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Evergreen Responses

PADEP Remedial Investigation Report (RIR) Addendum Review for AOI 9

Dated April 18, 2017

AOI 9 RIR Addendum  � PADEP Comment Number (Corresponding to PADEP "Report Comments" Document Dated April 18, 2017) Evergreen Response

1.     Page 2: Screening Rationale: Subsurface soil sample results were screened against PADEP non�residential soil direct contact MSCs. The original AOI 9 RIR was a multi�step screen 

including comparison to PADEP soil�to�groundwater MSCs. Why was the screening rationale changed? 

The subsurface soil screening in the AOI 9 RIR Addendum (dated February 8, 2017) is the same as presented in the AOI 9 RIR 

(dated December 31, 2015).  

2.     In the 2015 sampling, Evergreen identified exceedances of direct contact MSCs for 1,2,4 TMB at 3–4 ′ depth in the T�100 area. Langan’s 2/8/2017 SCR/RACR indicates that no 

remedial action is necessary for these exceedances because PES’s excavation permitting and PPE procedures would protect workers from exposures. However, the TMB direct contact standards are 

based on inhalation exposures for outdoor receptors (even without an excavation). A risk assessment or remedial action is required to attain the site�specific standard. A risk calculation or 

determination of a site�specific numerical value using EPA’s current TMB RfC value (IRIS database, Sep 2016) may demonstrate acceptable risks for these concentrations. 

Langan is preparing a Human Health Risk Assessment for the PES Refining Complex.  Inhalation exposure to constituents in 

ambient air has been evaluated through collection of ambient air samples at AOI�9. The data indicate 1,2,4�TMB is present at 

low levels in ambient air, several orders of magnitude below applicable industrial hygiene standards.

3.     On 3/28/2016 DEP disapproved the 12/31/2015 RIR. The key deficiency was the lack of groundwater characterization beyond the western property boundary. Evergreen apparently attempted to 

install wells in the Essington Avenue right�of�way, but they were unsuccessful  at obtaining access to do so. Without data on offsite groundwater elevations and plume delineation, the 

characterization remains incomplete. [§250.408(a), (b), and (e)] 

Evergreen is in the process of attempting to obtain access to off�site areas for the purpose of installing groundwater 

monitoring well.  Access agreements with off�site owners are nearly finalized as of the submittal date of this response to 

comments.  The results of additional characterization completed in this area, which will include results from sampling off�site 

wells and evaluating potential off�site sources, will be provided in a future RIR addendum.

4.     Quantitative modeling of the benzene plume (by Stantec, Appendix D) indicates a potential plume length of up to ~1700 ′, which is substantially farther than the distance between the available 

source and calibration wells. The model may be conservative, but it implies a large and very uncertain extrapolation. In addition, no modeling was presented for MTBE, which likely extends offsite as 

well.

Delineation of potential off�site dissolved concentrations of COCs in groundwater is being pursued by Evergreen through 

installation and sampling of off�site wells.  Access agreement negotiations are active.  The results of additional 

characterization completed in this area, which will include results from sampling off�site wells, updating modeling and 

evaluating potential off�site sources, will be provided in a future RIR addendum.

5.     Langan intends to review DEP’s files for other cleanup sites on Essington Avenue, such as the Enterprise Leasing property. We suggest that these file reviews should have been performed as 

part of the remedial investigation. We are aware of three sites in DEP’s records that may have useful information, listed below. Some selected data from the sites is being sent separately. 

Groundwater flow west of Essington may differ from that assumed in Stantec’s modeling. 

Site Address Facility ID Records ID 

Flying Carport 7780 Essington Ave. 619338 191676 

Eastwick Industrial Park 7001–7801 Essington Ave. — 22111 

Enterprise Leasing Co. 7001 Essington Ave. 719112 8321 

Evergreen has reviewed the PADEP provided information.

6.    New monitoring wells installed near the southwestern property boundary (S�142 and S�143) show MTBE exceedances (up to 250 ug/L). Horizontal delineation of this plume is  necessary.  No 

MTBE model was presented, and current groundwater data does not appear to be sufficient to model this plume. [§250.408(a), (b), and (e)] 

Offsite monitoring wells and access issues are being evaluated by Evergreen.  Access agreements are almost finalized as of 

the submittal of these response to comments.   Offsite monitoring well installation and groundwater results will be included in 

a future RIR addendum.

7.    Langan suggested in the report that the MTBE contamination in the southwest may have originated offsite. However, groundwater flow in the unconfined aquifer and the lower aquifer is inferred 

to the south in this area. Contouring of lower aquifer MTBE in Figure I�6, based only on three widely separated wells, is not a reliable interpretation. No justification was provided to support the 

suggestion that the MTBE plume was more likely to originate offsite rather than within the SRTF.

The sub�bullet that is questioned appears in Section 6.4 on pages 26 and 27.  The text of the sub�bullet states "Plume 3 was 

identified based on the re�classification of wells (hydrostratigraphic units) and the October 2016 limited groundwater sampling 

event.  Plume 3 is comprised of MTBE plumes in both the unconfined and lower aquifer the southwest portion of AOI 9.  The 

MTBE plume in the unconfined aquifer appears to be stable.  The extent of the MTBE plume in the lower aquifer is not well 

defined and could potentially be from off�site source(s).  The potential source(s) of MTBE will be evaluated during a future RIR 

addendum and comprehensively modeled to estimate the future extent of groundwater concentrations."

8.     Pages 13–14: Langan states that MW�74D, MW�76D, and MW�106D had downhole video performed due to missing logs. EPA did not locate any further discussion of this in the RIR addendum. 

Is there useful information to expand upon this statement? 

No, there is no additional information.  This effort was conducted to establish screen lengths and elevations for monitoring 

wells MW�74D, MW�76D, and MW�106D.  The construction information for these monitoring wells was included in Table 2.

9.     It’s suggested in the report that increased concentrations in S�112 and the appearance of LNAPL in S�114 and S�122 may reflect unstable conditions or new releases. However, groundwater 

elevations were lower than typical in the Oct 2016 gauging event, and this may have had an effect. (See #28 below.) 

Based on LNAPL characterization the sample from S�114 was deemed as undegraded which indicates a newer release of 

product.  Also, monitoring wells S�114 and S�122 have approximately 5 years of gauging data with no previous occurrence of 

LNAPL.  Hydrographs for monitoring well S�114 and S�122 displaying groundwater elevations and apparent LNAPL 

thicknesses have been prepared and are attached.

10.     Please provide available construction information on the Philadelphia Schuylkill West Side Interceptor combined sewer line and the Essington Avenue / Mingo storm water line, including sizes 

and depths. (See #24 below.) 

The requested information is attached.  Langan has also revised Figures 5 and 6A to include the Mingo Avenue sewers and 

the Philadelphia Schuylkill West Side Interceptor.  Please refer to the response to Comment #24 below.

11.     Please document conditions at the time of air sampling, including indoor and outdoor temperatures, weather conditions (e.g., wind, precipitation, barometric pressure changes), and building 

characteristics (HVAC operation, ventilation, etc.). 
All available information from the field sheets related to the indoor and outdoor air sampling events is attached.

12.     As noted in the report, some reporting levels in the indoor air sample analyses exceeded applicable screening values. If Evergreen will be using risk�based screening values rather than 

occupation criteria (PELs), then those exceedances will need to be addressed.

Langan is preparing a Human Health Risk Assessment for the PES Refining Complex.  Reporting limit exceedances of 

applicable screening values will be addressed in the HHRA.  In Section 7.0 "Conclusions and Recommendations", page 30, 

subsection of Vapor, the first bullet states "Based on the results of the April 2016 indoor air samples collected in Buildings 

SR2 Corner Office and Loading Dock Office SR9, COC concentrations were below the site specific standards of 1/10th the 

PADEP statewide health standard or the EPA RSLs.  However, some of the laboratory’s reporting limits were above the 

applicable screening values.  These buildings will be further evaluated by Evergreen as part of the Complex�wide Cleanup 

Plan."

13.     The results of the outdoor air testing were presented in Section 4.5 and Table 8. However, there was no discussion of those results. They were not compared to occupational criteria in the 

table. Evergreen should interpret the results and discuss if they will be screened, used in a risk assessment, or addressed through compliance with occupational criteria. 

The following language was added to Section 4.5 of the RIR: "The results of the outdoor air samples will be discussed in the 

Human Health Risk Assessment for the PES Refining Complex.  Concentrations of constituents in outdoor air are below the 

applicable ACGIH TLVs and NIOSH RELs for all analytes."  The revised text is attached.  Table 8 has been updated with the 

applicable ACGIH TLVs and NIOSH RELs and is also attached.
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Evergreen Responses

PADEP Remedial Investigation Report (RIR) Addendum Review for AOI 9

Dated April 18, 2017

AOI 9 RIR Addendum  � PADEP Comment Number (Corresponding to PADEP "Report Comments" Document Dated April 18, 2017) Evergreen Response

14.     Pages 22–24: The Geology and Hydrogeology section of the CSM does not include information on the lower aquifer. The updated CSM should include this information. 
Langan has added lower aquifer information to the Geology and Hydrogeology section of the CSM in both the RIR Addendum 

text and the Appendix I Qualitative Fate and Transport text.  The revised text is attached.

15.     Page 26: bullet 1: Langan states both qualitative and quantitative assessments were completed to refine the current CSM for AOI 9. This information is not included in the updated CSM in 

Section 6. The updated CSM should include this information. 

Langan has updated and revised the CSM in both the RIR Addendum text and the Appendix I Qualitative Fate and Transport 

text.  The revised text is attached.

16.     Pages 26 and 29: AOI plumes: Confusing terminology – There appears to be differences between the use of plume and source in the RIR itself and then between the RIR and the Appendix I 

Qualitative Fate and Transport Assessment. Bullet 3 of page 26 says three areas have been identified as source areas for groundwater petroleum impacts. Then the second bullet of this section says 

Plume 2 is a historically undefined source. The next sentence then says there appears to be separate source areas associated with Plume 2. Then for comparison with the Appendix I F&T 

Assessment, page I�13 discusses a concentration versus time plot indicating a benzene source centered on S�112 is potentially increasing, followed next by a separate source area at S�115 with an 

increasing plume.

Langan has clarified the terminology in both the RIR Addendum and Qualitative F&T text.  The revised text is attached.

17.     Page 26: Plume 3 bullet: Page I�14 of the Appendix I F&T Assessment states the MTBE plume in the lower aquifer is potentially increasing. The updated CSM should include this information. Third sub�bullet on page 26 of the AOI 9 RIR Addendum can be updated.  The updated and revised  text is attached.

18.     Page 27: Potential Migration Pathways and Site Receptors does not include direct contact exposures to off�site groundwater during excavation activities, off�site groundwater users, off�site 

vapor intrusion, or ecological receptors in the Schuylkill River. EPA believes these should be included as potential receptors. Could VI or DC from GW in storm sewer lines be a potential pathway also? 
Potential migration pathways and offsite receptors will be evaluated as part of a future RIR addendum.

19.     Page 28: Soil bullet 3: The text “with regard to...the soil�to�groundwater pathway” is not followed by a conclusion or recommendation pertaining to that pathway. The soil�to�groundwater pathway will be evaluated through analysis and characterization of the groundwater pathway.

20.     There are discrepancies in Table 2. For some monitoring wells the screen length equals the well completion depth. (This was pointed out in DEP’s 3/10/2016 comments, corrected by Langan in 

the 3/22/2016 supplementary information submittal, but then repeated in the 2/8/2017 addendum.) 
Langan has revised Table 2 and it is attached.

21.     In Table 7, 26 ug/m3 is presented as the “RSL” for trimethylbenzenes. However, this is not EPA’s published RSL, but rather a calculated value using the 2016 RfC value. EPA will presumably 

post a new RSL in the near future. Exceedances of vapor intrusion screening values should generally be addressed through a risk assessment. 

Langan is preparing a Human Health Risk Assessment for the PES Refining Complex to address the exceedances of the vapor 

intrusion screening values.

22.     Several screening values in Table 7 are incorrect. For example, the benzene screening value based on EPA’s RSLs is 13 ug/m3, not 16 ug/m3. Screening values must be the lower of the cancer 

and non�cancer values. (See DEP’s vapor intrusion training materials.) 

Table 7 has been revised. There are no benzene exceedances of the lower RSL of 13 ug/m3.  There are no changes to 

exceedances with the updated standards.

23.     Figure 4 is titled “Interpreted Extent of Middle/Lower Clay.” However, based on Langan’s current interpretation and the figure legend, this map depicts the extent of the clay unit found in the 

Holocene alluvium, not the PRM Lower/Middle Clay. 
The title of Figure 4 has been revised to "Interpreted Extent of Holocene Clay".

24.     I ask that cross section B–B ′ (Figure 6b) include the PWD Schuylkill West Side Interceptor combined sewer line (near S�122) and the western extent be extended slightly to also show the 

Essington Avenue line. 

Langan has also revised Figures 5 and 6A to include the Mingo Avenue sewers and the Philadelphia Schuylkill West Side 

Interceptor.  The revised figures are attached.

25.     There are discrepancies with the modified well logs for S�110 and S�123 (Appendix C) and the information in Table 2. S�110: The log text says 5 ′ of bentonite was added, but the diagram 

indicates 2′ of bentonite in the originally 12 ′ deep well. Table 2 says the screen is now 2–7 ′. S�123: The log indicates a 5–10 ′ screen, but Table 2 says 2–10 ′. 

Langan has included a revised Table 2 as referenced in the above Response 20. We have also modified the logs for S�110 and 

S�123 to reflect the addition of 5' of bentonite.

26.     Filling the bottom of the S�110 and S�123 screens may have only a limited effect on the hydrostratigraphic interval sampled in the well because water will continue to move through the sand 

packs around the screens. 
Evergreen will no longer use monitoring wells S�110 and S�123 for groundwater elevations or analytical data.

27.     In Appendix D it’s stated that the S�117 well screen is fouled and may have poor hydraulic communication. Has Evergreen re�developed the well or considered replacing it? It is a point of 

compliance well, and I recommend correcting the problem so that Evergreen collects representative data from it. 
Evergreen will consider re�development of S�117.

28.     With the trend plots of groundwater concentration data in Appendix I (Figures I�7–12) it would also be helpful to plot hydrographs to show possible relationships with groundwater elevation 

changes. 
Langan has added this information to Appendix I Figures I�7 through I�12.

CSM and Pathways

Tables, Figures, and Appendices
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Project Location

Client/Project

Figure No.

Title
AOI 9 SITE PLAN FOR
QD ANALYSES

1

PHILADELPHIA REFINERY OPERATIONS
A SERIES OF EVERGREEN RESOURCES GROUP, LLC
3144 PASSYUNK AVENUE
PHILADELPHIA, PA 19145

Notes
1.
2.
3.
4.

5.

6.

³

Disclaimer: Stantec assumes no responsibility for data supplied in electronic format. The recipient 
accepts full responsibility for verifying the accuracy and completeness of the data. The recipient 
releases Stantec, its officers, employees, consultants and agents, from any and all 
claims arising in any way from the content or provision of the data.

213402599
Philadelphia Refining Complex
Schuylkill River Tank Farm
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Technical Review by JT on 12/12/2016

Independent Review by MN on 12/12/2016

Vertical Datum: North American Vertical Datum of 1988 (NAVD 88)
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Source: Stantec
Service Layer Credits: Image courtesy of USGS Earthstar Geographics  SIO ©
2017 Microsoft Corporation
Copyright:© 2013 National Geographic Society, i-cubed
Esri, HERE, DeLorme, MapmyIndia, © OpenStreetMap contributors
c.i. = contour interval; contours obtained from the Pennsylvania Spatial Data
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PaGWIS = Pennsylvania Groundwater Information System
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Air Sampling Locations and Field Conditions
October 2012 

Philadelphia Refinery Operations, a series of Evergreen Resources Group, LLC

1 of 1

AOI Sample 
No. Location/Description Sample 

Date
Start 
Time

Temperature 
(degrees F) at 

Start

Barometric 
Pressure 
(inHg) at 

Start

Weather Conditions at Start End Time
Temperature 
(degrees F) at 

End

Barometric 
Pressure 
(inHg) at 

End

Weather Conditions at End
Sample 
Duration 
(hr:min)

Canister 
ID

Regulator 
ID

Pre- 
Sample

Pressure, 
(PSI)

Post- 
Sample

Pressure, 
(PSI)

AOI 5 1 B&S Office 10/24/2012 10:35 60.8 30.14 Haze, no precipitation, wind 5.8 to 9.2 mph 14:35 71.6 30.08 Partly Cloudy, no precipitation, wind  4.6 to 6.9 mph 4:00 AC01003 FCA00317 29.5 8.0

AOI 5 2 B&S Office (outside) 10/24/2012 10:37 60.8 30.14 Haze, no precipitation, wind 5.8 to 9.2 mph 14:39 71.6 30.08 Partly Cloudy, no precipitation, wind  4.6 to 6.9 mph 4:02 AC00760 FCA00595 29.5 13.0

AOI 6 3 24 Gate Building (1st floor) 10/24/2012 10:50 60.8 30.14 Haze, no precipitation, wind 5.8 to 9.2 mph 14:50 71.6 30.08 Partly Cloudy, no precipitation, wind  4.6 to 6.9 mph 4:00 AC01853 FCA00134 29.5 7.0

AOI 6 4 24 Gate Building (2nd floor) 10/24/2012 10:52 60.8 30.14 Haze, no precipitation, wind 5.8 to 9.2 mph 14:52 71.6 30.08 Partly Cloudy, no precipitation, wind  4.6 to 6.9 mph 4:00 AC01010 FCA00188 29.6 7.3

AOI 6 5 GP Training Building (1st floor vending area) 10/24/2012 11:07 63.0 30.14 Haze, no precipitation, wind 5.8 to 9.2 mph 15:07 72.0 30.08 Partly Cloudy, no precipitation, wind  4.6 to 6.9 mph 4:00 AC01928 FCA00161 29.5 9.0

AOI 6 6 GP Training Building (1st floor west) 10/24/2012 11:10 63.0 30.14 Haze, no precipitation, wind 5.8 to 9.2 mph 15:10 72.0 30.08 Partly Cloudy, no precipitation, wind  4.6 to 6.9 mph 4:00 AC01669 FCA00564 29.5 9.0

AOI 6 7 GP Training Building (3rd floor gym) 10/24/2012 11:12 63.0 30.14 Haze, no precipitation, wind 5.8 to 9.2 mph 15:13 72.0 30.08 Partly Cloudy, no precipitation, wind  4.6 to 6.9 mph 4:01 AC00641 FCA00023 29.5 6.5

AOI 6 8 GP Training Building (basement) 10/24/2012 11:16 63.0 30.14 Haze, no precipitation, wind 5.8 to 9.2 mph 15:16 72.0 30.08 Partly Cloudy, no precipitation, wind  4.6 to 6.9 mph 4:00 AC00747 FCA00604 29.5 7.5

AO 6 9 GP Main Office Building (basement west) 10/24/2012 12:26 64.0 30.13 Haze, no precipitation, wind 5.8 to 9.2 mph 16:26 73.0 30.07 Partly Cloudy, no precipitation, wind  4.6 to 6.9 mph 4:00 AC01113 FCA00575 29.5 7.0

AOI 6 10 GP Main Office Building (basement center) 10/24/2012 12:31 64.0 30.13 Haze, no precipitation, wind 5.8 to 9.2 mph 16:31 73.0 30.07 Partly Cloudy, no precipitation, wind  4.6 to 6.9 mph 4:00 AC01436 FCA00521 29.4 10.0

AOI 6 11 GP Main Office Building (basement east) 10/24/2012 12:33 64.0 30.13 Haze, no precipitation, wind 5.8 to 9.2 mph 16:33 73.0 30.07 Partly Cloudy, no precipitation, wind  4.6 to 6.9 mph 4:00 AC01376 FCA00349 29.4 8.0

AOI 6 12 GP Main Office Building (1st floor entrance) 10/24/2012 12:36 64.0 30.13 Haze, no precipitation, wind 5.8 to 9.2 mph 16:37 73.0 30.07 Partly Cloudy, no precipitation, wind  4.6 to 6.9 mph 4:01 AC00672 FCA00198 29.4 4.8

AOI 6 13 GP Main Office Building (1st floor west) 10/24/2012 12:40 64.0 30.13 Haze, no precipitation, wind 5.8 to 9.2 mph 16:40 73.0 30.07 Partly Cloudy, no precipitation, wind  4.6 to 6.9 mph 4:00 AC01145 FCA00374 29.4 6.5

AOI 6 14 GP Main Office Building (2nd floor west) 10/24/2012 12:44 64.0 30.13 Haze, no precipitation, wind 5.8 to 9.2 mph 16:44 73.0 30.07 Partly Cloudy, no precipitation, wind  4.6 to 6.9 mph 4:00 AC00782 FCA00298 29.6 0.0

AOI 6 15 GP Main Office Building (2nd floor east) 10/24/2012 12:48 64.0 30.13 Haze, no precipitation, wind 5.8 to 9.2 mph 16:48 73.0 30.07 Partly Cloudy, no precipitation, wind  4.6 to 6.9 mph 4:00 AC00475 FCA00402 29.5 3.5

AOI 6 16 GP Main Office Building (outside west) 10/24/2012 12:54 66.9 30.12 Haze, no precipitation, wind 5.8 to 9.2 mph 16:54 73.0 30.08 Partly Cloudy, no precipitation, wind  4.6 to 6.9 mph 4:00 AC01263 FCA00516 29.4 9.5

AOI 7 17 440 Building (2nd floor Room 221, inspection) 10/24/2012 13:10 66.9 30.12 Haze, no precipitation, wind 5.8 to 9.2 mph 17:10 73.0 30.08 Partly Cloudy, no precipitation, wind  4.6 to 6.9 mph 4:00 AC01215 FCA00365 29.5 8.0

AOI 7 18 440 Building (2nd floor meeting room) 10/24/2012 13:13 66.9 30.12 Haze, no precipitation, wind 5.8 to 9.2 mph 17:13 73.0 30.08 Partly Cloudy, no precipitation, wind  4.6 to 6.9 mph 4:00 AC01670 FCA00319 29.6 5.5

AOI 4 19 15 Pump House (inside) 10/24/2012 13:27 66.9 30.12 Haze, no precipitation, wind 5.8 to 9.2 mph 17:27 73.0 30.08 Partly Cloudy, no precipitation, wind  4.6 to 6.9 mph 4:00 AC01930 FCA00016 29.5 7.0

AOI 4 20 15 Pump House (under roof w/ pump equipment, approximately 8-10' below 
grade)

10/24/2012 13:30 66.9 30.12 Haze, no precipitation, wind 5.8 to 9.2 mph 17:30 73.0 30.08 Partly Cloudy, no precipitation, wind  4.6 to 6.9 mph 4:00 AC01420 FCA00397 29.5 6.3

AOI 4 21 15 Pump House (outside, at grade) 10/24/2012 13:35 66.9 30.12 Haze, no precipitation, wind 5.8 to 9.2 mph 17:35 73.0 30.08 Partly Cloudy, no precipitation, wind  4.6 to 6.9 mph 4:00 AC01464 FCA00034 29.5 3.0

AOI 8 22 North Yard Scale House (inside) 10/24/2012 13:51 66.9 30.12 Haze, no precipitation, wind 5.8 to 9.2 mph 17:51 73.0 30.08 Partly Cloudy, no precipitation, wind  4.6 to 6.9 mph 4:00 AC00590 FCA00168 29.8 7.8

AOI 8 23 North Yard Scale House (outside) 10/25/2012 8:17 59.0 30.23 Overcast, no precipitation, wind 5.8 to 6.9 mph 12:17 62.6 30.24 Overcast, no precipitation, wind 3.5 mph 4:00 AC01664 FCA00422 29.0 11.0

24 “Trip blank,” regulator attached, unopened 10/24/2012 --- --- --- --- --- --- --- --- --- AC01830 FCA00480 29.4 29.4

25 “Trip blank,” regulator attached, unopened 10/25/2012 --- --- --- --- --- --- --- --- --- AC01093 FCA00058 29.5 29.5

AOI 9 26 SRTF Propane Loading (inside) 10/25/2012 8:59 60.1 30.25 Overcast, no precipitation, wind 5.8 to 6.9 mph 12:59 63.0 30.24 Overcast, no precipitation, wind 3.5 mph 4:00 AC00540 FCA00482 29.3 8.5

AOI 9 27 SRTF Main Pump House (inside) 10/25/2012 9:07 60.1 30.25 Overcast, no precipitation, wind 5.8 to 6.9 mph 13:08 63.0 30.24 Overcast, no precipitation, wind 3.5 mph 4:01 AC01810 FCA00609 29.4 8.0

AOI 9 28 SRTF Main Pump House (outside) 10/25/2012 9:10 60.1 30.25 Overcast, no precipitation, wind 5.8 to 6.9 mph 13:10 63.0 30.24 Overcast, no precipitation, wind 3.5 mph 4:00 AC01350 FCA00454 29.5 5.0

AOI 2 29 PB Main Office Building, (safety office) 10/25/2012 8:23 60.8 30.24 Overcast, no precipitation, wind 5.8 to 6.9 mph 12:23 62.6 30.24 Overcast, no precipitation, wind 3.5 mph 4:00 AC00716 FCA00239 29.5 0.0

AOI 2 30 PB Main Office Building, (medical area) 10/25/2012 8:29 60.8 30.24 Overcast, no precipitation, wind 5.8 to 6.9 mph 12:29 62.6 30.24 Overcast, no precipitation, wind 3.5 mph 4:00 AC00501 FCA00015 29.5 6.0

AOI 2 31 PB Main Office Building, (1st floor lobby) 10/25/2012 8:34 60.8 30.24 Overcast, no precipitation, wind 5.8 to 6.9 mph 12:34 62.6 30.24 Overcast, no precipitation, wind 3.5 mph 4:00 AC00765 FCA00303 29.5 5.8

AOI 2 32 PB Main Office Building,(1st floor east wing) 10/25/2012 8:37 60.8 30.24 Overcast, no precipitation, wind 5.8 to 6.9 mph 12:37 62.6 30.24 Overcast, no precipitation, wind 3.5 mph 4:00 AC01403 FCA00432 29.5 10.0

AOI 2 33 PB Main Office Building, (1st floor west wing) 10/25/2012 8:41 60.8 30.24 Overcast, no precipitation, wind 5.8 to 6.9 mph 12:41 62.6 30.24 Overcast, no precipitation, wind 3.5 mph 4:00 AC01573 FCA00449 29.5 3.0

AOI 2 34 PB Main Office Building, (2nd floor west wing) 10/25/2012 8:44 60.8 30.24 Overcast, no precipitation, wind 5.8 to 6.9 mph 12:44 62.6 30.24 Overcast, no precipitation, wind 3.5 mph 4:00 AC00947 FCA00632 29.5 5.0

AOI 2 35 PB Main Office Building, (2nd floor center file room) 10/25/2012 8:48 60.8 30.24 Overcast, no precipitation, wind 5.8 to 6.9 mph 12:48 62.6 30.24 Overcast, no precipitation, wind 3.5 mph 4:00 AC00033 FCA00473 29.5 4.0

AOI 2 36 PB Main Office Building, (2nd floor east conference room) 10/25/2012 8:51 60.8 30.24 Overcast, no precipitation, wind 5.8 to 6.9 mph 12:51 62.6 30.24 Overcast, no precipitation, wind 3.5 mph 4:00 AC01790 FCA00538 29.5 3.5

AOI 2 37 PB Lab (west lab) 10/25/2012 9:00 60.1 30.25 Overcast, no precipitation, wind 5.8 to 6.9 mph 13:00 63.0 30.24 Overcast, no precipitation, wind 3.5 mph 4:00 AC01886 FCA00274 29.5 5.0

AOI 2 38 PB Lab (2nd floor office) 10/25/2012 9:08 60.1 30.25 Overcast, no precipitation, wind 5.8 to 6.9 mph 13:08 63.0 30.24 Overcast, no precipitation, wind 3.5 mph 4:00 AC01487 FCA00418 29.5 4.5

AOI 2 39 PB Refinery Hall (2nd floor conference room) 10/25/2012 9:40 60.1 30.25 Overcast, no precipitation, wind 5.8 to 6.9 mph 13:40 63.0 30.24 Overcast, no precipitation, wind 3.5 mph 4:00 AC01115 FCA00563 29.6 6.5

AOI 2 40 PB Refinery Hall (2nd floor east wing) 10/25/2012 9:43 60.1 30.25 Overcast, no precipitation, wind 5.8 to 6.9 mph 13:43 63.0 30.24 Overcast, no precipitation, wind 3.5 mph 4:00 AC01243 FCA00603 29.4 2.0

AOI 2 41 PB Maintenance Shop (break room) 10/25/2012 9:51 60.1 30.25 Overcast, no precipitation, wind 5.8 to 6.9 mph 13:51 63.0 30.24 Overcast, no precipitation, wind 3.5 mph 4:00 AC01218 FCA00405 29.6 9.0

AOI 2 42 PB Maintenance Shop (office) 10/25/2012 9:55 61.0 30.25 Overcast, no precipitation, wind 5.8 to 6.9 mph 13:55 64.0 30.23 Overcast, no precipitation, wind 3.5 mph 4:00 AC01179 FCA00040 29.6 4.8

AOI 2 43 PB buildings (adjacent gate area) 10/25/2012 10:00 61.0 30.25 Overcast, no precipitation, wind 5.8 to 6.9 mph 14:00 64.0 30.23 Overcast, no precipitation, wind 3.5 mph 4:00 AC00870 FCA00215 29.5 6.0

44 “Trip blank,” regulator attached, unopened 10/25/2012 --- --- --- --- --- --- --- --- --- AC00993 FCA00619 29.5 29.5

Notes:

AOI = Area of Inerest
F = Fahrenheit
inHg = inches of merucry
PSI = pounds per square inch
mph = miles per hour
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4.5 Outdoor Worker Air Sampling Results 

Aquaterra collected four outdoor worker ambient air samples in 2016 from select 

locations from within AOI 9 based upon PADEP vapor intrusion guidance 

documents.  The air sample results are provided in Table 8 and outdoor worker 

ambient air sample locations are displayed in Figure 18. The results of the outdoor 

air samples will be discussed in the Human Health Risk Assessment for the PES 

Refining Complex.  Concentrations of constituents in outdoor air are below the 

applicable ACGIH TLVs and NIOSH RELs for all analytes.   

 



Table 8

Summary of Outdoor Worker Air Quality Analytical Results

AOI 9 Remedial Investigation Report Addendum

PES Philadelphia Refining Complex

Philadelphia, Pennsylvania

Location

Sample

Date

Collected By

Unit Result Q MDL RL DF Result Q MDL RL DF Result Q MDL RL DF Result Q MDL RL DF

1,2,4�Trimethylbenzene 95�63�6 125,000 123,000 ug/m3 15.5 0.19 3.7 1.49 13.9 0.18 3.6 1.44 6.9 0.18 3.6 1.44 11.9 0.18 3.6 1.44

1,2�Dibromoethane (EDB) 106�93�4 346 NS ug/m3 ND U 1.2 2.3 1.49 ND U 1.1 2.2 1.44 ND U 1.1 2.2 1.44 ND U 1.1 2.2 1.44

1,2�Dichloroethane (EDC) 107�06�2 4,000 40,500 ug/m3 ND U 0.31 0.61 1.49 ND U 0.3 0.59 1.44 ND U 0.3 0.59 1.44 ND U 0.3 0.59 1.44

1,3,5�Trimethylbenzene 108�67�8 125,000 123,000 ug/m3 5.1 0.27 1.5 1.49 4 0.26 1.4 1.44 2.2 0.26 1.4 1.44 4 0.26 1.4 1.44

Benzene 71�43�2 319 1,600 ug/m3 61.2 0.18 0.97 1.49 1.6 0.18 0.94 1.44 0.73 J 0.18 0.94 1.44 21.5 0.18 0.94 1.44

Ethylbenzene 100�41�4 435,000 86,800 ug/m3 14 0.63 3.3 1.49 2.9 J 0.61 3.2 1.44 1.9 J 0.61 3.2 1.44 9.4 0.61 3.2 1.44

Isopropylbenzene (Cumene) 98�82�8 245,000 246,000 ug/m3 2.2 J 0.21 3.7 1.49 1.1 J 0.2 3.6 1.44 ND U 0.2 3.6 1.44 ND U 0.2 3.6 1.44

Methyl Tertiary Butyl Ether 1634�04�4 NS 180,000 ug/m3 ND U 0.45 5.5 1.49 ND U 0.44 5.3 1.44 ND U 0.44 5.3 1.44 ND U 0.44 5.3 1.44

Naphthalene 91�20�3 50,000 52,000 ug/m3 5.7 J 0.45 7.9 1.49 3 J 0.44 7.7 1.44 3.2 J 0.44 7.7 1.44 3.8 J 0.44 7.7 1.44

Toluene 108�88�3 375,000 75,400 ug/m3 162 0.23 1.1 1.49 10.5 0.22 1.1 1.44 6.4 0.22 1.1 1.44 86.4 0.22 1.1 1.44

Xylenes (Total) 1330�20�7 435,000 434,000 ug/m3 70.4 1.2 2.6 1.49 12.1 1.1 2.5 1.44 4.9 1.1 2.5 1.44 48.4 1.1 2.5 1.44

Note:

CAS � Chemical Abstrct Number

ug/m3 � Micrograms per cubic meter

Q � Qualifier

MDL � Method detection limit

RL � Reporting limit

DF � Dilution factor

ND � Not detected

NIOSH RELs � National Institute for Occupational Safety and Health Recommended Exposure Limits.

ACGIH TLVs � American Conference of Governmental Industrial Hygienists Threshold Limit Value.

NIOSH RELs and ACGIH TLVs  from GHD's Air Data Evaluation Letter (Reference No. 11109626), November 9, 2016.

Qualifiers:

U � Compound analyzed but not detected

J� Estimated Value. Result between method detection and reporting limits

Analyte CAS Number NIOSH RELs ACGIH TLVs 5/2/2016

AOI97AA7167004

5/2/2016

Aquaterra Aquaterra Aquaterra Aquaterra

5/2/2016 5/2/2016

AOI97AA7167005

AOI97AA7167002720160502 AOI97AA7167003720160502 AOI97AA7167004720160502 AOI97AA7167005720160502

AOI97AA7167002 AOI97AA7167003

\\langan.com\data\DT\data6\2574601\Office Data\Reports\Remedial Investigation Reports\AOI 9\RIR\RIR Addendum\PADEP Disapproval AOI 9 RIR Addendum 041817\13\Table 8 � OWA Results Table_063017 1 of 1
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6.0 CONCEPTUAL SITE MODEL    

A preliminary conceptual site model (CSM) for the facility, including AOI 9, was presented in 

the CCR.  The CSM for AOI 9 was later refined as part of the 2009 AOI 9 SCR and the 2015 

AOI 9 RIR.  Data collected from site characterization activities completed since the submittal of 

the 2015 AOI 9 RIR were used to further refine the CSM.  The updated CSM for AOI 9 is 

described in the following sections. 

 

6.1 Geology and Hydrogeology 

The following describes geologic and hydrogeologic conditions in AOI 9: 

 

• Anthropogenic Fill is present throughout most of AOI 9 with thicknesses up to 

21 feet.  Fill is thickest in the east and gradually thins to the west. 

• The Holocene Alluvium is present throughout most of AOI 9 ranging in thickness 

from 0 feet up to approximately 22 feet.  Based on the available stratigraphic 

data, the Holocene Alluvium appears to be stratified with layers of silt and sands, 

and less permeable clay. 

• The Trenton Gravel is laterally continuous throughout AOI 9,  and generally 

ranges from approximately 20 to 30 feet thick with a greatest thickness of 

approximately 58 feet observed at monitoring well S-144SRTF  

• The Upper Sand does not appear to be continuous throughout AOI 9, and most 

likely occurs as thin discontinuous lenses overlying the Middle Clay, where 

present. 

• The Middle Clay is discontinuous throughout AOI 9. Where present, the Middle 

Clay is thickest in the south based on monitoring wells S-138SRTF and S-

143SRTF (up to 8 feet thick in S-143SRTF). 

• The Middle Sand is discontinuous throughout AOI 9, and has a similar extent as 

the overlying Middle Clay; progressively pinching out to the northwest in the 

direction of the Fall Line. The Middle Sand ranges in thickness from zero feet to 

approximately 15 feet. 

• The Lower Clay appears to be discontinuous but where present ranges in 

thickness up to approximately 8.5 feet. 

• The Lower Sand is located approximately 59 to 70 feet bgs and ranges in 

thickness between 29 to 45 feet.  Beneath the Lower Sand is the Wissahickon 

Schist bedrock. 
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• The depth to weathered bedrock beneath AOI 9 was encountered from 

approximately 99 to 117 feet bgs. 

• The hydrogeologic framework for AOI 9 consists of four layers.  Layer 1 is a 

perched aquifer supported by the thick anthropogenic fill deposits overlying the 

Holocene Clay in the eastern portion of the AOI.  Layer 2 is the unconfined 

aquifer, which consists of the combined Holocene Alluvium, Trenton Gravel, and 

Upper Sand (where present). Layer 3 is the discontinuous Middle Clay confining 

unit.  Layer 4 is the Middle Sand, Lower Clay, and Lower Sand (lower aquifer) 

which is a semi-confined. 

• Groundwater recharge of the perched aquifer occurs at the potentiometric high 

centered on S-74SRTF.  From this high point, perched groundwater flows radially 

outward and eventually converges on at the center of AOI 9 towards the hole in 

the Holocene clay. 

• Perched groundwater recharges the unconfined aquifer at the western extent of 

the perched aquifer and preferentially where the Holocene clay is absent in the 

center of AOI9.   

• The groundwater elevations in the unconfined aquifer throughout most of AOI 9 

generally range from -8 to -10 NAVD 88.  These low water table elevations 

throughout the majority of AOI 9 are most likely a result of pumping in Mingo 

Creek basin. 

• It appears that the potentiometric surface for the unconfined aquifer is 

representative of differential draw down throughout AOI 9 because of the 

pumping in Mingo Creek basin. 

• Unconfined aquifer groundwater in the northern third of AOI 9 generally flows to 

the south. 

• Unconfined groundwater in the central portion of the site flows radially outward 

from a potentiometric high point centered on S-74D2. 

• Groundwater in the lower aquifer generally flows to the south towards the 

Delaware River.  The observed flow patterns generally correspond to the flow 

direction indicated by the 1995-1996 potentiometric surface for the lower sand 

as modeled (last simulated time step) and observed by Schreffler (Schreffler, 

2001). 

 

6.2 Compounds of Concern 

The following summarizes relevant information concerning COCs by media in AOI 9: 
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Soil 

• Benzene, 1,2,4-TMB, 1,3,5-TMB, ethyl benzene, naphthalene, benzo(a)pyrene, 

benzo(b)flouranthene, toluene, and lead are the only COCs in surface soil that 

were reported above the PADEP non-residential soil MSCs.  The site COC 

benzo(b)flouranthene was added to this list since the submittal of the 2015 AOI 

9 RIR. These compounds have been delineated where soil boring results were 

above the soil direct contact MSC or the SSS for lead. 

• Lead, 1,2,4-TMB, 1,3,5-TMB, ethyl benzene, total xylenes, naphthalene, toluene, 

and benzene are the only COCs in subsurface soil that were reported above the 

PADEP non-residential soil MSC or direct contact MSC.  No additional site COCs 

were identified in subsurface soil since the submittal of the 2015 AOI 9 RIR.  

Groundwater 

• Benzene, 1,2,4-TMB, EDB, ethylbenzene, MTBE, naphthalene, and lead, 1,2,4-

TMB, ethyl benzene, EDB, MTBE, and naphthalene are the COCs in perched 

groundwater that were above their respective PADEP non-residential 

groundwater MSCs. 

• All of the site COCs in unconfined aquifer, except for cumene, were above their 

respective PADEP non-residential groundwater MSCs. 

• Benzene and MTBE are the only COCs in the lower aquifer that were above their 

respective PADEP non-residential groundwater MSC. 

 

Indoor Air 

• No COCs in indoor air were detected above the site specific standards of 1/10th 

the PADEP statewide health standard and the EPA RSLs (cancer risk 10—5 and 

10-6 at a hazard quotient of 0.1) during the 2016 indoor air sampling event.   

 

6.3 LNAPL Distribution and LNAPL Mobility 

The following summarizes relevant information concerning LNAPL distribution in AOI 9: 

 

• MW-1SRTF, MW-2SRTF, and MW-3SRTF in AOI 9 contain measurable LNAPL 

classified as light distillate.  MW-2SRTF and MW-3SRTF are monitoring wells in 

the area of the Blending Building, near MW-1SRTF.  The occurrence of LNAPL in 
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MW-1SRTF correlates with the COC concentrations that exceeded MSCs in 

unconfined groundwater in this area.  Based on the presence of LNAPL in 

monitoring wells MW-1SRTF, MW-2SRTF, and MW3-SRTF and the occurrence 

of LNAPL in MW-1SRTF over time, continued monitoring will be performed to 

assess the localized LNAPL plume; mobility of the plume is not apparent beyond 

this localized area. 

 

• S-114SRTF and S-122SRTF in AOI 9 contain measurable LNAPL classified as 

mixes of light/middle distillates.  Both wells are located in the central portion of 

AOI 9 and have only recently been found to contain measurable thicknesses of 

LNAPL.  The occurrence of LNAPL in S-114SRTF and S-122SRTF correlates with 

the COC concentrations that exceeded MSCs in unconfined groundwater in the 

areas of the wells.   Based on the presence of LNAPL in monitoring wells 

surrounding MW-1SRTF, continued monitoring of LNAPL in the blending area will be 

continued to assess if the LNAPL is stable and immobile.  The newly identified 

LNAPL in monitoring wells S-114SRTF and S-122SRTF will also be monitored to 

evaluate their mobility. 

 

6.4 Fate and Transport of COCs 

• No fate and transport modeling was completed for the soil analytical results. The 

soil-to-groundwater pathway is evaluated through groundwater data. 

• Both qualitative and quantitative (Appendix D) assessments were completed to 

assess the potential fate and transport of dissolved petroleum impacts and 

refine the current CSM for AOI 9. 

• For the AOI 9 CSM plume stability assessment, benzene and MTBE, the most 

mobile of the COCs, were the focus of the qualitative fate and transport 

evaluation.  The plume stability assessments for these compounds indicate that 

their plumes are either decreasing or stable, with the exception of the benzene 

plume at S-112SRTF.  See Appendix I. 

• Three dissolved phase petroleum plume areas have been identified in AOI 9.   

o Plume 1 is related to residual LNAPL in soil near several historical 

recovery wells in the Blending Area located near the southern property 

boundary.  Based on the limited extent of Plume 1, limited LNAPL 

mobility, and the presence of an underlying clay aquitard (Holocene clay), 
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contamination from this area is unlikely to migrate any further to reach 

any potential receptors.   

o Plume 2 is generally located in the west-central portion of AOI 9. The 

dissolved phase petroleum impacts in this area do not appear to be 

related to a single “source area”, but are more likely a result of isolated 

dissolved phase plumes that have co-mingled over time.  For the purpose 

of the qualitative fate and transport assessment, four major plumes have 

been identified in this area: 

� A larger benzene plume centered around monitoring well S-

112SRTF;  

� A smaller benzene plume centered around monitoring well S-

115SRTF; 

� A larger MTBE plume centered around monitoring well S-

144SRTF; and 

� A smaller MTBE plume centered around monitoring well S-

115DSRTF. 

Isolated LNAPL plumes identified at monitoring wells S-114SRTF and S-

122SRTF may be contributing dissolved phase petroleum impacts to this 

area.  Recent benzene results (October 2016) from S-112SRTF indicate 

the source area of the larger benzene plume may be increasing.  

However, downgradient wells within this plume show stable 

concentration trends.  Based on the groundwater flow direction maps 

and isoconcentration maps for benzene and MTBE, portions of the 

dissolved plumes may have migrated to the west beyond the AOI 9 

property boundary.  A quantitative assessment of the potential off-site 

transport of benzene from Plume 2 is provided in Appendix D.  A bulleted 

summary of the quantitative fate and transport analysis of the benzene 

from Plume 2 is provided below 

o The Quick Domenico (QD) groundwater fate and transport 

model was used to predict the downgradient extent that 

benzene could potentially migrate past the western boundary 

of AOI 9. 
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o Constant source and steady state scenarios were simulated 

for observed benzene concentrations at monitoring wells S-

112SRTF and S-115SRTF. 

o The QD model at S-112SRTF was calibrated to benzene 

concentrations observed at the downgadient (southwest) 

monitoring well S-113SRTF by varying the decay constant 

(degradation coefficient). 

o There is currently no calibration monitoring point 

downgradient of S-115SRTF.  Therefore, the QD model at S-

115SRTF could not be calibrated, and a conservative value for 

the decay constant of 0.001 day-1 was utilized for the plume 

extent estimate for this well. 

o The QD models for S-112SRTF and S-115SRTF predicted 

benzene plume lengths of approximately 900 feet and 1,750 

feet, respectively. 

o The QD estimated plume lengths indicate the benzene from 

Plume 2 would extend onto adjacent properties to the west of 

the AOI 9 boundary. 

o Plume 3 was identified based on the re-classification of wells 

(hydrostratigraphic units) and the October 2016 limited groundwater 

sampling event.  Plume 3 is comprised of MTBE plumes in both the 

unconfined and lower aquifers in the southwest portion of AOI 9.  The 

MTBE plume in the unconfined aquifer appears to be stable.  The extent 

of the MTBE plume in the lower aquifer is not well defined and could 

potentially be from off-site source(s).  Based on the MTBE concentration 

trends observed during limited sampling events at monitoring well S-

118DSRTF, the MTBE plume in the lower aquifer is potentially increasing.  

The potential source(s) of MTBE will be evaluated during the Complex-

wide Cleanup Plan activities and comprehensively modeled to estimate 

the future extent of groundwater concentrations.  

 

6.5 Potential Migration Pathways and Site Receptors 

The following summarizes potential migration pathways and site receptors for AOI 9.   

• AOI 9 is situated within a fenced and secured area to prevent unauthorized 

access.   
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• The potential direct contact pathway to soil greater than two feet is deemed 

incomplete based on PES’s on-site work permit and PPE procedures, which limit 

exposure to soil encountered in excavations.   

• The potential direct contact pathway to groundwater is deemed incomplete 

based on PES’s on-site work permit and PPE procedures, which limit exposure 

to groundwater that may be encountered in excavations.   

• COC concentrations in potential indoor air receptors are not above the site 

specific standards of 1/10th the PADEP statewide health standard or the EPA 

RSLs during the 2016 indoor air sampling event. 

• Based on the results from the Stantec quantitative F&T assessment for provided 

in Appendix D, groundwater with dissolved phase COCs above the MSCs have 

the potential to extend beyond the western boundary of AOI 9 and the Complex.  

The results of this evaluation were utilized to assess potential offsite VI concern.   

• LNAPL is contained within the boundaries of AOI 9.  The potential direct contact 

pathway to LNAPL is deemed incomplete based on PES’s on-site permit and 

PPE procedures, which prevent exposure to LNAPL that may be encountered in 

excavations.   

• The areas with surface soil concentrations above COC direct contact MSCs and 

lead above the SSS will be remediated by Evergreen to eliminate the potential 

exposure pathway.  The remediation activities will be discussed in a separate 

Complex-Wide Cleanup Plan. 

 



  

 APPENDIX I 

Qualitative Fate & Transport Assessment 

Remedial Investigation Report Addendum– AOI 9 

Philadelphia Energy Solutions Refining & Marketing, LLC 

Philadelphia Refining Complex 

Philadelphia, Pennsylvania 
 

Introduction 

In September 2015, representatives from Evergreen’s team, the Pennsylvania Department of 

Environmental Protection Agency (PADEP) and the United States Environmental Protection 

Agency (EPA) met to discuss the fate and transport (F&T) approach for the Complex.  It was 

agreed upon during the meeting that AOI Remedial Investigation Reports (RIRs) would provide 

a qualitative F&T assessment and that a Complex-wide groundwater flow and transport model 

would be presented for the Complex as part of a separate report.  The Complex-wide model 

will provide a quantitative F&T assessment for the Complex utilizing a Complex-wide numerical 

groundwater flow and contaminant transport model currently being developed by Stantec and 

other consultants on behalf of Evergreen.     

 

This appendix contains the qualitative assessment for the AOI 9 RIR Addendum.  The 

assessment includes information regarding the following conditions in AOI 9: 

 

• Geologic framework; 

• Hydrogeologic conditions; 

• Hydrologic conditions; 

• Anthropogenic features (such as the adjacent Mingo Creek Flood Control System); 

• Constituent of concern (COC) plume stability; and  

• Potential receptors. 

 

The purpose of this assessment is to qualitatively evaluate the potential fate and transport of 

dissolved petroleum impacts and refine the current conceptual site model (CSM) for AOI 9.   

 

Framework Summary 

General Geologic Framework  

The Complex lies within the up-dip limits of the Atlantic Coastal Plain, generally within two 

miles of the “Fall Line,” where crystalline bedrock of the Appalachian foothills intersects the 

ground surface (outcrops).  The Atlantic Coastal Plain is a physiographic province that is defined 

as having relatively flat topography and as being underlain by a characteristic wedge of 
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unconsolidated sediments that thicken in a southeasterly direction, away from sediment source 

areas in the Appalachian Mountains.  These sediments were deposited atop a sloping bedrock 

surface in complex fluvial, estuarine, and marginal marine environments along the passive 

Atlantic margin.  Overall, subsidence of the Piedmont land surface in conjunction with cyclical 

sea-level fluctuations have been the primary controlling mechanisms driving periods of 

deposition, non-deposition and erosion in the Atlantic Coastal Plain (Trapp and Meisler, 1992).  

In general, the resulting sedimentary record in the vicinity of the Complex is complicated, 

largely incomplete, and under-represented by only Cretaceous and Quaternary deposits, 

separated by a regional disconformity.  A general summary of those deposits that are identified 

in AOI 9 is presented below. 

 

Anthropogenic Fill 

Throughout most of the Complex the surface is covered by anthropogenic fill.  These 

materials are heterogeneous and have been described on borehole logs as a mixture of 

compacted soil and anthropogenic debris, including sand, clay, silt, gravel, cinders, 

concrete, asphalt, crushed stone, ash, glass, brick fragments, and wood. 

 

Quaternary Deposits 

A recent (Holocene) alluvium deposit is present throughout most of the Complex 

beneath the anthropogenic fill.  The Holocene alluvium generally consists of 

predominantly gray, muddy deposits with occasional sandy, gravelly, and organic-rich 

lenses.  These sediments were deposited in dynamic floodplain, channel, and marsh 

environments through the Holocene.  The Trenton Gravel is present throughout most of 

the Complex beneath the Holocene alluvium.  The Trenton Gravel is of Pleistocene Age 

and is a very heterogeneous unit comprised of a predominant brown to gray sand, 

gravel and minor amounts of clay (Owens and Minard, 1979). 

 

 Cretaceous Deposits 

The Cretaceous deposits are configured in a southeasterly-thickening wedge, overlain 

by the much younger Quaternary deposits, and underlain by the Wissahickon Formation.  

The wedge is made up of a series of vertically alternating aquifers and confining units 

called the Potomac-Raritan-Magothy (PRM) aquifer system.  Each of the geological units 

of the PRM progressively pinches-out to the northwest.  The PRM aquifer system 

consists of six units: 
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• Upper Clay unit;  

• Upper Sand unit;   

• Middle Clay unit; 

• Middle Sand unit; 

• Lower Clay unit, and 

• Lower Sand unit. 

       

AOI 9-Specific Geological Framework 

In AOI 9, surface materials consist of anthropogenic fill and Holocene alluvium with a combined 

thickness ranging from approximately 2 to 32 feet.  Based on the available stratigraphic data, 

the Holocene alluvium appears to be stratified with layers of silt and sands, and less permeable 

clay.  Two fairly extensive clay layers (upper and lower) were identified within the Holocene 

alluvium.  It appears these clay layers are important hydrogeologic features within AOI 9 and 

influence recharge to the unconfined aquifer.  Therefore, the clay layers were mapped 

separately from other Holocene alluvium deposits.  In the eastern portion of AOI 9, the 

Holocene clay deposits are thickest, gradually thin to the west, and are absent near the center 

of AOI 9.  Geologic cross-sections of AOI 9 are provided as Figures 6a and 6b in the RIR 

Addendum. 

 

Beneath the fill and Holocene alluvium is the Trenton Gravel which is older Pleistocene age 

alluvium.  The Trenton Gravel generally ranges from approximately 20 to 30 feet thick 

throughout AOI 9, with a greatest thickness of 58 feet observed at monitoring well S-144SRTF 

(displayed in Figure 6a of the RIR Addendum).  Below the Trenton Gravel are units of the PRM 

aquifer system.  The shallowest PRM unit present in AOI 9 is the Upper Sand unit (the Upper 

Clay is not present in AOI 9).  The Upper Sand does not appear to be continuous throughout 

AOI 9, and most likely occurs as thin discontinuous lenses overlying the Middle Clay, where 

present.  The Middle Clay is discontinuous throughout AOI 9. Where present, the Middle Clay 

is thickest in the south based on monitoring wells S-138SRTF and S-143SRTF (up to 8 feet thick 

in S-143SRTF).  It is assumed the Middle Sand has a similar extent as the overlying Middle 

Clay, and progressively pinches out to the northwest in the direction of the Fall Line. The 

Middle Sand ranges in thickness from zero feet to approximately 15 feet and overlies the 

Lower Clay.  The Lower Clay appears to be discontinuous but where present ranges in 

thickness up to 8.5 feet.  The Lower Sand is located approximately 59 to 70 feet below ground 

surface (bgs) and ranges in thickness between approximately 29 to 45 feet. Beneath the Lower 
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Sand is the Wissahickon Schist bedrock. The weathered zone of the Wissahickon Schist was 

encountered approximately 99 to 117 feet bgs. 

 

 

General Hydrogeologic Framework 

The hydrogeologic frame work is defined by grouping geologic units that are laterally extensive 

and have similar hydrogeologic properties.  The generalized hydrostratigraphy of the Complex 

consists of seven layers (Schreffler, 2001, Sloto 2012):   

 

• Layer 1: Combined anthropogenic fill, Holocene alluvium and Trenton Gravel; 

• Layer 2: Upper Clay unit of the PRM (not present in AOI 9); 

• Layer 3: Upper Sand unit of the PRM; 

• Layer 4: Middle Clay unit of the PRM; 

• Layer 5: Middle Sand unit of the PRM; 

• Layer 6: Lower Clay unit of the PRM; and 

• Layer 7: Lower Sand unit of the PRM. 

 

AOI-9-Specific Hydrogeologic Framework 

In the eastern half of AOI 9, significant anthropogenic fill thickness underlain by thick Holocene 

clay deposits supports a perched aquifer.  Generally, within AOI 9 saturated conditions within 

the anthropogenic fill only exist in areas of perched groundwater.  The unconfined aquifer 

consists of the combined Holocene Alluvium, Trenton Gravel, and Upper Sand (where present).  

Beneath the unconfined aquifer the Middle Clay, Middle Sand, Lower Clay, and Lower Sand are 

present as discontinuous units.  Therefore, the Middle Sand, Lower Clay, and Lower Sand 

comprise the lower aquifer.  The lower aquifer is a semi-confined aquifer.  The lower aquifer 

lies above the Wissahickon Schist bedrock. 

 

The groundwater elevations in the unconfined aquifer throughout most of AOI 9 generally range 

from -8 to -10 feet North American Vertical Datum of 1998 (NAVD 88).  These low water table 

elevations throughout the majority of AOI 9 are most likely a result of pumping in Mingo Creek 

Flood Control basin (Mingo Creek basin).  According to the City of Philadelphia Water 

Department (PWD), pumping from the Mingo Creek basin occurs approximately every 1 to 3 

days depending on water level conditions.  Large-capacity pumps are programmed to control 

the basin’s water surface elevation between approximately -10.5 and -11 feet NAVD 88.  

Water-level data (data logger) of the unconfined aquifer collected by Stantec, and presented in 
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Appendix D of the RIR Addendum, supports the connection between the Mingo Creek basin 

and the unconfined aquifer beneath AOI 9. 

 

The head differences measured in October 2016 between paired monitoring wells in the 

unconfined and lower aquifer (S-74D2SRTF/S-7D1SRTF, S-118SRTF/S-118DSRTF S-137SRTF/S-

138SRTF, and S-142SRTF/S-143SRTF) ranged between zero (S-118SRTF/S-118DSRTF) to 4.28 

(S-74D2SRTF/S-74D1SRTF).  The observed head differences correspond to a downward vertical 

hydraulic gradient of 0.067 feet per feet (ft/ft) near the potentiometric high point of the 

unconfined aquifer (S-74D2SRTF/S-74D1SRTF) and transition to an upward vertical hydraulic 

gradient of 0.016 ft/ft (S-142SRTF/S-143SRTF) near Mingo Creek basin.  The upward vertical 

hydraulic gradients observed are most likely attributable to the artificial lowering of the 

unconfined aquifer potentiometric surface due to the pumping in Mingo Creek basin.    

 

AOI-9 Groundwater Flow Patterns 

 

Interpreted groundwater flow patterns and hydraulic gradients in perched aquifer, unconfined 

aquifer, and lower aquifer within AOI 9 are depicted on groundwater elevation/potentiometric 

maps constructed using groundwater gauging data collected in May 2016, August 2016, and 

October 2016 (Figures 7 through 15 of the AOI 9 RIR Addendum).  

 

As defined above, the perched aquifer is locally present in the eastern half of AOI 9 where 

significant fill deposits are underlain by thick Holocene clay strata.  Several monitoring wells are 

screened within this perched aquifer.  Based on the groundwater elevations as shown in 

Figures 7 through 9 of the RIR Addendum, the following observations can be made regarding 

the perched aquifer: 

 

• Groundwater recharge of the perched aquifer occurs at the potentiometric high 

centered on S-74SRTF.  From this high point, perched groundwater flows radially 

outward and eventually converges on at the center of AOI 9 towards the hole in the 

Holocene clay under a typical hydraulic gradient of 0.006 ft/ft. 

 

• Perched groundwater recharges the unconfined aquifer at the western extent of the 

perched aquifer and preferentially where the Holocene clay is missing in the center of 

AOI 9. 
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As defined above, the unconfined aquifer is the combined Holocene alluvium/Trenton Gravel 

which makes up the water table aquifer.   Based on the groundwater elevations within the 

unconfined aquifer as shown in Figures 10 through 12 of the RIR Addendum, the following 

observations can be made regarding the unconfined aquifer: 

 

• Groundwater in the northern third of AOI 9 generally flows to the south under a typical 

gradient of 0.009 ft/ft. 

 

• Groundwater flow in the central portion of the site flows radially outward from 

potentiometric high point centered on S-74D2 under a typical gradient of 0.002 ft/ft. 

 

• It appears that the groundwater contours for the unconfined aquifer displayed on 

Figures 10 through 12 of the RIR Addendum are representative of differential draw 

down throughout AOI 9 because of the pumping in Mingo Creek basin.  One or more of 

the following hydrogeologic and anthropogenic conditions may be causing the observed 

inconsistent drawdown pattern:  

o More permeable aquifer material on the western side of AOI 9 when compared 

to the east; 

o Groundwater infiltration into the Mingo Avenue sewer which drains into Mingo 

basin; and/or 

o Perched groundwater recharging the unconfined aquifer along the western edge 

of the perched aquifer. 

 

As defined above, within AOI 9, the lower aquifer is the combined Middle and Lower Sand, 

which is a semi-confined aquifer.  Based on the groundwater elevations within the lower 

aquifer as shown in Figures 13 through 15 of the RIR Addendum, the following observations 

can be made regarding the lower aquifer: 

 

• Groundwater in the lower aquifer generally flows to the south towards the Delaware 

River under a typical gradient of 0.0004 ft/ft.   

 

• The groundwater contours for the lower aquifer displayed on Figures 13 through 15 of 

RIR Addendum generally correspond to the flow direction of the 1995-1996  
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potentiometric surface for the lower sand as modeled (last simulated time step) and 

observed by Schreffler (Schreffler, 2001).  

 

Aquifer Properties 

Hydraulic Conductivity 

As reported in Appendix D of the AOI 9 RIR Addendum, Stantec performed slug tests on five 

monitoring wells at AOI 9 in October 2016, including wells S-137SRTF, S-139SRTF, S-141SRTF, 

S-142SRTF, and S-144SRTF.  Details of the slug test methods and aquifer test analyses are 

provided in Appendix D.  The following unconfined aquifer hydraulic conductivity values were 

estimated for the tested wells: 

 

• S-137SRTF: 271 feet per day (ft/d); 

• S-139SRTF: 125 ft/d; 

• S-141SRTF: 130 ft/d; 

• S-142SRTF: 35 ft/d; and 

• S-144SRTF: 237 ft/d. 

 

A geometric mean of the test results was calculated to be 130 ft/d.  In general, this hydraulic 

conductivity value fits the range of previous testing results for the Complex (Stantec, 2016) and 

for the nearby Enterprise Avenue Landfill site Pleistocene-age sand and gravel unit (Scheinfeld 

and Davenger, 2006).  The site-specific hydraulic conductivities from AOI-9 were incorporated 

into Stantec’s Predictive Analysis of the Potential Fate-and-Transport of Plume 2 Benzene Using 

Quick Domenico – Area of Interest 9 (Appendix D of the AOI 9 RIR Addendum) and may be 

incorporated into the future Complex-wide numerical groundwater flow and contaminant 

transport model. 

 

Published hydraulic conductivity estimates for the lower aquifer range between 123 to 152 ft/d 

with a mean of 135 ft/d (Paulachok, 1991).  In the calibrated groundwater flow model created 

by the United States Geologic Survey (USGS) (Schreffler, 2001), the lower aquifer has a 

hydraulic conductivity of 164 ft/day.     

 

Porosity 

In 2015, two soil samples of the Trenton Gravel within AOI 9 were collected to determine soil 

properties of the unconfined aquifer (refer to Appendix J in the RIR).  Soil sample AOI-9-S-

110DSRTF was collected at a depth of approximately 10 to 12 feet bgs.  A deeper soil sample, 
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AOI-9-S-118DSRTF, was collected at a depth of approximately 42 to 44 feet bgs.  The soil 

sample collected from S-110DSRTF, described as sand and gravel, had a total porosity of 0.281 

and an effective porosity of 0.225.  The soil sample collected from S-118DSRTF, also described 

as sand and gravel, had a total porosity of 0.355 and an effective porosity of 0.282.  The 

average total and effective porosities of the two samples are 0.32 and 0.25, respectively.  In 

the calibrated groundwater flow model created by the USGS (Schreffler, 2001), a porosity of 0.3 

was used for the unconfined aquifer and the lower aquifer, which is similar to the geotechnical 

soil analysis results.                 

 

Groundwater Seepage Velocities 

Groundwater seepage velocity (seepage velocity) is an estimate of the rate of groundwater 

movement through the pores in a geologic material.  Seepage velocity does not take into 

account processes such as dispersion, sorption or biotransformation, which can significantly 

affect the migration of dissolved constituent relative to groundwater.  The calculation of 

seepage velocity also assumes homogenous aquifer conditions and a uniform hydraulic 

gradient.  The seepage velocity equation is: 

   

�� =
� × �	

�	

 

 

Where: 

Vx = seepage velocity (Length/Time); 

K = hydraulic conductivity (Length/Time); 

i = hydraulic gradient (unitless); and 

ne = effective porosity (unitless). 

 

For the unconfined aquifer with K = 130 feet/day, i = 0.002 and ne = 0.25, the seepage velocity 

is 1 ft/d or 365 feet per year (ft/yr).  For the lower aquifer with a K = 164 feet/day, i = 0.0004 

and ne = 0.3, the seepage velocity is 0.2 ft/d or 73 ft/yr.  These seepage velocities are 

conservative and do not incorporate a retardation factor.  
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Hydrology 

Topography and Drainage 

Based on a LiDAR dataset from January, 2010, AOI 9 ground surface elevations range from 

approximately two feet NAVD 88 at the northwest corner of the property to approximately 16 

feet NAVD 88 at the eastern side (see Figure I-7 of the RIR).  The vegetated area located 

between the former railroad right-of-way and the Schuylkill River is topographically higher and is 

covered with trees.  The ground surface in the western and southern portions of the AOI is 

generally flat and is broken up by tank containment berms ranging in height from approximately 

2 to 10 feet.   

 

Rainfall  

Average yearly precipitation at Philadelphia International Airport, located about one mile 

southwest of AOI 9, is 41.45 inches (www.usclimatedata.com).  A significant portion of 

precipitation does not reach the water table due to several processes.  In AOI 9, some of the 

precipitation becomes runoff that is redirected by impermeable surfaces such as roadways and 

above ground storage tanks (see Figure I-8 of the RIR) and is intercepted by storm water 

control facilities.  Some precipitation likely returns to the atmosphere through 

evapotranspiration by vegetation, where present.   

 

Surface Water Bodies 

Existing surface water bodies in the vicinity of AOI 9 include the Schuylkill River to the east, 

(Figure I-9 of the RIR), the Mingo Creek Flood Control Basin to the south and an area of 

standing water surrounded by vegetation in the northwest corner of the property.  Based on a 

review of available historical maps and photos, several small tributaries to the Schuylkill River 

and Mingo Creek were once present within AOI 9.  In 1908, AOI 9 consisted of alluvium and 

marsh with the eastern extent often submerged as categorized and depicted by the USGS in 

Figure I-10 in the RIR. 

 

The major surface water body near AOI 9 is the Schuylkill River.  The USGS river-gauging 

station located at the Fairmount Dam, several miles upriver from AOI 9, recorded a mean 

surface water discharge rate of 2,773 cubic feet per second (cfs) between 1932 and 2005.  The 

lowest elevation of the Schuylkill riverbed near AOI 9 is approximately 45 feet below mean sea 

level where the bottom has been dredged.  The average stage of the Schuylkill River at AOI 9 is 

approximately 0.5 feet NAVD 88 (Schreffler, 2001).   
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Dames and Moore (2001) indicated that the Mingo Creek basin is approximately 25 feet deep, 

however siltation and shoaling for the basin have likely occurred since it was originally 

excavated and/or last dredged.  Scheinfield and Davenger (2006) noted that within the shallow 

aquifer near the Philadelphia International Airport, groundwater flow was to the north-northwest 

toward Mingo Creek basin because of dewatering operations conducted by the PWD.  As 

documented by Stantec (Appendix D) and stated above, the PWD indicated pumping from the 

Mingo Creek basin occurs approximately every 1 to 3 days depending on water level 

conditions.  Large-capacity pumps are programmed to control the basin’s water surface 

elevation between -10.5 and -11 feet NAVD 88.  The pumps have the capacity to transfer water 

from the Mingo Creek basin to the Schuylkill River at up to 53,000 gallons per minute (gpm).  

PWD has indicated that pumping the basin water level down from an elevation of -10.5 feet to -

11 NAVD 88 requires approximately 1 hour of runtime, and that the span volume of the basin 

between those controlled elevations is approximately 3 million gallons of water.  Stantec’s 

water level data indicating the connection between Mingo Creek basin and the unconfined 

aquifer is provided in Appendix D in the RIR Addendum. 

 

Anthropogenic Site Features 

Three groundwater recovery wells, RW-A, RW-B and RW-B5, are located in AOI 9 (Figure I-11 

of the RIR). Since 2004, these recovery wells have not been in service due to low recovery of 

light non-aqueous phase liquid (LNAPL); however it possible that drawdown associated with 

the operation of remediation wells at nearby sites could have influenced historic water levels 

beneath AOI 9 (Scheinfeld and Davenger, 2006).   

 

A set of floodgates control direct communication of surface water between the Mingo Creek 

Flood Control Basin and the Schuylkill River.  As documented in Appendix D, it is reasonable to 

assume the low water table elevations present throughout much of AOI 9 are the result of 

pumping from Mingo Creek basin. 

 

 

Constituents of Concern, Groundwater Plumes, and Plume Stability 

Consistent with the F&T analysis in the RIR, delineated areas where COC concentrations in 

groundwater are above their respective medium-specific concentrations (MSCs) have been 

grouped into three primary dissolved phase petroleum plume areas described below: 
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• The Blending Area Plume (Plume 1) is located in the vicinity of well MW-1SRTF (Figure 

I-1).  Since active recovery of LNAPL ceased in 2004, MW-1SRTF was the only well in 

AOI 9 where measureable LNAPL was identified.  However, during the October 2016 

gauging event, LNAPL was identified in MW-2SRTF and MW-3SRTF, which are 

immediately adjacent to MW-1SRTF.  Refinement of the hydrogeologic framework 

shows that Plume 1 is constrained to the perched aquifer. 

 

• During the October 2016 gauging, measurable LNAPL was also observed in monitoring 

wells S-114SRTF and S-122SRTF, which are located in the West Plume Area (Plume 2).  

Refinement of the hydrogeologic framework shows that Plume 2 is located in the 

unconfined aquifer.   

 

• Based on the November 2016 limited groundwater sampling event, two additional 

groundwater plumes were identified which include unconfined aquifer and lower aquifer 

methyl tertiary butyl ether (MTBE) plumes located in the southern portion in AOI 9 near 

Mingo Creek basin.  These plumes are collectively referred to as Plume 3. 

 

1,2,4-trimethylbenzene (1,2,4-TMB), 1,2-dibromoethane (EDB), 1,3,5-trimethylbenzene (1,3,5-

TMB), benzene, ethylbenzene, MTBE, toluene, xylenes (total), benzo(a)pyrene, 

benzo(g,h,i)perylene, naphthalene, and lead are the COCs in the perched aquifer that were 

detected above their respective PADEP non-residential groundwater MSCs.  All of the AOI 9 

COCs, except cumene, were detected in the unconfined aquifer above their respective PADEP 

non-residential groundwater MSCs. MTBE is the only COC that has been detected above the 

PADEP non-residential groundwater MSCs in monitoring wells screened in the lower aquifer.  

For the AOI 9 CSM plume assessments, groundwater concentration trends for benzene and 

MTBE, the most mobile of the COCs, were the focus.     

 

 

Plume Stability Assessment 

The persistence of a dissolved plumes was assessed by plotting COC concentration versus 

time from wells located in Plumes 1 and 2 in the RIR.  With sufficient analytical data, a 

decreasing COC concentration trend in a well can be interpreted as the presence of a shrinking 

plume with respect to that COC at that location.  Similarly, an increasing trend can be 

interpreted as an expanding plume area (USEPA, 2002).  No significant changes in groundwater 

concentration can be interpreted as a stable-plume.  Using multiple wells in a single plume, the 
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overall stability of the plume can be assessed.  Trend graphs for select wells within Plumes 2 

and 3 were updated with the groundwater results from the limited groundwater sampling in 

November 2016.  

 

Plume stability at AOI 9 was also evaluated by generating isoconcentration maps that depict 

the horizontal distribution of benzene and MTBE in the perched, unconfined and lower aquifers 

based on the November 2016 groundwater results.  Over time, a reduction, redistribution of 

mass, and/or a decrease in extent can indicate plume attenuation.  Conclusions drawn 

regarding overall plume stability in AOI 9 are preliminary and qualitative.  Refer to Appendix D of 

the RIR Addendum for a quantitative assessment of the potential fate and transport of benzene 

from Plume 2.   

 

The qualitative plume stability assessment in AOI 9 is described below.  

 

Plume 1 

Groundwater concentration trend graphs for benzene and MTBE at monitoring well MW-2SRTF 

and well WPB-5 screened in the perched aquifer within Plume 1 were created using analytical 

results from 2009 and 2015 (Figures I-13 and I-14 in the RIR).  The concentration trends of 

these wells indicated the dissolved phase COCs in Plume 1 are decreasing.  As stated above, 

measurable LNAPL was observed in MW-2SRTF and MW-3SRTF during the October 2016 

gauging event.  This increase in LNAPL extent indicates the potential for slight LNAPL mobility.  

However, based on minimal LNAPL thickness measured, ranging from 0.11 to 0.63 feet, and 

the dissolved phase COC distribution, significant mobility of this LNAPL plume is unlikely. 

      

Groundwater isoconcentration maps for benzene and MTBE in the perched, unconfined and 

lower aquifers were created using analytical results from the limited groundwater sampling in 

November 2016 (Figures I-2 through I-6).  Interpreting the isoconcentration maps for November 

2016 and the previous isoconcentration maps from the RIR, the following summaries can be 

made for Plume 1:  

 

• A groundwater sample was collected from beneath the LNAPL in MW-1SRTF during the 

November 2016 sampling. 

• Benzene and MTBE concentrations detected at MW-1SRTF in November 2016 were 

4,980 µg/l and 269 µg/l, respectively, confirming MW-1SRTF is a source area for Plume 

1. 
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• The horizontal extent of benzene has not changed significantly, therefore, the benzene 

plume in Plume 1 is stable. 

• Both the horizontal extent of MTBE and MTBE concentrations have decreased over 

time which suggests the MTBE plume in Plume 1 is decreasing. 

• COC concentrations in the perched, unconfined, and lower aquifer monitoring wells 

surrounding Plume 1 indicate this plume is vertically constrained to the perched aquifer 

by the Holocene clay and horizontally limited to the Blending Area.  

 

Plume 2 

Plume 2 is generally located in the west-central portion of AOI 9. The dissolved phase 

petroleum impacts in this area do not appear to be related to a single “source area”, but are 

more likely a result of isolated dissolved phase plumes that have co-mingled over time.  For the 

purpose of the qualitative fate and transport assessment, four major plumes have been 

identified in this area: 

 

• A larger benzene plume centered around well S-112SRTF; 

• A smaller benzene plume centered around monitoring well S-115SRTF; 

• A larger MTBE plume centered around monitoring well S-144SRTF; and  

• A smaller MTBE plume centered around monitoring well S-115DSRTF. 

 

To evaluate plume stability in Plume 2, benzene and MTBE concentrations versus time were 

plotted for wells S-112SRTF, S-113SRTF, S-115SRTF, S-110DSRTF, and S-115DSRTF (Figures I-

7 through I-11).  Recent benzene results (October 2016) from S-112SRTF indicate the source 

area of the larger benzene plume may be increasing.  However, downgradient from S-112SRTF 

at S-113SRTF, benzene concentrations exhibit fluctuations, but appear to be stable.  Benzene 

concentrations trends at S-115SRTF indicate the smaller benzene plume is decreasing.  

However, to be conservative in estimating the potential future extent of benzene emanating 

from S-115SRTF, a continuous benzene source has been assumed (Appendix D of the RIR 

Addendum). 

 

Based on the limited groundwater sampling event in November 2016, the highest 

concentration of MTBE within Plume 2 was detected at S-144SRTF.  This monitoring well was 

installed in September 2016; therefore, this well has only been sampled once.  To evaluate the 

stability of the MTBE in Plume 2, concentration trend graphs were created for downgradient 

monitoring wells S-112SRTF, S-110DSRTF, and S-115DSTRF.  With the exception of S-
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112SRTF, which exhibits increasing MTBE concentrations, these wells indicate the MTBE 

plume is stable.   

 

Groundwater isoconcentration maps for benzene and MTBE in the perched, unconfined and 

lower aquifers were created using analytical results from the limited groundwater sampling in 

November 2016 sampling events (Figures I-2 through I-6).  Interpreting the isoconcentration 

maps for November 2016, the following summaries can be made for Plume 2: 

 

• Isolated LNAPL plumes identified at monitoring wells S-114SRTF and S-122SRTF may 

be contributing dissolved phase petroleum impacts to this area.   

• Based on the groundwater flow direction maps and isoconcentration maps for benzene 

and MTBE, portions of the dissolved plumes may have migrated to the west beyond the 

AOI 9 property boundary. 

 

To evaluate the potential off-site transport of Plume 2, Stantec performed a quantitative fate 

and transport assessment of benzene from Plume 2 (Appendix D of the RIR Addendum).  

Based on Stantec’s quantitative assessment, dissolved concentrations of benzene in 

groundwater above the MSC may extend beyond the western boundary of AOI 9.   

 

Plume 3 

To evaluate plume stability in Plume 3, MTBE concentrations versus time were plotted for 

wells S-118DSRTF and S-120DSRTF (Figures I-12 through I-13).  Concentrations versus time 

plots for these wells indicate the MTBE plume is stable in the unconfined aquifer (S-120D) and 

potentially increasing in the lower aquifer (S-118D). 

 

Groundwater isoconcentration maps illustrating MTBE concentrations in the perched, 

unconfined and lower aquifers were created using analytical results from the limited 

groundwater sampling in November 2016 sampling events (Figures I-2 through I-6).  

Interpreting the isoconcentration maps, the following summaries can be made for Plume 3: 

 

• MTBE is present in both aquifers in this area.  Evergreen will continue to evaluate head 

potentials, water levels, and COC trends in support of the anticipated numerical 

modeling. 

• The MTBE plume in the unconfined aquifer appears to be stable; however, the extent of 

the MTBE plume in the lower aquifer is not well defined and is potentially from off-site 
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sources.  The source of the MTBE plumes in both aquifers will be evaluated during the 

Complex-wide Cleanup Plan, and incorporated in the anticipated numerical modeling. 

 

Potential Receptors 

Potential human health and ecological receptors to COCs in groundwater in AOI 9 include: 

 

• Workers in occupied buildings that are not under positive pressure (from vapor intrusion 

into indoor air); 

• Offsite users of groundwater; 

• Offsite workers in occupied buildings that are not under positive pressure (from vapor 

intrusion into indoor air); and  

• Ecological receptors in Mingo Creek and the Schuylkill River.   

 

Qualitative Fate and Transport Assessment Summary 

 

• Perched groundwater flows radially outward from a potentiometric high point in the east 

and eventually converges at the center of AOI 9 towards the hole in the Holocene clay.  

Perched groundwater recharges the unconfined aquifer at the western extent of the 

perched aquifer, and preferentially where the Holocene clay is absent in the center of 

AOI 9.  The potentiometric surface of the unconfined aquifer is believed to be artificially 

lowered by the pumping in Mingo Creek basin.  Due to the pumping in Mingo Creek 

basin, recharge of perched groundwater at the center of the AOI, possible groundwater 

infiltration into Mingo Avenue Sewer, and the presence of heterogeneous aquifer 

material, groundwater flow conditions in the unconfined aquifer are transient, and 

subject to differential drawdown throughout AOI 9. 

 

• Groundwater in the lower aquifer generally flows to the south.   

 

• All AOI 9 COCs, except for cumene, were detected in groundwater in the November 

2016 limited groundwater sampling at concentrations above their respective used-

aquifer, non-residential groundwater MSCs.  

 

• Three dissolved phase petroleum plume areas have been identified with regard to COC 

exceedances of PADEP groundwater non-residential MSCs.  
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o Plume 1 is related to residual LNAPL in soil near several historical recovery wells 

in the Blending Area located near the southern property boundary.  Based on the 

limited LNAPL mobility and presence of an underlying clay aquitard (Holocene 

clay), contamination from this area is unlikely to migrate any further to reach any 

potential receptors. 

 

o Plume 2 is generally located in the west-central portion of AOI 9. The dissolved 

phase petroleum impacts in this area do not appear to be related to a single 

“source area”, but are more likely a result of isolated dissolved phase plumes 

that have co-mingled over time.  For the purpose of the qualitative fate and 

transport assessment, four major plumes have been identified in this area: 

 

� A larger benzene plume centered around well S-112SRTF; 

� A smaller benzene plume centered around monitoring well S-115SRTF; 

� A larger MTBE plume centered around monitoring well S-144SRTF; and 

� A smaller MTBE plume centered around monitoring well S-115DSRTF. 

Isolated LNAPL plumes identified at monitoring wells S-114SRTF and S-122SRTF 

may be contributing dissolved phase petroleum impacts to this area.  Recent 

benzene results (October 2016) from S-112SRTF indicate the source area of the 

larger benzene plume may be increasing.  However, downgradient wells within this 

plume show stable concentration trends.  Based on the groundwater flow direction 

maps and isoconcentration maps for benzene and MTBE, portions of the dissolved 

plumes may have migrated to the west beyond the AOI 9 property boundary. A 

quantitative assessment of the potential off-site transport of benzene from Plume 2 

is provided in Appendix D. 

o Plume 3 is comprised of MTBE plumes in both the unconfined and lower 

aquifers in the southwest portion of AOI 9.  The MTBE plume in the unconfined 

aquifer appears to be stable.  The extent of the MTBE plume in the lower aquifer 

is not well defined and could potentially be from off-site source(s).  Based on the 

MTBE concentration trends observed during limited sampling events at 

monitoring well S-118DSRTF, the MTBE plume in the lower aquifer is potentially 

increasing.  The potential source(s) of MTBE will be evaluated during the 

Complex-wide Cleanup Plan activities and comprehensively modeled to estimate 

the future extent of groundwater concentrations.  
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Table 2

Existing Well Summary 

AOI 9 Remedial Investigation Report

Philadelphia Energy Solutions Facility

Philadelphia, Pennsylvania

Well 

Completion 

Depth 

(ft. bgs)

Well Diameter (in)

Top of Inner 

Casing Elevation 

(ft. msl)

(NAVD88)

Ground Surface 

Elevation
1
 (ft.) 

(NAVD88)

Top of Screen 

Elevation (ft) 

(NAVD88)

Bottom of 

Screen 

Elevation (ft) 

(NAVD88)

Depth to 

Screen 

(ft. bgs)

Screen 

Length (ft.)

AOI 0 9 (Schuylkill River Tank Farm)

S�27 SRTF S�27 9 �� �� Monitoring Well Shallow/Intermediate �� �� �� �� �� �� �� �� �� �� ��

S�74 SRTF S�74 9 216177.890 2679161.000 Monitoring Well Shallow/Intermediate Y Y 2/21/86 14 4 14.54 11.99 7.99 �2.01 4 10

S�74D1 SRTF �� 9 216087.004 2679175.318 Monitoring Well Deep �� �� �� 86.6
(6)

4
(6)

12.582 10.851 �� �� �� ��

 S�74D2 SRTF �� 9 216095.384 2679122.082 Monitoring Well Deep Y Y 7/14/09 42 4 13.281 10.669 �21.331 �31.331 32 10

S�75 SRTF S�75 9 215842.410 2678408.230 Monitoring Well Shallow/Intermediate Y Y 2/21/86 15.5 4 11.53 11.05 5.55 �4.45 5.5 10

S�76 SRTF S�76 9 216803.700 2678250.170 Monitoring Well Shallow/Intermediate/Deep Y Y 2/21/86 14 4 6.96 6.64 2.64 �7.36 4 10

S�76D SRTF �� 9 216806.470 2678240.930 Monitoring Well Deep �� �� �� 83.5
(6)

2
(6)

8.63 6.51 �� �� �� ��

S�77 SRTF S�77 9 217723.800 2678019.110 Monitoring Well Shallow/Intermediate/Deep Y Y 2/20/86 15 4 4.35 3.45 �1.55 �11.55 5 10

S�78 SRTF S�78 9 216834.250 2677723.940 Monitoring Well Shallow/Intermediate/Deep Y Y 2/21/86 14 4 1.5 0.64 �3.36 �13.36 4 10

S�79 SRTF S�79 9 215991.820 2677551.200 Monitoring Well Shallow/Intermediate/Deep Y Y 2/21/86 14.5 4 1.84 1.69 �2.81 �12.81 4.5 10

S�80 SRTF S�80 9 215206.980 2677375.750 Monitoring Well Shallow/Intermediate/Deep Y Y 2/21/86 15 4 2.57 1.04 �3.71 �13.71 4.75 10

S�81 SRTF S�81 9 216805.680 2677041.990 Monitoring Well Shallow/Intermediate/Deep Y Y 2/21/86 13.25 4 1.46 �0.59 �3.84 �13.84 3.25 10

S�82 SRTF S�82 9 217918.130 2677316.360 Monitoring Well Shallow/Intermediate/Deep Y Y 2/25/86 13 4 1.11 �0.07 �3.07 �13.07 3 10

S�83 SRTF S�83 9 218241.390 2677509.710 Monitoring Well Shallow/Intermediate/Deep Y Y 2/22/86 13 4 2.38 1.27 �1.73 �11.73 3 10

 S�109 SRTF �� 9 217894.451 2677084.468 Monitoring Well Shallow/Intermediate Y Y 7/1/09 12 2 2.353 0.241 �1.759 �11.759 2 10

 S�110 SRTF �� 9 217259.253 2676977.149 Monitoring Well Shallow/Intermediate/Deep Y Y 6/22/09 7* 4 3.494 0.941 �1.059 �� 2 5*

 S�114 SRTF �� 9 216434.573 2676977.571 Monitoring Well Shallow/Intermediate/Deep Y Y 6/30/09 15 4 2.159 �0.441 �5.441 �15.441 5 10

 S�122 SRTF �� 9 216572.738 2677653.397 Monitoring Well Shallow/Intermediate/Deep Y Y 7/1/09 15 4 2.420 1.041 �1.959 �13.959 3 12

 S�129 SRTF �� 9 216640.251 2678837.061 Monitoring Well Shallow/Intermediate/Deep Y Y 6/24/09 15 4 11.346 8.399 3.399 �6.601 5 10

S�104 SRTF S�104 9 �� �� Monitoring Well Shallow/Intermediate Y Y 10/3/86 15 4 11.97 15.05 10.05 0.05 5 10

S�105 SRTF S�105 9 215474.480 2676792.830 Monitoring Well Shallow/Intermediate Y Y 10/7/86 12.5 4 1.95 �1.21 �3.71 �13.71 2.5 10

S�106 SRTF S�106 9 214765.250 2677605.420 Monitoring Well Shallow/Intermediate Y Y 10/2/86 13 4 10.02 7.17 4.17 �5.83 3 10

S�106D SRTF �� 9 214778.370 2677609.520 Monitoring Well Deep �� �� �� 91
(6)

2
(6)

9.46 7.37 �� �� �� ��

S�107 SRFT S�107 9 �� �� Monitoring Well Shallow/Intermediate Y Y 11/10/94 15 4 14.48 11.31 6.31 �3.69 5 10

S�108 SRTF �� 9 218321.234 2677666.572 Monitoring Well Shallow/Intermediate Y Y 6/17/09 12 4 4.313 1.066 �0.934 �10.934 2 10

S�110D SRTF �� 9 217259.296 2676986.318 Monitoring Well Deep Y Y 6/23/15 60 4 2.670 0.319 �39.681 �59.681 40 20

S�111 SRTF �� 9 217432.087 2677273.189 Monitoring Well Shallow/Intermediate/Deep Y Y 6/23/09 15 4 0.776 1.355 �3.645 �13.645 5 10

S�112 SRTF �� 9 216983.650 2677255.771 Monitoring Well Shallow/Intermediate/Deep Y Y 6/22/09 12 4 1.515 �1.407 �3.407 �13.407 2 10

S�113 SRTF �� 9 216800.094 2676914.895 Monitoring Well Shallow/Intermediate/Deep Y Y 6/19/09 15 4 3.020 0.433 �4.567 �14.567 5 10

S�115 SRTF �� 9 216194.161 2676754.377 Monitoring Well Shallow/Intermediate/Deep Y Y 6/4/09 15 4 2.748 0.200 �4.8 �14.8 5 10

S�115D SRTF �� 9 216206.278 2676754.860 Monitoring Well Deep Y Y 6/12/15 58 4 2.416 �0.300 �38.2995 �58.2995 38 20

S�116 SRTF �� 9 215941.827 2676903.275 Monitoring Well Shallow/Intermediate/Deep Y Y 6/4/09 15 4 0.866 �1.682 �6.682 �16.682 5 10

S�117 SRTF �� 9 215734.945 2676674.754 Monitoring Well Shallow/Intermediate Y Y 6/3/09 15 4 2.873 0.523 �4.477 �14.477 5 10

S�118 SRTF �� 9 215161.136 2676677.720 Monitoring Well Shallow/Intermediate Y Y 6/3/09 15 4 3.632 1.022 �3.978 �13.978 5 10

S�118D SRTF �� 9 215159.799 2676690.243 Monitoring Well Deep Y Y 6/19/15 79.5 4 3.006 0.659 �58.8413 �78.8413 59.5 20

S�119 SRTF �� 9 214808.507 2676922.941 Monitoring Well Shallow/Intermediate Y Y 6/11/09 12 4 2.355 �0.619 �1.619 �12.619 1 11

S�120 SRTF �� 9 215265.133 2677550.794 Monitoring Well Shallow/Intermediate Y Y 6/5/09 15 4 12.068 9.457 4.457 �5.543 5 10

S�120D SRTF �� 9 215267.387 2677542.246 Monitoring Well Deep Y Y 6/12/09 35 4 12.366 9.350 �15.65 �25.65 25 10

S�121 SRTF �� 9 215710.024 2677485.962 Monitoring Well Shallow/Intermediate Y Y 6/24/09 15 4 1.009 1.463 �3.537 �13.537 5 10

S�123 SRTF �� 9 216789.990 2677861.259 Monitoring Well Shallow/Intermediate/Deep Y Y 6/29/09 10* 4 2.420 2.944 �2.056 �� 5 5*

S�124 SRTF �� 9 216398.433 2677901.078 Monitoring Well Shallow/Intermediate/Deep Y Y 6/11/09 12 4 7.876 4.938 2.938 �7.062 2 10

S�125 SRTF �� 9 216114.464 2677820.289 Monitoring Well Shallow/Intermediate/Deep Y Y 6/30/09 12 4 7.181 4.626 2.626 �7.374 2 10

S�126 SRTF �� 9 215066.858 2677909.915 Monitoring Well Shallow/Intermediate/Deep Y Y 6/4/09 15 4 11.829 9.210 4.21 �5.79 5 10

S�127 SRTF �� 9 215607.335 2678537.389 Monitoring Well Shallow/Intermediate/Deep Y Y 6/10/09 15 4 12.128 9.541 6.541 �5.459 3 12

S�128 SRTF �� 9 216040.095 2678633.585 Monitoring Well Shallow/Intermediate/Deep Y Y 6/10/09 15 4 13.314 10.341 7.341 �4.659 3 12

S�130 SRTF �� 9 215534.299 2678986.149 Monitoring Well Shallow/Intermediate/Deep Y Y 6/29/09 12 4 11.413 8.539 6.539 �3.461 2 10

S�131 SRTF �� 9 215919.278 2679372.329 Monitoring Well Shallow/Intermediate/Deep Y Y 7/20/09 16 4 8.805 6.468 0.468 �9.532 6 10

S�132 SRTF �� 9 216093.960 2679907.044 Monitoring Well Shallow/Intermediate/Deep Y Y 6/25/09 12 4 8.703 5.969 3.969 �6.031 2 10

S�133 SRTF �� 9 218139.769 2678047.078 Monitoring Well Shallow/Intermediate/Deep Y Y 6/8/09 15 4 4.677 2.058 �2.942 �12.942 5 10

S�134 SRTF �� 9 217578.495 2678432.568 Monitoring Well Shallow/Intermediate/Deep Y Y 6/18/09 15 4 10.335 10.676 5.676 �4.324 5 10

S�135 SRTF �� 9 216461.823 2676810.093 Monitoring Well Shallow Y Y 6/16/15 20 4 2.178 �0.589 �5.5886 �20.5886 5 15

S�136 SRTF �� 9 218406.192 2677243.791 Monitoring Well Shallow Y Y 7/27/15 15 2 4.951 1.549 0.5489 �13.4511 1 14

 MW�1 SRTF MW�1 9 215031.720 2677759.010 Monitoring Well Shallow/Intermediate �� �� �� 16.6
(6)

4
(6)

10.08 8.1 �� �� �� ��

MW�2 SRTF MW�2 9 215020.030 2677732.090 Monitoring Well Shallow/Intermediate �� �� �� 12
(6)

4
(6)

7.33 7.71 �� �� �� ��

MW�3 SRTF MW�3 9 215010.900 2677753.470 Monitoring Well Shallow/Intermediate �� �� �� �� �� 9.88 7.22 �� �� �� ��

RW�A �� 9 215502.450 2676803.040 Recovery Well � Inactive Shallow/Intermediate 11.6
(6)

6
(6)

�1.87 �1.42

RW�B �� 9 215039.530 2677745.510 Recovery Well � Active Shallow/Intermediate �� �� �� 12.6
(6)

6
(6)

7.4 7.78 �� �� �� ��

RW�B5 �� 9 215112.490 2677731.800 Recovery Well � Inactive Shallow/Intermediate �� �� �� 13.6
(6)

4
(6)

7.84 8.52 �� �� �� ��

WP�1 �� 9 �� �� Monitoring Well Point Location Shallow/Intermediate Y Y 6/9/92 15 4 5.79 �� �� �� 4 10

WP�10 �� 9 215290.938 2682063.085 Monitoring Well Point Location Shallow/Intermediate Y Y 6/9/92 15 2 10.16 �� �� �� 5 10

WP�2 �� 9 �� �� Monitoring Well Point Location Shallow/Intermediate Y Y 6/9/92 15 4 5.83 �� �� �� 5 10

WP�3 �� 9 �� �� Monitoring Well Point Location Shallow/Intermediate Y Y 6/3/92 15 2 5.16 �� �� �� 3 11

WP�4 �� 9 �� �� Monitoring Well Point Location Shallow/Intermediate Y Y 6/3/92 13 2 �� �� �� �� 2 10

WP�5 �� 9 �� �� Monitoring Well Point Location Shallow/Intermediate Y Y 6/3/92 15 2 �� �� �� �� 5 9

WP�6 �� 9 �� �� Monitoring Well Point Location Shallow/Intermediate Y Y 5/28/92 15 2 �� �� �� �� 5 9

WP�7 �� 9 �� �� Monitoring Well Point Location Shallow/Intermediate Y Y 6/3/92 15 2 �� �� �� �� 5 10

WP�8 �� 9 215136.674 2682440.816 Monitoring Well Point Location Shallow/Intermediate Y Y 6/9/92 15 2 6.99 �� �� �� 5 10

WP�9 �� 9 215223.177 2682225.999 Monitoring Well Point Location Shallow/Intermediate Y Y 6/3/92 15 2 8.57 �� �� �� 5 10

WPA�1 �� 9 215456.360 2676796.560 Monitoring Well Point Location Shallow/Intermediate Y Y 2/16/93 12 2 2.73 �1.03 �2.53 �12.53 1.5 10

WPA�2 �� 9 215475.790 2676772.670 Monitoring Well Point Location Shallow/Intermediate Y Y 2/16/93 12 2 2.69 �1.93 �3.43 �13.43 1.5 10

WPA�3 �� 9 215490.960 2676782.800 Monitoring Well Point Location Shallow/Intermediate Y Y 2/16/93 12 2 3.25 �1.94 �3.44 �13.44 1.5 10

WPA�5 �� 9 215578.500 2676815.810 Monitoring Well Point Location Shallow/Intermediate Y Y 2/16/93 12 2 2.48 �1.67 �2.67 �12.67 1 10

WPB�1 �� 9 �� �� Monitoring Well Point Location Shallow/Intermediate Y Y 2/17/93 10.5 2 13.61 �� �� �� 0.5 10

WPB�2 �� 9 215057.330 2677705.610 Monitoring Well Point Location Shallow/Intermediate Y Y 2/17/93 12 2 11.3 7.91 5.91 �4.09 2 10

WPB�3 �� 9 214997.260 2677732.580 Monitoring Well Point Location Shallow/Intermediate Y Y 2/17/93 12 2 7.16 7.35 5.35 �4.65 2 10

WPB�4 �� 9 214999.490 2677774.580 Monitoring Well Point Location Shallow/Intermediate Y Y 2/18/93 12 2 12.9 7.51 5.51 �4.49 2 10

WPB�5 �� 9 215114.050 2677727.880 Monitoring Well Point Location Shallow/Intermediate Y Y 2/22/93 12 2 12.32 8.23 6.23 �63.77 2 70

WPB�6 �� 9 �� �� Monitoring Well Point Location �� �� �� �� �� �� �� 11.81 �� �� �� ��

WPB�7 �� 9 �� �� Monitoring Well Point Location �� �� �� �� �� �� �� 11.52 �� �� �� ��

�� Data could not be located or determined based on available reports

Abandoned/destroyed wells.

NOTES:

AOI � Area of Interest

ft. � feet

bgs � below ground surface

in. � inches

msl � elevation relative to mean sea level

1.  Well construction details were taken directly from well boring logs provided by Handex, Secor, Aquaterra or collected from available historic reports.  Where no well boring logs exist, no well construction or lithologic data is listed.

2.  Former well IDs were derived from handwritten notes on the logs themselves or the referenced report.

3.  Well type was chosen based on the formation in which the well was screened. Shallow = screened in Fill/Alluvium; Intermediate = screened in Trenton Gravel; Deep = screened in Farrington Sand 

4. Wells unable to be located.

5. Wells damaged.

6. Well completion depth and well diameter obtained from Aquaterras August 2009 gauging event.

* Total depth and screen length reflect changes due to the addition of 5�feet of bentonite to monitoring wells  S�110 and S�123 in September 2016.

Former Well 

ID
2Well ID

Well Classification

(Shallow, Intermediate, 

Deep)

Well Type
3EastingNorthing

Well Construction Details
1

AOI #
Date of Well 

Completion 

Construction 

Detail 

Available 

(Y/N)

Soil Boring 

Log 

Available 

(Y/N)
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Table 7

Summary of Indoor Air Quality Analytical Results

AOI 9 Remedial Investigations Report Addendum

Philadelphia Energy Solutions Refining Complex

Philadelphia, Pennsylvania

Location

Sample

Date

Collected By

Unit Result Q MDL RL DF Result Q MDL RL DF Result Q MDL RL DF Result Q MDL RL DF

1,2,4-Trimethylbenzene 95-63-6 31 3.1 NS 3.1 3.1 125,000 123,000 ug/m3 1 J 0.98 4.9 1 1.2 J 0.98 4.9 1 ND U 0.98 4.9 1 ND U 0.98 4.9 1

1,2-Dibromoethane 106-93-4 0.2 0.02 153,700 0.2 0.02 346 NS ug/m3 ND U 1.5 7.7 1 ND U 1.5 7.7 1 ND U 1.5 7.7 1 ND U 1.5 7.7 1

1,2-Dichloroethane 107-06-2 4.7 0.47 202,400 3.1 0.47 4,000 40,500 ug/m3 ND U 0.81 4 1 ND U 0.81 4 1 ND U 0.81 4 1 ND U 0.81 4 1

1,3,5-Trimethylbenzene 108-67-8 31 3.1 NS NS NS 125,000 123,000 ug/m3 ND U 0.98 4.9 1 ND U 0.98 4.9 1 ND U 0.98 4.9 1 ND U 0.98 4.9 1

Benzene 71-43-2 16 1.6 3,190 13 1.6 319 1,600 ug/m3 1.8 J 0.64 3.2 1 1.3 J 0.64 3.2 1 0.71 J 0.64 3.2 1 0.64 J 0.64 3.2 1

Ethylbenzene 100-41-4 49 4.9 435,000 49 4.9 435,000 86,800 ug/m3 ND U 0.87 4.3 1 2.9 J 0.87 4.3 1 ND U 0.87 4.3 1 1.5 J 0.87 4.3 1

Isopropylbenzene (Cumene) 98-82-8 1,800 180 245,000 180 180 245,000 246,000 ug/m3 ND U 0.98 4.9 1 ND U 0.98 4.9 1 ND U 0.98 4.9 1 ND U 0.98 4.9 1

Methyl Tert-Butyl Ether 1634-04-4 470 47 NS 470 47 NS 180,000 ug/m3 ND U 0.72 3.6 1 ND U 0.72 3.6 1 ND U 0.72 3.6 1 ND U 0.72 3.6 1

Naphthalene 91-20-3 3.6 0.36 50,000 1.3 0.36 50,000 52,000 ug/m3 ND U 2.6 5.2 1 ND U 2.6 5.2 1 ND U 2.6 5.2 1 ND U 2.6 5.2 1

Toluene 108-88-3 22,000 2200 754,000 2,200 2,200 375,000 75,400 ug/m3 3.3 J 0.75 3.8 1 4.1 0.75 3.8 1 0.88 J 0.75 3.8 1 0.88 J 0.75 3.8 1

Total Xylenes 1330-20-7 440 44 435,000 44 44 435,000 434,000 ug/m3 3.5 J 0.87 4.3 1 14.5 0.87 4.3 1 1.1 J 0.87 4.3 1 7 J 0.87 4.3 1

Note:

EPA RSL - United States Environmental Protection Agency Industrial Regional Screening Level.

HQ - Hazard Quotient

The RSL for 1,2,4 and 1,3,5- trimethylbenzene were calculated using the September 2016 final IRIS RfC.

OSHA PELs, NIOSH RELs, and ACGIH TLVs  from GHD's Air Data Evaluation Letter (Reference No. 11109626), November 9, 2016.

CAS - Chemical Abstract Registry Number

ug/m3 - Micrograms per cubic meter

Q - Qualifier

MDL - Method detection limit

RL - Reporting limit

DF - Dilution factor

ND - Not detected

NS - No standard

NA - Not analyzed

Qualifiers:

U - Compound analyzed but not detected

D- Diluted Sample

J - Compound detected below below the reporting limit (the value given is an estimate).

Exceedances:

                  - Result exceeds PA VI

                   - Result exceeds 1/10th PA VI

                  - Result exceeds OSHA PEL TWA

                  - Result exceeds EPA RSL (HQ = 0.1, Target Cancer Risk = 10
-5

)

- Result exceeds EPA RSL (HQ = 0.1, Target Cancer Risk = 10
-6

)

                  - Result exceeds NIOSH REL

                  - Result exceeds ACGIH TLVs 

                  - MDL exceeds standard

Loading Dock Office SR9

AOI9-AI-16-002-DUP

4/5/20164/5/2016

Outdoor

AOI9-AA-16-001

SR2 Corner Office

AOI9-AI-16-001

4/5/2016

Loading Dock Office SR9

AOI9-AI-16-002

4/5/2016CAS Number NIOSH RELs 
ACGIH 

TLVs 

NIOSH RELs - National Institute for Occupational Safety and Health Recommended Exposure Limits.

ACGIH TLVs - American Conference of Governmental Industrial Hygienists Threshold Limit Value.

OSHA PEL TWA - Occupational Safety and Health Administration Time-Weighted Average Permissible Exposure Limit .

OSHA PEL 

TWA

EPA RSL

Cancer Risk = 10
-5

HQ = 0.1

Analyte PADEP VI

PADEP VI-  Pennsylvania Department of Environmental Protection Vapor intrusion Screening Value.  Indoor Air Statewide Health Standard Non-Residential Vapor Intrusion Screening 

Level (November 2016).

1/10th 

PADEP VI

 EPA RSL

Cancer Risk = 10
-6

HQ = 0.1 GHD GHDGHD GHD

10

10

15

10

10

10

10

10
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5-feet of bentonite was added to monitoring well S-123SRTF in September 2016 to adjust depth to bottom and screen length. Well now screened from 5'-10'.
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Figure I-7
Plume 2

Benzene and MTBE Concentration Trends at Well S-112SRTF
AOI 9 Remedial Investigation Report Addendum

PES Philadelphia Refining Complex
Philadelphia, PA

Notes:
1. Analytical data was obtained from March 2015, 
    August 2015, November 2015, and November 2016 
    sampling events.
2. ug/l = microgram per liter.
3. MTBE = methyl tertiary butyl ether.
4. Concentrations are displayed on a log-10 scale.
5. Groundwater elevations were obtained from May 2015,
    August 2015, November 2015, May 2016, August 2016,
    and October 2016 gauging events.
6. ft amsl = feet above mean sea level.
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Figure I-8
Plume 2

Benzene and MTBE Concentration Trends at Well S-113SRTF
AOI 9 Remedial Investigation Report Addendum

PES Philadelphia Refining Complex
Philadelphia, PA

Notes:
1. Analytical data was obtained from August 2009, 
    March 2015, August 2015, November 2015,
    and November 2016 sampling events.
2. ug/l = microgram per liter.
3. MTBE = methyl tertiary butyl ether.
4. Concentrations are displayed on a log-10 scale.
5. Groundwater elevations were obtained from May 2011,
    May 2012, March 2013, May 2014, May 2015, 
    August 2015, November 2015, May 2016, August 2016,
    and October 2016 gauging events.
6. ft amsl = feet above mean sea level.
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Figure I-9
Plume 2

Benzene Concentration Trend at Well S-115SRTF
AOI 9 Remedial Investigation Report Addendum

PES Philadelphia Refining Complex
Philadelphia, PA

Notes:
1. Analytical data was obtained from August 2009, 
    March 2015, August 2015, November 2015,
    and November 2016 sampling events.
2. ug/l = microgram per liter.
3. Groundwater elevations were obtained from May 2011,
    May 2012, March 2013, May 2014, May 2015, 
    August 2015, November 2015, May 2016, August 2016,
    and October 2016 gauging events.
4. ft amsl = feet above mean sea level.
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Figure I-10
Plume 2

MTBE Concentration Trend at Well S-110DSRTF
AOI 9 Remedial Investigation Report Addendum

PES Philadelphia Refining Complex
Philadelphia, PA

Notes:
1. Analytical data was obtained from August 2015, 
    November 2015,and November 2016 sampling events.
2. ug/l = microgram per liter.
3. MTBE = methyl tertiary butyl ether.
4. Groundwater elevations were obtained from August 2015, 
    November 2015, May 2016, August 2016, and 
    October 2016 gauging events.
5. ft amsl = feet above mean sea level.
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Figure I-11
Plume 2

MTBE Concentration Trend at Well S-115DSRTF
AOI 9 Remedial Investigation Report Addendum

PES Philadelphia Refining Complex
Philadelphia, PA

Notes:
1. Analytical data was obtained from August 2015, 
    November 2015,and November 2016 sampling events.
2. ug/l = microgram per liter.
3. MTBE = methyl tertiary butyl ether.
4. Groundwater elevations were obtained from August 2015, 
    November 2015, May 2016, August 2016, and 
    October 2016 gauging events.
5. ft amsl = feet above mean sea level.
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Figure I-12
Plume 3

MTBE Concentration Trend at Well S-118DSRTF
AOI 9 Remedial Investigation Report Addendum

PES Philadelphia Refining Complex
Philadelphia, PA

Notes:
1. Analytical data was obtained from August 2015, 
    November 2015,and November 2016 sampling events.
2. ug/l = microgram per liter.
3. MTBE = methyl tertiary butyl ether.
4. Groundwater elevations were obtained from August 2015, 
    November 2015, May 2016, August 2016, and 
    October 2016 gauging events.
5. ft amsl = feet above mean sea level.
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Figure I-13
Plume 3

MTBE Concentration Trend at Well S-120DSRTF
AOI 9 Remedial Investigation Report Addendum

PES Philadelphia Refining Complex
Philadelphia, PA

Notes:
1. Analytical data was obtained from March 2015,
    August 2015, November 2015, and 
    November 2016 sampling events.
2. ug/l = microgram per liter.
3. MTBE = methyl tertiary butyl ether.
4. Groundwater elevations were obtained from May 2015,
    August 2015, November 2015, May 2016, August 2016,
    and October 2016 gauging events.
5. ft amsl = feet above mean sea level.
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