene 0.00096 U Ethyl Be.nzene 0.001U Ethyl Be.nzene 0.0015U Ethyl Be.nzene 0.064 U Ethyl Be.nzene 0.001U Ethyl Be.nzene 0.001U Ethyl Benzene 2300 15| 1300 820 {C} Greater than CW DC
5 1,2,4-Trimethylbenzene | 0.0019 U 1,2,4-Trimethylbenzene | 0.0019U 1,2,4-Trimethylbenzene | 0.0021U 1,2,4-Trimethylbenzene | 0.003U 1,2,4-Trimethylbenzene 0.04J) 1,2,4-Trimethylbenzene | 0.002U 1,2,4-Trimethylbenzene | 0.002U 1,2,4-Trimethylbenzene 180 0.92) 70| 250) .
= 1,3,5-Trimethylbenzene | 0.0019 U 1,3,5-Trimethylbenzene | 0.0019 U 1,3,5-Trimethylbenzene | 0.0021U 1,3,5-Trimethylbenzene 0.003U 1,3,5-Trimethylbenzene 0.13U 1,3,5-Trimethylbenzene 0.002U 1,3,5-Trimethylbenzene | 0.002 U 113’5—Trimeth Ibenzene 220 0.92 99 240 {D} Greater than SOII MtGW
b Xylenes (total) 0.0019 U Xylenes (total) 0.0019U Xylenes (total) 0.0021U Xylenes (total) 0.003 U Xylenes (total) 0.109J Xylenes (total) 0.002U Xylenes (total) 0.002U Xl I’ (tot I\; 240 1 o o1 340
3 SVOCs sVaCs svacs SVOCs SVOCs SVOCs SVOCs y.enestota - Notes:
Q Naphthalene 0.19U |Naphthalene 0.2U Naphthalene 0.19U Naphthalene 02U Naphthalene 0.91U Naphthalene 0.2U Naphthalene 0.18U SVOCs : ) )
; Metals Metals Metals Metals Metals Metals Metals Naphthalene 4 0.54) 6| 27§ 1. All concentrations are presented in mg/kg.
& Lead 4.25 Lead 6.72 Lead 4.03 Lead 4.64 Lead 6.49 Lead 4.46 Lead 7.75 Metals 2. Results exceeding the RBSLs are shaded.
$ Lead 2520 - 2520 45000
o
a N CLIENT: Philadelphia Energy Solutions
4] :
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File: N:\GIS\Prj\P044.001_PESRM-PES\MXDs\AST Work\Tank Group 04\20230113 Databoxes RBSL_SO\(20230113) Figure 4H - PB 847 Databoxes SO_RBSLs.mxd 2/28/2023 Created by: Mia_Coordinate System: NAD 1983 StatePlane Pennsylvania South FIPS 3702 Feet

PB-847-03 3-3.5(ft) PB-847-04 3-3.5(ft) PB-847-01 3-3.5(ft) PB-847-02 3-3.5(ft) PB-847-07 4-4.5(ft) PB-847-08 3-3.5(ft)
VOCs VOCs VOCs VOCs VOCs VOCs
Benzene 0.00045 U Benzene 0.00044 U Benzene 0.00043 U Benzene 0.00046 U / 0.00044 U Benzene 0.00029) Benzene 0.00045 U
Cumene 0.00089 U Cumene 0.00083 U Cumene 0.00085 U Cumene 0.00093 U / 0.00089 U Cumene 0.001U Cumene 0.0009 U
Ethyl Benzene 0.00089 U Ethyl Benzene 0.00088 U Ethyl Benzene 0.00085 U Ethyl Benzene 0.00093 U/ 0.00089 U Ethyl Benzene 0.001U Ethyl Benzene 0.0009 U
1,2,4-Trimethylbenzene | 0.0018 U 1,2,4-Trimethylbenzene | 0.0018 U 1,2,4-Trimethylbenzene | 0.0017 U 1,2,4-Trimethylbenzene 0.0018 U/ 0.0018 U 1,2,4-Trimethylbenzene | 0.0021U 1,2,4-Trimethylbenzene | 0.0018 U
PE.847-06 35.4(f) 1,3,5-Trimethylbenzene | 0.0018 U 1,3,5-Trimethylbenzene | 0.0018 U 1,3,5-Trimethylbenzene | 0.0017 U 1,3,5-Trimethylbenzene 0.0018 U /0.0018 U 1,3,5-Trimethylbenzene | 0.0021U 1,3,5-Trimethylbenzene | 0.0018 U
Xylenes (total) 0.0018 U Xylenes (total) 0.0018 U Xylenes (total) 0.0017 U Xylenes (total) 0.0018 U / 0.0018 U Xylenes (total) 0.0021U Xylenes (total) 0.0018 U
VOCs SVOCs SVOCs SVOCs SVOCs SVOCs SVOCs
Benzene 0.00043 U
Naphthalene 0.19U Naphthalene 0.19U Naphthalene 02U Naphthalene 0.2U/0.2U Naphthalene 0.2U Naphthalene 02U (o]
Cumene 0.00086 U Metals Metals Metals Metals Metals Metals
Ethyl Benzene 0.00086 U Lead 4.07 Lead 3.69 Lead 6.08 Lead 4.67/4.52 Lead 5.3 Lead 4.46
1,2,4-Trimethylbenzene | 0.0017 U q
1,3,5-Trimethylbenzene | 0.0017 U
Xylenes (total) 0.0017 U
SVOCs o
Naphthalene 02U
Metals
Lead 4.69
PB-847-05 4-4,5(ft) PB 250 A o
VOCs
Benzene 0.00043 U PB-847-12 4.5-5(ft)
Cumene 0.00087 U PB 820 VOCs o
Ethyl Benzene 0.00087 U Benzene 0.00043U
1,2,4-Trimethylbenzene | 0.0017 U Cumene 0.013
1,3,5-Trimethylbenzene | 0.0017U PB-847-02 Ethyl Benzene 0.0028
Xylenes (total 0.0017 U 1,2,4-Trimethylbenzene 0.02
5\\;0(:5 ( ) PB-847-04 1,3,5-Trimethylbenzene 0.054
Naphthalene 0.19U PB-847-03 Xylenes (total) 0.0009 Legend
Metals SvOCs Tank Group 04 Boundary
Lead 3,51 PB-847-06 Naphthalene 0.19U
PB-847-05 PB-847-07, Metals Tank Group 05 Boundary
PB-847-08 Lead 6.35
PB-847-09 4.5-5(ft) PB-847-09 VIA Previously Closed AST
VOCs —o
ier‘ze"e %%‘(’)‘E“d PB-847-10 PB-847-11 PB-847-12 Berm Boundary
umene . . L.
Ethyl Benzene 0.0012U PB 847 PB-847.14 Associated Piping
1,24 Trimethylbenzene | 0.0023U PB-847-13 Exceeds Routine Worker Vapor
1,3,5-Trimethylbenzene | 0.0023 U O .
Xylenes (total) 0.0023U PB-847-14 3.5-4(ft) Intrusion RBSL
’S\“’Oﬁtsh | 0210 PB.847-15 PB-847-17 VOoCs Exceeds Routine Worker or Construction
MZZB,S sene ) :nmz::: 0'11_23U Worker Direct Contact RBSL
Lead 4.13 PB-847-16 Ethyl Benzene 025U O No Exceedances
1,2,4-Trimethylbenzene 0.5U
[e) 1,3,5-Trimethylbenzene 05U
PB-847-10 3-3.5(ft) Xylenes (total) 05U Sample Location
VOCs SVOCs L
Benzene 0.00049 U Naphthalene 0.043) Teo7-Mw-07 | 1/6/2023 | ———Sampling Depth
Cumene 0.00098 U Metals ggsene 40 (RCBER)
it:‘i' ?enzer;‘e N anggisuu Lead . 5.24 Cumene s53(eF) | @———Result/RBSL Exceeded
,2,4-Trimethylbenzene . Toluene 27{A}
1,3,5-Trimethylbenzene 0.002U o PB 848 Xylenes (total) | 1.67J{E}
Xylenes (total) 0.002 U o :‘\gsﬁha‘ene L
SVOCs o )
Naphthalene 0.2U Exceedance Code
Metals Soil Screening Levels
Lead 5.37 (A} {8} {c} {D} Qualifiers:
Routine Worker | Routine Worker |  Construction I U -- Not Detected
PB-847-11 3-3.5(ft) PB-847-15 4-4.5(ft) | 6-6.5(ft) | 17-17.5(ft) PB-847-16 3-3.5(ft) PB-847-13 4-4,5(ft) PB-847-17 3.5-4(ft) Chemical Direct Contact | Vapor Intrusion | Worker Direct Soil Migration to J - Estimated Concentration
VOCs VOCs vOCs VOCs VOCs with Soil from Soil |Contact with soil| CroUnAWater
Benzene 0.00047) 21 (Benzene 0.063)J 0.032U 0.16 Benzene 0.00047 U Benzene 0.051)J Benzene 0.0042 (mg/kg) (mg/kg) (mg/kg) (me/ke)
_—|cumene 0.00012 ) Cumene 12 3.2 11 Cumene 0.00094 U Cumene 0.94 Cumene 0.027 Vocs Exceedance Codes:
" [EthvIBenzene 0.00098 U Ethyl Benzene 0.24 5.4 0.018) Ethyl Benzene 0.00094 U Ethyl Benzene 02) Ethyl Benzene 0.018 Benzene 63 0.46 37 og| {A} Greater than RW DC
1,2,4-Trimethylbenzene | 0.002U 1,2,4-Trimethylbenzene [ 2.8{B} 5.1{B} 01U 1,2,4-Trimethylbenzene | 0.0019U 1,2,4-Trimethylbenzene | 2.2{B} 1,2,4-Trimethylbenzene 0.11 Cumene 1000) 6.1 87 1000] {B} Greater than RW VI
1,3,5-Trimethylbenzene | 0.002 U 1,3,5-Trimethylbenzene 1.8{B} 3.2{B} 0.016) 1,3,5-Trimethylbenzene | 0.0019 U 1,3,5-Trimethylbenzene 1.4{B} 1,3,5-Trimethylbenzene 0.0088 Ethyl Benzene 2300 15 1300 820 {C} Greater than CW DC
Xylenes (total) 0.002 U Xylenes (total) 0.27) 2.53J {B} 0.1U Xylenes (total) 0.0019 U Xylenes (total) 0.23) Xylenes (total) 0.0167) 1,2,4-Trimethylbenzene 180 0.92 70| 250 {D} Greater than Soil MtGW
SVOCs SVOCs SVOCs SVOCs SVOCs 1,3,5-Trimethylbenzene 220 0.92] 99| 240
Naphthalene 0.19U Naphthalene 7{BC} 7.5{BC} 1.6 {B} Naphthalene 0.2U Naphthalene 0.13)J Naphthalene 0.2U Xylenes (total) 240 1.5] 51 340
Metals Metals Metals < Metals Metals SVOCs Notes:
Lead 4.97 Lead 5.06 6.75 5.9 Lead 5.17 Lead 3.88 Lead 5.26 Naphthalene 4 0.54 5 278 1. All concentrations are presented in mg/kg.
- Metals 2. Results exceeding the RBSLs are shaded.
Lead 2520) - 2520) 45000
N SAFETY FIRST CLIENT: Philadelphia Energy Solutions Soil s | | d
Refining and Marketing LLC oil Sample Results Compared to RBSLs
0 75 150 PROJECT: Tank Group 04
I ] Feet Aboveground Storage Tank Closure (AST PB 847)
Linch =75 feet PROJECT NUMBER: .
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File: N:\GIS\Prj\P044.001_PESRM-PES\MXDs\AST Work\Tank Group 04\20230113 Databoxes RBSL_SO\(20230113) Figure 4 - PB 848 Databoxes SO_RBSLs.mxd 2/28/2023 Created by: Mia_Coordinate System: NAD 1983 StatePlane Pennsylvania South FIPS 3702 Feet

PB-848-07 4.5-5(ft) | 7-7.5(ft) PB-848-01 3-3.5(ft) PB-848-05 3-3.5(ft) 250 /PB-848-08 4,5-5(ft) PB-848-02 3-3.5(ft) PB-848-03 3-3.5(ft)
VOCs VOCs VOCs VOCs VOCs VOCs
Benzene 0.14 0.0023 Benzene 0.001 Benzene 0.00056 U / 0.00049 U Benzene 0.0003J Benzene 0.00047 U Benzene 0.00055 U o]
Cumene 11 0.015 Cumene 0.00014 ) Cumene 0.0011 U/ 0.00098 U Cumene 0.0099 Cumene 0.00094 U Cumene 0.0011U
Ethyl Benzene 1.6 0.028 Ethyl Benzene 0.0012U Ethyl Benzene 0.0011 U/ 0.00098 U Ethyl Benzene 0.0067 Ethyl Benzene 0.00094 U Ethyl Benzene 0.0011U
1,2,4-Trimethylbenzene 2.2{B} 0.0016J 1,2,4-Trimethylbenzene | 0.0023 U 1,2,4-Trimethylbenzene 0.0022 U/ 0.002U 1,2,4-Trimethylbenzene 0.037 1,2,4-Trimethylbenzene | 0.0019 U 1,2,4-Trimethylbenzene | 0.0022U
1,3,5-Trimethylbenzene 1{B} 0.0059 1,3,5-Trimethylbenzene | 0.00026J 1,3,5-Trimethylbenzene 0.0022 U/ 0.002 U 1,3,5-Trimethylbenzene 0.0047 1,3,5-Trimethylbenzene | 0.0019 U 1,3,5-Trimethylbenzene | 0.0022 U
Xylenes (total) 0562) | 0.00268) Xylenes (total) 0.00155 ) Xylenes (total) 0.0022U/0.002U Xylenes (total) 0.00133) Xylenes (total) 0.0019Y Xylenes (total) 0.0022U TG04-MW-03
SVOCs SVOCs SVOCs SVOCs SVOCs SVOCs
Naphthalene 0.26 0.2U Naphthalene 0.2U Naphthalene 0.034J/0.2U Naphthalene 0.2U Naphthalene 0.19U Naphthalene 0.18 U o
Metals Metals Metals Metals Metals Metals
Lead 3200{AC} 7.5 Lead 6.75 Lead 8.21/18.8 Lead 246 Lead 26.2 Lead 516
o
[e]
PB-848-06 4.5-5(ft)
V0 o o PB-848-09 4.5-5(ft) °
Benzene 0.032U Vocs
Cumene 3 Benzene 0.00022J
Ethyl Benzene 1 PB 847 Cuhmlene 0.0011
1,2,4-Trimethylbenzene | 35{B} O Ethy Be.nzene 0.00046 o]
1,3,5-Trimethylbenzene 0.16 1,2,4-Trimethylbenzene | 0.0013J
X’yl‘enes (total) 013U 1,3,5-Trimethylbenzene | 0.00028 J
SVOCs - O Xylenes (total) 0.00093 J o
Naphthalene 17{8} SVOCs
Metals - PB-848-02 Naphthalene 0.2U
Lead 7.2 Metals
PB-848-01 PB-848-03 Lead 1140
Legend
Tank Group 04 Boundary
PB-848-05 PB-848-10 4.5-5(ft)
PEas vasi) PB 848 vocs Tank Group 05 Boundary
vocs PB-848-07 PB-848-08 Genzene e % .
Benzene 18(8} ene - "/ Previously Closed AST
Cumene 0.46 Ethyl Benzene 0.0024
Ethyl Benzene 0 9 PB-848-06 PB-848-09 1,2,4-Trimethylbenzene | 0.00081J Berm Bounda ry
1,2,4-Trimethylbenzene 43{8} PB-848-10 G 1,3,5-Trimethylbenzene | 0.00047 )
1,3,5-Trimethylbenzene 2.7{B} Xylenes (total) 0.0025 U Associated Plplng
ol PB-848-04 SVOCs
ylenes (total) 3.82J{B} Vs PB-848-13 PB-848-14 Naphthalene 0.23U
svoCs £)pB-243-11 Metals ' Exceeds Routine Worker Vapor
Naphthalene 1.4{B O .
Metals Lead 721 Intrusion RBSL
Lead 716 PB-848-12
PB848-15 Exceeds Routine Worker or Construction|
Worker Direct Contact RBSL
PB-848-14 4,5-5(ft)
VoCs O  No Exceedances
Benzene 0.00019)
Cumene 0.00079J
PB-848-11 3-3.5(ft, .
VOCs W Ethyl Benzene 0.00017J Sample Location
Benzene 0.87{8} 1,2,4-Trimethylbenzene | 0.0023U
Cumene 0.29 1'3|'5'T”meth“"be“2e”e g'ggg v Teo7-Mw-07 | _1/6/2023_|——Sampling Depth
Ethyl Benzene 0.16 :\i;g:s (total) - G VOCs
1,2,4-Trimethylbenzene 0.12) Benzene 240 {ACDEF}
1,3,5-Trimethylbenzene | 0.076J Naphthalene 021U Cumene s3{er) [ ——Result/RBSL Exceeded
Metals Toluene 27{A}
Xylenes (total) 0.394) Lead 157 Xylenes (total) | 1.673 €}
Svocs SVOCs
(Naphthalene 019U Naphthalene | 0.13(g)
Metals
Lead 15 Exceedance Code
Soil Screening Levels
(A} {B} {ch {D} Qualifiers:
Routine Worker [ Routine Worker |  Construction | o\ 0 U -- Not Detected
Chemical Direct Contact | Vapor Intrusion | Worker Direct 8 - i i
ct tont " Direct | croundwater | J - Estimated Concentration
PB-848-15 4.5-5(ft) PB-848-16 3-3.5(ft) PB-848-18 4,5-5(ft) PB-848-17 3-3.5(ft) PB-848-12 4-4.5(ft) PB-848-13 4.5-5(ft) with Soil from Soil | Contact with Soil (mg/kg)
VoCs VoCs VoCs VoCs Vocs VoCs (mg/ke) (mg/ke) (mg/ke) £ d Codes:
Benzene 1.1{B} Benzene 0.0006 U Benzene 0.01J Benzene 0.00077 U Benzene 0.00055 U Benzene 0.036U VOCs xceedance Codes:
Cumene 24 Cumene 0.0012U Cumene 0.06 Cumene 0.0015U Cumene 0.0011U Cumene 0.01J Benzene P 046 a7 o {A} Greater than RW DC
Ethyl Bgnzene 16 {B} Ethyl Beﬁ]zene 0.0012U Ethyl Beﬁzene 0.017) Ethyl Beﬁ]zene 0.0015U Ethyl Be.nzene 0.0011U Ethyl Be.nzene 0.018) Cumene 1000 6.1 g7 1000 {B} Greater than RW VI
1,2,4-Trimethylbenzene 7.7{B} 1,2,4-Trimethylbenzene | 0.0024 U 1,2,4-Trimethylbenzene 0.058J 1,2,4-Trimethylbenzene | 0.0031U 1,2,4-Trimethylbenzene | 0.0022U 1,2,4-Trimethylbenzene 0.14U Ethyl B 2300 15 1300 220
1,3,5-Trimethylbenzene 4{B} 1,3,5-Trimethylbenzene | 0.0024 U 1,3,5-Trimethylbenzene 0.011J 1,3,5-Trimethylbenzene | 0.0031U 1,3,5-Trimethylbenzene | 0.0022 U 1,3,5-Trimethylbenzene 0.14U thy! e.nzene {C} Greater than CW DC
Xylenes (total) 38J{B} Xylenes (total) 0.0024 U Xylenes (total) 0.083) Xylenes (total) 0.0031U Xylenes (total) 0.0022 U Xylenes (total) 0.14U 1,2,4—Tr!methylbenzene 180 0.92 70 250 {D} Greater than Soil MtGW
SVOCs SVOCs SVOCs SVOCs SVOCs SVOCs 13,5-Trimethylbenzene 220 0.92 99 240
Naphthalene 0.2U Naphthalene 0.2U Naphthalene 02U Naphthalene 0.026J Naphthalene 0.043) Naphthalene 0.2U Xylenes (total) 240] 15 51 340]
Metals Metals Metals Metals Metals Metals SVOCs Notes:
Lead 9.28 Lead 6.41 Lead 60.7 Lead 1840 Lead 282 Lead 28.5 Naphthalene 41 0.54 6) 27| i i
oLl B Merials 1. All concentrat@ns are presented in mg/kg.
2. Results exceeding the RBSLs are shaded.
Lead 2520 - 2520 45000
N SAFETY FIRST CLIENT: Philadelphia Energy Solutions Soil s le Results C d to RBSL
Refining and Marketing LLC oil Sample Results Compared to S
Tank Group 04
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: N:\GIS\Pri\P044.001_PESRM-PES\MXDs\AST Work\Tank Group 04120230113 Databoxes RBSL_SO\(20230113) Figure 4J - PB 884 Databoxes SO _RBSLs.mxd 2/28/2023 Created by: Mia_Coordinate System: NAD 1983 StatePlane Pennsylvania South FIPS 3702 Feet

PB-884-09 3-3.5(ft) PB-884.05 3.3.5(ft) |pB-88a-01 33.5(ft) PB-884-02 3-3.5(ft) PB-884-06 3.5-4(ft) PB-884.03 3-3.5(ft) PB-884-04 3-3.5(ft)
vocs vocs vocs vocs vocs vocs vocs
Benzene 2{8} Benzene 0.0008U 0.0003 Benzene 0.00049U Benzene 0.0003) Benzene 0.00053U Benzene 0.00052U
Cumene 28 Cumene 0.0016 U Cumene 0.00072 Cumene 0.00098U Cumene 000039 Cumene 0.001U Cumene 0,078
, Ethyl Benzene 6.6 Ethyl Benzene 0.0016 U Ethyl Benzene 0.000231 8 Ethyl Benzene 0.00098U Ethyl Benzene 0.000521 Ethyl Benzene 0.001U Ethyl Benzene 0.001U
PB 189 1,2,4-Trimethylbenzene | 12{B} 1,2,4-Trimethylbenzene | 0.0032U 1,24 Trimethylbenzene | 0.0024 1,24-Trimethylbenzene | 0.002U 1,24-Trimethylbenzene | 0.0064 1,2,4-Trimethylbenzene | 0.0021U 1,2,4-Trimethylbenzene | 0.015
1,3,5-Trimethylbenzene | 3.7{B} 1,3,5-Trimethylbenzene | 0.0032U 1,3,5-Trimethylbenzene | 0000881 1,3,5-Trimethylbenzene | 0.002U 1,3,5-Trimethylbenzene | 0.0042 1,3,5-Trimethylbenzene | 0.0021U 1,35 Trimethylbenzene | 0.0045
Xylenes (total) 411{8) Xylenes (total) 0.0032U Xylenes (total) 00048 Xylenes (total) 0.002U Xylenes (total) 000193 Xylenes (total) 0.0021U Xylenes (total) 0.00123
SVOCs svocs svocs SVOCs SVOCs svocs SVOCs
Naphthalene 3.2(8) Naphthalene 017U Naphthalene 02y Naphthalene 02y Naphthalene 017U Naphthalene 021U Naphthalene 0.0731 PB-884-10 33.5()
PB-884-08 4.5-5(ft) Metals Metals Metals Metals Metals Metals Metals Vocs
vocs Lead 195 Lead 2.38 Lead 24.5 Lead 5.62 Lead 89 Lead 88 Lead 6.72 Benzene 0.00053U
Benzene 015 Cumene 0.0011U
Cumene 0.08 Ethyl Benzene 0.0011U
Ethyl Benzene 0.14 1,2,4-Trimethylbenzene | 0.0021U
1,2,4-Trimethylbenzene | 2.1{B} 1,3,5-Trimethylbenzene | 0.0021U
1,3,5-Trimethylbenzene | 0.66 Xylenes (total) 0.0021U
Xylenes (total) 5.41{8} Svocs
svocs 017U
0.84{B} Metals
Metals Lead 2.58
Lead 60.2
PB-884-11 3-3.5(ft)
PB-884-07 3-3.5(ft) PB-884-03 VOCs
VOCs Benzene 0.00051U
Benzene 0.00066 U Cumene 0.001U
Cumene 0.0013U Ethyl Benzene 0.001U
Ethyl Benzene 0.0013U 1,2,4-Trimethylbenzene | 0.002U
1,2,4-Trimethylbenzene | 0.0027U 1,3,5-Trimethylbenzene | 0.002U
1,3,5-Trimethylbenzene | 0.0027 U PB-884-02 Xylenes (total) 0.002U
Xylenes (total) 0.0027U SVOCs
SVOCs Naphthalene 0.068J
018U Metals
Metals Lead 37
Lead 261
-PB-884-01
PB-884-12 3-3.5(ft)
PB-884-13 33.5(7t) vocs
vocs Benzene 0.00059 U/ 0.00054 U
Benzene 0.00052U PB-884-05 PB-884-04 PB-884-11 Cumene 0.0012U/0.0011U
Cumene 0.001U Ethyl Benzene 0.0012U/0.0011U
Ethyl Benzene 0.001U PB-884-06 1,2,4-Trimethylbenzene | 0.0023U/0.0021U
1,2,4-Trimethylbenzene | 0.0021U 1,3,5-Trimethylbenzene | 0.0023U/0.0021U
1,3,5-Trimethylbenzene | 0.0021U Xylenes (total) 0.0023U/0.0021U
Xylenes (total) 00021y PB-884-07 PB-884-09 SvOCs
svocs Naphthalene 02U/02U d
019U PB-884-10 ¢ ci Metals Legen
PB-884-08 ] ses/50 g
Lead 3.2 O
PB.884-1 PB-884-12 Tank Group 04 Boundary
L 2330 e PB 884 [/ A Previously Closed AST
vocs PB-884-17 33.5(ft)
Benzene 0.00054U PB-884-14 PB-884-15 PB-884-17 VoGS
Cumene 0.0011U O PB-884-16 © Benzene 0.00058U Berm Boundary
Ethyl Benzene 0.0011U O Cumene 0.0012U
1,2,4-Trimethylbenzene | 0.0022U Ethyl Benzene 0.0012U . s
1,3,5-Trimethylbenzene | 0.0022U PB-884-27 PEl,Z,A-Trimelhylbenzene 0.0023U Associated P'pmg
Xylenes (total) 0.0022 U 1,3,5-Trimethylbenzene | 0.0023U .
svocs Xylenes (total) 00m3u Exceeds Routine Worker Vapor
017U svoc .
Metals PB-884-18 PB-884-19  PB-884-20  PB-834-21 ; 0180 Intrusion RBSL
Lead 2.63 Metals
Lead 1.99) O No Exceedances
PB-884-15 3-3.5(ft) PB-884-25
voCs PB-884-22 PB-884-28 33.5(ft) PB-884-27 3-3.5(ft) )
Benzene 2.6(8} VoCs VOCs Sample Location
Cumene 3.6 Benzene 0.00048 U Benzene 0.00025 U
Ethyl Benzene 88 PB-884-23 Cumene 0.00096 U Cumene 0.0005U .
1,2,4-Trimethylbenzene | 14{B} PB-884-29 33.5(ft) Ethyl Benzene 0.00096 U Ethyl Benzene 0.0005 U TG07-MW-07 1/6/2023 <—Sampllng Depth
1,3,5-Trimethylbenzene | 4.5{B} VOCs 1,2,4-Trimethylbenzene | 0.0019U 1,2,4-Trimethylbenzene | 0.001U VOCs
Xylenes (total) 471 {B} ~PB-884-29 |genzene 0.00045 U 1,3,5-Trimethylbenzene | 0.0019 U 1,3,5-Trimethylbenzene | 0.001U Benzene 240 {ACDEF}
svocs | _— Cumene 0.0009U Xylenes (total) 00019y Xylenes (total) 0001U Cumene s3(err [ ——Result/RBSL Exceeded
ap “ alene [MO:ES{B/M| Ethyl Benzene 0.0009U svocs svocs Toluene 271A}
Metals 1,2,4-Trimethylbenzene | 0.0018U Naphthalene 02U Naphthalene 02U Xylenes (total) | 1.67J {€}
Lead 168) 1,3,5-Trimethylbenzene | 0.0018U Metals Metals SVOCs
PB-884-26 Xylenes (total 0.0018U Lead 9.37 Lead 115 Naphthalene 013(8)
PB-884-16 3-3.5(ft) Svocs
Vocs 021U
Benzene 0.0009 U PB-884-24 Metals - " Exceedance Code
Cumene 0.0018 U Lead 4.49 Soil Screening Levels
Ethyl Benzene 0.0018U {A} {B} {c} {D} Qualifiers:
1,2,4-Trimethylbenzene | 0.0036 U
1,3,5-Trimethylbenzene | 0.0036 U Routine Worker | Routine Worker | Construction Soil Migration to U -- Not Detected
Xylenes (total) 0.0036U Chemical Dir ; i " .
ect Contact | Vapor Intrusion | Worker Direct -
SVOCs o ct Cont P * Direct | croundwater | J - Estimated Concentration
017U with Soil from Soil Contact with Soil
« K K (mg/kg)
Metals o (mg/kg) (mg/ke) (mg/kg) £ d Cod
Lead 1.86) Xceedance Coades:
VOCs
PB-884-18 4.5-5(ft) PB-884-22 3-3.5(ft) PB-884-19 3.3.5(ft) PB-884-23 3.3.5(ft) PB-884-20 3-3.5(ft) PB-884-24 3.3.5(ft) PB-884-25 4.5:5(ft) PB-884-26 33.5(ft) PB-884-21 3.3.5(ft) Benzene 63 0.46 87 %8 {A} Greater than RW DC
vocs vocs vocs vocs vocs vocs vocs vocs vocs B} Greater than RW VI
Benzene 0035 Benzene 0.00066 U Benzene 0.00036 ) Benzene 0.0005U Benzene 0.00055U Benzene 0.034 Benzene 718} Benzene 0.0006 U Benzene 0.00047U Cumene 1000 6.1 &7 1000{ {B}
Cumene 0.0053 Cumene 0.0013U Cumene 0.0044 Cumene 0.001U Cumene 0.0011U Cumene 0.03 Cumene 3 Cumene 0.0012U || Qcumene 0.00094U Ethyl Benzene 2300 15 1300] 8201 {C} Greater than CW DC
Ethyl Benzene 0.024 Ethyl Benzene 0.0013U Ethyl Benzene 0.0024 Ethyl Benzene 0.001U Ethyl Benzene 00011V Ethyl Benzene 0.095 Ethyl Benzene 04 Ethyl Benzene 0.0012U Ethyl Benzene 0.00094U 1,2,4-Trimethylbenzene 180| 0.92 70| 3| D1 han Soil MtGW
1,2,4-Trimethylbenzene |  0.033 1,2,4-Trimethylbenzene | 0.0026U 1,24-Trimethylbenzene | 0.052 1,24-Trimethylbenzene | 0.002U 1,2,4-Trimethylbenzene | 0.0022U 1,24-Trimethylbenzene | 0.13 1,2,4-Trimethylbenzene | 12{8} 1,2,4-Trimethylbenzene | 0.0024U 1,2,4-Trimethylbenzene | 0.0019U 13 5-Trimethylbenzene 20l 0.0 9 240 {D} Greater than Soil Mt
1,3,5-Trimethylbenzene | 0.01 1,3,5-Trimethylbenzene | 0.0026U 1,35 Trimethylbenzene | 0,022 1,3,5-Trimethylbenzene | 0.002U 1,35 Trimethylbenzene | 0.0022U 1,35 Trimethylbenzene | 0.042 1,3,5-Trimethylbenzene | 3.8{B} 1,3,5-Trimethylbenzene | 0.0024U 1,3,5-Trimethylbenzene | 0.0019U 2 M -
Xylenes (total) 0.0275) Xylenes (total) 0.0026 U Xylenes (total) 0.05) Xylenes (total) 0.002U Xylenes (total) 0.0022U Xylenes (total) 0.362) Xylenes (total) 411 {8} Xylenes (total) 0.0024 U Xylenes (total) 0.0019 U Xylenes (total) 240 1.5] 51 340
svOCs SVOCs P SVOCs svOCs SVOCs SVOCs SVOCs SVOCs SVOCs SVOCs Notes:
Naphthalene 005 Naphthalene 018U Naphthalene 0.085) Naphthalene 017U Naphthalene 017U Naphthalene 00821 Naphthalene 218} Naphthalene 019U Naphthalene 017U N . .
e aphthalene 41 0.54 6| 27
Metals Metals Metals Metals Metals Metals Metals Metals Metals v ’i | 1. All concentrations are presented in mg/kg.
etals .
Lead 717 Lead 277 Lead 161) Lead 161) Lead 1.04) Lead 45.9 Lead 311 Lead 265 Lead 1.98) 2. Results exceedmg the RBSLs are shaded.
11 Lead 2520) -- 2520) 45000
N SAFETY FIRST CLIENT: Philadelphia Energy Solutions Soil S le Results C d to RBSL
T : oll Sample Results Compared to S
Refining and Marketing LLC P p
Tank Group 04
0 75 150 PROJECT: P

|
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PB-885-01 3.3.5(ft) PB-885-03 3.3.5(ft) PB-885-12 3.3.5(ft) PB-885-13 3.3.5(ft) PB-885-04 3.3.5(ft) PB-885-05 3.3.5(ft) PB-885-06 3.3.5(ft)
VoCs vocs /\—VOCS vocs Vocs Vocs Vocs
Benzene 0.00051U Benzene 0.0005au | \O Benzene 0.00043U Benzene 0.00048U Benzene 0.00046 U Benzene 0.00047U Benzene 0.00056 U
Cumene 0.001U Cumene 000110 | %" |cumene 0.00087U Cumene 0.00095U Cumene 0.00091U Cumene 0.00095 U Cumene 0.0011U
Ethyl Benzene 0.001U Ethyl Benzene 0.0011U Ethyl Benzene 0.00087U Ethyl Benzene 0.00095U Ethyl Benzene 0.00091U Ethyl Benzene 0.00095 U Ethyl Benzene 0.0011U
PB-885-08 33.5( 1,2,4-Trimethylbenzene | 0.002U 1,2,4-Trimethylbenzene | 0.0022U 1,2,4-Trimethylbenzene | 0.0017U 1,2,4-Trimethylbenzene | 0.0019U 1,2,4-Trimethylbenzene | 0.0018U 1,2,4-Trimethylbenzene | 0.0019U 1,2,4-Trimethylbenzene | 0.0022U
(ft)
VOCs 1,3,5-Trimethylbenzene | 0.002U 1,3,5-Trimethylbenzene | 0.0022U 1,3,5-Trimethylbenzene | 0.0017U 1,3,5-Trimethylbenzene | 0.0019U 1,3,5-Trimethylbenzene | 0.0018U 1,3,5-Trimethylbenzene | 0.0019U 1,3,5-Trimethylbenzene | 0.0022U
Benzene 0.00042U Xylenes (total) 0.002U Xylenes (total) 0.0022U Xylenes (total) 0.0017U Xylenes (total) 0.0019U Xylenes (total) 0.0018U Xylenes (total) 0.0019U Xylenes (total) 0.0022U
o Cumene 0.00083 U SVOCs SVOCs SVOCs SVOCs SVOCs SVOCs SVOCs
3 Ethyl Benzene 0.00083U Naphthalene 019U O Naphthalene 017u | O Naphthalene 017U Naphthalene 017U Naphthalene 017U Naphthalene 017U Naphthalene 0.18U
~ 1,2,4-Trimethylbenzene | 0.0017U Metals Metals Metals Metals Metals Metals Metals
Q 13,5 Trimethylbenzene | 0.0017U Lead 150 Lead 2.68 Lead 1331 Lead 1721 Lead 1564 Lead 139) Lead 241
o
o Xylenes (total) 0.0017 U PB 884
& SVOCs
= 035U
5 Metals
3 Lead 9.07
O
2 o o o PB-885-14 3-3.5(ft)
S VOCs
5 O! Benzene 0.00042U
£ PB-885-02 3.3.5(ft) Cumene 0.00034U
& Vocs o Ethyl Benzene 0.00082U
v Benzene 0.0005U 1,24 Trimethylbenzene | 0.0017U
5 Cumene 0.00099U PB-885-03 1,3,5-Trimethylbenzene | 0.0017U
T Ethyl Benzene 0.00099 U o o o Xylenes (total) 0.0017U
2 . Svocs
T 1,2,4-Trimethylbenzene | 0.002U
:’, 1,3,5-Trimethylbenzene | 0.002U 0.17V
® Xylenes (total) 0.002U Metals
3 SVOCs (o] Lead 145)
=\
2 0.19U
B Metals
£ Lead 43.9
Q)
g PB-885-12
A PB-885-15 33.5(ft)
g VoCs
8
2 PEEE5.09 33500 PB-885-01 Benzene 0.00045U
hel VoGS O Cumene 0.0009U
9 Ethyl Benzene 0.0009 U
3 Benzene 0.0005U _885.-
O . PB-885-02 PB-885-08 1,2,4-Trimethylbenzene | 0.0018U
umene 0.001U -885- i
g . 1,3,5-Trimethylbenzene | 0.0018U
= thyl Benzene o001y Xylenes (total) 0.0018 U
= 1,2,4-Trimethylbenzene | 0.002U PB-885-04 PB-885-05, O PB-885-06 SVOCs v
3 1,35-Trimethylbenzene | 0.002U
B Xylenes (total) 0.002U \a 017V
2 SVOCs ‘ Metals
g Naphthalene 02U O ] 1481
- Metals PB-885-09
Q Lead 7.61 o _ooc_
S PB-885-07 =2 PB-885-10 PB-885-15 Legend
Q)
8 — PB-885-11 PB.885.13  PB.885.14 =T EE Tank Group 04 Boundary
VoCs
] PB-885-07 3.3.5(ft) ‘ .
X { — -
g o Benzene 0.00044u [ Previously Closed AST
: Cumene 0.00087U
4 B 0.00056 U
Il ci:::: 000110 PB 885 Ethyl Benzene 0.00087U
& Y O PB-885-16 1,2,4-Trimethylbenzene | 0.0017U Berm Boundary
Ethyl Benzene 0.0011U !
o ) PB-885-17 PB-885-19 1,3,5-Trimethylbenzene | 0.0017U
3 1,2,4-Trimethylbenzene | 0.0022U PB-885-21 Xyl (total) 0.0017U i ini
o 1,3,5-Trimethylbenzene | 0.0022U 2 PB-885-18 PB-885-20 frlenes tots - Associated Piping
% Xylenes (total) 0.0022U ® 0190
8 SVOCs - i
= PB-885-25 Vetals Exceeds Routine Worker Vapor
g Naphthalene 0.18U o s 193)
3 Vetals <2 : Intrusion RBSL
| Lead 17.4
00
00
@ b PB-885-22 PB-885-24 PB-885-26 O No Exceedances
&
: 0O
E T YT PB-885-26 33.5(ft) PB-885-20 3-3.5(ft) PB-885-21 33.5(ft) )
< oc | 335000 PB-885-23 9, VoCs vocs vocs Sample Location
f N * 0.00058U a - Benzene 0.0006 U Benzene 0.00049 U Benzene 0.00056 U
il enzene - Cumene 0.0012U cumene 0.00099U Cumene 0.0011U .
) E”hmfge gﬁiﬂ Ethyl Benzene 0.0012U Ethyl Benzene 0.00099 U Ethyl Benzene 0.0011U TGO7-MW-07 | 1/6/2023 <—Sampllng Depth
g I‘ZLTE_"IET o ppssiey 1,2,4-Trimethylbenzene | 0.0024 U 1,2,4-Trimethylbenzene | 0.002U 1,2,4-Trimethylbenzene | 0.0022U VOCs
3 12 Tnmethvlbenmne ooz 1,3,5-Trimethylbenzene | 0.0024U 1,3,5-Trimethylbenzene | 0.002U 1,3,5-Trimethylbenzene | 0.0022U Benzene 240 {ACDEF}
S XY‘EHE:"':Z;‘ enzene ppossey Xylenes (total) 0.0024U Xylenes (total) 0002V Xylenes (total) 0.0022U Cumene s3{er) [ ——Result/RBSL Exceeded
& o d SVOCs SVOCs svoCs Toluene 274A}
3 Naphhalene 180 o Naphthalene 017U Naphthalene 017U Naphthalene 017U Xylenes (total) | 1.673 €}
2 v Metals Metals Metals SVOCs
4 L 2.2 L 1. L .11
o Lead 30 ead 5 2ad &34 ead 3 Naphthalene | 043{E}
v\
1]
£ Exceedance Code
O]
2 Soil Screening Levels
fci
5 o
8 PB-885-11 3-3.5(ft) {A} {B} {c} {D} Qualifiers:
Vocs
o . " .
= Benzene 0.00053U Routine Worker | Routine Worker | Construction Soil Migration to U -- Not Detected
o Cumene 0.0011U i i i i . :
2 : Chemical Direct Contact | Vapor Intrusion | Worker Direct Groundwater J -- Estimated Concentration
thyl Benzene 0.0011U O A ) s
S - J with Soil from Soil Contact with Soil
I 1,2,4-Trimethylbenzene | 0.0021U (mg/kg)
3 1,3,5-Trimethylbenzene | 0.0021U (mg/ke) (mg/ke) (mg/kg)
o Xylenes (total) 0.0021U e Exceedance Codes:
3 SvOCs
5 021U PB-885-16 3-3.5(ft) PB-885-17 3-3.5(ft) PB-885-22 3-3.5(f) PB-885-23 3-3.5(ft) PB-885-18 3-3.5(ft) PB-885-24 33.5(ft) PB-885-25 3-3.5(ft) Benzene 63 0.46 87 %8 {A} Greater than RW DC
= Metals vocs VoCs voCs VoCs Vocs vocs vocs B} Greater than RW VI
E Lead 643 Benzene 0.00056 U Benzene 0.00041 U / 0.00046 U Benzene 0.0005U Benzene 0.00058U/0.034U Benzene 0.00045U Benzene 0.00058U Benzene 0.00042U Cumene 1000 6.1 87 1000f {B}
2 Cumene 0.0011U Cumene 0.00082 U /0.00093 U Cumene 0.001U Cumene 0.0012U/2 Cumene 0.0009U Cumene 00012V Cumene 0.00085U Ethyl Benzene 2300 15 1300) 8201 {C} Greater than CW DC
5| Ethyl Benzene 0.0011U Ethyl Benzene 0.00082 U/ 0.00093U Ethyl Benzene 0.001U Ethyl Benzene 0.0012U/0.016) Ethyl Benzene 0.0009U Ethyl Benzene 0.0012U Ethyl Benzene 0.00085 U 1,2,4-Trimethylbenzene 180 0.92) 70| sl g han Soil MtGW
2 1,2,4-Trimethylbenzene | 0.0022U 1,2,4-Trimethylbenzene | 0.0016U/0.0018U 1,2,4-Trimethylbenzene | 0.002U 1,2,4-Trimethylbenzene |  0.0023U/0.054) 1,2,4-Trimethylbenzene | 0.0018U 1,2,4-Trimethylbenzene | 0.0023U 1,2,4-Trimethylbenzene | 0.0017U 13 5-Trimethylbenzene 220 0.92 %9 240 {D} Greater than Soil Mt
5 1,3,5-Trimethylbenzene | 0.0022U 1,3,5-Trimethylbenzene | 0.0016U/0.0018U 1,35-Trimethylbenzene | 0.002U 1,3,5-Trimethylbenzene | 0.0023U/0.13U 1,3,5-Trimethylbenzene | 0.0018U 1,3,5-Trimethylbenzene | 0.0023U 1,3,5-Trimethylbenzene | 0.0017U > M :
< Xylenes (total) 0.0022U Xylenes (total) 0.0016 U /0.0018 U Xylenes (total) 0.002U Xylenes (total) 0.0023U/0.101 Xylenes (total) 0.0018U Xylenes (total) 0.0023U Xylenes (total) 0.0017 U Xylenes (total) 240 15 51 340]
A SVOCs SVOCs o SVOCs SVOCs SVOCs SVOCs SVOCs SVOCs Notes:
x Naphthalene 0.2u Naphthalene 019U/0.18U Naphthalene 02y 017U/4U Naphthalene 018U Naphthalene 019U Naphthalene 017U . .
Naphthalene 41 0.54 6| 27
= Vetals Wetals Wetals Vetals Veetals Metals Vetals D 1. All concentrations are presented in mg/kg.
4 Lead 8.76) Lead 1531/2.24 Lead 4.76 Lead 2.8/6.69 Lead 149 Lead 1631 Lead 15) Metals 2. Results exceeding the RBSLs are shaded.
‘ a a a Py Lead 2520) . 2520) 45000
o
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. SAFETY FIRST o oo Soil Sample Results Compared to RBSLs
g Refining and Marketing LLC
= T
- ank Group 04
3 0 75 150 PROJECT: P
g E— ) Feet Aboveground Storage Tank Closure (AST PB 885)
=
o
o
7 .
3 linch =75 feet PROJECT NUMBER: .
2 P044.001.002 Figure 4K




W
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] Feet

linch =75 feet

Aboveground Storage Tank Closure

PB-886-06 33.5(f1) PB-886-07 33.5(ft) PB-886-08 4.5-5(ft) PB-886-09 3.3.5(ft) PB-886-01 3-3.5(ft) PB-886-02 33.5(ft) PB-886-03 33.5(ft)
vocs vocs vocs vocs vocs vocs vocs
Benzene 0.00054U Benzene 0.0012U Benzene 0.038U Benzene 0.00045 U/ 0.00063 U Benzene 0.00048U o Benzene 000045U | O Benzene 0.00051U
Cumene 0.0011U Cumene 0.0024U Cumene 0015} Cumene 0.0009 U/ 0.00098 ) Cumene 0.00097U Cumene 0.00091U Cumene 0.001U
Ethyl Benzene 0.0011U Ethyl Benzene 0.0024U Ethyl Benzene 0.075U Ethyl Benzene 0.0009 U/ 0.00033 ) Ethyl Benzene 0.00097U Ethyl Benzene 0.00091U Ethyl Benzene 0.001U
1,2,4-Trimethylbenzene | 0.0021U 1,2,4-Trimethylbenzene | 0.0047U 1,24-Trimethylbenzene | 015U 1,24 Trimethylbenzene | 0.0018U/0.025 124 Trimethylbenzene | 00019V | 1,24-Trimethylbenzene | 0.0018U 1,24 Trimethylbenzene | 0.002U
1,3,5-Trimethylbenzene | 0.0021U 1,3,5-Trimethylbenzene | 0.0047U 1,3,5-Trimethylbenzene | 015U 1,35 Trimethylbenzene | 0.0018U/0.024 1,3,5-Trimethylbenzene | 0.0019U 1,3,5-Trimethylbenzene | 0.0018U 1,3,5-Trimethylbenzene | 0.002U
Xylenes (total) 0.0021U Xylenes (total) 0.0047U Xylenes (total) 015U Xylenes (total) 0.0018 U/ 0.00207J Xylenes (total) 00019V Xylenes (total) 0.0018U Xylenes (total) 0002V
» svocs svocs SVOCs SVOCs SVOCs SVOCs svocs
3 Naphthalene 019U Naphthalene 019y Naphthalene 0.0621 Naphthalene 0.18U/0.18U Naphthalene 019U Naphthalene 0.2y Naphthalene 0.2y
b Metals Metals Metals Metals Metals Metals o Metals
Q Lead 2.26 Lead 262 Lead 819 Lead 1.761/1.87) Lead 6.35 Lead 5.8 Lead 65
a PB-886-04. 3-3.5(ft)
& VOCs
Benzene 0.0005U
=
5 PB 885 Cumene 0.000181
3 PB-886-05 33.5(10) (o] Ethyl Benzene 000014
ol 1,2,4-Trimethylbenzene | 0.002U
2 vocs 2, v
§ Benzene 0.00042U [e] o o o o 1,3,5-Trimethylbenzene | 0.002U
B Cumene 0.00084U Xylenes (total) 0.002U
€ Ethyl Benzene 0.00084 U PB-886-01 SVOCs
9 1,2,4-Trimethylbenzene | 0.0017U Naphthalene 0.19U
° 1,3,5-Trimethylbenzene | 0.0017U o Metals
S Xylenes (total) 0.0017U Lead 8.09
% svoCs
= Naphthalene 018U oD e
A Metals o] o o o a
! Lead 2.94) .
® fo) Benzene 0.00072U
2
Cumene 0.0014U
2 O PB-886-02 Ethyl Benzene 0.0014U
Z 1,2,4-Trimethylbenzene | 0.0011)
£ PB-886-13 3-3.5(ft) 1,3,5-Trimethylbenzene | 0.0014
g VOCs Xylenes (total) 0.00194 )
2 Benzene 0.0011U SVOCs
o Cumene 0.0021U 019U
& Ethyl Benzene 0.0021U Metals
g [ |
5 ,3,5-Trimethylbenzene | 0.
8 Xylenes (total) 0.0043U PB-886-03
svocs PB-886-11 3.5-4(ft)
o
g 019y vocs Legend
= Metals Benzene 0.00059U
) Lead 3.04 Cumene 0.0012U
3 / Ethyl Benzene 0.0012U Tank Group 04 Boundary
© o 1,2,4-Trimethylbenzene | 0.0024U
S 1,3,5-Trimethylb 0.0024U
S 35 Trimethylbenzene Tank Group 05 Boundary
" PB-886-14 3-3.5(ft) Xylenes (total) 0.0024U
S VOCs PB-886-04 SvoCs .
S semene 0.00061U/ 0.00083U 018U ,Il Previously Closed AST
X Cumene 0.0012U/0.0017 U Metals
i Ethyl Benzene 0.0012 U/ 0.0017 U PB-886-08 PB-886-12 Lead 117 Berm Boundary
kel 1,2,4-Trimethylbenzene | 0.0024 U/ 0.0033 U B = \0
g 1,3,5-Trimethylbenzene | 0.0024U/0.0033U Py =TT A iated Pipi
4 Xylenes (total 0.0024U/0.0033U — SSocClate Ipin
gl |enesion) L PB-886-09 vocs ping
= PB-886-05 PB-886-07 Benzene 0.00060 .
o -886-
et 0180/018V PB-886-06 Nase.11 Comene 000120 Exceeds Routine Worker Vapor
b - - Ethyl Benzene 0.0012U O .
Lead 2.161/2.04)
9 L 1,2,4-Trimethylbenzene | 0.00084) Intrusion RBSL
X 1,3,5-Trimethylbenzene | 0.0014
g PB- -1 b3, : :
8 886-10 ylenes (total) 000173 Exceeds Routine Worker or Construction|
= svocs .
ol - -
8 [emses 3350 PB-886-13 Nephthalene 0041) Worker Direct Contact RBSL
voc:
= [ . 020067 1PB-886-14 PB-886-15 PB-886-17 wetal o No Exceed
- N Lead 1.97)
o Cumene 0.0017U 9, PB-886-16 \ O Exceedances
Ethyl Benzene 0.0017U
1,2,4-Trimethylbenzene | 0.0035U _ _ PB-886-17 3-3.5(ft) .
1,3,5-Trimethylbenzene | 0.0035U PB-886-18 . VOCs Sample Location
PB-886-18 33.5(f)
Xylenes (total) 0.0035U PB 886 VOGS Benzene 0.00052U
SvoCs Cumene 0000121
Benzene 0.00057U .
Naphthalene 019U Cumene 0.0011U Ethyl Benzene 0.001U TG07-MW-07 | 1/6/2023 <—Sampllng Depth
Metals PB-886-19 PB-886-20 PB-886-21 PB-886-22 Ethyl Benzene 0.0011U 1,2,4-Trimethylbenzene |  0.0025 voCs
Lead 2.56 1,2,4-Trimethylbenzene | 0.0023U 1,3,5-Trimethylbenzene | 0.00082J Benzene 240 {ACDEF}
1,3,5-Trimethylbenzene | 0.0023U Xylenes (total) 0.0021Y Cumene s53(eF) | @———Result/RBSL Exceeded
-PB-886-23 Xylenes (total) 0.0023U SVOCs Toluene 27{A}
svocs Nav“‘"‘a'e"e 0.092) Xylenes (total) | 1.67J{E}
PB-886-16 3-3.5(ft) . PB-886-22 3-3.5(ft) Naphthalene 014 Metals
PB-886-27 " Lead 1.8) svocs
vocs \ Vocs Metals Naphthalene 0.13{8)
Benzene 0.00043U PB-886-25- Benzene 0.0005U Lead 1.92)
Cumene 0.00087U Cumene 0.001U
- - Exceedance Code
Ethyl Benzene 0.00087 U PB-886-24 PB-886-26 Ethyl Benzene 0.001U " "
1,2,4-Trimethylbenzene | 0.0017 U 1,2,4-Tri 0.002U Soil Screening Levels
1,3,5-Trimethylbenzene | 0.0017 U 1,3,5-Trimethylbenzene | 0.002U {A} {B} {c} {D} Qualifiers:
Xylenes (total) 0.0017U Xylenes (total) 0.002U
SVOCs SVOCs Routine Worker | Routine Worker | Construction N U -- Not Detected
018V 019U Chemical Direct Contact | Vapor Intrusion | Worker Direct [0 Migration to i i
Metals PB 252 Wetals - on P " Direct | croundwater | J - Estimated Concentration
Lead 182) Lead 2.06) with Soil from Soil Contact with Soil (me/ke)
(mg/kg) (mg/ke) (mg/ke)
Exceedance Codes:
VOCs
PB-886-19 3-3.5(ft) PB-886-20 3-3.5(ft) PB-886-24 3-3.5(ft) PB-886-25 3-3.5(ft) PB-886-21 33.5(ft) PB-886-26 3-3.5(ft) PB-886-23 33.5(ft) PB-886-27 3-3.5(ft) Benzene 63 0.46 87 %8 {A} Greater than RW DC
vocs vocs vocs vocs vocs vocs vocs vocs B} Greater than RW VI
Benzene 0.00066 U Benzene 0.00063U Benzene 0.00053U Benzene 0.00045U Benzene 0.00044 U Benzene 0.00025 ) Benzene 0.0005U Benzene 0.00047U Cumene 1000 6.1 &7 1000{ {B}
Cumene 0.0013U <Cumene 0.0012U Cumene 0.001U Cumene 0.0009U Cumene 0.00089 U Cumene 0.0089 Cumene 0.001U Cumene 0.00021) Ethyl Benzene 2300 15 1300 820 {C} Greater than CW DC
Ethyl Benzene 0.0013U Ethyl Benzene 0.0012U Ethyl Benzene 0001U Ethyl Benzene 0.0003U Ethyl Benzene 0.00083U Ethyl Benzene 00032 Ethyl Benzene 0001V Ethyl Benzene 0.00018 1,2,4-Trimethylbenzene 180| 0.92 70| 3| D1 han Soil MtGW
1,2,4-Trimethylbenzene | 0.0026 U 1,2,4-Trimethylbenzene | 0.0025U 1,2,4-Trimethylbenzene | 0.0021U 1,2,4-Trimethylbenzene | 0.0018U 1,2,4-Trimethylbenzene | 0.0018U 1,24 Trimethylbenzene | 0.17 1,24-Trimethylbenzene | 0.002U 1,24 Trimethylbenzene |  0.051 13 5-Trimethylbenzene 20l 0.0 9 240 {D} Greater than Soil Mt
1,3,5-Trimethylbenzene | 0.0026 U 1,3,5-Trimethylbenzene | 0.0025U 1,3,5-Trimethylbenzene | 0.0021U 1,3,5-Trimethylbenzene | 0.0018U 1,3,5-Trimethylbenzene | 0.0018U 1,3,5-Trimethylbenzene | 0.14 1,3,5-Trimethylbenzene | 0.002U 1,3,5-Trimethylbenzene | 0.12U 2 M -
Xylenes (total) 0.0026 U Xylenes (total) 0.0025 U Xylenes (total) 0.0021U Xylenes (total) 0.0018U Xylenes (total) 0.0018 U Xylenes (total) 0.025) Xylenes (total) 0.002U Xylenes (total) 0.00107J Xylenes (total) 240 15 51 340]
SVOCs SVOCs SVOCs SVOCs SVOCs SVOCs SVOCs SVOCs SVOCs Notes:
Naphthalene 019U Naphthalene 018U Naphthalene 02u Naphthalene 018U Naphthalene 019U Naphthalene 0.022 Naphthalene 018U Naphthalene 017U N . .
aphthalene 41 0.54 6| 27
Metals Metals Metals Metals Metals Metals Metals Metals B 1. All concentrations are presented in mg/kg.
Lead 2.28 Lead 2191 Lead 451 Lead 1.81) Lead 1.82) Lead 215 Lead 1.95) Lead 228 Metals 2. Results exceeding the RBSLs are shaded.
Lead 2520 - 2520 45000
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NAD 1983 StatePlane Pennsylvania South FIPS 3702 Feet

PB 251/
PB-826-05 3-3.5(ft) PB-826-01 3-3.5(ft) PB-826-04 3-3.5(ft) PB-826-02 3-3.5(ft) PB-826-03 3-3.5(ft)
VOCs VOCs VOCs VOCs VOCs
Benzene 0.00055 U Benzene 0.00069 U Benzene 0.00097 U Benzene 0.00052 U le) Benzene 0.00063 U
Cumene 0.0011U Cumene 0.0014 U Cumene 0.0019 U Cumene 0001U B 886 |cumene 0.0013U
Ethyl Benzene 0.0011U Ethyl Benzene 0.0014 U Ethyl Benzene 0.0019U Ethyl Benzene 0.001U Ethyl Benzene 0.0013U
1,2,4-Trimethylbenzene | 0.0022 U 1,2,4-Trimethylbenzene | 0.0028 U 1,2,4-Trimethylbenzene | 0.0039 U 1,2,4-Trimethylbenzene | 0.0021 U 1,2,4-Trimethylbenzene | 0.0025 U
1,3,5-Trimethylbenzene | 0.0022 U 1,3,5-Trimethylbenzene | 0.0028 U 1,3,5-Trimethylbenzene | 0.0039 U 1,3,5-Trimethylbenzene | 0.0021 U 1,3,5-Trimethylbenzene | 0.0025 U
Xylenes (total) 0.0022 U Xylenes (total) 0.0028 U Xylenes (total) 0.0039 U Xylenes (total) 0.0021 U Xylenes (total) 0.0025 U
SVOCs SVOCs SVOCs SVOCs SVOCs
Naphthalene 0.17U Naphthalene 02U Naphthalene 0.17U Naphthalene 0.17U Naphthalene 0.17U
Metals Metals Metals Metals Metals
B 256 Lead 3.46) Lead 3.14) Lead 3.881 Lead 3.36) Lead 3.14)
PB-252
PB-826-06 3-3.5(ft)
VOCs
Benzene 0.00075U
PB-826-08 455(f) Cumene 0.0015U
VOCs Ethyl Benzene 0.0015U
Benzene 0.00033 ) 1,2,4-Trimethylbenzene | 0.003U
Cumene 0.001U 1,3,5-Trimethylbenzene | 0.003U
g Ethyl Benzene 0.001U )S(\ilggses (total) 0.003Y
Q 1,2,4-Trimethylbenzene | 0.002U
‘f;’| 1,3,5-Trimethylbenzene | 0.002U Naphthalene 018U
% Xylenes (total) 0.002 U LMee;tdaIs 81l
5 SVOCs -
§ Naphthalene 02U
g Metals
3 lLead 4.67) PB-826-07 3-3.5(ft)
3 VOCs
g Benzene 0.00061 U Legend
o PB-826-09 4.5-5(ft) PB-826-01 PB-826-02 PB-826-03 Etuhmene 0.0012U
g VOCs vl Benzene 0.0012U Tank Group 04 Boundary
§ Benzene 0.00068 U 1,2,4-Trimethylbenzene | 0.0024 U
A |cumene 0.0014 U PB 826 PB-826-04 1,3,5-Trir(nethy)|benzene 0.0024 U Tank Group 05 Boundary
x Ethyl Benzene 0.0014 U Xylenes (total 0.0024 P .
E 1,2,4-Trimethylbenzene | 0.0027U PE 826-08 SvVOCs w Previously Closed AST
8 1,3,5-Trimethylbenzene | 0.0027U PB-826-05 PB-826-06 PB-826-07 Naphthalene 017U Berm Boundary
g Xylenes (total) 0.0027 U Mezals
. ;vo:tsh | s PB-826-09 oB.826.10 Lea 3.19) — Associated Piping
3| aphthalene . - -
f; Metals P PB-826-14 Exceeds Routine Worker Vapor
I
; Lead 5.55 PB-826-11 QPB-SZG-IS PB-826-16 PB-826-10 33.5(71) O Intrusion RBSL
@ PB-826-12 vocs O No Exceedances
o Benzene 0.00073 U
2 PB-826-11 3-3.5(ft) r Cumene 0.0015U
o VOCs Ethyl Benzene 0.0015 U Sample Location
E_d Benzene 0.00059 U 1,2,4-Trimethylbenzene | 0.0029 U L
& Cumene 0.0012U 1,3,5-Trimethylbenzene | 0.0029U TG07-Mw-07 | 1/6/2023 | ———Sampling Depth
3 Ethyl Benzene 0.0012U Xylenes (total) 0.0029 U VOCs
(N 1,2,4-Trimethylbenzene | 0.0024 U SVOCs g::j:n": 2“;‘3“&'::" < Result/RBSL Exceeded
% 1,3,5-Trimethylbenzene | 0.0024 U Naphthalene 0.18U Toluene 27{A}
7] Xylenes (total) 0.0024 U Metals Xylenes (total) | 1.674{E}
z SVOCs Lead 372 :l‘;‘;fftsha\ene 0.13{E}
f Naphthalene 0.18U -
g Metals PB 825 Exceedance Code
-§ Lead 3.61J Soil Screening Levels
8 {A} {B} {c} {D} Qualifiers:
E Routine Worker | Routine Worker | Construction Soil Migration to U -- Not Detected
by . . . . A .
8 PB-826-12 3-3.5(ft) PB-826-13 3-3.5(ft) PB-826-14 3-3.5(f) PB-826-15 3-3.5(ft) PB-826-16 3-3.5(ft) Chemica DI Conioct | Voper Inston C,‘,A,’:;:: e GFOUN;:'HW J -- Estimated Concentration
& VOCs VOCs VOCs VOCs VOCs (mg/ke) (me/ke) (me/ke) (me/ke)
2 Benzene 0.00055 U Benzene 0.0007 U Benzene 0.031U Benzene 0.00086 U / 0.068 Benzene 0.00089 U Vocs Exceedance Codes:
8 Cumene 0.0011U Cumene 0.0014 U Cumene 0.28 Cumene 0.0017U/1 Cumene 0.0018 U Benzene P 046 a7 o {A} Greater than RW DC
E Ethyl Bgnzene 0.0011U Ethyl Bgnzene 0.0014 U Ethyl Be_nzene 0.73 Ethyl Beinzene 0.0017U/0.56 Ethyl Be'nzene 0.0018 U Cumene 1000 61 7] 1000 {B} Greater than RW VI
E 1,2,4—Tr!methylbenzene 0.0022 U 1,2,4wTr!methbeenzene 0.0028 U 1,2,4—Tr!methylbenzene 12 {B} 1,2,4wTr!methylbenzene 0.0034U / 15{B} 1,2,4-Tr!methylbenzene 0.00061)J Ethyl Benzene 2300 15 1300| 820 {C} Greater than CW DC
B 1,3,5-Trimethylbenzene | 0.0022 U 1,3,5-Trimethylbenzene | 0.0028 U 1,3,5-Trimethylbenzene 4.4{B} 1,3,5-Trimethylbenzene 0.0034U /4.8 {B} 1,3,5-Trimethylbenzene | 0.00089 J 1,2,4-Trimethylbenzene 180| 0.92 70| 250 {D} Greater than Soil MtGW
E Xylenes (total) 0.0022 U / Xylenes (total) 0.0028 U Xylenes (total) 0.214) Xylenes (total) 0.0034U /29.4) {B} Xylenes (total) 0.0036 U 1,3,5-Trimethylbenzene 220| 0.92] 99| 240|
g SVOCs SVOCs SVOCs SVOCs SVOCs Xylenes (total) 240 1.5 51 340
A&l Naphthalene 0.17U Naphthalene 0.18U Naphthalene 0.32 Naphthalene 0.052) /2.7 {B} Naphthalene 0.025)J SVOCs Notes:
é Metals Metals Metals Metals Metals Naphthalene 41 0.54] 6| 270 1. All concentrations are presented in mg/kg.
g Lead 3) Lead 4.29 Lead 8.32 Lead 162/1.7) Lead 6.77 Metals 2. Results exceeding the RBSLs are shaded.
0 | 4 1 Lead 2520) -- 2520) 45000
2 CLIENT: Philadelphia Energy Solutions
2
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" 8 s-102 'K\
S-308
4 s-59D ! \ ARCO'lD??
'
TAWEL531$ 5421 ARCO-1
; .
L. -
S-264Dw ARCO-2
S-41
PB 840 PB 882 $-369
=3 =
‘ PB 833 Q i
PB 832 TGO4-MW\-01‘. f’ )
TG04-MW-01 1/6/2023 | 2/9/2023 5-364 PB 883
VOCs S-281 S-60. Mg ——
Benzene 0.58 {AE} | 0.53{AE} [/
F $-229
\ N\ PB 842 = PB881
g S-407 g 5-379
S-365
PB 835 $-384 = , $5'59 =" $-282 $-119D
PB 836 Evergreen's X
~ |Inactive RW-2 5119
RW-2 System N o5 5-96 % {é"“’
5113 = .
=" - 4
S-385
X s-413 PB-188
5-112 =" PB'189 / Ea—sso
MW-2
S-219 1/6/2023 | 2/9/2023 =" TG04-MW-03 1/4/2023 2/9/2023
VOCs VOCs
Benzene 0.0005U | 0.0005U Benzene 0.0005 U / 0.0005 U| 0.0005 U
OO\ $-120
568 5284 RB'254 535 &
L Ks 2840 k‘? 37
- Us36)
5-33 g Evergreen's
Inactive PB250
S-36 System /
Legend
1
s-114 ;F-ss T604-MW-03 Qualifiers: I_:ITank Group 03 Boundary
- U-- Not D d
S-412 = ot Detecte Tank Group 04 Boundary
& fis-383 Exceedance Codes: Tank Group 05 Boundar
{A} Nonpotable GW Use P Y
LB:; zw xrlatization to Outdoor Air ',IA Previously Closed AST
BF-99 {D} CW DC Remediation System
‘E’ {E} Off-Facility Resident VI
PB 848 {F} GW Mtsw Berm Boundary
L Sample Location PB 821 5219 Notes: = Property Boundary
1. All i di L. : Pt
1G07-MW-07_| _1/6/2023 | ———Sampling Depth ::"——“’5“_370 PB:255 / 2. Resclﬁtn:s:ct;aet(;(i):gs:hr: ggziir:fe sl:argegé. Associated Piping
VOCs Groundwater Risk-Based Screening Levels _Q PESRM Monitoring Well Location
Benzene 240 {ACDEF} 5-386 {A} {8} {c} {D} {E} {F} Abbreviations:
Cumene 5.3{eF} | €———Result/RBSL Exceeded . .
Toluene 27{A} "y Nonpotable | Routine Worker Routine Work Construction Off-Facility Groundwater | DC - Direct Contact & Other Monitoring Well Location
Xylenes (total) | 1.67J{E} Chemical Groundwater | Volatization to outine or, er Worker Direct | Resident Vapor | Migration to GW - Groundwater Estimated Extent of LNAPL as Documented in AOI 4 RIR
SVOCs Use Outdoor Air Vaporntrusion Contact Intrusion Surface Water | MtSW - Migration to Surface Water
Naphthalene 0.13{E} BF-101 S.285 (mg/L) (mg/L) (me/t) (mg/L) (mg/L) (mg/L) RBSL - Risk-Based Screening Level - Middle Distillate
Exceedance Code VoCs \F;Y\_I\_/ROUUF: orker Mix of Light/Middle Distillate
Benzene 0.30 550 3.8 4.0 0.25 130 aporintrusion
N SAFETY FIRST CLENT:— Philadelphia Energy Solutions | Groundwater Sample Results
Refining and Marketing LLC
0 100 200 400 CROJECT: Compared to RBSLs
Feet Aboveground Storage Tank Closure Tank Group 04
Linch =200 feet PROJECT NUMBER: )
P044.001.002 Figure 5
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1 Introduction

This appendix provides supplemental information supporting the human health risk assessment
presented in Section 5 of the Site-Specific Human Health Risk Assessment (the Risk Assessment). The
methods used in the human health risk assessment are based on Pennsylvania Department of
Environmental protection (PADEP) and the United States Environmental Protection Agency (USEPA) risk
assessment guidance.

Section 5.3.1 of the Risk Assessment describes how cumulative cancer risks and noncancer hazardous
Indexes (HIs) are calculated for each of the receptors potentially exposed to constituents of potential
concerns (COPCs) at the Site. Several key elements of the risk assessment calculations are presented and
discussed in the Risk Assessment and not repeated in this appendix. This includes the selection of COPCs
(Section 3.1), the compilation of toxicity values (Section 5.2), the identification of receptors and
scenarios for potential human exposure (Section 5.1.1), exposure factors used (Section 5.1.4), and the
calculation of receptor specific exposure concentrations (Section 5.1.2).

This appendix provides additional details regarding how the risk calculations are performed for each
receptor. This includes the fate and transport modeling needed to estimate exposure concentrations for
specific receptors and specific exposure scenarios. The chemical properties used in these fate and
transport modeling are provided in Attachment 1, Table 1.

The appendix is organized into sections corresponding to the following potentially exposed populations
discussed in Section 5.1 of the Risk Assessment:

e Routine Workers

e Maintenance Workers

e Construction Workers

« Off-Facility Residents

2 Risk Estimation Methodology

Section 5.3.1 of the Risk Assessment describes how cancer risk and noncancer HI are calculated for
receptors potentially exposed to COPCs in soil and groundwater at the Site. The exposure factors used in
the risk calculations and their bases are presented in Section 5.1.4 of the Risk Assessment and are not
repeated herein.

The cancer risk associated with potential exposure to a carcinogenic constituent via ingestion and
dermal contact is calculated by multiplying an estimate of the lifetime average daily dose (LADD) for a
particular exposure scenario by the cancer SF for the constituent as follows:

Risk = LADD - SF
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For the inhalation route, the cancer risk is calculated using the constituent concentration in air (C,ir) and
the URF, as follows:
ET -EF -ED

Risk = URF « Cqyp " ——
c

Where ET is exposure time, EF is exposure frequency, ED is exposure duration, and AT, is the averaging
time for carcinogens.

The noncancer hazard quotient (HQ) associated with potential exposure via incidental ingestion and
dermal contact was calculated by dividing an estimate of the average daily dose (ADD) by the RfD for the
constituent as follows:

_ADD

)

For the inhalation route, the HQ was calculated using C,;r and the RfC, as follows:

Cair ET-EF-ED
RFC ATy,

HQ =

In this risk assessment, unit cancer risks and unit HQs are calculated for a unit constituent concentration
(Cunit). Cunit is 1 mg/kg for soil and 1 mg/L for groundwater. Because risk estimates scale directly with the
constituent concentration (except for cancer risk estimates at very high doses), these unit risks and unit
HQs can be calculated once and used to calculate cancer and noncancer risk estimates efficiently for a
large number of locations by multiplying the constituent concentrations for each location by the unit
risks and unit HQs. The unit risks and unit HQs for all routes of exposure (incidental ingestion, dermal
contact, vapor inhalation, and/or particulate inhalation) for a given receptor to constituents in a given
environmental medium are conservatively summed to produce a single unit risk and unit HQ for each
constituent. The cancer risk and noncancer HQ for a particular constituent j at a particular location are
calculated as follows:

Ci . UnitRiSki

Risk; =
' Cunit
Ci : UnitHQl-
HO;, = " <t
Ql Cunit

The media-specific cumulative cancer risk and noncancer HI from exposure to the combination of COPCs
are estimated following USEPA (1989) guidance, as follows:

Cumulative Risk = z Risk;
i

Hazard Index = Z HQ;
i

Where Risk; is the estimated cancer risk for the /™" constituent and HQ; is the HQ for the i" constituent.
This approach may result in estimates of media-specific cumulative cancer risk and HI that are more

(D Page 2



Appendix A
Human Health Risk Assessment
Supporting Information and Calculations

conservative than necessary. For example, different COPCs may cause different and unrelated
noncancer health effects, so summing the HQs for their individual effects would overestimate the
significance of their combined effects. Nonetheless, this approach is used here as a conservative
assessment tool.

Estimated media-specific cumulative cancer risks for each receptor population are compared to PADEP’s
risk management goals established in 25 Pa. Code § 250.402(b). Specifically, cumulative cancer risks are
compared to an incremental increased cancer risk goal of 1x10* while noncancer Hls are compared to
an HIl of 1. For constituents with different and unrelated noncancer health effects, summing the HQs
would overestimate the significance of their combined effects. When such a summation results in an Hl
that exceeds 1, the HQs may be segregated by target organ and/or critical health effects (USEPA 1989).
Risk estimates equal to or below these goals represent levels which would not warrant risk management
action.

The following sections discuss the calculation of unit risks/HQs for each receptor exposure scenario.

2.1 Routine Workers

The risk assessment evaluates nonresidential exposures to COPCs via: (1) soil contact and inhalation
during outdoor activities, (2) vapor intrusion from soil and groundwater, (3) volatilization into outdoor
air from groundwater, and (4) nonpotable use of groundwater (discussed in Section 2.6).

2.1.1 Exposure to Soil During Outdoor Activities

Routine workers could be exposed to surface soil via incidental ingestion, dermal contact, and inhalation
of vapors and particulates during outdoor activities. Risk estimates are calculated using unit risks and
unit HQs as discussed above and in Section 5.3 of the Risk Assessment. The receptor specific calculations
are discussed in this section.

Lifetime Average Daily Dose

The lifetime average daily doses for soil ingestion (LADDj,g) and soil dermal contact (LADDgerm) are
calculated as follows, using the exposure factors for resident soil contact (Section 5.1.4 of the Risk
Assessment):
IR-FC-EF-ED

BW - AT,

LADDing = Lsoil *

SA - AF - ABS 4pm - FC - EF - ED
BW - AT,

LADDgerm = Csoir

where Cs is the constituent concentration in soil, IR is the ingestion rate, FC is the fraction of the soil
that is contaminated, SA is the exposed skin surface area, AF is the soil-to-skin adherence factor, and
ABSgerm is the constituent-specific dermal absorption factor.
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Average Daily Dose

The average daily doses for soil ingestion (ADDins) and soil dermal contact (ADDgerm) are calculated as
follows:
IR-FC-EF-ED

BW - AT,

ADDing = Csoi *

SA - AF - ABS jopm - FC - EF - ED
BW - AT,

ADDgerm = Csoir *

Estimating Air Concentrations

For the inhalation route, the air concentrations of vapors and particulates from soil are calculated as
follows:

Cair =] 5
where J-C/Q is an air concentration that is normalized to unit concentration in soil. The J term is the
normalized average vapor (J,) or particulate flux (J10w), and the C/Q term is the air concentration
normalized to a unit flux (i.e., C/Q is an air dispersion factor).

The normalized average vapor flux J, of a constituent from unsaturated soil is conservatively estimated
using an unsteady-state model derived by Jury et al. (1983). This model conservatively assumes that
volatile constituents are present in the soil to a finite depth equal to the approximate depth to
groundwater at the Site of 19 feet (ft) below ground surface (bgs). The equation for J, is given by:

] Col, f'< 4 >+2 m”<1 ‘5%j
= — erfc —e E
R 2D;T m

where,
_ DgH+D,
E™ ppKy + 6, + 6,H

10/

0, 3

Dg = Dair " = 5~
0

D, =D A
L water "2

Cs0 is the concentration in soil, p; is the soil bulk density, T is the averaging period (equivalent to ED), H
is the Henry’s law constant, Ky is the equilibrium-partitioning coefficient, 8., is the water-filled soil
porosity, 8, is the air-filled soil porosity, Dy is diffusion rate through air, Dwat.r is the diffusion rate
through water, and n is total porosity. For this risk assessment, Henry’s law constants have been
adjusted to reflect a specific subsurface temperature of 18°C, which is conservative (PADEP 2021).
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Derivation of these equations and definition of the equation parameters can be found in the Jury et al.
1983 journal article and in USEPA guidance (1996a, 1996b), and therefore, are not repeated here. The
calculation of J, was performed using values for constituent-specific parameters and default soil
parameters recommended in the USEPA guidance (2004a), using a soil type of sand, which is
representative of the soil type found at the Site. The calculation of J, is shown in Attachment 2, Table 1.

The normalized average particulate flux J1ow Of a constituent from soil is conservatively estimated using
the “unlimited reservoir” model that USEPA has adapted for screening-level analysis of particulate
emissions from soil (USEPA 1996a, 1996b). This model assumes that particulate emissions are created by
wind erosion. The equation for Jigw is given by:

g hr  1073kg
m2hr 602%sec g

3
Jrow = 0.036 (1= G) (’;—’") F(x)
t
where G is fraction of ground/vegetative cover, upn, is the mean annual wind speed at the nearest
weather station which is located in Philadelphia, Pennsylvania (NOAA 2018), u: is the equivalent
threshold wind speed at the anemometer height at which u,, was measured in Philadelphia,
Pennsylvania, and F(x) is a function dependent on u,,/u:. The details of this model can be found in USEPA
guidance (1996a, 1996b), and are not repeated here. The default parameter values recommended in the
USEPA guidance (1996a, 1996b) are used with site-specific wind speed in calculating Jigw. The
calculation of Jigw is shown in Attachment 2, Table 2.

The C/Q term is estimated using the empirical correlation in USEPA’s Supplemental Soil Screening
Guidance (2002), using the correlation coefficients for Philadelphia, Pennsylvania, and assuming a
source area of 70.6 acre. This source area size is a conservative estimate of the area potentially
impacted by the release. The calculation of C/Q is shown in Attachment 2, Table 3.

The unit risk and unit HQ calculations are shown in Attachment 2 of this appendix, and the computation
of the upper-bound site-related single-chemical cancer risk and noncancer HQ estimates, which are
summed to estimate the media-specific cumulative cancer risk and noncancer Hl, are shown in
Attachment 8 of this appendix.

2.1.2 Vapor Intrusion

To evaluate potential future vapor intrusion exposures to soil and shallow groundwater in a hypothetical
building, vapor intrusion risk estimates are developed using the following modeling approaches and
input parameters discussed below.

2.1.2.1 Soil

For the vapor intrusion inhalation exposure pathway, estimates of cancer risk and noncancer HQ/HI are
calculated using unit risks and unit HQs as discussed above and in Section 5.3 of the Risk Assessment.

Modeling Vapor Intrusion from Soil

For the indoor air exposure pathway, estimates of cancer risk and noncancer HQ are calculated as
follows:
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Risk = C URF ET -EF - ED
S = . . .  —
building ATC
Ho = Cyuitaing ET - EF - ED
RfC AT,

where Cpuiding is the concentration in indoor air. For assessing routine worker exposures, chronic RfCs are
used. The indoor air concentration is estimated using the modeling approach and input parameter
values discussed below.

The indoor air concentrations are estimated using the following relationships described by Johnson and
Ettinger (1991):

Cbuilding = @ Csource

where a is an attenuation coefficient and Csource is the source vapor concentration that is given by the
following equation:

K; 6, 6,)\t
Csource = Csoit (? + pb_WH + i)

The attenuation coefficient, assuming that constituents are present in the soil at constant
concentrations, is given by the following equation:

[ DTeffAB ]exp( Qsoichrack )

_ Qbuilding LT D CraCkAcrack
“ AL D74 D74 4L
exp( Qsml crack )-l- T B + T B [exp( Qsozl crack )_ 1]
DcraCkAcrack QbuildingLT QsoilLT DcraCkAcrack

Derivation of this equation and definition of the equation parameters can be found in Johnson and
Ettinger’s 1991 journal article and therefore are not repeated here.

The effective diffusion coefficient term D;*7 in the equation for the attenuation coefficient « is
calculated using a soil-water profile that is estimated using a soil type of sand, which is representative of
the soil type found at the Site. The soil-water profile in the vadose zone is estimated using the van
Genuchten soil-water retention equation with default water retention parameters appropriate for sand
(USEPA 2004a). It is conservatively assumed that the building cracks are filled with sand. These
parameters and the resulting soil-water profile in the vadose zone are shown in Attachment 2 of this
appendix.

The remaining parameters in the equation for the attenuation coefficient a, which relate to building
characteristics, are conservatively based on the default values for a slab-on-grade nonresidential
building with an air exchange rate of 0.60 per hour as recommended by PADEP (2021). The values used
in the calculations are shown in Attachment 2 of this appendix and their bases are discussed in PADEP
(2021) and USEPA (2004a) guidance.
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Mass Limit Check

Indoor air concentrations from the soil vapor intrusion are calculated with a mass balance check. The
mass balance check ensures that the assumed mass of a constituent infiltrating into the building over
the assumed exposure period does not exceed an upper-bound estimate of the constituent’s mass in the
vadose zone underlying the building. The upper-bound estimate of the constituent’s mass in the vadose
zone is conservatively estimated using the highest concentration of the constituent from any depth at
each area and assuming this concentration represents the soil concentration from slab to the water
table. The attenuation coefficient ay used in the mass balance check is given by the following equation:

pbKd 9W LB . WB . AH
ay, = ( +—+6 ) : (—
ML H "~ H ") \Qpuiaing - ED

where Lg is the length of the building, W5 is the width of the building, AH is the contaminant thickness
(conservatively assumed to be the distance between groundwater and a building foundation [Lr4u]), and
Quuitding 1S the air flow rate through the building. The depth to groundwater in the area of the Site is
approximately 19 ft bgs. All parameters are shown in Attachment 2 of this appendix.

Quuiiding is @ function of the size of the building (or unit) and the amount of air exchanges that occur as a
result of operating the air handling and ventilation system. It can be calculated as follows (USEPA 2004a,
2017):

Qbuilding =Lp-Wp-Hp-ER

where Hg is the occupied height of the building and ER is the air exchange rate.

For Qbuiiing, the length (10 m), width (10 m), and height (2.44 m) of the generic nonresidential building
are assumed, consistent with PADEP’s recommended default assumptions for generic slab-on-grade
nonresidential buildings (PADEP 2021). A conservative estimate of ER (i.e., 0.60/hr) was assumed based
upon PADEP’s (2021) recommended default for a generic nonresidential building.

The unit risk and unit HQ calculations are shown in Attachment 2 of this appendix, and the computation
of the upper-bound site-related single-chemical cancer risk and noncancer HQ estimates, which are
summed to estimate the media-specific cumulative cancer risk and noncancer Hl, are shown in
Attachment 8 of this appendix.

2.1.2.2 Groundwater

For the vapor intrusion inhalation exposure pathway, estimates of cancer risk and noncancer HQ/HI are
calculated using unit risks and unit HQs as discussed above and in Section 5.3 of the Risk Assessment.

Modeling Vapor Intrusion from Groundwater

The chemical-specific cancer risk and noncancer HQ estimates for exposure to COPCs via vapor intrusion
from groundwater are calculated in a manner analogous to the approach discussed in Section 2.1.2.1,
except for the calculation of source vapor concentration.
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The source vapor concentration for a chemical in groundwater is calculated from the chemical’s
concentration in groundwater Cy using Henry’s law as follows:

Csource = ng -H

In calculating the attenuation coefficient a, the depth to groundwater was assumed to be 19 ft bgs
below the basement slab. The calculation of a is shown in Attachment 2 of this appendix.

The unit risk and unit HQ calculations are shown in Attachment 2 of this appendix, and the computation
of the upper-bound site-related single-chemical cancer risk and noncancer HQ estimates, which are
summed to estimate the media-specific cumulative cancer risk and noncancer Hl, are shown in
Attachment 8 of this appendix.

2.1.3 Volatilization to Outdoor Air

To evaluate potential exposure to COPCs in outdoor vapors from shallow groundwater, risk estimates
are developed using the following modeling approaches and input parameters discussed below.

2.1.3.1 Groundwater

The concentration (Cgir) of groundwater chemicals that migrate through the vadose zone to outdoor air
is calculated as follows:

Cair =1 -C/Q

where J is the vapor flux, and C/Q is the normalized, annual-average, air concentration at ground level
(as discussed in Section 2.1.1).

The vapor flux J is calculated by using the steady-state diffusion equation in one-dimension with a
constant source concentration and the maximum concentration gradient, as follows:

Gy

=D, - =

] e L

where D, is the effective diffusion coefficient of the chemical in the vapor phase, C, is the vapor
concentration in equilibrium with the groundwater concentration, and L is the distance from the water
table to the ground surface. The equilibrium vapor concentration in the above equations is related to
the groundwater concentration using Henry’s law as discussed in Section 2.1.2.2.

The effective diffusion coefficient for the vapor phase is calculated in a manner analogous to the
approach discussed in Section 2.1.2.2. The depth to water is assumed to be 19 ft bgs, the average depth
to groundwater in Tank Group 04. The parameters used to calculate the effective diffusion coefficient
are shown in Attachment 2 of this appendix.

The estimated outdoor air concentrations are used in the inhalation risk equations discussed in Section 2
to calculate single-chemical inhalation cancer risk and HQ. The unit risk and unit HQ calculations, and
the computation of the upper-bound single-chemical cancer risk and HQ estimates, which were summed
to estimate the cumulative cancer risk and HI, are shown in Attachment 8 of this appendix.
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2.2 Maintenance Worker

Risk estimates for maintenance workers are calculated for potential exposures to soil and groundwater.

2.2.1 Exposure to Soil During Maintenance Activities

This human health risk assessment evaluates maintenance worker exposures to soil via incidental
ingestion, soil contact, and inhalation during outdoor activities. The calculation of the risk estimates is
analogous to those for routine workers except for (1) the use of soil exposure factors for maintenance
workers and (2) the calculation of airborne vapor and dust concentrations which are described in this
section.

The calculation of airborne vapor concentrations is analogous to those for routine workers except for
the use of a shorter averaging period (T). For maintenance workers, an averaging period, T, of 10 years is
used consistent with their exposure period. The calculation of J, is shown in Attachment 3, Table 1.

As noted in Section 5.1.3.3 of the Risk Assessment, during maintenance activities the PMjq level is set at
50 micrograms per cubic meter (ug/m?3). This PMy level is based on a time-weighted average assuming
maintenance workers spend 1/3 of their exposure period excavating into the subsurface and 2/3 of their
exposure period conducting maintenance activities that do not involve excavation into the subsurface.
In calculating the time-weighted average, the 24-hour average National Ambient Air Quality Standards
for PMyo of 150 pg/m? is used as the PM1o concentration during excavations and a PMso concentration of
1 pug/m3 is used for the time during maintenance activities that do not involve excavation. The PMyo
concentration during non-excavation maintenance activities is expected to be less than 1 pg/m?3, based
on the wind erosion model recommended by USEPA (1996a) using site-specific wind speed from
Philadelphia, Pennsylvania (NOAA 2018).

Attachment 3, Table 3 presents the air concentrations estimated for particulates and vapors.

The unit risk and unit HQ calculations are shown in Attachment 3. The upper-bound site-related single-
chemical cancer risk and noncancer HQ estimates, which are summed to estimate the media-specific
cumulative cancer risk and noncancer HI, are shown in Attachment 8.

2.2.2 Exposure to Groundwater During Maintenance Activities

As discussed in Section 5.1.1 of the Risk Assessment, maintenance workers could be exposed to
groundwater via incidental ingestion, dermal contact, and inhalation of vapors during excavations that
extend into the water table. The cancer risk and noncancer HQ estimates for the ingestion and dermal
exposure routes are calculated in a manner analogous to the method discussed in Section 2.1.1, except
the exposure factors for maintenance worker contact with groundwater are used, as presented in
Section 5.1.4 of the Risk Assessment, and the LADD and ADD for the dermal route of exposure and the
vapor flux are calculated as discussed below.

(D Page 9



Appendix A
Human Health Risk Assessment
Supporting Information and Calculations

Lifetime Average Daily Dose

The LADD for groundwater ingestion (LADDing) and groundwater dermal contact (LADDgerm) were
calculated as follows:

IR - EF - ED
LADDing = Cow =gyt
C

DAgpone - SA-EV -EF - ED
BW - AT,

LADDgerm = Cyw

where Cgw is the chemical concentration in groundwater (assumed to be a unit concentration of 1 mg/L),
IR is the groundwater ingestion rate, DAcven: is the absorbed dose per event, SA is the exposed skin
surface area, and EV is the event frequency.

The DAevent for organic chemicals is estimated using an unsteady-state approach (USEPA 2004b,
Equations 3.2 and 3.3), which is more conservative than the steady-state approach (USEPA 1989),
particularly for hydrophobic chemicals. The DAcven: for inorganic chemicals is estimated using a steady-
state approach (USEPA 2004b, Equation 3.4). The details of the calculation of DAeyen: for organic and
inorganic chemicals are provided by USEPA (2004b) and not repeated here.

Average Daily Dose

The ADD for groundwater ingestion (ADDj,g) and groundwater dermal contact (ADDgerm) Were calculated
as follows:
ADD. = C IR-EF-ED
Mg 9% BW - AT,

DAgpent - SA+EV - EF - ED
BW - AT,

ADDgerm = Cgw

Unit Cancer Risk, Unit Noncancer HQ, and RBSL for Groundwater Ingestion and Dermal Exposure Routes

For the groundwater ingestion and dermal exposure routes, the unit cancer risk and unit noncancer HQ
were calculated as follows:

Unit Risk = LADD - SF

ADD

Unit HQ = W

The unit risk and unit HQ calculations for each COPC for the groundwater ingestion and dermal exposure
routes are presented in Attachment 3. The exposure factors used for maintenance workers are
presented in Section 5.1.4. of the Risk Assessment.
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Estimating Air Concentrations

For the inhalation route, the air concentrations (C,i) resulting from the volatilization of COPCs from
groundwater in an excavation were calculated as follows:

Coir =71-C/Q

Where J-C/Q is an air concentration that is normalized to unit concentration (i.e., 1 mg/L) in
groundwater. The J term is the normalized average vapor and the C/Q term is the air concentration
normalized to a unit flux (i.e., C/Q is an air dispersion factor).

The normalized vapor flux J of a chemical from groundwater was estimated using an overall mass
transfer coefficient that is recommended by USEPA (1995b):

(L, 1 ‘1( m) 103L
/= k,  Hkg 102¢cm/ \ m3

Where k;and kq are the liquid-phase and gas-phase mass transfer coefficients given by the following:

o= (o) (so7) *
L \mw 298K) "v°

1.005

MW, 0335
k=) (o)
Where MW, MW,, and MW,, are the molecular weights of the chemical, oxygen, and water,
respectively, T is the absolute temperature of the groundwater, k, is the liquid-phase mass transfer
coefficient for oxygen (0.002 centimeters per second), and kg, is the gas-phase mass transfer coefficient
for water vapor (0.833 centimeters per second).

kg,W

For groundwater exposures during excavations to the water table, C/Q is based on a source area of a 15-
by 15-ft excavation area, and an averaging period of 24 hours. The maximum 24-hour average air
concentration is estimated from the annual average air concentration by using a conservative factor of
0.4/0.19 or 2.1 (USEPA 2002).

Unit Cancer Risk, Unit Noncancer HQ, and RBSL for Inhalation Route

For the inhalation route, the inhalation cancer unit risk and noncancer unit HQ are calculated using the
chemical concentration in air (Cair), as follows:

ET -EF -ED
Unit Riskipp, = Cgiy - URF - ——————

AT,

Chir ET-EF-ED

Unit HQpp, = RFC AT
nc

The unit risk and unit HQ calculations for each COPC for the inhalation route are presented in
Attachment 3. The exposure factors used for maintenance workers are presented in Section 5.1.4. of the
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Risk Assessment. The computation of the upper-bound single-chemical cancer risk and noncancer HQ
estimates, which are summed to estimate the cumulative cancer risk and noncancer Hl, are shown in
Attachment 8 of this appendix.

2.3 Construction Worker

Risk estimates for construction workers are calculated for potential exposures to soil and groundwater.

2.3.1 Exposure to Soil During Construction Activities

This human health risk assessment evaluates construction worker exposures via incidental ingestion, soil
contact, and inhalation during outdoor activities. The calculation of the risk estimates is analogous to
those for routine workers except for (1) the use of soil exposure factors for construction workers and

(2) the calculation of airborne vapor and dust concentrations which are described in this section.

The calculation of airborne vapor concentrations is analogous to those for residents except for the use
of a shorter averaging period (T). For construction workers, an averaging period, T, of 1 year is used
consistent with their exposure period. The calculation of J, is shown in Attachment 4, Table 1.

As noted in Section 5.1.3.3 of the Risk Assessment, during construction activities the PMyg level is set at
50 pg/m?3, which is the former annual average National Ambient Air Quality Standards for PMyg since
construction workers are assumed to be performing excavations for a work year. It is conservatively
assumed that the PMp concentration would be at this limit every day for the entire period of
construction worker exposure.

Attachment 4, Table 3 presents the air concentrations estimated for particulates and vapors.

The unit risk and unit HQ calculations are shown in Attachment 4. The upper-bound site-related single-
chemical cancer risk and noncancer HQ estimates, which are summed to estimate the media-specific
cumulative cancer risk and noncancer Hl, are shown in Attachment 8.

2.3.2 Exposure to Groundwater During Construction Activities

As discussed in Section 5.1.1 of the Risk Assessment, construction workers could be exposed to
groundwater via incidental ingestion, dermal contact, and inhalation of vapors during excavations that
extend into shallow groundwater. The computation of risk estimates for worker exposure to
groundwater via incidental ingestion, dermal contact, and inhalation of vapors during construction
activities is analogous to the computations discussed in Section 2.2.2 for maintenance workers, except
the groundwater exposure factors for construction workers are used, as presented in Section 5.1.4. of
the Risk Assessment, and subchronic noncancer toxicity values are used instead of chronic values since
this exposure scenario represents a subchronic exposure.

The unit risk and unit HQ calculations are shown in Attachment 4. The upper-bound site-related single-
chemical cancer risk and noncancer HQ estimates, which are summed to estimate the media-specific
cumulative cancer risk and noncancer HI, are shown in Attachment 8.
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2.4 Off-Facility Resident

The chemical-specific cancer risk and noncancer HQ estimates for off-facility resident exposure to COPCs
via inhalation of soil vapors and particulates and vapor intrusion from groundwater are calculated in a
manner analogous to the approach discussed in Section 2.1.1 and 2.1.2. The only differences are the use
of exposure factors for off-facility residents, as presented in Section 5.1.4. of the Risk Assessment.

The unit risk and unit HQ calculations for each COPC are presented in Attachment 5. The upper-bound
site-related single-chemical cancer risk and noncancer HQ estimates, which are summed to estimate the
media-specific cumulative cancer risk and noncancer Hl, are shown in Attachment 8.

2.5 Soil Migration-to-Groundwater

Cancer and noncancer risk estimates were calculated by scaling off of the soil migration-to-groundwater
RBSLs. RBSLs developed to conservatively evaluate the potential for COPCs in soil to leach to
groundwater at concentrations that may pose an unacceptable risk to human health or the environment
are calculated using the methodologies described in the Soil Screening Guidance: User’s Guide

(USEPA 1996a).

RBSLs were calculated using both an “equilibrium partitioning” (also called soil/water partitioning
[USEPA 1996a]) and a “leach test” methodology, as described below. For each COPC, the soil screening
level corresponding to the more realistic of the two calculation methods is used as a soil migration-to-
groundwater screening level. For COPCs that are relatively immobile in the subsurface (e.g., semivolatile
organic compounds), the equilibrium partitioning method provides a more realistic, yet conservative,
soil leachate concentration because it assumes that the chemical concentration in soil remains constant
over time (since the chemical is immobile, its concentration in soil does not significantly decrease over
time). For chemicals that are relatively mobile (e.g., volatile organic compounds), the leach test method
provides a more realistic, yet conservative, soil leachate concentration because it accounts for a finite
amount of chemical mass in the soil. These two approaches of estimating soil leachate concentrations
are conservative since they ignore attenuation of the chemical concentration in the vadose zone and
dilution at the water table.

Equilibrium Partitioning

The soil/water partition equation, which assumes an infinite source of the chemical, can be used to
estimate concentrations of chemicals in soil leachate for a given soil concentration.

6,, + HaH)

Csoir = pr (Kd +
Pb

In this relationship, Csi is the soil concentration (mg/kg), Cow is the soil leachate concentration
(milligrams per liter [mg/L]), K4 is the chemical specific soil-water partition coefficient (liter per
kilogram), B,, is the water-filled soil porosity (unitless), 8, is the air-filled soil porosity (unitless), H is the
chemical-specific Henry’s Law constant (unitless), and py is the dry soil bulk density (kilogram per liter
[kg/L]). For organic chemicals, K4 is equal to the product of the chemical-specific soil organic
carbon/water partition coefficient, K, (liter per kg), and the fraction organic carbon in soil, foc (unitless).
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For this analysis, the soil properties are based upon sand, the most conservative soil type identified at
the Site. Specifically, 8y, is assumed to be 0.05 (liters per liter), 8, is assumed to be 0.32 (liters per liter),
and py is assumed to be 1.66 kg/L (USEPA 2004a).! The f, is assumed to be 0.005 (grams per gram)
(USEPA 1996a). The chemical-specific K4, and Ko, and H (and their sources) used are presented in
Attachment 6.

Leach Test Method

USEPA’s leach test method (SW-846, Method 1312)2 can be simulated by assuming a hypothetical worst-
case leach test outcome in which the entire mass of the chemical in soil is extracted into the leaching
fluid. With this assumption, the concentration of the COPC in soil can be divided by 20 (which is the ratio
of the mass of leaching fluid to the mass of soil in the leaching test protocol) to estimate its leachate
concentration as follows:
Cooit = Cyy MTf1uid:solid

Pfluid
In the relationship above, C.; is the soil concentration (mg/kg), Cow is the soil leachate concentration
(mg/L), mrauiasoid (kilogram per kilogram) is the mass ratio of the extraction fluid to soil used in the leach
test (i.e., 20 kg fluid per 1 kg soil), and psuia (kg/L) is the density of the extraction fluid (assumed to be

1 kg/L).
Dilution Attenuation Factor and Calculation of Soil Migration to Groundwater Screening Levels

As soil leachate moves through soil and groundwater, chemical concentrations are attenuated. The
reduction in concentrations can be expressed by a dilution attenuation factor (DAF) defined as a ratio of
soil leachate concentration to receptor point concentration (USEPA 1996a).

Rather than independently model leachate migration to calculate a site-specific DAF, a generic DAF of 20
was conservatively used in the development of the RBSLs. This default DAF is recommended by USEPA
(1996a) for contaminated soil sources up to 0.5 acres.

To calculate soil migration to groundwater screening levels, the equations presented above can be
further refined as follows:

MTruid:solid

Csoit-sprp = Cpw X X DAF
Pfluid
6, + 6,H
CSOil—Kd = pr (Kd + T) X DAF

Water-filled and air-filled porosity were estimated using the soil properties for sand (USEPA 2004) and the van
Genuchten equation (van Genuchten 1980), assuming a depth to groundwater of 19 ft.

2 Method 1312: Synthetic Precipitation Leaching Procedure, https://www.epa.gov/sites/production/files/2015-
12/documents/1312.pdf.
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By substituting target groundwater concentrations for C,w in the leach test method and equilibrium-
partitioning method equations, and assuming a DAF, two possible soil screening levels are calculated.
The higher of the two estimated values was used as the RBSL as the higher represents the more realistic,
yet conservative, soil screening level for this pathway.

Soil migration-to-groundwater RBSLs were calculated using the target groundwater concentrations
based on groundwater RBSLs for the following scenarios:

« Routine worker exposure to COPCs in groundwater via volatilization to outdoor air and vapor
intrusion

o Construction worker exposure to COPCs in groundwater via direct contact
« Off-facility resident exposure to COPCs in groundwater via vapor intrusion
o Receptor exposure to COPCs in groundwater via nonpotable groundwater use

The acceptable groundwater concentrations are presented in Attachment 6. The soil migration-to-
groundwater screening levels are presented in Appendix B of the Risk Assessment.

2.6 Nonpotable Groundwater Use

Potential exposures to COPCs in groundwater via nonpotable groundwater use are evaluated using a
hypothetical scenario where groundwater is used to fill a backyard wading pool (“kiddie” pool). This
scenario represents a reasonable worst case exposure scenario in which the estimated exposure is
expected to be higher than those associated with other nonpotable uses (e.g., watering lawns, washing
cars). Potential routes of exposure in this scenario include incidental ingestion, dermal contact, and
inhalation of vapors.

Estimates of cancer risk and noncancer HQ/HI are calculated using unit risks and unit HQs as discussed
above and in Section 5.3 of the Risk Assessment and using the exposure factors as presented in Section
5.1.4. of the Risk Assessment.

Water Concentration in Kiddie Pool

The model for estimating vapor emission from a residential kiddie pool is based on models for
estimating vapor emissions from open-top batch tanks (USEPA 1995a, 1995b). The residential kiddie
pool is modeled as a 6-ft diameter tank that is 9 inches deep and is assumed to be filled with
groundwater once per day. The concentration of volatile organic chemicals in the kiddie pool water
decreases over time as the chemicals volatilize into the air. The average concentration over a period t is
given by:

d
Cw = Cwo (1 —e7X/9)

where Cy,, is the initial concentration, d is the depth of water in the pool and K is the chemical’s overall
mass transfer coefficient (USEPA 1995b). K is calculated was follows:

k;-Hk
K=¢
k, + Hkg
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where H is the Henry’s law constant, and ks and kg are the liquid-phase and gas-phase mass transfer
coefficients given by the following equations (USEPA 1995a):

2.2
k, =107% 4+ 144 - 107%(0.01uy0,/6.1 + 0.63uy9)  Sc;%°

ky = 4.82-1073 u(°78 Sc, 7% d, !

where Sc;and Scg are liquid-phase and gas-phase Schmidt numbers, d. is the effective diameter of the
water surface (m), and uzp is wind speed at 10 m above the water surface, which is 4.2 m/s based on the
annual average wind speed in Philadelphia, Pennsylvania (NOAA 2018).

Air Concentration from Kiddie Pool

The concentration of the chemical in air at the water surface is given by the following:
Cair =G'K'(C/Q)

The C/Q term is estimated using the empirical correlation in USEPA’s Supplemental Soil Screening
Guidance (2002), using the correlation coefficients for Philadelphia, Pennsylvania, and assuming a
source area of a 6- by 6-ft kiddie pool. This air concentration is expected to be higher than actual air
concentrations to which individuals would be exposed while in the kiddie pool.

Unit Cancer Risk, Unit Noncancer HQ, and RBSL

The unit risk and unit HQ calculations are shown in Attachment 7. The upper-bound site-related single-
chemical cancer risk and noncancer HQ estimates for each sampling location, which are summed to
estimate the media-specific cumulative cancer risk and noncancer HI, are shown in Attachment 8.
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Attachment 1

Table 1

Toxicity Values

Philadelphia Energy Solutions Refining & Marketing LLC (PESRM) Philadelphia Refining Complex, Philadelphia, Pennsylvania

Chem chemical CASRN qa:;;z::aon SFora (mg/ke/d)* SF germol (me/ke/d) URF (mg/m?)* RfDro (me/ke/d) RFD germar (me/ke/d) RIC (mg/m’) SRIDyyy (mg/kg/d) SRIDgermar (me/ke/d) SRIC (mg/m’)

Group Group Ref Note Value Ref Notes Value Ref Notes Value Ref Notes Value UF Ref Notes Value UF Ref Notes Value UF Ref Notes Value UF Ref Notes Value UF Ref Notes Value UF Ref Notes
VOC Benzene 71-43-2 A 1 5.5E-02 1 68 5.5E-02 125 104 7.8E-03 1 60 4.0E-03 300 1 4.0E-03 300 125 104 3.0E-02 300 1 1.0E-02 100 126 1.0E-02 100 125 104 9.0E-02 100 1 110
VoC Cumene 98-82-8 D 1 1.0E-01 | 1,000 1 1.0E-01 | 1,000 125 104 4.0E-01 | 1,000 1 4.0E-01 300 2 4.0E-01 300 125 104 4.0E-01 | 1,000 1 62
VOC 1,2-Dibromoethane 106-93-4 LC 1 2.0E+00 1 2.0E+00 125 104 6.0E-01 1 9.0E-03 | 3,000 1 9.0E-03 | 3,000 125 104 9.0E-03 300 1 9.0E-03 | 3,000 1 62 9.0E-03 3000 125 104 9.0E-03 300 1 62
VocC 1,2-Dichloroethane 107-06-2 B2 1 9.1E-02 1 9.1E-02 125 104 2.6E-02 1 2.0E-02 [ 3,000 126 116 2.0E-02 [ 3,000 125 104 7.0E-03 [ 3,000 126 2.0E-02 [ 3,000 126 2.0E-02 3000 125 104 7.0E-02 300 126
VOC Ethyl Benzene 100-41-4 D 1 1.0E-01 [ 1,000 1 1.0E-01 [ 1,000 125 104 1.0E+00 300 1 1.0E-01 [ 1,000 1 62 1.0E-01 1000 125 104 9.0E+00 100 126
VocC Methyl tert-butyl ether 1634-04-4 C 142 1.8E-03 147 1.8E-03 125 104 2.6E-04 147 3.0E-01 300 129 111,116 3.0E-01 300 125 104 3.0E+00 100 1 3.0E-01 300 129 111 3.0E-01 300 125 104 3.0E+00 100 1 62
VOC Toluene 108-88-3 1D 1 8.0E-02 | 3,000 1 8.0E-02 | 3,000 125 104 5.0E+00 10 1 8.0E-01 300 1 110 8.0E-01 300 125 104 5.0E+00 10 126
VocC 1,2,4-Trimethylbenzene 95-63-6 1D 1 1.0E-02 300 1 1.0E-02 300 125 104 6.0E-02 300 1 4.0E-02 100 1 4.0E-02 100 125 104 2.0E-01 100 1
VOC 1,3,5-Trimethylbenzene 108-67-8 1D 1 1.0E-02 300 1 1.0E-02 300 125 104 6.0E-02 300 1 4.0E-02 100 1 4.0E-02 100 125 104 2.0E-01 100 1
VocC Xylenes (total) 1330-20-7 1D 1 2.0E-01 [ 1,000 1 2.0E-01 [ 1,000 125 104 1.0E-01 300 1 2.0E-01 [ 1,000 1 110 2.0E-01 1000 125 104 3.0E-01 100 1 110
SVOC Anthracene 120-12-7 1D 1 3.0E-01 | 3,000 1 3.0E-01 | 3,000 125 104 2 90 1.0E+00 [ 1,000 126 1.0E+00 1000 125 104 2 90, 62
svoc Benzo(a)anthracene 56-55-3 B2 1 1.0E-01 10 5,159 | 1.0E-01 125 104 6.0E-02 10 5,159 126 90 125 104 126 90 126 90 125 104 126 90
SVOC Benzo(a)pyrene 50-32-8 HC 1 1.0E+00 1 159 1.0E+00 125 104 6.0E-01 1 159 3.0E-04 300 1 3.0E-04 300 125 104 2.0E-06 | 3,000 1 3.0E-04 300 1 62 3.0E-04 300 125 104 2.0E-06 | 3,000 1 62
Ssvoc Benzo(b)fluoranthene 205-99-2 B2 1 1.0E-01 10 5,159 | 1.0E-01 125 104 6.0E-02 10 5,159
SVOC Benzo(g,h,i)perylene 191-24-2 D 1 3.0E-02 | 3,000 1 20 3.0E-02 | 3,000 125 104 3.0E-01 300 126 20 3.0E-01 300 125 104
SVOC _ |Chrysene 218-01-9 B2 1 1.0E-03 10 5,159 | 1.0E-03 125 104 6.0E-04 10 5,159
SVOC Ethanol 64-17-5 6.2E+01 910 6.2E+01 125 104 1.9E+01 910 6.2E+01 910 6.2E+01 125 104 1.9E+01 910
SVOC _ |Fluorene 86-73-7 D 1 4.0E-02 | 3,000 1 4.0E-02 | 3,000 125 104 4.0E-01 300 129 111 4.0E-01 300 125 104
SVOC Indeno(1,2,3-cd)pyrene 193-39-5 B2 1 1.0E-01 10 5,159 | 1.0E-01 125 104 6.0E-02 10 5, 159
svoc Naphthalene 91-20-3 C 1 1.2E-01 147 1.2E-01 125 104 3.4E-02 147 2.0E-02 [ 3,000 1 2.0E-02 [ 3,000 125 104 3.0E-03 [ 3,000 1 2.0E-01 300 1 110 2.0E-01 300 125 104 3.0E-03 [ 3,000 1 62
SvoC Phenanthrene 85-01-8 D 1 3.0E-02 | 3,000 1 20 3.0E-02 | 3,000 125 104 3.0E-01 300 126 20 3.0E-01 300 125 104
SVOC _ |Pyrene 129-00-0 NC 126 3.0E-02 [ 3,000 1 3.0E-02 [ 3,000 125 104 3.0E-01 300 126 3.0E-01 300 125 104
SVOC |Tetraethylene Glycol 112-60-7 2.0E+00 30 126 210 2.0E+00 30 125 104 126 90, 210 2.0E+00 30 126 210 2.0E+00 30 125 104 126 90, 210

INORG _|Lead 7439-92-1 B2 1

References:

1 USEPA. Integrated Risk Information System (IRIS). On-line database.
USEPA. 1997. Health Effects Assessment Summary Tables (HEAST). FY-1997 Update. EPA 540/R-97-036. July.
10 USEPA. 1993. Provisional Guidance for Quantitative Risk Assessment of Polycyclic Aromatic Hydrocarbons. EPA/600/2-93/089. July.
125 USEPA. 2004. Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment) Final. July.
126 Provisional Peer Reviewed Toxicity Values for Superfund (PPRTV) Database.
129 ATSDR. 2018. Minimal Risk Levels. June.
147 CALEPA. DTSC. 2019. Human Health Risk Assessment Note 10 - Toxicity Criteria. February 25.
910 MDEQ. December 30, 2013. Part 201 Generic Cleanup Criteria and Screening Levels. With errata February 7, 2014.

[N]

Notes:
5 Based on potency relative to Benzo(a)pyrene [CASRN 50-32-8], as described in the indicated reference.

20 Terraphase used Pyrene [CASRN 129-00-0] value from the indicated reference as a surrogate.

62 Terraphase used chronic value as a surrogate for the subchronic value.

68 IRIS provides a range of 1.5E-2 to 5.5E-2 (mg/kg/d)-1 as the oral Slope Factor for Benzene.

90 Inadequate data exist to derive a toxicity value, according to the indicated reference.
104 Dermal toxicity value is extrapolated from oral toxicity value in accordance with the referenced USEPA guidance.
110 The value is based on discussion in the indicated reference regarding the principal study USEPA used in extrapolating from subchronic to chronic.
111 Value as published is an MRL in the indicated reference.
116 Terraphase used subchronic value as a surrogate for the chronic value.
159 Because the chemical has a mutagenic mode of action according to USEPA, the SF and URF are adjusted by the following age-dependent adjustment factors (ADAFs) before use: 10 for ages 0 to 2; 3 for ages 2 to 16; and 1 for ages 16 and older (USEPA 2005).
210 Terraphase used Triethylene glycol [CASRN 112-27-6] value from the indicated reference as a surrogate.

This extract was prepared on 1/9/2023.

Page: 1of 1 Terraphase Engineering, Inc.



Attachment 1

Table 2

Physical and Chemical Properties

Philadelphia Energy Solutions Refining & Marketing LLC (PESRM) Philadelphia Refining Complex, Philadelphia, Pennsylvania

Chem Chemical CASRN MW (g/mole) Kow (unitless) Ko (L/kg) Kq (L/kg) H (unitless) D, (m*/d) Dyater (M*/d) K, (cm/hr) ABS, (unitless) FA (unitless)
Group emica Value Ref | Notes Value Ref | Notes Value Ref | Notes Value Ref | Notes Value Adjust Ref | Notes Value Ref | Notes Value Ref | Notes Value Ref Notes Value Ref | Notes Value Ref Notes
VOC Benzene 71-43-2] 7.8E+01 50.3 1.3E+02 44 5.8E+01 44 111 2.3E-01 1.7E-01 44 7.6E-01 44 8.5E-05 44 1.5E-02 44 115 0.0E+00 62 1.0E+00 62

VOC Cumene 98-82-8| 1.2E+02 50.3 3.1E+03 69 7.1E+02 69 111 5.3E-01 3.3E-01 69 5.6E-01 69 6.1E-05 69 69 115 0.0E+00 62 1.0E+00 62 114
VOC 1,2-Dibromoethane 106-93-4] 1.9E+02 50.3 4.0E+01 1 2.2E+01 1 111 2.7E-02 2.4E-02 50.3 123 3.7E-01 69 7.3E-05 69 1.6E-03 1 115 0.0E+00 62 1.0E+00 62

VOC 1,2-Dichloroethane 107-06-2] 9.9E+01 50.3 3.0E+01 44 1.7E+01 44 111 4.0E-02 2.9E-02 44 9.0E-01 44 8.6E-05 44 4.1E-03 44 115 0.0E+00 62 1.0E+00 62

VOC Ethyl Benzene 100-41-4] 1.1E+02 50.3 1.4E+03 44 3.7E+02 44 111 3.2E-01 2.2E-01 44 6.5E-01 44 6.7E-05 44 4.8E-02 44 115 0.0E+00 62 1.0E+00 62

VOC Methyl tert-butyl ether 1634-04-4 8.8E+01 1 1.7E+01 39 1.1E+01 39 111 2.4E-02 1.8E-02 69 7.4E-01 69 8.7E-05 69 3.3E-03 39 115 0.0E+00 62 1.0E+00 62 114
VOC Toluene 108-88-3] 9.2E+01 50.3 5.6E+02 44 1.8E+02 44 111 2.7E-01 1.9E-01 44 7.5E-01 44 7.4E-05 44 3.2E-02 44 115 0.0E+00 62 1.0E+00 62

VOC 1,2,4-Trimethylbenzene 95-63-6| 1.2E+02 46 4.3E+03 69 9.0E+02 69 111 2.5E-01 1.6E-01 69 5.2E-01 69 6.8E-05 69 69 115 0.0E+00 62 1.0E+00 62

VOC 1,3,5-Trimethylbenzene 108-67-8| 1.2E+02 39 1.0E+04 69 1.8E+03 69 111 2.4E-01 1.5E-01 69 5.2E-01 69 7.5E-05 69 69 115 0.0E+00 62 1.0E+00 62

VOC Xylenes (total) 1330-20-7f 1.1E+02 50.3 1.5E+03 44 3.9E+02 44 111 2.8E-01 2.5E-01 44 6.7E-01 44 7.6E-05 44 5.0E-02 44 115 0.0E+00 62 1.0E+00 62 114
SVOC |Anthracene 120-12-7] 1.8E+02 50.3 3.5E+04 44 3.0E+04 44 82 2.7E-03 1.3E-03 44 2.8E-01 44 6.7E-05 44 44 115 1.3E-01 62 1.0E+00 62 117
SVOC Benzo(a)anthracene 56-55-3| 2.3E+02 50.3 5.0E+05 44 4.0E+05 44 82 1.4E-04 5.6E-05 44 4.4E-01 44 7.8E-05 44 44 115 1.3E-01 62 9.0E-01 62 117
SVOC Benzo(a)pyrene 50-32-8| 2.5E+02 50.3 1.3E+06 44 1.0E+06 44 82 4.6E-05 1.5E-05 44 3.7E-01 44 7.8E-05 44 44 115 1.3E-01 62 8.0E-01 62 117
SVOC Benzo(b)fluoranthene 205-99-2| 2.5E+02 50.1 1.6E+06 44 1.2E+06 44 82 4.6E-03 1.7E-03 44 2.0E-01 44 4.8E-05 44 44 115 1.3E-01 62 8.0E-01 62 117
SVOC Benzo(g,h,i)perylene 191-24-2] 2.8E+02 50.3 1.7E+07 69 1.3E+07 69 82 1.4E-05 1.1E-05 50.3 123 1.9E-01 69 4.5E-05 69 69 115 1.3E-01 62 7.0E-01 62 117
SVOC  |Chrysene 218-01-9| 2.3E+02 50.3 5.0E+05 44 4.0E+05 44 82 3.9E-03 1.5E-03 44 2.1E-01 44 5.4E-05 44 44 115 1.3E-01 62 9.0E-01 62 117
SVOC Ethanol 64-17-5| 4.6E+01 62 4.9E-01 62 6.8E-01 62 111 2.2E-04 1.7E-04 69 1.1E+00 69 1.1E-04 69 5.5E-04 62 115 0.0E+00 62 1.0E+00 62

SVOC Fluorene 86-73-7| 1.7E+02 50.3 1.6E+04 44 1.4E+04 44 82 2.6E-03 1.4E-03 44 3.1E-01 44 6.8E-05 44 44 115 1.3E-01 62 1.0E+00 62 117
SVOC Indeno(1,2,3-cd)pyrene 193-39-5] 2.8E+02 50.3 4.5E+06 44 3.4E+06 44 82 6.6E-05 2.0E-05 44 1.6E-01 44 4.9E-05 44 44 115 1.3E-01 62 7.0E-01 62 117
SVOC Naphthalene 91-20-3] 1.3E+02 50.3 2.3E+03 44 2.0E+03 44 82 2.0E-02 1.2E-02 44 5.1E-01 44 6.5E-05 44 44 115 1.3E-01 62 1.0E+00 62

SVOC Phenanthrene 85-01-8| 1.8E+02 50.3 2.9E+04 69 2.4E+04 69 82 1.7E-03 1.4E-03 50.3 123 3.2E-01 69 6.5E-05 69 69 115 1.3E-01 62 1.0E+00 62 117
SVOC Pyrene 129-00-0] 2.0E+02 50.3 1.3E+05 44 1.1E+05 44 82 4.5E-04 2.0E-04 44 2.4E-01 44 6.3E-05 44 44 115 1.3E-01 62 1.0E+00 62 117
SVOC [Tetraethylene Glycol 112-60-7| 1.9E+02 69 2.8E-02 78 3.0E-02 78 82 2.0E-11 1.6E-11 69 4.4E-01 69 125 7.0E-05 69 125 78 115 1.0E-01 62 1.0E+00 62 114
INORG [Lead 7439-92-1] 2.1E+02 50.3 9.0E+02 35 40 48 40 48 1.0E-04 62 0.0E+00 62

References:

1 USEPA. 1992. Handbook of RCRA Ground-Water Monitoring Constituents. Chemical and Physical Properties (40 CFR Part 264, Appendix IX). EPA-530-R-92-022. September.
35 Baes lll, C.F., R.D. Sharp, A.L. Sjoreen, and R.W. Shor. 1984. A Review and Analysis of Parameters for Assessing Transport of Released Radionuclides through Agriculture (AD-89-T-2-A-106) (formerly EPA078-D-X0304), Oak Ridge National Laboratory, ORNL-5786.
39 CHEMFATE data base. Syracuse Research Corporation.
40 Research Triangle Institute, Center for Environmental Analysis. 1995. Supplemental Technical Support Document for Hazardous Waste Identification Rule: Risk Assessment for Human and Ecological Receptors--Volume 1, TABLE A-1. November 1995.
44 USEPA. 1996. Soil Screening Guidance: Technical Background Document and User Guide. Office of Emergency and Remedial Response. EPA/540/R-95/128. May.
46 Lide et al. 1991. CRC Handbook of Chemistry and Physics.

50.1 USEPA. 1997. Superfund Chemical Data Matrix (SCDM). Office of Emergency and Remedial Response. September 12.

50.3 USEPA. 20014. Superfund Chemical Data Matrix (SCDM). Office of Superfund Remediation and Technology Innovation. June 20, 2014.
62 USEPA. 2004. Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment) Final. July.

69 USEPA. 2004. WATER9. Version 2.0.0. Office of Air Quality Planning and Standards. July.

78 USEPA. 2022. COMPTox Chemicals Dashboard. September 28.

Notes:

48 Not Available or Not Applicable

82 Used Equation (70) from Reference 44 to calculate Koc value using Log Kow value from indicated reference.
111 Used Equation (71) from Reference 44 to calculate Koc value using Log Kow value from indicated reference.
114 Avalue of 1 is conservatively used because EPA guidance does not provide a default value.

115 Calculated Kp value using equation 3.8 (p.3-7) in reference 62 with log Kow from the indicated reference and the MW presented in table.

117 Derived the FA based on Exhibit A-4 in the indicated reference.
123 Value has been assigned a default reference temperature.
125 Used Triethylene glycol [CASRN 112-27-6] value from the indicated reference as a surrogate.
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Appendix A
Human Health Risk Assessment
Supporting Information and Calculations

Attachment 2

Routine Worker Risk Calculations

Table 1 — Normalized Average Vapor Flux from Soil to Outdoor Air

Table 2 — Soil PM1o Emission from Wind Erosion (Unlimited Reservoir Model)

Table 3 — Dispersion Factor to Outdoor Air

Table 4 — Concentrations in Outdoor Air from Soil

Table 5a — Unit Risk Calculations for Exposure of Routine Workers to Soil

Table 5b — Unit Hazard Quotient Calculations for Exposure of Routine Workers to Soil
Figure 1 — Soil Moisture Profile for Default PADEP Nonresidential Building (Slab-On-Grade)

Table 6 — Normalized Indoor Air Concentrations in a Default PADEP Nonresidential Building (Slab-On-
Grade) Due to Vapor Intrusion from Soil

Table 7 — Unit Risk and Hazard Quotient Calculations for Soil Vapor Intrusion into a Default PADEP
Nonresidential Building (Slab-On-Grade)

Table 8 — Normalized Vapor Flux to Outdoor Air from Groundwater

Table 9 — Unit Risk and Hazard Quotient Calculations for Exposure of Routine Workers to Groundwater-
derived Vapors in Outdoor Air

Table 10 — Normalized Indoor Air Concentrations in a Default PADEP Nonresidential Building (Slab-On-
Grade) Due to Vapor Intrusion from Groundwater

Table 11 — Unit Risk and Hazard Quotient Calculations for Groundwater Vapor Intrusion into a Default
PADEP Nonresidential Building (Slab-On-Grade)



Attachment 2

Table 1

Normalized Average Vapor Flux from Soil to Outdoor Air

Philadelphia Energy Solutions Refining & Marketing LLC (PESRM) Philadelphia Refining Complex, Philadelphia, Pennsylvania

Chem Koc Ky H Dy Duater D¢ D, D J
Group Chemical CASRN (L/kg) (L/kg) (unitless) (m?/d) (m?/d) (m?/d) (m?/d) (m?/d) (kg/m?>-s)
VOC [Benzene 71-43-2] 5.82E+01 1.68E-01 7.60E-01 8.47E-05 1.23E-01 3.46E-08 3.51E-02 1.11E-05
VOC |Cumene 98-82-8| 7.05E+02 3.28E-01 5.62E-01 6.13E-05 9.10E-02 2.51E-08 | 4.96E-03 9.32E-06
VOC |1,2-Dibromoethane 106-93-4] 2.22E+01 2.37E-02 3.72E-01 7.29E-05 6.02E-02 2.98E-08 5.83E-03 9.53E-06
VOC |1,2-Dichloroethane 107-06-2| 1.75E+01 2.92E-02 8.99E-01 8.55E-05 1.46E-01 3.50E-08 2.04E-02 1.07E-05
VOC |Ethyl Benzene 100-41-4] 3.67E+02 2.20E-01 6.48E-01 6.74E-05 1.05E-01 2.76E-08 7.27E-03 9.80E-06
VOC |Methyl tert-butyl ether 1634-04-4] 1.15E+01 1.83E-02 7.42E-01 8.73E-05 1.20E-01 3.57E-08 1.43E-02 1.05E-05
VOC |[Toluene 108-88-3| 1.80E+02 1.93E-01 7.52E-01 7.43E-05 1.22E-01 3.04E-08 1.46E-02 1.05E-05
VOC |1,2,4-Trimethylbenzene 95-63-6| 8.97E+02 1.61E-01 5.24E-01 6.84E-05 8.48E-02 2.80E-08 1.81E-03 7.67E-06
VOC [1,3,5-Trimethylbenzene 108-67-8] 1.76E+03 1.54E-01 5.20E-01 7.49E-05 8.42E-02 3.06E-08 8.81E-04 6.17E-06
VOC [Xylenes (total) 1330-20-7| 3.86E+02 2.52E-01 6.74E-01 7.56E-05 1.09E-01 3.09E-08 8.23E-03 9.94E-06
SVOC |Anthracene 120-12-7| 2.97E+04 1.30E-03 2.80E-01 6.69E-05 4.53E-02 2.74E-08 2.40E-07 1.11E-07
SVOC |Benzo(a)anthracene 56-55-3| 4.01E+05 5.55E-05 4.41E-01 7.78E-05 7.14E-02 3.18E-08 1.20E-09

SVOC |Benzo(a)pyrene 50-32-8] 1.01E+06 1.49E-05 3.72E-01 7.78E-05 6.02E-02 3.18E-08 1.11E-10

SVOC |Benzo(b)fluoranthene 205-99-2| 1.24E+06 1.66E-03 1.95E-01 4.80E-05 3.16E-02 1.97E-08 5.08E-09

SVOC |Benzo(g,h,i)perylene 191-24-2| 1.28E+07 1.10E-05 1.88E-01 4.54E-05 3.04E-02 1.86E-08 3.32E-12

SVOC |Chrysene 218-01-9| 4.01E+05 1.48E-03 2.14E-01 5.37E-05 3.47E-02 2.20E-08 1.54E-08

SVOC |Ethanol 64-17-5] 6.81E-01 1.75E-04 | 1.06E+00 | 1.12E-04 1.72E-01 4.60E-08 5.09E-04

SVOC |Fluorene 86-73-7| 1.38E+04 1.39E-03 3.14E-01 6.81E-05 5.08E-02 2.79E-08 6.17E-07 1.78E-07
SVOC |[Indeno(1,2,3-cd)pyrene 193-39-5| 3.45E+06 2.03E-05 1.64E-01 4.89E-05 2.66E-02 2.00E-08 1.96E-11

SVOC |Naphthalene 91-20-3] 2.01E+03 1.20E-02 5.10E-01 6.48E-05 8.26E-02 2.65E-08 5.94E-05 1.75E-06
SVOC |Phenanthrene 85-01-8] 2.42E+04 1.41E-03 3.24E-01 6.45E-05 5.25E-02 2.64E-08 3.67E-07 1.37E-07
SVOC |Pyrene 129-00-0| 1.06E+05 2.00E-04 2.35E-01 6.26E-05 3.81E-02 2.56E-08 8.73E-09

SVOC |Tetraethylene Glycol 112-60-7| 3.00E-02 1.62E-11 4.39E-01 6.96E-05 7.11E-02 2.85E-08 5.30E-07

INORG |Lead 7439-92-1 9.00E+02
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Attachment 2

Table 1

Normalized Average Vapor Flux from Soil to Outdoor Air
Philadelphia Energy Solutions Refining & Marketing LLC (PESRM) Philadelphia Refining Complex, Philadelphia, Pennsylvania

Notes:
Soil bulk density kg/L Po 1.66
Soil porosity L/L-soil 0 0.38
Soil water content L/L-soil 0, 0.05
Soil air-filled porosity L/L-soil 0, 0.32
Soil organic carbon fraction unitless foc 0.005
Averaging period (Exposure Duration) years T 25
days T 9125
Temperature °c Temp 18
Clean soil above source m Z,
Bottom of source depth m Z, 5.79

Based on the volatilization model developed by Jury et. al. (1983) for finite sources as described in USEPA's (1996) Soil Screening Guidance: Technical Background Document.
The K, for organic compounds is the K, times the f,..
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Attachment 2
Table 2

Soil PM,, Emission from Wind Erosion

Philadelphia Energy Solutions Refining & Marketing LLC (PESRM) Philadelphia Refining Complex, Philadelphia, Pennsylvania

Unlimited Reservoir Model

Parameter Units Variable Value
Aerodynamic particle size multiplier 0.036
Ground cover fraction G 0.5
Mode of aggregate size distribution mm 0.50
Threshold friction velocity m/s u'y 0.50
Correction factor 1.25
Corrected friction velocity m/s u*, 0.6252
Roughness height m Z, 0.005
Anemometer height m 8.0
Friction velocity at anemometer height m/s u, 11.53
Mean annual wind speed mph Upn, 9.3
Mean annual wind speed m/s Um 4.16
Up/ Uy 0.361
x =0.886 u,/u, 2.46
F(x) 0.064
Annual average PMy, flux  kg-soil/m>-s Jiom 1.5E-11

Model described in more detail in USEPA's (1996) Soil Screening Guidance:

Technical Background Document .
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Attachment 2
Table 3
Dispersion Factor to Outdoor Air

Philadelphia Energy Solutions Refining & Marketing LLC (PESRM) Philadelphia Refining Complex, Philadelphia, Pennsylvania

Parameter Units Value
Correlation coefficient city Philadelphia
Correlation coefficient A 14.0111
Correlation coefficient B 19.6154
Correlation coefficient C 225.3397
Soil source area acres 70.6
Annual
Soil C/Q averaging time Max
Conversion factor from 1-Hr Max for soil 0.19
c/Q for soil| (kg/m>)/(kg/m’-s) 25.06
Groundwater source area acres 70.6000
Annual
Groundwater averaging time for C/Q Max
Conversion factor from 1-Hr Max for groundwater 0.19
¢/Q for Groundwater|  (L/m®)/(L/m’-s) 25.06

Note:

C/Q is estimated using the empirical correlation in USEPA’s (2002) Supplemental Soil Screening Guidance.
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Attachment 2

Table 4

Concentrations in Outdoor Air from Soil

Philadelphia Energy Solutions Refining & Marketing LLC (PESRM) Philadelphia Refining Complex, Philadelphia, Pennsylvania

Vapor | PM;,
¢/Q (kg/m’ per kg/m’-s): 2.5E+01
Chem Chemical CASRN Cooi Garr Cooi Garr
Chem (mg/kg) (mg/m?) (mg/kg) (mg/m?)
VOC |Benzene 71-43-2| 1.00E+00 2.78E-04 1.00E+00 3.73E-10
VOC |Cumene 98-82-8| 1.00E+00 2.34E-04 1.00E+00 3.73E-10
VOC |[1,2-Dibromoethane 106-93-4| 1.00E+00 2.39E-04 1.00E+00 3.73E-10
VOC |1,2-Dichloroethane 107-06-2| 1.00E+00 2.69E-04 1.00E+00 3.73E-10
VOC [Ethyl Benzene 100-41-4| 1.00E+00 2.46E-04 1.00E+00 3.73E-10
VOC [Methyl tert-butyl ether 1634-04-4| 1.00E+00 2.62E-04 1.00E+00 3.73E-10
VOC |[Toluene 108-88-3| 1.00E+00 2.63E-04 1.00E+00 3.73E-10
VOC |[1,2,4-Trimethylbenzene 95-63-6| 1.00E+00 1.92E-04 1.00E+00 3.73E-10
VOC [1,3,5-Trimethylbenzene 108-67-8| 1.00E+00 1.55E-04 1.00E+00 3.73E-10
VOC [Xylenes (total) 1330-20-7| 1.00E+00 2.49E-04 1.00E+00 3.73E-10
SVOC |Anthracene 120-12-7| 1.00E+00 2.78E-06 1.00E+00 3.73E-10
SVOC |Benzo(a)anthracene 56-55-3| 1.00E+00 1.00E+00 3.73E-10
SVOC |Benzo(a)pyrene 50-32-8| 1.00E+00 1.00E+00 3.73E-10
SVOC |Benzo(b)fluoranthene 205-99-2| 1.00E+00 1.00E+00 3.73E-10
SVOC |Benzo(g,h,i)perylene 191-24-2| 1.00E+00 1.00E+00 | 3.73E-10
SVOC |Chrysene 218-01-9| 1.00E+00 1.00E+00 3.73E-10
SVOC |Ethanol 64-17-5| 1.00E+00 1.00E+00 3.73E-10
SVOC [Fluorene 86-73-7| 1.00E+00 4.47E-06 1.00E+00 3.73E-10
SVOC |Indeno(1,2,3-cd)pyrene 193-39-5| 1.00E+00 1.00E+00 3.73E-10
SVOC |Naphthalene 91-20-3| 1.00E+00 4.38E-05 1.00E+00 3.73E-10
SVOC |Phenanthrene 85-01-8| 1.00E+00 3.44E-06 1.00E+00 3.73E-10
SVOC ([Pyrene 129-00-0 1.00E+00 1.00E+00 3.73E-10
SVOC |Tetraethylene Glycol 112-60-7| 1.00E+00 1.00E+00 3.73E-10
INORG |[Lead 7439-92-1| 1.00E+00 1.00E+00 3.73E-10
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Attachment 2

Table 5a

Unit Risk Calculations for Exposure of Routine Worker to Soil

Philadelphia Energy Solutions Refining & Marketing LLC (PESRM) Philadelphia Refining Complex, Philadelphia, Pennsylvania

Soil Ingestion Soil Dermal Contact Soil Vapor Inhalation Soil Particulate Inhalation All Routes
Chem Chemical CcAsRn | Cancer Coan RBA LADD ol | pick ABSy | APD | SFaem | i Ca URF Risk Ca URF 1 Risk Risk
Group Class (mg/kg) (me/ke/d) | (mg/ke/d)™ (me/ke/d) | (mg/ke/d)* (mg/m’) | (m’/mg) (mg/m’) | (mg/m")
VOC Benzene 71-43-2 A 1.00E+00 1.10E-07 5.5E-02 6.1E-09 5.5E-02 2.78E-04 | 7.8E-03 1.3E-07 3.73E-10 | 7.8E-03 1.7E-13 1.3E-07
VOC Cumene 98-82-8 D 1.00E+00 1.10E-07 2.34E-04 3.73E-10
VOC 1,2-Dibromoethane 106-93-4 LC 1.00E+00 1.10E-07 2.0E+00 2.2E-07 2.0E+00 2.39E-04 | 6.0E-01 | 8.4E-06 3.73E-10 | 6.0E-01 1.3E-11 8.6E-06
VOC 1,2-Dichloroethane 107-06-2 B2 1.00E+00 1.10E-07 9.1E-02 1.0E-08 9.1E-02 2.69E-04 | 2.6E-02 | 4.1E-07 3.73E-10 | 2.6E-02 5.7E-13 4.2E-07
VOC Ethyl Benzene 100-41-4 D 1.00E+00 1.10E-07 2.46E-04 3.73E-10
VOC Methyl tert-butyl ether 1634-04-4 C 1.00E+00 1.10E-07 1.8E-03 2.0E-10 1.8E-03 2.62E-04 | 2.6E-04 | 4.0E-09 3.73E-10 | 2.6E-04 5.7E-15 4.2E-09
VOC Toluene 108-88-3 ID 1.00E+00 1.10E-07 2.63E-04 3.73E-10
VOC 1,2,4-Trimethylbenzene 95-63-6 ID 1.00E+00 1.10E-07 1.92E-04 3.73E-10
VOC 1,3,5-Trimethylbenzene 108-67-8 ID 1.00E+00 1.10E-07 1.55E-04 3.73E-10
VOC Xylenes (total) 1330-20-7 ID 1.00E+00 1.10E-07 2.49E-04 3.73E-10
SVOC |Anthracene 120-12-7 ID 1.00E+00 1.10E-07 1.30E-01 | 1.21E-07 2.78E-06 3.73E-10
SVOC |Benzo(a)anthracene 56-55-3 B2 1.00E+00 1.10E-07 1.0E-01 1.1E-08 1.30E-01 | 1.21E-07 1.0E-01 1.2E-08 6.0E-02 3.73E-10 | 6.0E-02 1.3E-12 2.3E-08
SVOC |Benzo(a)pyrene 50-32-8 HC 1.00E+00 1.10E-07 1.0E+00 1.1E-07 1.30E-01 | 1.21E-07 | 1.0E+00 1.2E-07 6.0E-01 3.73E-10 | 6.0E-01 1.3E-11 2.3E-07
SVOC |Benzo(b)fluoranthene 205-99-2 B2 1.00E+00 1.10E-07 1.0E-01 1.1E-08 1.30E-01 | 1.21E-07 1.0E-01 1.2E-08 6.0E-02 3.73E-10 | 6.0E-02 1.3E-12 2.3E-08
SVOC Benzo(g,h,i)perylene 191-24-2 D 1.00E+00 1.10E-07 1.30E-01 | 1.21E-07 3.73E-10
SVOC [Chrysene 218-01-9 B2 1.00E+00 1.10E-07 1.0E-03 1.1E-10 1.30E-01 | 1.21E-07 1.0E-03 1.2E-10 6.0E-04 3.73E-10 | 6.0E-04 1.3E-14 2.3E-10
SVOC |Ethanol 64-17-5 1.00E+00 1.10E-07 3.73E-10
SVOC [Fluorene 86-73-7 D 1.00E+00 1.10E-07 1.30E-01 | 1.21E-07 4.47E-06 3.73E-10
SVOC |Indeno(1,2,3-cd)pyrene 193-39-5 B2 1.00E+00 1.10E-07 1.0E-01 1.1E-08 1.30E-01 | 1.21E-07 1.0E-01 1.2E-08 6.0E-02 3.73E-10 | 6.0E-02 1.3E-12 2.3E-08
SVOC [Naphthalene 91-20-3 C 1.00E+00 1.10E-07 1.2E-01 1.3E-08 1.30E-01 | 1.21E-07 1.2E-01 1.5E-08 4.38E-05 | 3.4E-02 | 8.7E-08 3.73E-10 | 3.4E-02 7.5E-13 1.2E-07
SVOC |Phenanthrene 85-01-8 D 1.00E+00 1.10E-07 1.30E-01 | 1.21E-07 3.44E-06 3.73E-10
SVOC |Pyrene 129-00-0 NC 1.00E+00 1.10E-07 1.30E-01 | 1.21E-07 3.73E-10
SVOC |[Tetraethylene Glycol 112-60-7 1.00E+00 1.10E-07 1.00E-01 | 9.32E-08 3.73E-10
INORG [Lead 7439-92-1 B2 1.00E+00 1.10E-07 3.73E-10
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Attachment 2

Table 5b

Unit Hazard Quotient Calculations for Exposure of Routine Worker to Soil

Philadelphia Energy Solutions Refining & Marketing LLC (PESRM) Philadelphia Refining Complex, Philadelphia, Pennsylvania

Soil Ingestion Soil Dermal Contact Soil Vapor Inhalation Soil Particulate Inhalation All Routes
Chem Chemical CASRN Cool RBA ADD RfDora HQ ABS,.., | PP RfDaerm HQ Car RiC R HQ Caw RiC s HQ HQ
Group (mg/kg) (mg/kg/d) | (mg/kg/d) (mg/kg/d) | (mg/kg/d) (mg/m’) | (mg/m?) (mg/m®) | (mg/m°)
VOC Benzene 71-43-2 1.00E+00 3.08E-07 | 4.0E-03 7.7E-05 4.0E-03 2.78E-04 | 3.0E-02 1.5E-03 3.73E-10 | 3.0E-02 2.0E-09 1.6E-03
VOC Cumene 98-82-8 1.00E+00 3.08E-07 | 1.0E-01 3.1E-06 1.0E-01 2.34E-04 | 4.0E-01 9.6E-05 3.73E-10 | 4.0E-01 1.5E-10 9.9E-05
VOC 1,2-Dibromoethane 106-93-4 1.00E+00 3.08E-07 | 9.0E-03 3.4E-05 9.0E-03 2.39E-04 | 9.0E-03 4.4E-03 3.73E-10 | 9.0E-03 6.8E-09 4.4E-03
VOC 1,2-Dichloroethane 107-06-2 1.00E+00 3.08E-07 | 2.0E-02 1.5E-05 2.0E-02 2.69E-04 | 7.0E-03 6.3E-03 3.73E-10 | 7.0E-03 8.8E-09 6.3E-03
VOC Ethyl Benzene 100-41-4 1.00E+00 3.08E-07 1.0E-01 3.1E-06 1.0E-01 2.46E-04 | 1.0E+00 4.0E-05 3.73E-10 | 1.0E+00 6.1E-11 4.3E-05
VOC Methyl tert-butyl ether 1634-04-4 1.00E+00 3.08E-07 3.0E-01 1.0E-06 3.0E-01 2.62E-04 | 3.0E+00 1.4E-05 3.73E-10 | 3.0E+00 2.0E-11 1.5E-05
VOC Toluene 108-88-3 1.00E+00 3.08E-07 | 8.0E-02 3.9E-06 8.0E-02 2.63E-04 | 5.0E+00 | 8.6E-06 3.73E-10 | 5.0E+00 1.2E-11 1.2E-05
VOC 1,2,4-Trimethylbenzene 95-63-6 1.00E+00 3.08E-07 | 1.0E-02 3.1E-05 1.0E-02 1.92E-04 | 6.0E-02 5.3E-04 3.73E-10 | 6.0E-02 1.0E-09 5.6E-04
VOC 1,3,5-Trimethylbenzene 108-67-8 1.00E+00 3.08E-07 | 1.0E-02 3.1E-05 1.0E-02 1.55E-04 | 6.0E-02 4.2E-04 3.73E-10 | 6.0E-02 1.0E-09 4.5E-04
VOC Xylenes (total) 1330-20-7 1.00E+00 3.08E-07 2.0E-01 1.5E-06 2.0E-01 2.49E-04 1.0E-01 4.1E-04 3.73E-10 | 1.0E-01 6.1E-10 4.1E-04
SVOC |Anthracene 120-12-7 1.00E+00 3.08E-07 | 3.0E-01 1.0E-06 1.30E-01 | 3.39E-07 | 3.0E-01 1.1E-06 2.78E-06 3.73E-10 2.2E-06
SVOC |Benzo(a)anthracene 56-55-3 1.00E+00 3.08E-07 1.30E-01 | 3.39E-07 3.73E-10
SVOC |Benzo(a)pyrene 50-32-8 1.00E+00 3.08E-07 | 3.0E-04 1.0E-03 1.30E-01 | 3.39E-07 | 3.0E-04 1.1E-03 2.0E-06 3.73E-10 | 2.0E-06 3.1E-05 2.2E-03
SVOC |Benzo(b)fluoranthene 205-99-2 1.00E+00 3.08E-07 1.30E-01 | 3.39E-07 3.73E-10
SVOC |Benzo(g,h,i)perylene 191-24-2 1.00E+00 3.08E-07 | 3.0E-02 1.0E-05 1.30E-01 | 3.39E-07 | 3.0E-02 1.1E-05 3.73E-10 2.2E-05
SVOC |Chrysene 218-01-9 1.00E+00 3.08E-07 1.30E-01 | 3.39E-07 3.73E-10
SVOC Ethanol 64-17-5 1.00E+00 3.08E-07 | 6.2E+01 5.0E-09 6.2E+01 1.9E+01 3.73E-10 | 1.9E+01 3.2E-12 5.0E-09
SVOC [Fluorene 86-73-7 1.00E+00 3.08E-07 | 4.0E-02 7.7E-06 1.30E-01 | 3.39E-07 | 4.0E-02 8.5E-06 4.47E-06 3.73E-10 1.6E-05
SVOC Indeno(1,2,3-cd)pyrene 193-39-5 1.00E+00 3.08E-07 1.30E-01 | 3.39E-07 3.73E-10
SVOC |Naphthalene 91-20-3 1.00E+00 3.08E-07 | 2.0E-02 1.5E-05 1.30E-01 | 3.39E-07 | 2.0E-02 1.7E-05 4.38E-05 | 3.0E-03 2.4E-03 3.73E-10 | 3.0E-03 2.0E-08 2.4E-03
SVOC |Phenanthrene 85-01-8 1.00E+00 3.08E-07 | 3.0E-02 1.0E-05 1.30E-01 | 3.39E-07 | 3.0E-02 1.1E-05 3.44E-06 3.73E-10 2.2E-05
SVOC |Pyrene 129-00-0 1.00E+00 3.08E-07 | 3.0E-02 1.0E-05 1.30E-01 | 3.39E-07 | 3.0E-02 1.1E-05 3.73E-10 2.2E-05
SVOC Tetraethylene Glycol 112-60-7 1.00E+00 3.08E-07 | 2.0E+00 1.5E-07 1.00E-01 | 2.61E-07 2.0E+00 1.3E-07 3.73E-10 2.8E-07
INORG |[Lead 7439-92-1 1.00E+00 3.08E-07 3.73E-10
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Attachment 2
Figure 1: Soil Moisture Profile for Default PADEP Nonresidential
Building (Slab-On-Grade)

PESRM Philadelphia Refining Complex, Philadelphia, Pennsylvania
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Attachment 2

Table 6

Normalized Indoor Air Concentration in a Default PADEP Nonresidential Building (Slab-On-Grade) Due to Vapor Intrusion from Soil
Philadelphia Energy Solutions Refining & Marketing LLC (PESRM) Philadelphia Refining Complex, Philadelphia, Pennsylvania

Chem Dair Dwater H Dcrack Deff.r a Knc Kd cs, vap cb,“‘ a cI.),ML cb, norm
Group Chemical CASRN (m?/day) | (m?/day) | (unitless) (m?/day) (m?/day) i (L/kg) (L/kg) (kg-soil/m’) | (kg-soil/m?) Mt (kg-soil/m®) | (kg-soil/m®)
VOC |Benzene 71-43-2| 7.60E-01 8.47E-05 1.68E-01 1.23E-01 1.23E-01 2.05E-03 5.82E+01 2.91E-01 4.73E+02 9.69E-01 6.06E-05 2.87E-02 2.87E-02
VOC |Cumene 98-82-8| 5.62E-01 6.13E-05 3.28E-01 9.09E-02 9.09E-02 2.05E-03 7.05E+02 3.53E+00 9.05E+01 1.85E-01 3.17E-04 2.87E-02 2.87E-02
VOC |1,2-Dibromoethane 106-93-4| 3.72E-01 7.29E-05 2.37E-02 6.02E-02 6.01E-02 2.05E-03 2.22E+01 1.11E-01 1.61E+02 3.29E-01 1.78E-04 2.87E-02 2.87E-02
VOC |1,2-Dichloroethane 107-06-2| 8.99E-01 8.55E-05 2.92E-02 1.46E-01 1.45E-01 2.05E-03 1.75E+01 8.74E-02 2.33E+02 4.77E-01 1.23E-04 2.87E-02 2.87E-02
VOC |Ethyl Benzene 100-41-4| 6.48E-01 6.74E-05 2.20E-01 1.05E-01 1.05E-01 2.05E-03 3.67E+02 1.84E+00 1.15E+02 2.36E-01 2.49E-04 2.87E-02 2.87E-02
VOC |Methyl tert-butyl ether 1634-04-4| 7.42E-01 8.73E-05 1.83E-02 1.20E-01 1.20E-01 2.05E-03 1.15E+01 5.75E-02 1.97E+02 4.03E-01 1.46E-04 2.87E-02 2.87E-02
VOC |Toluene 108-88-3| 7.52E-01 7.43E-05 1.93E-01 1.22E-01 1.22E-01 2.05E-03 1.80E+02 9.02E-01 1.98E+02 4.06E-01 1.45E-04 2.87E-02 2.87E-02
VOC |1,2,4-Trimethylbenzene 95-63-6| 5.24E-01 6.84E-05 1.61E-01 8.48E-02 8.48E-02 2.05E-03 8.97E+02 4.49E+00 3.54E+01 7.25E-02 8.10E-04 2.87E-02 2.87E-02
VOC |1,3,5-Trimethylbenzene 108-67-8| 5.20E-01 7.49E-05 1.54E-01 8.42E-02 8.42E-02 2.05E-03 1.76E+03 8.81E+00 1.74E+01 3.55E-02 1.65E-03 2.87E-02 2.87E-02
VOC |Xylenes (total) 1330-20-7| 6.74E-01 7.56E-05 2.52E-01 1.09E-01 1.09E-01 2.05E-03 3.86E+02 1.93E+00 1.25E+02 2.56E-01 2.29E-04 2.87E-02 2.87E-02
SVOC [Anthracene 120-12-7| 2.80E-01 6.69E-05 1.30E-03 4.54E-02 4.53E-02 2.05E-03 2.97E+04 1.49E+02 8.77E-03 1.80E-05 3.27E+00 2.87E-02 1.80E-05

SVOC [Benzo(a)anthracene 56-55-3| 4.41E-01 7.78E-05 5.55E-05 7.19E-02 7.19E-02 2.05E-03 4.01E+05 2.01E+03 2.77E-05 5.67E-08 1.04E+03 2.87E-02

SVOC |[Benzo(a)pyrene 50-32-8| 3.72E-01 7.78E-05 1.49E-05 6.23E-02 6.23E-02 2.05E-03 1.01E+06 5.07E+03 2.95E-06 6.03E-09 9.74E+03 2.87E-02

SVOC [Benzo(b)fluoranthene 205-99-2| 1.95E-01 | 4.80E-05 1.66E-03 3.16E-02 3.16E-02 2.04E-03 1.24E+06 6.22E+03 2.67E-04 5.45E-07 1.08E+02 2.87E-02

SVOC [Benzo(g,h,i)perylene 191-24-2| 1.88E-01 | 4.54E-05 1.10E-05 3.21E-02 3.21E-02 2.04E-03 1.28E+07 6.40E+04 1.72E-07 3.51E-10 1.67E+05 2.87E-02

SVOC [Chrysene 218-01-9| 2.14E-01 5.37E-05 1.48E-03 3.47E-02 3.47E-02 2.05E-03 4.01E+05 2.01E+03 7.38E-04 1.51E-06 3.89E+01 2.87E-02

SVOC [Ethanol 64-17-5| 1.06E+00 | 1.12E-04 1.75E-04 1.72E-01 1.72E-01 2.05E-03 6.81E-01 3.40E-03 4.90E+00 1.00E-02 5.85E-03 2.87E-02

SVOC [Fluorene 86-73-7| 3.14E-01 6.81E-05 1.39E-03 5.08E-02 5.08E-02 2.05E-03 1.38E+04 6.88E+01 2.02E-02 4.12E-05 1.42E+00 2.87E-02 4.12E-05
SVOC [Indeno(1,2,3-cd)pyrene 193-39-5| 1.64E-01 | 4.89E-05 2.03E-05 2.76E-02 2.76E-02 2.04E-03 3.45E+06 1.72E+04 1.18E-06 2.41E-09 2.44E+04 2.87E-02

SVOC [Naphthalene 91-20-3| 5.10E-01 6.48E-05 1.20E-02 8.25E-02 8.25E-02 2.05E-03 2.01E+03 1.00E+01 1.19E+00 2.45E-03 2.40E-02 2.87E-02 2.45E-03
SVOC [Phenanthrene 85-01-8| 3.24E-01 6.45E-05 1.41E-03 5.25E-02 5.25E-02 2.05E-03 2.42E+04 1.21E+02 1.16E-02 2.37E-05 2.47E+00 2.87E-02 2.37E-05
SVOC [Pyrene 129-00-0| 2.35E-01 6.26E-05 2.00E-04 3.82E-02 3.82E-02 2.05E-03 1.06E+05 5.28E+02 3.79E-04 7.76E-07 7.56E+01 2.87E-02

SVOC [Tetraethylene Glycol 112-60-7| 4.39E-01 6.96E-05 1.62E-11 1.76E+03 1.76E+03 1.68E-01 3.00E-02 1.50E-04 5.01E-07 8.40E-08 5.73E+04 2.87E-02

INORG |Lead 7439-92-1 9.00E+02
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Attachment 2

Table 6

Normalized Indoor Air Concentration in a Default PADEP Nonresidential Building (Slab-On-Grade) Due to Vapor Intrusion from Soil
Philadelphia Energy Solutions Refining & Marketing LLC (PESRM) Philadelphia Refining Complex, Philadelphia, Pennsylvania

Notes:|Subsurface and Building Characteristics Crack Soil
SCS Soil texture class Sand
Bulk density kg/L Po 1.66
Total porosity L/L-soil 0; 0.375
Water-filled porosity L/L-soil - 0.053
Air-filled porosity L/L-soil 0, 0.322
Organic carbon fraction unitless foc NA
Residual saturation L/L-soil 0, 0.053
Hydraulic conductivity cm/s K 7.4E-03
Dynamic viscosity of water g/cm-s [T 0.01307
Density of water g/em® Pw 1.0
Gravitational acceleration cm/sZ g 980.7
Intrinsic permeability cm’ k 9.9E-08
Relative saturation unitless Se 0.001
van Genuchten N unitless N 3.18
van Genuchten M unitless M 0.685
Relative air permeability unitless Kig 0.999
Permeability to vapor cm? ky 9.9E-08
Distance from building foundation to
source m Lrsoil 0.001
Bldg foundation thickness m Lerack 0.1
Bldg foundation length m 10.00
Bldg foundation width m 10.00
Bldg occupied height m 2.44
Bldg occupied volume m’ 244.00
Occupied depth below ground m 0.2
Bldg area for vapor intrusion m? Ag 106.0
Ratio of A, to Ag n 4E-04
Area of cracks m’ Acrack 4.00E-02
Air exchange rate hour™ ach 0.6
Building ventilation rate m?>/day Qg 3.51E+03
Pressure difference between outdoors-
indoors kg/m—s2 AP 1.0
Viscosity of air kg/m-s Ha 1.8E-05
Crack length (bldg perimeter) m Xerack 40
Crack depth below ground m Z ok 0.25
Crack radius m Ferack 1E-03
Soil gas flow rate into bldg ?/day Qqoil 7.20E+00
Averaging period d ED 9.13E+03
Contaminant thickness m AH 5.5
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Attachment 2

Table 7

Unit Risk and Hazard Quotient Calculations for Soil Vapor Intrusion into a Default PADEP Nonresidential Building (Slab-On-Grade)

Routine Worker

Philadelphia Energy Solutions Refining & Marketing LLC (PESRM) Philadelphia Refining Complex, Philadelphia, Pennsylvania

Cancer Noncancer

Chem Chemical CASRN Carc Coon Car URE 1 Risk RfC HQ

Group Class | (mg/kg) | (mg/m’) | (mg/m’) (mg/m’)

VOC |Benzene 71-43-2 A 1.00E+00 2.87E-02 7.8E-03 1.8E-05 3.0E-02 2.2E-01
VOC [Cumene 98-82-8 D 1.00E+00 2.87E-02 4.0E-01 1.6E-02
VOC |[1,2-Dibromoethane 106-93-4 LC 1.00E+00 2.87E-02 6.0E-01 1.4E-03 9.0E-03 7.3E-01
VOC [1,2-Dichloroethane 107-06-2| B2 1.00E+00 2.87E-02 2.6E-02 6.1E-05 7.0E-03 9.4E-01
VOC |Ethyl Benzene 100-41-4 D 1.00E+00 2.87E-02 1.0E+00 6.5E-03
VOC [Methyl tert-butyl ether 1634-04-4 C 1.00E+00 2.87E-02 2.6E-04 6.1E-07 3.0E+00 2.2E-03
VOC [Toluene 108-88-3 ID 1.00E+00 2.87E-02 5.0E+00 1.3E-03
VOC [1,2,4-Trimethylbenzene 95-63-6 ID 1.00E+00 2.87E-02 6.0E-02 1.1E-01
VOC [1,3,5-Trimethylbenzene 108-67-8 ID 1.00E+00 2.87E-02 6.0E-02 1.1E-01
VOC [Xylenes (total) 1330-20-7 ID 1.00E+00 2.87E-02 1.0E-01 6.5E-02
SVOC |Anthracene 120-12-7 ID 1.00E+00 1.80E-05

SVOC [Benzo(a)anthracene 56-55-3 B2 1.00E+00 6.0E-02

SVOC [Benzo(a)pyrene 50-32-8 HC 1.00E+00 6.0E-01 2.0E-06

SVOC [Benzo(b)fluoranthene 205-99-2 B2 1.00E+00 6.0E-02

SVOC [Benzo(g,h,i)perylene 191-24-2 D 1.00E+00

SVOC [Chrysene 218-01-9 B2 1.00E+00 6.0E-04

SVOC [Ethanol 64-17-5 1.00E+00 1.9E+01

SVOC [Fluorene 86-73-7 D 1.00E+00 4.12E-05

SVOC [Indeno(1,2,3-cd)pyrene 193-39-5 B2 1.00E+00 6.0E-02

SVOC [Naphthalene 91-20-3 C 1.00E+00 2.45E-03 3.4E-02 6.8E-06 3.0E-03 1.9€-01
SVOC [Phenanthrene 85-01-8 D 1.00E+00 2.37E-05

SVOC [Pyrene 129-00-0 NC 1.00E+00

SVOC [Tetraethylene Glycol 112-60-7 1.00E+00

INORG |Lead 7439-92-1f B2 1.00E+00
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Attachment 2

Table 8

Normalized Vapor Flux to Outdoor Air from Groundwater

Philadelphia Energy Solutions Refining & Marketing LLC (PESRM) Philadelphia Refining Complex, Philadelphia, Pennsylvania

Chem H Dert' J Cair
Group Chemical CASRN (unitless) | (m%/day) (L/m%-s) (m?)
VOC Benzene 71-43-2| 1.68E-01 | 3.92E-03 | 1.32E-06 | 3.31E-05
VOC |Cumene 98-82-8| 3.28E-01 | 1.63E-03 | 1.07E-06 | 2.68E-05
vOoC 1,2-Dibromoethane 106-93-4| 2.37E-02 | 1.25E-02 | 5.93E-07 | 1.49E-05
VOC 1,2-Dichloroethane 107-06-2| 2.92E-02 | 1.61E-02 | 9.41E-07 | 2.36E-05
VOC Ethyl Benzene 100-41-4| 2.20E-01 2.53E-03 1.11E-06 2.78E-05
VOC Methyl tert-butyl ether 1634-04-4 1.83E-02 | 2.12E-02 | 7.79E-07 | 1.95E-05
VOC |Toluene 108-88-3| 1.93E-01 | 3.14E-03 | 1.21E-06 | 3.03E-05
VOC 1,2,4-Trimethylbenzene 95-63-6| 1.61E-01 | 3.19E-03 | 1.03E-06 | 2.58E-05
VOC 1,3,5-Trimethylbenzene 108-67-8| 1.54E-01 | 3.56E-03 | 1.10E-06 | 2.75E-05
VOC |[Xylenes (total) 1330-20-7| 2.52E-01 | 2.50E-03 | 1.26E-06 | 3.15E-05
SVOC |Anthracene 120-12-7| 1.30E-03 | 3.20E-02 | 8.34E-08 | 2.09E-06
SVOC [Benzo(a)anthracene 56-55-3| 5.55E-05 6.89E-02 7.65E-09
SVOC [Benzo(a)pyrene 50-32-8| 1.49E-05 | 6.47E-02 | 1.93E-09
SVOC |[Benzo(b)fluoranthene 205-99-2| 1.66E-03 | 2.14E-02 | 7.09E-08
SVOC [Benzo(g,h,i)perylene 191-24-2| 1.10E-05 | 3.41E-02 | 7.49E-10
SVOC [Chrysene 218-01-9| 1.48E-03 | 2.41E-02 | 7.13E-08
SVOC Ethanol 64-17-5| 1.75E-04 1.45E-01 5.06E-08
SVOC [Fluorene 86-73-7| 1.39E-03 | 3.47E-02 | 9.63E-08 | 2.41E-06
SVOC |[Indeno(1,2,3-cd)pyrene 193-39-5( 2.03E-05 | 2.87E-02 | 1.16E-09
SVOC [Naphthalene 91-20-3| 1.20E-02 | 1.99E-02 | 4.78E-07 | 1.20E-05
SVOC |Phenanthrene 85-01-8| 1.41E-03 | 3.51E-02 | 9.87E-08 | 2.47E-06
SVOC |Pyrene 129-00-0| 2.00E-04 | 3.45E-02 | 1.38E-08
SVOC |[Tetraethylene Glycol 112-60-7| 1.62E-11 | 2.38E+03 | 7.72E-11
INORG [Lead 7439-92-1
Parameters
Depth to groundwater m DTW 5.79
(L/m?)/
Dispersion coefficient (L/m?%/s) c/Q 25.1
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Attachment 2

Table 9

Unit Risk and Hazard Quotient Calculations for Exposure of Routine Workers to Groundwater-derived Vapors in Outdoor Air

Philadelphia Energy Solutions Refining & Marketing LLC (PESRM) Philadelphia Refinin

g Complex, Philadelphia, Pennsylvania

Cancer Noncancer

Chem Chemical casrn | & Cow Car URF - Risk RiC HQ

Group Class (mg/L) (mg/m3) (mg/m3)* (mg/m°)

VOC Benzene 71-43-2 A 1.00E+00 3.31E-05 7.8E-03 1.5E-08 3.0E-02 1.8E-04
VOC Cumene 98-82-8 D 1.00E+00 2.68E-05 4.0E-01 1.1E-05
VOC 1,2-Dibromoethane 106-93-4 LC 1.00E+00 1.49E-05 6.0E-01 5.2E-07 9.0E-03 2.7E-04
VOC 1,2-Dichloroethane 107-06-2 B2 1.00E+00 2.36E-05 2.6E-02 3.6E-08 7.0E-03 5.5E-04
VOC Ethyl Benzene 100-41-4 D 1.00E+00 2.78E-05 1.0E+00 4.6E-06
VOC Methyl tert-butyl ether 1634-04-4 C 1.00E+00 1.95E-05 2.6E-04 3.0E-10 3.0E+00 1.1E-06
VOC |Toluene 108-88-3 1D 1.00E+00 3.03E-05 5.0E+00 1.0E-06
VOC 1,2,4-Trimethylbenzene 95-63-6 1D 1.00E+00 2.58E-05 6.0E-02 7.1E-05
VOC 1,3,5-Trimethylbenzene 108-67-8 1D 1.00E+00 2.75E-05 6.0E-02 7.5E-05
VOC |Xylenes (total) 1330-20-7 1D 1.00E+00 3.15E-05 1.0E-01 5.2E-05
SVOC |Anthracene 120-12-7 1D 1.00E+00 2.09E-06

SVOC |Benzo(a)anthracene 56-55-3 B2 1.00E+00 6.0E-02

SVOC |Benzo(a)pyrene 50-32-8 HC 1.00E+00 6.0E-01 2.0E-06

SVOC |Benzo(b)fluoranthene 205-99-2 B2 1.00E+00 6.0E-02

SVOC |Benzo(g,h,i)perylene 191-24-2 D 1.00E+00

SVOC |Chrysene 218-01-9 B2 1.00E+00 6.0E-04

SVOC |Ethanol 64-17-5 1.00E+00 1.9E+01

SVOC |Fluorene 86-73-7 D 1.00E+00 2.41E-06

SVOC |Indeno(1,2,3-cd)pyrene 193-39-5 B2 1.00E+00 6.0E-02

SVOC |Naphthalene 91-20-3 C 1.00E+00 1.20E-05 3.4E-02 2.4E-08 3.0E-03 6.6E-04
SVOC |Phenanthrene 85-01-8 D 1.00E+00 2.47E-06

SVOC |Pyrene 129-00-0 NC 1.00E+00

SVOC |Tetraethylene Glycol 112-60-7 1.00E+00

INORG [Lead 7439-92-1 B2 1.00E+00
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Attachm
Table 10

Normalized Indoor Air Concentration in a Default PADEP Nonresidential Building (Slab-On-Grade) Due to Vapor Intrusion from Groundwater

ent 2

Philadelphia Energy Solutions Refining & Marketing LLC (PESRM) Philadelphia Refining Complex, Philadelphia, Pennsylvania

Chem D,ir Dyater H Derack DeffT cb, norm

Group Chemical CASRN (m?/day) (m?/day) (unitless) (m*/day) (m?/day) Oeoil Oyap o, (L-water/m>)
VOC |[Benzene 71-43-2] 7.60E-01 8.47E-05 1.68E-01 1.23E-01 3.74E-03 9.83E-03 2.05E-03 2.01E-05 3.39E-03
VOC [Cumene 98-82-8| 5.62E-01 6.13E-05 3.28E-01 9.09E-02 1.56E-03 4.12E-03 2.05E-03 8.44E-06 2.76E-03
VOC [1,2-Dibromoethane 106-93-4| 3.72E-01 7.29E-05 2.37E-02 6.02E-02 1.20E-02 3.09E-02 2.05E-03 6.34E-05 1.51E-03
VOC [1,2-Dichloroethane 107-06-2| 8.99E-01 8.55E-05 2.92E-02 1.46E-01 1.54E-02 3.94E-02 2.05E-03 8.08E-05 2.36E-03
VOC |Ethyl Benzene 100-41-4| 6.48E-01 6.74E-05 2.20E-01 1.05E-01 2.41E-03 6.36E-03 2.05E-03 1.30E-05 2.87E-03
VOC [Methyl tert-butyl ether 1634-04-4| 7.42E-01 8.73E-05 1.83E-02 1.20E-01 2.04E-02 5.14E-02 2.05E-03 1.05E-04 1.93E-03
VOC |Toluene 108-88-3| 7.52E-01 7.43E-05 1.93E-01 1.22E-01 2.99E-03 7.89E-03 2.05E-03 1.62E-05 3.12E-03
VOC |[1,2,4-Trimethylbenzene 95-63-6| 5.24E-01 6.84E-05 1.61E-01 8.48E-02 3.05E-03 8.03E-03 2.05E-03 1.64E-05 2.65E-03
VOC |[1,3,5-Trimethylbenzene 108-67-8| 5.20E-01 7.49E-05 1.54E-01 8.42E-02 3.40E-03 8.95E-03 2.05E-03 1.83E-05 2.82E-03
VOC [Xylenes (total) 1330-20-7| 6.74E-01 7.56E-05 2.52E-01 1.09E-01 2.39E-03 6.30E-03 2.05E-03 1.29E-05 3.25E-03
SVOC |Anthracene 120-12-7| 2.80E-01 6.69E-05 1.30E-03 4.54E-02 3.15E-02 7.73E-02 2.05E-03 1.58E-04 2.07E-04
SVOC |Benzo(a)anthracene 56-55-3| 4.41E-01 7.78E-05 5.55E-05 7.19E-02 6.88E-02 1.54E-01 2.05E-03 3.17E-04

SVOC |Benzo(a)pyrene 50-32-8| 3.72E-01 7.78E-05 1.49E-05 6.23E-02 6.48E-02 1.47E-01 2.05E-03 3.01E-04

SVOC |Benzo(b)fluoranthene 205-99-2| 1.95E-01 4.80E-05 1.66E-03 3.16E-02 2.10E-02 5.29E-02 2.05E-03 1.08E-04

SVOC |Benzo(g,h,i)perylene 191-24-2| 1.88E-01 4.54E-05 1.10E-05 3.21E-02 3.42E-02 8.33E-02 2.05E-03 1.71E-04

SVOC |Chrysene 218-01-9| 2.14E-01 5.37E-05 1.48E-03 3.47E-02 2.37E-02 5.94E-02 2.05E-03 1.22E-04

SVOC |Ethanol 64-17-5| 1.06E+00 1.12E-04 1.75E-04 1.72E-01 1.44E-01 2.76E-01 2.05E-03 5.66E-04

SVOC |Fluorene 86-73-7| 3.14E-01 6.81E-05 1.39E-03 5.08E-02 3.42E-02 8.33E-02 2.05E-03 1.71E-04 2.37E-04
SVOC |Indeno(1,2,3-cd)pyrene 193-39-5| 1.64E-01 4.89E-05 2.03E-05 2.76E-02 2.87E-02 7.10E-02 2.05E-03 1.45E-04

SVOC |Naphthalene 91-20-3| 5.10E-01 6.48E-05 1.20E-02 8.25E-02 1.91E-02 4.84E-02 2.05E-03 9.91E-05 1.19E-03
SVOC |Phenanthrene 85-01-8| 3.24E-01 6.45E-05 1.41E-03 5.25E-02 3.46E-02 8.41E-02 2.05E-03 1.72E-04 2.42E-04
SVOC |Pyrene 129-00-0f 2.35E-01 6.26E-05 2.00E-04 3.82E-02 3.43E-02 8.35E-02 2.05E-03 1.71E-04

SVOC |Tetraethylene Glycol 112-60-7| 4.39E-01 6.96E-05 1.62E-11 1.76E+03 2.43E+03 9.87E-01 1.68E-01 1.66E-01

INORG |Lead 7439-92-1
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Attachm
Table 10

ent 2

Normalized Indoor Air Concentration in a Default PADEP Nonresidential Building (Slab-On-Grade) Due to Vapor Intrusion from Groundwater
Philadelphia Energy Solutions Refining & Marketing LLC (PESRM) Philadelphia Refining Complex, Philadelphia, Pennsylvania

Notes:

Subsurface and Building Characteristics Crack Soil
SCS Soil texture class Sand
Bulk density kg/L Py 1.66
Total porosity L/L-soil 0; 0.375
Water-filled porosity L/L-soil 0, 0.053
Air-filled porosity L/L-soil 0, 0.322
Residual saturation L/L-soil 0, 0.053
Hydraulic conductivity cm/s K 7.4E-03
Dynamic viscosity of water g/cm-s Huw 0.01307
Density of water g/em® Pw 1.0
Gravitational acceleration cm/s’ g 980.7
Intrinsic permeability cm? k 9.9E-08
Relative saturation unitless Se 0.001
van Genuchten N unitless N 3.177
van Genuchten M unitless M 0.685
Relative air permeability unitless Kig 0.999
Permeability to vapor cm’ k, 9.91E-08
Distance from foundation to source m Lrgw 5.54
Bldg foundation thickness m Lerack 0.1
Bldg foundation length m 10.00
Bldg foundation width m 10.00
Bldg occupied height m 2.44
Bldg occupied volume m® 244.00
Occupied depth below ground m 0.2
Bldg area for vapor intrusion m’ Ag 106.0
Ratio of A . to Ag n 4E-04
Area of cracks m’ Arack 4E-02
Air exchange rate hour™ ach 0.60
Building ventilation rate m3/day Qbuﬁ 3.5E+03
Pressure diff. outdoors-indoors kg/m—s2 AP 1.0
Viscosity of air kg/m-s [TH 1.8E-05
Crack length (bldg perimeter) m Xerack 40
Crack depth below ground m 2 rack 0.25
Crack radius m Ferack 1E-03
Soil gas flow rate into bldg m*/day Qi 7.20
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Attachment 2
Table 11

Unit Risk and Hazard Quotient Calculations for Groundwater Vapor Intrusion into a Default PADEP Nonresidential Building (Slab-On-Grade)

Routine Worker
Philadelphia Energy Solutions Refining & Marketing LLC (PESRM) Philadelphia Refining Complex, Philadelphia, Pennsylvania

Cancer Noncancer

Chem Chemical casry | GrC [ Cew Cai , URE | risk RiC HQ

Group Class (mg/L) (mg/m°) (mg/m?) (mg/m?)

VOC |[Benzene 71-43-2 A 1.00E+00 | 3.39E-03 7.8E-03 2.2E-06 3.0E-02 2.6E-02
VOC [Cumene 98-82-8 D 1.00E+00 | 2.76E-03 4.0E-01 1.6E-03
VOC |[1,2-Dibromoethane 106-93-4 LC 1.00E+00 | 1.51E-03 6.0E-01 7.4E-05 9.0E-03 3.8E-02
VOC |1,2-Dichloroethane 107-06-2 B2 1.00E+00 | 2.36E-03 2.6E-02 5.0E-06 7.0E-03 7.7E-02
VOC |Ethyl Benzene 100-41-4 D 1.00E+00 | 2.87E-03 1.0E+00 6.5E-04
VOC [Methyl tert-butyl ether 1634-04-4 C 1.00E+00 | 1.93E-03 2.6E-04 4.1E-08 3.0E+00 1.5E-04
VOC |[Toluene 108-88-3 1D 1.00E+00 | 3.12E-03 5.0E+00 1.4E-04
VOC |1,2,4-Trimethylbenzene 95-63-6 1D 1.00E+00 | 2.65E-03 6.0E-02 1.0E-02
VOC |1,3,5-Trimethylbenzene 108-67-8 1D 1.00E+00 | 2.82E-03 6.0E-02 1.1E-02
VOC [Xylenes (total) 1330-20-7 1D 1.00E+00 | 3.25E-03 1.0E-01 7.4E-03
SVOC |Anthracene 120-12-7 1D 1.00E+00 | 2.07E-04

SVOC |Benzo(a)anthracene 56-55-3| B2 1.00E+00 6.0E-02

SVOC |Benzo(a)pyrene 50-32-8] HC 1.00E+00 6.0E-01 2.0E-06

SVOC |Benzo(b)fluoranthene 205-99-2 B2 1.00E+00 6.0E-02

SVOC |Benzo(g,h,i)perylene 191-24-2 D 1.00E+00

SVOC |Chrysene 218-01-9 B2 1.00E+00 6.0E-04

SVOC |Ethanol 64-17-5 1.00E+00 1.9E+01

SVOC |Fluorene 86-73-7 D 1.00E+00 | 2.37E-04

SVOC |Indeno(1,2,3-cd)pyrene 193-39-5| B2 1.00E+00 6.0E-02

SVOC |Naphthalene 91-20-3 C 1.00E+00 | 1.19E-03 3.4E-02 3.3E-06 3.0E-03 9.1E-02
SVOC |Phenanthrene 85-01-8 D 1.00E+00 | 2.42E-04

SVOC |Pyrene 129-00-0| NC 1.00E+00

SVOC |Tetraethylene Glycol 112-60-7 1.00E+00

INORG [Lead 7439-92-1 B2 1.00E+00
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Appendix A
Human Health Risk Assessment
Supporting Information and Calculations

Attachment 3

Maintenance Worker Risk Calculations

Table 1 — Normalized Average Vapor Flux from Soil to Outdoor Air

Table 2 — Dispersion Factor to Outdoor Air

Table 3 — Concentrations in Outdoor Air from Soil

Table 4a — Unit Risk Calculations for Exposure of Maintenance Workers to Soil

Table 4b — Unit Hazard Quotient Calculations for Exposure of Maintenance Workers to Soil

Table 5 — Normalized Vapor Flux to Outdoor Air from Exposed Groundwater in Excavations

Table 6 — Dermal Absorbed Dose for Groundwater

Table 7a — Unit Risk Calculations for Exposure of Maintenance Workers to Groundwater in Excavations

Table 7b — Unit Hazard Quotient Calculations for Exposure of Maintenance Workers to Groundwater in
Excavations



Attachment 3

Table 1

Normalized Average Vapor Flux from Soil to Outdoor Air

Philadelphia Energy Solutions Refining & Marketing LLC (PESRM) Philadelphia Refining Complex, Philadelphia, Pennsylvania

Chem Koc Ky H Dy Duater D¢ D, D J
Group Chemical CASRN (L/kg) (L/kg) (unitless) (m?/d) (m?/d) (m?/d) (m?/d) (m?/d) (kg/m?>-s)
VOC [Benzene 71-43-2] 5.82E+01 1.68E-01 7.60E-01 8.47E-05 1.23E-01 3.46E-08 3.51E-02 2.61E-05
VOC |Cumene 98-82-8| 7.05E+02 3.28E-01 5.62E-01 6.13E-05 9.10E-02 2.51E-08 | 4.96E-03 1.96E-05
VOC |1,2-Dibromoethane 106-93-4] 2.22E+01 2.37E-02 3.72E-01 7.29E-05 6.02E-02 2.98E-08 5.83E-03 2.03E-05
VOC |1,2-Dichloroethane 107-06-2| 1.75E+01 2.92E-02 8.99E-01 8.55E-05 1.46E-01 3.50E-08 2.04E-02 2.48E-05
VOC |Ethyl Benzene 100-41-4] 3.67E+02 2.20E-01 6.48E-01 6.74E-05 1.05E-01 2.76E-08 7.27E-03 2.13E-05
VOC |Methyl tert-butyl ether 1634-04-4] 1.15E+01 1.83E-02 7.42E-01 8.73E-05 1.20E-01 3.57E-08 1.43E-02 2.38E-05
VOC |[Toluene 108-88-3| 1.80E+02 1.93E-01 7.52E-01 7.43E-05 1.22E-01 3.04E-08 1.46E-02 2.38E-05
VOC |1,2,4-Trimethylbenzene 95-63-6| 8.97E+02 1.61E-01 5.24E-01 6.84E-05 8.48E-02 2.80E-08 1.81E-03 1.44E-05
VOC [1,3,5-Trimethylbenzene 108-67-8] 1.76E+03 1.54E-01 5.20E-01 7.49E-05 8.42E-02 3.06E-08 8.81E-04 1.05E-05
VOC [Xylenes (total) 1330-20-7| 3.86E+02 2.52E-01 6.74E-01 7.56E-05 1.09E-01 3.09E-08 8.23E-03 2.18E-05
SVOC |Anthracene 120-12-7| 2.97E+04 1.30E-03 2.80E-01 6.69E-05 4.53E-02 2.74E-08 2.40E-07 1.76E-07
SVOC |Benzo(a)anthracene 56-55-3| 4.01E+05 5.55E-05 4.41E-01 7.78E-05 7.14E-02 3.18E-08 1.20E-09

SVOC |Benzo(a)pyrene 50-32-8] 1.01E+06 1.49E-05 3.72E-01 7.78E-05 6.02E-02 3.18E-08 1.11E-10

SVOC |Benzo(b)fluoranthene 205-99-2| 1.24E+06 1.66E-03 1.95E-01 4.80E-05 3.16E-02 1.97E-08 5.08E-09

SVOC |Benzo(g,h,i)perylene 191-24-2| 1.28E+07 1.10E-05 1.88E-01 4.54E-05 3.04E-02 1.86E-08 3.32E-12

SVOC |Chrysene 218-01-9| 4.01E+05 1.48E-03 2.14E-01 5.37E-05 3.47E-02 2.20E-08 1.54E-08

SVOC |Ethanol 64-17-5] 6.81E-01 1.75E-04 | 1.06E+00 | 1.12E-04 1.72E-01 4.60E-08 5.09E-04

SVOC |Fluorene 86-73-7| 1.38E+04 1.39E-03 3.14E-01 6.81E-05 5.08E-02 2.79E-08 6.17E-07 2.82E-07
SVOC |[Indeno(1,2,3-cd)pyrene 193-39-5| 3.45E+06 2.03E-05 1.64E-01 4.89E-05 2.66E-02 2.00E-08 1.96E-11

SVOC |Naphthalene 91-20-3] 2.01E+03 1.20E-02 5.10E-01 6.48E-05 8.26E-02 2.65E-08 5.94E-05 2.77E-06
SVOC |Phenanthrene 85-01-8] 2.42E+04 1.41E-03 3.24E-01 6.45E-05 5.25E-02 2.64E-08 3.67E-07 2.17E-07
SVOC |Pyrene 129-00-0| 1.06E+05 2.00E-04 2.35E-01 6.26E-05 3.81E-02 2.56E-08 8.73E-09

SVOC |Tetraethylene Glycol 112-60-7| 3.00E-02 1.62E-11 4.39E-01 6.96E-05 7.11E-02 2.85E-08 5.30E-07

INORG |Lead 7439-92-1 9.00E+02
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Attachment 3

Table 1

Normalized Average Vapor Flux from Soil to Outdoor Air
Philadelphia Energy Solutions Refining & Marketing LLC (PESRM) Philadelphia Refining Complex, Philadelphia, Pennsylvania

Notes:
Soil bulk density kg/L Po 1.66
Soil porosity L/L-soil 0 0.38
Soil water content L/L-soil 0, 0.05
Soil air-filled porosity L/L-soil 0, 0.32
Soil organic carbon fraction unitless foc 0.005
Averaging period (Exposure Duration) years T 10
days T 3650
Temperature °c Temp 18
Clean soil above source m Z,
Bottom of source depth m Z, 5.79

Based on the volatilization model developed by Jury et. al. (1983) for finite sources as described in USEPA's (1996) Soil Screening Guidance: Technical Background Document.
The K, for organic compounds is the K, times the f,..
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Attachment 3
Table 2
Dispersion Factor to Outdoor Air

Philadelphia Energy Solutions Refining & Marketing LLC (PESRM) Philadelphia Refining Complex, Philadelphia, Pennsylvania

Parameter Units Value
Correlation coefficient city Philadelphia
Correlation coefficient A 14.0111
Correlation coefficient B 19.6154
Correlation coefficient C 225.3397
Soil source area acres 70.6
Annual
Soil C/Q averaging time Max
Conversion factor from 1-Hr Max for soil 0.19
c/Q for soil| (kg/m>)/(kg/m’-s) 25.06
Groundwater source area acres 0.0052
24-Hour
Groundwater averaging time for C/Q Max
Conversion factor from 1-Hr Max for groundwater 0.40
¢/Q for Groundwater|  (L/m®)/(L/m’-s) 9.63

Note:

C/Q is estimated using the empirical correlation in USEPA’s (2002) Supplemental Soil Screening Guidance.
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Attachment 3

Table 3

Concentrations in Outdoor Air from Soil

Philadelphia Energy Solutions Refining & Marketing LLC (PESRM) Philadelphia Refining Complex, Philadelphia, Pennsylvania

Vapor | PM;,
¢/Q (kg/m’ per kg/m’-s): 2.5E+01
Chem Chemical CASRN Cooi Garr Cooi Garr
Chem (mg/kg) (mg/m?) (mg/kg) (mg/m?)
VOC |Benzene 71-43-2| 1.00E+00 6.55E-04 1.00E+00 5.00E-08
VOC |Cumene 98-82-8| 1.00E+00 4.91E-04 1.00E+00 5.00E-08
VOC |[1,2-Dibromoethane 106-93-4| 1.00E+00 5.10E-04 1.00E+00 5.00E-08
VOC |1,2-Dichloroethane 107-06-2| 1.00E+00 6.22E-04 1.00E+00 5.00E-08
VOC [Ethyl Benzene 100-41-4| 1.00E+00 5.34E-04 1.00E+00 5.00E-08
VOC [Methyl tert-butyl ether 1634-04-4| 1.00E+00 5.95E-04 1.00E+00 5.00E-08
VOC |[Toluene 108-88-3| 1.00E+00 5.97E-04 1.00E+00 5.00E-08
VOC |[1,2,4-Trimethylbenzene 95-63-6| 1.00E+00 3.60E-04 1.00E+00 5.00E-08
VOC [1,3,5-Trimethylbenzene 108-67-8| 1.00E+00 2.64E-04 1.00E+00 5.00E-08
VOC [Xylenes (total) 1330-20-7| 1.00E+00 5.46E-04 1.00E+00 5.00E-08
SVOC |Anthracene 120-12-7| 1.00E+00 4.40E-06 1.00E+00 5.00E-08
SVOC |Benzo(a)anthracene 56-55-3| 1.00E+00 1.00E+00 5.00E-08
SVOC |Benzo(a)pyrene 50-32-8| 1.00E+00 1.00E+00 5.00E-08
SVOC |Benzo(b)fluoranthene 205-99-2| 1.00E+00 1.00E+00 5.00E-08
SVOC |Benzo(g,h,i)perylene 191-24-2| 1.00E+00 1.00E+00 | 5.00E-08
SVOC |Chrysene 218-01-9| 1.00E+00 1.00E+00 5.00E-08
SVOC |Ethanol 64-17-5| 1.00E+00 1.00E+00 5.00E-08
SVOC |Fluorene 86-73-7| 1.00E+00 7.06E-06 1.00E+00 5.00E-08
SVOC |Indeno(1,2,3-cd)pyrene 193-39-5| 1.00E+00 1.00E+00 5.00E-08
SVOC |Naphthalene 91-20-3| 1.00E+00 6.93E-05 1.00E+00 5.00E-08
SVOC |Phenanthrene 85-01-8| 1.00E+00 5.44E-06 1.00E+00 5.00E-08
SVOC ([Pyrene 129-00-0 1.00E+00 1.00E+00 5.00E-08
SVOC |Tetraethylene Glycol 112-60-7| 1.00E+00 1.00E+00 5.00E-08
INORG |[Lead 7439-92-1| 1.00E+00 1.00E+00 5.00E-08
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Attachment 3

Table 4a

Unit Risk Calculations for Exposure of Maintenance Worker to Soil
Philadelphia Energy Solutions Refining & Marketing LLC (PESRM) Philadelphia Refining Complex, Philadelphia, Pennsylvania

Soil Ingestion Soil Dermal Contact Soil Vapor Inhalation Soil Particulate Inhalation All Routes
Chem Chemical CcAsRn | Cancer Coan RBA LADD ol | pick ABSy | APD | SFaem | i Ca URF Risk Ca URF 1 Risk Risk
Group Class (mg/kg) (me/ke/d) | (mg/ke/d)™ (me/ke/d) | (mg/ke/d)* (mg/m’) | (m’/mg) (mg/m°) | (mg/m")
VOC Benzene 71-43-2 A 1.00E+00 1.47E-08 5.5E-02 8.1E-10 5.5E-02 6.55E-04 | 7.8E-03 2.0E-08 5.00E-08 | 7.8E-03 1.5E-12 2.1E-08
VOC Cumene 98-82-8 D 1.00E+00 1.47E-08 4.91E-04 5.00E-08
VOC 1,2-Dibromoethane 106-93-4 LC 1.00E+00 1.47E-08 2.0E+00 2.9E-08 2.0E+00 5.10E-04 | 6.0E-01 1.2E-06 5.00E-08 | 6.0E-01 1.2E-10 1.2E-06
VOC 1,2-Dichloroethane 107-06-2 B2 1.00E+00 1.47E-08 9.1E-02 1.3E-09 9.1E-02 6.22E-04 | 2.6E-02 | 6.3E-08 5.00E-08 | 2.6E-02 5.1E-12 6.5E-08
VOC Ethyl Benzene 100-41-4 D 1.00E+00 1.47E-08 5.34E-04 5.00E-08
VOC Methyl tert-butyl ether 1634-04-4 C 1.00E+00 1.47E-08 1.8E-03 2.6E-11 1.8E-03 5.95E-04 | 2.6E-04 | 6.1E-10 5.00E-08 | 2.6E-04 5.1E-14 6.3E-10
VOC Toluene 108-88-3 ID 1.00E+00 1.47E-08 5.97E-04 5.00E-08
VOC 1,2,4-Trimethylbenzene 95-63-6 ID 1.00E+00 1.47E-08 3.60E-04 5.00E-08
VOC 1,3,5-Trimethylbenzene 108-67-8 ID 1.00E+00 1.47E-08 2.64E-04 5.00E-08
VOC Xylenes (total) 1330-20-7 ID 1.00E+00 1.47E-08 5.46E-04 5.00E-08
SVOC |Anthracene 120-12-7 ID 1.00E+00 1.47E-08 1.30E-01 | 8.08E-09 4.40E-06 5.00E-08
SVOC |Benzo(a)anthracene 56-55-3 B2 1.00E+00 1.47E-08 1.0E-01 1.5E-09 1.30E-01 | 8.08E-09 1.0E-01 8.1E-10 6.0E-02 5.00E-08 | 6.0E-02 1.2E-11 2.3E-09
SVOC |Benzo(a)pyrene 50-32-8 HC 1.00E+00 1.47E-08 1.0E+00 1.5E-08 1.30E-01 | 8.08E-09 | 1.0E+00 8.1E-09 6.0E-01 5.00E-08 | 6.0E-01 1.2E-10 2.3E-08
SVOC |Benzo(b)fluoranthene 205-99-2 B2 1.00E+00 1.47E-08 1.0E-01 1.5E-09 1.30E-01 | 8.08E-09 1.0E-01 8.1E-10 6.0E-02 5.00E-08 | 6.0E-02 1.2E-11 2.3E-09
SVOC Benzo(g,h,i)perylene 191-24-2 D 1.00E+00 1.47E-08 1.30E-01 | 8.08E-09 5.00E-08
SVOC [Chrysene 218-01-9 B2 1.00E+00 1.47E-08 1.0E-03 1.5E-11 1.30E-01 | 8.08E-09 1.0E-03 8.1E-12 6.0E-04 5.00E-08 | 6.0E-04 1.2E-13 2.3E-11
SVOC |Ethanol 64-17-5 1.00E+00 1.47E-08 5.00E-08
SVOC [Fluorene 86-73-7 D 1.00E+00 1.47E-08 1.30E-01 | 8.08E-09 7.06E-06 5.00E-08
SVOC |Indeno(1,2,3-cd)pyrene 193-39-5 B2 1.00E+00 1.47E-08 1.0E-01 1.5E-09 1.30E-01 | 8.08E-09 1.0E-01 8.1E-10 6.0E-02 5.00E-08 | 6.0E-02 1.2E-11 2.3E-09
SVOC [Naphthalene 91-20-3 C 1.00E+00 1.47E-08 1.2E-01 1.8E-09 1.30E-01 | 8.08E-09 1.2E-01 9.7E-10 6.93E-05 | 3.4E-02 | 9.2E-09 5.00E-08 | 3.4E-02 6.7E-12 1.2E-08
SVOC |Phenanthrene 85-01-8 D 1.00E+00 1.47E-08 1.30E-01 | 8.08E-09 5.44E-06 5.00E-08
SVOC |Pyrene 129-00-0 NC 1.00E+00 1.47E-08 1.30E-01 | 8.08E-09 5.00E-08
SVOC |[Tetraethylene Glycol 112-60-7 1.00E+00 1.47E-08 1.00E-01 | 6.21E-09 5.00E-08
INORG [Lead 7439-92-1 B2 1.00E+00 1.47E-08 5.00E-08
Notes:

The concentration of particulates in the air is assumed to be no more than the former annual National Ambient Air Quality Standards (NAAQS) for PM,, of 50 ug/ma.
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Attachment 3

Table 4b

Unit Hazard Quotient Calculations for Exposure of Maintenance Worker to Soil

Philadelphia Energy Solutions Refining & Marketing LLC (PESRM) Philadelphia Refining Complex, Philadelphia, Pennsylvania

Soil Ingestion Soil Dermal Contact Soil Vapor Inhalation Soil Particulate Inhalation All Routes
Chem Chemical CASRN Cool RBA ADD RfDora HQ ABS,., | APP RfDaerm HQ Ca RiC R HQ Can RiC s HQ HQ
Group (mg/kg) (mg/kg/d) | (mg/kg/d) (mg/kg/d) | (mg/kg/d) (mg/m’) | (mg/m?) (mg/m®) | (mg/m°)
VOC Benzene 71-43-2 1.00E+00 1.03E-07 | 4.0E-03 2.6E-05 4.0E-03 6.55E-04 | 3.0E-02 6.0E-04 5.00E-08 | 3.0E-02 4.6E-08 6.2E-04
VOC Cumene 98-82-8 1.00E+00 1.03E-07 1.0E-01 1.0E-06 1.0E-01 4.91E-04 | 4.0E-01 3.4E-05 5.00E-08 | 4.0E-01 3.4E-09 3.5E-05
VOC 1,2-Dibromoethane 106-93-4 1.00E+00 1.03E-07 | 9.0E-03 1.1E-05 9.0E-03 5.10E-04 | 9.0E-03 1.6E-03 5.00E-08 | 9.0E-03 1.5E-07 1.6E-03
VOC 1,2-Dichloroethane 107-06-2 1.00E+00 1.03E-07 | 2.0E-02 5.1E-06 2.0E-02 6.22E-04 | 7.0E-03 2.4E-03 5.00E-08 | 7.0E-03 2.0E-07 2.4E-03
VOC Ethyl Benzene 100-41-4 1.00E+00 1.03E-07 1.0E-01 1.0E-06 1.0E-01 5.34E-04 | 1.0E+00 1.5E-05 5.00E-08 | 1.0E+00 1.4E-09 1.6E-05
VOC Methyl tert-butyl ether 1634-04-4 1.00E+00 1.03E-07 | 3.0E-01 3.4E-07 3.0E-01 5.95E-04 | 3.0E+00 5.4E-06 5.00E-08 | 3.0E+00 4.6E-10 5.8E-06
VOC Toluene 108-88-3 1.00E+00 1.03E-07 | 8.0E-02 1.3E-06 8.0E-02 5.97E-04 | 5.0E+00 | 3.3E-06 5.00E-08 | 5.0E+00 2.7E-10 4.6E-06
VOC 1,2,4-Trimethylbenzene 95-63-6 1.00E+00 1.03E-07 1.0E-02 1.0E-05 1.0E-02 3.60E-04 6.0E-02 1.6E-04 5.00E-08 | 6.0E-02 2.3E-08 1.7E-04
VOC 1,3,5-Trimethylbenzene 108-67-8 1.00E+00 1.03E-07 | 1.0E-02 1.0E-05 1.0E-02 2.64E-04 | 6.0E-02 1.2E-04 5.00E-08 | 6.0E-02 2.3E-08 1.3E-04
VOC Xylenes (total) 1330-20-7 1.00E+00 1.03E-07 2.0E-01 5.1E-07 2.0E-01 5.46E-04 1.0E-01 1.5E-04 5.00E-08 | 1.0E-01 1.4E-08 1.5E-04
SVOC Anthracene 120-12-7 1.00E+00 1.03E-07 3.0E-01 3.4E-07 1.30E-01 | 5.65E-08 3.0E-01 1.9E-07 4.40E-06 5.00E-08 5.3E-07
SVOC |Benzo(a)anthracene 56-55-3 1.00E+00 1.03E-07 1.30E-01 | 5.65E-08 5.00E-08
SVOC |Benzo(a)pyrene 50-32-8 1.00E+00 1.03E-07 | 3.0E-04 3.4E-04 1.30E-01 | 5.65E-08 | 3.0E-04 1.9E-04 2.0E-06 5.00E-08 | 2.0E-06 6.8E-04 1.2E-03
SVOC |Benzo(b)fluoranthene 205-99-2 1.00E+00 1.03E-07 1.30E-01 | 5.65E-08 5.00E-08
SVOC |Benzo(g,h,i)perylene 191-24-2 1.00E+00 1.03E-07 | 3.0E-02 3.4E-06 1.30E-01 | 5.65E-08 | 3.0E-02 1.9E-06 5.00E-08 5.3E-06
SVOC |Chrysene 218-01-9 1.00E+00 1.03E-07 1.30E-01 | 5.65E-08 5.00E-08
SVOC Ethanol 64-17-5 1.00E+00 1.03E-07 | 6.2E+01 1.7E-09 6.2E+01 1.9E+01 5.00E-08 | 1.9E+01 7.2E-11 1.7E-09
SVOC Fluorene 86-73-7 1.00E+00 1.03E-07 | 4.0E-02 2.6E-06 1.30E-01 | 5.65E-08 4.0E-02 1.4E-06 7.06E-06 5.00E-08 4.0E-06
SvVOC Indeno(1,2,3-cd)pyrene 193-39-5 1.00E+00 1.03E-07 1.30E-01 | 5.65E-08 5.00E-08
SVOC |Naphthalene 91-20-3 1.00E+00 1.03E-07 | 2.0E-02 5.1E-06 1.30E-01 | 5.65E-08 | 2.0E-02 2.8E-06 6.93E-05 | 3.0E-03 6.3E-04 5.00E-08 | 3.0E-03 4.6E-07 6.4E-04
SVOC Phenanthrene 85-01-8 1.00E+00 1.03E-07 3.0E-02 3.4E-06 1.30E-01 | 5.65E-08 3.0E-02 1.9E-06 5.44E-06 5.00E-08 5.3E-06
SVOC |Pyrene 129-00-0 1.00E+00 1.03E-07 | 3.0E-02 3.4E-06 1.30E-01 | 5.65E-08 | 3.0E-02 1.9E-06 5.00E-08 5.3E-06
SVOC Tetraethylene Glycol 112-60-7 1.00E+00 1.03E-07 | 2.0E+00 5.1E-08 1.00E-01 | 4.35E-08 2.0E+00 2.2E-08 5.00E-08 7.3E-08
INORG |[Lead 7439-92-1 1.00E+00 1.03E-07 5.00E-08
Notes:

The concentration of particulates in the air is assumed to be no more than the former annual National Ambient Air Quality Standards (NAAQS) for PM,, of 50 ug/ma.
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Attachment 3

Table 5

Normalized Vapor Flux to Outdoor Air from Exposed Groundwater in Excavations
Philadelphia Energy Solutions Refining & Marketing LLC (PESRM) Philadelphia Refining Complex, Philadelphia, Pennsylvania

Chem H MW ke k, 1/K, K, I

Group Chemical CASRN (unitless) (g/mol) (cm/s) (cm/s) (s/cm) (cm/s) (L/m%-s)
VOC |[Benzene 71-43-2 1.7E-01 7.8E+01 4.97E-01 1.25E-03 8.12E+02 1.23E-03 1.23E-02
VOC [Cumene 98-82-8 3.3E-01 1.2E+02 4.31E-01 1.01E-03 9.99E+02 1.00E-03 1.00E-02
VOC |1,2-Dibromoethane 106-93-4 2.4E-02 1.9E+02 3.71E-01 8.06E-04 1.35E+03 7.38E-04 7.38E-03
VOC |1,2-Dichloroethane 107-06-2 2.9E-02 9.9E+01 4.60E-01 1.11E-03 9.75E+02 1.03E-03 1.03E-02
VOC |Ethyl Benzene 100-41-4 2.2E-01 1.1E+02 4.49E-01 1.07E-03 9.43E+02 1.06E-03 1.06E-02
VOC |Methyl tert-butyl ether 1634-04-4 1.8E-02 8.8E+01 4.78E-01 1.18E-03 9.64E+02 1.04E-03 1.04E-02
VOC |Toluene 108-88-3 1.9E-01 9.2E+01 4.71E-01 1.15E-03 8.80E+02 1.14E-03 1.14E-02
VOC |1,2,4-Trimethylbenzene 95-63-6 1.6E-01 1.2E+02 4.31E-01 1.01E-03 1.01E+03 9.93E-04 9.93E-03
VOC |1,3,5-Trimethylbenzene 108-67-8 1.5E-01 1.2E+02 4.31E-01 1.01E-03 1.01E+03 9.93E-04 9.93E-03
VOC |Xylenes (total) 1330-20-7 2.5E-01 1.1E+02 4.49E-01 1.07E-03 9.42E+02 1.06E-03 1.06E-02
SVOC |Anthracene 120-12-7 1.3E-03 1.8E+02 3.77E-01 8.28E-04 3.24E+03 3.09E-04 3.09E-03
SVOC |Benzo(a)anthracene 56-55-3 5.6E-05 2.3E+02 3.47E-01 7.31E-04 5.32E+04 1.88E-05

SVOC |Benzo(a)pyrene 50-32-8 1.5E-05 2.5E+02 3.36E-01 6.96E-04 2.01E+05 4.98E-06

SVOC |Benzo(b)fluoranthene 205-99-2 1.7E-03 2.5E+02 3.36E-01 6.96E-04 3.23E+03 3.09E-04

SVOC |[Benzo(g,h,i)perylene 191-24-2 1.1E-05 2.8E+02 3.26E-01 6.65E-04 2.81E+05 3.56E-06

SVOC |[Chrysene 218-01-9 1.5E-03 2.3E+02 3.47E-01 7.31E-04 3.31E+03 3.02E-04

SVOC |Ethanol 64-17-5 1.7E-04 4.6E+01 5.94E-01 1.63E-03 1.02E+04 9.76E-05

SVOC |Fluorene 86-73-7 1.4E-03 1.7E+02 3.86E-01 8.57E-04 3.03E+03 3.30E-04 3.30E-03
SVOC |[Indeno(1,2,3-cd)pyrene 193-39-5 2.0E-05 2.8E+02 3.26E-01 6.65E-04 1.53E+05 6.54E-06

SVOC [Naphthalene 91-20-3 1.2E-02 1.3E+02 4.21E-01 9.76E-04 1.22E+03 8.18E-04 8.18E-03
SVOC |Phenanthrene 85-01-8 1.4E-03 1.8E+02 3.77E-01 8.28E-04 3.09E+03 3.23E-04 3.23E-03
SVOC |Pyrene 129-00-0 2.0E-04 2.0E+02 3.62E-01 7.77E-04 1.51E+04 6.62E-05

SVOC |[Tetraethylene Glycol 112-60-7 1.6E-11 1.9E+02 3.67E-01 7.93E-04 1.68E+11 5.95E-12

INORG |Lead 7439-92-1 2.1E+02 3.59E-01 7.68E-04
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Attachment 3
Table 5

Normalized Vapor Flux to Outdoor Air from Exposed Groundwater in Excavations

Philadelphia Energy Solutions Refining & Marketing LLC (PESRM) Philadelphia Refining Complex, Philadelphia, Pennsylvania

Molecular Weight of Oxygen
Molecular Weight of Water

Temperature
Liquid-phase Mass Transfer Coefficient

for Oxygen

Gas-Phase Mass Transfer Coefficient for
Water Vapor at 25 °C

Dispersion coefficient

g/mol
g/mol
K

cm/s

cm/s
(L/m?)/
(L/m’/s)

MW,
MWHZO
Temp

kL,OZ

Ke,n20

c/a

32
18
291

0.002

0.833

9.6
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Attachment 3

Table 6

Dermal Absorbed Dose for Groundwater

Philadelphia Energy Solutions Refining & Marketing LLC (PESRM) Philadelphia Refining Complex, Philadelphia, Pennsylvania

Chem MW FA Ky B t ts DA

Group Chemical CASRN (g/mole) | (unitless) | (cm/hr) [ (unitless) (hr) c b (hr) (L/cm*-event)
VOC |Benzene 71-43-2| 7.8E+01 | 1.0E+00 | 1.5E-02 5.0E-02 2.9E-01 3.7E-01 3.3E-01 6.9E-01 3.70E-05
VOC |Cumene 98-82-8| 1.2E+02 | 1.0E+00 5.0E-01 3.3E-01 3.0E-01 | 1.2E+00

VOC |1,2-Dibromoethane 106-93-4( 1.9E+02 1.0E+00 1.6E-03 8.4E-03 1.2E+00 3.4E-01 3.1E-01 2.8E+00 6.81E-06
VOC |1,2-Dichloroethane 107-06-2| 9.9E+01 | 1.0E+00 | 4.1E-03 1.6E-02 3.8E-01 3.4E-01 3.1E-01 9.0E-01 1.13E-05
VOC |Ethyl Benzene 100-41-4 1.1E+02 1.0E+00 4.8E-02 1.9E-01 4.1E-01 4.7E-01 4.3E-01 9.9E-01 1.27E-04
VOC |Methyl tert-butyl ether 1634-04-4| 8.8E+01 | 1.0E+00 | 3.3E-03 1.2E-02 3.3E-01 3.4E-01 3.1E-01 7.9E-01 8.84E-06
VOC |[Toluene 108-88-3| 9.2E+01 | 1.0E+00 | 3.2E-02 1.2E-01 3.5E-01 4.2E-01 3.8E-01 8.3E-01 8.08E-05
VOC |1,2,4-Trimethylbenzene 95-63-6 1.2E+02 | 1.0E+00 5.0E-01 3.3E-01 3.0E-01 | 1.2E+00

VOC |1,3,5-Trimethylbenzene 108-67-8 1.2E+02 | 1.0E+00 5.0E-01 3.3E-01 3.0E-01 1.2E+00

VOC |Xylenes (total) 1330-20-7 1.1E+02 | 1.0E+00 | 5.0E-02 2.0E-01 4.1E-01 4.8E-01 4.4E-01 9.9E-01 1.32E-04
SVOC [Anthracene 120-12-7| 1.8E+02 1.0E+00 1.0E+00 3.3E-01 3.0E-01 2.5E+00

SVOC [Benzo(a)anthracene 56-55-3| 2.3E+02 | 9.0E-01 2.0E+00 | 3.3E-01 3.0E-01 | 4.8E+00

SVOC |Benzo(a)pyrene 50-32-8| 2.5E+02 | 8.0E-01 2.7E+00 | 3.3E-01 3.0E-01 6.5E+00

SVOC [Benzo(b)fluoranthene 205-99-2 2.5E+02 | 8.0E-01 2.7E+00 | 3.3E-01 3.0E-01 | 6.5E+00

SVOC |Benzo(g,h,i)perylene 191-24-2| 2.8E+02 | 7.0E-01 3.7E+00 | 3.3E-01 3.0E-01 | 8.9E+00

SVOC [Chrysene 218-01-9( 2.3E+02 | 9.0E-01 2.0E+00 | 3.3E-01 3.0E-01 | 4.8E+00

SVOC |Ethanol 64-17-5| 4.6E+01 1.0E+00 5.5E-04 1.4E-03 1.9E-01 3.3E-01 3.0E-01 4.6E-01 1.30E-06
SVOC [Fluorene 86-73-7| 1.7E+02 | 1.0E+00 9.0E-01 3.3E-01 3.0E-01 | 2.2E+00

SVOC |[Indeno(1,2,3-cd)pyrene 193-39-5| 2.8E+02 | 7.0E-01 3.7E+00 | 3.3E-01 3.0E-01 | 8.9E+00

SVOC [Naphthalene 91-20-3| 1.3E+02 | 1.0E+00 5.5E-01 3.3E-01 3.0E-01 | 1.3E+00

SVOC [Phenanthrene 85-01-8( 1.8E+02 1.0E+00 1.0E+00 3.3E-01 3.0E-01 2.5E+00

SVOC [Pyrene 129-00-0| 2.0E+02 | 1.0E+00 1.4E+00 | 3.3E-01 3.0E-01 | 3.4E+00

SVOC |Tetraethylene Glycol 112-60-7| 1.9E+02 | 1.0E+00 1.3E+00 | 3.3E-01 3.0E-01 3.1E+00

INORG [Lead 7439-92-1| 2.1E+02 1.0E-04 1.5E+00 | 3.3E-01 3.0E-01 | 3.7E+00 2.00E-07

Notes:
Event Time hours t 2

K, capped at 1 cm/hr (USEPA 1992).

The dermal absorbed dose for inorganic chemicals is estimated using a steady-state approach (USEPA 2004, Equation 3.4) and for organic chemicals is estimated using a
nonsteady-state approach (USEPA 2004, Equations 3.2 and 3.3).
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Attachment 3

Table 7a

Unit Risk Calculations for Exposure of Maintenance Workers to Groundwater in Excavations

Philadelphia Energy Solutions Refining & Marketing LLC (PESRM) Philadelphia Refining Complex, Philadelphia, Pennsylvania

Incidental Ingestion Dermal Contact Vapor Inhalation All Routes
DA

Chem Chemical CASRN Cancer Cou LADD St | pisk (Lfem?- |, APP SFaem | pick Car URE 1 Risk Risk
Group Class (mg/1) (mg/kg/d) | (mg/kg/d)™ event) (mg/kg/d) | (mg/ke/d)™ (mg/m?) | (mg/m°)
VOC Benzene 71-43-2 A 1.00E+00 7.34E-07 5.5E-02 4.0E-08 3.70E-05 | 9.57E-06 5.5E-02 5.3E-07 1.19E-01 7.8E-03 1.8E-06 2.4E-06
VOC Cumene 98-82-8 D 1.00E+00 7.34E-07 9.64E-02
VOC 1,2-Dibromoethane 106-93-4 LC 1.00E+00 7.34E-07 2.0E+00 1.5E-06 6.81E-06 | 1.76E-06 2.0E+00 3.5E-06 7.11E-02 6.0E-01 8.4E-05 8.9E-05
VOC 1,2-Dichloroethane 107-06-2 B2 1.00E+00 7.34E-07 9.1E-02 6.7E-08 1.13E-05 | 2.92E-06 9.1E-02 2.7E-07 9.88E-02 2.6E-02 5.0E-06 5.4E-06
VOC Ethyl Benzene 100-41-4 D 1.00E+00 7.34E-07 1.27E-04 | 3.28E-05 1.02E-01
VOC Methyl tert-butyl ether 1634-04-4 C 1.00E+00 7.34E-07 1.8E-03 1.3E-09 8.84E-06 | 2.29E-06 1.8E-03 4.1E-09 9.99E-02 2.6E-04 5.1E-08 5.6E-08
VOC Toluene 108-88-3 1D 1.00E+00 7.34E-07 8.08E-05 | 2.09E-05 1.09E-01
VOC 1,2,4-Trimethylbenzene 95-63-6 1D 1.00E+00 7.34E-07 9.57E-02
VOC 1,3,5-Trimethylbenzene 108-67-8 1D 1.00E+00 7.34E-07 9.56E-02
VOC Xylenes (total) 1330-20-7 1D 1.00E+00 7.34E-07 1.32E-04 | 3.41E-05 1.02E-01
SVOC Anthracene 120-12-7 1D 1.00E+00 7.34E-07 2.97E-02
SVOC |Benzo(a)anthracene 56-55-3 B2 1.00E+00 7.34E-07 1.0E-01 7.3E-08 1.0E-01 6.0E-02 7.3E-08
SVOC Benzo(a)pyrene 50-32-8 HC 1.00E+00 7.34E-07 1.0E+00 7.3E-07 1.0E+00 6.0E-01 7.3E-07
SVOC  |Benzo(b)fluoranthene 205-99-2 B2 1.00E+00 7.34E-07 1.0E-01 7.3E-08 1.0E-01 6.0E-02 7.3E-08
SVOC [Benzo(g,h,i)perylene 191-24-2 D 1.00E+00 7.34E-07
SVOC  [Chrysene 218-01-9 B2 1.00E+00 7.34E-07 1.0E-03 7.3E-10 1.0E-03 6.0E-04 7.3E-10
SVOC Ethanol 64-17-5 1.00E+00 7.34E-07 1.30E-06 | 3.36E-07
SVOC  [Fluorene 86-73-7 D 1.00E+00 7.34E-07 3.18E-02
SVOC Indeno(1,2,3-cd)pyrene 193-39-5 B2 1.00E+00 7.34E-07 1.0E-01 7.3E-08 1.0E-01 6.0E-02 7.3E-08
SVOC |Naphthalene 91-20-3 C 1.00E+00 7.34E-07 1.2E-01 8.8E-08 1.2E-01 7.88E-02 3.4E-02 5.2E-06 5.3E-06
SVOC Phenanthrene 85-01-8 D 1.00E+00 7.34E-07 3.11E-02
SVOC [Pyrene 129-00-0 NC 1.00E+00 7.34E-07
SVOC [Tetraethylene Glycol 112-60-7 1.00E+00 7.34E-07
INORG [Lead 7439-92-1 B2 1.00E+00 7.34E-07 2.00E-07 | 5.18E-08
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Attachment 3

Table 7b

Hazard Quotient Calculations for Exposure of Maintenance Workers to Groundwater in Excavations

Philadelphia Energy Solutions Refining & Marketing LLC (PESRM) Philadelphia Refining Complex, Philadelphia, Pennsylvania

Incidental Ingestion Dermal Contact Vapor Inhalation All Routes
DA

Chem . Cew ADD RfDyyal ) ADD RfDgerm Cair RfC

Group Chemical CASRN | (mgit) | | (meskere) | (mesigra| @ Wem | imesiara) | merera | Y| | imaym) | mgrmy | "0 Ha
VOC Benzene 71-43-2| 1.00E+00 5.14E-06 | 4.0E-03 1.3E-03 3.70E-05 | 6.70E-05 | 4.0E-03 1.7E-02 1.19E-01 | 3.0E-02 5.4E-02 7.2E-02
VOC Cumene 98-82-8| 1.00E+00 5.14E-06 | 1.0E-01 5.1E-05 1.0E-01 9.64E-02 | 4.0E-01 3.3E-03 3.4E-03
VOC 1,2-Dibromoethane 106-93-4| 1.00E+00 5.14E-06 [ 9.0E-03 5.7E-04 6.81E-06 | 1.23E-05 | 9.0E-03 1.4E-03 7.11E-02 | 9.0E-03 1.1E-01 1.1E-01
VOC 1,2-Dichloroethane 107-06-2| 1.00E+00 5.14E-06 | 2.0E-02 2.6E-04 1.13E-05 | 2.05E-05 | 2.0E-02 1.0E-03 9.88E-02 | 7.0E-03 1.9E-01 1.9E-01
VOC Ethyl Benzene 100-41-4 1.00E+00 5.14E-06 1.0E-01 5.1E-05 1.27E-04 | 2.30E-04 1.0E-01 2.3E-03 1.02E-01 1.0E+00 1.4E-03 3.7E-03
VOC Methyl tert-butyl ether 1634-04-4| 1.00E+00 5.14E-06 | 3.0E-01 1.7E-05 8.84E-06 | 1.60E-05 | 3.0E-01 5.3E-05 9.99E-02 | 3.0E+00 | 4.6E-04 5.3E-04
VOC Toluene 108-88-3| 1.00E+00 5.14E-06 | 8.0E-02 6.4E-05 8.08E-05 | 1.46E-04 | 8.0E-02 1.8E-03 1.09E-01 | 5.0E+00 3.0E-04 2.2E-03
VOC 1,2,4-Trimethylbenzene 95-63-6| 1.00E+00 5.14E-06 | 1.0E-02 5.1E-04 1.0E-02 9.57E-02 | 6.0E-02 2.2E-02 2.2E-02
VOC 1,3,5-Trimethylbenzene 108-67-8| 1.00E+00 5.14E-06 | 1.0E-02 5.1E-04 1.0E-02 9.56E-02 | 6.0E-02 2.2E-02 2.2E-02
VOC Xylenes (total) 1330-20-7| 1.00E+00 5.14E-06 | 2.0E-01 2.6E-05 1.32E-04 | 2.39E-04 | 2.0E-01 1.2E-03 1.02E-01 | 1.0E-01 1.4E-02 1.5E-02
SVOC Anthracene 120-12-7| 1.00E+00 5.14E-06 3.0E-01 1.7E-05 3.0E-01 2.97E-02 1.7E-05
SVOC Benzo(a)anthracene 56-55-3| 1.00E+00 5.14E-06

SVOC Benzo(a)pyrene 50-32-8| 1.00E+00 5.14E-06 | 3.0E-04 1.7E-02 3.0E-04 2.0E-06 1.7E-02
SVOC Benzo(b)fluoranthene 205-99-2| 1.00E+00 5.14E-06

SVOC Benzo(g,h,i)perylene 191-24-2| 1.00E+00 5.14E-06 | 3.0E-02 1.7E-04 3.0E-02 1.7E-04
SVOC [Chrysene 218-01-9| 1.00E+00 5.14E-06

SVOC  [Ethanol 64-17-5| 1.00E+00 5.14E-06 | 6.2E+01 8.3E-08 1.30E-06 | 2.35E-06 | 6.2E+01 3.8E-08 1.9E+01 1.2E-07
SVOC [Fluorene 86-73-7| 1.00E+00 5.14E-06 | 4.0E-02 1.3E-04 4.0E-02 3.18E-02 1.3E-04
SVOC Indeno(1,2,3-cd)pyrene 193-39-5| 1.00E+00 5.14E-06

SVOC [Naphthalene 91-20-3| 1.00E+00 5.14E-06 | 2.0E-02 2.6E-04 2.0E-02 7.88E-02 | 3.0E-03 3.6E-01 3.6E-01
SVOC [Phenanthrene 85-01-8| 1.00E+00 5.14E-06 | 3.0E-02 1.7E-04 3.0E-02 3.11E-02 1.7E-04
SVOC [Pyrene 129-00-0| 1.00E+00 5.14E-06 | 3.0E-02 1.7E-04 3.0E-02 1.7E-04
SVOC [Tetraethylene Glycol 112-60-7| 1.00E+00 5.14E-06 [ 2.0E+00 2.6E-06 2.0E+00 2.6E-06
INORG |Lead 7439-92-1 1.00E+00 5.14E-06 2.00E-07 | 3.62E-07
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Attachment 4

Table 1

Normalized Average Vapor Flux from Soil to Outdoor Air

Philadelphia Energy Solutions Refining & Marketing LLC (PESRM) Philadelphia Refining Complex, Philadelphia, Pennsylvania

Chem Koc Ky H Dy Duater D¢ D, D J
Group Chemical CASRN (L/kg) (L/kg) (unitless) (m?/d) (m?/d) (m?/d) (m?/d) (m?/d) (kg/m?>-s)
VOC [Benzene 71-43-2] 5.82E+01 1.68E-01 7.60E-01 8.47E-05 1.23E-01 3.46E-08 3.51E-02 1.79E-04
VOC |Cumene 98-82-8| 7.05E+02 3.28E-01 5.62E-01 6.13E-05 9.10E-02 2.51E-08 | 4.96E-03 7.98E-05
VOC |1,2-Dibromoethane 106-93-4] 2.22E+01 2.37E-02 3.72E-01 7.29E-05 6.02E-02 2.98E-08 5.83E-03 8.65E-05
VOC |1,2-Dichloroethane 107-06-2| 1.75E+01 2.92E-02 8.99E-01 8.55E-05 1.46E-01 3.50E-08 2.04E-02 1.50E-04
VOC |Ethyl Benzene 100-41-4] 3.67E+02 2.20E-01 6.48E-01 6.74E-05 1.05E-01 2.76E-08 7.27E-03 9.63E-05
VOC |Methyl tert-butyl ether 1634-04-4] 1.15E+01 1.83E-02 7.42E-01 8.73E-05 1.20E-01 3.57E-08 1.43E-02 1.31E-04
VOC |[Toluene 108-88-3| 1.80E+02 1.93E-01 7.52E-01 7.43E-05 1.22E-01 3.04E-08 1.46E-02 1.32E-04
VOC |1,2,4-Trimethylbenzene 95-63-6| 8.97E+02 1.61E-01 5.24E-01 6.84E-05 8.48E-02 2.80E-08 1.81E-03 4.83E-05
VOC [1,3,5-Trimethylbenzene 108-67-8] 1.76E+03 1.54E-01 5.20E-01 7.49E-05 8.42E-02 3.06E-08 8.81E-04 3.37E-05
VOC [Xylenes (total) 1330-20-7| 3.86E+02 2.52E-01 6.74E-01 7.56E-05 1.09E-01 3.09E-08 8.23E-03 1.02E-04
SVOC |Anthracene 120-12-7| 2.97E+04 1.30E-03 2.80E-01 6.69E-05 4.53E-02 2.74E-08 2.40E-07 5.56E-07
SVOC |Benzo(a)anthracene 56-55-3| 4.01E+05 5.55E-05 4.41E-01 7.78E-05 7.14E-02 3.18E-08 1.20E-09

SVOC |Benzo(a)pyrene 50-32-8] 1.01E+06 1.49E-05 3.72E-01 7.78E-05 6.02E-02 3.18E-08 1.11E-10

SVOC |Benzo(b)fluoranthene 205-99-2| 1.24E+06 1.66E-03 1.95E-01 4.80E-05 3.16E-02 1.97E-08 5.08E-09

SVOC |Benzo(g,h,i)perylene 191-24-2| 1.28E+07 1.10E-05 1.88E-01 4.54E-05 3.04E-02 1.86E-08 3.32E-12

SVOC |Chrysene 218-01-9| 4.01E+05 1.48E-03 2.14E-01 5.37E-05 3.47E-02 2.20E-08 1.54E-08

SVOC |Ethanol 64-17-5] 6.81E-01 1.75E-04 | 1.06E+00 | 1.12E-04 1.72E-01 4.60E-08 5.09E-04

SVOC |Fluorene 86-73-7| 1.38E+04 1.39E-03 3.14E-01 6.81E-05 5.08E-02 2.79E-08 6.17E-07 8.91E-07
SVOC |[Indeno(1,2,3-cd)pyrene 193-39-5| 3.45E+06 2.03E-05 1.64E-01 4.89E-05 2.66E-02 2.00E-08 1.96E-11

SVOC |Naphthalene 91-20-3] 2.01E+03 1.20E-02 5.10E-01 6.48E-05 8.26E-02 2.65E-08 5.94E-05 8.75E-06
SVOC |Phenanthrene 85-01-8] 2.42E+04 1.41E-03 3.24E-01 6.45E-05 5.25E-02 2.64E-08 3.67E-07 6.87E-07
SVOC |Pyrene 129-00-0| 1.06E+05 2.00E-04 2.35E-01 6.26E-05 3.81E-02 2.56E-08 8.73E-09

SVOC |Tetraethylene Glycol 112-60-7| 3.00E-02 1.62E-11 4.39E-01 6.96E-05 7.11E-02 2.85E-08 5.30E-07

INORG |Lead 7439-92-1 9.00E+02
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Attachment 4

Table 1

Normalized Average Vapor Flux from Soil to Outdoor Air
Philadelphia Energy Solutions Refining & Marketing LLC (PESRM) Philadelphia Refining Complex, Philadelphia, Pennsylvania

Notes:
Soil bulk density kg/L Po 1.66
Soil porosity L/L-soil 0 0.38
Soil water content L/L-soil 0, 0.05
Soil air-filled porosity L/L-soil 0, 0.32
Soil organic carbon fraction unitless foc 0.005
Averaging period (Exposure Duration) years T 1
days T 365
Temperature °c Temp 18
Clean soil above source m Z,
Bottom of source depth m Z, 5.79

Based on the volatilization model developed by Jury et. al. (1983) for finite sources as described in USEPA's (1996) Soil Screening Guidance: Technical Background Document.
The K, for organic compounds is the K, times the f,..

Page: 2 of 2

Terraphase Engineering Inc.



Attachment 4
Table 2
Dispersion Factor to Outdoor Air

Philadelphia Energy Solutions Refining & Marketing LLC (PESRM) Philadelphia Refining Complex, Philadelphia, Pennsylvania

Parameter Units Value
Correlation coefficient city Philadelphia
Correlation coefficient A 14.0111
Correlation coefficient B 19.6154
Correlation coefficient C 225.3397
Soil source area acres 70.6
Annual
Soil C/Q averaging time Max
Conversion factor from 1-Hr Max for soil 0.19
c/Q for soil| (kg/m>)/(kg/m’-s) 25.06
Groundwater source area acres 0.0052
24-Hour
Groundwater averaging time for C/Q Max
Conversion factor from 1-Hr Max for groundwater 0.40
¢/Q for Groundwater|  (L/m®)/(L/m’-s) 9.63

Note:

C/Q is estimated using the empirical correlation in USEPA’s (2002) Supplemental Soil Screening Guidance.
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Attachment 4

Table 3

Concentrations in Outdoor Air from Soil

Philadelphia Energy Solutions Refining & Marketing LLC (PESRM) Philadelphia Refining Complex, Philadelphia, Pennsylvania

Vapor | PM;,
¢/Q (kg/m’ per kg/m’-s): 2.5E+01
Chem Chemical CASRN Cooi Garr Cooi Garr
Chem (mg/kg) (mg/m?) (mg/kg) (mg/m?)
VOC |Benzene 71-43-2| 1.00E+00 4.49E-03 1.00E+00 5.00E-08
VOC |Cumene 98-82-8| 1.00E+00 2.00E-03 1.00E+00 5.00E-08
VOC |[1,2-Dibromoethane 106-93-4| 1.00E+00 2.17E-03 1.00E+00 5.00E-08
VOC |1,2-Dichloroethane 107-06-2| 1.00E+00 3.76E-03 1.00E+00 5.00E-08
VOC [Ethyl Benzene 100-41-4| 1.00E+00 2.41E-03 1.00E+00 5.00E-08
VOC [Methyl tert-butyl ether 1634-04-4| 1.00E+00 3.27E-03 1.00E+00 5.00E-08
VOC |[Toluene 108-88-3| 1.00E+00 3.30E-03 1.00E+00 5.00E-08
VOC |[1,2,4-Trimethylbenzene 95-63-6| 1.00E+00 1.21E-03 1.00E+00 5.00E-08
VOC [1,3,5-Trimethylbenzene 108-67-8| 1.00E+00 8.44E-04 1.00E+00 5.00E-08
VOC [Xylenes (total) 1330-20-7| 1.00E+00 2.56E-03 1.00E+00 5.00E-08
SVOC |Anthracene 120-12-7| 1.00E+00 1.39E-05 1.00E+00 5.00E-08
SVOC |Benzo(a)anthracene 56-55-3| 1.00E+00 1.00E+00 5.00E-08
SVOC |Benzo(a)pyrene 50-32-8| 1.00E+00 1.00E+00 5.00E-08
SVOC |Benzo(b)fluoranthene 205-99-2| 1.00E+00 1.00E+00 5.00E-08
SVOC |Benzo(g,h,i)perylene 191-24-2| 1.00E+00 1.00E+00 | 5.00E-08
SVOC |Chrysene 218-01-9| 1.00E+00 1.00E+00 5.00E-08
SVOC |Ethanol 64-17-5| 1.00E+00 1.00E+00 5.00E-08
SVOC |Fluorene 86-73-7| 1.00E+00 2.23E-05 1.00E+00 5.00E-08
SVOC |Indeno(1,2,3-cd)pyrene 193-39-5| 1.00E+00 1.00E+00 5.00E-08
SVOC |Naphthalene 91-20-3| 1.00E+00 2.19E-04 1.00E+00 5.00E-08
SVOC |Phenanthrene 85-01-8| 1.00E+00 1.72E-05 1.00E+00 5.00E-08
SVOC ([Pyrene 129-00-0 1.00E+00 1.00E+00 5.00E-08
SVOC |Tetraethylene Glycol 112-60-7| 1.00E+00 1.00E+00 5.00E-08
INORG |[Lead 7439-92-1| 1.00E+00 1.00E+00 5.00E-08
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Attachment 4

Table 4a

Unit Risk Calculations for Exposure of Construction Worker to Soil
Philadelphia Energy Solutions Refining & Marketing LLC (PESRM) Philadelphia Refining Complex, Philadelphia, Pennsylvania

Soil Ingestion Soil Dermal Contact Soil Vapor Inhalation Soil Particulate Inhalation All Routes
Chem Chemical CcAsRn | Cancer Coan RBA LADD ol | pick ABSy | APD | SFaem | i Ca URF Risk Ca URF 1 Risk Risk
Group Class (mg/kg) (me/ke/d) | (mg/ke/d)™ (me/ke/d) | (mg/ke/d)* (mg/m’) | (m’/mg) (mg/m°) | (mg/m")
VOC Benzene 71-43-2 A 1.00E+00 2.45E-08 5.5E-02 1.3E-09 5.5E-02 4.49E-03 | 7.8E-03 1.1E-07 5.00E-08 | 7.8E-03 1.3E-12 1.2E-07
VOC Cumene 98-82-8 D 1.00E+00 2.45E-08 2.00E-03 5.00E-08
VOC 1,2-Dibromoethane 106-93-4 LC 1.00E+00 2.45E-08 2.0E+00 4.9E-08 2.0E+00 2.17E-03 | 6.0E-01 | 4.2E-06 5.00E-08 | 6.0E-01 9.8E-11 4.3E-06
VOC 1,2-Dichloroethane 107-06-2 B2 1.00E+00 2.45E-08 9.1E-02 2.2E-09 9.1E-02 3.76E-03 | 2.6E-02 | 3.2E-07 5.00E-08 | 2.6E-02 4.2E-12 3.2E-07
VOC Ethyl Benzene 100-41-4 D 1.00E+00 2.45E-08 2.41E-03 5.00E-08
VOC Methyl tert-butyl ether 1634-04-4 C 1.00E+00 2.45E-08 1.8E-03 4.4E-11 1.8E-03 3.27E-03 | 2.6E-04 | 2.8E-09 5.00E-08 | 2.6E-04 4.2E-14 2.8E-09
VOC Toluene 108-88-3 ID 1.00E+00 2.45E-08 3.30E-03 5.00E-08
VOC 1,2,4-Trimethylbenzene 95-63-6 ID 1.00E+00 2.45E-08 1.21E-03 5.00E-08
VOC 1,3,5-Trimethylbenzene 108-67-8 ID 1.00E+00 2.45E-08 8.44E-04 5.00E-08
VOC Xylenes (total) 1330-20-7 ID 1.00E+00 2.45E-08 2.56E-03 5.00E-08
SVOC |Anthracene 120-12-7 ID 1.00E+00 2.45E-08 1.30E-01 | 6.73E-09 1.39E-05 5.00E-08
SVOC |Benzo(a)anthracene 56-55-3 B2 1.00E+00 2.45E-08 1.0E-01 2.4E-09 1.30E-01 | 6.73E-09 1.0E-01 6.7E-10 6.0E-02 5.00E-08 | 6.0E-02 9.8E-12 3.1E-09
SVOC |Benzo(a)pyrene 50-32-8 HC 1.00E+00 2.45E-08 1.0E+00 2.4E-08 1.30E-01 | 6.73E-09 | 1.0E+00 6.7E-09 6.0E-01 5.00E-08 | 6.0E-01 9.8E-11 3.1E-08
SVOC |Benzo(b)fluoranthene 205-99-2 B2 1.00E+00 2.45E-08 1.0E-01 2.4E-09 1.30E-01 | 6.73E-09 1.0E-01 6.7E-10 6.0E-02 5.00E-08 | 6.0E-02 9.8E-12 3.1E-09
SVOC Benzo(g,h,i)perylene 191-24-2 D 1.00E+00 2.45E-08 1.30E-01 | 6.73E-09 5.00E-08
SVOC [Chrysene 218-01-9 B2 1.00E+00 2.45E-08 1.0E-03 2.4E-11 1.30E-01 | 6.73E-09 1.0E-03 6.7E-12 6.0E-04 5.00E-08 | 6.0E-04 9.8E-14 3.1E-11
SVOC |Ethanol 64-17-5 1.00E+00 2.45E-08 5.00E-08
SVOC [Fluorene 86-73-7 D 1.00E+00 2.45E-08 1.30E-01 | 6.73E-09 2.23E-05 5.00E-08
SVOC |Indeno(1,2,3-cd)pyrene 193-39-5 B2 1.00E+00 2.45E-08 1.0E-01 2.4E-09 1.30E-01 | 6.73E-09 1.0E-01 6.7E-10 6.0E-02 5.00E-08 | 6.0E-02 9.8E-12 3.1E-09
SVOC [Naphthalene 91-20-3 C 1.00E+00 2.45E-08 1.2E-01 2.9E-09 1.30E-01 | 6.73E-09 1.2E-01 8.1E-10 2.19E-04 | 3.4E-02 2.4E-08 5.00E-08 | 3.4E-02 5.5E-12 2.8E-08
SVOC |Phenanthrene 85-01-8 D 1.00E+00 2.45E-08 1.30E-01 | 6.73E-09 1.72E-05 5.00E-08
SVOC |Pyrene 129-00-0 NC 1.00E+00 2.45E-08 1.30E-01 | 6.73E-09 5.00E-08
SVOC |[Tetraethylene Glycol 112-60-7 1.00E+00 2.45E-08 1.00E-01 | 5.18E-09 5.00E-08
INORG [Lead 7439-92-1 B2 1.00E+00 2.45E-08 5.00E-08
Notes:

The concentration of particulates in the air is assumed to be no more than the former annual National Ambient Air Quality Standards (NAAQS) for PM,, of 50 ug/ma.
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Attachment 4

Table 4b

Unit Hazard Quotient Calculations for Exposure of Construction Worker to Soil

Philadelphia Energy Solutions Refining & Marketing LLC (PESRM) Philadelphia Refining Complex, Philadelphia, Pennsylvania

Soil Ingestion Soil Dermal Contact Soil Vapor Inhalation Soil Particulate Inhalation All Routes
Chem Chemical CASRN Cool RBA ADD RfDora HQ ABS,., | APP RfDaerm HQ Ca RiC R HQ Can RiC s HQ HQ
Group (mg/kg) (mg/kg/d) | (mg/kg/d) (mg/kg/d) | (mg/kg/d) (mg/m’) | (mg/m?) (mg/m®) | (mg/m°)
VOC Benzene 71-43-2 1.00E+00 1.71E-06 1.0E-02 1.7E-04 1.0E-02 4.49E-03 9.0E-02 1.1E-02 5.00E-08 | 9.0E-02 1.3E-07 1.2E-02
VOC Cumene 98-82-8 1.00E+00 1.71E-06 | 4.0E-01 4.3E-06 4.0E-01 2.00E-03 | 4.0E-01 1.1E-03 5.00E-08 | 4.0E-01 2.9E-08 1.1E-03
VOC 1,2-Dibromoethane 106-93-4 1.00E+00 1.71E-06 | 9.0E-03 1.9E-04 9.0E-03 2.17E-03 | 9.0E-03 5.5E-02 5.00E-08 | 9.0E-03 1.3E-06 5.5E-02
VOC 1,2-Dichloroethane 107-06-2 1.00E+00 1.71E-06 | 2.0E-02 8.6E-05 2.0E-02 3.76E-03 | 7.0E-02 1.2E-02 5.00E-08 | 7.0E-02 1.6E-07 1.2E-02
VOC Ethyl Benzene 100-41-4 1.00E+00 1.71E-06 1.0E-01 1.7E-05 1.0E-01 2.41E-03 | 9.0E+00 6.1E-05 5.00E-08 | 9.0E+00 1.3E-09 7.8E-05
VOC Methyl tert-butyl ether 1634-04-4 1.00E+00 1.71E-06 | 3.0E-01 5.7E-06 3.0E-01 3.27E-03 | 3.0E+00 2.5E-04 5.00E-08 | 3.0E+00 3.8E-09 2.5E-04
VOC Toluene 108-88-3 1.00E+00 1.71E-06 | 8.0E-01 2.1E-06 8.0E-01 3.30E-03 | 5.0E+00 | 1.5E-04 5.00E-08 | 5.0E+00 2.3E-09 1.5E-04
VOC 1,2,4-Trimethylbenzene 95-63-6 1.00E+00 1.71E-06 | 4.0E-02 4.3E-05 4.0E-02 1.21E-03 2.0E-01 1.4E-03 5.00E-08 | 2.0E-01 5.7E-08 1.4E-03
VOC 1,3,5-Trimethylbenzene 108-67-8 1.00E+00 1.71E-06 | 4.0E-02 4.3E-05 4.0E-02 8.44E-04 2.0E-01 9.6E-04 5.00E-08 | 2.0E-01 5.7E-08 1.0E-03
VOC Xylenes (total) 1330-20-7 1.00E+00 1.71E-06 | 2.0E-01 8.6E-06 2.0E-01 2.56E-03 | 3.0E-01 1.9E-03 5.00E-08 | 3.0E-01 3.8E-08 2.0E-03
SVOC Anthracene 120-12-7 1.00E+00 1.71E-06 | 1.0E+00 1.7E-06 1.30E-01 | 4.71E-07 1.0E+00 4.7E-07 1.39E-05 5.00E-08 2.2E-06
SVOC |Benzo(a)anthracene 56-55-3 1.00E+00 1.71E-06 1.30E-01 | 4.71E-07 5.00E-08
SVOC Benzo(a)pyrene 50-32-8 1.00E+00 1.71E-06 | 3.0E-04 5.7E-03 1.30E-01 | 4.71E-07 3.0E-04 1.6E-03 2.0E-06 5.00E-08 | 2.0E-06 5.7E-03 1.3E-02
SVOC |Benzo(b)fluoranthene 205-99-2 1.00E+00 1.71E-06 1.30E-01 | 4.71E-07 5.00E-08
SVOC Benzo(g,h,i)perylene 191-24-2 1.00E+00 1.71E-06 | 3.0E-01 5.7E-06 1.30E-01 | 4.71E-07 3.0E-01 1.6E-06 5.00E-08 7.3E-06
SVOC Chrysene 218-01-9 1.00E+00 1.71E-06 1.30E-01 | 4.71E-07 5.00E-08
SVOC Ethanol 64-17-5 1.00E+00 1.71E-06 | 6.2E+01 2.8E-08 6.2E+01 1.9E+01 5.00E-08 | 1.9E+01 6.0E-10 2.8E-08
SVOC Fluorene 86-73-7 1.00E+00 1.71E-06 | 4.0E-01 4.3E-06 1.30E-01 | 4.71E-07 4.0E-01 1.2E-06 2.23E-05 5.00E-08 5.5E-06
SvVOC Indeno(1,2,3-cd)pyrene 193-39-5 1.00E+00 1.71E-06 1.30E-01 | 4.71E-07 5.00E-08
SVOC |Naphthalene 91-20-3 1.00E+00 1.71E-06 | 2.0E-01 8.6E-06 1.30E-01 | 4.71E-07 | 2.0E-01 2.4E-06 2.19E-04 | 3.0E-03 1.7E-02 5.00E-08 | 3.0E-03 3.8E-06 1.7E-02
SVOC Phenanthrene 85-01-8 1.00E+00 1.71E-06 3.0E-01 5.7E-06 1.30E-01 | 4.71E-07 3.0E-01 1.6E-06 1.72E-05 5.00E-08 7.3E-06
SVOC Pyrene 129-00-0 1.00E+00 1.71E-06 | 3.0E-01 5.7E-06 1.30E-01 | 4.71E-07 3.0E-01 1.6E-06 5.00E-08 7.3E-06
SVOC Tetraethylene Glycol 112-60-7 1.00E+00 1.71E-06 | 2.0E+00 8.6E-07 1.00E-01 | 3.62E-07 2.0E+00 1.8E-07 5.00E-08 1.0E-06
INORG |[Lead 7439-92-1 1.00E+00 1.71E-06 5.00E-08
Notes:

The concentration of particulates in the air is assumed to be no more than the former annual National Ambient Air Quality Standards (NAAQS) for PM,, of 50 ug/ma.
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Attachment 4

Table 5

Normalized Vapor Flux to Outdoor Air from Exposed Groundwater in Excavations
Philadelphia Energy Solutions Refining & Marketing LLC (PESRM) Philadelphia Refining Complex, Philadelphia, Pennsylvania

Chem H MW ke k, 1/K, K, I

Group Chemical CASRN (unitless) (g/mol) (cm/s) (cm/s) (s/cm) (cm/s) (L/m%-s)
VOC |[Benzene 71-43-2 1.7E-01 7.8E+01 4.97E-01 1.25E-03 8.12E+02 1.23E-03 1.23E-02
VOC [Cumene 98-82-8 3.3E-01 1.2E+02 4.31E-01 1.01E-03 9.99E+02 1.00E-03 1.00E-02
VOC |1,2-Dibromoethane 106-93-4 2.4E-02 1.9E+02 3.71E-01 8.06E-04 1.35E+03 7.38E-04 7.38E-03
VOC |1,2-Dichloroethane 107-06-2 2.9E-02 9.9E+01 4.60E-01 1.11E-03 9.75E+02 1.03E-03 1.03E-02
VOC |Ethyl Benzene 100-41-4 2.2E-01 1.1E+02 4.49E-01 1.07E-03 9.43E+02 1.06E-03 1.06E-02
VOC |Methyl tert-butyl ether 1634-04-4 1.8E-02 8.8E+01 4.78E-01 1.18E-03 9.64E+02 1.04E-03 1.04E-02
VOC |Toluene 108-88-3 1.9E-01 9.2E+01 4.71E-01 1.15E-03 8.80E+02 1.14E-03 1.14E-02
VOC |1,2,4-Trimethylbenzene 95-63-6 1.6E-01 1.2E+02 4.31E-01 1.01E-03 1.01E+03 9.93E-04 9.93E-03
VOC |1,3,5-Trimethylbenzene 108-67-8 1.5E-01 1.2E+02 4.31E-01 1.01E-03 1.01E+03 9.93E-04 9.93E-03
VOC |Xylenes (total) 1330-20-7 2.5E-01 1.1E+02 4.49E-01 1.07E-03 9.42E+02 1.06E-03 1.06E-02
SVOC |Anthracene 120-12-7 1.3E-03 1.8E+02 3.77E-01 8.28E-04 3.24E+03 3.09E-04 3.09E-03
SVOC |Benzo(a)anthracene 56-55-3 5.6E-05 2.3E+02 3.47E-01 7.31E-04 5.32E+04 1.88E-05

SVOC |Benzo(a)pyrene 50-32-8 1.5E-05 2.5E+02 3.36E-01 6.96E-04 2.01E+05 4.98E-06

SVOC |Benzo(b)fluoranthene 205-99-2 1.7E-03 2.5E+02 3.36E-01 6.96E-04 3.23E+03 3.09E-04

SVOC |[Benzo(g,h,i)perylene 191-24-2 1.1E-05 2.8E+02 3.26E-01 6.65E-04 2.81E+05 3.56E-06

SVOC |[Chrysene 218-01-9 1.5E-03 2.3E+02 3.47E-01 7.31E-04 3.31E+03 3.02E-04

SVOC |Ethanol 64-17-5 1.7E-04 4.6E+01 5.94E-01 1.63E-03 1.02E+04 9.76E-05

SVOC |Fluorene 86-73-7 1.4E-03 1.7E+02 3.86E-01 8.57E-04 3.03E+03 3.30E-04 3.30E-03
SVOC |[Indeno(1,2,3-cd)pyrene 193-39-5 2.0E-05 2.8E+02 3.26E-01 6.65E-04 1.53E+05 6.54E-06

SVOC [Naphthalene 91-20-3 1.2E-02 1.3E+02 4.21E-01 9.76E-04 1.22E+03 8.18E-04 8.18E-03
SVOC |Phenanthrene 85-01-8 1.4E-03 1.8E+02 3.77E-01 8.28E-04 3.09E+03 3.23E-04 3.23E-03
SVOC |Pyrene 129-00-0 2.0E-04 2.0E+02 3.62E-01 7.77E-04 1.51E+04 6.62E-05

SVOC |[Tetraethylene Glycol 112-60-7 1.6E-11 1.9E+02 3.67E-01 7.93E-04 1.68E+11 5.95E-12

INORG |Lead 7439-92-1 2.1E+02 3.59E-01 7.68E-04
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Attachment 4
Table 5

Normalized Vapor Flux to Outdoor Air from Exposed Groundwater in Excavations

Philadelphia Energy Solutions Refining & Marketing LLC (PESRM) Philadelphia Refining Complex, Philadelphia, Pennsylvania

Molecular Weight of Oxygen
Molecular Weight of Water

Temperature
Liquid-phase Mass Transfer Coefficient

for Oxygen

Gas-Phase Mass Transfer Coefficient for
Water Vapor at 25 °C

Dispersion coefficient

g/mol
g/mol
K

cm/s

cm/s
(L/m?)/
(L/m’/s)

MW,
MWHZO
Temp

kL,OZ

Ke,n20

c/a

32
18
291

0.002

0.833

9.6
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Attachment 4

Table 6

Dermal Absorbed Dose for Groundwater

Philadelphia Energy Solutions Refining & Marketing LLC (PESRM) Philadelphia Refining Complex, Philadelphia, Pennsylvaniz

Chem MW FA Ky B t ts DA

Group Chemical CASRN (g/mole) | (unitless) | (cm/hr) [ (unitless) (hr) c b (hr) (L/cm*-event)
VOC |Benzene 71-43-2| 7.8E+01 | 1.0E+00 | 1.5E-02 5.0E-02 2.9E-01 3.7E-01 3.3E-01 6.9E-01 3.70E-05
VOC |Cumene 98-82-8| 1.2E+02 | 1.0E+00 5.0E-01 3.3E-01 3.0E-01 1.2E+00

VOC |1,2-Dibromoethane 106-93-4| 1.9E+02 | 1.0E+00 | 1.6E-03 8.4E-03 1.2E+00 | 3.4E-01 3.1E-01 | 2.8E+00 6.81E-06
VOC |1,2-Dichloroethane 107-06-2| 9.9E+01 | 1.0E+00 | 4.1E-03 1.6E-02 3.8E-01 3.4E-01 3.1E-01 9.0E-01 1.13E-05
VOC |Ethyl Benzene 100-41-4| 1.1E+02 1.0E+00 4.8E-02 1.9E-01 4.1E-01 4.7E-01 4.3E-01 9.9E-01 1.27E-04
VOC |Methyl tert-butyl ether 1634-04-4| 8.8E+01 | 1.0E+00 | 3.3E-03 1.2E-02 3.3E-01 3.4E-01 3.1E-01 7.9E-01 8.84E-06
VOC |Toluene 108-88-3| 9.2E+01 | 1.0E+00 | 3.2E-02 1.2E-01 3.5E-01 4.2E-01 3.8E-01 8.3E-01 8.08E-05
VOC |1,2,4-Trimethylbenzene 95-63-6 1.2E+02 | 1.0E+00 5.0E-01 3.3E-01 3.0E-01 1.2E+00

VOC |1,3,5-Trimethylbenzene 108-67-8 1.2E+02 | 1.0E+00 5.0E-01 3.3E-01 3.0E-01 1.2E+00

VOC |Xylenes (total) 1330-20-7 1.1E+02 | 1.0E+00 | 5.0E-02 2.0E-01 4.1E-01 4.8E-01 4.4E-01 9.9E-01 1.32E-04
SVOC [Anthracene 120-12-7| 1.8E+02 1.0E+00 1.0E+00 3.3E-01 3.0E-01 2.5E+00

SVOC [Benzo(a)anthracene 56-55-3| 2.3E+02 | 9.0E-01 2.0E+00 | 3.3E-01 3.0E-01 | 4.8E+00

SVOC |Benzo(a)pyrene 50-32-8| 2.5E+02 | 8.0E-01 2.7E+00 | 3.3E-01 3.0E-01 6.5E+00

SVOC [Benzo(b)fluoranthene 205-99-2 2.5E+02 | 8.0E-01 2.7E+00 | 3.3E-01 3.0E-01 | 6.5E+00

SVOC |Benzo(g,h,i)perylene 191-24-2| 2.8E+02 | 7.0E-01 3.7E+00 | 3.3E-01 3.0E-01 | 8.9E+00

SVOC [Chrysene 218-01-9( 2.3E+02 | 9.0E-01 2.0E+00 | 3.3E-01 3.0E-01 | 4.8E+00

SVOC |Ethanol 64-17-5| 4.6E+01 1.0E+00 5.5E-04 1.4E-03 1.9E-01 3.3E-01 3.0E-01 4.6E-01 1.30E-06
SVOC [Fluorene 86-73-7| 1.7E+02 | 1.0E+00 9.0E-01 3.3E-01 3.0E-01 | 2.2E+00

SVOC |[Indeno(1,2,3-cd)pyrene 193-39-5| 2.8E+02 | 7.0E-01 3.7E+00 | 3.3E-01 3.0E-01 | 8.9E+00

SVOC [Naphthalene 91-20-3| 1.3E+02 | 1.0E+00 5.5E-01 3.3E-01 3.0E-01 1.3E+00

SVOC [Phenanthrene 85-01-8 1.8E+02 | 1.0E+00 1.0E+00 3.3E-01 3.0E-01 2.5E+00

SVOC [Pyrene 129-00-0| 2.0E+02 | 1.0E+00 1.4E+00 | 3.3E-01 3.0E-01 | 3.4E+00

SVOC |Tetraethylene Glycol 112-60-7| 1.9E+02 | 1.0E+00 1.3E+00 | 3.3E-01 3.0E-01 3.1E+00

INORG [Lead 7439-92-1| 2.1E+02 1.0E-04 1.5E+00 | 3.3E-01 3.0E-01 | 3.7E+00 2.00E-07

Notes:
Event Time hours t 2

K, capped at 1 cm/hr (USEPA 1992).

The dermal absorbed dose for inorganic chemicals is estimated using a steady-state approach (USEPA 2004, Equation 3.4) and for organic chemicals is estimated using ¢
nonsteady-state approach (USEPA 2004, Equations 3.2 and 3.3).
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Attachment 4

Table 7a

Unit Risk Calculations for Exposure of Construction Workers to Groundwater in Excavations

Philadelphia Energy Solutions Refining & Marketing LLC (PESRM) Philadelphia Refining Complex, Philadelphia, Pennsylvania

Incidental Ingestion Dermal Contact Vapor Inhalation All Routes
DA

Chem Chemical CASRN Cancer Cou LADD St | pisk (Lfem?- |, APP SFaem | pick Car URE 1 Risk Risk
Group Class (mg/1) (mg/kg/d) | (mg/kg/d)™ event) (mg/kg/d) | (mg/ke/d)™ (mg/m?) | (mg/m°)
VOC Benzene 71-43-2 A 1.00E+00 7.34E-08 5.5E-02 4.0E-09 3.70E-05 | 9.57E-07 5.5E-02 5.3E-08 1.19E-01 7.8E-03 1.8E-07 2.4E-07
VOC Cumene 98-82-8 D 1.00E+00 7.34E-08 9.64E-02
VOC 1,2-Dibromoethane 106-93-4 LC 1.00E+00 7.34E-08 2.0E+00 1.5E-07 6.81E-06 | 1.76E-07 2.0E+00 3.5E-07 7.11E-02 6.0E-01 8.4E-06 8.9E-06
VOC 1,2-Dichloroethane 107-06-2 B2 1.00E+00 7.34E-08 9.1E-02 6.7E-09 1.13E-05 | 2.92E-07 9.1E-02 2.7E-08 9.88E-02 2.6E-02 5.0E-07 5.4E-07
VOC Ethyl Benzene 100-41-4 D 1.00E+00 7.34E-08 1.27E-04 | 3.28E-06 1.02E-01
VOC Methyl tert-butyl ether 1634-04-4 C 1.00E+00 7.34E-08 1.8E-03 1.3E-10 8.84E-06 | 2.29E-07 1.8E-03 4.1E-10 9.99E-02 2.6E-04 5.1E-09 5.6E-09
VOC Toluene 108-88-3 1D 1.00E+00 7.34E-08 8.08E-05 | 2.09E-06 1.09E-01
VOC 1,2,4-Trimethylbenzene 95-63-6 1D 1.00E+00 7.34E-08 9.57E-02
VOC 1,3,5-Trimethylbenzene 108-67-8 1D 1.00E+00 7.34E-08 9.56E-02
VOC Xylenes (total) 1330-20-7 1D 1.00E+00 7.34E-08 1.32E-04 | 3.41E-06 1.02E-01
SVOC Anthracene 120-12-7 1D 1.00E+00 7.34E-08 2.97E-02
SVOC |Benzo(a)anthracene 56-55-3 B2 1.00E+00 7.34E-08 1.0E-01 7.3E-09 1.0E-01 6.0E-02 7.3E-09
SVOC Benzo(a)pyrene 50-32-8 HC 1.00E+00 7.34E-08 1.0E+00 7.3E-08 1.0E+00 6.0E-01 7.3E-08
SVOC  |Benzo(b)fluoranthene 205-99-2 B2 1.00E+00 7.34E-08 1.0E-01 7.3E-09 1.0E-01 6.0E-02 7.3E-09
SVOC [Benzo(g,h,i)perylene 191-24-2 D 1.00E+00 7.34E-08
SVOC  [Chrysene 218-01-9 B2 1.00E+00 7.34E-08 1.0E-03 7.3E-11 1.0E-03 6.0E-04 7.3E-11
SVOC Ethanol 64-17-5 1.00E+00 7.34E-08 1.30E-06 | 3.36E-08
SVOC  [Fluorene 86-73-7 D 1.00E+00 7.34E-08 3.18E-02
SVOC Indeno(1,2,3-cd)pyrene 193-39-5 B2 1.00E+00 7.34E-08 1.0E-01 7.3E-09 1.0E-01 6.0E-02 7.3E-09
SVOC |Naphthalene 91-20-3 C 1.00E+00 7.34E-08 1.2E-01 8.8E-09 1.2E-01 7.88E-02 3.4E-02 5.2E-07 5.3E-07
SVOC Phenanthrene 85-01-8 D 1.00E+00 7.34E-08 3.11E-02
SVOC [Pyrene 129-00-0 NC 1.00E+00 7.34E-08
SVOC [Tetraethylene Glycol 112-60-7 1.00E+00 7.34E-08
INORG [Lead 7439-92-1 B2 1.00E+00 7.34E-08 2.00E-07 | 5.18E-09
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Attachment 4

Table 7b

Hazard Quotient Calculations for Exposure of Construction Workers to Groundwater in Excavations

Philadelphia Energy Solutions Refining & Marketing LLC (PESRM) Philadelphia Refining Complex, Philadelphia, Pennsylvania

Incidental Ingestion Dermal Contact Vapor Inhalation All Routes
DA

Chem . Cew ADD RfDyyal ) ADD RfDgerm Cair RfC

Group Chemical CASRN | (mgit) | | (meskere) | (mesigra| @ Wem | imesiara) | merera | Y| | imaym) | mgrmy | "0 Ha
VOC Benzene 71-43-2| 1.00E+00 5.14E-06 | 1.0E-02 5.1E-04 3.70E-05 | 6.70E-05 | 1.0E-02 6.7E-03 1.19E-01 | 9.0E-02 1.8E-02 2.5E-02
VOC Cumene 98-82-8| 1.00E+00 5.14E-06 | 4.0E-01 1.3E-05 4.0E-01 9.64E-02 | 4.0E-01 3.3E-03 3.3E-03
VOC 1,2-Dibromoethane 106-93-4| 1.00E+00 5.14E-06 [ 9.0E-03 5.7E-04 6.81E-06 | 1.23E-05 | 9.0E-03 1.4E-03 7.11E-02 | 9.0E-03 1.1E-01 1.1E-01
VOC 1,2-Dichloroethane 107-06-2| 1.00E+00 5.14E-06 | 2.0E-02 2.6E-04 1.13E-05 | 2.05E-05 | 2.0E-02 1.0E-03 9.88E-02 | 7.0E-02 1.9E-02 2.1E-02
VOC Ethyl Benzene 100-41-4 1.00E+00 5.14E-06 1.0E-01 5.1E-05 1.27E-04 | 2.30E-04 1.0E-01 2.3E-03 1.02E-01 9.0E+00 1.6E-04 2.5E-03
VOC Methyl tert-butyl ether 1634-04-4| 1.00E+00 5.14E-06 | 3.0E-01 1.7E-05 8.84E-06 | 1.60E-05 | 3.0E-01 5.3E-05 9.99E-02 | 3.0E+00 4.6E-04 5.3E-04
VOC Toluene 108-88-3| 1.00E+00 5.14E-06 | 8.0E-01 6.4E-06 8.08E-05 | 1.46E-04 | 8.0E-01 1.8E-04 1.09E-01 | 5.0E+00 3.0E-04 4.9E-04
VOC 1,2,4-Trimethylbenzene 95-63-6| 1.00E+00 5.14E-06 | 4.0E-02 1.3E-04 4.0E-02 9.57E-02 | 2.0E-01 6.6E-03 6.7E-03
VOC 1,3,5-Trimethylbenzene 108-67-8| 1.00E+00 5.14E-06 | 4.0E-02 1.3E-04 4.0E-02 9.56E-02 | 2.0E-01 6.5E-03 6.7E-03
VOC Xylenes (total) 1330-20-7| 1.00E+00 5.14E-06 | 2.0E-01 2.6E-05 1.32E-04 | 2.39E-04 | 2.0E-01 1.2E-03 1.02E-01 | 3.0E-01 4.7E-03 5.9E-03
SVOC [Anthracene 120-12-7| 1.00E+00 5.14E-06 [ 1.0E+00 5.1E-06 1.0E+00 2.97E-02 5.1E-06
SVOC Benzo(a)anthracene 56-55-3| 1.00E+00 5.14E-06

SVOC Benzo(a)pyrene 50-32-8| 1.00E+00 5.14E-06 | 3.0E-04 1.7E-02 3.0E-04 2.0E-06 1.7E-02
SVOC Benzo(b)fluoranthene 205-99-2| 1.00E+00 5.14E-06

SVOC Benzo(g,h,i)perylene 191-24-2| 1.00E+00 5.14E-06 | 3.0E-01 1.7E-05 3.0E-01 1.7E-05
SVOC [Chrysene 218-01-9| 1.00E+00 5.14E-06

SVOC [Ethanol 64-17-5| 1.00E+00 5.14E-06 | 6.2E+01 8.3E-08 1.30E-06 | 2.35E-06 | 6.2E+01 3.8E-08 1.9E+01 1.2E-07
SVOC Fluorene 86-73-7| 1.00E+00 5.14E-06 4.0E-01 1.3E-05 4.0E-01 3.18E-02 1.3E-05
SVOC Indeno(1,2,3-cd)pyrene 193-39-5| 1.00E+00 5.14E-06

SVOC [Naphthalene 91-20-3| 1.00E+00 5.14E-06 | 2.0E-01 2.6E-05 2.0E-01 7.88E-02 | 3.0E-03 3.6E-01 3.6E-01
SVOC Phenanthrene 85-01-8| 1.00E+00 5.14E-06 3.0E-01 1.7E-05 3.0E-01 3.11E-02 1.7E-05
SVOC [Pyrene 129-00-0| 1.00E+00 5.14E-06 | 3.0E-01 1.7E-05 3.0E-01 1.7E-05
SVOC [Tetraethylene Glycol 112-60-7| 1.00E+00 5.14E-06 [ 2.0E+00 2.6E-06 2.0E+00 2.6E-06
INORG |Lead 7439-92-1 1.00E+00 5.14E-06 2.00E-07 | 3.62E-07
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Appendix A
Human Health Risk Assessment
Supporting Information and Calculations

Attachment 5

Off-Facility Resident Risk Calculations

Table 1 — Normalized Average Vapor Flux from Soil to Outdoor Air

Table 2 — Soil PM3o Emission from Wind Erosion

Table 3 — Dispersion Factor to Outdoor Air

Table 4 — Concentrations in Outdoor Air from Soil

Table 5a — Unit Risk Calculations for Exposure of Residents to Soil

Table 5b — Unit Hazard Quotient Calculations for Exposure of Residents to Soil

Figure 1 — Soil Moisture Profile for Default PADEP Residential Building (w/ Basement)

Table 6 — Normalized Indoor Air Concentrations in a Default PADEP Residential Building (with Basement)
Due to Vapor Intrusion from Groundwater

Table 7 — Unit Risk and Hazard Quotient Calculations for Groundwater Vapor Intrusion into a Default
PADEP Residential Building (with Basement)



Attachment 5

Table 1

Normalized Average Vapor Flux from Soil to Outdoor Air

Philadelphia Energy Solutions Refining & Marketing LLC (PESRM) Philadelphia Refining Complex, Philadelphia, Pennsylvania

Chem Koc Ky H Dy Duater D¢ D, D J
Group Chemical CASRN (L/kg) (L/kg) (unitless) (m?/d) (m?/d) (m?/d) (m?/d) (m?/d) (kg/m?>-s)
VOC |Benzene 71-43-2| 5.82E+01 1.68E-01 7.60E-01 8.47E-05 1.23E-01 3.46E-08 3.51E-02 1.07E-05
VOC |Cumene 98-82-8| 7.05E+02 3.28E-01 5.62E-01 6.13E-05 9.10E-02 2.51E-08 4.96E-03 9.01E-06
VOC [1,2-Dibromoethane 106-93-4| 2.22E+01 2.37E-02 3.72E-01 7.29E-05 6.02E-02 2.98E-08 5.83E-03 9.21E-06
VOC |1,2-Dichloroethane 107-06-2| 1.75E+01 2.92E-02 8.99E-01 8.55E-05 1.46E-01 3.50E-08 2.04E-02 1.04E-05
VOC [Ethyl Benzene 100-41-4| 3.67E+02 2.20E-01 6.48E-01 6.74E-05 1.05E-01 2.76E-08 7.27E-03 9.46E-06
VOC [Methyl tert-butyl ether 1634-04-4| 1.15E+01 1.83E-02 7.42E-01 8.73E-05 1.20E-01 3.57E-08 1.43E-02 1.01E-05
VOC [Toluene 108-88-3| 1.80E+02 1.93E-01 7.52E-01 7.43E-05 1.22E-01 3.04E-08 1.46E-02 1.01E-05
VOC [1,2,4-Trimethylbenzene 95-63-6 8.97E+02 1.61E-01 5.24E-01 6.84E-05 8.48E-02 2.80E-08 1.81E-03 7.44E-06
VOC [1,3,5-Trimethylbenzene 108-67-8| 1.76E+03 1.54E-01 5.20E-01 7.49E-05 8.42E-02 3.06E-08 8.81E-04 6.02E-06
VOC |Xylenes (total) 1330-20-7| 3.86E+02 2.52E-01 6.74E-01 7.56E-05 1.09E-01 3.09E-08 8.23E-03 9.60E-06
SVOC |Anthracene 120-12-7| 2.97E+04 1.30E-03 2.80E-01 6.69E-05 4.53E-02 2.74E-08 2.40E-07 1.09E-07
SVOC |Benzo(a)anthracene 56-55-3| 4.01E+05 5.55E-05 4.41E-01 7.78E-05 7.14E-02 3.18E-08 1.20E-09
SVOC |Benzo(a)pyrene 50-32-8| 1.01E+06 1.49E-05 3.72E-01 7.78E-05 6.02E-02 3.18E-08 1.11E-10
SVOC |Benzo(b)fluoranthene 205-99-2| 1.24E+06 1.66E-03 1.95E-01 4.80E-05 3.16E-02 1.97E-08 5.08E-09
SVOC |Benzo(g,h,i)perylene 191-24-2| 1.28E+07 1.10E-05 1.88E-01 4.54E-05 3.04E-02 1.86E-08 3.32E-12
SVOC |Chrysene 218-01-9| 4.01E+05 1.48E-03 2.14E-01 5.37E-05 3.47E-02 2.20E-08 1.54E-08
SVOC |Ethanol 64-17-5| 6.81E-01 1.75E-04 1.06E+00 1.12E-04 1.72E-01 4.60E-08 5.09E-04
SVOC |Fluorene 86-73-7| 1.38E+04 1.39E-03 3.14E-01 6.81E-05 5.08E-02 2.79E-08 6.17E-07 1.75E-07
SVOC |Indeno(1,2,3-cd)pyrene 193-39-5| 3.45E+06 2.03E-05 1.64E-01 4.89E-05 2.66E-02 2.00E-08 1.96E-11
SVOC |Naphthalene 91-20-3| 2.01E+03 1.20E-02 5.10E-01 6.48E-05 8.26E-02 2.65E-08 5.94E-05 1.72E-06
SVOC |Phenanthrene 85-01-8| 2.42E+04 1.41E-03 3.24E-01 6.45E-05 5.25E-02 2.64E-08 3.67E-07 1.35E-07
SVOC |Pyrene 129-00-0| 1.06E+05 2.00E-04 2.35E-01 6.26E-05 3.81E-02 2.56E-08 8.73E-09
SVOC |Tetraethylene Glycol 112-60-7| 3.00E-02 1.62E-11 4.39E-01 6.96E-05 7.11E-02 2.85E-08 5.30E-07
INORG |Lead 7439-92-1 9.00E+02
Notes:
Soil bulk density kg/L Po 1.66
Soil porosity L/L-soil 0 0.38
Soil water content L/L-soil 0, 0.05
Soil air-filled porosity L/L-soil 0, 0.32
Soil organic carbon fraction unitless foc 0.005
Averaging period (Exposure Duration) years T 26
days T 9490
Temperature °c Temp 18
Clean soil above source m Z,
Bottom of source depth m Z, 5.79

Based on the volatilization model developed by Jury et. al. (1983) 